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PaccMoTpeHbI 3TaIbl 1 0COOEHHOCTH MOJETMPOBAHUS TPOLIECCOB (DOPMUPOBAHUS CUTHATBHBIX OTKJIMKOB
B JIETEKTOPE HA OCHOBE TPEXKAaCKaqHOTO ra3oBoro ajiekrpoHHoro ymHoxurens (Gas Electron Multiplier,
GEM), nnpuMeHsieMOoro B TpEKOBOM cucteMe aKcrepuMeHTa BM@N mis1 KoHburypauuu rnepBoro ousu-
yeckoro ceaHca B 2022 r. OnrcaHa npolienypa pacuyeTa KapThl 3JIEKTPOCTaTUYECKOTO MOJIsI B ra30BOi cpenie
GEM-kaMephl, a TakKKe aKTyaJdbHBIX IApaMeTPOB, HEOOXOIMMBIX LIS 1€TaIbHOTO MOJIEIMPOBAHUS C IIPU-
MEHEHHNEM COOTBETCTBYIOIIETO TPOrPaMMHOTO MHCTPYMEHTAPHS.
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BBEAJEHUWE

Ha ceromusmHumii neHb IIpaKTUYeCKW HU OIWH
CEpbE3HBbIN AKCMEPUMEHT, CBSI3aHHBIN C MCCea0Ba-
HUSIMU B 00J1acCTU (DU3UKU BBICOKMX DHEPTUIA, HE-
MBICIIMM Oe3 IIPOBeIeHMs IIPEABapUTEIbHOTO MaTe-
MaTUYECKOIO0 MOAEIMPOBAHMUS C HCIOJIb30BAHUEM
BBIYMCIIUTEIBbHBIX pecypcoB OBM. Paznuunbie ac-
MEKTHI (DYHKIIMOHMPOBAHMS MHTEPECYIOLINX HAC 00b-
€KTOB, IPOLIECCOB WX SBJICHWI MOXHO OITMCAaTh TOMU
WIN WHOW MOIEJIbI0, KOTOpasl MO3BOJSET MOIy4YaTh
HeoOX0IMYyI0 MH(pOpMaILMIO KacaTeIbHO ITIOBEICHUS
00OBEKTOB CHCTEMBI Ha OCHOBE IIpE€IBapUTE/IbHO 3a-
JMaHHBIX T1apaMeTpoB. JlaHHBINA TIOAXOH TO3BOJSIET
MIPOBECTU CPABHUTEIBHBII aHAIM3 IIPEIIOXCHHBIX
KOHGUTypaluii CUCTEMBI U ClIeJIaTh BEIBOA 00 MX OIT-
TUMaJIbHOCTHU COIJIACHO T€M WJIW WHBIM KPUTEPUSIM
OLICHKM.

IIpexne yeM mepeiT HEMOCPEACTBEHHO K TeMe
CTaThM, 3aTPATUBAIOILICH BOMPOCHI MOIEIUPOBAHUS
KOHKPETHOTO TUIIa IeTEKTOpa, a TakKXKe MPEACTaBUTh
MOAYyYEeHHbIC pPe3yJIbTaThl, XOTEJIOCh OBl CIelaTh
KpaTKO€ BBEICHHE B paccMaTpuBaeMyl0 OOJIaCThb C
TOYKM 3PEHUS MTPOBOAUMOTO IKCIIEPUMEHTA.

MccnenoBaHue CBOMCTB BO30YKI€HHOI MaTepuu,
o0Opa3yeMoil B pe3ynbTaTe TSKEIBIX MOHHO-MOHHBIX
CTOJIKHOBEHUI ITyYKOB 3apsKEHHBIX YaCTHIL C (UK~
CUPOBAaHHBIMM MUIICHSIMU B IWAlla30HE DHEPTUIA,
HanboJiee IPUTOTHOM Ui OOeCIeUeHMs ee MaKCH-
MaJIbHO#T 0apMOHHOM TIJIOTHOCTHU, SIBJISIETCSI TIEPBO-

CTENEHHOM IIeabio 3KcrepuMeHTa BM@N [1, 2],
MPOBOJIMMOTO Ha YCKOPUTEIbHO-HAKOMUTEIbHOM
komiuiekce NICA, pacmiosioxkeHHOTo B O0beIMHEeH-
HOM MHCTUTYTE SIAePHBIX McciienoBaHmii B JlyoHe.

[1epBrIii 3anycK IeTEeKTOPHOI ycTaHOBKYM BM@N
Ha BbhIBeAeHHBIX M3 HyKJIOTpoHA mydyKax 3apsoKeH-
HBIX YacTull cocTosuics BecHoit 2015 r. C Tex mop, Ha
MOMEHT HOATOTOBKM TaHHOI CTaTbU, OBLIO IIPOBEIE-
HO CEeMb 9KCIEPUMEHTAIbLHBIX CEAaHCOB, HAlIEJIEHHBIX
B MEPBYIO OUYepelb Ha TECTUPOBAHUE U OTJIAIKy KOM-
IMMOHEHTOB Pa3JIMYHBIX IeTEKTOPHBIX moacucteM. [1o-
cleaHu, ceabMOIi 10 CUeTy, CeaHC COCTOSJICS BeC-
Hoit 2018 r. [3]. 3aTeM Mo HpUYMHE BBIITOJHEHMUS
CTPOUTEIBHO-MOHTaXXHBIX pa0OT Ha YCKOPUTEIILHOM
kommiekce NICA mpoBeneHre BceX SKCIIEPUMEHTOB
OBIJIO BPEMEHHO MNpUOoCcTaHOBIeHO. OuepenHoi 3a-
myck akcnepuMeHTa BM@N nociie cTojib CyILeCTBEH-
HOTO TepephiBa 3aITaHMPOBaH Ha OKTSIAOph 2022 T.
Ilpencrosiinii ceaHc, B OTJIWYME OT TPEIbITYIINX,
0o(UILAILHO HOCUT CTaTyC (PU3UYECKOIO, UTO TOBO-
PUT O TOM, UTO €TI0 LIEJbIO CTABUTCS ITOJTyYeHHUE OIIpe-
JIeJIESHHBIX HAyYHBIX PE3YJIbTaTOB, 3asBJICHHBIX B UC-
CJIeIOBaTEIbCKOM IpOTpaMMe SKCIIEpUMEHTA.

dusnyeckasi ycraHoBka BM@N coctout u3 Ha-
0opa pasIUYHbIX AETEKTOPOB, OOBENMHEHHbBIX B CU-
CTeMBbl, Kaxasi U3 KOTOPBIX BBIMOJHSIET 3alaHHYIO
et pynkuuo. He BmaBasich B mogpoOHOCTH OMuca-
HUS BCEX KOMITOHEHTOB YCTAHOBKM, 3aTPOHEM JIUIIIb
TPEKOBYIO cucTeMy [4], KaK HEOThEMJIEMYIO YacTh
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9KCIHEPUMEHTA 10 M3YYCHUIO CTOJIKHOBECHMM TSKE-
JIBIX MOHOB C SIIpaMM BelllecTBa HEMOABUKHONM MU-
ureH. OCHOBHOE Ha3HaYeHUE TAaHHOW CUCTEMBI —
perucTpanms TpacKTOPHUIA IpoJieTa 3apsKeHHBIX Ya-
cTull, GOPMUPYEMBIX HAa OCHOBE HabOpa OTKJIMKOB,
OCTaBJICHHBIX Ha INIOCKOCTSIX KOOPANMHATHBIX IETCK-
TOPOB 3THMMM 4YacTUllaMu. AKrTyajabHas Ha 2022 T.
KOH(MUTypalus TPEKOBOH CHUCTEMBI SKCIIepUMEHTA
BM®@N mpencraBieHa YeTbIPbMSI TUIIAMU JETEKTO-
POB: MOJIYIPOBOIHUKOBBIE KPEMHHUEBBIEC ITOCKOCTH,
ra3oHarioJIHeHHbIC ApeidoBbIe U KaTOTHO-CTPUIIO-
Bble KaMmephbl, a Takke GEM kaMmepbl, 0COOEHHOCTSIM
MOIEIMPOBaHNSI KOTOPBIX TOCBAIIICHA JaHHAsI CTaTh.

KOHOUTYPALNA GEM JETEKTOPA
B OKCITEPUMEHTE BM@N

AnpoM LEHTpaTbHOU TPEKOBOI CUCTEMBI KCIIE-
pUMeHTaIbHOI ycTaHOBKM BM@N sBisieTcst Koop-
JVHATHBINA JE€TeKTOp Ha OCHOBE KaMep, COOpaHHBIX
Ha 0a3e CUCTEMbl TPEXKACKAJHOTO ra3oBOro 3JI€K-
TPOHHOTO YMHOXUTEJISI.

Koundurypaums tpekoBoro GEM nerexropa ajist
nepBoro  (U3MUYECKOTO ceaHca 9JKCIEpUMMEHTa
BM®@N B 2022 r. ipeacTaBiieHa CEMbIO TaK Ha3bIBae-
MbIMU CTaHILIMSIMU, Kaxaas U3 KOTOPbIX COCTOUT U3
JIBYX MOJYIJIOCKOCTEM: BepxHell 1 HIKHel (puc. 1).
IlnockocTu cTaHUM PacIOIOXEeHBI BAOJbL U Mep-
MEHAUKYJISIPHO OCHU MTy4YKa BHYTPU aHATU3UPYIOIIETO
maruuTta CII-41, crtocoOHBIM co3maBaTh MarHUTHOE
rmoJie BIUIOTh 10 1 T ¢ Liesbio uccieaoBaHus paany-
COB KPMBU3HBI TPAaeKTOPHUiIl 3apsLKEHHBIX YaCTMII,
o0Opa3yeMbIX B pe3yJibTaTe€ CTOJKHOBEHHUI IMy4yKa
WOHOB C (PUKCHUPOBAHHON MUIIIEHBIO.

ITpumeuarensHo, yTo padMmepsl GEM kamep, mc-
MOJB3yeMbIX B 3KcrnepuMeHTe BM@N, nmemaror ux
VHUKAJIbHBIMU: HU B OIHOM M3BECTHOM JKCIIEpPU-
MEHTE B MUpPE HUKOIIA HE UCIOJIb30BaJICS JTaHHBIA
TUI OETEKTOPOB CO CTOJIb OOJIBIIMMHU pa3MepaMu
YyBCTBUTENBHBIX oOyiacTeit. Tak, ruiomanb CeHCOp-
HOW 30HBI BEpXHEU MOTYTIJIOCKOCTH COCTABIISIET TP -
MepHO 163 % 45 cm?, a HuxKHel — 163 % 39 cm?. Bna-
rogaps TaKMM rabapuraMm KaMep JOCTUTAETCSI MAKCH -
MQJIbHO BO3MOXHBII TI€OMETPUUYECKUI aKCENTaHC
JIIETEKTOpa, KOTOPBbIA OrpaHUYEH JUIIb anepTypou
MarHuTa.

TonmuHa BHyTpeHHei o0acT KaMephl, 3aI1o-
HSIEMOM Ta30BOI CMEChIO, COCTaBJISIET 9 MM, KOTOpas
pasgensgercss Ha (PYHKUIMOHAJIbHBIE IIPOMEXKYTKU
tomuHoi 3.0, 2.5, 2.0 u 1.5 MM misa opeiidpoBoii,
JIBYX TIEpeIAaTOYHBIX M OTHOM MHIYKIIMOHHOM 00J1a-
CTell COOTBETCTBEHHO. ['a30Basi cMech, KoTopas Oy-
JIeT WCHOJIb30BaThbCsI B IIPENCTOsIIEel KOoH(Urypa-
MM, Mnpencrapisier coboil kommnosuuuio ArC,H,,
(aproH—u300yTaH) B cooTHoleHuH 80 : 20.

Taxoke mpuBeneM aKTyaJIbHBIE IJIsI OIMMCBIBAEMOI

KOH(UTYpaIuy ITapaMeTphbl, Ha OCHOBAHUY KOTOPBIX
OBbUT POBEIEH pacyeT KapThl 3JIEKTPUIECKOTO IO,
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Puc. 1. Kondurypauumst rpekoBoro GEM nerekropa mist
OCEHHeTro ceaHca aKcrepumMenTa BM@N B 2022 1.

HEOOXOOUMOM IS MOACIMPOBAHUS (PUBMUECCKUX
MPOLIECCOB BHYTpPU JAeTekTopa. HampsikeHue, moga-
BaeMoOe Ha 3JIEKTPOIbI TPEX YCUJIMBAIOIINX KaCKagoB
GEM xamepsl, cocrasiseT 354.9, 337.6, 320.3 B co-
OTBETCTBEHHO. HampsikeHue, co3gaBaeMoe MeXay
HV-anexrponom u 3a3eMIeHHBIM aHOIOM CUUTHIBAIO-
IIEH TNIOCKOCTU KaMephbl, JocTuraeT rmopsiaka 3300 B.
HanpsckeHue wMexnay 327eKTpoaamMu ApeiigoBoro,
JIBYX IePeIaTOYHBIX 1 OQHOTO MHIAYKIIMOHHOTO IIPO-
MEXYTKOB paBHO 528.1, 567.0, 649.3 u 562.7 B coor-
BETCTBEHHO.

IpuHIMT pabOTHI JEeTEKTOpa, COOpaHHOTro Ha 6a-
3€ Ta30BOT0 BJIEKTPOHHOTO YMHOXUTEJISI, OCHOBBIBA-
eTCd Ha TpeX COCTABISIONINX: Ta30BOM MOHU3ALINH,
2JIEKTPOHHOM YCUJIEHUHU 1 perucTpaiuu (coope) Ho-
cuTesiei 3apsna (3JeKTPOHOB) CUMTHIBAIOIIEH aHOI-
Ho1 I1ocKocThIo (puc. 3). C 60ee moapoOHBIM OMN-
canueM NpUHIMTIOB padboTel GEM MOXHO 03HAKO-
MUTHBCS B padote [5].

OCOBEHHOCTHU MOJEIIMPOBAHWA
GEM JETEKTOPA

I1pexne, yeM repeiiTi K oTIMcaHuIo OCOOEHHOCTE
MOJIEJIMPOBAaHUSI KOHKPETHOTO JeTeKTopa, CleayeT
YIIOMSIHYTh, YTO 3a4acTyld BBIOOp IIPOrpaMMHbIX
CPEICTB, UCIOJIb3YEMbIX ISl peannu3alu MpoLenyp
MaTeMaTU4eCKOro MoJeIMpoOBaHusl, BO MHOTOM 3aBU-
CUT OT MCIIOJIb3yeMOii 000104k (“dpeiiBopka”), Ha
0a3e KOTOPO MUIIETCST TIPOrpaMMHBIN KO IJIsI IO~
JIEep>KKU TOTO WM WHOTO 3KcrhepuMeHTa. Tak, mis
skcnepuMeHTa BM@N Op1a paspaboraHa cpena
BmnRoot [6], B 0CHOBY KOTOpOiil jier (ppeNMBOPK
FairRoot, pa3zpabotaHHBIil B CBOIO o4Yepedb HeMeEll-
kuM uHctutyToM GSI mist nomnepskku mpoekra FAIR.

IMoauwiii muka moaeaupoBanust GEM nmerekTopa
YCJIOBHO MOKHO pa3nesiuTh Ha 1Ba 3tara. [lepBblit —
3TO MpuMeHeHne MeTogoB MoHTe-Kapio, KoTtopsie
peanusytorcs B cpene BmnRoot mocpenctBoM BCTpo-
eHHoro uHcTpyMeHta Geant4 st MOAEIUPOBAHUS
MPOXOXAEHUS DJIEMEHTAPHBIX YaCTUll Yepe3 Bellle-

2023



1148

70 MKM

FAPAHOB

|/
Y

140 MM

/AR
o/

5 MKM

50 MKMJ

AN N
| S

N /N

Puc. 2. lTeomerpuueckast monesib GEM: 6a3zoBast GEM-sueiika (a), AByMepHasi iepuoandecKkasi CTpykrypa, oopazoBaHHasi 6a-

30BBIMU sTYeiiKaMu (6).

cTBO. PesynbTar maHHoro artama — Habop MoHTe-
Kapio Todek, KOoTophie MPEeICcTaBISIOT co00il mpo-
CTPAHCTBEHHBIE KOOPIMHATHI TIPOXOKACHMST JYaCTHIT
yepe3 4yBCTBUTEJIbHBIE IJIOCKOCTH IIPOTrpaMMHOI
Monean aeTekTopa. bonee mompoGHoe omucaHme
MAaHHOM TpPOIIeAYyphl, BKITIOYAOIIE CO3maHue He-
TaJIbHBIX T€OMETPUYECKUX MOAECH TPEKOBBIX Jie-
TEKTOPOB, IIpUBOAUTCS B paborax [7—9].

Bropoii aTan 3akioyaeTcs B peajJu3alii Ipoliie-
JIYP PEATUCTUIHOIO MOJCIIMPOBAHUS, KOTOPBIC YUM -
TBIBAIOT OCOOEHHOCTH (OPMUPOBAHUS CUTHAJIOB B
KOHKPETHBIX TUIIAX JIETEKTOPOB U YCJIOBUSIX IIPOBE-
JIeHus 3KcriepuMeHTa. OH He SIBJISIETCS CTPOTO 00sI-
3aTeJIbHBIM, a CIIY;KUT CKOpee TOIOJTHEHHEM K ITep-
BOMY, 0a30BOMYy, 3Tally. 3a4acTylo IJisI HEKOTOPBIX
3ama4 JOCTAaTOYHO MMETh YIIPOIIECHHYIO MOJIECIb JIie-
TEKTOpa, KOTHa OTKIMKM Ha €ro INIOCKOCTSIX pac-
CcMaTpUBAIOTCS KaK HaOOp KOOPAMHAT, MOJTy4YeHHBIX
Ha ocHoBe MeTonga MoHTe-Kapio. JleTabHOE XKe MO-
JIeTnpoBaHWE BaXXHO, KOTIA HEOOXOTMMO UMETh OT-
KJIMKW, MaKCUMAaJIbHO TIPUOINKEHHBIC K peabHBIM
BBIXOAHEIM TaHHBIM, YYUTHIBAIONINE, HAIIPUMED, Ta-
Kue GaKTophl, KaK BIMSHUE IASKTPUIECKUX M Mar-
HUTHBIX [IOJIEW HA NBUXXKEHUE HOCUTEJIEH 3apsaa, OT-
BETCTBECHHBIX 32 (DOPMUPOBAHNE CUTHAJIA HA CUNThI-
BaOIIMX 3JIeMEHTAaX AeTeKTopa.

Kak Obu10 mokazaHo B MpedblAylleM pasiee,
GEM gerekTopbl HMMEIOT OOCTAaTOYHO CJIOXHYIO
npupoay GopMUpPOBaHUS BEIXOAHOTO curHamia. s
JIeTaIbHOTO MOJEIUPOBaHUS (PUUIYECKUX TTPOLIEC-
COB BHYTPM Tra30BbIX U ITOJIYIIPOBOOHMKOBBIX JIe-
TEKTOPOB OBLI pa3paboTaH MPOTrpaMMHBIN ITakKeT
Garfield++ [10], KOTOpPBIit TTO3BOJISIET OMKUCATH MPaK-
TUYECKU JIIOOOM IETEeKTOp MOHM3AIIOHHOTO TUIIA.

JJ1s MIOHM3aLMOHHBIX KaMep CO CJIOXKHOM BHYT-
peHHell CTPYKTypoil, K KoTopbIM oTHocATcT GEM
KaMepbl, HEOOXOMUMO TakXkKe ITOATOTOBUTH KapTy

MN3BECTHUA PAH. CEPUA OPUINYECKAA

3JIEKTPUYECKOTO TI0JII, HAa OCHOBE KOTOpOI Oyner
MPOBOIMUTHCS MoJieIMpoBaHue. B HacTosIeit ctatbe
OIMUCAHUIO JAHHOW MPOlEeAyphbl, KOTOPYIO MOXHO
CUMTATh MPEIBAPUTEIbHBIM 3TAllOM PEATUCTUUYHOIO
MOJIEJIMPOBaHMsl, MOCBSIIEH OTIEIbHbIN pa3nes, B KO-
TOPOM MPENCTABJIEH ONUH U3 METOJIOB pacueTa KapThl
2JIEKTPUUYECKOTO TTOJIsI i1 aKTyaJlbHOU KOHUrypa-
LM TPEKOBOTO JIeTeKTOpa aKcIiepuMeHTa BM@N.

PACYET KAPTDBI
BJIEKTPUYECKOTO ITOJIA

J11s1 pacyeTa KapThl JICKTPUYECKOTO I10JIsI B HOp-
mate, npuronHoM mist Garfield++, mcnonb3oBanach
CBSI3Ka M3 IBYX ITpOrpaMMHEIX IpoaykToB: GMSH [11]
u Elmer [12].

I'a30BbIit 2IeKTPOHHbBIN YMHOXUTEIb UMEET Pery-
JISIPHYIO CTPYKTYpPY, COCTOSIIIYIO U3 MHOXECTBA OIl-
HOTUIIHBIX OTBEPCTU, paBHOYNAJEHHBIX NPyl OT
npyra. Best obnacte GEM kaMepbl MOXKET OBbITh OTTH -
caHa 0a30BOIl STYCHKOM, TPEACTABISIONIYIO COOOM
3JIEMEHT, IPU NapajlyIeJIbHOM MEPEHOCEe KOTOPOTo Ha
HEKOTOPOE pacCTOsIHUE, Ha3blBaeMOe MEPUOIOM, OH
COBMeIIIaeTCs caM € co00i, 00pasys NMepruoaudecKyro
JIIBYMEPHYIO CTPYKTYpy IO BCceMy OObeMYy KaMepbl
(puc. 2). B KoHpurypauuy npuMeHsieMoro 1eTeKTO-
pa OTBEPCTUS STYEUKN UMEIOT OMKOHNYECKYI0 (hopmy
C BHEIITHUM M BHYTpEeHHUM auaMeTpamu 70 1 55 MKM
COOTBETCTBEHHO.

IMTaker GMSH npenHa3zHadyeH IISI OCTPOCHUS
reoMeTPUYECKOM MOJEIN YKAa3aHHOM BbILLIE STYEHKHU,
Ha 0a3e KOTOpOii reHepupyeTcsl TpeXxMepHasl ceTKa,
3aIl0JIHEHHAs TeTpadApuIeCKUMU JIEMEHTAMH C 3a-
JTaHHOW TOYHOCTBIO pa3dmeHuss. Mopjeirb STYeHKH
BKJIIOUAET OIMMCaHNe FeOMETPUU BCEX TPEX YCUJIMBa-
romnx GEM kackamoB, ra30Boro oobema, a TakKe
2JIEMEHTOB, TUIIA 3JIEKTPOAOB U I'PAaHUYHBIX ITIOBEPX-
Ne 8
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Puc. 3. [IpuHimum paboThl M CTPYKTYpa IeTeKTopa Ha 6a3e TpexkackamHoro GEM.

HOCTEM, K KOTOPBIM OyIyT IIPUMEHSTLCS TPaHUYHEIC
YCI0BUSI IJIsI pacueTa 3JeKTPOCTaTUUECKUX XapaKTe-
pUCTUK Ta3oBoro moJjs. Kox onucanust Mmogenu co-
XpaHsieTcs B Bue ¢aiija ¢ pacliupeHueMm “.geo”, a
CreHepUpOBaHHAsI Ha €r0 OCHOBE TPEXMEpHasi CeTOU-
Has MoJienb — B (paiiye ¢ pacipeHueM “.msh”.

3areM, ucnonb3yss MHCTpyMeHT Elmer, mpou3Bo-
JIUTCSI pacyeT KapThl 2JIEKTPUUECKOTO I10JIsI HA OCHOBE
MEeTOoJla KOHEYHbIX 2JIeMeHTOB. J1s1 mpeobpa3oBaHus
MOArOTOBJIEHHOM TPEXMEPHOIT CETKH B HEOOXOIMMBIIA
dopmat nnpumeHsieTcss kKommoHeHT ElmerGrid, a ns
pacueTa xapakTepucTuk 1mojst — ElmerSolver, pe3ynb-
TaTOM KOTOPOTO SIBJISIETCS. HAOOp (hailIoB C XapaKTe-
pUCTUKAMM MOJAy4YeHHOI KapThl (“.result” m “.vtu”
daiinbr).

Bce BerumciieHrsI NpoOu3BOAWIMCH HA OCHOBAHUM
nmapaMeTpoB, KOTOpbI€ ObLIM MPUBEIACHBI B pa3iacie
onucaHus akTyajabHOil KoHpurypauun GEM kame-
pol. B pe3ynbTaTe pacyeToB ObLUIM MOJYYEHBI CIIeIyIO-
IIMe€ 3HAaYeHMsI HaNpsCKeHHOCTU BJIEKTPUYECKOIO
TIOJISI TSI TA30BBIX ITIPOMEXYTKOB: 1.76 (mpeitpoBbIif),
2.27 (T1epBbIii IIepeIaTOdYHbIi), 3.25 (BTOpOIi ITepena-
TouHbIit) 1 3.75 KB/cM (MHIYKIIMOHHBI).

s BU3yaJlbHOTO IIPEACTABICHUSI KapThl BJIEK-
TPOCTAaTUYECKOTO I10JI5I, BKIIIOUAIOIIETO IIOCTPOEHUE
9KBUITOTEHLIMAJIbHBIX U CUJIOBBIX JIMHUI, N-MepHBIX
pacmpeneaeHNd MTHTEHCUBHOCTU U IIOTEHIIMAIOB, a
TaK>Ke pa3INIHbIX 3aBUCUMOCTEM BEIUIMH MOJIS, C-
MOoJIb3yeTcsl NoMoIHUTeIbHas yTuaruTa ParaView [13].

JETAJIBHOE MOAEJIMPOBAHUE
[MPOLUECCOB B GEM KAMEPE
I[MPU IMOMOIIN GARFIELD++

DuHaNBHBIN 3Tal PEeaTUCTUIYHOTO MOMAEINPOBaA-
HUSI Tpo1eccoB Mo opMmupoBaHuio curHaia B GEM
JleTeKTope noApasyMeBaeT UCHOoIb30BaH1e OMOI1o-
teku Garfield++. [ToMrMO MOATOTOBIEHHON KapThl
9JIEKTPUYECKOTO TIOJIST HEOOXOAMMO OIPENaeUTh
KOMITO3MIIMIO Ta30BOM cMecH (B Halllei KoHburypa-
uuu — 310 ArC,H |, B cooTHotenuu 80 : 20), a Takke
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BEJIMYMHY MAarHUTHOTO ITOJISI B 3aJaHHOM JMana3oHe,
KOTOPHIN B HallleM CIy4ae HaXOOUTCS B IIpelnenax OT
010 0.9 To.

B pesynbrare maHHOro MOAEIMPOBAHUS MOXHO
MOJIy4YaTh IIMPOKUI CIEKTP Pa3IMYHbIX 3aBUCUMO-
cTeil U pacnpenesieHuit, KOTOpble HEOOXOMUMBI IS
aHajn3a TpeOyeMBIX XapaKTepUCTWK. Tak, Hampu-
MEpP, OJHOI M3 MHTEPECYIOLIMX HAaC XapaKTepPUCTUK
dopmupoBanusa curHana B GEM kamepe siBisieTcs
3aBUCHUMOCTh CPEIHEro CABUTA 3JIEKTPOHOB B IIOTIE-
pEYHOM HamnpaBJIEHMU UX Apeiida oT BeJIUYMHbI Mar-
HUTHOTO MOJIsI MO AeAICTBUEM BO3HUKAIOIIEH CUIIBI
Jlopenna (puc. 4). DTo MO3BOISIET YIUTHIBATH KOOP-

CpenHuii CABUT 3JIEKTPOHOB, CM
0.45

0.40 | .
0.35F+ s
0.30 ad

0.25 .7

0.20 .
0.15 F .

0.10 e

0.05F _~

0.2 03 04 05 06 07 08 09
MarnutHoe noje, Tn

Puc. 4. 3aBUCUMOCTb CPEIHETO CABUTA DJICKTPOHOB B MO~
MepeyHoOM HaIpaBJIeHUU UX Apeiida oT 3HaYeHUS] Mar-
HUTHOTO TIOJISI UTSl pa3iIMYHbIX KOH(GUTypaluii ra30BbIX
cpen. GEM nerekropa. Cromnast ymHus: ArCyHyg
(80:20) rIpu 3HaYEHUSIX HATIPSIKEHHOCTH 3JIEKTPUYECKO-
ro nonst £ B mpomexytkax 1.76, 2.27, 3.25, 3.75 xB/cwm;
TouyeyHast uHus: ArCO, (70 : 30) nmpu £ = 1.0, 2.5, 3.75,
6.3 xB/cM, nmynktupHas suHus: ArC4Hyy (90 @ 10) npu
E=0.8,1.92,2.78, 3.16 kB/cm.
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JMHATHOE CMEIlleHNEe CUTHAJIbHbBIX OTKJIMKOB Ha CUM-
THIBAIOIIMX TIJIOCKOCTSIX JIE€TEKTOpa, 3aBUCSIIEE OT
BEJIMYMHBI MAaTHUTHOTO TTOJIST, YTO MPUBOAUT K MO-
BbIIIEHU10 (MHEKTUBHOCTU PEKOHCTPYKIIMU TPpaeK-
TOpUIA TIpoJieTa 3apsKEHHbIX YacTUIl U, KakK CJel-
CcTBUE, 60JIee TOUHOMY aHAIU3y (PUBUIECKUX COOBbI-
TUI U151 onipeAeeHHO KOH(MUTrypauuu eTeKropa.

3AKJIIOYEHHME

Takum oOpa3oMm, TIpeAcTaBieH KpaTKUil o0030p
OCHOBHBIX 3TaIlOB MOJIEJIMPOBAHUS TPEKOBOIO JIe-
TEKTOpa, IIOCTPOSHHOIO Ha 0a3e TpeXKacKamaHOTO Ia-
30BOr0 YMHOXMUTEJISI, C Y4ETOM OCOOEHHOCTE KOH-
durypanumn ¢usnyeckoit ycraHoBku BM@N nist
oceHHero ceaHca 2022 r. B Hacrosiiee Mbl UMeeM
MMOJTHBIN LIMKJI MOJIEIMPOBAHUSI TAHHOTIO TUIIA 1E€TEK-
TOpa, peajin30BaHHOTO B IIpOrpaMMHOI1 cpeae Bmn-
Root, xoTopkIit BKIIIOYaeT B ce0sl KaK yIIPOIIEHHOE
MOJAEIUPOBAaHUE OTKJIMKOB Ha OCHOBE METOMOB
MomnTe-Kapiio, mpenctaBieHHBIX HA0OPOM KOOPIU-
HaT TOYEK MpoJieTa 3apsKeHHBIX YACTHIL Yyepe3 Ie-
TEKTUPYIOIIIYE IUIOCKOCTU, TaK U A€TaTbHOE MOIEIIN -
poOBaHUE, yYUThIBaIOIIee 0COOEHHOCTU (pOpMHUPOBa-
ang curHasa B GEM kamepax. D10 T103BOJSET
MPOBOAUTH OLICHKY 3(M(PEKTUBHOCTU MPUMEHSIEMOMN
B 9KCIIEpUMEHTE KOH(MUTYpaLlUU JIETEKTOPA, a TAKKe
HCIOJIb30BaTh MOJIyYeHHBIE PE3yIbTaThl PEaIMCTUU-
HOTO MOJEIUPOBaHMUS C LIEJIbIO MMOBBIIICHUS 2P deK-

FAPAHOB

TUBHOCTU 0OPa0OTKU 3KCHEPUMEHTABHBIX JaHHBIX
IyTeM BBEIAEHMS ITONPaBOYHBIX KOI(DGHUIIMEHTOB,
TaKWX Kak, Hampumep, caBur JlopeHua, KOTOpPBIi
BHOCUT BKJIaJl B TOYHOCTb HaXOXIEHUSI KOOPAUHAT
Ha 3Tale PeKOHCTPYKIIMK TPAaeKTOpUid TpoJieTa 3a-
PSDKEHHBIX YACTUIL.
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Simulation of tracking detector based on triple GEM chambers
for the first physics run of the BM@N experiment
D. A. Baranov*

Joint Institute for Nuclear Research, Dubna, 141980 Russia
*e-mail: dbaranov@jinr.ru

The features and stages of simulation of triple GEM detector for the first physics run in the BM@N experi-
ment in 2022 are presented. We described the procedure for electrostatic field map calculation based on the
current configuration of the GEM detector. We also consider tool set required for detailed simulation of phys-
ics processes inside the GEM chamber and give some results obtained.
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