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B MHorouuncieHHbix LSSM — pacuetrax BbIOMpaETCs y3KO€ MOACIBHOE MPOCTPAHCTBO BOJIU3U
nosepxHocTu MGepMu U AUArOHATU3UPYIOTCS Marpulisl orpoMHoii (10° 1) pasmeprocTw.
HO oxoHYareabHbINA Pe3yJbTaT, KOTOPBIK JIOJDKEH YUYECTh POJIb OCTAIBHBIX YPOBHEH (KOpa), MPOCTO

IIOATOHAETCS 1O SKCIIEPUMEHTY BBEACHUEM BEJIMYHHBI (ez’;} .

(! cM. surpad: 9T0 —HEOPUINYHO !)
0€3 y4yera 3aBUCHMOCTH OT SHEPIUU W OJHOYACTUYHBIX HHICKCOB.

[TomBITKK paccunuTarh (ez'}} ,» KOHEHHO, ObLIH, cM. [1-2], HO OHM OCHOBaHBI Ha CIOXKHBIX abinitio —

pacueTax (boHckuii moreHmuai, low-kK npudmmkenue).

(NocoreLSSM-pacyeThl — 3T0 MCKIIOUCHUE H HX MAJIO)

[1] F.Raimondi, C.Barbieri PRC 100,024317 (2019)-«self-consistent Green’s function (SCGF) approachy !
[2] A.Jungclaus et al. PRL 132, 222501 (2024)



IleJab padoThI:
PacCMOTPETh METOJ MHKPOCKOMHYECKHX PACUETOB
(e57:) . B pamrax TK®C : Te.
1712

e
1) npenyokuTh 00J1ee MPOCTOM U 00JIee YHUBEPCAJIbHbIHN,
yeM paHee, MeTOI M
2) caeJiaTh mepBbie pacueTsbl B NPUOJIHKEHHH cenapadeIbHbIX CHJI

---B TKD®C ecTh cnen. noHsiTue (BepIluvHAa) AJs ONUCAHUA M PACYETOB I3TOU
BeJIUYMHBI
---B TKOC paspadoTraHa cnenuajbHas U eCTECTBEHHAsl Ipoueaypa
[EePEeHOPMUPOBKHU YPABHEHHUS 1JISI BEPIIHHbI



Pannmue pesyiabrarnl:
Pacuersbl 3@ dekTUBHOIO 3apsaaa B sapax «mar + - 1» B TKDC.

Kak mokasano B [1], cm. Taxoke [2], 5bQeKTUBHBINA 3apsn €5 ONpenenseTcs yepes dphexkTuBHoe none (Bepmuny) V-

AN

V= eqV°®+ FAV }—: q%* i V)~

/

(eeff);(w) = Vi (w) / Vi (1)

T.C. OH 3aBUCHUT OT SHCPIruu, U30TOIMMNYCCKHUX U OAHOYACTHYHLIX IICPCMCHHBIX

PacueTsl B [1] 11 Heu€THBIX siyiep Oe3 criapuBaHMs MOKa3alld XOPOIIIee Corjlachue ¢ MMEIOIIMMCS SKCIIEPUMEHTOM 110
n3MepeHnsiM BennunH B(E2).

[TpumepHoO TO ke camoe OBLIO MOTYUYCHO MO3IHEE IJIs 3ToM 3anauu B [3], Tabn. 6.8, 6.9 (cTp. 456-457)

[1] Kamepmxkues C. I1., D 2, 415 (1965) u AD 5, 971 (1967).
[2] Murnan A. b. Meron kBa3uyacTuIil B Teopuu sapa — Mocksa: Hayka, 1967,

[3] Bop 0., Mottenbcon b. Ctpykrypa aromHOTO sijipa T. 2. — Mocksa: Mup, 1977. (arn. 1974)



IlepeHOpMUPOBKA YPABHEHHUH /151 BEPIIHUHbDI

OTO YpaBHEHHUE MOKHO 3aITUCaTh B BUJE:
V = e,VO+2%, FAV+ I, FAV (2)

rae X, ConepKut gvidenennyo rpyniy NePEXoioB WIIH YPOBHEH, X COIEPHKHUT OCTAIbHBIE MEPEXOJIBI WU YPOBHU. Mcrionb3ys
MOHATHE aMIUTUTY/IbI paccesiHus [, 1 BBOJS BEJTMUMHBI

["=F + %, FAT'
V' =e,V® +X,FAV'

MokHO noJIy4nuTh ypaBHeHue s V

V=V +3T'AV 3)

Btopoe ciiaraemoe B (3) COAEpKUT OTBET HA BOMPOC, KaK 3aBUCUT BEPIIINHA, T.€. 3(PPEKTUBHBIN 3apsijl, ONpeAcIsieMblil Ha
YPOBHSIX BBIACICHHOW 0000YKH (Hampumep, 000JI0UKH CO CIapUBAHUEM JIJIS SIJIEp CO CIIApUBAHUEM, CM. J1aJiee)

Ecnu B 2, BKIIIOYUTH YPOBHH, BhIaeasieMbie B LSSM-pacuerax a B £ — OCTaBIIHECS YPOBHHM, TO BeiauunHa /', koTopas
BKJIIOYAET 3TU OCTABIIUECS YPOBHH, Oy/I€T ONMKUCHIBATH BEIUYHUHBI

sm _ (V,)12

(esfr),, = Ve (4)

KOTOpblEe (hEeHOMEHOJOTMYECKH (TIOJITOHOM K KCIIEPUMEHTY |) HAXOSATCS BO MHOTUX TEOPETUUECKUX PadOTaX, UCTIOIb3YOLIUX
LSSM-pacuetsi
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JI71s1 MEPBBIX PACUETOB BEIWYHH (ee ff) |, Mbl IPAMERAIIH NpUOIMKEHNE cenapadesIbHbIX CUJTI OTMCAHHOE B

npenpiayei padore [1]

pp _ P (.P\*
Fiy3s = _prp‘hz(qsz}) )

LM

=D ek

LM

np
F1234

B sTom l'IpI/I6J'II/I)KeHI/II/I (e e ff He 3aBUCHUT OT OAHOYAaCTHYHbBIX NMHACKCOB. 910 YIA4YHO COOTBETCTBYET MCHOJIL3YEMOM

«punocodpun» B 6OJII>HII/IHCTBC TEOPETUYECKUX PabdoT, rie (ee ff), MOATOHACTCS MO IKCIIEPUMEHTY.

Pemenne ypaBHeHus Ui BepmuHbl V' B npnﬁ.ﬂmlceﬂnn cenmapadeabHbIX ¢ [1]

SIBHBIEC BBIpAKECHUS IS 9QDDEKMUBHBIX NOAAPUIAYUOHHBIX
3aps1006 HYKJIOHOB:

(egff)i’é” = eé’ wPPEG (el ff) —n'"PLy (eeff)12 . 1 + uPPYT wPxl
n \sm _ __
(egff){gl =eq —n" Zg(eeff)u — uPPEy (eeff)12 eff) D ) (€eff)12 = D

L=2:
. D = (1+1pZH)(1 + kppZh) — 21,2050,
e T5= ) s (2lqll1) 4y,

V1V2

(mIpu CyMMUPOBAaHUH UCKIIOYEHBI COOTBETCTBYIOIIME YPOBHHM) [1] FO.B. Kosanena u 1p. SID 87 Ne6, 659 (2024)



SODEKTUBHBIN 3APAJ] ITEPEXO/IA

B Monorpacduu bopa u MoTTenbcoHa HCHOJIb3YeTCA NOHITHE 2(DPEKTUBHOTO 3apsiaa JJis

M30CKaJISIPHOTO U M30BeKTOpHOTO 1epexoaoB ([bM, 1977], cTp. 455), KoTopble B COBPEMEHHOM
JTUTEpaType HA3BIBAIOTCS KaK €5 U €jy,
Hcmonn3ys moHsaTHe 3G(EKTUBHOTO MOJIS, UX MOXKHO CBSI3aTh C «IIOISIPU3AIMOHHBIM 3apsIOM B

OJTHOYACTUYHBIX KOHurypamusx» [bM, 1974 ,1977] efff 5| egff,
ECJIM BBECTH:

V¥ = VP 4 V" = VOLFTAPYPLFT AN
V- = VP — V" = VOLF-APYP — F~ A"

vt (1 + Zeis)VO
V- = (1 — Zeiv)VO,

Torga nosy4ymMm 4acto UCnosibdyemble COOTHOLWEeHUA :
1% n _
€orf + Coff = 1 + 2e
p  __n _ . )
eeff eeff - 1 Zew



N.Yoshinaga, K.Yanase, C.Watanabe, and K. Higashiyama Prog. Large-scale nuclear shell-model calculations of
Isotopes in the southwest region of 208Pb, Theor. Exp. Phys. 2021, 063D01 (2021). DOI: 10.1093/ptep/ptab039

Large-scale nuclear shell-model calculations are performed in the neutron- and proton-deficient Pt, Au, Hg, and T1 isotopes (Z
< 82 and N < 126) near 208Pb. All the single-particle levels in the one-major shells, six neutron (2p1/2, 1f5/2, 2p3/2, 0i13/2,
1f7/2, and 0h9/2) orbitals and five proton (2s1/2, 1d3/2, 0h11/2, 1d5/2, and 0g7/2) orbitals are considered. For an effective
two-body interaction, one set of the multipole pairing, quadrupole—quadrupole interactions is employed for all the nuclei
considered. These phenomenological interactions are determined to reproduce the experimental energy spectra. Some of the
iIsomeric states are analyzed in terms of the shellmodel configurations.Octupole correlated states are discussed in terms of a

collective octupole excitation on top of each shell model state.



Hamu (g-pacyernl BeIHYNH €7 X «CPABHEHHE» ¢ EeHOMEHOJOTMIECKHMM €, 7r

Pacuetsr (ei’}})lZB 208Pp

208Ph TROC-Cery €off «KCTIEPUMEHT [2]
(3KCIIEpUMEHT)
e 1.72 , (1.33:2.67) 1.54 1.50e
e, 0.82, (0.76) 1.04 0.85¢

E2 transition rates, magnetic moments, and quadrupole moments are also calculated for the lowlying states. For E2
transition rates and quadrupole moments, the effective charges are taken as ev = 0.85¢ for neutrons and en = 1.50¢ for
protons.

[2] [N.Yoshinaga, K.Yanase, C.Watanabe, and K. Higashiyama Prog. Theor. Exp. Phys. 2021, 063D01 (2021). DOI:
10.1093/ptep/ptab039]

Overall, these effective charges and gyromagnetic ratios are adjusted to reproduce the experimental data

[1] C.IT Kamepmxuen. SID 2 Ne3, 415 (1965)
C.I1. Kamepmxues AD 5 No5, 971 (1967)



PacyeTnl e, ¢ ¢ U H30TOMOB €O criapuBanueM B 120Sn

YroOBl yYECTh CIAPUBAHUE HAIO BO Beex GopMynax BMeCTO A;, = [ G;G, OCTaBUTH L%, = [ G,G, — F,F,

HwxHne nHaekcbl 03Ha4YarT Habop OAHOYACTUYHbLIX KBAHTOBbLIX YNCEN
1 =24 = gy, 1y, mg).
Ons sgep co cnapuBaHeM HeoBXoaMMO MCMoMb3oBaTh aHoOMarbHble dyHKUMKM puHa

6 ()= Gh (-e)=— 0, U
L) = A = T E 6 e+ E,— i
Ay 1 1

1
RV () =F? () = -

+ )
2E1[8—E1+i6 8+E1—i6]

rae
E1=\/(81—#)2+A% ui =1—vi = (E; +¢& — p)/2E; .
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Naidja, H., F. Nowacki, and K. Sieja. Recent Advances in the Shell Model Calculations of the Spectroscopic
Properties of 134,136,138 Sn, Acta Phys. Pol. B 46, 669 (2015).

Our calculations were carried out within the shell model, including the valence space 0h11/2, 1f7/2, 0h9/2, 1f5/2, 2p3/2, 2p1/2,
0113/2 orbitals for neutrons, and 099/2, 0g7/2, 1d5/2, 1d3/2, 2s1/2 orbitals for protons, taken above

110Zr closed core. This model space allowed us to choose the closed core which will be used: 110Zr by opening 0h11/2 for
neutrons and 0g9/2 for protons, or 132Sn by closing them. Opening the core constitutes a challenge in the diagonalisation of
Hamiltonian matrix due to its extremely large size (of the order of 50 millions in the case of 138Sn). We have used the
shell model codes ANTOINE and NATHAN [6, 7], which nowadays can handle up to 10 billions Slater determinants
equivalent matrices.

As a starting point, we have employed a realistic interaction, derived from CD-Bonn potential, renormalized following the so-

called Vlow—k approach, and adopted to the model space by many body perturbation theory techniques, including all the
diagrams up to the second order [8].

11



sm 120
Pacuetsl (eeff)lz B ~’SN

120G €off €off «3KCTIEPUMEHT»
e, 2.23 1.52 e loe
e 1.95 1.01 ©=05¢

Opening the 132Sn core, and limiting to 1plh excitations from h11/2 neutrons, and g9/2 protons to the above valence space,

with effective charges e = 0.5e and e = 1.5e for neutrons and protons respectively, still fail to reproduce the experimental value

of 136Sn transition. (The reason is a necessity to take a seniority model into account)

(208 Pb : ev=0.85¢ for neutrons and en = 1.50¢ for protons)
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3aKJnYyeHme

PaccMoTpeH MUKPOCKONUYECKNN MeTo , pacyeTa peHOMEHONOrNYECKUX

3P PeKTUBHbIX NONAPU3ALMOHHbBIX 3aPAJ0B eg%r, Nnosay4aemblX NOATOHOM K

SKCNEepPUMEHTY B coBpeMeHHbIXx LSSM-pacyeTax B pamKkax MHOro4acTUYHOM
060/104e4HOM MOJENM C OTPAHMYEHHbIM MOE/bHbIM MPOCTPAHCTBE

MeToa 0CHOBaH Ha TEOPUM KOHEYHbIX pepmun-cuctem (TKPC) Muraana .
Mcnonb3oBanocb NpnbankeHue cenapabenbHbIX CUA, YTO MO3BOJINAO CUAbHO
06/1er4YmnThb BbIYMCAEHUSA, MPU STOM NapamMmeTpbl cenapabenbHbix cnua ObiAn B3ATbI U3
PAacYeToOB B PaMKax KBa3n4acTMYHO-POHOHHOM Modenu.

[na 208Pb n (Bnepsble ana saep co cnapmBaHnem) 120Sn BbINONHEHO CPaBHEHME

PaACCHNTAHHbBIX U CI)eHON\eHOJ'IOI'l/IL—IeCKl/IX ( <<3I-(CI'Iepl/IIV\eHTaJ'IbeIX>)) 3HAYEHUM

SM
KBAZAPYMO/IbHbIX €, ff.

Hawwn pe3ynbtaTtbl AEMOHCTPUPYIOT: 1) BO3MOKHOCTH I'Ipl/l6fll/lH<eHl/IFl

cenapabenbHbiX cu, 2) He0bX0AMMOCTb M BO3SMOMKHOCTM MUKPOCKOMMUYECKOTO

dHaJIN3a paHee MNoJiydeHHbIX BEJTIMYUNH eg% ) 3) ecTteCTBeHHble NnepcrnerTmabl

pacyeToB B npouecce 0606ueHma n pa3sutma TKOC.
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