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In modern nuclear physics there is growing interest in nuclear reactions at low interaction energies,
particularly in studying the mechanisms of medium-mass nuclei formation and decay. This inter-
est came from both fundamental research questions and the significant role these reactions play
in nuclear physics, nuclear astrophysics, and the industrial production of radionuclides. Despite
the extensive experimental data available today, spanning a wide range of energies and interacting
nuclei, gaps remain in nuclear data, particularly concerning the excitation functions of nuclear reac-
tions. This is especially take place for reactions involving projectile particles with energies exceed-
ing 20 MeV in the entrance channel and those producing one or more neutrons in the exit channel.
Given the significant interest in such reactions (particularly of (p,n)-type) for producing isotopes
used in nuclear medicine [1], the accurate estimation of the corresponding radionuclide yields is
essential. In diagnostic procedures these radionuclides are used for both planar imaging and single-
photon emission computed tomography (SPECT) with gamma cameras. Pharmaceuticals labeled
with positron-emitting radionuclides are used for positron emission tomography (PET). Imaging in
nuclear medicine gives visualization of anatomical, functional, and metabolic processes within the
human body. An equally important application is the targeted delivery of radiopharmaceuticals to
cancer cells for non-surgical tumor treatment. The integration of diagnostic imaging and radionu-
clide therapy in theranostics (therapy + diagnostics) offers exceptional potential for early, effective
diagnosis and treatment of localized tumors and metastatic cancers while minimizing side effects.
This overview presents investigations of medium-mass nuclear reactions along with new technolo-
gies for nuclear medicine isotope production developed at Saint-Petersburg State University. The
experimental setups for studying beam and detector characteristics are described. These detectors
and sensors are being developed for novel tracking systems to investigate superdense nuclear matter
in experiments at the NICA accelerator-storage complex. In applied physics, these detectors are im-
plemented in PET scanners and Proton Computer Tomography (diagnostic tool for hadron therapy
methods) complexes.
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Bynmer mpencraBieH TeKyLIMiI cTaTyC M IUIaHBI IIO CO3OaHMIO MeXIyHapoqHOro LEHTpa
HEITPOHHBIX MICCIIEOBAHNIL Ha OCHOBE UCCIe0BaTeIbckoro peakropa [TMK (HULT “KypuaTtosckuii
nactutyt — [IUAQ, FaTunHa), KOTOPHI CTAHET CAMbIM MOII[HBIM JICTOUHMKOM HETPOHOB MJIS
paboThI Ha BBIBEI€HHBIX ITyUKaX,

Peakrop IIMK (IIyukoBBINI MCCIIEQOBATENbCKMIT KOPIIYCHOI) IIPENCTABISIET COOOM MCTOUHMK
HEJTPOHOB C PEKOPAHBIMM IIapaMeTpaMy, IIPU3BAHHBIN CTaTh (QJarMaHOM HENTPOHHBIX
nccneqoBannit B Poccum.  OH mpepcrapisier co6oit BOJO-BOIHON KOPIIYCHOI peaxkrop, rue
nerkas Boga (H20) mcmomnp3yercs Kak TeIUIOHOCUTEND, a Tsokenas Bopa (D20) kak orpakareisb
M 3aMeIIuTelb HeNTpPoHOB. IDIIOTHOCTH IOTOKA TEIJIOBBIX HEMTPOHOB B OTpasKkareje Mo
1,2-10"15u/cMm2c.

Jlns BbIBOmAa HENTPOHHOIO MU3Ny4yeHMs U3 oTpaxkaTens peakropa IIVK, a raxke obmyueHus
006pas3rioB, peakrop IIMK cHabxeH 3HAUNTENBHBIM UMCIOM 9KCIIEPUMEHTATBHBIX KAHAJIOB.

B macrosiiee Bpemsi peakrop IIMK BhiBemeH Ha 9HepreTUMUecKuUil pexuM paboThI, B Mapre
2022r. mOCTMUTHYTa TeIlIoBas MOLIHOCTH 7 MBT. BBemeHBI B sKCILTyaTallMIo IIepBble 5 CTaHIIMII
HEMTPOHHOI'O pacCesHNs, IIPOBEEHBI IIEPBble KCIIEPUMEHTDL.

C 2020 r peanmsyercs IOJHOMAcWITa0HAs I[IPOrpaMMa CO3HAaHMSA IPUOOPHOrO IapKa s
NpOBeJIeHN SKCIIePMMEHTIBHBIX MICCIEeIOBAaHNI Ha BhIBEJIEHHBIX ITyYKaxX HEMITPOHOB. B KoHIIe
2024r M3roTOBJIEHHBI U IIOCTaBJeHBLI 11 cTaHIMII mepBoii odepenu. OKoHUaHIUE IPOrpPaMMBI I
BBOJ B 9KCILTyaTanuio 20 CTaHUMII pa3JINYHOTO HA3HAYEHM:, a TAKKE JMICTOYHMKOB HEITPOHOB
Pa3IMUHOTO CIEKTPAIBHOTIO COCTaBa OKMAAeTCs B ONypKaiiline aBa Tofa.

60 ser OOPemVMHEHHOMY WHCTUTYTY 3SHEPreTUYEecKHuxX WU

AxepHbIX McciaenoBaHUi-CocHbI — HayuyHble MCCIeJOBAaHUA
M IIepCHeKTUBbI Pa3BUTHSA

Author: Tamapa Huxonaesma Kop6yt'

' O6vedunennblii uncmumym snepzemuueckux u s0epHblx uccredosanuti — CocHbl
Corresponding Author: tamara korbut@gmail.com

TocymapcTBeHHOe HayuHOe YyupexpeHmne «OObeNVHEHHBII WMHCTUTYT DSHEPreTUUeCKuX U
anepHbIx ucciaenoBanmit — Cocubl» HanmonampHOIN akameMum Hayk Demapycm gBigercd
npasonpeeMHUKoM MHcTutryTa anepHoi sHepretuky AH BCCP, cosmanHoro 22 nioHa 1965 rona.
B uHCcTHTYyTe OBLTa CO3MaHa 9KCIIepUMeEHTaNbHasI 6a3a, II03BOJISIONIAsl IIPOBOANUTH VICCIIENOBAHS
no ¢usmke u 6e30IACHOCTY SIEPHBIX PEAKTOpOB. B pesyisbraTre MHOrojerHeil paboTsl U B
KOOIlepalyy ¢ pAAOM Ipennpustuit spepHoro komiutekca CCCP Oblna cos3maHa 1 BBefieHa B
3KCILTyaTaluio B 1985 roqy nepenBiKHad aToMHas anekTpocraHiud «[lamup-6300» ¢ peakTropoM
TEIUIOBOI MOIIHOCTEIO 5 MBT (a;ekrpuueckas MorqaocTs cranuuy 630 kBT) ¢ quccormupyommm
TEIUIOHOCUTENEeM U pabounm TesoM HuTpmH. CraHIMs IpefHa3HAUANach A MCIOIb30BAHUS
B KauecTBe aBTOHOMHOTO VMCTOUHNKA 3JIeKTPMUECKO SHEpPTUM MepeaBILKHBIX M CTALIMOHAPHBIX
00BEKTOB, HAXOASIUXCA B TpyxHomocTymHbix paitoHax CCCP. Ilocie aBapum nHa YAIC,
yCTaHOBKa Oblia BbIBeeHa M3 SKCIUTyaTal[My U 3aXopoHeHa B 1990 roxy.

B mHacToflee BpeMsA OCHOBHBIC HAIIpaBICHUSA HAYUYHBIX JCCIENOBAHUIL: MCCIEJOBAaHUSA U
paspaboTky B 00JIacTy aTOMHOJ SHepreTUKY, HayUYHOTO COIIPOBOXKAeHMs cTpouTtenbcTBa ADC B
Pecniybnuke Benapych; mccinenoBanmus m paspaboTku B 00JACTU SAEPHBIX U PASMAIVIOHHBIX
TEXHOJIOTMII B MHTepecaX pasjIMYHBIX OTpacieil HapOJHOTO XO034licTBa; oOpallleHme C
PanMOAKTUBHBIMI OTXOJaMM ¥ OTpabOTAaBIIMM SIAEPHBIM TOILUIMBOM; (GYyHIaMeHTalbHBIE U
MpUKIAfAHbIe MCCIENOBaHMA B obiacTu simepHOM (uamky, (QU3MKM 3JIeMEeHTAPHBIX YaCTIHL],
¢usuku BbICOKMX 3Heprmii. OCHOBY 9KCIIEpUMEHTAJbHOJ 0a3bl COCTABISIIOT SAEpHBIE U
paguanyoHHBbIe YCTAaHOBKIL.
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B OUSAU — «CocHBI» 3KCIUIyaTHUPYIOT TPU MCCIeNOBaTeNbCKUe sAepHble YCTaHOBKU —
kputmyeckue creHabl «Kpucramn» um  «I'manmHT» ¥ NOAKPUTUUECKMIT CTeHHT «SlmmHa».
Ha peaxTtopax ¢mM3mM4eckoil MOIIHOCTY IIPOBOAAT SKCIIEPUMMEHTANbHBIE JCCIEIOBAaHMUSI II0
¢msuke u smepHOl (e30MaCHOCTM PEAKTOPOB IEPCIEKTUBHBIX SAEPHBIX YCTAaHOBOK.  Ha
IIOOKPUTNUECKOM CTeHfe «SIIHa» BBIIOTHAIOT SKCIIepUMEHTAIbHbIe MCCIe{OBAaHNI HEMTPOHHO-
(M3UYECKUX XapaKTEePUCTUK ITOAKPUTUYECKUX CHUCTEM, yIPaBIsSeMbIX BHELIHVM JCTOUHIKOM.
Ha 6ase pagmanMOHHO-TEXHOJIOTMUECKOTO KOMILIEKCa, B KOTOPBINI BXOIAT yHMBepcalbHas
raMMa-yCTaHOBKA ¥ YCKOPUTENh 3JIEKTPOHOB, BBHINONHAIOTCI HayJYHO-JCCIIEeOBATEIIbCKIIE,
9KCIIepMMEHTAIbHbIE VM OIIBITHO-TEXHOJIOIMUeCKue paboThl B 00JACTM paAMallIOHHO (pu3nKy,
PaAMALIOHHON XMMWY, PANUALMIOHHO OMOJIOIMY M MaTepUaIOBeqeHIS.

Development and prospects of radiation medical physics in Rus-
sia
Author: Aleksandr Chernyaev'

! Lomonosov Moscow State University

Corresponding Author: a.p.chernyaev@yandex.ru

Radiation medical physics is a key interdisciplinary field at the intersection of nuclear physics,
medicine, and engineering. In Russia, the development of radiation medical physics is closely linked
to the advancement of nuclear technologies and the growing demand for high-precision methods in
diagnostics and radiation therapy. Over the past decades, significant progress has been made in ra-
diation therapy, medical imaging, and the production of medical radionuclides. In clinical practice,
modern techniques in radiation therapy and dosimetry are rapidly evolving, aimed at improving
treatment quality and dose delivery accuracy through the use of advanced medical accelerators and
imaging systems. Furthermore, there is a steady increase in scientific research focused on improving
radiotherapy technologies, optimizing treatment planning, and developing personalized approaches
to cancer care.

The training of highly qualified specialists capable of operating advanced equipment and conducting
scientific research in the field of medical physics is a crucial prerequisite for the continued growth
of the discipline. Specialized academic programs and professional development courses have been
successfully integrated into the educational system, ensuring the preparation of experts for both
healthcare and industry. Since 1998, Moscow State University has trained over 230 medical physicists
through undergraduate, graduate, and specialist programs, and more than 200 professionals have
completed continuing education courses at MSU. A significant milestone was the launch of the first
official accreditation of medical physicists in Russia, implemented by the Accreditation Center of
Moscow State University, based on accumulated expertise in science and education. Over the past
five years, nine PhD and three Doctor of Science theses have been successfully defended in the
field.

Despite ongoing efforts, the demand for qualified medical physicists in Russia remains high. The
future of radiation medical physics in the country is closely tied to the continued improvement
of radiotherapy technologies, the advancement of medical imaging methods, and the expansion of
radionuclide production. Close collaboration between academic institutions, research centers, and
healthcare organizations will play a critical role in driving further progress.
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B03MO>XKHOCTH  cTepeoTakcmueckoro obayuenus wHa KIIT
«IIpomeTeyc»

Author: Bsuecnas Cabypos’

Co-authors: Anesruna Amaposa '; Asnexceit Conosbes '; I'puropuit Mepsmukus *; Esrennit JIutys '; Makcum
Pommonos '; Hanexna Ckoraukosa '; Onsra ['onoBaHosa ' Cepreit Kopsaknna 3 J0mus ITerposa !

! MPHI] um. A.®. I[vi6a - punuan SPI'BY "HMHUI] paduonoeuu” Munsdpasa Poccuu, O6Humck, Poccus
2 JIdH PAH, Tpouyx, Poccus
3 MPHI] um. A.®. I[vi6a - ¢unuan PIBY "HMHUI] paduonoeuu” Munsopasa Poccuu,

Corresponding Author: vosaburov@gmail.com

ITIporoHHaa Tepanus gBJISETCI OJHUM U3 IepeloBBIX METOMNOB JyUeBOil Tepanuu. B mociegHee
mecsaTuieTre HabiiomaeTcss OYpHBI POCT IOSBIEHMS LIEHTPOB IIPOTOHHOI Tepamuu B Mupe. B
Poccun peitctByer 3 meHTpa IpoTOHHON Tepanuu. IleHTp mpoToHHOI Tepanun «IIpomereyc»
pacnoioxeH B r. OGHMHCKe U SIBJISIETCS IIOJIHOCTBIO0 POCCUIICKOT paspaborkoit. Ha cerogusintee
BpeMs B LIEHTpe 6BLIO IIpPOJIEUYEHO 60s1ee 1000 IMAIIEHTOB C HO30JIOTMAMI, JIOKAJIMN30BAHHLIMI B
00J1aCTV TOJIOBBI M IIIEN. IKCHO3UIMS MaJIbIX MUIIIEHEN, MeHee 3 cM3, Ha OAHHBIII MOMEHT Ha
KOMILIeKce He peanusyercsa. OOJIydyeHMe TakuMx MUIEHel TpeGyeT peanmusanmu psga (usmKo-
TeXHUUECKUX MePONPUATUIL.

B pmaHHOM mccieqoBaHMM IIPOBOAMJIOCH HAy4YHO-TEXHMUECKUE M3BICKAHMA IJIf IIPOBeNeHUT
CTepeoTaKCMUeCKOro OOJyueHMs MAaJbIX IIOJeNl y JOMAIHWUX >KUBOTHBIX. [l peanmsarun
IIOCTaBJIEHHOM 3ajaull IOTPEBOBATIOCH:

1. I3MeHNTH TOUKY 00JyueHNs 1 IpUOIM3NTD €€ MaKCUMAIbHO OJIM3KO K BBIIYCKHOMY pacTpyoy
KaHajla BBIITyCKa yCKOPUTEIHHOro KoMIuiekca [1];

2. N3MeHNTb KOHCTAHTBI B CHCTeMe IUIAaHMPOBAaHMA Ha COOTBETCTBYIOILNE B IIOJIOKEHNU
MJIaHUPYEeMOM 3KCITO3VLIVIN;

3. [IpoBecT KOPPEKTUPOBKY CHUMKOB IM(PPOBOIL PEKOHCTPYKUMM, IS BepupUKALUI
TIOJIOKEeH NS,

4. I3sroTOBUTBH CTE€HN JJIS IPOBeJEHNS SKCIIO3MUIINI;

5. IlpoBectn ¢u3MKO-HO3MMETPUUECKIE MCCAENOBAHNUSA ¥ BAIUIAIMIO Pe3yJbTaTOB pacyera C
HOBBIMU KOHCTaHTaMI.

ITaHHBIE 3a4auyl ObLIN peanm3oBaHbI U Ha KoHell 2025 r. 6pL10 ImpojeueHo 6osee 20 KMBOTHBIX C
Pa3IMYHBIMI HO30JIOTUAMMI.

HMauHas paGoTa SIBJISETCS AeMOHCTpauyell BO3MOKHOCTM II0 peau3alyyl CTEPEeOTaKCIUUeCKOTo
00yueHMst MaJIbIX MUIIeHel Ha KOMILIEKCe IIPOTOHHOI Tepanun «[Ipomereyc»

1. Mepamukusa I'. B., CxorumkoBa H. A., Apmaposa A. U. m nmp. Bepudmkaums yrioBbix
XapaKTEPUCTUMK y3KOTO pacxomsInerocs myuka nporonos Ha KIT “Tlpomereyc” // Kparkme
coobwenus o pusnke PUAH. - 2024. - Ne11. — C.32-43.
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CHMHTIULIIATOPBI M CHUMHTIUUIAIMOHHBIE [XeTEeKTOPbI IS
perucTpaniy MOHU3MPYIOINX U3y deHILI

Author: Bsuecnas Cepreesyu Tumorms'

! Asumym domonuxc

Corresponding Author: timoshin@azimp.ru

PyHKIMOHAJIbHbIE BO3MO>XHOCTI POCCUIICKIIX
AUIKUTAN3epOB Ha npumepe peanusanum 2D-HelTpoHHOrO
TOF cnexTpomeTtpa

Author: Alexander Pashkov'

' 000 ”[Mudrcumaiizep”
Corresponding Author: av.pashkov@edigitizer.ru

CoBpeMeHHbI€e 9KCIIEPUMEHTHI B 001aCTH siAepHOT GU3UKM TPeOYIOT BBICOKOTOUHOI PETUCTPALAN
7 00pabOTKM CUTHAIOB C JETeKTOpOB. [IuMpKuTaiisepbl UTparoT KIIOUEBYIO POJIb B CO3JaHMUMU
aBTOHOMHBIX M3MEPUTEIbHBIX KOMIUIEKCOB, 00ecIeunBas He0OXOAMMYI0 TOYHOCTD Y HAal&KHOCTb.
CJI0O)XHOCTD 3KCIIEPMMEHTOB IIPUBOAUT K ITOSIBIEHMIO BCE HOBBIX TpeOOBaHMUII K IMppPOBOIL
2JIEKTPOHMKE HE TOJBKO II0 CKOPOCTM OLM(POBKM, HO ¥ IIO BCE yCIOXKHSIIOIIeWcs o0paboTke
JaHHBIX.

OpHoll M3 Takux 3amau gBigeTca 2D-HelTpoHHasd BpeMAIpOJETHAsd CIIEKTPOMETPUI, I
peanmsauy KOTOpoil Tpebyercss onm(pPOBBIBATG ¥ KOPPESILMOHHO 0OpabaThIBaTh B pEXUME
Bpemenu Ha [LJIVIC Gosee 5 KaHAJIOB ¢ YaCTOTO COOBITIII Gotee 105 MMII/CeK 0 KaXXIOMY KaHauy.
Taxkoin cbyHKuMOHa.n OBLI peannsoBaH Ha 6ase IumxuTasepa D125-16, 4TO I03BOJIMIIO TOCTUYD
IIPOCTPAHCTBEHHOTO paspelleHNs B 2 MM C TOUYHOCTBIO OIIpe/eIeHNsI METOK BpeMeHM COOBITI Ha
ypoBHe 1 HC.

OtrgenbHas vacTh MAOKIama OymeT yoeieHa JmMHelKe Mopeieil aumkuraizepos or 00O
«dumxuraisep», MX TEXHUUECKUM XapaKTePUCTUKAM, aJTOPUTMaM IIOTOKOBOIL 00paboTKm
OAHHBIX, pealn3yeMbIM Ha YpOBHe IIpurbopa, a Takke, M UX IPUMEHEHUIO B 9KCIEPUMEHTAX,
BKJIIOUAsl CIIEKTPOCKOIINIO, M3MepeHus: MeTonoM Bpemenu nponéra (TOF pexxnm), perucrpanmio
MMapHBIX COOBITHIL.

KommiexkcHble cucrembl (pemreHusi) st (QU3NIECKUX
3KCIIEPMMEHTOB

Author: Anekceit AGpamos'

' ToT
Corresponding Author: abramov.mephi07a@gmail.com

ITonroroBKa COBPEMEHHOIO SAEpPHO-(GM3NUECKOr0 SKCIEpMMEHTa ¥ CO3JaHue COBpeMeHHOI
AMepHOQU3NUECKOI ~ yCTAHOBKM  HEBO3MOXKHO  0e3  IIMPOKOrO0  CIleKTpa  IpubOopoOB,
KOMJIEKTYIOINMX I CIeHMalIbHBIX MaTepHUajoB HaIlpaJeHHBIX Ha peaJM3allMio TOIo WU
MHOTO 3KCIIEPMMEHTAJIbHOIO MEeTOHa. CoBpeMeHHasi CHUCTeMa pETUCTPAalMM JIOOBIX
VMOHUBUPYIOIINX M3JIYYEHMII COCTOMT M3 [ETEKTOpa, UYBCTBUTENBHOTO (POTOIpUEMHIKA
(m1s  CUMHTPMWIUIALMOHHOTO MeTOAa), crenmannsupoBaHHbix Allll-  crekTpoMeTpoB U
KOMITIBIOTEPHBIX CPeACTB M 00paboTkm M xpaHeHms naHHbIX. Kommanus TOT mpemiaraer
YCIYTU 110 KOMIUIEKTOBAHUIO SIAEPHO-(PU3NUECKNX IKCIIEPUMEHTOB JUIM YCTAHOBOK IO/ KIIFOU I10
TEXHUYECKOMY 3aJaHMI0 3aKa3ulKa C MCII0JIb30BaHIEM OTeUeCTBEHHBIX Y MMIIOPTHBIX IIPUGOpPOB,
MaTepUasIoB ¥ KOMILIEKTYIOIINX.
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Cucremsl AMArHOCTUMKUI ITyYKa

Author: Muxann Xogakos'

! TK «Hayunoe O6opydosanue»

Corresponding Author: khodakov@spegroup.ru

Performance and operational experience of ALICE FIT in LHC
Run3

Author: Tatiana Karavicheva'

Co-authors: Artur Furs %; Dmitriy Finogeev 2. Mikhail Sukhanov *; Nikita Vozniuk *; Oleg Karavichev 3

! Institute for nuclear reseach RAS, Affiliated with an international laboratory covered by a cooperation agreement
with CERN

? Institute for Nuclear Research of the Russian Academy of Science, Affiliated with an international laboratory covered
by a cooperation agreement with CERN

% Institute for Nuclear Research of the Russian Academy of Science
Corresponding Author: tatiana@inr.ru

The ALICE experiment underwent significant upgrades during the LHC Long Shutdown 2
(2019-2021), including the installation the new Fast Interaction Trigger (FIT) system. FIT comprises
three detectors FT0, FV0 and FDD, which use Cherenkov and scintillation effects to detect charged
particles originating from proton-proton (pp) and heavy-ion collisions [1]. FIT uses dedicated front-
end electronics to measure the time and charge of pulses at bunch crossing interval of 25 ns and pp
(Pb-PD) interaction rates of up to 1 MHz (50 kHz).

In the online regime, the FIT detector provides an initial vertex position, fast triggers, beam luminos-
ity, and background monitoring. The offline FIT data are important for event selection, determining
and measuring multiplicity, centrality, collision time, event plane, and veto for diffractive and ultra-
peripheral heavy-ion collisions.

This talk will introduce the FIT’s operational experience and performance, as well as its achieve-
ments and expected physics performance improvements.

References

1. W. H. Trzaska et al., Nucl. Instrum. Methods A 958, 162116 (2020)

IlepBBIe pe3yIbTAaTHI MCCIENOBAHMUSA CIIMMHOBBIX 3¢ @deKToB Ha
AxepHbIX MuLIeHAX B 3kcnepumeHnTe CITACHAPM

Author: Bacuuit Mouasos!

' HUI «Kypuamosckuii uncmumyms - U®B3, [Ipomeuro

Corresponding Author: mochalov@ihep.ru

Ha yckopurensHoM kommekce Y-70 HUIL «KypuaroBckoro mucturyta» - VPBI momyueHsI
nepsble pesynbrathl B akcrnepumente CIIACYAPM [1]. OcHoBHOI 3ajaueil 3KCIEpUMEHTa
SIBIISIETCS CUCTEMATIUECKOE U3YUeHEe CIIMHOBBIX 9QQEKTOB BO B3aMMOMIEICTBUIL AAPOHOB, TAKMX
KaK OJHOCIIMHOBBIE ¥ ABYXCHUHOBBIE 3 QEKTHI C MCIIOIb30BAaHIEM ITOJAPU30BAHHON MUIIEHN
VI/VITIN TIOJIIPU30BAHHOTO ITyYKa.

OnxHMM 13 OCHOBHBIX HaIIpaBJIEHNIT VICCIIEJOBAHMII IBJISETCS TAKKe M3YUeHEe TAaKUX PU3NUeCKUX
HabJII0laeMbIX, KaK IIOJISIpM3als TUIIEPOHOB U BBICTPOEHHOCTh BEKTOPHBIX ME30HOB Ha SIePHBIX
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MMIIEHAX. B 9KCIepMMeHTAIPHBIX CeaHCaX Ha ITyYKe OTPULIATENIBHBIX ME30OHOB C MIMITYJIBCOM
oxoJio 27 I'aB/c HabpaHbI epBble 9KCIIEPUMEHTANbHbIE JAHHbIE HA IIIECTY PA3INMUHBIX SApPaX OT
yTJlepojia 0 CBUHIA 1o TosApuaamyu A u A-TUIIepOHOB U CIIMHOBOI BbIcTpoeHHOCTH pY(770)- 1
K*7(892)-me30H08B. [ToyueHs! IIepBbIe pe3ynbTaThl, CYMMIPOBAHHbIE I BCEX SAEP.
ITosryuennsie B sxcriepumenTe CITACHAPM pesynpTaTel M3MepeHNS MONAPU3ANUY B PEaKLIUAX
A — AX u KT A — AX sapusaiorcs Haubojee TOUHBIMU B Mupe. BriepBble HaGmomeHa
nonepeunas noispusauus (Py) A-runeponoB, o0pa3oBaHHBIX Ipu B3ammopmeiicrBum K~ -
MEe30HOB C SIApaMIu.

1. Konnentyanbusiit mpoekt skcrepumenta CITACHAPM, Corpynunuectso CIIACUAPM, YA,
2023, ToM 54, BRIITYCK 1, cTp. 6

Some selected highlights of relativistic heavy-ion collisions ex-
periment

Author: Grigory Feofilov'

! Saint-Petersburg State University
Corresponding Author: g.feofilov@spbu.ru

In this report I will present an overview of some selected results obtained in recent experimental
studies of strongly-interacting matter at extreme conditions, as formed in ultra-relativistic nucleus-
nucleus collisions at modern facilities. This will include the overview of fluctuations and correlations
and flow studies in Pb+Pb, p+Pb and p+p collisions by ALICE and CMS at the LHC, role of strangess
and charm in heavy-ion collisions, search of the critical end-point (CEP) by NA61/SHINE at the SPS.
Production of light (anti)nuclei in high-energy pp, p-A, and A-A collisions is another topic of inter-
est to be touched in comparison with hadronization models.

Perspectives for analysis of cumulants of conserved quantities in HI collisions at the MPD at NICA
will be also discussed briefly. Finally, some recent results by Saint-Petersburg State University devel-
opments for the data analysis are supposed to be also presented — the multipomeron exchange model,
the long-range correlations and application of strongly intensive observables, the modified Glauber
approach to the estimates of nucleon-nucleon collisions number, new observation of the indepen-
dence of ratios of transverse energies of ¢-mesons to other strange hadrons produced at midrapidity
in very central A+A collisions in a wide range of /snn from 30 GeV to 2760 GeV.

The author acknowledges Saint-Petersburg State University for a research project 103821868

BogopomomomoOHast ~ cMMMeTpMsI B CHEKTpax  JIETKHUX
Me30HOB

Author: Cepreit Aporus'
Co-author: Annca Ilpim6an *
' Canxm-TlemepGypeckuil 2ocydapcmeentbiil ynusepcumem
Corresponding Author: s.afonin@spbu.ru
SIBnenme xoHdaliMeHTa KBApKOB I IJIIOOHOB CUMTAETCS IJIABHOI HEpEeIIeHHOW Ipo0ieMoil B
¢msuke cuabHBIX B3ammopmeyictBmit. OXHO M3 SIPKUX IPOSIBIEHNIT KOH(aIMeHTa COCTOUT B

HaOJIIOAeHUN IPUOIN3UTENBHO JIMHENHBIX PEI)KEBCKUX TPAEKTOPUII B CIIEKTPaX JIETKIMX a{POHOB.
Oxosto gBafgUaTy JeT Hasad OJAHUM M3 aBTOPOM OBLIO 3aMeueHO ¥ 0O0CHOBAaHO CyII[eCTBOBaHIUE
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NpUOIVDKEHHO CUMMETPUM B 3TUX TPAEKTOPMSX, IPUUEM CUMMETPUS MMeEET TaKOil Ke BIL,
KaK B yPOBHSX SHEpPI'UM aToMa BOJOpPOJa, I'le OHa BO3HMKAET 13-32 KyJIOHOBCKOTO BBIPOKIEHUS.
B moxmanme ofcyKmaeTcs CTaTyc JaHHOV CMMMETPUM B CBeTe HOBBIX JAaHHBIX, IIOJYUEHHBIX 3a
IocjeHMe [BaNlATh JIET, BKIOUas HelaBHee JKCIEPMMEHTAIbHOe OOHApy)KeHIe pe3oHaHca
a0(1710), mpemckasaHHOTO M3 3TO CcUMMeTpuy. Taxke 00CyKIoaeTcs KaueCTBEHHOE O0bICHEHIE
BO3HUKAIOIIEN CUMMETPUM Ha OCHOBE MOJENN aAPOHHBIX CTPYH.

Phase diagram structure of QCD under critical conditions

Author: Irina Aref’eval

! Steklov Mathematical Institute, Moscow, Russia
Corresponding Author: arefeva@mi-ras.ru

We present recent advances in understanding the phase diagram structure of quantum chromody-
namic (QCD) matter under extreme conditions—specifically, at large temperatures, high chemical
potentials, and strong magnetic fields—in both isotropic and anisotropic environments. These re-
sults are derived using the holographic approach, which bridges gauge theories and gravitational
duals to explore non-perturbative regimes of QCD. Key findings include the identification of novel
phase transitions, critical points, and magneto-thermodynamic behavior under anisotropy. Addition-
ally, we address potential experimental pathways to test these theoretical predictions, emphasizing
collider experiments, including possible heavy-ion collision studies at NICA.

Status of the NICA/MPD project at JINR

Author: Vadim Kolesnikov'

! JINR
Corresponding Author: kolesnik@jinr.ru

Nuclotron-based Ion Collider fAcility (NICA) is a new accelerator complex for heavy ions and polar-
ized particles being under commissioning at JINR [1]. The main goal of the MPD project at NICA is
to study rich phase structures of QCD at finite temperature and baryochemical potential. The MPD
detector has been designed to fully exploit the NICA physics potential by measuring a variety of
signals from heavy-ion collisions [2]. MPD is capable to investigate a wide range of physics phe-
nomena including the Equation of State and critical behavior of the QCD matter, properties of the
hadron in-medium spectral function, and features of hyperon-nucleon interactions [3].

In this talk, I will review some highlights of the MPD physics program and discuss feasibility study
results for a wide range of observables in Bi+Bi and Xe+W collisions at NICA energies. The status
and plans of MPD assembling for first data will also be overviewed.

References

[1] Kekelidze V., Lednicky R., Matveev V. et al., Eur. Phys. J. A 52 (2016) 8, 212.

[2] K. U. Abraamyan et al. (MPD Collaboration) Nucl. Instrum. Methods Phys. Res., Sect. A 628, 99
(2011).

[3] V. Abgaryan et al. (MPD Collaboration), Eur. Phys. J. A 58 (2022) 7, 140.
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Spin Physics Detector at NICA

Author: Vladimir Ladygin'

! VBLHEP jINR
Corresponding Author: vladygin@jinr.ru

The Spin Physics Detector is one of two large setups at the NICA collider under construction at JINR.
The ultimate goal of the studies at SPD is the measurement of different spin observables in polarized
proton-proton and deuteron-deuteron collisions sensitive to the polarized gluon structure of the
nucleon at the luminosity up to 10*32 cm -2s -1 and up to 27 GeV in the center of mass. SPD will
consist of the superconducting magnetic system, silicon tracker, straw mini-drift tubes tracker, time-
of-flight system, electromagnetic “shashlyk”- type calorimeter, muon (range) and local-polarimetry
systems. The high performance free-streaming DAQ system will be able to operate at the collision
rate up to 4 MHz.

The possibilities of the measurements at the first phase of SPD experiment will be discussed.

Status of ARIADNA Collaboration for applied research at NICA
facility

Author: Oleg V. Belov'

! Laboratory for High Energy Physics, Joint Institute for Nuclear Research
Corresponding Author: oleg.belov@jinr.int

NICA (Nuclotron-based Ion Collider fAcility) is a new accelerator complex designed at the Joint In-
stitute for Nuclear Research to study properties of dense baryonic matter. Besides the fundamental
physics issues, the NICA team is also constructed special beamlines for applied research, including
biomedical applications, space research, radiation materials science, radiation testing of microelec-
tronics and novel developments for ADS. The Applied Research Infrastructure for Advanced Devel-
opments at NICA fAcility, recently named ARIADNA, includes (1) beamlines with magnetic op-
tics, power supplies, beam diagnostics systems, cooling systems, etc., (2) several experimental zones
equipped with target stations for users (detectors, sample holders, irradiation control and monitor-
ing system, etc.) and (3) supporting user infrastructure (areas for deployment of user equipment, for
sample preparation and post-irradiation express analyses).

Overall scope of applied research be performed using ARIADNA beamlines includes but limited
to radiation protection in space, radiation testing of microelectronics, materials research with ion
beams and novel technology for radiation waste processing.

Zone 1 and its experimental station is designed for studying radiation damage to decapsulated micro-
circuits with low-energy ion beams extracted from the HILAC at the energy of 3.2 MeV/nucleon. The
spectra of available particles will include protons and ions with Z = 2 to 92, which enables simulating
certain aspects of exposure of non-biological samples to low-energy component of space radiation.
Zone 2 will provide an opportunity for irradiation of different samples with intermediate-energy ion
beams of 150-1000 MeV/nucleon. Zone 2 includes two target stations designed for space radiobiol-
ogy studies, radiation materials science and investigating the radiation damage to capsulated micro-
electronics. At both target stations the following ions are expected to be available: 12C6+, WA
56Fe%Jr, 84Kr36+, 131Xe54+, 197 A, 79, Considering the recent trends and multiple requests raised
by potential users, there is an intent to extend acceleration techniques towards realistic simulation of
galactic cosmic rays with NICA beams, including implementation of the specific acceleration regime
with rapid switching of ions and energies. Zone 3 is designed for development of novel nuclear
power technologies, including development of ADS. The beams of T+ 2pl+ 12C6+, 40 A8+ and
Li® with energies of 0.3-4 GeV/nucleon are planned to be available at the target station of this zone.
Zone 4 is intended for long-term exposure of materials science and biological samples to heavy ions
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with energies of 1-4 GeV/nucleon. The recent test experiments in this zone were performed with 3.8
GeV/nucleon 2*Xe*** jons.

There are the ARIADNA collaboration is established in 2022 on research topics, which constructed
zones are designed for. At present, this collaboration involves 202 participants from 30 organizations
of 7 countries. Both academic and industrial teams are eligible to access the ARIADNA infrastruc-
ture. A corresponding user policy at NICA is under development, which will include regulations
on equipment use, bioethics, access to beamlines and to supportive user infrastructure, etc. There
are several ways of joining ARTADNA. First, as a member of ARTADNA collaboration via signing of
an MoU to become a member of the collaboration. Second, as an individual user: via preparation
and submitting a proposal for an experiment. Third, as an ARIADNA partner via contacting the
ARIADNA responsible person and discussing a specific was on how a research team or a company
can contribute to ARIADNA.

Recent results from STAR beam energy scan II program

Author: Alexey Aparin'

' JINR
Corresponding Author: aparin@jinr.ru

STAR detector at the Relativistic Heavy Ion Collider (RHIC) has successfully completed data taking
for the second phase of the Beam Energy Scan (BES-II) program in year 2021. During this program
STAR has collected experimental data on Au-Au collisions in the energy range from /sy = 3 to
13.7 GeV in the fixed target mode and form /sy = 7.7 to 54.4 GeV in the collider mode. Major
detector upgrades have greatly increased detector capabilities to track charged particles produced
in the collisions. This energy range covers a broad region in the QCD phase diagram, reaching up to
baryon chemical potential of 750 MeV. Measurements in this region will help understand nature of
the phase transition from hadron matter to the QGP phase and search for the existence of the QCD
critical point.

A wide range of results on particle production, anisotropic flow, correlations and other topics has
been obtained from BES-II data. New results on the collective phenomena like test of number of con-
stituent quarks (NCQ) scaling at low collision energies and cumulant ratio of net-proton multiplicity
distribution have been measured with high precision. Investigating effects at low collision energies
can help to track signatures of the critical point and precise location of the phase boundary. Pre-
cise analysis of variety of effects like energy dependence of coalescence parameters and hypernuclei
lifetime measurements are presented. Also, new data on global polarization and spin alignment are
presented.

Model of experiments and a method of analysis of data for deter-
mination of absorbed dose of samples for applied research at the
NICA facility

Authors: Nelli Pukhaeva'; Yuri Kasumov?; Gennady Chulukhadze?; Artur Berezov®

! JINR; North-Ossetian State University, Russia

? North-Ossetian State University, Russia
Corresponding Author: pukhaeva@jinr.ru
Model of experiments for applied research at the NICA facility are developed and manufactured.

Model includes two ionization chambers IK-1, IK-2, strip and phosphor chambers for measure profile
with coordinate and intensity of beam and various sample holders with different geometry. At those
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chambers, the materials of electrodes are used different, at the IK-1 it is foil-clad fiberglass, for the
IK-2 are taken foil-clad polyimide One of the ionization chambers will be assembled before irradiated
samples, other mounted after. The strip chamber will be added for measure the coordinate of beam
or it will replace the IK-2 ionization chambers. By the phosphor chambers will be tracked and follow
the profile of beam. The chambers IK-1 and IK-2 have been tested on a ®°Co gamma source and a
150 MeV proton beam at the accelerator “Prometheus” at the Tsyba MRRC (Obninsk).

A method for analysis of the intensity and profile data by using the 3.8 GeV/nucleon 2*Xe*" jon
beam data is developed. The method is necessary to provide the precise determination of the fluence
and absorbed dose for irradiated materials. The beam profile and intensity distributions together
with overall intensity and duration of radiation exposure are used for the developing the method
of analyzed for the set of samples of different geometry and chemical composition. The analyzed
raw data were taken in the long-term exposure mode. Software was developed for investigation of
intensity and profile of the beam. Because the data is a sequence of intensity values per short run,
each run will be analyzed separately. The intensity will be measured before collision with the target
for what were require additional study on how the intensity decreases after passing through each
detector and approximation of the intensity, which reaches a particular sample. Distributions of
beam intensity and profile versus exact duration of irradiation will be obtained for each investigated
sample. Fach sample will be at the beam sequentially in series that results in individual profile for
particular sample. The distributions will be obtained by the developed software for the input data
and further precise calculation of energy losses and absorbed dose in irradiated materials. Those
several different parameters necessary to investigate and explore, the uncertainty is under study.
The study is performed within the ARTADNA Collaboration.

Photonuclear reactions: results, problems and new data

Authors: Aleksandr Davydovl; Ivan Mostakov?; Vadim Orlin!; Vladimir Varlamov'

! Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University

? Lomonosov Moscow State University
Corresponding Author: vvvarlamov@gmail.com

Cross sections of partial photoneutron reactions (y, 1n), (v, 2n), and (-, 3n), as well as of total re-
actions o(vy, sn) = o(y,1n) + o(v,2n) + o(y, 3n) and those of photoneutron yields o(vy, zn) =
o(v,1n) + 20(v,2n) + 30(7, 3n) collected in the international nuclear reaction database [1] are
widely used in nuclear physics basic research to study various features of electromagnetic interac-
tions and resulted in founding collective states in atomic nuclei, obtaining various giant resonances,
first of all Giant Dipole Resonance (GDR) [2, 3]. Various characteristics of those resonances such as
energy position, absolute value, integrated cross section and moments, parameters of GDR configu-
rational and isospin splitting, and others, were determined [2, 3]. Total accuracy of those quantities
is arbitrarily low because the results of different photonuclear experiments are significantly differ-
ent both in shape and absolute value. Disagreements about 100 percents (in many cases larger) are
known and are definitely systematic for partial reactions [4, 5]. Using digital cross-section data from
the database [1] and experimental-theoretical method for evaluation partial reaction cross sections
meeting objective physical criteria of reliability [5] it was shown that for about 70 nuclei from ®!V to
209Bj obtained using beams of quasimonoenergetic annihilation photons and bremsstrahlung many
experimental cross sections under discussion are not reliable because contain significant systematic
uncertainties of various types due to discrepancies in methods of neutron multiplicity identification
and characteristics of y-quanta sources, neutron detectors and devices for y-quanta beam monitor-
ing [4]. The data disagreements are systematized, the reasons of those are analyzed, new reliable
cross sections of partial and total reactions are presented.

1. IAEA Nuclear Data Cekuns database “EXFOR. Experimental nuclear reaction data”, http://www-
nds.iaea.org/exfor.
2. B.L. Berman et al,, Rev. Mod. Phys. 47, 713 (1975).

3. B.S. Ishkhanov et al., Interaction of electromagnetic radiation with atomic nuclei. Izdatel’stvo
Moskovskogo Universiteta, Moscow, Russia. 1979.
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4. VV. Varlamov et al., Atom. Data and Nucl. Data Tables, 161, 101697 (2025).
5. V.V. Varlamov et al., Bull. Rus. Acad. Sci. Phys., 87, 1188 (2023).

4

Superlight systems ‘n, °H, "H: theory vs. expeiriment

Author: Leonid Grigorenko'

' FLNR, JINR, Dubna, Russia

Corresponding Author: Igrigorenko@yandex.ru

On behalf of ACCULINNA collaboration.

The novel results concerning quite “problematic” lightest neutron-rich systems “n [1], °H [2], and
"H [3,4] were obtained at ACCULINNA-2 facility (FLNR, JINR, Russia) in the recent years. These
experiments provide evidence for very low-energy structures in the spectrum of "H (~2.2 and ~5.5
MeV) and “n (~3.2-3.5 MeV). The latter observation is consistent within experimental uncertainly
with the recent observation [5] of the low-energy “resonance-like structure” in the spectrum of “n
at ~2.4 MeV.

The existing experimental data on “n, 5H, and “H systems is highly controversial and also very
complicated to reconsile with theoretical predictions [6,7,8]. We discuss the studies of the 8He and
"H in a five-body core+4n and of *n in four-body hyperspherical model calculations [1] and their
relevance to experimental observations. Some problematic issues about interpretation the data may
be resolved in extreme-peripheral reaction scenarious.

The prospects of further experimental studies of *n, °H, and "H systems and requirements to these
experiments are discussed. Among other opportunities here we should note the possibility to search
for long-living "H states (with width less than something like 1 MeV) in the products of triple fission
of heavy nuclei [9].

LA. Muzalevskii et al., Phys. Rev. C 111 (2025) 014612.
E.Yu. Nikolskii et al., Phys. Rev. C 105 (2022) 064605.
A.A. Bezbakh et al, Phys. Rev. Lett. 124 (2020) 022502.

F. M. Marques and J. Carbonell, The European Physical Journal A 57 (2021) 105.
E. Hiyama, R. Lazauskas, J. Carbonell, Phys. Lett. B 833 (2022) 137367.

H.H. Li, J.G. Li, N. Michel, and W. Zuo, Phys. Rev. C 104 (2021) L061306.

Yu.L. Parfenova et al, in preparation (2025).
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HNcTtouHuk KoMInTOHOBCKOro m3nydenusa HII®M: mapamerpsl u
IePCIeKTUBEBI MICCIeJOBAHUI.

Author: Anexcaunp KysHeI.IOB1

Co-authors: Amppeit ononckuit %; Anexcarmp Jlamuk *; Jleorun [ixunassu % Apryp Pycaxos %; Ammpeir
Iemyxus '; Bacummit Ilsenynos *; Aunpeit Capenbes-Tpopumos *; rops ApTiokos °; Anexcannp Busorpamnos
*; Bnagumup Bapiamos *; Anexcanap Yerrypros °; Muxann Mepxus !; Cepreit PrikoBaHoB

! Hayuno-uccnedosamernvckuii uncmumym soepuoti gusuxu um. [.B. Ckobermvyvina, MI'Y, Mockea, Poccus;
Mockoeckuii eocydapcmeennviti yHusepcumem um. M.B. Jlomonocosa, gusuueckuii gakynvmem, Mocksa,
Poccus

2 Hncmumym sidepHuix uccnedosanuti PAH, Mockea, Poccust

3 Hayumno-uccnedosamenvckuii uncmumym sideproi gusuxu um. [.B. Cxobervyvina, MI'Y, Mockea, Poccust

* Mocxosckuil zocydapcmeentutii yusepcumem um. M.B. Jlomonocosa, usuveckuii gaxymvmem, Mockéa, Poccus
> Pusuueckuil uncmumym um. ILH. Jle6edesa PAH, Mockea, Poccust

® Cronkoeckuii uncmumym nayku u mextonozuti, Mockea, Poccus

Corresponding Author: kuznets@depni.sinp.msu.ru

IlpencraBieHbl XapaKTEPUCTUKM IPOEKTHPYEMOrOo B HAUVMOHAJIBHOM IeHTpe GU3UKK U
MaTeMaTVKJ MCTOUHMKA KOMITOHOBCKOTO W3JIydeHMs ramma-kaHToB [1]. IIpemmaraemsrit
JMCTOYHUK 00JIafaeT YHUKATIBHBIMY XapaKTEPUCTUKAMI [10 MHTEHCUBHOCTY U 9HEPTETUUECKOMY
pasbpocy raMma-usiydeHus. JTO IIO3BOJIUT IIPOBOIMUTH UCCIEJOBAHNA B 00IacTy POTOSIepHBIX
peakumit M CTPYKTYpBl fAfpa, HETOCTyIHbIe Ha MCTOUHMKAX IIPEeABIAYIIEer0 ITIOKOJCHUA.
IIpencrasieHs! TepBOOYEepeHEIE SKCIIEPUMEHTHI:

1. IomyueHue HOBBIX HEIPOTMBOPEUMBBIX IIPELV3MOHHBIX JaHHBIX O CEUEHMSIX (HOTOSMEPHBIX
peakuuit n ¢oTomeNeHNs B ILIMPOKON OONACTM MacC aTOMHBIX sOep. 9T maHHBIE
HeOOXOMMMBI KaK [UIS YJIYYIIEeHUS MOJEIBHBIX U TEOPETMUECKUX ITOAXOIO0B K OMMCAHUIO
(doTOsIEPHBIX PeAKIVIL, TaK M [JIS PELIEeHNs IINPOKOTO KpyTa IPMKIaTHbIX 3a[au, TAKUX KakK:
paspaboTka CICTeM TPAaHCMYTAL[MN IAEPHBIX OTXOM0B, CO3AaHVII IYUKOB PaAIOaKTUBHBIX €D,
IIOJIyUeHMsT 9K30TUUECKUX s1ep (BBICOKOCIIMTHOBBIX M30MEPOB, CMIJIBHOHETPOHOM30BITOUHBIX
Amxep, CUIbHONeQOPMUPOBAHHBIX Sflep), 3amau HApaGOTKU IEePCIEKTMBHBIX MEeIUIMHCKIX
PanMOHYKINIOB;

2. Nsyuenme QoTOsImEpHBIX peakiuii B 00JAcTM IOpora, HeoOXOQUMBbIe, IIPeKAe BCEro, MJIs
OTBeTa Ha BOIIPOC 0 MeXaHM3Max 06pa3oBaHys 000IIeHHbIX Ifep B POTOSAEPHBIX PEaKIMsX B
Ipolecce 3Be3HOT0 HYKJIE€OCHHTE3a,;

3. UccimemoBaHue CTPYKTYPHBIX 0COOEHHOCTEN 11 BO30YKIEHHBIX COCTOSTHIUIT AaTOMHBIX SIIED;

4. NsyueHme CTPYKTYPHBIX OCOGEHHOCTe]l IUIIONBHBIX COCTOSHUIL, TaKMX KaK TIpocc-,
IIpOMEKYyTOUHAsg ¥ TOHKas CTPYKTypa, BKJIIOUAad TOHKYIO CTPYKTypy HMUIMM-AMUIIONBHOTO

pe3oHaHca, u ajibda-KiIacTepHbIE COCTOSHII. NsyueHue 0COOEHHOCTENl TUTAHTCKOTO
IIIIOJIBHOTO pPe30HAHCa, TAKUX KaK M30CHMHOBOe, HedopMarioHHOe ¥ KOH(PUIypaIoHHOe
paciiemnieHne.

HpeIICTaBJIeHbI BO3MOJKHBIE€ HNETEKTOPHBIE CTAaHIMM W METOOAMKM [JId IIPOBENEHMSA TaKUX
IKCIIEpMIMEHTOB.

Brimonnenne HacTosIell paboThI GBLIO IMOAEPIKAHO B paMKax IpoekTa HanmoHaapHOrO 1ieHTpa
¢msuxku u marematuknu (HIPM) Ne 6 «fAmepnas u pagmaumoHHas (usmka», HaIlpaBieHNe
6.5.1.

[1] JI.B. T'puropenxo u np. // ®m3amar. T.1, Ne3-4. C.123-254 (2024)
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The new underground neutrino observatory opens a new page in
multidisciplinary neutrino research

Authors: Alexander Chepurnovl; Maxim Gromov?

! SINP MSU
2 SINP MSU; JINR

Corresponding Author: gromov@physics.msu.ru

The completion of the Jiangmen Underground Neutrino Observatory (JUNO) construction is good
news for the entire society of neutrino physics. Data taking is started in February 2025 during the
water-filling phase, the operation with full liquid scintillator is expected in the second half of 2025.

The JUNO detector has a spherical ultra-low background 20 kt liquid scintillator target shielded from
external background by 700 m underground location and cylindrical 30 kt ultra-pure water pool play-
ing a role of active muon veto.

JUNO’s primary goal is to determine the neutrino mass ordering with an expected significance of
3-4 sigma in about six years and to measure 3 neutrino oscillation parameters to sub-percent preci-
sion. The phenomenon will be observed by resolving of the fine structure in the energy spectrum of
oscillating reactor electron antineutrinos. The spectrum is measured with the energy resolution of
3% at 1 MeV. The antineutrino flux is emitted from 8 nuclear reactors at a baseline of about 52.5 km.
To tune the reconstruction of antineutrino spectrum in JUNO, the satellite small JUNO-TAO reactor
antineutrinos spectrometer will provide the reference spectrum with extremely precise resolution
of 2% at 1MeV (1.5% statistical uncertainty).

JUNO assumes a rich program of scientific research with neutrinos from different natural sources,
such as the atmosphere, Earth, Sun and supernova explosion.

TAO detector as a unique antineutrino spectrometer for funda-
mental and applied research

Author: Alexander Chepurnov'

Co-author: Maxim Gromov >

! SINP MSU
2 SINP MSU:; JINR

Corresponding Author: aschepurnov@yandex.ru

In the 90s of the XX century, it was experimentally proved that antineutrino spectrometers based
on liquid scintillators can monitor the power of a nuclear reactor and the isotopic composition of a
burning fuel. These capabilities provide a complementary way of nuclear power plant reactor mon-
itoring with respect to the standard methods. Moreover, such capability offers a promising tool for
studying the dynamics of fuel burnout and changes in its isotopic composition in experimental in-
dustrial reactors of the 4th generation.

The Taishan Antineutrino Observatory (TAO) is a compact liquid-scintillation antineutrino spec-
trometer created as a satellite experiment of the Jiangmen Underground Neutrino Observatory
(JUNO). To tune the reconstruction of antineutrino spectrum in JUNO the TAO detector will pro-
vide the reference reactor spectrum with extremely precise resolution of 2%@1MeV (1.5% statistical
uncertainty). TAO is located at a baseline of 44 m from the reactor core of one of the twins EPR Tais-
han 4.6 GWth reactors (Taishan, Guangdong Province, China). The detector is under commissioning
now. The start of data taking is scheduled for the July 2025.

Unprecedented energy resolution of TAO-detector is expected due to over 90% of scintillation light
collection, symmetrical construction, low temperature scintillator and cooled photo sensors together
with comprehensive active and passive shielding and fast original Front-End and DAQ electronics
and software. Ten square meters of SiPM photons sensors with more than 50% photon detection effi-
ciency observe the spherical volume of cooled liquid scintillator with 4500 photoelectrons per MeV
light yield in TAO. SiPMs dark current rate is suppressed by 3 orders of magnitude due to operation
at minus 50 degrees Celsius. The detector will capture about 2000 reactor antineutrinos within the
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fiducial volume per day via Inverse Beta Decay (IBD) reaction. It is designed to be well shielded
from cosmogenic and ambient backgrounds to have the background-to-signal ratio better than 10%.
The unprecedented spectral properties allow to use the TAO detector as a unique instrument for
fundamental and applied research. The combination of most modern technologies together with big
experience from previous experiments such as Daya Bay, BOREXINO, iDREAM used in TAO opens
the new generation of liquid organic scintillation detectors.

Study of neutrino oscillations with accelerator and atmospheric
neutrinos

Author: Yury Kudenko'

' INR RAS
Corresponding Author: kudenko@inr.ru

The current status of the neutrino oscillations will be revived in the talk. An emphasis will be
put on a search for CP violation in the leptonic sector of the Standard Model and measurements
of the CP violating phase \delta_CP. The results obtained with accelerator neutrinos in the long
baseline experiments T2K and NOvVA, as well as measurements with atmospheric neutrinos in the
SuperKamiokande experiment will be presented. The recent progress in the study of the neutrino
mass ordering will be discussed. Further perspectives of the current oscillation experiments will be
briefly outlined. The next generation neutrino experiments HyperKamiokande and DUNE have a
very extensive scientific program with the main goal of discovering of CP violation and measuring
of \delta_CP. Both experiments can also determine the neutrino mass ordering. The current status,
progress, and prospects in construction and commissioning of HyperKamiokande and DUNE with
neutrino beams will be presented.

IIpenu3noHHbIE MCCIETOBAHUA pacHmaja HeNTpoHa u (pusmka
dyHgaMeHTAIBPHBIX B3aMIMOAEIICTBUIL

Author: Amatomuit Cepe6pos’

! HUI[ «Kypuamosckuii uncmumyms - [TUAD
Corresponding Author: serebrov_ap@pnpi.nrcki.ru

Pesynprarsl mociemHux Hambojiee TOUHBIX 3KCIIEPUMEHTAIBHBIX HAaHHBIX paclafa HelTpOHa,
NpoBeIEHHEIE Ha ypoBHE TouHOCTH 102 He MoryT 6BITH OmucaHbI B pamMkax CM (oTKioHeHe
BBIXOAMUT 3a IIpefJenbl 3-X CTaHOApTHBIX OTKJIOHEHMIL). IIpenusmuonHble M3MepeHNI
cBepxpaspeméHHbIx 0+- 0+ AOepHBIX IIEPeXOJO0B, IIO3BOJIAIOIINE OIPEHEIUTh MATPIUHBIN
9JIeMeHT V4 YKa3bIBAIOT Ha pacxoxaeHue ¢ yHuTapHoctsio B Marpuite CKM (pacxoxkneHune Ha
ypoBHE 2.4 CTaHJAPTHBIX OTKIOHEHMI). Bmecre ¢ TeM, sKCIIepUMeHTAIbHbIE JaHHbIE YCIIEIIHO
OINCBHIBAIOTCA B paMKaxX JIeBO-IIPaBOV MOZENV ¥ yKasbIBAIOT HA CYILECTBOBAHIE CMEIIAHHOTO
coctossamss Wgr u W c mapamerpamu 8=(M;/M3)?=0.070+0.010 m yrmoM cmemuBaHus {
= -0.039+0.014. DBosee peTanpHBIN aHAIU3 JEBO-IPABOIl MOMAENM C BKiIlodeHUeM B Heé CP-
HapylLIeHMs II03BOJISIET OMMCATh B Ipefdesax uMerolreiics TouHocty 3¢¢exrsr CP-HapyieHus
B HelTpanbHbIX K-me3oHax u D-MesoHax, MCIONB3yd IIapaMeTpbl, KOTOpPbIE W3BIEYEHBI
13 HeNTpoHHOro pacmaga. Okasanoch, UTO 3HaKM OapmoHHOI 1 JenToHHOV CP-HapyInaroreit
acCUMMeTpUM pasHble, UTo, 10-BUANMOMY, CBI3aHO C pa3HBIMY 3HaKaMu GapMOHHOI U JIEITOHHOI
acuMMeTpuei BeeseHHOI.
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YckopurenbHbII UMCTOUYHUK HeliTpoHoB VITA pgus  Oop-
HEMTPOHO3aXBaTHOI Tepanui I APyTruX NPIUIOKEeHUII

Author: Sergey Taskaev'

Co-authors: Alexey Koshkarev 2. Anna Kasatova !; Anna Shuklina %; Artem Kacheev '; Artem Soldatov !; Dmitrii
Kasatov ; Evgeniya Sokolova L Georgii Ostreinov 1. Gleb Verkhovod !; Igor Sorokin 1, Iuliya Taskaeva . Ivan
Shchudlo ; Kseniya Kuzmina %, Marina Bikchurina ; Nataliya Singatulina z Sergey Savinov L Tatyana Shein 1
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YckopuTenpHbII MCTOUHUK HelrpoHoB VITA - ¢usmueckas ycTaHOBKA, BKJIIOUAOIIAs B
ce0sT 3JIEeKTPOCTATMUECKMII TAHAEMHBIN YCKOPUTENb 3apsHKEHHBIX YACTUIL OPUTVMHATIBHON
KOHCTPYKLIMU, Ha3BAHHBII CO BpEMEHEM YCKOPUTEIEM-TAHIEMOM C BaKyyMHOI usoJstueit (Vac-
uum Insulated Tandem Accelerator — VITA), niist osydeHus CTalMOHAPHOTO IIyYKa IIPOTOHOB MK
JEeITPOHOB C 9Heprmelt 10 2,3 MaB u TokoM 10 10 MA, OpUTMHAIBHYIO TOHKYIO JINTUEBYIO MUIIEHb
LU TeHepalMy HEeITPOHOB 1 Psif cucTeM (GOpMUPOBAHUS IyUKA HEIITPOHOB C 3aMeJIITENIeM U3
¢dropuma Marausi, OprcTeKIIa, MOMMITUIIEHA VI TSXKEI0I BOMBL.

YcranoBky nHa turomtapke MVA® CO PAH wmcmosb3yloT [ pasBUTUS METOOUKM Gop-
HeitrpoHo3axBaTHoit Tepanun (BH3T), Bkiaouas maydeHUe BIUSHUSA HETPOHHOTO U3IYUYEHUS
Ha KIETOUHBIE KYJIBTYpbl M J1a0OpaTOPHBIX >KMBOTHBIX, JIeUeHNUE MOMAIIHUX JKUBOTHBIX CO
CIIOHTAHHBIMM OIIYXOJISIMY, pa3pabOTKy CpenNCcTB M METOROB [O3MMETPUM, TECTUPOBaHIe
HOBBIX IIPerapaToB aApecHOV MOCTaBKM 0Oopa, a TakKe MCIOIB3YIOT Ui PAasBUTHUS JIATHIL-
HeTPOHO3aXBAaTHOJ Tepamyy, pagMaliOHHOTO TeCTMPOBAaHUS IIEPCIIEKTMBHBIX MaTepPUAaJIOB I
060opymoBaHMs, IJIsI U3MEPEHNS CEUeHNII IAePHBIX Peakiil U AJIs psAfa APYTUX IPUIIOKEHMIL.
YckopurenbHbll ncTouHUK HelTpoHOB VITA-IIa ¢ 2022 r. mcronb3yioT B KiuHUKe I. CAMBIHB
(Kurrait) mns neuenns 6osnbHbix Metogom BH3T. YekopurensHbiit ucrounuk HeitrpoHos VITA-IIb
BBOAAT B skciuryartauuioo B HMUII onxosmorum mm. H.H. Broxmna Mwunsnpasa Poccun mis
npoBeneHNs KimHIdeckne ucnbltanus Metroquky BH3T B Poccun ¢ koHna sToro ropa.

B moxiyane maeTcs omnmcaHMe KOHCTPYKIIMM YCKOPUTEIBHOIO MCTOUHMKA HelTpoHOB VITA, ero
XapaKTepUCTUK, ITOJyUeHHBIX Pe3yJNbTAaTOB M NEKIapUPYIOTCA ILIAHBI, BKIOUas pa3paboTKy
HEJITPOH-3JIeKTPOHHOT0 KoJulaiaepa.

dusuka ouapoBaHHbIX KBapkoB (LHCD)

Author: Anexceit [[3106a’

! HUI[ "Kypuamosckuii uncmumym” - [THA®
Corresponding Author: a.dzyuba@spbu.ru

Axcnepument LHCb, nposogsamiuiica Ha Bonbirom agpornuom koinaiinepe (LIEPH), nampasien
Ha M3yJeHNe IIPOLIECCOB POKAEHMS M CBOJICTB afpOHOB, COMEP>KAIIX B CBOEM COCTaBe TSKeJIbIe
kBapku (c u b). VHuxansasle BosmoxxsHoctu LHCb (BbIcoKoe cedeHMe poXKIeHMA O4apOBAHHBIX
U IIpeJIeCTHBIX aJIpOHOB, TOYHOE BBIJAEJI€HME BepIIMH MX POXKIEHNUS M paclaja, HaJeKHas
uneHTIdUKAIYS TUIIA 3aPeTUCTPUPOBAHHOIN YaCTHUIIBI I Ap.) ITO3BOJIAIOT:

- MICCIIeIOBATh alpOHHEIIN CIIEKT,

- HaOJII0JaTh HOBBIE (B TOM UMCIIe TIONABICHHbIE) MOMBI PAcIafoB afpOHOB,

- IIPOBOANTH ITONCK M ycciiegoBaHye CP-HapyIarommx mporeccos,

- ocymecTBlIATh Imouck HoBoit ¢msuke, myTeM mcciaemoBaHMA pefKUX pacIajoB c- M b-
aZIpOHOB.

B moxnane 6ynyT mpencraBieHsl ocaegHue pesynbratel LHCD B o6mactu ¢pusuky oguapoBaHHOTO
KBapKa.
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Ab initio mcciremoBaHIA N300apP-aHAIOTOBBIX COCTOSTHUI JIETKITX
sapep

Authors: Imurpuit Ponxus’'; Opuit Uysunbckmir’

! BHUHA um. [lyxoéa

2 MIY umenu M.B. Jlomonocosa (Hayuno-uccrmedosamenvckuii uncmumym sdepHoti dusuku umenu JI.B.

CkobenvybiHa)
Corresponding Author: tchuvlyuri@gmail.com

IlpencraBiensl MeToxpl ab initio BRIUMCIIEHNMS M3OCIMHOBBIX XapaKTEPUCTUK JIETKUX SAEp:
CpeHero 3HadeHNUs oIlepaTopa M3ocmmMHa T2 1M Beca KakOOM M3 BO3MOKHBIX KOMIIOHEHT
BOJIHOBOJ (GYHKIMM 41apa ¢ (QUMKCHpOBaHHBIM 3HadeHMeM mnsocnyuHa T. Paccmarpusarorcs
KyJIOHOBCKME 35(deKTsl B 1U300ap-aHAIOTOBBIX MYJIBTUIIETAX — PasHOCTU KYJIOHOBCKIX
SHEpIMil fAfep, COCTABJIAIOLIMKX TaKue MYyJIbTUILIETHI (KYJIOHOBCKNE PasHOCTM): WX pasiInuns
IUI YPOBHEN PasHOIO CIIMHA M YETHOCTU OJHOTO M TOTO K€ AApa, 3aBUCUMOCTb OT ITapaMeTPOB,
XapaKTepU3YIOIIX UCIOIb3yeMbIil 6a3yc 1 ap.

Ha upesBpruaiito 60bII0M MakcUMaIbHOM 6asuice ~109+109 u3yueHbI IpeCTaBIIAIOIIIE MHTEPEC
IS SKCIIEPUMEHTAIbHOTO U3YUEeHU AAPa, COCTABIIAIOIIIE UEThIPEX-, IIATH-, U BOCbMIHYKJIOHHbIE
mynbruiuieTst: 4n — 4H - 4He, 5H - 5He - 5Li u 8He — 8Be - 8Li. IIpakruuecku s BceX TaGIMUHBIX
YPOBHEII 3THX Afiep HallleHbl COOTBETCTBYIOIINIE M TeOpeTHUecKN paccuntaHHele. [Ipenckasana
rpyIa He OOHAPY)KEHHBIX IO CUX IIOP COCTOSHIL.

Ha 0ase mpoBeNeHHBIX pacueTOB IIPeACTABIEHHBIX BBIIIE M30CIMHOBBIX ¥ KYJIOHOBCKUX
XapaKTePUCTUK M UX aHAIM3a C MCIOJb30BAaHUEM CBOJICTB M30TOIMYECKON MHBAPUMAHTHOCTH
CYIIECTBEHHO pAaCIIMpeH CHOMCOK Ha[eXHO YCTaHOBJIEHHBIX YPOBHEN II€PEUMCIEHHBIX
anep.

aneponbl B Heﬁ[TPOHHBIX 3BE3Jax

Authors: Apryp Hacaxun'; imutpumit Jlanckoit’; Cemen Muxees'; Tatbsara Tperbakosa'
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Jlomonocosa
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Dusuueckuil paxymomem, MI'Y umenu M.B. JTomoHocosa

Corresponding Author: tretyakova@sinp.msu.ru

Mbl paccMaTpuBaeM B3alIMOCBSI3b MeEXKJy CBOJCTBAaMM TUIIEPOHHBIX B3aMOOENCTBUII U
XapaKTepMCTUKaMI HeITPOHHBIX 3Be3]l. Kak mM3BecTHO, BKIIIOUeHMe B pacCCMOTpPEHME TUIIEPOHOB
NPUBOAUT K CMATYEHUIO YPAaBHEHUSA COCTOSHIUA MaTe€pUM HEMTPOHHBIX 3BE€3[, YTO IPUMBOIUT K
MIPOTUBOPEUNIO C HaOII0qeHUAMY HEITPOHHBIX 3B€3]] C MaccaMu 0KoJIo AByx Macc Connita. B aroit
CBsI31 0cofoe 3HaueHUe IprobpeTaeT BOIPOC O MAKCUMAIbHOM MCIIOJIB30BAHIU COBPEMEHHOI
MH(pOpMAaLUNY O IMIIEPOHHBIX B3aMMO/EIICTBUSIX, 0asUpYIOIelics Ha JaHHBIX 110 UIepsaaepHbIM
cucreMaM, Ui OIMCAHWS CUJIBHO HETPOHOM3OBITOUHON MaTepuy HENTPOHHBIX 3Be3[ IIpu
IUIOTHOCTSIX, B HECKOJIPKO pa3 IIPEBBINIAIOIINX SIAEpPHYI0 IUIOTHOCTb. Ilpm 3TOM pasnmuHbIe
MOTEHLVIAJIbl TUIIEPOHHBIX B3aMMOMENICTBUI, XOPOIIO OMNNCHIBAIOIIVE TUIlepAAepHbIe NaHHBIE,
MOTYT JaBaTh CyILIeCTBEHHO pa3jMUHble YPAaBHEHNS COCTOSHI.

Bymer paccMoTpeH cTaTyc TeKyIUMX MCCI€TOBaHUII TUIIEpAfep CO CTPaHHOCThIO S= -1 1 -2, a
TaKXe MPeJCTaBIeHbl Pe3yIbTaThl PACUETOB XapaKTEPUCTUK HEMNTPOHHBIX 3BE3]l, BHIMOTHEHHBIX
B paMKax IIOAXOJa C MCIOJb30BaHMEM COBPEMEHHBIX TIMIIEPOH-HYKJIOHHBIX ¥ TUIIEPOH-
TUIIEPOHHBIX NoTeHIManoB CKupMa, IoTydeHHBIX 13 MCcCceIoBaHIil TUIIepsaep.

Pa6ora BrimonHeHa B pamkax rpanta PH® 24-22-00077
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Highlights of unstable states in relativistic dissociation of light
nuclei

Author: Pavel Zarubin!

! JINR
Corresponding Author: zarubin@jinr.ru

The 8Be and 9B nuclei and a number of excitations of light isotopes near the binding thresholds
constitute a whole class of unusually long-lived states at the lower limit of nuclear density and
temperature. In the concepts of molecular-like or a-condensate structures, they are represented
as associations of the lightest nuclei and nucleons separated in space. Identification of the known
unstable states allows studying their dynamics and searching for analogs decaying into them. The
report summarizes the key results on unstable states in relativistic dissociation of the isotopes 9,7Be,
10B, 12,11,10C, 14N and 160 in a nuclear emulsion. Determination of invariant masses of a-particle
ensembles from fragment emission angles in the approximation of conservation of momentum per
nucleon of the parent nucleus allows identification of decays of 8Be(0+), 8Be(2+), 9Be(1.7), 9B, 6Be,
12C(0+2), 12C(3-) and 7Be(7.2) [recently in 1,2 and references therein]. Their identification indicates
that the duration and cross-section of the fragment interaction are sufficient for low-energy reactions
of nuclear astrophysics. Progress in intelligent microscopy and image recognition allows, based on
the record spatial resolution and sensitivity of the nuclear emulsion method, to impart new quality
and scope to these studies.

1.D.A. Artemenkov et al., JMP E 24410155 (2024) https://doi.org/10.1142/S0218301324410155; arXiv:
2409.14814.

2. A.A. Zaitsev, P.I. Zarubin “On formation of the 12C(0+2) and 12C(3-) states in relativistic dissoci-
ation of light nuclei” to be published in Phys. At. Nucl.; arXiv:2411.18394.

Characteristics of fragments at binary nuclear fission

Authors: Dmitrii Lyubashevsky'; Pavel Kostryukov?; Andrey Pisklyukov'; Julia Shcherbina'; Tatiana
Shashkina™™

! Voronezh State University

? Voronezh State University of Forestry and Technologies / Voronezh State University

Corresponding Author: dima_physicist@mail.ru

One of the central challenges in modern theoretical nuclear physics is the detailed description of
fission fragment (FF) characteristics. Addressing this problem requires advanced quantum mechan-
ical methods capable of accurately reproducing fission dynamics while ensuring close agreement
between theoretical predictions and experimental observations. In this work, an analytical review
of recent theoretical developments in this field [1-3] is presented, with a focus on extending and
refining the generalized “cold” nucleus model, which provides a unified framework for describing
various FF properties.

The proposed model is based on the hypothesis [4], which posits that the nuclear excitation energy
remains minimal throughout the fission process. Nearly all excitation energy is redistributed into
nonequilibrium deformation degrees of freedom of the fission fragments [1]. Only after scission
does thermalization of the fragments occur, accompanied by neutron and gamma-quanta emission.
This approach allows the application of methods introduced in [5], simplifying the description by
considering only zero transverse and longitudinal oscillation modes.

In this study, the above approaches are adapted to describe asymmetric fission. Within the “cold”
fission framework, the projections of FF spins onto the symmetry axis of the fissioning nucleus
are evaluated. The obtained results demonstrate that these spin projections are found to vanish,
supporting a two-dimensional description of FF spins. This leads to analytical expressions for the
distributions of orbital angular momenta, spins, and angular correlations of FFs [2, 3], significantly
expanding the applicability of existing theoretical models.
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A comparison with other theoretical approaches and experimental data [6-8] reveals strong agree-
ment, indicating the universality of the proposed model. Additionally, the spin-spin correlations of
FFs are investigated. Using the liquid-drop model, analytical expressions for spin angular correla-
tions are derived, which align with phenomenological models like FREYA [6] and available experi-
mental data [8].

This study represents a significant advancement in nuclear fission theory, integrating existing ap-
proaches and extending their applicability to new domains. The obtained results provide a basis
for further model development, including the description of complex processes such as multi-stage
fission, where current theoretical methods remain insufficient.

References

1. D. E. Lyubashevsky et al., Chinese Physics C 49, 034104 (2025).
2. D. E. Lyubashevsky et al., arXiv:2412.04410 (2024).
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Energy density functional for nuclear physics
Author: Rostislav Jolos'

Co-author: Elena Kolganova

! JINR
2 BLTP JINR

Corresponding Author: jolos@theor.jinr.ru

A review of the various energy density functional approaches used in nuclear physics is pre-
sented.

Page 19



LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... / Book of Abstracts

Section 1. Experimental and theoreti-
cal studies of nuclei

Craryc skcnepumeHTa MOHYMEHT: Texkyimme pe3yabTaThbl I
AaJIbHeNIINE IIePCIIeKTUBbI

Author: Bsuecnas Benos!

ot xosnaboparun MOHYMEHT

v ouan

Corresponding Author: vvbelov@jinr.ru

Henpro skcnepummenta MONUMENT aBndgeTca mosydeHNe 3KCIIEpMMEHTANbHBIX NAHHBIX I
BBIUMCJICHNS ITapaMeTPOB MIOOHHOTO 3aXBaTa Ha JOYEepPHUX (IO OTHOLIEHNWIO K KaHOUAATaM
Ha GesHeNITPUHHBIL 2 [-pacman) sapax. PesyiabraTel M3MepeHNN HeOOXOMUMBL IS IPOBEPKIL
TOYHOCTM TEOpPETMYECKMX pacyeToB SANEepHBIX MaTPMUYHBIX 3JIeMEeHTOB. B mepmop ¢ 2021 mo
2023 GBLIO IIPOBeAEeHO HECKOJIBKO MI3MEPUTEIbHBIX KaMITAHNIT Ha Me30HHOIT dabpuke VHcTHTyTa
[Mayns Ileppepa B IlIBertiiapun (PSI) Ha myuke oTpuijaTeIbHbIX MIOOHOB T E1: ¢ MOMEHTOM ITyuKa
~ 28 - 33 MeV/c 1 MHTeHCHBHOCTEIO ~ (2 - 4) x 10 p17/s.

B noxmanme 6yJ:[eT MIpeNCTaBJIeH aHajuM3 IOJNYyYEeHHBIX HAaHHBIX B 2021 - 2023 romax BO BpeMsd
M3MepeHNsT MIOOHHOIO 3aXBaTa Ha M30TOIMYECKY oQoraleHHBIX (Gosee 95%) MIUILEHAX 136Ba,
BTi u “Mo. SxcrmepuMeHTaTbHAd YCTAHOBKA ITPEJICTABJIAET COGOM MacCUB TepMaHMEBBIX
IETEKTOPOB, KOTOPBIE PETHCTPUPYIOT U3IyUeHe, 00pa30BaBIIIeeCs B pe3yJIbTaTe B3aNIMOLEICTBISA
OTPUILATENBHBIX MIOOHOB MMIIEHBbIO. OTGOp IT0JI€3HBIX COOBITUII MPOBOAMIICS C IIOMOIIBIO
CHCTEMBI CUMHTVULIANMOHHBIX CUETYNKOB, OKPY’KaIOLVIX MUIIEHb, BKIIOUEHHBIX Ha COBIIA€HUS
C TepMaHIEBBIMY JeTeKTopaMu. TexHnuecKkoe ONycaHe 9KCIIepIMEeHTa ITI0APOOHO IPUBOINUTCS B

(1].

1. Araujo, GR., Bajpai, D., Baudis, L. et al FEur. Phys. J. C 84, 1183 (2024).
https://doi.org/10.1140/epjc/s10052-024-13470-6

Features of data analysis in the experiments on measuring the
cross-sections of y-ray emission from (n, xy) reactions induced
by 14.1 MeV neutrons

Authors: Pavel Prusachenko'; Dimitar Grozdanov?; Nikita Fedorov?; Yuri Kopatchz; Vadim Skoyz; Ivan Ruskov?;
Tatiana Tretyakovaz; Petr Kharlamov?; Alexander Andreev'; Grigorii Pampushikz; Constantin Hramco?; Polina
Filonchik?
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The TANGRA (TAgged Neutrons and Gamma-RAys) project [1, 2] is aimed at studying the interac-
tion of fast 14.1 MeV neutrons with various nuclei for both fundamental and applied purposes. One
of the recent modifications [3] of the setup for measuring the differential and total cross-sections
of y-ray emission was made in order to reduce the measurement time and increase counts statistics.
The close geometry of the detectors leads to the appearance of a number of systematic effects associ-
ated with multiple scattering and absorption of incident and secondary particles in the sample and
the materials of the experimental setup, as well as with the sample beam coverage. The contribu-
tions of these effects are interrelated and cannot be considered separately from each other, as well
as separately from the detectors efficiency. In this presentation we will consider an approach that
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allows us to take into account all these effects together. The analysis procedure will be demonstrated
using the results for the cross-sections of the y-ray production in the (n, xy) reactions induced by
14.1 MeV neutrons in the TiO2 sample. The present study was supported by the Russian Science
Foundation (grant no. 23-12-00239).

[1] L Ruskov, Yu. Kopatch, V. Bystritsky, V. Skoy, V. Shvetsov, F.-J. Hambsch, S. Oberstedt, R.
Capote Noy, D. Grozdanov, TANGRA collaboration, Tangra — an experimental setup for basic and
applied nuclear research by means of 14.1 MeV neutrons, ND2016, EP] Web Conf. 146 (2017) 03024,
https://doi.org/10.1051/epjconf/201714603024.

[2] I. Ruskov, Yu. Kopach, V. Bystritsky, V. Skoy, D. Grozdanov, N. Fedorov, T. Tretyakova, F. Aliev,
C. Hramco, V. Slepnev, N. Zamyatin, A. Gandhi, D. Wang, A. Kumar, E. Zubarev, E. Bogolubov, Y.
Barmakov, TANGRA collaboration, TANGRA multidetector systems for investigation of neutron-
nuclear reactions at the JINR Frank Laboratory of Neutron Physics, EP] Web Conf. 256 (2021) 00014,
https://doi.org/10.1051/epjconf/202125600014.

[3] A. B. Aunpees, H. A. ®enopos, [. H. I'pospanos, II. C. Ilpycauenko, 0. H. Komau, T. IO.
Tpetpaxosa, I. B. [Tamnymuk, K. Xpamxo, A. I1. 3yes, II. I'. ®unonunk, I1. M. Xapaamos, . H.
Pycxos, B. P. Ckoit n kosna6opaius TANGRA, VsyueHue yrioBoro pacrpeneieHus U ceueHUs
M3JTy4YeHNs raMMa-KBaHTOB B Anpax Siu O B peakuax ¢ OpIcTpbIMI HeliTpoHamu, MsBectns PAH.
Cepus ¢pmsmueckas, IpMHATA K IyOIMKAIIN.

Measurements of the gamma-ray emission cross sections and an-

gular distributions from (n, xy) reactions with 14.1 MeV neu-
trons

Authors: Dimitar Grozdanov'; Nikita Fedorov!; Pavel Prusachenko!; Yuri Kopatchl; Vadim Skoyl; Ivan Ruskov!;
Tatiana Tretyakovalg Petr Kharlamov'; Alexander Andreev'; Grigorii Pampushikl; Constantin Hramco'; Polina
Filonchik®

! Joint Institute for Nuclear Research (JINR), Dubna, Russia.
Corresponding Author: dimitar@nf jinr.ru

The study of inelastic scattering of fast neutrons by atomic nuclei is of great importance for both
fundamental and applied neutron-nuclear physics. Reactions induced by neutrons provide a unique
source of information for describing the processes of strong interaction between nucleons.
Inelastic scattering processes are utilized to study the characteristics of excited states of target nuclei
[1]. The practical application of the (n,n’y) reaction necessitates the expansion and refinement of
experimental data on this process. Research on the inelastic scattering of fast neutrons has recently
become more active, driven by new prospects for nuclear energy production using fast neutron re-
actors.

The purpose of this experiment was to refine the available data on emission cross sections and angu-
lar distributions from the inelastic scattering of 14.1 MeV neutrons by certain light nuclei. This work
was conducted within the framework of the international TANGRA (TAgged Neutrons and Gamma
RAys) project at the Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research in
Dubna, Russia.

Inelastic scattering was studied using the Tagged Neutron Method [2], in which neutrons with an en-
ergy of 14.1 MeV, produced in the d(t,a)n reaction, are “tagged” by detecting alpha particles. Gamma
quanta from the (n,n’y) reaction were recorded using a new multidetector system [3]. The experi-
mental data are presented and discussed in comparison with previously published results.

Acknowledgment
This work was conducted with financial support from the Russian Science Foundation (grant no.
23-12-00239).

1. W. Hauser and H. Feshbach. The Inelastic Scattering of Neutrons, Phys. Rev., 1952, vol. 87, p.
366., https://doi.org/10.1103/PhysRev.87.366.

2. LN. Ruskov, Yu.N. Kopatch, V.M. Bystritsky et al. Physics Procedia, vol. 64, 2015, pp. 163-170,
ISSN 1875-3892, https://doi.org/10.1016/j.phpro.2015.04.022.

Page 21



LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... /Book of Abstracts

3. Yu.N. Kopatch, D.N. Grozdanov, N.A. Fedorov et al. Moscow University Physics Bulletin, vol. 79,
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PacuéT yrioBbIx pacrpepejieHUII raMMa-KBaHTOB Ha Aape 48 Ti
B peaKIIAX ¢ OBICTPHIMI HEMITPOHAMM

Authors: Alexander Andreev'; Constantin Hramco?; Dimitar Grozdanov?; Grigorii Pampushikz; Nikita Fedorov?;
Pavel Prusachenko’; Petr Kharlamov?; Polina Filonchik?; Tatiana Tretyakovaz; Yuri Kopatch2
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B pamxax mexnpyHapomHoro mpoekta «TANGRA»[1] (TAgged Neutrons and Gamma RAys)
B JlaGoparopuu Heitrpornoit ®usukn nm. W.M.Ppanka (OUAM) Bemércs cucreMarimueckoe
JICCIIeIOBAHNE pACCesTHNS MEUEHBIX HEJITPOHOB Ha aTOMHBIX AApax [2-4]. Ogna us uenein IIPpOEKTa
«TANGRA» - cosmaHme 1 pasBUTMe 0askl JaHHBIX 10 CEUEHMSM peaKIMil B3aMMOMEICTBII
HEUTpPOHOB c 3Heprmeil 14.1 MaB c sgpamMmy pasiaMUHBIX 3JIEMEHTOB M XapaKTepPUCTUUECKUM
Y-IMHMAM OIS PACHIMpPEHNS IPUMEHMMOCTM METOAa MeUYeHBIX HEMTPOHOB IS 3JeMEHTHOTO
aHaJIN3a PasIIMYHBIX MAaTepPUaJIOB U BellecTB. Ha ceromHAIIHMIT feHb IOAGOPKM CYIeCTBYIOLINX
B MUpe JaHHBIX II0 YIJIOBBIM paclpefelleHIAM M3JIyUeHNs Y-KBAaHTOB He ITOJHBI M IJIT MHOTUX
agep nporusopeunsrl. C IeNbI0 UX aHaNINM3a, a TaKXe M3yUeHMs HalllMX dKCIepMMEHTaTbHBIX
IaHHBIX ObLIA IPeANPUHITA IIONBITKA TEOPETUUECKOTO ONMCAHII IIPOoLiecca U3IyueH!s Y-KBaHTOB
B peaKLMIX ¢ OBICTPHIMIU HEMTPOHAMI.

YrioBble pacmpepesneHUs Y-KBaHTOB, MCIIyCKaeMBIX B IIpollecce paccessHUs HEeNTPOHOB, MOTYT
OBITH IIOJyUEHBI C MCIOJIb30BaHMEM (opManm3Ma TeOpUM YIJIOBBIX Koppensuwit [5]. Ilpu
3TOM TakKKe TpebyeTcss yuecTb MeXaHM3M 3aceieHIs yPOBHeEI sifipa IIPpU HEeyIPyroM pacCcesHun
HETPOHOB. OTO MOXKHO CHEJIaTh MCIIONB3ys (PopManuaM S-MaTpUIbI pacCesiHNs, 3JIeMeHTHI
KOTOpOJI B JAHHOV paboTe OBLIM pacCUMTaHBI C IpuUMeHeHueM IporpammuHoro koma ECIS
[6].mo3BOMsAIOIIIETO BHIUMCINTD HeyIpyroe anddepeHnnanbHoe ceueHne paccessHns HEMTPOHOB
7 3JeMEeHThI S-MaTPMIIBI paccesHNUSA Ha AApax C IIOMOINBIO OITIYECKOW MOJEeNV MeTOHaMMI
CBsI3aHHBIX KaHaoB 1 DWBA.

HanHas paboTa IIOCBSIIIeHa pacuéTaM YIJIOBbIX pacIipeelieHIll raMMa-KBaHTOB B peakLmsx (n,n’y)
¢ ObICTpBIMU HeTiTpoHaMu g sapa 48 Ti.

1. TANGRA Project. Frank Laboratory of Neutron Physics: https://flnp.jinr.int/en-us/main/facili-
ties/tangra-project-en.

2. W. [I. HamkoB u ap., 3. PAH. Cep. ¢mus. 86(8), c. 1081 (2022); LD. Dashkov et al..Bull. Russ.
Acad. Sci. Phys. 86(8), p. 893 (2022).

3. D. A. Grozdanov et. al., Chinese Physics C. 48, 034003 (2024).

4. 10. H. Komau u np., Bectunk Mock. YH-ta. 79(3), 240201 (2024); Yu. N. Kopatch et. al. // Mosc.
Univ. Phys. Bull, 79(3), p. 308-317 (2024).

5. L. C. Biedenharn, M. E. Rose, Reviews of modern physics. 25(3), p.729-777 (1953)

6. J.Raynal, Notes on ECIS94, Note CEA-N-2772 (1972)
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Accurate determination of nuclear charge radii serves as a sensitive test of various aspects of nuclear
structure and provides an important benchmark for the development of nuclear models~[1]. Precise
charge radius measurements can also constrain the parameters of the nuclear matter equation of
state. The knowledge of nuclear charge radii for certain isotopes is crucial for testing fundamental
particle physics models. The Cabibbo-Kobayashi-Maskawa (CKM) matrix plays a central role in
describing quark-flavour mixing via the weak interaction within the Standard Model (SM). According
to the SM, the CKM matrix must be unitary, but this property requires experimental verification. Any
deviation from unitarity could signal new physics beyond the SM. Significant efforts are underway
to test this unitarity~[2]. The deviation from unitarity in the top row of the CKM matrix can be
quantified by the parameter Ackn = 1 — (|Vial? + |[Vus|? + [Vus|?), which should be zero if the
matrix is unitary. The largest V,,4 element can be extracted from a global analysis of superallowed
0" — 0% nuclear 3 decays of certain isotopes~[2]. Among these, the superallowed 3 decay of the
isomer 26™Al is of particular importance, as it exhibits the smallest nuclear-structure-dependent
corrections~[2]. Several corrections must be calculated to relate the experimentally measured ft
value (which characterizes the superallowed 3 decay) to the V4. One of these corrections is the
isospin-symmetry-breaking term, which depends on the nuclear mean-square (ms) charge radius.
This radius can be extracted from isotope shift (IS) measurements, which in turn require accurate
knowledge of atomic parameters known as the field and mass shifts—a challenge for modern many-
body atomic theory.

A method for calculating the field shift contribution to isotope shifts in many-electron atoms, includ-
ing quantum electrodynamics (QED) effects, has been introduced~[3]. We also implement a model
QED approach to incorporate QED corrections to the nuclear recoil effect proposed in Ref.~[4]. The
developed computational scheme utilizes advanced methods such as coupled cluster with single,
double, triple and perturbative quadruple excitations, CCSDT(Q), to accurately account for electron
correlation effects beyond the 6 order of perturbation theory. For the first time for a many-electron
atom, achieved theoretical uncertainty required consideration of the QED effects.

By combining our calculated atomic factors with the recently measured isotope shift of the
3523p 2P 2 3s%4s 25, /2 transition in Al, we obtain a difference in ms charge radii between
27Al and 25™Al of 0.443(44)(19) fm®, where the first and second uncertainties are experimen-
tal and theoretical, respectively. The theoretical uncertainty has been reduced by a factor of four
compared to previous works. Using this result and the known charge radius of 27Al, we derive
R.(?°™Al) = 3.132(10) fm. With the improved accuracy of the calculated IS factors, the uncer-
tainty in R.(26Al) is now dominated by experimental error. We also revise charge radii of 25Al,
2971, 3041, 3L Al and 32Al using existing IS data. Additionally, we compute atomic factors for the
3s23p 2P3/2 — 3s5%4s 25’1/2, 3523p 2P1/2 — 35255 251/2, and 3s23p 2P3/2 — 35255 25’1/2 transi-
tions in Al, which can be used in future experiments.

The improved rms charge radius of 26 Al directly affects the evaluation of the V,,4 element of the
CKM matrix and, consequently, has important implications for testing the unitarity of the CKM
matrix.

Electronic structure calculations were supported by the Russian Science Foundation (Grant No. 24-
12-00092 (https://rscf.ru/en/project/24-12-00092/). Analysis of results were supported by the Foun-
dation for the Advancement of Theoretical Physics and Mathematics BASIS (Project No. 24-1-1-36-

1).

1. X.F. Yang, S.JWang, S.GWilkins, RF.Garcia Ruiz, Prog. Part. Nucl. Phys. \textbf{125}, 104005
(2022).
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4. M. Anisimova, D.A. Glazov, AV. Volotka, V.M. Shabaev, G. Plunien,
Phys. Rev. A \textbf{106}, 062823 (2022).
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The ~y-ray strength function (ySF) is one of the most important nuclear properties, describing the
probability of gamma-ray emission or absorption as a function of energy and plays an important
role in understanding nuclear reactions [1, 2]. That’s why extensive efforts have been made over
the past decades to develop numerous phenomenological and microscopic models for 7SF [3, 4].
While microscopic models offer a more fundamental description, they often struggle to precisely
reproduce experimental SF data [5-9]. To address this problem, a correction method for 7SF using
some adjustable parameters to improve the model predictions against experimental data has been
implemented in the TALYS nuclear reaction code [4]. This work determines the optimal values of
these parameters for microscopic GSF models for neodymium (Nd) isotopes by analyzing existing
experimental 7/SF data for investigating the photonuclear reactions. The results demonstrate that by
applying these adjustable parameters, the predictive accuracy of microscopic models for radiative
neutron capture and photonuclear reaction cross-sections can be significantly improved. This im-
provement has important implications for various fields in nuclear physics and technology.

Keywords: Gamma-ray Strength Function, Microscopic Models, Data-Driven Refinement
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Modern laser spectroscopy techniques have sufficient sensitivity to measure extremely small shifts
in the energy of the atomic electron levels, arising from changes in the charge distribution of the
nucleus. For a given isotopic chain, this effect, known as the isotope shift (IS), arises due to changes
in the nuclear mass and size. The change in mean-square charge radius (6(r2)) can be extracted from
the IS in a nuclear-model independent way. Moreover, spin, magnetic dipole and electric quadrupole
moments can be deduced from the hyperfine splitting of optical lines. The superior efficiency of the
laser spectroscopy paves the way to investigation of the most exotic nuclei far from stability. The
laser spectroscopy is therefore a powerful tool of probing the nuclear ground states and isomers that
enable to obtain important information about shape evolution and shape coexistence in different
regions of the nuclide chart.

The neutron-deficient isotopes in the lead region (Z = 82) exhibit striking variety of nuclear shape
evolution phenomena. During the last decade, our collaboration at the ISOLDE facility in CERN
performed extensive and successful laser and nuclear-spectroscopic studies of the long chains of the
Hg (Z = 80) [1], TI (Z = 81), Pb, Bi (Z = 83) [2] and Au (Z = 79) [3] isotopes. Developed in PNPI the
method of the in-source resonance ionization spectroscopy proves to be the most efficient among
the laser spectroscopy techniques. It gives the possibility to study the isotopes with production rate
in the target less than 1 ion in 100 s.

Our recent in-source spectroscopy studies have shown that the gold, mercury, and bismuth chains
display dramatic changes in ground-state deformation near the neutron mid-shell at N = 104. The
observed jumps in §(r?) indicate sudden transitions from near-spherical to strongly deformed con-
figurations. At the same time, the patterns of nuclear shape evolution for these elements prove to
be very different.

The experimental results for gold and bismuth nuclei are compared to mean-field calculations. The
calculations reproduce the unusual behavior of §(r?) quite well only when the nuclear ground states
are chosen in accordance with experimental spin and magnetic moments rather than the energy
of the corresponding levels. The general applicability of our approach was also investigated by
performing calculations for neutron-deficient nuclei from mercury to astatine (Z = 85).

1. B.A. Marsh et al., Nat. Phys. 14, 1163 (2018).

2. A. Barzakh et al., Phys. Rev. Lett. 127, 192501 (2021).

3. J.G. Cubiss et al., Phys. Rev. Lett. 131, 202501 (2023).
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Nuclear conversion transitions (the scattering of atomic electrons on nucleons of excited nuclei with
the energy transfer AE) for isomeric nuclei 235mU (AE = 76 eV), 154mEu (AE = 910 eV) and 99mTc
(AE = 2.1 keV) slow down when atoms with isomeric nuclei are transferred from the surface of met-
als into the interior of metals (see review [1]). The slowing down of these transitions for nuclei
in metals is not explained by a change in the chemical state of their atoms or by the scattering of
conversion electrons on metal atoms. This distinguishes the suppression of nuclear transitions in
metals from the suppression of atomic transitions in a small metal cavity (see, e.g., review [2] on
cavity quantum electrodynamics), when the increase in the lifetime of excited atomic states can in
principle be explained by the reverse absorption of emitted photons by atoms when the photons are
reflected from the walls of the cavity.

Slowing down of conversion transitions of nuclei in metals can be caused by metals suppression of
zero-point fluctuations of the electromagnetic field (ZPFs), which stimulate conversion transitions
[3]. Then the slowing down of these transitions can be interpreted as a slowing down of time for
atomic nuclei in the metal. In this case, ZPFs act as a global clock, and time intervals are determined
by the number of ZPFs quanta stimulating the interaction of particles. This concept of time corre-
sponds to the relational theory, which considers time as a relationship between material objects (see,

e.g., [4]).

1. VV. Koltsov, St.-Petersburg State Polytechnical University Journal. Phys. and Math., 16(1.2), 302
(2023). doi: 10.18721/JPM.161.246.

2. H. Walther et al., Rep. Prog. Phys., 69, 1329 (2006).
3. V.V.Koltsov, J. Phys.: Conf. Ser., 2701, 012121 (2024).

4. Dyke H. Time. P.1 (2023). (Cambridge university press). DOIL: 10.1017/9781108935517.

Gamow-Teller decay studies with the 2p-2h configurations
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The B-decay properties are very important for understanding the nuclear structure evolution at ex-
treme N/Z ratios, for analysis of radioactive ion-beam experiments, and modeling of the astrophysi-
cal r-process. For this reason, the theoretical calculations of the B-decay properties of the “waiting-
point nuclei” 129Ag, 130Cd, and 131In provides the valuable information. One of the successful
tools for nuclear structure studies is the quasiparticle random phase approximation (QRPA) with
the self-consistent mean-field derived from the Skyrme energy density functional (EDF). The frame-
work allows to relate the properties of the ground states and excited states through the EDF. There
is the discrepancy between the QRPA predictions and the measurements for low-energy 1+ spec-
trum of the daughter nucleus, see as an example [1]. The number of low-lying 1+ states and the
corresponding Gamow-Teller fragmentation are naturally reproduced by the inclusion of the tensor
correlations and the coupling between one- and two-phonon terms in the 1+ wave functions [2-4].
We applied the influence of the phonon-phonon coupling on the probability of the neutron emission
occurring at very small quantity of energy available in f-decay. Onset of delayed neutron emission
in Cd isotopic chain is discussed.
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Having unique abilities in theoretical investigations of various giant resonances in medium-heavy-
mass magic nuclei, the semi-microscopic Particle-Hole Dispersive Optical Model (PHDOM) has been
implemented, in particular, to describing main properties of Gamow-Teller (GT) resonance in men-
tioned parent nuclei [1]. In the present work, this study is continued, being aimed to deduce from
a comparison of calculated and experimental GT strength distributions the (dimensionless) strength
g’ of the spin-isospin part of Landau-Migdal p-h interaction and also the quenching factor Q. Apart
from these quantities, the mean-field parameters (taken from independent data [1]) and the “spread-
ing” parameters (appeared in the energy-averaged p-h self-energy term responsible for the spreading
effect) are the input quantities used in the employed implementation of PHDOM. For nuclei under
consideration, the values of g’ and Q, and “spreading” parameters are deduced (by the x"2 -method)
from a comparison of experimental and calculated within PHDOM the GT strength distributions in
wide excitation-energy intervals. The deduced values given in the Table

Niclei 48Ca 90Zr 132Sn 208Pb
g, 0,75 0,69 0,63 0,61
Q0,67 0,70 0,67 0,73

are in reasonable agreement with the quantities deduced in Ref. [2] from a description of nuclear
magnetic moments within Migdal’s Finite-Fermi-System Theory.
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The description of low-energy multipole specta in isotopes 25°~26°No within fully self-consistent
Quasiparticle-Random-Phase-Approximation (QRPA) method [1, 2] with Skyrme forces is briefly
discussed [5]. The main attention is paid to nuclei 2°%:252:254No, where we have most of the exper-
imental spectroscopic information [3, 4]. The QRPA description of the recent experimental data on
low-energy M1 strength in 2°*No [6] is provided. The interplay of M1 spin-flip and orbital scissors
excitations is discussed. The collectivity of the states is estimated. The interference of spin and
orbital degrees of freedom is analyzed.

References:
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The occurrence of collective excitations is one of the key and noticeable spectroscopic characteris-
tics of the atomic nucleus. Although the measurement of the B(E2;2; — 0;) transition probabilities
is very useful for studying the evolution of collectivity along isotopic or isotonic chains, a deeper
understanding of the collective behavior of a given nucleus can be gained by measuring the lifetimes
of higher-lying/high-spin states. The reduced probabilities of B(E2) in an even-even nucleus gener-
ally increase with increasing angular momentum within the main rotational or vibrational bands [1].
However, different ratios of the reduced probabilities of E2 transitions between the ground state and
collective excitations indicate different types of rotational or vibrational excitations. For example,
in the case of a harmonic vibrator, the ratio B(E2;4; — 21)/B(E2;2; — 0;1), B42, is expected to be
equal to 2.0, while for a symmetric rotator it is 1.43 [2]. The exception is nuclei located near closed
shells, where this ratio may be less than unity. Very few cases of nuclei far from closed shells with
an anomalously low B42 ratio have been found in the literature [3]. Modern experimental studies
have expanded the region of nuclei with an anomalously low B42 ratio. In particular, in the vicinity
of the magic isotopes ®Ni and "®Ni, such anomaly is observed in the N=44 isotones (for the *Zn
isotope, the B42 ratio is 0.33) [4]. On the other hand, the study of structural features occurring in
nuclei along isotopic or isotonic chains in the shell filling region is also of considerable interest, since
different shape evolutions occur here [5, 6].

In the present work, a systematic analysis of the properties of low-lying states in N=44 isotopes from
"0Fe to 8Kr is presented. This study is a continuation of our analysis of low-lying states in even
isotopes 70~88Ge [7], performed within the framework of the collective quadrupole Hamiltonian
[Bohr1975]. However, the inertia parameters and the potential energy surface are calculated based
on the relativistic energy density functional (EDF) [8]. Our analysis showed that the calculations
performed using the PC-PK1 and NL3 EDFs give very similar results. Using a single set of parame-
ters, it is possible to describe with good accuracy the available experimental data both in Ge isotopes
and in isotones with N=44.
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B mammx mpeppigyimx paborax, ¢cM. [1,2] M CCBUIKM B HUX, MBI IIOAPOOHO MCCIIETOBANIN
HecTaGuIbHBIE Ampa BOMM3M Marmueckux obmacreit 1°°Sn u 32Sn (Z=50,N=50) n (Z=50,N=82).
B mocnennee Bpemst [3,4] MOSBWINCH SKCIIEPUMEHTANbHbIE NaHHbBIE, OTHOCIINMECS K 00JIacTU
MpefIosaraeMoil MarmaHOCTI BONM3M sapa 78Ni (Z=28, N=50). B 3T0Il CBSI3U MBI IIPOBEIU
pacueThI CBOVICTB Amep TuIa ‘SNi+2 KBa3WJYaCTUIIBI CBEPX OCTOBA, 2 MMEHHO, YeTHO-UETHBIX fA/Iep
807n, T6Fe, ®ONi u "ONi, a Taxxe HeueTHO-HeueTHBIX amep 'cCu, '0Co, 8°Cu u "®Co. Pacuerst
MPOBOAMJINCH B paMKax MeToaa xaoTuueckoit ¢assr (RPA), ¢ yueToM Koppensuuii B OCHOBHOM
coCTOTHUM. BBUIN BEIUMCIIEHBI CIIEKTPHI YPOBHEN ¥ BEPOATHOCTY 3JIEKTPOMATHUTHBIX IIEPEX00B
MeXAy ypoBHAMU. IIpy 3TOM B KauecTBe “OCTOBHOTO” MCIIOJNB30BANOCH AMPO 'SNi, MarmuHOCTH
KOTOPOTO CJIeTlyeT M3 IKCTIepUMEHTATbHBIX MAHHBIX 1O MaccaM '°Ni U COCeTHMX HEUeTHBIX
sanep. PacueTsl CBUIETENBCTBYIOT O BO3MOKHOCTY BO3HUKHOBEHUS M30MEpPUU B psfie saep 3Toi
obnactu. W3 cpaBHeHMs C 3KCIIepUMEHTATBHBIMU JaHHBIMU 1o E2-mepexony 87 — 6] B
anpe "°Ni 6sL10 MoMydeHO 3HaueHMe 3ddeKTUBHOTO 3apsAma Heitpona e"(eff) ~ 1. B 1o x)e
BpeMs 3KCIIepMMeHTaIbHOe 3HaueHle KBaApPYIIOJIBHOTO MOMEHTAa OCHOBHOTO COCTOSHUA fAApa
Cu, Q2(67) = 2(10)|e|®m, ompeseneHO ¢ HEMOCTATOUHOI TOUHOCTHIO, UTO He IMO3BOJIET
CHeaTh OKOHUATENbHBI BBIBOA 0 BenmunHe e (eff) B ssmpax aroit o6mactu. Bein npoBeneH pacuer
BEPOSITHOCTEN BCEX BO3MOXHBIX paspellleHHbIX [ -pacranoB tuna Pepmu u amosa-Tetepa us
sampa "SNi 1 onpeiesieH mepIo ero moMypaciaa.

1. B.U. Ucaxos, AP {\bf 76}, 881 (2013) [Phys.At.Nucl. {\bf 76}, 828 (2013)].
B.JL. Ucaxos, 5I® {\bf 85}, 196 (2022) [Phys.At.Nucl. {\bf 85}, 250 (2022)].
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NupuBuayanbHbIe TOpONAAIbHBIE cOcTOSHUA B 58Ni
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HenaBHo 6b11a paccMOTpeHa TopougalbHas npupona 1- cocrosunii B 58Ni mpm 6-11 MaB B pamkax
ITOJTHOCTBIO CAMOCOTIJIACOBAHHOTO MPMOIVDKeHNI xaoTnuueckux ¢gas. Ocoboe BHUMaHIE YIeNIeTCs

cocrostHuAM mpu 6.03, 8.24 u 10.04 MaB s cepuueckoro sgpa 58Ni. Iy COCTOSTHUS HOCIT
TOPOMIAIBHBIN XapaKTep.
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PaGora  rmocBsmieHa ~ M3yueHMI0O  aibda-pacrmaga  UETHO-UETHBIX  sA€p  aKTUHIIOB.
PacnipocTpaHéHHBIM ITOAXOMOM K OIMCAHMIO ajbda-pacraga SBISETCS IIPEIIIONOXKEHNE O
TOM, UTO ayibda-yacTuila ¢ HEKOTOPOJ BEPOSTHOCTHIO OOpa3OBBIBAETCS Ha IIOBEPXHOCTHU SIApa.
Takum 06pa3oM, POAUTEIHCKOE SAPO MPENCTABIAET COOOI CYIMEepPIO3UIINI0 MOHOAAPA 1 albda-
KJIACTEPHOI cucTeMbl. 3areM aiabda-uacTiMia TYHHEIUpPYeT uepe3 IMOTeHLMANbHBIN Oapbep.
Tsoxénplit pparMeHT MOKeT OBITh KBAAPYIIOJIBHO U OKTYIIOJIBHO Ne(OpPMIPOBAHHBIM, BCIENCTBIIE
YEero BEpPOSTHOCTH 00pa3oBaHUS alb(a-YacTUI(bI 3aBUCUT OT TOUKM Ha IIOBEPXHOCTU TSHKEIOTO
¢parmenrta. Kpome Toro, cmekrpockommueckye (aKTOphl 3aBUCAT OT OPOMTAIBHOIO MOMEHTA
abda-uacTuLbL.

B pmannoit pabore paccumraHa 3aBUCKMOCTb CIEKTPOCKOIIMUYECKMX (AKTOPOB OT YIJIOBOTO
MOMEeHTa € yUéTOM KBaApyIOJIbHOI 1 OKTyIOJIbHOI Aedopmannn. KsagpynonasHas nepopmarius
MPUBOAUT K BO3MOXKHOCTM 00pasoBaHms anbda-yacTUI(bl Ha ITIOBEPXHOCTU SApPa B COCTOSHUIX
C YETHBIMM YIJIOBBIMUM MOMEHTAMM, a OKTYIIOJNbHAasi — C HeuéTHbIMU. 19 pacuéra IIMPUHBI
anbda-pacrana MCIONb30BAJICA ABYXIIOTEHUMAIBHBIN TOAX0AB [1,2]. DHeprus B3anmMomeicTBIA
anpda-uyacTuLbl 1 JOUEepPHEero sApa PacCUMTHIBATIACH B MOJENV ABOVHON SAEPHON CUCTEMBI [3].
PaspaboranHas MoeNb IpUMeHeHa K OIMCAHNIO TOHKO CTPYKTYPHI albda-paciana B pasmuHbIX
YyeTHO-4eTHBIX M3oTonax Ra, Th u U.

1. S. A. Gurvitz, Phys. Rev. A 38, 1747 (1983).

2. S. A. Gurvitz, P. B. Semmes, W. Nazarewicz,and T. Vertse, Phys. Rev. A 69, 042705 (2004).

3. T.M. Shneidman, G.G. Adamian, N.V. Antonenko, RV. Jolos, S.-G. Zhou, Phys.Rev. C 92, 034302
(2015).

Self-consistent microscopic description of nobelium iso-
topes

Author: Valentin Nesterenko!

Co-authors: Anton Repko ; Maria Mardyban !; Peter Reinhard ?; Rostislav Jolos

' Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research
? Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovakia
* Institute for Theoretical Physics II, University of Erlangen, Germany

Corresponding Author: nester@theor.jinr.ru

Nobelium isotopes serve as a test gateway for theoretical models pretending to description of super-
heavy elements [1]. We give a general review of the present status of spectroscopy of nobelium iso-
topes and present a systematic investigation of their ground-state properties and low-energy spectra
of 250=262Np [2] in the framework of self-consistent Quasiparticle Random-Phase-Approximation
(QRPA) with Skyrme forces [3]. The model was previously widely applied to exploration of low-
energy spectra and fine structure of giant resonances in light, medium and heavy nuclei, see e.g.
[4-6]. The monopole, quadrupole, octupole and hexadecapole excitations as well as some K-isomers
of a high multipolarity in No isotopes are considered. The main attention is paid to nuclei 22No and
254No, for which the most extensive experimental spectroscopic information is available. In partic-
ular, we analyze a possible shell gap in neutron single-particle spectrum and corresponding drop of
the neutron pairing in these isotopes. The features and assignment of K-isomers are discussed in
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detail, taking into account the latest experimental data [7-9]. The disputed 8~ isomer in 2°2No is
firmly assigned. Low-energy pairing-vibrational K™ = 0% states in 2°2254No are predicted.

[1] R.-D. Herzberg and P.T. Greenlees, Prog. Part. Nucl. Phys. 61, 674 (2008).

[2] V.O. Nesterenko, M.A. Mardyban, A. Repko, RV. Jolos, P.-G.Reinhard, arXiv:2502.09096[nucl-th],
to be published in Phys. Rev. C.

[3] A. Repko, J. Kvasil, V.O. Nesterenko, P.-G. Reinhard, Eur. Phys. J. A 53, 221 (2017).

[4] G. Colo, D. Gambacurta, W. Kleinig, J. Kvasil, V.O. Nesterenko, A. Pastore, Phys. Lett. B 811,
135940 (2020).

[5] A. Bahini, V.O. Nesterenko, et al, Phys. Rev. C 105, 024311 (2022).

V.O. Nesterenko, P.I. Vishnevskiy, P.-G. Reinhard, A. Repko, J.Kvasil, Eur. Phys. J. A 60, 28 (2024).
M.S. Tezekbayeva et al, Eur. Phys. J. A 58, 52 (2022).

M. Forge et al, J. Phys.: Conf. Series, 2586, 012083 (2023).

(6]
(7]
(8]
[9] S.G. Wahid et al, Phys. Rev. C 111, 034320 (2025).

Study of the structure of 16,180 nuclei in the alpha-cluster model
by hyperspherical functions and Feynman’s path integrals
Author: Anton Bazhin'

Co-author: Viacheslav Samarin *

! Joint Institute of Nuclear Research, Bogolubov Labaratory of Theoretical Physics, Dubna, Russia

2 Joint Institute for Nuclear Research, Dubna, Russia

Corresponding Author: vichshizik@gmail.com

The light nuclei 15180 used as target and projectile nuclei in the many experimental studies of the
nuclear reactions. The study of the structure of these nuclei is necessary for theoretical description
of such reactions. Wave functions of the ground state of the 16180 nuclei in the alpha-cluster model
are calculated using Feynman’s path integrals and hyperspherical functions [1,2]. Cubic spline inter-
polation is applied for solving hyperradial equations [1]. The %0 nucleus is described as 4-body sys-
tem 4o.. The alpha-alpha interaction in the °0 nucleus is changed in comparison with well-known
Ali-Bodmer potential [3]. The 0 nucleus is described as 3-body system consisted from 60-like
cluster and two neutrons [4]. In addition, the shell model of the deformed nuclei is used to calculate
the nucleon states in the 15180 nucleus for comparison against alpha-cluster model.

1. VV. Samarin, Eur. Phys. J. A, 58, 117 (2022).

2. A.S. Bazhin, V.V. Samarin, Bull. Russ. Acad. Sci: Phys., 88, 1177 (2024).
3. S. Ali, AR. Bodmer, Nucl. Phys., 80, 99 (1966).

4. VV. Samarin, Phys. At. Nucl,, 78, 861 (2015).
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ITpoBepka CVC-rumorte3bl Ha OCHOBe CBepXpa3pellIeHHBIX OeTa-
nepexonoB Tuna Pepmu Mexxay 0+ COCTOSHUAMU € M3OCIIMHOM

Authors: Anexcannp Bracuukos'; Unbs I'yces'
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Corresponding Author: ilya.gusev@spbu.ru

CVC-runore3a yTBep)KAaeT, UYTO KOHCTAaHTa BEKTOPHOJ UacTM agpOHHOro cjaaboro
B3ammopericteuss GV. He MeHseTcs B 3aBMCUMOCTM OT sAepHON cpenbl.  IIOCKONBKY muis
CBepxpaspelleHHbIX OeTa-TepexonoB Tuia Pepmu Mexxay 0+ cocTosHmMsMu ¢ n3ocnuHamu T = 1
BesuunHa Ft omHO3HauHO cBsA3aHa ¢ BennunHOI GV, TO OZHMM M3 CIIOCOOOB CTPOTON IIPOBEPKM
CVC-rumoresslI IBJIsIeTCS IIpoBepKa nocTosHCeTBa Ft muist atnx nepexonos [1]. Ilockonbky GyHKImsA
F BBIUMCIISIETCS TEOpPETMUECKY, TO BaKHEJIIIell YacThI0 OLleHKM BeJIMYMHBI Ft sBiIsSeTcs ouleHKa
Ha OCHOBE O3KCIEPMMEHTATIBHBIX JAHHBIX 3HAUEHUII MapLMaJbHOTO IIEpMOAa IOoJypaclaja
t = 1T} /2 /P, tne T} /2 — TEpPUOM IONypacmaja, P-BeposiTHOCTD OeTa-Tiepexofa Ha JAaHHBIN
0+-ypOBeHb JOYEPHETO Aapa.

B Hacrosimeit pabore BBINONIHEHA OLIEHKA «CKOPPEKTMPOBAHHBIX» 3HaueHmit Ft (yuursiBaroree
TEOpeTUUECKIe MOMNPABKN) C UCTIONb30BAHNEM TOCTOBEPHBIX (OlleHeHHbIX) 3Hauenuit ¢ = 17 /o u
P, mony4yeHHBIX U3 9KCIIEPUMEHTAIBHBIX Y TEOPETMUECKUX NaHHBIX I 15 pafgMOHYKIMIOB Ha
OCHOBe METOIVIKI, ONIYOIMKOBAHHOII B 2], 1 IpOBeIeHO CpaBHEHME C pe3yJIbTaTaMit OleHKH [1].
Ilo pesysbraTaM HaIeil OLEHKM IIOATBEPAIIIOCH IIOCTOSHCTBO (B IIpefesnax IIOTPEIIHOCTI)
sHauenus Ft=3072.3 (1.1) mia cBepxpaspelneHHBbIX Oera-miepexomoB tumna Pepmu mexnpy 0+
cocrossHusAMHU ¢ uzocnuHamu T = 1.

CIMCOK MCIT0JIb30BAHHBIX MCTOUHIKOB

1. ]J.C. Hardy et al., Phys. Rev. C 102, 045501 (2020).

2. N. K. Kuzmenko, Applied Radiation and Isotopes 180, 110039 (2022).

Electromagnetic properties of the 12C nucleus within the 3o
model

Authors: Ergash Tursunov'; Matlub Saidov'

L INP, AS Uzbekistan

Corresponding Author: tursune@yahoo.com

The aim of present work is to study electromagnetic properties of the 12C nucleus within the 3a
cluster model. The ao- potentials of Ali-Bodmer [1] and BFW [2] are examined in describing the
charge formfactor and root-mean square charge (RMS) radius of the carbon ground state. It was
established that the l-independent Ali-Bodmer (AB) potential with a repulsive core yields a very
strong underbinding with E=-0.60 MeV for the ground state energy Eexp=-7.27 MeV [3]. At the same
time the application of the deep BFW a -potential with two Pauli forbidden states in the S- wave and
a single forbidden state in the D- wave is associated with a complicated problem of removal of Pauli
forbidden states from the 3a- functional space. A variational method on symmetrized Gaussian basis
is employed. For the elimination of the 3 Pauli forbidden states we use the direct orthogonalization
method [4].

As was found in Ref. [4], there exist a special eigen state of the three-body projector( P), which plays
a decisive role for the 0+ energy spectrum of the 12C nucleus. This critical eigen state of P'creates a
ground state of 12C in a deep phase with the energy -19.90 MeV. Without this state, the 3« binding
is too small and close to the results of the AB potential. The situation in the 2+ spectrum is similar.
In the present work, we estimate the charge formfactor and RMS radius of the 12C nucleus within the
3a cluster model using the AB and BFW potential models. In order to reproduce the experimental
energy value of the 12C nucleus ground state, we preliminary add an attractive three-body potential
(TBP) to the AB potential, while a repulsive TBP is employed for the BFW case.

The numerical results show that the model AB+TBP is able to reproduce approximately the position
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of qmin with an estimate of 1.67 fm-1 and the empirical value of Fch(max) with the estimate 1.31E-2
for the charge formfactor of the 12C nucleus. At the same time, the model BFW+TBP underestimates
the second maximum of the Fch(q) by two order of magnitude. The position of the minimum is shifted
to the right side with gmin =2.56 fm-1.

The estimate for the RMS radius is close to the experimental data within the model AB+TBP, while
it is larger by about 30 % in the case of the BFW+TBP model.

1. S. Ali, A.R. Bodmer, Nucl. Phys. A 80, 99 (1966).
2. B. Buck, H. Friedrich, and C. Wheatley, Nucl. Phys.A 275, 246 (1977).
3. E.M. Tursunov, D. Baye and P. Descouvemont, Nucl. Phys. A 723, 365 (2003).

4. E.M. Tursunov and I. Mazumdar, Phys. Atom. Nucl. 85, 160 (2022).

On the possibility of observing a change in the probability of
99mTc nuclei isomeric transition in a metal matrix during its dis-
solution

Author: Vladimir Koltsov'

! Khlopin Radium Institute, Saint-Petersburg.
Corresponding Author: vladimir-koltsov@yandex.ru

The probability Pc of a conversion transition of 2.17 keV energy in isomeric nuclei of 99mTc (T1/2
~ 6.02 h) decreases by up to 0.3% upon transfer of 99mTc atoms from the surface of metals into the
depth of metal matrices [1, 2]. A change in Pc can also be expected during the reverse process —
destruction of metal matrices with 99mTc. In the present work, we investigated the possibility of
observing such an effect upon dissolution of metal matrices with 99mTc and simultaneous measure-
ment of the intensity of 140 keV gamma quanta emitted by 99Tc nuclei after isomeric transitions.
For the experiments, 99mTc pertechnetate with an activity of ~ 100 MBq was used. 99mTc matri-
ces were created by fusing gold foils with 99mTc electrolytically deposited on them and 100 mg of
metallic Sm or Yb. These metals were chosen due to their low melting point and good solubility in
weakly acid aqueous solutions. In some cases, metallic Sm plates irradiated with 15 MeV protons
in a cyclotron were added to the matrices during their fusing. In these cases, the matrices emitted
121 and 197 keV gamma quanta of the 147Eu isotope, which were used to monitor the change in the
efficiency of detecting 140 keV gamma quanta upon dissolution of the matrices.

The 99mTc matrixes were dissolved in plastic cuvettes 10 mm in diameter with 0.5 ml of 1M hy-
drochloric acid solution. The gamma spectra from the cuvettes were measured periodically with an
exposure of 30 s and the gamma line intensities were determined. The cuvettes were placed above
the sensitive window of a semiconductor gamma detector and the change in the counting rates in
the 140 keV gamma line and in the references gamma lines 121 and 197 keV was determined. The
cuvettes with the dissolving matrices were also placed between two Nal(Tl) detectors located one
above the other and the change in the 140 keV gamma quanta counting rate was determined by each
of the detectors. It was found that to observe a change in the Pc probability of less than 1% during
the dissolution of 99mTc matrices, it is necessary to have an initial 99mTc activity of more than 1
GBq.

1. VV. Koltsov, D.N. Suglobov et al., Bull. Russ. Acad. Sci.: Phys., 64, 451 (2000).

2. V.V. Koltsov, St. Petersburg State Polytechnical University Journal. Physics and Mathematics,
16(1.2), 302 (2023). doi: 10.18721/JPM.161.246.

Page 33



LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... /Book of Abstracts
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IToCTOAHHBIN POCT 9HEPIUII B YCKOPUTENSAX YACTUI[ HAET OCHOBAHNE IIOCTaBUTH BOIPOC 00
M3YUEHNY MAIOHYKIOHHBIX ATOMHBIX SI€p B PaMKaxX PEJATUBUCTCKOTO IMOAXOHA. XOpOLIO
n3yueHHble KBaHTOBOMexaHmueckue popmannamsl Papmeesa [1] u Aky6osckoro [2] mist atoro He
MOAXOMST BBUIY MX HEPEJATUBICTKOTO XapaKTepa.

B mameit HemaBHell paGore [3] MBI IPOBENN PENATUBUCTCKOE 00OOIIEHIIE HEPEIATUBICTCKOTO
ypaBuennue O [2] Ha penITUBMCTCKMIT CIy4all METOZOM pasBUTBIM B paborax [4,5] mus
TPEXYaCTIUHOTO CiIydast. B 97071 paboTe MBI TaK)Ke PEILIUIIN IIOIYUeHHYI0 CICTEMY MHTETPalbHbBIX
YPaBHEHUI METONOM WTEPALII M BBHIYVCIIVIIV SHEPIUMIO CBSA3M M aMIUIUTYNbI COCTOSIHMII siApa
renus-4. Ho npu sTtom HaMu ObUI CieNIaH P/ HOMYILEHNIL, 2 UMEHHO MBI OITyCTUJIN B YPaBHEHUN
UJIeHBI OTBEUAIolIe cXxeMe CIOKeHMsT 2427,

B Hacrosueit pabore pensituBucTcKoe ypaBHeHme ®S ObLIO paccMOTPEHO B ITOJHOM BIUIE C
YUETOM CXeMBI CIIOKeHMs “2+2”. B KauecTBe MOTEHLMATIOB HYKJIOH-HYKJIOHHOTO B3aMMOIECTBUS
VICIIOIb30BANNCh OQHOPAHTOBBIE CelapalelbHble IOTEHUMATBl.  PacCMaTpMBANNCH TOJBKO
COCTOSIHMSA C HYJIEBBIM OpOMTAIBHBIM MOMEHTOM. VHTerpaspHOe ypaBHEeHIE PELIAIOCh METOLOM
nTepanuii. Bpuiy HaieHBI SHEPrus CBI3M M aMIUINTYIBI COCTOSHUI fnpa renus-4. Pacuérsr
[MOKA3aIM, UYTO YUéT CXeMbl 2+2” NMPUBOAUT K yMEHBILUEHWIO dHepruu cBa3u Ha 1-5 MasB
B 3aBUCUMOCTM OT ITOTEHLMAJa M PAacCMATPMBAEMOTO COCTOSIHMSA sapa. J[laHHOe M3MeHeHUs
CMeLaeT pe3ysIbTaT pacuéra OJIDKe B 9KCIIEPUMEHTAIBHBIM JAHHBIM.
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Description of nucleus-nucleus interaction using the Skyrme en-
ergy density functional
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The typical requirement for the energy density functional (EDF) is the accurate description of the
binding energies of nuclei, the energy spectra of single-particle states, and the properties of collective
excitations [1]. At present, the EDFs based on the effective Skyrme-type interaction serve as a
powerful tool for studying the nuclear structure. However, a simultaneous description of nuclei
properties and their interaction potential within the Skyrme EDF has yet to be realized. As known,
the sub-barrier fusion cross sections, as well as astrophysical reaction rates, are very sensitive to
the effective nucleus-nucleus potential [2]. The experimentally determined height of the Coulomb
barrier will become an additional criteria for finding a new set of the EDF parameters. In the present
report, we discuss a procedure aimed for improving the Coulomb barrier height while preserving
the description of nuclear structure based on the new EDF set.

The research was supported within the framework of the scientific program of the National Center
for Physics and Mathematics, topic No. 6 “Nuclear and Radiation Physics” (stage 2023-2025).
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Uncertainty of OvBf-decay nuclear matrix elements from Pair-
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The uncertainty in the nuclear matrix elements (NMEs) of Ov 3/ decay for 76Ge, 82Se, 128Te, 130T,
and !36Xe in the self-consistent quasiparticle random phase approximation (QRPA) method is inves-
tigated by using eighteen Skyrme interactions supplemented with either a volume or surface type
of pairing interactions. The NMEs for the isotopes concerned (except '3°Xe) are less sensitive to
the particle-hole (ph) interactions, while they are strongly dependent on the employed isovector
particle-particle (pp) pairing interactions even though the pairing strengths are optimized to the
same pairing gap. While the increase of isoscalar pairing can enhance the the ground-state corre-
lations, which reduces both the Ov33 and 2v3/3 NMEs a lot. These results indicate that a precise
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determination of the pairing interaction in the Skyrme energy density functional is of importance
to reduce the uncertainty in the NMEs within the QRPA framework.

Nuclear Collective Vibrations studied by beyond mean-field ap-
proach

Author: Yifei Niu'

! School of Nuclear Science and Technology, Lanzhou University, Lanzhou 730000, China
Corresponding Author: niuyf@lzu.edu.cn

Nuclear collective vibration provides deep insight in understanding the origin of heavy elements in
the universe as well as the nuclear equation of state (EoS). For example, the Gamow-Teller transi-
tions determine the beta-decay half-lives as important inputs for the nucleosynthesis study, while
the giant monopole resonance (GMR) provides direct constraints on nuclear incompressibility, a key
parameter of nuclear EoS. The quasiparticle random phase approximation model is the most com-
monly used microscopic model to study the collective vibration of atomic nuclei. However, due to
the lack of higher-order many-body correlations beyond the mean field, the resonance width cannot
be given, and serious problems are encountered when describing beta-decay lifetime and GMR en-
ergies. In this talk, I will introduce how to solve the above problems by developing a quasiparticle
random phase approximation + quasiparticle vibration coupling model which considers higher-order
many-body correlations. Furthermore, facing to various modes of nuclear collective vibrations, the
photonuclear reaction is limited to the study of nuclear dipole excitations. I will discuss new possi-
bilities to excite different modes of nuclear collective vibrations with vortex photons.

Fine structure of the isoscalar giant monopole resonance in
spherical nuclei

Authors: Alexey Severyukhin'; Nikolay Arsenyev'

! Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research
Corresponding Author: arsenyevnikolay@gmail.com

A comprehensive analysis of the isoscalar giant monopole resonance (ISGMR) has long been a sub-
ject of extensive theoretical and experimental studies [1,2]. The ISGMR properties are presently an
important problem not only from the nuclear structure point of view [2,3] but also because of the spe-
cial role they play in many astrophysical processes such as prompt supernova explosions [4] and the
interiors of neutron stars [5]. The random phase approximation (RPA) with the Skyrme-type energy-
density functional (EDF) is the most widely used theoretical model for describing the ISGMR [2,3].
The study of the monopole strength distribution in the region of giant resonance involves taking
into account a coupling between the simple particle-hole excitations and more complicated config-
urations [3,6].

In the present report, we discuss the effects of the coupling between one-, and two-phonon terms in
the wave functions on the fine structure of the ISGMR in spherical nuclei. The effects of the phonon-
phonon coupling (PPC) [7] lead to a redistribution of the main monopole strength to lower energy
states and into higher energy tail [8,9]. In particular, the PPC predictions of the fine structure of
the ISGMR in 58Ni, 90Zr, 120Sn, and 208Pb are in good agreement with the fine structure which is
extracted from experimental data analysis [8].

The research was partly supported by the National Research Foundation of South Africa.
[1] M.N. Harakeh and A. van der Woude, Giant Resonances (Clarendon Press, Oxford, 2001).
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Properties of isoscalar giant multipole resonances in medium-
mass one-closed-shell nuclei: a semi-microscopic descrip-
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Being proposed a decade ago, the semi-microscopic Particle-Hole Dispersive Optical Model (PH-
DOM) is proved to be useful and productive tool for describing main properties of various Giant
Resonances (GRs) in medium-heavy-mass doubly-closed-shell nuclei (Refs. [1, 2] and references
therein). In the present work, this model is implemented to a number of isoscalar multipole GRs in
one-closed-shell nuclei 58Ni, 120Sn, and 142Nd. Main properties of an arbitrary GR include the fol-
lowing characteristics defined for a wide excitation-energy interval: the strength distributions, tran-
sition densities, and probabilities of direct one-nucleon decay. In evaluation of these characteristics
within PHDOM, nucleon pairing in the open-shell subsystem might be neglected with acceptable
accuracy (excluding some partial probabilities of direct one-nucleon decay). Directly following Ref.
[1], we evaluate the characteristics and parameters of real main-tone isoscalar GRs, having multipo-
larity L = 0 — 3, and of L = 0, 2 overtones of respective real GRs in nuclei under consideration. The
results are compared with available experimental data.

Special attention is paid to a comparison of calculated and experimental multipole strength functions
of isoscalar GRs in a few one- and doubly-closed-shell nuclei. A reasonable agreement is obtained,
except for L=2 isoscalar GR in 142Nd. The first observation of the overtone of the L=2 isoscalar GR
in this nucleus is announced in Ref. [3]. A possible reason for the above-noted disagreement might
be a choice of the overtone transition density and probing operator employed in Ref. [3] to deduce
the overtone strength function from experimental cross sections of K-particle inelastic scattering.
Another choice is proposed within PHDOM [1].

1. M. L. Gorelik, S. Shlomo, B. A. Tulupov, and M. H. Urin, Phys. Rev. C 108, 014328 (2023).
2. V.1. Bondarenko, and M. H. Urin, M. H., Phys. Rev. C 109, 064610 (2024).
3. M. Abdullah, S. Bagchi, M.N. Harakeh, H. Akimune, et al., Phys. Lett. B 855, 138852 (2024).
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CamocorisiacoBaHHbI€E pacueThbl BCPOHTHOCTeﬁ IIepexonos ms3

OCHOBHOT'O COCTOSTHUSI B ABYX(OHOHHBIN TPUIUIET B SApPaxX CO
cIIapuBaHNEM

Authors: Muxaun [Inrtos’; Cepreit KaMepnmmeBl; Cepreit TOJOKOHHMKOB'

! HUI] «Kypuamosckuti uHcmumyms

Corresponding Author: schitov.mih@mail.ru

B pamkax camocorinacoBannoit Teopum Koneunsix ®epmu-Cucrem [1] paccMoTpeHsr
9JIEKTPOMATHNUTHBIE II€PEXOAbl M3 OCHOBHOTO COCTOSHMS B MABYX(GOHOHHOE B SApax co
CrapmBaHUeM, 110 aHAJIOTMUYHON cxeMe B pabore [2], B KOTOpOi OBLINM YCIEIIHO OOBICHEHBI
BepositHOCTK E1 1epexofoB 13 OCHOBHOIO COCTOsSIHME B 17 - cocTosiHue, 06pa3oBaHHOE CYMMOII
mepBbix 2] - u 3] - ypoBHeil. B kauecTBe I1eM HOBOTO MCCIIEOBAHUA ObLT BHIGPAH M3BECTHBIIN
MBYXDOHOHHEII TPUILIET — CyMMa ABYX 2] -COCTOSHWUIT, 0GpasymoLIuii TPyNIy GIM3KMX IO
sueprun yposHeit 47, 2+, 07. Mpr paccmaTpuBaeM ToTyueHHbIe PE3yNbTATHI KaK BAXKHBII IIIAr
LU TIOCTPOEH NS TI0CJIe{0BATEIbHO MUKPOCKOIIMUECKOI Teopuyt ABYX(OHOHHBIX BO30YKIEHIIL.
Pacyersl BBIONHANNMCH C  MCIOJNH30OBAHMEM CaMOCOIJIACOBAHHOM CXeMBI C  XOpOLLO
MBBECTHBIMI IIapaMeTpaMI SHepreTmdeckoro ¢yHkumoHana mrorHoctn ®Pasuca. IloxyueHo
YXOBIIETBOPUTEIBHOE COIJIACHE C MMEIOIIMILCS KCIIEPYMEHTAIBHBIMY JAHHBIMIY JIS BeJIVUNH
B(E2) [3] 8 u3oromax Sn.

[ 1] V. A. Khodel, E. E. Saperstein, Phys. Rep. 92, 183 (1982).

[2] M. Iutos, C.II. Kamepmxues, C.B. Tomokouuukos, AP, 87, 414 (2024).

[3] https://www.nndc.bnl.gov/ensdf.

3P dpexTUBHBII MOoIApU3aNOHHEBIN 3apsan B Teopun Koneunbrx
Pepmu - Cucrem

Author: Cepreit KaMepin(MeB1

Co-author: Muxaun Ilnros !
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Hayuonanvnwiii Hecedosamenvckutl Llenmp “Kypuamosckuii Hnemumym”

Corresponding Author: kaev@obninsk.com

PaccMOTpeH  MMKDOCKOIIMUECKMII MeTOX pacueTa (PeHOMEHOJOIMUeCKUX 3(PQPeKTUBHBIX

MONISIPU3ALIIOHHBIX 3apsfoB: 1) HYKIOHOB ef}”} M 2) BUPTYaJbHBIX M30CKAIAPHBIX I
nsoBektopubx FL-miepexonos e M u efM| momyuaempx moparomom x skcmepumenty [1-3]

B COBpPEMEHHBIX pacyeTax B paMKaX MHOTOYaCTUYHOV 0OOJOUEUHOI MOMENIN C OTpaHNUYEHHBIM
MOIeNbHBIM IpocTpaHcTBe [4-6] (LSSM-pacuersr).MeTon OCHOBaH Ha TEOPUM KOHEUHBIX (pepMIL-
cucreMm (TK®C) Murpana [7]. B pacuerax mcnonb3yercs npuOimKeHue cernapadeabHbIX CII, UTO
MO3BOJIMIIO CUITbHO o6merunTts Bbrumcienus. Ims 2°°Pb u 120Sn srmepsrie BBIMOTHEHBI pacdyeTh
U CpaBHeHMe pACCUMTAHHBIX 1 (eHOMeHomormueckux sHauenuit e u monyueno pasymmuoe
corjacue Mexay HuMmu. Hamm pesyspraThl JeMOHCTPUPYIOT HEOOXOAUMOCTH U BO3MOKHOCTH
MATbHEIIIIero MIKpOCKOTIMUECKOTO aHaJIN3a MoTyJaeMbIX Bemrun e B mporecce 06061meHms
u pasutus TKOC.

1.A. Jungclaus et al. Phys. Rev. Lett. 132, 222501 (2024).

2 H. Grave et al. Phys. Let. B 820, 136591 (2021)

3.R.Du Rietz et al. Phys. Rev. Lett. 93, 222501 (2004).

4.F. Raimondi and C. Barbieri, Phys. Rev. C 100, 024317 (2019).

5.H. Naida, F. Novacki, and K. Sieja, Acta. Phys. Pol. B 46, 669 (2015).

6.N. Yoshinaga, K. Yanase, C. Watanabel, and K. Higashiyama, Prog. Theor. Exp. Phys., 063D01
(2021).

7.A. B. Murgan, Teopus koHeuHbIX depMI-CUCTEM 1 CBOJICTBA aTOMHBIX sixep, Hayka, M. (1965);
Intersci., NY. (1967).
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B

Ha ocuose ¢aitima ENSDF cosgaHa u mogaep)XBaeTcss B aKTyaJIbHOM COCTOSIHUM 0asa SaHHBIX
O CBOJICTBAaX SAEPHBIX COCTOSHMII C M3BECTHBIM BpeMeHeM xu3Hmu [1]. B mannoit paGote
M3YUYaAIOTCs CBOJICTBA M30MEPHBIX COCTOSHNII chepuuecKux saep, CBSI3aHHBIE C OpOMTAIBIO
1g9/2. IlpoBemeHa cmucTeMaTUKa Bpe€MEH >XM3HM M30MEDHBIX COCTOSHUII A-HeUeTHBIX flep C
YMCIOM INPOTOHOB Z=33-49. B serkux msoromax ¢ Z<37 ocHOBHOe cocrosHue 3/2- (2p3/2),
n3oMmepHoe cocrossHue — 9/2+. Wsoronsr Y (Z=39) ummeror ocHOBHOe cocrosHue 1/2- (2pl/2).
B Gomee TskembIx m3oTomax ¢ Z>41 OCHOBHOe cocrosiHmMe yxe 9/2+ (7/2+), a m3omepHOe
1/2- - pmeipouHoe cocrosinme 2pl/2. IIpoBemeHO cpaBHeHME SKCIEPUMEHTAIbHBIX 3HAUEHIIII
IIEepPMOOB II0Jypacliafia ¢ OJHOUACTIUHOI OLIEHKOJ BEPOSTHOCTM M30MepHOTro mepexona. Ilpm
9TOM CpaBHEHNM YUMTHIBAINCH OPEeHUMHIN paclaga M30MepHOro cocrosHus [1]. Bausnme Ha
BpeMsI )KM3HY MI30MEPHOTO COCTOSIHYS IIOATOHKI IIePHBIX 3apsAOBBIX PAANYCOB He 3HAUNUTEJIBHO.
OpHouacTHYHAas MOJeNIh KaueCTBEHHO OIMCHIBAET BCe M3MEHEHUSI BEPOSTHOCTEN M30MEpPHBIX
Iepexo0B KaK II0 BeJIMUNHE Ha HECKOJIBKO IIOPSIAKOB, TaK ¥ B IPYIIIIaX M30TOMOB C POCTOM MAaCCHI.
AmnanormuHas CUCTeMaTHKa IIpOBefeHa IS A-HEUYEeTHBIX sep C YMCIOM HeNTpoHOB N=35-
49. Ilpuponma m3oMepuy B COCeJHUX HEUETHO-HEUETHBIX SAApax CBA3aHA C OJXHOUACTUUHBIM
BO30Y KIeHIEeM I BEKTOPHBIM CJIO)KEHEM YIJIOBBIX MOMEHTOB HEUETHBIX IIPOTOHOB I HEJITPOHOB,
ONVH U3 KOTOPBIX He MEHSIET CBOETO COCTOSHIIA.

OCHOBHOIT BBIBOJ IIPOBEEHHOI CUCTEMATUKI COCTOUT B TOM, UTO PaCCMOTpPEHHbIE M30MepHbIe
COCTOSIHUS B CpeprUecKmx ssapax MMeIoT OJHOUACTIUHYIO CTPYKTYpPY. BpicoKas MyIbTUIIOIBHOCTD
(M4, E3) u30MepHBIX MepeXOmnoB OOBICHAET UX MAIYI0 BEPOSITHOCTb, a OOJIbIIINE M3MEHEHMS
BpeMeH KV3HI CBSI3aHBI C Pa3INUHBIMY SHEPIUAMY BO30YKIEHNUI 130MEPOB.

B Gosee TsOKeIBIX chepUUECKUX AAPAX TOSBIEHNE M30MEPHBIX COCTOSHIUIT CBSI3aHO C OPOUTAIIBIO
1h11/2. OpgHako ¢ pocToM IPOTOH-HeNTpoHHOI acuMmmerpun (N>Z) HOABIsSETCS cTaTMUecKast
nedopmanys, 1 IpUpoaa M30MEPU CBsA3aHa y)Ke He CO CIITHOM, a ¢ «K-3ampeTom».

1. LA, Murpononscknii, JLII. Ka6uua, C.C. Jlucun. CBuOeTeIbCTBO O TOCYRapCTBEHHOIN
perucrparnmu 6a3sr qaHHbIX Ne 2016620544, Pocmatent, 2016.

HccaepoBanme CTPYKTYpbl AAEePHON MaTepul B MHKIIO3MBHBIX

(p, p) - axcnepumenTax npu suepruu 1 I'sB

Author: Oner Muknyxo'

Co-authors: Anpnpees Bragmmup L. Temnamumit TaBpuios L [mutpuit HoBuHCKMIL . Huxomnait Kosnenko
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1

>

B IIMA® wuccnemyercs wmHKIo3uBHasg (p,p’) - peakuusa ¢ agpamu 9Be, 12C, 28sj, 40(Ca,

%Fe u Zr ¢ mcrmomp3oBaHMEM MATHMTHOTO CIIEKTPOMETPa, B (DOKANBHOM 30HE KOTOPOTO
pacIIoJIo’KeH IOJAPUMETpP Ha OCHOBE IIPOIOPLIOHANBHBIX KaMep M YIJIEpOJHOTO aHAJINM3aTopa
[1]. UsmepsioTcs ceueHMe peaKLmy ¥ IOJSIPU3aLMs BTOPMUHOIO IIPOTOHA B 3aBUCUMOCTU OT
BeIMuMHb! ero mmiyiabca K [1 - 4]. O6macTp mcciaemoBaHMs OXBAaThIBAeT KBasmymnpyruit p/N
- INMK, BIUIOTH JO VMIMIIYJbCA, COOTBETCTBYIOILETO YIPYTOMY paccesHmuio Ha aape. IIpm yrie
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paccesHus 21° mosspusals BTOPUUHBIX IIPOTOHOB CTYIIEHUATO PACcTET C POCTOM MX MMITYJIbCa
[1, 3, 4]. Habmromaercs crymeHuaToe M3MeHeHNMe OT K OTHOLIEHMs CeueHMs paccessHus Ha
aapax 28gj, 10Cq, 50Fe, PZr x ceuenmio paccessHus Ha sAnpe 12c [2 - 4]. Dtu HabmromeHUs
BO3MO’KHO CBA3aHbI C IPYTMM paccessHMeM Ha AByXHyKIoHHBIX (2H), Tpexmyxtonnsx (*He,>H) n
YeTHIPEXHYKIOHHBIX (*He) Koppensauusx B sapax. OOHapyKeHbl HAILIBIBBI B BBICOKOMMITYJIBCHOTI
YaCTH CIIEKTPOB IPOTOHOB, paccesHHBIX Ha aapax 12C u “Be [5]. CoracHo pacdyeTaM MONOKeHMe
STUX HATUIBIBOB OTBEUAeT YNPYTOMY paccessHMIO Ha HyKJIOHHBIX Kiactepax: °Be, "Be u ‘B, 1'B
u 3Be, coorBercTBeHHO. M3MepeHa TIOJNAPM3AIMA B paccesHUM Ha HYKJIOHHOM KiacTepe °Be.
I[Iupoxmit MUK B paccesHuu Ha sape “Be [4] BO3MOKHO OTBedyaeT pacCesHMIO Ha KiacTepe Be
¢ Bo30y»xIeHmeM rocienHero. Ipu arom sHeprust Bo30Oyxunenus 6imuska k 17 MaB. [lonspusanus
B paccesTHUY ¢ BO30yKIeHeM KiacTepa SBe IIpuMepHO B [1Ba pa3a GoJIbIIIe, YeM B PACCESTHUM Ha
HeBO30YKIEeHHOM KIIacTepe.

1. OV. Miklukho et al., Phys.Atom.Nucl. 80, 299 (2017).

2. OV. Miklukho et al., JEPT Letters 106, 69 (2017).

3. OV. Miklukho et al., Phys.Atom.Nucl. 81, 320 (2018).

4. OV. Miklukho et al., Phys.Atom.Nucl. 83, 431 (2020).

5. O.V. Miklukho et al., arXiv:2102.04109v1 [nucl-ex] 8 Feb 2021.

OpgHouacTnuHas CTPYKTypa CBEPXTSKeEIbIX anep B
AVCIIEPCUOHHOM OIITIYECKON MO eI
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U3yuenne CBEPXTSKENBIX SIEP IIOMOTAET OTBETUTH HAa PyHIAMEHTAIbHbIE BOIIPOCHL O IIpeeIax
CyILIIeCTBOBAHMA 3JIEMEHTOB M TpaHUIAX KapThl fAA€ep, a TakXe Jydllle IIOHATH IIPOLIECCHI
HyKJIeocHHTe3a Bo BecesenHoll. HaMu BeINOIHEHEBI ITpecKa3aTeIbHble pacyeThl OJJHOUACTUUHBIX
XapaKTEPUCTUK CBEPXTKENBIX AHep C Zor114 10126 m N ot 164 mo 228, a TakKe TUIIOTETITIECKOTO
TUIIEPTSKEIIOTO AApa 472164 B IUICIIEPCUOHHO ONMTUYeCKo Momenu [1] ¢ ucmonb3oBaHUEM
psama miobanbHBIX mapameTpoB [2, 3]. BwlumcieHHble 9HepreTMUYECKUe IIETN COOTBETCTBYIOT
marnueckuM umciaam N = 126, 148, 164, 178, 184, 228, 246 u Z = 82, 92, 114, 120, 126.
IlentpanpHas simepHas IUIOTHOCTh XapaKTepU3YeTCs MCTOLeHMEM (IIy3bIPbKOBOW CTPYKTYpOIL)
npu N ot 164 no 180. Takas 0coGeHHOCTH BIMSET HAa OMHOYACTUUHYIO CTPYKTYPY CBEPXTSIKENBIX
anep [4] 3a cuer 3aBUCUMOCTY CIIMH-OPOUTAIBHOTO B3aMMOEIICTBIS OT IUIOTHOCTY sipa. Taxke
BBIIIOJTHEHBI pacyeThbl OMHOUYACTUYHON CTPYKTYPhI TUIIOTETUYECKOTO TUIIEPTSKEIOT0 AApa 472164
¢ marnueckumuy ynciaamu N = 308 u Z = 164, npefcKa3pIBaeMbIMU B psifie IIOAXO00B [5].

Crucoxk murepaTyphl

1. C. Mahaux, R. Sartor. Adv. Nucl. Phys. 20,1 (1991).

2. AJ.Koning, J.P. Delaroche. Nucl. Phys. A. 713, 231 (2003).

3. C.D. Pruitt J. E. Escher, and R. Rahman. Phys. Rev. C. 107, 014602 (2023).
4. M. Bender, K. Rutz, P.-G. Reinhard et al. Phys. Rev. C. 60, 034304 (1999).

5. M. Bender, W. Nazarewicz, P.-G. Reinhard. Phys. Lett. B 515, 42 (2001).
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The nuclear collective motion of the rotational type was comprehensively investigated within the
Wigner Function Moments (WFM) method in the series of papers [1-3]. The present study is devoted
to Giant Dipole Resonance (GDR) and Spin Magnetic Quadrupole Resonance in heavy even-even
nuclei. The calculations are based on the Time Dependent Hartree-Fock (TDHF) equations for the
density matrix.

The microscopic Hamiltonian is the harmonic oscillator with the spin-orbital potential plus separable
dipole-dipole, quadrupole-quadrupole and spin-dipole interactions. The Fourier (Wigner) transform
converts the initial TDHF equations

into the equations for the spin-dependent Wigner function. Integrating these equations over the
phase space (r, p) with the weights r, and p, one gets the equations that describe the coupled
dynamics of irreducible tensors associated with the electrical dipole (£'1) and magnetic quadrupole
(M2) responses. The derived equations are solved in the small amplitude approximation.

The energies of M2 isovector and isoscalar excitations as well as the spin contribution to the cor-
responding transition strengths, determined by first-rank tensors, are estimated for 2°Pb and *°Zr.
The energy position of the GDR and the corresponding transition probability are also calculated. The
results of the calculations are compared with the available experimental data and with the recent
microscopic analysis of 2~ excitations

in even-even nuclei within the framework of the relativistic energy density functional theory

[4].

References

1. E. B. Balbutsev, . V. Molodtsova, and P. Schuck, Phys. Rev. C 88, 014306 (2013); ibid., 91, 064312
(2015); 97, 044316 (2018);

2. E. B. Balbutsev, I. V. Molodtsova, A. V. Sushkov, N. Yu. Shirikova, and P. Schuck, Phys. Rev. C
105, 044323 (2022).

3. E.B. Balbutsev and I. V. Molodtsova, Eur. Phys. J. A 59, 207 (2023); ibid., 60, 185 (2024).
4. G. Kruzic, T. Oishi, and N. Paar, Eur. Phys. J. A 59, 50 (2023).

N3yueHue ctpykrypsl saaep 9Be$, 10,11B B 060010ueUHOIT MO eI
nedopMHUPOBAHHOTO SIApPa
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Crpykrypa samep °Be, ' B paccumrama B o6omoueunoit Momenyu medopMUPOBAHHOTO SApa
C MCIOJB30BAaHMEM UMCIEHHOTO METOAa, OCHOBAHHOTO Ha PA3JIOXKEHWUM BOJIHOBBIX (YHKIIT
HYKJIOHOB 110 pyukumsam Beccens [1, 2]. Onpeneness! popma u mapaMeTpsl IOTEHIMATA CPETHETO
110311, 06eCIIeunBaloIIIe COTIACUE PE3YIIBTATOB pacyeTa pagyalbHbIX 3apsOBbIX PacIpeaeIe i
C 9KCIepUMEHTATIBHBIMI TaHHBIMH. 1I0Ka3aHO, UTO IPOCTPAHCTBEHHAs CTPYKTYpa IIPOTOHHOI 11
HelITPOHHOIT roTHOCTel BeposaTHoctu Auep * Be, 1011 B 6nmska k «MonexynapHoit» CTpyKType
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”3 [BYX ajub(a-KIacTepoB M OT OXHOTO IO TpeX «BaJeHTHBIX» HYKJIOHOB. Takum oGpasoM,
IUI PAaCCMOTPEHHBIX JIETKMX sep IpuMeHeHue 060I0ueYHOll Mofean e OpMIUPOBAHHOTO AaeT
pesyJIbTaThl, OIM3KIE K pe3yIbTaTaM anbda-KIacTepHoll Moxemu [3-7].

1. B.B. Camapun, A®, 78, 133 (2015).

2. B.B. Camapus, AP, 73, 1461 (2010).

3. W. von Oertzen, M. Freer, Y. Kanada En’yo, Phys. Rep., 432, 43 (2006).
4. M. Freer, Rep. Prog. Phys., 70, 2149 (2007).

5. V.V. Samarin, Eur. Phys. J. A, 58, 117 (2022)

6. B. B. Camapus, Uss. PAH. Cep. ¢us., 85, 655 (2021).

7. A.S.Bazhin, V.V. Samarin, Bull. Russ. Acad. Sci.: Phys., 88, 1177 (2024).

Metong MomenToB ®PyHkuunu Buraepa

Author: Esrenuit BaJIb6yueB1

Co-author: Hpuua Monoziosa !

' onin
Corresponding Author: balbuts@theor.jinr.ru

Meton MomentoB Pynkium Burmepa (M®B) sBusgerca sddeKTUBHBIM MHCTPYMEHTOM [
ONNCAaHNs KOJUIEKTMBHOIO [BVDKEHNS B aTOMHBIX sapax (M JIOObIX APYTMX MHOTOUACTMUHBIX
cucremax). B maHHOI paboTe ITOSCHSIETCS €ro CyThb U IE€PEUNCILIIOTCS OCHOBHBIE TOCTVDKEHVIS.
Perrenne 9TMM MeETOIOM 3aBUCAIIMX OT BpeMeHn ypaBHeHnit Xaptpu-®oxa-Boromobosa
(X®B) 1mo3BONMIIO HAMTM SHEPTUM M BEPOATHOCTYM BO3OYKHEHMS TUTAaHTCKUX PE30HAHCOB
(n3ockanapHOro U

JM30BEKTOPHOTO KBaPYIIOJBHOTO, WM30CKAISIPHOIO (KOMIIPECCMOHHOTO) I M30BEKTOPHOTO
munonbHOro [1]) m pasnuuHbIX HU3KoMeKanmx Mox. OcoObll MHTepec Cpemy IOCHeTHIX
MPENCTABIAIOT STepHbIE HOKHUIIBI', T€OpUs KOTOPBIX ObLIa IMOCTpoeHa ¢ momoinbo MPB
meronma. IlocTpoeHme Teopuy IpPUBENIO K OTKPBITMIO ABYX HOBBIX TUIIOB SEpHBIX HOXKHIIIL,
CYIIeCTBOBAaHME KOTOPBIX O00S3aHO CIMHOBBIM CTEIIEHIM CBOOOMABI HYKJIOHOB (CIIMHOBBIE
HOXKHUIIBI) [2].

KomnextupubiMu nepemeHHbIMU M®PB MeTona SIBIAOTCSI HENIPUBOAUMBIE TEH30PBI PA3INMUHBIX
pauros. IlocpencrBoM aHamms3a TEH30POB BTOPOTO PaHTa yHAIOCh OOHAPYXUTH HAIMUMeE Tak
Ha3bIBAEMBIX CKPBITBIX YIJIOBBIX MOMEHTOB” aTOMHOTO fpa. IJTa 0COBEHHOCTh aATOMHBIX SAMEp
IeJlaeT BO3MOXKHBIM KiacCupUIIpoBaTh uX Kak aHTtudeppomMarueTukn. AHTU(EPPOMArHETN3M
ATOMHBIX sIiep IIPOSIBISETCS B PACIIeILUIEHNM YPOBHEN SHEpIUM IpU HYJEeBON gedopMariun
(3eeman addexr) [3].

I'naBHOIT 0co6eHHOCTHI0 M®B MeToa, OTIMYAIOIIEN €r0 OT METOMA CIYUAHBIX (a3, ABJIAETCS TO,
YTO OH paboTaer ¢ QMHAMUIUYECKUM CPELHIM IIOJIEM.

B pesynbrarte oTnagaer HeOGXOIUMOCTh BBOMUTH OCTATOUHOE B3aMMOJIEIICTBIE U HE BO3SHUKAIOT
“nyxoBeie” cocrosuusa. Pakruuecku ms XOB ypaBHeHUIT U3BIEKAeTCA TOUHAA MHGOPMALIVS
0 OVHAMUKE CPEHMX 3HAUEHUIl DPA3IMUHBIX ONEPAaTOpoB. EmmHcTBeHHOE (M HEM3OEKHOE)
NMpUOIIDKEHNE — 9TO MpeHeOpekeHne 3alelIeHeM ¢ AMHAMMKOI TeH30pOB (MOMEHTOB) Goiee
BBICOKOro paHra. HecomHeHHBIM mocTomHCTBOM M®B MeTona sBIsf€TCS BO3MOXKHOCTD U3y4aTh
IBVDKEHUS KaK MAJIbIX, TaK ¥ GOJIBIINX aMIUTUTYH [4].

Jlureparypa:
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1. E. B. Balbutsev, J. Piperova, M. Durand, I.V. Molodtsova, and
A. V. Unzhakova, Nucl. Phys. A 571, 413 (1994).

2. E. B. Balbutsev, LV. Molodtsova, A. V. Sushkov, N. Yu. Shirikova, and
P. Schuck, Phys. Rev. C 105, 044323 (2022).

3. E.B. Balbutsev and LV. Molodtsova, Int. J. Phys. 33 Ne12, 2441031 (2024).
4. E. B. Balbutsev and P. Schuck, A® 60 Ne5, 855 (1997).

I/ICCJICIIOBaHI/Ie NCIIapUTEJIbHbIX KaHAJIOB peaKnMi[ ITIOJIHOTO

CIIMSTHUSI € TSDHKEJBIMU MOHAMMU, MPUBOAAIINX K 00pa3oBaHUIO
samep ¢ 86 <Z < 94.

Author: Anena Kysueropa'

Co-authors: Anexcamnp Csupuxun '; Aunpeit caes '; Aunpeit [Tomeko '; Bexsar Caitmay6exos '; Bukrop
Yenurud '; Brnapumup Pauxos 1. Egrenmit Coxon ; Urops M3ocumos . Makcum Borukos '; Makcum YeaHOKOB
L Mepeiirynp TezexGaeBa 1. Hukomnait 3amstus '; Oner Masnsimes '; Poman Myxun 1. Xanermramnma [leBapaxka L
I0Opuit IToros '

Y oudan

Corresponding Author: aakuznetsova@jinr.ru

B pamkax sKcIepuMeHTOB Ha ITy4KaX TsKeNbIX MOHOB yckopureieir JIIP, ¢ ucnonbsoBanmem
cemapatopoB GRAND [1] u SHELS [2-3], B peakuwmsx mnonHoro ciamsaus 22Ne+198Pt n
26Mg+204,206,208Pb m3mepsnch ceueHms obpa3oBaHMA gaep-MCIapUTeNbHbIX ocTaTKoB (ER),
B KaHajmax xn, axn u pxn (cM Pmc 1). Msyuanmce cBoiicTBa paAMOAaKTMBHOTO paclaga
HeitTpoHoAeUIMTHEIX 130TOTIOB 213~ 215 Ra 11 226=230Py 11 nx mouepumx MpoyKTOB.
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Puc 1. q)yHKI_II/II/[ B036y>KJIeHI/IH 06p3.30BaHI/I$I JICIIApUTEJIbHBIX KaHAJIOB XN I XN OJII peaKINNn

26Mg+298Pb.  CuMmBOMBI - 3KCIIepMMEHTANbHBIE NAHHbIE, JUHUM — TEOPETUUECKWil pacyer,
BBIMIOJIHEHHBIIT B iporpamme NRV [4].

[1] Kuznetsova A.A., Bulletin of the Russian Academy of Sciences: Physics, 2023, Vol. 87, No. 8, pp.
1105-1111.

2| Yeremin, A.V., Popeko, A.G., Malyshev, O.N., et al., s. Part. Nucl. Lett., 2015, vol. 12, no. 1, p.
Y in, AV., Popeko, A.G., Malyshev, O.N L, Phys. P Nucl. L 1 p
35.

[3] Yeremin, AV., Popeko, A.G., Malyshev, O.N,, et al., Phys. Part. Nucl. Lett., 2015, vol. 12, no. 1, p.
43.

[4] https://nrv.jinr.ru/
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Experimental studies of '"B("Li, °Li)!'B and '"B("Li, ‘He)''C reac-
tions

Author: Yuri Sobolev’

Co-authors: Sergei Stukalov '; Yuri Penionzhkevich '; Nasurlla Burtebayev *; Sergei Goncharov *; Yury Gurov
4 Andrey Danilov 5. Alla Demyanova > Sergey Dmitriev >: Jonas Leonardo ®; Jesus Lubian ¢; Maulen Nassurlla ’;
Viktar Starastsin °

! JINR

? Institute of nuclear Physics, Almaty city, Kazakhstan

* Lomonosov Moscow State University

* JINR, MEPhI

> National Research Centre Kurchatov Institute

¢ Instituto de Fisica Universidade Federal Fluminense Niteri

7 Institute of Nuclear Physics, Ministry of Energy of the Republic of Kazakhstan

Corresponding Author: sobolev@jinr.ru

The angular distributions of 7Lig,s,, and 6Heg,s‘, 6Lig,s,, 6Li3 56 reaction products of one-nucleon
transfer in "Li+1°B interaction were measured at E7,;=58 MeV of U-400 @ FLNR JINR, Dubna. One
of the aim of our studies was to compare the spatial dimension parameters of A=6 isobar triplet nuclei
obtained in the direct one-step n, p-transfer reactions. The SLi} 5 is the IAS of °He, 5 . The angular
distributions of 1°B("Li,He)!'C, 1°B("Li,°Li)*!B and '“B("Li,°Li} ;4)!'B were measured under the
same experiment for the first time. The analysis to derive the angular distributions was performed
by using the finite-range coupled reaction channel approach. To microscopically derive the angular
distributions concerning the 1n- and 1p- transfer processes some ingredients were needed, such as
optical potential and spectroscopic amplitudes. For the optical potential in each partition the double-
folding Séo Paulo potential [1,2] was used in both real and imaginary parts. Couplings with the first
excited states of the projectile and target nuclei were explicitly included in the coupled equations
scheme. The 1n- and 1p- spectroscopic amplitudes used in the single particle states were determined
by shell model calculations, using the NuSHellX code [3].

Fig.1 shows the coupled scheme used in the one-nucleon transfer reactions calculation. A good
agreement between theory and experiment was obtained for the elastic scattering and the transfer
to the 6Lig‘s.(lﬁ‘) + 11Bg.s‘(3/ 27) channel. On the other hand, the theory overestimates the data of
one-neutron transfer populating the Li} ;¢ (07) + B, ;.(3/27). The same thing occurring with
one-proton transfer populating the °He, s (0%) + 1C, 5 (3/27) channel. The reason is that the CRC
calculations did not account for the breakup process of the °Li and when it is left in its 0" excited
state or the breakup effect on the ground state of the He nucleus. To show the relevance of the
breakup process on the 6Li3.56(07) excited state, we include the coupling between the g.s. and the
0% (3.56 MeV) from the single particle excitation approach as used in the CDCC calculation. So,
a bin-state was set to describe the scattering between the 4Heg,& and the p-n system inside the
SLi. To properly include this configuration, the p-n valence particles were considered with spin
j=0. The theoretical analysis when the breakup process of the 5Liz 56(0™) excited state is included
in the CRC calculation gives a good description of the measured ®Liz 56(07) + !B, 5 (3/27) channel.
This research was funded by the Russian Science Foundation, project No. 24-22-00117. Brazilian
authors were supported by CNP, FAPER], CAPES, and INCT-FNA (research project No. 464898/2014-
5).

References:

[1] L.C. Chamon, D. Pereira, M.S. Hussein, M.A. Céndido Ribeiro, D. Galetti, Phys. Rev. Lett. 79,
5218 (1997).

[2] L. C. Chamon, B. V. Carlson, L. R. Gasques, D. Pereira, C. De Conti, M. A. G. Alvarez, M. S. Hussein,
M. A. Candido Ribeiro, E. S. Rossi, and C. P. Silva, Phys. Rev. C 66, 014610 (2002).
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Study of the !'B nucleus states in the transfer reaction '’B("Li,
6Li)11B

Authors: Semyon Raidun!; Sergei Stukalov?; Yuri Sobolev?; Yuri Penionzhkevich?; Nasurlla Burtebayev3; Sergei
Goncharov?; Yury Gurov®; Andrey Danilov'; Alla Demyanoval; Sergey Dmitriev®; Maulen Nassurlla®; Viktar
Starastsin'; Aleksei Shakhov?

' NRC Kurchatov Institute

2 JINR

* Institute of nuclear Physics, Almaty city, Kazakhstan
* Lomonosov Moscow State University

> JINR, MEPhI

® National Research Centre Kurchatov Institute
Corresponding Author: skraidun@yandex.ru

One of the most striking examples of a nuclear cluster structure consisting of three weakly interact-
ing a-particles is the second excited 07 state of the '2C nucleus at excitation energy of 7.65 MeV
(the Hoyle state). The properties of the Hoyle state can serve as arguments supporting the theory of
a-particle condensate in nuclei [1].

In our work on the analysis of a-particle scattering on the !B nucleus [2], it was shown that the
3/27 8.56 MeV state is an analog of the Hoyle state and has an increased radius, similar to that of
the Hoyle state in '2C.

A new experiment was performed using a "Li ion beam from the U-400 accelerator at the FLNR
JINR (Dubna) at the energy of 58 MeV. Angular distributions were obtained for the reaction °B("Li,
SLi)!'B for the ground state and the 8.56 MeV excited state of the 1'B nucleus.

The experimental data were analyzed within the optical model and the distorted wave Born approxi-
mation (DWBA). The radial dependences of the form factors and the ANC (asymptotic normalization
coefficient) values for the studied states were obtained. The ANC values for the ground state of ''B
consistent with literature data. For the 8.56 MeV state, the results were obtained for the first time.
A comparison of the radial dependences of the form factors shows that the wave function of the
1B nucleus in the excited !B (8.56 MeV) state has an increased spatial size compared to the ground
state, which may indicate an enlarged radius of this state.

1. A. Tohsaki, H. Horiuchi, P. Schuck, and G. Répke, Phys. Rev. Lett. 87, 192501 (2001).

2. A.N. Danilov, A. S. Demyanova, S. V. Dmitriev [et al.] // Nuclear physics. — 2015. = V. 78, Ne 9. —
P. 828.

Search for exotic structures in 'C

Authors: Aleksei Shakhov!; Alla Demyanovaz; Andrey Danilov?; Maulen Nassurlla®; Nasurlla Burtebayev3; Se-
myon Raidun?; Sergei Goncharov*; Sergei Stukalov'; Sergey Dmitriev?; Viktar Starastsin®; Yuri Gurov’®; Yuri
Penionzhkevich'; Yuri Sobolev!

! JINR

® NRC “Kurchatov Institute”

* Institute of nuclear Physics, Almaty city, Kazakhstan
* Lomonosov Moscow State University

> JINR, MEPhI
Corresponding Author: a.s.demyanova@bk.ru

The ''C nucleus is a proton-rich, unstable isotope with intriguing exotic features. Unlike its neutron-
rich isobar-analogue nucleus ! Be with pronounced neutron halo, !'C doesn’t form a strong proton
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halo due to Coulomb suppression.

11C and !B are the mirror nuclei. Based on calculations of the antisymmetrized molecular dynamics
(AMD), the generator coordinate method, and the orthogonality condition model, the 3/25 states in
11 (1B) were suggested to be 2 +3He(t) cluster states, which are analogous to the Hoyle state and
have increased radii correspondingly.

One of last experiments on a resonance reaction '2C(**C,a"Be) [1] has shown that the 8.10-MeV
state in 11C is a resonance, is a head of the K™ = 3/2~ rotational band and probably has a three-
center (2 + 3He) cluster structure, similar to the 8.56-MeV state in ''B. While authors [1] mentioned
that the obtained low statistics prevent drawing any strong conclusions.

In order to try to solve open questions regarding excited states of 1'C, we made our own experi-
ment YB("Li,He)'! C. Experiment was done using "Li beam (E1 45 = 58 MeV) U-400 of cyclotron @
FLNR JINR, Dubna. Angular distributions were measured for the g.s. and the 8.1 MeV states of 1*C.
DWBA analysis was done for the new experimental data. Radial dependences of the form-factor
were obtained.

1. Ziming Li et al., Phys. Rev. C 107, 014320 (2023)

O0pa3oBaHme  [JOUMHENTPOHA B  PeaKuUM  IOTJIOLEHUS
ocTaHOBUBIINXCHA MMoHOB "Be(7,t “‘He)’n

Authors: Bopuc Yepuses'; Bauecnas Canmykosckuit’; Muxann Tenpkyrres'; Cepreit Escees?; Cepreit Posos?;
IOpuit Typos®

' Hayuonanvnwuii Uccredosamernvexuii Adepnuiii Ynusepcumem "MUDI”

? O6vedunennbiii Mncmumym Sdepnwix Hecredosanuil

> Obwedumennviii Hucmumym Adepnvix Hccnedosanuii;  Hayuonanvubii Hcernedosamenvexuii  Adephuiil

Ynueepcumem "MUPH”
Corresponding Author: chernyshev@mephi.ru

O6pasoBaHne HMHENTPOHA 2N MCCIIemoBaloCh B peakumuy IIOTJIIOIIEHMS OCTAHOBMBIIMXCS
NIMOHOB fANpaMM 9Be(7r_,t 4He)2n. V3mepenns: ObLIM BBIIOJIHEHBI C IIOMOIIBIO JBYXILIEUEBOTO

MHOTOCJIOJHOTO ITOJIyIIPOBOJHMKOBOTO CIIEKTPOMETpA. B cnmexTpe HemocTamoIIMX Macc
JICCIIEyeMOil peakiuy BOMM3M II0pora HaOJMIOJaCS IIMK, OOYCJIOBJIEHHBINI 00pa3oBaHMEM
S-BOJTHOBOTO  BMPTYaJIbHOTO COCTOSHMS [AMHEHTpPOHA. YkasaHuit Ha oOpasoBaHue

BBICOKOBO30Y)K/IEHHBIX COCTOSIHUII B CUCT€Me [ByX HENTPOHOB He ObLIO HailfeHo. AHanus
myarpamMmel [lanuia mmokasaj, uTO HOMMHMPYIOIIVM MeXaHM3MOM 0oOpasoBaHUS AMHEITPOHA
SBJISIETCS JBYX-UaCTUUHOE IIOTJIOIIeHUe 7 + 9Be — t + SHe* ¢ MOCJIEeAYIOIMM paclagoM
BO30Y’>KIEHHOTO COCTOSTHNS M30TOIIA TN 6He* — 2n + *He.

Investigation of the 2.26-MeV excited state of °Li

Authors: Alla Demyanoval; Andrey Danilov'; Maulen Nassurlla?; Nasurlla Burtebayevz; Sergei Goncharov®;
Sergey Dmitriev'; Viktar Starastsin’'

' NRC “Kurchatov Institute”
? Institute of nuclear Physics, Almaty city, Kazakhstan

* Lomonosov Moscow State University
Corresponding Author: danilov1987@mail.ru

Study of exotic nuclei is one of the main directions of modern nuclear physics. The most famous
representative of exotic nuclei is halo.
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The nucleus 8Li is a compelling candidate for studying halo formation. Various theoretical ap-
proaches have been applied to study its structure. Despite this, significant ambiguities remain due
to limited experimental constraints. Some methods reproduce the radius or quadrupole moment
of 8Li accurately but fail to describe both 8Li and its mirror nucleus — ®B simultaneously. Several
research groups have attempted to determine the structure of ®Li directly by deducing its matter
radius or density distribution through cross section measurements. One study indicated that there
is no halo in 8Li [1], while another found that 8Li exhibits a skin-like structure [2], contrasting with
its mirror nucleus ®B. Consequently, the structure of the 8Li nucleus remains unclear, particularly
for its excited states. The most promising candidate for a possible exotic structure is the 2.26-MeV
excited state of 8Li which is located 200 keV above neutron emission threshold.

To analyze the possibility of exotic structure in the 2.26-MeV excited state of 8Li we used indepen-
dently two different methods - MDM (Modified diffraction model) and DWBA. We applied MDM
to existing literature data on d+5Li and 8Li+!2C scattering and obtained radii of low-lying excited
states of 8Li. Radii of the excited states are practically similar as for the g.s. except radius of the 2.26-
MeV state which is significantly increased. Independently, DWBA was applied to new experimental
data “Li(d,p)8Li [3]. The 2.26 MeV state is considered as a single-particle quasi-stationary state. It
was shown that the wave function of the 2.26 MeV state is very similar to a system with a neutron
halo. Both results of the MDM and DWBA analysis are arguments in favor of neutron halo in the
2.26 MeV state of the 8Li nucleus.

1. G.W. Fan et al., Phys. Rev. C 90, 044321 (2014)
2. A.Dobrovolsky et al., Nucl. Phys. A 766, 1-24 (2006)
3. N. Burtebayev et al., to be published

Study of short living isotopes of >"He and "H emitted in the spon-
taneous ternary fission of 2°>Cf

Author: Yulia Parfenova’

Co-authors: Leonid Grigorenko %; Pavel Sharov ?; Yury Kopatch

! Joint Institute for Nuclear Research, Flerov Laboratory of Nuclear Reactions
2 Joint Institute for Nuclear Research

* Joint Institute for Nuclear Research, Frank Laboratory of Nuclear Physics

Corresponding Author: parfenova@jinr.ru

he "H nucleus is the most mysterious nuclear system in the nuclear chart which is hard to access
in experiment. Therefore the experimental data are insufficient and sometimes are ambiguous. For
now, there are evidences for relatively low energy of "H the ground state.

As well there are theoretical estimates of the energy of the ground state. The expected mode of
the decay is the democratic decay "H—3H-+4n with simultaneous emission of four neutrons. The
estimated lifetime of "H is about 1-100 KeV. It is shown in Ref.[1] that data on the ternary fission
of 2°2Cf give information on population of resonance states in °He and "He, providing data on the
decay widths. In this work it is shown that the predicted lifetime is in the region of availability of
the method suggested in Ref. [1] and the “He state is actively populated in the ternary fission. We
calculate the values of observables for different sets of the excitation energy E* and width T for “H.
It is shown that one can expect the evidence of population of the long-living “H states in the low
energy region of the 3H spectra which is still unable for observation. Thus we suggest the way for
studies of the decay characterisctics of the "H ground state. The evidences of the "H decay might be
observed both in the energy spectra of *H and the angular correlations of the neutrons accompaning
the decay of "H. Thus using this method it is possible to investigate population of “H hard accessible
in the accelerated beam technique.

1. Yu. N. Kopatch et al., Phys.Rev. C 65(2002), 044614
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The study of prompt neutron multiplicity from the spontaneous
fission of heavy and super heavy nuclei

Author: Andrey Isaev'

! FLNR JINR
Corresponding Author: isaev@jinr.ru

As a result of a recent experimental series on SHELS separator, new experimental data about spon-
taneous fission was obtained for a range of heavy nuclei (Am, Fm, No, Rf, and Sg). The isotopes of
interest were synthesized in complete fusion reactions and in multi-nucleon transfer reactions. The
modern SFiNx system will be discussed.

Deformed nuclear shells in mass and energy distributions of fis-
sion fragments of 236U" compound nucleus in 232Th(a,f) reac-
tion at alpha particle energy near the coulomb barrier

Author: Dilshod Alimov’

Co-authors: Andrey Pan 2 Daniyar Janseitov 1. Kirill Kovalchuck !; Mardan Bakirov *; Nasurlla Burtebayev 1
Raisa Kosherbayeva

! Institute of nuclear Physics, Almaty city, Kazakhstan
? Laboratory of Fission Physics, Institute of Nuclear Physics, Almaty
* Kazakh National University named after al-Farabi, Almaty, Kazakhstan

Corresponding Author: sofvillain1993@gmail.com

Deformation of nucleus has a significant influence on nuclear shells changing them and replacing
traditional spherical closed shells with deformed ones. Actinide nuclei are not spherical in their
ground state, excitation and fission deforms them further. The effects of deformed nuclear shells are
most pronounced in mass and energy distributions of fission fragments of excited nuclei. But exci-
tation energy of nucleus should not be too high because it will then lead to charged liquid droplet
effects dominating over deformed nuclear shells and displacing them. That is why to study presence
and influence of deformed nuclear shells we measured mass and energy distributions of fission frag-
ments of 236U* compound nucleus in 232Th(c.f) reaction at incident alpha particle energies of 24
and 29 MeV which is lower and at coulomb barrier for this reaction. Measurements were carried out
with 2E method at U-150M accelerator at the Institute of Nuclear Physics, Almaty city, Kazakhstan.
Acquired mass and energy distributions were decomposed into yield of separate fission modes with
sensitive decomposition method taking into account deformed nuclear shells. The results show in-
fluence of deformed nuclear shells Z52, N84, N88 and influence of excitation energy on mass and
energy distributions of fission fragments.

Page 48



LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... /Book of Abstracts

a-decay study of the new neutron-deficient isotope >!’Pa

Authors: B. Yang'; Chunli Yang'; Jinaguo Wang?; Long Ma'; M. H. Huang'; Mingming Zhang’; Z. G. Gan'; Z. Y.
Zhang'

! Heavy Ion Science and Technology Key Laboratory, Institute of Modern Physics, Chinese Academy of Sciences
? Institute of Modern physics, Chinese Academic of science

3 FLNR, Joint Institute for Nuclear Research
Corresponding Author: zmm@impcas.ac.cn

Synthesizing new isotopes far from the line of 3-stability and studying their decay properties is one
of the frontiers in present-day nuclear physics. However, mapping the boundaries of nuclear land-
scape is exceptionally challenging due to the tiny production cross sections and short half-lives of
nuclei. In this work, the fusion-evaporation reaction °Ca+!7>Lu aimed at synthesizing new neutron-
deficient protactinium isotopes was investigated at the newly constructed China Accelerator Facility
for Superheavy Elements. The cross sections for the xn and pxn evaporation channels were measured.
At a beam energy of 212 MeV, a new isotope 2!°Pa produced through the 5n evaporation channel
was identified for the first time. The measured a-decay properties of >'°Pa allow us to extend the
a-decay systematics and test the predictive power of selected theoretical models for the heavy nuclei
near the proton drip line.

Moment of inertia in the ground band of even-even nuclei

Author: Pazlitdin Usmanov’

Co-authors: Abdurahim Okhunov ; Mohd’ Abu El Shaikh '; S. Bokiev !

! Namangan State Technical University, Namangan, Uzbekistan

? International Islamic Unversity Malasiya, Kuala Lumpur, Malaysia

Corresponding Author: usmanov1956.56@mail.ru

Based on fundamental studies [1,2], a phenomenological model was proposed [3], which takes
into account Coriolis mixing of the ground (gr), 3 -, 7y - vibrational, and K™ = 11 bands. It was
shown that the mixing effect is strongly manifested in the energy levels of the § - and y - band and
leads to significant deviations from the adiabatic theory of interband transitions from the (5 - and ~y
- band levels.

Deviations from the adiabatic theory in the energies of the ground-state band are observed at
high spins, which is associated with its mixing with other rotational bands. In the first-order ap-
proximation of perturbation theory, the Coriolis force mixes the states of the ground band with
levels of bands that possess specific quantum characteristics. To date, such states have been exper-
imentally identified in many even-even nuclei, with excitation energies of approximately F; ~ 2.5
MeV.

In this work, to study the moment of inertia and the energy levels of the ground rotational band,
we use the two-parameter Harris formula [2] and a phenomenological model [3], taking into account
only the Coriolis mixing between the ground band and experimentally known bands. This model
framework provides a more accurate description of the rotational energy spectrum of the ground
band beyond the rigid rotor approximation.

Calculations were performed for even isotopes of 222232 2327y, 236-246py  242-248(yy
248-250Fm, and 2°2~254No. Theoretical predictions are systematically compared with available ex-
perimental data and with the results of previous models [4,5]. The comparison, presented in Figure
1, shows that the theoretical values obtained from our model are in good agreement with experi-
mental results, especially regarding the effective moment of inertia. This agreement confirms the
validity and reliability of the proposed model in describing the collective behaviour of the nuclei
under study.
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In the future, this work can be extended by including additional interaction terms or by applying
the approach to a broader range of isotopes.
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Fig. 1, the ratio E10/E2 as a function of E4/E2. It shows the comparison between the current work
(CW), the variable moment of inertia VMI (Mariscotti et. al. 1969), the work in ref. [5] and the
experimental work.

1. Bohr A. and Mottelson B.R. 1997. Nuclear Structure. vol. 1,2 (NewYork:Benjamin)
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(2010).

4. Usmanov, P.N., Okhunov, A. A., & Abu El Sheikh, M. Kh. M. (2022). The effect of the quantization
of the centrifugal stretching on the analysis of the rotational spectra of even-even nuclei. Sains
Malaysiana, 51(4), 1213-1227.

5. Mariscotti, M.A J., Scharff-Goldhaber, G. & Buck, B. 1969. Phenomenological analysis of ground
state bands in even-even nuclei. Physical Review 178(4): 1864-1887.
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I/IBY‘ICHI/IC HI3KOJICKAIIINX POTAOMOHHBIX COCTOSIHUII UYE€THO-
UEeTHBIX AO€ep
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B paborax [1,2] mis usydeHUs CBOJICTBA POTAIMOHHBIX COCTOSHUI NehOPMIPOBAHHBIX SIep
ObLia IpeAsIoKeHa (PeHOMEHOJIOTMUecKas MOJelIb, PaCCMaTPIBAIOLI{asd KOPMOIICOBO CMeIIIBaHIIe
HM3KOJIeKAIINX KOJIIEKTUBHBIX COCTOSHUI IIOJIOKIUTENbHOI ueTHOCTN. COoGCTBEHHbIE 3HAUEH NS
7 BOJIHOBBIE (PYHKIIMM COCTOSHNMII OBLINM IIOJNydeHbl IIyTeM AMATOHAIM3ALNM MaTPUYHOTO
l'amMunpTOHMAaHA MOMEIIN, MCIIOJIb3YS UMCIeHHbIe MaTeMaTIUeCKue MeTOIbI.

B mannoII paboTe sHeprus U CTPYKTypa BOJHOBBIX (PYHKIINIL COCTOSIHUIT OCHOBHOII (gr) O -, 7y
- BUOPALIIOHHBIX ¥ IIOJIOC OIPEREIISINCH II0 TEOPNUI BO3MYLLEHNS YUNTHIBAsI BBICOKUE IOPSAKIA
IIOIIPABOK K 9HEPTISIM U BOIHOBBIM (YHKIIMSIM.
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KoHKpeTHBIE pacueTsl ObUINM IIPOBENEHBI M NeOPMUPOBAHHBIX SAEP PEIKO3EMEJBHON U
TPaHCYpPaHOBOJ 00iacTi. BpIUumcieHbl 9HepIust U CTPYKTypa COCTOSHMIT POTAIMOHHBIX I10JIOC
ITOJIOKMTENBHON UeTHOCTU. Pe3yJbTarhl, IOJyUeHHbIEe [10 TEOPUY BO3MYIIEHNSI, CPABHIBAIOTCS
CO 3HAUEHMSAMI, OIIpeeIEHHBIMI METOOM UMCIEHHON qUaroHanu3alny, KOTopble Jal0T OUeHb
XOpOllIye Corjacus IpY HMSKUX 3HAUEHMSIX CIIMHA, a IPU BBICOKUX HabIomaeTcs HeOOIbIIOe
pasinune.

Ananutnueckue GOpMyNbl U BEPOATHOCTENM MOHOIIOJBHBIX I1E€PEXONOB, IOJIyUEHHBIE
C IOMOLIBI0 BOJHOBBIX (PYHKUMIT OIIpeHeNeHHBIX II0 TEOPUM BO3MYILUEHWs, IO3BOJILIOT
OIIpeENNTh HEKOTOPhIE SHEPTETUUECKNE TIapaMeTPhl MOJMENN U3 SKCIIEPUMEHTANbHBIX NaHHBIX
1t BepositHocreit B(EO).

B Tabnmue misg usoromos 182W npuBedeHbl 3HaUeHMs 3Hepruy ocHoBHoI (gr), 8 - u v -
I10JIOC BBIYMCJIEHHBIE UMCIEHHBIM METONOM AMaroHanus3anuu (tTeop.1) u mo Teopuu BO3MyLIEHUs
(Teop.2), KOTOpbIe CPABHUBAIOTCS C IKCIIEPUMEHTOM [3].

1. P.N. Usmanov, LN. Mikhailov // Phys. Part. Nucl. 1997. V.28. P.348.

2. PN. Usmanov, A.L. Vdovin, EXK. Yusupov, U.S. Salikhbaev // Phys. Part. Nucl. Lett. 2019. V.19.
P.706.

3. S.Balraj // Nuclear Data Sheets. 2015. V.130. P. 21.

dMnupuyeckasgs CHUCTeMaTHKa BepPOATHOCTEl MCIyCKaHUSA

IIJII/IHHOIIPO6€)KHI)IX aﬂb(ba-qaCTI/[H B CIIOHTAHHOM [OC€JICHNMN
TSKEJIbIX NI CBEPXTANKEIDBIX ANEP

Author: Nikita Moiseev'

! National Research Tomsk Polytechnic University, Joint Institute for Nuclear Research

Corresponding Author: moiseev@theor.jinr.ru

B nipu6nusurensuo 0.3% ciiyuaeB CHOHTAHHOTO I MHAYMPOBAHHOTO TEILIOBBIMY HEITPOHAMU
IEeJIeHs TSOKENBIX sifiep HAOII0MaeTcst MCITyCKaHYe JIETKMX 3apSKEHHBIX YacTULl. B 60IbIIHCTBe
TAKMX COOBITUII TPOVHOTO MeJIEHMs 3TU UYacTUIIBI MpeNCTaBIsioT coboit smpa ‘He, koTopsle,
B CIUly GOJIBLION KMHETMUYECKO! SHEPTUU, HA3HIBAIOT AJIMHHONIPOOEKHBIMU anbpa-uacTULaMI
[1]. B maunoit paGore MccaeqyeTcss SMIMPUUYECKAS CHCTEMATUKA BEPOSTHOCTEN VCIYCKAHIS
IVIMHHOIPOOEXXHBIX anbga-yacTul] P rA Py CIOHTAHHOM JEJIEHUN TSDKENBIX U CBEPXTSKEIIBIX
siiep 110 OTHOIIEHUIO K OuHapHOMy nenenuio. O6cyxpmarorcs koppeisiuuu PLra ¢ mapamerpom
nesumoctu Z2 /A [2], nuneitHO KOMOUHAIMEl TIPOTOHHOTO 1 MaccoBoro umcet 47 — A [1] u
00pATHOIT BEJIMUMHOI KBAIPATHOTO KOPHS U3 9HEPTUY BBIXOHA (-uacTUL] () 1/2 [3]. IIpennosxen
HOBBII SMIIMPUYECKUIT TIOAXO, OCHOBAHHBII Ha KOHLEMLMI ABYX3TAITHOTO IIPOLIECCA HeJIEHUsI C
00pasoBaHMeM TPOIHOI cUCTeMBI U3 OMHapHOII [4]. Ha 0CHOBe MMeIoIMXcsl 9KCIIepYMEHTAIBHBIX
OaHHBIX [5-7] monyueHa sMmmupuueckas (GopMyia I BEPOSITHOCTM PLra Kak JIMHENHOII
dbyuxunu (), mersuerocs aapa. YCTaHOBIEHO, UTO MCIIOJIb30BAHIE MOMIENIEN, YUNTHIBAIOIIUX (),
MIPUBOJNT K IPOSBIEHUI0 06010ueuHbIX 3¢pdekroB B PLra. OGHApY)KEHO TaKKe 3HAUUTEIBHOE
BJIUSIHUE HEOIpPENeJeHHOCTEN SKCIIEPUMEHTANBHBIX JaHHBIX HA Pe3YJIbTAThl ANMPOKCUMALIUN.
Bce paccMOTpeHHBIE METOMBI TIPENCKA3BIBAIOT yBeauueHue PLra 100 3HaueHwmit, 6nuskux k 1%,
IUI HeTPOHOMEePULIMTHBIX TSUKENBIX M CBEPXTSDKENIBIX SIED, UTO MIOAUEPKUBAET BAXKHOCTD yUeTa
BO3MOKHOCTHU MCITyCKAHUS IJIMHHONPOOEKHBIX anbda-uacTUL] IpY U3YUeHUU PACHAT0B TaKUX
aep.

1. 1. Halpern, Ann. Rev. Nucl. Sci. 21, 245 (1971).
2. V.A. Rubchenya and S.G. Yavshits, Z. Phys. A 329, 217 (1988).
3. J. Khuyagbaatar, Phys. Rev. C 110, 014311 (2024).
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4. AV. Andreev et al., Eur. Phys. J. A 30, 579 (2006).

5. O. Serot and C. Wagemans, Nucl. Phys. A 641, 34 (1998).
6. S. Vermote et al., Nucl. Phys. A 806, 1 (2008).

7. S. Vermote et al., Nucl. Phys. A 837, 176 (2010).

Collective spectra yrast and first non-yrast alternating-parity
bands of even-even nuclei

Author: Makhmudjon Nadirbekov’

! Institute of Nuclear Physics of Uzbekistan Academy of Sciences
Corresponding Author: mnadirbekov@yandex.com

A model of axial quadrupole-octupole vibrations with effective triaxiality in the rotation motion is
applied to yrast and first non-yrast alternating-parity bands in rare-earth and actinide nuclei in the
present work. In the energy spectrum with alternating-parity bands the parity shift is determined by
the simultaneous contribution of the triaxial K -mixing effect and the angular quadrupole-octupole
vibration

modes. In solution the Schr\”{o}dinger equation in polar coordinates involving the radial variable
of the effective quadrupole-octupole deformation and angular variable of the relative contributions
quadrupole and octupole deformation. The Davidson potential is used to solve the radial part of the
vibration-rotational Schr\’{o}dinger equation in polar coordinates. The angular variable was taken
as a constant in the moment-of-inertia components of the triaxial quadrupole-octupole shape. The
dependence of the contributions of the quadrupole and octupole modes on the contribution of the
parameter €g is determined. Depending on the values of this parameter, the energy levels change
from rotational to vibrational-rotational. An overall good description was obtained for the energy
levels and AT=1 staggering patterns in the nuclei °*Sm, 162Ey, 228,230,232 236,238y apd 240py,
The values of the quadrupole and octupole asymmetry (triaxiality) parameters in these calculations
went beyond the traditional values in the case of purely quadrupole and octupole deformations:
Yot (0 < Yot < %) and 7egr (0 < 7negr < ). It turned out that these deviations are a feature
of the case of simultaneous consideration of quadrupole and octupole deformed even-even nuclei
with effective triaxiality. The importance of taking into account the collective quadrupole-octupole
modes is shown.

Bapreppr feleHMs B UeTHBIX M30TOIIAX CBEPXTSKEJIBIX
agep

Author: Auna Bes6ax'

Co-authors: Azam Paxmaru Hemxkan ; I'ypren Anamsau 1. Hukomait AHTOHEHKO !

' onAan
Corresponding Author: bezbakh@theor.jinr.ru

B pabore mpoBeneHbBl pacuersl IMOTEHIMATHHBIX OSHEPIUII UM MOZIENNPOBAaHME BO3MOXKHBIX
IIOpOTOB JeseHMss UeTHbIX 1M30TonoB Fl m 120 31eMeHTOB B 3aBMCUMOCTY OT UMCJIa HETPOHOB.
IIpoaHaIM3MpOBaHO BIMSIHNE CIMH-OPOMTANTBHOIO B3aMMOIEVICTBMSI Ha IIOJIOKEeHMe OapbepoB
nenenns. IlonydeHbl MUKpOCKOIIMYECKNE IIOTHOCTY SE€PHBIX YPOBHEN B OCHOBHOM COCTOSHUU
U CeJIJIOBOII TOUKe.

Fission Barriers in Even Isotopes of Superheavy Nuclei
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The work presents calculations of potential energies and simulations of possible fission thresholds
for even isotopes of element Fl and element 120 as a function of neutron number. The influence
of spin-orbit interaction on the position of fission barriers is analyzed. Microscopic nuclear level
densities are obtained both in the ground state and at the saddle point.

JKcHepuUMeHTAJIbHbIE JICCIIEAOBAHNUSA M30MEPUN M CTPYKTYPhI
Hed. HeY. sAep TOJIbMNS M €eBpOINs B IIEPEXOXHON 00JIacTH

medpopmarmit (N=89-93) B paMKax 3JIEKTPO-SIIEPHOTO IIOXOMA
«9HEPTus — TPAHCMYTAI[U»

1 1 . 1 . 1 . 1
Authors: Bansgemap Kapu'; Bragumup Kaprasenxo ' ; Biagumup Crerainos ; Cepreit Asnees ; Cepreit EBcees';
Cepreit Posos'; Cepreit Trotonaukos'; IOpuit Baranos'

' onAn
Corresponding Author: stegajlov2013@yandex.ru

B pmokiame M3JIOXKEHBI pe3YyJbTaThl IIPOIPAMMBI  JIEKTPOSIAEPHBIX JCCIENOBAaHMIT Ha
9KCIepuMeHTaNbHBIX KoMmiuiekcax JIAII OVIAAU n JI®BS OUAN, co3maHHBIX Ha 6a3e yCKOpUTEIEIL.
V3mepeHus mpoBogmiauch B «on-line» u «off-line» pexxumax / 1,2 /.

Ilespr0 3KCIIEPUMEHTOB ABIIFETCH MCCIeJOBAHIE METONAMI ANePHOI CIIEKTPOCKOIINY CTPYKTYPhI
sep ( M30Mepusl, CXeMBI PacIaja ) ¥ KaHAJIOB PAAMOAKTIBHOIO pacnaga 00ayYeHHbBIX HYKIUIOB (
a TaKxKe M3ydeHUe MeXaHU3MOB BIIVSHIS 3JIEKTPOMArHUTHOTO M3JIyUeHNs, JIa3epHOTO M3y YeHUIT
Ha BEPOSATHOCTD PaJMOaKTIBHOIO pacana sixep).

OmnucaHa MeTOAMKa SKCIIEPUMEHTOB Kak Ha Komiutekce SJCHAIIII, tak u mpu oGiyueHHHM Ha
NpSIMBIX Iyukax yckoputeneit OMSAV, kak mpy MCIOIb30BaHMM ypaHOBOIT cOopky «KsuHTa» /1,
2/ Tak M pe3ybTaTHI IIOJIyYeHHbIe HA MHOTOETeKTOpHOM crieKTpoMeTpe PA3A .

B moxname aHanmaupyeTcs CTPYKTypa HOeBATU MUHYTHBIX U CEKYHIHBIX M30MEpPOB OTKPBITBIX B
XOJie MCCIIeOBaHMII B IAPaX TOJIbMUAL.

PaccmarpuBaloTcs IpoTeKarole peaklni, a TakxKe IUCCIeAyeTcs CTPYKTypa o0pasyouxcs /4,5/
nccienyemslx sgep. OcobGoe BHMMaHNE YOeN€HO peaKLMsM MyJabTU-(PpparMeHTalny, UAYIUM
nipu 6onbinux (Gosee 1 I'aB ) sHeprusax.

B npoxmame mpeniaraeTcd IIOCTaHOBKAa 3KCIIEPMMEHTOB [JIf IIpOBeIeHMS HalbHeNIINX
JCCIIeMOBAHUIA.

Jlutepatypa

1 S.I. Tyutyunnikov, V.I. Stegailov et al. «Nucleus-2023». Sarov. 2023. P.17-18.

2 S.I. Tyutyunnikov, V.I. Stegailov et al.«Nucleus-2020». St-Petersburg. 2020. P.117-118.

3 S.P. Avdeyev, W. Karcz, V.I. Stegailov et al Bull. Russ. Acad. Sci. Phys,2020, 84,979-980.
4 S. Kilim, S.I. Tyutyunnikov, V.I. Stegailov et al. NUKLEONIKA 2018;63(1):17-22.

5 S. Kilim, S.I. Tyutyunnikov, V.I. Stegailov et al. XXIII Baldin Sem., Dubna, 2016, P. 80-81.
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Study of the relationship between potential energy levels and
shape changes of uranium and thorium nuclei in the CNS method
with their fission energy and neutron flux

Author: Mehdi Nasri Nasrabadi'

Co-author: Hadi Zanganeh 2

! Faculty of Physics, University of Isfahan, 81746-73441, Isfahan, Iran; Joint Institute for Nuclear Research, Dubna
141980, Russia

2 University of Isfahan
Corresponding Author: mnnasri@gmail.com

The connection between the worlds of theoretical and experimental nuclear physics gives us a more
complete and realistic perspective, and in fact, the two complement and cover each other, which is
why, over time, nuclear models have been completed, from the liquid drop to the shell and rotational
model [1,2]. The Nielsen-Strotinsky model, on which the CNS code is based, is a micro-macroscopic
method that adds shell effects and Strotinsky corrections to macroscopic calculations, and therefore
can predict the behavior of nuclei well [3,4]. The Monte Carlo method, on which the MCNPX code
is based, is also a statistical method that

performs laboratory and experimental nuclear calculations with very good accuracy [5]. For exam-
ple, calculating the energy released from fission and calculating the flux and dose of neutrons and
gamma rays emitted from the nucleus can be done with good accuracy with this code [6]. In this
study, in the theoretical section, we used the CNS model and calculated the energy parameters and
axial dipole deformation with increasing spin for uranium and thorium isotopes [7]. Then, in order
to investigate its practical effects, we equated this spin increase in the rotational model with nuclear
fission and the amount of energy released due to fission, as well as the neutron flux after fission in
the MCNP code (which is also determined in the CNS code based on the passage of fission barriers).
At energies close to the ground state spins and higher spins, as well as energies close to the fission
barrier spins, i.e. the spin range 12 to 18" and from this range to higher spins in the CNS code, the
energy deposited in cells containing different isotopes in the MCNPX code increased. Then, the re-
sults of the MCNPX code were compared with the CNS code and it was found that the two methods
are in very good agreement.

References

. S.R. Stroberg et al., Annu. Rev. Nucl. Part. Sci. 69-307-362 (2019).

. F. Q. Chen et al., Physics Letters B 785-211-216(2018).

. T. Bengtsson et al, Nucl. Phys. A 436-14 (1985).

. B.G. Carlsson et al.,, Phys. Rev. C 74 011302 (2006).

. Ozdogan, H et al., Polymers, 16(13), p.1778 (2024).

. H. Zanganeh, & M.N. Nasrabadi, Radiation Physics and Chemistry 229, p.112495 (2025).
. H. Zanganeh et al. Nucl. Phys. A 997-121716 (2020).

NNV R WO -

Breakup dynamics of a neutron-halo projectile on heavy target
at deep sub-barrier energies

Author: Tapuwa Sitholel'

! University of South Africa (UNISA)
Corresponding Author: 36760633@mylife.unisa.ac.za

By studying the total fusion and breakup cross-sections in the interaction of the neutron-halo ''Be
projectile on the lead target 28Pb, it is shown that, even for the neutronhalo projectile, the breakup
channel remains the most dominant reaction channel at sub-barrier energies, following a charac-
teristic behavior that was also previously verified for the case of the proton-halo projectile ®B.
This feature is found to emanate from the enhancement of the breakup cross-section, due to the
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continuum-continuum couplings coming exclusively from its Coulomb component. We further spec-
ulate that the enhancement of the Coulomb breakup cross-section at sub-barrier incident energies
by the continuum-continuum couplings could be associated with the projectile breaking up on the
outgoing trajectory, provided these couplings can be proven to delay the breakup process.

Ground state and beta-decay properties of heavy isotopes near
N=126

Author: IVAN BORZOV*

! National Research Centre “Kurchatov Institute”
Corresponding Author: ibor48@mail.ru

The precision laser spectroscopy data for exotic neutron-rich nuclei obtained at the RIB facilities
call for unified description of the charge radii, magnetic moments and p decay half-lives. Our cal-
culations in the long chains of spherical isotopes near the magic neutron shell Nmag =126 use the
self-consistent Finite Fermi System Theory (FFST) and new version of Fayans energy density func-
tional DF3-a with modified volume isovector part [1].

The isotopic behavior of the charge radii and magnetic moments is sensitive to the spin-parity of the
orbital occupied by the valence neutron. A delicate competition of the Gamov-Teller (GT) and high
energy first-forbidden (FF) decays at N>Nmag, increases sensitivity of the total rate to the ordering
of neutron orbitals.

The Fayans-type functionals complies with the experimental single-particle neutron spectra above
N =126 (for the reference 208Pb nucleus Ae (n2g9/2 - n1i11/2 ) = - 780 keV). The present calculations,
as the ones by [2, 3] show that reproducing the normal ordering of the quasi-particle neutron spec-
tra at N >Nmag is crucial for simultaneous self-consistent description of the charge radii, magnetic
moments and 3 decay half-lives. For comparison, relativistic Hartree-Bogoliubov (RHB) model with
covariant functionals [4] which gives an inversed order of these neutron states reproduces the kink
in the charge radii at N=126. At the same time, global RQRPA calculation [5] typically overshoot
available experimental  decay rates of the isotopes near N =126.

Simultaneous description of the experimental data on nuclear geometric properties and spin-isospin
response is indispensable for fine calibration of the energy density functionals and reliable prediction
of the § decay rates for the waiting-point nuclei important for the astrophysical r-process nucleosyn-
thesis.

1. LN. Borzov, S.V. Tolokonnikov. Physics of Atomic Nuclei. 86, 304 (2023).

2. Z. Yue, AN. Andreyev, A.E. Barzakh, Borzov LN., et. al. for CERN IDS Collaboration (1219).
Phys.Rev. C110, 034315 (2024); Phys. Lett. B849, 138452 (2024).

3. . Borzov LN., Tolokonnikov S.V. Physics of Atomic Nuclei 87, 423 (2024).
4. U. C. Perera, A. V. Afanasjev and P.Ring. Phys. Rev. C104, 064313 (2023).
5. T. Marketin, L. Huther and G. Marti' nez-Pinedo. Phys. Rev. C93, 025805 (2016).
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Estimates of the structure of yrast band states via the phe-
nomenology of Harris and IBM
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Representing the energies of collective states in terms of effective moments of inertia has the
advantage of revealing subtle energy changes in the bands as the spin increases. This is convenient
not only for the crossing of bands analysis, manifested through backbending, but in almost all cases.
If the crossing of bands in the IBM approximation is described only through the expansion of the
latter, by introducing high-spin bosons [1], then the parabolic increase in the moment of inertia with
an increase in the rotation frequency or spin of the collective state is also reproduced in the tradi-
tional IBM phenomenology. IBM has a group-theoretical justification. The most important basis for
which is the assumption of the closedness of the algebra of phonon operators and their commutators.
When mapping these operators onto ideal bosons while maintaining the closedness condition of al-
ready boson operators, a condition arises for the finiteness of the maximum number of quadrupole
bosons {2 and the presence of roots, which are conveniently represented through s-bosons. In the
IBM, called IBM phenomenology, the model parameters are selected based only on the best agree-
ment between the calculated and experimental data. The IBM phenomenology, but not in the case of
the SU(3) limit, reproduces the fact that even in nuclei with rigid deformation the energies of states
grow more slowly than the dependence I(I + 1) gives. It is reflected in the nature of the function
describing the dependence of the moment of inertia on the square of the rotation frequency (linear
or parabolic [2]). Moreover, the nature of this function depends on the parameters of the IBM Hamil-
tonian. The parabolic case can lead to upbending. Also, upbending can be a specific manifestation
of the bands crossing. Moreover, as was shown for 222Th, the bands crossing can occur without
this being clearly manifested in the moments of inertia [3]. From comparing the experimental data
with the moments of inertia obtained in the Harris scheme, within the framework of expanded by
high-spin modes IBM, it is possible to determine from which spins the main component of the wave
function ceases to be collective or defined only by d-bosons.

There is one more phenomenon that cannot be reproduced in the Harris model. This is some addi-
tional growth of energies of collective states. For moments of inertia, this corresponds to the cessa-
tion of growth of the moment of inertia from the rotation frequency or a strong weakening of its
growth. In heavy nuclei, if this is realized, then starting from the spin I > 28T. It would seem that
this is rather strange and the exact opposite was expected due to the growing influence of high-spin
modes on collective states with increasing spin. It turned out that this effect is associated with the
dynamics of collective states and manifests itself depending on the choice of the maximum number
of 2 and is stronger the smaller this number. Thus, this effect, which we called downbending, is a
strong criterion for determining the . So for 234U, where states before spin / = 30" are observed
the optimal one turned out to be {2 = 22 and for for 2387, where states before the spin I = 34%
are observed, ) = 25 turned out to be optimal. The described method of comparing experimental
energies with the indicated phenomenological approaches, on the one hand, reveals a number of
effects, and on the other, is an extremely useful aid in carrying out microscopic calculations of the
structure of the states of yrast bands.

1. AD. Efimov, LN. Izosimov, Phys. At. Nucl. 8, 333 (2023).

2. AD. Efimov et al., JINR Preprint E4-2024-61 (JINR, Dubna, 2024).

3. A.D. Efimov, IN. Izosimov, JINR Preprint E4-2024-27 (JINR, Dubna, 2024).

4. S. M. Harris, Phys. Rev. B 138, 509 (1965).
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Section 2. Experimental and theoreti-
cal studies of nuclear reactions

Ternary fission of actinides induced by thermal neutrons with
light particles emission

Authors: Egor Belousov'; Larisa Titova'; Stanislav Kadmenskyl; Yana Otvodenko®
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Corresponding Author: titova_lv@phys.vsu.ru

In [1-3] the virtual mechanism of ternary fission of the compound nucleus (A, Z), formed by the
capture of the thermal neutron by target-nucleus (A — 1, Z) as the two-stage process was suggested.
At the first stage light particle (A— Ay p, Z — Z1,p) with kinetic energy close to the Coulomb barrier
height is emitted from the nucleus (A, Z) with the forming of the virtual state of the intermediate
nucleus having internal energy lower than its ground state energy and undergoing binary fission at
the second stage. The yield Ny, p of the light particle and the energy distribution W (T p) related to
one act of the binary fission are defined as [1-3]
A _y(0) /!

Npp = [W(Tpp)dTLp = Flffif§W(TLP) = ﬁ@?ﬁgﬁ = wLP%P(TLP)
where 'z py and F? are the widths of the ternary and binary fission of compound nucleus (A4, Z),

correspondingly, (T'45)(?) is the width of the virtual decay of the nucleus (A, Z) with light particle
emission from the deformed transition fission state corresponding to the configuration (0) of these
nuclei with the neck radius R,,..; between two fission prefragments, pr is the heat of the decay
of the nucleus (A4, Z) with light particle emission, B, is neutron binding energy in (A, Z), P(T.p)
is light particle penetrability factor of the Coulomb barrier formed by the sum of the non-spherical
nuclear and Coulomb potentials of the light particle interaction with nucleus (A — App, Z — Z1p),
wr,p is the probability of light particle formation in the neck of the nucleus (A, Z), p is the reduced
mass of light particle and nucleus (A— Ay p, Z — Z},p). Using the experimental energy distributions
W(Tpp) [4 - 6], the estimations of the R,,..r [7] and taking into account that penetrability factor
P(TLp) ~ 1 at the maximal energies of the emitted light particles (T p)maqz the estimations of the
probability of the light particle formation were obtained for the target-nuclei 233U, 23°U, 24°Cm,
251C' f, in fission induced by thermal neutrons.
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Sequential mechanism of triple collinear nuclear fission
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Triple collinear fission of a weakly excited compound fissile nucleus is analyzed on the basis of a
sequential two-stage mechanism associated at the first stage with double fission of this nucleus with
the formation of two fission fragments, and at the second stage with double fission of one of these
fragments. In this case, the presentation of coldness of fission fragments at the first and second
stages is used, when their spins and orbital moments are formed by taking into account the bending
and wriggling vibrations of the corresponding fragments. In this connection in the paper for the
first time the above vibrations are taken into account twice.
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Light ions accompanied break-up of the medium heavy fission
isomers
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In series of the photo-fission reactions, namely, 235’238U(\(, f), 232Th(y, f), 242Pu(y, f) we have found
that some part of the fission fragments (FFs) are presumably born in the state of the fission isomer
with the yield Y ~ 103 binary fission and with the lifetime 7;,,,, > 400 nsec [1, 2]. A binary break-
up of such fragments was observed when they pass through a solid-state foil. The effect takes place
also for the FFs from 2°2Cf(sf). In the proposed presentation we discuss the mode of the break-up
with forming light ions in the mass range (3-20) u as one of the resultant decay products. The link
of such events with known polar emission of the light charged particles is analyzed.
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view
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In the past, there were multiple attempts to find the so-called “true ternary fission” i.e. ternary fission
with comparable masses of the fragments. So far, it has not been done, at least not in the frame of
the traditional experimental approaches. In a series of our experiments, we have observed ternary
partition of the heavy nuclei [1, 2] when one of the fragments of binary fission undergoes a break-
up while passing through a solid-state foil. Among such events, there is a fraction of them with
comparable masses of the resultant fragments. It should be stressed that the fragment undergoing a
break-up is born in the shape isomer state [3]. In our presentation, we discuss a possible mechanism
of the ternary partition leading to comparable masses of the fragments.
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Description of the *H(d, n)*He reaction at low energies within the
microscopic multichannel cluster approach
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In the present work, the *H(d, n)*He fusion reaction being of interest for both fundamental and
applied physics is studied at low energies. Dynamics of the reaction is described by using the mi-
croscopic multichannel cluster approach in the oscillator representation [1-3]. The total and partial
cross sections for the studied reaction in terms of the astrophysical S factors are calculated. The
3/27 state of the considered five-nucleon system is shown to play a dominating role in forming
low-energy dependence of the total S factor. The calculated results are in good agreement with the
experimental data.

1. AS. Solovyev, Phys. Rev. C 106, 014610 (2022).
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OpuuM u3 Haubojlee XapaKTEPHBIX CIENCTBUIT KIACTEPU3ALMM B JIETKUX SAOPAX SBIAETCS
HaJ4ye BpallaTeJIbHBIX II0JI0C CO CTPYKTYpoit a+kop. Hambosee XOpOIIO M3yUeHHBIM C 3TON
TOUKM 3peHus sBisercs sapo 20Ne, Oraromaps HU3KOV 9HEPrUMM CBASK O-YaCTUIBL. B TO
JKe BpeMsl CTPYKTypa BO3OYXKIEHHBIX COCTOSHUII COCEIHUX CaMOCOIPSDKEHHBIX SIep OO CUX
IOp SIBJISIETCS IIPEAMETOM OOCYKIEHUs, JaXkKe IS TAKOTO XOpOIIO M3yUueHHOTro sapa, kak 12C.
C 3r0il TOUYKM 3peHMS HEyAMBUTEIBHO, YTO MMEETCs IIOBBILIEHHBII MHTEPeC K OIMCAHIIO
HENTPOHOU3OBITOUHBIX fANep B 9TOM objactm Macc. Ha ceromusmuHwmit meHb Gosee-MeHee
IIOCJIE{OBATEIbHYI0 KApTUHY MBI IMeeM TOJBKO IS CIydas M30TOIOB Oepiuuinsa. B To Bpems,
kak st agpa 180 kaprtmHa ocraercs HesicHoit. Tak, B paGore [1] , 6BLIO MOKa3aHO, UTO
DaHHOE SOPO 00JIaaeT BpaIaTeIbHBIM AYOJIeTOM (UTO SIBJISETCS OUEHD CEPhe3HBIM apryMEHTOM
B IMOJIb3Y KJIACTEPHOrO XapaKkTepa MaHHBIX COCTOSHMII), a B paboTe [2] ObuIO IIOKasaHO, UTO
Hall{eHHBII Ty6JIeT XOPOIIO BIUCHIBAIOTCSA B CUCTEMATUKY COCTOSIHUI (GL-+KOP), ITOJIYUEHHYIO IS
cocequux simep. C apyroil CTOpPOHBI, BBIIOJIHEHHAs HeJaBHO pabora [3] mokasama He TOJBKO
OTCYTCTBME AyOjera, HO U OTCYTCTBNE BpAlllaTeIbHO IIOJIOCHI IIOJIOKUTENbHON YyeTHOCTH. [lst
MPOSICHEHNsI JaHHOTO BOIIPOCA HAaM¥ ObLI BBIIIOJHEH 3KCIIEPMMEHT II0 M3YyUYEHUIO KIACTEPHBIX
COCTOSIHUIT B JIETKUX HENTPOHOM3OBITOUHBIX sapax (14C, 180, 22Ne, 26Mg). Bruia ncnonb3oBana
CyICTeMa PerucTpauyy Ha OCHOBEe METOIVKM aHaIM3a II0 BpeMeHy cOopa 3apsaa, YTO IT03BOJINIIO
9 PEeKTUBHO PEruCTpUpPOBATh SK30THMUECKMe sipa (Hampumep, 6He B KauecTBe Kiacrepa B
cocraBe sfpa 26Mg) u cucreMa TeJEeCKOIOB, IT03BONISIOLIAs, B TOM UICJeE, PErVCTPUPOBAThH
HecBsi3aHHBIe cocTOssHUS smep (8Be). ITo mano BO3MOXHOCTD BBIAENNTH KaHAJBI PeaKLN,
no3BoJsaoomye Hanbosee 3¢ HEeKTUBHO 3aceisTh KJIaCTEpHBIE COCTOSHUS, OCOOEHHO C BBICOKOL
9Heprue Bo30yKIeHus U OONBILINM YIJIOBBIM MOMEHTOM. Brlia moiyueHa HoBas uHpOpMAIs
0 KJIACTEPHBIX COCTOSHIAX B pACCMOTPEHHBIX sgapax. B uactHocTy, qis sapa 180 6pL10 mokasaHo,
YTO B HEM IIPUCYTCTBYET II0JIOCA C IIOJIOKMUTEIBHON UYETHOCTHIO, UTO XOPOIIO COOTBETCTBYET
CUTyalMMi C €ro CaMOCOIPSDKEHHBIM WM30TOIIOM. DBbUIO IIOJyUeHO HOBOE OTpaHUUEHME Ha
IT0JIO’KEHIIE COCTOSTHIA 8+, UTO II03BOJISIET YMEHBIINUTD HEONIPEREIEHHOCTD I €T'0 TEOPETUUECKIUX
npenckasanuit. HarimeHHbIE COCTOSIHIS OBLIN BKJIIOUEHBI B MMEIOLIYIOCS CIICTEMATHKY.
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M3MepeHMe YIIIOBBIX pacipenenenmii paciana ‘He
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B pa6ore [1] 6BUIM TIpeICTaBIeHBI Pe3yNbTATHI aHAIM3a CIEKTpa 'He, 3acelIMOT0 B peakIiin
6He(d,p) B mHBepcHOIT KuHeMaTuke. IS permcTpaluy HeiiTpOHOB U3 pacrmamos 'He — SHe
+n u "He — %He + 3n 6bUT UCTIONB30BAaH MACCUB HEMTPOHHBIX TETEKTOPOB, PACTIONOKEHHBIX
Ha PacCTOSHUM 3.5 METPOB 3a MUIIEHBIO, TIPU 3TOM 3apsKeHHBIe MpoayKThl pacrama (“%He)
JIeTeKTUPOBAINCH TOHKUM CUMHTUJUISTOPOM YCTaHOBJIE€HHBIM Ha paccTOSHUM 80 CM OT MUILIEHN.
YrioBoil akcenTaHC HEMTPOHHOTO IeTeKTopa II03BOJIII M3MEPUTh YTJIOBOE pacIpefeseHle
TOJIBKO MJI pacliafia OCHOBHOTO cocrosiHus 7He, a s crekTpa BO3OYKEEHHBIX COCTOSHIN
M3MepATIOoCh TOJNBKO BpeMs IIpojieTa 3apsyKeHHBIX YaCTHUIl JO CUMHTMIIIAIMOHHOTO AETeKTopa,
UYTO CYLLIECTBEHHO OI'PAaHMYIBAJIO BO3MOXKHOCTU MOJIEJIBHOT'O aHAIN3a.

B HOBOM 3KcHepuMeHTe 3apsyKeHHBle IIPOAYKTBI paclaja pPeruCTPUPOBAINCH TeJeCKOIIOM,
PACIIONIOKEHHBIM IIOX HyJeM TpagycoB Ha PACCTOSHMU 25 CM 32 MUIIEHBIO UM COCTOSIIETO
M3 TOHKOTO IIO3MIMOHHO-UYBCTBUTEIBHOTO KpPEeMHIEBOTO [eTeKTopa U  OeTeKTopa
IIOJIHOT'O IIOIVIOIeHUs Ha ocHoBe KpuctayoB LYSO. AE-E amanms 1o3Bommia OJHO3HAUHO
UAeHTUUIUPOBATh M3OTOTEI, T.e. PA3MeNATh KaHANBl pacrafa 'He B OCHOBHOEe U TiepBoe
Bo36yxmenHoe cocrosume (J© = 27 ) ®He. VrmoBoe pacmpenenenme BoccTaHABIMBANOCh U3
M3MepeHNs YIJIOB U SHEPrMil 3apsyKeHHBIX IIPOAYKTOB pacmnafa. OKCIEePUMEHT IIPOBOIMIICA
Ha BropumunoM myuke OHe ¢parment-cemapatopa AKYJIMHA-2 JlaGopatopuu SImepmbrx
Peaxmmit um. I'H. ®neposa B koHue 2024 roga. B HacTodIniee BpeMs IIPOBOAMTCA MOIEIbHBIN
aHaIM3 IIOJNIyYeHHBIX NAHHBIX. B IoKiame IpefcTaBieHBbI IIpelBapUTeIbHbIE Ppe3yJIbTaThl
9KCIIepUMEHTA.

1. M.S. Golovkov et al., Observation of a positive-parity wave in the low-energy spectrum of “He,
Phys. Rev. C. 109 (2024), L061602

ANC:s of the 11B+p overlap from the p-transfer reactions with d
and 3He projectiles
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The structure of excited states and even their energy spectrum for the 12C nucleus, oddly enough,
is still the subject of consideration [1, 2]. The problem is that a number of poorly identified broad
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resonance states lying above the Hoyle state (7.65 MeV, 0+) and having an a-cluster structure over-
lap significantly. Against their background there are a number of levels lying below the nucleon
separation thresholds and having pronounced signs of a single-particle structure. However, their
spectroscopic factors determined from nucleon transfer reactions (mainly performed in the 70s-90s)
demonstrate a spread of values reaching a factor of 3 or more - see for example [3]. At the same time
such reliable information is necessary not only for understanding the structure of the 12C nucleus
but also from a nuclear astrophysical point of view due to the enormous role of the 12C nucleus in
the pathways of nucleosynthesis and the search for alternative pathways of its formation, for exam-
ple, the capture of a nucleon by the 11B nucleus [4, 5].

In this paper we present the values of the asymptotic normalization coefficients (ANC) of proton
coupling from the analysis of suitable literature experimental differential cross sections (DS) of re-
actions in proton transfer reactions on beams of the lightest ions (including the DS we obtained at
energies E3He = 22.3 and 32.5 MeV) leading to such states. The calculations were performed within
the framework of the modified DWBA [6] using the DWUCKS5 [7] and Fresco [8] codes taking into
account the deuteron breakup in the reactions (d,p) and (p,d). The obtained ANC values were com-
pared with previously available data [9] and new values were obtained for the states E* = 10.84 (1-),
11.83 (2-) and 14.08 (4+) MeV where these values were not determined earlier. The values of the
squares of the ANC for the 12C states, obtained from the analysis of the reactions (d,n), (3He,d) and
reverse reactions for the ground state (0+) and the 4.44 MeV state (2+) where the transfer process
is non-peripheral due to the tight coupling of these states differ by ~ 1.5 times. For the remaining
states up to the proton separation energy (ep= 15.957 MeV) the ANC values turned out to be close
to each other.
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ANC for the 7Li—{6He+p} overlap from the 7Li(d,3He)6He reac-
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The 7Li nucleus has a pronounced cluster nature as a+t. However, the one-nucleon component of
the ground state is also of interest for a more complete understanding of the structure of the nucleus.
Also it may be important in the nuclear-astrophysical processes of the Big Bang, such as the reaction
7Li(3H,4He), which leads to the 7Li nucleus destroy and a change in the 6Li/7Li abundance ratio.

In this work, the values of the spectroscopic factor (SF) and the square of the asymptotic normal-
ization coeflicient (ANC) of the p+6He coupling in the 7Li nucleus were estimated using a modified
DWBA analysis [1] of the experimental differential cross sections (DC) of the 7Li(d,3He)6He reac-
tion. The DCs of the reaction were extracted from the data of the 7Li+d experiment, carried out on
deuteron beam of the U-150M cyclotron of the INP RKaz at energies Ed=14.5 and 25.0 MeV [2,3].
At both energies, the DCSs (which are new data) exhibit clear single-particle features, and the region
of the main diffraction maximum is described rather well.

The analysis shows that proton transfer is practically peripheral at 3He emission angles in the region
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of the main diffraction maximum. The value of the ANC squared, C27Li—6He+p, is estimated at
10.5£2.0 fm-1, which is very little sensitive to the ambiguities of the parameters of the optical model
and the binding potential of the proton in the 7Li nucleus. The SF Z=0.89 at “standard” geometry
parameters of the 6He+p binding potential.

Formation of the nuclear-unstable 5He and 5Li mirror nuclei at
6Li+d reaction
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1.

Six-detector silicon spectrometer of charged particles with their separation by AE-E method was
made. Spectrometer consisted of telescopes with extremely low registration threshold of tritons (0.6
MeV) and 3He nuclei (1.3 MeV). Energy distributions of tritons and 3He produced in 6Li(d,xt) and
6Li(d,x3He) reactions were measured at tandem accelerator EGP-10 (VNIIEF) at Ed=4-10 MeV en-
ergy range with 200 keV step and 10-150° registration angle with 10° step on LiF (6Li — 91.06%, 7Li —
8.94%) targets with mass thickness of 150-200 mu-g/sm2 on thin carbon and aluminum backings.
These spectra were fitted by the same dependence as we used in [1] for 6Li(d,xt) reaction data ob-
taining (there was a typo in [1]: E0 and E1 must have an % power with positive sign)

0<E<Emax,

where E, E0, T'0, E1, 'l — registering triton (or helion) energy at the laboratory frame; energies,
widths of 5Li (5He) ground and first excited states, Emax — maximum value of E; A0 and A1 — rela-
tive population probability of the ground and first excited nucleus states.

6Li(d,t0,1), 6Li(d,he0,1) reaction differential cross sections and 6Li(d,x3He) reaction integral cross
sections were obtained for the first time. Widths of the 5He and 5Li states were obtained which are
different from literature data.

This study was conducted within the scientific program of the National Center for Physics and Math-
ematics, section #6. Stage 2023-2025.

L.N. Generalov et al., Bull. Russ. Acad. Sci. Phys. 84, 1511 (2020).

Calculation of target dependence of the isotope distributions in
heavy-ion reactions at energies from 35 to 140 MeV per nucleon
in the modified transport-statistical model
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In heavy-ion reactions a lot of different isotopes are produced. Different models to predict their cross-
sections exist. In this report the results of calculations in the modified transport-statistical approach
of isotope distributions of forward-moving fragments for reactions with different projectiles from
180 to 64Ni with energies from 35 to 140 MeV per nucleon on two targets : 181Ta and 9Be,- are
discussed. The target dependence (the ratios of isotope distributions for two targets) was studied.
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In our previous papers we studied this characteristic for reactions with light projectile 180. It was
shown that the hyperbolic shape of their envelope can be explained by the different range of impact
parameters involved in reactions on heavy and light targets. In this report the dependence of target
ratio on the mass number of the projectile and its energy is studied. The results can be important
for better prediction of isotope distributions in fragmentation reactions.

HccaepnoBanne NpoTOH-MHAYIVPOBAHHBIX PeaKIIII Ha CKAaHAN
npu 3Hepruu nmyuka 160 MsB
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B mpexcraBieHHOit paboTe MCCIENOBanoch 0Opa3oBaHMe pPaAMOAKTMBHBIX HYKIUAOB IIPU
00 IyueHNy MUIIIeHEell MeTaUIMUeCKOr0 CKaHI/sI eCTECTBEHHOTO COCTaBa IIPOTOHAMIL C 9HEPTIelt
160 MaB. B ramma-criekTpax ofJIyueHHBIX MUIIEHeN BbIeneHbl akTuBHOCTH 38S, 38,39Cl, 41Ar,
42,43K, 43,44Sc n 45Ti. CeueHns n3yueHHbIX peaKLMil OKa3aauch paBHBIMI 6(385)=6.3x10-3 MOH,
6(38,39C1)=2.2 1 0.34 MOH, 6(41Ar)=0.76 M6H, 6(42,43K)=8.8 MOH u 1.63 MOH, 6(43,44S¢c)=17.6 MOH 1
68 MOH, 6(45T1)=8 MOH. ITonyueHHbIe pe3yIbTaThI CPABHIBAINCH C TEOPETUUECKIMY 3HAUSHISIMIL,
IOJTYyUYEeHHBIMI B pPaMKax CTATUCTUYECKMX MOAeJIeNl fAApa C MCIIOJIb30BAHMEM IIPOIPAaMMHOTO
kona Taylis1.96 u momenu BHyTpusagepHoro kackana (Intranuclear Cascade, INCL). Ilonyuennsie
Pe3yIbTaThl 00CYKAAFOTCA.

Experimental Investigation of Mass and Total Kinetic Energy Dis-
tributions of Fragments Formed in the **Ca + ’Pb Reaction
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The *3Ca + 208Pb reaction is distinguished by its unique combination of advantages in heavy-ion
fusion studies, as both interacting partners are doubly magic nuclei. Moreover, the 2°°Pb target pro-
vides a cold fusion pathway, while the neutron-rich “8Ca projectile provides a significant neutron
excess, favoring the formation of neutron-rich compound nuclei.

The survival probability of a superheavy nucleus in heavy-ion fusion reactions is directly related to
its fission barrier magnitude. In transuranium elements, the fission barrier is predominantly due to
shell effects, while the liquid-drop contribution is minimal [1]. The present work aims to investigate
the characteristics of the mass-total kinetic energy (M-TKE) distribution of binary reaction products
from the %8Ca + 298Pb reaction, to conduct a detailed examination of this reaction system, and to
obtain an experimental estimate of the fission barriers for 2°No nucleus.

The experiments were carried out using the U400 cyclotron at the Flerov Laboratory of Nuclear
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Reactions, Dubna, Russia. Beams of **Ca with energies of 208-281 MeV bombarded isotopically
enriched thin targets of 2°°Pb to populate the 2°°No* compound nucleus at different excitation en-
ergies. The binary reaction products were detected in coincidence using the double-arm time-of
flight (ToF-ToF) spectrometer CORSET [2]. A detailed analysis of the mass—total kinetic energy dis-
tributions of fission-like fragments from the 48Cq + 208p} reaction has been performed, and fission
cross sections were obtained. From a combined analysis of the fission cross section and evaporation
residue cross sections for 1-3 neutron channels [3-5], the fission barrier of the 2?6No nucleus has
been estimated.
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M3mepeHBI YIiOBble pacrpeneienus ympyroro paccesuus saep ‘048Ca c smeprueir 400 MaB
Ha sapax 97Au. DKcrepMMeHTHI MPOBOMMINCH HA HUKIOTpoHe Y-400 JIaGopaTopuu smepHbIX
peakumit O6bennHenHOor0 MHCcTHTyTa fImepusix MccnenoBanmit. MpmeHTuduxanmsa mpomyKToB
AJepHOI peaKIMI OCYIIeCTBIANIACH C MICIONb3oBaHNeM I — E MeToqukim. OKcIepuMeHTaIbHbIe
IaHHbIE TIPOaHATM3MPOBAHBI B PaMKaX KBa3MKJIACCUUIECKOTO Ioaxona [1,2]; ompeneseH pammyc
B3auMopeiicTBus Rint, cOOTBETCTBYIOIIMII 3HAUEHUIO XapaKTEPHOTO YTJA {/4 , IPM KOTOPOM
OTHOLIEHME CeueHUs paccesHUs K pesepdopmoBckomy /p = % [3]. Ilomyueno 3HaueHnme
paccTOAHMA MIHIMAJIBHOTO cOMmKeHNd anep DO, mpu KoTopoM HabJII0aeTcd pe3Koe OTKIOHEeHIe
OTHOLIEHNH 6/CR OT e VHMIIBI, UTO 00BACHACTCH BIMAHNEM ANepHOro IOIJIOMeHNd. Benanny
Dy MOXXHO MHTEepIPeTNPOBaTh KaK CYMMY PagUyCcOB JABYX B3aMOJENCTBYIOIIMX aiep. Taxxke
OIIpefieIeHbl BEPOSTHOCTD MOTIIOMIEHUA Py sorp ¥ MapaMerp nuddysHOCTN A, XapaKTepU3 YOI
ee 3aBJICMOCTb OT MUHMMAJIBHOTO paccTosHMs D Mexnay HeHTpamn anaep. I[IpoBeneHs! pacueTsl
II0 ONTHYecKoil Momeny [4]. PesynbraThl onTmdeckoil MOIEIM COIJIACYIOTCA C pe3yJIbTaTaMU
KBa3MKJIACCIIYECKOTO ITOIXO0/a.

1. Yu. Ts. Oganesyan, Yu. E. Penionzhkevich, Nguen Tak An’, D.M. Nadkarni, K. A. Gavrilov, Kim
De En, and M. Yussonua, Sov. J. Nucl. Phys. 18, 377 (1973).

2. Yu.E. Penionzhkevich, R.G. Kalpakchieva, Light exotic nuclei near the boundary of neutron sta-
bility (World Scientific Publishing Co. Pte. Ltd., Singapore, 2022).

3. S.H. Fricke, P.J. Hatchell, KW. McVoy, G.R. Satchler, Nuclear Physics A 500, 399 (1989).

4. Yu.G. Sobolev, V.V. Samarin, Yu.E. Penionzhkevich, S.S. Stukalov, and M.A. Naumenko, Phys. Rev.
C 110, 014609 (2024).
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Description of the multinucleon transfer reactions within dinu-
clear system model

Author: Shukhrat Kalandarov’

1 Joint Institute for Nuclear Research, Dubna
Corresponding Author: shuhrat@theor.jinr.ru

Dynamical decription of the multinucleon transfer reactions 48Ca+208Pb, 50Ti+208Pb and
40Ar+209Bi in the framework of dinuclear system model is presented. The system of master equa-
tions with phenomenological transition coefficients is solved for treatment of the nucleon tranfer
process. The results of calculations are in good agreement with the recent experimental data ob-
tained at FLNR JINR[1]. The direct relation of transition coefficients and driving potential of dinu-
clear system provides a simplicity and a high predictive power of the model.

Literature
1. H.M. Devaraja et al, Phys. Lett. B 862 (2025) 139353.

Yopyroe paccesHms ampoHOB Ha sAxpax ‘Be m 5B mpm
NPOME>KYTOUYHBIX dHEPIIAX

Author: I'yns6any A6npamManosa’

Co-author: Onnaceiz ImamGex !

! Kazaxckuit Hayuonanvhuii ynusepcumem umenu anv Papabu, HUHUITD, Anmamu, Kazaxcman
Corresponding Author: gulbanual995@gmail.com

B mpopomkeHne paHee BBIITONIHEHHON paboTs! [1], B JaHHOI paboTe Ha OCHOBE AM(PPAKIMOHHO
Teopun [aybepa IpoBefeH aHAIN3 YIPYIOro paccesHMs afpoHOB (IpOTOHOB, m'+ - m K"+ -
Me30HOB) Ha siipax 7Be u 8B mpm mpomMeKyTOUHBIX 9Heprusax. [JaHHbBIE pacueThl BHIITOJHEHBI B
IyanasoHe IepeqaHHbIX MMITYJIbcoB 0.002< |t| < 0.05 (I'sB/c)2, 4TO COOTBETCTBYET KMHEMATUKe
9KCIIEPMIMEHTOB, BBIIIOJIHSIEMON [JI psaaa Jerknx sigep, Koiwtabopauuent GSI-IIMAD (Tepmannms-
Poccus) Ha paguoaktusaoM nyuke GSI (Japmirrant, [lepmaHus) B MHBEPCHON KuHeMaTuUKe [2].

B pab6ore uconap3yercs BOJTHOBbIe PyHKIMM, HaiineHHbIe B pamKax (4He-3He) nByx- u (4He-3He-
P) TpeX4YacTUUHBIX KJIACTEPHBIX MOAeNAX I saxep 7Be m 8B, coorBercTBeHHO. VcmonbayeMble
HaMI BOJIHOBbIe QYHKIMM [3], XOPOIIIO ONMVCHIBAIOT CTATIUECKIIE XaPAKTEPICTIKI JaHHBIX SIIep.
dyleMeHTapHble aMIUIUTYAbI afpOH-HYKIOHHBIX 1 agpoH-4He B3ammomericTBuM, HEOOXOMMIMBIX
IUI TIIayOepOBCKIMX PAcueToOB B MCCIENYEMBIX Apax, IapaMeTpU3YIOTCS CTaHIApTHBIM 00pasoM
uepe3 rayccouasl. [lapameTpsl rayccomn I 3TUX 3JIeMeHTapHBIX IIPOIECCOB B MHTEpecyIoIen
HaCc KMHEMaTU4YecKOi 00JacTy OIpefessioTCs M3 HAJUTYUIeTO OIMCAHUS COOTBETCTBYIOLIMX
9KCIIepUMMEHTaNIbHBIX HNaHHbIX. OpHako, g agpoH-3He mpolecca B HacTodlllee BpeMs B
Hay4HOII JINTepaType OTCyTCTBYeT IapaMeTPU30BaHHBIE 3JIeMEHTapHble aMILUIMTYAbL. IlosTomy
3TOT IIPOI[ECC PAacCMOTPEHO HaMM OT[eJIbHO Ha OCHOBe TOM ke Teopuu IyayGepa ¢ SIBHBIM
Y4eTOM TPEeXHYKJIOHHON CTpyKTypel 3He. IlomyueHo xopolee corjacue ¢ MMEIOIIMMICS
9KCIIepMMEHTaMI II0 paccesHUIO afipoHOB Ha 3ToM anpe 3He. [lamee manHasg cxema pacyeTa
TepeHeceHa [l PaCUeTOB paccesdHMd afpOHOB Ha Aapax 7Be u 8B.

Ha ocHoBe manHoro ¢opmanmama HaMu INpPOBeJEeHBI pacueThl paccesHMs afpOHOB Ha sApax
7Be m 8B mpm sHeprmax Haseraromux yactuiy 200-800 MsB. PaccedHus mpoToOHOB XOpOILIO
COTJIacyeTcs C MMEIOIIUMMUCA SKCIIEPMMEHTAIBHBIMI JaHHbBIMU npy 700 MsB. OgHako atu
9KCIIEPMMEHTH! BBINOJTHEHBI IJI MajbIX YIJIOB paccesHNUA. MbI IIpoBeam pacueThl O YTJIOB
paccesHus ~ 500 ¥ OIpeAeNUIN BKIAAbl B IIOIEPEUHOE CEUEHIE OT OQHO- IBYX- U TPEXKPaTHBIX
paccesHun. Ilpm ManbIx yIylax JOMMHMPYET OOHOKpaTHOE paccessHUe, BKJIA IBYKPaTHOTO
paccesHUs CpaBHMBAeTCAd C HUM B palioHe 250. Bkiam TpexkpaTHOro paccessHus B ynpyrom p8B-
paccesHun nposBisgercsa npu 400. AHaJOTMUHBIE pacyeThl IIPOBEJIN I paccessHus '+ - m K"+
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-ME€30HOB. HpI/I 3TOM HaMu ObLIN caelaHbl CpaBHI/ITeHBHLIﬂ aHaJIN3 pacCeaHsd OOHOIro copTa
JacTUIL Ha Ppa3HbIX AApax € LEJIbIO BbIACHEHUA IIPOABIECHIIA 0COOEHHOCTH HJIepHOﬁI CTPYKTYPBI.
A Taxke paccedaHNrd pa3HbIX YACTUI HA OJHOM M TOM JKe€ AApe€, MJId BbIACHEHUA ocobeHHoCTel
9JIEMEHTAPHOTO B3aMMOeICTBUS.

[1] Abdramanova G.B., Imambek O. / Elastic proton scattering by nuclei 7Be and 8B at 700 MeV/
NUCLEUS -2022, Book of Abstracts, Moscow July 11-16, 2022

[2] AV. Dobrovolsky et al. / Nuclear-matter distribution in the proton-rich nuclei 7Be and 8B from
intermediate energy proton elastic scattering in inverse kinematics/ Nuclear Physics A 989, 40-58
(2019)

[3] Dubovichenko S.B Thermonuclear processes of the Universe. Almaty, Fessenkov V.G. Astrophys-
ical Institute “NCSRT” NSA RK, 402 (2011). ISBN 978-601-278-331-5 (in Russ.).

Description of polarization observables in dp elastic scattering at
a GeV energies

Author: Nadezhda Ladygina'

! JINR
Corresponding Author: nladygina@jinr.ru

Deuteron-proton elastic scattering is considered in the multiple-scattering-expansion model. Four
reaction mechanisms are included into consideration: one-nucleon exchange, single scattering, dou-
ble scattering, and delta-isobar excitation in an intermediate state. The model calculates the reaction
amplitude, which makes it possible to find the angular dependence of both the differential cross
section and any polarization observables. In this report, we present deuteron and proton analyzing
powers, as well as the proton polarization transfers in comparison with the data at the deuteron
energy of 1.6 GeV.

The analysis of experimental data in the reaction 40Ar+9Be at
energy 36 MeV/nucleon and comparison with model calcula-
tions

Author: Erdemchimeg Batchuluun'

Co-authors: Tatyana Mikhailova ?; Gennady Kononenko *; Sergey Klygin *; Yury Sereda *; Andrey Vorontsov
3

' JINR
2 MLIT JINR
% FLNR JINR

Corresponding Author: erd_mn@yahoo.com

The analysis of experimental data obtained in the reaction 40Ar+9Be at an incident beam energy
of 36 MeV/nucleon on the magnetic separator COMBAS was carried out with the aim of studying
competition between different reaction mechanisms in the Fermi energy region. Special attention
was paid to velocity distributions of forward-emitted fragments since they contain important infor-
mation about processes occurring during collisions.

Velocity distributions showed a pronounced asymmetry indicating the presence of at least two main
components. One component associated with direct fragmentation was described by Goldhaber dis-
tribution and corresponded to direct knockout of fragments from the projectile nucleus. The other
component located on the left side of the distribution was related to dissipative processes such as
deep inelastic transfer.
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Additionally, the report presents comparison of experimental data with simulation results for iso-
topic and velocity distributions using various methods based on transport-statistical and parametri-
cal models. These results emphasize the necessity of taking into account both mechanisms simulta-
neously when describing reactions at Fermi energies.

Experimental study of multinucleon transfer reactions induced
by 209Bi

Author: Igor Vorobev'

Co-authors: Eduard Kozulin ?; Galina Knyazheva 1. Alexander Karpov L Alexey Bogachev !. Kirill Novikov !;
Yulia Itkis '; Vyacheslav Saiko 1. Aniruddha Dey %, Sanila Sathyan 2. Kirill Kulkov !; Ivan Pchelintsev !; Roman
Tikhomirov '; Ekaterina Saveljeva '; Kirill Okhlopkov *; Erdemchimeg Batchuluun '; Fengshou Zhang *; Zhong Liu
5. v 4

; Ying Zou

! Joint Institute for Nuclear Research

? Flerov Laboratory of Nuclear Reaction, Joint Institute for Nuclear Research
* Dubna State University

* Beijing Normal University, Beijing, China

S Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou, China

Corresponding Author: rc_38@jinr.ru

Nowadays applying of multinucleon transfer reactions (MNT) in collisions between heavy nuclei
are supposed to be a promising approach to produce new neutron-rich nuclei including nuclei near
the N = 126 shell closure. The investigation of the properties of these nuclei is very important for
understanding of nucleosynthesis processes. To reach the «island of stability» using of heavy sys-
tems in MNT reactions such as 238U + 238U and 23U + 248Cm [1] are often proposed for synthesis of
new neutron-rich superheavy nuclei. Recently the measurements of transfer reactions in the lighter
system 36Xe + 238U at incident energy of 136Xe E;,; = 1.11 GeV [2] were performed using CORSET
setup [3], where the transfer up to 26 nucleons from projectile to target was observed.

For further investigations of MNT reactions to produce new heavy nuclei and observe some special
features of near-symmetric collisions in the Flerov Laboratory of Nuclear Reactions at CORSET setup
the 299Bi + 197 Ay, 208Pb, 238U reactions at incident energies above the Coulomb barrier have been
measured. Using time-of-flight method mass and energy distributions of survived binary reaction
products have been obtained as a result of the measurements. The obtained experimental results
and the comparison with theoretical calculations performed within the multidimensional dynamical
model of nucleus-nucleus collisions based on the Langevin equations [4] are presented.

[1] V.I. Zagrebaev and W. Greiner, Phys. Rev. C 83, 044618 (2011).
[2] E.M. Kozulin et al., Phys. Rev. C 109, 034616 (2024).

[3] E.M. Kozulin et al., Instrum. Exp. Tech. 51, 44 (2008).

[4] AV. Karpov and VV. Saiko, Phys. Rev. C 96, 024618 (2017).
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Time-dependent description of nucleons transfer in 40Ar+Ag re-
action

Author: Viacheslav Samarin’

! Joint Institute for Nuclear Research, Dubna, Russia

Corresponding Author: samarin@jinr.ru

A numerical solution of the time-dependent Schrodinger equation [1, 2] is applied in studying the
dynamics of the the nucleons and the alpha-clusters transfer in the reaction “°Ar+"**Ag at energy
285 MeV. The evolution of wave functions for outer nucleons is used to describe multi-neutron and
multi-proton transfer channels. In addition the evolution of the alpha-cluster wave function in the
40Ar nucleus is used to calculate the cross sections for S and Si products formation. The results of
the calculations are in satisfactory agreement with experimental data [3,4] for few nucleons transfer
in quasi-elastic scattering. The nucleon collectivization model for di-nuclear system [4] is modified
using time-depended approach.

1. V. V. Samarin, Phys. At. Nucl. 78, 128 (2015).

2. V. V. Samarin, Phys. At. Nucl. 81, 128 (2018).

3. A.G. Artukh, G.F. Gridnev, M. Gruszecki, W. Karcz, A.N. Mezentsev, V.L. Mikheev, L.Pomorski, A.
Popescu, D.G. Popescu, and V.V. Volkov, Z. Phys. A, 303, 41 (1981).

4. VV. Volkov, Nuclear Physics Research with Heavy Ions (Selected articles). JINR. Dubna, (2023).

Prospects for studying the structure of unbound nuclei in (d,p)
reactions

Authors: Evgeniy Nikolskii'; Leonid Grigorenko'; Mishel Khirk'; Pavel Sharov'

! Joint Institute for Nuclear Research

Corresponding Author: sharovpavel@jinr.ru

Recently, there has been significant progress in the use of ab inito approaches for theoretical studies
of nuclear structure, which is why there is increasing interest in the structure of the lightest exotic
nuclei, the description of which is an important test of ab inito approaches.

The direct (in particular (d, p)) reactions are actively used to study nuclei beyond neutron stability.
In the direct reactions, alignment-interference effects, leading to specific correlations of the decay
products of the nuclear system, may be observed. We can show, that such correlations can be much
more sensitive to the properties of the nuclear interaction than the inclusive spectrum and differen-
tial cross-section, which are usually studied in experiments. Therefore, correlation measurements is
an important additional source of information about the nuclear structure.

On the example of a quite simple model, we demonstrate in the report the effects of alignment-
interference in direct reactions and common correlations patterns for various nuclear systems. The
main features and advantages of the correlation experiment also highlighted in the report.
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NccnegoBanme IIPOSABJIEHUI 3N-B3anmoneincTrBusd B
MAJIOHYKJIOHHBIX peaKIMIxX

Author: Anexcauap Kacrapos'

Co-authors: Anexceit Apouun '; Bauecnas Muryk '; Muxann Mopmosckoir *

' MAN PAH
Corresponding Author: kasparov200191@gmail.com

B pa6oTe npoBefieH aHANN3 NAHHBIX, IIOJIYYEHHBIX B PEaKIMAX ¢ MAJOHYKIOHHBIMI CUCTeMaMU
Impy pasnMyHbIX 9Heprumsax [1-8]. OOGHapyskeHa 3aBMCHMOCTb IIOJNYYCHHBIX B 3TMX paboTax
3HAQUEHMUI CMHIJVIETHBIX [JIMH paccesHus (app) OT OTHOCUTEIBHOTO MMITYJIbCa CUHIJIETHOI
np-CUCTEMBbI U TpeTbell 3apsyKeHHOII YaCTMLBI IIPYM COOTBETCTBYIOLIEll KMHEMAaTHMKe PeaKLIMI.
O6Hapy)KeHHas 3aBUCUMOCTb MOXeT OBITb OOBACHeHa B paMkax [mGapumonHoit momenu NN-
B3aMMOJeNCTBIS [9] BBeJeHMEM HOBOTO MexaHN3Ma — 0OMeHa CKaJPHBIM G-ME30HOM MEXIY
nubaproHoM (B HaILIeM CTydae np-CHHTIETOM ' Sy) M 3apssKeHHOI yacTuieit (pOTOHOM MU np-
cunrnerom ' Sp). Ilpu 3ToM ¢ yBenmdenueM 3¢peKTUBHOTO PACCTOSHMA MEXAY pparMeHTaMu
CUUIa B3aMMOZEICTBMS YMEHBIIIaeTCAd U B IIpefelle CTPeMUTCI K HYJIO, a JUIMHA PacCesHUT K
3HAYEHMIO B OTCYTCTBUM BIVMAHMA Ha 3Ty BEJIMUYMHY TPEXYACTUIHOTO B3AMMOMCHCTBUS Gpp =
—23.748+0.010 ®m [10], n3BiIeueHHYIO U3 SKCIIEPUMEHTOB II0 CBOGOXHOMY Np-pacCesHIA.
HccemoBaHme BBIIIOJIHEHO B paMKaX HAaydYHOI ITporpaMMbl HarmoHansHOro meHTpa GUM3uKy 1
MaTeMatuKy, HarpasieHne Ne 6 «InepHas u paguanunonHas GUanMKa».

1. A. Niiler et al, Phys. Rev. 182, 1083 (1969).
2. H. Bruckmann et al, Nucl. Phys. A 157, 209 (1970).
3. Z.Ying-Ji et al, Phys. Rev. C 47, 468 (1993).
4. D.E. Gonzalez Trotter et al., Phys. Rev. Lett. 83, 3788 (1999).
5. V. Huhn et al, Phys. Rev. C 63, 014003 (2000).
6. J. Deng et al, Phys. Rev. C 66, 047001 (2002).
7. A.A. Kasparov et al., Phys. Atom. Nucl. 86, 44 (2023).
8. A.A.Kasparov et al., “NUCLEUS-2024", Book of Abstracts, 121 (2024).
9. V.I. Kukulin et al,, J. Phys. G: Nucl. Part. Phys. 27, 1851 (2001).
10. O. Dumbrajs et al., Nucl. Phys. B 216, 277 (1983).

Bpruucienune cedeHMII peakmMil PpagMaMIOHHOIO 3axBaTa
IPOTOHOB HA SAPaX P-000JIOUKM

Authors: Ivurpuit Ponxun'; IOpuit Yysumbckmit®

! BHUHA um. [lyxoea

2 o o
MIY umenu M.B. Jlomonocosa (Hayuno-uccrmedosamenvckuti uHcmumym sidepHou ¢usuku umenu JI.B.
CkobenvybiHa)

Corresponding Author: rodkindm92@gmail.com

B HacrodIiee BpeMs B TEOPETMUECKMX JCCIENOBAHUAX CBOJICTB JIETKUX fep BaKHOE MECTO
3aHMMarT ab initio Merongpl ommcaHMS aTOMHBIX SIOEP, TO €CTh ITOAXOLBI VICIIOJIb3YIOLINe
peanucTuUecKue HYKIOH-HYKJIOHHBIE IOTeHUMaNbl. DBa3oBBIM cpeay 3TUX METOHOB SIBJISETCS
obomoueunas mMomendb snpa Oe3 mHepTHOro Kopa (NCSM). Srta Mopmens maeT BO3MOXKHOCTB C
XOpOLLIell TOUHOCTHIO PACCUMTHIBATH SHEPTUI U BOJTHOBBIE GYHKLII OCHOBHBIX U BO30Y KIeHHBIX

Page 69



LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... / Book of Abstracts

cocrosHuit Jerkux sapep. HenocpencrBenHo NCSM He MOXKeT IPUMEHATBCS IJIA pacuera
paclagHbIX XapaKTePMCTUK SOePHBIX COCTOSHMII — AacCUMITOTHMYECKMX HOPMMPOBOUHBIX
koadduimentos (AHK) 3akphIThIX M IapUMaIbHBIX IMIMPMH paclafa OTKPBITBIX KaHAJOB
(dparmeHTanNN, U , KaK CIEACTBUE, IIPUMEHITHCS U pacueTa CeUeHMI AaepHbIX peakiyit. s
pellleHNs NaHHOI 3ajaul, aBTOpaMy ObLI paHee paspaboTaH MeTOX OpPTOrOHANM3MPOBAHHBIX
¢dyukumit kaacrepusix kaHanoB (CCOFM) [1], KOTOpBIiT TO3BOJISET MOIYUATh ACUMIITOTIIUECKIIE
XapaKTepUCTUKI CBI3aHHBIX ¥ PE30HAHCHBIX COCTOSHUI — aCUMIITOTMYECK/E€ HOPMIPOBOYHEIE
K09 PUIMEHTHI 1 aMILIMTY bl TAPLMATbHBIX IIVPUH, COOTBETCTBEHHO.

Hcnonp3oBanne R-MaTpuaHO Teopun AqepHBIX peaKIUil II03BOJIVMIIO VICIIONb30BaTh PEe3yJIbTAThI
CCOFM s pacyeTra ceueHMI pe30HAHCHBIX SIEPHBIX peakiumil. B uacTHOCTH, B 3TOM cxeMe ObLIn
BBIYNCIIEHB] CEUeHN Pe30HAHCHBIX AePHBIX peaKUuil MAYIIIX Yepe3 KOMIayHa-cocTogHUA 8Be:
p(7Li, 4He)4He, n(7Be, 4He)4He, 7Be(n,p)7Li, d(6Li, 4He)4He [2, 3].

Bosblloe 3HaueHMe Mg 3afad SOepHO acTpOodM3UKU MMEIOT pe3yibTaTsl Bbrumciaenmit AHK
IIPOTOHHBIX KaHAJIOB CMHTE3a JIETKUX sifep. PaspaGoTaHHBIN HAMM METO[ II03BOJISIET KOBOJHHO
ToyHO paccumrteiBaTh AHK u mapumanpHble IIMPUHBI HYKJIOHHBIX KaHaJIOB. OTOT (axT, B
COBOKYITHOCTU C BO3MOKHOCTBI0 NCSM paccumMThIBaTh IIMPWHBI 3JIEKTPOMArHUTHEIX IIePeXOIOB,
II03BOJIIET BBIYNCIATH CEUEHMUS peakl(Mil pagMallIOHHOrO 3aXBaTa — KaK PE30HAHCHBIX, TaK U
IpaMBbIX. B paMkax maHHOI pabGoThI GBLI IPOBeNEH TEOPETHMUECKIII pacueT I aHAIN3 CEUeHMIT
peakumit 7Be(p, gamma)8B n 8B(p, gamma)9C. Pe3ympTaTsl pacueToB XOPOLIO COIVIACYIOTCH C
M3BECTHBIMIL 9KCIIEpPMMEHTAIbHBIMY JAaHHBIMU B ciIydae peakuuu 7Be(p, gamma)8B, uro, B cBOO
ouepezp, IIO3BOJIIET JeslaTh OOOCHOBAaHHBIE TEOPETHMUECKMEe IIPeICKasaHMs CEeYeHNS peakiu
8B(p, gamma)9C.

1. D. M. Rodkin, Yu. M. Tchuvil’sky, Physical Review C 103, 024304 (2021).
2. D. M. Rodkin, Yu. M. Tchuvil’sky International Journal of Modern Physics E 33 (11) 2441008

(2024).
3. Yu. M. Tchuvil’sky D. M. Rodkin, International Journal of Modern Physics E 33 (11) 2441019
(2024).
Knmuaemarnmueckoe MOOE€JIMNPOBaHUIE IKCIIEpMMMEHTA II0

OoIIpefeJIeHNI0 HN3KOYHEPreTUYeCKNX XapaKTepUCTUK pp-
B3aMIMOJIENCTBIA B peakmuu p+>H—p+p+n

Authors: Bsuecnas MI/IHyKl; AnexcaHnp KacnapOBl; Muxanin MOpHOBCKOﬂI; Buxrop He6eneBz; Anpnpeit
Crracckumit®
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Corresponding Author: slavikmitzuk@mail.ru

B pa6ote [1] BBIABMHYTa TUIIOTE3a O TOM, UTO PACXOKJEHIE B 9KCIIEPUMEHTAIbHBIX 3HAUEHMSIX
IUIMHBI HEeMITPOH-HEMTPOHHOTO PAaCCeSHUS Oy, MOJYUYEHHBIX B peaKUMIX C TpeMsd YacTHUIIaMI
B KOHEYHOM COCTOSIHUM, MOKeT OBITh CBS3aHO C BiamsHueM 3N-cmi. MOXXHO IIPEAIIONIOKNTS,
uyro 1omoOHBIN 3¢ddexT Oymer HaOmIOOATBCI B Ciyuae U3MepeHUs HU3KOIHEpPreTMUeCKIUX
XapaKTEePUCTUK PP-B3aMMOIeNcTBUA (app U Fp,p) B peakumsax ¢ AByMs IPOTOHAMM B KOHEUHOM
COCTOSTHII. Ins mpoBepku mauHHOro mpenmonoxkeHus B WA PAH 6puim mpoBemeHBI
uccnenosauus peakiym d+ H—p+p+n [2-4], a Taxke IUTAHMpPYeTCS MCCIETOBAHUE PEAKIUI
p+2H—p+p+n. PesymbraThl Mccleq0OBaHMit GYIyT COMOCTABIEHBI C JAHHBIMI, HOTyYeHHBIMU B
IPYTUX Hay4YHBIX TPYyIIIIax, ¥ TEOPETUUECKIIMIL pacuéTaMIL.

B HacrosIeit paGoTe Mpe/iCTaBIeHbI KMHEMATIUECKOe MOJEIMPOBaHNe peakmu p +2H—p+p+n
U OIMCaHYe NIPOEKTUPYEMOII II0 pe3yIbTaTaM MOAEIMPOBAHUS KCIEPUMEHTAIBHON yCTaHOBKIL.
PaccMoTpeHa 3aBUCHMOCTb BBIXOAA peaKUUM OT YTJIOB BBUIETA IIPOTOHOB UM HENTPOHOB, Ha
OCHOBAaHNMM Uero cjJeJaH BbIBOJ 00 ONTMMAJIbHBIX YIVIaX PEruCcTpalMy NaHHBIX YaCTHII.
BhIITOTHEHO MOMENMpPOBAaHME IIPOXOXKIAEHMSA 3apsOKEHHBIX YacTUI[ uUepe3 NeTeKTUPYIOLIYIO
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CUCTeMY, IIOMEIEHHYI0 B BAKYYMHYIO KaMepy.
HccnenoBanne BBIIIOJHEHO B paMKax HayuHOII IporpamMMsl HarmoHansHOro reHTpa Gpusmkm u
MaTeMaTVKH, HanpaBieHue Ne 6 «SInepHas u paguanonHas Gpusnka».

Crucox JurepaTypsl

1. E.C. Kono6eescknii u ap., AP 81, 555 (2018).
2. E.C. KonoGeescknit u ap., I3s. PAH. Cep. ¢pus. 84, 492 (2020).
3. Munyx B.B. u gp., I3B. PAH. Cep. ¢us. 87, 148 (2023).

4. KacmapoB A.A. u nip., 3B. PAH. Cep. ¢us. 88, 1766 (2024).

PacuéTr ceuenuii peakuuii CMHTe3a sAep B YCIOBUAX MIOOHHOTO
KaTajms3a

Author: Muxaun Eropos’

! Tomckuii Tocydapcmeennviii Ynusepcumem, OUSIN
Corresponding Author: egorovphys@mail.ru

SIBmeHMe MIOOHHOIrO KaTajiM3a TPaAMLMOHHBIX SHepPHBIX peaKLUUil CUHTe3a, 3aKIYaeTcd B
YBeJIMYEHNN CKOPOCTU M 4YMCJIa peaKUMil CMHTe3a 3a eIMHIIYy BpeMEHM KM3HU OTPULIATEIbHO
3apSDKEHHOT0 MIOOHA, HAXOMALIerocs B 30He B3aumopeiictBus smep [1]. Ilpsmbre pacuyérsr
TIOJIHBIX CEUEeHUII peakuMil CUHTe3a C KOPPEKTHBIM YUETOM KYJIOHOBCKOTO B3aMIMOJEMCTBUSA
MEXAy daapaMM M fOpaMy M JIEITOHaMM B YCJIOBMAX KOIZa CHJIbHOE B3alIMOIENICTBUA He
SBJIAETCS MaJbIM IIapaMeTpoM eIlé He IIpoBOVIINCh. KadecTBeHHBIE KiIacCUUECKNEe OLEHKI
TAKMX CEUYEeHNI [JII SHepruit meiTpoHoB 1-10 k3B B peakumm dt cmHTe3a IPUBOOAT IS
CTa KaTaJlM3VIPyeMbIX OJHOTUIIHBIX peakUuil B OleHKe cedeHmit or 1000 mo 4000 6apH [2],
YTO IIOUTM HA TPM IOPSAAKA BbIIIE MaKCUMAJIbHOTO ceueHus obprunoro dt cumrtesa. B
IpefCcTaBiIsieMoli paboTe IIPOBeeHbI ITEPBbIE TPEXUACTUUHBIE PACUETHI CEUEHNIT peaKI{Mii CHTe3a
st cucreM Bupa dty—ny-4He, roe y—oTpruarenbHoO 3apspKeHHBIN 3JIEKTPOH VI MIOOH C YUETOM
KYJIOHOBCKUX VI KOPOTKOMAEJCTBYIOIMX B3aMIMOAEIICTBII B € JITHOI MaHepe C IIOMOILBIO pelIeHNs
COOTBETCTBYIOIIMX CBA3aHHBIX MHTErpabHbIX ypaBHeHnit Panneesa [3,4]. IloayueHHbIe OLleHKN
CEeUeHNIT COTIIACYIOTCS C KIIACCUUYECKO OLIEHKOII B obyactu o 10 k3B KmHeTnuecKkux 3Hepruii, a
C JAIBHENIIINM POCTOM SHEpPIUy HauaJbHOM YacTUIBI CYIIeCTBEHHO IIpeBBIIIAIOT e€. Pacuérsl
ITOKa3bIBAIOT, UTO €CJIV MIOOH yCII€BAeT IIepeiiTy Ha OpOuTy HajeTarolell yactuibl addekr pocta
CeueHNIT 3aMeHsIeTCs ero MaieHreM B IIPOKOiT 00IacTy SHEPIUIL.

[1] St.Jones, Nature 321, 127 (1986).

[2] M.Shmatov, Phys. Plasmas 28, 124501 (2021).

[3] 9.Imun, X.Iurensman, [IpoGiema TPEX Tesl B KBAHTOBOI MexXaHUKe, 1979 r.

[4] M.Egorov, arXiv:2412.07572v2[quant-ph], 2025

Neutron-induced fission cross section of 239Pu, 240Pu and 242Pu
in the energy range from 0.3 to 500 MeV
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The 239Pu, 240Pu and 242Pu neutron-induced fission cross sections were measured relative to the
235U(n, f) cross section in the energy range from 0.3 MeV to 500 MeV using the GNEIS neutron time-
of-flight spectrometer at the 1 GeV proton synchrocyclotron of the NRC KI - PNPI (Gatchina). The
experimental setup consisted of two position-sensitive MWPC counters, which also allowed simul-
taneous measurement of the angular distributions of the fission fragments. The description of the
experimental set-up, data processing and the results are presented together with the experimental
data obtained on other time-of-flight facilities, such as n_TOF (CERN, EU) and LANSCE (Los Alamos,
USA).

Study of the competition between fusion-fission and quasifission
processes in reactions 042:4448Ca4 208pp,

Author: Kirill Novikov!

Co-authors: Eduard Kozulin '; Alexey Bogachev '; Galina Knyazheva '; Yulia Itkis '; Igor Vorobiev '; Vladimir
Rachkov !; Ivan Pchelintsev '; Roman Tikhomirov !; Kirill Kulkov !; Aniruddha Dey 1. Ekaterina Saveljeva . Erdem-
chimeg Batchuluun '; Sanila Sathyan '; Zhong Liu ?; Fengshou Zhang *; Yuhai Zhang *; Mehdi Nasri Nasrabadi
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2 Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou
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Corresponding Author: novikovkv@jinr.ru

One of the actual problems of modern nuclear physics is the study of the interaction mechanism
of nuclei and the study of competing processes in their interaction. Study of competition between
compound nucleus fission and quasifission in heavy-ion-induced reactions and its dependence on
the reaction entrance channel are important for picking up the right target-projectile combination
for the synthesis of heavy elements.

In order to investigate the impact of structural peculiarities of the projectiles near 48Ca in the fusion
reactions on the capture process and the further evolution of the formed dinuclear system, the cap-
ture cross sections and mass-energy distributions of binary fragments formed in the reactions 40Ca,
42Ca, 44Ca, 48Ca+ 208Pb at interaction energies above and well below the Coulomb barrier have
been measured. The separation of fusion-fission component from the quasifission one is based on
the analysis of the properties of measured mass-energy distributions for fission-like fragments. The
work also estimates the cross section of the fusion-fission process in the presented reactions.

All experiments were carried out at the U-400 accelerator FLNR JINR, Dubna. The CORSET [1]
double-arm time-of-flight spectrometer was used to measure mass and energy distributions of the
reaction products.

[1] E. M. Kozulin et al., Instrum. Exp. Tech. 51, 44 (2008).
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Prompt fission neutron spectra in 2**U(p,F) & ?**U(n,F) and
232Th(p,F) & 2*>Th(n,F) reactions

Author: Vladimir Maslov’

! Minsk, Belarus, Slobodskoj proezd 4, 220025
Corresponding Author: mvm2386@yandex.ru

Pre—fission neutron spectra influence the partitioning of fission energy between excitation energy
and total kinetic energy of fission fragments. It might be assumed that the (n,xnf) and (p,xnf) neutron
contribution, i.e. PFNS shapes might depend on the entrance channel. For incident neutron energies
from fission threshold up to En ~20 MeV prompt fission neutron spectra (PENS) of 233U(n,F) were
predicted in [1] and upgraded as described in [2]. Analysis of detailed data for 233U(n,F) PFNS [3]
demonstrates sensitivities of PFNS shape near (n,xnf) reaction thresholds to the exclusive pre—fission
neutron spectra. The latter are extremely sensitive to the (n,ny) and (n,2ny) competition. Shapes for
238U(n,F) PFNS [1] at excitations around 2**U(n,nf) reaction threshold are strongly supported by the
measured data of [3]. The average energies [[3] of 238U(n,F) PFNS support the approach pursued
in [1, 2], lowering of is consistent with predicted contributions of 238U(n,nf) and 22®U(n,2nf) to
the observed PFNS and fission cross section. The influence of 23*U(n,nf)1 excusive neutron spectra
on 238U(n,F) PFNS at En~6-7 MeV is sensitive to the energy En steps of ~0.25 MeV. Integral PFNS
is consistent with data [3]. The largest amplitude of excusive neutron spectra at En~6.25 MeV is
envisaged. For the reactions 2*3U(n,F) and 238U (p,F) shape of PFNS and strongly depend on the
fissility of composite and residual nuclides, 238+1-xU and 238+1-xNp, respectively (Fig. 1 and 2). The
238U(p,F) PENS shape is quite different as compared to that of 233U(n,F), since the contributions of
pre-fission neutrons are different both in compound and pre-equilibrium domain. Exclusive neutron
spectra (p,xnf)1,..x are consistent with fission cross sections of 238U(p,F) and 238U(p,xn) up to En ~30
MeV. We predict 2**U(p,xnf)1,..x exclusive pre—fission neutron spectra, exclusive neutron spectra
of 238U(p,xn) 1,..x reactions, total kinetic energy TKE of fission fragments and products, partials
of average prompt fission neutron number and observed PENS of 23%U(p,F). The dips in PFNS of
238U(p,F) are much shallower than in case of 238U(n,F) reaction. Asymmetry of 238U(p,xnf)1 neutrons
with respect to the incident beam momentum is also very small.

Similar analysis/prediction is accomplished for the 232Th(n,F) and 232Th(p,F) PENS.
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Fig. 1 223U(n,F) and ?**U(p,F) PFNS, En~6-7 MeV.  Fig.2 238U(n,F) and 233U(p,F) PFNS

1. V.M. Maslov, Yu.V. Porodzinskij,M. Baba et al., Phys. Rev. C, 2004, v. 69, p. 034607(1)—034607(13).
2. V.M. Maslov, Physics of Particles and Nuclei, 2025, vol.56, No. 1, p. 64-87.

3. K. J. Kelly, M. Devlin, J.M. O’Donnel et al., Phys. Rev. C, 2023, vol. 108, p. 024603.
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Recent theoretical investigation for the synthesis of superheavy
elements using the DNS model
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Recent research has primarily focused on fusion reactions induced by heavy-ion collisions involving
projectiles such as 1V and ®°Ti as potential pathways to extend the known isotopic ranges and to
explore new elements. The synthesis pathways of superheavy elements are modeled using the din-
uclear system (DNS) approach [1, 2]. The DNS model comprehensively calculates the capture cross
section and fusion cross sections, incorporating nuclear structure effects, deformation, and shell cor-
rections that significantly impact fusion probability.

ER(E(:.m.a 6) = cap(Ec.m.a é) : PCN (Ec.m.7 E) : Wsur(Ec.mJe)' (1)

The reactions °°Ti+244Pu and ®°Ti+2?°'Cf were examined theoretically, highlighting their potential
for the synthesis of elements 116 and 120. ER cross sections for the 59Ti+244Pu reaction, displaying
a peak cross section in the 4n neutron evaporation channel at gr =0.58 pb, closely aligning with
experimental results from recent studies [3]. For the 5OTi+25'Cf reaction aimed at synthesizing ele-
ment 120, significant cross sections of 0.34 pb and 0.23 pb were predicted for the 3n and 4n channels
respectively, highlighting this reaction as a promising candidate.

Theoretical predictions for the synthesis of element 119 through the ®*V+248Cm reaction indicate a
maximum evaporation residue cross section of 12.3 fb at the center-of-mass energy of 232 MeV for
the 4n evaporation channel [4]. These results are consistent with prior theoretical predictions, under-
scoring the reliability and predictive capability of the DNS model in guiding experimental searches
for new superheavy elements.
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Angular anisotropy in pre-fission neutron spectra and PFNS of
238, 239,240,241,242Pu(n, F)
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Angular anisotropy of secondary neutrons was evidenced in neutron emission spectra (NES) of
239Pu+n in 1972, and in prompt fission neutron spectra (PFNS) of 239Pu(n, F) in 2019, it might
be predicted for 238,40,241.242Pu(n, F) PENS. In case of NES angular anisotropy is due to direct exci-
tation of collective levels and pre-equilibrium/semi-direct mechanism (states in the continuum are
excited) of neutron emission in inclusive first neutron spectra in (n, nX)1 reaction [1]. In case of
PENS it is due to exclusive spectra of pre-fission neutrons of (n, xnf)1,...x reactions. In 239,241Pu(n,
xnf) and 238,240,242Pu(n, xnf) reactions observed PFNS envision different response to the emis-
sion of first pre-fission neutron in forward or backward semi-spheres with respect to the momen-
tum of incident neutrons. Since energies of (n, nf)1 neutrons and their average values depend on
the angle of emission 6 with respect to the incident neutron momentum, the observed PENS, av-
erage prompt fission neutron multiplicity, fission cross section, average total kinetic energy TKE,
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etc. also would be quite dependent on angle 6. Exclusive spectra of (n, xnf)1,..x neutrons at 6~900
are consistent with 238,239,40,241,242Pu(n, F) and 239Pu(n, 2n)) cross sections and neutron emis-
sion spectra of 239Pu+n interaction at EnX20 MeV. The correlations of the angular anisotropy of
PFNS with the relative contribution of the (n, nf) fission chance to the observed fission cross sec-
tion and angular anisotropy of pre-fission neutron emission are ascertained. The exclusive spectra
of 238,239,240,241,242Pu(n, xnf)1,..x, 238,239,240,241,242Pu (n, xn)1,..x and 240,241,242Pu(n, ny) re-
actions are calculated simultaneously with 238,239,240,241,242Pu(n, F) and 238,239,240,241,142Pu(n,
xn) cross sections with Hauser-Feshbach formalism, angular anisotropy of (n, nX)1 neutron emission
being included [1]. The influence of forward and backward emission of 241Pu(n, xnf) 1,..x pre-fission
neutrons on observed PFNS are predicted to be stronger than observed for PFNS of 239Pu(n, F) (see
Fig.). Calculated PFNS average energies are consistent with measured data up to the threshold of
240Pu(n, 2nf) reaction, at higher En sloping down of measured data remains unconfirmed [2].

<img src="https://indico.spbu.ru/event/1/attachments/2/54/eavpuall2025.png” width="200"
height="200">

1. Maslov V. M., Yadernaya Fizika, 2023, 86, No.5, pp. 562-604.

2. Maslov V. M,, Fizika Elementarnykh Chastits I Atomnogo Yadra, 2025, 56, No.1, pp. 88-121.
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Recent experimental and theoretical studies have shown that it is the clustering mechanism that
underlies the formation of various fission modes of heavy nuclei [1-4]. The ability to model locally
strong and Coulomb interactions of nucleons at the nuclear scale using a new distributed approach
and the development of high-performance computing allow a better understanding of the details of
the evolution of the cluster structure of heavy nuclei in fission process.

The emergence of the magic clusters within the fissioning nuclei and understanding the various
structures they create has been a long-standing area of study. In paper [5] a novel mathematical
model of nucleon clustering dynamics that explores networked multi-agent system technique was
proposed. Cluster stabilization in this framework corresponds to minimizing the Laplacian potential
of particles communication graph [6].

In this paper, we determine particle interaction according to the nearest neighbor rule [7]. Developed
algorithm is aimed at modelling the occurrence of collective nucleon aggregation due to short-range
mutual interaction taking into account the effect of coulomb interaction. Numerical simulations
were performed for ten nuclei in the actinide region.

1 H. Pasca, G.G. Adamian, N.V. Antonenko, Phys. Lett. B 864, 13944 (2025).
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Study of heavy-ion induced nuclear reactions has been an active area of investigation for last couple
of decades [1-3]. In the present work, the excitation function of fusion-evaporation residues popu-
lated through complete fusion (CF) and incomplete fusion (ICF) for 180 + 103Rh system are measured
in the energy range of 3 to 6 Mev/A. The off-line y-ray spectroscopy associated with high purity
HPGe Clover detector method was employed. The measured residual cross were analyzed with the
theoretical estimations from statistical model code PACE4 to understand the reaction mechanisms
involved in the low energy region. It has been observed that the measured excitation functions of
xn and pxn emission channels agree well with the theoretical predictions of PACE-4. Furthermore,
the measured excitation functions of a-emission channels are found to be significantly enhanced
over their theoretical predictions. The enhancement of cross-section values over theoretically ob-
tained may be assigned to incomplete fusion process. An attempt has also been made to evaluate
the incomplete fusion strength function for 180+103Rh and is compared with that obtained for the
160+103Rh system [4]. It has been found that two neutron excess projectile (180) contributes more
to incomplete fusion as compared to 160 projectile. The reason may be due to alpha-Q value of pro-
jectile. Moreover, a strong dependency of incomplete fusion fraction has been found with Coulomb
factor and mass asymmetry of interacting partners.
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Spontaneous ternary decay of the 2°2Cf was observed in series of experiments carried out in Flerov
Lab. of Nuclear Reactions, JINR [1-3]. In those experiments, the existence of a new type of ternary
decay in the reaction 235U(nth,f) and 252Cf(sf), namely collinear cluster tri-partition (CCT), was
reported. It is also observed that spontaneous fission products with the mass number around 120-
130 goes into secondary fission channel when they interact with the foil (Al, Cu, Pt).
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In this work, we develop a model for calculation of decay half-lives of spontaneous fission isomers,
formed in spontaneous ternary fission of 22Cf, in the Coulomb field of foil nucleus. Our model
is based on the TNS model, developed for description of ternary decay process of heavy nuclei [4].
The spontaneous fission isomers are treated as a dinuclear system, formed during the ternary decay
of 252Cf. The results of calculations show us that the decay half-life of dinuclear system strongly
effected by collective excitations caused by Coulomb field of foil nucleus.
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In heavy-ion induced reactions, the interaction mechanism is primarily governed by the projectile
beam energy and angular momentum (L) of the composite system. The collision of two heavy nuclei
can generate a significantly large reaction angular momentum. This is because heavy-ion projectile
beams (Z > 4) can transfer more L to the nucleus in a given reaction compared to light-ion beams.
Therefore, a fissioning nucleus can be produced through different projectile-target nuclei combina-
tions, but the reaction channel that has been carried out using the heaviest projectile beam will be
produced at comparatively higher angular momentum. In addition to excitation energy, the value of
L in a heavy-ion reaction also influences the valley of the potential energy surface (PES) of the fis-
sioning nucleus [1-4]. Therefore, an attempt has been made to produce a fissioning nucleus through
different entrance channels at similar excitation energies in order to investigate the role of entrance
channel angular momentum on different reaction mechanisms.

The experiments were performed at the Flerov Laboratory of Nuclear Reactions (FLNR), JINR, Russia,
using energetic beams of 10 and *®Ca delivered from the U400 cyclotron. The thin targets of 2°*Pb
and !76Yb were bombarded with the 160 and *®Ca beams, respectively at different beam energies to
produce the same fissioning nucleus, 224Th around the barrier from Ecp//Vp =~ 0.96 — 1.28. The
measurements of the reaction binary products were carried out by utilizing the double-arm time-of-
flight (TOF) spectrometer CORSET [5]. Assuming the conservation of mass of the composite system
of projectile and target, the double-velocity method was employed to determine the mass and energy
of the reaction products.

The Mass-Total Kinetic Energy (M-TKE) distributions of the primary binary fragments from 2?4Th
has been obtained from the two different reactions. However, the former reaction, 2°8Pb(160, f) is
expected to follow a purely CN fusion-fission process based on the charge product (Z;25) of the
reactions that is about 656 and 1400, respectively. Therefore, the Coulombic repulsion barrier is
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stronger in case of the heavy-ion reaction, 1"®Yb(*8Ca, f). The latter reaction is subject to signif-
icant influence of quasifission reaction mechanism in addition to fusion-fission process. Detailed
multimodal analysis has been carried out on the experimental mass and energy distributions of the
binary fissionlike fragments.
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The 238U(°*Cr,4n)?®8Lv and 242Pu(°°Ti,3-4n)?*%:289Ly reactions have been studied at the gas-filled
separator DGFRS-2 at the SHE Factory at Flerov Laboratory of Nuclear Reactions, Joint Institute
for Nuclear Research. Three new isotopes were discovered: two a-decaying nuclei 2**Lv with o-
particle energy E = 11.08 MeV and half-life T; /5 = 2.0 ms, 289Lv with E = 10.90 MeV, Ti/2 = 2.4 ms,
and granddaughter of 2**Lv, spontaneously fissioning ***Cn with T /, = 10 ps, which was observed
after the first registration of a decay of 284F] with E = 10.57 MéV. Besides, for the first time we
reliably registered the pxn channel of the 242Pu + 5°Ti reaction, which was not evidently observed
in the “8Ca-induced reactions in previous studies. The cross sections of the 3n and 4n channels of
the 242Pu + 5OTj reaction of 0.3270-3% pb and 0.2275-37 pb, respectively, were measured at excitation
energy of the 292Lv compound nucleus E* = 41 MeV. The cross section of the 4n-evaporation channel
of the 238U + 54Cr reaction, leading to the same compound nucleus, at E* = 42 MeV of 361“52 fb turned
out to be approximately 15 times lower than the total cross section of the ?42Pu + °°Ti reaction at
close excitation energy. Thus, for the first time, it was convincingly proved in an experiment that the
reactions of isotopes of actinide elements with °°Ti are an order of magnitude preferable to reactions
with 54Cr for the synthesis of new elements 119 and 120.
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Double-humped fission barrier and statistical mechanism of for-
mation of angular anisotropy of fission fragments

Authors: A.L. Barabanov'; A.S. Vorobyevz; 0.A. Shcherbakov?; L.A. Vaishnene?

! National Research Centre “Kurchatov Institute”

2 B.P. Konstantinov Petersburg Nuclear Physics Institute of National Research Centre “Kurchatov Institute”
Corresponding Author: a.lbarabanov@yandex.ru

Fission of heavy nuclei induced by neutrons of low and intermediate energies (up to 100 MeV) typi-
cally occurs at relatively low angular momentum. As a result, the anisotropy of the angular distribu-
tion of fission fragments with respect to the direction of the incident neutron’s motion is determined
by the distribution of the projection K of the spin of the fissioning nucleus onto the axis of deforma-
tion [1,2]. This distribution is formed at the fission barrier. At sufficiently high excitation energies
it is determined by a statistical mechanism [3] and depends on the deformation and temperature
of the nucleus. However, studies of angular anisotropy have been performed on a limited scale
due to experimental and theoretical difficulties. Therefore, in particular, the question of the role of
the inner and outer humps of the fission barrier in the formation of the distribution by K remains
unresolved.

In the last decade, our research group has performed measurements using a neutron time-of-flight
spectrometer integrated with the GNEIS neutron complex on a 1 GeV proton synchrocyclotron at
the Kurchatov Institute National Research Centre (Gatchina, PIAF). During these experiments, exten-
sive data sets were obtained on fission cross sections and angular distributions of fission fragments
in the energy range from low to intermediate. In addition, we have developed new methods for
interpreting the data obtained [4-6]. In this work, we demostrate that within the statistical model
framework, the angular distribution of fission fragments can be used to determine whether the inter-
nal or external hump of the fission barrier is responsible for the formation of the K quantum number
distribution.

1. A.Bohr. Int. Conf. on the Peaceful Uses of Atomic Energy, 1955. V. 2. United Nations, New York,
1956. P. 151.

2. AL. Barabanov, W.I. Furman. Z. Phys. A 357, 411 (1997).

3. R. Vandenbosch, J.R. Huizenga. Nuclear Fission. New York, Academic Press, Inc., 1973.

4. AS. Vorobyev et al. JETP Lett. 112, 323 (2020).

5. A.S. Vorobyev et al. Phys. Rev. C 108, 014621 (2023).

6. A.S. Vorobyev et al. Eur. Phys. J. A 60, 117 (2024).

Recent developments in Geant4 pre-compound and deexcitation
modules

Author: Nikita Chalyi'
Co-author: Vladimir Ivantchenko '
! Tomsk State University
Corresponding Author: nchalyi@mail.tsu.ru
The Geant4 [1-3] low energy nuclear models are used to simulate final states in hadron- and ion-

induced inelastic collisions with nuclei in high and moderate energy generators. The pre-compound
model [4] ensures a seamless transition from the kinetic reaction stage (governed by high energy
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inelastic interaction) to the equilibrium phase (described by statistical deexcitation models). The
deexcitation models [5] are responsible for sampling of the final state.

This contribution presents recent developments in the Geant4 pre-compound and de-excitation mod-
ules. These processes have a significant impact on hadronic shower development, energy deposition
profiles, and the performance of hadronic calorimeters. Presented results are based on the recent
Geant4 public release 11.3 and new developments for future release 11.4.

1. J. Allison et al., Nucl. Instrum. Meth. A 835, 186-225 (2016).

2. J. Allison et al., IEEE Trans. Nucl. Sci. 53, 270-278 (2006).

3. S. Agostinelli et al., Nucl. Instrum. Meth. A 506, 250-303 (2003).
4. KK. Gudima et al., Nucl. Phys. A 401, 329-361 (1983).

5. I Dostrovsky et al., Phys. Rev. 116(3), 683-702 (1959).

Recent experimental results on pre-compound emission reac-
tions at low energies

Author: Manoj Kumar Sharma’

! Department of Physics, University of Lucknow, Lucknow, 226007, Uttar Pradesh, India
Corresponding Author: manojamu76@gmail.com

The recent experimental results on the excitation function measurements for light particle emission
in several target nuclei of mass region A=159-185 with heavy ion (HI) beams (12C, 14N,160, and 19F)
at low energy below 5 MeV/nucleon are found in disagreement with the compound theory-based sta-
tistical models. This discrepancy between experimental data and statistical model predictions led to
the identification of the pre-compound (PCN) emission process in such reactions. The PCN emis-
sion is well recognised as an intermediate mechanism bridging the compound and direct reactions
in light ion (proton, deuteron and alpha) induced reactions at higher energies. The observation of
direct reaction mechanism with 12C, 14N,160 and 19F beams is scarce due to the dominance of the
breakup fusion (BUF) process at these energies.

Thus, the investigation of PCN emission in HI reactions is interesting at energies where the com-
pound nucleus mechanism dominates [1]. It is because of the fact that the extensive measurements
of the excitation functions for production residues carried out at the Variable Energy Cyclotron Cen-
tre (VECC), Kolkata, India with alpha-beam across a broad mass region A=59 and 187 [2-6] have
attracted attention recently in establishing PCN emission as a premier reaction dynamics. The re-
sults of recent investigations with alpha particle beams have achieved three key milestones in PCN
emission; (i) the development of mass-number dependence systematics for target nuclei (A=59-187)
[7], (ii) exploration of the target deformation effects [8], and (iii) significance of the shell structure
[8].

To achieve these milestones in HI reactions, the experiments have been conducted at the Inter-
University Accelerator Centre, New Delhi, India, to measure the recoil range distributions (RRDs)
and spin distributions (SDs) of a large number of residues produced in various target nuclei [9].
Analysis of the RRD and SD data revealed two distinct de-excitation patterns corresponding to the
PCN and CN processes, providing valuable insights into the low-energy reaction dynamics of HI col-
lisions. Nevertheless, the evidence of PCN emission at low energies (4-7 MeV/nucleon) highlights
the crucial role of angular momentum, which is well explained by the measurements of isomeric
cross-section ratio, establishing a huge PCN emission from the metastable state as compared to the
ground state. Further details of these measurements will be presented.

References:

1. Manoj Kumar Sharma et. al.,, Phys. Rev. C 91, 014603 (2015).
2. Manoj Kumar Sharma et al., Eur. Phys. J. A 31, 43 (2007).

3. Manoj Kumar Sharma et al., Eur. Phys. J. A 54, 205 (2018)
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. Manoj Kumar Sharma et al., Phys. Rev. C 98, 054607 (2018)

. Manoj Kumar Sharma et al., Phys. Rev. C 99, 014608 (2019).

. Manoj Kumar Sharma et al., Eur. Phys. J. A 56, 247 (2020).

. Manoj Kumar Sharma et al., Phys. Rev. C (Letters) 104, L031601 (2021).
. Manoj Kumar Sharma et al., Phys. Rev. C 110, 024613 (2024).

. Manoj Kumar Sharma et. al., Phys. Rev. C 94, 044617 (2016).
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Pe3ynbraTsr mogesupoBanus peaxkumi T(d,n)4He u D(d,n)3He c
ucrnoiab3oBanueM Geant4

Author: Anekcannp Ionromnonos’
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Corresponding Authors: dolgopolov211@mail.ru, vershininis@mail.ru

diekTpodu3NUecKue MCTOYHMUKY HENTPOHHOTO N3JIyueHMs Ha 0ase JIMHENHBIX YCKOpIUTeJel
3apsyKEeHHBIX YACTUIl SBIFIOTCA BaXHBIM MHCTPYMEHTOM COBpPEMEHHOIl 3KCIIepMMEHTAJIBLHOI
¢msuku. HeilTpoHHBIE TeHepaTOPHI MPUMEHIIOTCA MJIS [TOJNyUeHNs TAaKMX SIAEPHO PU3NUECKUX
JAHHBIX KaK MMKPOCKOIIMUYECKNE CeYeHNs B3aMMOMEVICTBYS, YPOBHM BO3OYKOEHUsS sfep M Ip.
ITpu aTOM, UEM TOUHee U3BECTEH SHEPTeTIYEeCKIIT CIIEKTP HeITPOHOB, UCITyCKaeMbIX TeHepaToOpoM
TEM TOUHee pe3yJIbTaT OL[eHKI MCCIENYeMOro saepHo-(pu3nueckoro napamerpa. B cBsi3u ¢ atum
aKTyaJIbHOI 3aJayell SIBJISIETCS pacueT SHEPreTIUYEecKOro CIeKTpa HEeNITPOHOB, 00pa3yroInxcs B
pe3yJibTaTe TepMOAAEPHBIX PeaKIIUiA.

OCHOBHOIT 0COOEHHOCTBIO pacueTa CIIeKTpa HeITPOHOB, obpasyommxcs B peakiusax T(d,n)4He n
D(d,n)3He B 00beMe MUIIIEHN HEMTPOHHOTO FeHEPATOPA, IBJISIETCS KOPPEKTHBI yUeT IMPOLIECCOB
TOPMOJKEHUS [eVITepus B BellleCTBe MUIIEHM (MUIIEHDb B OOJBIIMHCTBE CIyUaeB IIpeJCTaBIIgeT
co6oit ruapun TuTaHa). CyliecTByeT psif IAKETOB M IPOTpaMM Ui MOJENMPOBAaHMS IIPOIECCOB
TOPMOYKEHUS 3apsKeHHbIX uacTull B Bewectse (SRIM, MCNP, Geant4, PHITS, u np.).

B nacroseit pa6ore mopenuposanue peakunii T(d,n)4He n D(d,n)3He, a umenHo 60MGapaupoBKa
TUTAH-TPUTUEBON U TUTAH-TeNTepMeBOll MMIIeHell MAeliTpoHaMmU C 3Heprueir 160 k3B
BeIIONIHEHO MeTomoM Monte Kapino B mporpamme Geant4. IIpencraBiieHbl pe3ysbTaThl
pacuera sHepreTyeckux cnekrpoB DT u DD HelTpoHOB, BhLIETAIOINNX M3 TUTAH-TPUTUEBON 1
TUTaH-JelITepUeBOil MUIIIEHE COOTBETCTBEHHO, ITO pasHbIMM yriamu. IIpoBemeHO cpaBHeHUe
pe3yJIbTaTOB pacyeToB, oryueHHBIX B Geant4 u SRIM.

Isospin conserving model for the TTIK technique

Authors: Leonid Grigorenkolg Mishel Khirk!

Co-authors: Dmitriy Lanskoy ?; Pavel Sharov *

! Joint Institute for Nuclear Research

? Faculty of Physics, Lomonosov Moscow State University
Corresponding Authors: Igrigorenko@yandex.ru, mskhirk@jinr.ru

Neutron scattering by exotic nuclei is a class of reactions that cannot now be directly studied ex-
perimentally. Resonance proton scattering of exotic nuclide on a thick target in inverse kinematics
(TTIK) is an elegant and powerful experimental method that provides, an opportunity to infer the
properties of neutron scattering on exotic nuclei based on studies of observed isobaric-analog state
(IAS) in the 4 Z+p channel and using the isospin symmetry concept [1-6]. However, in recent decades
no attempt has been made to carry out a theoretical analysis of this technique, correctly using this
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concept of isospin symmetry.

To analyze and interpret the data from such experiments, we developed an isospin-conserving cou-
pled channel model (ICM) [7], which, unlike previously used models, takes into account the most im-
portant features of such scattering, namely: the connection between isobaric channels and dynamics
of the isospin structure of studied nuclear systems. In the framework of the developed model, which
explicitly conserve isospin, the example of the ®He+p system was used to illustrate how strongly
the mixing of isospin T = 3/2 and T = 5/2 can influence to the observable characteristics of “He
resonances, which have pure isospin T = 5/2. Also, calculations in this model for the case of nar-
row resonances predict qualitatively different phase shifts for the 8He+p resonances with dominant
isospins T = 5/2 and T = 3/2 with a very unusual profile for the T = 5/2 states. This model prediction
may be extremely important for the correct identification of the isospins of the observed resonances
in such experiments.

Using ICM model we gave another interpretation of the latest *He+p data obtained in the TTIK ex-
periment than that proposed in the work [5]. We also show that there may be more interpretations
and, if we want to achieve unambiguity in the interpretation of such experiments, it is necessary to
take into account the neutron emission channel.

1. V. Goldberg et al., JETP Lett. 67, 1013 (1998).

. G. V.Rogachev et al.,, Phys. Rev. C 67, 041603 (2003).

. G. V.Rogachev et al., Phys. Rev. Lett. 92, 232502 (2004).
. C.Hunt et al.,, Phys. Rev. C 102, 014615 (2020).

. E. Uberseder et al., Phys. Lett. B 754, 323 (2016).

. C. Hunt et al., Phys. Rev. C 108, L051606 (2023).
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Epnubni moaxon K ONMCAHMIO IPAMOTO M ABYXCTYIIEHUYATOTO
MEeXaHN3MOB B peaKAX Iepe3apAaaKu

Author: Bakbrrxan Ypas6exos'
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Corresponding Author: bakytzhan.urazbekov@gmail.com

B pmammHoit paboTe IIpefcTaBleH TeOPETMUECKMII aHauM3 peakuuyu obOMeHa 3apAgaMu
40Ca(180,18F)40K npu sHeprum 275 M»sB, BBINONTHEHHBIN B paMKax eJMHOTO IIOAXOHa,
YUMTBIBAIOIIETO0 KaK NpsiMoil MexaHm3M obmeHa Mesonamu (DME), Tak m AByXCTyneHUaThble
IIPOLIECCHI  Tlepefayy HYKJIOHOB (n—p U p—n). Vcnonbp3oBaH OGOpPHOBCKUII METONX
nckaxeHHbIx BonmH (DWBA), npu sTOM [l CTPYKTYpHBIX BXOMHBIX [JaHHBIX INPMMeHEHa
o6ooueyHas MOJEND C IEPEKPECTHBIMU MONENbHbIMMU IpocTpaHcTBamu p-sd u sd-pf oGomouexk.
IToTyMMKpPOCKONIMUECKNII ONTUYECKMUII IOTeHUMAaN, IIpeABapUTEbHO IIPOTECTUPOBAHHBIN Ha
YIPYTOM U HEYIIPYyroM PacCesTHNY, UCIIONIb30BAJIC IJIS OMMCAHNA B3aIMOAETICTBUIL.

B pacuérax yumThIBaJINCH IIEPEXOIbI K OCHOBHOMY I IIEPBBIM BO30YKIEHHBIM COCTOSHUAM SIEp-
MUIIEHN ¥ Sfep-uacTUil. PesysbraThl ITOKa3ajy, YTO OCHOBHON BKJIAJ B CEUEHMS peaxiiu
BHOCUT IIpSIMOII MexaHU3M oOMeHa Me30HaMM, 0COOeHHO B obiacTy Manbx yrinoB. OpHako
IBYXCTYIIEHUAThle MEXaHM3MbI TaK)Ke OKa3bIBAIOTCS 3HAUMMBIMM IIPY ONVCAHUM IIEPEXONOB K
PSRy BO30YKIXEHHBIX COCTOSHIIT, 0COOEHHO IIpY OOJBINNX YIVIaX PACCESTHIUS.

CpaBHeHUE C 3IKCIEPUMEHTAIBHBIMU TAHHBIMM IIOKA3aJI0 XOPOILIEee COOTBETCTBUE DPACUETOB
¢ HaONIOaeMbIMHU CEUEHUSMM, UTO IOATBEP/KNAET KOPPEKTHOCTh WCIIONb3YEMON MOJEINN.
[IpoBe€éHHBIN aHANNM3 NEMOHCTPUPYET Ba)KHOCTh KOMIUJIEKCHOTO TIIOXOMa K OIMCAHUIO
pPEaKLMOHHBIX MEXaHU3MOB U IIOATBEPKIAET MEPCIEKTUBHOCTh PACCMOTPEHHON peakLuu
IUIS TIOJIyUeHUs SAePHBIX MATPUUHBIX 3JIEMEHTOB, BAKHBIX IJI MHTEPIPETALMU IIPOLECCOB
Ge3HeNTPMHHOrO ABOTIHOrO 6era-pacnana (0v50).
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Nucleon-nucleon correlations in transfer reactions induced by
heavy ions

Author: Roberto Linares’
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Pairing is a key feature of the nucleon-nucleon (NN) interaction that leads to the characteristic
J™ = 0% of the nuclear ground state in even-even nuclei and the characteristic odd-even staggering
in the binding energies of nuclei.

In this contribution, I will discuss how the two-nucleon transfer reactions allow us to investigate
the properties of pair strength. The basic idea is that transfer cross sections are related to the pair
strength. However, the detailed mechanisms and the configuration mixing of single-particle states
impose serious difficulties. In this scenario, transfers induced by heavy ions offer a unique scenario
to treat nn, pp and pn pair transfers on the same theoretical footing. Moreover, its description in
terms of semi-classical approach allows interpretation of the experimental data in terms of transfer
probabilities. In particular, I will show measurements for 2p- and 1d-transfer in the 60 + 28Si system.
The 28Si nucleus is very suitable in this study because it is a N = Z nucleus with protons filling
the 1d5/; shell. Excitation energy spectra and transfer cross sections give some hints on the role of
pairing in the reaction mechanisms.

Acgvation meas%rements of multinucleon transfer cross sections
in **Ca+Au and *"Ca+Au reactions at energies near the Coulomb
barrier

Author: Aleksei Shakhov'

Co-authors: Aidos Azhibekov '; Sergey Lukyanov '

! Joint Institute of Nuclear Research, Dubna, Russia
Corresponding Author: vt34lu00@inbox.ru

In this work presents the results of activation measurements of the cross sections for the formation
of target-like fragments in multinucleon transfer (MNT) reactions in collisions of **Ca and *°Ca
nuclei with a 197 Au target nucleus at energies close to the Coulomb barrier. The main attention is
paid to the study of the effect of neutron excess in “3Ca on the characteristics of MNT reactions in
comparison with the 4°Ca isotope. The experiments were carried out by the method of activation
analysis followed by y-spectrometric determination of the cross sections of the reaction products [1].
The data obtained demonstrate differences in the probabilities of formation of target-like products
in reactions with *°Ca and #8Ca projectiles, which indicates a significant effect of neutron excess on
the dynamics of MNT processes near the Coulomb barrier. The presented results are compared with
theoretical calculations [2][3] and discussed in the context of the mechanisms of nucleon transfer
and the synthesis of neutron-rich nuclei [4].

Acknowledgements: This research has been funded by the Science Committee of the Ministry of
Science and Higher Education of the Republic of Kazakhstan (Grant No. AP19577048).

1. Yu.E. Penionzhkevich et al., Eur. Phys. J. A 31, 185 (2007);
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4. A. K. Azhibekov et al., Eur. Phys. J. A (2023) 59:278.
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Hot nuclei in collisions of light relativistic beams of the Nu-
clotron accelerator (JINR, Dubna) with a heavy target
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The study of the multifragmentation process gives experimental information about the nuclear spin-
odal region. The experiment has been performed with the 4pi-setup FASA [1], installed on the
external beam of the superconducting accelerator Nuclotron in Dubna.

The relative angle correlations of intermediate mass fragments have been studied for the 12C + Au
collisions at 22 GeV. Strong suppression at small angles is observed which is due to the Coulomb
repulsion of fragments. The experimental correlation function was compared to that obtained by
the multibody Coulomb trajectory calculations via intranuclear cascade (INC) [2] followed by the
statistical multifragmentation model (SMM) [3] with the various decay time of fragmenting system.
It is found that the average decay time of fragmenting system is less than 59 + 11 fm/c.

The kinetic energy spectra were measured and analyzed for d(4.4 GeV) + Au collisions. The analysis
has been done via INC+SMM model. It was found good agreement of measured and calculated ki-
netic energy spectra including a radial flow. The flow velocity of the system decreases as the charge
of fragment increases. It means that heavier fragments are formed predominantly in the interior of
the fragmenting nucleus.

The source characteristics of multifragmentation are investigated at interaction of gold target with
protons beam at 3.6 GeV. It was found that the system is at least in “kinetic equilibrium” prior to
fragment emission.

1. VV. Kirakosyan et al., Instr. and Exp. Techn. 51, No. 2, 159 (2008).
2. V.D. Toneev et al., Nucl. Phys. A 519, 463 (1990).

3. A.S. Botvina et al.,, Phys. of Atomic Nuclei 57, 628 (1994).

The search for unstable a-particle states in fragmentation of rel-
ativistic medium and heavy nuclei

Authors: Andrei Zaitsev!; Pavel Zarubin!

! JINR
Corresponding Author: zarubin@jinr.ru

Since the discovery of the nuclear component of cosmic rays, the nuclear emulsion (NTE) method
has been a powerful tool for studying the composition and fragmentation of relativistic nuclei at
high-energy accelerators. The potential of this approach was first demonstrated in the 1970s using
NTE layers exposed to beams of nuclei with energies of several GeV per nucleon, accelerated at the
JINR Synchrophasotron and the Bevalac (USA). Since the 2000s, the NTE method has been further
developed in the BECQUEREL experiment at the JINR Nuclotron, focusing on the cluster structure of
nuclei, including radioactive isotopes, and the search for unstable nuclear-molecular states. Thanks
to its exceptional sensitivity and spatial resolution, the NTE method provides a unified framework
for analyzing a wide range of final states resulting from the dissociation of relativistic nuclei. This
capability makes it particularly suitable for investigating exotic phenomena, such as the a-particle
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Bose-Einstein condensate (¢BEC), an unstable S-wave state of a-particles. For example, the short-
lived ®Be nucleus is interpreted as a 2aBEC, while the 12C(O;) excitation, known as the Hoyle state
(HS), is described as a 3aBEC. The study of such states is not only fundamental to nuclear physics
but also highly relevant to nuclear astrophysics.

By analyzing layers of NTE exposed to longitudinal beams of relativistic nuclei, it is possible to
determine the invariant mass of ensembles of produced a-particles using their emission angles under
the assumption of initial momentum conservation per nucleon. This approach has been successfully
applied to identify the decays of ®Be and the Hoyle state in nuclear fragmentation processes, based
on upper limits of the invariant mass [1]. Furthermore, it has been used to search for more complex
aoBEC states in the fragmentation of medium and heavy nuclei. In measurements of fragmentation
involving nuclei ranging from oxygen to gold at energies spanning several to tens of GeV per nucleon,
an increase in the probability of detecting ®Be has been observed as the number of associated a-
particles grows [2].The exotically large sizes and lifetimes of ®Be and the Hoyle state suggest a
possible mechanism for the synthesis of aBEC through the sequential coupling of a-particles: 2ac —
8Be, 8Be + v — 12C(02~+), 12C(O;L) +a— 160(03), and 28Be — 16O(OgL). However, the probability of
such processes decreases at each step due to the emission of y-quanta or recoil particles. This report
presents results on the contributions of #Be(07), ®Be(2%), 12C(05), 12C(37) [3], and the search for
the 1°0(0) - 4a-particle condensate state [4] in the fragmentation of relativistic medium and heavy
nuclei.
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Understanding the interaction between high-energy photons and atomic nuclei is essential for
exploring nuclear structure and reaction mechanisms. Advances in accelerator technology now
make it possible to simulate and analyze complex photonuclear processes under controlled
laboratory conditions, enabling researchers to study a wide range of isotopes, including terbium.

The current experimental study was performed at the LINAC-200 linear electron accelerator [1],
where bremsstrahlung gamma rays were produced using a tungsten converter (4.5 x 4.5 x 0.5 cm).
The accelerated electrons used in this experiment had an energy of 130 MeV. Terbium (Tb) samples,
with dimensions of 1.20 x 1.30 x 0.02 cm, were irradiated by placing them directly behind the
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converter.

The samples underwent irradiation for 15.5 minutes, with a pulse current of 50 mA. The pulse
frequency and width were set to 10 Hz and 2 ps, respectively. After irradiation, the gamma-ray
spectra of the Tb samples were measured using an HPGe detector. The recorded spectra were
processed utilizing the DEIMOS32 software [2].

From the spectra analysis, photoneutron and photoproton reactions were
identified, —as well as inelastic photon scattering. Experimental  yields
159Tb(’}/, = 1— 12)1587147Tb’ 159Tb(’y,pa:n; T = 5; 7; 9 — 13)153,151,1497145(;(1,
159Tb(’}/, 2p:17n; T = O, 1— 3; 5’ 7 — 12)1577154,152,1507145Eu and

59Th (y, om; = 1;3; 5 — 10)15%1548,154m1,152g,152m1,152m2,150g,150m1,149 - 145y, reactions

were measured at various bremsstrahlung end point energies and compared to theoretical values
predicted with TALYS-2.0 code [3].

References:

1. M.A. Nozdrin et al., Phys. Part. Nuclei Lett. 17, 600 (2020).
2. J. Frana., J. Radioanal. Nucl. Chem. 257, 583 (2003).
3. AJ.Koning et al., Nuclear Data Sheets 155, 1 (2019).
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IKCIlepUMEeHTAIbHOE UCCieqoBanue (OTOSOEPHBIX pPeakiuil Ha CPeOHMX U TSDKENBIX SApax
IT03BOJIET M3yUaTh OCOOEHHOCTH BO30OYKIEHMs U paciaa IMIaHTCKOI0 QUIIOJIBHOTO pe30oHaHca
(TAP). Must mccimemoBaHus ObLINM BBIOPAHBI UeTHBIE 0 IPOTOHAM XMMUYECKIE 3JIEMEHTHI: 3pOmit
(Z=68), nucniposuit (Z=66), namnanuit (Z=46), monubnen (Z=42). OHU UMEIOT HOBOJIHHO MHOTO
CTaOMJIBHBIX M30TOIIOB, UTO ITO3BOJIET IMPOCIENUTH M3MeHeHMe cedeHNII (OTOHYKIOHHBIX
peaxiuit B 3aBUCKMOCTI OT MacCOBOro umcia. IlojyueHue BBIXOHOB U ceueHUiT (POTOSIEPHBIX
peaxuuy Ha CpeJHUX U TSDKENbIX sIpaxX TaKKe MMeeT BaKHOe 3HaueHue Ui 3aJad HapaboTKu
MEIVIMHCKUX WM30TOIOB, SIAEPHON acTpodM3MKN, CO3MAHUS MCTOUHUKOB HENTPOHOB U T.H.
Usotomsr '96Ho, 151Tb, 19°Rh, Mo (°*™Tc) cunrarorcs MepPCIIeKTUBHBIMMI IJIs AMATHOCTUKM U
JleueHVsI PasIMUHbIX 3a00JIeBaHMIL, II09TOMY B HACTOSIIEe BPEMS pACCMaTPUBAETCS BO3MOKHOCTh
HapabOTKM HAHHBIX HYKJIMIOB Ha YCKOPUTENAX 3JeKTPOHOB (oTosgepHBIM MeromoMm. [lis
TAKOTO CII0C00a IOIyYeHNs PagoM30TOI0OB HEOOXOAUMO 3HATh BBIXOIbI PEAKI[IIL, IIPMBOMSIIIIX
K 00pasoBaHUIO HE TOJIBKO L[EJIEBOTO, HO M IOOOUHBIX M30TONOB. B obmactu actpodusukm
MHTEpeC NPEeACTABIAIOT N30TOIBI 164y 162Ey 158Dy, 156Dy, 102pg, 94 Mo, 92Mo. OnHu oTHOCITCS
K TpyIiie o60qeHHbIX Aep, COAepKaHe KOTOPhIX BO BceleHHO Helb3st OImmcarh IpoleccaMu
MeIJIEHHOTO ¥ ObICTPOro 3axBaTa HeUTpoHOB. OXHUM M3 BapMaHTOB 00pa3s0OBaHMI TaKUX
M30TOIIOB ABISIOTCS ¢orosaepHble peakumyu. ORHAKO IS OLEHKU CKOPOCTel 00pa3oBaHMS 1
pacnama o60JieHHbIX sep He0OXOAMMO C BBICOKOJ TOUHOCTHIO 3HATh ceueHMs (POTOHYKIOHHBIX
peaxuuii Ha STUX U30TOIaX.

B mHacrosmgeit paboTe s 3KCIEPUMEHTAIBHOIO MCCIETOBaHMSI (POTONPOTOHHBIX U
(bOTOHEITPOHHBIX peaKLVIl JICIIOIh30BAJIACh FaMMa-aKTUBALMOHHasI MeToauKa [1]. Muienn
€CTeCTBEHHOTO M30TOIIHOTO COCTaBa M3 3pOusi, UICIIPO3ns, ajuiagusi 1 MoaubaeHa o0IyJdanch
IIyUKOM TOPMO3HBIX 7Y-KBaHTOB OT MMIIyJIbCHOTO pa3pesHoro MukxporpoHa HHUWA® MIY
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C 9Heprmeil 31eKTpoHOB 55 MsB [2]. CmexTpsl HaBeJeHHOJ aKTMBHOCTM OBLIM M3MeEpPEHBI
Ha J[eTeKTope u3 cBepxumcroro repmanms Canberra GC3019. UWpentudmkaums mM30TOIOB,
00pasoBaBIIUXCA B pe3ysbraTe (OTOSHEPHBIX PEAKLUIl, IPOBOAMIACH C IIOMOLIBIO AHAIN3A
9HEPIMil ~y-KBAaHTOB ¥ IIEPMONOB IIOJNypaclajfa M30TOIOB, IIOJNYYEHHBIX B pe3yJbTare
AIIIPOKCUMALAN 3aBUCUMOCTI VIHTEHCUBHOCTY (POTOIIMIKOB OT BpeMeHU. IKCIepyMeHTalIbHbIE
BBIXOABI pEaKLMil PACCUMTHIBAIICH I10 IUIOMIANIM (OTOIMKOB B CIIEKTpaXx OCTaTOYHOII
AKTUBHOCTM C YYETOM MEPTBOTO BPEMEHM [ETEKTOpa, Apeiida MHTEHCUBHOCTU IIyUKa Y-
KBAaHTOB BO BpeMs U3MEPEHMs U pPAasIMUYHBIX KAHAJIOB 0OpasoBaHUS KOHEUHOTO M30TOIA.
OKCIlepMMEeHTAIbHBIE BBIXOAbl CPAaBHMBAINUCH C MAaHHBIMU, IIOJYYEHHBIMU Ha OCHOBE
KOMOMHUpPOBaHHOI Momenu GoroHykIoHHBIX peakiuit (KM®P) [3,4] u mo nporpamme TALYS
[5]. PesynpraTsl cpaBHEHUS YKa3bIBAIOT Ha HEOOXOMMMOCTD yueTa M30CIHUHOBOIO PACIEIIEHS
['[IP, kBagpymoJIbHOTO pe3oHaHca u obepToHa ['[IP miIst KOPPEKTHOTro OmmcaHms (GpOTOAIEPHBIX
peakumit Ha U30TOaxX spOus, AUCIPO3s, MAIAANS Y MOIIOIEHA.

1. S. Belyshev, A. Ermakov, B. Ishkhanov et al. Nucl. Inst. Meth. A, 745, 133-137 (2014).

2. AH. Epmaxos, B.C. Mmxanos, B.B. Xaukus n gp. [Ipn6Gops! 1 TeXHMKA IKCIIEPUMEHTA, 2, 20-37
(2018).

3. B.C. Uuixauos, B.H. Opnun. fAnepuas ¢usmxa, 74(1), 21-41 (2011).
4. B.C. Nuixanos, B.H. Opanun. fAnepuas ¢pusuka, 78(7-8), 601-617 (2015).
5. A.Koning, S. Hilaire, S. Goriely. Eur. Phys. J. A, 59, 131 (2023).
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New cross sections of photoneutron reactions 52C7r(v,2n)5°Cr, %®Zn(vy,1n)%"Zn and
68 Zn(v,2n)%Zn not determined before experimentally were obtained at the first time us-
ing the experimental-theoretical method for evaluation of photoneutron partial reaction
cross-section meeting physical criteria of reliability method [1]. This method was proposed
to solve the problem of significant disagreements between the results of experiments carried out
using the beams of quasimonoenergetic annihilation photons and the method for photoneutron
multiplicity sorting based on measured neutron energies [2]. Partial reaction cross sections
oal(y, in) = FIeor x g (y,xn) for ®2Cr and %8Zn, were evaluated using the experimental
yield cross sections o°*P(y,xn) = o*P(v,1n) + 20°%P(y,2n) + 30°*P(~y,3n) and the ratios
Ftheor — gtheor (y in) /otheor (v xn) calculated for i = 1,2, 3 in Combined photonuclear reaction
model (CPNRM) [3]. The published cross sections o (7, sn) = o(v, 1n) + o(v,2n) and o (v, 1n) for
52Cr [4] and o (7, xn) for 8Zn [5] obtained on the beams of bremsstrahlung were used.

It was found that cross sections of reactions 52C7(7, 1n)5'Cr and 68Zn(~,1n)%" Zn obtained
before using the method of introducing statistical theory corrections to the yield cross-section
o°P(y,zn) are significantly underestimated, but those of reactions 52Cr(v,2n)%9Cr and
68 Zn(v,2n)% Zn overestimated in comparison with evaluated ones and therefore both do not
meet physical criteria [6]. The reason is that at photon energies where reactions (v, 1n) and (v, 2n)
compete with each other, the statistical evaporation model became less accurate because processes
of the pre-equilibrium decay of a composite system become more important. The CPNRM [3] used
in the evaluation method [1] is free from those shortcomings.

New data for cross sections of reactions *2Cr(v, 1n)5*Cr, >2Cr(v,2n)*°Cr, ®Zn(y,1n)"Zn
and %8 Zn(v, 2n)% Zn [6,7] were evaluated in accordance with reliability criteria [1].

1. V.V. Varlamov et al.,, Bull. Rus. Acad. Sci. 74, 883 (2010).
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JKcIepuMeHTAIbHBIE NccIeqoBaHUs GoTOoAEeIeHUSA 2807 u 22Th
Ha TOPMO3HBIX M KBa3sMIMOHOXPOMATHMUECKUX IyYKaxX ramMma-
KBaHTOB.
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SAnepHble maHHBIe O B3aMMOMEIICTBMM TaMMAa-KBAHTOB C TSDKEJNBIMU SApPaMU HeOOXOIMMBI
IUI1 pellleHMs OOJBIIOrO YMCJIA IPUKIATHBIX ¥ (YHOAMEHTAIbHBIX 3ajad. Ceuennus
(bOTOHENTPOHHBIX peakuuil ¥ peakumy GOTOHEJIeHMS MWCIONB3YIOTCA IIpM  paspaboTke
HeMITPOHHBIX JICTOYHNMKOB MJI IIOOKPMTUYHBIX CHUCTEM, a TakkKe III pas3paboTKM CHUCTeM
TpPaHMYyTallM SAEPHBIX OTXOMOB, CO3[aHMA IIyYKOB paJAMOAKTUBHBIX s7ep, IIOJIydeHuUs
9K30TMUECKUX  sIfep  (BBICOKOCIIMHOBBIX  M30MEpOB, CIJIBHOHETPOHOM30bITOUHBIX
agep, CUWIbHOAe(OPMUPOBAHHBIX —f1ep). ITH [JaHHBIE MCIOJL3YIOTCA TIPM pacueTax
PacIpoCTpaHEeHHOCTM HeIITPOHOM3OBITOUHBIX fAnep, OOpasyIoINMXcA B pe3yJbTaTe B3pbIBa
cBepxHOBBIX. HOBBIe AepHbIe TaHHBIe HEOOXOOMMBI TaKKe NI M3yUeHUA CTPYKTYPhI aTOMHBIX
A1ep U MPOBepKI IIPeAIIONIOXKEeHNI 0 6apbepe JesleHN.

IIpefcTaBIeHb! pe3yJbTaThl IKCIIEPUMEHTANBHBIX McclenoBanmit poromenerus 238U u 232Th
Ha TOPMO3HOM IIyuKe raMMa-KBaHTOB, BBIIIOJIHEHHBIE Ha pa3pesHoM MMKpOTpoHe PM55
HUVAP MIY, a Takke pesyibTaTbl CpaBHeHHS ¢ 6ojlee paHHMMM paboTaMy, B TOM UHCIe Ha
KBa3MMOHOXPOMATIMUYECKNX ITyUKax raMMa-KBaHTOB. [IpemcTaBiieHbI BO3SMOKHBIE 9KCIIEPUMEHTHI
II0 MCccIeqoBaHUI0 (OTONeNeHNS Ha CTPOAINEMCA MCTOUHMKE KOMIITOHOBCKOTO W3JTy4YeHMS
HaIlMOHAJBHOrO IleHTpa ¢(umsukyu u MaTemaruku B T. Capos [1]. Ilomumo mccremoBaHums
3apsOBBIX, MACCOBBIX M YTIJIOBBIX XapaKTEPUCTUK IIPOAYKTOB (POTOMENeHNs, CIIeKTpalbHbIE
XapaKkTepUCTUKM Iydka ramMma-kBaHToB MKW HII®M mnosBondooT mcciaemoBaTh OTHAeIbHBIE
PEe30HAHCHI BO BTOPOM M TpeTbeM MIHIMYMax 6apbepa HeJeHMH.

BrlmosiHeHME HacTOSIIE PaboThI OBLIO MOANEP;KAHO B paMKax IpoekTa HanmoHanpHOro 1eHTpa
¢usuku u marematuku (HII®M) Ne 6 «mepHas u pagmauumoHHas (U3MKa», HAMpaBJIEHIE
6.5.1.

[1] JI.B. I'puropenxo u np. // ®usmar. T.1, Ne3-4. C.123-254 (2024)
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Photonuclear reactions on cobalt and yttrium
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Relative yields of photonuclear reactions on 59Co and 89Y were measured with the beam of
bremsstrahlung y-radiation at the energies of 40-130 MeV. The experiments were performed with
the beam from the electron linear accelerator LINAC-200 using the y-activation techniques. The
theoretical relative yields were calculated by using the computer code TALYS-2.0 [1] with different
models of the strength function.

Obtained relative yields of the 59Co(y,xn; x=1-4)58-55Co, 59Co(y, 2pxn; x=1-5)56-52Mn, and 59Co(y,
3pxn; x=5-7)51,49Cr reactions along with the literature data are found to be in good agreement with
the simulated values [2]. The relative yields for reactions producing 54,52g,52mMn and 49,51Cr
are not constantly increasing functions. This is due to the fact that in the initial energy region the
main channels for the formation of the 54,52g,52mMn and 49,51Cr isotopes are reactions with the
emission of an a-particle. Near the energies of reaction threshold, the 59Co(y, xn2p)54,52g,52mMn
and 59Co(y, xn3p)49,51Cr reactions are accompanied with the release of alpha-particles and thus it
cross sections decrease. The experimentally obtained isomeric ratio for the pairs 52m,gMn at the
bremsstrahlung end-point energies of 80-130 MeV complement the missing experimental data in
the literature.

Experimental yields of the 89Y(y,xn; x = 1-5)84m,85g,85m,86g,86m,87g,87mY, 89Y(y,pxn; x =
1-5)83m+g,87mSr and 89Y(y, axn; x = 1-4)81m+g,82m,83,84g,84mRb reactions were compared
to theoretical values predicted with TALYS-2.0. The relative yields for processes generating
81m+g,82m,83,84g,84mRb do not show a consistent increase. In the initial energy range, the principal
routes for forming the 81m+g,82m,83,84g,84mRb isotopes involve processes that produce a-particles,
resulting in this variety. Near the reaction threshold energies, the 81m+g,82m,83,84g,84mRb reac-
tions produce a-particles, decreasing their cross section. The experimentally obtained isomeric ratio
for the pairs 87m,gY, 86m,gY, 85m,gY and 84m,gRb at the bremsstrahlung end-point energies of
40-130 MeV complement the missing experimental data in the literatures.

REFERENCES
1. A. Koning. TALYS-1.96: A Nuclear Reaction Program, User Manual, 2021.
2. F.A. Rasulova et. al., Chinese Physics C, 48, 114002 (2024).
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Menpumuuckre msoronsl penus (186Re, 188Re, 189Re) - mepcreKTUBHBIE PAIMOHYKIUIBI IS
JICTIOJIB30BAHUS B CPaBHUTEIBHO HOBOM MeTOMe SAEepPHONM MeAMIIMHE «TepaHOCTUKe». B

Hacrosllee BpeMsa 186Re mosyuaroT B peakuuu 185Re(n, y)186Re U3 MIUIIEeHeN, 000oralieHHbBIX
185Re, opmHAKO IIpM WCHOJB30BAHMM TAKOTO IIOAXOHA, CJIOXKHO HOOMTHCS BBICOKOI
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PamMOHYKIMIHON UMCTOTEI 3T0ro usoroma. OCHOBHBIM croco6oMm mmoiyueHus 188Re sBisgercs
pamuMOHyKIMAHBIN TeHeparop 188W-—188Re.  IlockonbKy IIpMpORHBIN BONbGPaM COCTOUT
M3 YeThIpeX M3OTOIIOB,MJIA IIOJIy4eHMS POOMTENBLCKOro pamgmomsoroma 188W BombdpamMoBble
MuireHy, oboraifeHHsle M0 186W, MCIONB3YIOTCS B peakUMSX JBOJHOTO 3axBaTa HEJITPOHOB
[186W(n, Y)187W(n, Y)188W] c moCiIemyroIUMM TepMOXpOMAaTOrpaduuecKuM BBIgeIeHIEM
188Re. B cBA3M €O CIIOKHOCTBIO M HOPOroBM3HOM nosiydeHmus 186Re m 188Re peakTopHBIM
METOJOM CYLLECTByeT aKTyaJbHasd 3aJjaua B IIOVICKe aIbTePHATMBHBIX CIIOCOOOB ITOJyUEHMS ITUX
MepPCIeKTUBHBIX MeAUUMHCKIX PagfOM30TOIIOB.

B pabote mccieqoBaHo BO30OyXKOeHIE PagMOAKTUBHBIX SAep M30TOIOB peHMs B (HOTOSOEPHBIX
peakuusax ¢ BbUIETOM ITPOTOHOB Ha MUIIEHAX €CTECTBEHHOIO OCMUS NPY T'PaHMYHON SHEPTUU
TOPMO3HOr0 M3nyueHus 23 u 55 MaB. B raMmMa-crekTpax Hafe)XKHO MAeHTU(PUIMPOBAHBI TaMMa-
Iepexonpl, CONyTcTByoIMe pacriany 186Re, 188Re u 189Re u mosyueHbI cpeiHeB3BeIlIEHHBIE 10
TTOTOKY TOPMO3HOTO M3JyUeHMs ceueHMs peaKuuit. [I1g TOpMO3HOTo M3IydeHUs C TPAaHMUHOIM
sHeprueii 23 MaB onu oxasanuch paBHbIMHU: ocp(186Re) = 2.4+0.8 MkOH, ocp(188Re) = 0.4+0.2
MKOH u ocp(189Re) = 1.840.6 MKOH. [[11 TOPMO3HOTO UBJIYUEHUs C FPAHMYHON IHEpruein 55
MsB onm okasanuchk paBHbIMI: ocp(186Re) =0.082+0.008, ocp(188Re) = 0.24+0.02 u ocp(189Re) =
0.88+0.09. ITosyueHHbIe pe3yJbTaThl 00CyKaaroTcs. VcciremoBaHue BBIIIOIHEHO IIPU IIOAAEPKKe
rpanTa Poccuiickoro Hayunoro gouna (mpoekt Ne 24-25-00249).

Single ionization of helium atom by 75 keV protons
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The report is devoted to unique recent experiments on measuring the fully differential cross sec-
tion of the reaction p+He -> p+e+He+ at a proton energy of 75 keV and low energy transfer to the
atom. The presented theoretical and numerical calculations show the important role of the pickup
mechanism
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B Hacrosieit paboTe IIpefCTaBIEHBI pPe3yJbTAThl 3KCIIEPUMEHTAIBHOTO VICCIENOBaHMS
BO3GYKIeHMs M30MepHBIX cocTosumit maotormos 19%197Hg u 198.200Ay  o6pasosammbIX B
($oTOAMEPHBIX peaKIVAX Ha IPUPOLHON CMeCH M30TOIIOB PTYTU IIOX [JEJICTBMEM TOPMO3HOTO
M3JIy4YeHNUs C MaKCUMaJIbHOM 3Heprumeil 55 MaB. MsMmepeHns NpoBOAMINCH aKTUBAIMIOHHBIM

Page 90



LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... /Book of Abstracts

meronoM [1] Ha yckopurtene snextpoHoB PM-55 HUVA® MIY [2]. M3omepHble OTHOLIEHWUS
OIIpeNeNATINCh KaK OTHOLIIEHNE BBIXOOB KOHEUHBIX IPOIYKTOB B M30MEPHOM (M) ¥ OCHOBHOM (g)
COCTOSTHUSAX:

IR=Y,,/Y,.

IIpoBemeH CUCTEMATUUECKUII aHAINS 3aBUCUMOCTEN MApUMAIbHBIX BBIXOMOB OT ABYX CIIMHOBBIX
[apaMeTPOB, XapaKTEPU3YIOIINX IUHAMUKY [EPEHOCA MOMEHTA B SIEPHBIX PEAKUUSIX: MOMYJIS
PasHOCTM CIIMHOB IIPOAYKTA M MULIEHN

lvertl, — I}

rvert ¥ KBAHTOBO-MEXAHUUYECKOTO CIIMHOBOTO neduumra

lvertl,(Ip +1) — (I + 1)

rvert [3]. Mcnonb3oBaHme MapaMeTpa, yYUTHIBAIOLIETO KBAIPAT CIMHOBOTO MOMEHTA, YMEHBIIIAET
pasbpoc sKCIepUMEHTATIBHBIX TOUEK IO CPABHEHUIO C TIPOCTOI PasHOCThIO criHOB. Habmromaercst
yeTKass KOppealMs MEXKIY MapUUaIbHBIMU BbBIXOJAMU M30MEPHOro (m) M OCHOBHOTO (g)
cocrostumit (Y /Y;ot) U BBeJEHHBIM CIMHOBBIM IIApPaMETPOM, AEMOHCTPUPYIOIUAS IIOJABIIEHIE
00pasoBaHMsl BBICOKOCIIMHOBBIX COCTOSTHUIL. TeopeTuuecKue pacueTsl, BBHITOJHEHHBIE C
mcnonb3oBanueM koma TALYS [4] muist pspa TsKebIX MUILIEHET, TPENOCTABIIIN CPABHUTEIBHYO
OCHOBY IJIs1 HAOIOIaeMBIX 3aKOHOMEPHOCTEI.

Ha ocHOBe 9KCIIepMMeHTANBHBIX JAHHBIX IIOMydYeHa napadonuueckas 3aBucumocts (g(Y /Yio) =
1 + BAI + CAI?. 9ra 3aBUCUMOCTb OTPaKaeT CYIIeCTBEHHBI BKJIAJ CIIMHOBBIX 3pbEeKTOB B
MeXaHU3M 00pa30BaHMI U30MEPHBIX COCTOSHUI.

1. S.S. Belyshev, AN. Ermakov, B.S. Ishkhanov et al., Nucl. Instrum. Methods Phys. Res., Sect. A
745, 133 (2014).

2. AN. Ermakov, B.S. Ishkhanov, A.N. Kamanin et al, Instrum. Exp. Tech. 61, 173 (2018).
3. S.A.Karamian, Phys. At. Nucl. 76, 1437-1444 (2013).
4. A.Koning, S. Hilaire, S. Goriely, Eur. Phys. J. A 59, 131 (2023).

YuusepcanbHas AN POKCUMAIM S ceueHNs peaxm
doToneneHus
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Ilpy MOmeNMpOBAaHMM 3IEKTPOMATHNUTHBIX IIpoIleccoB (orosgepubiMu  peakmuamu  ((Y,
1n), (y, 2n)...) uyacTo mpeHeGperarT, IOCKOJIbKY (QOTOSIEPHBIE CEUEHNs COMOCTABUMBI C
9JIEKTPOMATHUTHBIMY Y-B3aMMOJECTBUSIMY TOJNBKO B O00JNaCTM THTAHTCKOTO IUIIOJIBHOTO
pesoHanca. OfHAKO siiepHBbIE IPOLECCHI CIIOCOOHBI ITOIJIOTUTE Y-KBAHThI 3HAYMTEIBHO GOJIBbIIIEN
SHEPIUM, YeM aTOMHBIE T€KTPOMArHUTHBIE IIPOLECCHI, TI09TOMY B psie 3afau MOIEINPOBAHIIIL
yuét POoTOAAEPHBIX IIPOIIECCOB MMeeT pelllaolliee 3HaueHMe. [[pyruM CyleCTBeHHBIM OTIINYIEM
GboTOAEpHBIX pEAKIWII OT AaTOMHBIX 3JIE€KTPOMArHUTHBIX PEAKLMIl SIBJISETCS TIeHeparys
IIPOHMKAIOIIIETO HeIITPOHHOTO M3IydeHus. [ TSHKENBIX Saep CTAHOBSATCS CYILEeCTBEHHBIMI He
TOJIBKO (pOTOSAepHbIe peaKIuu, HO U peakuuu ¢orogenerus (o(y, f)), B KOTOpbIX reHepUpyIOTCS
OCKOJIKM JIeJIEHUS C HOCTATOUHO BBICOKOI 3Heprueit. [isi CpefHMX simep IIOPOTr (OTOSTEPHBIX
peakiyil yBeI4MBaeTcsi 110 Mepe CHIDKeHMS aTOMHOTO HOMepa. B pa6oTe mpoBeméH aHaIms
COTEH 9KCIIePUMEHTAIBHBIX PabOT 110 M3MepPEeHIIO CEUeHMIT peakiyuy GoToqeIeHNs I AeCITKax
M30TOIOB OT TUTAHA [0 THKENBIX aKTMHUAOB. PaspaboraHa obluas ImapaMeTpusanus CeueHMIt
doTomeneHNsT € 3aBUCUMOCTHI0 KO3((UIIMEHTOB AalIlIPOKCHMMAaUNUM OT aTOMHOIO HOMepa U
aTOMHOTO Beca M30TOIIa, KOTOpas IIO3BOJISLET MCIIONH30BAaTh BCE SKCIIEPMMEHTAlbHbIe NaHHBIE
IUISL YTOUHEHMs SHEPreTHUECKOil 3aBUCHMOCTM CeueHNs (OTONeNeHNs Ui KOHKPETHOTO
M30TOIIA.
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OOpa3oBaHue BO30Y)XZIEHHBIX SAAEepP BO B3aNMOJEVICTBUM

OBICTPHIX HENTPOHOB C SAPOM 10 IpM 3SHEPTUM CBBIIIe
1 M>B

Author: Cranncias [Torares’

1 1 1

Co-authors: Anexcannp Kacmapos
1

; Bacyomit ITonomapes *; Esrenmit Ilepmsaxos '; Cepreit Kapaesckmit

' M PAH
Corresponding Author: potashev@inr.ru

BBINONIHEHO 9KCIIEPUMEHTAIBHOE U PACUETHOE WCCIeNOBaHMe O0pa3oBaHUSI BO30OYIKIEHHBIX
COCTOSIHUIA Aziep "Li* u 8Be* Bo B3aMMomeiicTBUI OBICTPBIX HETPOHOB C SIAPOM 108 IIpY 3HEPTUU
cBbile 1 MaB, conpoBoKaaroimxcd BBIJIETOM fAep 3H u *He. IKcrepuMeHTAIbHbIe JaHHBIE
CpaBHMBAIOTCA C BeJIMUMHAMIU MOHU3ALVOHHBIX IIOTEPh AEeP-CIIEKTaTOPOB 3H u “He B rasossIx
CJI0AX TNO3MUI[MOHHO-UYBCTBUTEIBHOIO MHOTOIIPOBOJIOUYHOI'O MAETEKTOpAa C UYYBCTBUTEIBHBIMU
pasmepamn 50x50 MM? ¢ OBYMS CJIOSIMU 108 VIS MaeHTUUKALNN UCCIEAYEMbIX PeaKIn 1
yBennueHus 3PeKTUBHOCTI.

On studying decays of E1 giant resonance in heavy nuclei with
neutron emission under y-quanta from Compton backscatter-
ing

Author: Leonid Dzhilavyan'

Co-authors: Alexander Kuznetsov ?; Alexander Lapik '; Andrey Polonski '; Arthur Rusakov '; Sergey Belyshev *;
Vasiliy Shvedunov *; Vladimir Varlamov *

! Institute for Nuclear Research of RAS

* Lomonosov Moscow State University; Skobeltsyn Nuclear Physics Institute LMSU
* Lomonosov Moscow State University (LMSU)

* Skobelltsyn Nuclear Physics Institute LMSU

Corresponding Author: nucleus009@mail.ru

There were considered in [1-3] some issues of experimental study of photonuclear reactions under
y-quanta with energies Ey in the region of excitation of E1 giant resonance in atomic nuclei with
spectrometry of emitted fast neutrons for the y-source from collimated Compton backscattering at
the National Center for Physics and Mathematics (NCPhM, Sarov, Russia [4]). In this report for
heavy nuclei, including actinides, the following were analyzed:

« main possible partial photonuclear reactions in pointed out nuclei with neutron emission occurring
at Ey < 20 MeV [5, 6];

« parameters of the collimated y-sources with Ey < 20 MeV from collimated Compton backward scat-
tering High Intensity y-ray Source (HIyS, Durham, USA [7]) and NCPhM in its several variants [2,
3]s

« characteristics of the multi-channel neutron spectrometer proposed for NCPhM [2, 3];

« opportunities of conducting photoneutron experiments with measurements of multiplicity, as
well as energy and time distributions of neutrons produced in heavy nuclei, including actinides,
at NCPhM y-sources with proposed in [2, 3] the scintillation spectrometer of fast neutrons which
uses both amplitude and time-of-flight data.

S.S.Belyshev et al. Moscow Univ.Phys.Bull. 2023. V.78. No.3, P.284.
A.M.Lapik et al. Bull.Russ.Acad.Sci.Phys. 2024, V.88. No.8. P.1191.
S.S.Belyshev et al. Moscow Univ. Phys. Bull. 2025. V.80. No.3.
L.V.Grigorenko et al. FIZMAT, 2023, V.3-4. P.1 (in russian).
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5. S.S.Dietrich, B.L.Berman. At.Data Nucl.Data Tables 1988. V.38, P.199.
6. V.V.Varlamov et al. Report INDC(NDS)-394 (IAEA, Vienna, Austria, 1999).
7. H.R.Weller et al. Progr.Part.Nucl.Phys. 2009, V.62. P.257.

On optimization of (y, n 0; 1; 2)- experiments with the proposed
neutron spectrometer at national center for physics and mathe-
matics

Author: Leonid Dzhilavyan'

Co-authors: Alexander Kuznetsov *; Alexander Lapik '; Andrey Polonski '; Arthur Rusakov '; Sergey Belyshev *;
Vasiliy Shvedunov *; Vladimir Varlamov *
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? Lomonosov Moscow State University; Skobeltsyn Nuclear Physics Institute LMSU
* Lomonosov Moscow State University

* Skobelltsyn Nuclear Physics Institute LMSU

Corresponding Author: nucleus009@mail.ru

For y-quantum energies in the region of E1 giant resonance in atomic nuclei, there were analyzed:
« requirements for (y, n 0;1;2)-experiments with fast neutron spectrometry on the base of results of
the works [1, 2];

« parameters of y-sources from Compton backscattering High Intensity y-ray Source (HIyS, Durham,
USA [3]) and National Center for Physics and Mathematics (NCPhM, Sarov, Russia [4-6]);

« characteristics of the neutron spectrometer proposed for NCPhM [5, 6];

« principles of one-dimensional time-coordinate compensation for neutron spectrometer scintillators
[7, 8].

Initial experiments have been carried out using the one-dimensional time-coordinate compensation
method [7, 8] to investigate the possibilities of improving the efficiency and resolution of the fast
neutron scintillation spectrometer proposed in [5, 6], which provides both amplitude and time-of-

flight data.

.K.Sherman et al. Phys.Rev.Lett. 1975, V.35. P.1215.

.Verbitsky et al. Phys.At.Nuclei, 2009, V.72. P.387.

.Weller et al. Prog.Part.Nucl.Phys. 2009, V.62. P.257.

.Grigorenko et al. FIZMAT, 2023, V.3-4. P.1 (in russian).

.Lapik et al. Bull.Russ.Acad Sci.Phys. 2024, V.88. P.1191.

.Lapik et al. Mosc.Univ.Bull.Phys.2025, V.80, 3.

.Sharpak et al. Nucl.Instr.\& Meth.1962,V.15,P.323.

.Grigoriev et al.Elektr.met.yad.-fiz.eksp. M.Energoatomizdat.1988(in rus.)

W ~NOoO O WN -
<= xXN®ErFEt0@Dn=
QR 2SI

Page 93



LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... / Book of Abstracts

Alternative approach for estimating the neck radius of a fission-
ing nucleus

Authors: Dmitrii Lyubashevsky'; Yana Otvodenko'

Co-authors: Pavel Kostryukov ?; Stanislav Klyuchnikov '

! Voronezh State University
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The study presents a new method for determining the critical neck in nuclear fission, based on the
analysis of fragment spin characteristics. The key difference from other approaches, such as [1,2], lies
in using experimental data on fragment spin distributions [3] instead of the conventional analysis
of mass distributions. This choice is motivated by the greater sensitivity of spin characteristics to
fission dynamics, particularly during the final stages of the process.

The primary focus of the work is the analysis of fissioning nucleus dynamics near the scission point.
The dependence of transverse oscillation frequencies on fragment quadrupole deformations was in-
vestigated, along with the evolution of the system’s moments of inertia. Particular attention was
given to analyzing the influence of bending and wriggling vibrational modes of pre-fragments. It is
shown that accounting such dynamic effects enhances the consistency between theoretical predic-
tions and experimental results.

The obtained estimates for the neck radius fall within the range of 1 - 2.5 fm and show good agree-
ment with existing theoretical models [1,2]. In particular, for actinides, the critical radius is approx-
imately 2 fm, consistent with classical concepts [4] of the balance between Coulomb and nuclear
forces at the rupture point. An exception is the case of 252Cf, where simplified models [1] yield
values close to nucleon sizes, around 1.2 fm.

The developed approach opens new possibilities for studying nuclear fission dynamics. Specifically,
analyzing spin distributions provides additional information about processes occurring in the neck
region of the fissioning nucleus.

References

1. KTR. Davies et al. Phys. Rev. C 16, 1890 (1977)

2. B. Nerlo-Pomorska et al. Acta Phys. Pol. B Suppl. 8, 659 (2015)
3. J. Wilson et al. Nature 590, 566 (2021)

4. N. Bohr, J.A. Wheeler Phys. Rev. 56, 426 (1939)

Intermediate structure in (p,y) reactions and in f-decays

Author: Igor Izosimov'

! Joint Institute for Nuclear Research

Corresponding Author: izosimov@jinr.ru

The characteristics of various nuclear processes are rather simple to calculate in statistical model
[1-4]. In particular, the transition-width distribution is described by the Porter-Thomas equation,
there are no correlations between different partial widths, the strength function of S-transitions
S3(E) depends smoothly on energy, and the ratios of the amplitudes for decay via various spin
channels follow the Cauchy distribution.

An intermediate structure of resonances in nuclear reactions and in the resonance structure of the
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B-decay strength functions Sg(E) connected with violation of statistical model in a localized energy
region [1,2]. Deviations from the statistical theory have been observed in (p,p’7y) and (p, y) reactions,
B~ and 1 /EC-decays [1-4]. Non-statistical effects are closely related to the symmetry of the
nuclear interaction and determined by the non-statistical component of the resonance wave function
[1,2].

In this report non-statistical effects manifested in reactions involving low-energy protons and in
(- decays are analyzed. Non-statistical effects are closely related to the symmetry of the nuclear
interaction. In (p, ) reactions for nonanalog resonances in N > Z nuclei non-statistical effects are
connected with neutron excess and domination of the simple configuration such as proton-particle
neutron-hole in the wave function of nonanalog resonances [1-3]. The association of non-statistical
effects in (p, ) reactions and in the 8-decays with spin-isospin SU (4) symmetry are discussed. The
non-statistical effects taking into account non-statistical correlations in £2 and M1 ~v-transitions
for the y-decay of the non-analog resonances in (p, ) reactions are analysed.

References

[1] LN. Izosimov, Physics of Particles and Nuclei, 30, 131 (1999).

[2] LN. Izosimov, JINR Preprint E6-2024-14.Dubna, 2024; http:www1.jinr.ru/Preprints/2024/14(E6-
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Isospin splitting of giant dipole resonance in medium and heavy
nuclei
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In this study experiments were performed at bremsstrahlung end-point energies of 10-23 MeV with
the beam from the MT-25 microtron using of the y-activation technique. The electron energies were
in range of 10-23 MeV with an energy step of 1 MeV. To produce gamma radiation, a radiator target
made of tungsten, which is a common convertor material, was used. To remove the remaining
electrons from the bremsstrahlung beam, a 30 mm thick aluminum absorber was placed behind the
tungsten converter. The induced activity in the irradiated targets from natural mixture of Se [1],
Mo [2] and Pt were measured using a high purity germanium y-detector, the experimental yields
of the reactions were normalized to the yield of reactions 82Se(y,n)81(m+g)Se, 100Mo(y,n)99Mo and
198Pt(y,n)197(m+g)Pt, respectively. The experimental values of relative yields were compared with
theoretical results obtained on the basis of TALYS with the standard parameters [3] and the combined
model of photonucleon reactions [4].

In the case of relative yields for photoproton reactions on the heavy isotopes, the theoretical values
calculated using the CMPR are much larger than the TALYS results. The experimentally obtained
results lie closer to the theoretical curve according to the CMPR code. Including isospin splitting in
the CMPR allows to describe experimental data on reactions with proton escape in the energy range
from 10 to 23 MeV.
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Pesynbratbl u3MepeHuss auddepeHINAIBHOTO  CeUYeHUs
0o0pa3oBaHNSI MTHOBEHHBIX TIaMMa-KBaHTOB B peaKIVaX
OBICTPBIX HEVITPOHOB C SIKPAMMU >KeJie3a
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IlpencraBieHbl  pe3ysbTaThl M3MepeHUs upepeHUMaTbHOTO0 CedeHUs o0pa3oBaHMs
MT'HOBEHHBIX raMMa-KBaHTOB B HeyINPYTMX B3aummomelcTBuax 14.5 MaB HelTpoHOB ¢ agpamu
JKeJslesa. WsmepeHus mnpoBefeHbl B pegaKLUM MHTETPATbHBIX JKCIIEPUMMEHTOB METOIOM
BpeMeHN IIpojieTa Ha HelITpoHHOM reHepatope HI-150M, paGoraioiieM B MMITYJIBCHOM PEXIME,
C JMCIOJNB30BaHMEM ONHOKPMCTAIBHOTO TaMMa-CIeKTpoMmerpa co cuymHTmnisTopom Nal(Tl)
IuamMeTpoM 15 ¢cM u BbIcOTOM 10 cM. VI3sMepeHHBIe ceueHNs NpeACTaBIeHb] Ha CeTKe C I1aroM I10
SHepruu raMma-kBaHTOB 0.25 M3B. BeinosiHeHO cpaBHeHNeE OLIEHEHHBIX CeUeHNIT 13 OubamoTex
ENDE/B-V, ENDF/B-VI.8, ENDF/B-VII.1, ENDF/B-VIIL.O ¢ pe3yibTaTaMy 5KCIIEpMMEHTA.

HccineqoBaHne cmekTpa BO30y>KAeHHBIX cocTossHuii 46Ti B
peakuuu mogxsara mporoHa 45Sc(3He, d)46Ti

Author: A6ayn6ocur Myxammanconves'

Co-authors: Tanrar Hcaraes '; Tumyp [Iueiinman '

Y oman

Corresponding Author: abdulbosit. muhammadsoliyev@bk.ru

B pa6ote msyuaercs cIeKTp BO30OYXIEHHBIX COCTOSHUII sapa 46Ti, mosyuaeMsbIXx B peakLMU
moxxBaTa mpoTtoHa 45Sc(3He, d)46Ti npu sueprum myuka 3He 30 MaB. VzyueHa BO3MOKHOCTD
MHTepIIpeTanny runepaeopMupoBaHHbIX cocTosHMIT 46Ti kak kiacrepHoit cucremsl 42Ca + 4He.
OKCIepMMeHT IPOBeAEH Ha HUKIOTPoHe Y-120M c McIIonb30BaHMEM KPEMHMEBBIX TeJIECKOIIOB.
Yactuusr upentuduimposansr meronom AE-E. KmHemaTuka peakimm paccymraHa ¢ yuéTom
YIJIOB BbLleTa AeiiTpoHOB. OOHapy>keHbI HOBbIE BO30YyKAEHHbIe cocTosHMA 46Ti ¢ sHepruaMu
>10 MsB. Teopermueckmii aHanIM3 BBINOJHEH B paMKax MOJeIM IBOMHON fANEepHON CUCTEMSI,
BKJIIOUas pacuéT IMOTeHI[MAIbHOI 9Heprun [1], MaccoBoro mapaMerpa [2] 1 BOJHOBBIX (YHKLIMIA
II0 KOOpAMHATE MAaccoBOi acuMMeTpym. IlokazaHo, UTO M3MepeHHbIe COCTOSHMA C SHEPIUAMU
>10 M3B M0OXHO MHTEPIPETUPOBATH KaK KOJUIEKTUBHBIE BO30YKIeHNs KIacTepHoii cucremsr 42Ca
+ 4He [3]. PesynbraTsl IOATBEPKOAIOT BaXKHOCTb yUeTa KJIACTEPHBIX CTeIleHeil IPU aHaIu3e
runepredopMIPOBaHHBIX COCTOSIHUIL IREP.
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Role of zero-point transverse oscillations in the Langevin descrip-
tion of nuclear fission
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Modern approaches to describe the dynamics of nuclear fission make extensive use of the Langevin
formalism [1,2], which effectively accounts for the stochastic nature of the process. However, the
problem of correctly determining the parameters of the random force in this approach remains un-
resolved. This issue becomes particularly relevant for low-energy fission, where quantum effects
[3] play a significant role and traditional estimates of the random force amplitude by the zero-point
oscillation energy (=1 MeV) need to be revised.

In this work, the model [4] based on Fourier parameterization of the nuclear surface and macroscopic-
microscopic description of the potential energy is further developed. The main improvement is the
use of refined values of the zero-point transverse vibrational modes obtained from the analysis [5]
of the spin distributions of the fission products from both the induced fission of Th and U and the
spontaneous fission of Cf.

The main research results focus on model verification by comparison with experimental data on
mass distributions and total kinetic energies of the fission fragments for actinide nuclei. Particular
attention is paid to the analysis of the influence of zero point oscillations upon the system dynamics
during the stage of descent from the outer fission barrier.
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Effective matter radii of '*!12Be nuclei determined from their
total reaction cross sections on **Si target
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In this work, we studied the total reaction cross sections for the 1911:12Be nuclei on the 28Si target
by the 4m method based on the registration of the prompt y quanta and neutrons accompanying the
interaction using the multidetector spectrometer. It was found that the total reaction cross sections
for the '!Be nuclei are significantly larger than those for 1“Be. Along with the low value of the
neutron separation energy (0.5 MeV) for 1Be, it is an indication of its halo structure. The total
reaction cross sections for the 1?Be nuclei are larger than those for °Be. Along with the pairing of
two outer neutrons and the larger value of the neutron separation energy (3.2 MeV) for ?Be, it is an
indication of its more compact outer shell (compared to a halo) which can be called a skin.
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Using the measured values of the total reaction cross sections and the phenomenological optical
model, the effective matter radii of the !0-11:12Be nuclei were determined. A new theoretical ap-
proach based on the combination of the optical model with the modified optical potential and clas-
sical trajectories was applied to the calculations of the effective matter radii of the colliding nuclei
(details are given in [1]).

References
1. Yu. G. Sobolev, V. V. Samarin, Yu. E. Penionzhkevich, S. S. Stukalov, and M. A. Naumenko, Phys.
Rev. C 110, 014609 (2024).
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Sectlon 3. Modern methods and tech-
nologies of nuclear physics

MeToq OLIEHKI paboTocrocooHOCTH OIITHMYECKOIO n

3JIEKTPOHHOTO TpakTa A mnoacucrembl BBC B pgerexrtope
SPD
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Herexrop ciuHoBOI pusuku (SPD) - aro sxcniepument Ha Komnangepe NICA, npenHasHaueHHBIIT
I M3y4eHUS CHMHOBOI CTPYKTYphl IIPOTOHA, AEMTpPOHA M APYIUX CBI3aHHBIX CO CIMHOM
ABJICHUI C MCIIOJNIB30BAaHMEM IIOJIAPM30BAHHBIX IIYUKOB IIPM 3HEPruAX B CHUCTEMe LeHTpa
Mmacc go 27 I'sB u cBerumoctnio mo 10732 cm”"-2 c¢*-1. OpHoll M3 IIOACUCTEM HAYaJIbHOIL
¢dassr skcnepumenta SPD sBisercs Beam-Beam Counter (BBC). BBC cmpoextupoBaH Kak
BBICOKOTPAaHYJIVPOBAHHBIN CMHTVIIIAIVIOHHBIN JEeTEKTOP.

Panee 6pLI IIpOBeIEH LIMKII MICCIIEXOBAHUI, ITOCBSILIEHHBIX BHIOOPY ONTUMAIBHBIX MaTepUaIoB
Iui mpororuma. Ha aToit ocHOBe, ObLI pa3paboTaH U IPOTeCTUPOBAH §-MIU KaHAJIBHBI IPOTOTUIL
cekTopa. B HacTOSIIMIT MOMEHT IIPOBOANTCS TECTUPOBAHNE IIJIAT IIPeOOpa30BaHMUsI OIITIUECKOTO
CUTHaJa B 3JIEKTPMUYECKMII, Ha OCHOBe KpeMHMeBbIX (oroymHoxureneir (SiPM), m Bemyrcs
JICCIJIEIOBAHNUS Pa3jIMYHbIX Bapyallyil OINTMYECKOr0 KOHHEKTopa. B 3Toil cBsi3m, paspaboTka
MexaHM3Ma IIPOBEepKI - ABJIAETCA aKTYyaJIbHOI 3amaueit.

B pabore mpencTaBieH MeTO[ IIPOBEPKM OITMUECKMX KOHHEKTOPOB, OCHOBAHHBIN Ha
3acBeUMBaHUM BOJOKHOM GokoBoro cmeueHus (SGF). [laHHBII MerTon SBISETCS ONHNM U3
BapMaHTOB IIPOBEPKU HamboJjiee YI3BMMOIO MeCTa — KOHHEKTOPA, M MOXKET CIYXKUTh B KauecTBe
MHCTpyMeHTa I OBICTPOIL IMpoBepKy cobpaHHoro cekropa. O6CyKaaroTcs IepBble II0TyYeHHbIe
pe3yIbTaThl; IepCIIeKTUBLI IPMMEHEeHNI B paMKax IIPOTOTHUIIA KoyIbIla moacucteMer BBC.

HccaenoBanue OJHOPOJHOCTU INNIACTMKOBBIX CHUHTUILIIATOPOB
NPOTOTHUIA AeTEeKTOpa JOKAJIBbHON nmojaapuMmerpun Beam-Beam

Counter pua sxkcnepummeHTa SPD ¢ momMomgbro cKkaHMpPOBaHUA
PeHTTeHOBCKUM ITyYKOM
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Oxcnepument Spin Physics Detector (SPD) Ha yckopurenpHom xomiutekce NICA Oymer
u3yuaTb CINMHOBYI0 CTPYKTYpPy HYKJIOHA B CTOJKHOBEHMSX IIyYKOB IIOJISPM30BAHHBIX
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[IPOTOHOB M MENTPOHOB, IPU 3TOM [JIS JIOKAJIBHON ITONApUMETpUM OyHeT MCIIONb30BaH
coeryanu3npoBaHHbIT  geTekTop  Beam-Beam  Counter (BBC), mocrpoeHHbII — Ha
OCHOBe IUIACTMKOBBIX CHMHTIJUIAIMOHHBIX IDIACTMH CO CUNTHIBAHMEM CHUTHala uepes
cnekTpocMmerrfaoniee onroBosokHo (WLS) m kpemHuessli ¢oroymHoxutens (SiPM) [1].
KauecTBeHHBIE XapaKTePUCTUKN CHMHTIJUIAIMOHHBIX ILUIACTUH, B YaCTHOCTU MX OTHOPOIHOCTB,
HAIPSAMYIO BJIVSIOT Ha TOYHOCTb ¥ CTaOMIbHOCTh m3MepeHmit [2]. Tak kak KOHCTPYKLUS
JIeTeKTopa IpexIonaraeT MCI0Ib30BaHMe 0KoIo 800 KaHAIOB CUMTHIBAHN CUTHAJIA, HEOOXOAMMO
ONTUMU3MPOBATh METOLOJIOTHUIO yCTAHOBIEHNS (PaKTa IIPUTOJHOCTY N3TOTABINBAEMbIX 00pa3I[0B
[3].

B pabore mpencraBieHa  YCOBEPLIEHCTBOBAHHAs METONVKA OLIEHKM  OXHOPOMHOCTU
CIMHTIJUIATOPOB, OCHOBaHHAs Ha TOYEUHOM OOJydeHMM (GUKCUPOBAHHON TIeOMeTpUUecKoll
00JIaCTM IUTACTMHBI C IIOMOIIBI0 peHTreHoBcKoil TpyOkum AMPTEK Mini-X c¢ cepeGpsHoIt
MHIIEHBIO ¥ KPYIVIBIM KOJIMMATOpOoM 2 MM. [ IO3MUMOHMPOBAHNSA MICTOUHIKA MCIIOJIb30BaH
KOOpAMHATHBIN CTOJIMK C paspelleHMeM He Xyxe 20 MKM.  Permcrpupyemslit CBeTOBOII
oTKJINK aHanmaupoBaica ¢ npuMmeHernneM cucreMsl CAEN FERS-5200, a mosrydeHHBIe JaHHBIE
VICIIOJIb30BAHBI JUUISI IIOCTPOEHMS PO OTKIMKA 110 IIOBEPXHOCTY CLMHTIILIATOPA.

MeTonuka I103BOJISET BBISBUTH JIOKQJIbHBIE HEOMHOPOOHOCTYI CBETOBBIXOMA, CpPaBHMBATH
00pasipl MeXAy co00M M OLeHMBATh IPUTOJHOCTH IIACTUH [JIS MCIOJIB30BAHUSI B CUCTEME
JIOKJIbHOI mossspuMeTpun. IIpencraBieHbI CpaBHUTeJIbHbIE NaHHBIE NI NMPOQMIIEN OTKINMKA
C MCIIOJIb30BaHMeM GoJiee MPEIM3MOHHOIO MCTOYHMKA TUTaHNUS (POTOYMHOKUTENS M METOVKA
CKaHMPOBAHMS, II03BOJIAIOIIAS MCCIENOBaTh KaK eNVHUYHbIE MIETEeKTOpbI, Tak M COOpKu
CUMHTIJUIALMOHHBIX IUIACTMH.  PaspaboTaHHBIN IIOAXOX IUIAHMPYETCS PEeKOMEHAOBAaTh K
[IPUMEHEHNIO B IIPOLEAYPAX IPUEMOYHOIO KOHTPOJIS M 0T6Opa CUMHTILISITOPOB ISl ETEKTOPOB
BBC B cocrase ycraHoBku SPD.

Jlutepatypa

1. The SPD Collaboration. Technical Design Report of the Spin Physics Detector at NICA. Natural
Science Review 1, 1 - 325 (2024).
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BM@N (Baryonic Matter at Nuclotron) - mepsslit 9KcIlepuMeHT, pabOTAIOIINIL Ha YCKOPUTEIbHOM
komiuiekce Hykmorpor/NICA B OUAN [1]. Lensio sxcnepnmenta BM@N

SBIISIETCS MCCIIENOBaHME OVHAMUKI peakuuil ¥ mM3ydeHme MOAMUKAIM CBOJMCTB agpOHOB
B SINEPHOM MaTepmy, pPOXKAeHNe CTPAHHBIX TMIIEPOHOB OKOJIO IIOpOra M IIOMCK TuUIepsaep
C NCIIOJIb30BaHMEM YyCTaHOBKM BM@N Bo B3amMopeiicTBUAX BbIBEJEHHBIX IIyUYKOB JOHOB
HyxnotpoHa ¢ ¢puKcupoBaHHBIMM MUIIEHIMI. B paMKax IpoeKTa TakXe BEIETCS MCCIIEJOBAHIE
CTPYKTYpHI filep Ha MaJIbIX MeX-HYKJIOHHBIX pacCTOSHMAX Ha AeTekrope BM@N. HyximoTpon
o0ecIieunT 3KCIEPUMEHT IMyYKaMM pPasiINUHBIX YacTMIl OT IIPOTOHOB [O MOHOB 30JI0TA C
KIHeTUYeCcKol sHeprueir or 1 mo 6 AI'sB. MakcumanbHag KMHeTMUeCKasd SHEPIMA VOHOB C
OTHOIIIEHVEM 3apsfa K aToMHOI macce 0.5 cocraBisger 6 Al'sB. MakcuManbpHas KMHeTHYeCKast
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9Heprus MOHOB 30J0Ta ¢ Z/A~0.4 coctaBngeT 3.8 Al'aB, a MakcuManbHasg KMHEeTHYeCKasd SHePIusl
I71s IPOTOHOB cocTaBngeT 13 Al'aB.

Hetextoppr CSC (BHeLIHUII TpeKep) CIIOCOOHBI paboTaTh IpM BBICOKOJ IJIOTHOCTYM YaCTHUIL
VI PACIIONOKeHbl BHE MAarHMTHOTO IIOJA IIOCJIEe aHATM3MPYIOIIero MAarHuTa C LEJIbI0 TOYHOM
MIPUBS3KNU K TpeKaM, peKOHCTPYMPOBaHHEIM B meTekTopax FSD u GEM BHyTpM aHANIM3MpPYIOIEro
maranra [2]. CSC mcnomnssyroTcs s (QUUIBTPAIMM JIOKHBIX TPEKOB ¥ TPEKOB C ILIOXO
BOCCTAaHOBJICHHBIMM IIapaMeTpaMM C IeJIBI0 IIOMICKA COOTBETCTBYIOINMX COBIANEHUII BO
BpemsinposietHbix cucremax TOF400 u TOF700. Ilepseui nerekrop CSC 6vin paspaboraH n
co6pas B JIPBIS OMSAU B 2018 roxy. Ilepsoie nyukosblie ucnbrranyus CSC 6puin npoBeneHs! B 2018
rofy Ha ITy4yKe aproHa ¢ KMHeTuueckolt sHeprueit 3.2 AI'sB u nmyuke KpunToHa ¢ KMHETUYECKOI
sneprueit 2.3 AI'sB [3]. B ceamce 2023 roma ¢ myukoM KCeHOHa Ha ycraHOBKe BM@N Gbuiu
yCTaHOBJIEHBI UeTHIpe KaMephl ¢ pasMepaMyl UyBCTBUTEIBHON obsacTy 1x1 M2 1 ofHa KaMepa C
pasmepamn 1,5x2 M2.

Jlurepatypa

1. The BM@N spectrometer at the NICA accelerator complex. Nucl.Instrum.Meth.A 1065 (2024)
169532

2. A.Galavanov et al., Performance of the BM@N GEM/CSC tracking system at the Nuclotron beam,
EPJ Web Conf. 204 (2019) 07009

3. S. Afanasiev et al., Production of m+ and K+ mesons in argon-nucleus interactions at 3.2 AGeV,
hep-ex arXiv:2303.16243.

Development and Performance Evaluation of ECal Modules in
China for the NICA-MPD

Author: Yonghong Wang'
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The Electromagnetic Calorimeter (ECal), a critical sub-detector of Multi-Purpose Detector (MPD) at
Nuclotron-based Ion Collider fAcility (NICA), is designed to identify and measure electrons, photons,
and neutral hadrons produced in high-energy heavy-ion collisions. Its Shashlyk-type architecture
combines lead absorbers and plastic scintillators in a layered geometry to optimize measurement
precision.

Chinese MPD group has developed 768 ECal modules(one-third of the whole ECal). In this report,
the mass production process of ECal modules and a performance test system designed for the mass
production will be discussed. The uniformity of the ECal modules achieved based on cosmic ray
test will be presented, indicating the mass produced ECal modules met the design requirements and
the quality control in mass production is effective. Furthermore, I would give a larger emphasis to
physics feasibility studies for neutral mesons with the ECal based on Bi+Bi@9.2GeV simulated using
realistic event generators.
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HNccnepoBanme ¢oTOSAOepHBbIX PpeakIuii Ha eCTeCTBEHHOM
)Kejlede [JIA  Ppa3sBUTHUA (POTOAKTMBAIMOHHOTO MOaxXoga K

XapaKTepu3aly 00 TyUYeHHBIX KOHCTPYKIIMIOHHBIX MaTepUaJIOB
PEeaKTOpOB.

Author: [lernc IOciox’

1 1
Co-authors: Anexcannp YepHses  ; Mapuxa JKenroHoxckas

' dusuueckuii paxynvmem, MI'Y umernu M.B. Jlomorocosa

Corresponding Author: iusiuk.dal4@physics.msu.ru

B mporecce sxcmmyatanyy ASC IPOMCXOAUT aKTUMBAIMA KOHCTPYKUMOHHBIX MaTepHaloB
aKTMBHOM 30HBI peaKTopa IIOJl BO3ZENCTBUEM IIOTOKAa HEMTPOHOB. B peaxiusax HellTpoHHOTO
3axBaTa IIPOMCXOQUT OOpasoBaHMe OJITOXUBYIINX PaJUOHYKIMAOB, paclafalolnxcsi 0es3
UCIIyCKaHMS IaMMa-U3JIydeHus, TpeOyIoluX y4éra M IacIopThsauuy Ha srtane BbiBoga A9C
n3 sKcIutyatanuu. Hamm paspabarbiBaeTcs (POTOAKTUBAIMOHHBIN IIOAXON K OIpeqesIeHIIO
AKTMBHOCTM ITOHOOHBIX PANVMOHYKIMIOB I10 aKTUBHOCTH 60Co [1,2]. B Merannmuecknux
KOHCTPYKIMIOHHBIX MaTepyajax Hamubojee pacIpOCTPaHEHHBIM XMMMIYECKMM 3JIeMeHTOM
SBJSIETCA JKeJle30, II09TOMY I MMHUMM3AIMM BO3MOXKHBIX METOAMUYECKUX OLINOOK
paspabaTbIBaeMOTO IIOAX04, CBI3aHHBIX C OL[EHKOII CpeJHEeB3BEIIIEHHBIX 110 IIOTOKY TOPMO3HOTO
M3JIyueHN BBIXOJOB JICIIONb3yeMbIX (DOTOANEpHBIX peaKIMil, HaMU IIpeJJlaraeTcs IMPOBOIUTD
OTHOCHUTEJIbHBIEe N3MEPEHMA BBIXOJOB AaKTMBHOCTY IIPOAYKTOB (OTOANEPHBIX peakIVil II0
otHOmIeHMIoO K “‘Mn, KOTOpBIt OFHOBPEMEHHO BMeCTe C IeJNeBBIMU paAMOHYKINAAMM
akTusupyercs B peakimu " Fe(y,pn)®*Mn npu obmydeHum mcciemyeMbIx 06pa3IIOB
MeTaJIINYEeCKNX KOHCTPYKIIMOHHBIX MaTepMaJIOB.

Kpome TOT0, 32 BpeMsl SKCIUTyaTalliI peakTopa B peaynbrate peaktuu °+ Fe(n, v)° Fe, obpasyercs
% Fe ¢ nmepmomoM moinypacrana 2.7 TOAa, KOTOPBI pacrafgaeTcsi TOCPEICTBOM 3JIeKTPOHHOTO
3axBaTa, YTO He IIO3BOJIAET MCIIOJNb30BaTh TraMMa-CIIEKTPOMETpIYecKNre MeEeTOOBl MJIf €ero
ompenenenns. Keleso sBISETCS OCHOBHBIM KOMITOHEHTOM cTanmu Tmma A508 (comepskaHime
95-97%), KOTOpas WCIIONB3yeTCS U1 M3TOTOBJIEHMS KOPIYCOB peakTopoB. Pacxom cramnm
JIOCTUTAeT COTEH TOHH Ha peakTop. Tak, HampuMmep, oLleHKAa aKTMBHOCTU °°Fe mocturaer
smavenus 3.01x 10! Bk gna peakropa TRINO PWR uepes 5 et ociTe OCTAaHOBKM IPH 23-TeTHEM
mepuope skciuryatanuu [3]. IlpuMeHeHMe pagOXMMIYECKMX METONOB AJIS XapaKTepu3aI(iil
TaKMX 0OBEMOB MAaTepMAaToOB PEaKTOPOB SBIAETCS TPYMOEMKUM M moporocrosiuM. IlosTomy
UCCIeoBaHNe CpeJHeB3BeIIeHHbIX BBIXOMOB (OTOSNEPHBIX peaKIMil Ha HAaTypaJbHOM XeJese
ABJIeTCA aKTyaJbHOI 3afadell U pa3BUTUA IIpefIaraeMoro (poToakTUBAIMOHHOIO IIOAXOMAA K
xapakrepusauunu PAO ASC.

Hamm mposeneHBI JCCIEeOBAaHMS CpeJHEB3BEIIEHHBIX II0 IIOTOKY TOPMO3HOTO W3JIyUeHMNS
BBIXOOB (DOTOSEPHBIX PeaKIMil I[PV TPAHNYHOI SHEPIUY TOPMO3HOro uaiaydenus 20 u 40 MaB.
[TonyueHHBIE pe3yIbTaThI 00CYKIAIOTCSL.
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Recent updates of the NeuCBOT program for evaluation of neu-
tron yields and spectra from (o, n) reactions
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Consideration of the («, n) reactions is necessary for conducting precision experiments on detection
and study of neutrinos and dark matter particles in modern ultra-low background detectors. As a
result, computational tools that facilitate the evaluation of the background caused by the reactions,
such as NeuCBOT \[1\], are emerging. The NeuCBOT utility originally use the TENDL database,
obtained with the TALYS software package, to calculate the neutron yield and spectrum. However,
using this approach for the light nuclides, the output («, n) yields are often higher than those re-
ported in literature and the spectra are likely to be distorted \[2-3\].

The NeuCBOT utility has been upgraded by adding an ability to use new input data obtained from
the JENDL \[4\] database. Its advantage is that it contains evaluated experimental data for light iso-
topes. Consequently, a general algorithm for calculating the kinematics of the reactions and data
processing for subsequent use within the NeuCBOT utility were created. Neutron yields and neutron
spectra for (a, n) reactions based on JENDL data can be obtained now, including cases for individual
channels of the reactions when the final nucleus is in an excited or ground state. This new option
is available for the following target nuclei: 5~7Li, “Be, 19~1!B, 12-13C, 14-15N, 17-18Q, 19F 23Na,
Also a cross section of the 13C(,n)'60 reaction measured by S. Harissopulos \[5\] and revised by
P. Mohr \[6\] were implemented into NeuCBOT. A comparison of the neutron yields obtained by the
following programs: NeuCBOT (separately for TENDL, JENDL and P. Mohr data), SaG4n, NEDIS,
SOURCES, was made.

Another important part of the update is related to the release of web (online) version of NeuCBOT
which makes usage of the utility more user friendly.

References:

. S. Westerdale et al., NIM A 875, 57-64 (2017).

. M.B. Gromov et al., Nuclear Physics 86(2), 139691 (2023).

. D. Cano-Ott et al., ‘White paper on («, n) neutron yield calculations’.
. O. Iwamoto et al., JNST, 60(1), 1-60. (2023).

. S. Harissopulos et. al, Phys. Rev. C 72, 062801(R) (2005).

. P. Mohr, Phys. Rev. C 97, 064613 (2018).
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Pa3paboTka cHUCTeMBI CHUHTIUUISIMOHHBIX JTETEKTOPOB IS
MOJiaBJIEHUSI KOCMUYECKOTO M3JIyUeHUsI B paMKaxX IpOeKTa IIo

MCCIIEOBAHIIO peaknuu sigepHoro dd-cmHTe3a ¢ mossspusanuent
MCXOTHBIX yacTul mpu Hu3kux sueprusax (PolFusion)
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VnTepec x anepHOMy dd-cMHTe3y BBI3BaH KaK CO CTOPOHBI (yHIAMEHTAJIBHBIX JMCCJIeTOBAHUIL
7 acTpodU3MKM 1, TaK M NMPUKIATHON HAYKM, B YACTHOCTI, B OOJIACTH CO3[aHMA TepMOAICPHBIX
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peakTopoB 2. B 1967-1968 romax B KypuaroBckOoM wmHCTHTYyTE OBLIA IpEIJIOKEHA NMes
VCCIIeNOBAHUS peakumu spepHoro dd-cmHTesa ¢ MCIONIB30BAHUEM IOJSIPU30BAHHBIX ITYUKOB
meiTpoHOB 3.  PasBmrme [mAHHOM MOeM IONYyYMIIO IIPONOJUKEHNUE B sOepHO-(PI3NUECKOM
skcriepumenTe PolFusion (Polarized Fusion), ocyimecrsisiemoro B IleTepOyprckoM MHCTUTYTe
agepHoit ¢usuxu (I'aTumHa), 11eJIpI0 KOTOPOTO ABJIAeTCA M3yueHne peakuuu cuaTesa 2H(d,p)3H u
2H(d,n)3He c mosspmsarnmert MCXOHBIX YACTUI[ IIPY HU3KIUX SHEPIMsxX B Auanasone 10-100 k3B.

PesynbraTel TecroBoro cearca 2020 roma 4 ¢ MCIIONb30BaHMEM IIApOBOM MMIIEHU ITOKa3alll,
YTO BBMIY HU3KOI CKOPOCTY CU€Ta IKCIIEPUMEHTA U BBICOKOI UyBCTBUTEIBHOCTY NETEKTOPHOIL
CHUCTEMBI, BTOPMUYHOE KOCMHIUYECKOe MW3JIyueHNe, KOTOpOe IIPEVMYIIECTBEHHO COCTOUT U3
MIOOHOB BBICOKMX SHEpPIUIL, BHOCUT CYIIIeCTBEHHBIN BKJIAX B PEe3yIbTUPYIOLMIT SHEPreTUUeCKIIA
CIIEKTp IPOAYKTOB PEAKLUM SOEPHOro CuHTe3a. [ mopmaBieHMs HAHHOTO 3¢dekra ObLIO
IIPEIUIOKEHO CO3IaHIe CUCTEMBI CLHTIULISIIOHHBIX HeTEKTOPOB, OCHOBHOII 3a7auell KOTOPBIX
SIBJISIETCS PETVICTPAI{MA BBICOKOSHEPTETMYHBIX MIOOHOB ¥ MIX MICKJIIOUEHNE U3 PEe3YIIbTUPYIOIIEro
9HEPTeTUUECKOTO CIIEKTPA IPOLYKTOB PEaKIUN 5.

B paGore paccmarpuBaercs paspaboTKa CHUCTEMBI CLVIHTWUUISUMOHHBIX [ETEKTOPOB IS
ITOJaBJIeHIST KOCMUYECKOTO M3IyueHns . PaboTa BKIOUAaeT CJIeAyIOIye STAIbl: MOLENMPOBaHIE
LEHTPAIBHOM [eTEKTOPHOM cucreMbl 9kcmepumeHTa PolFusion M CHUHTIILIISIMOHHOM
OETEeKTOPHON CHCTEMbI, pa3paboTKa M TeCTUPOBaHNME CHMHTWUISIOHHON [eTeKTOPHOII
CIICTEMBI U Pe3yJIbTaThl TECTOBBIX M3MEPEHMI KOCMIUECKOTO M3y UeHUS.

1. Pisanti [et al]. // Primordial Deuterium after LUNA: concordances and error budget. - 2020. -
10.48550/arXiv.2011.11537.

2. Yang [et al.]. Effect of the Fusion Fuels’ Polarization on Neutron Wall Loading Distribution in
CFETR // Fusion Science and Technology. -2021.— Vol. 78. - P. 1-10.

3. Adjasevich B., Antonenko V. Measurements of the polarization correlation coefficients in
reactions d (d, p) t and d (d, n) 3He // Preprint IEA-2704, Moscow, 1976.

4. Solovyev A. Optimization and first tests of the experimental setup to inves-tigate the double-
polarized DD-fusion reactions // JINST. — 2020. - Vol. 15. Ne 6 (P0520). - P. 15.

5. A. Yu. Rozhdestvenskij, A. V. Andreyanov, A. A. Vasilyev [et al.] Project on Research of Nuclear
dd Synthesis with Polarization of Initial Particles at Low Energies (PolFusion) // Physics of Atomic
Nuclei. - 2024. - Vol. 87, No. 3. — P. 224-229.
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B JlaGopatopun SImepupix Peakumit umennm OPneposa ([yOHa) co3pmaeTcs yCTaHOBKA IJIs
MPELMB3UOHHOT0 M3MEPEHUS MACC TSHKENENIINX Sep, CUHTE3UPYEMbIX B PEAKIMAX CIUSHUS C
TSDKEJIBIMU MoHaMu 1. YCTaHOBKA COCTOUT M3 KPMOTEHHO Ta30BOM STUEIKI OXJIKIEHNUS MOHOB
7 MHOTO OTPa’KaTeJIbHOTO BpeMs IPOJIETHOTO MAacC CIeKTpoMeTpa. VICIojp30BaHUE YCTaHOBKMU
IJIaHUPYETCS COBMECTHO C ra3oHaIloNHeHHBIM cermaparopoMm I'PAHJI 2, ¢ mOMOIIBI0 KOTOPOTO
OyIeT OCYILIeCTBIATHCS IIpeBAPUTENbHAS Celaparys IPOAyKTOB Peakuil CInAHNs. B ormune
OT GOJIBPLINMHCTBA CYLIECTBYIOIMX CIIEKTPOMETPOB IIOAOGHOTO TUIIA, B MIPENCTABIEHHOM IIPOEKTE
VICITOJIb3YETCSI HECKOJBKO MOIYJIEV, IMpeIHa3HAUEHHBIX CIIELMAIBHO [ paboThl ¢ peNKUMU
cobprtusamn. CeJleKTOp 3apsiHOBBIX COCTOSTHUII IT03BOJIeT paboTaTh OJJHOBPEMEHHO C 3apsagaMu
JMIOHOB KakK 1+, Tak ¥ 2+, a KBaApYMOJbHBI (UIBTP MacC BBIAENsSET U3 IIyYKa MOHOB TOJBKO
L[EJIEBYIO MAacCy, KOTOpas 3aTeM aHaJIM3UPYETCs BpeMs IIPOJIETHBIM CIIeKTpoMeTpoM. [IpoekTHOE
paspewrenue ycraHoBku - 2X106, GeictpomerictBue — 100 mc. [JaHO ommcaHme YCTaHOBKU U
MIPUHUKIIOB paboThI ee OCHOBHBIX uacTeir. C 1eNb0 0TPabOTKM OCHOBHBIX Y3JI0B CIIEKTPOMETpPA
CO3[1aeTcsl CTeHI, Ha KOTOPOM OYAYT OTJIa)KEHBI TaKye y3Jbl, KaK KaJMOpPOBOUHBINA MCTOUHUK
JIOHOB Ha OCHOBe (parMeHToB (yJIIepeHOB, KBagpyIIOJbHbIE Fa30HAIIOIHEHHBIE IIEPEKITI0UaTeN,
KBaJPYIOJIbHbIE Ta30HAIIONHEHHbIE PANMOYACTOTHBIE CUCTEMBI TPAHCIOPTA, KBAAPYIOJIbHBIE
¢unbTppl Macc. Takoil creHm MOXeT OBITH JICIIOJNB30BaH KaK CaMOCTOSATENBHBIN Ipubop B
9KCIIEPMMEHTAaX Ha IYUYKaX TSHKENIbIX MOHOB. PacCMOTpeH IpuMep 9KCIIEpUMEHTA [0 MacCOBOI
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I/IIICHTI/I(bI/IKaLH/H/I TAXKEJIbIX A0€P, CMHTE3VPYEMBIX B p€AKIMAX CIMAHUA. HpeIICTaBIIeHO TEKYyILIee
COCTOAHME ITPOEKTA B LIEJIOM.

JIutepatypa:

1. MIYavor et al., Project of a Time-of-flight Multi-reflection Mass Spectrometer for the Flerov
Laboratory of Nuclear Reactions in JINR. Journal of Analytical Chemistry, 2023, Vol. 79, No. 14, pp.
1-8.

2. AVYeremin et al., GRAND Universal Gas-Filled Separator: First Experimental Results. Physics of
Particles and Nuclei Letters, 2024, Vol. 21, No. 3, pp. 518-525.

Mass calibration of the HPGe detector from nuGeN experiment
with dissolved uranium calibration source.

Author: Temirlan Khussainov'

! JINR / INP
Corresponding Author: khusainov@jinr.ru

The aim of the work was to estimate the mass of the HPGe detector similar to one from nuGeN experi-
ment and compare it with the manufacturer’s specification. To achieve such purpose measurements
with a calibration uranium source were carried out on a low-background experimental setup. In
the next place mass estimation were realized by Monte-Carlo simulation made in Geant4.10. Main
advantage of this method is the usage of uranium source and its very well-known mass activity of
U-238 equal to 12400 Bq/g. Analysis of the data provided by both Geant4 simulations and experi-
mental measurements were compared. As the result of the work good agreement of HPGe’s masses
have been gotten.

Another valuable result is the fact that the usage of dissolved uranium calibration sources with the
known mass may find wide implementation for the mass calibration of HPGe detectors and tests of
MC simulations.

Double-hit experimental approach in studies of the multibody
decays of heavy nuclei

Author: Zoya Goryainova'

Co-authors: Alena Kuznetsova '; Alena Zhukova !; Alexei Solodov ; Dmitry Kamanin L Evgeny Zhuchko L Oleg
Strekalovsky !. Thembi Vilane *; Yuri Pyatkov 2. Yuri Sereda !

! JINR
? National Nuclear Research University “MEPHI”

Corresponding Author: zoyag@yandex.ru

In our previous publications [1-3], a very specific effect, unknown in the past, was discussed, namely
a break-up of the fission fragment while it passes through a solid-state foil. The fraction of the
fragments which undergo the break-up is supposed to be born in the shape isomer states. The bulk
of the results were obtained in the frame of the so-called missing mass experimental method when
only one of two partners of the break-up is detected by the spectrometer. The difference between
the total mass of the detected fragments and the mass of the mother system serves a sign of at
least ternary decay. Alternative, so called” double-hit” approach lets obtain more direct information
about the process. By definition, the double-hit registration approach means that two fragments
were detected in the same PIN diode during one registration gate of 200 ns length. If a minimum
time interval between their time stamps is less than 30 ns a pile-up of the signals take place. Restoring
original signals from pile-up is discussed.

References
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Onenka KpaeBbIX 3((eKTOB B IIPOMBIILIIEHHON PaAVaIlNIOHHON
00paboTKe Ha YCKOPUTEISAX IJIEKTPOHOB

Authors: Cepreit 3o10Tos'; Yorpsna Brmamiok'

Co-authors: ®enukc CryneHUKNH L Anexcannp HuknrueHnko L Anexcannp YepHses 1. Auna Jlormuosa %;
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PagmaronHas o0paboTka — 3TO TEXHOJIOTWS, JICIIOJIB3yIOIlas JMOHU3MPYIOLlee M3IyUeHIe
(371eKTpOHBI, TOpMO3HBIE (POTOHBI MM TaMMAa-U3JyUeHIEe PANMOAKTUBHBIX WCTOUHMKOB) IS
HAIIpaBJIEHHOTO BO3MEVICTBMA Ha pasjIMUHble MaTepuaybl M NpoayKThl. OHa IpuMeHSETCS B
MemuiHe (CTepUIM3auys MHCTPYMEHTOB M OOOpYHOBaHMS), IMILEBOV IIPOMBIIILUIEHHOCTI
(o6e3zapaxuBaHye 1 IPOIJIEHNE CPOKA TOMHOCTM IIPOAYKTOB), a TAaKKe B MaTepyaloBeIeHIN
(MommduKaIMs CBOVCTB MONMMEPOB U1 KOMIIO3UTOB).

CeromHs TexXHOJIOTMS aKTMBHO pasBuBaeTcs B Poccum, m3-3a uero pacreT MHTepec K Hell €O
CTOPOHBI IIPOMBIILUIEHHOCTY, ¥ BMECTE C HUM IIMPUTCS CIIEKTP 00IydyaeMbIX OObeKTOB. B cBsA3M
C 3TUM MOSBJISIETCS 3alpOC Ha TOYHOE IUIAHMPOBaHME PANVMAIIOHHON 00paboTKM: IIOMMIMO
IDOCTaBKM IIPOAYKTY OIIpefeIeHHO M03bI HEOOXOAMMO TaKKe O0ecleumrts ee IPaBIIIBHOE
pacnipenesnenue no oovemy mpoaykunu. Hemocrarounas nos3a He II03BOJISIET JOCTUYD JKeJIaeMOTO
a¢ddekra, Torga Kak upe3MepHas [03a MOXKET IIOBPeOUTh OOBEKT, yXYOLIUTH €ro KauecTBO
WM HapyWuUTh (QYHKUMOHAIBHBIE CBOJICTBA. [nga MemMUMHCKUX U3OeNMil HOIIyCTUMa
HepaBHOMEPHOCTD 03Bl B Ipenenax 60% B guamnasoHe 15-25 kl'p. [l nmuineBbIX IIPOIYKTOB,
obpabarpIBaeMBIX B AManasoHe mo3 2-2.5 KI'p, TpeOyeTcsa paBHOMepHOCTb He MeHee 80%. [ns
IIPOCTHIX OOBEKTOB (AMITPOKCUMUPYEMBIX KyOMUeCKoil opMOIi) OLIeHKY pAaBHOMEPHOCTY MOXHO
IIPOBOAMTD IO INIyOMHHOMY JO30BOMY pacIipefeIeHII0 BOJb IleHTpanbHOI ocu. OpmHako mis
OOBEKTOB CO CIIOJKHON reoMerpueil (HaumHas co chepruecKOil WM LVIMHIPUUECKOI) TaKue
OLIEHKI MOTYT JaBaTb IIOTPELIHOCTD OO 15%.

AnprepHatuBoil, obecreynBarlell 0ojee BBICOKYI0 TOUHOCTb, SBJISIETCI KOMIIBIOTEPHOE
MOJeJIMpoBaHue, KOTOPOe, ONHAKO, TpeOyeT TOUHOrO 3HAHMS SHEPreTMUeCKOro CIEKTpa
n3nydeHus.  IIpgaMoe u3MepeHMe 3SHEpPreTMUYECKOro CIIeKTpa IIpe[CTaBjsfeT 3Ha4UTeJIbHbIE
TeXHIYECKIUEe ¥V SKOHOMUYECKNME TPYIHOCTM, YTO [ejaeT aKTyaJIbHOMN 3aJauy BOCCTAHOBJIEHUSA
9HEPreTUUECKOro CIIEKTPA MTyUKa 10 INIYOMHHOMY JO30BOMY pacIpeIeIeHIIO.

B nmannoit pabore IpeqIOXKeH TPEXITAITHBIN METOX PEKOHCTPYKLIMY SHEPreTUUYECKOTO CIIEKTpa
YCKOPUTEJIS Ha OCHOBE pacIipefeeHni ITyOMHHBIX J03:

1. Ha mepBoM 3Tame y4MTbIBaeTCAd BJIMAHIUE TOPMO3HOTO M3JIyU€HUs, T€HepMpyeMOIo IIpU
B3aMIMOJEVICTBUM 3JI€KTPOHOB C KOHCTPYKTUBHBIMI 3JIeMEHTaMM paJMallIOHHOM YCTaHOBKI.

2. Ha BropoMm sramne no miyGMHHOMY JO30BOMY PACIpeNeIeHNI0 B 06JIACTH CIIafa MPOVUCXOINAT
BOCCTAHOBJIEHNE€ CHUHTYJSPHOM KOMIIOHEHTBI 3HEPreTUMUECKOTO CIIeKTpa y IIOBEPXHOCTU
o0yuaeMoro o0beKTa B BUE CBEPTKM IHEPTETUUECKOrO CIEKTPA 3JIEKTPOHOB, IOKWUIAIOIIMX
YCKOpHUTeJb, ¥ pacnpeneneHus Jlannay.

3. Ha Tperpem 3Tame NpPOMCXOAMUT BOCCTAHABJIEHME HI3KOIHEPreTUUeCKO KOMIIOHEHTBI
CIIEKTpa II0 OCTaTOUHOMY mo30BoMy pacmpepeneHUi0 Dics = Degzp — Dyremn — Dsing , THE
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Deyp - 9KCIIEpUMEHTANIBHO M3MepeHHOe T030Boe pacipefeieHne, Dpyem - 0032 «(HOTOHHOTO
sarpasHeHns», D4 - H030BOE pacrpeielleHne OT CUHTYIAPHOI KOMIIOHEHTHI CIIeKTpa.

Meron ObUI IPOTECTMPOBAH Ha IPOMBILIIEHHBIX 3JIEKTPOHHBIX YCKOPUTENSAX C IHEPTUAMU
mo 10 MsB u MemmMIIMHCKMX YCKOpuTenax ¢ 3sHepruamu po 20 MsB. Pacmpenmenenmsa
[IyOMHHBIX [03, pACCUMTAHHBIC C JICIIOIb30BAHMEM BOCCTAHOBICHHBIX CIIEKTPOB, OTKJIOHSIUCH
OT 9KCIepMMEHTATIbHO M3MEPEeHHBIX NAHHBIX He Oojlee ueM Ha 1%. YCTOMUYMBOCTD MeTOHa
IOATBEPKAEeHA BBEeJIeHIEM JICKYCCTBEHHOTO 1IyMa [0 25% BO BXOJHbIE JaHHbIE, YTO He IIPUBEJIO
K 3HAUMTEJIbHOMY YXyAILIEHUIO TOYHOCTY BOCCTAHOBJIEHM CIIEKTPA.

Takum 00pas3oM, NpenIoKEeHHBII MeTOJ AE€MOHCTPMPYET BBICOKYIO TOYHOCTb M YCTOIIYMBOCTH
NIpM PEKOHCTPYKUMM SHEPTeTHMUYECKUX CIEKTPOB 3J€KTPOHHBIX yYCcKopuTeseil. Ero mpumeneHme
IIO3BOJIAET YJIYyYIINTh KOHTPOJIb PABHOMEPHOCTH [03 IPU PaAMalMOHHO 00paboTKe 0OBeKTOB
CJIOXKHON (OPMBI, UTO ITO3BOJMUT IIOBBICUTH KauecTBO M 0e30I1aCHOCTH NMILEBBIX IIPONYKTOB I
MeIVIIIMHCKIX U3IeIIIN.

Pa6ora BermoHeHa pu nmoaaepkke Poccuitckoro Hayunoro ¢oupa (rpant Ne 22-63-00075).

Sr;Sbl; Perovskite: First-Principles Insights into Radiation Toler-
ance, Ionic Dynamics, and Lattice Stability for Nuclear Applica-
tions

Author: Omar Abdelsamad'

Co-authors: Ahmed Sayed %. Jana Baraka *

' Coventry University, Egypt Branch
? Egypt-Japan University of Science and Technology

* Coventry University
Corresponding Author: omar.r.abdelsamad@ieee.org

Lead-free perovskites have emerged as pivotal materials for sustainable optoelectronics and
radiation-resistant technologies. This study presents a comprehensive first-principles investigation
of Sr;PL, a novel perovskite, leveraging density functional theory (DFT) and molecular dynamics
(MD) simulations via Quantum ESPRESSO to elucidate its electronic, structural, and dynamical prop-
erties. Self-consistent field (SCF) calculations achieved robust convergence with a total energy of
—2477.04 Ry, validated by energy decomposition analysis. Band structure computations along a high-
symmetry k-path revealed electronic dispersion characteristics, while preliminary density-of-states
(DOS) analysis suggested a potential wide bandgap, necessitating further refinement. MD simu-
lations under an NVT ensemble highlighted distinct ionic dynamics: iodine (I) exhibited notable
mobility (displacements up to 0.1 A), contrasting with the rigidity of antimony (Sb) and minimal
strontium (Sr) displacements. BFGS relaxation confirmed structural stability, with forces converg-
ing below 1.0x107* Ry/au.

The material’s dual behavior—combining a stable Sb-Sr lattice framework with mobile iodine sublat-
tices—positions it as a promising candidate for nuclear applications. Sb’s immobility may enhance
radiation tolerance by mitigating defect formation, while iodine’s diffusivity suggests potential self-
healing mechanisms under irradiation. These attributes align with requirements for neutron moder-
ation and shielding materials, where structural integrity and controlled ionic transport are critical.
Additionally, the electronic structure insights lay groundwork for radiation-tolerant semiconductor
devices.

Future work will refine DOS resolution, probe high-temperature MD behavior, and simulate radia-
tion damage to directly assess defect dynamics. This study establishes Sr;PI, as a compelling platform
for advancing both condensed matter physics and nuclear materials engineering, bridging atomic-
scale properties to macroscopic performance in extreme environments.

Keywords: Lead-free perovskite, first-principles simulations, radiation tolerance, ionic
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Study of the transformation of functional properties of materials
under the influence of pulsed radiation irradiation by electrons
and ions with dose

Authors: Aleksei Slivin!; Alexander Skrypnikl; Alexander Trigubz; Alexey Trifonov!; Anton Baldin'; Eka-
terina Klevtsova'; Elizaveta Kulikova?; Emilio Acosta-Martinez'; Evgeny Syresinl; Georgiy Filatov!; Maxim
Bushinsky®; Oleg Belov'; Roman Lanovsky®; Roman Svetogorov?; Said Abou El-Azm'; Serguey Tyutyunnikov';
Sofia Nadgerieva1 ; Vadim Efimov!; Vadim Sikolenko!; Valery Kobets'; Vladimir Shabratov!

! Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
2 NRC “Kurchatov Institute”, Acad. Kurchatov sq.1, 123182 Moscow, Russia
3 SSPA Scientifical-Pratical material research centre of NAS, Minsk, Belarus

Corresponding Author: efimovvv2006@mail.ru

The project is aimed at a comprehensive experimental and theoretical study of exchange interactions,
magnetotransport phenomena, spin and phase transitions in magnetic semiconductors, including
complex cobalt

oxides. These compounds demonstrate a wide range of physical phenomena, such as spin crossover,
giant magnetoresistance, dielectric-metal transition, orbital ordering, ferroelectric and magnetoelec-
tric effects, as well as structural phase transitions [1-3]. The study of these phenomena is one of the
leading areas of modern condensed matter

physics, both fundamental and applied, although the microscopic mechanisms of formation of the
properties of complex cobalt compounds remain insufficiently studied. The unique functional prop-
erties of these compounds are associated with the ability to change the spin states of cobalt ions
(Co4+, Co3+ and Co2+) due to small changes in

thermodynamic parameters (temperature, pressure, magnetic field, pulsed electron irradiation). An
additional degree of spin freedom creates differences in the mechanisms for the implementation of
these phenomena

compared to other transition metal oxides. Modification of the structure and magneto-transport
properties of ferro-and antiferromagnetic materials will be carried out using pulsed ions Xe26+ irra-
diation on the NICA accelerator complex at the irradiation station of the SOCHI with an energy 3.2
MeV/nucleon with intensities at 107 particles/sec, pulse duration of 4 ps.

Note that pulse duration correspondsto the time scale of switching of domain walls, which play a
decisive role in changing magneto-transport properties.

Pulsed electron irradiation includes a whole range of effects: ionizing radiation, electron concentra-
tion affectingspin states, temperature, dynamic pressure and electromagnetic pulse. These effects
will be studied separately under pulsed action of a strong magnetic field from 20 to 150 Tl, which
will allow more correctly identifying the

contribution of each of them to the transformation of magnetotransport properties and conducting
a comparative analysis with changes in temperature and external pressure.

Preliminary results show that irradiation leads to structural and magnetotransport transformation
in the studied compounds, including isotropization of the crystal structure and transition to the fer-
romagnetic phase. However, theeffect of irradiation parameters on metastability remains unclear.
Research methods include X-ray and neutron diffraction for analyzing the long-range order of the
crystal and magnetic structure, EXAFS spectroscopy, X-ray magnetic circular dichroism (XMCD)
for studying the short-rangeorder of the crystal and magnetic structure of the 3d-valence states of
cobalt. All methods will be used in a wide

range of temperatures and pressures.

Theoretical data analysis is aimed at clarifying the microscopic mechanisms of the phenomena un-
der study. Since the systems under consideration belong to the class of strongly correlated ones,
the density functional theory will beused taking into account the Coulomb interaction and many-
particle effects within the framework of the dynamic mean field theory (DFT+DMFT). The results of
the research will reveal the relationship between lattice, electron and magnetic degrees of freedom,
which will open up opportunities for controlling their physical and chemical properties and creating
new functional materials for use in terahertz and subterahertz generators based on the excitation of
spin oscillations by spin current [1-3].

References
1 V.Baltz et al., Emerging materials in antiferromagnetic spintronic, APL Mater. 12, 030401 (2024).
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Prospects for the development of a liquid organic scintillation
detector based on neodymium perovskite quantum dots designed
to detect particles

Authors: Adam Pshukov'; Aneta Kokoeva'; Nelli Pukhaeva?; Ntombizonke Kheswa®

! Kabardino-Balkarian State University, Nalchik, Russia
2 Joint Institute for Nuclear Research, Dubna, Russia

* NRF/iThemba LABS
Corresponding Author: ny.kheswa@ilabs.nrf.ac.za

The study considers the possibility of creating and using a new type of scintillation detectors - a
liquid scintillator doped with neodymium-containing perovskite quantum dots, in order to increase
the efficiency of recording rare nuclear reactions. Rare-earth Nd3+ ions were doped into perovskite
CsPbBr3 quantum dots by solution processing at room temperature. The luminescence spectra of the
obtained quantum dot samples were measured. The data obtained made it possible to estimate the
efficiency of energy transfer from the base material to the doping neodymium ions and to determine
the potential for using the synthesized structures as an effective scintillation material. The results
obtained are of great practical importance for the development of new technologies in the field of
low-energy radiation detection, applicable in fundamental research in nuclear physics and cosmol-
ogy. The creation of efficient scintillation detectors based on quantum dots opens up prospects for
solving a number of scientific problems related to the study of neutrino properties and the search
for manifestations of lepton number symmetry violations. Special attention is paid to the discussion
of methods for synthesizing quantum dots, the features of the luminescent characteristics of the
obtained material, and calculations of the expected detection efficiency. The prospects for further
improvement of the proposed concept are considered to expand the possibilities of experimental
search for the most important effects that determine the properties of particles and the nature of our
Universe.

The study is performed within the ARTADNA Collaboration.

HNcnonb3oBaHMEe MeCcCOAYIPOBCKON  CIEKTPOCKONMMUM  JJISI
onpeneaeHNs COpPOIIMMOHHBIX IIEHTOB B3aMIMOJEIICTBIS

rekcanmaHodgeppara >Keje3a ¢ MeTaJUIaMM ILUIATMHOBOIN
rpynnbI

Authors: Urops Aunexcees!; [lonnua [Jasbimosa’

' AO «Paduesvuii uncmumym um. B.I. Xnonuna», e. Canxkm-Ilemep6ype

Corresponding Author: davydova@khlopin.ru

PyTenmit, poguit u nammamguit, obpasymooliyecs IpU AeJeHUM ypaHa, OTHOCATCA K MeTajlaM
miatuaoBoit rpymnmsl (MIIT). Ilpu mepepaborke orpaborasurero simepHoro torumsa MIIT
IIOIIafaloT B BBICOKOAKTUBHBIN BOJHO-XBOCTOBOI pacTBop (BXP), KOTOpBII Ha 3aBepILAOILeil
CTaguy IIpollecca HAaIlpaBJIIeTCI Ha OTBEp)KOeHMEe ITyTeM BKIUYEHNMSI B CTEKITHHYIO
marpuily. Hammunme B BXP MIII' BbI3bIBaeT cepbe3Hble 9KCILIyaTal[MIOHHbIE IIPOOJIeMBI Ipn
ux ocreknoBbiBaHUN [1-3]. VIMeHHO mM03TOMYy pa3pabOTKa TEXHOJIOIMM M3BIEUEHNS METaJLIOB
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IUIATMHOBOJ TPYIIIBI [AJIA YIYUILIeHUs PEeKMMOB OCTEKJIOBBIBAHUS U IIPOJIEHMS CPOKaA CIIY>KOBI
IUIaBMJIBHBIX YCTAHOBOK SIBJISIETCS aKTYaJIbHOI 3aaueit.

B AO «Papmessrit mactutyt uM. B.JI. XimonmHa» ¢ IIOMOIIBI0 CHMHTE3MPOBAHHOTO COpOEHTA,
rexcaianodeppara >xejesa, U [I0{00paHHBIX TEXHOIOTMUECKIX [TapaMeTPOB yAAJIOCH IIPOBECTH
OQHOBpeMEHHOe U KoJnyecTBeHHoe n3BiaeueHne MIII' 13 a30THOKMCIIBIX pacTBOPOB.
CoBepIlIeHHO OUYEBUIHO, UTO HaJbHENIIas pa3paboTKa ONTMMAIBHBIX TEXHOJOTMUECKUX CXeM
M3BJIEUEHNsT PYTEHUs, POV ¥ MaJIafns HeBO3MOKHA Ge3 MOHUMAaHMs creuuduky (usmKo-
XMMUYECKOTO B3aMMOMENICTBMS 3TUX METALUIOB C TreKcalmMaHopeppaToM >Kejes3a, MMEMINM
COpOIMIOHHBIE LIEHTPhI Pa3INYHbIX TUIIOB.

Ucnonp3oBaHHass HaMy Mecc0ayIpOBCKas CIIEKTPOCKOINMS II03BOJIMIIA WM3YYUTh OCOOEHHOCTU
B3aumoyerictBust Ru, Rh, Pd ¢ Fey[Fe(CN)g]s u ompenenurs copOIOHHbIE LIEHTPHI IS KAXKIOTO
MeTaJia.

1. A. Demin et al. // Proc. Intern. Conf, Nuclear Waste Management and Environ. Prague, Czech
Republic, Sept. 05 - 11, 1993, Vol. 2. P. 435-441.

2. Luckscheiter B. et al.// Ibid, 1993. P. 427-433.
3. Onishi T. et al.// Energy Procedia 2017. Ne 131. P. 151-15.

IIpuMeHeHNe HU3KOIHEPIreTUUECKNX YCKOPEHHBIX 3JIEKTPOHOB
M PEHTT€HOBCKOTO W3JIyYeHUsA KaK MeTo[ IIpeaIIOCeBHON
00padoTKM KapTodens
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IIpuMeHeHMe MOHMSMPYIOLIETO M3JIyUeHMs KaK CpefcTBa IIPEAIIOCEBHON  00paboTKU
ITOTEHUMAJIBHO II03BOJISIET HE TOJBKO CHM3NUTh (UTOIATOTEHHYI0 HArpy3Ky Ha CeMeHHOI
Marepuaji, HO U CTUMYJIMPOBAaTh €ro poOCTOBbIe Iporecchl. [ addexkrnBHOM 00pabOTKM
01000beKTOB, TOMMUMO monaGopa 3((GeKTUBHOI [I03bl, BAKHYI pOJb WIPaeT TIPAMOTHBIN
BBIOOp MCIIONIb3YEMOTO BUA MOHMBMPYIOIIEro M3iyueHns u ero sHeprum. lleiapio paGoTs
OBLIO M3JIyueHMe BIVSIHMUS IIPeRIIOCEBHON 00pabOTKM HM3KOSHEPreTMUeCKUMMI YCKOPEHHBIMNU
9JIEKTPOHAMI Y PEHTTEHOBCKMM M3JIyUeHNEM Ha IPOAYKTUBHOCTD U (PUTOIIATOTEHHOE COCTOSIHIIE
KapToders.

O6pexkramu mcciemoBaHMs ObLIN BbIOpaHbI KiIyOHU Kaprodens coproB lama m PuosneToBslil.
OG6paboTKa HU3KOIHEPTETUUECKUMM YCKOPEHHBIMY 3JIEKTPOHAMMI C MAKCUMAJIBHON SHEPTUEN
1 MsB npoBogmiach Ha JMHEHOM yCKOpHUTENe 3JeKTPOHOB HeNpephIBHOTO AelicTBua YIJIP-1-
25-T-001 (HUMA® MIY, Poccusi), a peHIT€HOBCKMM M3JIyueHIEM ¢ MaKCHMAJIbHON SHepruei
¢doronos 80 3B — Ha anmapare 1BPV23-100 ¢ pertrenosckoit Tpy6koit RAD-100 1 Monu6aeHOBHIM
anoxoM (PMII um. BypHassua, Mocksa). [1o3sr 06ayueHns coctasuiu 5, 10, 15, 20, 25 u 30 I'p.
[IByXJIETHMII TI0JIEBOM SKCIIEPMMEHT IIOKasaj, UTO B IIEpPBBIN TI'OJ MCCIENOBAHMUA [JII COpTa
I'ana 06paboTKa Kak PeHTTeHOBCKUM M3IyUueHNeM, TaK M YCKOPEHHBIMY 3JIEKTPOHAMM CHIDKAJIA
YPOKaifHOCTh KyJbTYypsl. Ilpum stom s copra OmoseToBBI yOAIOCh KOOMTHCS ITOBBILLIEHIIS
YPOKafHOCTM TOJIBKO IIpM OOJIyUeHWUM CeMeHHBIX KIyOHell YCKOpeHHBIMMU 3yeKTpoHamm. Ha
BTOpPOII T'OX MCCIeqOBaHMsA OOIydeHMe Gojiee OIArOIPMATHO BAMSIIO Ha MAaHHBIN II0Ka3aTelb.
st o0omx THUIIOB M3JIyueHMs OBLIM HaiieHbI M03bI, OOJydYeHMe B KOTOPBIX ITOBBILIAJTIO
MPONYKTMBHOCTb KYJBTYphl. (PUTONATOTeHHBIN aHAIN3 HOBOTO YypoyKasd IIOKa3ajl 3apaskeHIe
KIyOHEN HeCcKIepoumManbHbIMuU (opMaMy pu3oKTOoHMO3a. V3 yuéra IMHAMUKM YPOXKATHOCTY U
pacnipocTpaHeHust 60J€3HY ObLIO IOIYUYeHO, UTO OOJIyueHMe YBeInuBaeT o6bEM 300pOBOro OT
CeTuaToro HeKpo3a ypoykasd B CpaBHEHUM C KOHTpOJeM. TakK B IIepBBIN TOM VCCIeTOBAaHMS IS
copra I'aya ymanoch HOCTUTHYTH IIOBBIIIEHMS JAHHOTO ITOKasaTess Ha 29-89% mpu o0IydeHUU
PEHTTEHOBCKMM M3JIyUeHneM B 1o3ax 5, 15, 20 n 30 I'p u Ha 12-75% npu 06ayUeHnN 31eKTpOHaMMA
B mo3ax 10, 15, 25 u 30 I'p. Bo BTOpOIT rox mcciemgoBaHMs IPUPOCT HAOTIOAAICT IS BCEX 03
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n3inydeHus kpome 25 I'p u moxomui mo 56-57% OT KOHTPOJIBHBIX 3HaueHNil. B ciaydae ¢ coprom
duoseToBBIIT BCe HO3BI M3TyUeHNs B AmamnasoHe 5-30 I'p B oba roga mccieqoBaHMs ITOBBIIIAIN
KOJIMYeCTBO 3[40POBOro yposkasd B 2,4-6,7 pasa.

Takum o0pasoM, IpeIIoceBHAs paguanioHHas 0o0paboTKa CEMEHHOIro Marepuaya IT03BOJIIIA
MOBBICUTH KaK IPOAYKTUBHOCTH KapTodens [OBYyX pasiMyHBIX COPTOB, TaK M KayecTBO
IIOJIyUEeHHOTO ypOo’Kasi 3a CUéT CHIDKEHMS HOJM ero IOpakKeHUs (pUTOIATOreHHBIMM IpUOaMI.
K pasmmumam B pesyinpratax 0o6paGOTKM, IOMMMO IIOTOJHBIX YCJIOBMIL, MOTJIM IIPUBECTU
Mop¢ostornyeckme ocobeHHOCTI KiryOHell copToB 'ana n $P1oseToBbIil — X XUMWUUECKUIL COCTaB,
pasMep u IriyOuHa 3ajleTaHMsI POCTOBBIX CTPYKTYp — IJIa3KoB. {71 MOHMMaHMS pacIpeneeHnust
TIOTJIOILEHHONM HO3bl M OLEHKM 3HaueHMI JIMHENHON Ilepefauyl 3HEpPTUN (JIII9) pmua IBYX
TUIIOB M3Jy4deHUs OBLIO IIPOBENEHO KOMIIBIOTEPHOE MOMEINMpOBaHNUE IIpoliecca OOJyUeHuUs
¢ ucnonb3oBaHmMeM HuHcTpyMmeHTapma Geant4. Jcxoma m3 KapT [0O30BOTO pacIpemeieHNs
o0ryueHMe HU3KOIHEPTETMUECKIMI YCKOPEHHBIMY 3JIEKTPOHAMU V1 pEHTTEHOBCKIIM M3JIyUeHIEM
JMIMEJIO CXOKIMil ITOBEPXHOCTHBIN xapakTep. IIpm o6paboTke 3aTparmBajyCh IOTEHI[MATbHBIE
ckieporny (UTONATOreHHBIX IPUOOB Ha IOBEPXHOCTM KapTodens 1 ero riasku. Illpm srom
pesynbraTsl pactpenenenus JIIID 6buiM IPOTUBOIIOIOKHEI IS SJIEKTPOHOB U PEHTIEHOBCKOTO
n3nydenns. Haubomsiee snauenue JIII9 muis 951eKTPOHOB JOCTUTAJIOCH B TIyOMHE KIyOHS, Iae
HaXOAVJIVCh €rO IINTaTeJIbHEIE 3aI1achl, a JJI pEHTT€HOBCKOIO I3TydYeHMs — Ha IIOBEPXHOCTI, I'Zie
pacrmosaranucy GUTONATOreHHbIE TPUOBI ¥ POCTOBBIE CTPYKTYpPhI KiyOHs. IIpy aToM mokasarenu
JITIS my1st peHTTeHOBCKOTO M3JIyUeHNs ObLIM HAMHOTO BbIIIIE, UeM IJIS 3JIEKTPOHOB.

HanpHeillllee pa3BUTIE METONUKM PAAMAIMOHHON IIPEAIIOCEBHOI 00pabOTKM KYJIBTYp, TaKUM
00pasoM, OJDKHO OyaeT BKIIOYATh B cebs yuér Mopdosornyeckux ocobeHHOCTEN 00IyuaeMbIX
00BEKTOB U XapaKTepa JMCIIOIb3yeMOTO TUIIA MOHU3NUPYIOLIETO U3IyUeH .

I/ICCJICJIOBaHI/Ie BJINAHNA BHCIITHUX q)aKTOPOB Ha
KOHIONEHTPpAaIOUI0 pagJoHa B BO3yXe

Authors: Bragumup ¥Kepe6Guesckuit'; Onmbra Yerryprosa'

! Cankm-Tlemepbypeckuii 2ocydapcmeenbiii yHusepcumem
Corresponding Author: st096213@student.spbu.ru

Ha ocnose uccinenoBanuii, nposefaeHHbIX B EBpomne, CeBepHoll AMepuKe 11 A3, YCTAaHOBJIEHO,
UTO PalOH CyIIeCTBEHHO YBEJINYMBAET PUCK Pa3BUTUA paKa JIETKUX. B 3aBUCHMOCTI OT CpeJHEro
YPOBHS KOHIIEHTpAllM pafoHa B pa3HBIX CTpaHax, OT 3% 10 14% cily4aeB paKa JIETKUX CBA3BIBAIOT
C BO3[eliCTBMEeM pagoHa. TakuM o6pasoM, pajoH SIBILETCS BTOPHIM II0 3HAUMMOCTH (HaKTOpOM,
BBI3BIBAIOILVIM PaK JIETKUX, I10CJIe KypeHus 1.

PamoH - panmMoakTUBHBINA ra3 NPUPOTHOTO IPOUCXOXKAEHNS, IIOCTOSHHO IIPUCYTCTBYIOLLIVIL
B armocepe. OH crocobeH HaKalUIMBaThCA B 3AaHMUAX, IIPOHMKas Tyga depe3d medekThl B
CTPYKType pyHOmaMeHTa, U3 CTPOUTENBHBIX MaTepMaJIOB U C HapYyXHbBIM Bo3gyxoM. B Poccun
MHOTJIe COBpeMeHHBIE [OMa OTIMYAIOTCS IIOBBIIIIEHHON 3HeprosddexrmBHoCThO. VIMeHHO B
TaKMX 3HeproadeKTUBHBIX AOMaxX HaOJII0NaeTCss HaMOOIblIas CpeaHsIs KOHIIEHTpAUsI paJoHa
2. YuuThelBag HeraTMBHOE BJIMSHIE paJloHA Ha OpraHM3M, CTAHOBUTCS AKTyaJIbHBIM BBIABIIATDH
(hakTOpHI, CIIOCOOCTBYIOLIIE IIOBBIIIIEHNIO €10 KOHIIEHTPALM! B IIOMEIIEHSX.

B pabore mpoBomyIuch M3MepeHMs KOHI[EHTpalMy pafoHa B 3maHuu YueGHOI jgabopaTopmu
AEpHBIX IIPOLECCOB Ha IPOTSKEHMM IIOIyTOpa JIeT. B pesynprare Oblia IIOJyueHa
3aBUCHMMOCTb O0BEMHOI AaKTMBHOCTU PaJOHA OT HHS, TEMIEPATYPBHI, BIKHOCTU U MaBIIEHUS.
Ananu3 NONy4YeHHBIX MAHHBIX ITO3BOJIMJ ONPENEMTh MecTa C HamOOJbIIEeN M HauMeHBIIeNn
KOHI[EHTpalMeil paJoHa B Ipobax BO3ayXa, a TAK)KE OLIEHNUTbh, KaK pasjIiuHble BHENIHIE (aKTOPHI
BJIMSIOT Ha IIpOIecchl 00pa3oBaHMs U HAKOIUIEHN pagoHa. TakKe IPOBOMVUIINICH MCCIIETOBAHNUS
KOHIIEHTPalluM paloHa B MHOTOKBapPTUPHBIX JOMAaX Pas3JIMYHOIO Iofa IIOCTPONIKIL

CICOK MCITOIB30BaHHBIX ICTOUHIIKOB

1. WHO handbook on indoor radon: a public health perspective. Edited by Hajo Zeeb and Ferid
Shannoun. France: World Health Organization, 2009.

2. Tlia V. Yarmoshenko, Aleksandra D. Onishchenko, Georgy P. Malinovsky, Aleksey V. Vasilyev,
Evgeniy I. Nazarov & Michael V. Zhukovsky. Radon concentration in conventional and new energy
efficient multi storey apartment houses: results of survey in four Russian cities: Nature, 2020.
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Compact cylindrical muon detectors for geophysical researches
and industrial applications

Author: Alexey Kantsyrev'
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Kolesnikov '; Eduard Samigullin 1. Elena Ladigina L Evgeniy Tarkovsky L. Igor Alekseev 1. Maxim Lapshin L
Roman Gavrilin '; Sergey Visotskiy '; Vasily Volkov '; Vsevolod Panyushkin '

! National Research Center «Kurchatov Institute»
Corresponding Author: kantsyrev@itep.ru

A large number of position-sensitive muon detectors for volcano monitoring, tsunami forecasting,
fundamental researches of cosmic radiation and nuclear power station monitoring has been devel-
oped worldwide 1. Most of such detectors are massive, having lateral size over 1x1 m2. However,
in the geophysical research and geological fields, especially in the situations where detectors have
to be placed inside the boreholes or mines, compact detectors with diameter less than 10 cm are
required.

In 2018 IDEON (Canada) company has developed 2 a cylindrical borehole muon detector for geolog-
ical exploration with less than 10 cm diameter based on scintillating fiber. This detector is in active
use for searching mineral deposits. In 2021-2023 Italian research group has developed and tested 3
cylindrical muon detector with less than 25 cm diameter based on semi-rings of organic scintillator.
In 2024 r. SSC RF «TRINITY» (Russia) has developed and tested 4, the cylindrical borehole muon
detector for geological exploration based on scintillating fiber.

This work proposes the development of compact position-sensitive cylindrical muon detector with
diameter ~10 cm, length about 1 m and mass no more than 5 kg. The detector will be based on three
embedded cylindric layers upon which the scintillating fiber will be laid. Scintillator signal acqui-
sition will be done using SiPM silicon photomultipliers and electronic circuit based on FPGA and
comparators. A Monte Carlo simulation of the detector’s operation was performed, which showed
that expected angular resolution is ~20 mrad for a 20-90° range of zenith angles. For the detector
prototype the efficiency has been measured as well as angular distribution of muon flux.

Going forward the developed detector can be used for industrial applications to search for under-
ground lakes, tunnels and cavities in the ground etc.

References:

1. N.A. Pasyuk et al,, Tech. Phys. V 69, No. 8, P. 1296-1306 (2024).

2. https://ideon.ai.

3. G. Saracino, et al., Nuclear Inst. and Methods in Physics Research A. 1048, 167995 (2023).
4. www.atomic-energy.ru/news/2025/02/25/153802.

MroonHsni TOMOTrpad AJIA TOMCKA M ONEHKU PYyAHBIX
MeCTOPOKIAeHMI
Author: Anexcannp Fomy6es’

Co-authors: Anexcanap Msiienos 2. Anekceit Kanneipes 1. Anexceit Cko6usikoB !; Auton Bormauos ; Aym
Xypunues . Bamentun CMupHOB 1. Bcepomnon IManromknu ; TenHammit Capbruen 2. Imutpuit KonecHukos L
Esrenmit TapkoBckuit !. Enena Jlagsiruna '; Uropps Anexcees 1. Poman TaBpunnn 1 Snyapa CaMuryma I
IOpuit Tpy6akos
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Bricokas IIPpOHMKAIIIas CIIOCOOHOCTH MIOOHOB, BO3MO’KHOCTb MU3yUYE€HUA CBOJICTB TOPHBIX
IIopoa B YCJIOBUAX UX €CTECTBEHHOTO COCTOAHMSA, CyHI€ECTBEHHOE€ YMEHBIIIEHIE KOJIMNYECTBa
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CKBa)XMH II0 CpPaBHEHMIO C TPAJMUMOHHBIMM METOAAMM TI€0JIOTOPAa3BENKM, BO3MOKHOCTD
IIOCTPOEHNS TPEXMEPHOTO M300paskeHIsI CTPYKTYPBI IIOPOABI M BBIABJIEHIE BEI[ECTBA C BBICOKIM
cofiep)KaHMeM TSDKeJIBIX 3JIEMEHTOB [esIal0T MIOOHHYIO TOMOrpaduio MepCreKTNBHBIM METOI0M
TeO0JIOTMYECKUX Pa3BeIOK.

B pabore npencraBieH pa3paboTaHHBII TOTHO(YHKI[MOHAIBHBIN 00pa3el] MIDOHHOro ToMmorpada
Ha OCHOBE MO3MIMIOHHO-UyBCTBUTEILHOTO JEeTeKTOpa IJI IPOBEJEHS IIOJICKA M OLEHKM PYIHBIX
MECTOPOXKIEHMIT 110 M3MEpEeHMI0 OCjIabiieHus II0TOKa MIOOHOB KOCMUYECKOTO M3JIYUYeHUS B
3aBUCHMMOCTYL OT IJIYOMHBI ITOTpY)KeHMs. VI3TOTOBJIEHHBINI MIOOHHBIN TOoMorpad cocromt us
yeTbIpeX MOAYJIEeN IIMHOIM OKOJIO 2.4 M KaXKOBIl IIpM BHEIIHeM OuaMeTpe MeHee 90 MM
C BO3MO)KHOCTBIO pas3MeIleHMs B BOJO3AIIONHSIEMBIX CKBaKMHaX. KoHcTpykums tomorpada
paccumMraHa Ha IIpOBeJeHNe U3MepeHMiI Ha riyomHax mo 1500 m.B.3.. Monynu paboraror
HE3aBUCUMO OPYT OTHOCUTEJIBHO Apyra M MOTYT IIOCJIEOBATEIbHO COEAVHATHCI APYT C IAPYTOM,
IIpM 3TOM ofLIas JIMHA ToMorpada Ipy coeguHeHNN 4-X MOAyJel OygeT cOCTaBIATh OKoyo 10
M. Mopayam MIOOHHOTO ToMOTpada IIO3BOJSIOT M3MEPSATh YIJIOBbIE ITapaMeTpPhl TPEKOB MIOOHOB
C TOYHOCTBIO He Xy»Xe 17 Mpaj II0 asMMyTaJbHOMY yINIy B OuamnasoHe 360° m He xyxe 19
Mpan II0 3eHUTHOMY yriay B amamaszoHe 10-90°. PaspaGoraHo HeoOxonumoe IIporpamMMHOE
obecrieueHe, TI03BOJIAIOIIIEE BOCCTAHABINBATE TPEKIL 3aPETMICTPUPOBAHHBIX MIOOHOB, OIIpeeIITh
CpeHIOI IUIOTHOCTh TPYHTa M BOCCTAHABIMBATbH TpeXMepHOe M300paskeHMe MCCIIe yeMOoit
obmactu. IIpoBemeHHbIE MCHBITAaHUS MIOOHHOrO ToMorpada Ha TECTOBOM OOBeKTe, I1OKa3ain
€ro IOJHYI0 paboTOCIIOCOGHOCTD, IIPY 9TOM TOUHOCTH OIIpEeNIeHNsI CPeJHEN IUIOTHOCTU IPyHTa
cocTaBmia He XyXe 5%.

Pa6ora npoBegena B pamkax BernosHeHus HUOKP I'K «Pocarom» EOTII-BHE-529 «MioonHsI1
ToMorpad I IMOMCKa I OLeHKU PyRHBIX MecTopoxaeHmit» Jorosop Ne103/2692-]1 ot 27.11.2023
mexny AO «IHIT PO TPUHUTU» n AO «OapkoHckum 'MK»

Kinetics of transformations of molecular compounds in biologi-
cal objects under radiation treatment

Authors: Victoria Ipatova'; Ulyana Bliznyuk?; Polina Borshchegovskaya?; Timofey Bolotnik®; Arkady Braun’;
Alexander ChernayevZ; Elena Kozlova®; Alexander Nikitchenko?; Anastasia Oprunenko3; Igor Rodin®; Dmitry
Yurov'

! Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University
2 Physics Department, Lomonosov Moscow State University

* Chemistry Department, Lomonosov Moscow State University
Corresponding Author: ipatova.vs15@physics.msu.ru

Radiation treatment is widely used in the food and agricultural industry to inactivate pathogens and
extend product shelf life 1. Ionizing radiation targets both microorganisms and biomacromolecules
(proteins, lipids, carbohydrates, and enzymes), potentially altering product quality attributes, such
as flavor, color, and texture [2,3]. The radiolytic oxidation of biomolecules generates reactive com-
pounds that can enhance oxidative damage, with effects that can be either beneficial or detrimental,
depending on the intended application 4.

The objective of this study was to investigate radiation-induced molecular transformations in bio-
logical samples exposed to 1MeV accelerated electrons and 80 keV X-rays, aiming to establish op-
timal dose ranges for different product categories. These studies have examined low- and high-
molecular-weight compounds, including volatile organic compounds, unsaturated fatty acids, pro-
teins, enzymes and carbohydrates, which are contained in biological objects.

Using HPLC-MS/MS, the study established the dependences of native structure of BSA protein and
unsaturated omega-3 fatty acids in model systems on the physical parameters of radiation treat-
ment, using enzymatic hydrolysis. Spectrophotometric and Microscopic methods were employed
to evaluate the catalytic activity of the enzyme catalase and the denaturation of starch granules in
both model and biological systems after ionizing radiation exposure. Additionally, GC-MS analysis
identified volatile organic compounds produced by radiation-induced changes in various biomacro-
molecules.
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Biomacromolecules demonstrate differential radiosensitivity dependent on initial concentration, ra-
diation type, absorbed dose and dose rate. It is shown that different irradiation biomacromolecules
exhibit different volatile compound profiles and their radiation-chemical yields. These results may
allow to optimize of food irradiation protocols and may also form the basis for the development of
biodosimeters for radiation processing control.

This research was funded by the Russian Science Foundation, grant number 22-63-00075.
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B Jlaboparopnu simepubix peakumii OVSIU co3maercs HOBas 9KCIepUMEHTATbHAS YCTAHOBKA IS
MIPEeLM3MOHHBIX M3MEPEHUII MacC TsDKeJIeMINNX HYKIMKOB (C OTHOCUTEIBHON paspellaroiieit
crioco6HOCTRIO TIopsika AM/M ~ 10~7). VcranoBka 6ymeT BKIIOUATh B CeGsl HOBBII MUIITEHHBIIT
0JI0K, Ta30HAIOJIHEHHBINl CernapaTop IPOAYKTOB peakluM, KPMOTEHHYIO TIa30HAIOTHEHHYIO
gueliky (T.H. «Kpmosueiixy») ¥ MHOTOOTpaKaTelbHBIN BPeMSIIPOJIETHBIN MacC-CIIEKTPOMETP.
«Kpnosuerika» 1 saBiagercd OXHOM U3 BaKHEMIINX dYacTell IUIAHMPYEeMOI YCTaHOBKIL
IddexkTNBHOCTE TOpPMOXKEHNUsI, a TakkKe 3((EeKTUMBHOCTD ¥ BpeMs SKCTPAKIMYU MOHOB U3
UK SIBIAIOTCS BXKHENMIIMMM IapaMeTpaMy IIpu paboTe rasoHAIOIHEHHON sueiiku. B
MpeRbIAYIINX TecTaX OBLIO IIONydueHO 3HaueHme sddexrmBHOCTM 49,3+3,0 % IpM KaBiIeHUU
6y¢eproro rasa 50 Topp 1 KOMHATHOI TeMIlepaType sl [IOMEIIeHHOTO BHYTPb 9MaHaTopa 219Rn.
B manHoit pabore OygyT OINMCAHBI IIOCIeRHNE Pe3yJbTATHI IO M3MepeHNI0 3(peKTUBHOCTU U
BpeMeHH 9KCTPaKLUM TSKeJIbIX MOHOB IIPY KOMHATHOI, a TaKKe IIPY KPMOTEeHHOII TeMIlepaType
~40 K, uro sIBiIsieTCsI OCHOBHBIM PaboumMM PeXMMOM IS TUETIKIA.

Crucok MCcIonb3yeMbIX UCTOUHNKOB:

1. V. Yu. Vedeneev, A. M. Rodin, L. Krupa, A. M. Abakumov, E. V. Chernysheva, A. V. Guliaev, A. V.
Guliaeva, P. Kohout, A. Kohoutova, A. B. Komarov, N. Yu. Kurkova, A. S. Novoselov, A. Opichal, A.
V. Podshibyakin, V. S. Salamatin, S. A. Yukhimchuk. A Cryogenic Gas-Filled Ion Stopping Cell as
an Instrument for Experimental Study of Heaviest Nuclei // Physics of Particles and Nuclei Letters,
ISSN: 1547-4771, eISSN: 1531-8567, U3n. Pleiades Publishing, Ltd. T. 21, Ne 4, c. 611-614.
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Corresponding Author: tnargiza@jinr.ru

MeTon, BO3MYILEHHBIX YTIJIOBBIX YY-KOppENAlMII OCHOBAaH Ha JCCIEJOBAaHMUM YIJIOBOTO
pacmpenieeHMs KacKaJHBIX Y-KBAHTOB, M3JydyaeMBIX SApaMM-30HOaMM, BHEJPEHHBIMIU B
uccIenyeMsblit obpasel]. YTIJoBasg KOppeJalusa MeKAY KacKaJHBIMM Y-KBAaHTaMU OIIpemesIIeTcs
CBEpXTOHKMMM B3aVMOMEVICTBUSAMIM MEXOY SApPaMM-30HAAMM ¥ X JIOKAJBHBIM OKpY>KE€HVeM
(mepBast, Bropas KoopauHaimoHHas cdepa) 1. B cBoo ouepenp, CBEpXTOHKIE B3aMMOIEIICTBIL
ITO3BOJIAIOT ITONYYUTHh MH(POPMAIMIO O JIOKAIBHOM CHMMETPUI pelIeTKy, (pasoBBIX Ilepexomax
u T.JI. Wsmepenus mnpoBoguiamch Ha 4-X [IeTeKTOPHOM CIIeKTpOMeTpe, OCHAaIlleHHBIM
CLMHTIUIALIMOHHBIMY KpucTaamu BaF2, Haxopsaimmucs o yriaamu 90 1 180° OTHOCKHTENBHO
Ipyr gpyra. O6pasell yCTaHaBIMBAJICA B LIEeHTPe MEKIY HUMIU 2.

B paGore mpencTaBiIeHBI pe3yJIbTAaThl MCCIENOBAHMA ITapaMeTPOB (PAacCTOSHNA, CUMMETPUN U
Ip.) JIOKAJIBHOTO OKpYy»KeHus npumecHsix moHos (Cd, Ce, Yb, Ta) B peppomrnnuensx — CoFe204,
ZnFe204, NiFe204 n cmemannoM Bosbgpamate - Hf0.5Zr0.5W208. MsmepeHns IpoBOAIIINCH B
nHrepBaie Temieparyp 77 K — 1300 K. B dpeppouinnnenu Buenpsiin nzoronst 111In, 140La, 172Lu,
a 172Hf B BonbppamaTe HapaGaThIBAIM IIyTeM €ro 00IyUeHN TeIIOBBIMY HEeTPOHAMIL

Jlureparypa:

1. A. Abraham, R. V. Pound. Influence of electric and magnetic fields on angular correlations. Phys-
ical Review 92(4), 1953, 943.

2. V.B. Brudanin, D.V. Filossofov, O.1. Kochetov, N.A. Korolev, M. Milanov, LV. Ostrovskiy, V.N. Pavlov,
AV. Salamatin, VV. Timkin, A.I Velichkov, L.N. Fomicheva, A.V. Tsvyaschenko, Z.Z. Akselrod. PAC
spectrometer for condensed matter investigation. Nuclear Instruments and Methods in Physics Re-
search A 547, 2005, 389-399.

Development of a low-threshold cryogenic scintillation detector
of neutrino

Author: Alexander Strizhak'
Co-authors: Alexander Baranov !; Sultan Musin *
' INR RAS
Corresponding Author: strizhak@inr.ru
A scintillation detector concept utilizing high light yield crystals with silicon photomultiplier readout
is under development at the Institute for Nuclear Research of the Russian Academy of Sciences (INR

RAS). The detector is aimed at registration of neutrino-induced recoil electrons with sub-keV energy
thresholds (<1 keV). The detector architecture employs a modular, easily scalable design comprising

Page 115


https://doi.org/10.1016/j.nima.2017.09.007
https://doi.org/10.31857/S0044002723020083

LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... / Book of Abstracts

64-channel layers of scintillation modules. Each module integrates four compact crystals coupled to
SiPM matrixes for photodetection. This system is optimized for low-energy neutrino detection, with
applications in studying reactor neutrinos. The proposed scintillator crystals exhibit a high light
yield of up to 120 photoelectrons per keV, enabling resolution of energy depositions as low as 100 eV.
A detection threshold of 6 p.e. is achievable assuming a SiPM photon detection efficiency (PDE) of 50.
Thermal management is critical for noise suppression: operation at cryogenic temperatures reduces
SiPM dark count rates (DCR) to levels compatible with sub-keV threshold requirements. Systematic
characterization of DCR temperature/voltage dependencies and scintillator performance has been
conducted for several types of SiPMs and crystals. Preliminary evaluations of various crystal samples
from multiple manufacturers confirm sufficient light yield, validating the detector’s feasibility. The
modular design permits scalable deployment, positioning this technology as a promising tool for
advancing low-energy neutrino physics experiments.

MopemupoBanue 3¢p@PeKTUBHOCTHI TOPMOKEHUSI U BpeMeHN
IKCTPAKIMM TPOAYKTOB PpeakKIuii CINSHUS B KPUOTE€HHON
ra3oBOM TUeVIKe OXJIAKIEeHVS VIOHOB.

o 1
Author: Anexceit HoBocenos

Co-authors: Anexaunp I'yises 1 Anexcannp Komapos 1 Anexcaunp IommumGskmns L Anexcaunp Ponun 1
Anena Koroyrosa . Auna T'ynaesa L Bnagumup CanamaTtus . Bauecnas Benenees !; Enena YepHeIIeBa 1
Jlro6om Kpyma '; ITasen Koroyt '; Cepreir IOxumuyx '

L ondu
Corresponding Author: noval@jinr.ru

B Jla6opatopum sapepHbIXx peakumit OO0BeOMHEHHOTO MHCTUTYTA SNEPHBIX JCCIIEXOBAHMIA
co3faeTcss YCTaHOBKa Mg IPEUM3MOHHOIO M3MEPEHMS MacC CBEPXTKENIbIX 3JEMEHTOB

¢ paspemreHnem M/dM~10"6. YcraHoBKa COCTOMT 13 KpPMOTEHHON Ta30BOM SYEMKHU
OXJIKIEHMS JMOHOB M MHOTO-OTPaKAaIoOIero BPeMAIIPOJIETHOTO Macc-CIleKTpoMeTpa. Mecro
e€ IIpeAIolaraeMoro pacIlOJIOKEH!sS — OAMH M3 BBIBOJOB Ta30HAIIOJHEHHOTO CelapaTopa
T'PAHL.

Ontumusarys 3¢GpQPeKTUBHOCTY TOPMOKEHMS B SUeKe OXTKAEHNS JOHOB, a TaKKe OIeHKa
BpeMEHM 3KCTPAKUMUIM M3 Hee IPOU3BOAMUIACH IIOCPEICTBOM KOMIIBIOTEDHOI'O MOJEIMPOBAHMS.
Mopens BKiIIOUasa B ce0s: pacueTsl 00pa3oBaHNS MCIIAPUTEIBHBIX OCTATKOB B PEaKUVIIX CIVSHUS,
X TOPMOXKEHIE B MUILIEHH, B Fa30HAIIOJTHEHHOM CeIlapaTope, BXOJHBIX OKHaX I'a30BOJ A4YeKI
OXJIXKAEHMS MOHOB U B caMoll guelike. MopenupoBaHle BpeMeHM 3KCTPAKIMMU IIPOJYKTOB
peaxkuuil CIMAHUA U3 Ta30BOM SUEMKM OXJIAKIEHUS MOHOB IIPOM3BOANMIIOCH IIyTEM pacueTa
IBIDKEHMS TSKEJIBbIX MIOHOB ITOJ AeJICTBMEM 3JI€KTPUUECKOro IOJA B rase.

ITonyueHsl ONTMMAaJbHBIE IIapaMeTPbl YCTAHOBKM [JIS [EBSITM peakiuil oOpa3soBaHMSI SIep
c aroMHbBIMU HOMepamm Z=100-115 B peakumax c¢ wmoHamm 48Ca:  203T1(48Ca,2n)249Md,
197Au(48Ca,2n)243Es,  208Pb(48Ca,2n)254No,  209Bi(48Ca,2n)255Lr,  238U(48Ca,3n)283Cn,
242Pu(48Ca,3n)287Fl,  244Pu(48Ca,3n)289F], 243Am(48Ca,2n)289Mc, 243Am(48Ca,3n)288Mc.
CpaBHeHMe HEKOTOPBIX Pe3yJIbTaTOB MOMEIMPOBAHMUS C IKCIEPUMEHTAIBHBIMI pe3yJIbTaTaMMI
JEeMOHCTPUPYET YIXOBIETBOPUTEILHOE COTJIACHE.
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Co3manne cnmHOBOro mHTepdepomMerpa Ha 60aze KPMOTeHHOTO
MCTOYHUKA MOJAPU30BAHHBIX N30TONIOB BOAOpOAA.

Author: IOpuit [Ilecrakos’

! Hnemumym sdepnoii gusuxu um. I.H.Bydxepa CO PAH
Corresponding Author: yu.v.shestakov@inp.nsk.su

OmnucaH MeTOR CO3JaHMS BBICOKOUYBCTBUTEIBHOTO KBAaHTOBOTO (CIIMTHOBOTO) MHTepdepoMeTpa
Ha 6ase paspaboranzoro B UI® CO PAH KpmoreHHOro MCTOYHMKA IOJISPM30BAaHHbIX M30TOIIOB
Bojopoja.  McTOYHMK IIpOM3BOIUT BBICOKOMHTEHCUBHYIO HaIlpaBIEHHYIO Ta30BYIO CTpysd
aromoB (8*10"16 aToMOB B CCKYHIIy), HaxXOOAIIMXCSA B OIpPEeNeJEHHOM CIJVHOBOM COCTOSHUN.
Jamee, IpOBOAS aTOMBI uepe3 OOJIACTb IIEPMOAMUECKU M3MEHSIOL[ET0Cs MAarHUTHOTO IIOJA,
peanusyercd cxeMa IlepeBOfla aTOMOB 13 OJHOTO CIIMHOBOTO COCTOSSHUS B CyIEPIIO3MIINIO
HEeCKOJIBKIX COCTOSHUII C BO3MOKHOCTBIO HAOMIONeHN UX MHTepdepeHInM. MaKpoCKOIMuecKM
IpOsBJIeHNeM MHTepdepeHI ABJgeTcd HabIIogeHNe OCIIIUIALIL 3acelIeHHOCTell CIIMTHOBBIX
COCTOSHUII TIpM M3MEHEHMM BHEIIHero MarHuTHoro mois. OTHocuTeslbHBIE 3aCelE€HHOCTHU
CIIMHOBBIX COCTOSHMIT SITEpP BOAOPORA M3MEPSIINCh C IIOMOILBIO ITONAPUMETpa JISMOOBCKOIO
CABUTA.

ITpuBoasATca pesynbTaThl M3MEPEHNUsA BO3HMKAIONIUX IPY M3MEHEHNI BHEITHEro MAarHUTHOIO
ITOJIT OCHMJUIAIINIL 3aCeIEHHOCTENI CIIMHOBBIX COCTOSHNII aToMapHoro sopmopopa. IIposenmeno
CpaBHEHME C TeOopeTHMUecKMMM IIpefcKa3aHUAMIL. O6cyXmaloTca BO3MOXKHBIE 00JIaCTU
npuMeHeHns paspaboransoro B VSI® CO PAH cnmuoBoro nHTepdepomerpa.

Pacuer aHTMHeﬁTPMHHbIX CIIEKTPOB MOEJIAIINXCA M30TOIIOB
AAEPHOTO TOIINBA

Author: TTaBen Anbxes’

Co-author: Banepuit Cunes '

' HUAY MU®H, UAU PAH
Corresponding Author: api002@campus.mephi.ru

AHTUHETPUHO-CIIEKTPBI JENAIIMUXCS U30TOIOB SIEPHOT0 PEAKTOPA UMEIOT KIIOUEeBOe 3HAUEHE
U1 QyHIaMeHTAIbHBIX MCCIENOBAHMI M 3aayU PeaKTOPHOIO MOHUTOpMHTrA. B pabore ommcan
MeTOJ BOCCTAHOBJIEHNMSI MHAVBUAYAIbHBIX aHTUHENTPUHO-cIieKTpoB **°U, **U, *’Pu u **'Pu Ha
OCHOBE CyMMApPHOIO SKCIEPVMEHTATIBHOIO CIEKTPA C YUETOM HEOIPeNeIEHHOCTEl B CXeMax
pacmaja auis 371eMeHTOB, OTHAIEHHBIX OT JIMHNK Oeta-crabuinbHocTn. [TokasaH moTeHIan MeToqa
IUIA OLIEHKM COCTaBa TOIUIMBA ¥ YTOUHEHUs CXeM OeTa-pacragoB HESOCTATOYHO M3YUeHHBIX
M30TOIOB.
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HNonHo-11a3MeHHasA TeXHOJOT A Ae3aKTUBaII
BHYTPUMKOHTYPHOTO0 o0opynoBanus SAJY

Authors: Anexcannp I{siranos’; Auna ITerposckas’

' 000 "HnnollnasmaTex”
Corresponding Author: anita3425@yandex.ru

BriBOJ M3  IKCILTyaTaluy  AAEpPHBIX  SHEPreTMYeCKUMX YCTAaHOBOK M He3aKTMBALINIL
BHYTPUKOHTYPHOTO O0OOpYIOBaHMS peaKTOPOB OCTAeTCI OIHOW M3 IIeHTPaJbHBIX 3amau
ANepHOI SHepreTMKM. IIpuMeHseMble B HaCTOsIllee BpeMs PagMOXMMUUYECKNE TEeXHOJOTUU
Ie3aKTMBalMY MPUBOAAT K (opmmpoBaHuio Gonbimx oobemoB JKPO, uro Bieuer 3a coGoit
JalbHeNIyo IpobieMy mo mx Iepepaborke. HemocraTkamm pagyoXMMMYECKMX METOIOB
ABIISETCA HEOOXOMMMOCTh 3MIMPUUECKOTO IOAGOpa TUIIA PAaCTBOpa, peKMMa Ne3aKTUBALUM B
3aBUCUMOCTY OT XapaKTepa pafMOaKTMBHOTO OTJIOXEH!S ¥ BOSHMKAIOIIAA IIPM 3TOM KOPPO3MU
KOHCTpyKumii. Kak npaBmio, BHyTpUKOHTYpHOe 000pyIOBaHIe, M3TOTOBJIEHHOE U3 PEeaKTOPHOI
HepJKaBeIollleil CTany, HaKaILUIMBAaeT ITOBEPXHOCTHBIE OTJIOKeHMs B (opme mmmueneir Nin-
CrmFe(3-n-m)O4, roe n=0+2, m=(2-n), NinFe(3-n)O4 (rme n=0+2) mam cMeuIaHHBIX (PeppUTOB
kobanbra n Hukens (CoO)x (NiO)y (FeO)(1-x-y) Fe203, rme 1>y»x 1, uro u oOyciaBimBaer
CJIO)KHOCTh B BBIOOpE THUIIa pacTBOpa IS Ae3aKTMBAIMU. TakKe B COCTaB ITOBEPXHOCTHBIX
OTJIOKEHMII MOTYT BXOQUTH IMPOAYKTHI TOIUIMBHOJ KOMIIOSMLINMIU ypaHa M ILUTyTOHUA. Takum
00pa3oM, OCTaeTcs aKTyalbHOU mpobiema momcka 3¢¢eKTUBHON TEeXHOJIOIMM [e3aKTUBALN
PeakTopHOro 060pyOBaHMS.

st ee pelreHmss HamMu paspabaTbIBaeTCs MOHHO-ILUIa3MeHHAs TEXHOJIOIMSA [e3aKTUBALIVI,
OCHOBaHHAaf Ha IPUMEHEeHUN YKOPOUEHHOT0 paspaaa Aid yAaJeHNd PaaoaKTUBHBIX OTIO0KEeHIUI
C Ie3aKTUBUPYEMOIl ITIOBEPXHOCTY ITIOCPEACTBOM MIOHHOTO ¥ TEPMIUECKOTO PAaCIbUICHN B Cpefie
aproHa C MOCJIeYIOIIMM OCaKAeHNEeM PACIbUICHHOTO CJIOI Ha TAaHTAJIOBOM 3JIEKTPOAE B BUAE
TBepOOro ocagka 6e3 ¢opmupoBanus BropuuHbix JKPO. YKOpOUEHHBII paspsan 3a)KUTajcs
MEeXIy MHe3aKTUBMPYEMON ITOBEPXHOCTHIO (KAarToXx) UM TAHTAJIOBHIM SJEKTPOAOM (aHOX), Ha
KOTOPBIII IIPOM3BOAIIOCH OCAK/IEHIE PACIIBIIEHHOTO CJIOS. B 9KcIlepuMeHTe IoyueHbl paboune
napaMeTphl TEXHOJOTMM: AaBieHMe aproHa 0,5 - 1 aTM., HaNpsDKeHUe (150 - 300) B, ruroTHOCTH
toka (0.1 — 1) A/cM2, niuHa paspsagHoro npoMexyTka 0,2 - 1 MM. B kauecTBe sKcCIIepUMeHTaIBHBIX
Ie3aKTUBMPYEMBIX 00pa3lOB JMCIIOJIh30BAINCH IUIACTMHBI 13 HepKaBeIOIell PeaKTOPHOI CTaIn
C YICKYCCTBEHHO CO3JaHHBIMI Ha IIOBEPXHOCTY OTJIOKEHMIMU B popMe minmHeseil. OcaxneHne
CJI0sI pacIBUIEHHBIX aToMOB Fe 13 cocraBa IIIMHeINel IOATBEPKAATIOCh CIIEKTPOM 3JIeMEHTHOTO
coCTaBa TAHTAJIOBOTO 3JEKTPOMA, IOJYUEHHBIM Ha CKAHUPYIOLIEM 3JIeKTPOHHOM MIKPOCKOIIE
Merlin Zeiss ¢ X-ray mukpoananmsom u EDS-pmerextopom Oxford X-Max 80. Copeprxanue
aromoB Fe 1 Cr Ha ITOBEpPXHOCTM TaHTAJIOBOTO 3JIEKTPOMA COCTABIAIO K0 40% Bcex aToMOB. Panee
JOCTUTHYTBIE PEe3YyJIBTAThl MCCIeOBAHMII MOHHO-ILUIA3MEHHOW TEXHOJOTUM IIPMMEHUTEIbHO
K [e3aKTMBALMM PEaKTOPHOro rpadura ObUIM HOJNOKEHBI II0 IPUIVIALIEHNMIO CeKpeTapyuaTa
MATATD na tTexHuueckoM coBeiranuu «Technical Meeting on Processing Technologies for Irradi-
ated Graphite Waste», Bena, ABctpus, 5-9 Asrycra 2024 rona. TexHoIOIrMs TakXKe 3aIllaTeHTOBAaHA
coBmecTHO ¢ I'K «Pocatrom» u AO «Konnepu Pocaneproatom» 2.

ViccmemoBaHMe BBIIOTHEHO 3a CUeT IpaHTa Poccmitckoro HayuHoro ¢onma Ne 24-29-00321,
https://rscf.ru/project/24-29-00321/

1. C.H. Opios, A.A. 3murponasn, B.B. Kpuso6okos, Terurosnepreruxa, 5, 32 (2021).

2. A.C.Ilerposckag, A.b, Ilsiranos, M.P. Craxus, Ilatent PP Ne2711292, 3aaska EP 19888171.6, US
20210272715, CA3105179A1, KHP CN112655056A (2020).
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High temperature corrosion of cooling pipelines in nuclear reac-
tor: the interfacial elastic deformation of oxidized layer

Authors: Asghar Aryanfar'; William Goddard ITI*

! Bogazici University

% California Institute of Technology

Corresponding Author: asghar.aryanfar@bogazici.edu.tr

The corrosion of cooling pipelines in nuclear reactors has several attributes, mainly comprising the
(electro)chemical aspects. The use of corrosion-resistant zirconium Zr as a clad in nuclear reactors
still sets limitations on the reactor’s fuel energy extraction rate in high temperatures 1 and humidity
2 which could lead to degradation [3, 4] and possibly fracture 5. The mechanisms of corrosion
have extensively been investigated 6, which is still ongoing using new techniques such as additive
manufacturing [7].

In this work, a new constitutive paradigm is developed for swelling-based deformation during
the corrosion as an internal drive for the mechanical mismatch between oxide-metal binary
medium, which is distinguishable from typical research in mechanics involving an external event
(i.e. loads/displacements). In this regard, forming equilibrium between the larger oxide and smaller
metal compartments, the non-linear evolution in the total swelling is properly formulated versus the
progress scale of the corrosion. The generated strains and the following stresses have been obtained
for two cases of thin oxide films (i.e. 1D) and thick oxide layers (i.e. 2D), which involve both elastic
deformation (i.e. reversible) and plastic corrosion (i.e. irreversible) events. The verification has been
performed by tracking the formed radius of curvature from both perspectives of modelling and fi-
nite elements simulations. Furthermore, the dominant parameters for the formation of the metallic
strain as well as the total swelling have been addressed. Consequently, the sensitivity of the interfa-
cial mismatch stresses has been analytically explored versus the ratio of the elastic moduli and molar
volumes. The developed swelling-induced mismatch paradigm could be used either as an indicator
for the criticality of the corrosion extent, the corrosion-initiated mechanical actuation, or the ma-
terial selection process for design in corrosion-prone environments, based on the volume-sensitive
and mechanical properties.
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Utilization of B4C-W shielding to minimize neutron and gamma
dose and flux attenuation
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Nuclear fusion is pursued with distinct methodologies, including magnetic confinement fusion, in-
ertial confinement fusion, and inertial electrostatic confinement fusion (IECF) 1. The neutron and
alpha particle emissions characteristic of D-T fusion exhibit dependency on fuel selection, with com-
positional modifications directly influencing resultant reaction outputs [2, 3]. As documented in the
IEC book, the neutron flux generation rate of IEC device is 10to 1012571 4. Consequently, radiation
shielding optimization for this neutron-emitting apparatus must incorporate spectral considerations
of fusion-generated neutrons and secondary particle emissions to ensure operational safety. Prior
studies have established frameworks for shielding design and radiological hazard mitigation in such
fusion systems [5, 6]. Among the investigated shielding materials for IECF devices, prior research
has employed structures comprising paraffin, boric acid (H3BO3), wood, and stainless steel to achieve
effective radiation attenuation 5. Our previous research [7,8] successfully implemented shield design
simulations for this system, demonstrating effective radiation mitigation capabilities.

But in this work, by simulating with the MCNPX code, the attenuation performance of B4C and W
layers was analyzed for D-T fusion neutron shielding. Boron carbide (B4C) is a well-established ther-
mal neutron absorber due to its high neutron capture cross-section [9], while tungsten (W) exhibits
superior gamma-ray attenuation properties owing to its high atomic density [10]. This work evalu-
ates the substitution of B4C for boric acid (H3BO3) and W for lead (Pb) in multilayer shielding con-
figurations to optimize neutron and gamma radiation attenuation for a 14.1 MeV deuterjum-tritium
(D-T) fusion neutron source. We simulated an IECF device with a neutron source strength of 10°
s~ ! and isotropic angular emission with the MCNPX code. The distribution of energy is assumed as
a Gaussian energy, defined by the 14.1 MeV neutron spectrum. Computational rigor was ensured by
tracking 2 x 10° particle histories (nps), resulting in statistical uncertainties below 1%. Neutron and
gamma fluxes were quantified using F2 surface tallies, with dose calculations employing the DFn
card (IU=2 configuration), standardizing dose units to Sv - h~!source™!. Comparative analysis of
shielding materials revealed that B4C-W configuration achieved gamma dose reduction (1.23 pSv),
whereas H3BO3-W configuration demonstrated enhanced neutron attenuation (15.40 pSv). Gamma
dosimetry results (1.23 pSv) were minimized using the W layer, while using H3BO3 with the W layer
proved optimal for reducing neutron dose and flux (15.40 pSv). Material composition and material
effects composition at fixed geometries reveal critical trade-offs in optimization and multifunctional
radiation materials design. These results show a good improvement in reducing neutron and gamma
doses compared to the results of previous studies, whose articles have also been published.
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Ha manHbII MOMEHT, AfepHasd SHEPreTMKa HaXOOUTCA B CTaAUM Ilepexofa OT MCIIOJIb30BaHUA
ypaHa 235 mid IOJNy4eHMs SHEpPTMM KO BTOPOMY 3Tamy pasBuTua. 1o ecTb Iepexomy K
3aMKHYTOMY SIepPHOMY TOIUIMBHOMY LUKIY, IIO3BOJNAIOLIeMY 9(G(EeKTUBHO MCIIONb30BATh IS
MOJIyueHus 3Hepruu ypaHa 238 u Topus 232, 3amachl KOTOPBIX Ha [Ba IOpsaKa Ooiblile, ueMm
ypaHa 235. B mpolecce 3TOro BO3HUKAIOT IPOOIEMBbI, KOTOPbIe OTCYTCTBYIOT IIPU SKCILTyaTalyu
OTKPBITOTO AMEPHOTO TOILIMBHOrO LuKiaa. Ileapio Moero mcciemoBaHMA ABIAETCA TOMCK
BO3MOKHOCTEII peIlleHNs 9TUX MpobiieM Ha OCHOBe CLIEHAPHOTO aHajIM3a PasBUTUSI CUCTEMbI
ANEPHON SHEPTeTUKIL.

Pemrenne mpo6ieM JalbHeJIIEro pasBUTHMA aTOMHOI HEpPIreTUKM CBI3aHO He C KOJIMYEeCTBOM
pPeaKkTopoB, M OaXe He C MX IKOHOMIUYHOCTBIO M 0e30IIaCHOCTBIO B HACTOfIlee BpeMsd, a C
COBEpIIIEHCTBOM MH(PPACTPYKTYPBI CUCTEMBI, B KOTOPYIO OHHU BXOmaT. OTCYTCTBUE 3aMKHYTOIO
TOILIMBHOTO LIMKJIA IIPMBOJUT K TOMY, UTO JaKe CTPOUTEIBCTBO OUeHb AEIIeBOro I 6e30I1acHOro
peaKkTopa TOJIBKO YMHOKAeT IMPOoOIeMbl, KaK CO CTOPOHBI Je(UINTa IPUPOTHOTo ypaHa, TaK I CO
CTOPOHBI HapaCTAIINNX 00beMOB OTBAJIBHOIO ypaHa I oTpaboTasiirero saeproro Toruinsa (OAT).
IIporHosmpyemsle sHepretuueckue norpebHocTy mupa XXI Bexa He CTaBAT PasBUTUIO ANEPHOI
SHEPTeTUKY BePXHETo Ipe/elia, ee MacITabbl 6y AyT OIpeesaThCst BOSMOKHOCTSIMI YCTOIUMBOTO
pasBUTHUA, YIOBJIETBODAIOIIEI0 HaOOpy 6asoBBIX INPHUHIUIIOB pPasBUTUA CIOKHBIX CHCTEM
un TpeGoBaHMUII OYAyILIUX IIOJB30BaTeJel, aHANIM3MPOBATh KOTOPBIE CIEAyeT yXe CEeTONHA C
IOMOIBIO CLIEHAPHOTO aHaJIM3a BO3MOKHBIX YCIOBUI M TPAEKTOPUI PA3BUTHS.

OCHOBHBIMU IIPOOJIeMaMy, KOTOpbIe HEOOXOAMMO PEeIINThb IIPK Iepexofe K SAepHOIl SHepreTuke
C 3aMKHYTBIM fAOepHBIM TOIUIMBHBIM IIMKJIOM, $BJAIOTCA [Be INIOGaJpHBIE IIPOOIIEMBI:
panguanmoHHas 6e30IacHOCTh, CBSI3aHHAs IIOCTOSHHBIM YBeJIMYEHHEM KOJIMUECTB PasINIHBIX
PaAMOAaKTUBHBIX HYKIMJOB UM CHIDKEHME HENTPOHHOIO IIOTEHLMAjla AJEPHON SHEPTeTUKIH,
CB3aHHOTO CO CHJDKEHMEM KOJMYeCTBA JOOBIBAEMBIX VM IPOM3BOAMMBIX AeIAINNXCI HYKINIOB
I10 OTHOILIEHNIO K JOOBITOMY KOJMUECTBY ypaHa 238 1 TOpus, KOTOpble TPeOyIoT KOHBEPCUH UX B
JenaInuecs HyKIUObl INyTOHMA M ypaHa 233 B HEITPOHHOM II0JIe, ICTOYHMKOM KOTOPOIO II0Ka
ABJIAETCI B OCHOBHOM ypaH 235.

KanammpoBanue mnpoToHOB ¢ 3Hepruenr 200-1000 MsB B
M30THYTHIX KpUCTAJLJIaX KPEeMHUSI

Author: Honnua MBamosa'

Co-author: IOpuit Msasos '

! HUI] «Kypuamosckuii uncmumyms - [THAD

Corresponding Author: ivanova_py@pnpi.nrcki.ru

KananupoBaHue B M30THYTBIX MOHOKpPMCTAJJIAX MCCIENYETCA M IpMMEHAeTCd A IOJyYeHUS
IIYYKOB 3apsKEHHBIX YacCTUI] BBICOKMX I CBEPXBBICOKMX JSHEPTMII B TaKUX KpYyITHENIINX
yCKOpPUTENbHBIX LeHTpax, kak VOB, KEK, LNF, FNAL, LHC [1, 2]. OcobeHHOCTAMU
KPUCTAJUIOOIITUKY 3apsDKEHHBIX UYACTUIL SIBJISIOTCS KOMIIAKTHOCTb, BBICOKas 3(¢deKTMBHOCTS,
CHIDKeHMe paJMallOHHBIX II0TEPk.

Ha cuaxpounkiorpone IIMAP mpoBomsrcs paboThl IO MCCIELOBAHUIO BO3MOXKHOCTEN
KPMCTAJUIOONITUKY 3apsHKEHHBIX YaCTUI] B 00JIACTY IIPOMEXYTOUHBIX 1 MEIMUIIMHCKUX SHEPIUIL.
1 ompITOB Ha IyyKe IIPOTOHOB C sHeprmedt 1 I'sB ObLIM CIpoeKTMpPOBaHBI, M3TOTOBIEHHI,
TeCTUPOBAHBl ONTUYECKMMN U PEHTT€HOBCKUMMU MeTOAaMM OJHOMILIMMETPOBBIE M30THYThIE
KPMCTAJIBI, C KOTOPHIMY HAOJII0IEHO OTKJIOHEHNE IIPOTOHOB Ha yroi 3 Mpaf ¢ 3¢ deKTUBHOCTHIO
oxoJ10 30% 3.

[ns aHanmsa SKCIEPUMEHTANbHBIX MAaHHBIX ¥ IUIAHMPOBAaHMS HOBBIX U3MepeHWMit Oblia
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paspaboraHa IporpamMma, Mofenupymoias meronoMm Monre-Kapio nmpoxox/aeHne 3apsyKeHHBIX
YacTUI] Yepe3 OPMEHTUPOBAHHBIN KPUCTAII C IIOMOINBIO UNMCIEHHOI'O pelIeHUs ypaBHEHUS
IOBIDKEHVS YacTUI(bI B HEIIPephIBHOM IIOTEHINAle IUIOCKOCTHOrO KaHana 4. Ilporpamma 6buia
IIpoBepeHa Ha 3KCIIEPMMEHTAJIbHBIX NAaHHBIX, ITOJNYy4YEHHBIX NPU MCCIEOOBAaHMI KpPIUCTAJJIOB
[MAAP Ha myukax Bercokux sHepruit B CERN, u nmpuMeHeHa i1 MOIeIMPOBAHNS SKCIIEPUIMEHTOB
C KpHUCTAJIaMI Ha CUHXPOIMKIOTPOHe. Pe3yIbTaTsl pacueToB HAXOMATCA B XOPOIIIEM COTIIACUI C
pe3yabTaTaMy M3MepeHUI.

[TosyueHs! OLIEHKY I IIPUMeHEeHUI pa3paboTaHHbBIX M30THYTHIX KPUCTAILIOB B 061acTu Hinke 1
I'sB B10TH 10 «MeQUIIMHCKNX 9Hepruit» 70-230 MaB.

1. V.M. Biryukov, Y.A. Chesnokov, V.I. Kotov, Crystal channeling and its application at high-energy
accelerators, Berlin: Springer Science & Business Media (2013)

2. W. Scandale et al., Eur. Phys. J. Plus 139, 1041 (2024)
3. O. A. AmepkaHoB u gp., [Iucema B KITP 118, 551-556 (2023)

4. TLIO. ViBanoBa, MopgenupoBaHye 3KCIEpUMEHTa II0 BbICOKO3((EKTUBHOMY OTKIOHEHIIO
IpoTOHOB ¢ 3Heprueit 1 ['sB m3ornyteim kpucramiom, CII6IY: marucrp. mucc. (2024)

Development of the method of reconstruction of neutron energy
spectrum with HGND in the BM@N experiment

Author: Arseniy Shabanov'

Co-authors: Aleksandr Zubankov *; Fedor Guber *; Marina Golubeva *; Nikolay Karpushkin *; Sergey Morozov
3

! INR RAS; MIPT
2 INR RAS; NRNU MEPhI
% INR RAS

Corresponding Author: arseniy.shabanov@phystech.edu

The fixed-target BM@N experiment at Nuclotron (JINR, Dubna) is aimed at the study of heavy ion
collisions at beam energies up to 4 A GeV. The High Granular Neutron Detector (HGND)1 is being
developed in addition to existing BM@N detectors. It provides a possibility to carry out unique
measurements of direct and azimuthal flow of neutrons and measure their energy spectrum.

The HGND has two arms, each consisting of 8 layers of plastic scintillator with copper absorber
plates in between. The first layer is used for rejection of the charged particles. Each scintillation
layer is assembled from an 11x11 matrix of individual cells (1936 cells in total).

Neutrons must be recognized in the presence of a background of charged particles and photons. The
cluster identification algorithm has been developed to differentiate neutrons from other particles.
The time-of-flight technique is used to reconstruct the kinetic energy of neutrons. The efficiency
corrections and background subtraction must be applied in order to reconstruct the kinetic energy
spectrum of neutrons. This report is devoted to the development of a procedure for reconstruction
of neutron energy spectrum in the presence of the background.

References:

1. S. Morozov et al., Nucl.Instrum.Meth.A 1072, 170152 (2025)
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ENGREN setup with liquid scintillator array for neutron multi-
plicity measurements in nuclear fission

Author: Olga Sidorova'

Co-authors: Afag Madadzada 1. Sabuhi Nuruyev z Daniyar Berikov 1. Gadir Ahmadov '; Shakir Zeynalov 1. Mahdi
Nasrabadi *

! Joint Institute for Nuclear Research
? Institute of Radiation Problems Under Ministry of Science and Education
* Faculty of Physics, University of Isfahan

Corresponding Author: sidorova@jinr.ru

Investigation of prompt fission neutrons (PFN) properties is important due to PFNs carry information
on excitation energy of fissile nucleus [1,2]. This information is important for nuclear energy instal-
lation development and research in nuclear physics and astrophysics. The ENGREN experimental
setup has been developed at the Joint Institute for Nuclear Research (JINR, Dubna, Russia) to study
the correlated properties of fission fragments (FF) and PFN. The setup consists of a double-gridded
Frisch ionization chamber (IC) with a target mounted on the common cathode of the chamber, com-
bined with 32 PFN detectors arranged in a spherical configuration around the target at a distance of
50 cm. The cathode signal of the chamber provides the time reference for the fission event. The anode
signals allow for the measurement of the fission fragment energies. The PFN detectors are based on
the EJ-309 liquid scintillator by SCIONIX and enable neutron-gamma discrimination through pulse
shape discrimination (PSD) and pulse height (PH) analysis, as well as neutron time-of-flight (ToF)
measurements. The detection of multiple prompt fission neutrons (PFN) was estimated using the
Monte Carlo method and introduced in 3. In this work the 32 EJ-309 liquid scintillation detectors
used in the ENGREN setup were characterized in terms of their response and gamma-ray detection
efficiency. The energy calibration of the liquid scintillators (LS), which is typically challenging due to
Compton scattering effects, was performed by comparing the experimental detector response with
Monte Carlo-simulated spectra. The response functions and light output resolution were obtained
by least-squares minimization of the simulated response functions fitted to experimental data from
calibration gamma sources (Cs-137, Na-22, Co-60). Additionally, the neutron/gamma pulse shape
discrimination (PSD) capability was evaluated using a PuBe neutron source, and the PSD perfor-
mance was analyzed as a function of the applied voltage. Preliminary test measurements with a ?**U
target were conducted at the Intense Resonance Neutron Source (IREN).

1. A. Al-Adili, D. Tarrio, K. Jansson, V. Rakopoulos, A. Solders, and S. Pomp, Prompt fission neutron
yields in thermal fission of 235U and spontaneous fission of 252Cf, PHYSICAL REVIEW C 102,
064610 (2020)

2. Sh. Zeynalov, P. Sedyshev, V. Shvetsov, and O. Sidorova, Prompt fission neutron investigation in
235U(nth,f) reaction, EP] Web of Conferences 146, 04022 (2017)

3. O. V. Sidorova, Sh. S. Zeynalov, Estimation of the Number of Multiple Detections of Prompt
Fission Neutrons with a Multi-Module Neutron Detector Based on the Liquid Scintillator BC-501,
Bulletin of the Russian Academy of Sciences: Physics, 88, 8 (2024).
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Tekylee cOCTOSTHNE MCTOUHUKA YJIBTPAXOJOAHBIX HEMITPOHOB
misa PK ITNK

Authors: Anexceit Cuporun’; Anexceit domun'; Anarommit Cepe6pos’; Aprem Konrioxos'; Burammit JlaMxun®;
Tpuropuit Boponuros'; Mmurpuit [Ipymuuxos’; Ilasen Xasos'; Cepreit Vsamos'

! HUI[ *Kypuamosckuii uncmumym” - [THAD
? NRC “Kurchatov Institute” - Petersburg Nuclear Physics Institute
* NRC “Kurchatov Institute” - PNPI

Corresponding Author: lyamkin_va@pnpi.nrcki.ru

Pa6Gora mocBsllleHa CO3TaHNUI0O HOBOTO MCTOYHMKA YJIBTPAXOJOMHBIX HEIITPOHOB Ha OCHOBE
CBePXTEeKyuero reJIyd I MCCIIeJOBAaHMUII B 00macTy Gu3MKU GyHIaMeHTaIbHBIX B3aIMOIeICTBIIA
Ha peakrope IIMK. Mcnonp3oBaHne cBepXTeKyUero rejus MO3BOJUT JOCTHYL mrotHocTy YXH B
Kamepe McTouHMKa 2200 cM-3, UTO Ha IOPAAOK IIPEBBIIIAET TeKYIMII YpoBeHb InoTHOCT YXH B
MCTOUHMKAX B MIUPE.

Jns mcTouHnKa paspaboTaH M BHEAPEH BeCh KOMIIIEKC TEXHOJOTMIA, ITO3BONIAIOIINX CO3/1aBATh
ucrounuky YXH Ha ocHOBe CBEpXTEKydero reimsd: IOJydeHMe U IOAJep:KaHle CBEPXTEKydero
reqys IpY HMU3KOV TeMIlepaType B YCJIOBMAX TEIUIONPUTOKOB OT peaKkTopa, pas3paboTKa
TEXHOJIOTMUECKOT0 KOMIUIEKCa NJISI IOAAepKaHMA ero paboumx IapaMeTpOB, M3TOTOBJIICHIE
HelITpoHONpoBogoB YXH ¢ BbICOKMM K03(DGUIMEHTOM OTpakeHMSI HEIITPOHOB, pa3paboTKa
TEeINIOOOMEHHMKOB [UIf CBEPXHM3KUX TeMIIepaTyp M IOJIy4YeHMe M30TOITHO-UNCTOTO Telna-4.
HeiirponoBogHas cucreMa ucrouHMK YXH paccumraHa Ha yCTaHOBKY [0 UeTBIPEX HaAyUHBIX
CTAHLIVIA. Ha mnepBom 3Tame sKCIIyaTaUMM MCTOYHMKA ITaHMpyeTca ycTaHoBKa OIM
CIIEKTPOMETpa C UyBCTBUTEIbHOCTBIO M3MepeHmit 1E-27 e-cM/rom m 1Ba SKCIepUMEHTa IIO
M3MEPEHNIO BpEMEHN KM3HM HEMITPOHA C TOUHOCTHIO 0,1 CeK - ¢ rPaBUTALIIOHHON M MarHUTHOM
JIOBYILIKaMMU.

HcciemoBaHe BBIITOJIHEHO IIpU IOAAepKKe Poccuiickoro HayuHOro GoHma, rpaHT

Ne 23-72-10007.

Evolution of the spectra during propagation of neutron fluxes in
Rhenium, Molybdenum and Aluminum

Authors: Denis Khliustin'; Lyudmila Latysheva'; Nikolay Sobolevsky'; Rashid Djilkibaev'

! Institute for Nuclear Research Russian Academy of Sciences
Corresponding Author: den.khliustin@gmail.com

The results of numerical modeling of leakage spectra, diffusion time and absorption spectra during
propagation of neutron fluxes in 75Re, 42Mo and 13Al27 are presented. The spherically symmetric
task of neutron flux diffusion from a central source to the outer surface of the spheres is reviewed.
The simulation was carried out using the Monte Carlo method with ABBN-78 neutron group con-
stants.

The task was carried out within the framework of modeling the spectrum and optimization of the
target station of the spallation pulsed neutron source RADEX, which is used as a proton beam tar-
get of the INR RAS proton linear accelerator. Modeling was carried out in order to determine the
effect of the target material choice on the neutron spectrum, value of neutron flux and it’s diffusion
time. Possibility to reconstruct capture spectrum, using experimentally measured leakage spectrum,
is discussed.
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O BBIBOE MPOTOHHOIO ITy4YKa M3 KaMepbl CMHXPOLMKIOTPOHA
IIN P c moMOUIbIO M30THYTOT0 KPUCTAJLIA

Author: I0puit M. Usanos’

Co-authors: Anexceit B. Mnatosckmit '; [mutpuit A. AMepKaHOB !. Esrenuit M. UBanos '; Ilonuna I0. MBanosa
!; Cranmcias A. ApraMmoHoB

! [Temepbypeckuii uncmumym sdeproii gusuxu HAL] KU
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B cucteme BBIBOJJa YCKOPEHHOT'O IIPOTOHHOTO ITy4yKa 13 cuHxpouukioTpoHa ITUAP ¢ sHeprueit
1 T'sB mpuMmeHsieTcsl pereHepaTMBHBIN METOX BBIBOAA. OPPeKTMBHOCTh BBIBOHONM CUCTEMBI
okono 30% 1. He BbIBeeHHBINT 13 KaMepbl YCKOPEHHBIN IIy4OK pacCeMBaeTcsd Ha CTEHKax
KaMephl CMHXPOLUMKIOTPOHA. YacToTa BbIBOJA YCKOPEHHOTO IIPOTOHHOIO IIyuka Imopaaka 50 I'm.
MaxkcuManbHas BbIBeleHHAs MHTEHCUBHOCTh YCKOpPeHHOro myuka 1 MkA (6"10"12 mpoTOHOB B
CEKYHLY).

OpnHOIT M3 Ba)XKHBIX 3a4ay SBIseTCS pa3paboTKa UM MCCIENOBaHME AETEKTOPOB U 3JIEKTPOHUKI
Ui siAepHO-GU3NUECKNX SKCIIEPMMEHTOB, KOTOpas peIIaeTcs C JMCIIOJb30BAaHMEM TECTOBBIX
IIyYKOB MHTEHCUBHOCTBIO Ha 6-9 ITOPAIKOB MEHBbIIIE, ITO3BOJIAIOIINX paboTaTh B CUETHOM PEXIME.
Ceifuac IolyyeHMe TaKMX TECTOBBIX ITYUYKOB Ha CHHXPOIMKIOTPOHE OCYIIeCTBIAeTCS Kak
IyTeM W3MEHEHNUsS pPEeXJUMOB YCKOPEHMsS CUHXPOLUKIOTPOHA, TaK M MHOIOCTYyIE€HUYAaThIM
KOJUIMMIUPOBAHNMEM WHTEHCUBHOIO BBIBEJEHHOIO ITy4YKa. B pesynpraTe mIpaKTUUYecKM
BeCb YCKOPDEHHBINI M BBIBEJIEHHBINI ITy4OK TacUTCI B BeIlleCTBE KaMephbl I KOJIJIMMATOPOB,
MPOM3BOASA pafiMaUMOHHBIN (oH. PexmmMbl paGoTsl yCKOPUTENS ¢ MaJIbIMU MHTEHCUBHOCTIMMI
(10"3+10"6 IPOTOHOB B CEKYHAY) SABIAIOTCA «3K30TMUECKUMU», TPEOYIOT CIOXKHOI HACTPOIIKI U
IIOBBIIIIEHHOTO BHMMAaHMA. DBBIBOA IIyyKa M3 CUHXPOIMKIOTPOHA C IIOMOIIBIO M30THYTOTO
KpUCTA/la IIO3BOJIUT YMEHBIINTh WHTEHCUBHOCTh BBIBEJEHHOTO Iyuka g0 TpebyeMoii,
CYIIeCTBEHHO CHU3NUTH pagMalliOHHBIE IIOTepM B KaMepe, KOJUIMMATopax I TpakTax
TPaHCIIOPTUPOBKIL.

JI71s1 ocyIitecTBIEHNS BBIBOA IIPOTOHHOTO ITyYKa C IIOMOIIBIO M30THYTOTO KPHCTaJIa HEOOXOAMMO
OCTaHOBUTH YCKOPEHHBII IIPOTOHHBIN IIYUOK Ha pamyyce KO oOJIACTI HeiCTBUS pereHeparopa,
TI0CJIE UETO C IIOMOIIBIO M30THYTOTO KPMCTAJLIA, IOMEILIEHHOTO B IIPOTOHHBIN ITy4YO0K, OTKJIOHUTD
Iy4OK Ha TaKOil yroJl, uTOObI OH 3a HECKOJIBKO 000POTOB (pereHepaTUBHBIN BBIBOX) VUIM 32 OJVIH
060pOT MoIIan B BEIBOLHOI MarHMTHBIN KaHal.

OKCcIepuMeHTaJIbHbIe JICCIENOBAHNMA IIOBeNeHNUs IIPOTOHHOIO IIyYKa B KaMepe YCKOPUTEId
ToKasajy, YTO IpM IIpephIBaHMM ycKopeHUs Ha R=309 cM myduok M3 KaMepsl He BBIBOOUTCA U
CYLIECTBYET B KaMepe He MeHee 4,5 CeKyH]I.

IIpenBapuTeIbHBIE pacueTsl IIOKa3all, UTO C TOTO pagnyca BO3MOKeH BBIBOJ, KaHAIMPOBAaHHOTO
KPUCTAJJIOM IIPOTOHHOTO ITyUKa KaK C MCII0JIb30BaHMEM PereHepaTIBHOM CHCTEMBI BEIBOA, TaK I
6e3 Hee. B rmepBoM cirydae Hy)KeH M3rub KpucTayuia nopsaka 10 MuinpaguaH, BO BTOPOM ciiydae
- Oosee 20 mmimupanmaH. I[IpOTOTMIIBI M30THYTHIX KPMCTAJUIOB Ha Yrosl OO0 4 MIULIMpaguaH
paspaboraHbl u ucciaeqoBaHbl B 2. Kprcramst ¢ Goxpiummuy yriiamu n3ruba HaXOMATCS B CTa{NN
U3yYEeHUA.

Wsmensada paguaibHOe U YIJIOBOE IIOJIOKEHME KPMCTANITIA MOXKHO INIABHO MEHATh MHTEHCUBHOCTD
BBIBEIEHHOT'O IIPOTOHHOIO IIyUKa B HEOOXOMMMBIX Ipefesax.

Kpucranamdyecknii BBIBOZ CIIOCOOEH YIYUILINTb MHPPACTPYKTYPY IIYUKOB Ha CMHXPOLIMKIOTPOHE
MMAAD.

1. HK. A6pocumos, Co3maHme u JajbpHelilllee YCOBEPIIEHCTBOBAaHNE CUHXPOIMKIOTPOHA Ha
suepruio 1 I'sB IIVUAP PAH, [IA® PAH: a.1.1. nucceprarus (2004).

2. [.A. AmepkaHoB u 1p., [Iucema 8 KST® tom 118, BBIIL 8, c. 551 — 556.
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HpOCTpaHCTBeHHaH n30JIanamusa MOHOB, pa3d€eJIECHHbIX B MHOTIO-
OTPpA’KATE€JIbHOM BPEMAIIPOJIETHOM MAacCC-aHAJIN3aTOpeE

Author: Muxawn Tsop'

Co-author: Kupunr Kosams

' Hnemumym ananumuueckoeo npubopocmpoenus PAH

* Monumexnuueckuii ynusepcumem Iempa Benuxozo
Corresponding Author: mikhail.yavor@gmail.com

MHoro-oTpakaTeJbHble BpeMAIIpOoJIeTHbIe Macc-aHanu3aTopsl (MO BIIMA) mosmyuniu mmpoxoe
pacmpocTpaHeHNe B AOepHO-QU3NUECKMX SKCIIEPMMEHTAX, IIOCKOJIIBKY COYeTaloT BBICOKYIO
paspelanlyo CIOCOOHOCTh M TOYHOCTh M3MEPEHMS MacC C BBICOKOJ CKOPOCTBIO aHAJN3a,
ITO3BOJITIOIIEN M3MepATh MAacChl M30TOIIOB, BpeMeHa KM3HIU KOTOPBIX HAUMHAKTCA OT 50 MC.
MO BIIMA Takke MCIIOJB3YIOTCI KaK MacC-CelapaTopbl, BBINEJSIONVE VCCIeqyeMble JOHBI
13 OOIllero CIeKkTpa Ui JaJbHEIero MCCIeJOBAHMA MX CBOVCTB. M3omaums mccieqyeMbIX
MOHOB IIOCIe pasfeleHNs II0 BpeMeHM IIpoJieTa OCYyIIecTBIgeTcs Jubo 3aTBOpoM Bpambropu-
Hunbcena, mmbo yrnaBauBaHNEM «HA JIETy» B Ia30HAIOTHEHHYIO PaaMOUYACTOTHYIO JIOBYIIKY.
O6a 3Ty MeToma MMEIOT BpeMEHHOE paspelleHye Iopsaka 20 HC, B TO BpeMsA KaK BpeMeHHOe
paspeutenne MO BIIMA cymecTBeHHO Bblllle — A0 2 HC. B pesynbpraTe BpeMAIIpOJI€THbBIE
Macc-cenapaTopsl Ha ocHoBe MO BIIMA o06afarmoTr paspelalieil ClioCOOHOCTHI0O Ha IOPSIHOK
Xy’Ke, ueM COOGCTBEHHO BpeMSIIpOJIeTHble Macc-aHalnu3aTopbl. IloBbIllleHNMe paspelaolest
CIIOCOOHOCTM Macc-cerapaTopa TpeOyeT yBenmueHus BpeMmeHHolit pucmepcun MO BIIMA 1,
COOTBETCTBEHHO, IIPOIIOPLIOHATILHOTO YBeIMUEeHN BpeMeHN aHal/3a.

B nmokmame mpenioKeH anbTEPHATUBHBIN MeETOJ IIPOCTPAHCTBEHHON M30JALMM IOHOB,
pasgenenHeix B MO BIIMA. Ilaker MOHOB mocie IIPOXOXKIEHMS KOHEUHOTO BpPEeMEHHOTO
¢dokyca MO BIIMA u HekoToporo napeioBOro IpPOMeXyTKa BBOAMUTCA B 3aMeIISIoOIlee
aJIeKTpocTaTuueckoe 1moje. IToCKOJIBKY MOHBI GOJNIBIIINX SHEPTUIl BXOMAT B 3aMeIfiollee II0JIe
paHbllle MOHOB MEHBIINX SHEPIuil, B GMKCUPOBAHHBIN MOMEHT BpeMEHN OHU TepAIOT OOJIblIe
9HepIMy B IIOJIe M, TaKMM 00pasoM, IIOCJie BXOJa BCEX JIOHOB ITaKeTa B II0Je MOXXHO JOOUTHCH
CYILECTBEHHOTO yCTpaHEeHMS X 3Hepropasbpoca. B HEKOTOpBINI MOMEHT BpeMeHN! 3aMeIaIolee
Iiosie BeIKIIOUaeTcs. IIpy aToM, KOHeUHas SHeprus MOHOB IIaKeTa 3aBMICUT OT MOMEHTa BpeMeH!
BBIKIIOUeHMs 1ojd. I[loaToMy MOHBI pasIMUYHBIX Macc, IpMILENIINe B KOHEUHBI BpeMeHHOI
¢oxyc MO BIIMA B pasHOe BpeMs, B MOMEHT OTKJIIOUEHMs 3aMeMJIIOIIEro IoJs OyayT
VIMeTh pas3iIMUHyI0 dHeprmio. KoHBepcyua BpeMEHHOTO pasfeleHNs II0 MaccaM B pasjelIeHIe
II0 SHEPTUM II03BOJIIET IIPOCTPAHCTBEHHO pa3feINTh IIAKeThl MIOHOB Pa3HBIX MacC C IIOMOIIBIO
3JIEKTPOCTAaTUUECKOTO 3HEproaHaNn3aTopa. PacueTsl TOKasbIBAIOT, UTO JAasKe NP MCIIOJIb30BAHIN
ImpocToro 90-rpagyCHOrO CEKTOPHOTO SHEProaHalIN3aTopa MOKHO IIOJTHOCTBIO IIPOCTPAHCTBEHHO
pa3mennTh MakeThl AINTEIBHOCTHIO 2 HC MOHOB Macchl 250 a.e.M. ¢ sHepropasbpocom ot 1270 mo
1330 3B oT MOHOB APYTOIT MacChl, MPUILIEAIINX BO BpeMeHHOII (OoKyC aHaIM3aTopa ¢ MHTEPBAJIOM
B 4 HC, TO €CTb IIOBBICUTD Pa3pellIaollyI0 CIIOCOOHOCTh Macc-cerapaTopa B 5 pa3 [0 CPaBHEHUIO
C WCIIONB3yeMBIMM B HAcTOfIllee BpeMs MeTOJaMM M3OJALMM JMOHOB. YIIydIlleHNe KauecTBa
9HepToaHalM3aTopa 3a CYeT yBeJMUEHMS €ro MUCIIEPCUN I YCTpaHeHUs INPOCTPaHCTBEHHBIX
abeppaluit II03BOJIUT KOOUTHCS BpeMEHHOI0 paspelleHus cemnaparopa Ha ocHoBe MO BIIMA B 2
HC, TO €CTbh CHeJIaTh er0 paBHBIM COOCTBEHHOMY BpeMeHHOMY pasperreruo MO BIIMA.
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Production of low radioactive samples for low background exper-
iments
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Laboratories created for low-background measurements intensively carried out fundamental physics
research, studying neutrinoless double beta decay, neutrino detection, etc. The level of radioactive
background is the main indicator for experiments studying rare natural phenomena. One of the
most important components of successful research in this field is the acquisition of materials puri-
fied from possible radioactive impurities. Fluxes are often used in low-background experiments in
the manufacture of electronic devices. Literature data indicates radioactive isotopes of the elements
U, Th, and K, which pose problems for low-background studies, have been found in commercially
available solders.1 Therefore, it is an actual issue to develop a methodology for purchasing fluxes in
accordance with the requirements for conducting low-background experiments.

In this work, we report the production process of a low-radioactive ammonium salt flux. The initial
components (HCI and NH40OH) were purified from radioactive elements by sub-distillation method.
It was determined that the concentration of U, Th elements in hydrochloric acid was reduced by
20-25 times by evaporating with the method of sub-distillation carried out in three stages. The syn-
theses of the salt was carried out in gas-liquid phases. To achieve high purity of the final product
all the processes were performed in a clean room (JINR, Dubna) An instrumental neutron activation
analysis, atomic emission and mass spectrometric methods have been performed to estimate the ra-
dioactivity level of the product.

Synthesized salts that meet modern requirements in terms of purity were purer than their commer-
cial analogues and recommended for use in several of low background experiment projects by the
Joint Institute for Nuclear Research.2,3

1 D.S.Akerib et al.// NIM A. 1997. V.400. P.181.

2 Q. Arnaud et al.,, Optimizing EDELWEISS detectors for low-mass WIMP searches, Physical Review
D 97 (2) (2018) 022003

3 E. Armengaud et al., The CUPID-Mo experiment for neutrinoless double-beta decay: performance
and prospects (2019) [https://arxiv.org/abs/1909.02994]

I/ICCJICJ_IOBaHI/Ie IIpoxeccoB BTOP]/I‘IHOﬁ SJICKTPOHHOﬁI IMICCUM C
UCIIOJIB30BAHMEM CHUCTEMbI TUATHOCTUKI IIYUKOB 3apA’KE€HHbIX
JaCcTHUII 1M TAYKEJIbIX MOHOB

Authors: Burammit Ilerpos'; Bragumvmp KepeGuesckuit'; Erop 3emmun'; Muxamn Kymospos?®; Hukomait
Maubies!
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2 OTH um. A.®. Hopgpe
Corresponding Author: zemlin.egor2011@yandex.ru

AKTUBHOE NCIIOJIb30BaHNE YCKOPUTENBHON TEXHUKNM B HAy4YHBIX JCCIENOBaHMAX Tpebyer
CO3[aHMsI HOBBIX WH)XEHEPHO-TEXHOJIOTMUECKUX peLIeHniT B 00JACTM KOHTPOJS KauecTsa
MIyUKOB 3apsDKeHHBIX uacTul. ONHMMM M3 BOKHENIINX [1apaMeTPOB SBISIOTCS CTPYKTypa
U NPOCTPAHCTBEHHOE IOJIOKEHME IyuKa. B maHHOI paboTe IMpencTaBieHa MHOTOCEHCOpHAs
CHUCTeMa MOHUTOPMHIA ITyUKOB 3apsDKEHHBIX YaCTUI[ VM TsDKEJIBIX MOHOB, paspaboTaHHas B
yue6Hoit snabopaTopum siaepHbIx IpoieccoB CII6IY. Cucrema MO3BOISeT BU3yalIM3UPOBATh
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Npo(MiIb IYyUKOB OT IIPOTOHOB IO MOHOB aproHa B IIMPOKOM AMAIla3OHe MX Macc, M SHepruii
1. IpmHumn paGoThl CUCTEMBI OCHOBAH HA MCIIOJIb30BaHUM 3¢ ¢eKTa BTOPUUHOI 3JIeKTPOHHOI
smuccun. CucreMa COCTOUT M3 CKaHMPYIOLIEN CETKM IT030JI0UEHHBIX BOJIbPPAMOBBIX CEHCOPOB
(8 BepTMKaNBHBIX M 8 TOPM3OHTAIBHBIX), pa3MEILIEeHHOM BHYTPM MOHOIIPOBOAA YCKOPMUTENS.
ITpu B3amMomeiiCTBUM YacCTHULl IIydKa C BEIIECTBOM CE€HCOPOB, BO3HMKAIOT IIPOLIECCHI, KOTOPbIE
NPUBOJAAT K BOSHIKHOBEHIIO BTOPMYHBIX 3JIEKTPOHOB. B pesyiibrare KasKIblil CEHCOP CTAHOBUTCS
reHepaTopoM ToKa. M3Mepsis crHaI Ha Ka)KIOM CEHCOpe, MOXXHO BOCCTAHOBUTH NMPOQIIIb IyUKa
U MICCIIeOBATh IIPOI€CCHI BTOPIMUHOM 3MUCCUN IEKTPOHOB.

B mannoit paGore Oblia IIpoBefeHa cepus SKCIIEpMMEHTOB Ha YHuKanbHoI HayuHoit YcraHoBKe
(YHY) «luxnorpor ®TU um. A.®. Modde tumna Y-120» ¢ mcronbp3oBaHMeM IIYUKOB IPOTOHOB
¢ sHeprueit 1,9 u 3 MaB u nonoB 40Ar+8 c sHeprueit 53 MaB. PesynbpraToM sKCIIepMMEHTOB
craja BuU3yanmsanus Mpoduiieil IyYyKOB IPOTOHOB M MOHOB 40Ar+8, a Taxke HAKOIUIEHIE
CTATUCTUKI CUTHAJIOB, 00paboTKa KOTOPBIX ITO3BOJIVIIA IIOJIYUYUTH KOIPQPUIMEHTHI BTOPUUHON
3JIeKTPOHHOM SMUCCUI YACTUI] IIPY UX B3aNMMOAEIICTBUY C MaTepMaJIOM CEHCOPOB, MICIIOIb3YeMBIX
B MHOTOIIDOBOJIOUHON cmcTeMe.  [aHHBIN pe3yJibTaT IIOCTY>KIJI OCHOBONM IJI IIPOBEPKMU
TEOPEeTMYECKMX MOJeJell, KOTOpble IBITAIOTCS OIMCATh IIPOLECChI BTOPMYHONM 3JI€KTPOHHOM
SMMCCHUIL IIPY B3aMMOMEMCTBUI ITyYKOB 3apSyKEHHBIX YACTHIL I TSKEJIBIX MOHOB HU3KUX SHEPTUIT
(mo 3 MaB/HYKIIOH) ¢ pasnMUHBIMU MaTepUAIAMIL

1.ITatenT P® Ne2830097, 21.02.2024

INocT-3dPexTnI o0JIyueHus TaHTajia 3apsyKeHHBIMU
YacTHIAMU
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C ucmonp30BaHMEM PEHTIEHOBCKON audpakumm ¥ 3MUCCHOHHON  MeccOayspOBCKOIT
CIIEKTPOCKOIIMM M3YyUeHbI IT0CT-3QeKThI OOJyUeHNMS MeTAJUIMUeCKOT0 TaHTaja IIyuKaMu
IIPOTOHOB C HauaJIbHOI 3Heprueit 7 MaB.

Hesnaunrensusiit cioit mosuoro normoitenus CuKo-usnyuenns (8.05 xaB) B meramnmueckom
tTaHTase (OKOJIO 8 MKM), ellfe 6ojee Masast TOJIMHA (BCEr0 HECKOIBKO MKM) «OIMPOBAHHBIX»
atomamy 57CO IOBEpXHOCTHBIX CJIOEB OOpasI[OB II03BOJIMJIA MCKIIOUMTb U3 PacCMOTpPEHNS
«IpsIMble» pafVallOHHbIe IIOBPEXIEHMS KPMUCTAJUIMUECKON peLIeTKM IIyYKaMU IIPOTOHOB
(moTepu sHEpruM KOTOPBIX B CJIOE€ TOJNILIMHOM 8 MKM cocraBisior 0.3 MsB, nmpm arom umcio
CMEIIIeHHBIX aTOMOB B pe3yJIbTaTe IPOXOXKAEHUsS IIPOTOHOB HMUTOXHO - 0.1 BakaHCMIT/MOH) U
M3YUNTH ITOCTIEACTBI 00IyUeHNSI MeTalIa «COOCTBEHHBIMIU» aToMaMit Ta (MMEIOIIMI S9HEPTUIO
6osee 160 kaB m cospmammumu Gosee 3900 BakaHCUII/MOH), BEIOUTHIMU U3 Y3JIOB peleTKn BO
BpeMsi 60MOAPAUPOBKI MUIIIEHEIL.

IMocne obnyuenus Ha AudpaKTorpaMMax 00pasIOB OTUETINBO BUMAHBI PACIIEILUIEHNS OCHOBHBIX
JUHUI OUQPPAKUVOHHBIX PEHTIEHOBCKUX CIIEKTPOB, KOTOPBIE MOKHO OOBSICHUTH TOJBKO
MexX(pasHbBIMM HANpSDKEHMSAMM 1, BO3HUKAWOIMMU B pe3yJbTaTe OCTBIBAHNS TEILJIOBOTO
xinHa (thermal spike) m o6GpasoBanmem kimubeB cmeitenus (displacement spike) BHyTpm;
pasymnopsiioueHHbIX (B pe3yibrare OOJAyuYeHUs BBHIOUTHIMU U3 Y3JIOB PELIETKNM ATOMaMU
raHTasna) 30H. C yBelMueHMeM yria CKAHMPOBAHUSA BKIIAL IOBPEXIEHHOI 00JIACTY B HOJIHYIO
IuQPAKIMOHHYI0 KapTUHY yBEIMUMBAETCS, UTO COIMPOBOXKOAETCS «YCUJIEHMEM» TOHKOI
CTPYKTYPBI AUPPAKIIMOHHBIX PEHTT€HOBCKIX CIIEKTPOB.

Hannune sHAUMTEIHPHOTO YNCIIA PaaalIOHHO-MHAYIMPOBAHHBIX Ae(eKTOB PAa3INMUHOrO TUIIA B
OKpECTHOCTM MeccOayIpoOBCKOrO aToMa IPUBOAUT K YIIMPEHNIO JIMHIII SMICCHOHHOIO CIIEKTpPa
noutu Ha 20%.
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1. AU. Camoiutos, E.H. Ka6nos, H.B. Ilerpymnua u np. O mpupope paclieruieHuss ramma-
CaTeJUINTOB PEHTTEHOBCKMX AM(PPaAKIMOHHBIX peIeKCOB >KapOIPOUHBIX MOHOKPUCTAIBHBIX
HIKeJIEBBIX CILIABOB // 3aBojckas jabopaTopus. [marHocTuka MaTepuanos, 2010, 1. 76, Ne 12,
c. 26-29.

HoBbnii MeTOx mM3MepeHMA CTEeNEeHHU AMCCOLMAnMII ITYYKOB
JIETKUX siiep I MOHOB

Author: Bragucnas Jlapuonos'

Co-authors: Anexcaunp Bacumbes '; AnTon Poxnectsenckuii '; Buxrop Tpopumos '

! HUI[ «Kypuamosckuii Hnecmumymy - [THAD
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Peakumu H(d, p)3H m 2H(d, n)3He urpamor BaXHYI0 pOJb B acTpopuU3MKe U TepMOSIEPHOI
sHepreruke. Vcrionp30BaHMe MOISIPN30BAHHOIO AeiTepUsI B KAUECTBE TOIINBA MOKET IT03BOJINTh
ITOBBICUTH CeUeHNe CUHTe3a Ha 50% 1, TOXaBUTh HEMTPOHHBIN KaHAJ M CO3[4aTh aHU30TPOIINIO
NpOAYyKTOB peakiuu, uro yseamuur KIIJI peakropa M CHM3UT pagMalMOHHYIO Harpysky Ha
MaTepuasbl.

C 2009 roma B HUII «KypuartoBckuit Uuacturyr» — MNP mpoBomures sxcmepument PolFusion,
HaIIpaBIeHHBI Ha u3MepeHne quddepeHumanbHbix ceueHnit dd-peaximii, koapdununentos Cz.z
n Czz.zz, n daxTopa nopasieHns KBuHTeTHOro cocrosuus (QSF) 2.

OpHUM M3 KIOUEBbIX [TapaMeTpPOB MCTOYHMKA - MHTEHCUBHOCTh ITyuKa, KOTOpas HAIpIMYIO
OIpenessieT BpeMs IIPOBeE€HMS SKCIIEPMMEHTOB. B JCTOUHMKe Ba)KHENIINMM IIapaMeTpOM
ABIISETCS CTENEeHb IMCCOLMAIMM — COOTHOILIEHNE MOJEKYJSIPHOTO M aTOMapHOro BOLOpOAa
(meitTepus) B myuke.

HanHast pabora ITOCBsIIeHa pa3paboTKe Macc-CIIeKTpOMeTpa JIETKUX simep (Maccsr 1, 2, 3 u 4) Ha
ocHOBe ¢uiabTpa BuHa, Kak IepCHeKTMBHOTO METOHA IS OIpeNeseHMsl CTeleHN NUCCOLAIIN
IyYKOB JIETKUX sifep M MOHOB. IlpemmylecTBamMu paspabaTbiBaeMOl KOHCTPYKLIMY SIBJISIOTCS:
MaJiple JIMHeJIHbIe pa3Mepsl, HU3KMIT BeC, TEXHOJIOTMYeCKas IIPOCTOTa ¥ HEBBICOKAsS CTOMMOCTD.
BasKHO OTMETUTB, UTO 110 pa3peLaolell CIIOCOOHOCTI B 00IaCTY JIETKMX MacC pa3pabaTbIBaeMblit
npuOop COIOCTaBUM ¢ GojIee CIOKHBIMIU Cross-beam Macc-CIIeKTpOMeTpaMIL.

Crucox urepaTypsl

1. Theor.: G. Hupin et al. Nature Com. 10, 321 (2019)

2. Project on Research of Nuclear dd Synthesis with Polarization of Initial Particles at Low Ener-
gies (PolFusion) / A. Yu. Rozhdestvenskij, A. V. Andreyanov, A. A. Vasilyev [et al.] // Physics of
Atomic Nuclei. — 2024. - Vol. 87, No. 3. — P. 224-229. — DOI 10.1134/51063778823600689. — EDN
CGPWFM.

MopenxupoBaHue UAEeHTUPUKAIMIOHHOM CIIOCOOHOCTH
BEPLIITHHOIO [JeTeKTopa aja 3Kcnepummenta MPD Ha
koJuraiaepe NICA

Authors: Banepuit KOHJIpaTbeBl; Brapumup )Kepe6quCKI/H711; Huxoiait Masbies’
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HccemoBaHme CBepXILUIOTHOI ANEPHON MaTepuy, KOTOpoe OymeT MPOBOAUTHCA B SKCIIEPUMEHTE
MPD Ha cTposmeMcs B [Iy6He kosnarinepe NICA, aBisfeTcs akTyalIbHOIN 3afaueil COBpeMeHHOI

(GU3UKY BBICOKUX SHEPTUil. YHUKAJIbHBIMM NMPOOHMKAMI 3KCTPEMAIBHBIX COCTOSHUII SOepHOI
Cpenbl ABIAIOTCA YaCTMUIIBI, COAEpKalllie TsKelble KBapKM, K UMCIY KOTOPBIX OTHOCATCH
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ouapoBaHHble D-Me30HBI.  ITUM YaCTMLBI XapaKTepPU3YIOTCS MaJbIM BpeMEHEM KU3HU, U
IUI PEKOHCTPYKIIMM BEpIIMH WUX pacmaga TpeOyercs BepIUVHHBIN JETEKTOP C BBICOKUM
IIPOCTPAHCTBEHHBIM paspelleHMreM. Takoil AeTeKTOp IUIAHMPYETCS IIOCTPOMTh Ha OCHOBE
MOHOJIMTHBIX AKTMBHBIX IMKCENBHBIX CEHCOPOB, OOJAaJaloIMX Ha CErOAHSIIHUIL [eHb
PEKOPAHBIM paspellleHreM U OBICTPOAENICTBMEM. B X0me KOMIIBIOTEPHOIO MOIEIMPOBaHMS
apropaMu ObUIa u3ydyeHa WUAeHTU(UKAMOHHAS CIOCOOHOCTh TpeKOoBoW cuctembl MPD,
BKJIFOUAIOLIE]l BEPIIVHHBIN HETEKTOP U BPEMS-IPOEKIVIOHHYIO KaMepy, MPY PEeKOHCTPYKIMN
pacriagoB D-Me30HOB, 00pa3yroIMXCsS B IIEHTPAIBHBIX CTOJIKHOBEHNIX Sfep 30JI0Ta ¥ BUCMYTa
npu sHepruax kosuargepa NICA. [lng BeigeleHNMs CUTHaJIOB D-Me30HOB B CIIEKTpe IIO
MHBapMaHTHOM Macce IIPOAYKTOB MX paclajfa JCIIOJNb30BaH COBPEeMEHHBIN IIOAXO0J Ha
OCHOBE MCKYyCCTBEHHOIO NHTENJIEKTa, BKIIOUAIOINI aJrOPUTMBI MAIMHHOIO OOyUeHMs.
Kraccudmkanmonnsiii ananns nposoamics Ha ocHoBe BDT kiaccudukaropa, popmupyrorero
IepeBbs MPUHATHS pelleHuil. B KauecTBe BXOQHBIX NAHHBIX OBLIM B3STHI TOIIOJIOTMUECKIIE
rmapaMeTpsl pacrmaga D-mesonoB. Mcmomb3ys OTKIMK KiaccugukaTtopa Ha CUTHAJIbHbBIE U
(oHOBBIE COOBITMS, PErUCTPUPyEMble B TPEKOBOII CUCTEME, OKa3aJOoCh BO3MOKHBIM BBIJEIUTH
CUTHAJ Ha CYLeCTBEHHOM KoMOuHatopHOM (poHe. IlonyueHHBIE OI[EHKM BBIXOJOB D-Me30HOB
rapaHTUPYIOT HeOOXOMUMBI It (M3MUECKOro aHaIy3a Habop CTATUCTUKM B TeUeHNe OJHOTO
MecsiLa HeIIPephIBHO paboThI KoJLIaliepa.

JanHOe MccaeoBaHMe OBIIO IIPOBEREHO IpK MoAAepKkKke Poccuitckoro HayuHoro GoHMIA, IIPOEKT
Ne 23-12-00042, https://rscf.ru/en/project/23-12-00042/.

KpemHuIeBas TpekoBasi CTAHIIMA C CHICTEMOI IOTOKOBOT'O UTEHISA
KaK 4acThb TPpeKoBOI cucreMbl BM@N

Authors: Anexceit IHepeMeTbeBl; Amnarosuin KonomBale; Brapumup JleouTner?; Henmnc AaneeBl; [Omurpnuit
NlemenTnes'; Muxamn [nterxos’; IOpmit Mypus'
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B pamkax monmepHM3anM TPEKOBOI CUCTEMBI yCTaHOBKY BM@N 11 nsydeHms TSKeI0-MOHHBIX
B3amMopelicTBuil Ha HykiorpoHe 6pula paspaboTaHa M yCTaHOBJIEHA HOBas TPEKOBas CTaHIUA
Ha OCHOBe TpeKoBbIX Moxyneit Tmna CBM-BM@N 1. Moaynab cocTOUT U3 OBYCTOPOHHETO
MJUKPOCTPHUIIOBOTO KPEMHIEBOIO MOETEKTOpPAa € IIOTOKOBOJ CUMTBIBAIOLIEN 3JIEKTPOHMKON Ha
ocHoBe MukpocxeM STS-XYTER. Crpumel ceHcopa COeOMHSIOTCA € KaHAJIaMM CYUTHIBAIOIIEN
9JIEKTPOHMKM IIpy Iomorlu cBepxinérkux (0.23% X0) rmOKux aaoMUHNEBBIX Kabejelr ¢
IpMMEHEHNEM JIMHETHO aBTOMAaTIYECKO yIbTPa3BYKOBOI CBapKI 2.

XapaKkTepuCTUKU TPEKOBBIX MOMYJIENl M CUCTEMBI UTEHUs OBLIM MCCIENOBAHBI B XOM€ Cepuu
ucnslTauuii Ha yckoputene CI[-1000 (ITMA®P, I'aTunHa), 65111 IOTYYEHBI CIIeAYIOLIIE Pe3yIbTaThl
3:

« MakcumanbHbIe 3arpyskn — 360 kI'x cex 1 e~ 2;

« [IpocTpancTBeHHOE paspelleHne — 15,4 MKM;

« CoorHomrenne Curaan/Ilym cocraBmio He MeHee 21;

« b PeXTUBHOCTD PErUCTpaIN AJIs IPOTOHOB ¢ 9Heprueit 1 I'aB cocrasmna 99 %.

« MakcuMmaipHast 4acToTa paboThl B TPUITEPHOM pekuMe cocrasiser 78 KI'II.

HoBas TpexkoBasg cTaHLMA COCTOMUT M3 6 MOJYyJIEN, YCTAaHOBJIEHHBIX Ha TOHKOJ TEKCTOJMTOBOM
paMKe Ha pacCTOSSHUM 7 CM OT MUIIIEHM, U MICIIOJIb3yeTCs I PpEKOHCTPYKLUMM TPEKOB BTOPMUHBIX
YaCTMII COBMECTHO € UeThIpbMs ItockocTamu FwdSi u cempro mirockoctamu GEM metekTopos.
JI71s1 MHTerpauy CKOPOCTHOI IIOTOKOBOJL CUCTEeMBI cOOpa JaHHBIX HOBOJ CTAHIIVN B TPUTTEPHYIO
cucreMy cbopa JaHHBIX sKcrepuMenTa BM@N, ncnonssyercs MeTon 6ydepusannuy TaHHBIX Ha
6ase IIJIMIC ycTpOJICTB C MOCIEAYIOIIM O0TOOPOM COOBITHII Ha OCHOBE 3a/iaBaeMbIX I1apaMeTpPOB
BpeMEHHOI'0 OKHa TpUTTepa.

1. D. V. Dementev, A. D. Sheremetev, M. O. Shitenkov et al., Physics of Particles and Nuclei Letters, vol.
21, Ne 4, pp. 919-927 (2024).

2. A. D. Sheremetev et al., Physics of Particles and Nuclei Letters, vol. 21, Ne 3, pp. 466-480 (2024).
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3. D. Dementev et al., Nuclear Instruments and Methods in Physics Research Cexkuns A: Accelerators,
Spectrometers, Detectors and Associated Equipment, vol. 1075, 170390 (2025)

MPD-ITS current status

Authors: Aleksei Sheremetev'; Cesar Ceballos Sanchez!; Denis Andreev’; Dmitry Dementiev?; Ekaterina
Tsapulina'; Rodolfo Arteche Diaz'; Valery Kondratiev®; Yuri Murin'
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D mesons and the A baryon are currently considered as one of the most perspective probes for search
of quark de-confinement of the matter during its transition from a state of hadron gas to quark-gluon
plasma. The tracking system of the MPD experiment at NICA collider will include the vertex silicon
detector MPD-ITS designed for the efficient registration of these short-lived products of nuclear-
nuclear interactions, to be built using Monolithic Active Pixel Sensors (MAPS) based on the MICA
chip that is being developed in the framework of a dedicated Consortium that was born from the
long-lasting collaboration between JINR and Chinese institutions lead by the Central China Normal
University (Wuhan). The second prototype of such a chip is expected to be received at JINR by July
2025. The present status of the MPD-ITS project is reported here.

Data acquisition system of the highly granular time-of-flight
neutron detector of the BM@N experiment at the NICA accelera-
tor complex

Authors: Alexander Makhnev'; Dmitry Finogeev'; Dmitry Serebryakov'; Fedor Guber'; Nikolay Karpushkin';
Sultan Musin'

' INR RAS
Corresponding Author: dmitry-finogeev@yandex.ru

The new high granular time-of-flight neutron detector (HGND) 1 is being developed for the BM@N
(Baryonic Matter at Nuclotron) experiment to identify and measure neutrons energies in nucleus-
nucleus collisions at ion beam energies up to 4 AGeV.

The detector structure, its layout at the BM@N and integration into the BM@N data acquisition
system will be presented. The HGND consists of about 2000 scintillator detectors (cells) with a size
of 40X40X25 mm*"3 and with individual light readout with EQR15 11-6060D-S photodetectors .

At present, the fully functional 33-channel HGND prototype has been constructed. It features a read-
out system with a 100 ps FPGA-based TDC 2 (Time-to-Digital Converter), a time synchronization
system based on White Rabbit, and utilities such as SiPM temperature and threshold control. The
functionality, geometry and construction layout of the prototype fully match the final HGND design.
The prototype laboratory and beam tests will be discussed.

1 S. Morozov, et al,, “The Highly-Granular time-of-flight Neutron Detector for the BM@N experi-
ment”, Nucl.Instrum.Meth.A 1072 (2025) 170152, DOI: 10.1016/j.nima.2024.170152

2 D. Finogeev, et al., “Development of a 100 ps TDC based on a Kintex 7 FPGA for the high gran-
ular neutron time-of-flight detector for the BM@N experiment”, Nucl.Instrum.Meth.A 1059 (2024)
168952, DOI: 10.1016/j.nima.2023.168952
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BinsaHue o0iaydeHUsa ajgbda-dacTUIaMII Ha XapaKTepPUCTUKU
SiC- u Si-meTekTOpOB

Author: Cepreit Esceen'

Co-authors: Opuii I'ypos 2. Makcum MosGuenxo '; Hukomait 3aMsaTuH ' IOpnit Komrpuios I Cepreit Po3os I
BsueciaB CaHIyKOBCKMIT !. Ladislav Hrubcin *; Bohumir Zat’ko *

Y ouan
2 OMAN: MU DU

* Institute of Electrical Engineering, Slovak Academy of Sciences

Corresponding Author: evseevsa@jinr.ru

IIpencraBieHbl pe3yJIbTAaThl JCCIEJOBAHUS ITOJYIPOBOSHUKOBBIX METEKTOPOB M3 Kapbuma
kpemuns (SiC-IIIIMO) [1, 2, 3] m kpemuwms (Si-IIII[). O6GnayueHme MPOBOAIIIOCH C IIOMOLIBIO
00pasIioBOro CIEKTPOMETPMUECKOTO O-MCTOUHMKa 226-Ra ¢ smeprusmum E = 4,8 + 7,7 MaB.
TonmmyHa 4YyBCTBUTENBHOTO ciiosi n-tuna SiC-meTeKTopoB cocTaBisiia 25, 50 MKM, OuaMeTp
paboueir obmact — 3,0 Mmm. McxongHoe sHepreTmyeckoe paspelleHye HeTeKTOPOB COCTABIISIO
<25 k3B. Si-meTeKTOpBI M3TOTOBJIEHDI 10 ITAHAPHOIN TEXHOJIOTMM Ha KpeMHUM N-THIIa, pabodas
niaoiaab 7 MM. KB., UyBCTBUTENbHAd TolHa 300 MKM.

Papmaronsas croitkocth SiC- u Si-IeTeKTOpoB McCilefoBanach K0 UM IIOCie o0nyueHus aiabda-
YacTUIAMIU C MHTETPAIIbHBIMI ITIOTOKaMu A0 ~ 2x10"11 o/em” 2.

ITokasaHo, uTo 1ociie o0IyUeHMs Q-uacTULIaMy HaOJII0fasach Aerpajauys: MUKU OT X-YacCTUI]
CMECTIJINICh B CTOPOHY MEHBIINX KaHAJIOB M CTAJIM LIYpe. YCTAHOBJIEHO, UTO C YBEeJNUEeHIEM H03bI
00syueHMs] SHEPTeTUUECKOe pa3pellleHne yxXyauaercs 6onee ueM Ha nopsamok mius SiC-TITII 50
MKM, B 4 pa3sa mus SiC 25 mkum u 6osiee, ueM B 2 pasa muis Si-IIIII. IIpu stom addexTuBHOCTS cO0pa
sapsna 1 (CCE) cumsmiach co 100% mo 80% (pabouee Hanpspxerue 300 B) ma SiC-TIIII 50 Mxwm,
co 100% mo 90% (pabouee Hampsprerue 200 B) must SiC-IITI[T 25 mxm u co 100% mo 95% (pabouee
Hanpspkenue 100 B) morst Si-III mpu MakcUMasbHOI 03€ OBy YeHus.

1. Yu.B. Gurov et al. // Instrum. Exp. Tech. 2015. V. 1. P. 22.

2. S.A.Evseev et al. // Physics of Atomic Nuclei. 2023. V. 86, No. 5, pp. 841-844.
3. Yu.B. Gurov et al. // Instrum. Exp. Tech. 2024, V. 67, No. 6, pp. 1095-1101.

ALICE Fast Interaction Trigger Detector Control System for the
LHC RUN3

Author: Mikhail Sukhanov’

Co-authors: Tarbsua JIbBoBHa ; Artur Furs ; Dmitry Finogeev 3. Nikita Vozniuk *

! Institute for Nuclear Research of the Russian Academy of Science, Affiliated with an international laboratory covered
by a cooperation agreement with CERN

? Institute for nuclear reseach RAS
* INR RAS

* Institute for Nuclear Research of the Russian Academy of Science
Corresponding Author: sukhanov.mikle@yandex.ru

The new hybrid Fast Interaction Trigger (FIT) system of the forward detectors has become an essen-
tial part of the ALICE experiment since the start of Run 3 in 2022. FIT comprises three subsystems —
FT0, FV0 and FDD using Cherenkov radiation and scintillations for charged particle detection. FIT
determines the event plane and centrality and provides high-precision collision time for particle
identification with the time-of-flight detector. Thanks to the advanced front-end electronics, FIT
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serves as the primary ALICE trigger. It generates vertex and centrality triggers at the shortest la-
tency (LMO), allows the estimation of luminosity and beam-induced background in various collision
systems.

Despite differences in particle detection technologies, all FIT sensors use similar hardware. This ho-
mology allowed us to develop a unified Detector Control System (DCS) design for all three subsys-
tems. The DCS is the primary tool for control, monitoring and hardware safety assurance. It allows
detectors to be configured and calibrated automatically by connecting with signals from available
ALICE subsystems. In the case of FIT, DCS also delivers luminosity and background estimation for
experiment coordination.

This talk is devoted to the design and implementation of FIT DCS, which is one of the crucial el-
ements contributing to the smooth operation and good performance of ALICE over the first three
years of Run 3.

ManomrymAImMin  AeTeKTOpP MHIHMMAJIBHO WOHM3UPYIOILEro
usnaydyeHus Ha ocHoBe MKII.

Author: Huxonum Maxkapos'

1

Co-authors: ®apxar Banues !. Hukomnait Kanmunuenko '; Anekceit Koxeny6 ! Buranmit ITomos '; I'puropmit

deodunos '

! Cankm-Tlemepbypeckuii zocydapcmeenbiii yHucepcumem

Corresponding Author: n.a.makarov@spbu.ru

JI71s1 BBISABIIEHNMSI LIEHTPAIBHBIX CTOJKHOBEHUI I TOUKM MOH-MIOHHBIX CTOJIKHOBEHUII B Ka>KIOM
coOpITHMIM B 3KcIepuMeHTax Ha Kojurarimepe NICA paHee ObLIO IPemyIOKEHO MCIOTIB30BATDH
OBICTDBIN KETEKTOp CTOJIKHOBeHNs IyukoB (BBC MoHMTOp 1) Ha MMKpPOKaHAIBHBIX ILIACTMHAX
(MKII), Ilocnequme xapakTepn3yrOTCs COOCTBEHHBIM BBICOKMM K03 duiirmeHToM ycmieHus (~106),
CUTHAJIOM MaJoil muureabHocTn (~2Hc). Ilpn aToM 3¢ QeKTUBHOCTD perucTpanny MUHIMAIBHO
noHM3upyomux yactul gerekropamu Ha MKII cocraBnsger ~80 % 2, 4UTO CBA3aHO C IIMPOKUM
IAMa30HOM CIIEKTpa UMITYJIbcoB Ha Bbixome MKIL, rae B MsrKoil 06IaCT COEPIKATCS IIIYMOBBIE
VIMITYJIBCHI CAMOTO JETEKTOpA.

B Hacrosimieit pabore s moBbIIeHNS 3(EKTUBHOCTM PETMCTPAlNY MUHUMAIBHO
VMOHUBUPYIOIINX YaCTUI ¥ MJIS YJIyYIIeHMEM COOTHOIIEHNS CUrHai-(QOH IpeNIoKEeHO W
CO3[aHO YCTPOIICTBO, COCTOfAIlee M3 OBYX LIeBPOHHBIX c60pok MKII m cxemsbl coOBIameHUIL.
Vcrionp30BaHMe HAHOCEKYHIOM CXeMBbl COBIIQNEHMIT II03BOJIZET IIOBBICUTH 3((eKTUBHOCTH
perucTpanuy MUHMMAJIBHO MOHU3UPYIOLINX YACTHUI[ I ODHOBPEMEHHO YMEHBIIINTE Ha HECKOJIBKO
ITOPSAKOB (OH yCTPOIICTBA.

TectupoBaHue ycTpoiicTBa Ha OCHOBe IeBpoHHBIX cOopok MKII mns BbIicok03pdeKTUBHON
perucTpanuy MMHIMATHHO MOHM3UPYIOIINX YaCTHUI] IPOBEIEHO C MICIIOIb30BaHMEM KOCMIYECKIX
ayueir. Ilomyuena sddextuBHOCTS 95+4%. PaHee B 3 moKasaHa BO3MOXKHOCTb CO3TAHUS C
JCITOJIb30BAaHMEM OBICTPBIX KOMIIApaTopoB IpeobpasoBarens Bpemsa-kox (BLII) Ha ocHOBe
marpuiisl FPGA (Field-programmable gate array). 9To m03BOJIMT MCIOIB30BATh IpeNIOKEHHDII
B 1 BBC moHnurop B skcrepumenTax Ha kojutaiinepe NICA nis mocoOBITHITHOTO ONpeneseHNs B
on-line pe>xmMe Kak BpeMeHN U I{eHTPAJIBHOCTH, TaK 1 KOOPAMHATEI TOUKY CTOJIKHOBEHNS JIOHOB.
Pa6ora Beimoaena npu mogaepyxke CIIOIY, mmgp mpoekra 103821868

1. Baldin, A. A et al. Fast beam-beam collisions monitor for experiments at NICA. // Nuclear
Instruments and Methods in Physics Research, Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment, Vol. 958, 162154, 04.2020.

2. FFValiev et al. Microchannel plates as a detector for 800 MeV/c charged pions and

protons. // JINR Rapid Communications. 1991. No 4/50/-91. p.27-36.

3. Bammes, ®. ® u gp. Hardware Implementation and Testing of 4-Channel Fast Electronics for
an MCP Detector // Bulletin of the Russian Academy of Sciences:Physics. 88, 8, p. 1319-1326 8

p-
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Reconstruction of spatial resolution of multilayer position-
sensitive detectors

Author: Igor Smirnov'

! Petersburg Nuclear Physics Institute, NRCKI

Corresponding Author: smirnov_ib@pnpi.nrcki.ru

Mathematical methods for reconstructing the spatial resolution of multilayer position-sensitive de-
tectors designed to register fast charged particles are considered. It is assumed that reference de-
tectors with known resolution are not available. Therefore, it is necessary to obtain measurement
errors from measurements with unknown errors.

Typically, the assumption of equal resolutions is used, as in Refs. [1,2] and many others. This ap-
proach greatly simplifies the calculation, but prevents a more detailed study of the detectors.

A more sophisticated approach is proposed in Ref. 3. It allows one to find layer resolutions individ-
ually, even if they are different, but does not work for detectors with less than five detecting layers.
However, there are many experiments, including one planned at PNPI 4, with detectors consisting
of fewer layers.

A more general approach presented in this report uses track fitting with arbitrary weights of hits
and uses not only variances of residuals but also covariances of residuals. Although no solution has
been found to obtain individual resolutions of four fixed layers, many useful values can be obtained.
The exact average resolution of four layers (that is the square root of the average of four variances of
layer resolutions) can be obtained for four-layer detectors with symmetric gaps between layers. The
exact average resolutions of two outer and two internal layers can also be obtained in this case. If
the detector is not symmetric, one can find approximate averages described above. If the resolutions
of outer layers are close to each other, one can also obtain the approximate individual resolutions of
two internal layers with very good precision.

Moreover, if the layers can be rearranged or moved, individual resolutions of all detecting layers of
four-layer and three-layer detectors can be obtained.

The recently proposed geometric mean method, see Ref. 5 and some other publications, does not
provide any additional information.

References

1. G. Charpak et al., Nucl. Instr. Meth. 167 (1979) 455.
2. F. Piuz et al,, Nucl. Instr. Meth. 196 (1982) 451.

3. R. Fruhwirth, Nucl. Instr. Meth. A243 (1986) 173.
4. A.A. Vorbyev, Phys. Part. Nucl. Lett., 16 (2019) 524.

[$)]

. RK. Carnegie et al., Nucl. Instr. and Meth. A 538 (2005) 372.
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Model Natural Helium Alternative Fast Neutron Detector Using
PHITS Monte Carlo Simulations

Author: Van Hai Cao’

! JINR
Corresponding Author: cao@jinr.ru

This paper presents a Monte Carlo simulation study aimed at designing a Alternative fast neutron
detector based on Helium-4 gas as the detection material. This research focuses on changing the op-
timal design parameters for a Helium-4 detector when irradiated by a Californium (Cf-252) neutron
source. A Monte Carlo simulation model was developed using the Particle and Heavy Ion Transport
code System (PHITS) to track neutron interactions with Helium-4 gas within various detector con-
figurations. Specifically, variations in the length, radius, and pressure of the Helium-4 gas inside the
detector were implemented to evaluate their impact on detection efficiency.

K Bompocy o kpaeBbIx 3¢ PekTax B KpeMHUEBBIX IOBEPXHOCTHO-
OapbepHBIX JeTEKTOPaX SIAEPHOTO M3IYUeHMS

Author: Cepreit Jlanraes'

! Padueswiii uncmumym umenu B. I'. Xnonuna

Corresponding Author: iea-1960@khlopin.ru

KpaeBoit TOK yTeukm Ui KpeMHMEBBIX IIOBEPXHOCTHO-GapbepHbIx nerekropos (IIBMI) [1, 2],
MpaKTIUYeCK Ha ITOPSIOK IPEBBIIIAeT BCe OCTAIbHble KOMIIOHEHTHI 06paTHOTOo ToKa 3. OueBUIHO,
YTO 9TO CBSI3aHO C BBICOKOJ HAINPSHKEHHOCTHIO 3JIEKTPMUECKOIO ITOJIsT Ha KPal MeTaJINYeCKOTo
3JIEKTPOAA, OQHAKO IpueMieMas (pu3nueckas MOLIeNb SBJIEHNS II0Ka He IIpeJIoKeHa.

JJ1st ToHMMaHMsT MeXaHM3Ma KpaeBoro a¢d¢exra 6buin usyueHs! gerextopst ¢ [IB crpykrypoit n
VMMIUTAHTYPOBAHHBIM BBIIPSIMIISIOIINM KOHTAKTOM.

Ilpn wmsroroBneHmm o06pasIoB Obl1a obecrieueHa (UKCUPOBAHHAS TeOMETpMsl BbIXO4A Ha
ITOBEPXHOCTh KpeMHUs obyacTu mnpocTtpaHcTBeHHoro 3apsga (OII3). Hus IIB crpykrypsl arto
OOCTUTaJOCh HAIBUIEHJEM BBINIPSIMIISIONIEr0 KOHTAKTAa HA BCIO IIOBEPXHOCTh KPEMHUEBOIL
IUTACTMHBI MJIM pacKajbIBaHMEM TaKOJl IIACTMHBI Ha [Be yacTu. [[Ig Opyroro Tuma CTPyKTyp
romo6Has reoMeTpust 06eCIeunBaIach CKOJIOM OSHOI CTOPOHBI HETEKTOPA.

Xon o6paTHO BOJIBTAMIIEPHOI XapaKTEPUCTUKM «CKOJIOTOrO» 06pasia ¢ MMILIAHTMPOBAHHBIM
IIepPEeXOIOM COXPAHSI XapaKTePHbII IS AVIOJHON CTPYKTYPHI BUA U I10CJIE HACTYILIEHVIS pEXKIIMa
ITOJIHOTO 00eqHEeH s, BIUIOTh K0 IIpo6os (200 B).

Eciau mpenpmosnoxutk, uTo obycimoBieHHas BbixogoM OII3 Ha CKOJOTBI TOpel CTPYKTYpbI
KOMITOHEHTa TOKa IIPeHeOPEKMO MaJla, TO TOK YTEUKMU JOJDKEH OIPENEeNAThCS IepudepmitHoin
0061aCThIO (CO CTOPOHBI CKOJIA) BBIIPSIMIISIOIIEr0 KOHTAKTa, KOTOPBII MCIIBITHIBAET NErPafaliiio,
MO-BUAMMOMY, 13-32 BO3HUMKAIOIMX [e(eKTOB KPUCTAIINYECKON CTPYKTYpBI, KOTOpBIe
00pasyroTcs BIOJIb ITIOBEPXHOCTU Ha HEKOTOPYIO IIyOMHY B MOMEHT CKOJIA.

Takme e pe3yipTarhl ObLIM IosyueHsl u i IIB CTPyKTyp: cOCTaBisiolIas TOKa YTEUKH,
00YCIIOBIIEHHASI TOPLIEBOI [TOBEPXHOCTHIO, IIPEHEOPEKIIMO MaJla 110 CPABHEHUIO ¢ KOMIIOHEHTOI
TOKa, CBSI3aHHOM C KpaeBOil merpamareil Gapbepa IOJ MeETAJLUINMUECKUM BBIIPSMIITIONM
IIepPEeXOIOM.

B IIB[I ¢ o6prunOIt reoMeTpuelt (BBIMPSMIISIOIIII KOHTAKT He MOXOQUT A0 Kpas ILUIaCTUHBI, I10
IeprMeTpy KOHTAKTa MIMEETCs «I0JIas» TPaBJIeHHAs [I0BEPXHOCTb) ITOBBILIEHHAS HAIPSKEHHOCTD
oI Ha Kpawo Oymer IPMBOANUTEH K aHOMAJIBHOMY BO3PACTAHNIO TOKA YTEUKM, HO YK€ C YUETOM
Ierpaganuu 6apbepa B KpaeBoll 00JIaCTy IO METAJUIMUECKUM BbIIPIMIISIOIINM KOHTAKTOM.

IIB cTpykTypa € TpaBJIeHHBIM TOPLOM MMeeT Oojiee ueM B 2 pasa HU3KME OOpaTHbIE TOKU
10 CpaBHEHMUIO C MMIUIAHTMPOBAHHBIM KOHTAKTOM, OMHAKO OHAa OKAa3bIBAETCSI aHOMAJIBHO
YyBCTBUTENbHA K BJI&KHOCTYM BO3[yXa, YTO IPMBOAUT K 3HAUNMTEIHHOMY YyBEJIMUEHMIO TOKa
YTEUKIL.
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2. C.H. JTamaes u gp. IlonoxurenpHoe pelieHue 1o 3asgBke Ne 3857078 ot 29.12.1984.

3. CH. Jlamaes. Kpemunesste IIBJl GonplLioit ILIOMAAM ¥ CIOKHONM KOHQUIypAIUIL.
Huccepranmsa Ha COMCKaHNIE YU€HON CTelleH! KaHAMOATa TeXHMYEeCKMX HayK. Panmesblit
uHcTUTYT M. B.I. Xnonusa, 1986 r., JleruHarpan.

On the use of the 229mTh isomers from the alpha decay of 233U
in a hydrochloric acid solution for a nuclear clock

Author: Vladimir Koltsov!

' Khlopin Radium Institute, Saint-Petersburg.
Corresponding Author: vladimir-koltsov@yandex.ru

In isomeric transition the 229mTh nuclei emit photons of 8.4 €V energy and a frequency of 2020.409
THz, which can serve as a reference frequency for the most accurate clocks. Isomeric transitions for
229mTh atoms without valence electrons (ionization degree n = 4+) occur only by photon emission,
at n = 1+, 2+, 3+ transitions mainly occur through an electron bridge, in neutral 229mTh atoms,
electron conversion mainly occurs. Initially, 229mTh isomers were obtained in 2% of the alpha decay
of 233U nuclei. But in 2024, isomers were first obtained by resonant laser irradiation of 229Th nuclei
in the ground state in crystals where the Th atoms were in the form of ions. For the 229mTh isomers
obtained in this way, in 1 and in subsequent works, emission of isomeric transition photons was
observed.

Laser excitation of isomers allows the development of nuclear clocks similar to atomic ones. The
229Th nuclei in the ground state are embedded in a crystal, irradiated with a laser with a tunable
frequency, and the resonance frequency is found based on the maximum excitation of the isomers,
which is the reference frequency for the clock (see, e.g, 2). However, unlike short-lived excited
atomic states, the 229mTh isomer lives in a crystal for more than 10 minutes, and when changing
the laser frequency to search for resonance, it is necessary to wait for the decay of the previously
excited 229mTh isomer or replace the target.

In view of this, it is interesting to consider the possibility of amplifying the emission of photons
from a source with the 229mTh isomers and using this frequency-stable optical signal in a clock. For
example, such a source could be 229mTh isomers excited by a laser in a crystal. It is also promising
to try a weaker, but also much simpler source with the 229mTh isomers obtained by alpha decay
of 233U in a hydrochloric acid solution, where atoms with isomeric 229mTh are in the form of 4+
ions and the only channel for the isomers decay is photons emission 3. In this way it is possible
to observe the emission of photons by 229mTh isomers, and not the luminescence of the solution
under the action of radiation from other daughter products of U decay. Radiochemical separation
of freshly formed Th from a solution with 100 mg of 233U gives a source emitting 229mTh photons
with an intensity of ~ 1000 ph/s 3. This intensity is sufficient for resonance amplification, see for
example 4 about photon-level broadband spectroscopy with two frequency combs.

1. J. Tiedau et al., Phys. Rev. Lett. 132, 182501 (2024).
2. G.A.Kazakov et al., New J. of Phys. 14, 083019 (2012).
3. V.V. Koltsov and T.E. Kuzmina, Bull. Russ. Acad. Sciences: Phys. 87(12), 1928 (2023).

4. N. Picqué and T. W. Hinsch, Proc. Nati. Acad. Sci. USA. 117(43), 26688 (2020).
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Optimisation of the Accelerator Control by Reinforcement Learn-
ing: A Simulation-Based Approach

Author: Anwar Ibrahim’

Co-authors: Alexey Petrenko 2. Denis Derkach !; Fedor Ratnikov !; Maxim Kaledin *

' HSE
2 Budker Institute of Nuclear Physics

Corresponding Author: aibrahim@hse.ru

Optimizing control systems in particle accelerators presents significant challenges, often requiring
extensive manual effort and expert knowledge. Traditional tuning methods are time-consuming and
may struggle to navigate the complexity of modern beamline architectures. To address these chal-
lenges, we introduce a simulation-based framework that leverages Reinforcement Learning (RL) 1 to
enhance the control and optimization of beam transport systems. Built on top of the Elegant simu-
lation engine 2, our Python-based platform automates the generation of simulations and transforms
accelerator tuning tasks into RL environments with minimal user intervention. The framework fea-
tures a modified Soft Actor-Critic (SAC) agent 3 enhanced with curriculum learning techniques 4,
enabling robust performance across a variety of beamline configurations. Designed with accessi-
bility and flexibility in mind, the system can be deployed by non-experts and adapted to optimize
virtually any beamline. Early results demonstrate successful application across multiple simulated
beamlines, validating the approach and offering promising potential for broader adoption. We con-
tinue to refine the framework toward a general-purpose solution—one that can serve both as an
intelligent co-pilot for physicists and a testbed for RL researchers developing new algorithms. This
work highlights the growing synergy between Al and accelerator physics [1, 3], and the critical role
of computational innovation 2 in advancing experimental capabilities.

1. Sutton, R. S., & Barto, A. G. (2018). Reinforcement learning: An introduction (2nd ed.). MIT Press.
http://incompleteideas.net/book/the-book-2nd.html

2. Borland, M. (2000). elegant: A flexible SDDS-compliant code for accelerator simu-
lation.  6th International Computational Accelerator Physics Conference (ICAP 2000).
https://doi.org/10.2172/761286

3. Haarnoja, T., Zhou, A., Abbeel, P., & Levine, S. (2018). Soft actor-critic: Off-policy maximum en-
tropy deep reinforcement learning with a stochastic actor. In Proceedings of the 35th International
Conference on Machine Learning (pp. 1861-1870). PMLR.

4. Narvekar, S., Peng, B., Leonetti, M., Sinapov, J., Taylor, M. E., & Stone, P. (2020). Curriculum
learning for reinforcement learning domains: A framework and survey. Journal of Machine Learning
Research, 21(181), 1-50. https://www.jmlr.org/papers/volume21/20-212/20-212.pdf

I'a3oBbIe cucTeMbI JIA }IJ.ICPHO-(I)I/I3I/I‘«ICCKI/IX HAE€TEKTOPOB

Authors: Jleonun Kouenna'; IIéTp I(paBImBl

! HUI] "Kypuamosckuii uncmumym” - ITHAD
Corresponding Author: pkravt000@gmail.com

IIpencraBieHbl paspaboTaHHBIE M CO3MAHHBIE ABTOPAMM Ta30BbIe CUCTEMBI I JETEKTOPOB B
PasIMUHBIX 9KCIIEPMMEHTAX. BOJIbIIAsT YacTh CUCTEM — PELMPKYIALIMOHHOTO TUIIA, C YACTUUHOI
OUNCTKOII rasa oT Biary u Kuciopoma. OnmcaHbl YHUKaTIbHBIE Ta30BbIe CUCTEMBI, paboTarorye
npu Gonpiimx masieHusax (20 6ap) u mpu maBIeHUM HIpKe aTMOoc(epHOro, obecreunBaroLe
yncToTy padouero rasa oo 1lppb, OBYXKOHTypHBIE CHCTEMBI C JOIIOJHUTENBHBIM KOHTYPOM
LUPKYJLSILNY, a TaKKe CucreMa C OBYMS HE3aBUCHMBIMIU KOHTYpPaMM Ui PasHBIX Ia30B.
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PaccmarpmBaroTcs pasimuHble METOAMKM OUYMCTKM Ta30B UM M3MEpPEHMS OCTATOUHBIX IIpUMecerl.
Pesynbrars! 30-I€THEN NesITEIFHOCTY IO pa3paboTKe M CO3MAHMIO a30BBIX CUCTEM IIPVBeNEHBI
B JIOKJIae.

KoMmoHeHTBI (PU3NUECKOTO ISKCIEePHMMEHTA: Py, SiPM,
AEeTeKTOPHhI, JIEKTPOHMKA

Author: Vsau Bpemuxus’

' 000 'ammamex
Corresponding Author: ivan.bredikhin@gammatech.pro

B nmociemHME TOABI BOSHUKIIU CIIOKHOCTI C OCHAIIIeHNEeM 9KCIIEPUMEHTAIBHBIX YCTAHOBOK B CBI3U
C OTpaHMUYeHNeM ITIOCTABOK M3-3a pybeska. B cBoéM mokiaze MbI pacCKa)keM 0:

1. IIpon3BOAMMEIX HAMU KOMIIOHEHTaX;

2. Bo3MOXHOCTSX paspabOTKM HOBBIX PEIIECHNUIT ITO] 3aKas;

3. 0 JAOCTYIIHBIX K ITOCTaBKE€ KOMIIOHEHTAaX U X XapaKTEePMCTUKaX MJId IIOCTPOEHM I KOMIIJIEKCHBIX
YCTaHOBOK, BKJIIOUasd:

4. KpeMmHUeBbIe IeTEKTOPHI;

5. Penrrenosckue merekTopsl Amptek;

6. CLUMHTIISIMOHHbIE MaTepUalbl 1 COOPKI;

7. ®3Y - $pOTO3EKTPOHHBIE YMHOKIUTEI;

8. Si-®IY - kpemHMEBBIE HOTOYMHOKUTEIIL;

9. IloynpoBomauKOBEIe Herekropsl: CZT, OUT;
10. Ucrtounuku nurauusa (LV u HV);
11. ComyTcTByIoIIas 3JIeKTPOHMKA: [EJIUTENN, IpeayCUINTENN;
12. MHorokaHaJbHBIE aHAIM3ATOPHL;

13. IIpomsBoncTBO o 3aKas;

HoBas mopmenp (QyHKIUN OTKJIMKAa [JeTEeKTOpa € aJIMa3HBIM
YyBCTBUTEJIBHBIM  3JIeMeHTOM 1npu  perucrtpamumn DT
HEIITPOHOB

Author: Banepuit 'aranos’
Co-authors: Anexcangp Josaromnosnos 1. Usau Bepmnana !
' PoAI-BHUUID
Corresponding Author: vershininis@mail.ru
IIpencraBiieHspl pe3yJsbTaThl aHAIM3a pacIpefeseHMII aMIUIUTY[X MUMIIYJIbCOB, M3MEpPEeHHBIX

Opm  perucTpanmm CIEKTpa DT—HeﬁITpOHOB AETEKTOpOM C QAJIMaAa3HbIM UYYBCTBUTEJIbHBIM
9JIEMEHTOM.
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Scientific programm of the prospective Compton Radiation
Source at National Center for Physics and Mathematics (CRS
NCPhM, Sarov)

Author: Leonid Grigorenko'

' FLNR, JINR, Dubna, Russia
Corresponding Author: lgrigorenko@yandex.ru

On behalf of CRS NCPhM scientific collaboration.

The most actively developing large-scale project in the low-energy nuclear physics in Russian Fed-
eration is CRS NCPhM 1 - intense x- and gamma-ray source based on inverse Compton scattering
effect.

The project is part of the scientific infrastructure of the recently-founded National Center for Physics
and Mathematics at Sarov. The research program of the new facility 2 is focused on the problems of
nuclear photonics, however, with important opportunities in hadron photonics, physics of radiation
of high density, material science, non-destructive testing and biology.

The constraction of facility will start in 2026, and the principal layout of the facility is fixed. The com-
missioning planned for 2031. However, the development of the scientific programm of the prospec-
tive facility is an ongoing process which is expected to benefit from the broadest collaboration of
scientists all over the country.

1 CRS NCPhM site — https://ncphm.ru/science/infrastructure/megascience/iki/

2 JLB. Tpuropenko, HB. Auronenxko, U.A. ApriokoB, M.H. Auacos, A.Jl. Bapa6auos, C.JL
Benocronkuit, 9.9. Booc, L.H. bopsos, B.B. Bapinamos, A.A. Bacunbes, A.B. Bunorpagos, H.A.
Bunokypos, A.A. Bopo6res, JI.3. [[xunassan, P.B. [[xomoc, A.A. [I3106a, B.C. [dro6kos, H.B.
3aspsoB, [I.A. 3Bepes, C.I. Kanmenckuii, C.II. Kamepmxues, B.B. Kamuucknit, .A. Kapmnos, E.9.
Konomertnes, N.10. Kocriokos,

IT.A. Kpasuos, II. B. KpaBuenko, A.A. Kysnenios, A.M. Jlantuk, A.E. JleBuues, I1.B. Jloraues, A.ll.
JIsBoB, E.M. Maes, O.E. Maes, M.A. MapTtesHoB, B.C. Menexuxk, A.Il. Menymienkos, O.11. Menikos,
C.IO. Muponos, I.b. Myxus, H. IO. Myusnoit, B.O. Hecreperko, O.B. ITanamos, A.M. Ilogypen, C.M.
ITososzos, A.JL Ilononckuii, HJL ITonos, C.B. Ilonpysxenko, A.K. IToremkun, A.IL ITorbumunerH, C.
®. PasuHbBKOB,

B.U. Pammmxkos, C.I'. PeikoBanos, A.B. CaBenbeB-Tpopumos, A.Il. Ceseproxnn, A.M. Ceprees, [1.10.
Cepreesa, A.A. Cuurnpes, .A. Cniupus, M.B. Crapongy6ues, M.B. Tanenxo, A.A. Tumenxo, E.B.
Txaung, OJL. ®enun, A.M. Penoros, A.C. Pomnues, b.10. llapkos, ILT. Ilapos, B.W. [lIsexyHoB, A.A.
Memyxns, O.H. Hly6us,

M.C. Xupk, B.II. 9¢poc,

ITpoext HayuHot nporpaMmbl MHOK — KOMIITOHOBCKOTO MCTOUHMKA MOHOXPOMATIUECKIX FraMMa-
kBanToB HI[®M,

OU3MAT 1 (2023) 121-259 [https://disk.yandex.ru/i/oFU0IgdVs5RB5w].

Methods for studying reaction cross-sections with neutron-rich
nuclei

Author: Sergei Stukalov'

Co-authors: Yuri Sobolev !; Yuri Penionzhkevich !
! JINR
Corresponding Author: stukalov@jinr.ru

The method 1 for measuring the total oR and partial cross-sections of nuclear reactions and the
results of applying the method in studying the energy dependence r(E) in reactions with neutron-
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rich isotopes He, Li, Be and B [2-4] are presented. Secondary beams of the studied nuclei were
obtained at the fragment separator ACCULINNA of the accelerator U400M, FLNR JINR.

A comparative analysis of the developed methodology with other methods is provided.

The created method is based on the registration in a solid angle close to the total Q = 47 of cascades
of y-quanta accompanying nuclear reactions and includes: taking into account the dependence (M)
- the efficiency of registration by the spectrometer of cascades of y-quanta of multiplicity My and
its distribution from k the number of detectors that have worked wM y(k). The characteristics were
measured using the y-B-y coincidence method using a ®*C'o source.

The presented technique allows obtaining the values of the dependences of the total reaction cross-
sections on the energy r(E) and on the number of triggered detectors (k).

For the first time, r(E) and r(k) were measured for the reactions ®®He, %!1Li, 10:11:12Be,

14B1285; 59C0,181Ta in the little-studied beam energy range Epap = 5+50 MeV/nucleon. Analy-
sis of the results obtained using the new method for measuring r(F) made it possible to determine
the contributions of the partial cross sections of reaction channels accompanied by cascades of low-
multiplicity My y-quanta.

This research was funded by the Russian Science Foundation, project Ne 24-22-00117.

References

1. S.S. Stukalov et al., PEPAN Lett., Vol. 21, No. 3, pp. 508-517, (2024);

2. Yu. E. Penionzhkevich et al., Phys. Rev. C 99, 014609 (2019);

3. Yu. G. Sobolev et al., Bull. Rus. Acad. Sci. Phys., Vol. 84, No. 8, pp. 948-956, (2020);
4. Yu. G. Sobolev et al., Phys. Rev. C 110, 014609 (2024);

Compton suppressed y-spectrometer based on CeBr;-Nal(Tl)
phoswich detector cluster

Author: Mark Povolotskiy’

Co-authors: Yuri Sobolev ?; Yuri Penionzhkevich 2; Sergei Stukalov z, Gayar Salakhutdinov 3. Petr Naumov
3

' JINR & NRNU MEPhI
2 JINR
% NRNU MEPhI

Corresponding Author: sobolev@jinr.ru

The scintillation spectrometer based on a cluster of 9xCeBr3—Nal(Tl) phoswich detectors, addition-
ally equipped by 4xCsI(Tl) detectors of Compton shield was built as a part of MULTI setup 1 to carry
out the experiments to study the reactions with radioactive neutron-rich nuclei produced by frag-
ment separator ACCULINNA 2 of the accelerator U400M, FLNR JINR, Dubna.

The results characterizing the efficiency and functionality of the phoswich detector cluster are pre-
sented. Parameters such as Compton suppression coefficient (CSC), peak detection efficiency and
energy dependence on neutron detection efficiency at neutron energy range E,, ~ 1.4 + 5.6 MeV were
measured for each individual phoswich-detector and for the cluster system. The measurements were
carried out using various y- and n- sources. A comparative analysis of the developed spectrometer
with Compton suppressed HPGe clover systems 3 is presented.

The Compton suppression coefficient was measured across energy interval of Ey<1.4 MeV using
two trigger modes and demonstrating significant reduction of the Compton part of the y-spectra.
The maximum suppression coefficient reached ~ 65%, showing the high efficiency of the shielding
configuration. The additional equipment of the cluster by CsI(Tl) detectors has improved the CSC
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parameter.

The measurements with n-y source have shown that CeBr3 detectors have a relatively high neutron
detection efficiency which is weakly dependent on the energy at F,, ~ 1.4 + 5.6 MeV and can be used
for neutron detection by TOF method 4. CeBr3 detector (5x5x5 cm?)

has neutron detection efficiency (£, ) about ~30% in energy range F,, = 1.4 + 5.6 MeV at detection
threshold E;;,~60 eekeV.

This research was funded by the Russian Science Foundation, project No. 24-22-00117.

Reference:

1. Sivacek I et al., Nucl. Instrum. Methods Phys. Res. Sect. A 976, 164255 (2020);

2. Rodin A. M. et al. Nucl. Instrum. Methods B 204, pp. 114 -118 (2003) ;

3. Britton R, et al. Nucl. Instrum. Methods Phys. Res. Sect. A 762, pp. 42 - 53(2014) ;

4. Scherzinger J. et al. //Appl. Rad. Isotop. V. 127, pp. 98-102 (2017). — T. 127. - C. 98-102.
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Section 4. Relativistic nuclear
physics, high-energy and elementary

particle physics

Machine-learning-based particle identification

Author: Artem Korobitsin®

Co-authors: Alexey Aparin '; Vladimir Papoyan '

! JINR
Corresponding Author: koroaa@jinr.ru

In this work, we introduce a novel method for Particle Identification (PID) within the scope of the
MPD experiment at the NICA accelerator complex of Joint Institute for Nuclear Research. Identi-
fying products of ultrarelativisitc collisions produced in the heavy-ion experiments is one of the
crucial objectives of most of the physics analysis. The principal challenge for PID is to provide good
identification in a wide range of the particle momentum. Typically employed PID methods rely on
hand-crafted selections, which compare experimental data to theoretical predictions. We propose
using Machine Learning (ML) approach the method for PID, which has a wide range of different mod-
els for classification task. This study demonstrates the use of gradient boosted decision trees (GBDT)
for particle identification, focusing on six particle types in simulated Bi+Bi collisions at \/syny =
9.2 GeV. Our approach improves the PID purity and efficiency in momentum ranges, where feature
overlap limits classical methods, of the selected sample for all investigated particle species.

Neural network domain adaptation for addressing the generator-
dependence problem in impact parameter estimation

Authors: Braguvup Pyares'; Kupunn Tanaxrionos'; ®apxar Banues'

! Canxm-Tlemep6ypeckuii zocydapcmeentviii yHusepcumen
Corresponding Author: st067889@student.spbu.ru

This study addresses the challenge associated with estimating the impact parameter of heavy-ion
collisions using data from microchannel plate detectors for future NICA experiments [1-3]. The pri-
mary issue arises from the dependence of algorithms quality on the choice of event generator model,
specifically QGSM 4, EPOS 5, and PHQOMD 6, which were investigated in our work.

To resolve this model-induced bias, we evaluated multiple data analysis methodologies. Initially
we employed classical techniques, such as dimensionality reduction via principal component analy-
sis (PCA) and naive training on mixed datasets. Then we focused on advanced domain adaptation
strategies. The most robust performance was achieved using a deep reconstruction neural network
(DRNN) [7]. Algorithms trained via this approach demonstrated accuracy approaching that of mod-
els trained on single-generator datasets, while significantly outperforming naive mixed-data train-
ing.

The results highlight that the domain adaptation can be utilized in mitigating generator-specific bi-
ases, offering a step toward generalized algorithms for impact parameter estimation. These findings
are prominent for advancing the analysis of event generator properties and the development of gen-
eralized algorithms better suited for future experimental data.

1 A.ABaldin, G.A. Feofilov, P. Har’yuzov, and F.F. Valiev, // Nucl. Instrum. Meth.A 2020, V.958,
P.162154. https://doi.org/10.1016/j.nima.2019.04.108

2 https://nica.jinr.ru/

3 K.A. Galaktionov, V.A. Roudnev, and F.F. Valiev, Moscow Univ. Phys. Bull. 78 (2023) Suppl 1, S52-
S58

4 Amelin N. S., Gudima K. K., Toneev V. D., Sov. J. Nucl. Phys. 1990. V. 51(6), P. 1730-1743

5 Werner, Klaus and Liu, Fu-Ming and Pierog, Physical Review C 2006, V. 74
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6 Aichelin, J. and Bratkovskaya, E. and Le Févre, A. and Kireyeu, V. and Kolesnikov, V. and Leifels, Y.
and Voronyuk, V. and Coci, G., Physical Review C 2020, V. 101
[7] Wang, M. and Deng, W. Neurocomputing, 2018, V. 312, P 135-153

Graph Neural Network-based neutron reconstruction in the
HGND at the BM@N experiment

Author: Vladimir Bocharnikov!

! HSE University

Corresponding Author: vobocharnikov@yandex.ru

The Highly Granular Neutron Detector (HGND) is designed for the BM@N experiment, aimed at
investigating neutron emission in heavy ion collisions at beam energies of up to 4A GeV. The HGND
allows the identification of neutrons and the reconstruction of their energies using time-of-flight
method, which is crucial for analyzing neutron yields and azimuthal flow. Given the challenging
energy range of 0.5—4 GeV and the significant background contributions in the BM@N environment,
the development of advanced reconstruction algorithms is essential. In this contribution, we present
a graph neural network approach to the neutron reconstruction problem and discuss the preliminary
results of the proposed algorithm.

Bayesian approach for centrality determination in nucleus-
nucleus collisions in experiments at the NICA accelerator com-
plex

Author: Dim Idrisov’

Co-authors: Fedor Guber ; Nikolay Karpushkin L. Petr Parfenov ?

' INR RAS
2 JINR

Corresponding Author: idrisov.dim@mail.ru

One of the priority tasks being solved in the experiments BM@N and MPD at the NICA accelerator
complex is to classify events into centrality classes. The centrality procedure allows us to estimate
the initial geometry in heavy ion collisions using the relation between the observable and the impact
parameter. The observable is usually the multiplicity of produced charged particles or the energy of
the spectator nucleons [1, 2]. Determining centrality using forward detectors is an important task,
as it will suppress the autocorrelation effect in measurements on proton multiplicity fluctuations
and can provide an independent approach for centrality determination 3.

In this work, new methods are proposed for centrality determination based on the Bayesian approach
using the measured energy of the spectator in the forward hadron calorimeter FHCal. The efficiency
of the proposed methods was tested on data from the BM@N experiment for Xe+CsI collisions at
a beam energy of 3.8 AGeV and on simulation data for Xe+W collisions at 2.5 AGeV in MPD-FXT.
To estimate the accuracy of the proposed methods, the obtained results were compared with the
classical approach based on the multiplicity of charged particles and the Glauber model.

References

1. Idrisov, D., Segal, I., Golosov, O. & Taranenko, A. Phys. Part. Nuclei Lett. 21, 627-630 (2024).

2. Parfenov, P., Idrisov, D., Luong, V. B. & Taranenko, A. Particles 4, 275-287 (2021).

3. HADES Collaboration et al. Eur. Phys. J. A 54, 85 (2018).
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Binsaaue nedopmanuu agep Ha MOeJIMPOBaHNE a3UMYTAIbHO
aann3orponun B Monre-Kapio renepatrope HYDJET++

Authors: [Taunna Markos'; Cepreit [Terpymanko®

! dusuueckuii Paxymvmem MIY

* oMAM; HUMAD MI'Y
Corresponding Author: danila.myagkov.msu@mail.ru

B MomenpoBaHNY CTOJKHOBEHMI TAKEJIbIX MIOHOB Ha BBICOKUX SHEPTUAX IIMPOKO IIPUMEHIIOTCI
Momnre-Kapio reneparopsl, Takne kak HYDJET++1, coueraromuii rugpoaHaMIrdecKoe oIcaHme
MSITKOJI KOMIIOHEHTBI COOBITHII C OTHEIBHBIM MOJENNPOBaHMEM KECTKIX IIpolieccoB. DTot MoHTe-
Kapiyo remeparop IIMpOKO MCIIONB3OBAJICA [JIA BOCIPOM3BENEHINS, HAIpuUMep, pe3yIbTaToOB
skcriepumenTta CMS 2, Taxoxe mpumenscs s yckopuress RHIC n 6yayiux skcliepMeHTOB Ha
NICA.

B manHoit paboTe mpencTaBieHa manbHeras mogudukanyus msarkoit kommoHeHTsI HYDJET++
¢ yueToM Hec(hepMYHOCTI MCXOMHBIX saep. BHeceHHBIe M3MeHEeHUs ITO3BOJIIIOT MOAEIUPOBATH
BIMsIHME HepopManiniy siiep Ha HauajabHble YCIOBMS CTOJIKHOBEHNS, UTO, B CBOIO OUEPEb, MOXKET
CYILIECTBEHHO IIOBJIMATH Ha (OpMMPOBaHIE KOJUIEKTUBHBIX 3(p(PeKTOB, TAKMX KaK SJUIMIITUUECKIII
a3MIMYTaJIbHBIN IIOTOK.

st oumeHky BausHusA pedopmanmu sgep ObLUIM CreHepMpOBaHbI BBIOOPKM COOBITHMIL C
JICIIOJIB30BaHMEM KaK OpUTMHANBHOM, Tak n MomuduimposanHoi Bepcuyu HYDJET++. Ananus
a3MIMYTaJIbHOM AHM3O0TPOIIMY IIPOBOAMJICS VI PACCUMTAHHBIX C MCIIOIB30BaHMEM METOIOB
IOBYX- VM UeThIPEXUACTUYHBIX KYMYJIAHTOB 3, a TaKKe MeTOJa MCTMHHOI IIOCKOCTM peaKLNI,
BeJIVUVH 3JIMIITUYECKOTO IIO0TOKA V2. Ocoboe BHMMaHINeE YIeNAI0Ch MHTErPAIbHOMY 3HAUECHUIO
U2, TOCKOJIBKY OH UYBCTBUTEJIEH K FeOMEeTPUI HAYaJILHOTO COCTOSHII.

CpaBHeHMe pe3yJIbTaTOB MOMEIUPOBAHUA C SKCIEPMMEHTAIbHBIMI JAHHBIMU ITO3BOJIAET
OLICHUTh, HACKOJIBKO ydeT medopManmu saep yiydlllaeT cOIjlaciie MOJeny ¢ HaOIomaeMbIMIU
XapaKTepUCTUKAMM a3sMMYTaIbHOI aHu3oTponuy. OXMAaeTcs, UTo IMOKOOHBII yueT HaualbHO
reoMeTpUIM OKaKeT BIMSIHME Ha (HOpPMMPOBaHUE IIUIMIITAUECKOTO II0TOKA, OCOOEHHO B
HeLIeHTPAJIbHBIX CTOJTKHOBEHMAX.

Taxum ob6pasoMm, mpeacTaBiaeHHas mogudukaius redeparopa HYDJET++ ¢ yuerom nedopmanmu
s/iep MpeaCcTaBiIsieT cO00II BasKHBIIL IIar K 60Jiee TOUHOMY MOJENMPOBAHNIO HAUAIbHBIX yCIOBIIA
CTOJIKHOBEHMII TSKEJIBIX MOHOB M MOXKET CIIOCOOCTBOBATH JIYUIIIEeMy ITOHMMAHMIO MEXaHU3MOB
¢dbopMUpOBaHUA KOJUIEKTUBHBIX 9P ()EeKTOB B TAKMUX CUCTEMAX.

1.I1. P. Lokhtin, L. V. Malinina, S. V. Petrushanko, A. M. Snigirev, I. Arsene, K. Tywoniuk. Heavy ion
event generator HYDJET++ (HYDrodynamics plus JETs) // Comput. Phys. Commun. 2009. V. 180,
779. http://dx.doi.org/10.1016/j.cpc.2008.11.015

2. S. Chatrchyan et al. (CMS Collaboration). The CMS experiment at the CERN LHC // Journal of
Instrumentation, Volume 3, August 2008 http://dx.doi.org/10.1088/1748-0221/3/08/508004

3. Poskanzer A.M., Voloshin S.A. Methods for analyzing anisotropic flow in relativistic nuclear
collisions // Physical Review C. — 1998. — V. 58, no. 3. —P. 1671-1678. https://doi.org/10.1103/Phys-
RevC.58.1671

Application of the holographic equations of state for modeling
experiments on heavy ion collisions

Authors: Anton Anufriev'; Vladimir Kovalenko®

! Saint Petersburg State University
Corresponding Author: anton.anufriev@spbu.ru
At the beginning of the 21st century, a new phase state of strongly interacting matter was established,
known as the quark-gluon plasma (QGP). To study the formation of the QGP in collisions of heavy

nuclei, the solution of a system of equations of relativistic hydrodynamics with a specific equation
of state (EoS) is typically employed.
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Lattice Quantum Chromodynamics (LQCD) is an effective theoretical tool for studying the thermo-
chemical evolution of strongly interacting matter, but it encounters difficulties for non-zero baryonic
potentials. In light of this, various holographic models based on the well-known AdS/CFT duality
have been proposed to obtain EoS for the QGP using the thermodynamic properties of the corre-
sponding black brane in AdSs.

In the present work, a calibration method is proposed for the holographic EoS developed by I. Ya.
Aref’eva’s theoretical group to study QGP properties within the framework of relativistic hydrody-
namics. The free parameters of the model are adjusted using the LQCD results for quark masses
that approximate the physical values. Machine learning methods were applied to address the re-
gression and optimization issues during the calibration of the relevant parameters. For practical
applications in studying heavy-ion collisions, the corresponding holographic EoS was incorporated
into the relativistic hydrodynamics packages MUSIC and vHLLE.

To obtain the final hadron spectra, numerical simulations were conducted using the iEBE-MUSIC
and SMASH-vHLLE frameworks, which additionally include a set of packages for initial conditions,
freeze-out, hadronization, and hadronic afterburner. Consequently, the rapidity and transverse mass
distributions of produced hadrons were calculated at the energies of NA49 experiment.

The authors acknowledge Saint-Petersburg State University for a research project 103821868.

Upcgen: an event generator for two-photon and photoproduction
processes in ultraperipheral collisions

Authors: Evgeny Kryshen'; Nazar Burmasov?

! PNPI, JINR
% PNPI, JINR, MEPhI

Corresponding Author: nazar.burmasov@cern.ch

Upcgen is a dedicated Monte Carlo event generator for simulation of dilepton production and vector
meson photoproduction processes in ultraperipheral collisions (UPCs).

The dilepton production cross section in UPCs is calculated by folding the elementary vy — ¢
cross section with the photon fluxes produced by the colliding nuclei. These photon fluxes are mod-
eled using nuclear form factors, which account for possible emission of photons from inside the
nucleus. This approach results in an increase of predicted cross sections and is expected to improve
description of the experimental data. Furthermore, the lepton anomalous magnetic moment can be
freely adjusted, making it particularly valuable for investigating the tau g-2 via ditau production
measurements in UPCs.

In addition, the latest version of Upcgen provides a possibility to model photoproduction of heavy
vector mesons that is used to probe poorly known gluon shadowing effects at low Bjorken-x values.
Upcgen calculations rely on the leading order pQCD framework, where photoproduction cross sec-
tions are proportional to the square of the gluon density in the target nuclei. The gluon PDF in nuclei
is modeled using either EPS09 parameterisation or the leading twist theory of nuclear shadowing. In
a view of new experimental data expected in Run 3 and 4 of the LHC, one can strongly benefit from a
powerful tool for detailed studies of the kinematic properties of photoproduction processes.

In this report, we will present the Upcgen generator and discuss its capabilities in more de-
tail.
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Hybrid approach for simulating heavy flavor transport in small
colliding systems

Authors: Daria Prokhorova'; Shuzhe Shi!

Co-author: Evgeny Andronov *

! Tsinghua University
? Saint Petersburg State University

Corresponding Author: daria-prokhorova@mail.tsinghua.edu.cn

In this talk, we present preliminary results of our study of heavy flavor (HF) transport in the evolving
medium produced in p+p collisions at LHC energies. The findings are obtained using event-by-event
simulations in a hybrid approach that combines multiple methods to model different stages of the
interaction.

The investigation addresses the open question of Quark Gluon Plasma (QGP) droplet formation in
collisions of small systems [1,2]. A number of observations indeed supports this scenario in high-
multiplicity p+p, e.g. measured charged hadron azimuthal anisotropies 3 and strangeness enhance-
ment 4. On the other hand, there are vivid discussions about natural limitations of hydrodynamical
description [5,6].

Typically, HF are considered to be excellent probes of the medium as they are mostly produced
in the primary hard scattering and penetrate the expanding fireball. Remarkably, the azimuthal
anisotropies of HF hadrons produced in p+p are found to be comparable [7] to those of light flavors,
which favors the assumption of in-medium interactions of HF quarks with thermal constituents of
the QGP formed [8]. Moreover, p+p data show a non-linear increase of the relative HF yields with the
relative charged-particle multiplicity [9,10]. This has been preliminarily explained by the reduction
of charged particle multiplicity due to formation of high density medium rather than by the increase
of HF yields [11,12].

Thus, it is of great importance to simultaneously consider HF transport in various system evolution
models, such as, for example, hydrodynamic expansion [13] and dense color string dynamics [14],
and an «event activity» (bulk particles) even in p+p collisions.

1 R. D. Weller, P. Romatschke, Phys. Lett. B 774, 351-356 (2017).

2'Y. Zhou et al,, Nucl. Phys. A 1005, 121908 (2021).

3 V. Khachatryan et al. [CMS Collaboration], JHEP 09, 091 (2010).

4]. Adam et al. [ALICE Collaboration], Nature Phys. 13, 535-539 (2017).

5 P. Romatschke, Phys. Rev. Lett. 120 (2018) 012301.

6 V. E. Ambrus, S. Schlichting, C. Werthmann, Phys. Rev. Lett. 130, 15, 152301 (2023).
[7] A. M. Sirunyan et al. [CMS Collaboration], Phys. Lett. B 813, 136036 (2021).
8] J. Zhao et al.,, Phys. Rev. D 109, 5, 054011 (2024).

] B. Abelev et al. [ALICE Collaboration], Phys. Lett. B 712, 165 (2012).

0] J. Adam et al. [ALICE Collaboration], JHEP 09, 148 (2015).

1] K. Werner et al,, J. Phys.: Conf. Ser. 736, 012009 (2016).

2] V. Kovalenko, V. Vechernin, EP] Web of Conferences 164, 08002 (2017).

3] J. Zhao et al., Phys. Rev. C 110, 2, 024909 (2024).

4] D. Prokhorova, E. Andronov, MDPI Physics 6, 1, 264-289 (2024).
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Simulation of neutron and nuclear fragment production in
Urqmd 3.4 model supplemented by clustering model and multi-
fragmentation statistical model

Authors: Aida Galoyan'; Arkadiy Taranenko®; T.Q.T. Le’; Vladimir Uzhinsky*

! 9INR Dubna
? National Research Nuclear University “MEPhI” Moscow, JINR Dubna

* Institute of Research and Development, Duy Tan University, Da Nang, 550000, Vietnam
* JINR, Dubna

Corresponding Author: galoyan@lxpub01.jinr.ru

Many experiments in high energy physics use the URQMD model at the design stage, for predictions
of experimental data and also for analysis of the obtained results. We used the new version of the
URQMD 3.4 model to analyze the experimental data of the NA61/SHINE collaboration. We obtained
that the UrQMD 3.4 model reproduces the data on 7+, K-, proton and anti-proton production in 40Ar
+ 45Sc interactions with the appropriate choice of the impact parameter. We also apply the UrQMD
3.4 model to study the spectra of neutrons produced in proton-nucleus interactions. The model well
reproduces energetic (En > 10 MeV) neutron spectra in p + Al, Fe, Pb at the energy 3 GeV in the
so-called “cascade” mode. Off-shell mass neutrons are dominate at lower neutron energies. The off-
shell nucleons have to form residual nuclei at de-excitation of which evaporated nucleons and light
nuclei have to be produced. In order to simulate the process, we have coupled the UrQMD 3.4 model
with the clustering model and Statistical Multi-fragmentation model (SMM) using “potential” mode
of the UrQMD model. We have reached a good description of energy distributions of slow and fast
neutrons produced in proton-nucleus and nucleus-nucleus interactions. UrQMD 3.4 +SMM model
also reproduces sufficiently well the atomic mass and charge distributions of nuclear fragments in
nucleus-nucleus interactions. UrQMD 3.4 +SMM can be applied at NICA experiments.

Emission of fragments in collisions of intermediate-energy
heavy ions based on the non-equilibrium quantum hydrody-
namic approach

Author: Alexander D’yachenko’

! Petersburg Nuclear Physics Institute of NRC “Kurchatov Institute” and Emperor Alexander I Petersburg State Trans-
port University

Corresponding Author: dyachenko_a@mail.ru

In the development of the nonequilibrium hydrodynamic approach [1-3], we were able to success-
fully describe the double differential cross sections for the formati. on of cumulative protons and
light fragments of deuterons and tritons emitted at an angle of 400 and studied in 4 for the colli-
sion of carbon nuclei in the reaction 12C+12C at an energy of 20 GeV per nucleon on a fixed target,
obtained at the U-70 accelerator of the IHEP (Serpukhov). These double differential cross sections
reveal scaling for the yields of various fragments depending on their energy

In continuation of the analysis of ITEP (Moscow) experiments on collisions of carbon nuclei with a
beryllium target at the FRAGM setup, it was possible to obtain a description of the yields of 11Be and
10B fragments 5 emitted at an angle of 3.50 at an energy of carbon nuclei of 300 MeV per nucleon. In
this description, a nonequilibrium hydrodynamic approach and the Goldhaber statistical model were
used. Improvement of the agreement for describing the asymmetry of the momentum distribution
of the fragment yield was achieved here using the Lifshitz-Slezov asymptot

ic profile function in the coalescence model. Our description of the experimental data turns out to
be better than cascade models and the quantum molecular dynamics (QMD) model built into the
GEANT4 package.
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In the development of the hydrodynamic approach, the possibility of describing experimental data
based on the solution of the effective Klein-Gordon equation with dissipation 6 was analyzed, as well
as the possibility of describing the polarization of emitted secondary particles [7]. Our approach is
applicable to collisions of both light and heavy nuclei, which is evident from a comparison with
experimental data and other theoretical approaches.

This can be extended to the energy range of the NICA accelerator complex being built at JINR
(Dubna). Already the first comparison with experimental data on the distribution of protons,
deuterons and tritons by transverse mass at the rapidity y=1.4 for the collision of argon nuclei at the
energy of 3.2 GeV per nucleon with different nuclei in the BM@N experiment [8] turned out to be
successful.

1. AT. D’yachenko, L A. Mitropolsky, Phys. At. Nucl. 83, 558 (2020).

2. AT D’yachenko, L.A. Mitropolsky, Phys. At. Nucl. 85, 1053 (2022).

3. AT. D’yachenko, Phys. At. Nucl. 87, 125 (2024).

4. N.N. Antonov et al., JETP Lett. 111, 291 (2020).

5. B.M. Abramov et al., Phys. At. Nucl. 85, 466 (2022).

6. AT. D’yachenko, Phys. At. Nucl. 87, 646 (2024).

7. M. Baznat, OV. Teryaev, AV. Zinchenko, Phys. Part. Nucl. Lett. 20, 428 (2023).

8. S. Afanasiev et al. BM@N Collaboration, arXiv:2504.02759v1[hep-ex] 3 Apr. 2025

Azimuthal dependence of the fractional parton energy loss in
Cu+Au collisions at V(s_NN) = 200 GeV

Authors: Kirill Basirov'; Ivan Borisov'; Egor Bannikov'; Yaroslav Berdnikov'

! Peter the Great St.Petersburg Polytechnic University (SPbPU), Saint-Petersburg, Russia

Corresponding Author: kirill. basirov@mail.ru

The state of strong interacting matter consisting of asymptotically free quarks and gluons is called a
quark-gluon plasma (QGP). This state can be created in relativistic collisions of heavy ions 1. High-
energy partons (quarks and gluons) produced in hard interactions propagate in QGP and lose en-
ergy, after which they fragment into hadrons. This leads to the suppression of the hadron yields at
high transverse momenta in nucleus—nucleus collisions compared to proton-proton collisions (jet
quenching effect) 2.

In the experiment, it is possible to obtain estimates of the fractional parton energy loss Sloss, which
is defined as the ratio of the parton energy loss to their initial energy. For this purpose, the measured
invariant spectra of °-mesons in nucleus-nucleus and proton-proton collisions are used 3. Therefore,
the the transverse momentum pr and the number of participants Npart dependences of the Sloss can
be measured. Using data on elliptic flows vo, which make a dominant contribution to the azimuthal
anisotropy of m0-mesons yields, it is possible to obtain the azimuthal dependence of the fractional
parton energy loss Sioss() [3, 4]. The obtained dependences can be used to study the spatial distri-
bution of various characteristics of QGP.

In this work, the azimuthal dependence of the fractional parton energy loss was measured as a func-
tion of pr and Npart in Cu+Au collisions at /sy = 200 GeV.

The results of the work can be expanded for use in the MPD and SPD experiments at the NICA col-
lider.

We acknowledge support from the Ministry of Science and Higher Education of the Russian Federa-
tion, state assignment for fundamental research (code FSEG-2025-0009).

1. Adcox K. et al., Nuclear Physics A 757, 184-283 (2005).
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2. Enterria, D., Nuclei and Atoms, 471-520 (2010).
3. Adler S.S. et al., Phys. Rev. C 76, 034904 (2007).
4. Voloshin S., Zhang Y., Z. Phys. C 70, 665-672 (1996).

Measurement of neutron yields in the Xe+Csl reaction by the
Highly Granular time-of-flight Neutron Detector prototype in
the BM@N experiment

Author: Aleksandr Zubankov'

! Institute for Nuclear Research of the Russian Academy of Sciences

Corresponding Author: zubankov@inr.ru

One of the goals of the BM@N experiment is to study the equation of state (EoS) of dense nuclear
matter in heavy-ion collisions with energies up to 4.65A GeV. The EoS includes a symmetry energy
term that characterises the isospin asymmetry of nuclear matter, which is important for studying
the properties of astrophysical objects such as neutron stars. The neutron to proton ratio and the
neutron-proton differential directed flow in Au-Au collisions were found sensitive to the contribu-
tion of symmetry energy to the EoS1. Measuring the energy distributions of neutrons produced in
projectile fragmentation allows estimation of the temperature of the emitting source 2. While the
proton yields are measured by the BM@N magnetic spectrometer the neutron yields in heavy ion
collisions will be measured by the Highly Granular time-of-flight Neutron Detector (HGND) which
is currently under development 3.

The HGND has multilayer longitudinal structure with alternating absorber and highly granular scin-
tillator detectors (11x11) layers. Each of the 4x4x2.5 cm?® scintillator detectors with individual light
readout by SiPM (MPPC) provides a time resolution of about 150 ps. The HGND will provide the
capability to measure neutrons with kinetic energies of 0.3-4 GeV by time-of-flight with high detec-
tion efficiency.

To validate the concept of the full-scale HGND the compact HGND prototype was designed and
built 4. The prototype has a longitudinal segmentation into 15 alternating layers of absorber and
scintillator with a transverse segmentation of scintillator layers as a matrix of 3x3 scintillation cells
with a size of 4x4x2.5 cm®. The first scintillator layer is used as a veto for charged particles. The
total length of the detector is about 2.5 nuclear interaction lengths, which allows efficient neutron
detection. The light readout from each scintillator detector is realised by individual Hamamatsu
S13360-6050PE MPPCs. The time and amplitude of the signal are read by the TQDC modules.

The HGND prototype was first tested in the BM@N experiment in collisions of 3.8A GeV Xe with
a Csl target. The detector was placed in 0 degrees position during the measurements to test and
calibrate by measuring spectator neutrons and neutrons from electromagnetic dissociation (EMD).
The neutron kinetic energy spectrum reconstructed by time-of-flight is compared with the Geant4
simulations in the full geometry of BM@N setup using the DCM-QGSM-SMM and UrQMD-AMC
models as heavy-ion collision generators and using the RELDIS model as EMD events generator. The
neutron yields in the HGND prototype acceptance were obtained by correcting for model-estimated
efficiencies for central and semi-central collisions and for EMD.

1. X.-X. Long, G.-F. Wei, Phys. Rev. C, 109, 054619 (2024).

2. P. Pawlowski et al, Phys. Rev. C, 108, 044610 (2023).

3. F. Guber et al., Experiment. Instrum. Exp. Tech., 67, 447-456 (2024).
4. A. Zubankov et al,, arXiv:2503.12624 [physics.ins-det] (2025).
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Reactions dd — ddnm and pd — pdrm and isoscalar
dibaryons

Authors: Azamat Temerbayev'; Yuriy Uzikov?

' Eurasian National University

* Joint Institute for Nuclear Research
Corresponding Author: uzikov@jinr.ru

At present the resonance peak D;; = D3 observed by WASA@COSY in the total cross section
of the reaction of two-pion production in the isoscalar channel of the reaction pn — dr%7%1, is
considered as one of the most realistic candidate to the dibaryon resonance 2. Here I=0 is the isospin
and JP = 37T is the total angular momentum and parity of this resonance. A similar resonance
structure was observed by ANKE@COSY in the differential cross section of the two-pion production
reaction pd — pdn7 at beam energies 0.8-2.0 GeV with high transferred momentum to the deuteron
at small scattering angles of the final proton and deuteron 3. In this case the kinematic conditions
differ considerably from that in Ref. 1 and two final pions not detected and, therefore, the isoscalar
channel was not separated. Nevertheless, in the distribution over the invariant mass M., of the
final dmm system of the reaction pd — pdnm the resonance peak was also observed at My ~ 2.38
GeV 3 that is the mass of the isoscalar two-baryon resonance Dg3. In order to explain these data,
in Refs. 4 the two-resonance model 5 of the reaction pn — dr®7® was applied by inclusion of
the t-channel c-meson exchange between the proton and deuteron in the reaction pd — pdnm.
Recently in Ref. 6 the reaction y d— dn%7® was studied and an indication to excitation of isoscalar
dibaryon resonance Dj3(2380) and more heavier dibaryons d(2470) and d(2630) was found. These
resonances can be excited also in the reaction dd— dd* at SPD NICA collider. In this work we
estimated the differential cross sections of the reactions dd — n+pdnr7 (with pd — pdnm subprocess)
and dd — dd77 assuming excitaion of the dibaryons by - meson exchange in t-channel as in
Refs. 4 and distributions over the invariant mass of the final d77 system for these reactions were
calculated.

1 P. Adlarson et al. (WASA@COSY Collab.), Phys. Rev. Lett. 106, 242302 (2011).
2 H. Clement, Prog. Part. Nucl. Phys. 93 (2017) 195.

3 V. I. Komarov et al. (ANKE@COSY Collab.), Eur. Phys. J. A (2018) 54: 206;
arxiv:1805.01493 [nucl-exp].

4 Yu. Uzikov, N. Tursunbayev, EP] Web of Conf. 204, 08010 (2019);

N. Tursunbayev, Yu. Uzikov, SciPost Phys. Proc. 3 (2020) 056.

5 M.N. Platonova, V.I. Kukulin, Phys. Rev. C 87, 025202 (2013).

6 T.C. Jude et al., Phys. Lett. B 832 (2022) 137277.

Performance for inclusive photon and neutral pion spectra and
anisotropic flow measurements with the MPD experiment

Author: Oleg Golosov'

Co-authors: Dmitri Peresunko 2; Dmitry Blau Z. Pavel Gordeev !

' NRC “Kurchatov Instittute” NRNU MEPhI
2 NRC “Kurchatov Instittute”

Corresponding Author: oleg.golosov@gmail.com

Direct photons produced in electromagnetic processes in heavy ion collisions do not interact with
other particles in the collision zone. Analysis of direct photon spectra and anisotropic flow could
provide additional information on the conditions at the production time and on the development
of collective flow. Spectra and flow of direct photons are quantified based on the corresponding
observables for inclusive photons and neutral pions, the main source of decay photons. Moreover,
results for neutral pions may help to constrain properties of hot and dense nuclear matter thanks to
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robust particle identification and wide coverage in transverse momentum.

We present the performance for inclusive photon and neutral pion spectra and anisotropic flow mea-
surements with the MPD experiment. The study was done using simulations of detector response
to particles produced by the UrQMD event generator with realistic algorithms of event reconstruc-
tion and analysis. Different methods for photon and neutral pion reconstruction are considered to
estimate possible systematic biases.

Feasibility study of the anisotropic flow measurements with
fixed-target mode of the MPD experiment at NICA

Author: Petr Parfenov'

Co-authors: Arkadiy Taranenko *; Mikhail Mamaev

! JINR
2 NRNU MEPAhI, JINR
3 JINR, NRNU MEPhI, INR RAS

Corresponding Author: terrylapard@gmail.com

One of the primary objectives of beam energy scan programs involving relativistic heavy-ion col-
lisions at energies of YsNN=2-5 GeV is to investigate the high-density equation of state (EoS) and
explore potential phase transitions in dense baryonic matter. This talk will be dedicated to a perfor-
mance study of differential anisotropic flow measurements for identified charged hadrons at T=2.5A
GeV (VsNN=2.87 GeV). The analysis employs a realistic data simulation and reconstruction approach
for the MPD experiment at NICA, operating in fixed-target mode (MPD-FXT).

Performance of the MPD detector at NICA in the fixed-target con-
figuration

Author: Viktor Riabov’

' NRC KI - PNPI
Corresponding Author: riabovvg@gmail.com

Multi-Purpose Detector (MPD) at NICA collider is designed to study heavy-ion collisions in the en-
ergy range 4-11 GeV. Physics program of the MPD can be extended to lower energies 2.4-3.5 GeV
by detecting collisions of one of the NICA beams with a fixed target installed in the beam pipe. The
fixed target configuration also provides high event rate even at low beam intensities, which may
be a significant benefit in the initial period of collider operation. In this presentation, we review
performance of the MPD detector in the fixed-target configuration, discuss detector acceptance and
trigger system efficiency. We also propose different methods for the measurement of event central-

ity.

Page 151



LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... / Book of Abstracts
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Nnentundukanmsa yacTIL, POXKIAIOIINXCI B CTOIKHOBEHMAX MOHOB B Koaiinepe NICA, apisercs
ofHOII 13 6a30BbIX PyHKIMIT MHOroueneBoro nerekropa (MPD) (1). OcHOBHBIMU CpencTBaMu
naentnukanuu B MPD gBmarorca BpemanpoinerHas cucrema (TOF) m BpeMsa-mpoeKkunoHHas
kamepa (TPC). B pmokmame mIpMBOAUTCA CPAaBHUTEIBHBIM aHAJIN3 PAa3INMYHBIX AJITOPUTMOB
MaeHTNUKAIY YaCTHL JAHHBIMU JIeTeKTOPHBIMI CHCTeMaMIL.

CpaBHeHME MeTO0B UAeHTNUKAIIMN I0KA3aJI0, YTO IIPY OIIpe/leIeHHBIX YCIOBMAX IIPYMeHeHe
cTaTUCTIUeCKOro BajiecoBckoro moaxoa (2) mo3BosseT KOOUTHCI MUHMMAIBHOIO 3arpsA3HeHUs
CIIEKTPOB MACHTU(OUUUPYEMBIX YaCTULl HEBEPHO OIIpeNeIeHHBIMI YaCTUI[AMU IIPY JOCTATOUHO
BBICOKOI 3((eKTUBHOCTH MAEHTUPIKALIIL.

1. MPD collaboration, Eur. Phys. J. A 58, 140 (2022). https://doi.org/10.1140/epja/s10050-022-00750-
6.

2. The ALICE Collaboration., J. Adam, D. Adamova et al, Eur. Phys. J. Plus 131, 168 (2016).
https://doi.org/10.1140/epjp/i2016-16168-5 .

Modeling multiplicity distributions in relativistic heavy-ion col-
lisions at NICA energies

Authors: Loic Katarebe!; Vladimir Kovalenko®

! Saint Petersburg State University

Corresponding Author: st086286@student.spbu.ru

This work presents a comprehensive analysis of charged-particle multiplicity distributions in
relativistic heavy-ion collisions, focusing on systems and energies relevant to the first stages
of NICA collider experimental program (Bi+Bi, Xe+Xe, and Xe+W). Utilizing three theoretical
frameworks—the Glauber two-component model 1, the Color Glass Condensate (CGC) 2, and
the EKRT saturation model 3—we investigate the dependence of multiplicity density on collision
centrality, energy, and geometry.

The Glauber model Monte Carlo (GMC) approach 4 provides geometric parameters such as the
number of participants (Npart) and binary collisions (Ncoll) for centrality classification. Input
parameters, including nuclear density profiles and inelastic nucleon-nucleon cross-sections, are
calibrated using RHIC and LHC data. Centrality-dependent tables for Npart and Ncoll are generated
for Bi+Bi, Xe+Xe and Xe+W systems, enabling comparisons with experimental data. Results
highlight a consistent rise in multiplicity by participant pair with Npart for two-component Glauber
and CGC models, while the EKRT model predicts a suppression due to gluon saturation effects [1,4].
Notably, none of the models reproduce the “upstick” effect observed in LHC Xe+Xe data 5,
underscoring the need for future NICA-MPD measurements. These findings emphasize the role of
initial-state geometry and energy dependence in constraining QCD matter properties at extreme
baryon densities.
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ACTS-based track reconstruction for the forward detector in the
MPD experiment at NICA

Authors: Evgeny Kryshen'; Georgy Zalite’; Nazar Burmasov’
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2 PNPI, SPbSU
* PNPI, JINR, MEPhI

Corresponding Author: nazar.burmasov@cern.ch

The main goals of the Multi-Purpose Detector (MPD) at Nuclotron-based Ion Collider Facility (NICA,
Dubna, Russia) are the investigation of the phase diagram of QCD matter at high baryon densities
and search for transition of nuclear matter into a deconfined state of quarks and gluons, known as the
Quark-Gluon Plasma (QGP). The MPD will be constructed in two stages, with the first stage including
the time projection chamber (TPC), the time-of-flight (TOF) detector, the electromagnetic calorime-
ter (ECAL) covering the pseudorapidity range || < 1.2, and supplemented with fast beam-beam
counters and zero degree calorimeters at forward rapidities. At the second stage of the experiment
the inner tracking system and the forward tracking detector are foreseen to be installed.

The installation of the forward tracking detector in MPD would extend kinematic range to higher
rapidities, which is critical for the studies of various observables that can be used to probe the prop-
erties of the produced matter: the rapidity dependence of meson and baryon yields, the anisotropic
flow and global polarization a forward rapidities and others.

The proposed forward tracker setup consists of five tracking stations on each side from the inter-
action point, covering pseudorapidity range 1.5 < |n| < 2.1. The tracker will be installed in the
existing solenoidal magnetic field with B, = 0.5 T, imposing a challenge for the track reconstruc-
tion, since the momentum resolution is driven by the radial distance available for the track curvature
measurements that is strongly reduced at high pseudorapidities.

The performance of the forward detector concept has been studied using the tracking algorithms
based on the ACTS package. It provides a set of experiment-independent tools and algorithms, in-
cluding the Kalman filter for track parameter fitting, seeding tools and combinatorial Kalman filter
for track finding, as well as vertex reconstruction algorithms.

The momentum resolution for pions and protons reconstructed only using information from the
forward tracker ranges from 3% to 10% depending on transverse momentum and pseudorapidity
and found to be in agreement with analytical calculations.

Track finding efficiency in high-multiplicity environment foreseen in heavy ion collisions was tested
using Au-Au events at \/syn = 11 GeV from the UrQMD event generator injected into the forward
tracker model integrated into the standard MPD reconstruction framework, MpdRoot. Efficiency
of the ACTS-based track reconstruction reaches 90-95% for both pions and protons at transverse
momenta pt > 0.3 GeV/c.

In this report, we will discuss the expected performance of the forward tracker in more detail. In
addition, the possibilities for improvements, including utilization of the TPC information, will be
discussed.

Page 153


https://indico.spbu.ru/event/1/abstracts/305/attachments/389/a305fig1.jpg
https://indico.spbu.ru/event/1/abstracts/305/attachments/388/a305fig2.jpg
http://%20https://doi.org/10.48550/arXiv.2405.07952
https://doi.org/10.1080/00223131.2022.2141903
https://doi.org/10.1103/PhysRevC.72.062801

LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... / Book of Abstracts

Net-proton high-order cumulants in event-by-event studies in
high energy A+A collisions at NICA energies

Author: Grigory Feofilov'

! Saint Petersburg State University

Corresponding Author: g.feofilov@spbu.ru

The region of nucleus-nucleus collision energies /sy y ~ 2-10 GeV is very attractive for the detailed
study of the phase diagram of strongly interacting matter, where the first-order phase transition and
the existence of the critical endpoint (CEP) are predicted by the QCD. So far, the experimental inves-
tigations carried out in this energy range at SPS and at RHIC have shown no convenient evidence
for the critical phenomena. The non-Gaussian fluctuations 1 of conserved quantities, like net elec-
tric charge Q, net strangeness S, net baryon number B, near the QCD critical point”, could be very
sensitive to the proximity of the critical point. Studies of the energy dependence of higher-order cu-
mulants of net-protons (as a proxy for net baryon number) were started in BES-I and are in progress
in BES-II programs at RHIC [2,3]. In particular, recent precision measurement for net-proton cumu-
lant ratios vs. centrality across Au+Au collision energies at RHIC showed some hints of the non-
monotonic energy dependence [2,3]. However, the non-dynamical contributions to fluctuations of
protons and net-protons could be large 4. These trivial volume fluctuations are to be carefully taken
into account before comparison to theory.

In this report we argue that the current experimental approaches are still lacking the proper event-
by-event estimate of the interaction volume. Assumption of the mean value of the interaction vol-
ume for the given class of selected events, including the case of Centrality Bin Width Correcrition
(CBWC) procedure, used by STAR at RHIC, is introducing the bias into the values of net-proton
cumulant ratios due to the inevitable mixture of the events with different impact parameters. We
focus in this report on the minimization of the role of trivial volume fluctutions that should be under
strict control in data analysis in order to reval the dymanical physics fluctuations effects of interest.
We propose to use the reduced cumulants, where both the cumulants and the volume of interaction
are defined for each event. The last procedure requires the event-by-event estimates of the most
probable value of number of participation nucleons (Npart) by using such approach as 5 or the ML
technique 6 that is in currently in progress.

Acknowlegments: The author acknowledges Saint-Petersburg State University for a research project
103821868.
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Scaling relations for anisotropic flow at NICA energies
Author: Arkadiy Taranenko'

" MEPHI/VBLHEP JINR
Corresponding Author: arkadij71@gmail.com

Measurements of the anisotropic collective flow of particles produced in relativistic heavy ion colli-
sions play an important role in the study of the transport properties of strongly interacting matter.
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In this paper we present the results of the most complete systematic study of the dependence of the
anisotropic collective fluxes on the collision energy from 2.4 GeV to 11 GeV based on the available
data and discuss them using different scaling relations for the azimuthal anisotropy.

The vorticity and acceleration phenomena in the heavy-ion colli-
sions at the NICA complex energies

Authors: Nikita Tsegelnik'; Evgeni Kolomeitsev?; Vadym Voronyuk®

! BLTP, JINR
2 BLTP, JINR, Dubna and Matej Bel University, Slovakia
* JINR, LHEP

Corresponding Author: tsegelnik@jinr.ru

In this topic, the discussion will focus on vorticity and acceleration of the nuclear medium created in
heavy-ion collisions at the NICA complex energies. These phenomena will be analyzed within the
framework of the Parton-Hadron-String Dynamics (PHSD) model. The vorticity field is the object of
study due to its connection to the spin polarization and also due to its intricate space-time structures,
such as vortex rings. Conversely, an acceleration in heavy-ion collisions signifies a novel direction in
the current research by the scientific community, especially due to its influence on phase transitions.
In this study, the acceleration (and the Unruh temperature) space-time distributions will be presented
and subsequently compared with the temperatures of the medium for the various phases of matter
1. Also we will discuss some results studied in our previous works [2-5].

1 G. Yu. Prokhorov, D. A. Shohonov, O. V. Teryaev, N. S. Tsegelnik, V. I. Zakharov. arXiv:2502.10146.
2 N. S. Tsegelnik, E. E. Kolomeitsev, and V. Voronyuk. Phys. Rev. C, 107(3):034906, 2023.

3 Nikita Tsegelnik, Evgeni Kolomeitsev, and Vadym Voronyuk. Particles, 6(1):373-384, 2023.

4 Nikita S. Tsegelnik, Vadym Voronyuk, and Evgeni E. Kolomeitsev. Particles, 7(4):984-1003, 2024.
5 V. Voronyuk, N. S. Tsegelnik, and E. E. Kolomeitsev. Phys. Rev. C, 111(3):034907, 2025.

Production of spectator neutrons, protons and light fragments on
fixed targets at NICA

Authors: Aleksandr Svetlichnyil; Ekaterina Vasyaginal; Savva Savenkov!; Igor Pshenichnov!

! INR RAS, MIPT(NRU)
Corresponding Author: aleksandr.svetlichnyy@phystech.edu

Study of hot and dense baryon-rich matter is a central point of the BM@N 1 and MPD 2 experi-
ments at NICA facility. Both experiments are equipped with forward detectors capable to measure
the energies of spectator nucleons and nuclear fragments representing remnants of initial nuclei
beyond their hot overlap region (fireball) [1, 2]. The signals from the forward detectors can be used
to determine the centrality of each nucleus-nucleus collision event and its reaction plane 3. In addi-
tion, the BM@N experiment is equipped with the Highly-Granular time-of-flight Neutron Detector
(HGND) 4. Therefore, the procedure of centrality and event plane determination should be based on
a reliable model of the production of spectator protons, neutrons and nuclear fragments.

In this work, the microscopic ultra-relativistic quantum molecular dynamics (UrQMD) transport
model [5, 6] was coupled with the MST-clustering and statistical decay models previously used in
the Abrasion-Ablation Monte Carlo for Colliders model [7-9]. In this model combination, the pri-
mary evolution during the first few hundred fm/c is calculated using UrQMD. The MST-clustering
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algorithm is then used to determine the bound excited spectator fragments [9]. Their decay is simu-
lated using evaporation, SMM and Fermi Breakup models from the Geant4 toolkit [10]. The yields of
neutrons and light nuclear fragments, their rapidity and transverse momentum distributions, were
calculated and compared with the experimental data on the collisions of 600A MeV Sn + Sn [11]
and 10.6A GeV Au + Au [12]. In this combined approach, the multiparticle evolution of individual
nucleons simulated with UrQMD is supplemented by their clustering to simulate the production of
spectator nuclear fragments and their response in forward detectors.

1 M. Kapishin for BM@N Collaboration, Eur. Phys. J. A 52, 213 (2016)
2 1. Maldonado for MPD Collaboration, Nuovo Cim. C 47, 238 (2024)
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Large rapidity gap events in proton-nucleus collisions at LHC en-
ergies

Authors: Dmitry Sosnov'; Victor Kim'; Ekaterina Kuznetsova®

! Petersburg Nuclear Physics Institute of NRC “Kurchatov Institute”
Corresponding Author: sosnov_de@pnpi.nrcki.ru

A dominant role of photon exchange over pomeron one in forward large rapidity gap events in
proton-nucleus collisions at LHC energies is discussed. Relative contributions via coherent and in-
coherent pomeron-exchange and photon-exchange processes for forward large rapidity gap events
in pPb collisions [1,2,3] and their A- and Z-dependences are estimated from the recent data on diffrac-
tive pp [4,5] and pPb 1 collisions at the LHC.

1. CMS Collaboration, Phys. Rev. D 108, (2023) 092004

2. Guzey V., Strikman M., Zhalov M., Phys. Rev. C 106 (2022) L021901
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Direct photon production in p-Pb collisions measured with AL-
ICE/PHOS

Author: Dmitry Averyanov'

' NRC *Kurchatov Institute”
Corresponding Author: daver99@yandex.ru
Measurement of the direct-photon spectrum provides a unique tool for testing QCD predictions
and for investigating properties of the hot matter created in nucleus—nucleus collisions. Direct

photons are produced in all stages of the collision, interact with hot matter only electromagnetically
and leave the hot region almost without rescattering. Direct-photon spectrum at high pT imposes
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constraints on nucleon PDFs and allows to fix the initial state of the collision and the number of
nucleon—nucleon collisions. The temperature of the hot fireball created in a heavy-ion collision
and development of its collective flow can be studied via measurements of low-pT direct-photon
spectrum and collective flow.

The most straightforward method of calculating direct-photon yield is the subtraction method based
on subtracting the spectrum of photons originated from decays of final hadrons from the inclusive
photon spectrum. Another method is the tagging method, where photons consistent with an as-
sumption of coming from 10 decays are removed from the spectrum, with subsequent correction for
the corresponding signal loss effects.

In this talk we present results of measurements of the direct-photon spectra in p—Pb collisions at LHC
energies obtained with different methods, discuss ways of improving their accuracy and compare
experimental results with theoretical predictions.

Latest results of searches for invisible Higgs Boson decays in

events with vector-boson fusion signatures in the ATLAS experi-
ment

Authors: Marina Pokidova!; Yaroslav Berdnikov’; Yuriy Naryshkin2

! NRC Kurchatov Institute PNPL: SPbPU
2 NRC Kurchatov Institute PNPI

Corresponding Author: pokidova_mv@pnpi.nrcki.ru

This report presents an overview of the latest results and research methodology of the search for
Higgs boson decay into Dark Matter particles, during the process of Higgs boson production in the
vector boson fusion 1. The results were obtained in the ATLAS experiment at the Large Hadron
Collider (LHC) using data collected during the Run II of LHC (/s = 13 TeV) and were interpreted in
the context of models where the Higgs boson acts as a portal to dark matter, where limits are set on
the scattering cross section of weakly interacting massive particles and nucleons 2.

Assuming the Standard Model cross section for the Higgs boson, an upper limit of 0.145 was set
on the branching fraction into DM particles at 95% confidence level, with an expected limit of 0.103.
Obtained values at ATLAS experiment were compared with the results of direct searches experiments
3.

Further plans for the ATLAS experiment to study this process using partial Run 3 data are also
presented.

1. ATLAS Collaboration, Journal of High Energy Physics 2022, 104 (2022)
2. G. Arcadi, A. Djouadi, and M. Raidal, Physics Reports 842, 1-180 (2020)

3. M. Zaazoua, L. Truong, K. A. Assamagan, and F. Fassi, Letters in High Energy Physics 2022 , 270
(2022)
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Average transverse energy density for pions, kaons, ¢-mesons
and Q-hyperons in the most central A+A collisions at RHIC and
LHC

Author: Olga Shaposhnikova'

Co-author: Grigory Feofilov >

! Lomonosov Moscow State University

? Saint-Petersburg State University
Corresponding Author: shaposhnikova_om@mail.ru

We study the behavior of the average transverse energy density (<dEt/dy>) of various identified
particles produced at midrapidity in relativistic nucleus-nucleus collisions vs. the collision energy
from RHIC to LHC. The analysis covers pions and 3 types of particles with strangess: kaons, ¢-
mesons (1020) and Q-hyperons (Q~ and anti-Q*) identified in central Au+Au and Pb+Pb collisions at
energies from VsNN = 39 GeV to 2.76 TeV. For each type of particles ‘i”, used in the present work,
values of <dEt/dy=>i were obtained in our previos studies [1,2].

The dependence of (<dEt/dy>) on the vsNN is well approximated by a power function of the form
Q*(VsNN)™. An interesting discovery is the statistical indistinguishability of the power law fits with
parameter n for all studied particles (@, ¢, K, 7). This leads to a remarkable property: the ratios of
the average transverse energies of ¢p-mesons to these particles vs. the collision energy vsNN do not
depend on the collisioof nucleus-nucleus interactions.

We discuss possible interpretations of the discovered energy independence of these ratios from the
standpoint of particle production in the multipomeron exchange model, that provides the possibilty
to estimate the value of string tension parameter of quark-gluon string clusters forrned in central
A+A collisions.

The authors acknowledge Saint-Petersburg State University for a research project 103821868

1 O.Shaposhnikova, A.Marova, G.Feofilov, Physics of Particles and Nuclei 55, 1134 (2024).

2 O. Shaposhnikova, A. Marova and G. Feofilov, Open and Hidden Strangeness with Kaons and ¢-
Mesons in Bjorken Energy Density Approach for Central Collisions from SPS to LHC, Physics of
Particles and Nuclei, 2024, Vol. 55, No. 4, pp. 1134-1139. © Pleiades Publishing, Ltd., 2024.

Global polarization of hyperons in Au+Au collisions at BES-II en-
ergies by the STAR experiment

Author: Egor Alpatov'

' NRNU MEPhI
Corresponding Author: egrokerl@gmail.com

In non-central collisions, a large orbital angular momentum is deposited into the system, generating
vorticity that aligns hyperon spins through spin-vorticity coupling.

A newly collected dataset of Au+Au collisions at \/syn = 7.7, 9.2, 11.5, 14.6, 17.3, 19.6, and 27 GeV
from the second phase of the RHIC Beam Energy Scan (BES-II), obtained with upgraded detector
systems, provides a unique opportunity to measure the global polarization of A(A), Z* and QF
hyperons with unprecedented precision at these energies. These results provide new insights into the
polarization mechanism and vorticity fields in heavy-ion collisions as well as additional constraints
on the properties and dynamics of the hot and dense matter created in these collisions.
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Nuclear modification factor of inclusive charged particles in
Au+Au collisions at \/syy = 7.7-27 GeV with the STAR experi-
ment

Author: Alisher Aitbayev'

! Joint Institute for Nuclear Research (JINR)
Corresponding Author: a.ali.24@mail.ru

The Quantum Chromodynamics (QCD) phase diagram, characterized by temperature (T) and baryon
chemical potential (1), features a transition from hadronic matter to a deconfined quark-gluon
plasma (QGP). The Beam Energy Scan (BES) program at the Relativistic Heavy Ion Collider (RHIC)
explores this phase structure by systematically varying the collision energy of Au+Au collisions,
with a key focus on locating the QCD critical point.

During the first phase (BES-I, 2010-2014), the STAR experiment measured the nuclear modification
factor (Rcp) of inclusive charged particles in Au+Au collisions in energy range /syny = 7.7-27
GeV. In 2018, the STAR experiment initiated the second phase of the BES program (BES-II), which
has a tenfold increase in statistics compared to the first phase. This will enable better precision R¢c p
measurements. By 2021, STAR collected 100 million Au+Au events at \/syn = 7.7 GeV, two orders
of magnitude larger than the BES-I dataset at this energy.

In this talk, we present new measurements of charged-particle production and R¢cp from the high-
statistics BES-II data at /sy n = 7.7 GeV, comparing them with BES-I results. We further evaluate the-
oretical descriptions using UrQMD and hydrodynamic (SMASH+vHLLE) model predictions, testing
their description of the experimental observations. By extending the analysis to higher transverse
momenta (pr), we probe potential jet quenching effects and assess implications for QGP formation
and properties at lower collision energies.

Study of neutron emission from target fragmentation in Xe + Csl
collisions at 3.8 A GeV with a compact TOF spectrometer

Author: Nikita Lashmanov’

! JINR
Corresponding Author: lashmanov@jinr.ru

The neutron emission from decay of spectators of target nuclei was studied in *24Xe + CsI collisions
at energy of 3.8 A GeV using a compact time-of-flight neutron spectrometer of the BM@N facility
at Laboratory of High Energy Physics, JINR. The neutron energy spectra were measured at large
angles in the energy range of 2 — 200 MeV. The trigger of BM@N experiment efficiently selected the
collisions with centrality of < 60%. Common analysis with data from BM@N track detectors helps
to select events in different intervals on the collision centrality.

In this report we discuss the characteristics of the TOF spectrometer, the neutron energy spectra
obtained and application of a model with three moving sources for description of the measured
neutron spectra.
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Polarization correlations of entangled and classical two-photon
states

Author: Sultan Musin’
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Quantum entanglement, which is the most fascinating feature of quantum world, is commonly in-
vestigated through two-photon maximally entangled states, known as Bell states. Conventionally,
entanglement probing relies on measuring polarization correlations between photons. While such
correlations are often interpreted as inherently quantum phenomena, theoretical analysis and Monte
Carlo simulations of classical systems demonstrate that same polarization correlations can arise in
separable photon states. These results are especially important for the study of entangled annihila-
tion photon through Compton scattering.

Experimental setup for measuring polarization correlations was developed at the Institute for Nu-
clear Research of the Russian Academy of Sciences (INR RAS) 1. To measure two entangled photons
with an energy of 511 keV and mutually orthogonal polarization, two identical arms of Compton
polarimeters are employed. Each arm consists of a plastic scintillation scatterer and Nal(Tl) crystal-
based detectors that register photons scattered at a 90° angle. An additional GAGG scintillator scat-
terer is installed in one of the arms to artificially induce decoherence before the photons enter the
polarimeters.

Our analytical results, confirmed by experimental data obtained at the said setup, demonstrate that
the entangled state never collapses into a separable state, contrary to what was previously assumed
2. The behavior of quantum entanglement after scattering is identical to that of initially classically
correlated photons, up to a constant factor of two. This is consistent with local quantum field theory,
and “spooky action at a distance” (nonlocal interaction) is not required to explain the change in the
state of entangled qubits when one of them is measured.

1. Abdurashitov, D. et al. Setup of Compton polarimeters for measuring entangled annihilation
photons. Journal of Instrumentation vol. 17 P03010 (2022).

2. Tkachev, L et al. Measuring the evolution of entanglement in Compton scattering. Scientific
Reports vol. 15 (2025).

K*(892) meson production in heavy and small collision systems
at . /syny = 200 GeV

Authors: Daria Larionova'; Dmitry Kotov!; Sergei Antsupovlg Yaroslav Berdnikov!

! Peter the Great St.Petersburg Polytechnic University (SPbPU)
Corresponding Author: antsupov0124@gmail.com

The quark-gluon plasma (QGP) 1 is a state of matter that exists at extremely high temperatures,
exceeding T > 170 MeV 2, and at energy densities greater than ~1 GeV/fm® 3. This deconfined phase
of quarks and gluons can be created during the phase transition of hadronic matter, which occurs in
collisions of ultrarelativistic heavy ions [4, 5].

The QGP exhibits several distinctive experimental signatures, such as strangeness enhancement 6
and jet quenching [7]. These phenomena can be effectively studied through the production of the
K*(892) meson [8], a resonance containing a strange quark. A comparison of K*(892) meson
production in ultrarelativistic nucleus-nucleus and proton-proton (p+p) collisions, quantitatively
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expressed through nuclear modification factors, provides valuable insight into the properties of the
QGP.

In addition to studies in heavy-ion collisions, investigating K*(892) production in smaller systems
is particularly important for exploring the minimum conditions required for QGP formation. Since
signatures like strangeness enhancement and jet quenching are expected to manifest even in light
systems if QGP is created, measurements of K *(892) meson production offer a sensitive probe for
such effects.

The present study focuses on measurements of the K *(892) meson invariant transverse momentum
(pr) spectra and the corresponding nuclear modification factors as functions of pr in both heavy
and light collision systems at the energy of \/syx = 200 GeV/c.

The results of the work can be expanded for use in the MPD experiment of the NICA project. The
authors acknowledge support from the Ministry of Science and Higher Education of the Russian
Federation, state assignment for fundamental research (code FSEG-2025-0009).
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Directed flow of protons in Xe+CslI collisions at the beam kinetic
energy of 3.8A GeV with BM@N

Author: Mikhail Mamaev'

! JINR, NRNU MEPhI, INR RAS
Corresponding Author: mam.mih.val@gmail.com

In the collision of heavy ions hot and dense strongly interacting matter is produced.

Anisotropy of the created in the collision particles is sensitive to the properties of the matter formed
at the impact.

In the early 2023 Baryonic Matter at Nuclotron (BM@N) conducted its first physical run collecting
more than 500 million collisions of Xe beam with the kinetic energy of 3.8A GeV on CsI target.

We present the first results on the azimuthal anisotropic flow of protons for the recent physical run
of BM@N.

We compare the measured directed flow of protons to the theoretical calculations of Monte-Carlo
models as well as the measurements from other experiments.
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Directed flow of A hyperons in Xe+Cs(I) collisions at 3.8 AGeV in
the BM@N experiment

Author: Valerii Troshin'

Co-authors: Arkadiy Taranenko 1. Mikhail Mamaev %; Petr Parfenov *

! JINR, NRNU MEPhI
2 JINR, NRNU MEPhI, INR RAS
* JINR

Corresponding Author: mr-viaro@yandex.ru

The study of nuclear matter properties in the region of maximum baryonic density is one of the
main goals of beam energy scanning programs in relativistic heavy ion collisions with energies
\/SNN~= 2.4-11~GeV. Among the important observables in this study is the momentum anisotropy
with respect to the reaction plane, characterized by anisotropic transverse flow coefficients.

In this work, we discuss the first results of directed flow of A hyperons measurements for Xe+Cs(I)
collisions at Ey;,=3.8 AGeV in the BM@N experiment.

The first results for directed flow of deuterons in 3.8 A GeV Xe+Csl
collisions at the BM@N experiment

Authors: Arkadiy Taranenko’; Irina Zhavoronkova'; Mikhail Mamaev®

! JINR, NRNU MEPhI
2 9INR, NRNU MEPhI, INR RAS

Corresponding Author: irina.calv.45@gmail.com

At the beam energies of several GeV per projectile nucleon dense baryonic matter is produced similar
to one observed in astrophysical phenomena as neutron star mergers. The initial asymmetry of the
energy distribution in the overlap region, governed by the properties of the created matter, evolves
into momentum anisotropy of the final-state particles. The coefficients of the Fourier decomposition
of the azimuthal distribution of the produced in the collision particles v,, thus are a sensitive probe
of these properties.

In 2022-2023 BM@N, the first experiment on the NICA accelerator complex in JINR, Russia, fin-
ished its first physical run collecting more than 500M Xe+CslI collisions at Ey;, = 3.84 GeV. We
present the first results on the analysis of the directed flow (v;) of deuterons, and compare obtained
vy with existing world data. The scaling of the directed flow on mass number for light nuclei is
discussed.

Relativistic nuclear physics at the LHEP accelerator com-
plex

Author: Anton Baldin'
! LHEP JINR
Corresponding Author: an.baldin@mail.ru
Methodological problems of investigations in the field of relativistic nuclear physics are considered.

Basic notions and principles underlying the construction of scientific description of physical phe-
nomena in the field of relativistic physics are discussed. Definitions of variables used for description
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of relativistic nuclear collisions are given. Various definitions of cumulative and collective processes
of nuclei interaction are discussed. The role and significance of the Lobachevsky geometry in de-
scription of relativistic phenomena, in particular, particle production, are presented. The notion
“elementary particle” is discussed. The new phenomenon - directed nuclear radiation- is presented.
The problems of goal setting and optimization of experiments planned at the accelerator complex
NICA are addressed.

Production of Lambda hyperons in 4.0 AGeV and 4.5 AGeV
carbon-nucleus interactions at the Nuclotron

Author: Ksenia Alishina’

Co-author: for the BM@N collaboration *

! JINR
Corresponding Author: alishina@jinr.ru

The study of relativistic heavy ion collisions provides a unique opportunity to explore nuclear matter
under extreme conditions of density and temperature. The optimal energy range for nuclear matter
compression is close to 5 AGeV. The Nuclotron at the NICA accelerator complex provides a wide
range of ion beams in the energy range \/syn = 2.3 — 3.5 GeV. These energies are high enough for
the production of strange mesons and (multi)-strange hyperons in nucleus-nucleus collisions close
to the kinematic threshold [1,2].

Lambda hyperons containing a single strange quark are important observables in the study of
strangeness because their kinematic characteristics carry information about the dynamics of the
system, the degree of thermalisation and the role of secondary interactions.

The BM@N experiment is the first fixed-target experiment operated at the NICA accelerating com-
plex.

The BM@N experiment collected data on carbon, argon, krypton and xenon

beams with different solid targets.

This paper presents results of the Lambda hyperon production in

carbon-nucleus interactions (CN run) at the 4.0 and 4.5~AGeV beam kinetic energies with the differ-
ent solid targets (C, Al, C'u, Pb). Transverse momentum, rapidity spectra and yields of the Lambda
hyperons are measured.

The results are compared with theoretical models predictions and with the experimental data on
carbon-carbon interactions (Propane Chamber).

1. Exploring strongly interacting matter at high densities - NICA White Paper, Eur.Phys.J. A52
(2016).

2. BM@N Conceptual Design Report: \url{http://nica.jinr.ru/files/BM@N/BMN_CDR.pdf}

HoBp1i1 9KCIIepyMEeHT 10 MI3MePEeHNI0 MacChl MIICUJIOH-Me30Ha Ha
xosutarigepe BIIIII-4M c merexktopom KE/IP.

Author: Aunpeit [ITamos’
! Uncmumym sdeproii pusuxu um. I. U. Bydkepa CO PAH
Corresponding Author: a.g.shamov@inp.nsk.su

B HoBocnbupcke Ha kosnaripepe BIOIII-4M Hauancs SKCIEpMMEHT IO M3MepEeHMI0 Macchl 1S-
COCTOSTHIS MIICMJIOH-M€e30Ha C LIeJIbI0 yMEHBIINTDL HeoIIpeJeIeHHOCTb 3HaU€HMA MacChl B [IBa pa3a
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u moctmdb TouHOCTH 50 K3B, 5.107% B oTHOCUTENBHBIX enmHMIAX. B mOKmame pacckasbBaeTcs
0 IIOATOTOBKE K 9KCIIEPUMEHTY, BKIIIOUAIOIIell ITOIIPaBKy pe3yJIbTaTOB IMPeIbIAYIIX M3MEepeHMIL,
IIpOBeeHHBIX OKOJIO 40 JIeT Ha3am, pa3paboTKy JIa3epHOro MOJIIpMMeTpa AJIs M3MepeHNs SHeprin
IIy4KOB METOOM Pe30HAHCHOII IOJIIpU3alMM, IPEACTaBIECHO TEKYILlee COCTOTHIE SKCIIePMMEeHTa
U IIpeBapUTeIbHbIe pe3yJIbTAaThl. B JaHHBII MOMEHT TOYHOCTh M3MepeHU: cocTaBigeT 150
k3B, pesyisbrar coriacyercs, ¢ pe3yJbTaTaMM IIPeOBIAYIINX M3MEPEHUII, TOUHOCTb KOTOPBIX
oxoy10 100 k3B. [Ins mocTIDKeHUe IIaHMPYEeMOIl TOUHOCTY TpebyeTrcs MOIMOJIHUTENbHBIT Habop
CTaTUCTUKI.

W3mepeHue mpomecca ¢ ¢ — T 7 70 B 06JACTH IHEPTUIt W-
Me30Ha ¢ ferekropom KM/I-3 na B3IIII-2000

Author: Cepreit Tonmaues’

' Unemumym sdeproii gusuxu um. I. . Bydxepa CO PAH; Hosocubupckuil zocydapcmeennbiii ynueepcumem

Corresponding Author: s.s.tolmachev@inp.nsk.su
Ceuenne miporntecca ete™ — 77~ 70 6BLIO M3BMeEpPEHO ¢ KPMOTEHHBIM MATHUTHBIM TETEKTOPOM
(KM[-3) Ha 351eKTpOH-IIO3UTPOHHOM KoJjutaitaepe BIIIII-2000 B oGmacTu SHeprmit LeHTpa Macce
Vs < 984 M3B. sMepeHie 0CHOBaHO Ha JaHHBIX, COOPAHHBIX B XOJI€ UETHIPEX SHEPTETUUECKUX
ckaHupoBanmi B 2013 u 2018 rogax, 4TO COOTBETCTBYET MHTErPaJIbHON CBETIMOCTII OKOJIO 60 m6 L.
AHanus n3MepeHHOT0 CeueHs ITPOBeI€H B paMKaX MOV BeKTOPHOIT TOMUHAHTHOCTH C YUETOM
nHTepdEPEHLINN MEKY PE30HAHCAMU 0, W, ¢, w' 1 w'’. I3aMepeHbI TapaMeTphl w-Me30Ha, & TAKKE
p-w uHTephepeHIMa B KaHane 717 70, Pe3yibTaThl MCIIONB3YIOTCA IS OIEHKM agpOHHOTO
BKJIaJla B aHOMAaJIbHbI/l MATHUTHBI MOMEHT MIOOHA (g — 2),,.

Study of the process e"e~ — pp from the production threshold

to /s = 2.007 GeV with the CMD-3 detector at the VEPP-2000
collider

Author: Daniil Ivanov’

! Budker Institute of Nuclear Physics, Novosibirsk State University
Corresponding Author: daniilivanov1606@gmail.com
Using a data sample of 230 pb~! collected with the CMD-3 detector at the VEPP-2000

eTe™ collider, we selected about 43k events of the process e e~ — pp and measure its cross-section
at 29 energy points. The Born cross-section of the process is given by

ra 2M;
oppls) = 255 [|Gur(3)° + Z2(Gsl?]

where /s = 2Epcqm = FEcm. is the center-of-mass energy, M, is the proton mass, and § =
\J1=4M2/s,C =y/(1—e7Y),y = Ta/f is the Sommerfeld-Gamov-Sakharov factor which takes

into account Coulomb interaction of particles in the final state. From the angular distribution of
produced nucleons, we obtain the ratio |G /G p|, which is of great interest because of the inconsis-
tency between results obtained in the PS170 experiment at LEAR and BaBar latest measurement in
the energy region almost entirely covered by this work. Additional interest in this energy range is
related to an unusual behaviour of the ete™ — 3(7 "7 ) cross-section near the proton-antiproton
threshold.

Preliminary results of the cross-section and form factor ratio measurements will be shown.
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IIpenBapuTenbHble pe3yabTaThl M3MEPEHI CEUEHIS MPOIecca
ete” — KgKpntn~ ¢ merekropom KMJ/I-3 Ha 3JIeKTPOH-
NO3UTPOHHOM KoJutangepe BIIIII-2000

Authors: Teananuit ®emorosuu’; [1e6 I'IaCTyu.(yK1

' Unemumym sdeproii gusuxu um. I. U. Byoxepa CO PAH
Corresponding Author: fedotovich@inp.nsk.su

B pa6ore mpencraBieHsl IpeABapUTEIbHbIE PE3yIbTaThl M3MEPEHNUs CeUeHNs IpoLecca e e” —
K2K%7 ™7~ c nerexropom KM/I-3 Ha 371eKTpOH-TI03UTPOHHOM KoJLtaitaepe BIIIII-2000 B o6nactu
sHepruit ot 1600 mo 2007 MaB B cucTeme meHTpa Macc. OCHOBHOJ MHTeTpajJl CBETUMOCTY ObLI
Habpax B 2020-2022 rr. m cocraBui npumepHo 400 obpaTHbIx nnkobapH. s or6opa coObITMII
M3y4aeMoro Ipoljecca MCIOIb30BaNINCh OCOOEHHOCTI KIMHEMATIKI TaKUX COOBITUI B TeTeKTope
KMI-3, a Takxe Y? KMHeMATHUeCKOH peKOHCTPYKIMU. Halm pesysbTaTbl M3MEpeHNUs CeUeHNUs
npouecca e e” — KYK 7T m~ kauecTBeHHO MOATBEPKAAIOT pe3yIbTAaThI Kosltaboparyu BaBap.
HO MIMEIOT JIYYIIYIO CTATUCTUYECKYI0 TOYHOCTb.

B ofmactu SHeprmii poKAeHWs HYKJIOH-aHTMHYKJIOHHBIX Iap Habmomaercss “aHoOMauus B
3aBICUMOCTY CEUEHS OT 9Heprum. AHanornyHolir 3¢ dekT HabIOHAICA paHee B KAHAJIE C LLIECTHIO
3apsDKEHHBIMY ITMOHAMM B KOHEUHOM COCTOSHMIL.

HNsyuenme mpomecca e

KoJutarigepa BIIIII-2000

e — nn Ha perektope KMJI-3

Author: Artem Amirkhanov'

' BINP
Corresponding Author: amirkhanovartem@gmail.com

PaGora mocssiieHa M3y4eHUIO IIpolecca ete”™ — nn Ha nerexkrope KM/I-3. Ananus mpoBenéH
Ha NaHHBIX, HaOpaHHbIX ¢ 2019 roma B AMamasoHe SHEPTHMII IIyuKa OT IIOPOTa POKAEHMUs
HEeJTPOH-aHTUHENTPOHHBIX Iap (mopor poxxmeHus - 939.6 MsB) mo 1 I'sB, ¢ mHTerpanxpHOII
CBeTMMOCTHI0 ~ 200 16—}, OCHOBHAS CIIOKHOCTD 3a/Iaul CBA3aHA C BHICOKIM ypoBHEM (OHOBBIX
COOBITUII: OTHOILIIEHIIE cmrHaJI/d)OH cocrasigeT mopsaaka 1:10000, roe JOMMHMPYIOIIUIT BKJIAL
BHOCAT KocMuyeckue coObitust. [Ipu aHeprusax, Gmmskmux k mopory (940-1000 MaB), meirtposn-
aHTMHENTPOHHAsA I1apa MMeeT MaJIyI0 CKOPOCTb, UTO AeJIaeT METOM BPEMEHM IIPOJIETa OCHOBHBIM
MHCTPYMEHTOM BbIgeseHus coOprTuit. [l moxasieHns ¢pona paspaboTaH MHOTOKPUTEPUAIBHBII
ITOAXOM, COYETAOIIIII TPaANIMOHHbIE METOIBI C AJITOPUTMAMI MAIIVHHOTO o0yueHus. [lokian
doxycupyeTcss Ha KIIIOUEBBIX 3Tarax o0paboTKM JaHHBIX U o0eclieunBaeT Hafé)KHOE BbIfeIEeHNE
CUTHAJIBHBIX COOBITHIL, UTO SIBJITETCSI BaXKHBIM YCIIOBMEM MJIS ITOCIEAYIOIET0 TOUHOIO M3MepeHs
ceueHns Iporecca u popm-¢pakropa HeliTpoHa. IIpencTaBiieHbI IpeaBapUTENbHBIE PE3yIbTATHI
aHanusa.
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Penxkune mpomeccel B (OTOH-POTOHHBIX COyAapeHHSIX C
JICIIOJIb30BAHMEM ITyYKOB IIPOEKTAa KOMITOHOBCKOTO ICTOUHNKA

HanmoHaapHOTO neHTpa GU3NKN M MAaTEMATUKN

Author: Agna AH,upeeBa1

Co-author: 9xyapx Booc ?

! dunuan mockosckozo zocydapcmeentozo yHusepcumema umenu M.B. Jlomornocosa 6 zopode Capose, Capos, Poccust

2 HUMAD um. 1.B. Crobenvybina MI'Y, Mocksa, Poccust
Corresponding Author: anetta.2001@yandex.ru

B Hacros1ee BpeMs Ipoliecchl POTOH-(HOTOHHBIX COyAapeHMIT IPEeJCTaBIIAT GOJIBIION MHTEpeC
B (pm3MKe 3jIeMeHTapHBIX YACTHUL], B YACTHOCTH, B CBA3M C PeJKUMM HeJIMHelTHpIMM 3ddexTamMm
kBaHTOBOIT anexrpopuHamuku (K9M) [1, 2]. IlommMo 3TOroO, IEPCIIEKTMBHBIM HAIpaBIEHIEM
MCCIIeJOBaHN SIBIAETCS IIOMCK PA3TIMUHBIX 9K30TUUECKNX 00BEKTOB, TAKUX KaK IICEBIOCKAIIPHbIE
aKCMOHOIMOgO0HbIe yacTuubl (ALP) man ckanspHble YacTUIBI 3, KOTOpbIe MOTYT BO3HUKATH Kak
«TOJIACTOYHOBCKIEe 6030HBI» B pe3yJIbTaTe CIIOHTAHHOI'O HAPYIIEHNS CUMMETPUIL.

B mannoit paboTe MCCIeqyIOTCS peqKue MpoLecchl B (GOTOH-(QOTOHHBIX COyHapeHMsX (paccesHue
«CBETa Ha CBeTe» U POXK[IEHME IMITOTETUUECKON CKAIIPHOIL 1 TIceBOOCKaIspHoil (ALP) uacTuirsr)
C MCIOb30BaHMeM (OTOHHBIX IIYUKOB OYAYILEro IpoeKTa KOMIITOHOBCKOro mcrounmka KU
HII®M, ocuoBaHHOro Ha obpatrHoM 3¢ dexre Kommrona: GpoToHHSBII IyU0K, reHepupyembrit VKU,
CTaJIKMBaeTCsA ¢ POTOHHBIM ITyUKOM OT JIadepa 4.

« Ilomyd4eHBl ceueHMe paccesdHNd, YIVIOBOEe paclIpefleleHe M YMCIO COOBITMII (BBIXOX
raMMaKBaHTOB) B IIPOI(eCCe pacCesHMs «CBeTa Ha CBeTe» C JICIIOJNIb30BaHMEM (POTOHHBIX
yukoB Oyayiero npoekra UKW HIIOM;

« OnpefesteHp! 06JIaCTH ITAPaMETPOB (MacChl ¥ KOHCTAHTBI CBS31), P KOTOPBIX CeUeHIIe
POKIEHMS CKaIAPHOI U IceBAOCKaIApHOI (ALP) yacTUIIBI CpaBHMBACTCS C CeUeHUEeM

paccesHNA «CBeTa Ha CBeTe» I LIMPIHA Pacafa I'’MIOTeTIIeCKOI CKaJIIPHOI U IICeBIOCKAIIAPHOIL
(ALP) uactuis B aBa ¢poToHA.

Crmcok murepaTyphl

1 De Tollis B., Nuovo Cimento, 35 (1965) 1182; De Tollis B., Nuovo Cimento, 32 (1964) 757.

2 Liang Y., Czarnecki A., Photon-photon scattering: a tutorial, Canadian Journal of Physics, 90 (1)
(2012) 11-16.

3 Inan S.C., Kisselev AV., A search for axion-like particles in light-by-light scattering at the CLIC,
Journal of High Energy Physics, 2020 (6) (2020) 1-25.

4 T'puropenxo JI.B., Auronenko H.B., Aptiokos U.A., Auacos M.H., Bapa6anos A.JI., Besmocrorxmnii
C.JL, Booc 9.9., Bop3zos N.H., Bapnamos B.B., BacunseB A.A., Bunorpagos, A.B., Bunokxypos
H.A., Bragumupos M.B., Bopobres A.A., xmnasaa JL.3., [xonoc P.B., [306a A.A., [io6xoB
B.C., 3aspamos H.B. 3sepes M.A. um ap., IIPOEKT HAYYHOU ITPOTPAMMBI MHOK —
KOMIITOHOBCKOI'O MCTOYHHMKA MOHOXPOMATUYECKUX TAMMA-KBAHTOB HII®M,
dusmar, 1 (3-4) (2023) 123-264.

Study of the hadronic reactions at the NNbar threshold in the e+e-
collision

Author: Evgeny Solodov'

' Budker Institute of Nuclear physics, Novosibirsk, Russia
Corresponding Author: solodov@inp.nsk.su
The CMD-3 detector at the e+e- VEPP200 collider has accumulated ahout 500 pb-1 of the integrated
luminosity in the energy region Ec.m.=1-2 GeV, with a special attention to the fine-step scanning

of the NNbar threshold. An abnomal behavior of the hadronic cross sections in this reagion was
shown previously. In particular, the e+e- -> 6pions cross section demonstrates a sharp 30% drop in
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the scale of about 1 MeV, comparable with the mass difference in threshold for the proton-antiproton
and neutron-antineutron production. In the talk we present an overview of the previous measure-
ments and the latest preliminary results of the fine-step study at the threshold region for the e+e- ->
6pions reaction and other hadronic reactions. Only few of them demonstrate the abnormal behav-
ior.

N3mepenue 3JIEKTPOMATHUTHBIX BPEMEHUIIOTO0HBIX
dopmPakTOpoB HeNITpOHA U IPOTOHA Ha e+e- KoJUIaliepe
B3IIII-2000 ¢ getexTopom CH/{

Authors: Koucrantun Bero6oponos'; Cepreit Cepemusakos'

' Unemumym sdeproii gusuxu um. I. . Byoxepa CO PAH
Corresponding Author: k.i.beloborodov@inp.nsk.su

PaGora mocssiieHa n3MepeHnIo IIPOLIECCOB e+e- -> n-anti-n u e+e- -> p-anti-p Ha yCKOPUTETIFHOM
xomiutexkce BIIIII-2000 ¢ merekropom CHJ/I. IlpuBeneHs! HOBBIE JaHHE II0 CEUEHUIO IIPOLIECCOB B
obsacTyt sHeprum BOAM3M IOpra pokaeHms. IlpencraBieHbl IIpefBapUTeIbHbIE Pe3yJIbTAThI IO
3JIEKTPOMArHUTHOMY BpeMeHenogobHoMy popmbakropy u orHourennio |G_E/G_M|.

Hsmepenne BeposTHOCTH pacmaga J /v — Tt

pe3oHaHCHOTrO BKJIaxa fo(1270)~y

™Y M

Author: Onbra Peszanosa'

! Uncmumym sdeproii usuxu umenu I. . Byoxepa CO PAH
Corresponding Author: o.l.rezanova@inp.nsk.su
HUcnonbsys cratuctuxy 4.3 MuwunoHa pacnanos J /v, Habpannyio nerekropom KEIP na BIIII-
4M, MBI OTIpeeNTUIN TIONHYI0 BEPOATHOCTD pacnana J /1) — w7~ 7y, my6nukaiuu mo KoTopoit
OTCYTCTBYIOT. VI3MepeHO TakKe IpOMU3Be[eHMe BeposTHOCTel pacmanoB J/i¢ — f3(1270)y u

f2(1270) — 7tm~. TouHOCTb M3MepeHNUs CPaBHMMA C TOUHOCTHIO, MOJYUEHHON MO JAHHBIM
CLEO-c u BES-II.

Bxiagbl HYKIIOHHBIX pPe30HAHCOB B MHKJIIO3MBHOE paccesHIe
3JIeKTpOoHOB u3 JaHHbIX CLAS

Author: Borgaun ®aneenko’

Co-authors: Auna Pycosa *; Esrenuit cyros 2

! Mockosckuil zocydapcmeennuiii ynusepcumem umenu M.B. Jomorocosa, pusuueckutl gaxynsmem, Mocksa, Poccust

? Hayuno-uccrredosamenvckuti uncmumym sdeproii gusuxu umenu /1. B. Cxobenvyvina (HUUAD MIY) Poccus

Corresponding Author: fadeenko.bal9@physics.msu.ru

HccnemoBanms peakumil 3JIeKTPOPOKIeHNs Me30HOB Ha gerekrope CLAS mosBommim BuepBble
IIOJyYUTh IKCIIEPUMEHTAJIbHbIe TaHHBIe 00 aMINIMTYHaX 3JIeKTPOBO30YKHEeHMS OOJBIIIHCTBA
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HYKJIOHHBIX pe3oHaHCOB (N*), B obmactm Macc mo 1.75 I'sB mius aGCONIOTHBIX BeJIMUMH
KBaJ[paTOB UeTHIPEX-UMITYJIbCOB BUPTyanbHBIX ¢oToHOB Q% < 5.0 2. [1,2]. B poxname
IIpefCTaBJIEHb] Pe3yJIbTAThI OL[eHKM Pe30HAHCHBIX BKJIAN0OB B CTPYKTYPHYIO (pyHKLMIO , @ TaKXKe B
IIOJISIPM30BaHHbIE CTPYKTYPHBIE PYHKIUN g1 U §2, AL MHKIIIO3MBHOTO PACCESTHNS 3JIEKTPOHOB Ha
npotoHax. Pe3soHaHCHBIe BKJIAXBI IIOJTYUYEHBI BIIEPBBIE C MCIIOIB30BaHMEM 9KCIIEPUMEHTAIBHBIX
IOaHHBIX 110 aMIIUTYaM 3J1eKTpoBo30ykneHus N* B paMKax MeTozxa pasBuroro B [3,4]. Bymyt
06CYX/IeHbI MapaMeTpU3alus aMILIUTY]] 3NMeKTpoBo3byxmenus N* B saBucumoctu oT Q° c
y4eToM OrpaHMYeHNII HaJlaTaeMBIX YCJIOBMEM aHAIMTIYHOCTH, HEOIIpe e IeHHOCTY pe30HaHCHBIX
BKJIAZIOB, & TaK)Ke IIPUBeeHbI CPABHEHNSI Pe30HAHCHBIX BKJIAL0B CO CTPYKTYPHBIMU (PyHKUMSIMU
Fy, g1 n g2 n3 namepennit Ha gerekrope CLAS [5,6]. BeinonHeHHbIe McCiIe{0BaHS IIOKA3aIN, YTO
BKJITamel N* B CTPYKTYpHYIO QYHKIMIO Fy OCTAlOTCA 3HAUMTENbHBIMH 40-60 % B obmacTu. Q2 < 5.0
2, Mpu 3TOM OCHOBHBIE UepTsl B W-3aBICUMOCTSX TIONAPU3OBAHHON CTPYKTYpHOI GYHKIMHA ¢
rpu W< 1.75 I'sB cBs13ansI ¢ Bkiagamu N ™.

JlaHHBIE 0 BKJIIaJaX Pe30HAHCOB B HaOII0gaeMble MHKIIIO3UBHOTO PACCESHIIS 9JIEKTPOHOB IT03BOJIAT
CYIL[ECTBEHHO paclIMpuTh MHPOPMAIMIO O paclpeneeHNs IapTOHOB B OCHOBHOM COCTOSHIIN
IIPOTOHA B 00JIACTM JOJIeVl MMITYJIbCOB IIAPTOHOB X CPAaBHMMBIX C €JUHMUIIEI, a TaKKe OTKPOIOT
HOBbIE€ BO3MOXHOCTY B I3y4EHNI KBapK-aJpPOHHOI NyalbHOCTI.

JIureparypa

1.D.S. Carman et al., Particles 6, 416 (2023)

2. https://userweb.jlab.org/~mokeev/resonance_electrocouplings23/

3.A. N. Hiller Blin et al., Phys. Rev. C 100, 035201 (2019)

4.A. N. Hiller Blin, V. I. Mokeev, and W. Melnitchouk, Phys. Rev. C 107, 035202 (2023)
5.M. Osipenko et al., Phys. Rev. D 67, 092001 (2003)

6.R. G. Fersch et al., Phys. Rev. C 96, 065208 (2017)

N3mepenne BbicTpoeHHOCTH K*(892)-Me30HOB Ha sapax Ha
YCKOPUTEJIBHOM KOMILIeKce Y70

Author: Huxnra Kamyrus'

! HUI] "Kypuamoeckuii uncmumym” - UPBI
Corresponding Author: nikita kalugin@ihep.ru

B nmoxmame mpencTaBieHBI IIpeABapUTeNIbHBIE pe3yJNbTaThl M3MEpeHMS 3JIeMeHTa CIIMTHOBOM
MaTpULBL IJIOTHOCTU rho00 BEKTOPHOTO K*-(892)-me30Ha, POXIEHHOTO MHKII3MBHO B KaOH-
MUHYC-I€PHBIX B3aMMOMIECTBIUIX, B KMHEMATNUecKoll obactu: 1o mepemenHoit eitumana xF
> 0,4 1 110 TToIIepevYHOMy MMITYIbCy pt < 1 I'aB/c .

AHanus mpoBeJeH Ha 3KCIIEPMMEHTAJIBHBIX NAaHHBIX, IOJNyYeHHBIX B pe3ysIbTaTe IIPOBEIEHIN
ceaHcoB 2021 m 2022 romoB Ha ycraHoBke CIJACYAPM Ha yCKOPUTEIBHOM KOMILIEKCe Y-
70 HUL[ “KypuatoBckoro mucturyta’-MI®BO mpm mmmynbce KaoH-MmHyC Iyuka ~26.5 I'aB/c.
IMosryueHHBIN pe3yibTaT CPaBHMBAETCS C pe3yJIbTaTaMI SKCIIEPMMEHTOB, IIOJyYeHHBIX paHHee B
IPYTUX peaKLMIX.

We want to report preliminary result of spin density matrix element rho00 measurement of K*-
(892)meson produced inclusively in negatively charged kaon-nucleus interactions for xF > 0,4 and
pt <1 Gev/c.

The analysis is performed for data taken in 2021 and 2022 years of the SPASCHARM experiment at
the U-70 accelerator complex of the Kurchatov Institute National Research Center - IHEP with neg-
atively charged kaon beam momentum about 26.5 Gev/c. Obtained result is compared with other
experimental results.
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IlepcneKTUBBI M3MepeHUsA CTPYKTYpbl HYKJIOHOB Ha Y-70 c
IIOMOUIBI0O HEMITPAJIIbHBIX ME30HOB

Authors: [Imurpuit Asepbsiros'; [murpuit Bray'; Ivurpuit Ilepecynnbko’

! HUI] Kypuamosckuti uncmumym

Corresponding Author: peressou@gmail.com

WsydyeHue cTpyKTypbl HYKJIOHOB - OJHA ¥3 OCHOBOIIOJIAralOIMX 3afau (U3UKM BBICOKMX
sHeprmit. IIpakTuyeckm Bce 3KCIIepMMEHTBI IIO CTOJIKHOBEHMIO UYACTHUIl BBICOKOI 3Hepruum
JAa0T MOIOJHUTENBHYI MHGOPMALMIO O CTPYKTYPHBIX (PYHKIMAX HYKJIOHOB. YCKOPHUTENb
Y-70 mosBoyigeT M3ydaTh CTOJKHOBEHUAX aJPOHOB IIPM YHUKAJIBHOIN 3HEPTMM I II03BOJIAET
BapbMpPOBATH TUII YACTUI[ B HAJIETAIOIIEM ITyUyKe. V3ydeHme poxXmeHNS HeMTPAIBbHBIX IIIOHOB I
3Ta-ME30HOB B TaKMX CTOJIKHOBEHMAX Oy[IeT MHTEPECHO C TOUKY 3PEHUAX YIYUIIeHUS TOYHOCTI
rmapaMeTpM3aluy CTPYKTYPHBIX (YHKIMIL. JI3MepeHMe CIMHOBBIX CTPYKTYPHBIX (YHKIIMIL
aJpOHOB B afpPOHHBIX CTOJIKHOBEHMAX Ceifuac BO3MOKHO TOJIBKO Ha HECKOJIBKMX YyCTaHOBKaX:
PHENIX n STAR na RHIC, COMPASS Hna SPS, PROZA-M/SPASCHARM Ha Y70 1 Ha cTpodiieMcs
skcriepuMeHTe SPD Ha xoynaiinepe NICA. MIsMepeHre 0MHOCIIMHOBBIX KOPPEIALNIL B POXKICHII
HeJITpaJIbHBIX ME30HOB Ha IIOJISIPM30BaHHOV MuineHM skcrepmmenta SPASCHARM mnosBoiut
IIOJIYYNTh HOBbIe NaHHBIE B CIa00 M3y4YeHHOI obyiacTit GasoBOro MPOCTPAHCTBA, YTO ITO3BOJIMUT
YIIYUIINTh TOYHOCTD CIIMHOBBIX CTPYKTYPHBIX (YHKLIMIL.

Yckoputens Y-70 I0O3BOJAET IPOBOAUTH NCCIEHOBAHUA CTPYKTYPBI HEIOJIAPU30BAHHBIX U
MONAPU30BAaHHBIX HYKJIOHOB TPU He CJIMIIKOM BBICOKMX JHEPTMAX CTOJNKHOBEHUS, /5 ~ 10
I'sB. B moxiame MBI pacCMOTPMM, KakKle pe3yJbTaThl MOXKHO IIOJYYUTBH C JICIIOJIb30BaHMEM
MPEI3MOHHOIO0 3JIEKTPOMAarHUTHOTO KaJloprMeTpa Ha OCHOBe KpucrauioB PbWO4 Ha
nyuke yckopurens Y-70. Takoil KaJopumeTp MOT Obl pacIiMpuTh (U3NUYECKYIO IPOrpaMMy
MPOBOAAIINXCA ¥ CTPOSIIMXCS 3KCIIEPUMMEHTOB, Hampumep, skcrepuMeHTa SPASCHARM. MsI
OLIEHVMM IOCTYIIHBII (a30BbIiI 00BEM ¥ BO3MOKHOCTY M3MEPEHMSI CIIEKTPOB M OLHOCIMHOBOII
aCMMeTpUM HeNTPaJbHBIX ME30HOB I IIPAMBIX (OTOHOB B pa3IMUHBIX KOH(Uryparmax
9KCIIepMMEHTA.

H3yueHue cuCTEMBI 7)'T T~ B IIMOH — SIA€PHOM B3aMIMOEICTBII
npu 29 I'sB.

Author: IOpmit Xoxos'

! HUI[ KU - UPB3

Corresponding Author: yurykhokhlov@ihep.ru

Bnepsrie cucrema 7't usyuaeTcs B 3apAA0BOOOMEHHOl peaKIMM B3aMMOMENCTBUS
OTpMLIATENIBHO 3apsDKEHHBIX IIMOHOB C SAEepHOM MUIIEHbI0. B paamanmmMoHHBIX pacIiamax
J/Y B ete” aHHUIMNAUMYM CHEKTP MHBAPUMAHTHONM MAcChl 3TON CUCTEMBI XapaKTepU3yeTcs
CJIOXKHOIM CTPYKTYpoit 1, ¢ yKasaHMeM Ha BO3MOXXHOCTb HaOJIONEHUS IICEBIOCKAIPHOTO JUIN
TeH30pHOTrOo Iobona. [pyroit MexaHu3M o0pa3oBaHMsI B JaHHOI paboTe OTKPHIBAeT JOCTYII K
aTbTEPHATMBHOMY CIIEKTPY COCTOSIHMIAL, B T.4U. M30BEKTOPHBIX (I=1).

IIpencraBieHs! IpenBapuUTeIbHbIE PE3yIbTATHl M3YUEHN OCHOBHBIX XapaKTePUCTUK IIpolecca:
3-X M 2-X-YaCTMYHBIE CIIEKTPHI Macc, pacIipefielIeHNs II0 KBaApaTy IepefaHHOTO MMITYJIbCa,
accoIMaTUBHOe BO30OyXaeHMe OapMOHHBIX pPE30HAHCOB B BepIINMHE MIIICHM. Orenena
IepcreKTMUBa MapuMalbHO — BOJIHOBOT'O aHAIN3A.

1. M. Ablikim et al., Phys. Rev. Lett. 129, 042002 (2022)
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JKCIepUMEHTHI 110 MI3MEPEHUI0 MOJIAPU3YyeMOCTH 3apsHKeHHBIX
¥ HeMITpaJIbHBIX NMOHOB B Jlab

Author: Buxrop Tapacos'

' HUI] «Kypuamosckuii uncmumym»
Corresponding Author: vtarasov@itep.ru

IMonspusyemocts nuoHa sBisercs PpyHmameHTanbHbIM periepom KX/ B obmactu KoH(aitmeHTa
B CBSI3NU C CYLIECTBOBAHMEM TEOPETMUECKOTO IIPeNCKA3aHMsI €€ BEJIMUMHBI B pAMKaxX KUPATIbHOI
nepryp6aruBuoit teopuu (ChPT). B cBa3m ¢ 3TuMM 3KCIepMMEHTAIBHOE OIIpeeseHIe
IIOJIIPM3YEeMOCTY IIMOHOB C BBICOKOII TOYUHOCTBIO KpaifHe BakKHO, obecreumBas Hauboiee
crporuii Tect npaBmibHocT ChPT B kKauecTBe HU3KO9HEpreTueckoro npexncrasienus KX/
BenuunHbpl NDONIPU3yeMOCTM 3apsDKEHHBIX M HEMTpaNbHBIX NMUOHOB B 3KcmepuMeHTax CPP n
NPP GynmyT ompenesieHbl ¢ IoMmolublo usMepeHmit IIpmMakoBcKoro cedeHust (GOTOPOXKIEHMS
3apsOKEHHBIX U HeMTPAIbHBIX IMOHHBIX Iap Ha SAepHOI MullleHn. [JaHHbIe A1 9TUX U3MepeHIIt
rmonyueHsl jeroMm 2022 roma Ha yckoputene uMm. T. JDkeddepcoHa Ipu B3anMOJEICTBIN
mossipu30oBaHHOro (GOTOHHOTO Imy4yka c sHeprmeir 4.5 - 58 I['9B ¢ sppamm cBmHIA-208 Ha
MopepHu3upoBaHHoit ycraHoBke GlueX B Hall D.

B mokname 6yayT o6Cy)XIEHBI CyIIeCTBYIOIME M3MeEPEHNsT BEJIMUNH MTOJISIPU3YEMOCTY [IMOHOB,
TeKyIllee cocrogHme sKkcrepumeHToB CPP/NPP m mpemBapuTenbHBIE pe3ysNbTaThl aHaIM3a
IOAHHBIX.

Study of spin effects with polarized beams at Nuclotron

Author: Vladimir Ladygin'

! VBLHEP JINR
Corresponding Author: vladygin@jinr.ru

Nuclotron complex gives the unique opportunity to study spin effects using polarized deuteron
and proton beams from new polarized ion source. Recent results on the spin effects in deuteron-
proton and proton-proton elastic scattering sensitive to the short-range spin structure of the nucleon-
nucleon correlations are discussed.

The perspectives of further progress in physics program as well as in the development of the beam
polarimetry and proton spin manipulation techniques are discussed.

Experiment to demonstrate a possibility of creation of the tensor
polarized heavy ion beam in the NICA injection complex

Authors: Evgeniy Donets'; Stepan Shimanskiy'; Valeri Lebedev'

! JINR, Dubna, Russia
Corresponding Author: valebedev@jinr.ru

Various models of polarized nuclear matter are considered in astrophysical studies of neutron stars
and magnetars (stars with magnetic fields up to ~1016 G). Recently, there has been a growing interest
to study the nuclear orientation effect to the characteristics of non-spherical heavy-ion collisions.
Thus, the possibility to carry out research with polarized heavy ions opens the way to obtain unique
experimental data for astrophysical and heavy-ion research.

In the talk we discuss an experiment aimed to demonstrate formation of tensor polarized heavy ion
beam in beam passage through a medium. The experiment is planned to be carried out in the NICA
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injection complex of LHEP of JINR with 21Ne ions accelerated to about 3.5 GeV/n.

To meet the beam intensity requirement of NICA collider program, the productivity of its injection
complex needs to be increased by well above an order of magnitude relative to achievements of
the previous Runs. The intensity increase will be accomplished by beam accumulation in Booster
at the injection energy with usage of electron cooling and reduction of beam loss in the course of
acceleration.

This drastic increase in number of ions enables obtaining the Tensor polarization achieved by large
intensity reduction of primary ion beam. The polarization is achieved by beam passage through a
target. Since, for nuclei with large quadrupole moment, the nuclear interaction length depends on
ion the polarization the beam coming out of the target will have tensor polarization. To minimize
effects of multiple scattering the target will be made out of small Z material (beryllium or lithium).
For the target with thickness of about 4 nuclear lengths, and consecutive loss of ~98% of the beam,
the tensor polarization of about 50% is expected.

The talk discusses:

« requirements to the intensity and time structure for the beam slowly extracted from Nuclotron,

« details of beam transport and beam focusing on the target,

« behavior of polarization in the bending magnetic fields,

« the beam collimation and the beam delivery to the detection system,

« the separation of outgoing 21Ne beam from fragments produced in the target and finding out the
analyzing power of the experiment,

« and requirements to the detectors and their possible implementation.

PP - and DD - scattering simulation for Beam-Beam Counter of
the Spin Physics Detector
Author: Arkadyi Terekhin'

Co-authors: Aida Galoyan '; Vladimir Ladygin

! VBLHEP jINR
Corresponding Author: aterekhin@jinr.ru

The results of simulation of proton-proton and deuteron-deuteron scattering at total collision ener-
gies of Vs = 6 and 10 GeV in the SPDRoot framework are presented. Based on the simulation of
elastic and inelastic scattering processes, the possibility of selecting the pp and dd elastic scattering
events using beam-beam counters is discussed. The results for the two well-known event genera-
tors, FRITIOFF and Pythia8, are compared. The simulation shows that the background contribution
increases with increasing energy. For the maximum considered energy, the acceptable background
level can be achieved only for the central rings.

Spin observables in pd-pd and in dd—n+p+d processes at NICA
SPD energies

Authors: Amaresh Datta’; Igor Denisenko?; Yuriy Uzikov?

! JINR, DLNP
2 9INR

Corresponding Author: uzikov@jinr.ru
Spin amplitudes of pN elastic scattering contain fundamental information on the dynamics of the

NN-interaction and so far can not be derived from theory. Experimental data from systematic study
of spin amplitudes of pp- and pn-scattering are collected in the SAID partial-wave analysis at kinetic
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energies below 3 GeV and 1.2 GeV, respectively 1. At higher energies experimental data on spin am-
plitudes are rather incomplete for pp- and very scarce for pn-scattering, therefore, phenomenological
models and corresponding parametrization of pN amplitudes [2-4] are used in analysis. Complete
polarization experiment can provide spin amplitudes of pN- scattering, but is very complicated be-
cause requires measurement of ten and more observables at each collision energy. On the other hand,
an effective test of existing spin pN-amplitudes can be provided by measurement of spin observables
of pd-elastic scattering, that is the simplest process which charakteristics can be calculated on the
basis of the spin-dependent Glauber theory of multistep scattering [5,6] involving both the pp- and
pn-amplitudes.

Asymmetric mode of pd-collision will be not realized at the NICA SPD collider, but the symmetric
dd-mode will be done. While the elastic dd-scattering also can be used as a test of pN- helicity ampli-
tudes, this process is more complicated as compared to the pd-pd, and the spin dependent Glauber
theory for dd—dd is not yet developed. In this situation we have found that spin observables A?,
Ag, Ayy, y,y of the dd— npd reaction for the pole mechanism of the quasi-free pd-elastic scattering
are directly related to the corresponding spin observables of the free pd- elastic scattering, for those
the spin-dependent Glauber theory [5,6] with existing models of the pN spin amplitudes at suitable
energies [3-5] can be applied. Most of these observables a very sensitive to contribution of spin pN
amplitudes and therefore a comparison of results of such calculations with expected NICA SPD data
on quasi-free pd-scattering will provide an effective test of the phenomenological pN amplitudes [7].
Furthermore, the tensor analyzing power A, in pd-pd is rather large at non-zero relative momen-
tum of nucleons in the deuteron and much less sensitive to spin pN-amplitudes and, therefore, can
be used for tenzor polarimetry at SPD NICA energies. Preliminary Monte-Carlo simulations indicate
the feasibility of such measurements at the first stage of the SPD detector and more detailed studies
are still being performed.

List of references

1 R. Arnd, W. Briscoe, I. Strakovsky et al., Phys. Rev. C 76 (2007) 025209.

2 A. Sibirtsev, J. Haidenbauer, S. Krewald, U.-G.Meissner, Eur. Phys. J. A 45 (2010) 357-372 e-Print:
0911.4637 hep-ph OV. Selyugin, Phys.Rev.D 110 (2024) 11, 114028 ; e-Print: 2407.01311 [hep-ph].

4 W.P. Ford, J. van Orden, Phys. Rev. C 87 (2013).

5 M.N. Platonova, V.I. Kukulin, Phys.Rev.C 81 (2010) 014004, Phys.Rev.C 94 (2016) 6, 069902; (erra-
tum) e-Print: 1612.08694 nucl-th M.N. Platonova, V.I. Kukulin, Eur.Phys.J.A 56 (2020) 5, 132; e-Print:
1910.05722 [nucl-th]

[7] Yu. Uzikov, A. Bazarova, A. Temerbaev, Phys. Part. Nucl. 53, N2 (2022) 419 .

Probing J /1) production mechanisms in proton—proton collisions
at SPD/NICA energies

Author: Shubham Sharma’

Co-author: Alexey Aparin *

! Moscow Institute of Physics and Technology (MIPT), 141700 Dolgoprudny, Russia
2 JINR

Corresponding Author: s.sharma hep@gmail.com

The Spin Physics Detector (SPD) at NICA offers a unique opportunity to investigate heavy quarko-
nium production in proton-proton collisions at a center-of-mass energy of /s = 27 GeV, an energy
regime bridging the gap between fixed-target and collider experiments. In this study, we focus on
J /1) production as a promising channel to explore gluon-dominated processes and access the un-
derlying partonic dynamics. The work aims to identify the most sensitive probes and kinematic
observables to isolate the dominant production mechanisms at SPD energies. Particular attention
is given to leading-order contributions, with a comparative investigation of potential higher-twist
effects within both collinear and, where applicable, TMD frameworks. Simulations are performed
using the PEGASUS event generator with modern TMDPDFs, and differential distributions such as
do/dpr and do/dy are analyzed. These studies are expected to shed light on the relative impor-
tance of color-singlet and color-octet channels and guide future measurements at SPD. This study
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will help to determine the best experimental observables for shaping spin-dependent particle pro-
duction mechanisms.

B03MO>KHOCTH M3yUeHNs CBOMICTB 3apsyKEeHHbBIX alpOHOB B Xe+W
CTOJKHOBeHMAX Ipu 3Heprumn 2.5A I'aB ma ycranoske MPD B
yckopureiae NICA

Authors: fIpocias Eep,HHI/IKOBl; [mutpuit UBaunmies’; HOmurpuit Kotos'; Muxamn Masnaes!

! CHI6ITY, HUI] «Kypuamosckuii Hncmumyms - TTHAD
Corresponding Author: ivanishchev_da@pnpinrcki.ru

CriekTpockonmst MAEHTU(PUIMPOBAHHBIX AJPOHOB WIPaeT o0COOyH poOJb B U3YUEHUN
CTOJIKHOBEHMUII PEJIATUBIUCTCKUX Axep. MI3MepeHMe BBIXOOOB U CIIEKTPOB POXKAECHUS 3apKEHHBIX
MIOHOB, KAOHOB U (AHTM)IIPOTOHOB ITO3BOJISIET M3YYaTh CBOMICTBA TOPAUEN U IUIOTHO MaTEPU B
MOMEHT e€ pacIaja Ha KOHeUHbIe afpOHBl. BBIXOMBI U CIEKTPHI POKIAEHUSI aJpPOHOB OTPAKAIOT
MeXaHM3MBbI MIX PO’KIEHNS M UyBCTBUTENbHBI K AMHAMUKe 9BOJoLNY daitepboa.

B pabore mpencraBieHb! pe3yIbTaThl UCCIELOBAHNI BO3MOKHOCTY U3MEPATH CIIEKTPBI POXKIEHUS
NIIIOHOB, KAOHOB U IIpOTOHOB B 3KcrepuMeHTe MPD Ha yckopurene NICA B CTOTKHOBEHMSX
sA/lep KCeHOHa U Bosib(ppama B KOHPUTyparum ¢ GUKCHUPOBAHHON MUIIIEHBIO IIPY SHEPTUN ITyUKa
kceHoHa Exmu = 2.5A I'sB B mmpoxoit 06iacTy IIOIIEpPEUuHBIX MMIIYJIBCOB B 3aBUCUMOCTI OT
LIEHTPaIbHOCTY AAPO-IAePHBIX CTOJIKHOBeHNII. Pe3ynbraThl mosyyeHsl Ha ocHoBe MoHTe-Kapio
MOJeJIMIPOBaHNS CTOJIKHOBEHMIA SIiep KCEHOHA C SIApaM Boslb(ppama, B3aMOIEIICTBYSI IIPOAYKTOB
peaxLuy C BEIIeCTBOM 3KCIIepMMeHTalIbHON ycTaHOBKM MPD 1 OTK/INKOB HeTEeKTOPHBIX CUCTEM.
Hcnonp30Baiicst HOAXO0/ Ha OCHOBE G-IIapaMeTpuaariuy nHpopMarmu o6 MaeHTUPUKALN YaCTHAL
B nerekropax TPC u TOF.

PaGora BhIIOJIHEHA B paMKaxX [0CymapcTBEHHOro 3aJaHms Ha IpoBefeHUe PyHAAMEHTATbHBIX
nccnegoBaumii (kox rembl FSEG-2025-0009).

MopenaupoBanmue  3arpy3ok  pgerekropa  Straw  Tracker
akciepumeHTa SPD Ha ycranoBke NICA B ycroBusax mMOH-
MOHHBIX I P-P CTOJIKHOBEHII

Author: Auppeit Typos’

o 1 1 1
Co-authors: Esrennit Conpnaros *; Anacracus Kyposa '; AnHa Kpaesa

! HHUAY MUPH
Corresponding Author: ai.durov@jinr.ru

W3syuenue xapakTepUCTHK ¥ OTPaHMUYEHMI TPEKOBOI'O JETEKTOPa B CTOJIKHOBEHMAX IPOTOHOB M
sA/lep IpefcTaBiser coboil BAKHYIO 3a1auy B paMKax skcrepumeHnTa Spin Physics Detector (SPD),
peasnmsyemoro Ha kosuraiimepe NICA. TpekoBsiil ra3oBblit merekTop Straw Tracker — omna us
KiroueBbIx nogcucreM SPD, mpeHasHaueHHas JJI9 BOCCTAHOBJIEHMA TPEKOB 3apsSyKeHHBIX YaCTII
B IIMPOKOM KIMHEMAaTMUeCKOM JMalra3oHe IIpY SHePTUM CTOJIKHOBeHUII 1o 27'9B u cBeTmMocTn
o 10327271.

B nmanHOW pabore mCCIemyIOTCd OXKMAaeMble 3arpysku geTektopa Straw tracker B ycioBumax
pasIMYHBIX CIleHApMeB CTOJIKHOBEHUII: OT IIPOTOHOB N0 THKEIBIX MOHOB. MomenupoBaHue
OBbLIO BBIIIOJIHEHO C JICIIOJIb30BaHMeM reHepatopos cob6ertuii Pythia8 n UrQMD, uto mo3Bosnio
BOCIIPOM3BECTY IIpeAIIoaraeMble YCIOBMA paboThl meTekropa. Ha ocHOBe IOJIyueHHBIX NaHHBIX
IIOCTPOEHBI TeIlJIOBble KapThl IIJIOTHOCTM TPEKOB, Oll€HEHBI IIPOCTPAHCTBEHHBIE pacIpeeaeHmns
3arpysKi I10 MOIYJIIM U CJI0AM AeTeKTopa Straw Tracker. MccineqoBaHa merpaganys MMITyIbCHOTO
paspeleHys C POCTOM MAacCOBOTO UMCJIa CTaJKMBarolmxcs gpep. lloayueHHbBIE pe3yJbTaThbl
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IIO3BOJIAIOT OHUE€HUTDH BO3MOJXHOCTM SKCIIEPMIMEHTA SPD 1o BOCCTAaHOBJIEHUIO COOBITUIT OT MOH-
VOHHBIX CTOJKHOBEHWUI, UYTO HeO6XOJII/IMO A1 pa3BUTUA MOHHOI (I)I/ISI/ILICCKOI“/I IIporpaMmbl
JaHHOTO 3KCIIEpMMEHTA.

I'mppogyHaMMYECKUI pacueT CIIEKTPOB M KOPPeJIALNN IPAMBIX
¢doronosB B Bi-Bi cronknoBenusax npu sneprusx NICA

Author: Bragncnas KyCKOB1

' HUI] «Kypuamosckuii uncmumymy, HUTY MUOHU

Corresponding Author: vladislav.kuskov@cern.ch

dazoBpil mepexon KBaHTOBOV xpomopmHamuku (KXJ[) m3 ampoHHOro rasa B COCTOSIHIE
CBOOOMHBIX KBApKOB I IJIFOOHOB, M3BECTHOE Kak KBapk-riroHHas ruasma (KITI), tiarensHO
M3y4daeTcs Ha IPOTHKEHMM MHOTUX HOecATmieTuil. IIpy HeHysneBBIX 3HAUEHUSAX XMMMUUYECKOTO
noTeHIMana, peurerounbie Boruuciaenus KX/ mpenckaspiBaoT $Ha3oBbIil Tepexo/ IepPBOro poja,
KOTOpBIN 3akaHuMBaeTca Kputudeckoil toukoil KXJI. OmHOM M3 KIIOUEBBIX 3aJay KOMILJIEKca
NICA (Nuclotron based Ion Collider facility) Ha 6ase OO0beIMHEHHOr0 MHCTUTYTA SAEPHBIX
JICCIIEIOBAHUII SIBIISIETCS MICCIIeJOBaHNE JaHHOI o61acTy (pa3oBoit guarpamMmsl. [Ipsmble GOTOHBI,
POXKAAOIMecs B IPOLIECCE TEPMOIMHAMIUECKON SBONIOLMY TOpsIUeil 06IacTy TSIKEIOMOHHOTO
CTOJIKHOBEHUS, ABJIAIOTCI Ba)KHBIM WMHCTpyMeHTOM [ usydeHus csoiictB ['KII u gpyrux
npenckasanuit KX]I. Tak, criekTpsl npsaMsix (OTOHOB MOTYT OBITH MCIIONIB30BAHBI IJISI OLIEHKM
TeMIIEpaTyphl ropsueil obixactu. B cBoio ouepenpb, Koppemsiuu Bose-JHInTelHa SBISIOTCA
LIMPOKO PacIpOCTPaHEHHBIM MHCTPYMEHTOM IS M3MepPEeHMs IIPOCTPAaHCTBEHHBIX XapaKTepUCTUK
ropsiueit obiactu.  Koppensimm mpsambix (QOTOHOB, B OTJIMUNME OT KOPPEJALMil agpOHOB,
IT03BOJISIIOT M3y4aTh IIPOCTPAHCTBEHHO-BPEMEHHYIO SBOJIIOLIMIO ropsueii o6jacTy HaumHas C
CaMbIX paHHUX CTagNIL.

B mamHOIT paboTe IpeacTaBIeHbl CIIeKTPhI 1 Bo3e-DiHIITeTH KOppeIauuy npsamMsix GoToHoB B Bi-
Bi cronkuosenmit npu /sy y = 9.2 I'aB, nonryueHHble B paMKaX I'MAPOAMHAMUIECKOTO pacueTa
¢ ucnons3zoBanueM momenu UrQMD. PaccmoTpeHa 3aBUCHMOCTD HAOMIODA€MBIX OT YpaBHEHUS
COCTOSHIA ropsyell MaTepu, a Takke OT LeHTPAIBbHOCTY TSKeJIOMOHHOTO CTOJIKHOBEHA.

Po>kpeHus npsamMbeIx (JOTOHOB B MOAIIPOIlecCe KOMITOHOBCKOTO
paccessHUS KBapK-TJIIOOH B IPOTOH-TIPOTOHHBIX CTOJIKHOBEHUSAX

B CJIEAYIOIINM 3a BegylneM nopsake mpu 3Hepruax NICA

Author: Moxcyn Anuzagne!

Co-author: Asep Axmenos 2

' Baxumckuii 2ocydapcmeennbiii yHugepcumemn

? Baxuncxuii Tocydapcmeennviii Ynusepcumem
Corresponding Author: mohsunalizade@gmail.com

Ompenenensl 3aBucuMoctu auddepeHuNaNIbHOTO CeUeHNMsS POKIEHNUS IpIMBIX (OTOHOB B
noamponecce KoMNToHOBCKOTo paccesHMI qg — @Y B CIeTyIOIIMM 3a BedyllleM IIOpsAKe
(CBII) Bo3myuieHun 6e3 U C yUETOM IIPOKOJIBHOI ITOJISPU3ALII CTAIKMBAOIINXCS IIPOTOHOB OT
CyMMBI 9HEPTUM CTANKUBAIOLIUXCS IPOTOHOB /S, IOTIEPEUHOTO UMITYJIbca POTOHOB P;, KOCUHYCa
yria paccestHust cos(6), mceBmo6bIcTpoThl GOTOHOB Y U mapaMerpa Lr. IloKasaHo, UTO MPU
MaibIx /s muddepennuansaoe ceuenve B CBII cupHo yerynaer nudpepeHInaTbHOMY CEUeHIIO
B BemymeMm mopsake (BII), HO mpm Gomblumx /S OHM CTAHOBATCS IPUMEPHO OJUHAKOBBIMIL.
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Cnenosatensro, CBII mompaBKM CyIeCTBEHHBI [l TOUHOTO BBHIUMCIEHUS HPU GOJIBIIUX 4/S.
9ro cooTBeTcTBYeT IepTypbatusHOil KX]I, B KoTopoil uieHBI Gojlee BBHICOKOTO IOPSIAKA MAIOT
Bce GoJblLIVe paaualVIOHHbIe IIONPABKYM IPY OOJBIINX SHEPrUAX IMapTOHOB. 3aBUCHMOCTD
muddepeHImanb- HOTO ceueHus ot p; paccumranHas B CBII mioke, uem BII Pasumna mexny
muddepeHIMaTbHBIMU ceueHuamu, paccunraHHsiMy B BII um CBII HeBenuka Ipy MasbIX 1
6ospIiux p;. 3aBucUMOCTD AU PepeHIMATBHOIO CeYeHsI OT KOCUHYCa yTIjla paccessHus: (OTOHOB
II0Ka3aJIo, YTO, KOTJa yroyl paccessHus OIM30K K 16 miam 164 rpamycam, nuddepeHUmnanbHOe
ceyeHe JOCTUraeT MaKCUMyMa. 9TO 3HAUUT, UTO (HOTOH MMeeT GONIBIIYI0 BepOATHOCTD BBLIETA
BIOJIb OCH CTOJIKHOBEHM IIPOTOHOB. [{luddepeHnnanbHoe ceueHne YMeHbIIIaeTcs, Korga KOCIHYC
yria paccesHus ¢oroHa npubmmkaercs K 0. CpaBHenme BII m CBII moxaseiBaeT, uTo BKJIaL
BII nmponopunoHanen oo, a CBII - a?a. Kpome Ttoro, CBII yuuTbIBaeT HOIOJIHUTEIbHbIE
nuarpaMMbl PefiHMaHa ¥ IIOIPABKM BBICIIErO IIOPSAAKA, UTO IIOBBIIIAET TOYHOCTDH OIMCAHIS
nporecca. WHTepdepeHIn- OHHBIM WieH mponopuuonanen a2« log(s/M?), rne M - maciirab
nepeHOpMUPOBKY. [Ipy ManbIx & ceueHMe yBeamumBaercd, uto genaeT CBII Borumcienns Gonee
3HAYVMMBIMI. YYeT IIPOJOIbHOM IOIAPU3aI[MI CTAIKN- BAIOIIMXCS IIPOTOHOB He MEHAET XapaKTep
3aBucUMOCTI AnpdepeHIIanIbHOIO ceueHNs 0T KMHeMaTUuecKux mnapaMeTpoB. CpaBHeHUe
Hamnx pacuetroB c¢ pacueramm CBII, nposemenHsiMu Ha BAK m Amepuxanckom TaBaTpoHe,
rokasaino, uro Bkiaael CBII cocraBnser npumepHo 15% m 35% ot BII mis sueprmit NICA u BAK,
AmepuxaHckoro TaBaTpoHa, COOTBETCTBEHHO.

Prospects for Dilepton Measurements in the MPD Experiment at
NICA

Author: Sudhir Pandurang Rode'

1 Joint Institute For Nuclear Research, Dubna, Russia
Corresponding Author: sudhirrodel1@gmail.com

The Multi-Purpose Detector (MPD) experiment is a flagship heavy-ion experiment of the NICA facil-
ity at JINR, in Dubna expected to start operation in 2026. The experiment will operate in the energy
range /SN~ = 4-11 GeV in collider mode and /snn = 2.4-3.5 GeV in fixed-target mode which covers
the high net-baryon density region of the QCD phase diagram. Dilepton measurements in heavy-ion
collisions, provide insights into the initial temperature of the medium through intermediate mass
spectra as well as properties such as chiral symmetry restoration and lifetime of the fireball via
low-mass pairs and vector meson spectra.

MPD experiment is well equipped for the measurements of dileptons. It offers excellent track recon-
struction and electron identification capabilities together with electron-hadron separation required
for these measurements. In this presentation, we will report the current status of the NICA facility
and the MPD experiment. Moreover, the prospects and the detector performance for the dilepton
measurements together with selected physics feasibility studies will be presented.

Fluctuations and event-by-event determination of temperature
and baryochemical potential at NICA energy

Author: Vladimir Kovalenko'

! Saint Petersburg State University
Corresponding Author: v.kovalenko@spbu.ru

One of the primary research objectives of the MPD experiment [1, 2] at the NICA collider is to scan
the phase diagram of strongly interacting matter, study the phase transition between hadronic gas
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and quark-gluon plasma (QGP), and search for the critical point. To achieve this, various fluctuation
and correlation observables are employed.

The process of nuclear collisions and the evolution of the produced QGP medium within the NICA
collider energy range is highly complex, with the achieved thermodynamic equilibrium being only
local. All thermodynamic characteristics of the medium exhibit inevitable event-by-event fluctua-
tions. These fluctuations can arise both from variations in the medium volume (related to centrality
selection and the choice of robust observables) and from fluctuations in other thermodynamic char-
acteristics. Consequently, selecting events based on temperature (1') and baryon chemical potential
(), and establishing the precision with which these characteristics (at the freeze-out stage) can be
determined on an event-by-event basis, is of significant interest.

The Thermal-FIST package 3 was applied for the event-by-event extraction of thermodynamic charac-
teristics and their uncertainties in heavy-ion collisions for different centrality classes. The resolution
of this method for temperature and baryochemical potential was calculated across a broad range of
T and pup. On average, the resolution was found to be at the level of 15%. The consistency of the
method was also verified in terms of the adequacy of the predicted uncertainties.

The method was applied to the SMASH 4 and EPOS4 5 Monte Carlo generators. It was demonstrated
that the EPOS4 model corresponds to a statistical freeze-out scenario with fixed (T and p5), whereas
SMASH exhibits additional temperature fluctuations. A scheme for determining fluctuations in T’
and pp in real experimental data has been developed.

The reported study was supported by the Russian Science Foundation, project no. 23-12-00042,
https://rscf.ru/en/project/23-12-00042/.
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Heavy and light mesons in the frame of the quark model with
separable interaction kernel

Authors: Alexandra Friesen'; Yuryi Kalinovsky'

! Joint Institute for Nuclear Research
Corresponding Author: avfriesen@theor.jinr.ru

This work is devoted to the study of the meson properties in the frame of the quark model with sepa-
rable interaction kernel. We start from the Bethe-Salpeter equation chosing the interaction kernel as
D(q—p) = Dop(q?)(p?) and define the meson vertex function in Gaussian form (g2) = e~ /A%
The parameter A g characterizes the finite size of the meson. To describe the meson properties we
fix the model parameters using the meson electromagnetic, leptonic decay constants.

As an application of the model, the v* P — ~ transition formfactors and V' — P radiative decays
are considered, where P denotes pseudoscalar mesons like 7, 7. and 1, and V' denoted vector mesons
like p, J /¢, T. Comparisons of our results with other calculations are performed. Also the hadronic
interactions of charm and bottom mesons were considered as a base of further study J/¢ and T
production and absorption in hot and dense hadronic matter.
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Properties of hadrons scattering at super-high (cosmic) ener-
gies

Author: Oleg Selyugin'

! Joint Institute for Nuclear Research
Corresponding Author: selugin@theor jinr.ru

Unitarity saturation effects 1 are analysed at energies above the LHC using of different hadron-
hadron elastic scattering as an example.

A new Regge-eikonal model of hadron interactions 2 was developed taking into account the gen-
eralized structure of hadrons and based on the analyticity of the scattering amplitude, which made
it possible to describe quantitatively the existence of experimental data of elastic hadron scattering
in the energy range of LHC 3 and in a wide energy region /s = 3.6 — 13000 GeV from a unified
point of view. A unified quantitative description of various hadron reactions and a description of
differential cross sections and the spin-correlation parameter for interactions were obtained 4. This
allowed us to substantiate the obtained hadron structure from the generalized parton distributions
we used.

The impact parameter representation of the eikonal and scattering amplitude allow us to analyze the
unitarity saturation effects at super high energies including the energy above the LHC.

As it is very likely that the unitarisation will play an important role, one should not assume that the
slopes B(s,t) and p(s, t) are independent of ¢, and their exact behavior with ¢ is model dependent.
The predictions for ot (s) at superhigh energies are presented.

1. OV. Selyugin, J.-R. Cudell, Phys.Rev.Lett.102:032003 (2009).
2. OV. Selyugin, Phys. Lett., {\bf B 797} 134870 (2019).

3. OV. Selyugin, Eur.Phys.J. {\bf C 84 } 649 (2024).

4. OV. Selyugin, Phys.Rev. {\bf D 110} 114028 (2024). \\

O¢ddexThl HacBILEHNMT YHUTAPHOCTY 1 aHAIM3UPYIOTCS IpM SHeprmsx Bbite ueMm Ha BAK
Ha OCHOBE PasIMUHBIX aJPOHHBIX PeaKLMil yIPYroro agpoHHOro paccesHus. Hoas Pemxe-
9JIKOHAJIbHAS MOJIENb AAPOHHOTO B3aMMOAECTBI ObLIa pa3BUTa 2, yUUTHIBAIOIIAsI 0000IIIeHHY IO
CTPYKTYPY aXPOHOB I Ha OCHOBE aHAIMTIUECKIX CBOJICTB aMIUINTY bl PACCESHIS, UTO II03BOJIVIIO
KOJIMYECTBEHHO OIVICATH CYILLIECTBYIOLINE SKCIIEPUMEHTAIBHBIE JaHHBIE II0 YIIPYTOMY PAaCCEsTHUIO
anponoB npu sHeprusx BAK 3 n B mimpoxoit sHepreTuueckoir o6iacTu ¢ yueroM Bcex HabOpOB
SKCIIEPUMEHTANBHBIX NaHHBIX 10 YIIPYTOMY PP U PP PACCESTHUIO, ITONyUYeHHBIX Ipu /s = 3.6 3B
o \/5 = 13 TaB ¢ equHO TOYKM 3peHU.

Brto monyueHo 00beNMHEHHOE KONMUYECTBEHHOe ommcaHye nuddepeHUMATbHBIX CEUeHU U
CIIMH-KOPPEJIILIOHHOIO ITapaMeTpa B IIIPOKOIL 06;1acTy IIepefaHHOr0 UMIIYJIbca 4.
IosmyueHHBIE B IIPECTABIEHUM IPULIENBHOIO IIapaMeTpa SMKOHaIbHas ¢asa M aMIUIUTya
paccesHus TO3BOJIVLIIN IIPOAHATI3MPOBATH 3 (PeKTHI HACHIIIEHNISI YHUTAPHOTIO IIpe/Ieia P CBEPX
BBICOKIX SHEpPIUAX, BKIIIOUas SHEPIUY CYLIeCTBEHHO Ooiblite sHepruit BAK.

IToxasaHO YTO YHMUTApM3aLMs WUTPAeT BAXXHYI POJb ¥ HENb3s IIPEIOJIaraTh UTO HAKIOHBI
BELLIECTBEHHOI 1 MHMMOJI UaCTV aMIUIUTY bl paccesHus B(s, ) u Beneunns! p(s, t) He 3aBUCAT OT
t, HO X ITOBeJeHIIe IT0 ¢ IBJITETCS MOJEIbHO 3aBUCUMBIM. [laHBI COOTBETCTBYIOLLIE IIPEACKA3AHIS
I10 BeJIMUIHE MIOJIHBIX CEUEHUI T ot (S) IIPU CBEPX BHICOKUX DHEPTUSX.
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Hidden-charm strong decays of the charmonium-like states
Y (4230) and X2(4014)

Author: Gurjav Ganbold'

! Joint Institute for Nuclear Research, Dubna, Russia

Corresponding Author: ganbold@theor jinr.ru

O

We have investigated the hidden-charm strong decays of the exotic charmonium-like state Y (4230)
1 and the spin-2 partner X2(4014) of the charmonium-like state X (3872) 2, recently reported by
the BES-III and BELLE collaborations. The exotic states Y and X2 have been interpreted as four-
quark states with molecular-type interpolating currents in the framework of the covariant confined
quark model. We evaluate the hidden-charm decay width of Y into a vector and a scalar, with the
latter decaying subsequently to a pair of charged pseudoscalar states. The strong decay mode ¥ —
7t~ has been studied by involving the both scalar resonances fo(500) and f;(980), considered
quark-antiquark states, while the mode Y — K™K~ - via f,(980). We have calculated the partial
widths of the related strong decays and the branching ratio B(Y — KTK~)/B(Y — ntr~),
recently determined by the BES-III Collaboration. The estimated branching ratio and calculated
partial strong decay widths are in reasonable agreement with the latest experimental data 1. We
have also considered the decay widths of X5 on the level of two-petal quark loops. The partial
widths of the strong decays X5 — w J/W¥ and X5 — p” J/¥ have been calculated and the related
branching ratio has been analyzed. In the comparison of our approach to the recent D* D* molecular
scenario, we have shown the explicit appearance of the threshold effect in the latter models 2. Our
theoretical results might be checked by future experiments.

1. Gurjav Ganbold and M. A. Ivanov,
Strong decays of charmonium-like state Y (4230),
Eur. Phys. J. A {\bf 60:13} (2024).

2. Gurjav Ganbold and M. A. Ivanov,
Hidden-charm strong decays of the spin-2 partner of X (3872),
Phys. Rev. D {\bf 111}, 014007 (2025).

MOOE€JINPOBAHNN B33]/IMOIICI7[CTBI/II/I KBaHTOBOTO

3JIEKTPOMATHUTHOTO IIOJISI C MPOTSHKEHHBIMI MATEePUATbHBIMI
00’ BEeKTaMMI.

Author: IOpuit [Tucsmax’

' Canxm-TlemepGypeckuii zocydapcmeentviil ynusepcumem

Corresponding Author: y.pismak@spbu.ru

Ipennoxennsrit K. CuMaH31KOM MeTOJ ITOCTPOEHNS IIepeHOPMIUPYEMBIX MOeIe

KBaHTOBOII TEOPUM I10JI B HEOJHOPOSHOM IIPOCTPAaHCTBE-BpeMEHN 1 MpeiiaraeTcs MCI0JIb30BaTh
npu  MogupMKAUMM CYLIeCTBYIOLMX MoOJeNneil (U3MKM KOHIEHCUPOBAHHOTO COCTOSTHUS
VI OmmMcaHusl MakKpo3((EeKTOB 3IEKTPOMArHMTHBIX KBAaHTOBBIX (UIYKTyauumii BaKyymMa u
B3aMMO/EVICTBYSI (POTOHOB C BEILLECTBOM B IIPOI[ECCAX pacCessHNS Ha MaTepUalbHBIX 00BEKTax
un 00pa3oBaHNMSI C HMMM CBSI3aHHBIX COCTOSHNII. B KauecTBe 0asMCHBIX IPEATIONOXEHUI Mpu
TIOCTPOEHUM MOJ€eJIell JCIONb3yIOTCS OCHOBHBIE IIPMHUMIIBI KBAHTOBOJM 3JIEKTPOIVMHAMMKIL:
JIOKAJIBHOCTD, II€PEHOPMIPYEMOCTb 1 KalMOpPOBOUHAs MHBAPMAHTHOCTh. IJTO CYILLECTBEHHO
OTpaHNYMBaET HOIIYCTMMOE YMCIO ITIapaMeTpOB B JarpaHKMaHe MOJMeNM, KOTOPBIN IIoJIydaeTcs
no0aBKOII, OINMCHIBAIOIEll B3aMMoOmelicTBue (OTOHOB C BELIECTBOM, K CTaHJAPTHOMY
JlarpaHXmaHy Teopuu Makcsesia. PaccmaTrpmBaroTcss BO3MOXKHOCTM — JCIIOJIB30BaHUSA
9TUX IIOAXOMOB MJIS TEOPETMUYECKMX ICCIeMOBaHMII (U3UKM IIOBEPXHOCTEI, a TaKkKe I
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IIOCTPOEHNS MOJ[eJIell B3aMMOAEIICTBIA 3I€KTPOMArHITHOTO II0JIS C MaTePMAIbHBIMU 00beKTaMI
KarureoOpa3Hoit GOpMBI B TEOPUM SIPA U CTATUCTIUECKOI (PU3UKE.

JINTEPATYPA

1. K. Symanzik, Nucl. Phys. B 190, 1-44 (1981).

(I)paI‘MeHTaIII/IH AAEp nMpm! IIPOMEKYTOUHBIX JHEPIMUAX B MOJEJIN
DCM-QGSM-SMM

Author: Auna Kynukosckas'

Co-author: Makcum MapreMbsHOB '

! Hayuonamvhviii uccnedosamernvekuil yenmp “Kypuamosckuii uncmumym”
Corresponding Author: annkull316@mail.ru

OpHUM M3 aKTUBHO PasBMBAaEeMbIX HANpaBlIeHUI (U3UKMU TSHKENIBIX VIOHOB SIBJISIETCS CO3[aHIe
MoOJeJIell SApO-IaepPHBIX B3aMMOIeICTBUIL. B HacTosIIIee BpeMs ITOAAEP>KMBAETCI U IIPOIOJKAET
pasBuBarbcst momenb DCM-QGSM-SMM 1, ocHoBanHas Ha [[yOHEHCKOi KacKagHOW MOIeNN
(DCM-QGSM) n cratuctuyeckoir Moxenyu mynbrudparmernranun (SMM). Monens ucnomnb3yercst
B aHaNNM3e NaHHBIX AAPO-IAepPHbIX B3aIMOJAEIICTBII B paMKax skcriepuMenTa NICA B mmpokom
qunamasoHe sHeprmii. CpaBHeHHe C 3KCIIEpMMEHTAIBHBIMU JAaHHBIMU, IIOMYUeHHBIMU Ha
nerexkrope ®PPATM 2 moxasamo, uro MexaHmaM SMM mpereHOyeT Ha XOpolllee OIVICAHUE
nporieccos ¢pparmeHTaruu sgep. B mokitame paccmarpusaercs npumernumocts DCM-QGSM-SMM
K OIIMCaHMIO IIpoLieccoB pparmeHTaruu suep. [IpuBoanurcs cpaBHeHMe pe3ynsTaToB Moxean DCM-
QGSM-SMM c naHHBIMU APYTUX 9KCIIEPUMEHTOB U ¢ IIpeCcKa3saHMAMU MOJeJell, MCIIOIb3yeMBbIX
B 9TOJT 00JIaCTY 9Hepruii 3.

JIureparypa:

1. M. Baznat et al. Phys. Part. Nucl. Lett. 17, 303 (2020).

2. B. M. Abramov et al. Phys. Atom. Nucl. 85, Ne 9, 1541 (2022).
3. A. A. Kulikovskya et al. Phys. Atom. Nucl. 85, Ne 5, 466 (2022).

Higher-order strongly intensive quantities for rapidity correla-
tions in string models

Author: Evgeny Andronov’

! Saint Petersburg State University
Corresponding Author: e.v.andronov@spbu.ru

The strongly intensive observables 1 were intensively studied in the model with quark-gluon strings
acting as sources in case of multiplicities in two acceptance windows separated in rapidity [2,3]. It
was shown to be an excellent probe of string fragmentation features as well as a signal of collectivity
achieved by a number of strings. Namely, in this case, through the weight factors the observable
becomes dependent on collision conditions and, strictly speaking, cannot be considered anymore
as a strongly intensive variable. In this talk a way to get around this drawback is discussed. More-
over, recently the procedure that allows us to construct new strongly intensive observables using
higher-order moments was proposed 4. In this talk we apply this procedure for joint multiplicity
fluctuations.For comparison, the results of the calculation of the considered observable with the
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Monte Carlo event generators are also presented.
The authors acknowledge Saint-Petersburg State University for a research project 103821868.
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d¢PdexTNBHAA MOJEHb AAPOHOB, IIOCTPOEHHBIX M3 BaJIEHTHBIX
KBapKOB Ha CBETOBOM (ppoOHTe
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Pemraemas B maHHON paboTe 3ajaua — 3TO mocTpoeHme 3((GeKTMBHOTO IaMMJIBTOHMAHA Ha
cseroBoM ¢ponTe (CP) 1 ommcaHme crekrpa macc agpoHoB [1-14]. Ilpu stom mcrosb3yercs
orpannueHne mpocrpancrsa Poka Ha CO “BaseHTHBIMI® KBapKaMIL.

IIpeparaeMblil HaMM METOJ — 9TO BBe[€HME IIPOCTPAHCTBA ‘BAJIEHTHBIX KBApPKOB C IIOMOLIBIO
OIlepaTopoB KBapKOBBIX IIOJEN, MEVICTBYIOIINMX Ha BakyyMHoe cocrosHme Ha C®P. Ilpu stom
KBapKOBBIE II0JI pACCMATPMBAIOTCA B PA3IMUHBIX TOUKAX IIPOCTPAHCTBA U COEUHAIOTCI aHAJIOTOM
“INIIOOHHOI CTPYHBI’, T.e. P-yIOpSMOUEHHO KCIIOHEHTOI, KOTOPYI0 OGBIYHO MPUMEHSIOT HJIS
KaJMOPOBOYHOI MHBAPUAHTHOCTM cOCTOSHMSL. OMHAKO VIS IIPOCTOTHI PACCMATPMBAETCS TOJIBKO
“HyJeBass Mofa” IJIIOOHHOTO Ioist A, saBucsas TONbKO oT BpemeHu z' Ha C®P, U KoTOpas
AMaroHajJbHa Kak Marpui@a B “IBerHoM” mpoctpaHcrse rpynmsl SU,(3). na xinaccudukanmm
A[POHHBIX COCTOSTHUIL 110 CIIMHY U OPOUTAIPHOMY MOMEHTY KOJIMUECTBA ABVLKEHNS IIPeIaraeTcs
paccMaTpuBaTh KBAPKY B CUCTeMe ITIOKOs afipOHa, a afpOHHBbIE BOTHOBBIE (GYHKLIMI B 9TOI CUCTEMe
OIIpefeNsATh KaK COOCTBeHHbIe (PYHKLIMI CIEKTPAIBHOIO ypaBHEHNUS NI 3-MepHOTO KBAHTOBOTO
rapMOHIYECKOTO OCLIJLIATOpA, COOCTBEHHbIE 3HAUEHNS KOTOPOTO KAaueCTBEHHO COOTBETCTBYIOT
HabJII0JaeMOMY CIIEKTPY KBafpaTOB MacC afpOHOB.

Pa6ora nognep:xana Poccnitckum Hayunsim ®onpmom, rpant Ne 24-22-00220.
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Speed of sound in quark matter with different imbalances

Author: Roman Zhokhov!

! IZMIRAN, IHEP
Corresponding Author: zhokhovr@gmail.com

It has been shown in the framework of effective models that QCD phae diagram as in thee color cas
as well as in two color one possesses dualities.

I means that various phenomena are dual with respect to each other. Then dualities were shown in
a more and more general setings. And then finally dualities has been shown from first principles,
three dualities as in two color QCD and one in three color one. The fact that dualities have been
shown from first principles, i. e. in QCD itself, expanded their possible application much further.
In the talk I discuss two interesting applications. (i) studies of speed of sound at various chemical
potentials (ii) studies of inhomogeneous phases, including rather unexpected ones.

The talk is partly based on

Eur. Phys. J. C 84 (2024), 1140
Phys. Rev. D 111 (2025) no.1, 014021

In detail about (i) and (ii):

(i) The equation of state of dense hadronic matter is not known yet, so the speed of sound at large
baryon densities. The speed of sound at zero baryon density and non-zero temperature has been
obtained in lattice QCD simulations. And the behavior is the following, it rises with increase of
temperature but up to asymptotic value of 1/3, but never exceeds that value. It is called conformal
bound. At non-zero baryon density, in the region of phase diagram interesting in the context of
neutron stars lattice simulations are plagued by the sign problem and is not now possible. There
was idea that maybe speed of sound should not exceed conformal bound at non-zero baryon density
as well. Though observational data favor the scenario that speed of sound breaks the conformal limit
at muB, it is still an open question.

Recently in [B.B.Brandt, F.Cuteriand G.Endrodi, JHEP 07, 055 (2023); R. Abbott et al. [NPLQCD],
Phys. Rev. D 108, no.11, 114506 (2023)] it has been shown from first principles (lattice QCD) that the
conformal bound is broken in quark matter with isospin density (isospin asymmetric quark matter).
Then using duality mapping it is possible to get sound speed in quark matter with chiral imbalance
mu_{I5} and show that conformal bound is also broken in this case.

And having shown duality from first principles it is also first principle robust result.

Then it was also found that there are additional weaker dual symmetries in phase diagram shown
only in the framework of effective models. If one uses these dualities, though it would not be first
principle results, one can show that conformal bound is also broken in quark matter with chiral
imbalance mu5.

Then it was shown in two color QCD lattice calculations [E. Itou and K. Iida, PoS LATTICE2023, 111
(2024); PTEP 2022 (2022) no.11, 111B01] that conformal bound is exceeded in the case of two colors
at non-zero baryon density. Then using first principle dualities one can show that conformal bound
is broken at (i) isospin chemical potential (ii) chiral chemical potential mu_{I5}. Moreover, using
additional dualities found in effective models one can show also that it does at (iii) chiral chemical
potential mu5. So it is shown to be broken at all chemical potentials in two color case.

So one can see from all these results on two color and three color QCD that it is not very peculiar
and uncommon to break conformal bound at non-zero chemical potentials.

(i) Inhomogeneous phases has long history on research but it is still open question if there is inhomo-
geneous phases in QCD at finite baryon chemical potential. Some inhomogeneous phases have been
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predicted in various approaches. Dualities gives us opportunity to predict plethora of new inhomo-
geneous phases. The most interesting phase is the one at zero baryon chemical potential, as a rule
one is used to the fact that inhomogeneous phases can be present at nno-zeroi mu_B and it is a first
example of inhomogeneus phase at zero mu_B (some other chemical potentials are non-zero)

Elementary atoms in spaces of constant curvature by the
Nikiforov-Uvarov method

Authors: Abdaljalel Alizzi'; Alina Sagaydak?; Zurab Silagadze'

' Budker Institute of Nuclear Physics and Novosibirsk State University

% Novosibirsk State University
Corresponding Author: silagadze@inp.nsk.su

Spaces of constant curvature provide the simplest curved background against which to study theo-
retical problems and questions related to quantum mechanics in curved spaces, and therefore such
studies are of considerable theoretical interest. However, they are not only of academic interest. Ef-
fective curvature of space arises in a number of real physical situations from the physics of atoms
and nanotubes to the chiral and deconfinement phase transition in the Nambu-Jona-Lasinio model,
symmetries of the W algebra of string theory and quasi-exactly solvable models, as well as superin-
tegrability in the framework of supersymmetry (see, for example [1-3]).

The Nikiforov-Uvarov method is a simple, yet elegant and powerful method for solving second-order
differential equations of generalized hypergeometric type 4. In the past, it has been used to solve
many problems in quantum mechanics [5,6,7]. We apply this method to the classical problem of
hydrogen-like atoms in spaces of constant curvature. Both the spectra of these atoms and their
wave functions, including normalization, are easily obtained.
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Proton production spectrum at Ultra High Energy: multiple
Pomeron exchanges and growing cross sections, triple-Pomeron
exchange and spectrum of UHE neutrinos, four-Pomeron ex-
change and Baryonium Dark Matter

Author: Olga Piskounova'

! P.N.Lebedev Physics Institute
Corresponding Author: piskunovaoi@lebedev.ru

Proton-proton collisions are changing at High Energies (HE): total cross sections are growing and
the cross sections of proton-proton reaction become equal to antiproton-proton ones. The quark-
antiquark annihilation is not already the mediator of interaction because of large gap between pro-
jectiles. The new mediator is Pomeron exchange, the trajectory with vacuum quantum numbers.
Visually, it can be presented as cylinder with quark-gluon-net diagram on the wall. Cross sections
are growing due to unusual intercept of Pomeron trajectory: $\Delta_P(0)> 0.

The multiple Pomeron exchanges, as well as enhanced diagrams with triple-Pomeron contribution
and four Pomeron exchange with torus, play important roles in QCD processes at Ultra High En-
ergy (UHE). Pomeron exchange contributions are not disappearing with energy. Triple-Pomeron
exchange is responsible for diffraction peak at the end of proton production spectrum and thus the
secondary particles (gamma-photons and neutrinos) in space should reproduce this feature of proton
spectra: the bump at UHE end of spectra. The Pomeron torus is closed neutral QCD object, which
hides the baryon and antibaryon charges and having shrinked mass toward the sum of baryon and
antibaryon masses ,so that it is the proper candidate for Dark Matter. Baryons and anti baryons do
not annihilate, but build the strongly connected quasi stable state, which has been named baryo-
nium. The Baryonium Dark Matter conglomerates that are organized as multi baryonium torus may
be very heavy and rather functional constituents of Universe. The expected features of BDM will be
discussed.

Direct Search for Low-Mass Dark Matter

Author: Sergey Chashin’

! Skobeltsyn Institute of Nuclear Physics, Moscow State University
Corresponding Author: schashin@inbox.ru

The nature of dark matter is a fundamental problem in such fields as elementary
particle physics, astrophysics and cosmology. There are lots of experiments aimed
at the detection of dark matter. Among them, there is DarkSide-50 at Laboratori
Nazionali del Gran Sasso (LNGS), Italy, which uses argon as the target material and
measures the recoil energy of target particles, nuclei and electrons, in forms of
scintillation and ionization signals. In this talk, we present the current results of
several dark matter detection approaches in the DarkSide-50 experiment in the low
(less than a few GeV/c”2) mass region. These results include the most stringent
upper limit on the spin-independent dark matter nucleon cross section for masses
between 40 MeV/c"2 and 3.6 GeV/c"2, which was obtained by using the ionization
signal only and by including the Migdal effect in the analysis.
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O0bsicHeHNe O0ApPUMOHHON ACMMMeTPHMM B paMKaX CTaHAApPTHOM
Mo eI

Author: Muxann Kocos’
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Corresponding Author: kosov@vniia.ru

Ecnn otkpsIThIit 6030H Xurrca ¢ Maccoit 125 I'eB nnrepmperupoBars, cienyq rumnoresde orrara-
Hunbcena [1-3], kak cBasaHHOe oOMeHOM 6030HOM XMITCa COCTOSHNE KBapKOB C SHepIuell
cBsi3u 220 I'sB, Torma 2t-6apmoHbI HOJDKHBI MMETh IPUOIN3UTENIHHO Ty YK€ Maccy, UTO 1 O030H
Xurrca, npmuéM t-KBapku 2t-6aproHa He MOTYT pacHacThcs, IIOCKOJIBKY Macca t-6aproHa ¢ OfHIM
t-kBapkoM Goublire, ueM Macca 2t-OGapmona. Ecim coorHoirenme 2t-6apnoHoOB U t-GaproHOB
BO BpeMs CUHTYJIPHOCTU Bosbiroro BspbIBa OTINUAIOTCA OT COOTHOIIEHMs 2t-aHTUOGAPMOHOB
n t-aHTHOApMOHOB, U 2t-aHTMOAPMOHOB Gonblile, yeM 2t-6apMOHOB, TOrfa IIOCJIe paclafa U
AHHUTIIIAIUY {-KBAapKOB OCTaHYTCS TOJBKO 2t-aHTMOAPMOHBI aHTMBellecTBa. OHMU JOJDKHEI
KOMIIEHCHPOBATbCA TeM >Ke KOJMYECTBOM HYKJIOHOB BelllecTBa. Isokénble crabuibHbIe 2t-
aHTUGAPMOHBI MOTYT OBICTPO SBOJIOLMOHIPOBATH [0 CTAAUIU YEPHBIX ABIP M B MIpE MaTepuUU
MoryT ‘mcuesnyrs’ mox cgepoit IllBapummmnbma. 910 MoxKeT OGBICHUTH KaK OapMOHHYIO
acMMMeTpPUIO BUAMMOI BcesleHHOI, Tak U BOBHMKHOBEHIE MACCUBHBIX UEPHBIX AbIP B paHHeIl
Bcenennoir 4.

1. C.D. Froggatt, H.B. Nielsen, L.V. Laperashvili, Int.J.Mod.Phys. A 20, 1268 (2005).
M.Yu. Kuchieve, V.V. Flambaum, EV. Shuryak, Phys. Rev. D 78, 077502 (2008).
C.D. Froggatt et al., IntJ.Mod.Phys. A 30, 1550132 (2015).
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I. Juodzbalis et al., Nature 636, 594 (2024).

JmHaMuka KBapKOB B IIOJSIPOHHOM MOAEIN CTPOEHUA
HYKJIOHOB

Author: Cepreit Abonun’

Co-author: Anexcarnp Tyny6 '

' Canxm-TlemepGypeckuii 20cydapcmeentbitl yHusepcumem

Corresponding Author: s.afonin@spbu.ru

IIpencraBieHa MOeIb BOSHIKHOBEHVSI KOHCTUTYSHTHOJ MacChl KBapKa B HYKJIOHe, OCHOBaHHAs
Ha [TOJIIPOHHOM MeXaHU3Me B TEOPUY ABVDKEHISI MeJIEHHOIO 9JIEKTPOHA B IOHHBIX KPUCTAJLIAX.
Vcnonb3yst psif SIBHBIX aHAJIOTUII MeXAY (PU3MKOI MONIpoHA M (PU3MKON IMOH-HYKIOHHBIX
B3aMMOJIENICTBIUIA, TIPEIIOKEHBI ONpenenéHHble npasuna  nosispon/KX[I-coorserctsus”. Hanee
IIOKa3aHo, KaK B 3TOM IIOJXOJe MOXHO IIOJYUNTh BeJIMUNHY MacChl HYKJIOHA.

Jlutepatypa

1. AB. Tyny6, JK9T® 41 (1961) 1828.

2. AB. Tyny6, Bectruxk Jleunnrpanckoro yHusepcurera 22 (1960) 104.
3. HU. Kammmpusa, B.[I. Jlaxzo, A.B. Tyny6, JKOTP 141 (2012) 994.
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®opmyinl C, P, T conpsKkeHNA oIepaTOpoOB IIOJISA CIIMHOPOB

Author: Bagum Monaxos!

' Canxm-TlemepGypeckuil 2ocydapcmeentbiil yHusepcumem

Corresponding Author: v.v.monahov@spbu.ru

Cummerpus CPT urpaer BaKHENIIYIO pOJb B COBPEMEHHOI KBAaHTOBOI Teopuy moss. s
BbIXOAa 3a mpemensl CTaHOapTHON Momenu TpeOyeTcs IOHUMAaHMe TOro, OyeT JIM COXPaHAThCS
i Hapymarbess C'PT cuMMeTpus B pa3iiMyHbIX BAPUAHTAX TEOPUIL.

Opnnako ¢GOpMyJIBI IS ONEpaTOpOB 3apsaoBoro compspkeHus C, MPOCTPAHCTBEHHON MHBEPCUN
P n unBepcun Bpemenu 1, COOTBETCTBYIOIINE IIPe0Opa30BaHISIM OIIEPATOPOB IIOJS CIITHOPOB,
OBLIY IIOJIyUeHBI B IIEPIMOJ] 3apOXKAEHMSI KBAHTOBOJ TEOPUN IIOJIS €Iife KO OTKPBITUSA HapyIIeHUs
YeTHOCT) B C1abbIx B3ammopmeiicTBuax. OHM YacTo comeprkaT oMKy ambo B camux GopMmynax,
nnbo B ux uHTepnperanun. Hanpumep, popmyna C'PT conpspkeHMs oreparopa IoJist CIIHopa 1
1-4

OPT¢(t> J,‘)(CPT)_l = 77’Y5¢+T(—ta —J)) (1)
ABJIIETCA BEPHOI B KMPATbHO-CUMMETPUYHBIX TEOPHUAX. HO IIpM MOIBITKE €€ MCIIOIb30BaTh IS
COTIPSKeHIIs OTlepaTopa OIS TeBOKMpaTbHOTOo Heftrpuo ¥y, (, 7) = 5-1)(t, x), yaacTByroImero

B 9JIEKTPOCIab0M B3aMMOJEIICTBUY, MBI [TOJIyUMM JIEBOKMPATbHOE aHTUHENTPIHO, yUaCTBYIOIIlee
B 9JIeKTpociaaboM B3ammopeiicteuy. Urto mporusopeunt kak CraHmaptHO Mopmenu, Tak n
9KCIIEPMMEHTAIBHBIM JaHHBIM. Ta ke nmpobirema BosHukaer ¢ C'P conpspkenneM. Vmeercs psan
npyrux npobiem ¢ popmynamu C, P, T conpspxeHmit.

[prunHa 31UX OMIMOOK CBI3aHA C HEKOPPEKTHOCTHIO MCIIONIb30BaHMS IS KMPAIbHBIX CIMHOPOB
onepatopa Cgcpq 3apsamoBoro compspkeHns mo IIBuHrepy 5, Hambosiee YacTo MPUMEHIEMOTO
npu paccmorpeHun C'PT' conpspkeHNs, Tak KakK OH MeHseT KMPaJbHOCTh OIlepaTopa IIOJIs Ha
IpOTUBONONOKHYW. Kpome toro, oH antmynurapeH. Omneparop C 3apsmoBOrO COIPsDKEHN,
¢urypupyrowmit 8 CPT TeopeMe, yHuUTapeH M He MeHAET KUPAJIBHOCTH OIIEPATOPOB IIOJIS
cmuopoB. Ho us-3a Toro, uro ms HekmpanbHbix moneit Csenqy(t,2) = Ci)(t, x), onepatop
C'schw Ommb6ouHo oToXxmectsisaoT ¢ C.

B paGore obcy:xmatorcs Bapuantbl ¢opmyn C, P,T compsskeHUII M BO3MOKHOCTb TOTO, UTO
HEJITPUHO SIBJISETCS MallopaHOBO-IIONOOHBIM (pepMIOHOM.

Pa6ora BeIontHeHa npu nopaepsxke CII6LY, mmdp npoekra 103821868.

1. G. Liders, Annals of Physics, 2(1), 1-15 (1957).

2. G. Feinberg, S. Weinberg, Il Nuovo Cimento, 14, 571-592 (1959).

3. k. Beépken, C. [pemr, PenaruBucrckas kBaurosas teopus. T. 2, M.: Hayka (1978).
4. M. ITeckuw, [I. Hlpenep, Beenenue B xBautoByIo Teoputo mois, Mxkesck: HULL (2001).
5. J. Schwinger,Phys. Rev., 74(10), 1439 (1948).

Deuteron gravitational form factors, generalized parton distri-
butions, and charge density in the framework of the soft-wall
AdS/QCD model

Author: Minaya Allahverdiyeva'

! Institute of Physics, Ministry of Science and Education, Baku, Azerbaijan
Corresponding Author: minaallahverdiyeva@ymail.com

We study gravitational deuteron form factors (GFF) and generalized parton distributions (GPDs)
within the soft-wall AdS/QCD model, where deuteron is described by the bulk vector field with
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twist 7 = 6. For finite-temperature studies, we apply the soft-wall model, which is thermalized by
introducing a thermal dilaton field. The GPDs and charge density are considered in impact parameter
(IP) space and at zero and finite temperatures. We plotted the temperature dependence of these
quantities in the IP space and observe a decrease in their peaks as the temperature increases. The
gravitational root mean square radius obtained here is close to the range given by experimental data
for the mass radius and has low sensitivity to the temperature.

O BOJIHOBOJI CTPYKTYpe BOJIN3U 3JIEMEHTAPHOTO 3apsa B TEOPUN
IIPOCTPAHCTBEHHO-BPEMEHHOM IIEHKU

Author: Anexcannp Yepammkumit'

! Cankm-Ilemep6ypeckuii 20cydapcmeentbiii XUMUKo-gapmayesmuneckuii yHusepcumem

Corresponding Author: aachernitskii@mail.ru

PaccMoTpeHa HenMHeNHAas IIOJNEBas MOMENb 9KCTPEMAJBbHON IPOCTPAHCTBEHHO-BPEMEHHOII
rieHku [1,2]. B pamkax 91071 Moeau GbLIN IOyUeHbl TOUHbIE COIUTOHHbIE PELIeHNUs, KOTOpbIe
MOTYT OBITH coTiocTaBieHsl poroHam [1,2]. Takke uccaeMOBaIICh IPUOTMKEHNS TOPOUIAIBHBIX
COJIITOHOB, COTIOCTABIIEMBIX 3JIEMEHTAPHBIM UACTUIIAM CO CIIMHOM, B UACTHOCTHU, 3aPSKEHHBIM
nenToHam [3,4].

Bb1I0 IOTyYeHO TOUHOE CONMUTOHHOE pellleHNe B COOCTBEHHO chepiueckorl cucreMe KOOPAMHAT,
IIpeCTaBIIsIIoIIee CO00II AIeMEHTAPHYIO 3apsDKEHHYI0 YacTuily 6e3 crimHa 5. MbI Ha3bIBaeM TaKoit
connToH cheporoM. PaccmaTpuBaeMslit chepoH MeeT CUHTYIIPHYI0 ChepruecKyIo ITIOBEPXHOCTb.
Bpuro mokasaHo, UTO HaibHee B3aMMOMENICTBUE CPEPOHOB COOTBETCTBYET 3JIEKTPOMATHUTHOMY
B3aJMIMOJIEVICTBUIO TOYEUHBIX 3apA0B B KIACCUYECKON 3JIE€KTPOAMHAMUKE 5.

B npencraBngeMoit pabore paccMaTpuBaeTcs JIMHeApU3alMa MOMENN IPOCTPaHCTBEHHO-
BpeMeHHOI MIEHKN Ha ¢oHe chepoHa. IloayueHbl ypaBHeHMs i (QyHKII, OIMCHIBAIOLIINX
cepuueckme BOJIHOBBIE MOABI BOMM3U chepoHa B JIMHENIHOM npubmpkeHuu. Mccremyrorcs
pellleHNs 3TUX ypaBHEHUII B BUE aCUMIITOTMYECKUX PAJOB U COOTBETCTBYIOIINE MPUOIVIKEHNS
B BUJAE pPALMOHAIBHON ¥ KyCOYHO-IIOJMHOMMAIBHOM amnIpokcumanmii. PaccmaTpmBaroTcs
BOIIPOCHI BBIYVICIICH KOHEUHBIX S9HEPIUIL I CIIMHA cepOHA C BOJIHOBBIMI MOTAMIL

Hccnenyercs BO3MOKHOCTD CYILIECTBOBAHMS AMCKPETHOTO CIIEKTPa YacTOT PaccMaTpyBaeMBbIX

BOJIHOBBIX MOJI. O6cyxmaeTcss BO3MOXKHOCTD gedopmaruu CchepuuecKoil CUHTYIISPHO
roBepxHOCTHU cepoHa 1 eé TpaHchOpMAIU B KBA3U-TOPOMAAIBHYIO IO AECTBIEM BOJIHOBBIX
MOJ.

PaCCManI/IBaeTCH BOIIpOC 00 OTHOIIEHUU COOTBETCTBYIOIIMX COJIMMTOHHBIX peLLIeHI/If/I K
3aps’KeHHBIM JIEIITOHAM.

1. A.A. Chernitskii, Lightlike shell solitons of extremal space-time film, Journal of Physics Commu-
nications, 2, 105013 (2018).

2. A.A. Chernitskii, Lightlike solitons with spin, Journal of Physics: Conference Series, 678, 012016
(2016).

3. A.A. Chernitskii, About toroidal soliton-particle of extremal space-time film, Journal of Physics:
Conference Series, 1435, 012054 (2020).

4. A.A.Yeprunxmnii, O JenTOHaX B TEOPUM IIPOCTPAHCTBEHHO-BpeMeHHOI néHku. OYAS 54, BbIm.
4, C. 824-838 (2023).

5. A.A. Chernitskii, About long-range interaction of spheroidal solitons in scalar field nonlinear
model, Journal of Physics: Conference Series, 938, 012029 (2017).
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Modeling collective effects in the extended multi-pomeron ex-
change model

Authors: Evgeny Andronov'; Vladimir Kovalenko'; Aleksandra Marova™®; Andrei Puchkov'; Vladimir
Vechernin'

! Saint Petersburg State University

Corresponding Author: vkovalenko@spbu.ru

A new generalization of the Multipomeron exchange model (MEM) [1-3] for pp collisions is proposed,
taking into account the effect of event-by-event string tension fluctuations 4. It is shown that the
new version of the MEM correctly reproduces the characteristic thermal behavior of pr spectra in
a wide energy range. In addition, the new generalization of the MEM improves the description
of multiplicity distributions by replacing the Poisson distribution from one string with the discrete
Gaussian distribution 5. Calculations show that the new version of the MEM correctly reproduces the
characteristic oscillating behavior of modified combinants in pp collisions over a wide energy range
5. Simultaneously, the pp-multiplicity correlation functions are shown to be satisfactorily described
together with the multiplicity-dependent pr spectrum 6. Using results of the Glauber model at
the partonic level [7-8], the model is applied for describing the relativistic heavy-ion collisions and
strongly intensive fluctuations are calculated as a function of centrality .

The authors acknowledge Saint-Petersburg State University for a research project 103821868.
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Multiple particle production in deformed nuclei collisions in the
framework of the modified Glauber model

Author: Svetlana Simak!

Co-author: Grigory Feofilov '

! Saint-Petersburg State University
Corresponding Author: st117438@student.spbu.ru

In this talk we present the results of further development of the Monte Carlo modified Glauber model
(MGM) 1, 2, 3 for deformed nuclei collisions at high energy. Our model differs from the Standard
Glauber model by effectively accounting for energy losses in successive nucleon-nucleon collisions;
we also account for the associated decrease in the inelastic nucleon-nucleon interaction cross section.
The case of deformed nuclei appears to be interesting, because nuclei orientation before collision —
whether it is of a tip-on-tip type or side-on-side, etc — were expected to affect significantly the
multiparticle production. We discuss our results, obtained in the framework of the MGM with only
one parameter, and compare them at the LHC energies, to the effects of nonlinearity observed for
the normalized charged particle yields vs. centrality in collisions of deformed nuclei : Cu+Cu and
Xe+Xe. We compare the results to the case of Pb+Pb collisions and argue that the explanation of
these nonlinear effects is purely geometrical and the role of deformation is not the main one.

The authors acknowledge Saint-Petersburg State University for a research project 103821868

1 Feofilov G. A, Ivanov A. A. // Journal of Physics G: Nuclear and Particle Physics. — 2005. —
Vol. 31, No. 5. — P. 230-237.

2 G. A. Feofilov and A. Yu. Seryakov, AIP Conf. Proc. 1701, 070001 (2016); DOL:
10.1063/1.4938686

3 S. Simak and G. A. Feofilov, Phys. Part. Nucl. 56, 877 (2025).

O6pa3oBaHNEe IIPOTOHOB B HOBOM KYMYJIITUBHONM 00JacTH
IEeHTPAIBHBIX OBICTPOT M OOJIBIINX ITOIIePEYHBIX UMITYJIBCOB 32
cueT B3aMMOAEICTBUA (PIIYKTOHOB

Authors: Branumup Beueprun'; Cemen IOpuenko'

' Canxm-TlemepGypeckuii 2ocydapcmeentbiil ynusepcumem

Corresponding Authors: v.vechernin@spbu.ru, s.yurchenko@spbu.ru

IIpoBeneHo 000OLIEHNE TEOPETUUECKOTO IIOAXOAa, paspaboraHHOro paHee [1-6] s
MUKPOCKOIIMUECKOTO OIMCAHMS KYMYJIATUBHBIX SBJIEHUI B IIPOTOH-SIIEPHBIX B3aMMOIEIICTBIUAX
B o6acTu pparMeHTaIMN SIApA HA CIyYall B3aMMOIECTBIUA ABYX (IIYKTOHOB IIPI CTOJIKHOBEHIN
amep. Ha ero ocHOBe paccMOTpeHO po)kaeHme IpOTOHOB B dd-CTOJIKHOBEHMSX B HOBOII
KyMYJIITUBHOI 00JIACTI LIEHTPAIbHBIX OBICTPOT U GONIBIINX IIOTIEPEUHBIX IMITYJIBCOB, OCTYITHOI
IUIS SKCIIEpUMEHTAIbHOrO n3ydyeHns Ha ycraHoBkax SPD u MPD xosnaiinepa NICA.

PaspaGoran mMexaHU3M 0Opa3oBaHMsI IIPOTOHOB B 3TONM 0O0JACTM IPM B3aUMMOIEVICTBUM IBYX
¢aykToHOB. PaccumraHO aCMMITOTMUECKOE IOBEIEHVE CEUEHNsI 9TOTO IIPOLlecca IPM GOIBIINX
HayaJbHBIX SHEPTUAX BOIM3M KMHEMATIUeCKO TPAHMIIBI IIpoliecca i cGOpMYIMpPOBaHbI IIpaBIIIa
KBapKOBOI'O CueTa [JIs MHKIIO3MBHOTO CEUeHMs POKIEHNSI IIPOTOHOB B O0JIACTM LIEHTPAIbHBIX
OBICTPOT M OOJIBIINX IOIEPEYHBIX UMIIYJIbCOB. IloyueHHBIE BBIpAKEHUs NAIOT SBHBIN BUJ
3aBUCUMOCTY MHKJIIO3MBHOTO CEUEHMUs POXKAEHMS KyMYJSTUBHOTO IIPOTOHA OT HAYaIbHOI
9HEPIUY ¥ KYMYJISTUBHOTO UMCIIa BOIM3Y KMHEMATUeCKoll TpaHuibl dd CTOIKHOBEHUS.
IIpoBeneHO cpaBHEHNE IONYUEHHBIX 3aBUCUMOCTEN IS POKIEHNSI IPOTOHOB C aHAJIOTMUHBIMMU
3aBUCUMOCTSAMY, IIOJYUEHHBIMI paHee MU CiIydas pOXKAEHNS KyMYJIITUBHBIX IIVIOHOB B 3TOI
obnactu [7]. IlonmyueHHbIe BBHIpa)KEHMs IIO3BOJIIOT TAKKe IIPOCIENUTH 3aBUCUMOCTH CEUeHMIT
1 OT APYTUX pasMepHBIX IIapaMeTPOB MOJENN - TeOMETPUUECKUX PasMepOB PacCEeMBAOIIIIXCS
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00BEKTOB U MaCChl KOHCTUTYEHTHOTO KBapKa.

Pa3paboTaHHBIIT [TOAXOMA 1 IIOJyUeHHbIE HOBbIE IpaBUIa KBAPKOBOIO CUeTa [JIS MHKI3MBHBIX
CeueHMiT pOXKAEHNMsI IOHOB U IIPOTOHOB MOKHO OyIeT IIPOBEPUTH IKCIEPUMEHTAIBHO, U3yyast
pOXJeHMe IMOHOB M IIPOTOHOB B HOBOJ KyMYJISITMBHONM 06JacTy OOJBIIMX ITOIEPEeUHBIX
JMIMITyJIBCOB M I[€HTPaIbHBIX OBICTPOT, B 3KcmepumeHTax SPD m MPD Ha xomnaiimepe NICA.
OTMmeTuM, 4TO I HaJEKHOI perncTpaluy o4eHb PeIKOTo POKIEHNI YacTUI] B KyMyJIATUBHON
00J1aCTI M OTHENIEHNSI X TPEKOB OT Pas3iMYHOrO POfa JIOKHBIX (POHOBBIX TPEKOB KpailHe Ba)KHO
MMeTb curHas oT BHyTpenHelt TpekoBoit CucTeMsbl, ITO3BOJISIOIINIT IOATBEPANUTD BBIXOJ TpeKa
KYMYJIATUBHOJ YACTUIIbI M3 IIEPBUYHO BepIIHBI B3aMMOXEICTBI.

Pa6ora mogneprxana Poccuitckum Hayunsim Ponmom, rpant 23-12-00042.

1. M. A. Braun, V. V. Vechernin Nucl. Phys. B 427, 614 (1994).
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M. A. Braun, V. V. Vechernin, Phys. Atom. Nucl. 63, 1831 (2000).

M. A. Braun, V. V. Vechernin, Nucl.Phys.B:Proc.Suppl. 92, 156 (2001).
M. A. Braun, V. V. Vechernin, Theor. Math. Phys. 139, 766 (2004).

V. Vechernin AIP Conf. Proc. 1707, 060020 (2016).

V. Vechernin, S. Yurchenko, Int. J. Mod. Phys. E 33, 2441022 (2024).

N Gk e

Pacuer BK/Iafia meTjeBbIX guarpamm B mopenu ['may6epa nisa dd
B3alIMOJeMCTBUA

Author: Cperiana Benokyposa'

Co-author: Bnagumup Beuepaus '

' Canxm-TlemepGypeckuil 2ocydapcmeentbiil yHusepcumem

Corresponding Author: s.belokurova@spbu.ru

eTpoH-IeITPOHHOE paccessHIe PACCMOTPEHO B paMKax IyaybepoBckoro moxxoma 1. Hykmon-
HYKJIOHHBIE B3aVIMOLENCTBMS 3aJaBajlVICh BEPOSTHOCTHIO HEYIIPYrOro B3aMONENICTBUS IBYX
HYKJIOHOB IIpy GUKCUPOBAHHOM 3HAUEeHUY IIPULIeIbHOTO napameTpa. [Ipu Beibope mpodunbHOL
(YHKUMM [ENTPOHA YUTEHO CUMMETPUUHOE PACIIONIOKEHME HYKIOHOB OTHOCUTEIHHO LIEHTpPA
Macc.

B pamMkax 9TMX IpPeIIIONOXKEHWII, MCIIONb3ysl IOAXO0X PaboThl 2, OBLIM ITONyUeHBI TOUHBIE
AHANNTIYECKUE BBHIPAKEHNS IS CPEJHEro 3HAUEHNS M MUCIEPCUM YNCIa PAHEHBIX HYKJIOHOB,
mucriepcus oOIIero umciia HyKIOHOB-YUACTHMKOB, CPEQHEr0 3HAUEHMs M MUCIEPCUM UICia
HYKJIOHHBIX CTOJNKHOBeHuit miusa dd B3aumopeitcTBust Ipu (QUKCHPOBAHHOM 3HAUEHUU
IPUIIEIBHOTO IapaMeTpa.  Takke ObUIM HaJIIEHbI BBIP&KEHUSA IS BEPOSITHOCTHU IBYX
IIOCJIE{OBATEIBHBIX CTOJKHOBEHUII HYKJIOHA U3 OMHOTO MEeTpOHA ¢ OBYMs HYKJIOHAMM
IOpYTOro AeMTpPOHA M BEPOSITHOCTY B3aMMOENICTBYS OBYX HYKJIOHOB OJHOTO HENTPOHA C ABYMS
HYKJIOHAMM OPYTOro Mpu GUKCUPOBAHHOM 3HAUEHUN IPULIEIBHOTO IIapaMeTpa.

Paspaboran anropmrm MoHTe-KapyioBckoro (MK) wmopenmpoBaHms Ipoltecca pacCesHUs
neiiTpoHoB. [ npoduiibHBIX (yHKIMII CTAJIKMBAIOIIMXCSI NEMITPOHOB ObLTa JCIIONH30BaHA
XIOJIbTEHOBCKAs AaIlllIPOKCUMAIMs BOJIHOBOV (PyHKLMM HeiTpoHa. Ilpn umcmennom MK
MOJENMPOBaHUY [ ommcaHus npodmns ceueHms Heympyroro NN BsamMopmeicTBus
JCIIONB30BANNCH JBa BapMaHTa: JMOO rayccoBO IpUOIIDKeHMe, 1160 NpuOIIbKeHNe YepHOro
JICKa.

C momorpio paspaboransHoro MK amropmrma OBLIM ITONyUeHBI UUCIEHHBIE PE3YJIbTAThl MJIS
BEpPOSITHOCTY B3aMMOMEICTBMA ABYX HYKJIOHOB /13 OHOTO AeITPOHA C OOHMM U AByMS HyKJIOHaMI
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13 PYroro AeiTpoHa KakK (pyHKLMY IPULETbHOro mapamMerpa. OLeHK 9TUX BEPOSITHOCTEN GhLIN
IIOJTyUeHbI TakKe U g min.bias coObrTmit.

IToxasaHo, YTO BKJaJ IIE€TJIEBOV AMArpaMMbl, OTBEUAIOI[e}l IpOLlecCy, KOTha ABa HYKJIOHA
OHOTO [MENTPOHA CTAJKMBAIOTCA C IOBYMs HYKJIOHaMM HPYTOrO, OKA3bIBAETCS 3aBUCSILNM
or npoduisa ceueHnus Heymnpyroro NN B3amMmomeicTBus, Hake B NPUOIIDKEHUN, B KOTOPOM
pasMepsl HYKJIOHBI CUUTAIOTCS TOPA3l0 MEHBIIE Pa3MeEPOB AeTPOHA. B TO BpeMs Kak BKJIAJ He
reTyeBbIX ("HepeBSIHHBIX ) AMArpaMM B 3TOM IIPUOIVDKEHUY 3aBICUT JIMIIb OT IIOJIHOTO CeUeH s
Heynpyroro NN B3anMOeICTBY, a He OT BUAA €ro MpoduIIs.

Pa6ora rogepskaHa Caunxr-IletepOyprexkum roCyJapCTBEHHBIM YHUBEPCUTETOM,
JICCII€OBATEJILCKIIT MPOeKT 103821868.

1. A.Bialas, M. Bleszynski, W. Czyz, Nucl. Phys. B 111, 461 (1976).
2. V. V. Vechernin and H. S. Nguyen, Phys. Rev. C 84, 054909 (2011).

Precision molecular experiments as a tool in the search for New
Physics

Author: Sergey Prosnyak'

Co-author: Leonid Skripnikov *

' NRC «Kurchatov Institute» - PNPI
2 NRC «Kurchatov Institute» - PNPI & SPbU

Corresponding Author: prosnyak.sergey@yandex.ru

Molecules that include heavy element atoms can be utilized in precision experiments to investigate
“new” physics beyond the Standard Model, specifically by examining violations of spatial parity (P)
and time reversal (T) symmetries in fundamental interactions. A prominent candidate for T and P vio-
lation in molecules is the electric dipole moment (EDM) of the electron 1. Currently, a non-zero EDM
for the electron has not been observed, but limits on its value have been established. The most pre-
cise limit was determined by the JILA group through experiments involving hafnium monofluoride
(HfFT) molecular cations 2. Furthermore, an upcoming experiment with the barium monofluoride
(BaF) molecule is expected to provide a similarly close independent constraint 3.

The violation of time reversal (T) and parity (P) symmetries in fundamental interactions within
molecules can occur not only due to the electron electric dipole moment (eEDM) but also through
the exchange of virtual axion-like particles between electrons and between electrons and nuclei. In
this study, we explored this phenomenon in the HfF* molecular cation and the BaF molecule. Our
calculations for the electron-nucleus interaction incorporated the finite size of the nucleus. By an-
alyzing the molecular parameters related to these interactions, we established constraints on the
products of interaction coupling constants that align with the current sensitivity of the HfF ™ exper-
iment 2 and the anticipated sensitivity of future BaF experiments 3. The results were published in
references 4 and 5. Furthermore, we will present new insights into parity violation effects that were
not addressed in those publications.

Calculation of potential energy surface were supported by the Russian Science Foundation Grant
No. 24-12-00092. Calculations of matrix elements and development of corresponding code were
supported by the Foundation for the Advancement of Theoretical Physics and Mathematics “BASIS”
Grant according to Project No. 24-1-1-36-2.

References
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Modern Physics 90.2: 025008 (2018).
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4. S. D. Prosnyak, D. E. Maison, L. V. Skripnikov, Updated Constraints on T, P-Violating Axionlike-
Particle-Mediated Electron-Electron and Electron-Nucleus Interactions from HfF+ Experiment,
Symmetry 15(5), 1043 (2023).
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Isospin symmetry of w meson at finite temperature in the soft-
wall model of holographic QCD

Author: Narmin Nasibova'

! Institute of Physics, Ministry of Science and Education, Baku, Azerbaijan
Corresponding Author: n.nesibli88@gmail.com

The coupling constants of p meson-nucleon and w meson-nucleon are connected through the isospin
relation. Using the soft-wall model of holographic QCD, the current work aims to examine the
violation (if any) of isospin symmetry of the w-meson as well as the temperature dependency of
the w-meson-A and w-meson-nucleon-A baryon coupling constants. Applying the temperature-
dependent profile functions of the vector and fermion fields to the expression of the coupling con-
stants in the model yields the temperature dependence of the coupling constants. The minimum and
magnetic type interactions between vector and fermion fields in 5-dimensional AdS space-time are
included in the written interaction Lagrangian terms. The temperature dependence of the coupling
constants g, NN (T), guan(T), and g,na (T') has been investigated. Comparing g, n n (7') with the
coupling constant g,nn(T), it is found that the isospin symmetry of the w and p mesons is not
violated at the finite temperature. It is also observed that the coupling constant of the w meson with
baryons decreases as the temperature increases, and this coupling constant becomes zero near the
confinement-deconfinement phase transition temperature.

YciaoBue yHuUTapHOCTM aMIUIMTYyAbl U 3PdeKkT ramo B pp
paccesauu npu 3Heprusax bAK

Author: Bragumup Beuepuun'

' Canxm-TlemepGypeckuii zocydapcmeenbiil yHusepcumemn

Corresponding Author: v.vechernin@spbu.ru

B skcnepumente TOTEM 1 na DBosbmom AnpornHoM Kosnaiimepe B IIpOTOH-IIPOTOHHOM
paccestHuM HaGIIOHANCH, TaK HasbiBaeMblil, 3ddekt ramo [2-4], cocroAmwnii B TOM, UTO IPU
HayaJbHON sHeprum Goyee 7 TsB MakcMManabHO BO3MOKHOE 3HAUeHME CEUeHNS HeyIpPyTOoro
Ipolecca JOCTUTAeTCd He IpY HYJIeBOM 3HAUEHUM IPULEIBHOTrO IIapaMeTpa, KakK 3TO MMEJIOo
MecTo Ipu Gojlee HU3KMX SHEPrUAX. B Hacrosllell paboTe paccMaTpUBaeTCs IPOCTOE ONMCAHIE
5TOrO ABJICHN, BBITEKaOIIlee 13 TPeOOBaHNA YHUTAPHOCTHU MJII aMILIUTY bl PP-PaCcCeTHUA.
IloxasaHo TakXe, YTO €CHM [ aMIUIMTY[Abl pPp-paccesHUs JCIIONIb30BAaTh CTAHIAPTHOE
KBa3W3JKOHAIIBHOE peJKeBCKOe INpMOIMIDKeHMe, TO YyCJIOBME YHUTAPHOCTY AaMIUIATYIBI
JOITyCKaeT 3HaUeHNsI KBasMaIIKOHAIBHOTO mapamerpa C' MeHbIe 1 (HaumHas co 3HaUeHUs 1/2),
KOTOpBIe OOBIUHO MCKJIIOUAIOTCI B TPAAULMOHHBIX ITOAXOAAX M3-3a BBIPAKEHMS I CEUEeHMS
He M (ppaKIMOHHBIX IIPOLIECCOB, MOIyYarolerocd npu ucrnoiab3oBanuy npasui AIK 5. Otmernm,
YTO HeoOXoAMMOCTb NMeTh 3HaueHys: C' MeHbIMe 1 pyu GUTUPOBAHNI BBICOKO9HEPTETUUECKIX
9KCIIepMMEHTAIBHBIX JaHHBIX BOSHMKAJA U B Gostee paHHUX paborax [6,7].
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HajigeHo, uro mucmoip3oBaHMe 3HA4YeHWI KBasMaiKoHajupHOro mapamerpa C MeHbIInx 1
IT03BOJISIET TaKXKe OINCATh TOT IKCIEPMMEHTATbHO HabnrogaeMsblit (aKT, UTO IPU HAYATIBHON
sHepruu 6ostee 7 TaB ypyroe ceuenne pp paccesiHus HaulHaeT IPEBBIIATE 1/4 IIOTHOTO ceueH s
1. 9ror daxr He ygaercs ommcarh mpu 3HaueHmsx C' > 1. O6cykmaercs TakKe COOTBETCTBIUE
9TUX OlpaHMYEHMiI Ha BeNM4YNHY KBasuMaiKoHaupHOro mapamerpa C ¢ TpagyIIOHHOIL
MHTepIpeTanmeit AudpaxImoHHbIX nporeccoB u mpasmiaamu AI'K 5.

AgsTop BhIpaxkaer OiarogapHocts CaHKT-IleTepOyprckoMy rocygapCTBEHHOMY YHUBEPCUTETY 3a
JCCIIeOBaTeIbCKIUI ITPpoeKT 103821868.
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V.A. Abramovsky, N.V. Abramovskaya and N.V. Evstigneeva, International Journal of Modern
Physics A 31, 1645013 (2016).

7. V.N. Kovalenko, A.M. Puchkov, V.V. Vechernin, D.V. Diatchenko, IEEE Xplore, IEEE Conference
Publications, 7354853; arXiv:1506.04442 [hep-ph] (2015).

Employing Monte-Carlo codes for muon capture experi-
ments

Author: Abdullah Shehada’

Co-author: Dania Zinatulina ’

! Joint Institute of Nuclear Research
Corresponding Author: shikhada@jinr.ru

This study employs the Monte Carlo code MCNP6 to simulate the behavior of a negative muon beam
(4.2 MeV, 30,000 p/s) as it interacts with the experimental setup of the OMC4DBD (Ordinary Muon
Capture for Double Beta Decay) campaign, featuring a BaCO3 target (95% Ba-136 enriched) and
surrounding scintillators (C0-C3). The simulation tracks muons from the beam entrance, through
attenuation in scintillators, to interactions at the target and beyond, including decay into electrons
and secondary particle production. Results reveal a 34% reduction in muon beam intensity, attributed
to 25% attenuation in scintillators and 9% decay into electrons, consistent with a muon lifetime of
~2.2 ps and material interactions.
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Towards understanding of enhanced production of strange parti-
cles in nucleus-nucleus interactions at high energies

Author: Vladimir Uzhinsky’

Co-authors: Aida Galoyan ?; Nikita Chalyi

U LIT JINR
% VBLHEP jINR

* National Research Tomsk State University
Corresponding Author: uzhinsky@jinr.ru

Recently, the NA61/SHINE collaboration published experimental data on the production of 7+ and
K ¥ mesons in central ** Ar + 4°Sc interactions at variouse energies. The collaboration compared its
results with calculations of the theoretical Monte Carlo models — EPOS 1.99, PHSD 4.1 and SMASH
2.1.4. It turned out that none of these models reproduces the data in full. All models significantly
underestimate the yields of K+ and K~ mesons by a factor of ~ 2. In this paper, an attempt is
made to describe the yields of K+ and K~ mesons within the framework of the quark-gluon string
model implemented in the DCM program — Dubna Cascade Model. According to this model, strings
formed between the “sea” quarks and antiquarks of colliding nucleons should be dominated in central
nucleus-nucleus interactions . To achieve an agreement with the experimental data, it is necessary
to assume that strange quarks and antiquarks dominate among the “sea” quarks and antiquarks.
The probability of finding a pair of strange quark — strange antiquark is 72 \%! This value seems
unrealistic. It may be related to an incorrect implementation of the quark-gluon string model in
the DCM. It is of interest to obtain the corresponding predictions of the modern EPOS and QGSJET
models.

Diquark role in large pr baryon and multiquark exotic state pro-
duction with in pp- and dd-collisions

Authors: Andrei Zelenov!; Victor Kim*

! Petersburg Nuclear Physics Institute of NRC “Kurchatov Institute”
Corresponding Author: azelenov96@gmail.com

Scalar diquark model of proton improved by parton intrinsic transverse momentum in hadrons is
able to describe the strong scaling violation in proton production large transverse momentum p_L
within perturbative QCD with higher twists in a wide energy range: Vs = 11.5 GeV at U70 (NRC
KI—IHEP, Protvino), vs = 23.4 GeV at Tevatron (FNAL, Chicago), and Vs = 62 GeV at ISR (CERN,
Geneva) is presented. Estimates for the production of tetraquark exotic states formed by scalar
diquarks for the SPD experiment at the forthcoming NICA collider (JINR, Dubna) have been ob-
tained.

1. L. V. Laperashvili, “Dynamical role of diquark in proton inclusive production”, Yad. Fiz. 35,
742-747 (1982).

2. S. Ekelin and S. Fredriksson, “Large pT protons from constituent diquark scattering”, Phys. Lett.
B 149, 509-513 (1984).

3. V. T. Kim, “Diquarks and dynamics of large p(t) baryon production”, Mod. Phys. Lett. A 3,
909-916 (1988).

4. V. T. Kim, AV. Zelenov, “Diquarks for large p(t) baryon production at high energy pp-collsions”,
Phys. Part. Nucl. Lett. 22, 213-218 (2025).
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Modelling *’Ne-?’Ne collisions at the LHC

Authors: Ekaterina Vasyagina'; Savva Savenkov'; Alexandr Svetlichnyi'; Igor Pshenichnov'

! Institute for Nuclear Research of the Russian Academy of Sciences, Moscow, Russia; Moscow Institute of Physics and
Technology, Dolgoprudny, Russia

Corresponding Author: astrakty@inbox.ru

The studies of 20Ne-20Ne collisions are included in the system-size scan program at the LHC 1 to
explore the origin of the collectivity in the overlap region of light colliding nuclei. Nuclear matter
outside the overlap remains relatively cold and forms spectator matter. Spectator nucleons and frag-
ments propagate at small angles to the beam direction and thus can be registered by Zero Degree
Calorimeters (ZDC) 2. It is expected that the yields of spectator fragments depend on the structure
of the ground state of colliding nuclei. In particular, the fragmentation of 160 has been found sen-
sitive to the presence of the alpha-clustered states in 160 3. The exact density profile of 20Ne is still
under discussion, but significant contributions of clustered states are reported by several authors
[4,5]. Therefore, a proper modelling of ZDC signals from 20Ne-20Ne collisions at the LHC requires
areliable model to calculate the yields of spectator fragments and their momenta taking into account
the clusterization in 20Ne.

In this work, 20Ne-20Ne collisions at the LHC were simulated by means of Abrasion-Ablation Monte
Carlo for Colliders (AAMCC) model 6 with MST-clustering [7,8]. The nuclear density of 20Ne was
parameterized either as a deformed Wood-Saxon profile or as an alpha-clustered bi-pyramid 4. The
results of AAMCC were compared first with available experimental data on Ne fragmentation at
lower energies [9,10]. The contribution of clustered configurations in neon nuclei was estimated.
Then, 20Ne-20Ne collisions at vsNN = 7 TeV were simulated to calculate the yields of spectator
nucleons and various nuclei as spectator fragments and their transverse momentum and pseudo-
rapidity distributions. The relation between the yields of spectator neutrons, protons and 4He was
considered as a possible probe of intranuclear clustering. The obtained results can help in evaluating
the performance of ZDC in future 20Ne-20Ne runs at the LHC.

1 R. Alemany Fernandez, PoS, 478, http//doi.org/10.22323/1.478.0335

2 G. Puddu et al., NIM A, 581 (2007) 397

3 A.Svetlichnyi et al., Physics, 5 (2023) 381

4 R. Bijker, F. Iachello, NPA 1006 (2021) 122077

5Y. Yamaguchi et al., PRC 108 (2023) 014322

6 A. Svetlichnyi et al., Bull. RAS:Phys, 84 (2020) 911

[7] R. Nepeivoda et al., Particles 5 (2022) 40

[8] E. Vasyagina et al., PEPAN Lett., 2024, in print

[9] C. Zeitlin et al., PRC, 83 (2011) 034909

[10] N. Abd-Allah, M. Mohery, Czech. J. Phys., 51 (2001) 1189

N3ockasipHbIe AUOapUOHbIE COCTOSIHUA HA mopore NN*

Authors: Esrenuin HOpOIHKeBI/I'-Il; TarpaHa CKopoanol; Xaitai Kinement?

' AW PAH

* Twbunzenckutl ynusepcumem, [epmanus
Corresponding Author: eugene.doroshkevich@gmail.com

B mokmame obcy)kmaeTcss ONMH M3 CIIOCOOOB OIpemeseHNs M30CKAIAPHOTO CeUueHMs POKIECHIUI
muoHoB B NN paccesHmm.  9ra 4YacTh IIOJHOTO CeueHNMSI He MOXKeT OBbITh IIOJlyueHa B
NPSAMBIX M3MEPEHMAX, HO €CTh COOTHOILIEHNE, CBA3bIBAIOIIlEe M30CKAIAPHYIO YacTh C APYTUMU
KOMIIOHEHTaMIU ITOJTHOTO CeUeHMsS Ha OCHOBe COXpaHeHMS M30CNMHA. V3 sKcIepuMeHTaIbHBIX
JaHHBIX IIOJIyde€Ha Pa3HOCTh MEXAY CEUEHMEM OJHOIMOHHOTO POXAEHUSI CO CMELIaHHON
CMMETpMEN U M30BEKTOPDHBIM CedeHMeM. B sHepreTmueckoil 3aBMCHMOCTI M30CKAJIIPHOTO
ceueHMs] HABGIIIOAETCS PE30HAHCONOAO0HAs CTPYKTYpa ¢ MaKCUMYMOM B TOUuKe /s = 2315 MaB
U IIMPUHOIL mopsaaka 150 MaB 1. Emte oqHO MOATBepKAEHNE 9TOTO Pe3yIbTaTa ObLI0 IIOIyUeHO B
MCCIeNOBaHUAX MapIUalbHbIX CEUEHUIA.
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1 H.Clement, E.Doroshkevich, and T.Skorodko Phys.Rev.C 106 (2022) 6, 065204

Direct extraction of vector-meson-production amplitudes from
experimental data

Author: Serguei Manaenkov'

! B.P. Konstantinov Petersburg Nuclear Physics Institute of National Center “Kurchatov Institute”

Corresponding Author: manaenkov_si@pnpi.nrcki.ru

The Ji sum rules 1 permit to calculate contributions of quarks and gluons to the nucleon spin using
the generalized parton distributions (GPDs).

This solves the spin-crisis problem. In order to obtain GPDs from experimental data on vector-meson
production (VMP), helicity amplitudes of the process are needed. In the present work, the amplitude
method (AM) is discussed 2, which is direct extraction of the helicity-amplitude ratios from angular
distributions of final particles normalized to unity. The AM is compared with the standard method
of spin-density matrix-element (SDME) extraction (SDME method). It is shown that the angular
distribution of the final particles from the vector-meson decay is non-negative for any non-zero
amplitudes 3.

The non-negativity is absent for the SDME method but this property is important for application
of the maximum likelihood method of data treating. The exact formulas for the helicity-amplitude
ratios in terms of the SDMEs for spinless targets are presented 4. It is argued that these formulas
are applicable to VMP on the unpolarized nucleons if unnatural-parity-exchange amplitudes and
nucleon-spin-flip amplitudes are much smaller than natural-parity-exchange amplitudes without the
nucleon spin flip 3. It is argued and illustrated with examples that the SDMEs (especially “polarized”
ones) calculated with the amplitude ratios obtained in the AM have experimental errors smaller than
those extracted by the SDME method [2, 5]. The new approximate formula for the longitudinal-to-
transverse cross-section ratio for the VMP is discussed [3, 4].

References

1. X. D. Ji, Phys. Rev. Lett. 78 610 (1997).

2. A. Airapetian et al. (HERMES Collaboration), Eur. Phys. J. C 71 1609 (2011).
3. S.I. Manaenkov, Phys. of Atomic Nuclei 87 505 (2024).

4. S.I. Manaenkov, Phys. of Part. and Nucl. Lett. 21 34 (2024).

5. A. Airapetian et al. (HERMES Collaboration), Eur. Phys. J. C 77 378 (2017).

Dijets with large rapidity separations at the next-to-leading BFKL
for search of new physics at colliders

Authors: Anatolii Egorov1 ; Vadim Oreshkin'; Victor Kim?; Victor Murzin'

! Petersburg Nuclear Physics Institute of NRC «Kurchatov Institute»
? Petersburg Nuclear Physics Institute of NRC “Kurchatov Institute”

Corresponding Author: egorov_aiu@pnpi.nrcki.ru

Search for the large extra dimension gravity at collider energies is considered in transplanckian
regime [1-3], i. e. when VE> \/jf, Mp. Here § and # are the Mandelstam variables of colliding
parton-parton system and Mp is the Planck mass scale in the space-time with compactified D ex-
tra large dimensions. The main observable of the large extra dimension gravity in transplanckian
regime is the high mass (M;; ~ V'3 > Mp) dijet production with large rapidity separation. In
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the transplanckian regime the Gribov-Regge limit of QCD (\/§ > \/jf) is the main source of the
standard model background. The calculation of the QCD background should be done within the
next-to-leading logarithmic (NLL) approximation formalism by Lipatov, Fadin, Kuraev and Balitsky
(BFKL) [4-7]. In this work the signal of the large extra dimension gravity as well as the NLL BFKL
QCD background are estimated for the high luminosity (HL) LHC and future colliders such as FCCpp
and CEPCpp.

1. Arkani-Hamed N., Dimopoulos S. and Dvali. G., Phys. Lett. B 429, 263-272 (1998)

2. Giudice G.F., Rattazzi R. and Wells J.D., Nuclear Physics B 630, 293-325 (2002)

3. Kim VT, Oreshkin V.A., Nucl.Phys.B Proc.Suppl. 219-220, 235-238 (2011)

4. Brodsky S.J., Fadin S.V., Kim VT, Lipatov L.N. and Pivovarov G.B., JETP Lett. 70, 155-160 (1999)
5. Caporale F., Ivanov D.Yu., Murdaca B. and Papa A., Phys. Rev. D 91, 114009 (2015)

6. Ducloué B., Szymanowski L. and Wallon S., Phys. Rev. Lett. 112, 082003 (2014)

7. Egorov A.Iu., Kim VT, Phys. Rev. D 108, 014010 (2023)
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clear astrophysics

HenrpuaHasa dusuka u TaJLJINI copep Kalue
CHMHTWUISIIMOHHDbIE JeTEeKTOPhI

Authors: Anexkcanmp NInxuu'; Anvas dasmmaxmerTos’; Amnppeit CI/IHOpeHKOBl; Bagpro Hy6caHJ10p>1<meBl;
Bnagumup Fapur’; Imutpuit Boporns'; Hukura Yirakos'

' UAn PAH
? AW PAH, HUIL] "Kypuamoeckuii uncmumym”

Corresponding Author: fazliakhmetov@phystech.edu

CUMHTIWUIATOPBI,  COJep’Kalliye TaJUIMl, IIPEeJOCTABIAIOT HOBBIE BO3SMOXXHOCTU OIS
9KCIIEpUMEHTOB B o0sacTyt 3Ky HelTpuHO. B mokianme o6cyskgaeTcs IepCrieKTyBa CO3TaHms
KOMITaKTHBIX HIM3KO(OHOBBIX HEMTPMHHBIX NETEKTOPOB, OCHOBAHHBIX Ha BBICOK03((EKTUBHBIX
7 GBICTPOMEICTBYIOIUX Heopranmueckux cumHTmuiaropax GAGG(Ce). Bricokoe comepskaHue
rauiMs B TakoM MaTepuaie (OKoJo 21% II0 Macce) BKyIle C BBICOKMM CBETOBBIXOZOM
cuuHTILIATOpa (40000-60000 oTOHOB Ha M3B) MO3BOISIET UCIIONB30BATE €TI0 B IKCIEPMMEHTAX
I10 TPOBEpKe «TLIMEBOI aHOMAIMI» ¥ IIOVCKA CTEPVIIBHBIX HENTPMHO 1.

ITpucyTcTBME 3HAUMTEIBHOTO KOJMYECTBA TaJOJIMHNS, HApARy C TajulieM, AejlaeT BO3MOXKHBIM
IpoBefleHNe MHOTO3aJaYHbIX 3KCIEPUMEHTOB C JICIIONb30BaHMEM 3TOTO CHMHTUIUIATOPA, B
YaCTHOCTH, IIapajljIesIbHO MCKAaTh IIPOIlecC [BOMHOro Ge3HeiTpmHHOrO Oera-pacmama B 160Gd
2.

1 Testing the gallium anomaly. Patrick Huber // Phys.Rev.D 107 (2023) 9, 096011

2 First Study of the PIKACHU Project: Development and Evaluation of High-Purity
Gd3Ga3Al12012:Ce Crystals for 160Gd Double Beta Decay Search. T. Omori et al. // Progress of
Theoretical and Experimental Physics 2024(3)

CIIeKTpI)I aHTMHeﬂ[TpMHO YpaHa M IUIYTOHUMA AOEPHOro
TOILJINBA
Author: Banepuit Cumes’

Co-authors: Apremuit Bnacenko ?; Ilasen Anbsxes *; [lerp Haymos ?; Ceernana Unrepman

! Hnemumym sdeproii pusuxu PAH, MUDH
* MUDU

3 Unemumym sdepubix uccredosanuti PAH
Corresponding Author: vvs57@mail.ru

CrieKTpbl aHTMHETPUHO NeJISIINXCS 9JIEMEHTOB TPeOYIOTCS AJIS TOUHOTO NpeicKa3aHys CIIeKTpa
OT SIAEPHOTO PeaKTopa, YTO HEOOXOAMMO IIPY IIPOBENEHUN IKCIIEPIMEHTOB B IIOTOKE PEAKTOPHBIX
AHTUHENTPUHO. PazpaboTaH MeTOX OTpefeeHNs CIIEKTPOB UeThIPeX M30TOIIOB SIEPHOTO TOTLINBA
(U, U, “Pu, "Pu) mo pesynbraraM IpAMOTo u3MepeHus. IlapalielbHO 3TO IIO3BOJAET
MCCIIeJ0BaTh CXeMBbI OeTa-pacrajoB aaep, YAaIeHHbIX OT JIMHNK OeTa-CTabMIBHOCTIL.
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Status and perspectives of the vGeN neutrino experiment at
Kalinin NPP

Author: Alexey Konovalov'

' LPIRAS
Corresponding Author: akonovalov.neutrino@gmail.com

The vGeN experiment aims for a measurement of coherent elastic scattering of reactor antineutrinos
off germanium nuclei and performs a search for electromagnetic properties of neutrinos. The latest
results from the experiment as well as plans of the setup upgrade are presented.

The study was supported by the Russian Science Foundation (project no. 24-72-10089).

Status of Neutrino4+ setups at SM-3 reactor

Author: Anatolii Serebrov’

Co-authors: Anatolii Vasiliev %; Andrey Gerasimov 2. Dmitrii Yakimov ?; Mikhail Zaytsev 5 Nikolay Gruzinsky z,
Nikolay Voropaev 2. Rudolf Samoilov 2; Sergey Volkov 2. Viktor Fedorov *

' NRC “Kurchatov Institute” - Petersburg Nuclear Physics Institute
% NRC “Kurchatov institute” - PNPI
* Dimitrovgrad Engineering and Technological Institute MEPhI

Corresponding Author: samoilov_rm@pnpi.nrcki.ru

The Neutrino4+ setups are designed to search for light sterile neutrinos. In the Neutrino-4 experi-
ment, an oscillation effect was observed at a confidence level of 2.7 1, which is in good agreement
with the gallium anomaly and the results of the BEST experiment 2, but contradicts the latest con-
straints on the oscillation parameters obtained in the STEREO 3 and PROSPECT 4 experiments.
First neutrino laboratory was significantly modernized, and a second neutrino laboratory and a new
setup for testing the oscillation effect at a precision level 3 times higher have been created. Data
taking in the modernized laboratory started in 2024. Current status of both setups and first results
are presented.

Sterile neutrinos do not interact with Standard Model particles, but due to mixing with active neutri-
nos they can be detected through the oscillation effect in disappearance experiments. By measuring
the antineutrino spectrum at different distances from the source, it is possible to find the oscillation
parameters to a sterile state by changing the shape of the spectrum.

In the setups background suppression techniques are realized, which allow to measure the spectrum
of reactor antineutrinos on the Earth’s surface: a scintillator with an increased concentration of
gadolinium, an additive of diisopropylnaphthalene to pulse shape discrimination, segmented active
shielding, a sectioned detector with horizontal sections and photomultipliers at both ends of each
section.

The study was supported by the Russian Science Foundation, grant Ne 24-12-00091.

1. A.P. Serebrov, R.M. Samoilov, V.G. Ivochkin, A.K. Fomin, V.G. Zinoviev, P.V. Neustroev, V.L.
Golovtsov, S.S. Volkov, A.V. Chernyj et al. Phys. Rev. D 104 (2021).

2. V. V. Barinov, S. N. Danshin, V. N. Gavrin, V. V. Gorbachev, D. S. Gorbunov, T. V. Ibragimova, Yu.
P. Kozlova, L. V. Kravchuk, V. V. Kuzminov et al. Phys. Rev. C 105, 065502 (2022).

3. H. Almazan, L. Bernard, A. Blanchet, A. Bonhomme et al (STERO collaboration). Nature volume
613, 257-261 (2023).

4. M. Andriamirado, B. Balantekin, C. D. Bass, O. Benevides Rodrigues et al (PROSPECT collabora-
tion). arXiv:2406.10408v1
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HoBbie B03MO>KHOCTI ﬁOI[HOI‘O AE€TEKTOpa IIpu permcrpannum
YCKOPUTEJIbHBIX 11 COJTHEUHBIX Hel‘;ITpI/IHO

Authors: IOpnit Jrorocranckuit'; Anmas Pasnmaxmeros’; I'puropmnit KOpOTeeBZ; Aunexceit OcumeHko’; Buxtop
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Corresponding Author: lutostansky@yandex.ru

HepmasHo B HaumoHanpHOIt jabopatopuu B Ox-Pummxe (Oak Ridge National Laboratory USA)
C TIOMOIIBI0 JleTeKTopa Ha ocHoBe msortoma '27I BrepBble GBITO M3MepEHO CedeHNe 3axXBaTa
HEeNTPUHO OT yckopuTes SNS ¢ sneprueii ot 10 mo 55 MaB [1, 2]. Won siBysteTcst OMHOI U3 CAMBIX
TSDKEJIBIX MULIIEHEN, I KOTOPBIX ObLIN M3MepeHbl Hu3KosHepretndeckue (< 50 MaB) Heynpyrue
IIPOLIECCHI HEMTPMHO-IAEPHBIX B3alIMOMAEVICTBUI, ¥ 3TO IE€pBOE M3MEPEHNE €r0 MHKIIO3MBHOTO
ceueHns. HeoOXommMo OTMeTHUTH, YTO paHee aBTOpaMy OBLIO IIPEJIOKEHO MCIIONb30BATh JIOXHBII
IOETEKTOp IS M3MepeHNs COTHEUHbIX HEeTPUHO [3, 4].

CIieKTp yCKOPUTEIbHBIX HEMITPIHO ropasno 6oee xectkuiit (1o ~ 50 MaB), ueM CIIeKTp COTHEUHBIX
HeNTpUHO (10 ~ 20 MaB), 1 3T0 Ipeanonaraer 3HaHNe CIIEKTPA 3apsI{0BO-00MEHHbIX BO30Y KIeHIIT
u cunosoit pyrkuuu S(E) no sHepruit, KoTopble paHblile He YUUTHIBAINCH HU B 9KCIIEPMMEHTAX,
HI B pacuerax. IlpercraBieHHBIe pacueThbl IOKA3bIBAIOT, UTO BBIIIIe M3BECTHBIX aHAJIOTOBOTO
n F'amoBs-Tenneposckoro pesonancos (06o3naunm AP-1 m I'TP-1) qoypKHBI OBITH PACIOIOMKEHBI
nBoitable pe3oHaHchl AP-2 u I'TP-2, cBI3aHHBIE C OJHOUACTIYHBIMI IIEPEX0JaMI uepe3 000I0UKY
C M3MEeHEeHMsAMM [JIaBHOTO KBaHTOBOrO umcia An = 1.

PaccunThiBaeTCs pe30HAHCHAS CTPYKTypa 3apsaoBo-06MeHHoI cuitoBoit Gyukuuu S(F) ¢ yuerom
BBICOKOJIEKAIINIX PE30HAHCOB U €€ BIMIHIE Ha CeYeHUs 3aXBaTa yCKOPUTEIbHBIX M COMTHEUHBIX
ueirrpuno o(E) sapom 1271 lpoananuauposano Biusume pesonanca [TP-1 u, Tesaliero Bbiire
I'TP-2 Ha sHepretuuecky 3aBucuMocth o(FE). Takke Ui yCKOPUTENHHBIX HEATPUHO BIIEPBbIE
YUTEHO BIUSHIE BBICOKOJIEKAIIMX aHasorosoro AP-2 pesoHanca.

1. P. An, Awe C., Barbeau P. S., et al. Phys. Rev. Lett. 131, 221801 (2023).
2. Matti Hellgren and Jouni Suhonen. Phys. Rev. C 109, 035802 (2024).

3. Yu. S. Lutostansky, N. B. Shul’gina. Phys. Rev. Lett. 67, 430 (1991).

4. Yu. S. Lutostansky, A. N. Fazliakhmetov, G. A. Koroteev, N. V. Klochkova, A. Yu. Lutostansky, A.
P. Osipenko, and V. N. Tikhonov. Physics Letters B, 826 (2022) 136905.

Theoretical modeling of pp collision-induced neutrino emission
from astrophysical sources

Author: Ji-Hoon Ha'

! Korea Space Weather Center, Korea AeroSpace Administration
Corresponding Author: hjhspace223@gmail.com

Understanding the origin of high-energy astrophysical neutrinos is one of the key challenges in
modern multi-messenger astronomy. In this study, we present a comprehensive theoretical model to
estimate the neutrino flux from various astrophysical sources, including starburst galaxies 1, galaxy
clusters 2, and supernova remnants (SNRs). Our approach is grounded in diffusive shock acceleration
(DSA) theory, through which we calculate the energy spectrum of cosmic-ray protons accelerated
at shock fronts within these environments [3,4]. These high-energy protons are assumed to inter-
act with ambient matter via inelastic proton-proton (pp) collisions, producing charged pions that
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subsequently decay into neutrinos. By incorporating realistic astrophysical parameters and envi-
ronmental conditions for each source type, we evaluate the resulting neutrino energy spectra and
fluxes. The analysis shows that, for extragalactic sources such as starburst galaxies and galaxy clus-
ters, the predicted neutrino fluxes are below the current detection thresholds of existing neutrino
observatories like IceCube and KM3NeT [1,2]. However, in the case of SNRs within our Galaxy,
while individual sources may still produce weak neutrino signals, the cumulative signal from multi-
ple remnants analyzed through stacking techniques could yield detectable signatures. This suggests
that SNRs remain promising targets for neutrino detection efforts. Our findings highlight the impor-
tance of source selection and observational strategies when searching for astrophysical neutrinos
and provide theoretical guidance for future observations and mission planning in the era of multi-
messenger astrophysics.

1. Ha, J.-H., Ryu, D., Kang, H., The Astrophysical Journal, 907, 26 (2021)
2. Ha, J.-H, Ryu, D, Kang, H., The Astrophysical Journal, 892, 86 (2020)
3. Ha, J.-H., Astrophysics, 67, 330 (2024)

4. Ha, ]J.-H., Astrophysics and Space Science, 370, 27 (2025)

Dynamo and oscillation effects in supernova neutrino spec-
tra

Authors: Azamat Saimuha'; Vladimir Kondratyev2

! Eurasian National University
2 JINR

Corresponding Author: vkondrat@theor.jinr.ru

The neutrino dynamics in hot and dense magnetized matter corresponding to a supernova explo-
sion is considered. It is shown that accounting for fluctuations during interaction of neutrinos with
matter leads to the Fokker-Planck equation for the dynamics of the phase space distribution func-
tion. The additional to the energy transfer effect component of the kinetic equation is determined
by straggling in neutrino collisions with a magnetized nucleon gas caused by the neutral current
Gamow-Teller interaction. When accounting for the effect of fluctuations, the switching of accel-
eration and deceleration modes of neutrino dynamics remains for average energy. The effect of
fluctuations leads to an additional increase in the hardness of the neutrino spectra. It is shown that
the high-energy component of the electron antineutrino flux is enhanced in addition due to the ef-
fect of neutrino oscillations. Such an increase in the high-energy component of the spectrum is
especially noticeable in the case of the inverted mass ordering and makes the signal more registra-
ble by ground-based detectors. The possibilities of detecting supernova neutrinos by KM3NeT and
Baikal-GVD observatories are discussed.

Simulation of the background from 3C(q, n)!°O reaction in the
JUNO scintillator

Author: Maxim Gromov'
! SINP MSU, JINR
Corresponding Author: gromov@physics.msu.ru

The Jiangmen Underground Neutrino Observatory (JUNO), a large-scale organic liquid scintillator
detector, will begin data collection this year. JUNO’s primary and ultimate goal is to determine the
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neutrino mass ordering. To answer this fundamental question, the fine structure in the oscillated re-
actor antineutrino energy spectrum must be resolved. This experimental approach requires serious
efforts in background reduction of the target liquid scintillator and then precise monitoring of its
residual radioactivity. Antineutrinos are detected through the inverse beta decay reaction, so one
possibly significant background is the (v, n) reaction, which occurs on '3C nuclei. The sources of the
« particles are the decays of intrinsic contaminants such as 238(y, 232Th, 210pb/210Pg and their daugh-
ters. The (o, n) background evaluation was performed in two steps, namely *C(a, n)!°0 reaction
modelling and simulation of the detector response. The open source Geant4-based software SaG4n
was used for the first step, calculating the expected energy depositions from the neutron, associated
de-excitation products and the « particle propagating in the medium until the (o, n) interaction oc-
curs. This data was the input for the second step of the calculation, when all the produced particles
were run with a new event generator and tracked in the JUNO detector within a dedicated Monte
Carlo simulation package. Expected (o, n) background event rates and respective energy spectra
have been obtained for all « particle sources (>33U and 23?Th chains and 2'°Pb/?'°Po), consider-
ing JUNO’s predicted radioactivity concentration. Corresponding uncertainties were also evaluated.
Finally, it is important to note that the simulation pipeline and its outcomes are applicable and rele-
vant to other organic liquid scintillator neutrino detectors and may be useful in direct detection dark
matter experiments.

Excitation of the Glashow resonance without neutrino
beams

Author: Ibragim Alikhanov'

! North-Caucasus Federal University, Russia

Corresponding Author: ialspbu@gmail.com

The s-channel process v.e~ — W™ (on-shell), usually referred to as the Glashow resonance, is
now being searched for at kilometer-scale neutrino ice/water detectors like IceCube, Baikal-GVD or
KM3NeT. After over a decade of observations, IceCube has recorded only a few relevant neutrino
events such that further exploration yet remains necessary for unambiguous confirmation of the
existence of this resonant interaction 1. Meanwhile, its experimental discovery would provide an
additional important test of the Standard Model. In view of this, one might ask: are there reactions
with the Glashow resonance that would not necessitate having initial (anti)neutrino beams? We
suggest a positive answer to the question - the process could proceed in electron-positron collisions
at accelerator energies, occurring, for instanse, as ete™ — W™ p(770)". Although the resonance
appears somewhat disguised, the underlying physics is transparent and analogous to the well known
radiative return: emission of p* from the initial state converts the incident e* into 7,. Likewise,
the CP conjugate channel, v.e™ — W, takes the form ete™ — W p(770)". Similar reactions
with other mesons and leptons are also possible. Future high-luminosity lepton colliders seem to
be promising for excitation of the Glashow resonance in laboratory conditions. More details can be
found in 2.

1. M. G. Aartsen et al. [IceCube Collaboration], Nature 591, 220 (2021).
2. 1. Alikhanov, arXiv:2504.02820.
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SKCIICPI/IMCHTaJII)HI)Ie IIOMCKMN COTHECUHBIX AaKCIIOHOB

Author: Anexcaunp Jep6un’

' HHI] «Kypuamosckuii uncmumymy - [THAD
Corresponding Author: derbin_av@pnpi.nrcki.ru

Axcuonsl peraior npobiemy orcyrctBus CP-HapylileHuss B CUJIBHBIX B3aMMOIEVICTBUSIX M
SIBJISIIOTCSL  XOPOIIIO MOTHMBMPOBAHHBIMY KaHOMOATAMM Ha POJb UYACTUII TEMHON MaTepuu.
Cy1iiecTBoBaHIE aKCMOHOB MOIJIO OBl OOBSCHNUTDH CIVIIKOM OBICTPOE OXJaKIEHNE HEKOTOPBIX
3Be3]] ¥ aHOMAJIBHYIO IIPO3pauHOCTh BeeeHHoT muist ToB-HbIX raMMa-KBaHTOB.

VHTeHCHBHBIE IIOTOKM AaKCUMOHOB MOTYT pokmarbcsi B CONHI[E B LIEJIOM psife IIPOLIECCOB.
O’XMgaeMbplil 9HEPreTUMUECKNIT CIIEKTP COJHEUHBIX aKCMOHOB, IOLOOHO CIIEKTPY COJHEUHBIX
HENTPUHO, COHEPXXUT KaK HENpPepBIBHY UacTh, TaK I MOHOXpOMAaTUYEeCKUe JIMHNMN.
HemnpepsIBHBII CIIEKTP MMEIOT aKCMOHBI, KOTOpble BO3HMKAIOT IpM KOHBepcuyu (POTOHOB B
9JIEKTPOMATHUTHOM ITOJI€ ILIA3MBl, 4 TAK)Ke aKCUOHBI, PO’KIAIOIINECS KAaK TOPMO3HOE U3JyUeHIE,
B KOMIITOHOBCKMX I B aTOMHBIX IIpoljeccaX. MoOHOXpoMaTuueckye aKCUOHBI MCIYCKalTCs
B sfepHBIX peakuuax pp-uermoukyu u CNO-mumkia, M B MarHUTHBIX IIepeXOfax B sapax,
HM3KOJIe)KAIlMe YPOBHYM KOTOPBIX BO30OYI)KHAIOTCSA 3a CUET BBICOKOI TEMIIEPATYphl B LIEHTpE
ComHiia.

Perucrpanmst akCMoHOB OCHOBaHA Ha 3¢ (eKTMBHBIX KOHCTAHTaX CBSI3U aKCUOHOB € (OTOHAMU,
9JIEKTPOHAMI U HYKJIOHaMU. B HoKiIae IprBOASTCS OKMIaeMble IIOTOKM ¥ CIIEKTPBI COTHEUHBIX
AKCIOHOB, 6a3MCHbIE peaKIMy POXKAEHVSI M PETVMCTPALI aKCUOHOB, IIPeICTaBlIeHbl OCHOBHBIE
pe3yJIbTaThl IIOMCKA aKCUMOHOB ¥ aKCUOHO-IIOXOOHBIX yacTuil. DBosiee mogpoGHO 00CYyKIaroTCs
9KCIIEPUMEHTBHI 110 OOHAPYKEHNIO PE30HAHCHOTO IIOTJIOIIEHSI COJTHEUHBIX AKCOHOB aTOMHBIMU
SpaMy U aKCHO3JIEKTPUUECKOoro 3¢dekra B aToMax, BHIITOIHEHHBIE B JIAGOPATOPUSIX.

Pa6ora mogneprxana rpanrom PHO - Ne 24-12-00046.

3aBucAmIMEe OT IUIOTHOCTM TUIIEPOHHBIE B3aMMOJENICTBUA B
HEMTPOHHBIX 3BE3aX

Authors: Apryp Hacaxun'; Imurpuit Jlarckoit’; Cemerr Muxees'; Tatbana Tperbsaxosa’

Hayuno-uccrnedosamenvekuii. uncmumym sdepHot ¢usuku umenu J.B. Ckobemvyvina, MIY umenu M.B.
Jlomornocosa

2 o
Qusuueckuil paxymvmem, MI'Y umenu M.B. JIomoHocosa

* dusuueckuti paxynvmem, MY umenu M.B. Jlomonocosa; O6vedunennviii Hncmumym Sdephvix Hecredosanui

Corresponding Author: semenmihey@gmail.com

Mmuorouactuunsie 3¢¢dextsr B ¢opmannsme cuia Ckupma MOryT OBITH BBEJEHBI B BUE
3aBUCUMOCTY OT IJIOTHOCTM VIV TPOVHBIX cyul. OHU ABJIAIOTCA

HEOTHEMJIEMOIl UACTHIO OMMCAHMS TUIIEPOHHBIX B3AaMMOMENCTBUII M UTPAIOT OCODEHHYIO POJIb
B HEMITPOHHBIX 3Be€3[JaX M3-32 Ype3BbIUAIHO BBICOKMX IIJIOTHOCTEN, HEOOCTVKMMBIX B 3€MHBIX
YCIOBUSAX.

Ms1 n3yuaeM BIMAHME Pa3INUHBIX ACIIEKTOB MHOTOUACTMYHBIX 3((EKTOB Ha XapaKTepUCTUKU
HETPOHHBIX 3BE3J, TaKNe KaK MX Macca, pagnyc 1 npuinsHas gedpopmupyemocts. B uactHocTH,
ITOAPOOHO MCCIIEAYEeTCs 3aBMCUMOCTh XapaKTEPUCTUK HENTPOHHBIX 3BE3I OT IapaMeTpa Y B
3aBucuMocTu AN -B3auMOfeliCTBUS OT HyKJIOHHOII IUIOTHOCTH p ;. PaHee MBI 1€ MOHCTpUPOBAIIL,
uTO [00aBJIEeHIE 3aBUCUMOCTY OT HYKJIOHHOM IutoTHOCTU B AA-B3ammopericTBie He IIPUBOINUT
K CTOJIb Xe CUIbHBIM 3(ddekram, kak B AN-B3anmopeiictBun 1. V3BecTHbIE IapaMeTpU3aIn
Cxupwma mast AN -B3anmopeiicTus ¢ 7 < 1 obecreunBaroT Gostee MATrKMe ypaBHEHNS COCTOSHUS U
MeHBIIIVe MacChl HENITPOHHBIX 3Be3[, UeM Te, y KOTOphIx ¥ = 1 2. OgHaKo MBI IOKa3bIBAEM, UTO
3TO He 0053aTeNbHO TaK, U TapaMeTPU3aLiI ¢ MEHBIINM 3HAUEHIEM 7y MOTYT IIPUBOANTSE K GoJtee
JKECTKUM YpaBHEHVSIM COCTOSTHMS. MsI Takke cpaBHuBaeM AN -Cyuibl, 3aBUCSIIINE OT TUIOTHOCTI,
¢ tpoitabiMu AN N-cunamu, KOTOpble B HEMTPOHHBIX 3BE3[aX MPUBOIAT K Oojiee MATKOMY
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YPaBHEHUIO COCTOAHNMA BBUOY BospaCTanmeﬂ C IIOBBIIIE€HMEM IIJIOTHOCTIM POJIBIO IIPpVMTHIMUIIA
Haym/[. Taxke TpOf/IHbIe CIJIbI B HEKOTOPBIX CiIydadX MOTYT OKa3bIBaTh 3HAUWTEIDBHOE BIIMAHIIE
Ha XMUYECKIUI COCTaB 3BE3IbI.

VccnemoBaHue BBIIIOJIHEHO 3a cUeT rpaHTa Poccuiickoro HayuHoro ¢poHIa
Ne 24-22-00077.

1. C.A. Muxees, [I.E. Jlauckoit, A.W. Hacaknu, T.10. TperssixoBa, Mssectus PAH (2025), npuusra
K IyOIMKaIIu

2. S. Mikheev, D. Lanskoy, A. Nasakin, T. Tretyakova, Particles 6, 847-863 (2023).

BHyTpeHHAs Kopa HEWUTPOHHON 3Be3[bl: BBICOKOTOUYHAasA
KaIleJIbHas MOJeJIb

Author: AW Yyrynos'

Co-authors: M.E. I'ycakos L. H. Illamens %; H.A. 3emnskos '; H.H. Meunnmu 2

' OTH um. A.®. Hogpe

% Universite Libre de Bruxelles
Corresponding Author: andr.astro@mail.ioffe.ru

BHyTpeHHsII Kopa 3Ta 00J1aCTh HEMITPOHHOIT 3Be3bI, COCTOSIIAs U3 HYKIOHHBIX KJIacTepoB (saep)
OKPY’KEHHBIX CBOOOIHBIMI HelITpoHaMu. Teopusi BHyTpeHHeNI KOPBI CTajla pa3BMBATHCS C KOHI[A
1960-x rogoB Ha OCHOBE KalleJIbHBIX MOJeJIell, a B HacTodlllee BpeMsd €€ pasBUTHE CTPOUTCA C
JICIIOTB30BaHMEM JeTaNbHBIX YMCICHHBIX paCUeTOB, HAIIpIMep, pacIINpeHHBIM MeToxoM ToMaca-
®epmu (ETF) ¢ yuerom o6onoueuHsbIx mOmpaBok mo meromy CrpyrmHckoro. Tem He MeHee,
TaKMe pacyeThl JOCTATOUHO TPYAOEMKH M HE MOTYT ObITh HEIIOCPENCTBEHHO MHKOPIIOPUPOBAHBI
B KOJBI IS MOJEIVPOBAHNA HEHTPOHHBIX 3BE3d. BMecTo 3TOro MCIONB3yeTcs MHTEePIIOAIT
TabauIl ¢ pe3yIbTaTaMy UMCIEHHBIX pacyeToB. Ecnm miis 3Be3n ¢ paBHOBECHBIM COCTABOM 3TO
MIPECTABIIAETCS JOCTATOYHBIM, TO [JIS MICCIeOBaHMS BHYTPEHHEI KOphI B HEPaBHOBECHOM (IO
COCTaBy) COCTOSTHII, HAIIPUIMep, B aKKPELMPYIOLUX HEMTPOHHBIX 3BE3Aax, TaKas MHTEPIIOJIALIAS
MOXXeT ObITh He CTOJIb IpocToit. Kpome Toro, nyist orpanmyeHus sgepHOpU3NUIECKUX IapaMeTPOB
110 acTpopM3NUECKNM JaHHBIM HEOOXOAMMO IIPOBOANUTH MOZEINPOBaHIe HEMTPOHHBIX 3BE3/ 1PN
Pa3HBIX 3HAUEHNAX 3TUX IIapaMeTPOB, UTO, P MICIIOIb30BAHNIN NeTATbHBIX UMCICHHBIX PACYETOB
IUIS TIOCTPOEHNS BHYTpPEHHEN KOpBI, OO CMX IIOp IIpeACTaBisgeT COOO0J Upe3MepHO CIOKHYIO
3amauy. B Takux yclIoBUAX MCCIAEXOBATEIN YACTO MPNOEraroT K KaleJbHOI MOJENN, COUeTAOIIEeN
(M3UYECKy0 HAIVIAIHOCTD, IIPOCTOTY ¥ BBHICOKYIO UNMCIEHHYI0 3¢ dekTuBHOCT. [Ipn aToM, mmox
TEPMIUHOM «KalleJIbHass MOJeNb» IIOApasyMeBaeTCs LieJIbIII KJacc MOjeself, OCHOBaHHBIX Ha
JICITOJTb30BAaHMYI PA3HBIX ITapaMeTpU3alyil ¥ IOAXOJ0B AJI ONMCAHNS IIOBEPXHOCTHOI SHEPIN,
GOJIBLIMHCTBO M3 KOTOPBIX SIBISIOTCS, B 3HAUMTENBHON uacTy, (peHOMEHOJOrMuecKMMu. B
JIOKJIaJle IIOCTpOeHa ¥ IIpUMeHeHa yCOBEpIIeHCTBOBAaHHAs KalleJbHas MOJeJb, OCHOBAaHHAsA Ha
TEPMOAMHAMIYECKM COIVIACOBAHHOM OINMCAHNUY IIOBEPXHOCTHBIX CBOVICTB (C COIVIACOBAaHHBIM
y4eTOM afcopOLMy HEMITPOHOB U IIOBEPXHOCTHOTO HATSDKEHS) C YUETOM IIOIIPABOK Ha KPUBU3HY
noBepxHocTy. IlokazaHo, YTO IOCTpOeHass MOMeENh BOCIIPOM3BOAUT Pe3yJIbTAThl NETAIbHBIX
ETF pacueToB paBHOBECHOII ¥ HEpPAaBHOBECHOV BHYTPEHHEI KOPBI C TOYHOCTBIO HECKOJBKO
0 HeCKONbKMX KaB/HykmoH. IIpm srom, mapamerps! momenu Haxoparca ETF pacuerom mig
ILIOCKOJ TpaHMIIBI, 0becIieunBas CTPOTOe COTJIACOBaHME C BBIOPAHHBIMU SAePHO(PUINUECKIMU
ImapaMeTpaMu. BaXHO OTMETHUTh, UTO MOMEJb IT03BOJIAET BBINNCATH SIBHBIE BBIPAKEHNS He
TOJIPKO [JIS IJIOTHOCTY SHEPruu, HO ¥ U APYI'MX TePMOAMHAMIYECKUX BeJMUMH (HaBiIeHIE,
XMMIYECKUE ITOTEHINAB], ...), UTO O0JIeryaer e€ MCII0JNb30BaHIe, HAIPUMep, [P HOCTPOEHNM
MofieJiell aKKpEeLMOHHOM KOpBI, Ie Hambosee YIOOHBIMY I1apaMeTpaMIu SBJISIETCSI AaBileHUE I
XUMIYECKIIT TOTeHI[1aJI HEITPOHOB.

Pa6ora nmogneprxana rpantom PH® Ne 22-12-00048-11.
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ITIouck pe30OHAHCHOrO IIOTJIOLEHNUS COJHEYHBIX AaKCUOHOB
HcITycKaeMbIX B M1-ntepexone aapa 169Tm

Author: Eprenuit Yaxakos'

Co-authors: Anexcaunp Hepbuu . Bajentuna MyparoBa 1, HOmvutpuit CemeHOB L. Vnba Ipaunes 1. Makcum
Tpymus '; Hennmu Huszosa !

! HUI[ «Kypuamosckuti uncmumyms - [THAD

Corresponding Author: unzhakov_ev@pnpi.nrcki.ru

I'umoTesa o CyLieCTBOBaHMM aKCMOHA M3HAUAJIbHO BO3HMKIIA KaK IIONBITKA PaspellyuTb BOIIPOC
o CP-HecoxpaHeHMM B CUJIBHBIX B3aMIMOMNENCTBMSIX C IOMOIIBI0 mobaBimeHns K CraHmapTHOI!
Mopeny OOMONHUTENBHOM TIJ106anbHOM cuMMerTpuu (T. H. cumMerpun Ileuuen-Ksnun),
CIIOHTAHHOE HapyIIeHMe KOTOPOJ ¥ MOJDKHO IPMBOAUTH K BOSHUKHOBEHIIO HOBOJ UaCTHI[BL.
Teopernueckye MOKENINM aKCHOHOB OIMCBHIBAIOT MX B3aMMOIEIICTBYE C BEIIECTBOM B TEPMIHAX
3¢ eKTUBHBIX KOHCTAHT CBS3M, KOTOpblE, KaK M Macca aKCUOHA MA, OKa3bIBaIOTCI 0OpaTHO
[IPOIIOPLUMOHAIBHBI SHEPreTMUEeCKOMY MacIITaby HapyIIeHNs KOIIOJHNUTENIBHON CUMMETPIN f4.
V3HauapHble IPEAIONOKEHN, UTO HapyIeHne cumMerpuu I1-K mpomcxoqur Ha aekrpociabom
MmaciTabe 66U GBICTPO MPOBEPEHBI HKCIEPUMEHTATIBHO, UTO MPUBEIO K 3aKPBITUIO IMIIOTE3bI
«CTaHOAPTHOTO» aKCMOHAa. TeM He MeHee, BO3HUKIM MOLUQUIMPOBAHHBIE MOMENN, B
KOTOPBIX CHMMAJIOCh OTpaHMUeHNe Ha BedmunmHy fA, ¢ yBeludeHMeM KOTOPOIl IIOHABISLETCS
B3aMMOJENICTBIE aKCIMOHA C BEIIeCTBOM ¥ YMEHBIIIAeTCs ero Macca. Takoil « HeBUANMBII» aKCIIOH
CTaJI BHITOAHBIM KaHAMJATOM Ha POJIb YACTMI[ TEMHOM MATEpPUI, UTO JOIOJIHUTENBHO yCUINIIO
MHTepec K ero 9KCIePUMEeHTAIbHOMY 0OHApPYKEHUIO.

B mocnengHIOI0 OeKagy aKTMBHO paspabaThbIBAIOTCS M IIPOBOMITCS Pa3IMUHBIE SKCIIEPUMEHTEI
mo momckKy akcuoHa. Cpeam HMX B OTHENbHYIO KaTETOPUMIO MOKHO BBIAENNUTb YCTaHOBKMU
HalleJICHHbIe MIMEHHO Ha OOHapy»KeHIMe aKCHOHOB COJIHEUHOTO IIPOMCXOXIEHN, ITOCKOJIBKY B
Hexpax 38é3x (1 B wacTHOCTM COJIHIIA) OHM JOJDKHBI MHTEHCHBHO 0Opa30BBIBATHCA B Pe3yJIbTaTe
piga IpefIroNaraeMbIXx MeXaHNM3MOB reHepauuu (addexr IIpumakoBa, mM3aydeHMe aKCHOHA B
SepHBIX ITepexojaX MarHIUTHOTO TUIIA JIIM B KaueCTBe TOPMO3HOTO U3IYUCHMUS).

B pmanHoit paboTe GBLI IpOBeREH IIOMCK aKCUOHOB oOpasymoiuxca Ha CoJIHIle B pe3yJbTare
TepMaJIbHOTI0 BO30YKAeHMs IIepBOro Bo30yKHEHHOro ypoBHs aapa 169Tm (8.41 k3B) ¢ momoiso
PE30HaHCHOTO IorJouleHnd aapamu 169Tm B Ha3eMHOII yCTaHOBKe.

HESMEPEHI/IH OpOM3BONVIINICE C IIOMOINBIO KPMOTE€HHOTO 60ﬂ0MeTpI/I‘IeCKOI‘O AETEKTOpa Ha

OCHOBe TyJmii-comepskaiero rpasara 1msAlsO;o B Teuenme 3.6 cyrox. B pesynbrare ObL1O

IIOJIy4eHO OrpaHMUeHMe Ha MacCy aKCHoHa mfsvz < 1419B un mgFSZ < 244 9B

B paMKax COOTBETCTBYIOLIUX TeopeTmuecux momenein (1). BHeceHme Tymms BO BHYTpeHHUII
00BEM [IETEKTOpa IT03BOJIIIO CYLIECTBEHHO ITOBBICUTH UyBCTBUTENBHOCTh 3KCIIEPMMEHTATBHOI
YCTaHOBKU K aKCMOHHBIM ITapaMeTpaM, I10 CPAaBHEHMNIO ¢ IIPOBeIEHHBIMI paHee 3KCIIepMMeHTaMI
B KJIACCUYECKOII KOMIIOHOBKE « MUIIIEHb-TEeTeKTOP».

1. A. V. Derbin, L S. Drachnev, V. N. Muratova et al., JETP Lett., 118, p. 160, (2023)

Reaction rates of 6Li(p,y)7Be process and primordial abundance
of the 7Li element

Authors: Ergash Tursunov'; Sobir Turakulov'

L INP, AS Uzbekistan

Corresponding Author: tursune@yahoo.com

The “cosmological lithium” problem is connected to the abundance of the lithium isotopes in the
Universe and includes two puzzles. The first lithium puzzle is a difference between predictions of
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the Big Bang nucleosynthesis (BBN) model and astronomical observations in metal-poor halo stars
for the primordial 7Li/H ratio. The model predictions (5.61 + 0.26)x10-10 1 and (4.72 +0.72) x10-10
2 are about three to four times larger than values of x10-10 3 and x10-10 4 from analysis of the
observational data. The second lithium puzzle is caused by a disagreement between estimations of
model and astronomical observation data for the primordial abundance ratio of the lithium isotopes
(6Li/7Li), which means that their discrepancy is about three orders of magnitude. Actually, nuclear
astrophysics, cosmology, and astronomical observations are being comprehensively studied to solve
these problems.

Nuclear reaction rates involving lithium and beryllium play a major role in the solution of above prob-
lems from the nuclear physics side. In particular, in the Ref.5 the astrophysical direct 6Li(p,y)7Be
capture process has been studied for the purpose of calculation of reaction rates in the frame of the
potential model approach. It should be noted that one of the most important input quantity for the
estimation of primordial abundances of chemical elements in the BBN model of the Universe is the
rates of the basis nuclear reactions. The reaction rate NA(v) is calculated by the well-known expres-
sion in Ref.6 on the basis of calculated cross-section of the 6Li(p,y)7Be capture process within the
potential model. The estimated 7Li=H abundance ratio of (4.67+0.04)x10-10 5 is in a good agreement
with the recent BBN ratio of (4.72+0.72)x10-10 2 after the Planck observation.

—_
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E.M. Tursunov, S.A. Turakulov, K.I. Tursunmakhatov, Phys. Rev. C 108, 065801 (2023).
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The precision measurement of the electron anti-neutrino spec-
trum in beta-decay of **Ce-*/Pr nuclei

Authors: Alexander Derbin’; Dmitry Semenov’; Evgeniy Unzhakov!; Ilia Drachnev'; Irina Kotina!; Maxim
Trushin'; Nelly Niyazova'; Valentina Muratova'

! Petersburg Nuclear Physics Institute NRC KI
Corresponding Author: drachnev_is@pnpi.nrcki.ru

Sterile neutrino search is one of the most challenging frontiers in modern particle physics. There
are already present indications of neutrino oscillation to the sterile state coming from both reactor
scintillator-based experiments and radiochemical experiments with artificial sources. Still, one of
the most promising approaches is usage of an organic scintillator detector with an artificial antineu-
trino source.

One of the best radioactive sources for such experiments is 44Ce-144Pr due to its ground state transi-
tion endpoint energy of almost 3 MeV. The main problem of such source usage is poor spectral shape
knowledge producing huge systematic uncertainties to the sterile neutrino search. In this study we
evaluate the spectral shape of 44Pr spectrum with a significantly improved precision. The final
value of the total cross section of inverse beta-decay on hydrogen that we obtain is (4.7448+0.0003stat
+0.0041syst)x10-44cm? disregarding the theoretical precision of the cross-section calculation. Such
precision should make the systematic uncertainty related to the spectral shape negligible with re-
spect to the other essential experimental uncertainties.
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iDREAM: HeWiTpuMHHBIE HCCIEJOBAHUA HAa IIPOMBINLIEHHOM
peakTope B MHTepecax aTOMHOM OTPaciIn

Author: Auron Pacrumerma’

! HUI “Kypuamosckuti Uncmumym”; HUAY MUPU
Corresponding Author: rastimeshin_aa@nrcki.ru

Herextop peakropubix antuHentpmHo IDREAM pacmonoxxeH Ha TpeTbeM 3HeProbioke
Kanmanackoit A9C Ha ypmaneHum 19.5 MeTpoB OT IleHTpa aKTMBHOI 30HBI peakTopa BBIP-
1000. HetekTop BemET Ha6op maHHBIX ¢ 2022 ropa. Perucrpanmsa aHTMHENTPUHHOTO
M3JIyUYeHNUs] peaKTopa IIPOMCXOAUT IO peakuuym oOpaTHoro OeTa-paciiafa Ha IIPOTOHE B
JKUIOKOM OpTaHMUECKOM CHMHTWUIATOpe, momupoBanHoM raponuaueM (Gd-KOC). Macca
Gd-’)KOC 1 1. O6beM HaKOILJICHHOI CTATMCTUKY K HACTOALEMY MOMEHTY COCTaBJIfeT Iopsaaka 1
MIUUTMOHA aHTMHEITPUHHBIX cOObITIIT. B mokitame 6yRyT IpeacTaBieHbl pe3yIbTaThl M3MEepeHUs
9HEPTOBBIPAOOTKM IPOMBIIITIEHHOTO peaKTopa HEMTPMHHBIM METOJOM, a TaKKe pe3yJIbTaThl
HaOJIIOfeHNIT 3a ONTNUeCKON 1 xumudeckoi crabmnbpHocTaMU Gd-KOC pmerextopa iDREAM Ha
MPOTSKEHUN TPEX JIeT.

Onpepenenne actpodusmueckoro S-pakropa B 001aCTU MATIBIX

3HepPruil B3aNMOAENCTBUA fAAep, B paMKax INOTEHIMAJIBHOIO
IMOXXO0/a.

Authors: Banepus Burep'; Cepreit Topuos'; Hukonait Mansues'; Bragumup KepeGuesckuit'

' Canxm-TlemepGypeckuii zocydapcmeentbiil yHusepcumem
Corresponding Author: st095752@student.spbu.ru

B pabore paccMOTpeH MeTOX 9KCTPAIOIALuM actpodusmueckoro S-daxkropa B obsacTu
MaJIBIX SHepruil BOIM3M IaMOBCKOTO OKHA Ha IIPMMeEpe peakiny CIMSHUI saep KMUCIOpoAa
u yriepona. HecMoTpst Ha Ba)KHOCTh M3yUeHUS TaKUX IIPOLIECCOB MJIS ITOHMMAHMNS SBOJIIOLINN
MAaCCUBHBIX 3Be3l], Ha CErOJHALIHWUII NeHb CYLIEeCTBYyeT OBOJIBHO OTPAHUUYEHHBII Habop
9KCIEPVMEHTAIBHBIX MAHHBIX B JTOM O00JACTM DHEPruil, IPUUEM 3aUacTyi0 3TU JaHHBIE
MMEIT MpoTuBOpeunBsIit xapakrep [1,2]. K Tomy e HemaBHO OOHapy’>KEHHOe IIOJaBIIEHIIE
ceueHMs] CIMUSHUA B IIIyOOKO IoAbapbepHOil 00IacTyt BBIABMIIO HEOOXOAMMOCTh MOAMpuKaIm
CYLIECTBYIOLMX TEOPETMUECKNX Momenell 3. [[OMOJHUTEIBHYI HEONPENeNeHHOCTh BHOCUT
MHOTOIIapaMEeTPIUECKNII XapakTep OONBLINHCTBA ITOLXONOB, CBSI3aHHBIX C BBIUMCIEHUEM S-
¢dakropa B obnactu ManbIx 9Hepruit. Takum obpaszom, nmeeTcs HEOOXOOUMOCTh B PACCMOTPEHU
IIPOCTHIX METOMOB, MO3BOJIIIOIINX OMMCHIBATH ITOBENEHNE CEUEHMS MaJIbIM UMCIOM CBOOOIHBIX
rmapaMeTpoB. B maHHOI CHTyaluy ONTUMAIbHBIM BBIGOPOM SIBJISIETCS MOMENb C KOMILIEKCHBIM
MPSIMOYTONBHBIM HoTeHumanoM. OHa MONyumia XOpOLIee TeOpeTHMUecKoe OOOCHOBaHUE 4 U
IIPOAEMOHCTPUPOBAJA BBICOKYIO 3((QEKTMBHOCTH NPYU OMMCAHUY (PYHKIWII BO3OYKOEHWS IS
peaKkumii CIMSHUA B INMPOKOM AMAIla30He MacC CTaJKuBarommxcs sgep 5. C mpyroil CTOpOHBHI,
ITOIBITKY SKCTPAMIOJSALMY ACTPOPU3NUECKOTO S-(paKTopa CBSI3aHBI C IEPEXOJOM K BEIMUMHE
S*-daxTopa, YUMTHIBAIOLIETO BTOPOIl IOPSANOK B OmmcaHum Ko3adduumeHTa IpOHMIIAEMOCTH,
YTO NPOBOIUT K IOSABJIEHUI0 MHOXuUTens Buma exp(—gFE), rme — sHeprus B3aMMOIENCTBUA,
a mapamerp g CBsS3aH C pafgMycoM IPSMOYTOJBHONM sfMbI. HecMOTps Ha IIPOCTOTY DAHHOIO
MeTOJla, CerOJHS OH MPMMEHAeTCS, B OCHOBHOM, IIPY OIMCAHUM apepHoil peakumu 2C+'2C. B
TO K€ BpEeMsl, VICIIOIb3yeMblil B paboTe 5 MOQXO/ ITO3BOJIET €CTECTBEHHBIM 00Pa30M IIPOBECTH
CHCTEMATHUKY BEJIMUMHBI § U U APYTUX €D, BAXKHBIX C TOUKY 3PEHNS aCTPOPUIUKIL.

B paGore paccMOTpeH chyuail SKcTpamossuuym S*-gaxTopa, IOJIYYEHHOTO B paMKax
[TOTEHIMAIBHOTO MOAX0M4, B 00JIaCTh SHEPIUI, COOTBETCTBYIOLIUX TEMIIEPATYPAM B MACCUBHBIX
3Be3/ax ¥ IIPOBENEHO CPaBHEHME IIOJIyUEeHHBIX PE3YJIbTATOB C MMEIOIIVMIICA Ha CerOMHSIIHNIA
IeHb MOEJSIMIL I 9KCIIEPUMEHTAIbHBIMY JAHHBIMHA 6.
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IIpumenennme aHTeHHBI AX-Offset D90 pna wm3ydeHus
acTpopM3NUecKNX MCTOUYHNKOB, BKIrouass CouHIe, MeTogaMm
paguouHTepdepoMeTpUN
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PagmonuTepdepomerpus — MeTOH, OCHOBAaHHBIN Ha NpHEMe KOCMIYECKOTO DPafMOM3IIydeHMsT
HEeCKOJIBKMMM HaJIeKO pasHecéHHBIMY aHTEeHHAMM U MHTepdepeHIN IPUHATBIX CUTHAJIOB, €ro
pasBuTHE IUI1 OMATrHOCTMKM KOCMO(MMSMYECKUX SABJIEHMUII CTaJO0 UPe3BBIUANHO aKTYaJbHBIM B
mocienHee BpeMsa 1. OKCTpeMaJbHOe SHEPTOBBIAeNeHNE B acTpOPM3MUECKUX MCTOUHMKAX,
Bxurogag CoJlHIIe, CBA3aHO C IIPOLlecCaMyl YCKOPEHNS 1 B3aMMOIEICTBIS 3JIEMEHTaPHBIX YacTHIT
n apep. Hecmorpa Ha NIpomoiLKMUTeNbHBIE JICCIENOBAHMNS, €OVHOTO MHEHNS O MeXaHM3Max
U TIPUpPOAE aKTUBHOCTM TaKMX acTpOU3MUECKMX OOBEKTOB HET I CYIIECTBYIOIIME TeOpUM He
CIIOCOGHBI OOBACHUTD UX BCEX HAOIIONATETIbHBIX IPOSBICHUII, TOITOMY aKTyaJlbHBIM ABJIIETCS
IpOBefieHNe N3Y4YeHNUS TaKMX JMCTOUYHMKOB C XOPOIIMM YIVIOBBIM paspelleHIeM MeTOodaMu
papuonHTepdepoMeTprn, B UACTHOCTU C croiab3oBaHmeM aHnTeHHbI AX-Offset D90. O6cysxmaercst
cxema papmouHTepdepomerpa MUPHst ¢ He3armoJHEHHOI amepTypoil o6IUM pasmMepoM ~450
M M ero IpOTOTMIIAa Ha OCHOBe TaKMX aHTeHH. B cocraB pammoumnTepdepoMerTpa BXOIAT
2 BeTKM, B K&KHOM M3 KOTOphIX II0 2 [-00pasHBIX aHTEHHBIX PELIETKM M3 HEeCKOJIBKUX
JeCITKOB OCHOBHBIX aHTeHHbIXx Momyieil (OAM). IIporoTmm comepsKuT 2 BeTKM Ha OCHOBe
T-o6pasubix pemrerok um3 5 OAM B kaxpmoit.  Bynyr mcmonesoBarbcsi OAM Ha oOcHOBe
mapaboanueckoit ceryaroit odcerHoit aHTeHHbI AX-Offset D90, nns KperuteHus KOTOPOIt
IIpUMeHAeTCd MOTOPU3MpOBaHHas ajlbT-a3MMyTajlbHad MOHTMpOBKa 2. Paloumit nuamasoH
panuonurepdpepomerpa MUOUst cocrasuser 0,3 - 1,75 ITu, B majgpHeiuieM IUIAaHUPYeTCS
cMelfeHNe ero BepxHell rpaHmubsl g0 6 ITn. B sagaum pagmomuTepdepomerpa BXOTUT
McCIefoBaHNe PAAMOM3IyUeHN OT acTpopU3MIecKUX MCTOUHMKOB, BKIouas CoinHite. V3yuenne
COJIHEYHOTO PafMOM3IYYeHMS NACT BO3MOXKHOCTb IPOMOJDKUTH MASHTU(UKALMIO MEXaHI3MOB
YCKOpeHMs 3JeKTPOHOB, BCIIBIIIEUHOIO HarpeBa IIJIa3Mbl M IIPOLIECCOB IIepeHOCa 3HEpTuu, a
TaKKe MCCIeO0BAaTh yAapHbIe BOJIHBL M SBOJIIOLIIO KPyIIHOMACIITAOHBIX CTPYKTYp B COJTHEUHOII
aTMocdepe. OTu pesynapTaThl obeclleyaT HajbpHelilllee PasBUTIME METONOB MHIEKCHPOBaHUA I
MOHUTOPMHIA COJTHEUHOJ aKTMBHOCTY IIO XapaKTepUCTUKaM pammoumsiaydeHus. OOcyxmaercs
coBMecTHas1 pabora ¢ MHorososHOBBIM papuoresnnorpadpom HI'TI PAH (MC3® CO PAH) 3, uro
ITO3BOJINT M3YyYaTh PafMOIIPO3PAYHOCTh 3JIEMEHTOB rpaHyaanuu B arMocdepe Comnna. Kpome
TOTO, 3Ta YCTAHOBKA MO>KET OBITH VICIIOJIB30BAHA IUIT M3YUEHMs M3JTyYeHNS B JIMHUY BOHLOPOAA
HI 1420,40575 MI't mpu pasiMUHBIX KpacHBIX CMeILIEHUAX 2, HallpuMep, OT IPOTOTAJAKTUK M
rajakTMK Ha KOCMOJIOTMYECKMX PACCTOSHMAX, UTO JAcT BO3MOKHOCTb ITPOSICHUTDL HEKOTOpBIE
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KOCMOJIOTMUECKI€ 3aKOHOMEPHOCTH ¥ BBIABUTDL IPUHUINIILI IJI IIOCTPOEHMS ellle OJHOM HOBOII
yHuKanbHoit mkanst Gal_z pia HO-tension (kpome CMB u cBepxHOBbIX 4). Taxcke 6yRyT UsydaThCs
CBOJICTBAa MarHeTapoOB M PaJMOBCILIECKOB, BAPMATIBHOCTD IIEPIO/a HEKOTOPHIX PalVOIIyIECAPOB
u T.1. PesynpraTsl OyayT mpefcraBieHbl B MeXX/IYHAPOMHBIX 6asax maHHBIX Visier, NED u 1.1
Crmcok auTepaTypsl

1. Bacusibe M.B., 3umoscknit B.®., MensunkoB A.E. u np // [IpnGops! 1 TeXHMKa SKCIIepUMEHTA.
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HayuH. Tp. 2025. C. 372. (2025).

3. YBanoB A.M.,, JlecoBoit C.B., I'peunie B.B. n np // Conueuno-zemuas ¢usuka. T. 11. Ne. 1. C.
88-97 (2025).

4. Gémez-Valent A., Favale A., Migliaccio M et al // Phys. Rev. D. V. 109. #2. id.023525 (2024).

IIpenBapuTeIbHbIE Pe3yIbTAThI MCCIEZOBAHUII OXHOPOSHOCTM
BBIOOPOK CBEpPXHOBBIX TuIa la mo maHHbIM Kataimoros Open Su-
pernova (OSC) u Asiago Supernova (ASC).
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dopMa MPOCTPAHCTBEHHOIO PACIpeeseHNsT acTPOGU3NUECKUX NCTOUHUKOB UBIyUeHNs (B TOM
YILCIIEe U B JKECTKOM <Y-AUAIa30He), KOTOpble MOKHO PacCMaTpPUBATh KaK OJHOPOIHYIO BBIGODPKY,
OTIpefeNnsieTcsl CBOICTBAMU IIPOCTPAHCTBA Ha PA3IMUHBIX PACCTOSTHUAX (IIPY PasIMUIHBIX KPACHBIX
CMeIleHNX 2) ¥ KOCMOJIOTMUeCKMM ITapaMeTpamu Hatreii Meraranaktukn. OGBIUHO CBETUMOCTb
cBepxHOBBIX SNla IpuMeHseTcs B KauecTBe CTAaHAAPTHBIX CBeuell [ KOCMOJIOTMUYECKMUX
M3MepeHni1 1, YTo JaeT OCHOBAHMS CUMTATh X MCTOUHMKY OXHOpOoHOIL BbIOopKoit. [logBeibopka
SNIa m3 mpoekra Supernova Cosmology Project Oplna BriepBble IpoaHamM3upoBaHa B 1995
r. musa ompeneneHus mapamerpoB ) um A Hamreit MeraramakTukm 2; OBLIO IIOJIyYEHO, UTO
IIPOCTPAHCTBO-BpeMs sIBJseTcs He-CUTTepOBCKUM IIpy GOJIBIINX Z ¥ €BKIVOAOBBIM IIPY MAJIBIX.
B noxsame oOCYy>KHAlOTCS IpefBapUTENbHbIE pPe3yNbTaThl M3YUeHNSI pacIpeiesieHuii 10 2z U
3Be3qHbIM BenmumHaMm m u g SNla u3 xatamoros Asiago Supernova (ASC) 3 u Open Super-
nova (OSC) 4. Pacmpenenenus konmuectsa SNIa mo m comepskar 2 moarpymnmst (ciabsre (faint)
u spkue (bright)) xak mna ASC, tak u mma OSC, pasgenenHsie myp, ~ 20. Hampumep, pasunita
B BUAMMBIX BexmumHax SN 1998aq u SN 2004W cocraBiasier AmMgsgmedist ~6, B TO BpeMs Kak
ux z 6musku (Az ~ 2197%). Tlo mpemBapuTeNbHBIM pesysbTaTaM HeT HUKAKOJ 3aBUCUMOCTH
MEXIDY AMgamedist » 2 00beKTa U m pogurenbekoit ramaktuky (host galaxy - HG). Boxee Toro, B
npenenax oguoit HG m SNla moryt pasnuuatbes Ha AMgpehost ~ 2,5 (Hampumep, B UGC03432).
Ita pasHuia Gojbllle, YeM CUCTeMAaTHUeCKle HeOoIIpefesIeHHOCTY M3MEepeHUT XapaKTepUCTUK
SNila, a orcyrcTBue crienuduUecKnx JIMHUI IOIJIOLUIEHNS B JHEPreTMUECKUX CIEKTpaxX 3TUX
SNla mckirouaeT BINMSHME OKpY)KAlollleil Cpefbl Ha SIPKOCTb COOBITMSA. [[Be 0COGEHHOCTM B
obmactu 0.25 < z < 0.45 (ogHa comepkut Gonbire spkux SNIa, gpyras - Gosblile TYCKIJIBIX) U
HEOJHOPOIHOCTh B MHTepBaye 1.51 X 1072 < z < 0.10 ¢ Gonee cinaboimu SN1a BBIIENAOTCA B
pactpenenenuu SNla 3 OSC mo z u 3Be3gHON BennuuHe. AHAJIOIMUYHOE pacIpefeleHue s
ASC umeer ocoberHocTy B obmactsax 1.0 x 1072 < 2z < 5.0 x 1072w 9.0 x 1072 < 2z <
0.45, comepxarue Gonee Tycknble SNla. Taxxe 2 obmactu (faintgy;sy n brightg;st) BbIIBIEHBI
B pacupenenennu SNla o m n cmermtenuio SN ot saapa HG mo manusim OSC. O6HapyxeHHBbIe
0COOEHHOCTM He yhaercs OOBICHUTH pasnmuusamu cueHapues B3pbiBoB SNla (Single Degenerate
n Double Degenerate), ncnonp3yrommux cTaHgapTHbIe MOJENN SEPHBIX Peakuuit 5, Goyee TOro,
SAPKOCTh 3TUX SN1a He MOXKEeT yMEHBIIIAaThCS 3-32 B3aMIMOJEMCTBIS C OKPY>KaIoIIell cpeoil 13-3a
OTCYTCTBMS CIIeLM(PUUECKNX JIVHIUI TIOTJIOIIEHNS B SHEPTETUUECKUX CIIEKTPaX aHAIU3NPYeMbIX
co6p1Tuii. COOTBETCTBEHHO, OHV MOTYT OBITh BBI3BaHbBI M3MEHEHMSIMU CBOJICTB MeTaraiakTuku
Ipu GONIBILNX 2 VUIM HEKOTOPBIMI HEM3BECTHBIMM aclieKTaMn clieHapueB B3pbIBoB SNIa. Boiee
toro, a¢dpext HO-tension 6 mosxeT ObITH BBI3BAH pa3IMUHBIM COOTHOLIIEHMEM C1a0bIxX 1 spKkux SN1a

Page 208


https://doi.org/10.1080/00223131.2022.2141903
https://indico.spbu.ru/event/1/abstracts/305/attachments/389/a305fig1.jpg
https://indico.spbu.ru/event/1/abstracts/305/attachments/388/a305fig2.jpg
http://%20https://doi.org/10.48550/arXiv.2405.07952
https://doi.org/10.1080/00223131.2022.2141903
https://doi.org/10.1103/PhysRevC.72.062801
https://doi.org/10.1103/PhysRevC.97.064613

LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... /Book of Abstracts

B aHAJIM3MPYeMBIX IOABBIOOpKaX. TakKe 9TV IOAIPYIIIBI BIMAIOT HA IIOBeJleHIe 3aBUCIMOCTI
MOJYJIS PACCTOSHUS [¢ OT 2. [l ManbHENIINX BBIBOAOB HEOOX0AMM KOMOMHIIPOBAHHBII aHAIN3
Habopos manubeix OSC u noaseiGopok SN 1A ¢ Gonpimmmu z, Harpumep Dark Energy Survey SN

[7].
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BakcaHcknit GOJBIION HENTPUHHBIN TEJIECKOI — MHOTO33MaUHbIN KUIKOCIMHTVILISIIIIOHHBIN
nmerektop ¢ maccoit mmmrenu 10 k1. Terneckonm paspaGareiBaercsi Ha CeBepHom KaBkase, B
noaseMHO MHGpacTpyKType Bakcamckoit HeitrpuuHON obcepBatopuu AN PAH (BHO UAU
PAH). IIpoekr BkiIrouaeT B cebst 4 atana. B paGore 0CHOBHOe BHUMAaHNIE YIENAETCS IEPBBIM JBYM
CTagUaM IIpOeKTa: ysKe 3aBepLIeHHOMY IIOJyTOHHOMY IIPOTOTUITY M IMATUTOHHOMY HIPOTOTHILY,
KOTOPBII HaXOMVTCS HACTOsII[ee BpeMsI Ha CTaAuu COOPKIL.

ITosmryronHBIT npoToTun bakcaHckoro DBosbpIlloro HEMTPMHHOIO TeJlecKoIla HaXOOUTCI B
nmabopatopuu Tamnmii-TepmanueBoro HeltpmuHoro teneckomna (ITHT) ma ruy6uue 4550 M.
B. 9. KoHcTpykumsa mporoTumna BKIIOYaeT ABe 30HBI. lleHTpasibHag 30HA IIpeACTaBiIgeT
coboit akpumioByio cdepy ¢ BHyTpeHHuUM paauycom 48 cm. Cdepa 3amonHeHa CBEPXUMUCTHIM
KUIKAM CUMHTIILISITOPOM Ha OCHOBe JIMHelTHOTo ankuibensona (JIAB). B xauecTBe nmepBudHOM
CLUMHTIUIALIMOHHON mob6aBku wucmonb3yercss PPO ¢ koHumeHTpaumeint 2 r/i. Muiness
MpOCMATPMBAETC [ABAaqUAThio 10-MI0MIMOBBHIMM (OTO3TEKTPOHHBIMU yMHOXUTedsIMu Hama-
matsu R7081-100 WA-S70 ¢ BBICOKOII KBAaHTOBOIL 3(1)(1)8KTI/IBHOCTI)IO OKOJIO 35% B muamna3oHe IJINMH
BonH 360-430 HM. BHelHss 30Ha, OKpy’KamIas aKpUIOBYIO cdepy, 3aIll0JHEHA CBEPXUMCTON
BOJIOJ1, KOTOpAs BBIMONHIET QYHKI[MIO IACCUBHOI 3aIUTHI OT BHEIIHEN PaIIOaKTIBHOCTIL.
BTOpoil mpoTOTHII JETEKTOpa C MACCOl MUIIIEHN 5 TOHH HaXORUTCSI Ha cTanuy cOopku. [leTtekTop
TaK)Ke COCTOMT M3 IBYX 30H. AKpmioBasi cdepa, 3amojHeHHAs >KUAKUM CLMHTUIUISTOPOM,
MMeeT yBeJM4YeHHBIN 10 1.1 M paguyc. BsicoTa BOJHOTo pe3epByapa COCTaBisgeT 4 M, a pagmyc
2 M, TommuHa BogHoro ciosf — 0.9 M. Copok nBa 10-mrorimoBbix @OV Hamamatsu R7081-100
WA-S70 ycTaHOBNIeHBI Ha KapKace U3 Hep)KaBelolllell cTany. Takke B KOHCTPYKLMIO JeTEKTOpa
ObLM [obaBieHB! ABeHaAlarh 8-mroitMoBbix PIY Hamamatsu R5912-100 WA-S70, xoropsie
JICIIOJIB3YIOTCS B CHUCTe€Me MIOOHHOro BeTo. OmHMM M3 yIydIlleHHi, IOMUMO YBEJINYEHHOTO
o6bemMa MuiIeHH U 6osbIrero koiaudecrsa IV, saBisercs UCIOIb30BaHIEe KOHIIEHTPATOPOB CBETa
Ut yayuireHus: cBerocbopa. Taxxe mist mporornma 6puia pa3paboTaHa CHUCTeMa KOMIIEHCAIN
MarHUTHOTO IT0JIg 3eMJIM, B KOTOPOIL MCIIONIB3YIOTCA KaTyIIKN [ebMroJbIa.
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MeTton ompenmeneHuss riayomHsl Makcumyma IITAJI  mo

AJINTEIbHOCTY VIMITYJIBCA 10 JAHHBIM UePEHKOBCKOI YCTAHOBKMI
TAIGA-HiSCORE

Author: Mapk Teprosoit'
Co-author: TAIGA Collaboration

' Hpxymexkuii 2ocydapemeennvlil yHusepcumem

Corresponding Author: markakarat@yandex.ru

ITepBruHBle KOCMHMUYECKME YacTUIBI IIPEACTAaBISAIOT CO0OM sAgpa pasiMUHBIX 3JIEMEHTOB,
KOTOpbIE MMEIOT OTIMYAIuiics mpober B3ammoperictBus B arMocdepe. Ilocie mepBuyHOTrO
B3aMMOJENICTBUSI ¢ aTMocdepoit 1 Iepegauy OGOJBIION MO SHEPTUY HAUMHAETCS IIVPOKII
aTmoc¢epHbiii musens (IIIAJ]) B Bume Kackama BTOpMUHBIX yacTyyy. [Ipy 9T0M KacKaHbIe KpUBBIE,
ONMCHIBAIOIIVE IIOTHOCTH 3JIEKTPOHOB B 3aBMCYMOCTM OT aTMOC(epHOIN IiyOMHEI, B pajioHe
MaKCUMyMa I10 (popMe He OTIIMYAIOTCSA I pa3HbIX TUIIOB IEPBUUHBIX yacTuLl. IlosaToMy riry6una
makcumyMa AT man X, ax, ABJISETCI IapaMeTpoM, IO3BOJIAIOIINM OLIEHUTh MAacCCOBBIN COCTaB
TIepBUYHBIX KOCMUYECKIX JyUell.

B panHOM paboTe IIpefCTaBieH MeETOX OIpenelneHus Xy, OCHOBAaHHBI Ha aHaJIU3e
IJINTEIBHOCTY JVIMITYJIbCOB YE€PEHKOBCKOTO M3JIy4eHNsA, PETUCTPUPYEMBIX INMPOKOYTOJbHOM
ueperkoBckoi ycranoBkoii TAIGA-HiSCORE, Bxopsimeit B cocraB ramma-o6cepBaropuu TAIGA
1. YcraHOBKa COCTOMT M3 CTAHLUUI C UETHIPbMS (OTOYMHOKUTENSIMIY, C ILIOLIANBI0 CBETOCOOpa
0.5 M?, pacmoyoKeHHBIX ¢ IaroMm ~106 M. IIpencraBieHHBII MeTOJ OCHOBAaH Ha M3MepeHUN
JUIMTENBHOCTM MMIYJIbCOB Ha paccTogHmy 200-400 M OT OoCM JIMBHA M [OOIIOJNHAET METON,
JICIIOJIB3YIOIINIL IPOCTPAHCTBEHHOE pacipeeseHne (GOTOHOB M KPYTU3HY MEXAY IFIOTHOCTSIMU
¢dooronoB Ha paccrosHmax 80 u 200 M (P = Q80/Q200) 2.

[Nt yCTaHOBIEHMS CBSI3M MEXAY MJIMTENBHOCTBIO MMIIYJIBCOB M Xynax IIPOBegeHO MoHTe-
Kapsno mopenupoBanue IITAJI B CORSIKA 3 ¢ Mopmenslo agpoHHBIX B3ammopeiicTBuii QGSJet-
I1-04 4 Ge3 craTuctuueckoro npopexuBanus (omums thinning). CuMynmpoBaHHBIE MIMITYJIbCHI
CBOpAUMBAIOTCS C anlapaTypHOil (GyHKUMel CTaHLMY, ITOJyUYeHHON uepe3 aHOAHbIE KaHAJbI
(doToyMHOKMTETEI, UTOOBI OTPA3UTh XapaKTEPUCTUKIL UMITYJIbCOB B 9KCIIEpMMeHTe. Pe3ynbraTsl
MOJeJIMPOBaHNS IIOKa3bIBAIOT, UTO MJINTEIbHOCTh MIMITYJIbCA YBEJIMUYUBAETCA C PACCTOSHUEM OT
OCM JIMBHS, U IIOATBEPIKAAIOT KOPPEISIIINIO IIUTEIbHOCTY UMITYJIbCA C PACCTOSHUEM IO IIIyOMHBI
MakcumMyMa. ONTMMaJIbHBIM [AMAINla30HOM MJIS M3MepeHMII ompeneieH MHTepBasn 200-300 M
(cpe,uHee 255 m), roe pa36poc JaHHBIX MUHUMAaJIeH. [ IepBMUHBIX YacTUIl ¢ 3Heprueil 10-100
I15B ommbxka BoccTaHOBIeHUT X 4 COCTABIAET 12 r/cM?.

IKcIepuMeHTaNbHas MpPOBEpKa MeToHda uepe3 ompepeieHue Xy U Jorapumpma MacCoBOTO
uncia [nA monTBepaMIIa €ro CIoCOGHOCTh OLIEHNTH CPESHMII MACCOBBIM COCTAB KOCMIUECKOIO
VU3TyIeHUA. PesynbpraTel modyuyeHbl 3a 3 ce3oHa HaOmomeHmit (2021-2024) nust AByX
KOH(UTrypaumit ycTaHOBKM (BEpTMKaJIbHOE ¥ HAKJIOHHOE IIOJIOKEHIE), KOTOpble ITOKAa3bIBAIOT
corjlacue ¢ JaHHBIMU 9KcIiepuMeHTOB Pierre Auger (npsiMoe HaGmoneHNEe TIyOMHBI MAKCUMyMa)
5 u LHAASO (mpumenenne merona ¢ Ney n Ny,y) 6. B manpHeliireM maHupyercs mpoleaypa
CpaBHEHMS 9KCIIEPUMEHTAIBHOTO pacIpeesie s ¢ paclpefeeHIsIMI 110 INIyOuHe MaKCIMyMa,
TOJTy4YaeMBbIX IJI pasIMUHBIX IEPBUYHBIX COCTABOB B MOJAEIVPOBAHIIL.

1. N. Budnev et al, Nucl. Instrum. Meth. A 1039, 167047 (2022).
. V. Prosin et al, Phys. Atom. Nucl. 84(9), 1653-1659 (2021).
. D. Heck et al, FZKA 6019 (1998).

. S. Ostapchenko, EPJ] Web Conf. 52, 02001 (2013).
. E. W. Mayotte et al, PoS ICRC2023, 365 (2023).

=) S ) B - ]

. Xing-Jian Lv et al, Astrophys. J. 979(2), 225 (2025).
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Section 6. Neutron and synchrotron

research and infrastructure for its re-
alization

YcranoBka "Bera-pacnapg Heritpona” mist PK ITMK

Authors: Asaronmnit Cepe6pOBl; Aunexceit ®omuu?; Oner >Kepe6u0131; l'eopruit Kirorrumkos'; Aptem Konrioxos?;
Burranmit JIaMxun'; AnexcaHzp MypaHIKI/IHl; HOmurpuit l'Ipy,uHI/IKOBl

! HUI] «Kypuamosckuii uncmumymsy - [THAD
? HUI] "Kypuamosckuii uncmumym” - [THAD

Corresponding Author: fomin_ak@pnpi.nrcki.ru

Heitrponusiit npnGopHbIil KoMmiuteke «Bera-pacrany HeitiTpoHa» OymeT pacIioioKeH Ha ITyUKe
TOJIAPM30BaHHBIX XOJIOMHBIX HelITpoHOB Ha KaHase I'OK-3 HO. YcraHoBka npenHasHaueHa AJIg
M3MepeHNs SJIeKTPOHHOI, HEMTPMHHON ¥ 3JIeKTPOH-HEWMTPMHHON acHMMMeTpuit GeTa-pacrana
HeiiTtpoHa. HeobxogumocTe sKcrmepuMeHTa 00yCJOBJIeHAa TeM, YTO Pe3yJIbTaThl IIOCIETHUX
Hambosiee TOUHBIX SKCIIEPMMEHTAIBHBIX JAaHHBIX pacliafia HelITpOHA, IIpOBeNE€HHBIE HA YPOBHE
tounoctn 10~3 He MOTyT 6BITH omucaHbl B pamkax CraHmapTHOH Momen. OCHOBY YCTAaHOBKM
COCTaBJISIET CBEPXIIPOBOISILINIL COJIEHON, CO3AIOIIIIT MATHUTHOE II0JI€ B OMHOPOIHOI 0bIacTu
0.35 Tn.  OnekTpoHBI M IPOTOHBI, OOpasylollyeci IpY paclajge HENTPOHA, IBIDKYTCA B
MarHuTHOM IT0JI€ BROJIb MarHUTHBIX CVJIOBBIX JuHMIL. [ BpIOOpa 3aJaHHOTO yIVIa BBLIETA
3JIEKTPOHOB MCITONb3yeTcss 9PQeKT MAarHUTHOrO 3epKaja 3a cueT co3fgaHms obiactu ¢ Gojee
CYUIBHBIM MarHUTHBIM IIOJIeM ¢ BedmunmHol mHaykuun 0.88 Tia. O6sacTe pacmaga BbIIeNAETCS
110 IIPOTOHAMY, KOTOpbIe OYAYT MOIIOJHMUTENBHO YCKOPEHBI JIEKTpIUeCKNM roseM. s aToro
JICIIOJIb3YETCS 3JIEKTPOCTAaTIUecKass CUCTeMa, II03BOJIAIONIAs IIOJHATh HAIpsbKeHMe B 00JacTu
pacnaga mo 30 kB. [lng perucTpauny 3JIeKTPOHOB U IPOTOHOB MCIIOIb3YIOTCA AeTeKTOPHI Ha BXOJe
U BBIXOJ€ HEMITPOHHOTIO IIyUKa.

High intensity Linacs for low energy nuclear physics and neutron
source

Author: Timur Kulevoy'

' KCTEP-NRC KI
Corresponding Author: kulevoy@itep.ru

The high intensity ion linac is an attractive instrument for both the nuclear investigation and neu-
tron generation. The low energy high intensity heavy ion linac (~ 7 MeV/nucleon) can be used for
multi-nucleon transfer reactions investigation. The particular, the reactions study is important for
understanding the so-called 3rd peak of the distributions of the astrophysical p-process. The proton
high intensity linac (energy from 2.5 to 70 MeV) can be used as a neutron source for academic re-
search and industrial application. The development of such linacs require the similar technologies
for RFQ and DTL resonators. In Russia those technologies are under development in framework of
compact accelerator-driven neutron source DARIA [1,2]. The talk presents the current status of the
RFQ and DTL development.

1. “Ilopoxuas xapra” B obnactu sgepHoit ¢pusukn, Pen. JL.B. Tpuropenko, M.: PAH, 2021. ISBN
978-5-907366-33-6.

2. Pa3Butue ¢pu3mKy 1 TEXHOJIOTUY YCKOPUTeIIeN 3apshKeHHbIX yactul, Pen.-coct. B.IO. Illapkos,
WN.H. Memxkos, M: PAH, 2021. ISBN 978-5-907366-27-5
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PapuomeTtp OBICTPBIX  HEWTPOHOB IS  MCTOYHUKOB
MMITYyJIbCHOTO THUIIA

Authors: Anacracus Jeaucenko'; Enena PsGesa'; Marseit Mumnn'; Penar I/I6par1/IMOB1

' HUAY MUPHU
Corresponding Author: apdenisenko@mephi.ru

B mammHoit paboTe IpefcTaBieHa KOHLEIIMA paguoMeTpa OBICTPBIX HEWTPOHOB Ha OCHOBE
aKTMBALMIOHHOTO METOJa IS JMCTOYHVKOB VMIIYJIBCHOTO THIIA. B KauecTBe aKTMBMPYEMOTO
MaTepuaja B 3KCIIepMMEHTAJIbHOM 06paslie paaMoMeTpa JCIIONIb3yeTcd u3oTon 115In B cocrase
IpupoaHoro MHAMA. g permcrpanyy IIMPOKOTO AMarasoHa BHIXOJA HEMTPOHOB pafillOMeTp
COMEPIKUT ABa KaHaJa C HU3KOI M BHICOKOII UyBCTBUTEIBHOCTBIO K HelITpoHaM. PaGoTta comepKuT
pesyJIbTaThl U3MEPEeHMS BhIXOJa HeMTPOHOB 3a umiryiasc DD- n DT-kaMmep miasMeHHOro dokyca
(I1®).

B cBs131 ¢ yBemmumBILIeica SKCILTyaTalyell MMITYJIbCHBIX HEIITPOHHBIX ICTOUHIKOB, OIIpeiesIeHIIe
XapaKTepUCTUK STUX MCTOUHMKOB SBJISETCS AaKTyalbHOI 3ajadell B 0OIACTM perucTparuu
nanydeHnit. VIMITyJIbCHBI XapakTep HEMTPOHHOrO M3JIyueHUs (OT JECATKOB HAHOCEKYHJ IO
e[VMHUI MUKPOCEKYH]]) OTpaHMUMBaeT BO3MOXKHOCTI MCIIONb3YEeMBIX METONOB M3MEpPEHNUs, TaK
KaK TOIIOJHUTEIbHO BO3HMKAET HEOOXOMMMOCTh PETMCTPALMI GOJIBIIOrO KOJIMUECTBA COOBITMIA
3a MaJIBIIl IIPOMEKYTOK BpeMeHN 1.

B mamHOII paboTe IIpeCcTaBiIeH 3KCIIEpUMEHTAIBHBII 00pa3serl paguoMeTpa ObICTPhIX HEITPOHOB.
IlpuHnun paboThl yCTPOJCTBA OCHOBAaH Ha MeTOA€ AaKTMBAILMM HENTpPOHAMM MaTepuaia C
MOCJIeAYIOIIEN perucTpalyeil BTOPMYHOro U3IyueHus 2. B kauecTBe akTUBaLIMIOHHOrO MaTepuaa
BbIOpan u3oron 115In B cocraBe npupomHoit cmecu (95%). B pesynbrate peakumu (n,y) obpasyercs
nsoton 116In ¢ mepmogom monypacnaza 14.1 ¢, pacmmag KOTOPOTO COIPOBOXKAAETCS P-U3ITyUeHeM
co cpenHeit sueprueit 1.37 MaB. unuesas ¢osbra obepayTa BOKpyT cueTunkos [eitrepa-Mrosutepa
CBM-19, KOTOpbIe OCYILLECTBISAIOT PErMCTPALIMIO BTOPMUHBIX J-uacTui. YyBCTBUTENBHBIN KaHAI
COIEpXNT 4 cueTumka ¢ Maccoit Gonbru 21 T KaKblif, IPyObIil KaHAT COHEPKUT 2 CUeTUMKa C
maccoit ¢oxsru 0.35 T Kaxaprit. CUETUMKIU € aKTUBMPYEMBIM MaTepHaJOM HaXOJITCS BHYTPU
3aMeINTeNII U3 onuaTieHa. [lapameTps! 6;10ka getrekTupoBanmsd (B/I) 6p11M O THMU3UPOBAHEI
¢ ncrnoab3oBanmeM momeianu B GEANT4.

C sKCHepMMeHTaJIbHBIM 00pas3LioM IIPOBeIeH ps[ MCIBITAHNUII Ha MCTOYHMKAX JMIMITYJIBCHOTO
HEeMTpOHHOro mu3nydeHnus Ha ocHoBe DD- m DT-xamep I1®. Bpemsa msmepeHms mmiyibca
cocraBigeT 30 CeKyHJ, BpeMs ITay3bl MeXay umimyibcamu — 120 cexyHn. IlokasaHa nmHeirHas
3aBMCUMOCTD CYeTa 9KCIIePUMEHTAIBHOI0 00pasiia I BBIXOa HEIITPOHOB IIPY 3HAUECHNSIX BBIXOAA
mag 2.5 MsB - 106-1012 m/mmno un gug 14 MsB - 107-1014 u/mMn. AHanmM3 OCHOBHBIX
JICTOYHNKOB IIOTPEIIHOCTEI I CTeIleH! UX BKJIada B UTOTOBYIO HEOIIpeAeJIeHHOCTb II0JIy4YE€HHOTO
C ITIOMOIIBIO 9KCIIEPUMEHTAJIBHOr0 00pasiia BhIXOAa HEMITPOHOB B MMITYJIbCE IIOKa3asl 3HaueHIe
HeOoIIpeNeJIeHHOCTU IopaaKa 17%.

Crmcoxk muTepaTypbl

1. BeperennukoB A. U., Top6aues B. M., [Ipenenn B. A. MeToab! yccieqOBaHNS MMITYJIbCHBIX
n3nyueHuit //M.: SHeproaromuspar. — 1985. - T. 8.

2. Prokopowicz R. et al. Measurements of neutrons at JET by means of the activation methods
//Nuclear Instruments and Methods in Physics Research Cexkums A: Accelerators, Spectrometers,
Detectors and Associated Equipment. — 2011. — T. 637. — Ne. 1. — C. 119-127.
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MopeaupoBaHue B3alIMOJeMICTBUA HENTPOHOB c
NOJYyNPOBOAHUKOBBIMM IIIEHKaMM InAs: aHaam3 peakuuii u
BJIUSHNA Ha CBOIICTBAa MaTepNaJIOB

Author: Vladik Yamurzin®

! JINR FLNP
Corresponding Author: yamurzin.v@nf jinr.ru

B mporpammuoit cpexe GEANT4 6puro NpoBefeHO MOMeNMpOBaHME IO B3aMMOJENICTBIIO
MUKPOKPHUCTAINOB INnAs ¢ OBICTPHIMU I TEIIOBBIMM HEITPOHAMIU C LeJIBI0 OIpefeeHNs
CKOPOCTH peakuuit (YIpyrux, HeyIpyIux, pagMaliOHHBI 3aXBaT), a TaK)Ke aHaJIN3 BTOPIMUHBIX
MpPOAYKTOB [eJleHNMd Ha IIOKa3aTeal BOCIPMMMUMBOCTY ITOJNYyIIPOBOTHMKOBONM 3JEKTPOHMKU K
OBICTPBIM M TEILUIOBBIM HeJTpOoHAM. [lOIOJHUTENBHBI aHAIN3, IPOBENECHHBI B IPOrPaMMHOI
cpene SRIM, 103BONIII OLIEHMTH JIMHEIHYIO Ilepefjady SHeprMy ¥ IMpobery BTOPMYHBIX YACTIIY
BHYTpM MaTepuaa.

JlaHHBIIT VCCIeqOBATeIbCKIII MIPOEKT MMeeT Ba)KHOe 3HAUeHMe MJII IOHMMAHUA (U3NYeCKUX
IIPOLIECCOB, ~ IPOMCXOMSAIIMX B IOJNYNPOBONHMKAX IpM OOJNydeHMM HENTpOHaMM, U
MOXKeT IIpUBECTM K pa3paboTKe HOBBIX METOLOB KOHTPOJS M YIIpaBiIeHUS CBOMCTBAMM
IIOJYIIPOBOJHMKOBBIX MaTepuayioB.  IlonyueHHBIe pe3ysbTaTel OYOyT MCIOIB30BATBCA IS
CpaBHEHN C pe3yJbTaTaMu oONydeHMs: 00paslioB Ha PeakTope C OIpeaeleHHBIM HeITPOHHBIM
CIIEKTPOM, UTO II03BOJUT GoJiee TOYHO IPOTHO3MPOBATH 3JTEKTPOPU3MUECKUe XapaKTepPUCTUKIA
IIOJIyIIPOBOJHIIKA I €TO0 ITOBE/IeHIe B PAa3JIMUHbIX YCIOBUAX.

Kpome Toro, maHHOe ¥ccIeJoBaHIe MOXeT HAITI IIPUMeHeHIe B Pa3IMUHbIX 00/IaCTSIX, BKIIOYAT
AepHYIO 9HEPTeTUKY, 3JIEKTPOHUKY M MEJUUIMHCKYIO TeXHUKY, a9POKOCMIYECKYIO OTPACIb, T1e
ITIOHMaHIIe BO3/eICTBIS HEMTPOHOB Ha II0TyIIPOBOJHIKOBBIE MaTepMAaJIbl UIPAeT BasKHYIO POJIb.
B moxiajie aBTOp aKTyanmMsupyeT MMeIOIIecs Pe3yIbTaThl IT0 MOJEIMPOBAHMIO 1 cHOPMYIUpPyeT
HampaBJieHNe JaTbHEeNIINX UCCIeOBaHINA.

HccaepoBanme XxapaKTepMCTUK YCTAaHOBKHN IS W3y4YeHUA
AJEPHBIX peaKINII C JTETKMMI AAPAMU ¢ HIAPHBIM CIEKTPOMETPOM
Ha MICTOYHUKAX OBICTPBIX HEVITPOHOB

Author: Cepreit Kapaesckwit'

Co-authors: Koucrautun Bypmucrpos '; Crauucnas Iotares '; IOpuit Bypmuctpos '; Anexcammp Kacmapos ';
Esrenmnit [lepmsaxos 1. Bacunmit ITonomapes 1. Brapumup Pasun L. Anpnpeit CaxapoB !

' UAn PAH
Corresponding Author: karaevsk@inr.ru

Co3maHa m mcCileqyercs YCTaHOBKa [JIS M3YUeHUs peakUuil ObICTPhIX HEMTPOHOB C dHEpPTIeit
cebimie 1 MaB ¢ merkumu sppamu 1°B, 1B u “Be ¢ souterom ampa *H wmm “He u anmexrpon-
MTO3UTPOHHOJ Mapbl. YCTAHOBKA MCCIERYETCS Ha MCTOUHMKAX HEIITPOHOB Ha 0a3e yCKOpmTeei
IIPOTOHOB U 3JIeKTPOHOB I BKJIIOUaeT B ce0sI TO3MIIOHHO-UyBCTBUTENIbHbIE TETEKTOP HEIITPOHOB
Ha OCHOBE JIBYX CJIO€B C MCCIIeTyeMbIM IAPOM U IIPOIIOPLUOHAIBHON KaMephl, IBYX ITO3UIMOHHO-
UyBCTBUTENBHBIX KPEMHIEBBIX JETEKTOPOB U ABYX CHUHTIILIALMOHHBIX JETEKTOPOB Ha OCHOBE
Nal.
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Analysis of structure of the PTNS vesicles based on small-angle

neutron scattering data obtained at the “Yellow Submarine” spec-
trometer

Author: Elena Zemlyanaya'

Co-authors: Mikhail Kiselev !; Varvara Chausova !; Laszlo Almasy Almasy 2

! Joint Institute for Nuclear Research, Dubna, Russia

? Institute for Solid State Physics and Optics, Wigner Research Centre for Physics, Hungarian Academy of Sciences,
Hungary

Corresponding Author: elena@jinr.ru

Structure of unilamellar vesicles of the phospholipid transport nanosystem (PTNS) is analyzed based
on small-angle neutron scattering data (SANS) obtained on the “Yellow Submarine” small angle spec-
trometer. SANS measurements were performed on polydispersed populations of PTNS vesicles in
heavy water with different PTNS concentrations and with different purity of soybean phospholipids
in the PTNS samples. Results of the analysis are compared with the characteristic of PTNS vesic-
ular systems obtained earlier in the analysis of other small-angle scattering data from PTNS sam-
ples.

Koppenanua Mexay M3MEeHEHUAMU MHUKPOCTPYKTYPbI I
IEKTPOXMMHUYECKIMII CBOJICTBAMM KaTOJHOTO MaTepHalia
Prussian White niist HaTpuii-mOHHBIX aKKyMYJISTOPOB

Authors: Mapnna owewn'; Haramms Camoiiosa’

Co-authors: Exarepnna Kopueesa '; Poman Bacun '; Cepreit Cymuukos '

' ouan
Corresponding Author: mdonets@jinr.ru

DJIEeKTPOXMMIUECKUE XapaKTePUCTUKY, TaKye KaK eMKOCTh, MOII[HOCTb, CKOPOCTh 3apsifa/paspsana,
CUJIBHO 3aBMCAT OT CTPYKTYPhl ¥ MUKPOCTPYKTYPBI KAaTOJHOTO Marepmaja. leopeTrdecKu
3TV 3HAUEHMS MOXKHO YBEJIMYUTh 32 CYET yMEHBIIeHNS pasMepa YacTHUI[ MaTepuajia, KOTopoe
IPUBOAUT K Gojee KOPOTKUM IyTsaM Aupy3uM MOHOB U OOJBIE ILIOLAAM IIOBEPXHOCTU
AaKTUBHOIO MaTepuaja, KOHTAKTUPYIOIIEe! ¢ IPOBOMALIMMY [O0GaBKAMM M 3JIEKTPOJIMTOM
1.  V3BecTHO, 4YTO yMeHbIIIEHME pas3Mepa YacTHUI[ XOPOILIO KOppeIupyeT C YIydlleHueM
9JIEKTPOXMMUYECKMX CBOVICTB MATEPUAIOB JIUTUI-MOHHBIX AKKYMYJIATOPOB [2-4].
Iexcarmanogeppar Hatpus, uiay Prussian White, - mepcrnieKTuBHBII KaTOXHBIN MaTepya s
HATPUII-MOHHBIX aKKyMyJATOpoB. ONTMMM3AIMs €ro CTPyKTYpPhl M MUKPOCTPYKTYPBI MJIS
IANbHENIIEro yIyUIlIeHNs CBOJICTB, HalpuMep, CTaOMIBHOCTY NPU ILMKIMPOBAHUM, SBIISETCS
Ba)KHOII 3a1auell AJIs YCIIEILIHOT0 KOMMEPUEeCKOro IpMeHeHIIsI HaTpUii-MOHHBIX aKKyMYJIITOPOB.
B nannoi paboTe OBLIO MICCIEJOBAHO BIMSIHIE MEXaHIUECKOTO IIepeMoJIa Ha 3JIeKTPOXMIMIUECKIe
CBOJIICTBA KOMMepUeCcKoro rexkcaumnanogeppara Hatpus Prussian White (Fennac, Altris, Sweden),
KaTOJHOTO MaTepuaia IS HATPUI-MOHHBIX aKKyMYyJATOPOB. VICXOTHBIN IOPOIIOK COCTOUT M3
yacTHUI] KyOudecKoit OpMBI C IMHEITHBIMU pasMepaMu 5-20 MKM.

PeHTreHOCTPYKTYpHBII aHaIM3 IIOPOIIKOB IIOCHe ¥MX Ccyluky npu 120°C 103BOJMMII BBISIBUTH
coCyllecTBOBaHMe MOBYX KyOmueckmx a3z (mp. p. Fm-3m) u permaparmpoBaHHOI
pomboanpuueckoit ¢asel (mp. rp. R-3). PasoBble B Marepmanax M3y4alyCh B 9KCIIEPMMEHTAX
Ha JsaboparopHOM peHTreHoBcKoM audpaktomerpe (PANalytical Empyrean), a rtakxke Ha
crauiuu CTM KypuaToBckoro mcrouHnka cuHxporporsoro nanyuenns (HUL «KypuaToBckmii
MHCTUTYT», MockBa, Poccus). [nurensHoe Bpemst OMouIa, 64, IIPMBOAUT K YBEINUYEHNIO OJIN
pom6oaapuueckoii Gaspl, UTO IBISETCS CIEIACTBMEM JIYUIIEro AerMapaTIpOBaHsI II€PEMOIOTOTO
ITOPOIIIKA 10 CPaBHEHUIO ¢ 06pasiamu ¢ 6oJiee KPYIIHBIMY KyOUUeCKIMI YaCTUIAMU (B MCXOTHBIX
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nopoikax Prussian White) win ux ¢pparmenramu (IIOpOIIKM, IIEPEMOJIOTHIE B TeueHMe 1u u 3u).
DJIEKTPOABI Ha OCHOBE IMEPEMOJIOTOro mopoiuka Prussian White memoncTpupyor emkocts ~110
MAU/r (1o cpaBHeHUIO ¢ ~80 MAUY/T IS MCXOZHOTO KOMMEPUECKOTO ITOPOIIKA) P CKOPOCTI
nkiaupoBanus 10C U JIyuIIy0 CTaOMIBHOCTD LIMKIMPOBAHNS, COXPAHSS GONBILIYIO YaCTh CBOEIT
IIepBOHAYaJIbHOM yIeJNbHOM eMKOCcTM mocie 300 LMKIOB 3apsna/paspAna, 4eM 3JeKTpPOoabl Ha
OCHOBE JMICXOJHOI0 MaTepuaa.

PaGora BoinonHeHa pu GUHAHCOBOI noaaepkke Poccuiickoro Hayunoro ¢onaa (mpoexr Ne 21-
12-00261).

CIIMCOK MCTOUHUKOB

1. A. Yamada et al,, J. Electrochem. Soc. 148, A224 (2001).
2. 1. A. Bobrikov et al., J. Power Sources 258, 356 (2014).

3. J. Ni, Y. Kawabe et al., . Power. Sources 196, 8104 (2011).
4. H. Zhang et al., RSC. Adv. 5, 11091 (2015).

I'aMmMa - HeNTPOHHBIN [JE€TEKTOP, HAIOJIHEHHBIN CHKATHIM
KCEeHOHOM

Author: Auron 'esHagneBuu ,ZIyXBaJIOB1

Co-authors: Asus6ek Vcramosuy Mamxumos ; Anexcaunp Esrensesuu Illycros L Buxtop Muxaitnosuy I'paues
1. BussTaun MyxamMmMenoBuu YTelres !. Koncrantun denmoposmu Biracuk 1. Cepreit EBrenbeBud Ynusa !

' HUAY MUPU
Corresponding Author: agdukhvalov@mephi.ru

Jlokiany TIOCBSAILEH CO3MAHMI0O M MCCIEOBAHUIO XapaKTepUCTUK paspaboraHHOro Ha 6ase
LVUIMHAPUYECKON MMITYJIbCHOM MOHM3AaLMOHHOM KaMepbl KCEHOHOBOTO TraMMa-HeHTPOHHOTO
nerekropa (KTH). HWccnemoBaHuss NPOBOAMINCH IS OBYX MOAM(DUKANUIL JETEKTOpa C
YyBCTBUTENbHBIMU oObeMamu 0,2 u 2 murtpa. Ilpencrasienst nsmepernsie KITHJI criektpsl or
Pu-Be mcrouHmka HelTpoHOB. PaccMOTpeHBI peaknuy B3aMOMEVICTBMSA TEIUIOBBIX HEMITPOHOB
C Pas’IMUHBIMM M30TOIIAaMM KCEHOHA M IIPOJEMOHCTPMPOBAHA IPUHIMINAIBHAS BO3MOKHOCTD
pPETUCTpAIMI TEIUIOBBHIX HENTPOHOB KCEHOHOBBIM raMMa-CIEKTPOMETpOM.  IpeKTUBHOCTH
perucTpanuy HEWTPOHOB TaKUM AETEKTOPOM OKasaJoch HU3KOM. [Ind ycTpaHeHMS HaHHOTO
HeJoCTaTKa B pabouee Bel[eCTBO qeTeKTopa Oblia mobasieHa mpumech n3oromna 3He ¢ 6opiimm
ceueHyeM B3aMMOJEJICTBYI C TEeIJIOBBIMU HETPOHAMI.
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Section 7. Nuclear medicine

OmeHka BKJaja HEWTPOHOB B [O03y NIPU OOIydeHUN
IIPOTOHAMMU

Authors: I'puropuit Mepaiukun'; Usan SIxosies'; Cepreit AxymmHmdesn’

Co-author: IOpuit Fasputos '

' U1 PAH
Corresponding Author: grishamerzlikin@gmail.com

ITpu popMmpoBaHUY TepaneBTUUECKOTO paclpeneIeHNs 035l (PUKCUPOBAHHOTO ITyYKa IIPOTOHOB
C VICIIOJIB30BaHMEM MX JBOIHOIO PAaCCEMBAHMSI MOXKET BO3HUKATh 3HAUNTEIBHOE KOJIYECTBO
BTOPMYHBIX HEITPOHOB BCJIEACTBME B3aMMOMENICTBUA IIPOTOHOB C MarepuajaMMU 3allUThl U
cucreMbl (GOpMUpPOBaHMA. YUET JO30BOI HArPy3KM OT HEMTPOHHOIO M3JIyUeHMs BaXKeH MJIS
pafuoTepanun, OCKOJIbKY HEITPOHBI 00I1a1al0T BBICOKOI IPOHMKAIOIIIET CIIOCOOHOCTHIO 1 MOTYT
OOCTUTaTh IJIyOOKO 3ajleralolliyX OpPraHOB, MMes IIPUM 3TOM 0Ooisiee BBICOKYIO OTHOCUTEIBHYIO
6uosornueckyio appextusrocts (OBI) mo cpaBHeHMIO ¢ IpoToHaMu. I109TOMY KOHTPOJIB KO3BI
OT HEJITPOHHOTO U3JTyUeHNUs IIPY IIPOTOHHO TePaIINy BaXKEeH KakK IJII KaueCTBa JIyueBOIl TepaIni,
TaK ¥ AJI 6e30IIaCHOCTY IIepPCOHANA U OKPY KaIoLell Cpebl.

B KOMIIBIOTEPHYIO0 MOMEIb IPOTOHHOI JyueBoil ycraHoBku VI PAH, noxgpo6HO onmcaHHYIO B
pabore 1, mobGaBiieHbI BUPTyaJbHbIE JETEKTOPBI, COOMpalolye qaHHbIe 10 IIOTOKaM HEJTPOHOB
B 3aBUCMMOCTY OT MX sHepruu 2. [lns cOGopa MaHHBIX BbIOpAHBI IPMHUMIINAIBHO 3HAUMMBbIE
obnacTy, XapaKTepM3YIOIIMecs B3aMMOMENCTBMEM ITyuKa IIPOTOHOB C OETOHHOI 3alllMTOlL,
3JIeMeHTaMI CUCTeMbI (GOPMUPOBAHMS TEPANIEBTUUECKOTO IyUKa M JO3MMETPUUECKMM BOTHBIM
¢dantomom. [l mosyueHMs BKJIaga HEMTPOHOB B 3¢ ¢eKTHMBHYI0 O3y MCIIONb30BAJNChH
sMnupuyeckne Ko3pduumeHTsl Inepecuéra (iIroeHca HENTPOHOB B 3PQPeKTUBHYIO 03y 3.
PesynpraToM paboThl fABISETCS UMCIEHHas OLIEHKA IIPOCTPAHCTBEHHOIO paclpefiefieHus B
MpoleAypHOM IoMellleHnu sydeBoit ycraHoBkyu UM PAH sddexTmBHOI 103bI OT HEMITPOHHOTO
M3IIyUeHNs, CO3[]aBaeMOr0 B pe3yJsbrate OOJMyUeHNI 3afaHHOT0 060BEMa MIUIIIEHN IIPOTOHAMMU C
nosoii 1 I'p. OTot pesynbrar OymeT UCIIOIB30BAH IIPU UCCIeTOBAHNY GIIAII-3¢ddeKTa B 00TyIeHNN
IIPOTOHAMI OMOJIOTMUYECKUX MMUILIEHEN, BKIIIOYAst KMBbIe MOMEJIIL.

Pa6ora BeimosiHeHa npu nogaepsxke rpanta PH® Ne 24-15-00040 «Paspaborka ssgepHo-(n3nueckmux
7 pafyo0oIOTNUeCKIX METONOB IIPOTOHHOI (DIISIII-Tepanmm».

1. G. V. Merzlikin, S. V. Akulinichev, LA. Yakovlev. «Simulation of a proton beam facility in the
TOPAS MC software package». Moscow Univ. Phys. Bull. 11 (2023), doi.org/ 10.55959/MSU0579-
9392.78.2310201.

2. Sang-Eun Han, Gyuseong Cho, Se Byeong Lee. An Assessment of the Secondary Neutron
Dose in the Passive Scattering Proton Beam Facility of the National Cancer Center,nNu-
clear Engineering and Technology, Volume 49, Issue 4, 2017, Pages 801-809, ISSN 1738-5733,
doi.org/10.1016/j.net.2016.12.003.

3. ICRP, 2010. Conversion Coefficients for Radiological Protection Quantities for External Radiation
Exposures. ICRP Publication 116, Ann. ICRP 40(2-5).
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MeToauka 00JIyueHUsI IPOTOHAMMU >KMBBIX Mojejell Bo ¢uanm-
pe>xume

Author: WBau SIkoBies’

Co-authors: Banepus Mapreiaosa '; Ipuropuit Mepamukns '; Ivurpuit Kokonnes '; Cepreit Axynuamdes ';
IOpuit Taspuos '

' U PAH

Corresponding Author: iv.a.yakovlev@gmail.com

IlpoBeneHyMe SKCIIEPUMEHTOB IIO OOJyUEHMIO JTaOOPAaTOPHBIX >KMBOTHBIX ITyUKaMIU IIPOTOHOB
C BBICOKOM M CBEpXBBICOKO} MOIIHOCTBIO HO3BI ABJIFETCS aKTYaJbHOI TeMOil MccieqoBaHUI
B oOiacTu MemMUWHCKON ¢usmku um pagmobmornorum. VIHTepec 06YCIOBIEH HECKOIBKIMI
KJIIOUEBBIMM AaCIIEKTaMM, CBSI3aHHBIMM C OCOOEHHOCTSIMM BO3HENCTBUSA IIYUKOB BBICOKOII
JMHTEHCUBHOCTY Ha JKUBble OPraHM3MBI, KaK (M3NUECKOro, TaK M OMOJIOTMUECKOTO XapaKTepa.
HccnenoBanme gaeT BO3MOXKHOCTb OLIEHUTDb ITOTEHUMAJIBHBIE TepalleBTUUeCK)e BO3MOXKHOCTH
BHePEHVs IPOTOHHOM (UISII-Tepalyyl B OHKOJOTUM JI JICCIEHOBATH OMOJIOTIMUECKIE OCHOBBI
¢daur-adpdexra.

ITogroroBka K 9KCIIEpMMEHTAM II0 OOJIYUEHMIO KMBOTHBIX (B JaHHOM CiIyuae - KpbIC JIMHUU
Wistar (Rattus norvegicus)) COCTOUT M3 ONTMMM3ALMM IeJICTBYIOLIEN yCTAaHOBKM KOMILIEKCA
nporonHoit tepannu WA PAH nocpencrBoM mociaemoBaTeNbHOro momdopa KOHUIypanum
GOpPMUPYIOIIMX YCTPOJICTB ¥ OLEHKM IIOJIydaeMBIX I1apaMeTpOB IIOJS OOJNyUeHNS COIVIACHO
Momenu 1 musd cuMysnsuuu paGoThl YCTaHOBKM C MCIONb30BaHMeM Oubmmorexk Geantd n
II0 Topas MC. PaccMmoTpeHBI BO3MOKHBIE BapMaHThI KOMOMHALWII 3JIEMEHTOB JIyUeBOIL
YCTaHOBKU — IIOTJIOTUTEJIEN, paccerBaTeIell, MOTYJIATOPOB SHEPTUM M KOJUIMMATOPOB — C LIEJIBI0
00iyueHysT MuIeHeil (HOBOOOpPa30BaHMIL) Pa3IMUHbBIX PasMepOB NPV MUHNMAIBHBIX IIOTEPSX
VHTEHCUBHOCTY M3JIyUYeHN ¥ MIHIMAIbHOM 00JIyUeHNY HOPMaJIbHBIX TKaHell.

HanHast paGoTa BbIIONHEHa Ipy nopmepskke rpanta PH® Ne 24-15-00040 «PaspaboTka simepHO-
¢bu3UUecKUX M PagMoOMOIOIMUeCKMX METOROB IIPOTOHHOI (IISIII-TeparIi».

1 G. V. Merzlikin, S. V. Akulinichev, I.A. Yakovlev. «Simulation of a proton beam facility in the
TOPAS MC software package». Moscow Univ. Phys. Bull. 11 (2023), doi.org/10.55959/MSU0579-
9392.78.2310201

Impact of unaccounted doses on the effectiveness of radiation
therapy

Author: Alexey Shcherbakov!

Co-authors: Ekaterina Lykova L. Felix Studenikin !; Aleksandr Chernyaev !

! Lomonosov Moscow State University

Corresponding Author: sherbakov.aal5@physics.msu.ru

Radiation therapy is widely used for the treatment of various types of cancer. However, several
factors remain unaccounted for during the treatment planning stage, which may lead to additional
dose exposure to the patient.

When medical electron linear accelerators operate at energies above 8 MeV, secondary neutron fluxes
are generated. The dose contribution from these secondary neutrons is neither evaluated nor incor-
porated in current treatment planning systems 1. To assess this contribution, a computer model of
the linac head was developed and verified using measured percent depth dose (PDD) distributions
in water. Monte Carlo simulations were performed to obtain the spectra of secondary neutrons and
to evaluate their contribution to both absorbed and equivalent doses [1, 3].

Secondary neutrons may also be generated in structural components of proton accelerators and even
within the patient’s body during proton and hadron therapy. Modeling was carried out to estimate
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the additional neutron-induced dose from a rotating range modulator wheel of a proton accelerator.
Additionally, to assess risks to staff and accompanying persons, neutron radiation parameters were
calculated for proton beams interacting with a water phantom.

Another unaccounted factor is distortion in MR imaging, which can lead to discrepancies between
the delivered and planned radiation therapy 2. Experimental studies were conducted using MRI
scanners with magnetic field strengths of 0.5 T and 1.5 T to evaluate image distortions in custom-
made phantoms. Based on these MR images, a treatment plan was generated and compared with a
plan based on CT imaging, and the resulting unaccounted dose was evaluated.

1. Chernyaev, A., Belikhin, M., Lykova, E., & Shcherbakov, A. (2023). GEANT4 Simulation of
Photoneutron Spectrum from Medical Linear Accelerator. Quantum Beam Science, 7(3),27.
https://doi.org/10.3390/qubs7030027

2. Lykova, E. N., Shcherbakov, A.A., Strelkovskaya, A. P., et al. (2024). Experimental Evaluation of
MRI Image Distortion for Radiation Therapy Planning. Bulletin of Moscow University. Series 3:
Physics. Astronomy, 79(4), 2440703. (In Russian)

3. Chernyaev, A. P,, Lykova, E. N., & Shcherbakov, A. A. (2023). Contribution of Secondary Parti-
cles to Absorbed Dose Formation During Radiation Therapy. Russian Nanotechnologies, 18(4),
540-546. https://doi.org/10.56304/51992722323040052 (In Russian)

IIporoHHas IyueBas Tepanusa Ha 6a3e mukiaorpoHa 11-80 B HUI
«KypuaroBckmit mHCTUTYT» - IINAP

Authors: )Kauna JleGenena'; [Omutpnin rpaHMHl; Brapumup Maxcnmos!

' @IBY «Ilemepbypeckuti uncmumym s0epHoil GUIUKU UM. B.II. Koncmanmunoea» HayuonamnvHozo

uccredosamenvckozo yenmpa «Kypuamoeckuil uncmumyms
Corresponding Author: zhanna-med.phys@mail.ru

Ilporonnast ayueBas tepanus (ILIT) sanumaer ocoboe MeCTO B KIMHNMUYECKON IIPAKTUKE U
MIPUMEHSETCSA B TEX CUTYALMAX, KOI[Ia 0COOEHHOCTY ITOTJIONIEHNS IIPOTOHHOTO IIyYKa 0COOEHHO
rosie3Hbl. B 4acTHOCTY, BBICOKME pPe3yNbTaThl JOCTUTHYTHI B IIPOTOHHOI OHKOO(TATbMOJIOTMM.
IUIT maumeHTOB C BHYTPUIJIA3HBIMU 3JI0KAUeCTBEHHBIMU HOBooOpasoBanmsamu (3H) myukamwu
IIPOTOHOB II03BOJIIET IIOBBICUTH BEPOSITHOCTH JIOKAJBHOI'O KOHTPOJIS OIYXONM M CHU3UTH
KOJIMUECTBO IIOCTIYUYEBBIX OCIOXKHEHNII, BERYIIUX 3auacTyio B sHykimearuu. Ha Goibiiom
CTaTMCTMYECKOM MaTepyaje II0Ka3aHO, UTO pe30pOLVs OIyXOJM HOCTUTraeTcs B 98 % ciyuaes,
npuuéM (yHKUMs 3peHus (B TOM MUIM MHOM CTeleHWU) coxpaHsercs y 48 % maumeHTtoB [1, 2].
Bpaxmrepanus sBiseTcs MeTORZOM BbIOopa Ipy JeueHmy Maubix (3...10 MM) BHYTpPUIJIA3HBIX
omyxoJey, UCIoiab30BaHMe anmapara Gamma-knife mpumBomuT K OGOJBIIOMY KOJIMUECTBY
MOCTJIYUEBBIX OCJIOXKHEHMII, XOTSA TeXHUKa ero IpMMeHEHNs ceifuac CTaHOBMUTCSA BcE Oolee
orpaboTaHHOI. XMpypruueckoe BMeIIATENbCTBO CBI3aHO C IIOTepel 3peHns U riasa. [lpu stom
IUIT maumenTtoB ¢ BHyTpuriaasusiMu 3H Gonpmimx pasmepos (BeicoTa omyxoiu Gosee 10 Mm)
SBIISIETCS MPAKTUUYECKY Ge3aTbTePHATYBHBIM METOIOM JIEUEHNS, TIO3BOJIIOIINM B OOJIBILINHCTBE
CJlydaeB COXPAaHUTbD IJIa3, a B IIOJIOBUHE CIIyYaeB - 3peHNe.

Croutr 3aMeTHUTh, YTO IVIa3 cpexm Bcex Jyokammsarumii B IUIT gBigercs OomHMM M3 CaMBIX
CIIOKHBIX OpPTaHOB B KOHTEKCTE ITO3UIIMOHUPOBAHMS U IUIAHUPOBaHMM oOnydeHUs.  ITO
CBSI3aHO C HEIIOCPEICTBEHHOI OJM30CThI0 K CTPYKTypaM IJIa3a, UyBCTBUTENbHBIM K pagualiii.
Taxxe rias gBigeTcS PEHTIeHIIPO3PayHOI IIOABVOKHOM CTPYKTYpON, YTO CO3MA€T TPYITHOCTU
nvmMoOmnmsarun.  Peanmsanms texuomormm IUIT marmenTtoB ¢ BHyTpuriaasasiMu 3H —
9TO CIIOKHBIN IpOLIeCC, TPeOYIOLMil BOBJIEUEHNUsT OONBIINX AaIIlapaTHBIX, IIPOTPAMMHBIX U
1HPOPMALMIOHHBIX PECYPCOB Ha KaKAOM 13 9tanoB npoBenerus IIUIT. [[ns KOHTpoIs TOYHOCTH
IDOCTaBKM HO3BI TPeOyeTCsl CMCTeMbI MOHUTOPMHTA ITyUKa ¥ aBTOMATU3MPOBAHHOTO YIIPABIEHS,
paborarome B peaTbHOM BpPEMEHI.

B moxiyazme paccMaTpMBAIOTCS OCHOBHBIE 3Tambl TexHosoruu IpoBemeHms IIJIT manuentam c
BuyTpurnasaeiMu 3H u pesynbpraTsl pa3paboTKM COOTBETCTBYIOIIMX AlIapaTHO-IIPOrPAMMHBIX
CpencTB MiIs eé peannsaly B MPOEKTe CO3MaHMUsI OHKOO(TaIpMoIornyeckoro komiekca IUIT
Ha 6ase nukiorposa [1-80 B HUII «KypuaroBckmit mHCTUTYT» - [IMAP. TepaneBTruecKkuit my4ox
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IIPOTOHOB, TeHepupyeMbIil HukiaorpoHoMm I-80, mmeer sHepruio 70 MsB. 910 cooTBeTCTByET
mpobery IpuMepHO 4 c¢M B BOAe U IIO3BOJAET OOJNyuaTh IPAKTUMUECKM BCe JIOKAJIM3ALAN
3H B obnacty rimasa m opOUTHI riasa. B paMkax NpoeKkTa cO3[JaHa CHMCTeMa MOHUTOPMHIA
IIPOTOHHOIO IIyUKa, IPOrpaMMHOe obecIeueHye BEPXHEro M HIDKHETO YPOBHS Il peajn3aliuin
TEXHOJIOTMYECKOT0 IpOIfecca, KOTOPBI B JAaHHOM IIPOEKTe BBICTPOEH Ha OCHOBE COBPEMEHHBIX
TOOCTIDKEHMIT JIy4eBOM TepaIuu. Coopyxernne OHKOO(TaIBMOJIOIMUECKOTO KOMILIEKCa
IIPOTOHHOI JIyueBOil Tepammyu Ha 0Oase Iumkiaorpona 1[-80 HUI «KypuaToBckmit MHCTUTYT»
— [IVSI® u BBIBOJ €ro Ha IPOEKTHYIO IPOU3BOAUTEIBHOCTD PELINT IPOOIeMY JI€UeHNS CIIOKHBIX
OHKOJIOTITYeCKIX 3a00JIeBaHMIT TAKMX, KaK MeJIaHOMa IJIasa, JJId LIeJIoro pernona Pd.
Hutupyemas nmurepaTypa

1. Goitein G., Schallenbourg A., Verwey J. et al. Proton radiation therapy of ocular melanoma at PSI
- long term analysis. // Abstracts of PTCOG 48 Meeting. Heidelberg, Germany, 2009.

2. Dendale R., Lumbroso-Le Rouic L., Noel G. et al. Proton beam radiotherapy for uveal melanoma:
results of Curie Institute-Orsay proton therapy center (ICPO). // Intern. Journ. of Radiation,
Oncology, Biology, Physics. 2006. Vol. 65. N 3. P. 780-787.

I/ISY‘IGHI/IC BOBHCﬁCTBI/IH BDBICOKOHEPIr€TUUYECKUX JJIEKTPOHOB HA
KII€ETKHN KPOBU U OITYXOJIN B MOJE€JIBbHbIX YCIIOBMAX
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OpuuMm 13 HanboJee NepCIeKTIBHBIX METOIOB JIeUeHs paka MostouHoi1 xese3sl (PMIK) sBistercs
nHTpaonepaunonHas ayuesas Teparnus (MOJIT). IIpu MOJIT peannsyercs I0OKaIbHOE BO3EICTBIE
Ha OIyXOJb OBICTPBIX, BHICOKOJ SHEPIMM 3JEeKTPOHOB Oeratpona. PopmupoBanme B oOyactu
OIyX0sy GOJIBIIIOr0 KOJIMUECTBA MUKPOCOCYLOB KPOBEHOCHOI CUCTEMBI ITOBBIIIIAET BEPOITHOCTD
Bo3fericTBie MoHmM3upyromero usnyueHns (MOM) mmeHHO Ha KIETKM KpOBY, HaIpumep,
spuTpolMThl. B cBs3u ¢ 3TMM, u3ydeHume BospeiicTBus MOM Ha MopdodyHKuMOHATBHBIE
CBOJICTBA 3pUTPOLINTOB (MOPGOIOTHL, COCTOSHIE IIAa3MaTIUECKO) MeMOpaHa MM CIIOCOOHOCTD
reMOIJIO0MHA IIEPEHOCUTH ra3bl) MOXeT KoppeiaupoBats ¢ a¢pdexrusaoctsio MOJT 3a cuer kak
reMosn3a, Tak ¥ 06pa3soBaHU 9K30COM.

O6BeKTaMy MCCIAENOBAHMSA CIY)XWIM 00pasibl BEHO3HOJ KpOBU IAIMEHTOB SIKyTCKOTO
pecryOIMKaHCKOTO OHKOJIOTMYECKOro AMcraHcepa ¢ amarnozoM PMIK, o6iayueHHbIe ITO3TAIIHO
9JIEKTPOHHBIM M3JTydeHUeM (cymmapHas nosa 150 I'p) Ha ocHOBe MajxorabapuTHOro GerarpoHa
KMB-8 (TIIY, r. Tomck). B wmccrenoBaHum MCIIONB30BAIM Mas3Ku KpPOBY, MOP(QOJIOTHIO
SPUTPOLMTOB B KOTOPHIX AaHAIM3MpPOBAIM C IIOMOIIBI0 CKAaHUPYIOLIEH 3JIeKTPOHHOI
mukpockomnnu (COM).

YcranoBneHno, uto B xome ¢pakumonHoro obmyuenus npu MOJIT xoimuecTBO M3MeHEHHBIX
¢dbopM IpUTPOLMTOB M UX M MX IPOLEHTHOE COOTHOIIEHMe yBeamumBaloTci. Kpome toro,
o0Hapy)KeHHble Ha IIOBEPXHOCTV SPUTPOLMTOB HaHOopasMmepHble cTpykrypsl (HPC), pasmepst
KOTOPBIX COIIOCTABMMBI C pasMepaMy BUPYCOB ¥ 5K30COM COXPAHSIOTCI, M B IUIa3Me OHM He
BO3HMKAIOT B X0/ie 00ayueHus1. B pabore 1 o6¢cyxnpannch Bepcun o Tom, uro HPC, BosHuKaromme
B ILUIa3Me IIpY JIYYeBOIl Tepalny MAI{MeHTOB C JUAarHO30M pakK LIEHKM MaTKU, MOTYT ObITh 11060
9K30COCaMI, BBIJeJIEHHBIMI SPUTPOLIMTAMI, 100 paKOBBIMM KJIeTKaMM o Bo3aelicTBuem MOM.
BepositHo, uto npm BospmerictBuu VIOV Ha KIIeTKM OIyXOJIM MOTYT OBITH BBIAEIEHBI 5K30COMBI,
KOJIMYECTBO KOTOPBIX 3aBMCUT OT pa3Mepa OIYXOJMU, €€ Paglope3sMCTEeHTHOCTM, a B Ciydae
npumenenns MOJIT or o60bemMa OCTATKOB OIyXOJIM IIOCIE ero ymajgeHus. Takmm obpasom, IO
xosnmuectBy HPC mosxHO cynuTth Kak 06 a¢ppexrusroctu MOJIT, Tak 1 BO3SMOKHBIX ITOCIIEACTBIAX
LUPKYJIAOUU B KPOBU 9K30COM — PELIMANBA I METACTa3MPOBAHMS OITyXOJIIL.

ITonyueHHbIE MaHHBIE MOTYT OBITH IIOJIE3HBI MJI Pa3paOOTKM HOBBIX IIOJXOMOB B paspaboTKe
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METOMOB 3aIlUTHl OT MOHM3UPYIOIEro M3JIyUYeHUs M B IIOBBIIIEHMN KauecTBa PagMOTepaIiniu,
a TaxKe IUIs PasBUTUS IIPOM3BOACTBA OTeuecTBeHHOro obopymoBaHums miust MOJIT Ha ocHOBe
MaJIorabapuTHbIX 6eTaTPOHOB — MCTOYHUKOB 9JIEKTPOHHBIX IIYUKOB.

1. Mamaeva S.N., Kononova LV. et al. «Determination of Blood Parameters using Scanning Elec-
tron Microscope as a Prototype Model for Evaluating the Effectiveness of Radiation Therapy for
Cervical Cancer» International Journal of Biomedicine. 2021. V. 11(1), p.p. 32-38.

OneHKa IOIVIOIIEHHBIX 03 C VICIIOJB30BaHMEM BOKCEJIBHOIN
MO/ eJIN YKIIBOTHOT'0-OITyXOJI€HOCUTEJIS
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It obecnievueHus 3agauyl MPaKTUUECKOTO BHEJPEHMS KIVMHMUECKN 3HAUMMBIX METOAVK OLIeHKNI
3¢ deKTUBHOCTY JIyUeBOIl Tepalny KpaliHe Ba>KHBI BHICOKOTOUHBIE PACUETHI pacIpeesieHns 103
Ha 9Talle IpeIKINMHIUECKUX JICCIeoBaHmil. Takme pacuéThl CIIyKaT OCHOBOII IS IIOCIIE Y IOIIEero
TpaHc(epa TEeXHOJOIMIT B KIMHUKY, II03BOJIAS 3apaHee IPOTECTMPOBATh Pas3jMUHBIE PEKIMBI
o0yueHMsI U OLEHUTH X BINMSHIE Ha OMOIOrnyecKye opraHbl n TKauu. OTHMM M3 KIFOUeBBIX
JMHCTPYMEHTOB 3TOTO IIpolLlecca IIpejIaraeTcsi CO3[aHle SKBMBAJIEHTHON BOKCEJIBHON MOMeN
71a60paTOPHOTO >KMBOTHOTO-OIIyXOJEHOCUTENS C IOCIeAyIOIIM JCIIOJIb30BAHIEM peann3aliun
MOJEJIMPOBAHMA B3aMMOIEVICTBUS MOHM3UPYIOIIMX M3Iy4YeHMII ¢ TKaHAMM MeTomoM MoHTe-
Kapuro.

B pamkax HACTOSIIETO WCCHEOBAHMSI B KAueCTBE JCXOMHBIX MHAHHBIX JCIIOJIb30BAIUCH
tomorpaduueckue msobpakenns (KT u, mpu Heobxommmoctu, MPT) MOmenbHBIX »KMBOTHBIX,
rnospossioie  chOpMUPOBaTh TPEXMEPHYIO BOKCEJIBHYIO CETKY C YUETOM pealbHOI
aHATOMIYECKON CTPYKTYyphI oObekTa. IlpenBapurensHas o6paborka m npeobpasoBanue ¢aiios
B dopmar, COBMeCTUMBII ¢ pacuéTHoit cpenoit Geant4, OCyI1eCTBIIAINCH [T03TAIIHO: CHAvaja Ha
aspike Python 6su1 peannsoBan MOIyJIb aBTOMATU3UPOBAHHOTO UTEHNS (C IIOMOIIBI0 OMOIMOTEKN
pydicom) u mopmammsanmm DICOM-maHHBIX, 3aTeM Ui Ka)KOOTO BOKCENsS OIIPeNeNsIiCh
COOTBETCTBYIOLI[ME TI0Ka3aTes IV TUIOTHOCTM U MaTepuaina (o umciaaMm XayHcduiga), mocie yero
Pe3yIbTUpPYIOIIas MOENb CepUaIn30Balach B OMHApPHBII (ailil ¢ MCI0Ib30BaHNEeM OUOIMOTEKN
Protocol Buffers (protobuf).

dopMaT BOKCEJBHON MOMENIN IIPeOCTaBIsIeT BO3MOXKHOCTb I'MOKO BbIOMpATh paspelieHye
(pasmep BoKcesisT) B 3aBUCUMOCTH OT 3afad pacuéra. IIpy HeoOXOAMMOCTM MOJIYUUTh Haubosee
TOYHbIe NaHHble 00 aHaTOMUM (HALIpUMeD, IS MCCIEXOBAHUA KOCTHBIX CTPYKTYP JUIM TOYHOTO
PAacIIoIoKe s OITyXO0JIN) IIPMMEHSIIOCh OoJiee MeJIKOe BOKCeJIbHOoe pa3buenue (0,5 MM), TOrga Kak
B CLleHapUsX, I[ie MPUOPUTETHON SBISETCS CKOPOCTh MOMEIMpPOBAHUS, MCIIONb30BAINCH Gojee
KpyIHbIe Bokcenu (2,0 MM) 111 COKPAILEHNsI BEIUMCIUTENBHON HATPY3KU.

Pacuér m03 M TpaeKkTOpmMil UYACTMIl MPOM3BOAMIICS B YHUBEPCAIBHON Cpege MOIENNPOBAHMS
Geant4 1, xoTopas IpM IOMOLIM CIIEIVAJBHBIX KIacCOB COOCTBEHHOI paspaboTKM 3arpyskaja
ITOATOTOBJIEHHYIO BOKCEJIBbHYIO MOZEJNIb, M3BJIeKas 13 Heé MH(pOpMaLNIio 0 MaTepyale I INIOTHOCTI
Ka)XIOro ajeMeHTa ceTKy. Pusmueckme Ipoiecchl B3aMOAeICTBIsI ONVICHIBANIICh KOMOHAIME
CTaHJAPTHBIX M MOIIOJHUTEJBHO IIOOKIIOUAEMBIX (PM3NUECKMX CIMCKOB, COOTBETCTBYIOIUIX
TUITy M3yuyaeMoro usiayueHus. [[OHMOJHUTENBHO ObLIa IMpPefyCMOTpEHA BO3MOXXHOCTh YUETa
OTHOCKTENIbHOI Omosornueckoit 3¢¢pexrusroctu (OBD) mius pasHBIX BUAOB MOHUBUPYIOIIETO
M3JTydYeHNs, BKIOUas oOjydyeHume ObICTPBIMM HENTpOHAMM, NMPUUYEM peaymsaunys MIpOILEenypsbl
pacuéra OB3 unrerpuposana ¢ GPU-monysnem (CUDA) Ha cepBepHOIL CTOpOHE.

dopmupyemass mosmmerpuueckas MHGOpMAIMS IIOCHYKAT OCHOBaHMEM IS HasIbHENIIet
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OLIEHKU Panuo0MoIornueckoir 3hpHeKTuBHOCTI 00JIyUeHNs M ONTUMU3AIMN COOTBETCTBYIOIIX
IIPOTOKOJIOB B YCJIOBUAX NMPEAKIMHNYECKUX MCCIIeTOBAHNIA.

IIpencraBienHas MeTOAMKAa OpPMEHTMpPOBAaHA Ha IMMPOKUIL CIEKTP MCCIeNOBAaHUII, BKIIIOUAS
pa3paboTKy SKCIIEPMMEHTAIBHBIX IIPOTOKOJIOB [JISI OTEUECTBEHHOTO KOMILJIEKCa HENTPOHHO
Tepanuyu 2, YIJIEPOOHOM Tepanmyu 3, MOAEpHM3ALUM IIOAXONOB IIPOTOHHONM Tepanum 4.
B mepcmexTmBe IIONyUeHHbBIE peIIeHMS MOTYT OBITh TUPAKMPOBAHBI [ IPUMEHEHUS B
KJIMHUUECKOI IIPAKTUKE, UTO COMENCTBYET TpaHC(epy IepeqOBbIX MEAUIIMHCKIUX TEXHOIOTUI 1
MOBBIIIEHNIO 3 PEKTUBHOCTY JIYUEBOI TEpAIINY 3JI0KaUeCTBEHHBIX HOBOOOPa30BaHMIL.

1. Agostineli S. et al., Nucl. Instr. and Meth. A 506(3) 250-303 (2003)

2. Mapgseracknii 10.C. u coasr., Bectuuk Poccuiickoit Akagemun Hayxk 94(1) 80-86 (2024)
3. Solovev A.N. et al., Nanobiotechnology Reports 18(4) 606-609 (2023)

4. Lemaeva A. et al., Clinical and Translational Radiation Oncology 48 100814 (2024)

Pacuer ¢dopmblr Oosroca B cucreMe IUIAHUPOBAHUS WOHHOIM
JIyu€eBOIl Tepanumn

Authors: Augpeit .HapI/IOHOBl; Oster IOmenko’
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JlyueBas Tepanus IpefcTaBiIfeT coO0I METO JIeUeHMsT OHKOJIOTIUeCKIX 3a00JIeBaHMIT, KOTOPBI
coueraeT B cebe BBICOKYIO TOUHOCTH BO3HENCTBIUSA ¥ MUHUMM3AIIO T060YHBIX 3¢ (deKToB. ITOT
ITOAXOM OCHOBaH Ha MCIIOJNIb30BaHUM 3apsDKEHHBIX UacTUI — (POTOHOB, 3I€KTPOHOB, IIPOTOHOB
M IOHOB, KOTOpBIE IPOHMKAIOT ITyOOKO B TKaHN OpraHM3Ma ¥ paspylIaloT OIyXOJeBble KIETKI,
NpaKTUMYECKM He 3aTparuBas 3[0pPOBbIe TKAaHU. B oT/IMume OT TPaAMIIOHHOI JIyueBOIl Tepalny,
Ir/ie IPUMEHSIOTCS (OTOHBI PEHTT€HOBCKOI'O M3JYyUeH s, MOHHAS i IPOTOHHASI TEPAIVIS II03BOJISIET
foJiee TOYHO JOCTABJIATH NO3y HEIOCPEJCTBEHHO K OIIyXOJy O1aromaps YHUKAJIbHOMY CBOIICTBY
nuka bparra.

Opnna n3 Hamboslee BXKHBIX IIpoOJIeM B MOHHOI JIy4YeBOI TEpalNy 3TO co3haHue KOHGOPMHOTO
n030BOTO IOJNA. IIOCKOJNIBKY OIlyXOJIb MMeEEeT BecbMa HeperyssipHyio ¢GopMy, caMoil IepBOil
3ajaueil mpu obecIeueHNy KOH(POPMHOCTH sABJIsSeTcS (GOpMMpOBaHNME O30BOTO IIOJNS IIO
IVICTAJIBHOI (3a/{Hell) CTeHKe OIIyXoyM. JTa 3afada pelraeTcs MeTOJOM KOMIIEHCALUN IIPOOeros
JIOHOB B IAl[MeHTe IS Yero MCIoyb3yercs Goiioc. TummuHo GOJIOCHI MMEIT CIOXKHYIO,
HeperyJspHyIo GopMy, KoTopas SBIsSeTCS MHIMBUAYAIbHOI I Kakaoro nmanmenTa. IIpomenypa
pacuera ¢popMbI 6OTIOCA SBIITETCI 00sI3aTeIbHBIM KOMIIOHEHTOB JIF000TI CUCTeMBI ILIaHMPOBAHUS
JIy4eBOI TepaInuu.

Jlutepatypa

1.Knénos I' U, XopouikoB B C “AnpoHHas jyueBast Tepammsi: MCTOPUs, CTATyC, I1E€PCIIEKTUBbI
(2016).

2. W Schneider et al, Phys. Med. Biol. 45 (2000), 459.

3. Report on G4-Med, a Geant4 benchmarking system for medical physics applications developed
by the Geant4 Medical Simulation Benchmarking Group.
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OnmeHka NOITOIIEHHON [A03bl NpU HAJINYNK HUMIUIAHTOB B
JIy4deBOM Tepalny IMOJOCTH pTa

Authors: Buxkrop Baxrenp'; Omurtpnit Jro6areBckuit'; Jlapmca Turosa'; Muxamn AH,upeeBl; Onug
Ilep6una’
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B coBpeMeHHOJI JIy4eBOJI raMMa - TepallMy OIHOI M3 CJIOKHBIX 3aflau SIBIISETCS OOIydeHIe
nojoctu pra. Hanmyme MMIIJIAHTATOB, OUEBMIHO, TOJIBKO YCJIOKHSET 3TOT IIPOLIECC, MCKa)Kas
nosHoe 1ose. [Ipu 3ToM HomycTrMble OTKJIOHEHMS T03bI COCTABIAIOT He Gosee 3%. IlpoBenenne
OLI€HKM M3MeHEeHUI N03bl BHYTPEHHET0 paccesHUs U ITOIVIOIEeHU raMMa-U3Ty4eHIs B II0JI0CTU
pTa Ipy HaIWYMY MMILIAHTATOB: KOPOHOK M IITH(TOB MPOBOAWMIIOCH HA JIMHETHOM yCKOPUTEJe
Varian Halcyon. Xapakrepuctuku myuxa: 6 MaB, paccrosaue 1o nsornesrtpa 100 cM, oTiryckaemas
mosa 200 MU wnu 2 I'p. B kauectBe 00nyuaemMoro o0beKTa BBICTYIIAl TKAHEIKBIMBAJIEHTHIN
¢daHTOM s3BIKA M3 TBEPHOI BOMBI CO CpefHell ayieKTpoHHON IurotHocThio 0 HU (B emmuHmMmax
XayHcdunga). [JoMOTHUTETHFHO NCIOAB30BAICI CTOMATOIOTMUECKIIT (PAHTOM UETIOCTH YeloBeKa
C 3JIEKTPOHHOJI IJIOTHOCTBIO 3y60B 1600 HU, BriIfouaBmMM GOJIOC, MMUTUPYIOLMIL II[EKY CO
CpenHell 3JIeKTPOHHOII IIOTHOCTHIO -4 HU, a Taxke Metayuinueckye KOpOHKM M3 CTaIN (TOJIIMHA
CTeHKU coctaBisieT 0.3 MM, a 3JIeKTPOHHas TIOTHOCTD - 8000 HU) u HeprkaBewlMe 1 JaTyHHbIE
BHYTpPMKaHAJIbHbIE IITUQTEL.

O6ryuaeMblit paHTOM C PeryIupyeMbIM HAKJIOHOM aHATM3UPOBAJICS C IIOMOIIBI0O KOMIIBIOTEPHOII
tomorpadum [ OanbHENIIel ITOATOTOBKM ILTaHA JIyueBOil Tepanuy. I[loiydyeHBI OLlEHKMU
TIOIVIOLIEHHBIX 03 f3bIKA C YUeTOM ICIIOJIb30BaHUSA MMIIJIAHTATOB I IIPOBEAEHO CpaBHEHNeE
3HAUEeHUII B paMKax MOMey KosebaHmit paspaboraHHoro ganroma. OlLeHKa IIOIVIOLIEHHON
JO3bI OIlpefelIsylach C IIOMOINBI0 raMma Kamepsl Fc-65E. OTKiIIOHeHNe B 9KCIepPUMMEHTAIBHBIX
IDAHHBIX IOTJIOIIEHHBIX 03 IIpu 001yueHnn paHTOMa 6€3 MCII0Ib30BaHMS MMILUIAHTATOB U C HUMUI
cocTaBiigeT MeHee 1%, a BIMAHNE HaKJIOHa OKa3bIBaeT BKIAL 10 3%.

Crucoxk nuTepaTyphl

1. Stuchebrov S. G., Miloichikova I. A., Krasnykh A. A. // Journal of Physics: Conference Series. -
2016 - Vol. 732. p. 1-6.

2. Paraep T.T., JIrotoBa H. A. Knuunueckaa nosumerpus. TeopeTmdeckie OCHOBBI M TPaKTUUECKOE
npumeneHne. M: Bects, 2006. 267 c.

Gamma radiation dose simulation in EGSnrc for in vitro human
glial brain tumors

Author: Dildora Rasulova'

Co-authors: Andrey Kim '; Gayana Abdullaeva '; Gayrat Kulabdullaev '

! Institute of Nuclear Physics, Academy of Sciences of the Republic of Uzbekistan, 1 Khuroson, Ulugbek, 100214,
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One of the critical steps in planning and assessing the effectiveness of radiation therapy is the ac-
curate calculation of absorbed dose and the modeling of its distribution within biological tissues.
Achieving this requires precise simulation methods that account for complex physical interactions
and anatomical geometry. The Monte Carlo method is widely recognized for its ability to meet these
demands.

In the present work, dose distribution calculations were performed using the EGSnrc Monte Carlo
simulation system, chosen for its high accuracy in modeling photon and electron transport in matter.
The photon source 60Co was used, with human glial brain tumor samples serving as biologically rel-
evant targets. The simulations incorporated key physical processes such as photoelectric absorption,
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Compton scattering, and bremsstrahlung. This modeling framework provides a solid basis for assess-
ing dose deposition in radiobiological contexts and emphasizes the value of detailed computational
approaches in radiotherapy optimization 3.

1. Kawrakow, I. EGSnrc Code System for Monte Carlo Simulation of Electron and Photon Transport.
NRCC Report PIRS-701, National Research Council of Canada, Ottawa (2000);

2. Rogers, DW.O., Walters, B.R.B., Kawrakow, I. BEAMnrc Users Manual. NRCC Report PIRS-
0509(A) revL, National Research Council of Canada, Ottawa (2011);

3. Andrey A. Kim, Gayratulla A. Kulabdullaev et al.. Development of method for in vitro evaluaton
of radiosensitivity of human brain glial tumors. AIP Conf. Proc. 3020, 060001 (2024).

TpekoBBIII AEeTEKTOP Ha OCHOBE KPEMHUEBBIX IIMKCEIbHBIX
CEHCOPOB /UISI IPOTOHHON KOMIIBIOTEPHOII ToMorpadmm.

Authors: Buranuit [lerpos'; Bragumup Kepe6Guesckuit'
Co-authors: Basnepuit Koupparses L Erop 3emnnn 1. Huxkomait Manbies
! Canxm-Ilemep6ypeckuii zocydapcmeennblil yHusepcumem

Corresponding Author: v.petrov@spbu.ru

B Hacrosiiiee BpeMs, IPOTOHHas KOMIIBIOTEpHas ToMmorpadus paccMaTpMBaeTcCsi B KauecTBe
MEepCIeKTMBHOIO METOJa IIJIaHMPOBAHMA JI€UeHMS IalMEeHTOB B aIpoHHONM Tepanuu. Ilpnu
9TOM, OCHOBHOI 3ajauell SABJISETCS OIpeejieHNe TOPMO3HOM CIIOCOGHOCTM IIPOTOHA B

TKaHIX IIalMeHTa. JIns pellleHMs [aHHOW 3afauyM B HacTosAllel paboTe IIpefcTaBiIeHa
KOHI[eNIMsI LM(PPOBOr0 TPEKOBOIO KajlopuMeTpa Ha OCHOBE KpPEMHUEBBIX MOHOJMUTHBIX
aKTUBHBIX IMKCEJIbHBIX CEHCOPOB. Takoit Kamopmmerp crocobeH MAeHTUPUIIPOBATH

9HEPTMM M TPEKU IIPOTOHOB B YCIIOBUAX OTHOCUTEIBHO BBICOKOM UX MHOXECTBEHHOCTH. B
IOOKJIame paccKasaHO O pes3yJbraTax OITMMM3AIM KOHCTPYKIMM ILM(POBOIO TPEKOBOIO
KaJIOpMMeTpa U MPUBOIATCS SKCIIEPUMEHTATIBHO IOJYUeHHbIe XapaKTePUCTUKM IS YCTAaHOBKU
C KpeMHUEBBIMU IIMKCEJIbHBIMIU [AeTeKTopaMu. Tarxke NpMBOAATCI OLeHKM 3¢ddeKkTnBHOCTI
perucTpanuy IIPOTOHOB C SHEPTMAMM, MCIIOJIb3yeMBIMU B aJpOHHON Tepammy, IIOJIYyUeHO
IIPOCTPAHCTBEHHOE paspellleHre YCTaHOBKM 1 pas3paboTaH MeTOHR OIpefeseHMs OCTATOUHOI
9HEPTUY IIPOTOHOB.

Pa6ora BeInoTHeHa Ipu GpUHAHCOBOI IIoaaepskke Poccuitckoro HayuHoro ¢poumaa, mpoext Ne23-12-
00042, https://rscf.ru/project/23-12-00042/
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SKCHCPI/IMCHTaJII)HOG orrpenesienme ceueHMUI Pe€aKnmnm
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B nacrosinee Bpemsa B HUIL «KypuaroBckuit uactuTyT>» — UPBI BemyTcs pabGoThl IO CO3AHIIIO
nepsoro B Poccum sKcIepMMeHTIBHO-KIMHUUECKOIO KOMIUIEKCA YIJIEPOAHON MOHHOM
JyUeBOJl Tepammy Ha [eVICTBYIOIIEM yCKOPUTEIbHOM KoMmiuiekce Y-70. Bemyrca paGorsr
110 paspaboTKe METOIVKM JCIIOJIh30BAHNMSI MOHOB yIVIepofa B MeQMUMHCKMX uensx 1. s
abCOJIIOTHOM M OTHOCUTEJIBHOJ [O3MMETPUM MOHUSUPYIOIIEro M3JIydeHUsI B Tepaluy MoHaMU
yriepoja HauOoJIblllee pacIpOCTpaHeHUe IOJNYYMIN JMOHM3alMOHHbIe KaMephl. Oco6oe
BHUMaHUE YIensercs pa3paboTKe MeTOOMK MX abGCONIOTHON KaaMOpOBKM Ui YMEHBIIEHUS
HEOIIpeleJIEHHOCTEeN B M3MEPEeHNIN BeJIMUNMHBI IOIJIOIIEHHON A03bl, TaK KaK AJII MeIMLMHCKOTO
IIpUMeHEeHNsT TOYHOCTh ITOJ(BEeNeHVs NO3bl K 00beMy 00IyuaeMoil OIyXOuM, MOJDKHA OBITH He
xyxe 5%.

B pabore mpuBeNeHO OINCaHMe OPWUIMHAIBHON METOXMKM abCONOTHON  KaluOpOBKU
JMOHM3alMIOHHBIX KaMep aKTUBAI[MIOHHBIMY JeTeKTopaMu Npu paboTe ¢ BbIBEAEHHBIMY ITyUKaMM
YCKOPEHHBIX MOHOB yIiepoa. MeTonuKka I03BOJISIET pean30BaTh KaMOpOBKY MOHM3AIIOHHBIX
KaMep I M3MePEeHM MHTEHCUBHOCTU IIyYKa MOHOB yrilepoja B AuanasoHe sHepruit 400-450
MaB/ayknon. Hcnonssyercs HM3KO(OHOBas paguMoMeTpyUecKas yCTaHOBKa, paboTarolas Io
npunuuiy X-X-coBmaneHnit, akTMBallMOHHBI JETEKTOP M3 UMCTOTO YIVIEPOAA C €CTeCTBEHHOII
cMechio u3otonos u peakuus 12C(12C,X)11C.

J71s1 yBenuueHUsT TOUHOCTM aKTUBALMOHHON METOAMKI HEOOXOAMMO KaK MOJKHO TOUHee 3HATh
ceuenne peakiun 12C(12C,X)11C B amamasoHe KIMHUUYECKM HeOOXOMMMBIX sHepruit (150-450
MB3B/HYKIIOH), TaK KaK 9KCIIEpPUMEHTAIBHO OHO M3MEPEHO JINIIIb [AJI HEKOTOPHIX (PMKCUPOBAHHBIX
9HEpIMil, IPY ITOM CYIIECTBYeT 3HAUMTENbHas PasHNLA MEXIY IIOIyUeHHBIMN NaHHBIMU [2,
3]. Ha yckopurenpHOM KOoMIUIeKCe Y-70 BO BpeMsl YIVIEDOLHOTO CeaHCa OBLIM IIOJIyUeHbI
9KCIlepMMeHTaIbHble 3HaueHns ceueHns peakuun 12C(12C,X)11C na sHepruu 450 MsB/Hyxion
n 400 MaB/uykinon. s sueprum 450 MsB/HykmoH cocraBmiio 65,249 M0, a i sHepruu
402,5 MaB/nyKioH - 63,853 MO. PesynpraT HaxomuTcsa B pa3yMHOM COIVIACUM C MIMEIOIMMICS
MIPOBBIMHU JAaHHBIMU 2.

1. Yu.M. Antipov et al, Instrum. Exp. Tech. 67, S300 (2024).
2. F. Horst Phys. Med. Biol. 64, 205012 (2019).
3. G. Arico et al, Proc. ND 2019. May 2019, Beijing 24001 (2020).
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Author: Anekceit ConoBses!
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Corresponding Author: salonf@mrrc.obninsk.ru

IIpakTudyecku ¢ MOMEHTa OTKPBITMS HENTPOHOB, NCCIENOBaTeNIM II0 BCEMY MMUPY CTalIn
rofpasyMeBaTh OTPOMHBIN IIOTEHIMAT OT MX MCIIOJAB30BAaHMUS B TepalMi 3JI0KaueCTBEHHBIX
HOBooOpasoBaumit. K coxxayeHuo, Ha MPOTHKEHNY IIPAKTUYECKY BEKOBOIL MICTOPUM IIPYIMEHEH s
MeTOMa, OCTABaJICS pAX (PyHIaMEHTAIbHBIX IIPOOJIeM, HAUMHAS OT MEXaHM3MOB MX ITOIYUYEHIS
M TeHepaluyu, BKIIOUas pasMepbl MCTOUHMKOB, I 3aKaHUMBasg paguoOMOIOrmuecKIMU
0COOEHHOCTSMM ¥ CJIOXXHOCTSMM B OIMCAHUIM B3aMMOENICTBUS HENTPOHHOIO W3NYUeHUs I
ero 3¢ peKTMBHOrO AEMCTBYIOIETO CIIEKTPA MOHM3ALN, C KIBbIMU 00bekTamMu. Ha HacTosImit
MoMeHT B Poccuym co3maH U roToB K KIMHMYECKOV ampobai(uy MHHOBAIMOHHBIN KOMILIEKC
MeQMIIMHCKOTO HasHaueHWs, IpefHA3HAUEHHBIN IS AUCTAHIMOHHON Tepanuy ObICTPBIMU
HelTpoHaMmu 14,8 MaB 1.

B pamxax BbIITOJHEHMS Pa0OT II0 CO3MAHUIO yCTAHOBKYM MENUIIMHCKOIO Ha3HAueHMs, ObLIT
BBIIIOJIHEH OTPOMHBIN CIEKTP HayUHO-TEXHOJIOTMUECKNX M3bIcKaHuil. CIo/1a OTHOCATCS pacuéTsl
3aIMTHOrO KaHbOHA I PACIIOJIOXKEHNS yCTAHOBKM 2, MPOEKTUPOBAHIME CUCTEM KOJLIMMAILIN
1 OMOJOrMYecKOil 3aluThl reHepaTropa, a TakkKe pa3paboTKa HayYHO-TEXHOJOTMUECKOTO
M IMPOrPaMMHO-JITOPUTMUUECKOTO oO0ecIieueHue, IpeIHA3HAUEHHBIX IS IUIAHUPOBAHUS
IVCTAaHIMOHHON HEMITPOHHOI Tepanmnn.

CucremMa IUIaHUPOBAaHMA KOMILIEKCAa IIOCTPOEHA IIO apXUTEKType KIMEHT-CepBep, IIPU 3TOM
MTOAEP)KMBAIOTCS ¥ alpoOMpOBAaHBI peajy3alyyl B BUAE TEPPUTOPUATBHO-060COOIEHHOTO
KJIMEHTA C Ilepefavell JaHHBIX Ha 6a3e ceTell 0OIIero IMOIb30BAHYS C IPUMeHEeHIeM IIPOTOKOJIOB
SSH pms apxutexktypsl mepemaum komaun u SCP s mepemaum daiinoBoit mHpOpMAILMN.
VHTrerpanus [MaHHBIX MEXAY MEIUIMHCKUMI YCTPOJICTBAMIU, BKJIIOUAs CpeACTBA TOIIOMETPUM,
CHCTEMBI BM3YaJbHOIO OTOOpaKEHUS TEPAIeBTUUECKUX XapaKTEPUCTUK CO34aBaeMOTO IIOJI,
7 (pakTUUeCKy0 Iepefadyy NAHHBIX Ha IYJAbT YIpPaBIeHMS YCTaHOBKON, obecrieumBaeTcsi B
cootBercTBUEe C orpacieBbiM craHmaproM DICOM. COBOKYMHOCTb KJIMEHTCKUX IIPUIIOKEHUI
npezcrapiieHa 060co0IeHHBIMY MCITONHSIeMbIMU (aitamMu st cpensl Windows, HanmcaHHbBIMM
Ha sa3pikax C++, C# u Python. CepBepHble cpencTBa IpefcTaBIe€HbI OJMHOUHON ILIATGOPMOIL
BBICOKOIIPOM3BOAUTEIBHBIX BhIumcieHnit Ha 6ase Intel Xeon c Bupmeoxaproit nVidia Tesla
V100, mopx ympaBileHUEM OIlepallOHHON cucrteMbl Proxmox. B pamxkax cpegsr Proxmox
pa3BépHyTa BUpTyaJbHasd MalllMHa, IPENOCTABJISAIONIas HOCTyI K IPOCTPAHCTBY IUCKOBOTO
xpanmmmina o mporokonam CIFS, NFS, SCP u iSCSI, a takXe OCHOBHON BBIUMCIVUTEIBHBIN
69xeHa-cepBep Ha 6aze Ubuntu. OcHoOBHBIM (M3MUeCKMM IBIDKKOM sIBiIseTcs cpexa MoHre-
Kapmo momenupoBanus o6iero HasHaueHus Geant4 3, ocyliecTBISIOIAs pacuéT TpaHCIIOpPTa
(a30BOrO IPOCTPAHCTBA, MOTyYaeMOro u3 Jobbix coBmectuMbix cper (MCNP, Fluka, TOPAS) no
BOKCEJIBHOJI CETKe CO CIeIalN3MPOBaHHBIM aITOPUTMOM IIpeobpa3oBaHMst TOMOTpapuecKnx u
TOIIOMETPUYECKMX MAaHHBIX. J[lomojHmTenbHass oOpaboTKa MaHHBIX, arperaunys pe3yJIbTaToB
BBIMIOJTHEHNSI pPACYETOB, IIOCTPOEHMS CTATUCTMKM, VyIIpaBJIeHMe I MOHUTOPUHT 3aIlycKa
MHO)XECTBEHHBIX 3aflau IUIAHMPOBAaHWs, pealn3oBaHbl Ha 6ase s3pikoB C++, C# m Python.
HononaurensHo mopgepxuaercss Monyias CUDA nys pacuéra OTHOCUTENBHON OMOIOTMUEeCcKOil
addexTuBHOCTH 4.

1. Mapgsruacknii 10.C. u coaBr., Bectank Poccuiickoit Akamemun Hayx 94(1) 80-86 (2024)

2. Yepuyxa A.E. u coaBr., V3BecTns BbIcIINX yueOHBIX 3aBeeHUIl. fInepHas sHepreTmka. 3 158-
167 (2022)

3. Agostineli S. et al., Nucl. Instr. and Meth. A 506(3) 250-303 (2003)

4. Gordon K.B. et al., Bulletin of Experimental Biology and Medicine 173(2) 281-285 (2022)
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Separation of nuclear isomers: towards the design of *"Sc/*9Sc
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44gSc presents a particular interest for application in nuclear medicine as a positron emission tomog-
raphy (PET) radionuclide due to its favorable nuclear decay properties (t1/2 = 3.97 h, Emax = 1.47
MeV, branching ratio 94.3% P+). Its nuclear isomer 44mSc (t1/2 = 58.61 h) decays by isomeric transi-
tion (IT) into 44gSc, accompanied by ~12% of conversion electron emission. So-called ‘after-effects’
caused by the emission of conversion electrons, which create a vacancy in the inner shells (K, L)
followed by the Auger emission and other relaxation processes, may lead to complex disintegration
when attached to the chelator, and consequently, to a partial release of the daughter.

Both 44mSc and 44gSc were produced via irradiation of natural Ca targets with 12.8 MeV pro-
tons. The further separation of Sc isomers from the target material was carried out using a direct-
flow two-step radiochemical scheme, which includes DGA resin (branched, 50-100 pm) and HCl
solutions, and cation-exchange resin Dowex 50Wx8 (200-400 mesh) and solution of ammonium o-
hydroxyisobutyrate (NH4-a-HIB) 1. The radiolabeling of DOTATOC (C=10-4 M, pH 5, 85°C, 60 min)
with 44m/gSc was analyzed via instant thin layer chromatography (iTLC) and showed radiochemical
yields of 98%. The system consisted of 44m/gSc attached to DOTATOC, Strata C-18E as a genera-
tor column and 0.1 M NH4-a-HIB as an eluent. The generator was eluted once a day with 0.1 M
NH4-o-HIB. Quantification of the 44gSc yield and breakthrough of 44mSc was measured using y-
spectroscopy. The designed generator demonstrated 9.8+1.0% yield, which is close to the theoretical
12% yield (or ~80% per the portion of conversion). The breakthrough of the parent 44mSc was reduced
from 3% during the first elution to 0.03% during the last elution (typically the generator was eluted
5-6 times). It is important to mention, that attempts to design a generator with 44m/gSc-DOTATATE
on Strata X column resulted in low yields of less than 10% per the portion of conversion, which was
also observed earlier by Huclier-Markai et al 2.

These results demonstrate the influence of after-effects on the stability of the initial complex, where
44gSc is one of the only examples with low Z. Moreover, this scheme would give the opportunity for
generator sources of PET radionuclide - 44gSc to enable transport and kit labeling synthesis in the
medical facility.

References
1 Kurakina E.S. et al. Nucl. Med. Biol.104-105, 7 (2022).
2 Huclier-Markai S et al. Nucl. Med. Biol. 41, 36 (2014)

Pa3paborka rpadpuueckoro mHrepderica Pusmyeckoro Mogys
CIUICTEMBI INIAHNPOBAHNA MOHHOI JIy4eBOM Tepanmuu
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It mepBoro B Poccuu 1ieHTpa MOHHOI JIy4eBOI TepAIyy, CO3aBaeMoro Ha 6ase [eiCTBYIOIIEro

YckopurensHoro komiurekca Y-70 HUI «KypuaroBckmit mHCcTUTYT» - UPBI B . IIpoTBuHO,
paspabaTbIBaeTcd YHUKAJIbHAA CUCTeMa IIaHMpoBaHMA obmyueHus 1. Ona OymeT coCTOATH U3
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TpéX OCHOBHBIX Mopyeit: Pusnuueckoro, Brosornueckoro 1 Moxyns OnTuMu3aLnm.

PaGora ®u3nueckoro MOAYyJs, B CBOIO Ouepenb, TAaKKe CTPOMUTCS HA MOAYJIBHOM IIPUHIMIIE.
Kaxp1it 13 ero MOAyJieit BBIIOJHSIET ONpeAeIéHHble 3aau, TPeOYIOIIIecs A OCyIeCTBIEHNS
YCITEIIHOTO OOJIyueHMs MOHaMu yriepona. lleHTpanmsoBaHHas pabora BceX IporpaMm Oymer
opraHmsoBaHa Ipu Iomowu rpaduueckoro mHTepdeiica, (PyHKIMOHATbHbIE TpeboBaHUSA K
KOTOpPOMY OIIPEeIIITCS CTPYKTYPoil PU3nueckoro MOLYIIA IUTAHUPYIOLIEN CUCTEMBL.

B pabore mpencTraBieHO OINMCaHMe I TeKylllee COCTOsHMe rpaduueckoro wuHTepderica
du3nuecKoro MOAYJIS CUCTEMBI IUTAHMPOBAHNS MOHHOI JIYUeBOil Tepanuy, paspabaTsiBaeMoro
Ha ocHOBe Qt 2.  PaccMOTpeHBI CTPYKTypa MOAYJNSA U CBSI3aHHBIN C Hel (YHKIVOHAI
rpadpuueckoir obonouku.  IlokasaHa axTyanpHas Bepcust uHTepdeiica, HalpaBileHHas Ha
00paborky MeguuuHCcKnx ¢aiinos B popmare DICOM, a raxxe Ha paboTy ¢ 60110COM.

1. IlenTp MOHHOM JIyueBON Tepammy [DIeKTpOHHBIN pecypce] // OduiuumanbHbIN —cailt
nHCTUTYTa GU3MKM BbICOKMX 9Hepruit mmeHum A.A. JloryHosa. Pexxum pocrymna:
http://www.ihep.su/files/Journal_2017_Final_2_05_02_2018.pdf

2. The Qt Project : [9mextponnsiii pecypc] // URL: https://contribute.qt-project.org

HNccnepoBanue poTosage pHBIX PEAKIINIL C BBLIETOM 3apPsHKEeHHBIX
YacTUI], HAa PeAKO3eMEJIbHBIX 3JJIeMEHTAaX [ IIOJydYeHUs
NePCIEeKTUBHbBIX MeAMIITHCKIIX I30TOIIOB
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B mocnemume roger Habnromaercs OYpHBIN POCT MCCIENOBAHWUIT M KIMHUYECKUX MCIIBITAHWI
HOBBIX TepaleBTUUECKNX panumodapMIIpenapaToB, KOTOpbIE NOCTABISIOT MCTOUHUK WU3IyUeHUs
HEIIOCPEJCTBEHHO K PAaKOBBIM KIJIETKAM. OnHOJI M3 OCHOBHBIX IIpo6ieM BHyTpeHHeI
PanMOHYKIMAHOM Tepaluy IBJIgeTCd KoJMYecTBeHHas OlleHKa J03bl, II0JIyYaeMOol pasaInyHbIMU
opraHaMM IalMeHTa, B OCHOBHOM 13-3a CJIOKHOCTH €€ M3MepeHNsA. B TepaHOCTMUeCKOM IIOAXO0e
3TO IIpeojojeBaeTcs 3a CUeT KOMOMHAIMM ITOAXOMSIIEro AMArHOCTUMUYECKOTO pagMOHYKIN/A,
JICITYCKAIOIMIM HU3KO9HEpreTMYecKoe Y-U3JIyueHMe C TepalleBTUUECKMM PaAMOHYKINUAOM,
JICITYCKAIOIIIM O- VUM B-YacTUI(bI, KOHBEPCUOHHBIE ¥/ VMM OKe-3JIEKTPOHBI.

HHTepec K JWCIIONB30BAHNIO PENKO3eMEJbHBIX PaJMOMETaUIOB B TEPAHOCTMKE OOYyCIOBIEH
UX TIOXOKMMM XUMMYECKMMI CBOJCTBaMM, KOTOpPbIE IIO3BOJIAIOT JIETKO M B3alIMO3aMeHSIeMO
BKJIIOUATh UX B MAEHTUUYHbIE OGM(YHKI[MOHAIbHbBIE XeJIaTOPhI MV TapreTHbIe O1IOMOJIEKYIIb! Ge3
JOTIOJTHUTEIFHO MOAU(IIKAIIIL.

B Hacrosiee BpeMs IIPOBEIEHO OOJBIIIOE KOJMUECTBO KIMHUUECKUX MCCIETOBAHUII C
NpUMEHEHNEM IMAarHOCTUUYECKMX ¥ TEpalleBTUUECKMX pPEIKO3EMENbHBIX pPaaMOHYKIVIOB.
PyTurHOe 1cnosnb3oBaHNe psAaa TAKUX PAOUMOHYKINOOB B KIMHIUKAX CAEP)KMBAETCS CIOKHOCTBIO
METOMOB UX MOJyUeHNs, TPeOYOIINX ONTUMU3AIINI.

Hamm mnpoBomaTcs uccileoBaHUA IIOJNyUeHUS Ha YCKOPUTENISIX 3JIeKTPOHOB HEKOTOPBIX
NEPCIEKTUBHBIX PeAKO3€MEIbHBIX MEIMLIVHCKIX PagVIOHYKINIOB (166Ho, 177Lu, 188-189Re) B
(OTOSIIEPHBIX PeAKLUAX C BBUIETOM 3apsKEHHBIX UacTuIl. 110JIyueHbl KOMILUIEKCHBIE JAaHHBIX O
BbIxomax (y, pXn)-peakiuit u (y, aXn)-peakuuil Ha MUIIEHIX 3pOus, radHUA, TaHTaIa, OCMUL I
nrtpus. IlonyueHHbIe pe3ynbTaThl 00CyKHaroTca. FcciemoBaHue BBIIIOTHEHO IIPU IIOINEPKKe
rpanTa Poccuiickoro Hayusoro ¢ouna (mpoekt Ne 25-22-20051).
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Hoxnan comepxut ommcanme cucrembl OPOKT Ha Gase merexkropa Timepix ¢ Kogmpyroium
KoJumMaropoM, paspaboransoir B JUIII OMAN. Vcnonbp3oBaHue B KauecTBe PErMCTPUPYIOIIETO
yCTpOJicTBa IIOJIYIIPOBOGHMKOBOIO MaTpUUHOro AeTekropa Ha ocHoBe CdTe m Mukpocxemsl
cunTeIBaHMA Timepix 103BoJIAET IPOBOANTD VCCIIETOBAHNA C VICITOJIb30BAHIEM MHOTOHYKJIVMIHBIX
pamuodapMIIperapaToB ¢ BBICOKIM SHEPreTUYeCKUM I CyOMIUITIMETPOBBIM IIPOCTPAHCTBEHHBIM
paspellleHIeM Ha Ja60paTOPHBIX KMBOTHBIX 1.

Jns MsydeHuss OCHOBHBIX XapaKTePUCTMK AAHHON CHCTEMBI JMCIIOIb30BAINCh KalIMOPOBOUHBIE
(baHTOMBI U TPAAUIIMOHHBII VIS TAKIMX MCCIeTOBaHMII paguony Ky 99mTc, KOTOpBI moyyan,
UCIONB3yA reHeparop 99Mo/99mTc. [na mHapabotku 99Mo mcmonp3oBanmy GOTOSRAEPHBII METON
2. Pagmonykiaup 99Mo monyuanu B peakumu 100Mo(y, n)99Mo mytém oGmyueHMS] MUILIEHU
n3 oboraménnoro 100Mo maccoit 654 mr sHeprueit 23 MsB npu Toke 10 MKA HeIpepbIBHO B
TeueHVe 6 MHel Ha yckopureie 3nekTpoHoB MT-25 B JIIP OUAN. [na monydeHUs M30TOIHOTO
re"eparopa 99Mo/99mTc MBI MCIIOTB30BATIN METOAUKY 3, KOTOPYIO ONITMMM3MPOBAIN JJI HAIIlero
9KCIIepMMEeHTa. BBIX0J IIOJYYeHHOTo pafAMOHYKIMAA A1 AaHHOW KOHQUIypaluyu MUIIEHN
coctaBui 583 Bx/MKA-Mr-u. IlomydeHHBIN pacTBOp ¢ akTMBHOCTBI0 100 MBx mcnonbs3oBanu ans
3amoynHeHnsa (GaHTOMOB. B pesynbraTe OBLIM OIleHEHBI OCHOBHBIC XapaKTEPUCTUKMU CUCTEMBI
O®3KT, a rakke MPomeMOHCTPUPOBaHbI BO3MOKHOCTH 2D u 3D m306paskeHnI1, IOJIyueHHbIX Ha
KalMOGpPOBOUHBIX (haHTOMAX.

Jlutepatypa

1. V. Rozhkov, A. Zhemchugov— Visualization of radiotracers for SPECT imaging using a Timepix
detector with a coded aperture // Journal of Instrumentation, 15, 2020.

2. A.B. Cabenpunxos, O.J1.Macios, JLT. Monokanosa, M.B. I'ycroBa, C.H. [Imurpues. Pagmoxmmus,
2006, 48(2), 172-175¢.

3. Muxees H.b. u gp. I'ereparop TrexHeuna-99m. — Pangmoxmmus, 13. 1971 - 631-633c.

Paspa60T1<a IIpOorpaMmMHuBIX n TEXHMNMUYECCKIMX CpeacTs
OIITMMM3aNNIN CYICTEM BbIBOJA ITYUKA N30XPOHHOTO IUKJIOTPOHA

¥Y-150 HAII «Kyp4yaTOBCKMIT MHCTUTYT»

Authors: Braguvup Hosukos'; [murpuit Bray'; Vinss ITonos'; Tumyp Kynesoit!

' HUI] "Kypuamoeéckuii uncmumym”
Corresponding Author: sackramentum@gmail.com

PaGora mocssiiieHa ONTMMM3AIUMM CUCTEMBbI BbIBoja Iyuka YHY «JI30XpOHHBI LIMKIOTPOH
¥-150» HUII «KypuaToBckmit mHCTUTYT» 1. [laHHBIN IUKIOTPOH ABJILETCI OJHUM M3 IIE€PBBIX
B CTpaHe UMKJINYECKUX YCKOPUTeJIeN, 3anylleH B 1947 roay, nepeBefieH B M30XPOHHBIN PEXUM
B 1984 roxgy. Luxmnorpon obecreynBaeT BO3MOKHOCTh yckopeHns H+ mo 35 MasB, 3He+2 mo 70
MsB, 4He+2 mo 60 M»aB. SHeprus qpyrnx MHOT03a-psIHBIX MIOHOB, YCKOPSEMBIX B IMKIOTPOHE
cocrasnser E = 62 Z2/A [MaB].

B Hacrosimee BpeMs OHONM M3 IIEPBOCTEIIEHHBIX 3aJad LUKJIOTpo-Ha Y-150 sBisgercs
obecrieueHne HapaboTKM MemuUMHCKOro m3oroma 1231 mns kamHMK MOCKOBCKOTO pErmoHa,
KoTopas Opula HauaTa B Hauaje 1990-bix romoB 2. [lia obecriedyeHNs CTaOMIBHOIO TOKA I
HAaCTPOVIKY IIMKJIOTPOHA ObLIN pa3paboTaHbl MM BOCCTAHOBIIEHBI CUCTEMBI AMArHO-CTUKIY ITyUKa:
rpaduToBbIe IPOOHMKY BHYTPM IIPABOrO AYaHTa, MEXAY AyaHTaMu, Iocie qedekropa, OI0Kn
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IMarHOCTUKI C TeJeyCTaHOBKaMM B ITyYKOBBIX KaHasaX: Ilepefl pasgaTOUYHBIM MarHUTOM, Iocie
pasmaTo4Y-HOTO MAarHuTa, Ha MUIIEHI.

Ilomumo sTOro OBLTIO IIPOBENEHO KOMIIBIOTEPHOE MOMENMPOBaHNME IUHAMUKM ITydKa B
LMKJIOTPOHE, BKJIIOUAas ONTMMMU3ALNIO IIOJO0KEHM ¥ 3a30pa 3JeKTpocTaTnueckoro aediexropa
Ha OCHOBE JaHHBIX I10 I3Me-PEeHII0 MATHUTHBIX IT0JIeiT 3 ¥ IPOTPaMMHBIX IIOAXO00B, ONMCAHHBIX
B 4.

Jlurepatypa

1. H.MW. Benuxos, ATI. Boakosuu, AH. I'ymua u np. M3soxpoHHBIN IIUKIOTpoH: IIpenpmHT
HNA3-2942. — M., 1978, c. 36.

2. Venikov, N. L. et al. Production of High-Purity 123I on IAE Cyclotron // 12th International
Conference on Cyclotrons and Their Applications, H08, 1991.

3. I0.II. Bysynykos, H.V. Beaukos u np. Pe3ynbrarsl M3MepeHMI MarHUTHOTO II0JIS M30XPOHHOI'O
uuknorpona MA9: Ilpenpuat MAS-2905. — M., 1977, c. 13.

4. B.JI. CvuproB. IuxiorpoH n ero mogennposanne. $usmka ajreMeHTapHBIX YaCTHIT Y ATOMHOTO
aapa, 2021. T. 52. Bemm. 5. C. 1158-1304.

ITosryueHMe TEPCHEKTUBHOTO [JIA SAAEPHON  MeXVIIIHBI
paguonykimuaa °"Pt B ¢poToAgePHBIX peaKIUAX O0IyUeHMeM

NPUPOTHON IUIATMHBI C IIPUMEHEHMeM MeToma cbOopa smep
oTAaum
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Co-authors: Focionus Boxkukos %; Hukonait AKceHOB !
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? Jlabopamopus adeprbix peaxyuii (JIAP) um. T. H. ®néposa, OUAN
Corresponding Author: al. madumarov@jinr.ru

Pammonykinunel, ucmnyckawomme Oe- M KOHBEPCUOHHBIE 3JIEKTPOHBI, B HACTOSIIEE BpeMs
AKTMBHO VICIIOJIb3YIOTCS B TEPAIIMY OHKOJIOTMUECKIUX 3a00seBanmit. [Ipyu HaAIMumm moaxomsIIero
MSITKOTO Y-M3JIyUeHNs UX IpUMeHeHe MOXeT COOTBETCTBOBATh KOHLIEMINY TEPAHOCTUKY, UTO
IopasyMeBaeT IPOBeIeHIe TEPAIINY U AMACHOCTUKI B ONHOI MeIUIIMHCKOI Ipouenype. Takue
PAIMOHYKIUABI M3BeCTHBI, Hampumep: 67Ga, 117mSn, 1231, 86Y(90Y), 64Cu(67Cu), 1241(131I),
195mPt, u HeKOoTOpBIe M3 HUX y>Ke YCIELIHO VCIIONb3YIOTCSI B KIMHWYECKON IpaKkTuke. 195mPt
MCIyCcKaeT camoe Oousblroe KoiamdectBO O)Ke-3JIEKTPOHOB HA pacraj Cpelyl BCEX W3BECTHBIX
MeIUIIMHCKUX PAAMOHYKINIOB, IPUUEM €€ pacla COIPOBOXKAAETCS Y-U3IyUeHEM, IPUTOIHBIM
IV BUSYAJIM3AI[UN, UTO AEJIAeT 3TOT PAfVMOHYKIU UAEATbHBIM KaHAUAATOM U TEPAHOCTUKIL.
Beemenme 195mPt B IpcIiaTMHYy MHOTOKPATHO YCIUIMBAET TepaleBTMUEeCKUit 3pQeKT 3Toit
OMOMOJIEKYJIBI B JIEUEHUV COOTBETCTBYIOILMX OHKOJOTMUECKMX 3a00JIEBAHMII IIPU COXpPAHEHUN
LIMTOTOKCUYHOCTI, KOTOpas XapaKTepHa IS KJIACCHMUECKON XMMMOTEPAINMy IUCIUIATIMHON 1.
OpnHaKo [0 CMX IIOp He HallJeH MeTOoA noiyueHns 195mPt ¢ BBIXOJOM U YAEAbHO aKTUBHOCTHIO,
IOOCTATOUHBIMU IJISI COOTBETCTBUS TPEGOBAHUAM PAIVIOHYKINIHONM Tepanuu. B a1oit paGore MbI
VICCIIENyeM OOVIH U3 IEPCIIEKTUBHBIX CIIOCOOOB IIOJYUEHMs L1eJIEBOTO PANUIOHYKINAA U METOX
MOBBILIEHVS €70 YIEeIbHO! AKTMBHOCTIL.

g momryyerns 195mPt ¢ BBICOKMM BBIXOOM M YIEJIBHOM aKTMBHOCTHIO MBI IIPMIMEHSIN ITIOJIXO],
BKJIIOUAIOLIMIT OOJIyUueHMe CMeCH IMCIUIATMHBL U KPUIITOMeJIaHa TOPMO3HBIM M3JyueHNEeM
Ha Mukporpone MT-25 (OWAU, JIAAP) B coorBerctBum ¢ peakimsamu  196Pt(y,n)195mPt
n 195Pt(y,y))195mPt m mocnenyrmoumit MeTom cOpoca HOCKUTENS. Hecmotpss Ha TO, uTO
dorosimepHsblit MeTon sBissercss 3PQPEKTUBHBIM WHCTPYMEHTOM ISl IOJYUEHUs U30MEPHBIX
PAAMOMB0TONIOB C BBICOKMM BBIXOJIOM, UTO OCOOEHHO aKTYAJIbHO I ANEPHON MEIWUIVIHBI, B
HAIlIEM Cllyuae HAKOIUIEHVE PAAMOAKTUBHOI [JIATUHBI IIPOMCXOANUT B MacCe HOCUTEJS, II09TOMY
Heo0X0uMa OIOJHUTENbHAS IPOLeAypa I YBeINMUeHNs yAeIbHO! aKTUBHOCTU TpeGyeMoro
pamMOHyKIMAa. B KauecTBe MUILEHM WCIIONB30BATM CMeECh LVCIUIATVHBI, SIBIISIOIIEICS
JICTOUHMKOM pPagVOAaKTMBHBIX aToMOB 195mPt, m KpmiromenaHa, BBIIONHSIOIIETO (DyHKIIIO
cOOpHUKA siep OTAAUM, B PasHBIX BECOBBIX COOTHOIIeHMsX: 1:1, 1:2, 1:5, 1:8, 1:10 COOTBETCTBEHHO.
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OTneneHne KpumToMesaHa ¥ IIOCIERYIOIas OUMCTKA I[€JIeBOr0 PagMOHYKJIMIa II0Ka3aja, uTo
MaKCUMaJbHas yHAeJbHas aKTMBHOCTb HOCTUIAETCI IIPY COOTHOIIEHMM MacC IMCIUIATUHBI 1
KpumToMesaHa 1:8, U IO3BOJIIET 3HAUNUTEIBHO yBEJIMUYUTh HAYAIBHYIO YAEIbHYI0 aKTUMBHOCTD C
COOTBETCTBYIOLINM XMMITUECKIM BBIXOOM 80%.

UccmemoBaHume BBIIOJHEHO IIPM YaCTUYHON (GMHAHCOBON monamgepkke HarnmoHanbHOro
nccienoBarensckoro ¢ouga IOAP coBmectHo ¢ OOBeqUHEHHBIM WHCTUTYTOM SIIEPHBIX
nccaemoBanuit (mpoekt Ne 22 Paguoxumus (vacts JUIP)).

JIUTEPATYPA
1. Zeevaart JR et al, J Labelled Comp Radiopharm. 56:495-503  (2013).
https://doi.org/10.1002/jlcr.3091.
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7 Poccutickuii xumuxo-mexnomnozuveckuii ynusepcumem umenu [I. F. Mendeneesa

Corresponding Author: filosofov@jinr.ru

PagyoHyKJIMIHbBIE TeHEPATOPBI HALILIYM CBOE IIpMMeEHEeHIe BO MHOTHMX O0JAacTsIX HAyKIH, a TaKKe
IV pellleHNs IpUKIagHbIX 3amad. Ocoboe 3HaueHMe OHM MMEIOT IS SAEPHOI MeIVIIMHBI
6yarogapss MHOTOKPATHOMY IIONIYUEHMIO I(eJIeBbIX PAaAMOHYKINIOB HEIIOCPEACTBEHHO B MeCTe
MX UCIonb30oBaHMsa 1. PamgmoakTuBHBIE IIperaparsl, IIOJNyUYeHHbIE 110 FeHepaTOPHOMY CIIOCO0Y,
OTJIMYAOTCS BBICOKOI YIeNbHO aKTMBHOCTBIO U PAAVIOHYKJIVMIHOI UMCTOTOI.

B pmoxyajme IpencTaBieHBI IIPUMeEpPbl pealiM3alliil pPeBepCHO-TAHAEMHBIX CXeM pasfiesIeHNI
B reHeparopax: 228Ra—228Ac, 90Sr—90Y, 68Ge—68Ga, 44Ti—44Sc, 140Ba—140La, mu
op. PesepcHas cxema pasmeneHms IIpeArojaraeT BO3MOYXHOCTBH IIPOITYCKAHWS SIIIOMPYIOIIETO
pacTBopa uepes3 KOJIOHKY B [ABYX HAIIPaBJIEHMIX, UTO IPEISTCTBYET 3HAUMMOMY IIepeMeIleHII0
30HBI MATEPUHCKOIO PaAMOHYKINMAA II0 TeHepaTOpHON KosoHKe. bBosee Toro, moGaBieHne
IOIIOTHUTEIFHO KOJIOHKY (TaHAeMa) IJIst COPOLMI [OUepHEero pagoOHyKINAa aeT BO3MOXXHOCTh
ITOJIyUUTh €€ XUMUUECKYI0 (GOpMY, YIOOHYIO U1 TIOCIEAYIOIIETO MCIIONb30BaHMS B MEAMIIVTHCKIX
LeJIAX.

JIutepaTypHbIe CCHLIKI
1 F. Roesch et al, Handbook of Nucl. Chem., 1937 (2011)
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JIByKamcyJbHble HeOpraHMYecKNe HaHOKOHTEIHephl [IJId
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Author: Urops Anexcees'

Co-author: Anexcarnp Mupocnasos *
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Corresponding Author: iea-1960@yandex.ru

[IpoBeneHHbIe HAMU paHee SKCIIEPUMEHTHI ITOKasaan 1, YTO co3maHMe paamodapMIIpernapaTtosn
HaIlpaBIeHHOTO JEJICTBMS Ha OCHOBe aib(a-M3iayuaTesieil ¢ JMCIIOIh30BaHNMEM TPaAMLIVOHHBIX
MOAXOMOB (OMONIOTMUYECKM AaKTUBHAsE MOJIEKYJSIpHas KOHCTPYKLMS C XeJIaTHBIM Y3JIOM,
HECYLMM PAfAMOAKTUBHYI0 MeTKy — Hanpumep, meueHas DOTA) - mayunas mucrudmxarus:
00pa3oBaBIIIMecs B pe3yJIbTaTe pacrana Sapa OTAaUYM Pa3pyLLIAT COCeTHIE MOJIEKYIbI-HOCUTEN,
4YTO MOJIHOCTBIO MCKJIIOUAET HAaIlpaBJIEHHBIN TPAaHCIOPT IIpelapara.

Ycmex B co3gaHum ieKapcTBEHHBIX (opM Ha OCHOBE alb(da-uaryuareseil BOSMOXKEH TOJIBKO B TOM
cilyuae, eciu KaKnM-JImbo o0pa3oM yoaeTcs «HMBEIMpPOBaTh» IIaryOHOe AeiCTBYIE saep OTHaun
— HAmpuUMep, 3a CUeT MCIIOJb30BAHUS HEOPraHUUECKMX COeNVHEHMUIT («HAHOKOHTEIHEPOB») C
BBICOKOJI paAMaliIOHHON YCTOMUYMBOCTHIO 2.

C yueroM pesyapTaTOB IIPOBeOEHHBIX pabor [1, 2] @i Hage)KHOM «KOHCEPBALIUI»
TepalleBTIMYeCKNX PAaTMOHYKIUAOB M MX NOUYEPHUX HPOAYKTOB IIpeMJIOKEHBI ABYKAaIICyJbHbIE
HaHOKOHCTPYKLMM C AuaMeTpoM uactui oT 40 mo 160 HM (B 3aBMCMMOCTM OT MJIMHBI
PAIMOAKTUBHON LEMOYKI), B AP0 KOTOPhIX Majioro (mo 20 HM) pasmepa (MarHeTUT, OKCUIbI U
¢docdaTsl MeTAIIOB, Ip.) TOMEILEeHA PAAMOAKTUBHAS METKA, & 000JI0UKA 113 MaTepuaa ¢ BBICOKOII
PaAMALVIOHHO YCTOMUMBOCTHIO (IIPeNIOUTUTENbHEE METAJUINUECKas) CIIOCO0HA 3aep)KUBATh
agpa OTHauN.

B Hacrosmeit paGoTe B KauecTBe MOMEIBHOIO Marepmaja HaMy ObLI BbIOpaH MarHeTUT C
ImaMeTpoM dacTun 12-18 Hm.

Bmecro papus-223 (Ha ocHOBe KoToporo kommanueit Bayer Pharma AG usroroBneH mpemapar
Xoﬁgo) JICIIOJIb30BAJIOCHh PaAMOaKTMBHOE CEMENICTBO TOpmMA-228, mUMeIee TaKoM Xe Pan
II0CJIeJ0BATEJIbHBIX anbd)a-pacnanOB, Kak y 223Ra, mpu 3TOM Hajm4ue B reHEeTUUECKO LeIIouKe
pacmagos 212Pb ¢ pmocraTouHO OOJBIINM IepMoAOM IIoJypacmania (10.6 uaca) mosBossgET
«(uUKCHpoBaTh» M3MEHEHNS, CBI3aHHbIE C HAapyIlIeHeM PafAM0aKTUBHOTO PaBHOBECS.
IIpoBeneHHbIE 3KCIIEPMMEHTHI IIOKA3aJIy, UTO Ui yAepKaHUs SOep OTHaul, O0pasyroLIuXcs
B pesynbrare pacrnanga 228Th u ero mouepHMX IPOAYKTOB, HEOOXOOUMBI 30JIOTHIE ITOKPBITHS
TOJIIIMHO He Gosiee 75 HM; IIPU 3TOM IIOTEPU SHEPTUM anb(a-uacTui] B CIO€ 30JI0TA COCTABSIT
oxoJ10 50 k3B (MeHee 1% MCXOIHO 9HEPIUU aTb(a-YacTILL).

HaHouacTuiipl Takoro Tuma, MOAuMUIMPOBAHHBIE CIeNUPNUECKMMI GIOMOJIEKYIaMy, MOLYT
CTaThb OCHOBOV [JISI CO3MaHMSA IIMPOKOrO CIIEKTPA JIeKAPCTBEHHBIX (OPM HAIPaBIEHHOTO
nevicTBus Ha ocHOBe 223Ra, 225Ac, 227Th u npyrux anbda-mnsayuaresneii.

1. 1. Alekseev, A. Miroslavov, E. Stepanova Post-effects of radioactive decay in ligands on biologi-
cally active transport platforms // Radiation Physics and Chemistry, 2019, 162, pp. 96-106.

2. L. Alekseev, A. Miroslalov. Post-effects of radioactive decay in magnetite nano-crystals labelled
with Auger- and internal conversion electron-emitters, alpha- and beta decay radionuclides //
Radiation Physics and Chemistry, 2020, 177, 109160.
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Section 8. Nuclear physics methods
in application to the study of cultural
heritage

HJICPHO-(I)I/IBI/I‘ICCKI/IC METOObI IICCIICJOBAHIIA apTe(l)aKTOB £)000).471

6p0H3bI-paHHeI‘O KCECJIEC3HOIr0 BCKa N3 IMMAMATHNKOB KPI)IMCKOI‘O
IIOJIyOCTpOBaA

Author: Mapnanna Kynpkosa'

' Poccuitickuti Tocydapcmeennuiil ynusepcumem um.A.UTepyena
Corresponding Author: kulkova@mail.ru

V3yueHne apxeoJornyecKix HaX0/LOK C IIOMOII[BIO IIPEN3MOHHbIX SIePHO-(PU3NUECKIX METOIOB
I03BOJISIET BBIMITY Ha HOBBIM YPOBEHb MCCIENOBAHMII B apxeoyorny. PemreHye MHOTMX 3amad u
IoJIyueHMe HOBOI MH(pOpMAaLMN O KM3HENEATETbHOCTI IPEBHErO UeIOBEKa, MeCTax OOMTaHs,
MUTPALMSIX, XPOHOJIOT M COOBITII, 0COOEHHOCTSIX APEBHUX TEXHOJIOTHIA, MCTOUHIKOB ChIPbS MJIS
VI3TOTOBJICHUS M3IEJINIL, CTAJIO BO3SMOKHBIM C JICIIOJI30BAHMEM PA3INUHBIX I30TOIIHBIX METOIOB
nccaenoBaHusa. KoMIutekc sepHo-Qpu3nuecKux METOL0B MCCIIeI0BAHNMII ObLI BIIEPBBIE IPUMEHEH
IUI1 M3yueHus apTedakToB 3I0XM OpOH30BOIO-paHHEro »KeJIe3HOTO BeKa IaMsSTHMKOB KphiMa.
Amnanus crabunbHbIX 13010108 (813C, 615N) B KOCTHO TKAHM JIIOEN U JKMBOTHBIX Ha ITaMSITHUKAX
Bait-Kuar 1, Hoaruit Byrop u ap., a Takxke pagnoyriepogHoe HAaTUpPOBaHME KOCTell IT03BOJINIIO
OXapaKTepu30BaTh JUETY UeoBeKa B I03AHeM OPOH30BOM — paHHEM >KeJIe3HOM BeKe B KOHTEKCTe
pasBuUTUSA 3eMIIeeNsl UM CKOTOBOACTBA. IHa OCHOBe IOJIyUeHHBIX NAHHBIX II0 MaTepyajaM
HECKOJIBKIX IIPOAHAJM3MPOBAHHBIX ITOCEJIEHNUII BBIAEJIEHBl pasjIMuHble IPYIIBI JIIONEN, IS
KOTOPBIX XapaKTepHbI pa3HbIe CUCTEMbI IINTAHNS, IPEKE BCErO CBSI3aHHBIE CO CIIelM(UKOI MX
XO3SIICTBEHHOI ieATeIbHOCTI. V3MepeHns cTabMIbHBIX N30TOIOB YIVIEPOAA M a30Ta B KOCTHOM
KoJutareHe IpoBomwtuchk B IleHTpe «VHCTpyMeHTaJIpHBIe METOAbI B SKOJIOTMU» B MHcTHMTYyTE
skooruu u sposronuy umenn A.H. CeseproBa PAH c mcrons3oBaHMeM Macc-CIIEKTPOMeTpa
Thermo-Finnigan Delta V Plus (Thermo Electron GmbH, Bpemen, T'epmanmus) B coueraHumu
c amemeHTHBIM aHanmmu3atopoM (Thermo Flash 1112, Thermo Electron). PagmoyriepomHblit
panuoMeTpUUecKmil (CLMHTIMIUISUMOHHBIN) aHaIu3 IIPUMEHSUICT MJI OATMPOBAHMS KOCTHBIX
ocTaTKoB B Jaboparopuu n3oronHsx uccaemoBanmit [IKIT «Teoskomorusn» Ha 6ase PIIIY nm. AU,
I'epuena. IToaroroBka 06pasioB 1 cuHTe3 GeH30I1a IPOBOAMIINCE II0 CTAHAAPTHBIM IIPOLIEAypaM, B
KauecTBe CUMHTIUIIMPYIOIero MaTepuasa MCIIoIb30BaJIICh 2,5-queHnokcaso (ppo) u mndrep
2-permokcaszommn-6enson (POPOP). PaguoyriepoHas akTUBHOCTD B GeH30JI€ M3MePsIIach pu
ITOMOIIM HN3KO(POHOBOIO KMAKOCTHOTO CHMHTIIIIIIMOHHOr0 cueTynka Quantulus 1220 (Wallac).
JlaTh1, moJTy4eHHBIE IT0 KOJITareHy KocTell mamaTHuKa baii-Knar 1 momagator B mHTEpBan 14-11 BB
I0 H.3., 01 naMatHuka [lonrmit Byrop B 11-3 BB. 1o H.3. 1.

PeKkoHCTpyKIMM MeCT JIOKAJIBHOTO IIPOKMBAHNUS I MeCTa POKAEHN ¢ MCIoJIb3oBaHueM 8751/86Sr
CHUTHATYpP B apXeoJOTMYeCKOM OCTeOJIOTMYECKOM MaTepuaje IPOBOIVIINCh KaK A JIIOJeIL,
TaK M IS JOMAIIHUX >KMBOTHBIX Ha MCCIEAYEeMBIX IaMITHMKax 2. KpbIMCKuii moayocTpos
ABJIAETCS WMHTEPEeCHBIM TECTOBBIM IIOJIMTOHOM [UIT TaKUX MCCIeXOBAHUII, IIOCKOJBKY OH
XapaKTepua3yeTcsi Pa3HOOOPa3HOI Ie0JIOrMYecKoil 0OCTAaHOBKOJ Ha CPaBHUTENIBHO HEOOJIBIION
Tepputopuu. M3oromHble M3MepeHMs CTPOHLMS IIPOBOAVIINCH Ha MHOTOKOJUIEKTOPHOM Macc-
CIIEKTpOMeTpe ¢ MHAYKTUBHO cBsi3aHHOI muiasmoii (MC-ICP-MS) Neptune Plus B MucTuryre
reosyiornu u reoxumun uM. akagemuka A H.3aBapuuxoro, Exarepuu6ypr. Ilepssie npoBeeHHbIE
MCCIIeoBaHUs M30TOMHOro cocraBa cBuHUa (Pb-Pb) 6poH30BBIX M MeqHBIX apredakToB U3
MMaMATHUKOB ceBepo-3amafgHoro KpbIMa IO3BOMMJIM CHeNaTh IIPEIIIONIOKEHIUE O BO3MOXKHBIX
JICTOUHVKAX PyTHOTO ChIPBS U Pa3IMUHBIX METALTYPTMUECKUX LIEHTPaX, 13 KOTOPHIX IIPOM3O0IIIIIN
MeTaJINYecKue IIpeaMeThl, HaliieHHble Ha Tepputopuu Kppima. MamepeHne 130TOIIHOTO cOCTaBa
CBUHIIA U cofiepKaHusl Pb mpoBoaMIOCh Ha MHOTOKOJUIEKTOPHOM Macc-crekTpomerpe Triton TI B
Nucruryre reonoruu u reoxponosnoruu gokemopus PAH, Caukr-Ilerep6ypr.

Crarbs BeinoHeHa npu ¢puHaHCcOBOI noanepskke PH® (mpoekt Ne 22-18-00065- mpomieHne)

1. M.A. KynbkoBa u ap. IToBomk.Apx., 4(50), 104-119, (2024)

2. MLA. Kulkova et al. Minerals. 14(4) 410 (2024)
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Pouab MOJEJIbHbIX IIoaxomonB B Pa3BUTIN TEeXHOJIOTUI
CTEpIINM3aniN IMAJIECOHTOJOINMUIECKUX 00bEKTOB

Authors: Bragnmup Posanos'; Hagexxna Hukonaepa®

Co-authors: Anexcannp Yepnses '; Capreinana Mamaesa

! Mocxosckuii zocydapcmeentbiii ynusepcumem umenu M.B. Jlomornocosa, Mockea, Poccus

2 CB®Y umenu M. K. Ammocosa, Axymeck, Poccus
Corresponding Author: larsoon696@mail.ru

KocTHBIE OCTaHKM [PEBHUX >KMBOTHBIX CJIY’KAQT Ba)KHBIM JMCTOYHMKOM HOBBIX 3HAHUII B
MMaJIEOHTOJIOT UM, OMOJIOTY, MUKpoOmonormu m Apyrux obmactax Haykm. ObecrieueHne mx
JIOJITOBPEMEHHOJ ¥ 0e30IIaCHOII COXPAaHHOCTU WTpaeT KIIYEBYI0 POJb IIPU UX M3YUEHUN.
KocTHbIe OCTaHKY M3BIEKAIOTCI U3 BEUHOMEP3JIBIX TPYHTOB 11 MOTYT COIIPOBOXK/IATHCS APEBHIMU
Gaxrepussmu u Bupycamu 1. OGHUM 13 [epCIEeKTUBHBIX METOLOB CTEPIUIN3AIINY KOCTHOM TKAHM
SBIISIETCS TEXHOJIOTMSI KOMOMHIPOBAHHON pafMalIOHHON CTePIIM3AlNY, P KOTOPOIL Iepen
obiyueHmueM IpuMeHsieTcs o0paboTka 030HOM 2. Takoil ITOOXOX ITO3BOJIAET CHUSUTH O3y
00JIyUeHMsI I COXPAHUTh CTPYKTYPy KOCTM, UTO KpaifHe Ba)KHO JJI XPYIKMX JPEBHMUX KOCTHBIX
OCTaHKOB.

Ha nmepBoM srane KOMOMHMPOBAHHON CTEPMIIM3ALNI HEOOXOAUMO 00eCIeUunTh MPOHNKHOBEHIIE
030Ha BO BHYTPEHHIOIO IIOPUCTYI0 CTPYKTYpPy KOCTM.  MaremaTuueckoe MopennpoBaHIe
MOJKET CJIY)KUTh B&XHBIM MHCTPYMEHTOM B OIITMMM3ALMI 3TOI MpOLEeAypsl. MomennpoBaHue
II03BOJISIET BBIIBUTH BaXKHeJIIIMe IapaMeTpbl oO0paboTKM 030HOM I Hambojee OINTMMAJbHBIE
ycioBus. Bosee roro, MmaremaTuueckoe MOJeNMpPOBaHIE II03BOJIAET HaM M30eraTb IIPOBEJeHIIST
MHO)XECTBA pPeaJbHBIX 3KCIIEPUMEHTOB, UTO COKpAIl[aeT BpeMeHHBIE 3aTpaThl M COXpaHIeT
o0pasiisl Kocrelit. B manHoit pabore paccMaTpmBaeTcs MpoLece MHPUIBTPALNUI 030HA B KOCTHYIO
TKaHb. MaremaTnueckasi MOJeNb OIMCHIBAETCS CBSI3aHHOI CICTEMOIl ypaBHEHMII IIOTOKa
u TpaHcropra. V3-3a MHOroMacIITaOHOJ IIPMPOABL ITOPUCTOI CTPYKTYpPHI KOCTHM UMCJIEHHOE
MopeJIMpoBaHue Ipoliecca MHPIIbTPALMY IIpeCTaBIIseT BEIUMCINTeNbHbIe TpygHOCTH. [TosaTomy
MpejaraeTcsi IMOAXOA MYJBTMKOHTUHYAJIbHOTO MOJENMPOBAHMs, OCHOBAHHBIMI Ha METOMEe
MYyJIBTUKOHTUHYaJIBHOI TOMOTeHM3aun. Pelraorcs 3aaun sueek orpaHMUeHn T B 06IacTax ¢
130bITOUHOI BHIOOPKOII IJIsi ypaBHEHMII IIOTOKA U TpaHCIIoOpTa. Pelras samaunm siueex, mosyuaeM
MYyJBTUKOHTUHYyaJIbHbIE Pa3JI0KeHMsI M BBIBOAVIM COOTBETCTBYIOLIME MYJIbTMKOHTUHYAJIbHBIE
ypaBHeHMs. [l IpOBepKM ITOJIyUEeHHON MYJIbTUKOHTMHYAIBHOI MOJENN IIPOBOUM YVCICHHbIE
9KCIEPUMEHTHI B PA3JIMUHBIX MHOIOMACIITAOHBIX IIOPUCTBIX CTPYKTypax. YucneHusle
pe3ynbTaThl HeMOHCTPUPYIOT BBICOKYIO TOUHOCTb HAIIIETO MYJIBTUKOHTMHYAIBHOIO IIOAXO/A.
OpHako MaTeMaTHuecKoe MOJEeNMpOBaHMe WHOIIBTPALMM O30HA B KOCTHYIO TKaHb SBIISETCS
BBIUJICJIUTENIBHO CJIOKHOI 3amaderi. OCHOBHASI CIIO’KHOCTD 3aKJIIOUAETCS B IIOPUCTON CTPYKType
KOCTHBIX TKaHell, XapaKTepM3yIOIeliCsI BBICOKON HEOMHOPOTHOCTHIO M MHOTOMACLITAOHBIMU
ocobenHoctaMu 3. KocTp xapakTepumsyeTcs HaamdyyeM pPasBUTON CUCTEMBI BHYTPMKOCTHBIX
MPOCTPAHCTB. [JI1 TOUHOTO MOJENMPOBAHNSI MHPIMIBTPALNY 030HA HEOOXOAMMO UCIIOIB30BaTh
MeJIKV€ BBIUVICIAUTENbHbIE CETKM, UTO 3HAUMTENHHO YBEIWUMBAET BBIUMCIUTENbHbBIE 3aTPAThI.
YumrhiBas, YTO mpouecc MHQUIBTpAIMM Tra3a OOBIYHO OMMCHIBAETCI MaTeMaTUUeCKUMU
MOJEJISIMIU COIIPSKEHHOTO ITOTOKA M TPAHCIIOPTA, 3aTPaThl MOTYT CTATh €Il BBILIIE.

B pabore IoJlyueHbl HOBBIE OLICHOUHBIE pe3yJIbTAaThl M3MEHEHMII KOJUIAT€HOBBIX CTPYKTYP
B MaMOHTOBOJ KOCTYM IIpY Pa3jIMUHBIX BO3AENCTBUAX. MaTeMarmueckas MOMENb OIVICHIBAET
M3MEHEHNsT MeXMOJIEKYJIIPHBIX B3aMMOIENICTBMII KOJUIareHa IIpY BO3MENCTBUM pagMaliii.
IIpoBeneHHbIe pacyeThl IIOKA3bIBAIOT, UTO IPU YBEIMUYEHUM pPafgMalVIOHHOTO BO3EVICTBUS
YBENIMUMBAIOTCS PACCTOSHNSI MEXKAY BOJOKHAMIM KOJUIAT€HA, UTO MOXKET pacCMaTpMBAThCS Kak
OIMH M3 BO3MOXHBIX (M3NUECKUX MEXaHM3MOB [erpafaliiy KoJUlareHa C POCTOM JO30BOII
Harpysky, YTO COIJIACYyIOTCI C [JaHHBIMU [APYTUX aBTOPOB. MomenpHbIE pacueTsl XOPOILIO
KOPPENNPYIOTCS C Pe3yIbTaTaMy, IIOJIYUEHHBIMI C IIOMOIIBI0 ATOMHO CUJIOBOI MUKPOCKOIIUIA.
KnroueBsle coBa: KOCTHas TKaHb, CHCTeMa BHYTPMKOCTHBIX IPOCTPAHCTB, IepdOprpoBaHHbIE
Cpensl, BBICOKMIT KOHTPACT, CBSI3aHHBIIT IIOTOK M TPAHCIIOPT, MYJIbTUKOHTUHYYM, TOMOTEHU3AII,
KOJIJIareH, pafnanys, MaMOHT, pafaliliOHHas CTePUIIN3ALMs.

CIIICOK MCITOJIb30BAHHBIX ICTOUHMKOB I JINTEpaATyphl
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1. Janet K Jansson and Neslihan Tas. The microbial ecology of permafrost. Nature Reviews Micro-
biology, 12(6):414-425, 2014.

2. Nadezhda Nikolaeva, Vladimir Rozanov, Alexander Chernyaev, Igor Matveychuk, and Milena
Makarova. The influence of combined sterilization factors on the structural and functional char-
acteristics of bone implants. International Journal of Molecular Sciences, 24(19):14426, 2023.

3. Pedro Goncalves Coelho, Paulo Rui Fernandes, and Helder Carri¢ o Rodrigues. Multiscale model-
ing of bone tissue with surface and permeability control. Journal of Biomechanics, 44(2):321-329,
2011.

Analysis of 234U/238U ratio by ICP-MS

Author: Igor Izosimov'

! Joint Institute for Nuclear Research

Corresponding Author: izosimov@jinr.ru

ICP — M S method has been used for analyses 1 of the elemental and isotope composition (64 ele-
ments) of bones of dinosaurs, South mammoths, prehistoric bear and archanthropus as well as the
samples of surrounding soils; everything collected in different parts of Uzbekistan. A high concen-
tration of uranium we detected in the bones of dinosaurs (122mg/kg), South mammoth (220mg/kg),
prehistoric bear (24mg/kg) and archanthropus (1.5mg/kg) compared to surrounding soils (3.7-7.8
mg/kg) and standard bones (<0.01mg/kg) was established. The standart ratio 23°U /238U = 0.007
was detected for all samples. It was also observed that the 234U /233U ratio (Table) differ from
2340 /238U = 5.4 x 1075 secular equilibrium value. In this report the various mechanisms respon-
sible for this difference are discussed.

Table. Data on uranium isotope ratios, detected by ICP — M S with 1 — SD errors in prehistoric
bones, standard bone, and soils collected around these bones.

Sample 237 /287 x 1075 28517 /2387 x 103
MB1 16.0+£0.6 7.4+0.2
SMB1 11+1 7.5+0.2
MB2 9.5+0.2 7.5+0.2
SMB2 8.4+0.4 7.6+0.2
BA 8.1+0.2 7.2+0.2
BB 7.7+0.3 7.4+0.2
DB 7.110.4 7.2+0.2
SDB 7.2+0.3 7.5+0.2
STB 7.2+0.5 7.5+0.2
SSTB 10.61£0.3 7.4+0.2

MB1& & SMB1 - South mammoth bone found in Angren and soil collected near this bone respec-
tively; MB2& SMB2 - South mammoth bone found in Kashkadari and soil collected near this bone
respectively; BA-arhantrope bone; BB - bone of bear from Selungur cave; DB& SDB — Dinosaur
bone and soil collected near this bone respectively; STB & SSTB - standard bone and soil collected
near the standard bone. The natural abundance ratio of the isotopes 23517 / 23817 is 0.007257, secular
equilibrium ratio 234U /238U is 5.4 x 1075 .

1 LN. Izosimov, et al., Czech Chemical Society Symposium Series, 20, 116(2022).
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Bapuamuu npuoopnoro ¢pona 1220 Quantulus u nx BaussHNE Ha
pe3yJIbTaThl PAAMOYTJIEPOTHOTO JATIIPOBAHMS

Author: Banepus I[prrankosa’

Co-authors: Teopruit [Tasmokos %; Cepreit Bapramsam !

' CBKHUY [IBO PAH
* CBKHHUH JIBO PAH; Hncmumym 6uonozuueckux npobem Cesepa [JBO PAH

Corresponding Author: tsigankova.valeriya@mail.ru

FKunxocrao-cunaTmwusuronust (JKC) Meron B pagmoyriiepogHOM JATMPOBAHUI IIOCTEIIEHHO
TepseT CBOI0 aKTYaJIbHOCTh Ha (JOHE BHEJPEHMS YCKOPUTENBHOI Macc-crieKTpomerpun. OmHaKo
HKC cuérumkm Bcé ellé pacrpoCTpaHeHbI, a [aThl, IOJy4YeHHbIe TAaKMM METOLOM, IIVPOKO
JICIIOJIB3YIOTCS B UETBEPTUUHON TeO0JOTMU ¥ apXeOoJOTUM. Ilpu 3TOM, HOCTOBEPHOCTH
KOHEUHBIX PafMOYyTJIepONHBbIX [aT Ha IpaHUIle METOAAa YacTO BbI3BIBaeT COMHeHUA. OmHOI
73 IpUYMH MCKaKeHMs BO3pacTa SBJISeTcs HecTabuiIpbHOCTh mpubopHoro ¢ona. B mporecce
M3MepEeHUI UCCIeyeMbIX 00pasI[OB IIOMIIMO UMIIYJIbCOB OT P-pacmanos 14C perucrpupyorcs
¢doToHBI, CBI3aHHBIE C KOCMUUECKUM W3IyUeHUEM 1, M3IyUeHNEM paIMOaKTUBHBIX IIPUMeCEI],
COflep)KallMXCsl B MaTepualie 3alMITHO KaMephl ¥ KOHCTPYKTUBHBIX AEeTAIAX C4eTUNKOB 2. Takum
00pa3oM cOOCTBEHHAsI aKTMBHOCTh O0paslia yBeIMUMBAETCS HA BeJUUYMHY AKTUBHOCTI (OHA,
KOTOPYIO IIpY pacyeTe pagyMoyTIepOJHOrO BO3pPACTa BBHIUMTAIOT M3 OOLIENl CyMMBbI MMIIYJIBCOB.
Mmuoroxkparusie n3mepenus Ha JKC crekrpomerpe 1220 Quantulus moxasanu Huskue KoseOaHMst
aKTUBHOCTell 00pasuoB He comepkammx 14C, TeM He MeHee OHU BHECIM CyII[eCTBEHHBIE
M3MeHeHUs B BO3PACT MCKOIIAeMOr'0 YIVIA B CTOPOHY €TI0 OMOJIO>KEHIA.

B nmannoit pabore MbI HOEMOHCTPUpYEM HaHHble AaKTMBHOCTEN OOpasloB He COHep Kallimx
14C. Ha oCHOBe MHOTOUICJIEHHBIX U3MepEHUIl [T0Ka3blBaeM KoyeGaHms mprubopHoro ¢goHa u
paccMaTprBaeM BO3MOJKHBIE IIPUUMHEI ero HecTabunbHOCTH. [IpuBeneHbI BO3pacTHbIE BapMaLNN
IpefeIbHOro 00pasiia, CUHTE3MPOBAHHOTO M3 JCKOIAEMOTO VIV, KOTOpBIe IIOATBEP)KIAIOT
BIMSHIME KoyleOaHmit POHOBO aKTMBHOCTY Ha paCUEeTHBIN BO3PACT.

I/I3yquI/Ie METOJAaMMN paMaHOBCKOﬁ CIIEKTPOCKOIIININ-

MUKPOCKOIINN KHNHETUKIN CTapeHusda MKOHHOM JOCKIL M3
JINIIBI

Author: Anna Muxaitiosa'

Co-authors: Anexcangp [JoOpsikoB z Buxrop Hagrouerko 2, IOmutpuit CMupHOB 3

! ®UI] X PAH
> QUI] XP PAH, HIY MOTH
3 HUAY MUPH

Corresponding Author: ann_mikhailova@mail.ru

JInna sBJIsIeTCs AYUIINM 110 CBOMM KauecTBaM COPTOM ApEBECUHBI, IPOM3PACTAIOIIEN B yCIOBMAX
yMepEeHHOro KiuMaTa IS MKOHOIMCK. J[lpeBecuHa INIIBI ONHOpOXHAs, MsArkas, obiamgaer
MAaJIOi IIOTHOCTBIO M, CJIEOBATEIHHO, BECOM, UTO HEMAIOBAKHO B )KM3HEHHOM LIMKJIE UKOHBI.
IIpu Gepe)XHOM OTHOIIEHUM UKOHA COXPAHSETCsS HOJIrMe TOAbL. AHamus (QU3MKO-XMMIIECKOTo
COCTOSIHMSI APEBECHOJ OCHOBBI CTAPMHHBIX MKOH JIEKAT B OCHOBE IIPOOJIEMBI KOHCEPBALIMI
M pecTaBpaluy MCClIegyeMoro obmekra. B pmamHOI paboTe ¢ MCIOIB30BaHMEM KaMepsl
JICKYCCTBEHHOTO CTapeHMs C TeMIepaTypHBIM BO3MENICTBUEM WU3YyUeHa KUHETUKA VM3MEeHEHIs
cocraBa (LieJUTIOJIO3a/JIMTHMH ¥ IPUMeECH) UM CTPYKTYphI 00pasLoB ApeBeCUHBI-MmbL.  Ha
MMKPOCKOIITYECKOM yPOBHE IIOHMMAaHIE CTPYKTYPBI KIETOK SIBJISETCS KIIIOUOM K OL[€HKE TOTO, UTO
MIPOMCXOMNT C TOCKOIL, KOTA ApeBecHHa cTapeeT. AHAIN3 06pas3LioB IPOBOANIIY HAa PAMaHOBCKOM
mukpockore-criekrpomerpe “BRUKER” ¢ B03OyskmeHMeM JiasepoM C JJIMHOIN BOJHBI 785 HM.
JJ1st motyueHNs HaeXKHBIX U XMMUUECKU 3HAUMMBIX Pe3yJIbTaTOB aHanmM3a GIO0-CIIeKTPATbHBIX
OAHHBIX OBLIO INPMHUMIINAJIBHO BRKHO IPUMEHSITh XeMoMerpuueckme Mertonsl 1. Ilpomenypa
peno6paboTKY CIIEKTPOB BKIIIOUAIIA B ce0sl: 1) HOpPMUPOBKY CIEKTPOB; 2) KOPPEKTUPOBKY 6a30BOII
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nyHUY; 3) CriaxuBaHue creKTpoB. [IponsBeqeHo cokpallieH1e IPOCTPAHCTBA IIPM3HAKOB MacCIBa
CIIEKTPAJIBHBIX JAHHBIX METOXOM IJIABHBIX KOMIIOHEHT. [[JIf KauecTBEHHOI paboThI C MOLENBIO
JCIIONIb30BaHa NOIOJHNUTENbHAA OmIus — K-poim Kpocc-Banmpmanus. Bpuio ImpomsBemeHO
CpaBHEHIE 6T METOIOB KIacCu(UKALMI Ha 9KCIIEPUMEHTAIBHBIX JAHHBIX. [[JIs CTaTHCTIUECKOI
XapaKTePUCTUKY paboTHI MOIENEl Ha OCHOBE MATPUIIBI OIIMOOK PACCUMTAHBI TaKUe ITapaMeTpHl,
kak F-mepa u cpemusas tounocth (accuracy), monHora, ROC-xpusbsle. B coorBercTBUUM C
pacCUMTaHHBIMM BeIMYMHAMM 3 MOJENN, a MMEHHO MeTonbl Gmupkaiiurero cocema (KNN),
parmomusblit jec (RandomForest) n Haususlit Gaitec (NaiveBayes) meMOHCTPHpPYIOT BBICOKYIO
OLIEHKy KauecTBa Momenn. [IpoBemeHHBI aHAIN3 METONAMI XeMOMETPUKI IIO3BOJIVII BBISBUTD
KMHETUKY M3MEHEHNs COCTaBa I[eJUIIONIO3a/JIMTHIH, a TakkKe Jal BO3MOXKHOCTb OIIpeIesnTb
KMHETUKY U3MEHEeHVs MHAeKCa KPUCTAJUIMYHOCTH LEJUIIIO3EL 2. TeMIlepaTypHas 3aBUCUMOCTD
ITOJIyYEeHHBIX KOHCTAHT JaeT BO3MOYXHOCTD OLIEHNTH SHEPTUIO aKTMBALMY OTHEIBHBIX IIPOLECCOB
M3MEHEHMs COCTABa/CTPYKTYPBI JIUIIBI TIPU CTAPEHNI.

PaGora BBINONHEHA B paMKaX IPOTPAaMMBl COTPYQHMYECTBA MEKAY LOCyHapCTBEHHOI!
TperpsakoBckoit ranepeeit ¢ MOTU, OUI| XP PAH. Pabora mopmepskana rpantom PH® 25-
78-20011

JIureparypa:

1. L. M. Camilo et al., Nature protocols. 15, (2020).

2. U. P. Agarwal et al., Cellulose. 7, (2010).

Page 236


https://indico.spbu.ru/event/1/abstracts/305/attachments/388/a305fig2.jpg

LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... /Book of Abstracts

Few-Body Systems

Extrapolation to infinite model space of no-core shell model re-
sults using machine learning

Authors: Aleksandr Mazur'; Andrey Shirokov?; He Li’; James P. Vary*; Peng Yin’; Roman Sharypov'

! Pacific National University, Khabarovsk, Russia

? Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow 119991, Russia
* Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou, China

* Department of Physics and Astronomy, lowa State University, Ames, IA, USA

> College of Physics and Engineering, Henan University of Science and Technology, Luoyang, China

Corresponding Author: amazur.pnu.khb@mail.ru

A machine learning approach to extrapolation of the ab initio no-core shell model (NCSM) 1 results
to the infinite model space has been suggested in Ref. 2. We modified this approach in Refs. [3,4]
and proposed training an ensemble of artificial neural networks (ANN) with different topology and
formulated selection rules both for the NCSM results used for the training and for the trained ANNs.
Our approach was tested in Refs. [3,4] in extrapolations of energies and rms radii of light nuclei.
Here we apply this modified extrapolation approach to calculations of quadrupole moments and
probabilities of E2 transitions in 10Be and 10C nuclei based on the NCSM calculations 5 with NN
interaction Daejeon16 6 in model spaces up to many body excitation quanta Nmax=12.

References

. B. R. Barrett, P. Navratil, J. P. Vary, Prog. Part. Nucl. Phys. 69, 131 (2013).
. G. A. Negoita et al., Phys. Rev. C 99, 054308 (2019).

. A. L. Mazur et al., Moscow Univ. Phys. 79 (3), 318 (2024).

. R.E. Sharypov et al., Phys. At. Nucl. 87 (Suppl. 2), S400 (2024).

. H.Liet al. Phys. Rev. C 110, 064325 (2024).

. A. M. Shirokov et al., Phys. Lett. B 761, 87 (2016).
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Coulomb interaction in the HORSE formalism

Authors: V. A. Kulikov'; A. M. Shirokov'; U. M. Yanikov?

! Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow 119991, Russia

% Department of Physics, Lomonosov Moscow State University, Moscow 119991, Russia

Corresponding Author: kulikov@nucl-th.sinp.msu.ru

The J-matrix formalism in the oscillator basis, known also as the HORSE (Harmonic oscillator rep-
resentation for scattering equations) 1 formlism, is used for calculations of elastic scattering, nuclear
resonant states and reactions. Within the HORSE, the tridiagonal infinite kinetic energy matrix is
fully taken into account, ensuring the correct asymptotic behavior of the wave function, while the
potential energy matrix of the nuclear interaction is truncated at a certain radial quantum number.
In the case of the Coulomb interaction, such a truncation leads to inaccurate results. Based on the
ideas of the Kiev group 2, we suggested a method 3 to allow for the long-range part of the Coulomb
interaction by a diagonal addition to the Hamiltonian matrix elements in the asymptotic region.
However, unlike Ref. 2, we use a soft cutoff of the nuclear potential matrix as proposed in Ref. 4.
This allows us to obtain accurate results using fewer resources, since our approach does not require
the calculation of a large number of Coulomb matrix elements.

For applications to ab initio calculations in many-body systems it is promising to combine our ver-
sion of the HORSE formalism for charged particles with the modification of the Hulthén-Kohn vari-
ational method proposed by V. D. Efros 5 as suggested in Ref. 6. We investigate the applicability of
this approach and study its convergence using a model problem.
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CBsa3aHHOe coOCTOsAHUE AApa ‘He B momxome SS-HORSE-
NCSM
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? Insitute for Rare Isotope Science, Institute for Basic Science, Daejeon, Republic of Korea

3 Center for Exotic Nuclear Studies, Institute for Basic Science, Daejeon, Republic of Korea

Corresponding Author: 012240@togudv.ru

IMoxgxox SS-HORSE 1, m103BOJISIOLIMIT ONMCHIBATD COCTOSIHYSI HEIIPEPBIBHOIO CIIEKTPa Ha OCHOBE
pacuéros ab initio B Momenu obonouek 6e3 uuepraoro kopa (auri. No-Core Shell Model, NCSM)
2, GBLI MCIIONB30BaH VIS OIpefeeHMs IIOJOKEHN IT0Jca S-MaTpULbI, CO-OTBETCTBYIOIIETO
CBA3aHHOMY COCTOSTHIIO Anpa "He B 3aKpbITOM KaHase pacmaza Ha Tpu ¢par-menTa (aapo ‘He n
IBa HeliTpoHa). OmpereseHne ITON0KEHNMs TI0JII0Ca S-MaTPHUIIbI IT03BOJISIET PACCUNTATh SHEPTUIO
Eb cBA3aHHOrO0 COCTOSIHMA OTHOCUTENBHO IIOPOTa KaHaJA.

9ueprua ceasu b, = —1.037 = 0.012 MsB, nonyuenHas B pesynbrare pacueroB NCSM
B PasIMYHBIX MOMEIBHBIX IIPOCTPAHCTBAX C KBaHTaMM BO30OyXmeHUsT 0O Npax = 18 ¢
JICIIOJIb30BaHMEM PEATMCTIYHOIO HYKJIOH-HYKJIOHHOI0 B3anMogeicTeua Daejeonl6 3, Haxonurcs
B pa3yMHOM COTJIACUI C SKCIIEPUMEHTAIbHBIMY JaHHBIMH B -0.973 MaB 4.

1. L. A. Mazur, M. K. Efimenko, A. I. Mazur, L. J. Shin, V. A. Kulikov, A. M. Shirokov, and J. P. Vary,
Phys. Rev. C 110, 014004 (2024).
2. B.R. Barrett, J. P. Navratil, and Vary, Prog. Part. Nucl. Phys. 69, 131-181 (2013).

3. A. M. Shirokov, L. J. Shin, Y. Kim, M. Sosonkina, P. Maris, and J. P. Vary, Phys. Lett. B, 761, 87
(2016).

4. D.R. Tilley, C. M. Cheves, J. L. Godwin, G. M. Hale, H. M. Hofmann, J. H. Kelley, C. G. Sheu, and
H. R. Weller, Nucl. Phys. A 708, 3 (2002).
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The properties of some rare gas dimers

Authors: Denis Shalapinin'; Elena Kolganova®

! Dubna State University
2 BLTP JINR

Corresponding Author: denrushy@gmail.com

The properties of rare gas dimers are investigated. The spectrum of the neon dimer is computed by
solving a differential equation, and the results are compared with existing theoretical data obtained
using alternative approaches.

Investigation of spectral structure of 11Be in breakup reactions
within quantum-quasiclassical approach

Author: Valiolda Dinara’

Co-authors: Daniyar Janseitov ?; Vladimir Melezhik *

! Institute of Nuclear Physics, Almaty, Qazaqstan / Joint Institute for Nuclear Research, Dubna, Russian Federation
2 Institute of Nuclear Physics, Almaty, Qazagstan
* JINR, Dubna

Corresponding Author: valiolda.dinara@gmail.com

We investigate the breakup of !!Be halo nuclei on a light (2C) and heavy (*°®Pb) targets from inter-
mediate (67 MeV/nucleon) to low (5-30 MeV/nucleon) energies within non-perturbative quantum-
quasiclassical approach, in which the three dimensional time-dependent Schrédinger equation for
halo nucleon was integrated simultaneously with the classical Hamiltonian equations describing rel-
ative projectile-target dynamics.

The uniqueness of our calculations lies in the inclusion of low-lying resonances (3/2~, 3/2% and 5/27)
in the breakup cross section of the !!Be nucleus. The obtained results describe well the existing ex-
perimental data and also are in comparative agreement with other existing calculations performed
with alternative theoretical models at 67 MeV/nucleon and 20 MeV/nucleon. Summarizing, the devel-
oped computational scheme can potentially be useful for interpretation of low-energy experiments
on studying breakup of halo nuclei.

Van der Waals three-body systems and Efimov state

Author: Elena Kolganova'

Co-author: Rostislav Jolos *

! BLTP JINR
2 JINR

Corresponding Author: kea@theor jinr.ru

Van der Waals molecules at ultralow energies are of significant interest in both experimental and
theoretical research 1. The ability to control the scattering length in ultracold gases makes these sys-
tems ideal for studying Efimov physics experimentally. Following the first successful observation of
Efimov states in an ultracold cesium gas 2, numerous experimental studies have reported evidence
of Efimov states in three-atomic systems consisting of He, Li, K, Rb, Cs, and their combinations (see
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review 3).

The properties of ultracold triatomic systems are governed by van der Waals interactions. By analyz-
ing the interaction potentials between different atomic species, we investigate the possible existence
of Efimov states in these three-body systems.

1. V. Efimov, Phys. Lett. B 33, 563 (1970).
2. T. Kramer et al., Nature 440, 315 (2006).
3. P. Naidon and Sh. Endo, Rep. Prog. Phys. 80, 056001 (2017).

From muon-catalyzed fusion to electromagnetic formfactors of
hyperons

Author: Vladimir Melezhik’

! JINR, Dubna
Corresponding Author: melezhik@theor.jinr.ru

Deviation of the cross section for the nuclear reaction X(a, b)Y from the Gamow formula due to an
interaction additional to the Coulomb one in the entrance channel has been analyzed. It is shown
that the reaction cross section has an oscillating structure at low energies. If the maximum of the
first oscillation is close to the threshold of the channel a+X, it has a resonance behavior. To analyze
the effect, simple relations between the period and the amplitude of the oscillations with parameters
of the interaction have been derived. Specifically, they predict the cross-section oscillations of fusion
(or muon-catalyzed fusion) reactions of the type X(a,b)Y for slow collisions between nuclei (a) and
atomic target (X), as, for example, the reaction D(d,p)T between deuterons (d) and deuterium atoms
(D)1.

This simple formalism is used for analyzing the experimental data on process e™ + e~ — AT + A
obtained recently by the BESIII Collaboration 2.

1 V.S. Melezhik, Nucl. Phys. A550, 223 (1992)
2 M. Ablikim et. al. Phys. Rev. Lett. 131, 191901 (2023)

9P dexThI HaBeKeHHON MOISIPU3ALNN IIPH PACCESTHNI B CIICTeMe
MO3UTPOH-IIPOTOH-3JIEKTPOH

Author: Cepreit SIkosnes’'

Co-author: Burannit I'pagycos B

' Canxm-TlemepGypeckuii zocydapcmeentbiil ynusepcumem

Corresponding Author: s.yakovlev@spbu.ru

Paccmorpena samaua paccedHMs 3apsDKEHHON YacTMLBI Ha JBYXUACTUUHON CUCTeMe-MUILIEHH,
CBA3aHHOM IIPUTATMBAIOINVMM KYJOHOBCKMM B3aumMmopelicTBueM. XOTH OCHOBHOI BKJIajd B
ACUMIITOTUKY BOJIHOBOJ (PYHKIMM M ee KOMIIOHEHT BHOCUT aCUMIITOTMUYECKOE KYJIOHOBCKOE
B3aMMOMENCTBYE MEXIy ABYXUaCTUUHON MIUILIEHBIO M HaJleTAIolllell YacTuilell, ciemylolue
JIaJbHONEMCTBYIOIIE UJE€Hbl MYJIBTUIIONBHOI'O PAa3JIOKeHUS 3TOr'0 B3aMMOJENMCTBUSA WUIPAOT
B&)XHYIO pOJIb B OOJACTM SHEPruif, B KOTOPOI OTKPBITHI KaHaJIbl BO30Y>KIEHHOTO COCTOSHUS
muureny [1,2]. B aTom cooluieHny MbI IPUBOAKUM SBHbIE ACHMIITOTIUECKIIE IIPeNCTABIEHIIS IS
KOMIIOHEHT BOJIHOBOJI (PYHKI[M1M, KOTOpPbIE YUUTHIBAIOT KaK KYJIOHOBCKOE, TaK I MHIYL[MPOBAHHOE
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IOUIIOJNIBHOE B3aMMOJENICTBME MEKIY OBYXUACTMUHON MUIIEHBIO M HaJleTalolleil YacTHUIel,
nonryueHnHsle B 3. O6CyKIaeTcs poJib OTKPBITHIX 1 3aKPBITHIX KaHAJOB. [1oJyueHHas aCMIITOTIKA
IpegHAasHayaeTCd I MCIIOJNBb30BAaHUSA B pacueTaX pacCesHNUA 3JIEKTPOHOB U IO3UTPOHOB Ha
aToMax BOAOpOfa B 00JacTy SHEepIruil BBILIE IIOPOTOB BO30OYKIEHHBIX COCTOSHUII MIUILIEHI,
IZle MHAYLYpPOBaHHOE IUIIOJBbHOE B3aMMOMECTBYME IIpoM3BOIUT crennduueckue sdQeKTs B
IOaHHBIX paccessHus [4,5]. s onmcaHms Ipoliecca paccesiHus MCIIOIb3YeTCs CUCTeMa YpaBHEeHMIT
danneeBa-Mepkypnesa 6.

1. M. Gailitis, J. Phys. B: Atom. Mol. Phys. 9, 843 (1976).

2. V.A. Gradusov, S.L. Yakovlev, JETP Letters 119, No. 3, 151 (2024).

3. V.A. Gradusov, S.L. Yakovlev, Theor. Math. Phys., 221, No. 1, 1744-1755 (2024)
4. V.A. Gradusov et al.,, J. Phys. B: At. Mol. Opt. Phys. 52, 055202 (2019).

5. V.A. Gradusov et al., JETP Letters 114, No. 1, 11 (2021).

6. L.D. Faddeev and S.P. Merkuriev, Quantum Scattering Theory for Several Particle Systems,
Kluwer, Dordrecht (1993).

Gailitis-Damburg oscillations in scattering of positrons, elec-
trons and muons off (anti)Hydrogen atom

Authors: Sergey Yakovlev'; Vitaly Gradusov'

! Saint Petersburg State University

Corresponding Author: v.gradusov@spbu.ru

The Gailitis-Damburg (GD) oscillations are the near threshold singularities of cross-sections of reac-
tive scattering predicted to exist in atomic systems [1, 2, 3]. They are the infinite series of logarith-
mically spaced maxima and minima of cross-section that can arise above the threshold of excited
state of an atom due to the induced dipole interaction between the atom and the spectator particle.
Sadly, there is no available experimental data that could confirm or disprove the phenomenon. Only
a few recent computational studies of scattering in the positron-antiproton-electron e+e- system de-
voted to improving the conditions of experiments with antimatter have observed the signs of it [4,
5, 6].

In this regard we present the results of our theoretical study of the behavior of cross sections of low-
energy scattering in the systems positron-antiproton-electron e+e-, electron-proton-electron e-pe-
and electron-proton-muon pe-. Our model-free computational experiment is based on a solution
of the Merkuriev-Faddeev equations in the total orbital momentum representation [7, 8] and the
recently obtained original theoretical results on the wave function asymptote for the three-body
Coulomb system that takes into account the induced dipole interaction between a free particle and a
bound pair of particles [9]. It makes our results including those that are obtained at sufficiently small
above threshold energies very reliable. For all the considered atomic systems we have observed the
existence of the GD oscillations in the partial cross sections. However, in the total scattering cross
sections the oscillations tend to smooth out for the explored processes. We discuss in our talk the
opportunity of obtaining the oscillations in the total cross sections in future research. By comparing
the results obtained for the e-pe- and pe- systems we discuss the dependence of oscillations on the
masses of constituent particles.

References

1. M. Gailitis and R. Damburg, Sov. Phys. JETP 17, 1107 (1963)
2. M. Gailitis and R. Damburg, Proc. Phys. Soc. 82, 192 (1963)
3. P. G. Burke, R-Matrix Theory of Atomic Collisions (Springer, Heidelberg, 2011).
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. C.-Y. Hu, D. Caballero, and Z. Papp, Phys. Rev. Lett. 88, 063401 (2002)

. L L Fabrikant, A. W. Bray, A. S. Kadyrov, and L. Bray, Phys. Rev. A 94, 012701 (2016)

. M. Valdes, M. Dufour, R. Lazauskas, and P.-A. Hervieux, Phys. Rev. A 97, 012709 (2018)
. V. V. Kostrykin, A. A. Kvitsinsky, and S. P. Merkuriev, Few Body Syst. 6, 97 (1989)

[ I e

. V. A. Gradusov, V. A. Roudnev, E. A. Yarevsky, and S. L. Yakovlev, Commun. Comput. Phys. 30,
255 (2021)

9. V. A. Gradusov, S. L. Yakovlev, Theor. Math. Phys. 221, 1744 (2024)

Momentum distributions for correlated nucleons in spin-singlet
channels

Authors: Olga Rubtsova'; Vladimir Pomerantsev'; Maria Platonova'; Leonid Blokhintsev'

! Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University

Corresponding Author: rubtsova-olga@yandex.ru

Study of short-range correlations (SRC) of nucleons is very relevant in nuclear physics. One of the
main problems within it is an isospin dependence of SRC showing an essential domination of np
over pp or nn correlated pairs. At the same time, a quantitative description of high-momentum
components of the distributions for spin-singlet pairs is complicated due to the absence of bound
states in the corresponding 'Sy channels. We suggest a formalism for a quantitative treatment of
SRC for such NN configurations based on the momentum distributions for the virtual states which
expected to be quite suitable for calculations in nuclei within the contact formalisms. A procedure
for the practical calculation of the above virtual-state distributions from the low-energy scattering
wave functions is developed which is based on the relation of Faldt and Wilkin 1.

As numerical applications, we test found distributions by using the contact formalism 2 to approxi-
mate two-nucleon momentum distributions in several light nuclei for different realistic models of the
NN interaction. Special attention is paid to the differences caused by employment of the dibaryon
model [3,4] which accounts effectively for non-nucleonic degrees of freedom. The results obtained
might be useful for researchers working on the SRC problem.

1. G. Faldt, C. Wilkin, Physica Scripta 56, 566 (1997).
2. M. Alvioli, C. Ciofi degli Atti, H. Morita, Phys. Rev. C 94, 044309 (2016).

3. V.I Kukulin et al.,, Chin. Phys. C 46, 114106 (2022).
4. O.A.Rubtsova, V.N. Pomerantsev, M.N. Platonova, Int. ]J. Mod. Phys. E 33, 2441030 (2024).

A 2D lattice system of two identical particles with interactions up
to next-to-neighboring sites
Author: Alexander K. Motovilov™™™

Corresponding Author: motovilv@theor.jinr.ru
We consider the lattice Schr\’odinger operator H., (K') associated with a system of two identical
particles on the two-dimensional square lattice Z?2. It is assumed that the center-of-mass quasimo-

mentum K equals zero and that the particles may interact with each other either on-site or on the
first and second nearest neighbouring sites in the lattice. These interactions have magnitudes -,
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A and /i, respectively. We study the discrete spectrum of parts of the operator H,(0) in its cer-
tain reducing subspaces (the fermion subspace and a part of the boson subspace). We partition the
corresponding (A, ut)- and (7, A, pu)-parameter sets into connected components such that, in each
component, the involved part of the Hamiltonian H.,,(0) has fixed numbers of eigenvalues below
the bottom of the essential spectrum and above its top.

The talk is based on joint works 1 with S.N.Lakaev, S.Kh.,Abdukhakimov and 2 with S.N.Lakaev,
M.O.Akhmadova.

This research was supported in part by the Ministry of Innovative Development of the Republic of
Uzbekistan (Grant No. FZ-20200929224).

1 S.N. Lakaev, A.K. Motovilov, and S.Kh.Abdukhakimov, “Two-fermion lattice Hamiltonian with first
and second nearest-neighboring-site interactions”, J. Phys. A: Math. Theor. 56 (2023), 315202 [23
pages].

2 S.N. Lakaev, A.K. Motovilov, and M.O.Akhmadova, “A two-boson lattice Hamiltonian with interac-
tions up to next-neighboring sites”, arXiv:2410.07070 (2024).
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Poster Session

IIpenBapuTesbHasE KAJIMOPOBKA MPOTOTUIIA AHTEHHOTO MOJYJIS
pamnonmHTepdepomerpa MUPHst ¢ crionb3oBaHNEM ITyJIbcapa B
Kpab6oBugHOII TYMAaHHOCTH

Authors: Auna Bunorpanckas'; Unbs 3apumos’

Co-authors: Asumsbex Mamxumos '; Aunpeit Apxanrembckumit '; Bapsapa Mumacan '; Esrenmit Yacouxos ';
Exarepuna [LtoTaukoBa '; Emusasera Pymakosa '; Mpuna Apxanrennckas '; Tatbana Kypmarmesa '

' HUAY MUPH
Corresponding Author: stenypol@gmail.com

KpaboBupHas TyMaHHOCTh IpeACTaBiIsieT CO0OJ Tra3000pa3HyI TyMaHHOCTb B CO3BE3INU
Tenblia, OTOKAECTBISIIOIIASICSI C OCTATKOM B3pBIBA CBEPXHOBOJ. OTINMUMUTETHHOI 0COOEHHOCTHIO
TYMaHHOCTH SIBJISI€TCS HaJM4ye B LieHTpe Iynbcapa Crab Pulsar, mcnyckarorrero mepuomidaecke
VMIMIIYJIBCHI B pafMofuanas’oHe M SBISIOINMMCS MOIIHENINNM MCTOYHMKOM II0XOOHOTO
n3nyueHus B lamaktuxe. [laHHBIe ITapaMeTpbl SABIAIOTCA PeMIAOIIMMIU IS IIPOBedeHUs
KanuOpOBKM  pafMOTENECKOIIOB,  Hejas  [JOCTATOUHBIM  MCIIOJb30BaHUE  CTaHAApPTHON
nmabopaTopHOII annaparypbl. B mokianme o6cyskgaeTcs MeTOIVKA MIPeABAPUTENBHON KaInOpOBKA
panuonnreppepomerpa MUOUst o pagumonmmynbcam KpaGoBuaHOM TYMaHHOCTM Ha YaCcTOTax
1,4, 4,15 1 4,85 I'T'11 kak HanboOJIee ONITHMAaNIbHBIE IS IPpoBeAeHus Kanubposku 1. IlpuHimnmuansHo
mmporjecc KanmOpoBKy MOXKeT ObITh paspmesieH Ha 3 srama. IlepBas cTamyst 3aKIIOUAeTCs B 3AIVICK
curHana n usameperuu RSSI ¢ SDR mnpuemumka HackRF H4M, ycranoBieHHOro B (QoKyce
nmapabomnueckoit cetTuaToil odcerHolt aHTeHHBI AX-Offset D90, ¢ BKIIOUEHHBIM I'eHEPaTOPOM
mryma (T'TII) ¢ m3BeCTHOI BBIXOTHOI MOIITHOCTHIO. ITocme Ay oI uit aTar IpoBOAUTCS aHATOTMUHBIM
MeTomoM y>ke ¢ BeIKiroueHHBIM 111, mmocyie dero rmosxy4yeHHOe 3HaUEHNE PAa3SHOCTI MEXKITY MEKITY
IOBYMs IIOKa3aHMAMI MUCIIOJB3yeTcsl KaK KanuOpoBka. Ilo Mepe HaKOILUIEHMs HOCTATOYHOTO
o0pemMa MHGPOPMALMM BBIUMCISIETCS HEIKCTEHCUBHBIN WMHAEKC ( 2, YHAISIOTCI CUTHAIBL OT
MOOIMJIBHBIX OIIEPATOPOB, a TaKKe MHBIE IIIYMBI, BIMSIOLIME HA YUCTOTY IPUHUMAEMOTO
CHUTHaJIa [IPOBOIMTCS ITapaMeTpU3alysi JAHHBIX M CTPOSATCS IpadyKy pacipeneseHus sHaueHIi
MOIITHOCTY Ui 3apaHee BBIOpPAHHBIX UYACTOT, IIOCJIE€ UEro IIPOBOJMTCS aHANINU3 IIOJYYEHHOTO
CUTHAJA 10 M3BECTHBIM 3HAUEHUsAM Ileproja u spkoctu ucrounmka PSR B0531+21 [3, 4].
IIpenyoskeHHBI METOX INpeNBApUTEIBHON KalMOPOBKM OTrpaHMUYeH BpeMeHeM cOopa HaHHBIX.
Tax, HanGoee GIATOIPUATHBIM CUMTAETCS ITEPUOL HOSIOpbh-heBpab B MO3HII Beuep 1 HOUb 5.
B mepcrekTmBe  IIpenCTaBIE€HHBII  MeTOX  OymeT  MCIIONb30BaH [ IIPOTOTUIIA
panuounreppepomerpa MUPHWst, B HayuHble 3ajauyM KOTOPOTO BXOAUT M3yUeHIe
panMoU3IyYeHNs TIaKTUKY, TPAaH3MEHTHBIX MCTOUHNMKOB, COJIHIIA, a TaKkKe OBICTPBIX IIPOLIECCOB
B acTpodM3NUECKUX UCTOUHUKAX 6.

Crucok JuTeparypsl:

1. Eilek J. A., Hankins T. H. //Journal of Plasma Physics. — T. 82. — Ne. 3. — C. 635820302 (2016)

2. Razdan A. //arXiv preprint arXiv:1206.6210 (2012)

3. Crab-pulsar data [9nexTponnsii pecypc] https://github.com/acrerd/Crab-pulsar-data

4. Radio Parallax of the Crab Pulsar Data Release [9nexrponHsIit pecypc] https://zen-
odo.org/records/7910778

5. Crab-pulsar star facts [OneXTpOHHBIN pecypc] https://www.uni-
verseguide.com/star/122592/crabpulsar

6. Apxaurenbckas U.B., Bunorpanckas AB., 3apunos U.J. u gp. // XI MexnyHnaponHast KoH.
JIAILITA3-2025. C6. HayuH. 1p.. C. 372. (2025)
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CpaBHeHI/Ie MEeTOa0B N3y4ueHnmsa N30MEPHDBIX COCTOSTHUI
ATOMHBIX AO€ep Ha TOPMO3HBIX I MOHOXPOMATNMUYECKUX ITYyUKax
raMMa-KBaHTOB

Author: Amacracus Uyitkuna'

Co-authors: Anexcaunp Kysuenos ?; Cepreit Pasunpkos >

' Beepoccuiickuti  HayuHo-uccriedogamenvckuil  uHcmumym  9KcnepumenmanvHoti  dusuku,  Mockosckuil

eocydapcmeennvii yHusepcumem umenu M.B. Jlomonocosa, @unuan MIY umenu M.B. JlomoHocosa 6 e.
Capos

2 Hayuno-uccnedosamernvckuii uncmumym soepuoti gusuxu um. [.B. Ckobernvyvina, MI'Y, Mockea, Poccus;
Mockoeckuii eocyoapcmeennviti ynusepcumem um. M.B. Jlomonocosa, ¢usuueckuii gaxyrnvmem, Mocksa,
Poccus

3 Beepoccutickuil HAYUHO-UCCTe06aMeNbCKUT UHCIMUMYM KChepPUMEHMATbHOL PUIUKU
Corresponding Author: chuikina.av@mail.ru

SlmepHble M30MepHI, IPeACTABIAIONINE cO0O0I OIrOKUBYIIME BO30YKIEHHbIE COCTOSHUA AMep,
SIBJITIOTCSI O0'bEKTOM IIPUCTAIBHOTO BHMMAHUS, KaK C TOUKM 3peHust GpyHIaMeHTaIbHOI SIAepHOIT
¢busmky, Tak M B KOHTEKCTe ITOTEHLUMANbHBIX IpuMeHeHui. Mcmonb3oBaHne raMma-KBaHTOB
aBasgeTcq 3P (eKTUBHBIM CIIOCO00M BO30OYXKAEHNMI 1 MCCIeNOBAHNS ANePHBIX M30MepoB. llenbo
IAHHOIL paboThI SBJISETCS aHAIN3 BO3MOKHOCTEI MCIIOIb30BAHISI MOHOXPOMATIUECKIUX ITyYKOB
raMMa-KBaHTOB [UIf JCCIEHOBAHMSI M30MEPHBIX COCTOSHUII aTOMHBIX siep M CpaBHeHMe
IIPEMMYIIIEeCTB TAKMX MCCIEJOBAHMIL C ICCIIeXOBAHMS HA TOPMO3HOM U3JTyUeHN.

B HaumonanpHOM IeHTpe (GUSMKM M MareMaTuku (T. Capos, Hipkeroponckas 06i1.)
ITAaHUPYeTCs CO3MaHMe MCTOYHMKA KOMIITOHOBCKOTO WM3JTyueHNs, OCHOBAHHOTO Ha IIPMHIINIIE
00paTHOr0 KOMIITOHOBCKOTO pacCesHHUs JIa3epHOro M3IyUeHMs Ha IIyuKe pPeSITUBMUCTCKUX
9JIeKTPOHOB.  KilroueBBIMHU IIperMylitecTBaMM HJAHHOTO MCTOYHMKA MJIS M3YUEHNsS SIEPHBIX
M30MEpOB SABJIAIOTCA KBAa3MMOHOXPOMATHUHOCTh TaMMa-M3JIyUeHNsI, TI03BOISIOIIAs CeJIeKTUBHO
BO30YXKIaTh OIIpefesieHHble SiIepHbIe YPOBHU, I IlepecTpanBaeMas SHeprus, obeclieurBaroIas
BO3MOKHOCTh MCCJIEOBAHMS M30MEPOB PasIMUHBIX spep. Hegocrarkamm, IO CpaBHEHUIO C
TOPMO3HBIM M3JIyUeHMEeM, SBIISIOTCS OTHOCUTENIPHO HM3Kas 00Ias MHTEHCUBHOCTD M CJIOKHOCTD
000pymoBaHMA U MHPPACTPYKTYPEL

B moxiane mpuBeeHO aHANINTIUECKOE CPaBHEHIE BO3MOKHOCTEN ABYX METOLOB MCCIELOBAHMS
STIePHBIX M30MEPOB — TOPMO3HBIX ¥ MOHOXPOMATHUECKUX IIyUKOB raMMa-KBaHTOB.

TopMo3HOe M3IydeHME ABIAETCI XOPOIIMM MHCTPYMEHTOM MJI IIOMCKA HOBBIX M30MEpPOB U
M3MEpPeHNs MHTEerPAIbHbIX ceueHnil. OXHAKO, NI JEeTaJbHOTO M3YYEeHMs CBOIICTB M30MEPHBIX
COCTOSTHMIT KOMIITOHOBCKOE 00paTHOe paccesHue sSBJIseTcs Gojiee IPeIOUTUTENIbHBIM METOTOM,
HeCMOTPS Ha €r0 TeXHUYECKYIO CIIOKHOCTb.

Pacuer KoJIe0aTeJIBHBIX CIHEKTPOB HEKOTOPBIX TPHUIITAHOB

(cymaTpunraH w ~ pU3ATPUIITAH) METOAAMU  KBaHTOBOII
XIMIH

Author: Ceeriana Kauanosckas'

! Teepckoti cocydapcmeennuiii ynusepcumem, Teepy, Poccus
Corresponding Author: cvetl3vit@yandex.ru

BubparmoHHas CIIeKTPOCKOIIMS YaCcTO MICIIONb3YeTCs AJII MCCIe{OBaHM 61103 UUECKUX CUCTEM,
ITOCKOJIBKY OHAa IIPeOCTaBisgeT IMOAPOOHYI0 MHPOPMALNIO O JIOKATIBHOI CTPYKType Marepuaa.
BONBIINHCTBO MCCIEIOBAHUII IIPOBOMATCS C IIOMOIIBI0O MH(QPAKpacHON WIM PaMaHOBCKON
creKTpocKonuy. KoMIminmMeHTapHBIM METOLOM SBJISETCA CIIEKTPOCKOIN HeYIIPYTOTo pacceaHms
ueiitpoHoB (INS) 1. Kak cmekrpockommueckmii meron, INS maer yHMKaibHYI0 BO3MOXHOCTb
obecIieyeHNsT M30TOIHOI UYyBCTBUTEIBHOCTM, IIOCKOJBKY SIBISIETCS Topasfo 0ojiee CUJIBHBIM
pacceMBarolIM I[€HTPOM, UeM Bce ApyTUe aTOMBI, BKIiouad feiitepuit. Kpome Toro, paccesHue
HEJITPOHOB He JIMeeT IIpaBI 0TOOpa, KpoMe TeX, KOTOpble BO3HMKAT 13-3a M3MEHEHN [JINH
spepHoro paccesHus. KomOuuaums mHQpakpacHOV, paMaHOBCKOV M HEYIIPYTroil HEMTPOHHON
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criekrpockoruy (INS) ucronp3yercs s IOTyUeHNUs IIONTHBIX KOJIeOaTeIbHBIX CIIEKTPOB 2.
MeToapl KOMIIBIOTEPHO XMMUY aKTUBHO IIPUMEHSIOTCS B KOJeGaTeIbHOI CIEKTPOCKOIINN, KaK
IUIS JIyYlllell MHTepIpeTaluyl SKCIIEPMMEHTAIbHBIX CIIEKTPOB, TaK M KaK XOIOJHUTENIbHBIN
MHCTPYMEHT MCCIeRoBaHms cucTeMbl. CyIleCTBYIOT pasinyHble IIaKeThl AJI pacyeTOB MeTOqaMU
KBaHTOBOJL XM, CPEAM KOTOPBIX OJHIM M3 CAMBIX IIONYJIIPHBIX ABJsgercs naker ORCA.

B HacrosIeM MCCIeqOBaHMM MBI COUETaeM SKCIIEPMMEHTAIbHbIE ITOJXOMAbI C TEOPETUUECKUMMN
pacueraMy. B meHTpe Hallero BHUMAHUSI — TPUITAHBL. TPUITAHBI — 3TO IPYIINA JIEKAPCTBEHHBIX
CPefCTB, CIeIMaJbHO pa3pabOTaHHBIX MJIA CHATUA IpucTyma wmurpeHnm.  Kiaccumueckas
TPUIITAHOBas CTPYKTypa COXEPKUT OOKOBYIO Liellb Ha MWMHIOJBHOM KOJIbIlEe ¥ OCHOBHOII
a30T Ha AHAIOTMYHOM pACCTOSHNUIM OT MHIONBHOM CTPYKTypbl. OCHOBHBIM CTPYKTYpPHBIM
OTJIMUMeM TPUIITAHOB SABIIAETC MOJIOXKeHMe CyIbhOoHAMIUAA ¥ GOKOBOI LN, IPUCOeANMHEeHHOI]
K HeMy. PusarpunraH ¥ 30JIMUTPMIITaH MMEIOT BMeCTO CyinbdoHaMmma Tpmuasoa u 2-
OKCa30JIMI0H, COOTBETCTBEHHO. [lpyroe MCKIIOUEHME 13 KIACCHUECKOII CTPYKTyphbI HaOI0[aeTCs
y 9JleTpMIITaHa, TOe a30THO-aJIKMIbHAA Llellb, COeqUHeHHad ¢ MHIOJIbHBIM KOJBIIOM, 3aMeHeHa
OUMETVIIMPPOIMINHOM, M y HapaTpMUIITaHa, TIAe a30THO-aJKMJIbHAas Iellb 3aMeHeHa 1-
MeTWJIIUIIEPUAMHOBBIM KOJIBIIOM 3.

HecmoTps Ha ITOX0XKIE CTPYKTYPhI 11 ONVIHAKOBBIN MEXaHM3M [EVICTBYS, BCE TPUIITAHBI 00IaKa0T
pasubiMu no6ounbiMu 3¢ dekramu. Kpome Toro, moboursre 3¢¢eKThl OMHOTO U TOTO e TPUIITaHA
MOT'YT IPOSIBIATBCA Yy PasHbIX JIIOAEN Io-pasHOMy. Takum o00pasoM, TPHUIITaHBI SBIAIOTCS
MHTepecHbIMU o0bekTamMu s ucciaegoBanmit SAR (structure-activity relationship — cBa3p mexay
CTPYKTYpOII U aKTUBHOCTHI0). McciemoBaHms 0COGEHHOCTEN CTPYKTYPBI 1 AMHAMMKYL TPYIITAHOB
MOXKET II0MOYb B IIOHMMAHNN, KaK/e MMEHHO XapaKTepUCTUKM MOJIEKYJIbl MOTYT BINATH Ha ee
CBOJICTBA.

C 1menpl0 IPOAMUTH CBET Ha pasnuuysi B OMOPM3MUECKMX CBOJICTBAX TPUIITAHOB OBLIN
paccunTansl KosnebaTenbuble crieKTpsl (MK-criektp 1 paMaHOBCKUII CIIEKTP) IS ABYX TPUIITAHOB:
CyMaTpMUIITaHa ¥ pu3arTpuiraHa. HeCKOJIbKO METOXOB pPacueTOB KBAaHTOBOJ XUMMUM ObLIN
IIpUMEHEHBI.

1. Mitchell et al. 2005 Vibrational spectroscopy with neutrons, with applications in chemistry, biol-
ogy, Materials Science and Catalysis

2. https://link.springer.com/referenceworkentry/10.1007/978-3-642-16712-6_143

3. https://en.wikipedia.org/wiki/Discovery_and_development_of_triptans

Maker aHTEHHOTO MOJYJIA panuomHTepdepomeTpa
MU Pt

Author: Asna BI/IHorpanCKa;{1

Co-authors: Asusbex MamXnmgos 1; AHppeit ApXaHTeJIbCKUIL 1; BapBapa Mmnnacau !. Eprenuit YacoBUKOB
L Exarepuna IImorHmMkxoBa . Enusasera Pynakosa L. Vnpa 3apunos L Hpuna ApxaHreibcKas . Tarpsna
Kypmaresa '

' HUAY MUPH
Corresponding Author: vinogradskaaanna0@gmail.com

O6cyxmaeTcss BOSMOXHOCTD MCIIOTIB30BAHMA IapaboIMUecKX CeTUaThIx OQCeTHBIX aHTeHH AX-
Offset D90 st cosgaHusa MakeTa OCHOBHOTO aHTeHHOTo MoayIs(MOAM) paguounnTepdepomerpa
MU PUst.

Ilens cospmanus pagmoumHTeppepomerpa MUOPUst 1 - umsydeHume OBICTPBIX IIPOLECCOB B
KOCMMYEeCKMX MCTOYHMKaX, B T.u. B CojHIe, B AmuanasoHe usiaydeHus oT 0.95 (31.5 cm) mo
6 ITu (5 cm). VsyueHme paguousiaydyeHUs B CIIEKTPAIBHON JIMHUYU HENTPAIBHOTO BOMOPOAA
HI 21 cm (1420,40575 MI'1) npu pasiMuUHBIX KPacHBIX CMEIeHNSIX z, HaIpuMep, OT IaJlaKTMK
M IPOTOTIAKTUK HAa KOCMOJIOTMUECKNMX PACCTOSHUAX, CHeJIaeT BO3MOXXHBIM BBbIIBJIEHIE HOBBIX
NPUHLNIIOB IJIs IIOCTPOEHNSI HOBOJ YHUKAIBHON IIKalbl (KpoMe cBepxHOBBIX 1 CMB 2) Gal_z
g HO-tension. B pamkax paboTsl Takke OyAyT M3y4UaThCs CBOJICTBA MarHETapOB, BApMATIBHOCTD
Iepryofa HEKOTOPhIX pafAMOM3IyUalolmMx IyjabcapoB. B Tamaktuke OymyT mcciegoBaHbBI
pammoraino, Sgr A, AMCKpeTHBIe MCTOUHMKM, obyaka HeirpanpHoro H.B corpymumuectse c
MmuoroBonHoBeIM papmorennorpapom HIT] PAH 3 Oymyr mpoBegeHBI aHalIM3 MeXaHM3MOB
YCKOpeHHIs e-, BCIIBILIEUHOT0 HarpeBa ILIa3Mbl U IepeHOCa SHEepPIuM, McCIefoBaHMe yOapHBIX
BOJIH ¥ 3BOJIIOLIMY KPYIIHOMACIITaOHBIX CTPYyKTyp B armocdepe Conuua. Taxke Oymer BHeceH
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GO0JIBIIION BKJIAJ B pasBUTIE METOHNOB MOHUTOpuHra akrtusHocTy CoiHifa. Pesymprarsr GymyT
my0OIMKOBaThCS B BeRyLux 6a3ax qaHHbIX Visier, NED u 1.11.

B pa6ore o6cyxmaercs paspaborka MOAM panmonurepdepomerpa MUPHst, ocHOBYy KOTOPOro
- mapaboimueckas cerdaras odcerHas aHTeHHa AX-Offset D90, mauatas B 4. KiroueBnle
OTJIIMYMSI YCTAHOBKM OT aHAJIOTOB 3aKJIIOYAIOTCSI B €€ KOMIIAKTHBIX pasMepax, MOOMJIBHOCTH,
MaJIOJI 3aT€HEHHOCTU ITOJIE3HON IIIOIIAAM TapesK! M JOCTYIIHOCTM KOMIUIeKTYIOIMX. Dblna
ycTpaHeHa IpobeMa HeyCTOMUMBOCTI MOYJIS IIPU IIOBOPOTE AHTEHHBI, MOTOPM3MPOBAHA CXeMa
ITOBOPOTAa aHTEHHBI [JIS HaBeIeHNs Ha JCCIeqyeMble 0O0OBEKTHI 1 HEeIPEePHIBHOTO HaOJII0geHNMs
II0 MX KOOPAMHATAM BBICOTHI M a3MMyTa. B Momeny IpegyCMOTPEHO MeCTO IIOJ 3JIEKTPOHUKY M
nBurarenu, paspabarsiBaeTcst cucreMa obpadoTku currana un 110 1yt yrpaBieHus MOI0KeHeM
aHTeHHBI 11 cO0Opa JaHHBIX. B HacTosIIee BpeMs IIpoBeieHa KanuOpoBKa IpMeMHMKa Ha yacToTe 1
ITx u mpogeMOHCTPMPOBAHO BO3pacTaHe IPMHNMAEeMOro CUTHAIA TPV HallpaBJIeHUN aHTEHHBI
Ha ComHIle.

CHucoxk JurTeparypsl:

1. Apxanrensckas W.B., Bunorpanckas A.B., 3apumos W.I. u gp. // XI MexagyHaponHas KoHG.
JIAILTTA3-2025. C6. HayuH. 1p.. C. 372. (2025)

2. D’Agostino R., Nunes R. // Phys. Rev. D. V. 108. #2. id.023523 (2023)

3. Anremaues A. T., JlecoBoit C.B. I'mo6a M.B. u np // Conneuno-zemuas ¢pusmuka. T. 6. Ne. 2. C.
37-50. (2020)

4. Bunorpanckas A. B., Bocko6oitaukos /. O., 3apumos U. [I. n np // C60pHUK N30paHHBIX T€3COB
pabot naypearos III 3umseit Hayuroit ceccnt CHO HUAY MUPU. C.13-14 (2023)

HNccaepoBanne HuKeanga Tutana ¢ npumeneanem ACM3

Author: Mapuna Bysoseps’

Co-authors: Anexceit Apxunos 1. Amacracus OMmurpuena 2. Ugan Kapnos . Muxawun Tanenxko !

! Beepoccuiickuii Hayuno-Hccnedosamenvekuti Mncmumym Ixcnepumenmanvioii dusuku

? Cap®TU HUAY MUPU
Corresponding Author: buzoverya@expd.vniief.ru

ITpu pa3paboTKe KOHCTPYKIMOHHBIX 11 (PYHKIMIOHAIBHBIX MaTEPINAIOB HOBOTO IIOKOJIEHMSI 0C000€e
BHUMaHUeE yaejsercs GOPMIPOBAHNUIO PA3INYHBIX HAHOPA3MEPHBIX OCOOEHHOCTEN CTPYKTYPBHI,
TaK KaK 3TUM MOXXET OBITb 0OeclieueHO IOBBIIIEHIE MEXaHUUECKUX, PAAMALVIOHHON CTOMKOCTI
M OPYTUX SKCIUIYaTAIIOHHBIX CBOMCTB. B IociegHme rombl pasBMBAIOTCA COBPEMEHHBIE
IIOJXOIBI ¥ METONBI MICCIIEIOBAHNS MUKPO- M HAaHOCTPYKTYPMPOBAHHBIX MaTepnayioB. B cBi3u
C 9TUM, HaMIU OTpaboTaH M OBLI YCIEIIHO IpPMMEHEH KOMILIEKCHBIN IIOJXO, BKIJIIOUAIOII[IL
COBMECTHOE JICIIOJIb30BaHME aTOMHO-CUIOBOI Mukpockomuu (ACM) u smepHO-CKaHUPYIOIIETo
mukposonma (ICM3) B pumarHocTuKe U MCCIEJOBAHUYU COBPEMEHHBIX MATEPUAJIOB PA3HOI
npuponst [1,2]. Ha Beixome nocite xomrutekcHoro uccienoBanns (ACM+ACM3) umeem nanubie
0 «COCTaBe-CTPYKType-CBOJICTBaX» Marepuaia. [JaHHbIN MOAXOM ObLT IPMMEHEH B MCCIETOBAHUN
obpasioB Hukennmnga turaHa (TiNi), moixyueHHBIX MO amJUTUBHOM TexXHONOrMU. Marepuan
obmagaer maMsaTb0 (GOPMBI M pPACCMATPMBAETCS KaK IEPCHEKTUBHBIN MaTepual B aTOMHOI
orpacan. CnekTrpbsl RBS monyuensl Ha ycraHoBke «Mwukposonn IITI-10». C moMolibio
CIIEIMAIBHOIO aIropuTMa 00paboTKy ImepBUUHBIX CIeKTpoB RBS ObLay mosnyueHb cyMMapHBIE
KapThl C I[BETOBBIM KOOVIPOBaHMEM KaXAOIO M3 IMPUCYTCTBYIOIIMX B Marepuaje 3JIeMeHTOB,
KOTOpbIE COIIOCTABIISLINCH C KapTaMy ToIrorpadmu, MOXYJIS YIPYTOCTM ¥ aire3uy, CHATbIE Ha
CKaHUpYOIleM 30HIOBOM Mukpockome Solver Next mpomssomcrsa HT MAT r. 3eneHorpan.
PesysbraTs! McCiIeJOBAHMIT IT0 JAHHOMY aJTOPUTMY ITO3BOJIVIN BBISBUTE IPUPOAY BKIIOUEHMIT 1
OOBSICHUTD IIPUUMHBI M3MEeHEeHNST MUKpoMexaHueckux cBotictB TiNi mmocie Tepmoo6paboTKL.

1. M.3. Bysoseps u np., . dus. Umxk. 8, 1 (2017).

2. A.A. Arkhipov et al., Bull. Russ. Acad. Sci. Phys. 87, 1737 (2023).
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Deformed nuclear shells in mass and energy distributions of fis-

sion fragments of 2"Pu* compound nucleus in *U(o,f) reaction
at alpha particle energy of 29 MeV

Author: Dilshod Alimov’

Co-authors: Andrey Pan z, Daniyar Janseitov 1. Kirill Kovalchuk ?; Mardan Bakirov !; Nasurlla Burtebayev 1. Raisa
Kosherbayeva

! Institute of nuclear Physics, Almaty city, Kazakhstan
? Laboratory of Fission Physics, Institute of Nuclear Physics, Almaty

Corresponding Author: kkvi0@rambler.ru

To study presence and influence of deformed nuclear shells we measured mass and energy distri-
butions of fission fragments of 240Pu* compound nucleus in 236U(a.f) reaction at incident alpha
particle energy of 29 MeV which is at coulomb barrier for this reaction. Measurements were carried
out with 2E method at U-150M accelerator at the Institute of Nuclear Physics, Almaty city, Kaza-
khstan. Acquired mass and energy distributions were decomposed into yield of separate fission
modes with sensitive decomposition method taking into account deformed nuclear shells. The re-
sults show influence of deformed nuclear shells Z52, N84, N88 on mass and energy distributions of
fission fragments.

NccnenoBanme XapaKTepUCTUK CIMHTVILISIMIOHHBIX
AeTeKTOPHBIX MOAYJEN A MX UCIOJIb30BAaHUS B IO3UTPOHHO-
3MIICCUOHHOI ToMorpadpun

Authors: Bragumup *KepeGuepckuit'; Tapssa Komaposa'; Hukomait Manbies'

' Cankm-Tlemepbypeckuii zocydapcmeentviii yHusepcumem

Corresponding Author: st103520@student.spbu.ru

Ha coBpeMeHHOM 3Tame pasBUTUA AOepPHOM MeOVUMHBI IIMPOKO IPUMEHSIOTCA OeTeKTOpPHbIE
TeXHOJIOTMI [JIS IIPOBeNeHMsT OUMATHOCTMUECKNUX Ipolienyp B chepe KapAMOIOTUM, HEBPOJIOTUU
1 0COOEHHO B OHKOJIOTMY, MJI pPaHHErO BBIIBJICHMUS 3JIOKAUECTBEHHBIX OOpazoBaHmMil. B
9TOM KOHTEKCTe, MMO3UTPOHHO-3MuccuonHas tomorpadus (II9T) urpaer BakKHYIO poOJb, [aBas
BO3MOXKHOCTb BM3yaJM3MpOBaTh OMOJOTMUECKUEe MPOLECcChl Ha KJIETOYHOM ypPOBHE M BBIIBIATH
MaTOJIOTUM ellle Ha paHHUX CTaAUAX UX Pa3BUTUAL.

OpmHUM U3 KIIOYEeBBIX KOMIOHeHTOB II9T-ckaHepa SBIAIOTCA CLMHTIJUISIIIOHHBIE CEHCOPBI.
ITocTosHHO BoO3pacTaroliye TpeOOBaHMS K UyBCTBUTEIBHOCTM, paspellarolieil CIIOCOOHOCTI 1
CKOPOCTM HETEKTMPOBAaHMS IaMMa-KBAHTOB, BO3SHUKAOIIUX IPY AHHUTIIISALUY ITO3UTPOHOB
(oGmacTp yoKanM3auMy PagUOHYKIMIOB, WMCIIYCKAIOIIUX 3T ITO3UTPOHBI), CTABIAT 3aJaull II0
IOMCKY HOBBIX CLUMHTUJLIITOPOB C YIYULIEHHBIMMI XapaKTepPUCTUKAMIU.

Ceromust BO MHormx II9T-ckaHepax [UIs pETrMCTpallMM TaMMa-KBAHTOB  MCIIOJIB3YIOT
CUMHTWUIALMOHHBIE CeHCOphI Ha ocHOBe Kpuctanos Nal(Tl) u ¢porosneKTpoHHBIE YMHOXUTENN
Ha 0ase BaKyyMHbIX TpyOOkK. OpHako, AJs HOBBILIEHMS NETAIU3ALUU PALMOHYKIUIHBIX
n306pakeHMIT GoJlee MONXOMAIIMMY OKAa3bIBAIOTCH NEeTeKTOPHbIE MOLYJIM Ha OCHOBE KPUCTAJLIA
BGO (repmanar Bucmyra) n LSO (OKCMOPTOCUIMKAT JIOTELMSI) B COBOKYITHOCTY C KPEMHMEBBIMMU
¢doroymuoknrensmu (SiPM).

B npencraBieHHOI paboTe IIPOBOAVIINCH MICCIEXOBAHMS XapaKTePUCTUK JeTeKTOPHBIX MOLYJIel
Ha 6ase kpucrauia BGO u KpeMHMeBbIX (POTOYMHOKMTENEI A MX MCIIOJIB30BAaHUSA B HOBBIX
npudopax MO3UTPOHHO-IMUCCUOHHOI ToMorpadun. Belj CKOHCTPYMPOBaH CUVHTUUIALIMOHHBII
raMMa-cIeKTpoMeTp, IIpM IIOMOINM KOTOpPOTO IIOJyUeHBI ONTMMAaJbHble IIapaMeTphbl
(3¢dexTuBHOCTS permcrTpanMy, SHeEpreTMUecKoe paspelleHyue) npubopa sl perucTparuu
AHUTUIALVOHHBIX TaMMa-KBaHTOB. IlpoBenéH cpaBHUTENILHBIN aHAIN3 XapaKTepUCTUK
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JIIeTeKTOpHBIX Mopayieil ¢ Kpucrawamu BGO m mopyneir Ha ocHoBe LSO, uro mosBosmio
chopmupoBarh (PyHAaMeHT s pa3pabOTKM HOBOI HETEKTOPHOI CUCTeMBbI. BrociemctBun
aTa cucreMa Oymer 3afeliCTBOBaHA B M3YUYEHMY XapaKTEPUCTUK CLVHTILUISLVOHHBIX CEHCOPOB,
KOTOpBIe 3aTeM HaiayT npuMeHeHue B II9T-koMIutekcax, MCIIONIB3YIOINX BPeMs-IIPOJIETHBIN
METOJI.

Pacuer OXJTAKTAXOIIIMX KaHaJIOB nIpAMOYTOJIBbHOTO
BOJIHOBOJHOTO TPpaKTa

Author: Codns KoGenepa'

' HUAY MUPU
Corresponding Author: svkobeleva@mephi.ru

Cunxporpon «CUJIA» comepXUT MHXEKTOp JMHEITHOTO YCKOPUTENS Ha OCHOBE 3JIeKTPOHHOM
MYLIKA C TEPMOIMUCCUOHHBIM KaToRoM (711 paboThI Ha HAKOIIUTEIBHOE KOJIBI[0) U 3JIEKTPOHHOI
yKy ¢ GOTOKATONOM (IJIs TeHepaluy IyuKa Ui Jladepa Ha CBOBONHBIX ajeKTpoHax) [1,2]. B
KauecTBe MCTOYHMKA MNTaHMsT (POTOIMUCCHOHHOI IYIIKY TUIAHUPYETCS MCII0Ab30BaTh KIMCTPOH
C ypOBHeM BBIXOMHON MoIHOoCcTH 6,5 MBT. Ilepemaua BBICOKOUACTOTHOJ MOII{HOCTM Oyaer
OCYII[ECTBIIATCS Uepe3 BOJHOBOMHBIN TPakT. TpakT M3roTOBIEH U3 OEeCKUCIOPOMHON Menu,
MMeET IPAMOYTOJIbHOE ceueHme 72x34 MM U TOJIIMHY CTEHOK 5 MM.

Cucrema CBY-nuranus HODKHa 00eCHIEUNTh CTaOWIIBHYIO II0 ITapaMerpaM (B TOM YMClIe B
oTHOIIeHNN (Pasbl) JTEKTPOMArHUTHYIO BOJIHY Ha BXOJe B YCKOPSIOLIYIO CTpYKTypy. Hecmorps
Ha OTHOCUTEJIBHO HU3KMUII ypoBeHb cpenueit BU momrnoctu (Pcp=10kBr), a tTakxe HeGousblime
IIOTEpY SHEPruMM B CTEHKAaX BOJHOBOAA, TpeOyercs OCHACTUTH (UOEpHBIN TPaKT CUCTEMOI
tepmocrabminnsanuy. Takum o6pasoM, Oyer rapaHTHPOBaHA ITOCTOSTHHAS JIEKTPUUECKas JIITHA
TpaKTa ¥ ONVHAKOBBIN Ha0er (as3pl IpH JII0O60M pesKuMe paboThI MEKEKTOpA.

CTeHKM BOJHOBOMA OXJKAAIOTCI 3a CUET €eCTeCTBEHHON KOHBEKI[UI. (xoaddurment
KOHBeKTUBHOII Teruiootaaun 5 Br/m2-K). B normonHeHne oxnakgeHue BOJTHOBOA OCYILIECTBIISETCS
C IIOMOII[BIO TPYOOK, BHYTPM KOTOPBIX IIPOXOMMT BOJA B HEIpepbIBHOM pexkmme. IIpomsBeneH
pacuer Koa(b(bmumeHTa KOHBEKTUBHOI TeIutooTHaum s Bomsl a=691,99 Br/(m2-K) ¢ yuerom
pacxomna KugKocTu Q = 5 /MuH.

Jlurepatypa

1. 1. A. Amranus, T. B. Bougapenko, M. B. Bragumupos, u ap., IIpoext BY- ¢oromykn mis
JMHEeHOTo ycKopurena-nmxekropa misa JICI npoekra CIJIA // Ilncema B QYAS. - 2024. - NeT. 21,
Ne 3(254). - C. 410-417.

2. Design and simulation of an S-band RF photogun for a linac-injector for the SYLA FEL
/ Ashanin, LA. [et al.] // Journal of Instrumentation. - 2024. - 19. - No 10. - 10.1088/1748-
0221/19/10/C10004.

OmnpenesieHne  XapaKTepUCTHMK HENTPOHHOTO  M3JIyUeHUS
o1oxom perextupoBanusa B/AKH-06 ¢ mabopom cdepmuecknx
3aMeqInTeIen

Authors: [lamuan Komap'; Bamepwit Koxemsxwn'; Bmagumvmp Typumosmu'; Amexceit Exmmmn’; Mapus
Mprmrkoaa’

! Hayuno-npouseodcmeennoe ynumaproe npeonpusmue «<ATOMTEX», 2. Munck

? Unemumym npomviunennoil sxonozuu YpO PAH, 2. Examepun6ype
Corresponding Author: damiankomar@yandex.ru

s HanGosee KOPPEKTHOI OL[EHKY JO30BBIX HAIPY30K Ha IIEPCOHAN OT HEMITPOHHOTO U3JIyYeHs
HeoOxomuMo uMeTh MHpoOpMAIMIO 00 3HEPreTMUEeCKOM paclpefesieHUN IUIOTHOCTM II0TOKA
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HEJITPOHOB Ha KOHKDETHOM pabodyeM MecTe. ITo BoccTaHOBIEHHOMY 3HepPreTUYeCKOMY
pacrpeneleHNI0 MOXXHO BHECTM IIONPAaBKM B IIOKa3aHMUSA MHIMBUAYAJIBHOI'O O3UMETPA,
3aKpeIIEHHOTO 33 IIEPCOHAJIOM Ha JaHHOM paboueMm Mecte 1.

Biox merexTupoBaHus HelirpouHoro usnyuenns BJIKH-06 mpencrasiser cob6oit 3He-cuerunk,
IIOMEIIEeHHBII B IIONMITIIIEHOBBIT Momeparop B ¢dopme cdepsr.  Komcrpykums BIKH-06
IT03BOJISIET ITOCIENOBATEIBHO MI3MEPATh CKOPOCTh CUeTa MMIIYJIbCOB CO cepaMm-MomepaTopamu
¢ qnamerpamu oT 3 o 12 mroitMoB. V3aMepeHuUs IPOBOIATCS COINIACHO Pa3pabOTaHHO METONUKE
n3mepennit MT AAAA.7031.004-2020 «BoccTaHOoBJIeHME 3HEPreTUYECKOTO paclpenesieHus
IUIOTHOCTY IIOTOKA HeWTpoHHOTo wmamyueHud.  OIpepmesieHMe CpegHeN IUIOTHOCTM IIOTOKA
HEJITPOHHOTO M3JIy4eHUI» 2.

Meromyuueckoe obeclieyeHyme ¢ IpUMeHEHMEM CIIENMAJIbHOTO MaTeMaTWYeCKOTo alropuTMa
II03BOJISIET Ha OCHOBE M3MEPEHHBIX CKOPOCTEil cueTa MMIIYJIBCOB C KaXIOil cepoil MOIyUnTh
9HepreTUUuecKoe paclpeejieHe INIOTHOCTY II0TOKa HEMTPOHHOTO U3JIyUeHN .

ITomyueHHBII B COOTBETCTBUM C METORMKON pe3yJbTaT BOCCTAHOBJIEHUSI SHEPreTUUECKOTO
pacmpeneneHNd ILUIOTHOCTU IIOTOKA HEWTPOHHOTO WM3IYyUYEeHMSA NCIONB3YIOT IJI BBIUVCIICHNI
TAKMX BENMYNMH KakK: JHTerpajbHasg INIOTHOCTh IIOTOKAa HENTPOHOB, CpemHAS JHeprud
HEMTPOHHOTO M3JyYeHNU IIO CIEKTPY, CpelHdsd 3Heprus HEHTPOHHOTO M3JIydeHHUT II0 J103e,
9KBMBAJIEHT JO3bI Ha €IMHIYHYIO IUIOTHOCTD ITOTOKA, 9KBUBAJIEHT NO35I, 3¢ (eKTuBHAT 103a.
MaremMaTuuecKuil aJropuTM peaau30BaH B I[PUKIATHOM IIPOTPAMMHOM oOfecrieueHum C
IOpY>KeCTBEHHBIM I II0JIh30BaTelss MHTep(deiicoM B KauecTBe IIPMIOKEHNMSI K MeTOJUKe
V3MEPEHNI.

Jlutepatypa

1. IIerukmaa, M. [. lo3umeTpus HEITPOHHOIO M3IyueHus: Ha pabounx mecrax mepconana AO
«HCcTUTYT peakTopHbIX MaTepuanoB» / M. [l. IIentnknuHa, A. B. Bacunbes, A. A. Exnaus, E. .
Hasapos, M. A. Pomanoga, B. 1. I'ypurosuy, /1. 1. Komap, B. A. Kosxxemakus // PagmanyonHas
rurnena. — 2021, — T. 14. — Ne2. — C.89-99.

2. Iermknaa, M. [I. IlpodeccuonanbHoe obaydueHne HeiirpoHamu Ha Bemosipckoit ASC / M.
ITermikuaa, A.B. Bacunses, A.A. Exunun, EJ. Hasapos, A.B. Ilygoskun, B.O. Huknrenko, B.1.
I'ypunosuu, [I.1. Komap, B.A. Koxxemsaxuu // AHPU. — 2021. — Ne3 (106). — C.16-26.

HI/I(prBaH MOOe€eJIb IIpolecca HeEpa3pylIarmumero KOHTPOJIA
IIOJIOKEHNIA MM IIEJIOCTHOCTN KOMIUICKTYIOINUX KOMIIOHEHT
TEILNIOBBIACIIAIOIIIIX 3JICMCHTOB

Authors: Bukrop Baxtenn'; Bauecnas [[psukoB’; Cepreit Kanuuusu'; I0puit KpaCHI/IKOBZ; Anppeit [IMCKITIOKOB;
AnexcaHnp CrenaHos®

' Boponedxcckuil 20cydapcmeentbiil ynusepcumem

2 000 “Huncenepnoe Bropo BACO”
Corresponding Author: slava_kpss@mail.ru

B coBpeMeHHOJ aTOMHOIl 3HepreTMKe KOHTPOJIb COCTOSHUSA I IIOJIOKEHMSA KOMIIOHEHTOB
TeruioBbIaensomux snementoB (TBDJIoB) kpuTuueckym BaskeH I O0eCIIeUeHUS SIEPHOI
6esomacHOCT U 3¢ deKTUBHOCTU paboThl peakTopoB. OmHMM M3 KIHOUeBbIX 3j1eMeHTOB TB3Jla
ABIISIETCS IPY’KMHA, KOTOpass KOMIIEHCUPYeT TeIlJIOBOe paciuypeHne u (UKCUPYET TOILIMBHEIE
tabnerkn. [l MOHMTOpPMHIA COCTOSHMS NPYKUHBI HEOOXOAMMBI HepaspyIUaolye MeTOMbI,
TT03BOJIAIOIINE PETTICTPUPOBATH 32 ONITUMAJIbHBIe BpeMeHa nopaaka 0,001 ¢ e€ mmoJroskeHne BHyTpI
TB3JIa u onpenenaTh KOOPAMHATEI €€ Havaya ¥ KOHIIA.

B pabore cosgaHa KOMIIbIOTepHas MOJeJIb Ha OCHOBe IporpaMMHOro makera Geant4d 1,
IIpeHasSHAYeHHas Ui MOJENVMPOBAHNS IIPOXOKIEHNMA raMMa-M3IyueHNs depes IBIVDKYLINIC
TB3JI. Mogenb I0O3BOJIAET pPacCCUMTBIBATH B3aMIMOJENICTBIE TaMMa-KBaHTOB C MaTepyasaMMu
TB3Jla u ompefenaTs KOJIMYECTBO KBAaHTOB, MOCTUTAIOIINMX [ETEKTOpa, B 3aBUCUMOCTY OT
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IIPOCTPAaHCTBEHHOro mojoxkeHus TBIJla. 910 obecmeuynBaeT BO3MOKHOCTH OIIpeJesIeHNs
TeKyI1ero nojoxeHnsa TBAJIa 1 B yacTHOCTM NPY>KIHEIL.

st MomenmpoBaHMs B3auMOMecTBUs ¢ npykuHoit TBOJla BbIOpaH [AMamasoH 3HePrun
ramma-n3iaydeHuss 290-400 ksB, KoTOpbIil OOeceumMBaeT OITUMAIBHYI IIPOHMKAIOIIYI I
ITOTJIOLIAIOIIYI0 CIIOCOOHOCTM M MOKET OBITh MCIIOJNB30BaH Ui HepaspyIIAIOIero KOHTPOJI.
WcrouHnk ramma-msiayueHus pacrosiaraercs BHe TBOJla, a meTeKTops! GUKCUPYIOT IpOLIeIIee
uepes Hero M3IydeHNe.

PesynpraThl MOOenuMpoBaHMS IIOKa3aly, 4YTO Haiauuye IpyxumHbBl B TB3Jle mnpmBomur K
3HAUNMTENBHBIM JIOKAJIBHBIM M3MEHEHMSIM WMHTEHCUBHOCTU IIPOIIEAIIEr0 M3Ny4YeHUsI. OTHu
M3MEHEHsI OJJHO3HAUHO CBSI3aHbI C Pa3nINumMsAMy B KO3 PUIeHTax MOTJIOEHUS U PACCESTHIUS
raMMa-u3JIyueHNs MaTeprajioM IPYKUHBI M OKPYKaIOIMMU KoMIoHeHTamMu TBOJIa 2.

Ha ocHoBe aHanmsa npo¢uiisi MHTEHCUBHOCTM M3JIYUYEHMsl YCTAaHOBJIEHO, UTO HAuajao U KOHeL]
MPYXXMHBI MOTYT OBITh OIIpe[esIeHbl II0 XapaKTepHBIM INNMKaM 1 CHOafgaM JMHTEHCUBHOCTI.
9TV NUKM COOTBETCTBYIOT 30HAaM, I'Zie IPYXKMHA HaulHaeT ¥ 3aKaHUMBAETCS, UTO II03BOJIAET
JIOKQJIN30BaTh €€ rojoxeHue BHyTpu TBIJIa.

PaspaboTaHHasd MoneNb ¥ IpOBeJeHHBIE UNCICHHBIE SKCIEPMMEHTHI ITOKa3aly HeoOXOOMMYIO
TOUHOCTb OIIpefeJIeHNsI IIOJNOKEHNUs IIPYKMHBI C MCIIONb30BaHMEM BBIOPAaHHOrO TraMMa-
usnydeHns.  IlorpelmHOCTP MeTOfa COCTaBiIsgeT He OGojee 2-3 MM, UTO MOIYCTMMO MJIS
MPaKTMUECKOT0 KOHTPOIA JIOKaIu3aluy npyxuHsl B TBIJIe.

Jlutepatypa

1. S. Agostinelli et al., “Geant4 — a simulation toolkit,” Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 506(3),
250-303 (2003).

2. ]J. H. Hubbell, and S. M. Seltzer, “Tables of X-Ray Mass Attenuation Coefficients and Mass Energy-
Absorption Coefficients,” National Institute of Standards and Technology (1995).

OnbIT NIPOEKTHMPOBAHMS CHUCTEM KOHTPOJIA HENTPOHHO-

dumsnueckux mapamerpoB miuaa CY3 wmcciaemoBaTebCKMX
ANepHBIX YCTAaHOBKaX

Author: Tayuna Hukynuma’

Co-authors: Anexcaunp Yepkacos '; Arnexceit Cokonos '; Buxkrop Mattopaukos '; Buxrop IOxueswya '; Vrops
Iuckopcekmit '; Muxann Cycnskos '; Hukomnaiit Pacronos *; Cepreit Nyrmm !

! Beepoccuiickuii Hayuno-Hecredosamenvekuti Mncmumym Jxenepumenmanvhoii dusuku
Corresponding Author: pikulina@expd.vniief.ru

B rteuenue mociemuux jet Bo BHUMO®P paspaboraH KOMIUIEKC yHUBEPCATbHBIX allIIapaTHBIX
M TIPOTPaMMHBIX CPENCTB IS IIOCTPOEHMSA KaHAJIOB PEeTMCTpaluy M KOHTPOJA HENTPOHHO-
(usnyeckUx IapaMeTpOB W3IYUeHMs MCCIENOBATENbCKUX sOepHbIX ycraHoBok (MAY) 1.
dopmupyemble Ha €ro OCHOBe M3MepUTeIbHbIE KaHAThl 00ECIIeUMBAIOT KOHTPOJb 3HAUEHWIL
¢dumsuueckoit mowHocTy VY (MHTEHCMBHOCTY IOTOKA HEMTPOHOB) B AMHAMIYECKOM [MAlla30He
(me mMenee BOCBMU HOpSIIIKOB), CKOpPOCTYI HapacTaHUsI Q)Msmqecmﬁ mougaoctu (ot 0,1 mo 500
C), MHTETPaJbHOTO SHEPIOBBIJENEHNs, BBIIONHIT pacuér peaktuBHocty HAY. B kauectse
MEepBUYHBIX IIpeoOpasoBaTesiell B KaHalaX MCIOJIB3YIOTCI pAaCIpPOCTpaHEHHbIE NEeTEKTOPHI
II0TOKa HENTPOHOB: MoHM3auymoHHble Kamepbl Tuma KHK3, KHK4, KHK15, KHK15-1 2 un ap.,
cuetunku HeittpoHoB tmna CHM11, CHM18 u np. OpHolt M3 OCHOBHBIX (PYHKI(MIT KaHAJIOB
SBIISIETCS TeHepals Habopa CUTHAJIOB B pealbHOM MaclTabe BpeMeH N IS yCTPaHeHWsI YCIIOBUIL,
MPUBOMAILMX K PAa3BUTUIO aBApUITHON cuTyauuu npu pabore VSIY. PaspaboraHHbIe TIOAXOBI 1
aJITOPUTMBI IIO3BOJISIIOT OIEPATMBHO (OPMUPOBATH KaHANbI PA3iMUHOIO Ha3HAUEHNSI: KaHAJbI
KOHTPOJIS. MOII[HOCTY, KaHaJbl KOHTPOJIS IpeNeIbHbIX YPOBHEN, KaHAJIBI perucTpannu GpopMsbl
VIMITYJIbCA, KAaHAJIBI aBApMITHOM 3aILUTEI, — KOTOpBIE B JAIbHENIIIEM MUCIIONb3yIOTCS I HAYUHBIX
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9KCIEPMMEHTOB MM OJs CO3JAaHMA CUCTEM KOHTPOJS HeMTPOHHO-(QU3MUECKUX IIapaMeTpOB,
MHTETPUPYEMBIX B CUCTeMBI yripasieHus u 3amutsl (CY3) VY. B moxiame paccMoTpeHst ofrue
IIPUHIUIIBI IIOCTPOEHMS CUCTeM KOHTPOJIS HeHTPOHHO-PU3NUECKUX ITapaMeTPOB U KOHKpPETHBIE
VX peanmsalliy B COCTaBe AeWCTBYOIMX miam MonepHmampyembix CY3 mma MY, xoropere
¢dyukuonupyior sBo BHUNUIO 3.

1. M.A. Bounos u np. BAHT. Cep. ®us. finep. Peaxr. 4, 123(2018).
2. A.C. Kowenes u ap. fAnep. ®ns. Umxk. 4, Ne 11-12, 1009(2013).
3. AB. Apanos u gp. BAHT. Cep. ®us. fnep. Peaxr. 4, 45(2023).

CI/IMYJIHIII/I}I PerucTpanmy BbICOKOHEPINUYHOTO ITOCJIECBEUECHIIA

raMMa-BCILIECKA C IIOMOIIBIO Ha3deMHBIX TejeckonmoB TAIGA-
IACT

Author: Anexcaunp Pazymos'

Y HUHA® MTY um. Cxobenvypita

Corresponding Author: alex.razumov98@gmail.com

CywmectByror Kocmumueckue ramma-Berureckut (GRB) ¢ BBICOKOHEPTMUHO COCTaBIISIOLIEN
cnekTpa nociecBeuenus (E > 1 TsB). Hanuume ramma-KBaHTOB TaKOJ BBICOKOV SHEPruu
MOXHO OOHApYKUTh C IIOMOII[I0 Ha3eMHBIX YCTaHOBOK, TaKUX KaK pacrpeneléHHble
CHUHTIWLIANUOHHbBIe/uepeHKoBckue nerekropel (HAWC, LHAASO), Tax u ¢ IIOMOILIBIO
arMocdepHbIx uepeHKoBcknx tesneckonos (H.E.S.S, TAIGA-IACT).

IIpu HaJIMYMY ABTOMATUUECKOI CICTEMBI OBICTPOrO HaBeAeHS 110 KOOpAMHATAM 13 OIIOBEI[eHMIT
0 raMMa-BCIUIECKAX MOJXKHO IIPDOBECTM CeaHC HaOMIomeHus 3a y4acTKOM He0a M IIPOBECTHU
BBIJleIeHNe raMMa-curHana. IloTok ramma-kBaHTOB Ipu GRB Ha KOpoTKoe BpeMs MOXKeT
IpeBBIIATh MOTOK 0T KpaGoBMAHOI TyMaHHOCTM Ha HECKOJBKO IOPSIAKOB, UTO CYyIIIECTBEHHO
yIIpolaer 3a1auy HogaBiaeHMs (OHOBBIX aAPOHHBIX COOBITHIL.

B wHacrosieir paboTe IpuBegeHA CUMYJSUVS PETUCTPAM BBICOKOSHEPIMUHOIO raMMa-
M3TyUeHUsT C IoMolIbio uepeHKoBckoro Tteieckona TAIGA-IACT Ha npumepe coObITus
GRB221009A.

1. LHAASO Collaboration® et al., A tera—electron volt afterglow from a narrow jet in an extremely
bright gamma-ray burst.Science380, 1390-1396(2023). DOI:10.1126/science.adg9328
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Study of structural, electronic and magnetotransport properties
of functional materials based on cobalt oxide, irradiated to im-
prove operational characteristics in ultra-high-frequency spin-
tronics devices

Authors: Ekaterina Klevtsova'; Vadim Efimov!

Co-authors: Alexander Skrypnik 1. Alexey Trifonov !. Anton Baldin !; Emilio Acosta-Martinez '; Maxim Bushinsky
%; Pavel Degtyarenko '; Roman Lanovsky ?; Said Abou El-Azm '; Serguey Tyutyunnikov '; Vadim Sikolenko '; Valery
Kobets !; Vladimir Shabratov

! Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia

? SSPA Scientifical-Pratical material research centre of NAS, Minsk, Belarus
Corresponding Author: klevtsova@jinr.ru

This work is aimed at a comprehensive experimental study of exchange interactions, magnetotrans-
port phenomena, spin and phase transitions in magnetic semiconductors, including complex cobalt
oxides. It is assumed that samples were irradiated with electron and ion accelerator beams, followed
by a study of the modified properties.

The research covers the investigation of functional materials exposed to new sources of strong pulsed
magnetic fields, ion and electron irradiation with controlled dose, energy and pulse duration.

These compounds exhibit a variety of physical phenomena such as spin crossover, giant magne-
toresistance, insulator-metal transition, orbital ordering, ferroelectric and magnetoelectric effects,
structural phase transitions.

The study of such phenomena is one of the leading areas of modern physics of radiation materials
science, both fundamental and applied. It should be noted that the microscopic mechanisms of for-
mation of the properties of complex cobalt compounds remain poorly understood.

Modification of the structure and magneto-transport properties of ferro- and antiferromagnetic ma-
terials will be carried out at the NICA accelerator complex at the irradiation stations of the SOCHI
station with an energy from 3.2 MeV/nucleon to 4 GeV/nucleon with intensities from 10”3 to 10"9
particles/sec, a pulse duration of 4 ps.

Preliminary results show that irradiation leads to a structural transformation in the studied com-
pounds, including isotropization of the crystal structure and transition to a ferromagnetic phase
with dose. However, the influence of irradiation parameters on the stability of the effect remains
unclear.

The results of the studies would help us to reveal the relationship between lattice, electron and
magnetic degrees of freedom, which would open opportunities for controlling their physical and
chemical properties and creating new functional materials for their use.

HNsmepenue CeueHUIn oOpa3oBaHNIA MeMIITHCKIIX
PagMoON30TOIIOB JIAHTAHA B SAAEPHBIX peaKIUAaX IOJ AelICTBIEM
IIPOTOHOB M aAJIb(a-UacCTIUIX

Author: Upuna Xomenko'

1 1
Co-authors: Pamus Anues *; Ekarepuna Kopmasesa

! HUI] "Kypuamoeéckuii uncmumym”
Corresponding Author: khomenko.ia@mail.ru

Panmon3sororis! JaHTaHA ABISIOTCS IEPCIEKTUBHBIMI IS MICIIOJIB30BAHNS B SIIEPHOI MeqUIIIHE,
OJHAKO Ha CEeTOAHAILIHUI NeHb U3ydeHbl HeqocTaTouHo 1. [ TepaneBTUUeCKOTrO IIpUMeHeHNs
MHTepeceH ucmyckatommii Oxe-anekrponst La-135 (T1/2=19,5 u). Mcmyckaromme mo3suTpoHsI La-
132 (T1/2=4,8 u) u La-133 (T1/2=3,91 u) paccMaTpPUBAIOTCI B KaueCTBe AMATHOCTIMUECKOI Maphl K
TeparneBTyeckuM La-135 m Ac-225 2. {19 BHeApeHUS HOBOTO PAaTMOHYKINAA B MEeAVLIHCKYIO
MpaKTUKy HeOOXOAMMO 00eceunTh ero 3 eKTnBHbIE IYTU IIPON3BOACTBA, UTO HEBO3MOXHO 6e3
HaJIe)XHBIX SIMepPHO-(PU3NUEeCKNX TAaHHBIX, TAKMX KaK CeUeHUs IAePHbIX PeaKIIIil.
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B mannoit paGore GBUINM IKCIIEPUMEHTAIBHO U3MepEHBI CeueHMsI 00pa3oBaHMUS PaINOM30TOIIOB
JaHTaHa B peakUVsIxX IO AeiicTBMEM aibga-uacTuiy ¢ sHeprmeir o 60 MsB Ha sppax Gapus
MPUPOTHOTO M30TOIHOTO cocTaBa M aapax Cs-133 m B peakumsax IOX HEVICTBYEM IIPOTOHOB
c sueprueit mo 30 M»sB Ha sapax Ba-135 u Ba-136. OOGuyueHms MuIeHell IPOBOIVIINCH
Ha nmknorpore Y-150 (HUILl «KypuaTroBCKMII MHCTUTYT»). Ilna pacuera aKTMBHOCTEI
JICTIOJIb30BAJIVICH TaMMa-CIIEKTPOMETPIUECKIIE METOBI. B pesynbrare paboTBI IOJyUeHBI
HOBBIE 9KCIIEPUMEHTAIbHBIE SOepHO-(QM3NUECKIe [aHHBIE: paCIIMpeH SKCIEPUMEHTAIBHO
JCCIeJOBaHHBIN SHepreTMUecKMIl AUamnasoH I peakluii Ha saapax Ba-135, Ba-136, Cs-133;
BIIepBbIE IIOJIyUeHbI ceueHus: obpasoBanms La-135 u La-140 B peakumsx IO qeiicTBUEM ajbda-
yacTMIl Ha sAApax 0apus MPUPOMHOrO M30TOIHOTO COCTAaBa ¥ ceyeHus oOpaszoBaHus La-132 B
peaxiuax of AeitcTBreM anbda-uactuiy Ha sapax Cs-133. Ha ocHOBe pacueToB BHIXOIOB peaKI{ii
IpoBeieHa OLIEHKA NIPUTOIHOCTI MPeNJIOKEHHBIX METOO0B IIOJYYEeHNA paANON30TONOB JIaHTaHa
7L UX COITOCTABIIEHNIE C ANBTEPHATUBHBIMY CIIOCO0AMM ITOJTyUEeHI.

Metoguka kammopoBku pagumomHrepdepomerpa MUPHUst Ha
OCHOBE COJTHEUYHBIX BCIIbIIIIEK

Author: Emmzasera Pynakosa’

Co-authors: Asus6ex Mamxunos ; AHpnpeit ApXaHTeJIbCKUIL 1. Anna Bunorpanckas 1 BapBapa MuHacsaH 1;
Eprenmnit Yacosukos '; Ekarepuna ILtoTHMKOBa ' nbs 3apumos '; Upuna Apxanrensckas '; Tarbana Kypmarresa

1

! HIAY MU®H

Corresponding Author: liliopingl@gmail.com

B moxname mpencraBieHa METOAMKA KaIMOpoBKY paguonHTepdepomerpa MUPHst o coHeUHBIM
BCIIBIIIIKAM. PammomHTepdepoMeTp IpencTaBiIseT co00il 2 BETKHU, B KaKTOM U3 KOTOPBIX IIO 2
I'-00pa3HBIX aHTEeHHBI M3 HECKOJBKMX MECITKOB aHTEHHBIX MopayJeil.  Kaxmeii momyis
OCHOBaH Ha napabonmueckoit ceruaroit odcernoit anrtenHe AX-Offset D90, 3axperoeHHOI
Ha MOTOPU3MPOBAHHON albT-asMMyTaJbHOI MOHTMpOBKe 1. Pa6oumit mmamaszon or 0,95 mo
6 ITu. 3amauamu pagmomureppepomerpa MUODUst sBusercss msyueHme paguoM3IydeHUs
OT acTpodu3nMuecKMx MCTOUHMKOB, Bkiatouas Coxnie, CoBMecTHO ¢ MHOIOBOJIHOBBIM
paguorennorpagom HIT[ PAH 2.

Ilpennmaraemasi MeTOMMKA MCIIOJIB3YyeT CBEOEHMs M3 OTKPBITHIX 0a3 MTaHHBIX CIyTHUKOB
GOES u pammoo6eepBatopun Nobeyama [3, 4]. Ha mepBoM sTame s 3aperucTpUpOBaHHBIX
pamuoBcILTeckoB obcepBatopuu Nobeyama B Tpex 4acTOTHBIX KaHauax 1, 2 u 3.75 I'Tu 3a nepuon
¢ 2003 mo 2012 rox oTOGUPAOTCI MOAXOISMIIME 10 BPEMEHN COOBITHS, BBIFEJIEHHBIE CUCTEMOII
cnyrankoB GOES. Ha Bropom arame HaumHaercs c6op mHPOpManuym OT aHTEHHOTO MOIYJISA
pamuonnTreppepomerpa MUPHUst. IIpubop HaBomguTca Ha COJHIle B IEPUOABI IOBBIIIEHHON
COJIHEYHOJ aKTMBHOCTM U3 Pa3HBIX TOUEK IIPOCTPAHCTBA C COXPaHEHNMEM a3MMYTAJIbHOTO yTia
Ha yacrorax B 1, 2, 3.75 ITu. Tpermit sTanm MeTOAMKM BKIIOYaeT B cebs 06paboOTKy U aHanu3
napopmauuy. [laHHBIE, ITONyueHHbIE BO BpeMsl paboThl aHTEHHOIO MOXYJISL, COIIOCTABJIIIOT
C MOMEHTAMM Hadajla, IMKa ¥ OKOHYAHUSA COJTHEYHBIX BCIIBIIIEK 13 OTKPBITOTO KaTrajora
cobprtuit GOES. ITosyueHHbIe 3HAUEHNS AMANIa30HOB MHTEHCUBHOCTI COOBITUI CPAaBHIBAIOTCS C
Iyana3oHaMI MHTEHCUBHOCTel 1o Nobeyama B cooTBeTCTByIOmMX KaHanax. [locie HaKormIeHus
IJOCTaTOYHOTO 00beMa MaHHBIX CO3[MAIOTCSI TpadMKyM 3aBUCUMOCTY MHTEHCUBHOCTM COOBITMS B
pagmonuanasone ot kiacca GOES u BhIoHAETCS UX CpaBHEeHNE ¢ rpaduKaMi, IOTyUeHHBIMI B
xome obpaborku nHpopmarmu o Nobeyama.Ha 3aBepiraroriiem srare METOSUKI BBIITOJIHSETCS
npeaBapuUTeNbHAs KaIuOpOBKa aHTEHHOr0 MOAYJs pagmouHTepdepomerpa MUDUst, ynamenue
IIIYMOB U IIOCTOOpaboTKa Pe3yIbTaToB HabOII0XeHIIL.

1. Apxanrensckas W.B., Bunorpanackas A.B., 3apunos WU.J. u ap. // XI MexnyHaponHas koHd.
JIATIIIA3-2025. C6. Hayus. Tp. 2025. C. 372. (2025).

2. Auremanes A. T., Jlecosoit C.B., ['mo6a M.B. u np // Conxeuno-zemuas pusuxa. T. 6. Ne. 2. C.
37-50 (2020).

3. Nobeyama Radio Polarimeters Event List 1988-2015.[9mextponHsbiit pecypc] https://so-
lar.nro.nao.ac.jp/norp/html/event/

4. SolarSoft Latest Events Archive since 2002. .[9nexrponnstit pecypc] https://www.lmsal.com/so-
larsoft/latest_events_archive.html
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Iouck xKoppeanuii HEMTPMHHBIX COOBITUI B feTeKTOpe Borex-
ino ¢ TpaH3MEHTHBIMU aCTPOPU3NUECKUMU SIBICHUSIMU

Author: Upuna Jlomckas'

! HUI] «Kypuamosckuii uncmumymsy - [THAD

Corresponding Author: lomskaya_is@pnpi.nrcki.ru

AHanus KpaTKOBpeMEHHBIX (TPaH3MeHTHBIX) KOCMIYECKIX IIPOLIECCOB II03BOJISIET OOHAPYKUBAThH
OJIHUM M3 CaMbIX IHEPTEeTUUECKM MOIIHBIX U OBICTPOTEUHBIX OOBEKTOB BO BcenmeHHoil. Itn
SABJICHUA KPUTUUECKY BaXXHBI I pacIlIpeHNs HAIlINX 3HAHUIT O AMHAMUKE VM 9BOJIIOIMY KOCMOCa,
a TaxKe IIOMOTAIOT IVIyO)Ke IIOHATH IPMPONY CTALIOHAPHBIX acTPO(U3MUECKUX MCTOUHMKOB.
Hampumep, HaGIoAeHNS 32 CBEPXHOBBIMIU IIPOJIMBAIOT CBET HA MEXaHM3MbI 3Be3HOI 9BOJIIOLIIL.
He3aBucyuMo 0T KOHKPETHBIX HaIlpaBJICHUIT MICCIeJOBAHMII, TpaH3MEeHTHbIe (heHOMEHBI OCTAHYTCS
KJIIOUEBBIMI OOBEKTAMU WM3yUeHUs B acTpoPmM3mMKy, OCOOEHHO B 3IIOXY CO3MaHUSI HOBBIX
TEJIECKOIIOB ¥ MICCIIeJOBAHUIL, CIOCOOHBIX (PMKCUPOBATH HEIIpepPhIBHBIE N3MEHEH NS BO BeeneHHOIL.
B pmamHOM pabore ¢ IOMOIIBI0 AeTeKTopa Borexino m3y4amnmch HeNTPUHHBIE CUTHANBI OT
TPaH3MEHTHBIX 00beKTOB — ObIcTphble pagmoBciuieckyu (FRB) 1 u rpaBurarmonHbie BosHbI (GW)
2 — BO BpeMEHHBIX OKHaxX *5000 ceKyHJ OTHOCUTEJIbHO MOMeHTa ;X perucrpauuu. lIpoBenen
IOMCK BpeMeHHBIX Koppemnsumit miua 42 FRB 3 ¢ nmorokom & _FRBi > 40 fIu-Mc, a Takxke mid
74 GW 4, Bxiiouast cOOBITHUS, MPEAIIONIOXUTETHHO CBSI3aHHBIE CO CIMSAHMEM UEPHBIX OBIP 1
HEJTPOHHBIX 3Be3d. B o0omx ciaydyasgx CTaTUCTHMUYECKM 3HAUMMBIX AHOMAJIMIT B KOJIMUECTBE
coObITHII 00HapyKeHo He 6p110. Ha 0CHOBe MAHHBIX YCTaHOBIIEHBI HOBbIE BEpXHIIE [IpeIeNbl s
IIOTOKOB HEMTPUHO (VX) 5:

- B nuamnasone 0.5-15 MaB nia FRB;

- B nuamnasone 0.5-50 MsB mag GW.

9Ty pe3yJIbTaThl 3aai0T O0JIee CTPOTrye OTPAHMUEHNS IS MOJEEll, CBSI3BIBAIOIIMX HEMTPUHHOE
M3JTydeHNe ¢ TPAaH3MEeHTHBIMI IBJICHUAMIL.

1. M. Amiri et al., The First CHIME/FRB Fast Radio Burst Catalog, arXiv:2106.04352v1 (2021)

2. B.P. Abbottetal.,, GWTC-1: A Gravitational-Wave Transient Catalog of Compact Binary Mergers
Observed by LIGO and Virgo during the First and Second Observing Runs, Phys. Rev. X 9, 031040
(2019)

3. S. Appel et al.,, Search for low-energy signals from fast radio bursts with the Borexino detector
Eur. Phys. J. C. 82, 3, 278 (2022)

4. D. Basilico et al., Borexino’s search for low-energy neutrinos associated with gravitational wave
events from GWTC-3 database: Borexino Collaboration Eur. Phys. J. C. 83, 6, 538 (2023)

5. I Lomskaya et al., Search for Low-Energy Borexino Signals Correlated with Gamma-Ray Bursts,
Solar Flares, and Gravitational Wave Events Phys. Part. Nucl. 53, 2, 271-276 (2022)

KcenoHoBsbIn TaMMa-CIIEKTPOMETP KOJIOAE€3IHOTO TIIIA

Author: Poman Eropos'

Co-authors: Asns6ex Mamxumos '; Anexcaungp Illycros i Buxtop I'paues 1. Bussrnuu Vremes '; Koncrantus
Bnacuk '; Huknra CBertHuKoB Cepreit Yiaun !

' HUAY MUPU
Corresponding Author: rregorov@mephi.ru
B coBpeMeHHOII fepHOII MeAMUNHE MCIOIb3yIOTCSI TaMMa-CIIeKTPOMETphl KOJIOAE3HOI'o THUIIA.

It HpI/I60pr IIO3BOJIAIOT M3MEPUTH OCHOBHBIE XapPAKTEPUCTUKN PaAVMOAKTUBHBIX M30TOIIOB
(aKTI/IBHOCTL ¥ M30TOITHBIN COCTaB), JICIIOJIb3yE€MBbIX I AVIAaTHOCTUIKM VI T€PATINIVI OHKOJIOTMIUECKIUX
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3aboyeBaHuil. B Hacroslee BpeMs Ui 9TOM LEIM MCIOJNB3YIOTCS CHMHTIIALMOHHbBIE U
I10JIyIPOBOJHMKOBbIE FaMMa-CIEKTPOMETPHI Kostofe3Horo tumna [1, 2]. Ilepssre n3 HuxX obragaroT
HM3KUM 9HEPreTUYeCKIM paspelleHneM, YTO 3aTpyRHsIeT UAeHTU(IKAIMIO N30TOITHOTO COCTaBa
MccIenyeMbIx 00pasnoB. Bropsle obecrieunBalT peKOpAHOE HepreTMUecKoe paspelleHue, HO
(YHKIMOHMPYIOT IIPY KPUOTEHHBIX TeMIlepaTypax, UTO OrpaHuUYMBaeT ux npumeHeHne. K romy
JKe OHU XapaKTepU3YIOTCA HIU3KOM pafAMallIOHHON CTOMKOCTBIO 2.

B noximame mpencraBieH 00630p KCEHOHOBOIO TraMMa-CIIEKTPOMETpA KOJOHE3HOTO THIIA.
OcHoBoIT 3TOr0o mHmpmbOpa SIBISETCS LMIMHAPUUECKAs MMIYJbCHAs MOHM3ALVOHHAs KaMepa
C SKpaHMpYIOLell CeTKol. B kauecTBe pabouero Bell[ecTBa MCIIOJB3YeTCS CHXKATHII KCEHOH
(maBnenme 40 atmocdep). B 1ieHTpe MOHMBALMOHHOI KaMephl PACIIONIOXKEH KOJIOJEL], B KOTOPOM
MOIYT pa3MellaThCsl JCCIeAyeMble paAMOaKTUBHbIE (apmipenaparsl. Takasd KOHCTPYKIUS
JEeTeKTopa CyI[eCTBEHHO YyBeJIMYMBAaeT CBETOCWIy Ipumbopa. TesiecHBIit yroi, B KOTOPOM
PerucTpUpPYIOTCA FaMMa-KBaHThI, COCTABIIAET IIOUTH 47T.

Konctpykimss npmbopa Oblna paspaboTraHa ¢ IIOMOIINBIO ITapaMeTPUUYECKOI  CUCTEMBI
aBroMmartusupoBanHoro mnpoekrupoBanns (CAIIP FreeCAD). Meromom Monre-Kapiao (maxer
Geant4) mpoBemeHbI MOJeNbHBbIE 3KCIIEPMMEHTHI IJIS OIIpefesIeHNUS OCHOBHBIX (U3UUECKUX
XapaKTEepUCTUK CO3JaBaeMoOJl ammapaTypbl. B KauecTBe raMMa-MICTOYHMKA JICIIOIB30BAJICS
CMOJEeNMPOBaHHbII paguon3oron Ba-133. [lonxyueHa 3aBucUMOCTD 3G PEKTUBHOCTY PETUCTPALIIN
raMMa-kKBaHTOB oT ux sHeprunu aiua KI'C-KT, a Taxxe oT MecTa pacHoOJIOKEHUS TOUEUHOTO
panmroakTUBHOTO (apMIipernapaTa BHYTpU Kosofua. [IpoBeneH aHaIN3 [OMyUeHHBIX pACUeTHBIX
pe3yJIbTaTOB M PacCMOTPEHAa BO3MOKHOCTh JCIIOIB30BAHMS MAHHON aIlapaTypbl B 00JIACTU
sanepHOI MenuuuHbl. Ha cosmaBaeMsblit mpnbop moJyUeH MaTeHT Ha MOJIe3HY0 MOAeNb. 3.

K Hacrosiiiiemy BpeMeHU M3rOTOBJIEHO OOJBIIMHCTBO COOPOUHBIX €QUHMNII, IIpeIHa3HAUeHHBIX
IUTSL JasibHeIIIell COOpKIU CIIEKTPOMeETpa.

1 Seekamp J.M., Noey ].D., Kwapis E.H., Chung L.K., Shubayr N.A., Smith T., Trimas D.]., Kearfott K.J.
Design and Characterization of an Extremely-Sensitive, Large-Volume Gamma-Ray Spectrometer for
Environmental Samples. Health Phys., vol. 119, no. 2, pp. 252-260, 2020.

2 Diaz-Asencio M., Sanchez-Cabeza J.-A., Ruiz-Fernandez A.C., Corcho-Alvarado J.A., Pérez-Bernal
L.H. Calibration and use of well-type germanium detectors for low-level gamma-ray spectrometry
of sediments using a semi-empirical method. J. Environ. Radioact., vol. 225, p. 106385, 2020.

3 IlatenT P® Ha nosesnyo momenb Ne 200652 ot 03.11.2020. KceHOHOBBINI raMMa-CIIEKTPOMETP
KOJIOZE3HOTO THUIIA.

ITocTpaguanyoOHHbIe M3MEeHEHU KOJIYecTBa (POKYCOB OeJIKOB
yH2AX m pATM B Me3eHXUMaJIbHBIX CTBOJIOBBIX KJIEeTKax
yeJIoBeKa, 00ryueHHBIX 14,1 MaB HeliTpoHaMu

Author: Codwsa Koprena'

Co-authors: A.II. Yepuses 2. A.A. Ocumnos *; AK. Yuracosa '; A.-H. Ocunos *; H. IO. Bopo6reBa !

! @edepamvupiil meduyunckuil 6uogusuueckuii yenmp um. A.1. Bypuassna ®MBA Poccuu, Mockea
? Mocxosckuii 2ocydapcmeentbiil ynusepcumem umenu M.B.Jlomonocosa, gusuueckuii gaxyrvmem, Mocksa, Poccus

* dedepanvhlil uccredosamenvekuii yenmp xumuueckoii gusuxu um. H.H. Cemenosa PAH, Mockéa
Corresponding Author: sophiakorneva@gmail.com

B nmanHO paboTe IIOJIy4YeHBI HOBBIE IKCIIEPMMEHTAJIbHbIe NAaHHBIE O ITO30BOM 3aBUCHUMOCTI
n xuHeTuke YH2AX/pATM mpu HeMTpOHHOM I TaMMa-M3JyUYeHWUM, IIpOaHaJIM3MpPOBaHHEBIE B
ouHaMuKe 10 24 u. [lokasaHo, UTo raMMa-M3JIydeHNe IPeUMYIeCTBeHHO NHULIIMNPYeT ObICTPBIiL
c-NHEJ ¢ xparkoBpemenHoit ATM-curnanmsanueir. HellTpoHHOe m3iIydeHMe COIPOBOXKIAETCS
mnrtenpHoit ATM-aktuBaumeit u 3aMejyieHHON 3nuMuHanueirt ¢okycos YH2AX m pATM.
UYepes 24 uaca mocie oOsyueHms coxpaHsercs ~62% QokycoB YH2AX m ~52% pATM ot
ypoBHA 0,5 u; TOrga Kak IIOCJe TaMMa-OOJy4eHMS COXPaHAeTCS CYLIeCTBEHHO MeHBbIIe
¢doxycoB (YH2AX ~16%, pATM ~6%), UTO yKasbIBaeT Ha BbIpa)KEHHBIE PA3INUMsI B KIHETUKE
BoCCTaHOBJIeHNUA. [IoBBIIIIeHHAd yCTOMYMBOCTD (POKYCOB PV HEIITPOHHOM OOJIyUeHUN OTpaKaeT
BBICOKYIO JIOJIIO TPYAHOYCTPAHMMBIX KJIACTEPHBIX IIOBPEXIeHNII, TPeOYIOIIIX IIPOSOJLKITEIBHO
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M MHOTOCTYIIEHYaTOl pelapalui. ITonyueHHBIE pe3ynbTaThl HOMOJHAIOT COBpeMeHHbIE
MpefCTaBIeHNsT 0 MOJIEKYJSIPHOI peryisiyu BeiOopa myreit pemapauuyu DSB u moryT Hailtn
MpakTHyecKoe IpMMEHEHNe IIPY ONTMMU3aLMY IIPOTOKOJIOB paguoTepanyy (MCIIOIb3YIOIX
HeJITpOHHOe OOJyYeHMe), a TaKKe B KOCMMUECKON pafmMoOMONOTMM MO OLEHKM pICKa
paaMaIiOHHOTO IIOPAKEHNS.

Temporal variation of radon emanation and its relationship with
natural external factors

Authors: Yuliya Zaripova'; Vyacheslav Dyachkov®; Alexandr Yushkov'

! al-Farabi Kazakh National University

? Voronezh State University
Corresponding Author: zjkaznu2016@gmail.com

Monitoring radon concentration in the ground layers of the atmosphere of the human habitat is one
of the urgent tasks in the field of radioecology and health care. Within the framework of the Sustain-
able Development Goals, healthy lifestyles, and promotion of well-being for all at any age, the UN
declares the need for radon monitoring to assess the impact of this radioactive gas on public health 1.
As is known [2-4], the concentration of radon in the ground layers of the atmosphere is periodic and
influenced by seasonal factors, as well as other factors depending on the Earth’s position in space,
the Sun, and the Moon. In addition to periodic components, radon activity contains elements that
do not obey this pattern. In particular, such non-cyclic time variations in radon activity can also be
formed due to earthquakes 5.

In this paper, the authors present data on the equivalent equilibrium volumetric activity (EEVA)
of time variations of Rn-222 in the atmospheric surface layer, measured continuously in automatic
mode over a period of 2.5 years with a measurement interval of 35 minutes. The measurements were
carried out at the Faculty of Physics and Technology (al-Farabi Kazakh National University, Almaty),
the building of which, according to the Institute of Seismology (Almaty), is located near a tectonic
fault.

Autocorrelation was performed based on the obtained data, and correlation dependencies with so-
lar activity data, cosmic rays, and earthquakes during the same period were calculated. The most
probable temporary external factors influencing the activity of radon EEVA in the ground layer of
the atmosphere of the human habitat eco-environment were identified. This, in turn, allowed for the
estimation of the contribution to the annual effective dose of the population due to natural radiation
from radon and its daughter decay products.

This research is funded by the Science Committee of the Ministry of Science and Higher Education
of the Republic of Kazakhstan (Grant No. AP23486701).

1. Sustainable Development Goals (SDGs). — URL: https://www.undp.org/sustainable-development-
goals.

2. Sevostyanov V.N. The Problem of Radon Safety in Kazakhstan. — Almaty, 2004. — 212 p.

3. Dyachkov V.V, Zaripova Yu.A., Yushkov A V., Shakirov A.L., Bigeldiyeva M.T., Dyussebayeva K.S.,
Abramov K.E. Periodic variations in time of atmospheric radioactive nanoparticles // Physical
sciences and technology. — 2017. — Vol. 4(1). - P. 20-26.

4. Dyachkov VIV, Biyasheva Z.M., Komarov A.A., Zaripova Yu.A., Shakirov A.L., Yushkov AV,
Khamdieva O. Kh., Sysoev V.A. Experimental observation of four-day variations of radon em-
anation caused by moon phases // Recent Contributions to Physics. — 2016. — Vol. 1, No. 56. - P.
120-128.

5. Outkin VI, Yurkov A K., Kridasheev S.V. Dynamics of radon concentration in soil for predicting
earthquakes. Proc. Third Eurosymposium on Protection against Radon // Liege. — 2001. - P.
137-141.
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MaTremMaTuueckoe MOOEJINPOBaAaHUE U3IMEPUTEIBHOIO KaHaJIa
ABTOMATU3NPOBAHHOIO IIOTPYIKHOTIO CIIEKTpoMeTpa IJISA

TJIyOMHHOTO PaVAIIIOHHOTO MOHUTOPWHIAa aKBATOPUIL

Authors: Anppeit Hiraumopuyx'; Esrenuit Bricrpos'; Barepuit Koxemsaxur'; Makcum Mactokosiru'; Cepreit
[pu6smies'; Brammvup Ynpukano'

! Hayuno-npoussodcmeennoe ynumaproe npeonpusmue «<ATOMTEX», 2. Munck, Pecny6nuxa Berapyco
Corresponding Author: andreinichipor@gmail.com

Ipenmpusatnem  YII  «ATOMTEX»  paspaboran  cmekrpomerp MKC-AT6104IM 1,
IIpeJHA3HAUEHHBIN I IIOVICKa 1M OOHApY)KeHUs JCTOYHMKOB raMMa-WM3JIydeHNs ¥ II0OTOKa
HEWTPOHOB B BOJHON cpefe, M3MePeHNS 3HEpreTMYecKOro pacIpeneleHMs raMMa-KBaHTOB,
naeHTNGUKAIMY ~TaMMa-U3JIydaolux pagloHYKIMIOB, obecriedeHNuss paguarioHHOTO
MOHUTOPMHTA IIPECHON ¥ MOPCKOI BOABI B TeOMEeTpUM M3MepeHNs 4Pi 1 MOHHBIX OTJIOKEeHUII B
reomeTpuu usMmepeHns 2Pi.

Criektpomerp TpepcTaBiser co0oil MHOTOQYHKUIMOHAIBHBI KOMIUIEKC, COCTOSIIWUIT U3
YCTpOIICTBA JeTeKTUPOBaHNUs, JeGeJKI IeKTPOHHO-MexaHueckoit (JIOM) ¢ ycraHOBIEHHBIM Ha
Hell kabeseM-TpocoM, Giioka murtanus JI9M, Monyns ynpasiieHUS CIeKTPOMETPOM, IIpMEeMHIKA
I00aJIbHOY HaBUTAI[MOHHON CIYyTHMKOBOJ CUCTeMbI, Kabejeil MMTaHMs, Iepefauyl NaHHBIX
M CHelManM3MpPOBaHHOTO IIPOTPaMMHOI0 O0eCIeueHNs. YerpolicTBO  meTeKTHMpOBaHUSA
CIEKTPOMETpPA MOKET IOTPYKaThCs Ha riybuHy mo 100 M. B ycrpoiicTBe meTeKTMpOBaHUSA
(n3MepuTeIBPHOM KaHalle) CIEKTpOMeTpa IIPUMEHSEeTCS CIEeKTPOMETPUUECKUII [eTEeKTOp
Nal(Tl) pasmepamu @ 63x63 MM M (POTO3IEKTPOHHBIN YMHOXUTENb, OXBaUeHHBbIE CICTEMOIL
CBETOMMOMHON CTAabMIM3aumy M3MepPUTENbHOTO TpaKTa, a TAaKKe CUCTEMOJ aBTOMATIUECKOI
T€pMOKOMIIEHCALIM €T0 IIapaMeTpOB.

B nmanHOM paboTe IpencTaBieHBl pPe3yJbTaThl MaTeMATMUEeCKOTO MOJENMPOBAHVS METOJOM
Moure-Kapio 2 3¢bdeKTuBHOCTM perucTparyuy CIeKTpoMeTpa B 9HEPreTMUYECKOM AManasoHe
70-3000 k3B (reomerpms usmepeHus 4Pi), a Takke pe3ynbTaThl MCCIENOBAHUSI BO3MOKHOCTU
Oo0Hapy>KeHMsI CIIEKTPOMETPOM IIOTOKA HEITPOHOB METOMOM pErMCTpaluy raMma-M3JIydeHIs,
o0pasyrolierocs B pe3ysbTaTe peakUMy HeTpOoHHOro 3axBarta Ha siapax H, O, Na u Cl (Prompt
Gamma Rays Neutron Reaction) 3.

1. PykoBoactBo no skcruryaranun «Crnekrpomerp MKC-AT61040M» TMA.412155.012 PO.

2. Briestmeister J.F. Ed. MCNP- A general Monte-Carlo N-particle transport code, Version 4A. Re-
port LA-12625-M, Los Alamos. NM, Los Alamos National Labo-ratory, 1994.

3. INTERNATIONAL ATOMIC ENERGY AGENCY, Database of Prompt Gamma Rays from
SlowNeutron Capture for Elemental Analysis, Non-serial Publications , IAEA, Vienna (2007).

OIITI/IMI/I3aIII/IH KaHaJIa SIINTEILJIIOBbBIX Heﬁ[TPOHOB Ha Oase
YCKOPpUTEJIA JIEKTPOHOB [MIA IIPUKIIAAHBIX MCCIEOJOBAHUA B
reoJIorum n apxeojaornmn
Author: Esrenuit ITepmskos'
Co-authors: Auapeit Caxapos '; Bacunuit ITonomapes '; Crauucias ITotamres '

' UM PAH
Corresponding Author: zhenya-10000@yandex.ru

IIpoBeneHsb! MCCAETOBAHNS AJIS ONTIMU3ALINY HEITPOHHOIO KaHala Ha 6a3e yCKOPUTENsI

3JIEKTPOHOB IIpM M3MeHEHUN TOJIUMHBI IOIN3TUIEHOBOTO 3aMeJIUTeN C 1[eJIbI0 ITOBBIIIEHN
BBIXOJIa pe30HAHCHBIX HEJITPOHOB IT0 OTHOIIEHNIO K (POHY MeJIeHHBIX HelITpOHOB. Perucrparus
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HeﬂTpOHOB IIpoBOAMIIACH C IIOMOIIBIO HEﬂTpOHHOFO AETEKTOpa Ha OCHOBE CJIOSL 1OB n
HpOHOpLII/IOHaJIbHOf/I KaMephI ¢ IPIMEHEHNIEM METO4a BPEMEHU IIPOJIETA.

IIpuMeHeHne yHUBEPCAJIBHOCTII B PasBUTUN KaCKaJHBIX
IPOIECCOB  [OJIA  JICCJIEeAOBAaHMA  BBICOKOIHEPreTMYeCKMX
KOCMHMYECKIX YacTII} B KOCMMYECKIX 3KCIIepUMMeHTax

Author: Caitopa U6parmmosa’

Co-author: Anacracus ®egocumosa '

1 < « o o
Kazaxckuii hayuonanvhulil uccredosamenvekuti mexnuueckuii ynugepcumem umenu K. 1. Camnaesa, Pusuko-
mexHuueckuil uncmumym, Anmamel, Kazaxcman

Corresponding Author: sayara_ibraimova@mail.ru

B mamHoit pabore IpepiaraeTcs MeTON, IO3BOJISIOIINIT MCIIOIb30BATh CBEPXTOHKIIL KAJIOPMIMETP
I TpSIMBIX M3MepeHMII KOCMHUUeCKMX Jiydell c 3sHeprueil TsB u Beie. IToppo6GHO
paccMaTpMBAlOTCS ITPOOJIEMBI OIpedesieHus IIePBUYHON SHEPruy ¢ IOMOIIBI0 TOHKOTO
KaJIopuMeTpa, 00yCIOBIeHHbIE GOIBIINMI (PIYKTYalMsIMI Pa3BUTUS JIVBHS, MaJIOI CTaTHCTUKOM
aHATM3VUPyeMBbIX COOBITMII ¥ OOJBIIMMM pasMepaMy, TpeOyeMbIMU I KaJopUMeTpa.
IlpenyaraeTcss pelieHme 3TUX MpobjeM Ha OCHOBE MeTOAa yMeHbIIeHNUs ¢uIyKTyaumit. ITOT
MeTOJ OCHOBaH Ha IIPEIIONIOKEHNN 00 YHUBEPCAIBHOCTU PasBUINI KacKaIoB, 006pa3oBaHHBIX
YacTUIAMI OAMHAKOBOM 3Heprum M 3apsapa. [jIg BOCCTAHOBJIEHUS JHEPTUU MCIIOJIb3YIOTCS
Tak HadbiBaeMble SR kpuBble. OCHOBHBIMN aHAJIM3VPYEMBIMIU BeJIMYMHAMU ABJIAIOTCI: S —
pasmep Kackana (9Heprus, BeIelsieMas Ha KOKIOM CJIoe KaJopuMerpa); R — ckopocTh pasBuTus
Kackama (pasHmma B pasMepax Kackaja Ha [ABYX M3MEPUTEIbHBIX CIOSIX Kajopumerpa). Ha
OCHOBE MOJeJIMPOBaHMs TeTEePOTeHHOr0 KaJIOPMMeTpa, COCTOSIIIETO U3 22 CJI0EB BOIb(YPAMOBOTO
IIOTJIOTUTEJNS ¥ KPeMHEBOI'O JeTeKTopa, II0OKa3aHo, YTO KpuBble SR IpakTmuecky IapajjielbHbl
Opyr Opyry M INpaKTUUYeCKM He 3aBMUCAT OT I[UyOMHBI pasBUTUA KackKaga. OTO IIO3BOJIIET
OTIpefesIsATh IEePBUUHYI0 S9HEPIUIO [ KacKamoB, He JOCTUTIINX CBOEr0 MaKCUMyMa. ITOT (akxT
pelraer mpoGieMy, CBI3aHHYIO C HEOOXOMMMOCTBIO YBEIWUEHMS TOJIIVHBI KAIOPUMETpa IPU
yBeJIM4eHNY IepBUUHOI 3Hepruu. IloaTomMy i1 M3MepeHNUIT MOKHO MCIIOJIb30BAaTh CBEPXTOHKII
kajmopumeTp. Kpome TOro, MOXHO yBEIMYUTH CTATUCTUKY aHAIM3UPyeMbIX coObiTmit. Ilpm
3TOM IHEPreTMUEcKOe paspelleHNe IMPaKTUUYeCKN He 3aBMCUT OT dHEPIUM INePBUYHON YaCTUIIBL..
Koppensionasie KpuBble QIyKTyUPYIOT 3HAUMTEIPHO MEHbIIE KaCKaqHbIX KpMBBIX. IloaTomy
3HepreTIYecKoe paspelieHye i IIPOTOHOB COCTaBsgeT ~10 MporeHToB IIpu sHepruax 1-100 TaB.
IIpenyo:xeHHas MeTOAMKa YHUBepCcaJIbHA IS pasHbIX S9HEPIUIL M Pa3HBIX Sep.

HccnemoBanue BBITONHEHO Ipu puHAHCOBOI oagepxke Munncrepcrsa O6pasoBanus n Hayku
PecniyGnuku Kasaxcran (rpant Ne AP22785312).

Peakuum mop meiicTBueM anbga-yacTuil Ha siapax esponmsa-153
KaK CII0C00 HapaOOTKN MeIVIMHCKUX HYKINAOB TepOoma-152 u
Tepous-155

Author: Exarepuna Kopmasesa'
Co-authors: Apuna Unromenxo *; Menuc IlInynros '; Mpuaa Xomenxo '; Pamus Anues
! HUI[ "Kypuamosckuii uncmumym”

Corresponding Author: ekaterinakormazeva@gmail.com

Pagmonyxkiauaer Tb-152 (T=17.1 u, ec B+ 100%) m Tb-155 (T=5.32 cyt., ec 100%) SBASIOTCS
OMATHOCTUYECKUMY YacTAMM TepOMeBOro ILIBELAPCKOTO HOXKa sSmepHOi Memuuuubl™: Tb-152
noaxonuT ans guarsoctuky npu momoiuu [19T, Th-152 - ans quarnoctuky npu momory OPIKT.
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Bmecre ¢ TepaneBrnueckumu uzoronamu Th-161 (T=6.89 cyt, - 100%) u Tb-149 (T=4.12 u, ec B+
83.3%, a0 16.7%) OHM 3aKpBIBAIOT BCE ITOTPEGHOCTY B 06JIACTH SIAEPHOI MeIMIMHEL, obecrieunBas
IIPY 3TOM TE€PAHOCTUUECKIII TEPCOHAIN3MPOBAHHBII Toaxo. TapreTHble paguodapMIipenapaTs
Ha ocHoBe Tb-161 yKe IIPOXOOAT KIMHNYECKNE UCIIbITaHNUA 1.

OpHoil 13 OCHOBHBIX IIpobiieM mpm paspaboTke pammodapMIperapaToB Ha OCHOBe HYKJIVIOB
TepOMsL SBISETCS CIOKHOCTh UX HapaboTku. B uacraoctm, B ciayuae Tb-152 u Tb-155 Bce
OIMCaHHbIE MMOAXO0bI A1 IIPOM3BOACTBA MMEIOT OOUH U3 CJIeAYIOINNX HeTOCTaTKOB:

- HeoOXOMO YHMKAJIbHOE 000pYHIOBaHIE KaK BBICOKOIHEPTeTMUECKIe YCKOPUTEN M CUCTEMBI
Macc-cenapauuu. Takoit moaxon peanusoBaH B CERN uian TRIUMF.

- ofpasyeTcs 3HAUMTEIBHOE KOJIMYECTBO PANVIOAKTUBHBIX IIPUMecel], KOTOPBIE YBEJINUMBAIOT
NO30BYI0 Harpy3Ky Ha IallieHTa ¥ CHIDKAIOT KauecTBO ITOJyuaeMbIX m3obpaxenuit I19T min
OPIKT.

- He0OXOAMMOCTD UCII0Ib30BaHIE BBICOKOOOOTAII[EHHOTO MIUIIIEHHOT0 Marepuaina. Hanpumep, miis
peaxiumu ox AeiicTBIMEM IPOTOHOB Ha sapax Gd-155 HeoOxommma CTereHb oborareHus Goiee
98%, a KOMMepPYECKM OOCTYIIE€H TOJIBKO C oforalieHneM OKoao 95% 2.

[ManHas pabora IIOCBAIlleHA MCCIELOBAHNI0 CEUeHMII SIAePHBIX peaKlMil 0 OeliCTBUEM ajbda-
yacTuy ¢ sHepruamu go 60 MaB Ha gapax eBponns-153, a Tak ke oIpeeeHNI0 IIPUMEeHIMOCTHI
JAHHOJ peakIUy [Jis1 HapaboTK! Tb-152 u Tb-155 pna HYXJ A1epHOI MeAUIHBI.

st mccneqoBaHWS CedeHMII ObUI MCIIOJNB30BAH METOH CTONKM (OJBI C IIOCIERYIOIM
oIpefeseHNeM IIPOAYKTOB IIPY ITOMOIIM FaMMa-CIIeKTpoMeTpuy. {71 3Toro 6bLIN M3rOTOBJIEHBI
TOHKMeE CJION M3 OKCUa eBporug-153 Tonmmaon 200-240 MKr/cM2 METOOOM 3JIEKTPOXMMIYECKOTO
OCaKIeHNsI Ha ITOMJIOKKY M3 TUTaHa. BpLnym coOpaHbl cTONKM (OB, BKIIOUAOINNX (OJIBIU U3
Al u Cu s MmoHUTOpMHTA MapamMeTpoB nyuka u Al ¢ponbru B kauectse moriotuteneii. CTonku
00y4ann Ha M30XpOHHOM HMKIoTpoHe Y-150 (HUII KypuaToBckuit mHCTUTYT”) anbda-dacTUIIaMU
IBKIBL: ¢ HAUAJIbHOI 9Heprueit 60 MaB u Tokom 750 HA 1 ¢ HauanpHOI 3Heprueit 40 MaB 1 TokoM
146 HA. ITocite 06yueHNs CTOIIKA pa3bupanach Ha COCTABHBIE UaCTH, K&KAas 13 KOTOPBIX 2-3 pa3a
6bL1a n3MepeHa Ha ramma-criekrpomerpe ORTEC GEM 35P4 HPGe. [Ins pacuera ceueHmit 6110
MCIIONB30BaHO IPMOIIDKEHMEe TOHKOJ MIUIIEHM, a B Cilydae IpoxyKToB Tb-154g,154m1,154m2
OBbLT JOIIOJHUTEIBHO IIPMMEHEH B3BEILIEHHBINI METON HAMMEHBIINX KBAIpPaTOB M3-3a CXOKECTHU
IepMOO0B MOJTypaclafa U CUJIBHOTO HAJIOXKeHMI TaMMa-JIMHUIL.

Brepsrle OBLIN IIOJTyUYEHbI CeUeHNS O6paSOBaHI/IH 130TOIIOB Tep61/m 152, 153, 154g, 154m1, 154m2,
155, 156 u ragonuHus-153 Ha sapax eBponus-153 mox gevicTBueM aitbda-uacTull ¢ sHeprueit 19.8-
59.2 MaB. Ilo paccumraHHBIM CeueHMSIM OBLIN OIIpe[eseHbl BbIXOABI Ha TOJCTOIM MUIIEHM, IO
KOTOPBIM 3aTeM ITOAOMPAJINCh ONTHMaIbHbIe yeiIoBus Hapaborku Th-152 u Tb-155.

HaHHas peaxius He HOAXOAMUT g HapaOoTkm Tb-152, T.K. B M3yUueHHOM SHEPreTUUECKOM
IyamnasoHe obpasyercs 6osiee 30% IpUMECHON aKTUBHOCTI.

st zapaborku Tb-155 6bLI0 IIOKa3aHO, YTO €CJIM IPY BXOMAE B MUIIIEHDb abda-yacTHUIbI MMeIIN
sHepruo 30.2 M»aB, a Ha BbIXOmE - 27.5 M3B, TO KOHEUHBINI IPOAYKT CONEPKUT OKoyo 2.1%
npuMecHoit aktuBHOCcT Tb-156, uro ymoBierBopsier TpeGoBaHUAM 13 padorsl 2. CopmepskaHue
Opyrux mnpumecelr, a uMmeHHO Tb-154g,154m1,154m2, BO3MOXKHO IyTeM I0AOOpa BpeMeHNU
OXJIXKAEHMsI MUIIIEHN 110CIIe O0TydeHNs 3.

Usyuennas B maHHOU paboTe peakumm moaxomut pis Hapaborkm Tb-155 mus manbHeriirero
MeOUIIMHCKOTO IIpMMEHEHUd M €€ MOKHO Ha3BaTb KOMIIPOMIMCCHBIM peIIe€HIEM OIIVICAHHBIX
BBIIIIE TIPOOJIEM C HapaBOTKOIL.

1. AN. Moiseeva et al., Front.Nucl.Med.4 (2024).
2. F. Barbaro et al., EJNMMI Phys. 11, 26 (2024).
3. E.S. Kormazeva et al., Radiat. Phys. Chem. 234, 112809 (2025)
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Deposited dose during a radiological examination: Monte Carlo
simulations

Author: Omar EL BASRAOUI'

Co-authors: Omar EL BOUNAGUI '; Oumayma Qassimi

! Faculty of Sciences Rabat
? Faculty of sciences Rabat

Corresponding Author: omarbasraoui@gmail.com

Radiological examinations are essential for medical diagnostics, but understanding dose deposition
is crucial for patient safety. This study employs Monte Carlo simulations with MCNP to analyze
photon dose deposition in biological tissues. Additionally, a self-developed Fortran program is vali-
dated through comparison with MCNP results. A cylindrical phantom representing a child’s thorax
is modeled using water as a tissue-equivalent material, then refined with an HCNO-based compo-
sition for greater accuracy. The study examines dose variations across different tissues, consider-
ing their atomic composition, density, and photon interaction mechanisms. Results highlight the
significant impact of tissue heterogeneity on radiation dose distribution. The strong agreement be-
tween the Fortran program and MCNP confirms the accuracy of our approach, emphasizing the need
for material-specific dosimetric calculations to optimize radiological protocols and improve patient
safety while maintaining imaging quality.

ITouck TspDKeNbIX HEMITPMHO € IIOMOINBIO M3MEPEHUIN CHEKTPOB
144Ce- 144Pr moJynIpoOBOJHMKOBBIMI CIEKTPOMETPaMI

Author: Hemutn Husisosa!

Co-authors: Anexcamap Hep6un '; Unbs [Opaunes '; Barentuna Myparosa '; Maxcum Tpyumra '; Eprenmit
YHxaKoB '; HOmvutpnit CemeHOB !

' HUI] «Kypuamosckuii uncmumymy - [THAD
Corresponding Author: niyazova_nv@pnpi.nrcki.ru

B HacTosiilee BpeMsi OIHON M3 aKTyaJbHbIX 3afau HENTPMHHON (GU3UKU SIBISETCS IIOVCK
YeTBEpTOro, TaK Has3bIBAEMOTO «CTEPMJIBHOTO» COCTOSHMSA HENTPMHO, IPaKTUYeCKN
He IIOJBEpP)KEHHOro CcJIaboMy B3aMMOMENCTBMIO, UTO MeJaeT 3aTPyJHUTEIBHBIM €ro
9KCIIepUMeHTaJbHOe oOHapyxeHue. CoBpeMeHHbIe BapMaHThI paciinpenus CraHOapTHON
Mogenn, B 4acTHOCTM, IIpeAIIOJararoT CYyIIeCTBOBaHUE TKEJbIX CTEPUIIBHBIX HENTPUHO C
Maccoil oT k3B mo coren I'sB. Taxue yacTuIbl XOpOLIO IMOAXOMAT AJIS OOBICHEHMST GApMOHHOI
acuMMeTpuu BeestleHHOT 1 MOTYT SBJIATHCA YacTULAMI TeMHOII MaTepuu. OGHAapYKUTH TsDKeJIble
CTEpUJIbHbIE HEMTPMHO MOKHO B 9KCII€PMMEHTaX II0 IIOMCKY IPOSBIEHMII CMEIIMBAHMA TaKUX
YaCTUI] C aKTUBHBIMY TUIIAMU HEMTPIHO.

It momcka TsDKeJIoro He MTpMHO B Oera-pacrmajmax spep B Jjaboparopum HU3KO(POHOBBIX
n3mepennst OIDI IIVMAP cosmamsr pgBa Tuma OerTa-CIIEKTPOMETPOB, OCHOBaHHBIE Ha
IIOJIyIIPOBOXHMKOBBIX  Si-IeTeKTOpax. IlepBe1I CcHEKTpOMETp THUIIA «MUIIEHb-IETEKTOP»
npencTaBisan co6oit Si(Li)-meTekTop IOJIHOTO IOTJIOIIEHMS, TONILMWHON 6 MM U AMAMETPOM
YyBCTBUTENBHOI 00JaCcTU 6,5 MM, HaJ{ IIOBEPXHOCTHIO KOTOPOTO PACIIOJIArajcs MCTOUHIK 144Ce,
HaHeCeHHBII Ha JIABCAHOBYIO IOMJIOKKY. J[OIIOTHMUTENBHO B CUCTEMY IOAKIIOYAICS TOHKUII
IIPOJIETHBIN Si-meTeKTop ToammHON 0.3 MM 1iId 0T60pa (arTHM)CoBmamaroux coObITMI. Bes
cucTeMa IoMellanach B BaKYYMHBIM KpMOCTaT M OXJIaKAajlach A0 TeMIIepaTyphl KUIKOIO a3oTa.
Kasknp1i merekrop ObLT OCHAIEH 3apAN0YYBCTBUTENBHBIM IIpeaycuinTeieM, ycvunrenem u ALTT
[1, 2].

CriekTpoMeTp BTOPOTO THUIIA, MMEIOLINIL 47 TreoMeTpIIo, IpefcTaBiIai coboit aBa Si(Li) metexTopa
TOJILIMHOM 8.9 MM 1 9.2 MM U [MaMeTpaMy YyBCTBUTEJIbHOI o6aacTu 20 1 18 MM, COOTBETCTBEHHO,
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[IpVBe/leHHbIe B IUIOTHBI KOHTAKT APYT C APYroM. B ogHOM 13 nerekropoB 6bLia BEIIUIM(pOBaHA
JyHKa, B KOTOPYI0 61 HaHeceH mcTounuk #4Ce. Crmextpomerp B Takoil TeOMeTPUM MO3BOJIAT
PErucTpMpoOBaTh MOJHYI SHEPIMIO JIEKTPOHA, MCKIOUas o0paTHOe pacCesHIe JJIEKTPOHOB OT
[IOBEPXHOCTU KPUCTA/UIA. [leTEKTOPHI IIOMEIIATUCh B BAKYYMHBI KPMOCTAT U OXJI&KIAIICH
IO TeMIlepaTyphl >KUAKOrO asora. s MAaHHOIO CIIEKTPOMETpa MCIIOIb30BAJIOCH LM(POBOE
npeoGpasoBaHme curuaia [3, 4].

Bera-criekTp, B cilydae M3JIyUeHN TKEJIOTO HEIITPMHO, IIpeACTaBiIgeT co00il CyMMy ABYX OeTa-
CIIEKTPOB: I HEMTPMHO Maccoil m =~ ( u JOIOTHUTENBHOTO BKJIaAa VI TAKEIOro HEMTPIHO
C MAaccoit M = My, KOTOPBIil Tporoprmonanes yrny cmenmsanus |Uepy|?. [lns tsxenoro
HeJITPUHO ¢ Maccoil B auanasoHe (0.003 - 2.7) MaB 6buin mosyueHbI BepxHUE OrpaHUUEHNI Ha
napametp cmernusanus |U,p |%, mpu aTom orpannuenus B mHTEpBane Mace Moy = (0.1-2.0) MaB
ABJIAIOTCA HamboJjee CTPOIMMY Ha CeTOHAIIHMUIL NeHb.

1 A. B. lep6bus u ap., [Tucema B JKIT®, 108, 531 (2018)

2 Alekseev I E. et al., NIM A, 890, 64 (2018)

3 Alekseev L. E. et al., Instr. Exp. Tech. 64, 190 (2021)

4 Alekseev 1. E. et al., J. of Phys. Conf. Ser., 2103, 012141 (2021).

MeTtoauka onpengeeHNA NIpUMecell pafMOHYKINAOB B ChIITyYIIX
NIIIEBBIX IIPOXYKTAX

Authors: Bauecnas Ipsuxos’; Onus 3ap1/1r1013a2

' Boponesicckuil zocydapcmeennbiii ynusepcumem

? Kasaxcxuii Hayuonanvhuiii Yuusepcumem umenu Anv-dapabu
Corresponding Author: slava_kpss@mail.ru

MOHUTOPHHT cofepKaHusA NpUMecell paIIOHYKINIOB B 3KOCpesie O0MTaHNS YeJOBEeKa SBISIETCS
OJIHOJI M3 BKHBIX U IIPMOPUTETHHIX 3a/a4 B 00JIaCTU PagMO9KOIOTNM U 34paBooXpaHeHus. Tak,
nanpumep, OOH B paMKax IIOCTaBJIE€HHBIX I[€JIENl YCTOMUMBOTO pPa3BUTHS, 3MOPOBOro obpasa
KU3HMI U COAEICTBIA GJIATOIIONYUIIO TSI BCeX B JIF060M BO3pacTe, AeKIapupyeT 0 He0OX0LUMOCTI
MOHUTOpPMHIA pagoHa I OLEHKM BO3HENCTBMA 3TOrO PAaAMOAKTMBHOIO Trasa Ha 370pOBbe
HaceseHus 1. OpHako, HeOOXOQMMO KOHTPOJIMPOBATh U APYTME PagMOHYKIMIBL, KOTOpBIE
IOCTYTAIOT B OPTaHM3M YeJI0BEeKa C IPOJYKTaMM IUTAHNUSA M MOTYT BHOCUTD JOCTAaTOYHBIN BKJIA[
B OOIIYIO IIOIVIOLIEHHYIO 03y HaceJeHMs ¥V COOTBETCTBYIOIIYIO TO30BYIO HarpysKy Ha OpIraHBI
MUIIEeBapUTENbHOM CUCTEMBI UeJOBeKa, YTO ITOBBIIIAET PUCKM BO3HMKHOBEHNS PAaJMOreHHOTO
paka. IloMuMo pamoHa M [OOYEepHMX IIPOAYKTOB €ro pacliajia BBIIOJHIETCI MOHUTOPMHT
npuponHoro pammoHykinpa 40-K, KoTopslif, mMes GOJIBLION IIEpUOJ IIONypaclajfa, LIMPOKO
pacIpocTpaHeH B IIOUBE U, KaK IIPaBIIIO, IONAaeT B MUILEBbIe IPOAYKTHI, TAKKE M B TOM UIICIIE,
3a CueT KaJIMIHBIX yooOpeHuit. Kpome aroro, cyiiecTByer IOTpeGHOCTH KOHTPOJISI T€XHOTEHHBIX
PamgMOHYKIUAOB 06pa3s0BaBIINKCI MCIBITAHUSIMIY SIIEPHOTO OPYKIA, KOTOpbIE IIPOBOAMIIUCH B
nponuioM Beke. Ilocnenuee amepHoe mcnpiTaHKe Ha CeMUITaNaTMHCKOM ITOJIMTIOHE JaTHPOBAHO
19 oxTs0ps 1989 roma m MpOLIIO IOYTH 36 JIET, UTO COM3MEPMMO C IIEPMOIOM IIoJypacrana
IOJITOKMBYIIIMIX OCKOJIKOB [eJeHMs fAJepHOro 3apspa. Taxkum oOpasoM, M3yudeHMe YpOBHeEN
conmepxanusa 137-Cs u 90-Sr 2, KOTOpbIe MMeIOT IIepMOoJ Ioypacnaga okoyo 30 JeT, B IPOAYKTax
roTpeGJIeHNs HaceJIeHeM IT03BOJIAT YUECTh TAK)Ke ¥ TEXHOTEHHBII BKJIAM B ITOTJIOLIEHHYIO JO3Y
3.

B mannoit pabore Oblia paspaboTaHa ramMma-CIEKTPOMeTpIUeCKas MeTOAUKA 10 OINpenesIeHIIo
TpuMeceil pagOHYKJINIOB B CBIIYUMX IMUILNEBBIX IIPOAYKTAaX I IIOJTyUeHBbI OLIEHOUHBIE JaHHbIE
(Myka mieHuuHas, KpyIa rpeuHeBasi, pIc) OT pasHbIX Ipoussomureiell B Pecrrybiuke Kazaxcran
n Poccun. B pesynbrare ClieKTpoMeTpUUECKMX M3MEPEHNUI B CIIEKTpax 00pasI[oB ObLIN BHISBIIEHBI
raMa-JIMHIUM JOUEPHUX IIPOAYKTOB pacliafga pajgoHa 214-Pb, 214-Bi, 210-Pb, a taxxe 40-K u 137-
Cs. KoHIleHTpanmu ncciaefyeMpIx pagioHYKINI0B He MPEBBIIIAIOT YCTAHOBIEHHBIX HOPM [4,5].
Ha ocHoBaHMM [aHHBIX M3MepeHNIT ObLIN BHIUMCIEHbI BKJIAABI B OOLIYI0 TOXOBYIO IIOIJIOLEHHYIO
I03Y C yIeTOM HOPM 6 TOT0OBOT0 IOTpebIeHNs NCCIelyeMbIX IIPOLyKTOB HaceJleHueM Pecriy6nuknu
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Kasaxcran u Poccuiickoir ®enepanmmn.
Pa6ora BbImonHeHa B pamkax mpoekra UPH AP23486701 ¢unancupyemoro Komurerom Hayku
MuHucTepcTBa HayKu U BhICIIeTo oOpasoBaHusd Pecry6nnku Kasaxcran.

1. Sustainable Development Goals (SDGs). // https://www.undp.org/sustainable-development-
goals

2. 1. {1. Bacunenko, O. W. Bacunenko. Buosornueckoe geiicTBye IPOAYKTOB IAEPHOTO IeJICHUS
// Mocksa, 2011.-384 c.

3. B.A. Tyney6aes, AJK. ArmbaeBa, KK. AnubGexoBa. Papmarmonnas sxcrmepTusa NUIIEBBIX
poaykKToB // YueGHO-MeToaMueckoe mocobue, [TaBnonap, 2017.—- 87 c.

4. T'urreHuveckue HOPMATUBBI K 06eCIIEUEHNI0 paAMalIOHHOI 6e3omacHocTy // MuHMCTEPCTBO
3ppaBooxpaHeHns PecriyOnmkn Kasaxcra or 2 aBrycra 2022 roga Ne KP ICM-71

5. Hopmer papnarmonnoii 6esonacuoctu (HPB-99/2009) // CannurapHbie npaBuia ¥ HOPMAaTHBEL,
Canllnn 2.6.1.2523-09, 2009 .

6. IloTpeGieHne IPOAYKTOB MUTAHNA B JOMAIIHKX X03siicTBax Pecrry6iukn Kasaxcran // Bropo
HanmoHanbHOI CTAaTMCTUKY IO CTPATErMUeCKOMY IUTaHMPOBaHUIO U pedopMaM PecryGiamku
Kasaxcran. https://stat.gov.kz/

IpenusnoHHble W3MepeHNUs TepuMoga modypacmaga ' Ge,

BBIIIOJIHEHHBIE C IEJbIO IIONICKa PEIICHUA - « raJuyimeBOmn
AHOMAJIIII»

Authors: Asnexcaunp B0p06beB1; AnexcaHnp ﬂep6I/IHl; Banentumna MypaTOBal; Menuc MBanos'; Esremumit
Vixakos'; Unbsa Ipaunes’; Makcuwm Tpymmms'

! HUI[ «Kypuamosckuii uncmumyms - [TUAD

Corresponding Author: ivanov_dv@pnpi.nrcki.ru

OxcnepuMeHTHI ¢ paguoxumudeckumy nperekropamu SAGE, GALLEX/GNO u BEST moxasasnm,
YTO IOTOK COJNHEUHBIX pp-HENTPUHO, PErMCTPUPOBABIINXCA C MOMOINBIO peakmuu v, + +Ga
— "Ge + e, cocraBun 80% ot oxkmmaemoro. [[OMONHUTETbHBIE M3MepeHNI ¢ MCKYCCTBEHHBIM
JVICTOUHMKOM HEITPUHO Scr B pamkax skcnepuMeHTa BEST BBIABUIM CTATUCTUUECKYIO
3HAUVMMOCTh IIOJIyUeHHBIX pe3yJbTaTOB Ha ypoBHe 50. OXHO U3 BO3MOXKHBIX OOBSICHEHMUI
OAHHOro (peHOMEHa CBSI3aHO C OCUVULIALIIEN HENTPMHO B CTEPUIBHOE COCTOSIHUE, OJNHAKO He
JICKJIIOYAEeTCSI BO3MOXHOCTh HEKOPPEKTHOTO yueTa BpPeMEeHM >KM3HU PaAMOHYKINAA, KOTOPOMY
00paTHO MPOIOPLIMOHATIBHA CKOPOCTh CueTa COOBITHII 1.

VTouHeHMe 3HAUEHWA TepMONa Ioypacraga ' ~Ge MPY YCIOBWM, €CIM OHO SBJISETCS GOJbIle
npunatoro panee Ha 20%, mO3BOMWIO Obl OOBACHUTH «TAUIMEBYH) AHOMAIIION». Msr
IIpeCTaBiIgeM pe3yJIbTaThl M3MepeH!s Iepuoja Iodypacmaga 1, /2(71Ge), IOJTyUeHHbIe B
xofe 6oJiee 6 MecsLEeB pabOThI CIIEKTPOMETPOB Ha OCHOBE MOy IIPOBOAHUKOBBIX Si(Li)-meTekTopos
(S = 200 Mm2; Sy = 30 MM2), y>Ke VICIIOJIb30BaBIINXCS paHee IS IPEeU3MOHHBIX M3MepeHUIt
2. Vcrounnk "'Ge 6bUT MoNyueH Ha ycKopuTene B peaknusax (n,rn) u (p,Tn) ¢ MUIIEHBIO U3
MPUPORHOro repMaHms. l3MepeHHBIe CIIEKTPBI 00pa0ATHIBANNCH C YUETOM JOTIOTHIUTEIHHOTO
BKJIaZIa OT PACHafoB APYIUX HapaOOTaHHBIX PaAMOHYKINAOB. PesynpTupyroias Kpusas pacmnana
"1Ge momroHAIACH CyMMOII COOTBETCTBYIOIIMX KOMIIOHEHT, KOTOPbIE OIpeIesIAInch BpeMeHaMI
SKM3HU TOYEePHUX SImep.

Haunyumee 3Hauenume T, /2(71Ge), [OJIyUeHHOe B pe3yabraTe IIOATOHKM  COOBITHIL,
COOTBETCTBYIOIIMX peHTreHoBCKuM kBaHTam juHnmu K,("'Ge), c Si(Li)-merextropom (S; =
200 mm?), cocTaBumIo T1/2(71Ge) = 11.4645 + 0.0036 cyTok (x? = 4674/4615; P = 0.27), uto
COTJIACyeTCs ¢ paHee U3MePEHHBIMY 3HAUEHUIMY, HO IBJIsteTcs B 2 — 8 pa3 GoJiee TOUHBIM [3, 4].
Paboma gvinonnena npu noddepicke Poccuiickozo Hayunozo gonoa (npoexm Ne 24-12-00046).

1. S.R. Elliott, V.N. Gavrin, W.C. Haxton, Prog. Part. Nucl. Phys. 134, 104082 (2024).
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2. LE. Alekseev et al., Phys. Rev. C 102, 064329 (2020).
3. E.B. Norman et al.,, Phys. Rev. C 109, 055501 (2024).
4. 1]. Collar, S.G. Yoon, Phys. Rev. C 108, 021602 (2023).

ITomck AKCHMOJJIIEKTPNMUIECKOTO Sd)(beKTa B aromax Kr oJIAA
COJIHCEUHbBIX aKCMOHOB

Authors: Anexcaunp ,I:[ep61/m1; Baneuruna MypaTOBal; Omurtpuit CemenoB'; Esrenmit Ymkakos'; Mibs
Npaunes'; Makcum Tpynms'

' HUI] «Kypuamosckuii uncmumymy - [THA®

Corresponding Author: muratova_vn@pnpi.nrcki.ru

Ilexpro paGor 1 M 2 ABISICA IOMCK aKCUO3JIeKTpuueckoro sddexra (AD) mis COIHEUHBIX
aKCUOHOB, MMEIOIIMX HeIpepbIBHBIE CIIEKTPHI, M aKCMOHOB C 3Hepruein 14.4 xaB, m3aiaydyaeMbIx
B Ml-niepexone B sgpax 57Fe na CoiHile. AKCHO3JIEKTpUUECKUil 3pdeKT ABISIeTCS aHaIOroM
¢doroaddekrra. B pesympraTe peakiuy akCHOH KCUe3aeT, IIPU ITOM IOSBISIETCI CBOOOTHBIN
3JIEKTPOH U TIOCJIEeAyIOIllee XapaKTepUCTIUECKOoe PEeHTTeHOBCKoe u3iryueHme aroma m Oxa-
anexktponbl. CeueHnme AD MpsSMO MPOIMIOPLIMOHANBHO ceueHNIo ¢poToaddeKrTa 1 KOHCTAHTE CBI3NU
aKCIOHA C 3JIeKTPOHOM, UNCIO COOBITMII AD 3aBUCUT OT IIOTOKA ¥ CIIEKTpa HAJIETAIOIMX Ha
JeTeKTOp aKCMOHOB.

I permcrpaumMy 4YacTHUl], BO3HMKAIOIUMX B pe3yibrare AD, MCIOJIb30BAJICSI TIa30BBIil
IIPOIOPUMOHANBHBI CUETUMK, DPACIIONIOKEHHBII B HU3KO(OHOBOI YCTAaHOBKE B IIOJ3€MHOIL
nmabopatopuu Bakcamckoit HeiitpuuHO o6cepBatopun VAW PAH. CrarucTuuecku 3HAYMMOTO
CUrHaja OT AD, KOTOpBIII MMeeT XapakTepHyn (OpMy M MCKJICI B M3MEPEHHOM CIIEKTpE,
obHapy)XeHO He ObUIO. B pesysbrare IIOJIydYeHBI HOBbIE OrPaHMUEHNS Ha KOHCTAHTY CBSI3U
aKCHOHA C 2JIEKTPOHOM, Ha IIPOM3BeieHNe KOHCTAHT CBA3M aKCUOHA C 9JIEKTPOHOM I (POTOHOM, U
Maccy akCMOHa B IBYX, Haubojee usBectHbIX, KSVZ- n DFSZ-monensax akcmuoHa.

Pa6ora nognepsxana rpantom PH® - Ne 24-12-00046.

1. E.®. By6nos, I0.M. l'aBpmitok, A.H. I'anramies, A.B. [lep6oun, 1.C. [Ipaunes, B.B. Kazanos, B.B.
Kyssmmunos, B.H. Myparosa, [I.A. Texyesa, E.B. Yuxakos, C.IL fIxkumenko, [Incema B JKT®P, 2024,
T.50, B.6, C.37.

2. AB. lepbun, U.C. [Jpaunes, 10.M. T'aBpuriok, A.H. Taurammes, B.B. Kazanos, B.B. Kyssmnuos,
B.H. Myparosa, [I.A. Cemenos, [I.A. Texyesa, M.B. Tpymmun, E.B. Ymxaxos, C.IL SIxkumenxo,
IIncema B KT, 2024, T.50, B.23, C.7.
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N3yuyeHne CTPyKTypbl KpHUIITOMeJIaHA, MCIOJb3yeMOIro [IJIs
BbI/leJIeHUsI e pCIeKTUBHBIX [JIS AAePHOI MeAUIITHbI M30TOIIOB
Pt

Author: Mapuna I'ycrosa’

Co-authors: Anexcarnp Mamymapos '; Bepa Cemuna !

b onan
Corresponding Authors: al. nadumarov@jinr.ru, gust@jinr.ru

Ipuponusert kpunromena K2(Mn4+,Mn2+)8(0,0H)16 oTHOCUTCS K TpyIIle TIOJIAHAUTOBBIX
TUAPOKCUIOB, obnafaomux TyHHEIbHOI CTPYKTYpOI, 06pasoBaHH0171 OBOVMIHBIMI U
TPOJMHBIMHU I[e[IOUKaMM OKTasApoB Mn4+. B meHTpe HaHHON CTPYKTyphl Haxomarcs Goiee
kpynubsle Katmous! (K, Pb, Ba, Mn2+), ompepeisroiuiue pasmep TpyOuaToil CTPYKTYpBI, U,
COOTBETCTBEHHO, O0ecIleunMBaioIlyie BBICOKYI0 MOHO-OOMEHHYIO CeJeKTMBHOCTh K MOHAaM,
MMEOLIM OIIpeJeNeHHbI 3((PeKTUBHBIN MOHHBI pagmyc. Pamgmyc mop KpumroMmesaHa -
1,3-1,5 A nemaer ero mepcrmeKTMBHBIM MaTepualoM Ans c6opa smep OTAYM U3OTOIMOB Pt.
B pesynprate OONydeHMS CMeCU LUACIDIATMHBI C KPUIITOMEIAHOM TOPMOSHBIM MU3JIy4eHUEeM
mukporpona MT-25 (JIAP, OUAN) monyuarorcss mepcrekTuBHble miust Oske-Tepanuy M30TOIIBI
mratuHe! 191,193m,195mPt, a mocienylolee oTaesIeHe KpUIITOMeIaHa IT03BOJIIET yBEJIUUNTD UX
YOEeNbHYI0 aKTMBHOCTE.

Kpunromenan 6pu1 nonyueH gobasieHmem pactBopa 0,5 M KMnO4 B8 1 M H2504 k paBHOMY
o6bemy pactopa 1 M MnSO4 8 1 M H2S04 npu 60 °C u nepemerunsanuu 1. ITocie oxnakneHns
cMecH IIPOM3BOIIIN pasfesIeHNe Ocafka 1 pacTBopa GUIbTPOBaHMEM Uepes sAIepHyI0 MeMOpaHy
¢ AMaMeTpoM 1op 1 um.

$a30BbIil aHAIN3 ITOJYUEHHOIO IIOPOIIKA ObIT BBIIIOTHEH METOJOM PEHTTeHOBCKOTO aHAIM3a
Ha MomuduumpoBanHoMm audpakromerpe [JPOH-4 (creMka, ympasiseMas KOMIIBIOTEPOM) IIpK
CIeqyIOIUX yCIOBUAX cbeMku: wn3snyuenme Cu (A=0,154178 um), 20=10-100°, A20=0,1°, t=4
c. Ilogron mapameTpoB peILIETKYM TETParoHalbHOI ¢asbl M pasMbITUA pedIeKCOB ITOKa3all,
uyro oOpaser; mpakTuuecku Ha 100% cocroutr m3 TerparoHanbHOil ¢(assl tuma K0,33MnO2
(t128/23) ¢ nepumogamu perrerku: a=0,9811 um, ¢=0,2843 HM. YcTaHOBIIEHO, UTO pa3Mep obIacTU
koreperTHoro paccesHusa (OKP) Bmomp kpucramnorpadudeckoil ocu C COCTaBiIfeT IIPUMEPHO
150+50 HM, epHIeHANKYIAPHO Ocu € — 7,5+0,5 HM, T.€. KpUCTAJUINTBI MIMEIOT CUJIBHO BBITAHYTYIO
BJIOJIb OcH ¢ popMy; MUKpoxedopMaIMy B HAIIPABJIEHNAX, TapaJUIeJIbHbIX 11 IepIeHINKYIISIPHBIX
ocuc — 0,18+£0,01%.

PesynbraTh! 1ccie1oBaHNI B paCTPOBOM 3JI€KTPOHHOM MMKpPOCKOIIE TIOATBEPKIA0T 3TI JaHHbIE.
Ha ¢ororpapmu o6pasua (Puc.1) BugHO, UTO HeICTBUTENHHO KPUCTAJUINTEI CUJIBHO BBITSHYTBI U
VMIMEIOT UTOJIbYATYI0 MOP(OJIOTHIO C BBICOKMM aCIIEKTHBIM OTHOIIEHMEM.

sU v 2 3 1.00um Z00nm '
Puc.1. (I)OTOI‘pa(b]/IS{ 06pa3ua KpuIITOMeJIaHa, IIOJIyd€HHad IIpU IIOMOIIM pPacTpOBOTO
JIEKTPOHHOTO MIMKPOCKOIIA.

JUTEPATYPA
1. Tsujl M., Abe M. Synthesis of cryptomelane-type hydrous manganese dioxide//Solvent Extraction
and Ion Exchange, 1984.Vol. 2, Ne2. P. 253-274
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OnTuMmsanus IapaMeTpoB 3aMe[JINTe]sd UM KOHBepTepa IJid
pammoMeTpa OBICTPHIX HEIITPOHOB

Author: Penar V6parumos’

Co-authors: Anacracus Jenncenko '; Enena PaGesa '; Marseit Mumns !

! HUIAY MU®H

Corresponding Author: rfibragimov@mephi.ru

B  paGore mpeAcTaBieHBl  Pe3yJbTaThl  ONTUMM3AUUM  IIapaMeTPOB  3aMeJIUTelNd,
JICIIOJIB3YIOIIEr0Cs B 9KCIIepUMEHTAIbHOM 00pasiie mpubopa At M3MepeHNs BBIXOAa HEIITPOHOB
VMIMIIYJIBCHBIX JMCTOYHMKOB M3JIydeHNMsI.  TaxkKe NPUBOAMUTCI OOOCHOBAHME pPAaCIIOJIOKEHNS
CUETYNMKOB BTOPMUYHOIO M3JIy4YeHNUSI B 00OBbEMe 3aMeIUINTENS M XapaKTePUCTUK aKTVBUPYEMOTO
MaTepuaja, IIOJIYYEHHBIX C JCIIOJNB30BAaHMEM MHCTPYMEHTOB (M3NKO-MaTeMaTIIeCKOro
MopenupoBaHud B cpene Geant4.

OnTuMuM3NpoBaHHas KOHCTPYKIMS paguoMeTpa ObICTPBIX HEMITPOHOB 00eCIIeuBaeT yBeIueHe
UyBCTBUTEJIBHOCTY K HENITPOHHOMY M3JIy4eHHMIO ¢ 3Heprueit 14 MsB Ha Benmuuny no 18% B
abCOIIOTHOM BBIP&KEHNU U 10 27% B IlepecyeTe Ha OIVH CUETUMK BTOPUUHOTO MU3JIyUEeHS.

Pa3spaboTka MeTONOB perucrpanyuy HeTPOHHOrO M3JTy4YeHNUSI Ha CETONHSIIHMI IeHb OCTAaeTcs
Ba)XHOII HAyUYHO-TEXHIYECKOM 3afadell. Ocoboe BHUMaHNE clleflyeT yHeJIUTb CO3JAaHIUI0
YCTPOJICTB J[JIL PETMCTpAl(MM ¥ aHajIM3a HENTPOHHOrO W3JIy4YeHUs, TeHepUpPyeMOoro B
KpaTKOBPEMEHHBIX MMITYJIbCaX IIPOMOJKUATENBHOCTBI0 OT AECITKOB HAHOCEKYHJ MO €eXVIHIUIL
MUKpPOCEKyHHA. VMIyJabCHOE HEMITPOHHOE M3JIydeHNe SBJSIETCS KIIIOUEBbIM MHCTPYMEHTOM
IUIA aHaJIy3a COCTaBa BEILECTB M YTOUHEHMS SIAEPHO-(PU3NUECKMX KOHCTAHT. OTU METONBI
TaKKe UTPAIOT 3HAUMTEIBHYIO POJIb B CO3JAHMM ¥ SKCIUTyaTallMV MCCIeROBATEIbCKUX SOepHO-
9HEPreTMYECKUX YCTAHOBOK.

AXTUBAI[MOHHBINI METOJ PEruCTpalMyl HENTPOHOB MMIIYJIBCHBIX JMCTOUHMKOB M3JIyUEHUS B
CpaBHEHMNM C IIPOYNMM MeTOJaMu obyiafaeT PSiAoM MCKIIOUNTENbHBIX IPEMMYIIeCTB, HAIIpIMep
TaKUX, KaK HEUYBCTBUTEJIBHOCTb K COIYTCTBYIOIIEMY M3JIYUYEHMIO U BO3MOXXHOCThb M30eXaTb
pobJeM ¢ Ieperpyskoil cueTHoir ammaparypsl [1, 2]. B manHoit paboTe mpencraBieHbI
pesyIbTaThl IOA6Opa ONTMMAIBHBIX ITApaMeTPOB KOHCTPYKUUM 3aMeIUTeNs, PaCIIOIOKEeHUS
CUETUMKOB BTOPMUHOIO M3JIYUYEHNS, a TaKXKe XapaKTepPUCTUK aKTUBAIMOHHOTO [eTEKTOpa
VI 9KCIepUMMeHTaJIbHOTO obpasuma pammoMerpa ObIcTpbix HeliTpoHoB (PBM). Ilomo6pater
CIleAyIolLye IapaMeTphl 0610Ka HeTeKTUpoBaHust: (opMa 3aMeIITeNIs, PACIIONOKEHIE CUETUIIKOB
B ero obbemMe, KOJIMYECTBO CUETUNMKOB, HEOOXOAMMOe I NOCTVDKEHUs TpebyeMol TOUHOCTI
M3MEPEeHMI IpY 3aJaHHbIX 3HAUEHMSIX BBIXOJA HEMTPOHOB M3 MCTOYHMKA, PACCTOSHIE MEXKIY
CueTUMKaMI B 00'beMe 3aMeINTeNs, TOJMIIMHA AKTUBAIIIOHHOTO AeTEKTOPA.

Crmcoxk muTepaTryphl

1. G. F. Knoll // Radiation detection and measurement // John & Wiley Sons Inc. — 2010.

2. A. Pietropaolo et al. // Neutron detection techniques from peV to GeV //Physics Reports. — 2020.
- V. 875. - Pp. 1-65.
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MeToapl sAXEepHONM CIEKTPOCKOIMM [JIs OIIpefesIeHMs MaJIbIX
KoHueHTpanuii Pun U B mpucyrcreue Th u Np
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IlpoBommiica aHamM3 IPOAYKTOB B 3SKCIEPMMEHTE IIO 3KCTpAaKUMM IUIYyTOHMS M ypaHa U3
pacTBOpa, CofepsKalIlero TakKe TOPUIiT, aMepPIINIL, HeIITYHII I HEKOTOpBIe APYyTie 3JIeMEeHTEI (He
aKTHMHOMASI).[IJ11 BBIACHEHN JOCTOBEPHOI KapTUHBI COIEepKaHMA BCeX aKTMHOMIOB B 0Opasuax
HeoOXOAMM MX aHANIM3 IPU IOMOIIYM TaMMa-CIeKTPOMETPa BBICOKOTO paspelleHMs U aibda-
cIeKTpoMeTpa. B mokmnane 6ymeT pacckazaHO 0 MeTOAVKe COBMECTHOI 06paboTKy anbda- 1 raMma-
CIIEKTPOB, MICIIOJIb30BAHHON B JaHHOM JKCIIEpMMEHTE, a TaKKe 0 BO3MOKHOCTAX aBTOMAaTU3al/IN
3TOro IIpoliecca, IIpMBEIEHBI aibda- M TraMMa-CIeKTPhl HEKOTOPBIX 00pasI(OB, M IIPUMepHI
KOJIMYECTBEHHOTO aHaji3a MHOTOKOMIIOHEHTHBIX PACTBOPOB aKTMHONAOB IIOCJIE dKCIIepMMeHTa
10 SKCTPaKIIIL.

HNsmepenne ceueHMII M3JIIydeHUs Y-KBAaHTOB OTAEJIbHBIX
3HEPIrUIM AApPaMI THUTAHA, HUKeJ M KUCJIOPOoAa Iof AelicTBIEeM
HeITPpOHOB Hepruu 14.1 MsB

Author: Amica ABepkuna’

Co-authors: Tumurap [posnanos %; Hukura ®enopos 2; Masen Ipycauenxo 2; I0puit Komay

! Mocxkosckuii zocydapcmeennbiii ynusepcumem umenu M.B. Jlomornocosa

% O6vedunennbiii Mncmumym Adepnvix Hecrnedosanuil
Corresponding Author: averkinaalis@gmail.com

HeiiTpoH-sepHble peakluy MCCIeTYIOTCS yXKe HOBOJBHO MOJroe BpeMs, HO TeM He MeHee B
9TOI 06JacTM elte MHOTO paboThl. [laHHBIE ITO BBIXOJAM M CEUEHMAM W3JIyUeHUs Y-KBAaHTOB
OTHEJBHBIX HSHEpPIMiT HEOOXOAMMSBI MJI Pa3sBUBAIOIIMXCI METOAMK OBICTPOrO 3JIEMEHTHOIO
aHanm3a pasnmuuHbix BemtecTB. IIpoext TANGRA[1,2] (TAgged Neutrons and Gamma-RAys)
HaIpaBJleH Ha N3ydeHIe B3aMMOMENCTBUS ObICTPBIX HENTPOHOB ¢ 3Heprumeir 14.1 MsB ¢
PasIMYHBIMY SApaMi B GyHIaMEHTATbHBIX I MIPUKIAJHBIX I(eJsaX. [T IojydeHns BpeMeHHOIT
IIPUBA3KM K MOMEHTY POKICHMS HEIITPOHA U OL[eHKM HAIIPABJICHNS ero IBVKEHIUS UCIIOIb3yeTC s
MeTOJ MeUeHHBIX HeTpOoHOB. B Hacrosiell paboTe MCCIEAYIOTCS XapaKTePUCTUKI Y-KBaHTOB,
M3IyYaeMbIX IIPORNYKTAaMM SIAEPHBIX peakLWil, IPOXONSIMX Ha sApax TUTaHa, HUKeNs I
KICJIOpofa. OKCIIepMMeHT U 06paboTKa MaHHBIX BBINOJHSINCH II0 METOLUKE, OIVCAHHON B
3. B mowyame GymyT IIpefCTaBIIEHBI [IOJTyUeHHbIE HAMI CEUEHMS M3IYUeHUs Y-KBAaHTOB. [t
3HAUNMTEIBHOTO YICNIA IIEPEXOOB ST NaHHBIE MOJTyUeHbI BllepBble. McciemoBaHe BBITIOIHEHO
pu nopaepsxke Poccuitckoro Hayunoro gpounaa (rpant No 23-12-00239).

JIutepatypa

1 L. Ruskov, Yu. Kopatch, V. Bystritsky, V. Skoy, V. Shvetsov, F.-J. Hambsch, S. Oberstedt, R. Capote
Noy, D. Grozdanov, TANGRA collaboration, Tangra — an experimental setup for basic and ap-
plied nuclear research by means of 14.1 MeV neutrons, ND2016, EP] Web Conf. 146 (2017) 03024,
https://doi.org/10.1051/epjcon/201714603024.

2 I. Ruskov, Yu. Kopach, V. Bystritsky, V. Skoy, D. Grozdanov, N. Fedorov, T. Tretyakova, F. Aliev,
C. Hramco, V. Slepnev, N. Zamyatin, A. Gandhi, D. Wang, A. Kumar, E. Zubarev, E. Bogolubov, Y.
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Barmakov, TANGRA collaboration, TANGRA multidetector systems for investigation of neutron-
nuclear reactions at the JINR Frank Laboratory of Neutron Physics, EP] Web Conf. 256 (2021) 00014,
https://doi.org/10.1051/epjconf/202125600014.

3 Yu. Kopach, D. Grozdanov, N. Fedorov, et al. PEPAN Lett.2025(8 nmeuaTu)

Spectroscopic data on the ?Mg—2'Mg+n excited configurations
from the >'Mg(d,p)*’Mg reaction

Authors: Akhror Karakhodjaevl; Erkinjon Ikromkhonov?; Feruzjon Ergashevl; Irina Son'; Maulen Nassurlla®;
Nasurlla Burtebayev*; Olimjon Tojiboev'; Sergey Artemov’

! Institute of Nuclear Physics, 100214, Ulughbek, Tashkent, Uzbekistan
* Institute of Nuclear Physics, 100214 Tashkent, Uzbekistan

* Institute of Nuclear Physics, 050032 Almaty, Kazakhstan; Al-Farabi Kazakh National University, 050040 Almaty,
Kazakhstan

* Institute of Nuclear Physics, 050032 Almaty, Kazakhstan
Corresponding Author: eikromxonov@gmail.com

The aim of this work was to obtain precise experimental differential cross sections (DS) of the neu-
tron transfer reaction 24Mg(d,p)25Mg for subsequent extraction of asymptotic normalization coef-
ficients (ANC) and spectroscopic factors (SF). These data are necessary both to clarify the structure
of light nuclei and to calculate the astrophysical S-factors of processes in the MgAl cycle of stellar
proton burning: 24Mg(p,y)25A1(B+)25Mg(p,y)26A1(B+)26Mg, using the relationship between the
mirror states of 25Mg and 25Al nuclei.

The DS of the 24Mg(d,p)25Mg reaction have been measured in the forward hemisphere of the an-
gles for the neutron stripping process to the states E*=0.585 MeV, %+; 0.975 MeV, 3/2+, 1.61 MeV,
7/2+; 1.96 MeV, 5/2+ and 2.56 MeV, 1/2+ of the 25Mg nucleus at Ed=14.5 MeV. The DS for the E*=0.0
MeV, 5/2+ is given in work 1 as well as the description of experiment which was carried out at the
deuteron beam of the U-150M accelerator of INP RKaz.

The experimental DS have been analyzed in the framework of the modified distorted wave Born
approximation (MDWBA) 2 using the DWUCKS5 3 code. Our previous analysis 4 has shown that the
neutron transfer to the ground state of the 25Mg nucleus is non-peripheral process. Here it is shown
that this process becomes more peripheral with increasing the excitation energy of the final nucleus,
which allowed us to estimate the values of the neutron coupling ANC for the above-mentioned ex-
cited states of the 25Mg nucleus and evaluate the dependence of extracted SF values on the geometry
parameters of the Woods-Saxon neutron binding potential.

The obtained results will be further used to calculate the astrophysical S-factors of the radiative
capture process 24Mg(n,y)25Mg at astrophysical relevant energies.

References
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3. P. D. Kunz, University of Colorado, «Computer code DWUCKS5», http://spot.colorado.edu/
kunz/DWBA html

4. OR. Tojiboev et al., Acta Physica Polonica B Proceedings Supplement Vol. 14 (2021)

Page 268


http://%20https://doi.org/10.48550/arXiv.2405.07952
https://indico.spbu.ru/event/1/abstracts/305/attachments/389/a305fig1.jpg
https://indico.spbu.ru/event/1/abstracts/305/attachments/388/a305fig2.jpg
http://%20https://doi.org/10.48550/arXiv.2405.07952
https://doi.org/10.1080/00223131.2022.2141903

LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... /Book of Abstracts

Experimental study of the processes of elastic and inelastic scat-
tering of protons on the “*Sc nucleus at an energy of 22 MeV
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The processes of scattering of light charged particles (p, d, ¢, >He, “He) on nuclei at low and medium
energies are the main source of information on the properties of the internuclear interaction po-
tential, which is one of the fundamentally important problems of nuclear physics. The totality of
data of the last decades on the structure of nuclei and the mechanism of reactions in the energy
range > 10 MeV /nucleon indicate the dominant role in the formation of their cross sections of
more complex processes that differ in their nature from classical ones and their relationship with
the structure of interacting systems. The specificity of studying the mechanisms of nuclear reactions
at the present stage is associated with the need to measure the energy spectra of reaction products
in the fullest possible range of particle energies: from the Coulomb barrier energy up to energies
corresponding to the formation of the final nucleus in the ground state. The objective of this study
is an experimental and theoretical study of the clustering phenomenon using the °Sc nucleus as an
example.<br>

The elastic and inelastic scattering cross sections of 22 MeV protons on a 2 pm

thick Sc target were measured at the U-150M cyclotron of the Institute of Nuclear Physics (Almaty,
Kazakhstan). A 60 cm diameter scattering chamber was used for the experiment. The reaction prod-
ucts were recorded using semiconductor telescopes consisting of two detectors: AF (100 um) and
E (3200 um), designed to measure specific losses and residual energy E,.. This telescope configu-
ration made it possible to identify the reaction products by charge Z and mass A, and to measure
their total kinetic energy by summing up the calibrated values of specific losses. The experimental
results obtained and their comparison with the theoretical analysis will be presented.

Astrophysical S-factor for the 11B(p,y)12C radiative capture reac-
tion

Authors: Feruzjon Ergashev'; Irina Son'; Olimjon Tojiboev'; Sayrambay Igamov'; Sergey Artemov'

! Institute of Nuclear Physics, 100214 Tashkent, Uzbekistan

Corresponding Author: igamov63@gmail.com

Recently we presented new calculated data on the astrophysical S - factor of the radiative capture
reaction 11B(p,y)12C 1. The radiative decay of the resonance states 16.10 (2+), 16.57 (2—) and 17.23
MeV (1—) into the ground (0+) (Y0 transitions) and the first excited 4.44 MeV (2+) (y1 transitions)
states have been taken into account in the calculations. The calculations were carried out within the
framework of the modified R-matrix method, previously proposed by us and successfully applied in
[1,2].

The basic idea of the modified R-matrix approach is that when the radiative capture of an incident
particle by a target nucleus occurs through compound nucleus stages, the amplitude of the radial
wave function of the final nucleus can be expressed through the resonance parameters and asymp-
totic normalization coefficient (ANC) of the proton coupling in populated state. The use of a priori
known values of the ANC in calculations of the astrophysical S-factor significantly simplifies the
task of establishing such parameters as the width and energy of resonance states, the radius of the
channel, etc., by fitting to experimental S — factors data, which significantly increases the reliability
of the calculations.

In this work, in addition to the main channels investigated in 1, the contributions of the subthresh-
old states E*=15.11 MeV (1+, I'y>Ta) and E*=15.440 MeV (2+) are analyzed, as well as transitions
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through the state E*=12.71 MeV (1+), which has a relatively noticeable radiative width.

The astrophysical S-factor of the 11B(p,y)12C reaction was recalculated taking into account the addi-
tional channels mentioned above. The experimental values of the astrophysical S-factor were taken
from Refs. [3-7]. Preliminary calculation results show a sensitive change in the behavior of the as-
trophysical S-factor to taking into account the additional channels at astrophysically important low
energies.
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1.S.K. Sakhiyev, S.V. Artemov, N. Burtebayev et al, Results in Physics V7, 108050 (2024)

2. N. Burtebaev, S.B. Igamov, R.J. Peterson, R. Yarmukhamedov and D. M. Zazulin, Phys. Rev. C 78,
035802 (2008)

3. JJ. He et al., Phys. Rev. C 93, 055804 (2016)

4. J.H. Kelley, J.E. Purcell, C.G. Sheu, Nuclear Physics A 968, 71 (2017)

5. FE. Cecil et al Nucl. Phys. A 539, 75 (1992)

6. J.H. Kelley, et al, Phys, Rev. C 62, 025803 (2000)

7. T. Huus and R.B. Day, Phys. Rev. 91, 599 (1953)

Astrophysical S-factor and reaction rate of the direct 12C(p,y)13N
capture process

Author: Sobir Turakulov'

Co-author: Ergash Tursunov 2

! Institute of Nuclear Physics, Academy of Sciences, 100214 Ulugbek, Tashkent, Uzbekistan; Tashkent State Agrarian
University, 100140 Tashkent, Uzbekistan

* Institute of Nuclear Physics, Academy of Sciences, 100214, Ulugbek, Tashkent, Uzbekistan; National University of
Uzbekistan, 100174 Tashkent, Uzbekistan

Corresponding Author: turakulov@inp.uz

The direct 12C(p,y)13N radiative capture reaction is the starting point of the CNO cycle in the hydro-
gen burning process in stars, more massive than the Sun, especially in low mass Asymptotic Giant
Branch (AGB) and Red Giant Branch (RGB) stars1. The astrophysical S-factor and reaction rate were
studied in the framework of the two-body potential cluster model [2, 3]. Comparative analysis of the
S factor was performed for various values of the empirical values of the asymptotic normalization
coefficients (ANC) of the 13N(1/2-) ground state. The Woods-Saxon type two-body p12C-potential
was employed [3, 4], with the central, spin-orbital and Coulomb parts. The geometric parameters of
the potential are fitted to the experimental phase shifts of p12C-scattering in the S, P and D-partial
waves, as well as the empirical ANC value and the ground (P1/2) state energy of the 13N nucleus.
The number C1/2=1.63+0.13 fm-1/2 5 was chosen among the empirical ANC values from the liter-
ature on the basis of the theoretical analysis of the reaction rates. The proposed potential model
describes the experimental astrophysical S factors for the direct 12C(p,y)13N radiative capture reac-
tion at the whole energy region. Furthermore, the reaction rate for this process was estimated in
the stellar temperature interval. The obtained theoretical results are in excellent agreement with the
new results of the LUNA collaboration 6.

1. Borexino Collaboration (M. Agostini, et al.). Nature 587, 577 (2020).
2. E.M. Tursunov et al. Phys. Rev. C 108, 065801, (2023).
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5. S.V. Artemov, et al. European Physical Journal A58, 24 (2022).

6. LUNA Collaboration (J. Skowronski, et al.). Phys. Rev. Lett.131, 162701 (2023).
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NccaepoBaHue BbIxoaa HeIITpoHOB B D+D samepHbIX peakuuax B
munreHsax Pt, Ti, CVD-anma3s Ha yckoputrese 'EJIVIC
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WccnenoBanme mporecca HachIlleHNA AelTepyeM pasiMYHBbIX KpUCTAJUIMUECKMX MMUIIeHen

IyYKOM MOHOB JeliTepus U CKOpocTy npoTekaHmua D+D smepHBIX peaKIuil B KPUCTAIIMUIECKUX
CTPYKTYypax MMeeT Ba)KHOe 3HaUeHNe IIPU pa3paboTKe MUIIEHEeI-KOHBEPTEPOB A HETPOHHBIX

reHepaTopOB. Obnyuenme wmuireneir Pt, Ti m CVD-aima3 IIyukoM WOHOB [eiTepus
MpoBOAMIIOCH Ha yckopurenbHoit ycranoBke [EJIUC (Pusuueckmit UHCTHTYT UM, ILH.
Jle6emesa PAH, Mocksa). OHeprus MOHOB HeliTepusa BapbupoBalach oT 10 go 45 k3B

npn Toke myuka or 20 mo 100 mMkA. Permcrpanus OBICTPBIX HENTPOHOB, 00pa3yOIMXCS B
peakuMIx CHUHTe3a fafep HeNTepus, OCYIIeCTBIANACh CUMHTWUISIMOHHBIMIU HEeTeKTOpaMIU C
opraHmvecKuMu Kpucranaamu. KanmbpoBka CIMHTIILISIMOHHBIX JETEKTOPOB Obla BBHIIOIHEHA
C UCIIOJIb30BaHMEM HellTpoHHoro reHepaTopa MHI-061.

B Hacroseit paboTe IpencTaBiIeHbl Pe3yNbTaThl SKCIEPUMEHTOB 110 OOJYUEHNIO AeiTepueM
vumeHenr n3 Pt, Ti u monukpucrammmyeckoro CVD-anmasa. M3mepeH BBIXOH HETPOHOB 13
JaHHBIX MUILIEHEN B 3aBUCUMOCTY OT BpeMeHN O0JIyueHMs, TapaMeTpOB ITyuKa MOHOB JeliTepus
1 TeMmIepaTypsl MutieHu. Ilpu sHepruu moHoB gevitepus 30 kaB 1 Toke Imyuka 50 MKA BBIXOJ
HeliTpoHOB B D+D peaxunu B Pt Mmuitenu cocraBui 8,5¢10-11 HelTpoH/MoH, B Ti MutteHn — 3,2¢10-
11 mentrpon/noH, B CVD-anmase — 5,1¢10-11 HeITpOH/MOH.

BrinonHeHO MoAenpoBaHMe IMIPOXOKAEHNUS MIOHOB AelTepus B BellleCTBe YKa3aHHBIX MUIIIEHEI].
Ilo skcmepMMeEHTAJTBPHBIM MAAHHBIM I C Y4YETOM MOMENVMPOBAHMA pPACCUMTAHBI 3HAUECHUA
koHuenTpauuu peirepus B Pt, Ti m CVD-anmase B 3aBUCHMMOCTM OT BpeMeHU OOJIyueHN,
TOKa ITyuKa, SHEePIuM MOHOB HeliTepus M TeMIepaTypbl MuiueHu. IlonmyueHHBIe pe3yJbTaThl
IIpeCTaBJIEHBI B JOKJIATE.

Mopayaanusa nmapmuajdbHBIX aMIUINTYHA B auddepeHIMaIbHbIX

CEUCHUAX YIIPYIro pacCCeaIHHbIX aJII)(i)a-‘IaCTI/III I IIPOTOHOB HA
IK3O0TUNUECKIX JIETKUX ANpax

Author: Bsuecnas [Ipsukos’
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B macrosiee BpeMs IIMPOKO M3Yy4alOTCA KJIACTE€pPHBbIE MOJENM MAJg ONMCAHUSA CTPYKTYphI
nerkux [1-3], cpenHux m sksotuueckux apep 4. IlomoOHBIe MomeNy IO3BONAIT OGBACHUTH
HepaBHOMEPHOE paJaMalbHOe paclpeeleHne IUIOTHOCTY ANEpHOM MaTepuy, YTO MOXKET
HaOJII0aThCsA B BUAE GONBIINX CpefHeKBaIPaTUIHbIX pafnycoB. Takue aHOMaJINN TIOKa3bIBAIOT
Ha HaJMuMe rajo B sSApax 5 MIM MX «pbIxiocTu». Omnucanue aupdepeHINATBHOIO CEUeHMs
KJIaCTEPHOII CTPYKTYpBI aTOMHBIX fiep B paMKaX G0pHOBCKOTO MPUOIVIKeHNS ObLIO IIPeIJIOKEHO
B 6, @ POJIb KJIACTEPHBIX KOHGUTYpaINil B AaTOMHBIX AIpaX MCCIeoBalIach, B TOM YHcie, B pabore
[7]. Ompenenenne cpeqHEKBaAPATIYHOTO PafILyca IAPa, M €CIIU 9TO 3HAUEHIe BBIXOMUT 32 PAMKIL
KJIACCMYECKUX MPEeNCTAaBI€HNUII, TO 3TO IO3BOJIAET HeJNaTh BBHIBOABLI O NalbHENIIEeM M3y4deHIN
MCCIIeyeMBIX SIIep U BO3MOKHOI SPKO BBIPKEHHOI PasINYHOI KIaCTEPHON KOHUTypaumei
sTmx smep. OOHMM U3 METOXOB SKCIIEPUMEHTAIBHOIO OOGHApPYKEHMS MYJIbTUKIACTEPHOI
CTPYKTYpbl B paborax [8-11] aBTOpamMm OBITO IIpUBEAEHBI Pe3yJIbTATHl PAcUeTOB YIPYTOro
paccestHus anbga-uactuil Ha 4N n 4N+1 sapax.

B Hacrodmei pabore ObUI BBIIOJTHEH PacueT IO METORY Pa3iOKeHM aMIUIMTY[bl yIPYTOro
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paccesHus [12] mporoHoB m anbda-uacTul] Ha sK30THMUecKMx Jyerkux sapax (6He, 8He, 11Li).
OKcIepuMeHTaIbHbIe HaHHbIe B3sAThl 13 peakuuit 6He(a,a)6He; 8He(p,p)8He; 11Li(p,p)11Li [13].
B pesynbraTe pacueToB OBLIN ITOJYUEHbI PAIYChI ¥ OTHOCUTENbHAS BEPOITHOCTD KaXX/I01 MOJBI
(map1manpHOI aMILIMTYbI) BXOAIIEN B aMIUIUTYAY PaCCesIHIS MCCIEAYEMbIX peaKIii yIpyroro
paccesiams. V3yuaemble B HaCTOsIIel paboTe 3K30TIUECKIE JIeTKIIe siipa 001a1a0T HEITPOHHBIM
rajio, YTO BBIPAXKAETCA B aHOMAJBHO OOJIBIIMX panuycaxX. IlonyueHHBIE, B HACTOSIIEN paborTe,
pamguycsl o6JaJaloT 3aBBIIEHHBIMU 3HAUEHMSIMI, UTO XOPOILIO COIJIACYETCA C pe3yJIbTaTaMu
3HAUEHUI PaJUyCcoOB APYIMX aBTOPOB. TakKe IOJIyUeHbI BKIAAbI KJIACTEPHBIX CTPYKTYP JaHHBIX
anep. Tak, Hanpumep, B mpeacraBieHum 11Li->9Li+2n, pacueTHBle 3Ha4eHMsS IIOKa3bIBAIOT,
YTO 3TU CTPYKTYPHI SIPKO BBIPAKEHBI M BHOCAT CYLLECTBEHHBII BKJIAJ B IOJHYI aMIUIUTYXY
paccesHuS.
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doTosAEpHbIE peaKIUM C BHLUIETOM HPOTOHOB Ha M30TOIAX
IpOoms
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Vzyuenne ¢oToAfepHBIX peaKIMil Ha pefKO3eMeJIbHBIX 3JIeMeHTax MMeeT (QyHmaMeHTaJIbHOe
3HaueHMe Uit OoJyiee IIOJIHOTO IIOHMMAaHWS CTPYKTYphl sigpa.  Kpome Toro, momoGHbIe
JICCJIEOBAHMSA MMEIOT BaXKHBI IIPUKIAMHONM acleKT — m3-3a2 CBOUX (PU3MKO-XMMMUECKUX
CBOJICTB 9TM MeTAIBI OOJafaioT OOJBIUMM IIOTEHIMAJIOM MJIA IPMMEHEHNS B TapreTHOI
PafMOHYKIMAHONM Tepanmi, IO3BOJIIIOIIEN JOCTABIATh MCTOUHNMK MOHM3UPYIOIMX M3IyUeHNA
HEITOCPECTBEHHO K IIOPKEHHBIM TKaHIM, MUHMMU3NUPYS IIPY 3TOM BO3JelICTBIE Ha 310POBBIE
OpTraHBL

Hamn mpoBemeHBI JCCIEeJOBaHMS BBIXOAA IIEPCIEKTMBHOTO MeRMIMHCKOro usoroma 166Ho
npu oOJIydeHWY MMIIEHEl eCTeCTBEHHOrO 3pOus TOPMO3HBIM M3JIy4eHMEM C TPaHUYHOI
sHeprueil 23 MsB. HaBemeHHas aKTMBHOCTh B OOJYUYEHHBIX MUIIEHSIX MCCIELOBATAch Ha
ITOJIyIIPOBOJHMKOBBIX CIIEKTPOMETpaX C JETEKTOpaMM ¥3 CBEPXUNMCTOTO TepMAaHNSI B YCIOBUIX
Hu3Ko(oHOBoI 1aboparopuu. Hanmune akrnBHOCTH 166HO B M3MepEHHBIX Y-CIIEKTpaxX HAIEKHO
yCTaHOBJIEHA He TOJBKO II0 XapaKTepHOMY Y-Tiepexony 80.6 kaB, HO U 110 IepuoAy moJypaciana.
C yuerom Ttoro, uro 166Ho m3 mpupomnoro spbms obpasyercs B (y, p) u (y, pn)-peakumsx,
66110 oreHeHO 3¢ (eKTUBHOE CpeqHeB3BeIlIeHHOE 10 IIOTOKY TOPMO3HOTO M3JIyUYeHUs CeueHUe
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03 h=40£10 Mx6H. IIpoBoaMTCS 06CYKAEHME TIONYUEHHBIX TaHHBIX. VccileqoBaHMe BHIITIOTHEHO
IIpU oA AepskKe rpaHTa Poccuiickoro HayuHoro ¢ponpga (mpoekt Ne 25-22-20051).

Cross sections of gamma-quanta production with the energies of
0.429 and 0.478 MeV in the reactions 6Li+d and 7Li+d

Author: Sophiya Taova'

Co-authors: Ivan Karpov !. Leonid Generalov !; Oleg Vikhlyantsev 1. Viktor Zherebtsov !

' All Russian Research Institute of Experimental Physics

Corresponding Author: taova@expd.vniief.ru

The paper presents a new evaluation of integral cross sections of y-quanta production with the
energies of 0.429 and 0.478 MeV in the reactions 6Li(d,n1)7Be*(0.429) (Figure), 6Li(d,p1)7Li*(0.478),
7Li(d,2n)7Be*(0.429) and 7Li(d,d1)7Li*(0.478) obtained with the use of mathematical tools of SaBa
1 electronic library. Uncertainty of evaluated data is in the range of 0.2-11.2%. The reason of the
research are the results of our new experiments (random error 5-10%, systematic error 4%) on ~y-
quanta registration with HPGe-detector on EGP-10 tandem accelerator of RENC-VNIIEF at deuteron
energies from 2 to 10 MeV with a step of 200 keV. Two LiF targets with thicknesses of 300 mu-
g/cm2 (6Li — 70%, 7Li — 30%) and 270 mu-g/cm2 (6Li — 91.06%, 7Li — 8.94%) on thin aluminium and
carbon backings were used. Data on the reaction 7Li(d,2n)7Be*(0.429) were obtained during the
measurements of 6,7Li(d,xt) reactions 2 on Li3N with lithium isotope composition 6Li -0.5%, 7Li -
99.5%.

This work extends our research 3 on evaluation of 6Li(d,p0,1,2,4) integral cross sections and the
corresponding 6Li(d,n0,1,2,4) mirror reactions.

1. A.G. Zvenigorodskij et al., IAEA-NDS-191 (1999).

2. LN. Generalov et al., Bull. Russ. Acad. Sci. Phys. 85, 574 (2021).
3. L.N. Generalov et al.,, Bull. Russ. Acad. Sci. Phys. 86, 937 (2022).

OOHOBIIeHHbIE JaHHBIE IO BHIXOAaM (POTOSIIEPHBIX peaKIIUIii Ha
SApax BUCMYTa, C MHO>KECTBEHHOCTEIO 2-7 HEMTPOHOB.
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Evgeny Yakushev'; Jurabek Khushvaktov'; Konstantin Yunenko'; Mikhail Demichev'; Mikhail Gostkin'; Said Abou
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Kruchonak'; Valeriy Kobets'
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O6pa3sier 0c060 UMCTOrO BUCMyTa OBLIM OOJIyUeHBI Ha ajeKTpoHHOM yckopurene JIMHAK-200
1 ¢ smeprmeit myuka 35-70 MaB ramMma KBaHTaMM TOPMO3HOTO M3JIy4YeHUsS OT BOJb(HPAMOBOrO
KOHBepTepa.

Bbuty mM3MepeHBI BBIXOABI (DOTOANEPHBIX peaKLMil ¢ MHOKECTBEHHOCTBIO OT OBYX OO CeMU
HeiiTpoHOB. Ilo cpaBHeHMIO ¢ IpenbIAylieil paboroit 2 B 3roit paboTe Ha XapaKTepHBIN
IVaIasoH M3MEHEHNUd IapIValbHOTO CeueHNMI KaKmoll (oTosmepHOI peaKIUy IIPUXOMNTCS
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GOJIbIIIE 3HAUMMBIX TOUEK M3MEPEHHOTIO BbIXOHA. PeSyJIbTaTI)I I/I3MepeHI/H7[ IIpE€ACTABJI€EHBI KaK B
BUOE OTHOCUTEJIBHBIX BBIXOOOB peaKIH/Iﬁ, TaK I B BUOE CeueHm!I, YCpE€AHEHHBIX II0 IIOTOKY.

B mnportecce 00paGoTKM MAaHHBIX OBLIO BBISBIEHO HECOOTBETCTBYIE 3asBICHHON SHEPIUU
BBIBEJICHHOTO 3JIEKTPOHHOIO IIyuKa (DAaKTHMUeCKOll. XapaKTepMUCTMKa BBIBOZIIINEr0 MarHuTa
ObLIa yTOUHeHa KaK C IIOMOINBI0 MCTOUHMKOB aibga-4acTMUIl C M3BECTHOI SHeprueil, Tak U
II0 JaHHBIM OTKaJIMOPOBAHHOIO CIVHTIUIIALMOHHOIO OeTeKTOpa IpM paboTe YyCKOpUTENd B
OJIHO3JIEKTPOHHOM PEXIME.

IlpencraBieHHble B paboTe 2 pacyeThl MaplMalbHBIX CeueHMit (POTOSAMEPHBIX peakLUuil Ha
BUCMyTe ObUIM B3STHI C PasHBIMM BeCaMy OTHEJNBHO II0 KBasWAENTPOHHON KOMIIOHEHTEe I
II0 TUTAaHTCKOMY MOUIIOJBHOMY pe30HaHCy. OKCIepUMEHTAJIbHBbIE OTHOCUTEIbHBbIE BBIXOMBI
OBLIN aNnnpoKCUMUpOoBaHb! B3BelteHHoi cymmoit ['/IP u K] criekTpoB, MOTyueHHBIN pe3yIbTar
IpearoJaraeT yBeandeHne BKIaga KBasuaeITpPOHHO KOMIIOHEHTbI CeUeHMI.

1 A Trifonov et al., PoS ICHEP2022, 1094
2 M.Demichev et al, Phys. Atom. Nucl. 85 (2022) no.6, 805-812

Ceuennus 06pa3OBaHI/IH IIPOAYKTOB O€JI€HMNA M MI30TOIIOB TOPpUA

Y IPOTAKTUHUSA npu obiyuenuu 232Th mporoHamu ¢ s3Hepruen
20.9 MsB

Author: Opuit Turapenko'

Co-authors: Anexcanap Apxumos 1. Anexceit Koaymums 5 Anexceit Turapenko L Amnppeit Kasakos z, Amnppeit
Kupcanos '; Aprem Opios '; Banepuit Kusyn '; Banepuit Cron6ynos '; Bragumup Tasumenko '; Bauecnas
Barsie '; EBrenmit XBOPOCTMHUH 2. iBax MequuKoB '; Kupnin ITaBnos 1, Mapus bargesa 1. Muxaui KorenpHblit
1. Muxawn Inencknit '; Hukura Kosanenxo ; Poman THXOHOB ; Cepreit Bamox L Cepreit Bunokypos 2 Tumyp
Kymnesoit '; Ipocinap 3apumkmit '

! HUI] "Kypuamoéckuii uncmumym”

2 TEOXH PAH um. B.U. Bepradcxozo
Corresponding Author: tikhonovrs@outlook.com

C ucnosp3oBaHMEM aKTMBAIMOHHOI METOHUKY, 0e3 XUMMUeCKOJ celtapal(iyl, BBIIIOJHEHBI
n3MepeHns 123-x 3HaUeHUI ceueHUI MPOAYKTOB JeJleHNs B AuarasoHe Macc oT 72Zn no 151Pm
(111 n3oromoB 32-X pasIMUHBIX XMMUUeCKuX aseMeHTOB (Zn, Ga, Ge, As, Br, Se, Kr, Rb, Sr, Y, Zr,
Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Te, I, Xe, Cs, Ba, La, Ce, Pr, Nd, Pm), a Taxxe ceueHns
obpasoBanns 231Th u 232,230Pa.

O6nyuenust mpoBoguiuch Ha crenne HC-20M, Ha 6a3e nmMHeTHOro ycKopuTes IpoToHoB -2, B
teueHNH 1 yaca u 1 MyuH. II10THOCTE MOTOKA IIPOTOHOB, OIIpeeNaiach C UCIIOIb30BaHUEM TaHHBIX
MOHMTOpPHBIX peakiuit natCu(p,x)62Zn u natCu(p,x)63Zn.

IToryueHHBIE 3KCIIEepMMEHTAIbHBIE JaHHBIE, IIPOMOMAENNPOBAHEI C MCIOIb30BaHNEM IIPOIPaMM
PHITS-3.31 (momenu INCL, JAM, Bertini) ¢ 6ubnmorekoir JENDL-5 nu GEF2025v2. PacuerHbie
naunsle 232Th(p,x) peakiuit mosyders! B guanasone 0.01 — 3 I'sB g 38 sHaueHMiT SHePIUN.
st sHeprum mportoHoB 20.9 MsB m smeprmit 100, 200, 800, 1200 m 1600 MsB ( Hamm
Goslee paHHUE Pe3YJbTATHI, MMoNyueHHbIE B 2000 T.), C UCIIONIB30BAHMEM ABTOPCKUX [IPOrpaMM
NIpOBeJleHbl pacyeThl KYMYJATUBHBIX Lerouek mng 72<A<151 M, COOTBETCTBEHHO, pacueTsbl
3HAUeHUII KyMyJIATUBHBIX ceueHnIl. IloaydeHHbIe pe3yIbTaThl, BMECTe C pe3yJIbTaTaMU OPYTUX
aBTOPOB TaK)Ke IIPe[CTaBIeHBI M B Buae GYHKUMIT BO3OYKAEHMUA BCeX IPOAYKTOB peakiuil 1
MAacCCOBBIX KPUBBIX IIPOAYKTOB JeJIeHU.

IToxazaHo, 4TO HeNTPOHHBIN KaHan oOpasoBaHus 233Pa sBisfeTcs NMpeBAIMPYIOLIMM BO BCEM
ImarasoHe aHepruit 20.9 — 1600 MaB.

Jling IpoayKTOB AesleHNs IIPpOBeeHO CpaBHEHE PACUeTHBIX I 9KCIIepUMEHTANIbHBIX pe3yJIbTaTOB
C JCIIOTB30BaHMeM cTaTucTudeckux kpurepnues F, A'F n <F> u ompenerneHna npenckasaTeiabHas
crrocoOHOCTh Kakmoit Mogenu nporpammer PHITS-3.31.
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Optical-model analysis of the proton elastic scattering on 12C nu-
cleus with resonant part contribution

Author: Svetlana Selyankina'

Co-authors: Leonid Generalov !; Viktor Zherebtsov !

' All Russian Research Institute of Experimental Physics
Corresponding Author: selyankina@expd.vniief.ru

The fitting of all available experimental data of proton elastic scattering on 12C nucleus with the
usage of the optical-model program code OptModel [1,2] was performed: differential cross sections
at proton energies from 0.4 to 280 MeV, polarization data at the 6-180 MeV interval and 12C+p
reaction total cross sections from 4.5 to 171 MeV. The violation of the scattering matrix unitarity
(optical-model plus resonant parts) was less than 15% at separate energy points. It was at the level
of the mean errors of the analyzed data. Total cross sections of the reaction are presented in the
figure as an example.

1. L.N. Generalov, V.A. Zherebtsov, S.M. Taova // Bull. Russ. Acad. Sci. Phys. 80 (2016) 295.

2. LN. Generalov, V.A. Zherebtsov, S.M. Selyankina // Bull. Russ. Acad. Sci. Phys. 85 (2021) 1136;
L.N. Generalov, V.A. Zherebtsov, S.M. Selyankina // Bull. Russ. Acad. Sci. Phys. 87 (2023) 1918;
L.N. Generalov, V.A. Zherebtsov, S.M. Selyankina // Bull. Russ. Acad. Sci. Phys. 87 (2023) 1907;
L.N. Generalov, V.A. Zherebtsov, S.M. Selyankina // Bull. Russ. Acad. Sci. Phys. 87 (2023) 1899.

I/ICCJ'ICJIOBaHI/Ie BKJIaga BTOPUUYHOTIO n3jayueHusa B
HEPTETMUECKUE CIIEKTPHbI, IIOJIYUE€HHbIEC B PaMKax

akcnepumenTa MONUMENT

. 2 o
Authors: A6pymnax Nlexana'; Aprém DBricTpskoB®; Bsuecnas Benos®; [lanus 3I/IHaTyJ'H/IHa4; Imutpnit
Vnowkne’; EBrenuit CyH.IeHOKl; Erop leBunk’; Hrops Kuruukos!; Koncrautuu TyceB3; Mapnsa domuua';
Mapx I_HmpquKol; Hapexna PyMﬂHueBaS; Cepreit I(zmapues1

! O6vedunénnbiii unemumym sdeproix uccnedosanuil, [Jy6ua, Poccus

? Obvedunénnbiii uncmumym soeprbix uccredosanutl, Jy6ua, Poccus; Tocydapcmeennviii yHueepcumem «JIy6rax,
[y6ua, Poccus

3 O6vedunénnpii uncmumym sdephvix uccredosanut, Jy6na, Poccus; Texmuueckuii ynusepcumem Mionxena,
TI'apxune, I'epmanus

Ob6vedunénnblii uHcmumym soeprbix ucciedoganutl, [ybna, Poccus;  BopoHexcckuii 2ocyoapcmeeHHbiil
yHugepcumem, Boponesx, Poccus; Tocydapcmeennuiil ynusepcumem «/dy6na», [y6Ha, Poccus

> Obvedunénnuiii uncmumym sdeprblx uccredosanuil, [ly6ua, Poccus; Bopowexckuil zocydapcmeenmbil

yHugepcumem, Boponeaxc, Poccust
Corresponding Author: ilyushkin.d@mail.ru

B pamkax skcmepumenta MONUMENT, HampaBileHHOTO Ha M3yueHIe IIPOIIECCOB MIOOHHOTO
3axBaTa B Pa3jIMYHBIX A[pax, MCCIeNOBaH BKJIAJ BTOPMYHOIO M3JIyueHNUS B (OpMMpOBaHUE
9HEPTeTUUECKUX CIIEKTpoB fAfep 136Ba m 76Se. Ilom BTOPUMYHBIM IIOHUMAaeTCd M3JIydeHHe,
COIIPOBO’KAAIOIIIee ITPOIiecC MIOOHHOTO 3aXBaTa, HO He ABJIAIOLIeecs Pe3yJIbTaTOM NeB0o30yKIeHNs
aApa 4Yepe3 UCIIyCKaHME TIaMMa-KBaHTOB. Beuim  m3ydeHBI CIEKTpEI, IIONIy4YeHHBIE C
ucnonssoBanreM HPGe-merexkTopos, 1 olieHeHa pob HOTOHOB ME30PEHTTEHOBCKOTO M3y UeHIST
n HeliTpoHOB. Ocofoe BHIUMAaHNeE yHAeJIeHO aHaIM3y MHTeHCUBHOCTI HETPOHHOTO M3IYUYEeHMNH,
BO3HUKAIOIIEr0 HEIOCPEANCTBEHHO B pe3yJbTaTe MIOOHHOIO 3axBaTa, a TaKKe OIIpeesIeHIIO
BPEMEHHOM KOHCTAHTBI, BXOJAIIEN B 3SKCIOHEHUMAIbHBIA 3aKOH 3aTyXaHUs HEMTPOHHBIX
CUTHAJOB.  OTU pe3yNbTaTbl MMEIOT 3HaueHNMe MJid IIOBBIIIEHUS TOYHOCTU OIIpeleNeHMI
IapaMeTpOB, XapaKTepU3YIOIIUX IIPOLIECCHI MIOOHHOTO 3aXBarTa.
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YacTtuma—y-Koppeasanun 1 yriiopoe pacipeaejieHue y-KBaHTOB B
peaknmax ¢ JerkKuMM YacTUIIaMI Ha 2c

Author: Haranss 3emenckas’

Co-authors: Auppeit Criacckmit 1, Buxrop JleGeneB . Mupus Tamanuna '; Huna OpiioBa !

Y MTY, HUHA® umeru 1.B.Cxobenvybina
Corresponding Author: ns-zelenskaya@yandex.ru

PyHKIMA YIIIOBOM KOppendanuy KOHEUHOM YacTULBI y U y-KBaHTa JMCIIOJNb30BaHa AN aHalIM3a
~-U3JIyueHUs, CHUMAIOIIEr0 BO30OyKmeHme obpasoBaHHoro B peakuuu A(z,y)B* xoneunoro
anpa. IlokasaHo, uro yriosoe pacupenesenne (YP) y-usiyueHns onpenensercs yCpeHEHHBIM I10
yIJlaM BBLIETA YACTUIBI V CIMH-TeH30paM Ajo MaTpUIBI INIOTHOCTY 00pa30BaHHOTO B peaKLUN
agpa B”.

B Heympyrom paccessHUM JeNTpOHOB c 3Heprumeit 15.3 MsB ma aape '2C YP momyuensr
IpM  VCIOJIB30BAaHUM  SKCIIEPUMMEHTAIBHBIX I  pacUeTHBIX 3HAUEHMI CIIMH-TEH30pOB
Matpuibl riotHOCcTH Axapa ‘2C(271), ompemenennerx mamm B 1. Pacuetnoe YP coBmamaer c
9KCIIepMMEHTAJIbHBIM IIPU BBIOOpE YIJIOBOTO I¥alla3oHa yCpPeIHEHMs PacCesSHHBIX NelITPOHOB,
COOTBETCTBYIOIIEro 3KCIIepUMEeHTAIbHOMY.

B Heynpyrom paccessHUI HEMTPOHOB ¢ sHepruelt 14.1 MaB skcnepuMeHnTanpHoe YP y-KBaHTOB 2
COIIOCTABJIEHO C PACCUMTAHHBIM Ha OCHOBE CIIMH-TeH30poB Ay ck = 2, 4, onpeiesleHHBIX B MeTOLE
cBA3aHHBIX KaHaToB (ko FRESCO 3). KoadduimenTs! cBa3u kaHanoB B axpe '2C ¥ mapaMeTphI
ONTUYECKUX ITOTEHIVATOB IIPY pacueTe OINpeeseHbl U3 COOTBETCTBUA KCIIEPMMEHTAIbHBIX I
pacueTHBIX AUdQepeHIMATbHBIX CEUEeHMIT HEYIIPYToro pacCesHys HEMTPOHOB B paMKax 3TOTO
xke Mmeroma. Hopmmposannoe Ha Aoy YP y-KBaHTOB coriacyeTcs ¢ 9KCIEpUMEHTATbHBIM 2.
IToxasaHo, YTO aHM3OTPONNSA Y-U3TyUeHN B HEYIIPYTOM paccesHIM HEMTPOHOB IOYTH B 1.5 pasa
TIpEeBBIIIAET CBOII aHAJIOT B PACCETHNN AeHITPOHOB.

1. LI Galanina, N.S. Zelenskaya, V.M. Lebedev, et al., Phys. Atom. Nucl. 70, 1 (2007).
2. D.N. Grozdanov, N. A. Fedorov, V. M. Bystritskiy, et al., Phys. Atom. Nucl. 81, 588 (2018).

3. J. Thompson, Comp. Phys. Rep. 7, 167 (1988); http:// www.fresco.org.uk.

Cluster folding analysis of the 13C + 12C system at energies near
the Coulomb barrier

Author: Daniyar Janseitov'

Co-author: Dilshod Alimov *

! Institute of nuclear Physics, Almaty city, Kazakhstan
Corresponding Author: janseit.daniar@gmail.com

Motivated by the cluster structure of 3C, where a '2C core is coupled with a neutron at an exci-
tation energy of 4.946 MeV, we investigated the effects of single-nucleon transfer between 3C and
12C nuclei. The neutron stripping transfer reaction, 12c(13C,120)13C, was studied at center-of-mass
energies (E..,,,.) ranging from 7.8 to 49.14 MeV. We analyzed both elastic scattering and elastic trans-
fer data using the optical model (OM) and the Distorted Wave Born Approximation (DWBA). The
analysis incorporated a cluster folding potential, which accounts for the cluster nature of the '3C
nucleus-comprising a 12C core with a valence neutron orbiting around it. Our results show rea-
sonable agreement with the experimental data across the entire energy range. Furthermore, we
extracted the spectroscopic amplitude for the 13C->2C+n configuration, and the obtained values
are consistent with previously reported results.
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Pacuer cOOCTBEHHBIX 3HAUEHUII M COOCTBEHHBIX (DYHKIINII

rammiabToHMaHa bBKIII mpum TOUuHOM cOoxXpaHeHMH UIMCJIA
YaCTHIL

Authors: Anexcauap Bnacuuxkos'; Apcennit Jlynés'; Banepuit Muxaitnos'

' Canxm-TlemepGypeckuil 20cydapcmeentbiii ynusepcumem
Corresponding Author: a.vlasnikov@spbu.ru

ns onpenesneHns coOCTBEHHBIX (GYHKIMI U COOCTBEHHBIX 3HAUEHUII raMMIBTOHMAHA MOJENN
BKIII ¢ TOYHBIM coXxpaHeHMeM gmcia yactui [N

Hpcs = Zt(& — )N — Gzt,p AIAw
e Ny =ala, + attatf7 Al = aiatt, A, = apap,

aI (at) - ¢epmuoHHBIE oOIEpaTOpHl pPOXKAeHUA (YHUUTOXKeHuUs); t(p) — COBOKYIIHOCTh
OJ{HOYACTUUHBIX KBAHTOBBIX UMCEJL, COCTOSIHNE { CONPSKEHO IO BPEMEHM K COCTOSHMIO ¢, £ —
OJHOYACTIYUHbIE SHEPIUN, [, — YPOBEHb OTCUeTa SHeprumii, paspaboTaH NIPOrpaMMHBII IIaKeT,
oTIMuarImitcas: 1) MeTOZOM IIOCTpOoeHMs W30MopdU3Ma MEXKAY OJHOKOMIIOHEHTHBIMI
MHOEKCaMI, HyMepYIINMMM CTPOKM M CTOJNOI(BI B JMATOHANM3yeMBIX MaTpHULAX, U
OJHOYACTUYHBIMU COCTOSHMAMM KXKIOTO OJHOYACTUYHOTO YPOBHA, XapaKTepU3yeMOro
OIpefleIeHHBIM CEHMOPMTH M KOJMYECTBOM 4YaCTHI] HAa NAHHOM YpPOBHe; 2) TMOKOCTBIO
MeTOoJia AMArOHAIM3AI[MY, ITO3BOJIIOLIEr0 BBIOMpATh Hamboiee OBICTPOMEVICTBYIOLIMII METON
IVarOHANM3AIMI, COOTBETCTBYIOLIMIT CIIELM(PUUECKUM OCOOeHHOCTAM 3ajaunm. Hampuwmep,
HamGonbinas 3QGeKTMBHOCTh Ipy paboTe C IONyd4aeMBIMM MATpHUIAMM OOJBIINX IIOPIIKOB
orMeuaercsd and Meromga JlaHmoma m ero Mmommpmkaumit. OpHaKo, B CIydadx, KOrja He
BBIIIONHAIOTCA KPUTEPUIU YCTONYMBOCTM MeTona, JubO IId MATPUI[ CPaBHUTEIBHO MAJIBIX
IOPSAKOB IIPEIIIOUTUTENbHBIM OKasbIBAaeTCs BBIOOP APYTMX METOMOB AMATOHAIM3ALNH; 3)
WICITOTb30BAHMEM [ MaTpuI] HamGombpimmx TopsamkoB (6omee 10%x10%) wmaTepakTMBHBIX
IIOAXOMOB K alropMTMaM, IOApa3yMeBaloIIMX IIPefABapPUTENbHYH (aKTOpM3aLMI0 MATPHI] KO
IIPUMeHeHNS BBIUMCIUTEIbHBIX METONOB.
[na peammsaumy BBIUMCIUTEIBHBIX METONOB I IIOBBILIEHNS IIPOM3BOANUTENBHOCTV B
IIPOrpaMMHOM KOMILIEKCe, paspaboranHoM Ha C++, WCIIONb30BaHBL IOCIEQHNE BEPCUI
CoBpeMeHHBIX Ombimorek iumHeitHoi anrebpsr (Eigen 3, Armadillo), nmpumeHeHbBI TeXHOJIOIMK
MapaJuIeJIbHOTO ¥ paclpeesé HHOTO porpaMMupoBanns. [IponsBeqeHb! IPOrpaMMHBIIL aHAIN3
u onTuMM3auys koga cpegcreamu MS Visual Studio u pacimpennii.
B pesyibTaTe CyIIeCTBEHHO ITOBBIIIEHBI CKOPOCTh PacueTa COOCTBEHHBIX QYHKIINII ¥ COOCTBEHHBIX
COCTOSHMIT PacCMaTPMBAeMOT0 TaMIUIBTOHMAHA JIT MHOTOYPOBHEBBIX 3a/1a4.

KirroueBpre ciroBa: Tamunvmonuan BKII, mouHoe coxpaHeHue uucia 4acmuy, Memoo
0UA2OHATU3AUUU

CIMCOK MCIOIb30BaHHBIX ICTOUHIIKOB
1. JIyués A.B., Muxaitnos B.M., Bracuukxos A K., U3s. PAH. Cep. ¢us. 79, 997 (2015).

Neutrinoless double electron capture under X-rays

Authors: Feodor Karpeshin'; Vladimir Kondratyev?

! D.I Mendeleyev All-Russian Institute for Metrology
2 JINR

Corresponding Author: vkondrat@theor.jinr.ru

We consider possible effect of electromagnetic radiation on the neutrinoless double-electron capture
- Ov2ec. For cases of X-ray free electron lasers - XFEL and/or inverse Compton X-ray sources it
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is shown that such a decay can be significantly enhanced due to tuning the system to the resonant
conditions through an absorption and/or emission of a photon with the decay resonance defect
energy A . For a case of 78Kr — 78Se — Ov2ecL1L1 capture we demonstrate a possibility of increasing
decay rate to ten orders of magnitude or even larger.

JKCIepUMEHT 110 OIIPeeIeHIIO CIIEKTPA SIHEPIUI BO30y KIeHI s
anpa ‘He B peakum n + Li

Author: Muxann Mop11013c1<01711

Co-authors: Anexcaunp Kacrapos '; Anekceit Apornn '; Bacummit [Tonomapes '; Bauecnas Muyx '

' U1 PAH
Corresponding Author: mvmordovsk@mail.ru

Ha neitrpornom kanane PAJI9KC WSV PAH Ha co3maHHOM yCTaHOBKE JJIS VICCJIEJOBAHSA CBOJVICTB
BBICOKO BO30Y)KIEHHBIX COCTOSHMII JIETKUX sfep 1 IpoBefeH SKCIEPUMEHT II0 OIpe/esIeHII0
criexTpa sHeprum Bo36yxaenus aupa *He B peaxtmu n+ " Li—d+5He* —d+t+t. B skcriepumenre,
IIpOBeIEHHOM TPV SHEepPIMI HeMTPpoHOB 40-60 MaB, permcTpnpoBaIich B COBIIafeHNI BTOPIIHBIE
IEITPOHBI ¥ TPUTOHBL. DHEPIMs U YToJI BhIJIETA He JeTeKTUPYeMOil yacTULbI (1), a TaKiKe 9Heprus
IIEPBUYHBIX HEJITPOHOB, BBLI3BABIIMX PEaKLMIO, BOCCTAHABIMBAIMCL M3 3aKOHOB COXpaHEHN
9Hepruy UM MMIIyJbca. B paboTe IpencTaBiIeHBI IIEpPBBIE PE3yJIbTATHI IO ONPeNeIeHNIO CIeKTpa
suepruu Bo3byxuenus F, (°He), moydeHHOro 1o yriaM BbITeTa ¥ SHEPTUAM MPOTYKTOB pasBaja
BBICOKO BO30Y>KIeHHbIX cocTostHuit OHe™.

HcciemoBaHe BBIIIOJIHEHO B paMKaX HaydHOII ImporpaMMsl HanyoHanbHOro HeHTpa GU3NKU U
MaTeMaTVKy, HanpasieHne Ne 6 «fInepHad u paguanyoHHasa QusmKar.

1. M.V. Mordovskoy et al., Bull. Russ. Acad. Sci. Phys. 88, S135 (2024).

Study of excitation of isomeric states in reactions (y,n), (n,2n) and
(n,y) on 108,110Pd nuclei

Author: Satimboy Polvonov'

Co-authors: Anvar Inoyatov 2. Asror Ramazonov }; Bakhtiyor Kurbonov 3. Gulnaza Palvanova !; Guzal
Atazhanova !; Olim Tojiboev 3. Saidmuxammad Axmedov !

! National University of Uzbekistan
% Joint Institute for Nuclear Research, Dubna, Russia

* Institute of Nuclear Physics
Corresponding Author: palvanov1960@gmail.com

In this work, we studied the excitation cross sections of isomeric states in nuclear reactions of the
(y,n), (n,2n) and (n,y) type on 108,110Pd nuclei. The isomeric yield ratios were measured by the
induced radioactivity method. Samples of natural Ba (the barium peroxide samples) have been ir-
radiated in the bremsstrahlung beam in the energy range of 12-35 MeV with energy step of 1 MeV.
For 14,1 MeV neutron irradiation, we used the NG-150 neutron generator. For the (n, y) reaction,
experiments were carried out at the BB3-CM research reactor of the Institute of Nuclear Physics of
the Academy of Sciences of the Republic of Uzbekistan
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Role of Surface energy coefficient in o decay of residual nucleus
214U formed via 36Ar Induced Reaction

Authors: ASHUTOSH KAUSHIK'; Manoj Kumar Sharma’

! Thapar Institute of Engineering & Technology Patiala Punjab
Corresponding Author: ashukaushik411@gmail.com

The o decay is a fundamental nuclear process where an unstable heavy nucleus emits an « particle,
along with a complementary daughter nucleus. The comprehensive understanding of this dominant
radioactive decay imparts useful insights for better understanding of nuclear stability and related
aspects 1.

In this study, we have investigated the o decay of residual nucleus 214U formed in the fusion evap-
oration reaction 182W(36Ar,4n)214U reaction, using the Dynamical Cluster Decay Model (T # 0) 2.
We have employed 13 sets of surface energy coefficients (y0) and corresponding surface asymmetry
(Ks) 3 on the alpha decay characteristics of ***U.

Our results show that the calculated a-decay half-lives with different sets of surface energy coef-
ficient (y0) and surface symmetry term (Ks), show decent agreement with experimental data 4 at
the optimized neck length parameter. The neck length parameter increases almost linearly with the
surface energy coefficient at the corresponding Ks values taken from ref 3. For further exploration,
we have performed two sets of calculations: one using the average value of K, within each y,, and
another using the average value of y, within each K. The first approach gives a better agreement
with experimental data, highlighting the dominant role of the surface energy coefficient (y,) in the
a-decay process. This work offers an understanding of the sensitivity of a decay observables to the
nuclear surface properties. We are in process to extend the analysis to the a-decay chain of 214U in-
cluding the nearby isotopes (e.g. ,215U,216U and 218U) to investigate the robustness of this behavior
across the a decay chain of the residual nucleus and corresponding radioactive isotopes for better
understanding of the a-dynamics.

HccnenoBaHue mpomeccos ynpyroro paccesaus 'B(p,p)!'B nmpu
HU3KIX HEPTUAX

Author: Avixen Hypnencos'

! Kasaxckuti Hayuonawvhulil ynueepcumem umenu anv-Papabu, Anmamul, Kazaxcman
Corresponding Author: aiken9898@mail.ru

OpHOII M3 aKTyaJbHBIX 3ajau SAEpPHOM acTpO(M3MKM SBJISETCS BBICHEHME IPUYUH
ITOBBIIIEHHOTO cofep)KaHus JErkux snemeHToB (Li, Be, B) Bo BcenenHoit. 3Tu 31eMeHTHI He
MOryT 93¢ peKTUBHO CMHTE3MPOBAThCI B 3BE3aX B X0/l CTAHAAPTHHIX IIPOIIECCOB HYKJIEOCHHTE3A,
IIOCKOJIBKY ysKe IIpM TeMIlepaTypax IOpsaKa 2-5-10° K oHmM mHTEHCHBHO paspylalnTcsa B
peaxuusax Tuna (p,7y) u (p,cr). CorslacHoO TeOpeTMUECKUM pacuéTaMm, B TAKMX YCIOBUSIX CONEPIKAHIE
M30TONOB JuTHA, Oepuyuiust U Gopa MOJKHO COCTaBIATh He Gojee 10713 mo orHomeHnmo x
Bopmopony. OmHako acTpoHOMMUECKIe HAOII0EeHMsT II0Ka3bIBAIOT, UTO MX peaybHOE KOJIUYECTBO
B 100-1000 pa3s BbIIIE.

[IpsiMoe m3MepeHMe ceueHUI SOEPHBIX peakuuil, Takux Kak (p,y), (p,) u Opyrux, Ha JETKUX
SApax IpY OUeHb HU3KUX SHEPTUIX, COOTBETCTBYIOIIIMX TeMIIepaTypaM IOopsaaKa 107 K, mosBousiet
IIPOBEPUTH PA3INUHBIE TEOPETUUECKUE MOMENN, OOBICHIIOIIE HAOM0AaeMoe pacIpe/eeHe
XUMHIYECKIX 3JeMeHTOB Bo BceseHnoit. Kpome Toro, mcciemoBaHMe IpOIECCOB YIIPYTOro
paccesHus IPOTOHOB Ha JIETKUX SApPAX IPY HU3KMX SHEPTMSIX HEOOXOOUMO IS IIOJTYUeHUS
TOYHBIX ITapaMeTPOB IIPOTOH-INEPHBIX ITOTEHIMAJIBHBIX MOJEJIeil, IIpMMEHSIeMBbIX B pacdyeTax
SIEPHBIX PEAKIIVII C aCTPOPU3NUECKOT 3HAUNMMOCTBIO.

Oco0blit MHTEpeC IpefcTaBiseT MCCIeJOBaHNe YIPYToro paccesiHus MPOTOHOB Ha M30TOIIE 23
YUUTBIBASA €ro BAXXHYIO POJIb B IMEPCIIEKTUBHBIX TEPMOAAEPHBIX 9HEPTreTMYeCKIX YCTaHOBKaX. B
YaCTHOCTH, paAVallVIOHHBIE 3aXBaThI Ha!'B HeCyT MHGPOPMALINIO 0 KOHI[EHTPALMY 3TOI0 M30TOIIa
71 0COOEHHOCTSIX €r0 CTOPAHNS B TEPMOSIAEPHBIX PEeAKIIVIAX.
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OKcrepuMeHTaIbHasI YaCcTh HACTOAIIell paboThI ObLiIa IIpOBefeHa C MCIIOIH30BaHIEM IIPOTOHHOIO
kxaHasa yckoputens YKII-2-1 PITI ma IIXB UA® M3 PK. B xauecTBe MullleHell NPUMEHSIUCDH
TOHKas CcaMOIOJepKuBapoIiasca ¢onpra u3 !B Tommmuoit 313 Mxr/cm? ¢ M3BeCTHBIM
M30TOIHBIM O0OrallieHNeM, U3TOTOBJIEHHbIE C IIOMOIIBI0 3JIEKTPOHHO-IyUeBOTO HAIIbUIEHMS Ha
ycraHoBKe BYII-2.

Bouno BrimosHeHO moppobHOoe m3MepeHue qubdepeHINAIBHBIX CEUeHNIT YIPYTOro pacCessHUs
IPOTOHOB Ha A1pe UB p nmanmasome YIJIOB OT 10° mo 168" ¢ miarom 10° IIpU SHEPIUAX
HaJIeTaIoIuX MpoToHoB 1200, 1000, 800, 600 k3B. IlorpeniHocTs sKCIEpMMEHTANBHBIX JaHHBIX I10
nuddepeHIaTBHEIM CeUeHNIM YIIPYTOTO PaccessHIA TIPOTOHOB Ha ' B cocrasser 10%.

INVESTIGATION OF THE ELASTIC SCATTERING PROCESSES ''B(p,p)!'B AT LOW ENER-
GIES

A XK. Nurpeisov

Al-Farabi Kazakh National University, 050040 Almaty, Kazakhstan
email: aiken9898(@mail.ru

One of the current tasks of nuclear astrophysics is to clarify the reasons for the increased abundance
of light elements (Li, Be, B) in the Universe. These elements cannot be effectively synthesized in stars
during standard nucleosynthesis processes, since already at temperatures of about 2-5-10° K they
are intensively destroyed in reactions of the (p,y) and (p,«) type. According to theoretical calcula-
tions, under such conditions the content of lithium, beryllium, and boron isotopes should not exceed
10713 relative to hydrogen. However, astronomical observations show that their actual amount is
100-1000 times higher.

Direct measurement of nuclear reaction cross sections, such as (p,7), (p,«), and others, on light nuclei
at very low energies corresponding to temperatures of about 107 K, makes it possible to test various
theoretical models explaining the observed distribution of chemical elements in the Universe. In ad-
dition, the study of elastic scattering processes of protons on light nuclei at low energies is necessary
to obtain accurate parameters of proton-nucleus potential models used in the calculations of nuclear
reactions of astrophysical importance.

Of particular interest is the study of proton elastic scattering on the isotope !B, given its important
role in promising thermonuclear energy systems. In particular, radiative captures on ''B provide
information about the concentration of this isotope and the features of its burning in thermonuclear
reactions.

The experimental part of this work was carried out using the proton beam line of the UKP-2-1 ac-
celerator of the Institute of Nuclear Physics, Ministry of Energy of the Republic of Kazakhstan. As
targets, thin self-supporting foils of *B with a thickness of 313 pg/cm? and known isotopic enrich-
ment were used, prepared by electron-beam deposition using the VUP-2 setup.

A detailed measurement of the differential cross sections of proton elastic scattering on the !B nu-
cleus was performed in the angular range from 10° to 168" with a step of 10° at incident proton
energies of 1200, 1000, 800, and 600 keV. The uncertainty of the experimental data on the differential
cross sections of proton elastic scattering on !B is 10%.

Long yrast band in '*/Er
Author: Ilona Koval'

Co-authors: Alexander Efimov %; Igor Izosimov *

' 1Admiral Makarov State University of Maritime and Inland Shipping, St. Petersburg, Russia.

2 Admiral Makarov State University of Maritime and Inland Shipping, St. Petersburg, Russia; Ioffe Physical-Technical
Institute, Russian Academy of Sciences, St. Petersburg, Russia.

3 3Joint Institute for Nuclear Research, Dubna, Russia.
Corresponding Authors: izosimov@jinr.ru, lonail104@list.ru

In a number of works, starting with 1, the term kI /(1 + fII) was introduced into the IBM boson
Hamiltonian to describe the compression of the energies of collective states, where I is the angular
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momentum operator. Using this additional term, collective states of the bands were considered, in-
cluding in '4Er. In this nucleus, the states of the collective band are the states of the yrast band up
to the spin 14], and for large spins these will be the following excitations, namely 183 , 203, 227"
States 167 and 167 must be strongly mixed both with each other and experience strong fusion of
other states containing quasiparticle pairs. The introduction of an additional term into the Hamilto-
nian is motivated by the experimental fact of compression of the spectrum of states with increasing
spin. However, this also occurs due to the growth of the influence of non-collective states on collec-
tive states with increasing spin, ultimately leading to the bands crossing. For 154Er, the longest yrast
band of all even Er isotopes is observed. The effective (kinematic) moment of inertia for it, as can be
seen from the figure before the spin of the 14, gives a practically linear dependence on the square
of the rotation frequency. Then, from spin 187, there is a smooth decrease in the moment of inertia
down to the state with spin 36. We analyzed this situation through the dual use of IBM. Namely,
the parameters of the IBM Hamiltonian with the maximum number of bosons (2 = 14 were deter-
mined from the energies of the 2, 41", 67, 81‘, 107, 12;‘, 14;‘, 18+, 207, 22;‘, states. It was further
assumed that a quasiparticle strip is constructed from the very beginning on a two-quasiparticle
state with spin .JJ;, = 10" and energy F,. The energies of this band are determined by the energies
of states with spins from 18{r to 367, and for IBM, minus Jg = 10, these states have spins from
81, to 26] at Q = 13. The quasiparticle energy F, = 2.7 MeV was determined in such a way that
the energy match was the best. The results of the calculations, displayed through the moments of
inertia, are given in the figure and, as we can see, are quite consistent with the experimental data,
including the decrease in the moments of inertia after the state with spin 18;". The reason for this lies
in the spin dependence of the moment of inertia. Thus, here we have the longest band of collective
states that appears after the bands crossing. Moreover, the energies of the states of the strip formed
after the crossing of the stripes are extremely close to the SU(3) IBM limit. This is manifested in the
fact that the ratio of the energies of the band states to the energies of the purely rotational band are
respectively equal to 1, 0.993, 0.985, 0.974, 0.96, 0.945, 0.928, 0.91, 0.891, 0.87, 0.85, 0.829, 0.806 for
spins from 2] to 267 .

1. N. Yoshida et al., Physics Letters B 256, 129 (1991)

Analysis of 17 excitations in 1°0 with polarized protons inelastic
scattering reaction

Author: Mikhail Onegin'

! Petersburg Nuclear Physics Institute of NRC Kurchatov Institute
Corresponding Author: onegin@thd.pnpi.spb.ru

Nuclei 190 have closed shells in LS scheme and shouldn’t have 17 excitations. Nevertheless there
are at least three excitations of these type observed in (p,p’y), (e,e’) and (p,p’) reactions at energies
16.22, 17.14 and 18.79 MeV. Also there are three analog states in ‘N and 'SF nuclei. It is needed
to include in valence space at least 1p; /3 and 1d5/ shells in spherical shell model to produce such
excitations. Due to correlations in the ground state the level 1p;,, becomes only partly packed.
Probability that both proton and neutron occupy the 1p;/, shell for such limited valence space is
only about 70 percent. Excitation of 17 levels is the result of reorientation of spins of protons and
neutrons in 1p; /o and 1d;/, shells. It is supposed that these levels have isospin equal to 1 as we see
analog levels in the adjacent nuclei.

We made shell model calculations for different valence spaces including 1p;/2-1ds/2-2s1 /2 space,
1p;/2-1d-2s space and 1p-1d-2s space. Also different hamiltonians were used. The best result we
got for the 1p; /3 -1d - 2s valence space and an unsatisfactory result for thd 1p-1d -2s valence space.
Meanwhile even for the 1p; /5 -1d - 2s valence space we got only qualitative description of the en-
ergies of excitations and the reduced probabilities of radiation excitation of these levels. Also the
theory predicts more 17 levels then have been observed in the experiments.

Excitations 17 in nuclear are characterized by spin and current transition densities which are differ-
ent for different levels. Inelastic electron scattering excite both but inelastic proton scattering at zero
degree excite mainly spin degrees of freedom. Comparing these two types of 11 levels excitation
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we can deduce the role of spin and current degrees of freedom in every excitation. Unfortunately,
the accuracy of this method is not too high. In this work we study the influence of the type of exci-
tation (spin or orbital) on the characteristics of the polarization of the inelastically scattered protons
at small angles, precisely on the diagonal coefficients of depolarization. For such unnatural parity
excitations the sum of this coefficient at zero angle is nearly equal to one: Dy;+Dny+Dgs =~ —1.
Also Dyn = Dgg, but the ratio Dy /Dy, is different for different excitations. We inverstigate
the dependence of the value of this ratio on the type of the excitaion.

emphasized text

Asymptotic normalization coefficients from the proton transfer
14C(3He, d)'°N reaction

Authors: Azizbek Tulkinov'; Elbek Ruziev?

Co-author: Erkinjon Ikromkhonov *

' National University of Uzbekistan named after Mirzo Ulugbek, Tashkent, Uzbekistan
2 Institute of Nuclear Physics, Tashkent, Uzbekistan
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In this work, we analyzed the differential cross sections (DCS) of the 1*C(3He, d)!°N proton trans-
fer reaction using the Modified Distorted Wave Born Approximation (MDWBA) method. From this
analysis, the squared values of the Asymptotic Normalization Coefficients (ANCs) for the ground
and excited states of 1N — 14C + p were extracted. In addition to providing new insights into the
structure of the 15N nucleus, knowledge of the squared ANC for the >N — 1%C + p configuration
is essential for calculating the proton radiative capture cross section 14C(p,)1°N. This reaction
competes with the neutron capture reaction 14C(n,~)'5N, which is considered in inhomogeneous
Big Bang models 1. In this context, the competing *C(p, 7)'°N reaction influences the nucleosyn-
thesis scenario and requires careful evaluation. This leads to a higher reaction rate for 1*C(p,v)'*N
at lower temperatures 2, significantly enhancing the role of this reaction in the synthesis of heavier
elements in the low-energy region during various stages of the Universe’s formation and evolution
3.

The experimental data were taken from 4. The optical potential (OP) parameters used in the DCS
calculations within the MDWBA framework are provided in [4-6]. To assess the peripherality of
proton transfer, the geometric parameters of the Woods—Saxon (WS) potential for the bound state
of the proton in the !N nucleus were varied within the ranges 1.10<r0<1.40 fm and 0.54, the ex-
perimental differential cross-section values are reported jointly for both excited states We extracted
the ANC values for both excited states separately, following the approach in [7]. For 5N — d+p
binding, the value of the squared ANC was used equal to 4.28+0.50 He [8]. The values of the ANC
squares were found to be 4.32+0.76 fm ™', 12.52+2.17 fm ™', 0.48+0.09 fm ™', 0.032+0.007 fm "
and 0.0068+0.0015 fm_1 for the states 5.27 MeV, 5.30 MeV, 6.32 MeV, 7.16 MeV and 7.30 MeV, respec-
tively. These findings demonstrate that such reactions provide a reliable method for determining
ANCs, even for tightly bound proton states.
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Evaluation of the nuclear temperature in low-energy fission by
isoscaling
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Isoscaling is a feature typical of statistical processes. As anticipated by theoretical studies about
two decades ago 1, this phenomenon was proved by the analysis of selected fission fragment yields
available in the public domain 2. These comprehensive data provide a field of successful studies to
the present time 3.

In this regard we analysed fission fragment yields taken from the data library 4, assigned to certain
classifications of low-energy fission processes. Fission fragment yields Y;, Y> within 25 < Z < 70,
delivered by the low-energy fission of nuclei in the range from Th to Fm, were analysed according
to the relation

Y2(N,Z)/Y1(N, Z) = const - exp(aN + 5Z)

The processed data showed by the majority an exponential dependence of the ratio of related pairs
of fission fragment yields versus their charge Z or neutron numbers N. This behavior, denoted as
isoscaling,indicates statistcal features in the fission mechanism. Therefore, one expect a dominant
role of the symmetry energy of nuclear matter. The isoscaling parameters and were derived by fits
to the exponential plots. In the framework of statistical models the isoscaling parameters and are
related to the neutron and proton chemical potentials, i.e the nucleonic compositions of the nuclear
systems (s) undergoing fission as well as to the intrinsic nuclear temperature 7" by the equation
including the symmetry energy coefficient Cyyp,: T = 4Csym(Z/A)?s

This relation was used for a lot of ratio combinations of fission fragments with pronounced isoscaling
features, i.e. which are indicated by a regular trend of the isoscaling parameters on Z or on N. The
nuclear temperatures, obtained on such conditions, are in agreement with those evaluated by the
isotope thermometry approach [5]. Apart from that, deviations from the regular behavior of the
isoscaling parameter on Z ( on N) indicate on appreciable contributions of shape deformations and
shell effects in addition to the symmetry energy and require involved corrections.

1. W.A. Friedman, Phys. Rev. C 69, 031601 (2004); A.S. Botvina et al, Phys. Rev. C 65, 044610.
(2002).

2. M.B. Tsang et al, Phys. Rev. Lett. 86, 5023 (2001); M. Veselsky et al, Phys. Rev. C 69, 031602
(2004).

3. Y.-J. Chen et al, Chinese Physics C 45, 084101 (2021); S. Kundu et al., // DAE Symp. Nucl. Phys.
67, 681, (2024).

4. https://www-ndc.iaea.org, ENDF/B.

5. M.N. Andronenko et al., //BRAS 2020, 84, 1540.

Bonpocbl MOHUTOPMPOBAHMSA M3JIYUYEHMII IIPU MCCIETOBAHIN

(bOTOHJ.IeprIX peaxuuﬁ N aKTUBaAaIUM MaTeEpNaJI0OB Ha JIMMTHEITHOM
AIIEKTPOHHOM YCKOPpUTEJIE
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B pabore BHUMaHMe HAIIPABJIEHO K BOIIPOCAM M3 00JIACTU UCCIeNOBaHMS (POTOSHEPHBIX peaKIimit

npu Hu3Kux (xo 10 MaB) sHeprusx TOpMO3HOIO M3JIyUeHNs 3JIEKTPOHOB JIMHETHOTO YCKOPUTEIS
1. Ha nuueitHom yckopurene JIYS-8-5 MAW PAH panee ObuiM IIOJyUeHBI YJIydllleHHbBIE
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XapaKTepUCTUKY ITyYKOB 3JeKTPOHOB C BBICOKMM 3HepreTMYecKUMM paspelleHneM okoyio 1 %
(xapakTepHOe y 3TOII cepuy ycKopuTesell mopsaaka 10%) mig mcciiefoBaHUS ANEPHBIX 30MEPOB
BOJIM3U TIOpOra BO30y>KIeHUs MUTMU-PE30HAHCOB Tpu sHepruu 4-10 MaB [2, 3].

3amauy MOHMTOPMPOBAHMSA KaK OCHOBHOIO TaMMa-M3JIy4YeHMS IIPY B3aMMOJEIICTBMM ITyuKa
3JIEKTPOHOB C MUIIEHSAMM, TaK U BTOPMUYHBIX BO3MOKHBIX M3JTYUEHMUII, B YaCTHOCTH, IIpU
VICIIONb30BaHUY MMIIEHell 13 GepIlns, cogepskaT 0COOEHHOCTH M OIpeeIeHHbIe TpeOOBaHIIA.
Boinu mpoBeeHs! IpoGHBIE M3MePeHNsI YPOBHEI BTOPMUHBIX M3IyueHNit 1 raMMa-GhoHa BOIM3K
W-KoHBepTOpa M MMIIEHHON COOpKM BHYTPM 3alllUTHOIO KOHTe/Hepa 13 OOpPMpPOBAHHOTO
IoNMaTUIeHa. PesynbpTaThl M3MepeHNUiI BO3HMKAIOIINX CyMMAapHBIX IIOTOKOB WM3JIy4YeHWUI B
pexyMe peaJpHOro BpeMeHM 0OpabaThIBANNCh C IIOMOIIBI0 MUKPOKOMIIBIOTEPHOTO MOZYJIS
Raspberry Pi um coxpausanucy B 6ase maHHbBIX cepBepa MHcturyrta 4. TOYHOCTH M3MepeHMIt
MOHNTOpPAMM PaaMOAKTUBHOrO (OHA COCTaBNIANA U BTOPMYHBIX M3JIydeHmit mopapaka 0.01
vactury/(cm?-Mun) u 0.02 MK3B/U 1A TaMMa-U3NydeHus. VaMepeHMs MPOBOMVMIINCH TP
SHEPruy 3JIeKTPOHOB 8 MsB m mpm HeCKONBKMX 3HAUEHMAX CpeJHEro Toka oT 1 MKA mo
40 MKA. BrpIfBIeHBI BKJIaAbl BTOPMYHOIO DPaJMALMOHHOTO WM3JIy4EeHNS OT B3aMMOJENICTBMA
TOPMO3HOT'0 M3JIyUeHNs C 3JIeMeHTaMy KOHCTPYKLMII MUIIIEHHOTO yCTPOJICTBA, aKTMBUPOBAHHBIX
pPamgMOHYKIMOOB B oOpasiiax KOMIIO3UTHOTO MaTrepyajia }M MUIIEHAX BHYTPM 3al[UTHOTO
KOHTeJiHepa 13 60pMPOBaHHOIO ITOJIMITIIICHA.

AHanms pesyJIbTaTOB M3MEPEHMII II0KAa3bIBAET, YTO BHYTPU 3AIUTHOIO KOHTEITHepa IPOMCXOINUT
aKTUBaLMd MaTepHaJloB ¢ 00pa3soBaHMEM KOPOTKOKMBYILIUX HYKJIUIOB, KOTOpble MOTYT OBITH
MOeHTNUIMPOBAHBI 110 BpeMeHM JKU3HM M CIEKTPaJbHOMY aHaNM3y u3iydeHus. B pabore
JeJaeTcs 3aKII0UeHIe O BO3SMOXKHOM OIIpeesIeHU XapaKTePUCTUK IPOTEKAINNUX HOTOSTePHBIX
peaxIuif TOpMO3HOTO M3JIyUYeH Ha N30TOIIaX BOJOPOA, a30Ta, KICIOPOa, AJIFOMIHIIA.
Crmcox JaurepaTypsl
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Development of EXFOR-Editor software package to input infor-
mation on nuclear reactions into the EXFOR library

Author: Galina Pikulina’

Co-author: Sophiya Taova !

' All Russian Research Institute of Experimental Physics

Corresponding Author: pikulina@expd.vniief.ru

Compilation of experimental data on nuclear reactions for the International library EXFOR is a pri-
ority for the Center of Nuclear Physics Data at RENC-VNIIEF 1. For this purpose there has been
designed and now is actively developed the EXFOR-Editor software package 2. It is used in the lead-
ing data centers on nuclear reactions (USA, India, China, Japan etc). Elaborate structure, variety of
features and user-friendly interface are the advantages of EXFOR-Editor. The core of the package is
a multifunctional editor providing the creation of experimental data set in a special format to enter
it to the EXFOR library.

New mode of data processing in EXFOR-Editor — creation of the exchange file Trans to transmit into
the EXFOR library is presented. Procedures of Trans checking for EXFOR format compliance are
described.

1. G.N. Pikulina et al., Vopr. At. Nauk. F.Reak. 4, 158 (2018).
2. G.N. Pikulina et al., J.Nucl. Sci. Techn. 61, 146 (2024).
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nucleus with the resonant part contribution

Author: Svetlana Selyankina'

Co-authors: Leonid Generalov !; Viktor Zherebtsov *

' All Russian Research Institute of Experimental Physics
Corresponding Author: selyankina@expd.vniief.ru

Optical-model analysis of all available data of deuteron elastic scattering on 12C nucleus with the
usage of the optical-model program code OptModel [1,2].The fitting of the differential cross sections
on deuteron energies from 0.45 to 270 MeV and 12C+d reaction total cross sections from 0.43 to 171
MeV was performed. The violation of the scattering matrix unitarity (optical-model plus resonant
parts) was less than 14% at separate energy points. It was on the level of the mean errors of ana-
lyzed data. There was no an essential difference of the values of the optical potential parameters in
comparison with 1 except the value of the Rutherford scattering radius.

The quality of the fitting was improved. Total reaction cross sections are presented in the figure.

1. LN. Generalov, V.A. Zherebtsov, S.M. Selyankina // Book of abstracts LXXIV Int. Conf. “Nucleus-
2024”. Dubna. 2024. P. 323.

2. LN. Generalov, V.A. Zherebtsov. A.V. Morozova et al. // Bull. Russ. Acad. Sci. Phys. 88 (2024)
1825.

The model of nuclear multipole transitions excitation by
Laguerre-Gaussian beam

Authors: Oleg Bogdanov'; Yanzhao Wang'

! Tomsk Polytechnic University
Corresponding Author: yanchzhaol@tpu.ru

We theoretical calculated the probability of nuclear multipole transitions excited by Laguerre-
Gaussian (LG) modes, and made a comparative analysis of its behaviors from both plane waves
and Bessel mode.

Over the past few years, the interaction between matter and twisted light has been extensively stud-
ied, with particular interest in the forbidden multipole transitions induced by twisted light. Theoret-
ical methods for generating high energy twisted photons have been proposed in [1] and 2, making
the excitation of nuclear multipole transitions by twisted light experimentally feasible.

For the 8 eV nuclear transition in ?2°Th induced by absorption of twisted photons, theoretical calcu-
lations have been performed, using the wave functions of the Bessel mode, with the results presented
as transition probabilities dependent on the impact parameter 3.

A prediction was given in 3, that for this transition, when the impact parameter is small, the excita-
tion by idealized Bessel modes and the LG modes should give similar results in twisted light. This
prediction remains to be demonstrated. Furthermore, this question is worth research due to the
prevalent application of the LG mode in experiments 4.

The probability of nuclear multipole transitions excited by twisted photons with Bessel-Gaussian
mode and the corresponding the selection rules have been given in the work of 5. We applied meth-
ods similar to those in the works of 5 and 6 to calculate the probability of nuclear multipole transi-
tions excited by twisted photons of LG modes and compared the LG01 mode with the Bessel modes
under conditions of small transverse momentum.

We have reached the following conclusions:

a) Obtained the general form of probability of nuclear multipole transitions excited by twisted light,
that is described by LG,,,,, mode.

b) Confirmed that the nuclear multipole transition probabilities induced by the LGy mode and those
induced by plane waves are formally
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similar.
c) Found that under condition of small impact parameter, the LGy; mode predicts the same behavior
as the Bessel mode twisted light in nuclear excitation of multipole transitions.
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Figure 1: Figure 1

Figure 1. Intensity profiles of Bessel mode for m=2 (dashed line) and the LG,,,, mode (solid line),
where n is radial indices, m is projection of total angular momentum.
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Interaction of 22 MeV protons with a nucleus of 90Zr

Author: Timur Zholdybayev'
Co-authors: Alisher Temirzhanov '; Bakhtiyar Sadykov '; Gulnaz Ussabayeva '; Zhuldyz Mukan '

! Institute of Nuclear Physics, Almaty, Kazakhstan
Corresponding Author: gulnazim85@inbox.ru

Experimental data on the double differential and integral cross-sections of reactions induced by nu-
cleons in the energy range of 20-200 MeV plays a major role in the field of radioisotope production,
radiation safety and protection, development of libraries of evaluated nuclear data and models of
nuclear reactions. At the same time, the study of such reactions will help to better understand the
dynamics of the contribution of pre-equilibrium processes to the overall energy spectrum of sec-
ondary particles.
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In this paper, we present the first measured double-differential cross-sections of the reactions (p,xp)
and (p,xa) formed during the interaction of 22 MeV protons with the 90Zr nucleus. Zirconium is one
of the promising materials for various applications due to its high melting point (2125 K) and small
cross-section for the capture of slow neutrons.

The experiment was carried out at the U-150M cyclotron of the Institute of Nuclear Physics (Almaty,
Republic of Kazakhstan). The reaction products were identified by the (AE-E) method using a multi-
dimensional programmable analysis system based on ORTEC spectrometric electronics. Silicon and
scintillation detectors CsI(T]) were used to register the reaction products. As a target, a thin metal
foil of 90Zr with a thickness of 2.13 mg/cm2 was used.

The theoretical analysis of the experimental results was performed within the framework of the ex-
citon model of pre-equilibrium decay of nuclei using the TALYS program 1. Satisfactory agreement
was obtained between the experimental and calculated values in the energy range corresponding to
the pre-equilibrium mechanism.

The work was carried out within the framework of program-targeted funding of scientific and techni-
cal programs of the Ministry of Energy of the Republic of Kazakhstan, grant No. BR23891530.
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OoIpeaeJIeHNI0 IMOJIAPN3yeMOCTEN ITPOTOHA VI HEUTPOHA
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VccenoBaHne paccesHMs raMMa-KBaHTOB (KOMIITOHOBCKOTO pacCessHISI) Ha HyKJIOHAX IIO3BOJISIET
oInpenennTh OOHY 13 GyHIaMEHTAIBHBIX XapaKTePUCTUK HyKJIOHa — IIOJIAPU3yeMOCTb, KOTOpast
JMMeeT [ABE COCTABJIAIOIINE: 3IEKTPUUECKYI0 M MarHUTHYIO, XapaKTepMU3yIoIe OTKINK HyKJIOHa
Ha [AeJICTBYe BHEIIHUX 3JIEKTPMUECKMX M MArHUTHBIX moseir. [longpmayeMocTu HpoTOHA M
HeTPOHA MOKHO OIPeNeNNUTh IPU M3MepeHun sapucumocTteil aupdepeHIManbHbIX CeUeHMIT
KOMIITOHOBCKOT'O paccesiHusI Ha Bogopone (meitrepun, rennu) ot suepruu (E+) u yria paccessHus
¢dororos (fy) 1. B HUI «KypuaroBckuit mucTuTyT» — IIUAP GBI paspaboTaH HOBBIL METOX
JICCIJIEIOBaHNUSA 3TOTO IIPOLIECCa C MCIIOJNb30BAaHMEM aKTMBHOM MMUILIEHN, KOTOPas OTHOBPEMEHHO
ABJIAETCA Ta30BOII MUIIIEHBIO U JeTeKTOPOM YaCTUI] OTHAUM 2.

TouHOCTh oOIpeneNeHNS IIAPAMETPOB IOIIPU3YEMOCTM OIpeNeNIAeTCd CTATUCTUYECKUMU U
CUCTEeMATNYECKMMY OIIMOKaMM 3KCIIEpUMEHTA. Binsane ommOOK M3MepeHUsI CeYeHMUI
KOMIITOHOBCKOTO pacCesHMs Ha TOYHOCTb M3MepeHNs IOJIpM3yeMOoCTell HYKJIOHa ObLIO
NpOBEIEHO C IIOMOIIBI0O MOJEeIMpOBaHMA ceueHuit mMerogoM Monrte-Kapno. HccnemoBanme
IOKAa3aJ0 MPEeNMYIIeCTBO SKCIIEPUMMEHTOB C aKTUBHBIMY MUIICHAMN — TOUHOCTH OIpeReIeHIS
BeJIMUVH ITOJISPU3YeMOCTY BbIlle, IS o B 4 U mis B B 3 pasa 0 CpaBHEHUIO C ITOCIETHUMMI
Hambojiee TOUHBIMM MAHHBIMM 3, 3a CUeT IIPOBENECHMS OMHOBPEMEHHOI perucTpanum Kak
paccessHHBIX (POTOHOB, TaK ¥ YACTIL] OTJAUIL.

Taxke [ IOATOTOBKM IIPEIUIOKEHUS IIO0 IIPOBENEHMIO SKCIIepUMEHTa ObLIO IIPOBEHEHO
MOJeNMpoBaHIe yCTAHOBKY C IIOMOIIbI0 ITakeTa rporpamMm Geant4 4. MopeaupoBayioch nageHue
Iy4Ka 3JIEKTPOHOB Ha BOJIb(PAMOBYI0O MMUILIEHb-paIyaTOp TONINMHON 1 MM, B pesyibraTe
vero OBLI IIOJyUeH CIEKTP TOPMO3HOIO W3JIyueHUs B AuamnasoHe sHepruit 20-100 MsB
un uHTeHcUBHOCTBIO 2 - 10 ¢~ !, [lna samamuoit reoMeTpUM [BYX AHOMHBIX ILIOCKOCTEN
VMOHM3AIVIOHHOI KaMepsbl, COCTOSAIIMX M3 15 aHOMHBIX CETMEHTOB, PACIIOJIOXEHHBIX IIOf yIIIOM
45 TpagycoB, 1 12 CerMeHTOB, PACIIOIIOKEHHBIX IIOJ YIJIOM 22 rpafyca, ObUINM CMOZEIMPOBAHBI
CUTHAJBI OT IIPOTOHOB OTAAUM, BOSHMKAIOIIMX Ha OIpeJeIeHHOM aHOMe, M OLlEHeH YPOBEHb
mymoB.  OCHOBHBIE IITyMBI CBA3aHBI C B3aMMOJEICTBMEM BBICOKO WMHTeHCuBHOTO (2 - 10!
¢™!) myuka raMMa-KBaHTOB C paGOuUMM Ta30M MOHM3AIMOHHON KaMephl. —MomempoBamnie
IIOATBEPAMIIO BO3MOXHOCTD HaleXKHOI PErMCTPallMy CUTHAJIOB OT YACTHUIBI OTHAUM C SHEpTUel
BoIIe 1 M3B.

1. V.A. Petrun’kin, Sov. J. Part. Nucl., Ne12. C. 278 (1981)
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2. O. Yevetska, S. Watzlawik, J. Ahrens, G.D. Alkhazov, V.P. Chizhov, E.M. Maev et al. New exper-
imental method for investigation of the nucleon polarizabilities, Nuclear instruments and meth-
ods, A 618, (2010)

3. E. Mornacchi et al., Measurement of compton scattering at mami for the extraction of the electric
and magnetic polarizabilities of the proton, Phys. Rev. Lett., 128:132503, (2022)

4. Agostinelli et al., Geant4 — A Simulation Toolkit, Nuclear instruments and methods, A 506, (2003)

PeI‘I/ICTpaHI/I}I 6bICTpI)IX HeﬁTpOHOB CIMHTMIIIAINOHHDbBIMI
AE€TEKTOpPaMII B MATHIITHOM I10JI€ YCKOPIUTEJIA I'€JINC
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3amaua permcrpanyy ObICTPHIX HEMITPOHOB B IIPUCYTCTBIUY (POHOBOI'O FTaMMa-M3JIyUeHNS YCIIEITHO
pelraeTcs ¢ IIOMOIIBI0 CHVHTWIIIALVIOHHBIX HETEKTOPOB CO CIENMATbHBIMIU OpPraHWYEeCKUMU
cryHTIUIATOpaMu. OpHaKko mpu pabore CHMHTIIUIIIMOHHBIX JETEKTOPOB OKOJIO YCKOpPUTENEN
YacTMIl BO3HMKAeT IpobieMa, CB3aHHas C HalMuyeM MarHUTHOTO IT0JIs BOIM3Y yCKOPUTEJIS.

B pmanHOV paboTe IIpefcTaBieHbI pe3yJbTAaThl M3yUeHUs BO3MEIICTBMS MAarHUTHOTO ITOJIS
yckoputensHoit ycraHoBku I'EJIC Ha paboTy CLUUHTMIUIAIMOHHBIX JE€TEKTOPOB, BXOMALIINX
B merTexkTopHblil KoMmiuieke yckopurens I'EJIVIC (®msmueckuit Uucrturyr nm. ILH. JleGenesa
PAH, Mocksa). Ha monnom yckopurene 'EJIVIC Benyrcst paboThl 10 M3YUYEHUIO SIEPHBIX
peaxiuii c yyacTueM JerKIUX MOHOB B KpUCTAJUIMUeCKUX CTpyKTypax. IIpencraBiieHs! pe3ynibTaTsl
JICCIIeOBAaHMA BJIMAHNSA MaTHUTHOTO IIOJNI Ha IIapaMeTpPhl CUTHAJIOB CHMHTVIJUISIVIOHHBIX
IeTeKTopoB U Ha 3((EeKTUBHOCTH pasfeseHMss CUTHAJIOB OT HENTPOHOB, DPOKNAIOIIUXCS B
M3YUaEMBIX SJEPHBIX peakimsx, M (POHOBBIX raMMa-KBaHTOB. VcIonp30BaHHBIE Ha yCKOpUTEe
T'EJIVIC cumHTMIISAIOHHBIE NETEKTOPBI COIep)KaT MOHOKPICTALIbI U3 maparepdenmia u PIY
Hamamatsu R6094. Curnanst ¢ BeixomoB ®IY onmdpossiBatorcs ¢ momornso 6picrporo AL
CAEN DT5730.

Ucrounnkn ramma-kBaHTOB Cs-137 m Co-60 mpuMeHSIINCh [JIsI SHEPreTMUeCKON KaInOpOBKU
CHMHTWUIALVOHHBIX [ETEKTOPOB M IS VICCIENOBAaHWS WU3MEHEHWs aMILUIUTYAbl ¥ (QOpMbI
CUTHAJOB AETeKTOPOB IIPM PasHOM pacIOJIOXKeHUM IWHOMHON cucreMbl PIY oTHocuTeIBHO
Mar"HuTHOro mnojd. Hamnuue MarHUTHOTO ITOJIS IPVBOANUT K YMEHBIIEHNIO aMILIATYObI CUTHAJIOB
U ICKa)KeHUIO UX (GOPMBI.

C mcrmosb3oBaHMeM ucTOoUHMKa HelitpoHoB Cf-252 mcciemoBaHa 3aBUCKMOCTD 3((eKTUBHOCTI
pasgesieHNs CUTHAJIOB OT HEMTPOHOB M TaMMa-KBAaHTOB OT BEJIMUMHBI MarHUTHOIO Iojsi. B
OTCYTCTBMM MarHUTHOTO HoJs Koadduumenr sddexkrnBuoctn pasmenenus curHanos Figure of
Merit paer FOM=1.6. Ilpu sHaueHun marHurtHoro moius 0.5 MTi addexTUBHOCTD pasmeneHus
CUTHAJIOB OT HEMITPOHOB Y FaMMAa-KBAHTOB (IETEKTOPHI 0€3 MArHUTHOTO 9KPaHa) yMEHBIIAETC 0
FOM=1, a npu nosie ~ 1 MTJ1 CTAaHOBUTCS HEBO3MOXXHBIM Pa3feINTh CUTHAIBL.

IIpumenenne PIY ¢ KOMOMHMPOBAHHBIMY MATHUTHBIMI 9KpPaHAMI [T03BOJIET PETUCTPUPOBATH
HeITPOHBI 0e3 yxynuieHus 3¢¢GeKTNBHOCTY pasgesieHus CUTHAIOB B MArHUTHBIX IIOJISIX HO 5
MTa. B MecTe pacnonoxeHus CHMHTWUISIIMOHHBIX feTeKTopoB Ha yckopureie IEJIMC marautHOE
moyne cocraBagerT o 2 MIn. IIpogeMOHCTpMpPOBAHO, YTO CUMHTIIIIALMOHHBIE AETEKTOPHI C
KOMOMHVPOBAaHHBIMY MAarHUTHBIMY 9KpaHamy 3((eKTUBHO PErncTpupyeT ObICTpble HEMTPOHBI
Ha ycKopurenbHoit ycranoBke ['EJIMC.

Page 288



LXXV International Conference «NUCLEUS - 2025. Nuclear physics,... /Book of Abstracts

Bri6op ontumaneHOV ~ TOoMIMHBI MumeHu BaCO; B

MCCIETOBAHIN OOBIUHOTO MIOOHHOTO 3aXBaTa B 3KCIIEPMMEHTE
MONUMENT

Author: Aprém Brictpakos’

2 o
Co-authors: [Tanus 3unarymuna ; Cepreir Bacunes

! Ja6opamopust s0eprvix npobrem um. [rcernenosa, O6vedurHeHHbIT uHCMUmym soepHulx ucciedoganut, yi. Komuo-
Kwopu, 6, 141980, [dybna, Poccus; T'ocyoapcmeennviii ynusepcumem «dyOna», ym. Ynueepcumemckas, 19,
141980, [ybna, Poccus; Pusuueckuti uncmumym um. B.A. Jlebedesa PAH, Jlenunckuii np., 53, 119991, Mocksa,
Poccus

? Jlabopamopus sdephuvix npobnem um. Dicenenosa, O6vedunennbiii uncmumym s0epHuix uccredosanuii, yi. Xomuo-
Kwopu, 6, 141980, [dyb6na, Poccus; T'ocyoapcmeennuviii ynusepcumem «dy6na», yn. Ynueepcumemckas, 19,
141980, [y6na, Poccust

? Jla6opamopus sdephuvix npobrem um. icernenoea, O6vedunennbLii uHcmumym sdepHblx uccredoéanuil, yi. Xomuo-
Kiopu, 6, 141980, [y6na, Poccust

Corresponding Author: bystryakov-a@jinr.ru

OkcmepruMeHT “MOHYMEHT” — 3TO IPOEKT, HAIIPABJIEHHBII Ha IIPOBEIEHNIE SKCIIEPUMEHTAIBHBIX
M3MepeHNIT MIOOHHOTO 3aXBaTa Ha JouepHUX (110 OTHOILIEHNIO K KaHayaaTaM Ha 2B-pacran) sapax
1. anHble n3MepeHNs Oy Iy T BaXKHBI IS IIPOBEPKI TOYHOCTI TEOPETUUECKUX PACUETOB SIEPHBIX
MaTpPUYHBIX 3JI€MEHTOB.

B Hacrosiiiee BpeMs CyliecTByeT psf GpyHOaAMEHTANBHBIX 3aau B (pU3MKe, OJHON M3 KOTOPBIX
ABIISIETCS OmpeneseHue npuponsl HeirpmHo. Ceromus Hambosnee 3QeKTMBHBIM UIT 3TOTO
cumTaeTcs Imporecc 6e3HeITPMHHOIO ABOHOrO Oera-pacmaz (0v2f) smep, Tak Kak OH BO3MOXKEH
TOJIBKO B TOM CJIy4ae, €CJI HeMITpMHO MMeeT HeHYJIeBYI0O MAcCy M, eCIM OHO MAEHTUYHO CBOEIl
aHTnuactuue. VI3BeCTHO, UTO Ha CKOPOCTh ITpoTeKaHms peakiuu 0v2P-pacrnana Biauser He TOJIBKO
Macca HeMITpMHO, HO M BeJIMUMHA SNepHOro MaTpuuHoro sjeMeHral. s mcciiefoBaHMSA 3TUX
Ba)XHBIX IIPOLIECCOB JBOVIHOTO GeTa-paciaia IMOX0AUT OOBIYHBIN MIOOHHBII 3aXBar.

BaXHBIM B TakUX OKCIIEPUMEHTAaX, KakK MOHYMeHT”, SIBIZETCS BBIOOP COOTBETCTBYIOILIUX
MIUIIIEHel, a TakxKe ux MopenupoBaHue npu momomy GEANT4. HccnemoBaHme IpoXOKAeHNS
MIOOHOB uUepe3 BellleCTBO, a TaK)Xe IIPOIIeCcCOB, IIPOTEKAIOIIMX B pe3yJbTaTe MIOOHHOTO 3aXBaTa,
IT03BOJIUT TIOAO0PATh ONITUMATIBHYIO TOJIMHY MUIIIEHM, & TAaK KaK 3aXBaT IIPOXOMT HA M30TOIAX,
COOTBETCTBEHHO MaTepuaJl MeeM BBICOKYIO IIeHY.

B Hacrosiieit pabore IIpenCTaBlIeHbl pPe3yJbTaThl MOMEIVPOBAHUS MIOOHHOJ TPUITEPHOI
CIICTEMBI, COCTOLINEN M3 CUMHTIIILIMOHHBIX cueTunkoB CO0, C1, C2, C3, ¢ mumenamu ns Fe,
Al, Cu 2, a Taxxke BaCO3. IIpomomenmpoBaHBI MPOIECCHI MIOOHHOTO pacliafa B MUILIEHU C
OINTMMU3VIPOBAHHBIM ITYyYKOM MIOOHOB, COOTBETCTBYIOIIEMY 9KCII€pPMMEHTAJIbHOMY.

BrIsBiIeHa ONTMMAaIbHAS TOJIIMMHA MULIEHN IS JKejle3a, alloMUHNS, Mequ 1 KapOoHana Gapus,
Kortopsle cocrtasyuian 1.1 MM, 1.4 MM, 1.3 MM 1 1.8 MM, IIpU KOTOPBIX Habaonaercd HambOoJbIlIee
YIICJIO 3aXBaTOB MIOOHOB.

CIICOK JINTEepATYPBL
1. D. Zinatulina et al. PhysRevC.99.024327(2018).
2. T. Suzuki and D. F. Measday PhysRevC.35.2212(1987).
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B pabore mpencTaBieHbI pe3yJIbTaThl CepMUM SKCIIEPUMEHTOB, HAIIPAaBJICHHBIX Ha M3TOTOBJICHIE
MIPOTOTUIA CHMHTIWIIILIOHHOI AeTEKTOPHOI CUCTEMBI C UCIIONb30BaHMEM (OTOYMHOKIUTEIEN,
3aIUMIIEHHBIX OT MAarHUTHOTO IIOJNS CIeNMaNbHBIMIU 9KpaHaMU.  PaccMoTpeHa cucTeMa
ITaCCUBHOI KOMIIEHCAIIMM ITOCTOSIHHOTO MarHUTHOTO ITOJIST IIPY MCII0JIb30BaHUM BaKyyMHbIX PIY
B KauecTBe (POTONPMEMHUKOB. [eMOHCTPUPYIOTCS IPEUMYyIIeCTBA 9KPAHOB, M3TOTOBJIEHHBIX
110 HOBOJ TEXHOJIOTMM 3JIEKTPOJMTUUECKOrO OocakmeHMs. IIpoaHanmsmpoBaHa BO3MOXXHOCTb
JICIIOJIb30BAHMSI MHOTOCJIONHBIX IIEHOUHBIX 9KPAaHOB KaK KOMIIOHEHTHI sepHO-(pusmuecKoit
anmaparypsl pyHIaMeHTAIBHOTO U IPUKIAJHOTO Ha3HAUEHI.

I/IHBapI/IaHTHI)Ie ImapamMeTpbl CIIEKTPOB 4YaCTIl B PpPE€aAKIMAX
IIOTJIOIINEHMA OTPUIATEJIBbHBIX IIMMOHOB sSAApaMIL

Author: Opwmit T'ypos'

Co-authors: Bopuc Uepnpimes *; Bauecnas Cammykosckuit °; Muxamn Texsxymres ; Cepreit Escees *; Cepreit
Posos *
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BrInonHeH aHaIU3 MapaMeTpoB CHEKTPOB 3apsDKeHHBIX uactull p, d, t u 3,4He, oOpasyromuxcs
[pPU TIOTJIOUIEHUM OTPULATENBHBIX NMUOHOB [1-3] AmpamMu U B SIEPHBIX CTOJIKHOBEHUSAX IPU
BBICOKUX 9Heprusx [4, 5]. IlokasaHo, UTO MHBAPUAHTHBIE HAKJIOHBI CIIEKTPOB, 3MEPEHHBIE MIPU
IIOIVIOLEHNN MMOHOB, OJM3KM K COOTBETCTBYIOLUM 3HAUEHVSM IS KYMYJISTUBHBIX UaCTHILI,
00pasyoIXCs B pe3yIbTare SIIePHBIX peakLuil mpu sHeprusax ~ 500 MaB/Hyxiton. B To e Bpems
Ha0JII01aeTCsl 3aMeTHasl Pa3HUIIA B BBIXOIAX sAep TPUTOHOB 1 3He 11t yKa3aHHBIX TUIIOB PEaKIINIA,
YTO YKa3bIBaeT Ha IIPOSIBIEHIE M30CIIMIHOBOI IIPUPO/IBI IIOTJIOIIEHS [IMOHOB.

1. Yu.B. Gurov et al, Bull. Russ. Acad. Sci. Phys. 78, 1375 (2014).

2. Yu.B. Gurov et al., Bull. Russ. Acad. Sci. Phys. 79, 520 (2015).

3. Yu.B. Gurov et al,, Phys. Atom. Nucl. 82, 351 (2019).

4. AV. Blinov et al., Phys. Atom. Nucl. 69, 1439 (2006).

5. VK. Bondarev, Phys. Part. Nucl. 28, 13 (1997).

A comparative analysis of the parameters of the spectra of p, d, t and 3,4He particles formed by the
absorption of negative pions [1-3] and in nuclear collisions at high energies [4, 5] is performed. It is
shown that the invariant slopes of the spectra measured during pion absorption are close to the cor-
responding values for cumulative particles from nuclear reactions at energies of ~ 500 MeV/nucleon.
At the same time, there is a noticeable difference in the yields of tritons and 3He nuclei for the two
types of reactions, indicating the manifestation of the isospin nature of pion absorption.
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Pa3pa0oTka MOHM3AMOHHON KaMepbl AJII MOHUTOPUPOBAHUS
MHTEHCUBHOTO ITyYKa TSKeJIbIX MOHOB BBICOKUX 3HEpPruii Ha
xKomiuzekce NICA

Authors: Hemmn nyaeBal; IOpmit KacyMOBZ; Tennamuit tIyJIyxansez; Bauecnas Ca6yp0133; EBrenmit
Kasakos®

' Obvedunennuiii uncmumym adepuvix uccredosanutl, [y6ua, Poccus; Cesepo-Ocemumckuii zocydapcmeenmblii
yHugepcumem, Braduxaekas, Poccus

2 Cegepo-Ocemunckuii zocydapcmeennbiii ynusepcumem, Braduxaskas, Poccus

3 Meduyunckuil paduorozuneckuil Hayuviti yenmp umenu A.P. Ilviba, O6HuHck, Poccus
Corresponding Author: ramazanovgena@yandex.ru

Paspaboranbl u co3maHbl MOHM3AaUMOHHAsA Kamepa VK-3 mis mpukiIagHbpIX MCCIeNOBaHWUI Ha
xomiuiekce NICA. Kamepa UK-3 nmeer aktuBHYy0 061acTh 100x100 MM, 3JIEKTPObI M3TOTOBJIEHBI
u3 (bonbrMpOBaHHLIX CTEKJIOTEKCTOJINTA TOJIIMHOM 140 MKM UM Imoamummpa TojimmHom 110
MKM. Kamepsl mpenHasHaueHBI [JIS CTAHIMY AJIUTEIBHOTO OOJyUeHNs, KOTopas pacIlolo)KeHa
B 30He skcnepuMeHTa BM@N. Kamepa mpoiina TecToBble MCIBITAaHMS Ha raMma MCTOUYHUKe
60Co m mpoTOHHOM myuke c sHeprmeit 150 MsB nHa yckopurene «IIpomereyc» B MPHIL
VM. [Is16a (OGHMHCK). Paspaborka IMOmOOHBIX MOHM3ALMOHHBIX KaMep aKTyalbHa B

CBeTe MMIIOPTO3aMellleHus s paboT B 00JacTV NPUKIATHBIX MCCIeJOBAHUII HAa KOMILIEKCe
NICA.

Improved constraints on the heavy gauge bosons decaying into a
vector boson and a Higgs boson at the LHC

Author: Inna Serenkova’

! Gomel State Technical University, Belarus
Corresponding Author: inna.serenkova@gmail.com

The search for physics beyond the Standard Model (SM) is a major focus of the physics program at the
Large Hadron Collider (LHC). Since its discovery, the Higgs boson has become a tool in this search.
In particular, one may expect new heavy resonances to couple to Higgs bosons and weak vector
bosons (V = W or Z). Such resonances are expected to occur in a number of theories beyond
the Standard Model. Theories that aim to solve the naturalness problem predict the existence of
vector resonances as expected in composite Higgs models 1, Little Higgs models,or models with extra
dimensions.The extended gauge models are among the best motivated theoretical scenarios beyond
the SM that predict the existence of new heavy neutral and charged vector bosons (Z’ and W') with
their diboson decay modes, V' — VV /V H, caused by Z — Z' and W — W’ mixing [2-4]. These
models are considered as benchmark scenarios for diboson resonances having spin-1 (W' — WZ
or WH,Z' - WW or ZH), produced predominantly via quark-antiquark annihilation (¢g" — W,
qq — 7').

The full CMS and ATLAS Run 2 datasets with time-integrated luminosity of 137 fb~! and 139 fb=! in
the diboson channels are used to probe benchmark models with extended gauge sectors such as left-
right symmetric (LR) and the sequential standard model (extended gauge model, EGM), that predict
the existence of neutral Z' - and charged W’ - bosons decaying to a pair of bosons ZH and WH in
the semileptonic final state. These benchmark models are used to interpret the results. Exclusion
limits at the 95\% C.L. on the Z’ and W' resonance production cross section times branching ratio to
electroweak gauge boson pairs in the resonance mass range between 1.0 and 5 TeV are here converted
to constraints on Z-Z' and W-W’ mixing parameters and masses. We present exclusion regions on
the parameter spaces of the Z’ and W’ and show that the obtained exclusion regions are significantly
extended compared to thosederived from the previous analysis performed with Tevatron data as well
as with the CMS and ATLAS data collected at 7 and 8 TeV in Runl 5. The reported limits are the
most restrictive to date.

1. K.Agashe, R.Contino and A.Pomarol, Nucl. Phys. B 719, 165 (2005).

2.G.F.Giudice, C.Grojean, A. Pomarol and R. Rattazzi, JHEP 0706, 045 (2007).
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3. P. Langacker, Rev. Mod. Phys. 81, 1199 (2009).
4. S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024).
5. P.Osland, A.A.Pankov and I.A. Serenkova, Phys. Rev. D 103, no. 5, 053009 (2021).

PaspaboTka Meroga maeHTH(UMKAMN TUMNA YACTUI[ OTHXAUN B
MOHM3AIMIOHHOM Kamepe

Authors: AGgynmaxuyg AJIaMypml; Aunexceit [[3106a’

' Cankm-Tlemep6ypeckuii zocydapcmeentviii yHusepcumem

2 Canxm-TlemepGypeckuii zocydapcmeennviil ynusepcumem/ IemepGypeckuti uncmumym sdepHoii gusuxu um. B.IT,
Koncmanmunosa HUL «Kypuamoeckuii uncmumym»

Corresponding Author: st123089@student.spbu.ru

HUIl «KypuatoBckmit mucturyt» — [IMAD obmamaer OOnbIIMM OIBITOM B IIPOBENEHNU
9KCIIEPMMEHTOB, MCIONB3YIOIINX METOM aKTUBHON MulineHu [1-2]. B ocHoBe 3TOrO MeTOnma
JIeXKUT UCII0Ib30BaHIe BpeMs-IIpoeKuoHHbIx kaMep (BIIK), koTopble 0qHOBpEMEHHO BBITIOIHSIIOT
GyHKUMM Ta30BOI MUIIEHM UM AeTeKropa uactui otmaun. Ecim BIIK HamonHeHa KaKuM-In6o
rasoM OTIMYHBIM OT BOJOPOJA, TO IPU e€ OONYYeHMM IIyYKOM 3apKeHHBIX YacCTUI] MOXKET
HaOTI0aThCA BEIOMBaHIE HYKJIOHOB I KJIACTepPOB M3 aTOMHBIX 4jep rasa. Hampumep, Bo Bpemd
TECTOBBIX M3MEPEHMI, IPOBEJIEHHBIX C MCIoIb30oBaHyeM npoTtoTuna BIIK 8 2018 r. Ha yckopuree
ssekTpoHoB MAMI (r. Maituir, ['epmaHus) mpy sHeprum 31€KTPOHOB IIyuka 720 MaB, Habnronanocs
BBIOMBaHIE IIPOTOHOB U HAEMITPOHOB M3 sfep reiusd M asoTa. llpemaraeTcs IPOBECTH IVIKI
MCCIeJOBaHUII 1 onpenenntd AuddepeHIMaNbHbIe CeueHN BbIOMBAHNA IIPOTOHOB U KIACTEPOB
(memTpoHOB M sAmep reius) Ha pasauyHbIX razoBeix muinensx (He, CH4, N2, Ar u np.) npwu
Pa3IMUHBIX SHEPTUAX 3JIEKTPOHHOTO ITyYKa.

B maHHBII MOMEHT B KaueCcTBe BO3MOKHBIX BAapMAaHTOB IIPOBEJEHNS TECTOBBIX CEaHCOB U
OCHOBHOTO 3KCIIEPMMEHTa PacCMATPMBAIOTCA MCIIOIb30BaHMe cuHxpoumkiaorpora CII-1000 (r.
l'arymua) un JguHetHOTO yckopurens siaexTporos JIMHAK-200 (r. [dy6na). B Hacrosiiee BpeMs
ycxkoputens JIMHAK-200 HaxoguTcd B cTaguy BBEIEHUS B 3KCILIyaTaIIIo.

Jlna mpoBemeHMs KCIEPUMEHTOB II0 BBIOMBAHMIO M3 aTOMHBIX fAep IIPOTOHOB ¥ KJIACTEPOB B
HUIT «KypuaroBckuit nucTutyt>» — IIMA® paspabarsiBaercsa BIIK ¢ quameTpoM 30HBI aKTUBHOIL
muireHn 100 MM, HIMPKUHOI ApeitdoBoro mpoMexyTka 100 MM 1 pabounm JaBieHUEeM 10 25 aTM.
Jlns MOATOTOBKM IIPENJIOKEHMA IO IPOBENEHMIO0 IKCIIEpMMEHTa IPOBOAMTCA MOENMPOBaHNE
YCTaHOBKU 3 C ITOMOIIIBIO NTakeTa mporpaMmMm GEANT4 4.

[na mpoBeneHNMs W3MepeHUII pa3paboTaH MeTo] MACHTM(MKALMM TUIA YaCTUIBI OTHAYIL.
PaspaboTaHHbI1 anropuT™ 6asupyeTcsa Ha KOPpeJaIuy BeJMYNMHBI Ipobera yacTUI(bl OTAAYM I
9HEpTMU, KOTOPYIO OHa OCTaBuja B AeTekrope. Ilpym aTom yumThIBaeTcd yros BbLIETa UACTUILIHL,
KOTOPBIIT MOXKET OBITh OIIpefeIeH 9KCIepUMMEHTATIBHO II0 PasHOCTM BpeMeH BO3HUKHOBEHUS
cursanoB Ha aHomax BIIK. McciemoBaHbI BO3MOMKHOCTM pa3fielleHNMs CUTHAJIOB OT IIPOTOHOB,
IeTPOHOB I aNb(a-JacTHI B 3aBYICYMOCTY OT VX S9HEPTUIL, yIJIOB BBLIETA, & TAKXKE B 3aBUCUMOCTI
OT IpodMIIA ITyYKa 3JIeKTPOHOB.

1. J. P. Burq et al.,, Soft tp and pp Elastic Scattering in the Energy Range 30-GeV to 345-GeV // Nucl.

Phys. B 1983, T. 217, C. 285-335.

2. T.[I. AnxasoB u ap., MiccaenoBaHme cTpyKTYpBI 9K30TIUECKUX A€ HA yCTAaHOBKE C aKTMBHOI
mumeHplo UKAP meromoM ympyroro paccessHus IPOTOHOB B MHBEPCHOM KMHeMaTuKe //
®y3uKa 3MeMeHTapHBIX YACTHL ¥ aTOMHOTO aapa, 2022, T. 53, Ne 3, C. 661-691.

3. A. Anamypu, A.A. [I3100a, V3yueHne BO3MOKHOCTY PerMCTpaliiyl BHIOMBAHNS 3JIEKTPOHAMU
IIPOTOHOB M KiactepoB m3 spep // COopHuk TesmcoB XI Bcepoccmiickoro Mosome:KHOTO
HayuHOro popyma ¢ MexayHaponHsiM yuactueM «Open Science 2024» (B meuatn).

4. S. Agostinelli et al, Geant4 — A Simulation Toolkit // Nucl. Inst. Meth. A, 2003, T. 506, C. 250-303.
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ConexkTpoMeTp Ha OCHOBe Si-IeTeKTOPOB MJIsI M3MepeHUs Oera-
CIIEKTPOB B IPUCYTCTBUY MHTEHCUBHOTO raMmma-¢oHa.

Authors: Anexcannp ,[[epGMHl; Wnpsa HpaquBl; Nenuc VBanos'; Wpuna Kotuua!; Banentuna MypaTOBal;
Marseit ITarkparos'; [imurpuit Cemenos'; Makcum Tpyummn'; Esrenmit Yeskakos'

' HUI] "Kypuamosckuii uncmumym” - [TAAD
Corresponding Author: pankratovmatthew@yandex.ru

B Hacrosiiiee BpeMsl B saepHON ¢u3mKe 1M (PU3MKM aTOMHBIX PEeaKTOPOB CYLLECTBYeT 3ajada
M3MepeHMsI IIOJNHOro P-cuekTpa o6ay4uéHHOro spmepHoro tomnmsa (OSAT). 3mamme maHHOrO
3JIEKTPOHHOTO CIIEKTpa IIO3BOJINUT BOCCTAHOBUTH IIOJHBIN CIIEKTP PEAKTOPHBIX aHTMHETPUHO,
IIPY IIOMOIIY KOTOPOTO MOXKHO Oy/IeT IIPOM3BOAUTE OLIEHKY COCTOSHVSI aKTUBHOI 30HBI peakTopa
M PagMOHYKJIMITHOTO cocTaBa. IIpemsITCcTBMEM M IONyUeHus P-ClieKTpa ¢ HeoOXOOMMBIM
paspeliieHneM SBJIsgeTCs MHTeHCUBHBI Y-poH or OSAT. Ha maHHBII MOMEHT CTaHOapTHBIE
CIEKTPOMETpPHI C IIOJYIPOBOIHMKOBBIMI IEeTEKTOPAaMI He CIOCOOHBI KaueCTBEHHO BBIAEINUTH
B-criextp OAT Ha poHe MHTEHCUBHOIO COIYTCTBYIOIIErO Y-hoHa.

st TouHOro M3MepeHMs P-CIIEKTPOB M IIOJABJIEHMS Y-CUTHAJa IIpejjiaraetcs MCIIOJIb30BaTh
M3MEPUTETIbHYI0 YCTAaHOBKY, COCTOSIIYI0 13 TOHKOIO IIPOJIETHOTO IUIAHAPHOTO AETeKTopa I
Si(Li)-eTekTOpa IOJHOTrO IOIJIOLIEHNMsS, pabOTAOIMX B PEXMME COBIANeHUsI. BeposTHOCTbH
B3aMIMOJIEVICTBYSI Y-KBAaHTOB C paboumM OOBEMOM IIPOJIETHOTO ILIAHAPHOIO AETEKTOpa Maia, B
OTJIMYYIE OT 3JIEKTPOHOB, KOTOPBIE TEPSIOT YACTh CBOEV S9HEPIUY BHYTPM IIPOJIETHOIO IEeTEKTOpa.
Si(Li)-metexTop OymeT (pMKCHMpPOBATh KaK Y-KBAaHTBI, TaK M 3JIEKTPOHBI, KOTOpPbIE IIOJIHOCTHIO
TEpPSIOT CBOIO JHEPIMI0 B 00béMe merekropa. Takmm o0pa3oM, CUTHATBI C ABYX IETEKTOPOB
BbI3BaHHBIE 3JIEKTPOHAMM OYIyT CKOPpPEIMpPOBAHBI II0 BPeMEHM, B TO BpeMs KaK CUTHAJBI
BbI3BaHHbIE FaMMa-KBaHTaMI — HET, 1, CJIEJOBATENIHHO, MOTYT ObITh OTQUIBTPOBAHEI.

3amauamu [maHHON pabGoThl OBLIO MCCIEfOBaHNUE paspelIaleil CIOCOOHOCTh IOHOOHOI
CXeMbl C JBYMs [IETEKTOpaMM, OLIEHKa yXY[ILIeHNUs paspellleHUs BbI3BAHHOIO IIPOXOXKAEHUEM
9JIEKTPOHAMMU IIPOJIETHOTO JeTeKTOopa, IIOMCKa I alpobammy CIOCOGOB  IIOBBIIIEHMS
9HEpPreTMYECKOTo pas3pellleH s, OlleHKa CTelleH ) ITofaBaeHns y-¢poHa. MsmepeHns NpoBOAIINCE
C UCIIOJNIb30BaHMEM MOJeIbHOro ucrounuka 207Bi, KkoTopslil mperepmeBaeT Kak P+-pacmam, Tak
U e-3axBaT. B pesyibTare IepexOfO0B sfpa M3 ONHOTO BO30OYXKAEHHOIO COCTOSHUS B APYTOe,
HaOJIIOMAeTCs IIOTOK Y-KBAHTOB C Pa3IMUHBIMM SHEPIMUSIMY, KOHBEPCUOHHBIE 3JIEKTPOHBIL, Y-
KBaHTBI OT IIpoliecca AaHHUTIUIALVI 3JIEKTPOH-TIO3UMTPOHHOI IIaphl, a TaKKe pPeHTTeHOBCKOE
U3IIyUeHIe.

B pesysbrare paboThl 3KCIEPUMEHTAIBHOIO P-CIIEKTPOMETpa C ABYMS IIOJYIPOBOXHIKOBBIMU
IoeTekTopaMu ObLIM ITOJyUeHbI CIeqyolye pe3yibrarsl: paspeutenue Si(Li)-merekropa mpwm
paboTe B cxeMe 0e3 IIPOJIETHOrO HeTeKTopa cocTaBuiao 0.77 K3B IO JMHMM KOHBEPCUOHHBIX
3JIEKTPOHOB ¢ 9Heprueit 1064 k3B, Ipy BKIIOUEHNN B CXEMY YCTAHOBKM IIPOJIETHOTO ILTAHAPHOTO
JeTeKTopa paspellIalolias CIIOCOOHOCTh CIIEKTpOMeTpa yXyAumiaack B ~ 17 pa3 mo 13 kaB.
IMopasienne y-¢poHa Ipu 3TOM coctaBmiio ~ 2000 pas. [{J1s osryueHnss MaKCMMATIbHO BO3MOKHOTO
pasperiienns ObLI pa3paboTaH aJITOPUTM CYMMUPOBAHNS aMIUIUTY X CUTHAJIOB C ABYX HeTEKTOPOB.
B pesymbrate, paspaboraHHas Momesnb OOpaOOTKM MAaHHBIX I103BOJIMJIA IIONYyYaTh CIIEKTPHI
KOHBEPCUOHHBIX 371eKTpoHOB 207Bi ¢ paspemntennem 2 + 0.04 kaB.

Takum oOpa3oM, IIpoBegeHHbIe pabOTHI IIOATBEPAMIIM BO3MOXKHOCTh IpumeHeHwus XE-E
crekTpoMerpa I 3¢ddeKTuMBHOrO momaBieHus ramMma-poHa ¥ BbIgeNeHUs [-cIekTpa C
IOOMYCTUMBIMY IIOTEPSIMI B pa3pereHUI.
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HccieqoBaHe HOBBIX 3aKOHOMEPHOCTEN B HYKJIOH-HYKJIOHHBIX
B3alIMOJEVICTBUSIX C JCIIOJIb30BAaHIEM CBOJICTB IPOCTPAHCTBA
JlobaueBcKOTO

Authors: A.A. Banquu'; A.B. Benses'; B.C. TeMI/Ip6yJIaT0B1; E.A. KneBuosa'
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B Hacrosmee BpeMs Teopus ANEpPHBIX B3aMMOJENCTBUII Jajeka OT 3aBepiieHHocTn. [Jlo cmx
IOp, M ONIMCAHUSI SKCIEPUMEHTOB B PEJIATUBICTCKON SOepHON (U3MKe IPUMEHIIOTCS
npubIyOKeHHble MOMENM ¥ IIOAXOMbI, OCHOBaHHBIE Ha 0Oojiee IIPOCTBIX IIpUMepax SOEPHBIX
TIPOIIECCOB. HamGosee CJOXHOI, € TOYKM 3peHMS TEOPETMUECKON WHTepIpeTalun
9KCIIePMMEHTAIBHBIX MCCIIe{OBAHMIL, IBIILETCSI 00I1aCTh IlepexXofa OT ONMMCAHN IAePHO MaTepun
B NPOTOH-HENTPOHHON MOXENM fAApa, K O0JACTM, Ihe CYyIIeCTBEHHO BIIMSHIE BHYTPEHHUX
KBapK-TJIIOOHHBIX CTelleHelI CBOOOIPI HYKJIOHOB. B uacTHOCTM, OmHOJ M3 Hambosee BasKHBIX
mmpo6yieM PeSITMBMCTCKUX B3aMMOZEVICTBUIL, SBIIAETCS OIpefesieHNe YCIOBUIL, NPM KOTOPBIX
apOHBI TEpAT CBOI MHAMBUAYaIBHOCTh ¥ IJVIABHYKIO pOJIb B SAEPHBIX B3aMMOIEIICTBUAX
HAUMHAIOT UIPaTh CYOHYKIOHHBIE cTelleHn cBobonsl. IIpnmenenne reomerpun JloGaueBckoro B
IIPOCTPAHCTBE OBICTPOT JaeT IPUMHIIMINATIBHO HOBBII IOAXOMN OMMCAHUS SNEPHBIX IIPOLIECCOB B
001aCTV BBICOKMX IHEPTuit 1.

B manHoiT paGoTe IPOBOAUTCS MCCIeJOBaHUE HOBBIX SIBJIEHNII B IIPOI(ECCE B3aMMOMAEIICTBUI
HEeJTPOHA C IIPOTOHOM MMILIEHM IIpM SHeprUIX HaJsleTarolero HeirpoHa ot 1 mo 5 I'sB. Ilpnu
M3MEpeHHBIX B 9KCIIEpUMMEHTe 3HAUeHWUIl VMITYyJIbCOB M YTIJIOB pasjleTa IPOAYKTOB peaKLI,
npumeHss reomerpuio JIo6aueBCKOTO, BBIUMCISIIOTCS MX OBICTPOTHI, HedeKThl 06pasoBaHHBIX
TPEyTrOJIBHUKOB I10 OBICTPOTaM 3apeTUCTPUPOBAHHBIX YACTHI] M IIePUMETPBI TPEYTOIbHUKOB.
TpeyroiapHuK Xxapakrepusyercs AedeKToM, KOTOPBI IPSIMO IIPOIOPLIMOHAJEH €ro ILIOLIAfL.
Ilpn aHanM3e COOTHOIIEHMII AedeKTOB K IIepPUMETPaM TPEYTOJBbHMKOB, 00pa30BaHHBIX YACTHIL,
BBIABIIAIOTCS HOBBIE 3(p(heKThI B3aMMOIEeIICTBIA B PeJIITUBICTCKUX IIpoleccax [2, 3]. Paspaboran
IIPOIPAaMMHBIII KOM, C IIOMOIIBI0 KOTOPOTO BBIUMCIEHBI OBICTPOTHI IPOMYKTOB peaKiMy U
nedeKThl TPeyroJIbHMKOB B IIpocTpaHCTBe JloGaueBCKOro BO BceX 0OpabOTaHHBIX COOBITHAX
np—ppm .

HauGosnplnit MHTEpeC NaHHOIO MCCIENOBAaHMS OKMIAETCS B PAaCCMOTPEHNMN KOHQUIyparmii
B IIPOCTPAHCTBE OTHOCHUTEJNBHBIX OBICTPOT. PaccMoTpeHBI peakumy, Korga OJHA M3 YaCTUIL
IIPOAYKTOB peaKI[UU IpUodpeTaeT OTHOCUTEIHHO MabIl MMITYJIbC Ha (hOHe OOJIBIINX UMITYJIBCOB
MEX/Iy OCTJIBHBIMI YaCTUI[AMI COOBITMA. IJTO TaK HasdbIBaeMble «MSTKIe IIPOLecChl» Ha (oHe
JKECTKIUX IIPOIIECCOB IIPU B3aMMO/EVICTBII HeJITPOHA C IIPOTOHOM. ITa 00JIaCTh PEISTUBUCTCKOM
¢busuKy aapa IoKa MaJOU3yUeHa.

1. Banmnu A. A. IlpoctpascTBo JIo6aueBCKOro B pesIATUBICTCKOIL saepHoIi ¢pusuke // Ilpumenenne
n pasBurue upeit JJobaueBckoro B coBpeMeHHoI pusuke, [youa 2004 r. 103-116 c.

2. UYepumxoB H. A. Teomerpua JloGaueBCKOrO ¥ peNATUBUCTCKas MexaHuka // Pusmka
3JIeMeHTapHBIX YaCTHUIL U aTOMHOTrO sapa, [y6Ha, Tom 4, Berm. 3, 1973 1, 773-810 c.

3. Inpoxos I1. A. KpaTtxkuit ouepk ocHos reomerpunu Jlobauesckoro, M. Hayxka, 1983 r, 80 c.

4. E. Baldina A. Baldin, Lobachevsky Space in Analysis of Relativistic Nuclear Interactions. New
Phenomenon - Directed Nuclear Radiation, Dubna, 8 c.
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Determination of sample thicknesses used in measurements of
heavy nuclei fission cross sections on the neutron time-of-flight
spectrometer GNEIS
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Recently, studies of the nuclear fission process 1 induced by neutrons with energy up to 500 MeV
have been carried out at the neutron time-of-flight spectrometer GNEIS in the NRC “Kurchatov
Institute”-PNPI (Gatchina, Russia) 2. Determination of the number of nuclei (sample thickness) in
the studied samples is one of the main issues in the processing of the obtained data. Therefore, we
developed a set-up to determine the number of nuclei in the samples used. The method of alpha
counting at a defined solid angle was applied as most optimal for our case 3. A description of the
setup, data acquisition and processing system is presented in this paper. For example, the result of
measuring the thickness of the 243Am sample is presented with an analysis of uncertainties.
References:

1. A. S. Vorobyev, A. M. Gagarski, O. A. Shcherbakov, L.A. Vaishnene, A. L. Barabanov, T. E.
Kuz’'mina, Measurement of the 236U fission cross section and angular distributions of fragments
from fission of 235U and 236U in the neutron-energy range of 0.3-500 MeV, Phys. Rev. C 108,
014621 (2023).

2. O.A. Shcherbakov, A.S. Vorobyev, E.M. Ivanov,Spallation neutron source GNEIS, Physics of Par-
ticles and Nuclei, v.49, No 1, pp. 81-83, (2018).

3. S. Pomme, Methods for primary standardization of activity, Metrologia 44, S17 (2007).

A system for collecting and recording data from CAEN electron-
ics in the vGen experiment

Author: Maxim Dovbnenko’
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Corresponding Author: dovbnenko@jinr.ru

Modern data collection systems in experimental nuclear physics are quite extensive in functionality,
but as a rule, manufacturers of specialized equipment and software rely on versatility, which can
lead to problems in conducting highly specialized measurements. In

In particular, in the vGen experiment, the main task of which is to detect coherent neutrino scatter-
ing, it is necessary to lower the detection energy threshold to less than 300 eV. For this purpose, a
software package was developed that allows recording waveforms and provides reliable data storage
in conditions of high counting speed of the experimental installation.
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Investigation of alpha particle emission in nuclear track emul-
sion irradiated by relativistic muons
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This study presents the results of exposing a nuclear track emulsion (NTE) to a relativistic muon
beam. Exposure of NTE layers by relativistic muons enables the simultaneous study of nuclear mul-
tifragmentation under the influence of a purely electromagnetic probe 1. The primary objective is
to identify and measure the lengths of short-range alpha particle tracks generated by muon-nucleus
interactions within the NTE. The formation of such tracks occurs through the 3« fragmentation of
carbon nuclei in p+ 2C — i/ 4 3 interactions induced by relativistic muons. The ionization losses
of alpha particles within the NTE were simulated using the SRIM program, enabling the accurate re-
construction of their kinetic energies for each observed event. The track reconstruction provided an
precise determination of the emission angles of the alpha particles. Furthermore, this methodology
allowed for the extraction of combinatorial spectra of invariant masses for alpha particle systems.
The findings presented here, part of the BECQUEREL experiment 2, were compared with those ob-
tained from organic scintillators, which were also used in studying 3« fragmentation of 12C nuclei
3. This comparison aims to deepen our understanding of muon-induced interactions in both nuclear
emulsion and organic scintillators.
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AHanN3 aMIUTMTYObI POXKAEHUSA ABYX HEB3alIMOJEVICTBYIOIIIX
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PaccMoOTpeH MUKPOCKOIIMYECKMUII IIOAXOR K PELUIeHUI0 YpaBHEHMs M aMIUIUTYAbI POKICHUS
IBYX(OHOHHBIX BO30YKHEHMIT B IPUOIIDKEHNMM HeB3aMMOEHCTBYOINX (GOHOHOB. OO6mmii
MeTo[ OCHOBaH Ha Teopuy koHeuHbix Pepmu-cucrem (TKPC) A.B. Murpana 1, u passur B paborax
[2, 3]. PereHme gaHHOTO ypaBHEHMS IIO3BOJISIET IIOCIEXOBATENIBHO OIMCHIBATH KOJIEKTMBHBIE
BO30YXKIeHNMs B SAPax C yUeTOM ITAPHBIX KOPpesaiuii 1 o0MeHHBIX 3((eKTOB 4, U MOXET OBITh
JICIIONIb30BAHO It pacuera sddekra Tagmona [2, 3]. [ng mpakTuyeckoil peanmsanuyl HaIIero
moaxoja ObLIO MCIIOIB30BAHO BaXKHOE YIIPOIIeHIe — IpUOIIDKeHNe cerapabesbHbIX KBaAPYIIOIb-
KBaZpYIOJBHBIX CIJI C IapaMeTpaMy M3 5, CM. paboTy 6, KOTOpOe ILIMPOKO IPUMEHAETCI B
KBa3aM4acTUIHO-pOHOHHOI Mopenn [5, 7]. IoiyueHHOe pelileH1e ypaBHEHMs IPUMEHSETCS IS
IIOCTPOEHNS VM aHANIN3a BhIpaskeHN I THIIIONA.
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lasopaspsanusie perekropsl (cuérumkm leiirepa-Mioiiepa, IIPONOPUMOHANBHbBIE CUETUMKIL)
LIMPOKO IPUMEHSIOTCS B SIIEpHONM (U3NKe IS PErucTpalyyl MOHM3UPYIOIIETO M3JIyUeHMs.
BakHOTI XapaKTepUCTUKON UX pabOTHI SIBJISIETCS pas3peliaioliee BpeMs — MIHIUMAJIbHBII MHTEPBAT
MEeXIy ABYMsI PETMCTPUPYEMBIMI COOBITMSMI, PV KOTOPOM JETEKTOP CIIOCOOEH X Pas3iMUNUTh.
Taxke NaHHBIN ITapaMeTp MHOIAA HA3bIBAIOT MEPTBBIM BpeMEHEM CHUCTEMBl PerucTpaluim.
OrmeHka 3TOJ BeNMYMHBI KPUTUYHA JJI KOPPEKTHOTO M3MepeHMH aKTUBHOCTY VICTOYHWKOB U
NpefoTBpallleHNs II0Tephb CUYETa.

B pa6oTe paccMOTpeHBI TpU MOV MEPTBOTO BpeMeHI:

X ITponmeBaroieecss MepTBOE BpeMsI (ITapajnsyeMoe), IIpy KOTOPOM MepPTBOe BpeMsI IIPOJIEBAETCSI
3a CYeT HOBBIX COOBITUII — YACTUI], ITOMAJAOIMX B UyBCTBUTEIbHBIN 00beM IeTekTopa 1;

X Henpomuesariiieecs MepTBoe BpeMs (Hemapanmsyemoe), Ipy KOTOPOM HOBBIE UACTHI[BL,
IoIafarole B UyBCTBUTEIBHBIN 00beM JeTeKTopa, He IIPUBOAAT K €T0 IIPOIJICHNIO 1;

X TI'mOpmpHas Momenb, YUUTBHIBAIOLAs BKIAX Kak OT IPOJJIEBAOIIErocs, Tak M OT
HEIPOJJIeBAIOIIErocsa MEPTBOTO BpeMeHN 2.

Il paccMOTpPEHHBIX MOJieJiell HallliCaH IIPOrPaMMHBIN KO/, IO3BOJISAIOINI OLI€HUTD BEJIMYMHY
MepTBOTO BpeMeHI B KOHKPeTHOM 3KclepuMeHTe. IIpuMeHMMOCTh Kofa IIpoBepeHa B psfe
9KCIIEPMMEHTOB II0 M3MEpeHMIO C ItomMombio gerekTropoB CBM-19 kpuBbIX pacmaga smep
U30TOIOB MHAUEBOIL Cl)OJ’II)I‘I/I (paIII/IOHYKJ'H/IJII)I 116In, 116m1In, 116m2In, 114In), aKTMBMPOBAaHHOM
B II0JIe HEITPOHOB MMITyJIbCHBIX reHepaTopoB MHI-103 n MHI-105 ¢ kamepaMM ILIa3MEHHOTO
¢doKyca, HAIOJIHEHHBIMU HENTEPUII-AeITEpNeBOl 1 NeMTePUil-TPUTUEBO CMeChI0 TIa30B
COOTBETCTBEHHO.

CpaBHeHMe 3KCIIEpMMEHTAJIBHBIX HaHHBIX ckopocTu cuera CBM-19 ¢ yueToM ITONIyueHHBIX
IIONPAaBOK Ha MEPTBOE BpeEMsA COIJIACYETCA C MOMEJbHBIMU JTAaHHBIMM CKODOCTM CUETa,
TOJTy4eHHBIMM pacueTHBIM ITyTeM C MCIIOIb30BaHMeM MHCTpyMeHTOB GEANT4.

Crmcox nureparypsl

1. G. F. Knoll // Radiation detection and measurement // John & Wiley Sons Inc. — 2010.

2. Lee S. H., Gardner R. P., Jae M. Determination of dead times in the recently introduced hybrid GM
counter dead time model //Journal of Nuclear Science and Technology. — 2004. — T. 41. — Ne. sup4.
- C. 156-159.
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Quasi-classical description of the helium atom and the behavior
of constituent quarks for hadrons
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Asis known, N. Bohr constructed the first semi-quantum single-particle theory of the hydrogen atom,
which led to a coincidence with the subsequently developed quantum mechanics for the radius of the
hydrogen atom and its energy of the ground and excited states. For the helium atom, which has two
electrons, difficulties arose in Bohr’s theory. They also exist in quantum mechanics, not to mention
the relativistic quantum theory of many bodies. However, when considering two electrons in a
helium atom, one can simplify the problem and limit oneself to considering the motion of electrons
located at opposite ends of a circular orbit with a nucleus at its center. Such consideration is found
in the scientific literature 1.

In this approach we approached the problem of hadron physics, where the interaction potential at
a distance r of constituent quarks can be chosen in the form of the Cornell potential 2, containing
an attractive term (string tension for quarks) br and a QCD term a/r. The parameters of the semi-
phenomenological Cornell potential a and b are not well defined. In many works (see, for example,
[2-4]) they are often determined for meson resonances (a two-particle problem). In this work we
determined these two parameters from two equations for the expressions of the pion and proton
masses, the masses and radii of which are known. The expressions for the masses taking into account
the relativistic motion of constituent quarks turned out to be quasi-classical, but at the same time
it was possible to bypass the problem of the relativistic quantum problem of two and three bodies
5. Using the parameters of the Cornell potential that we found, we determined the masses and radii
of the meson resonances. We also found approximate expressions for the wave functions for the
spectrum of heavy ¥ quarkonium, consisting of ¢ and anti ¢ quarks.

Such an independent determination of the parameters of the Cornell potential has important implica-
tions for hadron spectroscopy and the problem of reaching the critical point for quark-gluon plasma
in constructing models of tetraquarks and pentaquarks. The transition to a semiclassical hydrody-
namic approach can establish a connection between the interaction forces of quarks in hadrons and
the interaction of hadrons in final nuclei [6.7]. The helium atom model can be useful in the search
for dark helium atoms [8], as well as in the detection of new particles - candidates for the role of
dark matter particles [9].

1. VV. Belov, V.A. Maksimov, Theor. Math. Phys. 151, 659( 2007).

2. Al Vainshtein, M.B. Voloshin, V.I. Zakharov, V.A. Novikov, L.B. Okun, M.A. Shifman, Physics-Us-
pekhi, 20, 796 (1977).
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Jls1s MHOTMX KCIIEPMMEHTOB II0 IIOMCKY TEMHOI MaTepul, OCHOBAHHBIX Ha PETUCTpaLuM siep
oTHauM, a Tak ’Ke HEMTPUHHBIX 9KCIIEPMMEHTOB Ha OCHOBE peakiyu obparHOro Gera-pacraja,
aKTyaJpHa 3ajaua M3MepeHust PyHKUMM OTKJINMKa, MU 4ero Tpebyercs MCTOYHMK HEITPOHOB C
XOPOIIO M3BECTHBIM CIIEKTPOM. B Hacroslueir paGoTe MBI MCCIIeAyeM BO3MOKHOCTb CO3XaHMS
KOMITaKTHOT'O JICTOUHMKA HEJITPOHOB Ha OCHOBE ITOJTYIIPOBOJHMKOBOI'O KPEMHIIEBOT'O AETEKTOpa
7 HYKJINJa 252Cf,

Hyxmupg 2°2Cf pacraaercs ¢ mepmonom momypacraga T1/2 = 2.65 r. depe3 mBa KaHanma: ambda-
pacmag U CIIOHTaHHOe JAeJleHMe C OTHOIIEHMEM BBIXOJOB peakiuil 96.91/3.09, coOTBETCTBEHHO,
NpuyéM KakK[0e CIIOHTaHHOe JeJIeHe B CpeHeM NPUBOAUT K 00pa3s0oBaHMIO IBYX OCKOJIKOB I
3.7 OBICTPBIX HETPOHOB C SHEPreTUUECKUM CIIEKTPOM, KOTOPBII XOPOIIO AaIIIPOKCUMUPYETCS
pacnpeneneHueM MakcBea co cpeHeit sHeprueit 2.3 MaB u HanGonee BeposiTHOIL sHepruein 0.8
M3B. Tax ke, Ipy CIIOHTAHHOM JeJIEHU!U MCITYCKAIOTCA B CpefHeM 8 raMMa-KBaHTOB C SHepruei
oxoio 0.9 MaB, Bo BpeMeHHOM MHTepBale IopsAaka 1 He.

B aroit paGore co3maH 3KCIEPUMEHTAIBHBIN IPOTOTHUII, MU KOTOPOrO IIPOAEMOHCTPMpOBaHa
BO3MOKHOCTb ~ MCIIOJIb30BAHMUS ITOBEPXHOCTHO-0AphEPHOr0 KPEMHMEBOTO [eTeKTopa MmJIs
peTUCTpaIMI OCKOJIKOB JeJIeHUs 1 OpMMUPOBAaHVIS BpEMEHHOI IIPUBSI3KU K MOMEHTY UCITYy CKaHMS
HEJTPOHOB IS IOCHEAYIOIIEN PEKOHCTPYKIMI CBA3aHHBIX C HUMM COOBITHII B KanubpyemMom
nerekrope. OLieHeHa TeMIlepaTypa CIIEKTpa MCIyCKaeMbIX HEMTPOHOB, KOTOpas COCTaBMIIA
1.24+0.18 M»aB.

1. N. V. Bazlov, E. F. Bubnov, A. V. Derbin et al., Phys. At. Nucl 85, #6, p. 931 (2022)

Po>xmeHNe 371eKTPOH-IIO3UTPOHHBIX I1ap B IOJI€ pEHTTEHOBCKOTO
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Ilpouecc  pOXKOEHUSA  9JIEKTPOH-IIOSUTPOHHOI  I[apbl B IPUCYTCTBUU  BHELIHETO
3JIEKTPOMATHUTHOTO IIOJISL TIPEICTABJIseT COOOI MpUMeEp HEIMHEHOTO KBAHTOBO-IIOJIEBOTO
BsammopeiicTeus [1, 2]. B paGore wuccnemyercs ciyuail, KOrAa pOJIb BHEIIHEIO IIOJIS
UIpaeT KOPOTKUII PEHTTEHOBCKUIT WMITYJIbC C MPOCTPAHCTBEHHO-BPEMEHHBIM MPOQIUIIEM,
NpUOIIDKAIOIMM U3JIyUYeHNMe OT IyUKa YIABTPAPENATUBUCTCKUX YACTUI] B CUHXPOTPOHHBIX
ncrounukax [3, 4]. Takxke B paboTe paccCMaTpUBAeTCs CBA3b CIIEKTPAJIBHBIX XAPAKTEPUCTUK
PO’KIAIOILMXCS TIO3UTPOHOB € ITapaMeTPaMIL MMITYJIbCA — aMILIUTYOI 1 XapaKTEPHOI YaCTOTOIA.
1 omumcaHMsl IpoIecca MUCIIONB3YIOTCS TOUYHBIE pElIeHUs ypaBHEHUs [(Mpaka B ILTOCKOI
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BoiHe (pyHkimu Boskosa), uTo 1103BOJISIET KOPPEKTHO YUECTh B3aMMOMIEIICTBIE YACTHI] C ITOJIEM
PEHTIeHOBCKOTO MMIyJibca. AMIUIMTY/Ja Iepexofa BBIUKCISAETCS B II€PBOM IIOpATKE TEOpUU
BO3MYIIEeHNII, U Ha €€ OCHOBe CTPOMTCS BBIpaKeHMe st uddepeHInaIbHOil BEpOITHOCTI
pOKOeHUsd IMapbl M CIeKTpa MOo3UTpoHOB 5. IlomydeHOo, UTO CIEKTPHI MMEIOT OJHONIMKOBYIO
¢dbopMy, IoyokeHMe ¥ IIMPUHA KOTOPOIM 3aBUCAT OT YACTOTHI, & BBICOTA — OT aMIUIUTYOBI
MIMITYJIbCA.

XoTsi IIOJMHOLIEHHAs pEKOHCTPYKUMS IIapaMeTpOB PpEeHTIeHOBCKOTO MMITyJbca Tpebyer
OajdpHeNIero aHaliu3a, YyKe camMyu 10 cebe 3aBUCHUMOCTM CIEKTpa OT BHEIIHETO
3JIEKTPOMAarHUTHOTO IOJII IIO3BOJIAIOT pacCMaTpUBaTh IIPOLECC POXKOAEHMSI  3IIEKTPOH-
TO3SUTPOHHON Iaphbl KaK, BO3MOKHO, IOTEHUMAJIbHBIM MHCTPYMEHT IJI KOCBEHHOIl OLI€HKMU
XapaKTepUCTMK IoyA. Taxoii IOAXON MOKET OBbITh ITOJIe3eH IIPY MHTePIIpeTalu pe3yIbTaToB,
MOJy4eHHBIX Ha COBPEMEHHBIX MCTOYHMKAX CHHXPOTPOHHOTO M3JIy4YeHMA, TaKUX Kak
CKHU®.
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Basknas mH}OpMAus O CTPYKType Afiep, B HaCTHOCTH O AfIePHBIX Tajo, IOCTyIaeT U3 AaHHBIX
IO pacCesHMIO MCCIefyeMOoro sfpa A Ha siape-mMuineHu B. Bemmummoif, HermocpecTBEHHO
M3MepseMOil B TAKOM CTOJIKHOBEHNM, SBISETCS CeueHMe BIaUMOfeiicTsus oy  OHO
oTIpefieNiieTca KaK ceueHume IMpoliecca, B KOTOPOM HajleTaioliee siApo A He BO3GYKmaeTcss U He
pasBauBaeTcs B TO BpeMs Kak KOHEUHOe COCTOSHMe sfpa-MuIleHu B’ Huxak He ¢puxcupyercs,
ol p=0%h — oap_ap, THe 0% — monHOE ceuenme paccesHML.

TeopeTuueckue pacyeTbl OGBIYHO BBHITONHSIOTCS [JIS CEUeHNs PEaKLIL, YIIM TTOJTHOTO HeYIIPYToro,
OIIpefieNAeMOT0 KaK Pa3HOCTH IIOJTHOTO M IIOJIHOTO YIIPYToro cedenuit oy = o'th, — o9 .
PasHmua MekIy ceueHMeM B3aMMOJENCTBUS M CeUeHMEM DeaKI[My OoBbIYHO MpeIiosaranach

npeHeOpeXMO MaJoIL.

Mpz1 mpoBenu pacueTsl 0’1]43 u UEB CeueHMiT B IOJNHON Teopuu IirayGepa ¢ yueTroM Bcex
repepaccestHuIl, OCHOBBIBAsCh Ha METOE MPON3BOIALLIEN QYHKIuM 1.

PesynpTaThl, MOJy4eHHBIE I pacCessHUS aaep ‘He, °Li, 12C u da1pa ¢ rajo M1 pa mumrenn 2C,
IpuBefeHbI B TabiuIle.

CpenHeKBagpaTUYHbIE PaIyChl ONPeeIsINCh N3 CPABHEHNA BEIUMCICHHBIX CEUeHUIT
B3aVIMOMEVICTBI C SKCIIEPUMEHTAIBHBIMI ceueHuaMu. [1o HaliieHHbIM pagmycam

BBIUVICIISUIVICH CEUEHMS pPeaKIINIL.

SkcnepumenransHoe CpenHekBagpatnuHblit CeueHne
ceueHne, M0 pagnyc, M peaxiyu, M6

4He 503 £ 5 1.64 523

12C 853 4 6 2.46 864
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9Li 796 + 6 2.55 804
111 1047 +40 3.28 1057

BupgHo, uTO ceueHMe peaKuMM Bcerga OOJbIlIE CeUeHMS B3aMMOMENCTBMS Ha HECKOJIBKO
MIPOIIEHTOB.

1. Y.M. Shabelski and A.G. Shuvaev, Phys. Rev. C \textbf{104}, no.6, 064607 (2021)

Machine learning predictions for cross-sections of evaporation
residues produced in some alpha-induced reactions

Authors: Avinash Agarwal'; Hanuman Verma?; Satyam Gangwar®

! Department of Physics, Bareilly College, Bareilly. M J P Rohilkhand University, Bareilly
? Department of Mathematics, Bareilly College, MJP Rohilkhand University, Bareilly 243 005 India
* Department of Physics, Bareilly College, MJP Rohilkhand University, Bareilly 243 005 India

Corresponding Author: avibcb@gmail.com

The estimation of nuclear reaction cross-section data is a complex and imperative method that re-
quires professional researchers to provide complete recommended values through the analysis of
experiments, and development of physical reaction models. The modern techniques of evaluation
have overcome some limitations of traditional methods, such as the assumption of perfect models,
linear error propagation, and the normal distribution of uncertainty, making the evaluation results
more objective and accurate. Though the theoretical prediction is one of the foundations of nuclear
data evaluation, high precision models imply the complexity, which may lead to unreliable extrapo-
lation ability. In this work, we report that machine learning is making progress in the field of nuclear
data to predict the nuclear reaction cross sections of radioisotopes produced in alpha induced reac-
tions. In the present work, the production yield of radioisotope has been calculated using statistical
nuclear reaction model code ALICE-91, EMPIRE3.2 and TALYS 2.0. The experimental data available
in the EXFOR library, based on measurement carried out in various nuclear research laboratories
across the world, is adopted for analysis. A set of four authoritative machine-learning algorithms is
deployed in this study, including XGBoost (Extreme Gradient Boosting), SVR (Support Vector Regres-
sion), RF (Random Forest), and Cubist. Each algorithm offers unique advantages in handling complex
data structures and capturing nonlinear relationships. The results of this study are evaluated using a
range of statistical metrics, including Root Mean Square Error (RMSE), Standard Deviation (SD), and
Pearson Correlation Coefficient (r). Comparative analysis with experimental data further elucidates
the performance of the proposed machine learning models, highlighting their effectiveness in pre-
dicting cross-section data. It is important to note that this research work contributes to advancing
computational methodologies in nuclear physics and highlights the potential of machine learning
in enhancing predictive capabilities for complex nuclear data.
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Improving spatial resolution in experiments with tagged 14.1
MeV neutron beams

Authors: Pavel Prusachenko'; Dimitar Grozdanov?; Nikita Fedorov?; Yuri Kopatchz ; Vadim SkoyZ; Ivan Ruskov?;
Tatiana Tretyakovazg Petr Kharlamov?; Alexander Andreev'; Grigorii Pampushikz; Constantin Hramco?; Polina
Filonchik?

! Flerov Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research

2 Joint Institute for Nuclear Research
Corresponding Author: prusachenko@jinr.ru

One of the issues studied in the frame of the TANGRA project (TAgged Neutrons and Gamma-RAys)
is the development of a method for position-sensitive elemental analysis of various samples. This
method is based on the detection of prompt y-rays emitted in the (n, xy) reactions induced by fast
14.1 MeV neutrons. Position sensitivity is achieved through the tagged neutron method, which is
based on the detection of the secondary a-particles resulting from the 3H(d,n)4He reaction which
are accompanying the neutron emission, using a special position-sensitive detector (PSD) built in the
neutron generator. So, the information about the direction and time moment of neutron emission
from the tritium target can be obtained. In this case, spatial resolution is provided by both the
solid angle covered by individual pixel of the PSD and the size of the deuteron beam spot on the
tritium target. In the presentation the experimental and calculated data on spatial resolution of the
setup for elemental analysis based on the neutron generator ING-27, as well as the method for its
improvement based on the unfolding algorithms will be presented. The present study was supported
by the Russian Science Foundation (grant no. 23-12-00239).

State-of-art imaging in nuclear track emulsion

Authors: Irina Zarubina'; Pavel Zarubin'

! JINR
Corresponding Author: zarubina@jinr.ru

In spite of the fact that nuclear track emulsion (NTE) was developed more half a century ago, it still
remains a universal and cost-efficient detector. The application of NTE is especially well grounded
where tracks of nuclear particles cannot be reconstructed using electronic detectors. At the JINR Nu-
clotron the BECQUEREL experiment 1 is performed a program of irradiation of NTE stacks in the
beams of relativistic isotopes of beryllium, boron, carbon and nitrogen, including radioactive ones to
study their cluster structure. Charge-topology distributions of final states have an individual charac-
ter appearing to be some kind of a signature of the isotope under study. The NTE technique allows
one to observe the 3D images of few-body ensembles originated in peripheral collisions and explore
the fragmentation of the relativistic nuclei down to the most peripheral interactions - nuclear “white”
stars 2.

The competitive character of the novel NTE is proved in measurements of slow a particles and heavy
ions (summarized in 3). The possibility of a spectrometry was verified and the atom drift effect is
established in measurement of decays of 60 MeV 8He nuclei implanted in NTE 4. Correlations of o
particles in splitting of 12C nuclei by 14.1 MeV neutrons 5 as well as 7Li and 4He nuclei produced
in 10B breakup by thermal neutrons in boron-enriched NTE 6 are studied. NTE samples were irra-
diated with slow Kr and Xe ions [7,8]. Surface irradiations of NTE samples were performed with
automatic movement of the 252Cf source [9].

Recently, samples of reproduced NTE were also irradiated with 2.5 and 160 GeV muons (started in
[10]). Such irradiation allows one to study few-body fragmentation under the action of an electro-
magnetic probe [11]. Multiphoton exchange or virtual photon-meson transformations can serve as
the fragmentation mechanisms. It was established that the breakup of carbon nuclei into trios of
a particles has a nuclear diffraction rather than electromagnetic character. Thus, the connection of
high energy and low energy nuclear physics appears.
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Classic observations of fundamental importance presented in “The Study of Elementary Particles by
the Photographic Method” by C. H. Powell, P. H. Fowler and D. H. Perkins can serve as a model of
clarity in our time. Our research is implemented in keeping with this tradition by state-of-art means.
The rich collection of videos and images of the nuclear few-body processes gathered at the Web site
is presented 1. In terms of applications they are relevant for the development of advanced systems
of automatic search for nuclear interactions, as well as for university education.

References

1. The BECQUEREL Project WEB site: http://becquerel.jinr.ru/

2. http://becquerel.jinr.ru/movies/movies.html

3. P. I Zarubin “Recent applications of nuclear track emulsion technique” Phys.  At.
Nucl.,, 2016, 79, 1525-1535; DOI: 10.1134/S1063778816130093.  https://link.springer.com/arti-
cle/10.1134/S1063778816130093

. http://becquerel jinr.ru/miscellanea/8He/8He.html

. http://becquerel jinr.ru/miscellanea/DVIN/dvin11.html
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. http://becquerel jinr.ru/miscellanea/U400M/U400M.html

. http://becquerel jinr.ru/miscellanea/Prague-dosimetry/Prague-dosimetry.html

10. D. A. Artemenkov et al. “Study of nuclear multifragmentation induced by ultrarelativistic p-
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cle/10.1088/1742-6596/675/2/022022

0 N QN Ul

O

Investigation of the neutron beam parameters of the time-of-
flight spectrometer GNEIS

Author: Alexandra Tiagelskaia'

Co-authors: Alexander Vorobyev '; Nikita Ol’khovich '

! Petersburg Nuclear Physics Institute named by B.P. Konstantinov of National Research Center "Kurchatov institute”
Corresponding Author: tiagelskaia_am@pnpi.nrcki.ru

The paper presents the digital parameter measurement results processing of the neutron time-of-
flight spectrometer GNEIS at the NRC «Kurchatov Institute» — PNPI in the neutron energy range
from 0.3 to 500 MeV. The energy spectrum of the neutrons was measured using an ionization fission
chamber with a 235U target. An assembly of two position-sensitive multiwire proportional low-
pressure counters was used to determine the beam profile. The data accumulation and processing
system was organized on the basis of 8-bit signal digitizers with a sampling rate of 500 MHz. Python
language with NumPy and pandas data processing libraries, matplotlib library for graphical display
of processing results was chosen as the machine processing tool. To speed up the processing of
the raw data and display of the obtained results, the interactive [Python interpreter in the Jupyter-
notebook variant was used.
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O mpumenenun reneparopos EPOS4, URQMD (LHC) u PhQMD
IJIA aHAIM3a cOOBITUI B (PU3NKe CBEPXBHICOKIIX IHEPTIIT

Author: Koxcrantusa Pasmpicios!

Co-authors: Baqum Monaxos '; Kupnin I'anakTnoHos . Muxamn Kapos I Papxat Banues 1

' Canxm-TlemepGypeckuii zocydapcmeentbiil yHusepcumem
Corresponding Author: st097914@student.spbu.ru

[t aHanmsa sKcIepuMeHTOB B obnactu cBepxBbicokux sHepruit Ha LHC n NICA tpeGyercs
CpaBHEHMEe C pe3yJbTaTaMU TEOPETUUYECKOr0 MOMENMPOBaHMSL, IIPOBOAVMOIO C IIOMOIIBIO
reHepaTopoB COOBITUII CTOJIKHOBEHUS yacTuil. lIpmmepaMy aKTyaabHBIX FeHEpaTOPOB COOBITIII
asisttorcsst EPOS4.0.0 1, UrQMD 3.4 (LHC) 2 u PhQMD 3. KoppekTHOe MOAennpoBaHMe SOJKHO
obecIieurBaTh BBIIIOJHEHNE 3aKOHOB COXpAHEHNS SHEpPIUM, 3JIEKTPUUECKOro, GapMOHHOTO I
JIEITOHHOTO 3apAI0B.

B paGoTe mpoBeqeHa NMpoBepKa BBIIIOJIHEHMs 3TUX 3aKOHOB COXPAaHEHV IIPM MOMEIMPOBAHUN
CTOJIKHOBEHUII TPOTOH-TIPOTOH TIPM SHEPTUM B CUCTeMe LeHTpa Macc ¥Snn = 7 T3B ¢ momonrsio
yKasaHHBIX TeHepaTOpOB COOBITUII ¥ CPaBHEHVE Pe3yJIbTaTOB MOAEIMPOBAHNUS C SKCIIEPUMEHTOM
ALICE (CERN) 4.

B reneparope EPOS4 o0HapyKeHBI CyllleCTBEHHbIE HAPYIIEHNsS 3aKOHOB COXPAaHEHMUs IHEPTUN,
OGapmMOHHOrO M 3JeKkTpumyeckoro 3apsga. B UrQMD m PhQMD 3ty 3aKOHBI COXpaHEeHUs
BBIIIOJIHAIOTCS, HO Habmronaercs xymiree o cpaBHeHnio ¢ EPOS4 coBmameHme pacrpeneseHmit
MHO>XECTBEHHOCTH POXKIECHNS 3apsyKeHHBIX UACTHUI] C 3KCIIepMMEHTAIbHBIMI JTaHHBIMIL.
Ilpennoxena upmes QUIbTpauuy COOBITUII TE€HEPATOPOB C OTOpachIBaHMEM  COOBITUIL,
HapyIIAIIMX 3aKOHbI coxpaHeHms. Ilokasano, urto mus UrQMD um PhQMD ona mosesHa, a
s EPOS4.0.0 3aMeTHO yXy[AIIaeT COOTBETCTBME 3KCIIEPMMEHTY MOJEJBHBIX pacIIpeesIeHIin
MHO>KeCTBEHHOCTI.

Pa6ora BeImonHeHa npu nopgep:xke CII6LY, mmdp npoexra 103821868.

1. K. Werner. Phys.Rev. C 108, 064903 (2023).

2. S. A. Bass et al. Progress in Part. Nucl. Phys. 41, 225 (1998).

3. J. Aichelin, et al. Phys.Rev.C 101, 044905 (2020).

4. Adam J. et al. (ALICE Collaboration). Europ. Phys. J. C, 77,1 (2017).

O6paszosanme A’ - m ATT- u30bap B meHTpambHBIX o'’C-

coygapeHusax npu 4.2 I'sB/c Ha HyknoH

Author: Paxmarysra Bekmupzaes’

Co-authors: Asusa Ymp3sakosa . Kocum Onumos %; Papxon Tyranos !

! Iwcusakckuii zocydapemeennvlii nedazozuueckuil ynusepcumem, Yabexucman, [ncusax.

2 Qusuka —mexHuueckuil uncmumym, AH PY3, Yabexucman, Tawkenm
Corresponding Author: bekmirzaev@mail.ru

W3BecTHO, UTO CHEKTPbI KMHEMAaTMUYeCKUX XapaKTepPUCTUK BTOPMUHBIX YaCTUI] B IIpolieccax
MHO)XECTBEHHOTO PpOKIEHNMSI HeCcyT MH(QOpMalMi O MeXaHM3MaxXx WMX oOpasoBaHMI. B
aIpOH-IJEPHBIX COYJAapeHUAX IPM BBICOKUX 3HEPTMAX CYIIECTBYIOT pas3IMUYHble MEXaHI3MBbI
00pa3oBaHMs BTOPMYHBIX IIMOHOB. B UacTHOCTM, NP IEPBUUHBIX HEPIUAX IO HECKOIBKUX
I'sB Ha HYKJIOH IMOHBI MOTYT GBITH 06pa30BaHbBI OT paclajga PasIMUHBIX TUIOB A-m3006ap, OT
HeyIpyroi nepesapsAaKy HyKJIOHA, KaK HaJeTAIOLIEro CHapAda, Tak M aApa-MUIIEHN, a Takxke
NIpSIMOTrO POKIAEHNS UX B IIape C pa3HOMMEHHBIMI 3apsAAaMI B pe3yJbTaTe HyKIOH-HYyKIOHHOTO
JUIM IIMOH-HYKJIOHHOTO B3aMIMOZEIICTBIA.

B pa6oTe mpencraBieHbl HOBbIE SKCIIEPMMEHTAJIbHBIC TaHHBIC O PA3IMYHBIX XapaKTE€PUCTUKAX
A w At*-m3obap, obpazoBaHHBIX B IeHTpaltbHBIX o'’C- coymapenusx mpu 4.2 IsB/c Ha
HYKJIOH.
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K 1ieHTpaJIbHBIM COyTapeHIsIM OTHOCIIINCEH COOBITH, Y KOTOPBIX MMEITCS 4 1 60Jiee IPOTOHOB-
YYaCTHUKOB BO B3aMMOJENMCTBUU. UMCIO TaKMX COYJAApeHUII OKa3aJloCh paBHBIM 776, UTO
cocraBifeT 6.5 = 0.2% oT 0611ero ymuciaa HeyIpyrux auC-coy,uapeHI/H?I.

CpenmHme MHOXXECTBEHHOCTU OTPMIATENIBHBIX ¥  IIOJOXXUTENBHBIX IIMOHOB  OKasalNCh
COOTBETCTBEHHO paBHBIMMI 2.16 + 0.05 1 1.19 £ 0.04.

Mosnyuensr pacripenenenue A’- u AT+-usobap mo mHBapUManTHOI Macce m-p- M T+p- Map JIA
neHTpanbHbIX o'?C-coymapernsax mpu 4.2 A T'sB/c mpu 3HaueHmax mapamerpoB & = 0.21 u o =
0.45 1 € = 0.21 u o = 0.4 coOTBeTCTBEHHO. Pe3ynbpraTsl anmpokcuMupoBanuck ¢popmysoit Bpeiira-
Burnepa 1. CooTBeTCTBYIOLIUE 3HAUCHIIE X2 fa.c.c.= 0.67 m 0.98 mrsa A°- AT T -u306ap.

Ilpn momcke menbra M300ap pacCMaTpMBAIUCH IIPOTOHBI M3 00JacTy (parMeHTalMy MUIIEHN
¢ nmmmynaecamu 0.22 < Pp < 1.25 I'sB/c. W3 paccMoTpeHNMS UCKIOYANNCh TaK Ha3bIBaeMbIe
«JICIIAPUTEJIbHBIE» IIPOTOHBI.

MIupuaa macesr A%- w AT -n3o06apsr okaszamucs paBHbIMBL: 52 + 3 MaB u 53 + 4 MaB, a macca A’- n
ATt -uzo6aper 1234 + 2 MaB u 1233 + 2 MaB cooTBeTcTBeHHO 06pa3soBaHHbIX B o' 2C-coymapeHmsax
npu 4.2 A TaB/c. Illupuma maccosoro cmektpa u macchi A- u At -umszo6aper 613K0 K mpyT

Apyry.
[1.] D. Higgins, Phys. Rev. D 19, 731 (1979).

HccaemoBaHne XapaKTepUCTMK moJieli <¢opMupyeMbIX Ha
yCTaHOBKe JO3MMeTPUUECKOI OeTa-M3TydeHIs

Authors: IOmus Bepecresa'; Bnagumup I'yzos'; Pycian Tutkos'

! Hayuno-npouseodcmeennoe ynumaproe npednpusmue <ATOMTEX» 2. Munck, Pecny6nuxa Benapyco
Corresponding Author: yulia.beresneva@inbox.ru

Yceranoska IOo3MMeTpuYecKas GeTa-M3nyUeHNsI VIB-AT200 npegHa3HauYeHa TS
BOCIIDOU3BENEHNUS EOVHUI] IIOIJIOLIEHHOM MO3bl, HAIIPpAaBIIEHHOTO U WHIMBUIYAJIbHOTO
9KBMBAJIEHTOB MO3bl O€Ta-M3JIy4deHMS M MX MOIIHOCTM B TKAaHESKBMBAJICHTHOM BeI[eCTBE C
JCIIONb30BaHMeM SKCTPAIOALMOHHON KaMepbl M Ilepefaul IIONYUeHHBIX eNVHUI] paboumm
sTaJOHAM M JO3MMeTpaM OeTa-M3IyUeHN.

B cocraB ycTaHOBKM BXOAWMT IIOABVDKHBI GJIOK M3Iydaress, MeXaHNM3M II03MUMOHIPOBAHMNI,
CTAlMOHAPHBIA CTOJI I SKCTPAIIOIALMOHHON KaMephl, MSMEPUTENIbHBI CTOJI [JI pa3MeIleHNUs
KanubpyeMbIX HO3MMeTpOB M (haHTOMOB, OJOK M ITyJABT YIIpaBJIICHMNA. ITpenycmoTpeno
IOVICTAaHIMOHHOE YIIpaBJIeHME YCTAHOBKOM, a TaKXke IIpOBeJeHME KaJIMOPOBKM M pacyeToB C
MCIIOIb30BaHMeM IIPUKIATHOTO IPOrPaMMHOTO 00ecIIeYeH .

g dopMuUpoBaHMA paAMalVIOHHBIX II0JIEVl MCIIONb3YIOTCS PANMOHYKIMHbIe JO3UMeTpIYecKye
MICTOYHUKM GeTa-M3JIydeHNs CTpOHIMIT-90+UTTpuit-90, KpunroH-85 u npoMernit-147. Vicrounnkn
IIOMEIAIOTCA B CIIELMAJIbHEIE JepKaTelu U3 MaTepUaoB, IPeAYCMATPUBAOIINX PaAMALlIOHHY O
3ammry or OeTa-yacTHI, a TaKXe TOPMO3HOTO W3JIyueHNd, BO3HUKAIOIIEr0 B 3JIeMEHTax
KOHCTPYKIUIM MICTOUHIIKA.

IIpu dpopMupoBaHUY STATOHHBIX PaSUAIIOHHBIX IOJIei 6eTa-4acTIIl MCTOUHMKY IPUMEHIIOTCI
COBMECTHO C BBIPABHMBAIOINVMY (PUIbTpaMy M3 IonMaTIIeHTepedTanaTa, 06ecreunBaol ML
OJHOPOMHOCTS IT0JIS TI0 CeUeHNIO ITyuKa B MeCTe PACIOIOKeHII KaINOpyeMoro JO3MMeTpa.
OKCTpanoIAUMOHHAsd KaMepa IIpefCcTaBIgeT co00l MOHM3AMOHHYI0 KaMepy C IapalIeIbHbIMI
3JIEKTPOJaMM, B KOTOPOJ Macca BO3JyXa M3MepUTEIbHOro o0beMa MeHAeTCA IpY M3MEeHEeHMUN
paccTosHMS MEXAy 3JeKTpofaMy. IIOABIDKHBIN M3MepUTEeNbHBIN (COOMPAIOIINIL) 3IIEKTPOL
SKCTPAIOJIALVIOHHOM KaMephl IIepeMellaeTcs OTHOCUTEIbHO (PUKCUPOBAHHOTO BXOMHOTO OKHA
(TTOTEHIMANBHOTO JIEKTPO/IA) C UCIIOIB30BAHIEM CUCTEMBI IIPELM3MOHHOI0 MIKPOMETPUUIECKOTO
nepeMelleHns.

B noxnanme mpencTaBleHBI Pe3yJNbTaThl MCCIETOBAHUA 3aBMCHMOCTY MOIIIHOCTM ITOTJIOIIEHHOI
03Bl OT PACCTOSHMSA UM OT TOUYHOCTYM ITO3ULIMOHMPOBAHMUSA CTAaHOAPTHBIX MTO3MMETPUUECKUX
JMCTOUHMKOB OeTa-M3IIyueHNs, CCIeoBaHa HepaBHOMEPHOCTH IIpoduuIs Iojeit OeTa-u3IydeHns,
CO3[aBa€MbIX MCTOUHMKAMI U3 PaJgUOHYKIMOOB CTpOHLMII-90+uTTpuii-90, KpumroH-85 u
nmpoMeTnii-147.
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O0beMHBIII 3axBaT B KaHAJNPOBaHUE B CJIA00M30THYTOM
KpHCTaJLIe

Authors: Anmua Bacunsena'; Aunpeit Suoswa'; Aptyp Mypym'; Bnagumup Manmees'; Exarepuna [Tapmenosa’;
Urops Homnyskros'; Muxamt Kocrus' ; I0puit Carmomupcxuit'; I0puit Yecrnoxos'

1 o
Dedepanvroe eocydapcmeentoe GlooxemHnoe yupexcoenue «HHcmumym Gusuku 6vicOKUx sHepeutl umenu A.A.
Jlozynosa HayuonavHoeo uccmedogamenvckozo yenmpa «Kypuamosckuti uncmumymy

Corresponding Author: ekaterina.parmenova@ihep.ru

IIpencraBiensl maHHBIe 3¢deKTMBHOCTH 00beMHOro 3axpara (O3) B KaHAJIMpOBaHME YaCTUIL
BBICOKOJI SHEpPruM B CJIAOOM30THYTOM KpMCTaLle. B paGoTe Ha oTe4eCTBEHHOM YCKOpUTele
YV-70 uccremoBancs O3 mporoHoB sueprueir 50 I'sB B c1aGomM30rHyTOM KpucTajLle KpEeMHUS
¢ pamgumycoM m3rmba 5 M (60 KpUTUMUECKUX pagNycOB). OKCIepuMeHT IpOBOAMICT Ha
BbIBeJleHHOM Ityuke mnpoTroHoB B HMII «Kypuarosckmit mHCTUTYT» - M®BI. Ilaparomimii
My4OK HAIPABJIAJICA Ha KPMUCTAJl C IIOMOIIBIO TeJecKola CUMHTUIUIAIMOHHBIX CUETUYIKOB,
OTKJIOHEHHBII ITy4OK PETUCTPUPOBAJICA PaAMOXPOMHOI mo3uMeTpudeckoil mieHkor EBT-3.
H3mepeHa noJs OTKIOHEHHOTO MyYKa, KoTopas coctaBma (3.6 + 1)% u (1.1 £ 0.3)% B 3aBUCUMOCTH
OT yrja IIOBOPOTa YaCTMII M IyTH B Kpucraje. IlonydyeHHBIE SKCIepMMeEHTalbHbIE TaHHBIE
COIIOCTABJIEHBI C TEOPETUUECKMMI pacueTaMu 3G PeKTUBHOCTY OTKIOHEHNS IIyUKa B pe3yJIbTare
O3 B 3aBUCHMOCTM OT JJIMHBI IIYTM B KpUCTaJljae U TE€MOHCTPMUPYIOT YIOBIETBOPUTEILHOE
cormacue [1, 2]. Merox moBopoTa myuka c momolnpio O3 IepCIeKTMBEH I YIIpaBIeHUS
BTOPVMYHBIMIY ITyYKaMM YaCTUII C GOJIBIIION YITIOBOI PACXOIMMOCTBIO.

1. Yu.A. Chesnokov et al., Nucl. Instrum. Meth. B 69, 247 (1992)
2. V.A. Maisheev, NIM A (2025) to be published

dmurakcuanpHble IwieHKN 4H-SiC kxak perektopsr anbda-
YaCTUI M OCKOJIKOB JIeJICHIIA.

Authors: Anexcanap ,I:[ep61/m1; Anron Bon,uapenxol; Banentuna MypaTOBaI; Neuuc Usanos'; Esrenmit
Viskakos'; Unbs I[paquBl; Wpuna Koruna'; Makcum prI_HI/IHl; Huxkosait Basnos?; Oner Koubkos®; TarbsHa
CamconoBa®
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Corresponding Author: trushin_mv@pnpinrcki.ru

Kap6upn xpemuns (SiC) — mIMPOKO30HHBIN IOJYIPOBOAHUK C BBICOKMM 3HAUEHMEM BeIMUNHBI
IIOpOTroBoJ 3Heprun nedekToo0pasoBaHMs, UTO [AejIaeT €ro OJHMUM M3 CAMBIX IIE€PCIEKTUBHBIX
MaTepuajoB I M3TOTOBJIEHMS PAaAMAIMIOHHO-CTOMKNX IIOJIYIPOBOJHUKOBBIX IETEKTOPOB 1.
KiroueBoif 0COOEHHOCTBIO HAHHOTO IIOJYIIPOBOJXHMKOBOTO MaTepuaja SBJISETCS CTPYKTypa
tunnunblx  1wractud  SiC: cpaBHuMrenpHO TOHKHMIT (1-50 MKM) paboumil 3HUTAKCUATBHBIN
CJIOJI C HU3KOM CTEINEHBI0 JIETMPOBAHUA (r[opsuu(a 1015 cM-3 m HIDKE), BBIpAILlEHHBI Ha
BbICOKOJIETMpoBaHHOM (~1018 cm-3) mommoxkke SiC Tommmuoir 300-350 Mxm. Takmm oGpasom,
SiC meTeKTOpBI CIIOCOOHBI PErMCTPUPOBATH JIMIIL OTHOCUTEIHBHO KOPOTKOIPOOEKHbIE YaCTUIIBI,
KOTOPpBIE ITOJIHOCTBIO TePSIOT SHEPIHIO B ANIUTAaKCUATIBHOM cJIoe. B mamHOII paboTe mcciemoBaiach
BO3MOKHOCTBb IIpuMeHeHNs SiC meTeKkTopa [ perucrpaunuy ajibha-uyacThLl, a TaKKe OCKOIKOB
neneHus nsoroma 252Cf.

HccneqoBaHHbIE QETEKTOPEI CO CTPYKTYpoit Gapbepa [lloTTky n3roraBamBach moamoxke 4H-SiC
n-Tuma nposogumocty (yaenbHoe conpotusnerne 0.02 OM - cM) ¢ BbIpallleHHbIM Ha II0BEPXHOCTH
SMMTAKCHAIBbHBIM N-ciioeM. KoHIeHTpaums OOHOPOB (a30T) B N-CJIO€ TOJIMHON 34 MKM
cocraBisia 9 - 10 14 cm—3. HukesneBpiii oMuuecKuii KOHTakT opMupoBaics Ha HuingoBaHHOI
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00paTHOI CTOpOHE IIOMJIOXKKI ITyTeM MOHHOTO paciblIeHnst Ni-MIUIIIeHN U B)KUTaHIEM B BaKyyMe
npu temneparype 950°C. Konrakrer lorTku ¢ mromagamu 2 MM2 GOpMUPOBAINCH MOHHBIM
pacmputeHneM Ni-mumrenn (tonmmHa ciaosg Ni ~150 HM). PacueTs! rryGMHBI IPOHMKHOBEHUS
anbda-yacTyI] ¥ OCKOJIKOB [eJIeHNs B KapOume KpeMHIUS BBIIOTHANNCH B nporpamme TRIM 2 n
oHM 1mokasany, 4To SiC IeTEeKTOPBI C TONIIMHON SMUTAKCUAIBHOTO CJIOS 34 MKM IIOIXONAT IS
perucrpanuu Kak ajab(a-uacTuIl, TaK 1 OCKOJIKOB geneHus u3oromna 252Cf.

CreKTpoMeTpUYecKye CBOJICTBA M3TOTOBJIEHHBIX NETEKTOPOB VICCIEHOBAINCH IIPM OOIyUeHUM
anbda-yacTuIaMI CIIEKTPOMeTpUUecKoro aiabda-ncrounuka (233U+239Pu+238Pu) n mpoagykramn
pacmama wmsoroma 252Cf. CoryacHO pacueraMm, IIOJIHOe OOefHEHNE SNUTAKCUATIbHOIO
CJIOST HACTYyIUT IpY IPUJIOKEHUNM OOpaTHOro cMelleHUs okoio 800B. [lns yMeHbleHuMs
IIOBEPXHOCTHBIX TOKOB yT€UEK VM CHIDKCHUY BEPOSTHOCTYU IIPO0Os AeTeKTOpa IpY IPVIIOKEHUN
OOJBIIOr0 OOpaTHOIO CMeIeHus, JIMIeBas CTOpPOHA MAeTeKTopa 3albLIsiach CJlI0eM
TeTpasApuueckoro amop¢Horo yriepoga Tosuuuoir 10 uM 3. IIpoBommiinch mcCilefOBaHMS
BJIMITHIS JaHHOTO CJIOS Ha BOJIbT-aMIIEpHBIE U CIIEKTPOMETPIUECKIIE XapAaKTEPUCTUKIL IeTEKTopa.
DJIeKTPUUECKU-aKTUBHbIEe He(eKThl B SIUTAKCUAIBHOM CJIoe M Ha MHTepdelice MCCIe[0BaIICH C
IIOMOILIBI0 METOIOB TepMO-CTUMyIupoBaHHOoro Toka (TSC) u HecTaUMOHAPHO CHEKTPOCKOIUI
riry6okux yposreit (DLTS).

ITompo6HOe 06CyskAeHMe MONYyUeHHBIX 9KCIePUMEeHTAIbHBIX Pe3yIbTaToB OyAeT IIpefCTaBICHO
na Kondepenin.

1 Marzio De Napoli, Front. Phys., 10, 898833 (2022)

2 Ziegler ].F., Biersack ].P., Ziegler M.D., SRIM - Stopping and Range of Ions in Matter. URL:
WWWw.srim.org

3 Konskos O.11., Tepykos E.W., Tpanesaukosa .H., Pu3uka u TeXHMKa ITOIyIPOBOTHUKOB, T.30,
BBIITYCK 12, cTp. 2183-2187 (1996)

HNccaenoBanue puHaMuky nyuyka B QP mcrounuke

Author: Anexcannp Makapos'
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OCHOBHOJ METOIUMYECKON CIOKHOCTBIO IIpM IpoeKTupoBaHuy OlIP-MCTOUHMKOB sgBiIAETCA
KOppEeKTHOe MOJeIMpPOBaHNEe AVHAMUKY HIU3KO3HEPIeTMYECKMX CIJIBHOTOUHBIX IIy4KOB. B
YCIOBMAX MAJBIX KUMHETWUECKMX OJHEepPIMil YacTMIl JOMMHNpYIOIlee BIMAHME HA QUMK
MPOLIECCOB OKa3bIBaeT II0Jie IIPOCTPAHCTBEHHOIO 3apsAfa IIydKa. Insa pemeHus 3ToM
CaMOCOIVIAaCOBAHHOI 3agaur 3¢@eKTUBHBIM IOAXONOM SBISIOTCA pPas3jIMUYHble MOAM(UKALIAN
MeToa «TPyOOK TOKa», peann3oBaHHbIe B mporpaMmubix nakerax CST Particle Studio, IBSimu n
«CYMA>» [1-3].

B pabore mcciemoBaHa OUHAMMKA MOHHOIO IIYYKAa B TPEXIJIEKTPONHON CICTEME 3KCTPAKLILN
OIIP-mCTOUHMKA C UCIOTIH30BAHMEM TPEX IIAKETOB MOAEIMPOBaHsA. KOMOMHMPOBAHHBII TOAXO
IO3BOJIMJI YYeCTh IIPEeMMYIIecTBa KaKIOTO ITaKeTa: ITapaMeTpuyecKas ONTUMM3AIUs CUCTEMBI B
CST u rubknit mogxox k Mogenuposauuio B IBSimu u “CYMA”.

Mogenuposanue B CST Particle Studio mosBonmIo ompeneiauTbs ONTUMAIBHYIO [€OMETPHIO
9KCTPAKLIOHHOI CUCTeMBI M 3HAUeHMs IIOTeHLMATIOB Ha 3IEKTpojaX. ITM IapaMeTpbl ObLIN
JICIIOJIb30BaHbI B KauecTBe HAYaJIbHBIX yCIOBMIA JJIS ITOCIIEeYIOIIero MOAEIMPOBaHNsA B ITIaKeTax
IBSimu n “CYMA”. TloslyueHHbIe B 9TUX IPOrpaMMax MAaHHbBIE O NUHAMUKE ITyUKa II03BOJIIA
CKOPPEKTMpOBaTh I'paHNYHBIE YCIOBUS Ha IutasMeHHOIN rpanuue B CST Particle Studio, uro
IIpUBEJIO K YTOUHEHMIO 3HAUeHMII ITIOTEHIMAJOB M TreoMeTpum cucrembl. — CoryiacoBaHme
pe3yJIbTaTOB, IIOJIYUEHHBIX BO BCEX TPEX NMPOrpaMMax, ITOBBIIIAET JOCTOBEPHOCTD IIPOBENEHHBIX
pacuétoB. B pesynbrare moiaydeH OOLIMPHBI MAacCHUB JaHHBIX, BKIIOYAIOIINI XapaKTePUCTUKI
ITy4YKa AJI1 PasiIMUHbIX KOHGUTYpanuii MICTOUHMKA.
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IIOI'IOJIHI/ITe.TIbHO JICCIENOBAHO IIOBEAEHME ITyUKa IIpM OTKIIOHEHUM OT OIITMMM3MPOBAaHHBIX
IIapaMe€TpoB, UYUTO IIO3BOJIAET MOIAEJIMPOBATH pe€aJbHbIE YCIOBUA ISKCIUIyaTalVIl JIOHHOTO
JICTOUHMKA.

1. CST Studio Suite: https://www.3ds.com/products/simulia/cst-studio-suite
2. IBSimu: https://ibsimu.sourceforge.net

3. Pammkos B.J. Pacuer aeKTpoOMarHUTHBIX IIOJIEN B CTPYKTYpax CIOKHOM reoMeTpum. B KH.:

Bonpocvi amomnoti nayxu u mexnuku. Cepus: AdepHo-¢pusuueckue ucciedosanus. Boim. 10 (18). —
M.: 1990

Self-similarity method in relativistic physics

Author: Elina Baldina’
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Corresponding Author: e baldina@mail.ru

The basic ideas of the self-similarity method in relativistic physics are presented. The self-similarity
method allows one to reduce the number of independent variables for description of complex phe-
nomena of a particular class, self-similar solutions are found in an analytical form, the character of
behavior of physical quantities does not change with the change of scales of independent variables
that is compensated by self-similarity transformation of other dynamic variables.

A particular case of the self-similarity is the well known scaling behavior of the reaction cross sec-
tions.

The specific features of the self-similarity method for description of particle production in relativistic
nuclear collisions where the scaling approach fails are described. The collective effects in relativistic
collisions are also discussed.

ComekTp Macc M pacmagbl Me30OHOB B paMKaX OIMIOKaJIBHOMN
PeIATUBUCTCKOM IMMOTEHIIMAIBHON MO EJIN

Author: Tynkys Hacupos'

Co-author: Haxubaxon Mupxoxkaesa 2

! YHueepcumem 2e0I0cu"ecKux HAaykx, Tawkenm, YV36exucman
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Corresponding Author: tulkunnasirov@yandex.ru

ITomydyeH cmeKTp MacC ICeBOOCKAJIAPHBIX M BEKTOPHBIX ME30HOB B paMKaX peIATUBUCTCKON
MOTEHIMAIBHON MOIEIIIN. IMToreHuman MeXKBApKOBOIO B3aWIMOMEICTBMSI BbIOpAaH B BI[e
CYMMBI OCHIJUIITOPHOTO ¥ KYJIOHOITOZOGHOTO ITOTEHIMAIOB. PaccumTaHbl KOHCTAHTHI PACIIafoB
JIENITOHHBIX PAaCIajioB, pe3yJIbTaThl KOTOPBIX HAXOAATCA B KOJMYECTBEHHOM COTJIACUM C
VIMEIOLIVIMIICSL SKCIIEPUMMEHTAIBHBIMY HAaHHBIMI. VcIlonp3yemas MOMENb JICIIOIb30BaHA IS
pacuera CIileKTpa 3JIeKTpOHA B IPUOIVDKEHU IBYMEPHOTO MIPOCTpaHCTBa. 1loyueHb!l 3HAUEHMS
SHEpPIUU U B BOJIHOBBIX (PyHKLMII BO3SMOKHBIX CBSI3AHHBIX COCTOSTHII 3JIEKTPOHOB, pE3yJIbTaThI
KOTOPBIX MOIYT OBITH ITOJIE3HBI [JIS BBISBIEHUS IIPUPOMBI IPOSBIEHUs KBAHTOBOro 3ddexra
Xoina.
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