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KaHannpoBaHMe 4yacTuL, BbICOKUX SHEPTUN B M3OTHYTOM KpuUcTanne

* Npesa — 3.H. LbiraHos, 1976

E.N.Tsyganov, Some aspects of the mechanism
of a charge particle penetration through a
monocrystal, Fermilab TM-682, 1976

“[lo0  HEKOTOPOro KPUTUYECKOro 3HAYEHUS
paguyca narmba Tpaektopumsa Yactuubl oyaet
NOBTOPATbL POPMY U30rHYTOro Kpmuctanna’.
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« OkcnepumeHT — ONAN, 1979

A.F.Elishev et al., Steering of charged particle
trajectories by a bent crystal, Physics Letters 88B
(1979) 387
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Pa3paboTtkmn n nccneposanHusa NAA® ona LHC

MNAD BHeC cyw,ecTBEHHbIN BKNAA B UCCAeA0BaHUA U Pa3paboTku
KPUCTANN0ONTUYECKUX METOA0B HA YCKOPUTENAX BbICOKMX 3Heprmun SPS n LHC B
CERN (npoektbl H8-RD22, UA9, HL-LHC):

https://cds.cern.ch/journal/CERNBulletin/2015/49/News%20Articles/2105080
https://accelconf.web.cern.ch/ipac2019/papers/wepmp028.pdf
https://cds.cern.ch/record/2815331/files/document.pdf



https://cds.cern.ch/journal/CERNBulletin/2015/49/News Articles/2105080
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https://cds.cern.ch/record/2815331/files/document.pdf

Konnumauymsa noHHbIx nyydkos LHC n3ornyteiMu Kpuctanmnamm

PHYSICAL REVIEW ACCELERATORS AND BEAMS 28, 051001 (2025)
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An important upgrade has been deployed for the collimation system of the Large Hadron Collider (LHC)
for lead-ion beams that are already planned to reach their high-luminosity target intensity upgrade in the
ongoing LHC Run 3 (2022-2026). While cermin effects like e-cloud, beam-beam, impedance, injection,
and dump protection are relaxed with ion beams, halo collimation becomes an increasing challenge, as the
conventional multistage collimation system is about two orders of magnitude less efficient than that for
proton beams. lon fragments scattered out of the collimators in the betatron cleaning insertion risk
quenching the cold dipole magnets downstream and may represent performance limitations. Planar
channeling in bent crystals has been proven effective for high-energy heavy ions. A crystal collimation
system was integrated into the LHC as a baseline solution for collimation in the High-Luminosity LHC
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FIG. 1. Conventional multistage collimation system at the LHC
(top) and the crystal collimation scheme for the betatron cleaning
insertion (botom).



Bo3amoxxHO nn nepeHecTtn HakonneHHbin B CERN onbIT Ha obnactb < 1 3B ?

—

Ha cuHxpouuknoTtpoHe NMNAD HayaTbl paboTbl MO NCCNEA0BAHMIO BO3MOMKHOCTEN KPUCTANNOONTUKUN 3aPAKEHHbIX
YyacTuu, B 061acTU NpoMeXKyTOUHbIX aHeprnii < 1 MB. ns nonyyeHmns 6onblumnx yrnoB He0H6XoAMMO UCNO/b30BaTb
3¢ PeKT KaHannposaHMa. OCHOBHAA TPYAHOCTb U OrPaHUYEHNA BO3SHUKALIOT M3-3a JeKaHAIMPOBaHMUS.
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OnvHa AeKaHaNMpPOBaHUA CYLLECTBEHHO BAMUAET Ha Bblbop paboumnx
pasmepoB Kpuctanna u cxembl nsruba. Mpu sHeprum 1 MNRB anmHa
AEKaHa/IMPOBaHUA COCTAaBAAET OKOM0 1 mm.



CuHxpounknotpoH NMNAD

OCHOBHbIE NapamMeTpbl CUHXPOLMKIOTPOHA

[lnameTp nontoca mariuTa 6,85 M

Bec marHuTa 8000 T
[lmanazon 4yacToT 30+13 My
YacTtoTa NOBTOpPEHHA 4060 'y

JHe PriA BbIBEEQEHHOTD MYy4HKa

1 3B (const)

WHTEHCHBHOCTE BeiBegeHHOro nydka | 1 mrA
WHTEeHCHMBHOCTL Ny4Ka BHYTPH 3 MKA (var)
Kamepbl

KoaddmumeHT BIBOAE 30%
KoadhpmumeHT pacTamem 85%



N3orHyTein Kpuctann gna 1 'aB npoToHoB

Ha HayanbHOM 3Tane Oblna nNOAroTOB/AEHA CepuA KPUCTAaNNoOB AJ/IMHOU B
Hanpas/ieHUU Ny4yka 1 munanmmeTp ¢ usrnbom 2-4 munanpagmax.

Pasmepbl Kpucranna
0.1x1.0x30 mm3




IKCNEPUMEHT Ha cUHXpouunknoTpoHe NMNAD

HabniopgeHo OTKAOHEHMEe NPOTOHOB Ha yron 3 muanaupaamnaHa ¢ 3pPeKTMBHOCTbIO

30%: 0.A.AMepKaHOB n Ap., IKCNEPUMEHT MO BbICOKOIDPEKTUBHOMY OTKNOHEHWUIO NPOTOHHOIO
ny4yKa c aHeprnen 1 3B M30rHyTbiIM KPUCTANNOM Ha CUHXpOoUMKAoTpoHe MNAD, NMunucbma B KITD,

Tom 118, BbIn. §, c. 551, 2023
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MccnepoBaHma ¢ 1 mm 1 3 MM Kpuctannamu B 2024 roay
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Bo3MoOXKHblE NpakTU4ecKne NpUMeHeHUs

| * PacwenneHue
BbiBeAeHHOro
nyyKka Ha
HeCKONbKO
Ny4yKkoB

* BbiBOA ny4dKa
Manou
UHTEHCUBHOCTU U3
Kamepbl CLI-1000




Kpuctannunyecknun sbiBod npoToHoB 13 kamepbl CLI-1000
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* PeXXum xpaHeHUA B

Kamepe 3x10'1p B
TeyeHue 1-4 cekK

BbiBOp,
KaHa/IMPOBaHHbIX
NPOTOHOB 6e3
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oboport

BbiBOA,
KaHa/IMPOBaHHDbIX
NPOTOHOB C
pereHepaTopom 3a
HeCKO/IbKo 06opoToB



Pe3yanaTb| MOAOEITMPOBaAHUA KPUCTAlIITIMHYECKOIO BbiBOOA

Yron nsrnba Kpucranna,
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rpagyca

A3nmyTt
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3akto4yeHune

°* [logrotoBneHa cepua KPUCTAIZIOB C pasanYHbIMKM  AJIMHAMW B
HanpaBNEeHUU Ny4Ka WU C M3rMbom A0 AEecATKOB MuannpagmaH. Obpasupbl
NM3Y4aloOTCA ONTUYECKUMUN U PEHTTEHOBCKMMMN METoAaMM N HA NPOTOHHOM My4Ke
CMHXpoUuMKnoTpoHa NNA®.

* [MpeanoeHo MCNo/b30BaTb WM30MHYTbIA KPUCTANA ANA BblBOAA MPOTOHHOIO
nyyka MasonM MHTEHCUBHOCTM U3 Kamepbl CUHXPOUMKAOTPOHa [MNAD.

U3yuatotca NPaKTUUYECKM ocyLlecTBUMbIE KOHpUrypauum
KPUCTA/IZINYECKOro BbiBOAA.

 [lna npoctenwen KoHpurypauuu BbINOSIHEHO MoAe/IMpOBaHUe BbiBOAA B
pexume xpaHeHMA nydyka. [TOKa3aHa OCYLLEeCTBUMOCTb KPUCTaN/IMYECKOTO

MDOLIPO/AADNDSD



Cnacunbo 3a BHMMaHue!



