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9JIEMEHTAPHDBIE YACTULbI U MOJIA

JIETEKTOP HACTPOWMKHW CBEJEHHWS NYYKOB U ONMPENEJEHUS
CBETUMOCTHU B TOYKE B3AUMOJENCTBUS HA MPD NICA
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OO6cyxKaaeTcst IeTEKTOP JJIi HACTPOHKH CBeJIeHUs! TyUKOB B TOUKE B3aUMOJEHCTBUS ycTaHOBKM MPD
(Multi-Purpose Detector) na kosnaiinepe NICA (Nuclotron-based Ion Collider fAcility). [1poseneHo
MoJleJIUpoBaHre paboThl neTeKTopa st Au + Au-crosikHoBeHnil npu /Syny = 11 [3B. Paccunrana
sthdekruBHoCTh peructpaunu Minimum Bias co6bituit. [Tokazano, uto ¢poHOBbIE COOBITHS OT paccesiHus Ha
OCTATOUHOM ra3e JaloT MPeHeOPEKUMO MaJblil BKJIaJ B OTCUETHI AeTekTopa. O6CyKIaeTcsl UCMOIb30BaHHE
JleTeKTopa /sl HaCTPOHKM cBelleHHsl MyukoB. PaccmoTpeHa mnpolenypa KanauGpoBKH JUlsl MOJydeHHS ¢
MOMOIIbIO JAHHOTO JIeTEeKTOpa abCOJIIOTHON CBETUMOCTH B 30He B3auMoercteus MPD.

DOI: 10.31857/50044002723050057, EDN: IDHONG

1. BBEAEHUE

Haunem ¢ cornaiuenusi, o6ENpUHSATOrO B pyc-
CKOSI3bIUHOM H3JI02KEHHH, COIIaCHO KOTOPOMY CTYCTKH
YyacTHIL B Tydykax KoJijlaijepa Ha3blBaloTcsi GaHua-
Mu (0T aHrsmiickoro bunch — crycrok). Ilast dopmu-
poBaHusi HEOOXOAUMOro JJisi PeXKUMa CTOJKHOBEHHH
NPOJI0JILHOTO pa3Mepa CTyCTKOB MPOUCXOJIHUT Mepe-
xBaT nyuka BY-cucremo# koJsuiaiizepa co cMeHOH
KkpaTHocTH. [Ipu 3TOM yacTb 4yacTull, CrpynmupoBaH-
HbIX Ha 22-0f KpPaTHOCTH CryCTKOB, MEPEXOJIHUT BO
BHOBb 00pa30BaBlIKecs cenapaTpuchl Ha 66-0f KpaT-
HOCTH. DTO MPUBOJAUT K MOSIBJIEHHIO TaK Ha3blBae-
MbIX CaTeNJIUTHBIX CTycTKOB. CryCTKH Y4acTHl, MO 1Ba
CTYCTKA M€eXJly OCHOBHBIMH OaHYaMH, C HHTEHCHBHO-
CTbI0 Ha MOPSA0K MEHblLIE HHTEHCHBHOCTH OCHOBHBIX
OaHueil OyzeM Ha3blBaTh CaTe/JIMTAMH.

OcraHoBHMCS HAa MOTHBALIMH, ONpeJestolel Bbl-
6op cxembl H3MepeHuil. [leTekTop npeayaraercst uc-
M0JIb30BaTh JUIsl ONTHMH3ALIMKU CBEJEeHHs] MyuKOB H
KOHTPOJIS CBETUMOCTH B TOUKe B3aumozeicteusg MPD
Ha komnannepe NICA [1, 2]. Ou opuentupoBaH Ha
CTOJIKHOBEHHUSI MYYKOB TsKeJbIX MOHOB. Bce oueH-
KM W MOJeJMpOBaHHe mpoBejeHbl s Au + Au-
cToJiKHOBeHUH npu +/Syny = 11 I5B. Bynem nasbi-
BaTb ero “metekrop cBeTumocTH”. [leTekrop Oyner
perucTpupoBaTh CpejiHee UUCJI0 PACCeSHUH TsKesblX
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MOHOB (6e3 crelasibHoro orbopa “minimum bias”
cobbiTit) B 30He B3aumojeiictBuss MPD. Cpennee
UMCJIO B3aUMOJIEHCTBHI B eIMHULY BpeMeHH (R) s
peaKLMH C H3BECTHLIM CeUeHHeM o orpejiesieTcs: ab-
COJIIOTHOH cBeTUMOCThIO (L) [3]:

R=Lo. (1)

Cpennsisi cKopocTb oTcueToB aeTekTopa (Rp) oT/u-
yaeTcst OT BblUMCJ/IeHHOH 1o (1) n3-3a psina hakrTopos.
Hanpuwmep:

e 113-3a KOHeuHOH 3((eKTUBHOCTH JleTeKTopa
ep < 1(KoTopasi TOUHO He U3BECTHA);

e 13-3a shhekra HasoKeHuUs (pile-up) cOOBITHIA.

CyuiecTByer elle psii haKTOPOB, KOTOPbIE BAUSIOT Ha
CBSI3b CKOPOCTH CyeTa JIeTeKTOpa M CeUeHUsl perd-
CTPHPYEMOH peaKLMH, NPU PasHbIX peKUMax padoThl
KoJlaiiiepa. 3anuiieM cKopocTb oTcyeTa B BUJle

Rp = Lo. (2)

Kosdduuuent £ He coBnanaer co CBeTUMOCTbIO
KaK M3-3a HecoBeplleHCTBa JieTekTopa (3ddexTnn-
HOCTb, MEPTBOE BpeMs U T.I.), TaK U U3-3a YCJOBHH
n3mepenus. CBs3b Kos(huIMEeHTa TPONOPLUHOHAb-
HOCTH JIJIs1 CKOPOCTH CcueTa JieTeKTopa ¢ abCo/IOTHOH
CBETHMOCTbIO 3aMHUILIEM B BUJIE

L=K-L. (3)
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Ta6auua 1. BpemeHubie napametpbl nyukoB NICA

ABJIEEB u np.

Dneprus CKopocTb MyuKOBO# Yacrora Bpemsi mexxy | Bpems nepeceuenns | Bpewmst mexxmy

P YacCTHLbI oOpalileHns GaHyaMu Oanuel, 20, = 1.2 M | caresquTaMu

VSnyn =4 15B By = 0.883 fr=0.526 MI1 | tp, = 86.4 HC ty, ~4.53 He tss = 28.8 HC
vV SNN =1113B ﬂb =0.985 fr = 0.587 MFLL top = 77.4 He ty ~ 4.06 He tss = 25.8 He

Eciu koadduupent K He 3aBUCUT OT YCJOBHI

u3MepeHust, T0 L Ha3blBalOT OTHOCHTEJbHOH CBETH-
MOCTbIO. 3HAHHSI OTHOCHTEJIbHON CBETUMOCTH MHOTA
ObIBAET JIOCTATOYHO JIISI BBIUMCJIEHHUST psijia puanue-
CKHX BeJIMUKMH 1O HU3MEPEHHBbIM JaHHbIM, a TaKXKe Jisl
HACTPOUKH M KOHTPOJISI CBEJeHHS] MyuKOB. 3HAHUS
OTHOCHUTEJILHOH CBETUMOCTH JOCTATOUYHO JJIsI BBIUKUC-
JIEHHS PSJia XapaKTePUCTHK JIPO-57I€PHBIX CTOJIKHO-
BEHWH, TAKUX KaK KOJIJIEKTUBHbIE MOTOKH, Pa3Mepbl
06J1aCTH UCIyCKAaHUsI, OTHOLIEHHS BBIXOJI0B YaCTHIL U
T.11. [IpumeHenue “nerekropa CBETUMOCTH JJsi Ha-
CTPOUKH CBeJIeHUs MyYKOB 0OCYXKaeTcsl HUXKe, TOoc/Ie
OMHUCAHUSI €ero yCTPOHCTBA M YCJOBUH MPOBENEHHS
U3MepeHHsl.

2. BPEMEHHAS CTPYKTYPA COBbITUN
B CTOJIKHOBEHUAX THAKEJIBIX
MOHOB HA NICA

3HaHHe BpEeMEHHOH CTPYKTypbl CTOJKHOBEHHH
HeoOXOIMMO /ISl BbIOOpA CXeMbl JeTeKTopa W ajro-
putMa o6pabotku. [Ipu obcyxxneHHu Takod CTPyK-
Typbl /11 CTOJIKHOBEHHS TS2KEJIbIX HOHOB CTapTyeM C
6asoBbix napamerpos NICA [1, 2]:

I. pnunbl konbua L = 503.4 wm;
yucJio 6anueid Ny = 22;

YHCJIO caTeJJINTOB Ny = 44;

W

UHTepBas 3Hepruit ot /Syy =4 [3B 1o
\/SNN =11 FSB;

5. uucso yactuil B OGaHue npu /Syy = 11 3B
N = Np = 2.8 x 10%;

6. KopeHb K3 aucrnepcuu 6anda (R.M.S.) B npo-
JIOJIbHOM HarpasJjieHun oy , = 60 cm;

7. sdekTrHBHAs MonepeyHas MJolIAdb B TOUKe
dokycnposku Seg (0) = 4mo,o, = 0.113 cMm?;

8. CcTaHmapTHble OTKJOHEHHUsT pacrnpesiesieHus ya-
CTHIL B MOMEPEYHOH MJIOCKOCTH B TOUKe (POKy-
CHPOBKH 0, = 0.11 ¢Mm, o, = 0.082 cm, Gera-
(hYHKIMS B TOUKE CBeJleHHs MyuKoB (Touke o-
KyCHPOBKH) fip = 60 cm;

9. MakcHMasibHasi CBeTHMMOCTb st Au + Au-
crosiknoBennit L = 1027 em~2 ¢~ ipu /Sy =
=11 I3B.

DTOo onpesiesisieT CylleCcTBeHHbIE st paboThl “/le-
TEKTOpa CBETUMOCTH” BpeMeHHbIe TapaMeTpbl, pHUBe-
JleHHble B TabJ1. 1.

Haiinem BeposiTHOCTb HaJsl0XKeHUs] COOBITHH B Jie-
TEKTOpE MPH CTOJKHOBEHWH siep 30JI0TA C SJIpaMu
3osiota. CTapTyeM ¢ YucJ/a paccestHuil pu oJIHOKpaT-
HOM Tiepeceuennn nByx Ganueil. [lyctb mpu nosHow (¢
yueToM Bcex OaHuell) cBeTUMocTH (L) 1 uncse 6anuen
Ny umeem Ny B3auMoJieficTBHI B ceKyHay. Torna Ha
oy napy Ganueil B cpeeM npuxomutest Ny g

Nir k—k = Nix/Np. (4)
Has £=10*" cm™2 ¢! u o(Au+ Au) =6 uon
umeeM Ny, = 6000 ¢, a Nyp;—; = 273 ¢ 1. Cpennee

YUCJIO B3aUMOJEHCTBUH TPH OJHOKPATHOM Iepeceye-
HHH TTapbl OaHueH paBHO:

AV SNN =413B — Ntr,k—k/fr —
— w ~5.2x 1074,

vVSyny =1113B — Ntr,k—k/fr —
— wy; ~4.7 x 1074

(5)

BeposiTHOCTb JIByX B3aUMOJEHCTBUHA [PHU OJHO-
KpaTHOM IepeceueHnH napbl 6aHuell paBHa:

wy = (w}/2) exp(—wy) ~ (1.6 — 1.1) x 1077, (6)

Orciofa OTHOCHTEJNIbHAS BEPOSITHOCTL  HAJIOXKEHHS]
JIBYX COOBITUH U3 OJJHOTrO HGaHua:

wy/wy < 3 x 1074 (7)

B nanbHeiiiem 3¢dekT OT HaNOXKeHHH COOLITHI
NpH CTOJKHOBEHHWH Mapbl OaHued C OJMHAKOBBIMH
HOMepaMM He yuuThiBaeTcsl. DPPeKT oT HAJOXKEHUH
CcOOBITUH K3 CTOJIKHOBEeHMS] OaHYel ¢ COCeHUMH HO-
MepaMU MOJIHOCTbIO MOJABJSIETCS], €CJIU BpeMsl pelile-
HHUSI TPUITEPa MeHbllle BPeMeHH MeXKJy MpHUXOodaMH
cocenHux Oanuel ty < (tpp — tp) < 73 He. B so6om
cJlyuae, JlaykKe ecJid BpeMs pelleHHs TpUrrepa yBe-
JUUUTb BABOeE, tiy &~ 150 HC, OTHOCHTEJIbHBIA BKJA
HAJIO2KEHHST COOBITHI U3 COCeHUX OaHuel He MpeBbl-
cut ~1.5 x 1073 (menbwe 0.2%). Ha nauublii Mo-
MEHT He SICHO, J/is PellleHnsT Kakoi 3a1auu Tpedyercsi
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JIETEKTOP HACTPOMKW CBEJAEHMS [TYUKOB

Takasi BbICOKAs TOUHOCTb OTPEJIeJIeHHsT CBETHMOCTH,
KaK He sICHO, OyAyT JIM JeTeKTOpHble MOACHCTEMbI
MPD ¢yHnkimoHupoBaTh ¢ Tako# BBICOKOH CTENeHbIO
CTaOUIIBHOCTH.

Euie ogHMM HCTOUHUKOM HaJIOXKEHHSI OTCUETOB
MOTJIH Obl CJYKUThb CaTeJJIUTHbIe OAHUH, KOTOPbIX 10
JIBa MEXKIy Ka)KJIbIMU cocefHuMH GaHuaMu. OaHaKo
YUCJIO TyYKOBBIX UACTHUIL B KaXKJIOM CATEJIMTHOM OaH-
Yye Ha MOPSIOK MeHblle, ueM B OCHOBHOM. K uucJjo
CTOJIKHOBEHHH B CeKyHy Vi 55 IPH B3aUMOJEHCTBHH
JIBYX CATeJUIUTHBIX OaHuel Ha JBa MOPsijiKa MeHbIlle
Nirss = 2.73, ueM JUIsl B3aHMOJEHCTBHSI OCHOBHbBIX
6aHuert. CpenHee YUCJAO B3aUMOJEHCTBUS TIPH OJI-
HOKPATHOM MepeceyeHuy Mapbl caTeJIMTHBIX OaHuel
paBHo (cp. ¢ (5)):

\/SNN =41»B — Ntr785/fr —
— Wy g5~ 5.2 x 1076,

\/SNN =11[3B — Ntr,ss/fr —
— Wy s A2 4.7 x 1075,

(8)

DTO NMPUBOJUT K TOMY, UTO 3(DPEKT HANOXKeHHS OT
B3aMMOJICHCTBHUS B CATE/UIUTHBIX OaHUYaX He MpeBbIIIa-
€T COTbIX JI0JIell TIPOLIeHTa:

Wa,ss /w1 < 6 x 1075, (9)

M3-3a mMaJioit BesinunHbl 3¢eKThl HaJI0KEHHS CO-
OBITUH OT MepeceyeHrsi caTeVIMTHbIX OaHuyel B JaJib-
HelllleM He pacCMaTpUBaloOTCS.

3. CXEMA IETEKTOPA

M3-3a MaJsioli BEepOSITHOCTH HAJIOXKEHHUS COOBITHH
JIOCTaTOUHO PErucTPUpOBaATh UMCJO CTOJKHOBEHHH C
KoHeuHo#l (=50%) adektnBHoCTbIO. HeT HeoOX011-
MOCTH TpelycMaTpuBaTh 0TOOP M0 MpHULleJbHOMY Na-
pametpy. Takne msirkuie TpeGOBaHUS yIPOLIAIOT CXEMY
JleTeKTopa M airoputM o6paboTku. Iletektop Gyaer
perucTpupoBaTh “minimum bias” cobbiTus. [eomer-
pusi IeTeKTopa OMMpaercs Ha 0COOEHHOCThb pacrpese-
JIEHHS1 YaCTHILL B CTOJKHOBEHHH TsKesbIX (Au + Au)
MOHOB. B pacripeseneHny 4yacTHIl Py CTOJKHOBEHHUSIX
Au + Au B cucteme otcuera KoJuiakaepa BbIeSIOTCS
TpHu obJiacTu [4]:

1. LlentpanbHas obsactb. B 310l o61acTu yacTH-
bl UCTyCKaloTCs moj yraamu 6 = 90°, umeioT
CJIOXKHBIH COCTaB M LIMPOKOE pacrpesiesieHne
M0 UMIYJIbCaM.

2. JIBe o6s1acT pparmeHTallny MyvykoB. B kaxoi
M3 TAaKUX o6JacTell YaCTHIIbI PETHCTPUPYIOTCS
B KoHyce 0 < 4° (v/Syny = 4—11 [5B) Bnosb
COOTBETCTBYIOILIErO MyuyKa. B OCHOBHOM 3TO
CTEKTATOPBI-MIPOTOHBI, CIIEKTATOPbI-HEHTPOHBI
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M CIIEeKTaTOpbI-siiepHble )parMeHTbl C SHEPrU-
SIMH Ha HYKJIOH ( Eg), 6JIM3KUMH K SHEPTUsIM Ha
HYKJIOH B cTasIKuBatouxcs siapax (Es = By, =
= 5.515B)[5, 6].

J1eTeKTop COCTOUT U3 ABYX MJleU, KaxK/10€ U3 KOTOPbIX
perucTpupyeT 3apsiKeHHble creKTaTopbl B 00J1acTH
(hparMeHTalMK siiep M3 COOTBETCTBYIOLIETO KOJIbIIA
KoJlaiiiepa. Kak rmokasaHo Ha puc. 1.

Kaknoe njiedo COCTOMT M3 ueTblpeX CLUHTHJLIS-
[IMOHHBIX TVIOCKOCTEH, OPUEHTHPOBAHHBIX MepPHeHIN-
KYJISIPHO OCH CTOJIKHOBEHHs, cM. puc. 2. UyBcTBH-
TeNIbHLIMU 3JIEMEHTAMH JIeTEKTOPA SIBJSIOTCS MOJIOCHI
OpPraHUYecKoro CLUMHTHJIATOpPA U3 ToJicTHpoJa (PS)
¢ no6asisennem 1.5% p-repdennna u 0.05% POPOP
[7].

YeTpoiicTBO M pa3Mepbl TOJ0CKONOB MOKa3aHbl Ha
puc. 3.

4. MOJIE/IMPOBAHHUE. 90PEKTUBHOCTD

[1pu monenpoBannu ucnogbsosanuch 3000 Au +
+ Au-CTOJIKHOBEHMH, POXJEHHBIX TeHepaToOpoOM
DCM-SMM [5] 6e3 oTGopa 1o npulleJbHOMY Mapa-
metpy (Minimum Bias (MB) events). Boi6op renepa-
TOpa poxxKJeHHsl OblJ MPOJAMKTOBAH TEM, UTO 3TOT Te-
HepaTop, MOMUMO HYKJIOHOB CTMIEKTATOPOB, OMHUCHIBAET
1 poxKJIeHHe 5I1€PHBIX PParMeHTOB CIIEKTaTOPOB, J10J151
KOTOPBIX MOXKET JOCTHUTaTh CYLIECTBEHHOH BeJIMUMHbI
B repuQepruecKux CTOJIKHOBEHHUSIX [6, 8].

Tepmun cnekratop (spectator — HabJtonaresn)
UCIosb3yeTest 1Jisi 0603HaUeHUs! HyKJOHOB, He MonaB-
LIKMX B 00J1aCTb F€OMETPHUECKOro MepeceueHus saep
(He yyacTBOBABILMX B CHJILHOM B3aUMOJEHCTBHH),
WM N7l SIIEPHBIX (DparMeHTOB, COCTOSIIIIMX M3 TAKHUX
HYKJIOHOB CIIEKTaTOpPOB. MIMMyJsibe crieKTaTopoB (HyK-
JIOHOB WJIU §IIePHBIX (PPArMEHTOB) HA HYKJOH OTJIM-
yaetcst Menblue uem Ha 10% (Ap,(IsB/nykion) <
< pp(I3B/uykaion) x 0.1) oT uMmy/bca Ha HYKJOH
pyp B craskuparwowuxcs sapax. [loaspHblil yros, B
KOTOPOM PErnCTPUPYIOTCS CIIEKTATOPbI, ONpeJIessieTcsl
reoMeTpHel JeTeKTopa M JISXKHT B UHTepBajie 1.3° <
< 05 < 2.9°. M3-3a Ha/MuMs HOHOMPOBOJA He peru-
CTPUPYIOTCSI CMEKTATOPbl ¢ MaJsbIMH MOJSIPHBIMH Y-
JlaMd. YTioBoe pacripejiesieHue siiepHblX hparMeHToB
CTaHOBUTCSI OoJiee Y3KMM C POCTOM aTOMHOH Macchl
¢parmenta. M3 peadysbratoB padotsl [9] caemyet, uTo
JUist sifiep hparMeHToB ¢ aTOMHOH Maccoil F' cTanaapT-
HOE OTKJIOHEHHE O F g B PACIPEeJEHHH N0 TTOJAAPHOMY
yriy 6 CBSI3aHO CO CTAHAAPTHBIM OTKJOHEHHEM ISl
MPOTOHOB 71 ¢ COOTHOLIEHHEM Opg = 019/VF. U3
IKCrepuMenTa o1~ 1.8° /Syy =11 I3B. Iaa
Q-4acTHLBI 3TO 1aeT 0 g ~ 0.9°. [TosTOMy B 1eTekrop
CBETHMOCTH He NONajiaeT MoJAaBJsolLas yacTb poxK-
JIeHHBIX si/Iep reqiusi. DTO 03HAUAET, YTO JIETEKTOPOM
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JleTexTop JeTekTop
JleBoe TI€UO I1paBoe mieuo
DL DR
Touka B3anMoneiicTBus
IP
Q N * @10 cm
Hononposon /
L=300cm L=300cm

Puc. 1. BuewHuii BUI pacroJ/ioxKeHusl niled JeTeKTopa. Bui B ropH3oHTaJbHOH MJIOCKOCTH. 3Be3J0UKON [10Ka3aHa TouKa
nepeceuenust 6aHuell B MaKCUMyMe HHTEHCHBHOCTH. JIeBoe Ijeuo perucTpupyer dparMeHTsbl Iyuka, HaJleTalollero clpana, a

IpaBoe — HaJleTalollero cJjiena.

perucTpupyercst Masas 104151 OT hparMeHToB ¢ F' > 4.
JI71s1 TpaHCTIOPTHPOBKHM MyuyKa HCMOJIb30BAJCS MaKeT
Geant4 [10], xoTopblil TO3BOJISIET MOJEIHPOBATH
NPOXO0rKJIEHHE Uepe3 YCTAHOBKY SePHbIX (hparMeHTOB.
M3-3a y3koro yrnosoro pacnpenenenns aasg 3000 MB
cobbiTuit Au + Au-CTOJIKHOBEHHH B J€TEKTOpe He
ObIO 3apETMCTPUPOBAHO HU OJIHOTO Siipa ¢ aTOMHOM
maccoli 6oJiblie Macchl sipa SHe.

ILTIS{ JNaJbHeHIIero MOHUMAaHHSI OCTAHOBUMCSI Ha
THUIIE U XapaKTEPUCTHUKE 3apsizKEHHbIX HaCTHLL, IToI1aaa-
IOUIUX B 1E€TEKTOP.

MopenipoBanne mpoBeneHo aas Au +  Au-

CTOJIKHOBEHHH Tipu sHeprun v/ Syy = 11 [3B. Cuu-
TaJI0Ch, UTO 3apsiKeHHast yacTHla 3aperucTpupoBaHa
B COOTBETCTBYIOLLEM [lIeUe JeTeKTopa, eCJM, I10

Puc. 2. ®pounrasnbHelil BUL 0QHOrO M3 MJleU AETEKTOPa
cBeTUMOCTH. OKpY?KHOCTb BHYTPH JIeTEKTOpa COOTBET-
CTBYeT MOHOIPOBOAY. PaccTosinue oT ocu CTOJKHOBEHHI
110 GJtKanLLIel ooChl 7 CM.

KpaiiHeil Mepe, 0/lHa yacTHLA MOTePsJIa B CLIMHTHILIISI-
LIMOHHOH MoJioce 3HeprHio GoJibiiie ueM | MsB (AFE >
> 1 MsB). Ha puc. 4 nokasan cymMMapHbIil CreKTp
M0 TOTEPSIHHOM SHEPTHH B UYeTbipex OJIMKAHLINX K
MOHOIIPOBO/lY CLUMHTUJISIMOHHBIX TI0JI0CAX OJIHOTO
nJieya.

3 pucyHka BHIHO, UTO H3-3a KPYTOTO MepeaHero
(poHTa BHIGOP MoOpora Mo MOTEPSIHHON HEPTrHH (1o
amnantyze curiana ¢ SiPM) cna6o BausieT Ha uncJo
CTEKTAaTOPOB, PETUCTPUPYEMBIX B JleTeKTope. MakcH-
MyM roTepb aHepruun AE ~2 M3B 64130k K TOMY,
yTO TIpeacKasbiBaercst opmysoil Bere—bJgoxa s
MHHUMaJIbHO HOHH3HMpYIOLMX yacTull E), ¢ = 5.5 [5B
B CLMHTHJUIITOPE TOJIIMHOA 1o nyuky | cm. Iis
MOHUMaHHUSI CJIOXKHOTO XapakTepa CrieKTpa Io rore-
PSIHHOM HEPTHH HEOOXOMMO YUeCThb HeHYJIEBYIO MHO-
»KECTBEHHOCTb CIEKTaTOPOB B OJIHOH T0JI0CE.

Pacnpesesierue 1o cyMMapHOil MHOXKECTBEHHOCTH
CIIEKTaTOPOB B UETbIpEX OJIMKANIINX K HOHOIIpOBOAY
CLMHTHJIISILIMOHHBIX 110J10CaX OJIHOTO IJ1edya MoKa3aHo
Ha puc. d.

W3 pucyHKa ciejyer, uTo CpejHsis MHOXKeCTBeH-
HOCTb CMEKTATOPOB, MONAAAIOLIMX B OJHY I0JOCY,
paBHa:

(n1) = 1

BTopoii (Mo BesMunHe MOTEPSHHON SHEPTHH) MUK
Ha puc. 4 oTBevyaeT OJHOBPEMEHHOMY MOMaJAHHIO
B 10JI0CY JIByX MPOTOHOB. DTO MOATBEPXKIAETCS He
TOJIbKO BJIBO€ O0JIblIEH BEJTMUHHON MOTEPSIHHOH 3Hep-
THU, HO W OJIM30CTHIO OTHOILLIEHHA YHMCJIA YacTHLL B
nepsoM (IN1) u BTOopoM (Na) MUKax K OTHOLIEHHIO
BEPOATHOCTH PErHCTPALMHU OJIHOTO H JIByX NMPOTOHOB:

Ny Pz—@ (11)

<N‘{aC’I‘>

= % =0.67£0.01.  (10)

— =~0.27, —

N, P ~ 0.33.

MHOKeCTBEHHOCTL CMEKTATOPOB, MOMNAAAI0IINX B
noJiocy, yObIBaeT 1Mo Mepe yaaJeHusi OT OCH CTOJKHO-
BeHus. Tak, 1Ji BocbMO# (camo# JlajibHel) MoJiochl
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Puc. 3. Bun onnoit U3 niiockocTel (CLUHTHILISILMOHHOTO rofiocKona). [110CKOCTb COCTOUT U3 T0JI0C TJIaCTHYECKOTO CLIMHTHJI-
asiropa (10 x 1 x 1 em®). Curnan cHuMaetcsi ¢ ABYX TopLOB KpeMHHeBbIMH DY (SiPM), Kak 3T0 NM0Ka3aHO Ha OTAJIbLHOIL

rnoJioce.

N‘-laCT
180

160 -
140 -
120
100 -
80
60
40
20+

0.001 0.002 0.003 0.004 0.005 0.006 0.007
AEc,, T5B

Puc. 4. CymmapHoe pacrpeniesieHde Mo SHEPrUH, MoTe-
PSIHHO¥ CMIeKTaTOpPaMH B YeThipex 6JIMKANILIHX K HOHOMPO-
BOJly M0JI0Cax CUMHTUJISITOpPA OJiHOTO Tyieva. 1o BepTH-
KaJIbHOH ocH 4ncsio YacTHIL ( Nyacr ), TOTEPSIBILIMX B OJHOH
M3 UeThIpeX M0JI0C CUUHTHIIATOPA SHepruio A Ecy,.

MHO2KECTBEHHOCTb paBHa:
1.2
(ng) = == ~0.300 £ 0.005. (12)

Touka B3auMosEHCTBHSA BIOJb OCH CTOJKHOBEHHUS
pasbIrpbiBasiach B COOTBETCTBHH C HOPMaJIbHBIM pac-
npeseseHHeM, HMEIOLHUM CTaHAapTHOE OTKJIOHEHHEe
0., v = 42.4 cm. B [3] nokasano, uto Takoe pacrpe-
JieJieHre BePILMH B3aUMOJIEHCTBHS OTBEYAeT CTOJKHO-
BeHUsIM ¢ poekTHbIMU napameTpamMu NICA Ges ydeta

SINEPHAS ®M3MKA TomM86 Ned 2023

Nc06

500

400 -

300 -

200 - (Nyaer) = 2.70 £ 0.05

100 -

—

T 0 1 2 3 4 5 6 7 8 9
N'-laCT.

Puc. 5. Pacnpenenenne co6biThil (Neos) 10 cyMMapHOMy
yucsly YacTHIL (Nuger), TIONABIIMX B YeTbIpe OJIMKHHE K
MOHOMNPOBOJLY CLIUHTHJISILIOHHbIE T0JIOCHI O/IHOTO T1J1eua.

tokycupoBkH. KM3-3a masioro nonepeuHoro pasmepa
OaHuell pacripejesieHle BepLUMH B IOMEPEUYHOM Ha-
npaBJieHuH He pasbirpbiBasoch. Bee BepinHbl BhIOGH-
paJich Ha OCH CTOJIKHOBEHHUSI.

st Toro uToObI 3aperucTpupoBath (HakT pacce-
siHUS1, TpeboBaJslach perucTpalusl He MeHblle OJIHOrOo
CMeKTaTopa B KaxKJ10M U3 MJieu jaeTekropa. JLis Bbl-
UUCJIEHUsT COBMAJeHUH BBOJIMUJINCL BPEMeHa MpoJieTa
IS KaXK0T0 U3 miey jerektopa T, /. [Tockosbky B
OJIHOM I1J1€Ue PErUCTPUPYETCS], KaK PAaBUJI0, HECKOJIb-
KO CIIEeKTaTopoB, TO B KauecTBe BpPEMEHH TpoJeTa
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JUIsl IAHHOTO Tijieda BbIOMPaJoch CaMoOe MaJjleHbKoe
13 BpeMeH MpoJieTa CleKTaTopoB, 3aperHCTPUPOBAH-
HbIX B JlaHHOM Tulede. [Ipn monmenupoBaHuu dakt
paccesiHusl OTMeYasiCsl, eCJIi B KaxKJIoM Ij1eue OblIo
3aperuCTPUPOBAHO MO KpailHel Mepe 10 OJHOMY 3a-
psKEHHOMY CIMEKTaTopy, a pa3HOCTb BpeMeH MpoJieTa
Me>K/1y JIEBbIM U [TPaBbIM MJiedoM He npesbiiana 10 He:

|TL —TR| < 10 He. (13)

B wutore u3 pasbirpanubix 3000 Au + Au-
CTOJIKHOBEHUH Oblao 3apeructpupoBano 2302 colbbi-
THsl, UTO OTBeuaeT 3(PeKTUBHOCTH € = T7%.

5. [TIPOLIEJIYPA HACTPOMKU
CBEJIEHUS [TYUKOB

[1pu HacTpolike cBe/leHUs MyYKOB HEOOXOAMMO pe-
IIUTh CJIEIyIONINe 3a1aut:

1. B HOHepe‘H—IOﬁ [NJOCKOCTH ONTUMH3UPOBATDL!:

e [ionepeuHble pagmepbl HaHuel;

® [10JI0JKEHHE B TI0MEPEUHOH MJOCKOCTH
cTaJIKMBatolMxcsl 6aHueil (oNTUMU3UPO-
BaTb Mnornajanue 6aHuell 1pyr B 1pyra).

2. BnoJab ocu cTOJKHOBEHHUI:

® ONTHMHU3UPOBATH TOJIOXKEHHE BepPUIMHBI
BAOJb OCH CTOJKHOBEHHH TakK, UTOOBI
MaKCHUMYM CTOJIKHOBEHHH HaXOAWJ/CS B
LEeHTpe JAeTEKTOpPa.

l—Iepeﬂ O6CY)KI[€HI/I€M HUCIIOJIb30OBAHUS AETEKTOpa
JJI HaCTpOI;IKI/I CBEICHHUS TTyUYKOB BBEIEM o603Haue-
HUSA:

® Np/pj — UMCJO YaCTHLL (MHTEHCHBHOCTb) B

k-om Ganue, sietsiiem csiesa/crpasa (L/R)
coryiacHo 0603HaueHusIM Ha puc. 1.

e L} — CBETHUMOCTb IpH MepeceueHnt k-bix (Je-
BOTO U 1paBoro) 6aHyei.

CBeTHMOCTb OIpejiessieT CPeaHIOI CKOPOCTb cuyeTa U
paBHa [3]:

Ly = (NppNrifr)/(Se k) » (14)

e Sefr ), 0003HauaeT 3pHEKTUBHYIO T/10MIAMbL Nepe-
ceueHust 6aHUell B TOUKe B3aUMOJIEHCTBHSI B COOTBET-
CTBHH C MPOCTPAHCTBEHHBIM pacripejieleHheM YacTHlL
B JIeBOM H rpaBoM 6aHuax. [TosiHast cBeTHMOCTD yuH-
ThIBaeT YnCJ/I0 nap 6aHuell  paBHA CyMMe CBETUMOCTH
OT KaxJ10ro u3 6aHyed:

Ny Ny
L= Zﬁk = Z (NL7kNR,kfr)/(Seff,k) . (15)
k=1 k=1

ABJIEEB u np.

Beiiie ormeuasoch, 4TO CBETMMOCTb CBSI3bIBA€T
CPEeJIHIOI0 CKOPOCTh cueTa W ceueHue peakuuu (1).
Il nerekropa BBojsiTCs BpeMst HaGopa (1) 1 unciio
3apEeruCTPUPOBAHHBIX TPUITEPOB, OTBEUAIOIIHX CTOJK-
HOBeHHIO k-bix Ganueil Ny, (T):

Niek (T) = Li(e0)T. (16)

M3 3Toro BbipaxkeHus ompeaensieTcss cpeiHss (3a
BpeMst Habopa T') CBETUMOCTD JJIsi CTOJIKHOBeHHUST k-
bIX GaHueH:

Nig (1) _ I (1)
(eo) T (eo)

[1pu Takom nozxoje He06X0OMMO 3HATh CeueHHe H
9 PEKTUBHOCTL perncTpauuu ¢ rnpuemsiaemoit (~1%)
TouHOCThI0. Kak mpaBusio, st aipoHHBIX KoJl1aiiie-
poB cedyeHHe U 3(PPeKTHBHOCTb JeTeKTopa C TaKoH
TOUHOCTBIO He U3BecTHbI. [losTomy hopmyaa (17) naer
uHdopMalyio 06 OTHOCUTEbHOMH CBETUMOCTH (3).

CytiecTByeT cnoco6, MO3BOJISIONMNA ONPEIETUTD
3HAueHHUs1 Mpou3BeleH sl S eKTUBHOCTH Ha ceueHne
(ec) M3 9KcrepUMeHTasbHBIX JaHHbIX [3]. [liaToit
3a TIoJlyueHHe Takoi HH(MOpPMAaLMH SIBJSETCS BpPeMs
(pabora KoJsaiiiepa U nepecTpoiika 3/JeMeHTOB CBe-
JIeHHs1 ), TIOTPpAaueHHOe Ha MPOBeJEeHHEe U3MEpEeHHH Mo
nporpamme ckaHa BaH aep Meepa [11].

OcraHOBHMCST HA CXeMe TMPOBeIeHUsT H3MEPEHHH ¢
UCTI0JIb30BaHWeM cKaHa BaH jnep Meepa. [lasg storo
JleTaliu3upyeM BbIUHMCJEHHE TJIOLAAW TepeceueHusl,
onupasich Ha pacnpesesneHus (MAOTHOCTH BEPOSITHO-
cTeil) uactuil B 6aHuax. MHpeke HoMepa CTalKnBao-
uuxcst 6aHuyel yKasoiBaTh He OyJeM, UMesi B BUJLY, UYTO
npu HEOOXOIUMOCTH He COCTaBJsieT TPYJa BOCCTAHO-
BUTb €70 B OKOHUATEJIbHBIX (hopMyJiax.

[1noTHOCTH pacnpenesnenusi BepOSITHOCTH YaCTHIL B
rorepeyHor Mi1ockocTy (ocu X u'Y') He mpeanoJsiaraemM
OZIMHAKOBBIMH B JIEBOM U TIpaBoM 6GaHuax. B obiiem
BU/JIE (C yueToM (OKYCHPOBKH ) pacrpesiesieHue YacTHLL
B MOTMEPEUHOM MJOCKOCTH PABHO:

(Lr) = (17)

pLr/r (T, y;2v) 2 05 (18)

//pJ_,L/R (z,y;2v) drdy = 1,

PaBEHCTBO HHTerpaja eIuHHlEe (BTOpOe YCJIOBHE B
(17)) o3nauaet ycjioBre HOPMHUPOBKH JJ151 JIIOOOTO 110-
JIOKEHHS] TOUKH B3auUMoJelcTBUS zy . [lisi onucanus
pacripesiesieHust yacTull B 6aHue Mo TMPO0JLHOH OCH
(Z) npu UKCUPOBAHHOM BpEMeHH BBEJIEM COOTBET-
CTBYIOILLYIO MJIOTHOCTb BEPOSITHOCTH:

[e.e]

P (2) > 0 / piom(z)dz =1 (19)

—00
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C takumu 0603HaYeHUSIMH CBETUMOCTb /151 CTOJIKHO-
BeHUs k-bIX 6aHuell paBHa:

Lo = 2NN, [ [ dodyx (20)

X // dzyvdép i (z,y;2v) Do R (T, y; 2v) X

xpjL(zv =& pr (v +8).

CpasnuBas (20) u (14), n1s 3¢pheKTHBHOMN MI0IA-
I TiepeceyeHust noJyuaem

1

X // dzyvdép i (z,y;2v)pi R (2, y;2v) X

xp.z(2v =& pjr(2v + &),

rie zy 0003HAYaeT BepLIMHY B3auMOJeHCTBHsl, a &
OTBEUAeT paccTosiHuio “lleHTpa”’ OaHuya OT Havasa
KOOPAMHAT M0 Z (0T TOUKH B3auMojeicTeus [P).

Takum 06pasom, Mbl IPULLJIH K BBIBOJLY, UTO CBETH-
MOCTb KOJIafiiepa MOXKHO ONPEIe/UTh CJIeyIOLUMH
JIBYMSI CITOCOOAMHU:

(21)

1. CBeTUMOCTb BBIUMCJSIETCSI U3 IKCIEPUMEH-
TaJbHbIX JIaHHBIX [10 YHUCJY TPHUITEpPOB, 3a-
PErHCTPUPOBAHHBIX JETEKTOPOM C H3BECTHOH
3 eKTUBHOCTBIO (€) /IS BbIIEJIEHHOTO KaHaJa
peaklMd C H3BECTHbIM ceueHHeM (o), Kak
s10 nipeanonaraercs B (17). Takue momxopl
UCIOJIb3YIOTCS B 3JIEKTPOH-TIO3UTPOHHBIX HJIH
3JIEKTPOH-3/IEKTPOHHBIX KOJIIaiepax.

2. CBeTHUMOCTb MOXKHO BBIUMCJIHTH, €CJIH MMETh
MH(pOPMaLMIO O MPOCTPAHCTBEHHOM pacrpejie-
Jienuu uactuil B 6anuax (18) u (19), ucnonbays
TEOpeTHUECKOe BbIPaXKEHHE IS CBETHMOCTH
(20). OTKpBITBIM OCTAETCSI BOMPOC O TOYHOCTH,
C KOTOpO# HeoOXOJAMMO 3HATh pacrpejesieHus
yacTul B GaHuaX, 4ToObl SKCTPAMNOJUPOBATH
MJIOTHOCTH BEPOSITHOCTH B OKPECTHOCTb TOU-
KH B3auMojiericTBUsl. OKOHYATebHbIH OTBET 00
M3MepEeHHH CBETUMOCTH JI0JKHA 1aTh SKCTIepH-
MeHTaJIbHasl IPOBepKa.

[TocaenoBatesbHbI MOAXO0/, MO3BOJSIIOLIMNA Bbl-
YUCJIATH a0COJIOTHYIO CBETUMOCTh, OMTMPAETCS Ha Bbl-
yhc/IeHHe CKOPOCTH cueta aetekropa (17), a mpounsse-
neHne 3pPeKTUBHOCTH PETUCTPALIMK Ha ceueHue (£0)
onpejiesisieTcsl U3 JaHHbIX 10 M3MEPEHHsIM B pamMKax
nporpammbl ckaHa BaH Jiep Meepa [11].

OcTaHoBUMCS Ha 3TOM Borpoce noapoOHee. Boi-
paxketue (20) i1 CBETUMOCTH HAMKUCaHO Jiist CJIyuast,
KOTJla MaKCUMYMbI JIEBOTO M MpPaBoro GaHuell coBna-
nator. Kak oTmeuasioch, oJHON K3 3ajauy HACTPOHKH
CBeJICHHUS MyYKOB B MOTIEPEUHON MJIOCKOCTH SIBJSIETCS
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ONTUMHU3alMA “Tionananus 6aHuei apyr B apyra’. s
npeaIMeTHOro 00CyKaeHHsT 0000UIUM TOHSITHE CBe-
tumocTd (20), cunras, 4To MOJOKEHHS MAaKCHMYMOB
JIByX CTaJIKMBAKOLIMXCS OaHueld B TOPU3OHTAJIbHOU
MJIOCKOCTH He coBnanatot. st ocu X cutyauus no-
KasaHa Ha puc. 6.

L(5X,0Y) = 2N, Nr/f, / / dady x (22)

x / devdpy 1 (v + 06X /2,y + 0Y /2 2v) x
XpLr(@—0X/2,y—0Y/2;2y) X
xpL(zv —&)pr(2v +§),

1
s 2] e

X (//d:z:dprL (x+0X/2,y+0Y/2;2y) x

(23)

XpiLr(x—0X/2y— (5Y/2;zv)>><
xpj,(zv =€) pyr (2v +€).

KJtoueByto poJib B OMpesiesieHHH MpOoU3Be/IeHUs]
cedyeHHsl Ha 3(PPEKTUBHOCTb (€07) UrpaeT HHTerpaJsb-
HOoe CBOHCTBO 3(PpdeKTUBHON 06JacTH mnepecedyeHHst
My4yKOB, HA KOTOPOM OCTaHOBUMCSI mojpoOHee. st
9TOTO 3amullieM HHTerpaJs oT 06paTHOH 3PPeKTHBHOI
nJouaan o6JacTH rnepeceueHnst NyykoB, OMUpasich Ha
pacrnpese/eHHsl yacTULL B 6aHUax:

/ / 46X d0Y) s 5} 77 -

= 2// dzvdé (py,. (2v — E) p g (2v +§)) X
« ( / / / dadyd (5X) d (3Y) x
Xpir(z+0X/2,y+06Y/22v) X

xpLr(r—06X/2y —5Y/2;zv)>,

(24)

[nocJie 3aMeHbl NEPEMEHHDBIX!

r1 =2+ 0X/2, 0 (r,0X) _1 (25)
x9 =x — 0X/2; 0 (w1, 2)
y1 =y +0Y/2, 0(y,0Y)| _ L (26)
yo =y — 0Y/2; 0 (y1,y2)
2 =2y +§, 'a(zv,é) 1
— = 27
20 = zy — &; 0 (21, 22) 2 (27)
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Puc. 6. Baumnoe pacroJioxkeHnue cTasKuBalommxcs 6aH-
yeil JIEBOTO U MPABOTO MJled, KOT1a MAKCHMYMbI Pa3/ie/ieHbl
1o oCH pacctostHueM 0.X .

3TO TIPUBOJMUT K CJeayiolieMy (06001eHHOMY ) yCJI0-
BHIO HOPMHPOBKH, CBSI3aHHOMY C COXpaHeHHeM uhcJia
yacTuil B 6aHuax:

/ d(éX)d(éY)mz

— (/dz1p||7L(z1)> (/dz2p||7R(Z2)> X
X (// drydyipy L (:cl,yl;zv)> X
x (/ dzadyop ) R ($17y1§zv)> =

=(1)x (1) x (1) x (1) =1.

(28)

DTO ycJIOBHE MOXKHO HCIOJb30BATh, €CJIH U151 Bbl-
JIeJIeHHOH napbl BCTPeUHbIX OaHUel MPOBECTH M3Me-
peHUst uMcsia TPUITEPOB MPH PA3JMUHBIX OTHOCHTE b -
HBIX CMeIleHHUsX JIEBbIX M TMpaBbiX OaHuell B rore-
peyHoil MJI0CKOCTH. B pe3ysibrare peanudauun Takou
NporpaMmbl H3MepeHHil, Ha3bIBAEMOI CKAaHOM BaH Jiep
Meepa (1Horna — ckaHom BepHbe), nosyuum cieny-
IOLLMHA HAaOOP AAHHBIX:

{0X}).i 5, 0Y):i j} — OTHOCHTE/IbHBIE CMeLeHHS
no ocsM X 1Y GaHuel c HOMepoM k BO BCTpeu-
HbIX Tyukax. CMelleHHsI HyMepyloTCst JIBOMH-
HBbIM HHJEKCOM {%,j}, uTOOBl OCTaBHUTH BO3-
MOKHOCTh CKAHHPOBATh MOJIOXKEHHsI yYKOB He
TOJILKO 110 TOPH30HTaNbHOH (X ) WK 1O Bep-
THKaJIbHO# (Y') OCH, HO ¥ MIPH OJHOBPEMEHHOM
M3MEeHEeHHH (OT TOUKH K TOUKE ) OTHOCHTEIbHOIO
MOJIOXKEHHST BJI0JIb HEKOTOPOTO HaNpaBJIeHHs B
naockoctd { X, Y };

2. {T};,;} — Bpems HaGopa AaHHbIX ]I COOTBET-
CTBYIOLIMX CMelIeHHH;

repoB [IJ1s1 COOTBETCTBYIOLIUX CMeI_L[eHI/IIjI;

4. {NL ki j, NRkii,j} — NHTEHCHBHOCTH CTaJIKH-
BaloLMXCsl GaHueil B JIEBOM M MPABOM KOJIbLAX
KoJl1aknepa.

HYHUCJIO 3apPETUCTPUPOBAHHDBIX TPUT-

ABJIEEB u np.

[To sTum JAHHBIM BbIUHUCJISAIOTCS CKOPOCTH CUeTa:

R (Thii) = Niwsksinj/ Thsij- (29)
W HopMHpOBaHHAst CKOPOCTD CUeTa:
Tk (0 X ki > 0Yhiij) = (30)

= R (Th:j)/ (NL ki i NR ki i fr) -

Orclojia BUJHO, UTO TaK onpejiesieHHasi “HOpMUPO-
BaHHasl CKOPOCTb cyera” paBHA CKOPOCTH cueTa MpH
OJIHOKpaTHOM (6e3 yueTa uMcsa 060pOTOB) CTOJIKHO-
BEeHUH OaHueH, ColepKallKX 10 OJTHOH YaCTHLIE.

Yuer cBsi3W uKcia TPUITEPOB C CeUeHHeM o U 3(-
(eKTUBHOCTBIO perucTpalmu € 3a BpeMst Habopa T} ;
CO CBeTMMOCThIO (16) MPUBOAUT K CJeyiollel CBsI3U
“HOPMHPOBAHHON CKOpocTH cyeTa’ ¢ 3(h(HeKTUBHOH
TJIONIA/IbIO TIEpPeCeUeH s :

T (0 X ki > 0Yhii j) =
= (e0)/ (Sett (6 Xk;i 5, 6Yk;i5)) -

g kaxno# napel 6aH4ell ¢ HoMepoM k HaxoJIum
TEOPETHUECKYI0  3aBUCUMOCTb 7y (0.X,0Y; {Bk.})
“HOPMMPOBAHHOH CKOpPOCTH cyeTa” OT CMelleHUH
{6X,0Y} B monepeunoil mnsockoctd. CwmelleHus
{6X,0Y} B TeopeTHuecKoll 3aBHCHUMOCTH MOTYT
MPUHUMAThL JI0Oble (He TOJbKO HCMOJNb30BaHHbIE B
M3MepeHHsX) 3HaueHus, a Habop mapameTpos { .}
onpejiesisieTcsl M3 anmnpoKCHMaLMH  SKCIEepUMEH-
TaNbHbIX JAaHHBIX {74 (0 X}, 7,0k ;)} BbIOPaHHOH
TeopeTHUecKol 3aBucuMocTbio. [locenoBaTesbHOCTD
006paboTKH M CTPYKTypa pe3dysbraTa [OKa3aHbl B
CJIE/LYIOLLEM BbIpaxKeHHH:

{Tk (5Xk‘;i,j7 5Yk;i,j)} —
= 1% (0X,0Y 5 {Bra}) =

( 1

") 5 X0V ()

Jle CTpeJKa CXeMaTHYeCKH MOKa3blBaeT Mepexoi OT
JICKPETHOrO Habopa 3KCMepPUMEHTAJbHBIX JaHHBIX
{rr (0Xk.i,j,0Yk )} K TEOPETHUECKOH aNMPOKCHMA-
MU,

Kak nokasano Bbliiue (28), unrerpaJj ot “HopMUpPO-
BAHHOH CKOPOCTH cyeTa” MO CMeELeHUsIM B rornepey-
HOH MJIOCKOCTH MO3BOJISIET MOJYUUTb MPOU3BEJEeHHE
9((HeKTUBHOCTH PernCcTpallii Ha CeueHHne:

(31)

(32)

(co k_/ d(5X)d(5Y) x (33)

X g (0X, 05 { By }) =
1
= (eo 0X)d(dY .
e [ 60400 g
Makcumym “HOPMHPOBAHHOH CKOPOCTH cueTa’ B
TEOPEeTHUYECKOH 3aBUCHMOCTH M3 (32) B rnepeMeH-

HBIX {0 Xk:max; 0Yi;max } [@€T KOOPIAMHATBI MOJOKe-
HHST BEPUIMHBI B TOMEPEUHON MIOCKOCTH Jiist GaHyek
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Puc. 7. Cpsizb paCCTOHHI/IfI OT TOUKH B3aUMOJIEHCTBHS J10 JIEBOTO U paBoro MJey 1eTeKTopa.

Cc HOMepoM Kk JJisi JIEBOTO W MPaBOTO TILJieu, TOraa
Kak MpousBejieHre 3(hPeKTHBHOCTH PErucTpalun Ha
ceueHHe (€0), JaeTcsi UHTErpajoM MO CMeLleHHsM
JUist BbIOpaHHOW napbl Oanued, cm. (33). Cayuai,
Koria mosoxkKeHnuss BepuHbl {0Xj:max, 0 Yimax ) H
dakrop ceuenusi-spdexTuBHOCTH (£0), 3aBUCAT OT
HOMepa CTaJKUBAIOLMXCS OaHuel, OyleT paccMoT-
peH B JOMOJIHUTENbHOH MyOJauKalmu. B nanbHeliiiem
U3JI0’KeHHU OynieM MpejroJaratb, 4YTo 3aBUCUMOCTb
MpHUBEJIEHHON CKOPOCTH CUeTa alnmpoOKCUMHUPYETCs 0/1-
HOM, He 3aBUCSILLIEeN OT HOMepa OaHya, 3aBUCUMOCTHIO.
Hanpumep, B mpocrediiiieM cJjyuae 3aBUCHMOCTbIO,
ToJIyueHHON M3 MUHUMH3aluWHu (1o napamerpam {/5;})
JJ151 BeceX GaHuen:

= o x (34)

NSV

Tk 5Xk Z,jaéYk;i,j) (6X oY {Bl}))
Ark (5Xk z,]y‘sYk w))

<22

[Tpu TakoMm nojxoze 3thdekr peructpauuu (o)

M ToJiokeHHe Makcumyma cueta {0 Xax, 0Ymax} He

3aBHUCSIT OT HOMepa CTaJKHBAIOLIMXCst GaHuel U CBe-
THMOCTh paBHa:

Ntr 7 (T)

L= (E(;')T -

(35)

Bousee nocisienoBareibHo 3Ta cutyauus 6yaer npo-
AHAJIM3UPOBAHA B OTAEJBbHON MyOJUKALIUH.

,U,.]'IH ONTUMHU3AUHUH CBEJIEHHWSI ITYUKOB B ITPOJOJbHOM
HarpaBJieHHH UCIIOJIb3YETCsl pa3HOCTb BpEMEH TpoJie-
Ta MEK/y JIEBbIM W IPAaBbLIM IJIeUaMH JIETEKTOpa:

T=Tr—1T}. (36)

N3 puc. 7 BuaHO, 4TO 3Ta Pa3HOCTb JIMHEHHO
CBSI3aHA CO CMelleHHeM TOUYKM B3aUMOJEHCTBHS OT-
HOCHTEJIbHO CepeliuHbl PacCTOSTHUS MeXy TJieuaMu
JIeTeKTOopa.

3 npuBesieHHOTO PUCYHKA BUHO, UTO MOJIOYKEHHE
BEPIIMHbI OTHOCHTEJILHO CepPEJIMHBI JIETEKTOpa CBsI13a-
HO C PAa3HOCTbIO BPEMEH POJIeTa COOTHOLLIEHHEM

2z cf
T = TR — TL = — zZz =

cB’ — 7

PesysibTaT MOJe/MPOBaHUST pacripelesieHnst Mo
pasHOCTH BpeMeH IpoJieTa MoKa3aH Ha pHc. 8.

(37)
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Hasi makcumasnbHoit sHeprun NICA  ckopocTb
CTeKTaTopoB (fs) Masio otsauuaercs (¢ pasbpocom
Menblie 0.5%) 0T CKOPOCTH CTaIKMBAIOIMXCS sIIEP:

VSvy =1113B;  Bs = 0.985. (38)
B 3THx ycsoBusix Boipaxenue (37) naet
zv [eMm] = ?T = 14.87 [uc], (39)

a TOUHOCTh OMNpeJIeJIeHUs] CPEJIHETO TMOJIOYKEHUST BEP-
LIMHbBI B3aUMOJIeHCTBUSI Az, € UCIOJIb30BAHHEM Pa3-
HOCTH BpeMeH IMpoJeTra Jyis uucjaa TpUrrepoB Ny,
paBHa:

Azy [em] = (40)
= 14.8 (%EM]YJFUE [1c] <\/;\f_t>

3nech o,y [cM] — KOpeHb M3 JMCIIEPCHH pac-
TnpeJie/ieHust BepILMH, CBSI3aHHBIA C pacrpeiesneHiem
yacTuil B 6aHue BJ0Jb OCH CTOJIKHOBeHHS [3]:

oV = 032/ V2. (41)
Beiie ormeuanock, uto amsg NICA (cewm. [1, 2])

op,. = 60 (cm). C yuerom sToro ypastenue (40) uuc-

JIEHHO TMepernuchbiBaeTcs B BUJE (CM. TakxKe puc. 8)

Azy [em] = 14.8 X (42)

X (\/(2.8 [He])? 4 o2 [Hc]> <\/]1V—tr> :

CaienoBatesibHO, Jaxke MPH pa3pelieHny 1o pas-
HOCTH BpeMeH MnpoJieta o, [He] = 1 HC TOUHOCTb BOC-
CTAHOBJIEHHsI BEPLIMHbI B JIAHHOH CepUM H3MepeHUHt
yxyuuaercss Ha 6%. B paGore [12] nokasano, uTo
6e3 JIONOJHUTENIbHBIX YCHIIHE BpEMEHHOe paspelieHne
kpemuueBbix PIY (SiIPM HAMAMATSU S13360-
6025C [13]) ne xyxe 0.1 nHc. KoHerpykumsi nerex-
TOpa He T03BOJISIET MOJYUUTh KOOPUHATY MoNaaaHus
CTeKTaTopa M YHUCJIO CMIEKTaTOPOB, MPOLIEIIINX Yepe3
noJiocy. DTO NPUBOJUT K OTPAHUUEHHIO M0 BPEMEHHO-
My paspelleHHI0 uepe3 MoJiocy To0CKomNa He Jyulle
0.16 ue (cm. [12]). U3 (42) caemyer, uTo TpaHy-
JIIPHOCTb JIETEKTOpPAa W BpeMeHHble XapaKTepPUCTHKHU
SiPM cooTBeTcTBYIOT 3a1auaM HaCTPOHKH MPOJI0Jb-
HOTO TMOJIOXKEHHUST BEPLIHHBI.
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6. PACCESIHME HA OCTATOYHOM TI'A3E

OCHOBHBIM HCTOUHUKOM (DOHA MPU HACTPOHKE Myu-
Ka sIBJISIeTCST paccesiiie Ha OCTaTOuHOM rase. MHTeH-
CHBHOCTb 3TOT0 paccesiHus onpeJiesisieTcst COCTaBOM H
KOHUEHTpAallMell aTOMOB OCTaTOYHOTO ra3a B Kamepe
KoJlIaliepa, e HaXoQUTCsl TOUKa B3aWMOJEHCTBHS
nerekropa MPD.

CocTtaB 0cTaTOUHOTO ra3a ¥ MOJIsIpHble KOHIIEHTpa-
MM pashbl (em. [1, 2]):

Ch, = 0.9,
Cco = 0.05, (43)
Cco, = 0.05.

I[aBJIEHI/Ie u TeMHepaTypa B MeCTE CBEIAECHUA qu—
KOB paBHbIZ
=10"8T11
Do a,

44
T =293 K. (44

AGcoJsoTHBIe KOHIIEHTPALMK sifiep (aTOMOB) n4 B
9TOM CJlyyae paBHbI:
nug = 0.4 x 107 1/cm?,
nc = 0.022 x 107 1/cm3,
no = 0.033 x 107 1/cm3,

(45)

CKopocTH cueTa Hapsilly ¢ KOHLEHTPALMAMH Orpe-
JeJISIIOTCS1, HCXOJISl U3 HEeYNPYTHX CeueHUl paccesiHus
O Au,A; YCKOPEHHBIX s111ep myuka (Au) Ha aTomMax ocTa-
TouHoro rasa (A;). [lpu olHOKpaTHOM TPOXOXKAEHHUH
HaHueM MPOMEXKyTKa KaMepPbl MEXKT JIEBbIM U TIPABbIM
nyieyamu ietekropa (I = 6 M) unc/io (BeposiTHOCTD )

B3aUMOJIEHCTBUI Wy 4, PABHO (NPU wp, 4, <K 1):

wy, A, = N(na,l)oa, A (46)

rie A; — aTtoMHasi Macca siJipa OCTaTOUHOro rasa, a
N = 2.3 x 109 — yncsi0 yacTHIL B OCHOBHOM OaHue,
KOTOpOE MpearnoaraeTcs 0JJMHAKOBBIM Jijisi BCeX OaH-
yeii. OUEHKH NPOBeJiEM, OMUPasiCh HA TIPeJICTaBJeH e
CTAJIKUBAIOUIUXCS A7IEP TBEPBIMHU IlIaPHKAMH:

oa,,4; = (Ra, + Ra,)?, (47)
a paauyc sizpa A BbiGepeM paBHBIM:
Ra=12(A)Y? %1073 em. (48)

J171s OLIEHKH CeUYeHHH MPHUBEIEM 3HAUECHHsT PaJHyCOB
sijiep:

1. ans npotona cuuraem — R, = 0.6 x 10713 cm.
ITO NPUBOJMUT K MOJHOMY TPOTOH-TIPOTOHHOMY
ceuennuio oy, , = 4.5 x 10726 cm? = 45 m6w;

2. yraepon (C) — Rc = 2.75 x 10713 ewm;

ABJIEEB u np.

3. kucaopon (O)— Ro = 3.02 x 10713 em;
4. 301070 (Au)— Ray = 7 x 10713 cm.

ILTIﬂ paccesaHus gaep 30J0Ta Ha djapaX OCTaTOYHOIO
ra3a uMeeM:

1. o (Au+p) =18 x 10724 cm? = 1.8 6w,

2. o (Au+C)=3x10"2* cm? = 3.0 6,

3. o (Au+0)=3.1x10"2 cm? = 3.1 6w,

4. o (Au+ Au) = 6.15 x 10724 cm? = 6.15 61

C YUE€TOM KOHUEHTPpalUHWHU OCTATOUHLIX sAep, MpPpH
OJIHOKPAaTHOM IPOXOXKAEHUHU 6qua, 9TO JAe€T:

wag = 1.2 x 1075; (49)

wayc = 1.06 x 1075; (50)

wawo = 1.65 x 107°. (51)

Yro6bl MOHATH BJHMSHUE PACCESIHUS YCKOPEHHBIX
si7Iep 30J10Ta HA MOKOSIIIUXCS SApax OCTATOUHOTO rasa,
OCTaHOBHUMCS Ha TOTOJIOTHH TaKOTO paccesHusl. ITo
HeoOX0/IMMO, TIOCKOJIbKY BKJaj B OTCUET JIeTEKTOpa
JIal0T B3aUMOJIEHCTBHUS (CM. BbIlLIE), KOT/IA B KaXK/I0M
M3 MJIeU PErnCTPUpyeTcsl He MeHblle, YeM MO OJHOH
yactuie. B obsactn ¢parmenTtanmu myyka 3os0Ta
MPOTOHOB-CIEKTATOPOB POXK/IAETCS TPUMEPHO CTOJIb-
KO 2Ke, CKOJIbKO B MOUTH MeprdepuuecKux CTOJKHOBE-
HUSIX siiep 30J10Ta. BodHuKaer Bompoc o ToM, OTKy/a
GepyTcst 3apsiKeHHble MPOTOHBI B TIPOTHBOTOJI0KHOM
K TyuKy HarpaBjieHHM TPU pacCesiHUH YCKOPEHHbIX
siZlep 30JI0Ta Ha MOKOSILIMXCS simpax muineHu. Korna
YCKOPEHHOE sIJIPO 30J10Ta pacCcerBaeTcst Ha BOJOPOJIE,
TO TPOTOHBI B 3aJHIO ToJycdepy He JeTAT H3-3a
COXpaHEHUs] MOMEHTa-UMIMyJIbca. DTO O3HAUAET, UTO
paccesiHie Ha OCTATOUHBIX SPax BOAOPOJA BKJajia
B OTCUEThI JleTeKTopa He naeT. Ha sigpax yriepona u
Kucaoposia 3a cuet Pepmu-1BuKeHHs TIPOTOHBI POK-
jatorcs B “nojanoporoBoit o6aactu’. Takue npoToHbI
Ha6J/1I0/1a10TCS B SKCTIEPUMEHTE, HATpuMep TpH pac-
CesTHUM HEHUTPUHO ¥ TIHOHOB Ha siIpax (CM., Hampumep,
[14, 15]).

[Ipexne yem obcyknaTh posib TaKHX MPOTOHOB,
npuBesieM olieHKy oTHollenust don/dddekr (B/S)
cBepxy. OueBHIHO, UTO TaKoe OTHOLIEHHE B JIIOOOM
cJlyuae OrpaHHu€HO CBEPXY BEPOSITHOCTBIO pacCesiHus
30J10Ta Ha siApax yrjaepoja U KACJI0POoJa U3 0CTAaTOU-
HOTO rasa W BepOsITHOCTbIO paccesinust Au + Au npu
OJIHOKPATHOM pacCesiHUH OCHOBHBIX OaHUeil:

B/S < (wau,c + wano) /w1 <1.2x 1072 (52)
HpH BbIUHUCJIEHUHU STOI'0 OTHOLLIEHHST YUHUTbIBAJIOCh

B3aI/IMOI[eI/UICTBI/Ie YCKOPEHHbIX HOHOB M3 Pa3HbIX KOJIELL
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Ta6auua 2. CBETUMOCTH, CKOPOCTb B3aWMOJEHCTBHUS, CKOPOCTb CUeTa M OTHOLUEHHS CHUTHala K (hOHYy Ui Pas/HuHbIX

HHTEHCHBHOCTEH CTaJIKHBAIOLIMXCS IMMyYKOB

Ny, 1/6anu L,em2c¢! Nauaw, 1/c Nip, 1/c B/S
2 x 107 10%7 6000 4620 <107°
2 x 108 10%° 60 46 <1074
2 x 107 1023 0.6 0.46 <1073
2 x 106 102! 0.006 0.0046 <1072

C sUIPaMH OCTATOYHOTO rasa. K3 3Toil OlLEHKH BHJI-
HO, UTO MPH MAKCHMAJIbHON HHTEHCHBHOCTH YACTHIL B
GaHuax BKJIAJ OT PACCEsIHUsI HA OCTATOUHOM rase He
npesbitaer 1.2%.

Takoe orpanuueHue cBepXy TMOJIyueHO TPU MaK-
CHUMAJIbHOM uucJie siiep B 6aHuax, oOecrneunBalolx
MaKCHMaJlbHO 3arJiaHHpPOBaHHYIO CBETUMOCTb. Ha Ha-
yaJbHOM 3Tare 3amycka KoJulaiaepa MOXKeT OKa-
3aTbCsl, UTO MHTEHCUBHOCThL B GaHuax OyJeT MeHbllle
3anJaHupPOBAHHOM, UTO TIPUBEJIET K OTHOCHTEJIbHOMY
YBEJIMUEHHIO POJIM pacCesiHusi Ha OCTAaTOYHOM rase.
ATO CBsI3aHO C TeM, UTO BeposiTHOCThL Au + Au-
paccesiHust TPOTIOPLIMOHAJIbHA KBaJIPaTy MHTEHCHBHO-
CTH, @ BEPOSITHOCTb pacCesiHUsi Ha OCTATOUHOM rase
WAWC U WAy,0 MPONOPLUOHANbHA HHT@HCHBHOCTH.
[Tostomy otnowenne dou/dddexr (B/S) moxer
urpaTth GoJiee CYIIECTBEHHYIO pPOJib Ha HayasbHbIX
CTaJusIX 3arycKa KoJuiakjepa.

Haunewm ¢ Toro, uto cooTHollleHHe (52) onepupyer
TOJIbKO BEPOSITHOCTSIMH PACCESIHHSI HA OCTATOUHOM r'a-

Nco6
45
40
35
30
25
20
15
10

sk

910

Tmin_py
Entries 2451
Mean 0.01801
Std Dev 2.845
Undeerflow 0
Overflow 0
Integral

% —4 -2 0 2 4

-8

Puc. 8. Pacnpenenenue sapernctpupoBaHHbIX COOBITHI
no pasHocTH BpeMeH npojera 7 = Tr — 1. Mcxonnoe
pacnpeje/ieHre BepLIHH B3aHMOIEHCTBHS Pa3birpbiBasoCh
BJ10J1b OCH CTOJIKHOBEHUH ¢ Mcriepcued o,y = 42.4 cM.
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3e. He B Kax/10M paccesiHuu 6yJ1eT Bbl1eTaTh MPOTOH
B 3aJIHIO0 (110 OTHOIIEHHIO K MyuKy) noJycdepy H,
Tem OoJiee, OyleT perucTpupoBaTbes (nonajaaTb) B
COOTBETCTBYIOLLLEE MJ1evo JaeTekropa. [11s sToro 6bL10
NPOBEIEHO MOJEIUPOBAHUE PACCESHUSA slep 30J10Ta
¢ sHeprueit Fa,/A = 5.5 [3B Ha nokosiumxest sipax
kucaopoaa ¢ redepatopom UrQMD. [las Tpancnop-
TUPOBKH MydyKa Hcrnodib3oBascs naker Geant4d. das

Au + O (v/Snyn = 3.5 [3B) crosikHoBeHuit pasbir-

puiBanoch 2 x 10% cobwituii. M3 uux tonpko 1723
cOObITHS ObIM 3aPETHCTPUPOBAHBI JIETEKTOPOM. IDTO
03HAUAET, YTO BEPOSITHOCTh TOMOJIOTHUECKOTO CeUeHHUSI
KaHasia peakunnd Au + O (1Be 3apsKeHHble YaCTHIIbI,
ocraBuBline sHepruto (AE > 1 MsB) B kaxnom u3
njey JeTeKTopa), YMHOXKEHHOr0 Ha 3(P¢eKTUBHOCTH
perucTpauuu:

ean0 = (1723)/(2 x 10%) = 0.86 x 1073, (53)

OTMeTUM JOTIOJTHUTENBHO, UTO 3TA BEJHUUHA YUH-
ThIBA€T KaK JI0JI0 B3aUMOJCHUCTBUI C HYXKHOH TOIMNO-

JIOI‘I/IQIZ, TakK H 3CbeeKTI/IBHOCTb peructpaum 3TOro
CUrHadJia.

C y4eTom OTHOIIIEHHUS UHC/Ia pacCcesiHui (52 ) OKOH-

yaTe/bHO NoJlyuaeM olleHKy oTHoleHHs1 Don/Dddekt
(B/S) cBepxy:

B/S <107°. (54)
Pacnpenenenust no cymmapHoMy BpeMeHH poJieTa
JI0 JIEBOT'O U MPaBOro IJiey NMoka3aHo Ha pHC. 9.

N3 puc. 96 caenyet, 4To MOXKHO JIOTIOJHHUTENLHO
MOJIABUTh HA JBA MOPSIIKA BKJAJL OT PACCesIHUSI Ha
OCTAaTOYHOM rase, UCIO0JIb3ys YCJIOBUE HA CyMMapHOe
Bpems nposieta T < 21 ne. [lockosbKy BKaa goHa
[IPY MaKCUMAaJIbHOH CBETUMOCTH MeEHbLUE 107°, To
JIOTIOJIHUTE/IbHbIE OTUMU JIIST TIoJlaBjeHust oHa He
paccMaTpUBaJItCh.

B Ta6u. 2 [pUBeJIEHbI BbIXOJbl U OTHOILLIEHHS CUTHA-
Jila K qﬁ)OHy JJI51 pa3JIMUHbIX WHTEHCUBHOCTEH CTaJIKHBA-
IOIIUXCST ITYUKOB.
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Nco6
a Tmin_px

350 Entries 2442

Mean 20.17

300 - Std Dev  0.00042

Undeerflow 0

250 gl 247
200
150 -
100 -
50F

0

19.8 20.0 20.2 20.4 20.6 20.8 21.0 21.2 21.4 21.6
Tz(HC) = TL + TR

ABJIEEB u np.

N, cob
Tmin_px 17}

wf [

Std Dev 0.3867

50+ |Undeerflow 0

Overflow 92

40 B Integral 1631
30
20+
10+

O L L L 1 J
18 19 20 21 22 23 24

Ts(ne) =T + Ty

Puc. 9. Pacnpeniesienne coObITHI 10 CyMMapHOMY BPEMEHH TIpoJieTa OT TOUKH B3aUMOIEHCTBHS 10 MJiey fetekTopa. Ha puc. 9a
nokasas criektp aist 3000 Au + Au-paccesinuil B KosaitiepHoit cucrteme orcuera npu v/ Syn = 11 [3B. Ha puc. 96 nokasan
cnextp ast 10° Au 4 O-paccesinuii B laGoparophoii cucTeme otcueta npu v/ Syy = 3.5 [5B.

7. SAKJIIOUEHUE

B sakstoueHne nepeunciuM pesyJibraThl paboThI.

[IpesioxkeH KOMMNAKTHBIH JIE€TEKTOpP Il UCMOJb-
30BaHUSl MPH HACTPOHKE CBENEHUS MyCKOB B TOUKE
B3aumonercreust MPD na NICA. [Tokasano, uro ge-
TEKTOp ¢ 3(hheKTUBHOCTBIO ~T77% peructpupyer Au +
+ Au-croskHOBeHHsT 6€3 JIOTIOMHUTENbHBIX YCJIOBHH
(“minimum bias” cToJKHOBeHHUS ).

Bricokasi adekTHBHOCTb U mpocToTa 06paboTKu
MO3BOJISIET HCIMOJb30BATh JETEKTOp IS HACTPOUKH
CBeJIeHHsI MyYKOB He TOJIbKO MPH MaKCUMaJbHOH 3¢-
(heKTHBHOCTH, HO TIPH MeHbIIIeHl HHTEHCUBHOCTH CTaJI-
KUBAIOUIMXCS MYUKOB (B CHUTyalMH, KOTOpast MOXKeT
ObITb HA paHHel cTajuu 3amycka KoJsJaiaepa).

Cxema perucrpaidv coObITHH “/IETEKTOPOM CBe-
TUMOCTH”, OMUPAIONIASICS HA CMeUU(UKY TOMOJOrHU
Au + Au-CTONIKHOBEHHMH, CYIIECTBEHHO MOJABJISIET
BKJIaJ (hOHA OT paccesiHUsl Ha OCTATOUHOM rase (CM.
TabJ. 2).

B pa6ote noJsyueHbl unc/ieHHbIe OLIEHKH U MPUBO-
JIITCS1 pe3yJ/IbTaThl MOJIGIMPOBAHHUS TOJIBKO /ISl SHEp-
TUU CTOJIKHOBeHUs1 +/Syny = 11 [3B (makcumanbHoi
sHepruu, joctynHoi Ha NICA). PesysbraThl Mojiesin-
poBaHusl Il MUHUMaJIbHOU 3Hepruu /Sy = 4 [3B
MPOBEJIEHbl U HAXOAATCS B CTAJIMKM OKOHUYATEIbHOH 06-
pabotku. [IpenBapuresnbHble pe3y/bTaThl YKa3blBaloOT
Ha c/1a0y10 SHepPreTHUECKYI0 3aBUCHMOCTb 3(PPeKTHB-
HOCTH perucTpaluu AETeKTopa € U OTHOLUEeHHUs1 doHa
K curHasy B/S oT sHepruu cTOJKHOBeHHH. [1puunHbl
3TOro Oy/yT yKa3aHbl MpH MpeACTaBJIeHHH pesyJibTa-
TOB MoJeNipoBaHus aist /Syn = 4 [3B.

Agropsl Beipaxatot 6sarogapaocts C.A. Koerpo-
MHHY 32 KOHCTPYKTHBHbIE 3aMeuaHHsi W TIOJIe3Hble
MOSICHEHHSI.

Pa6Gora BbiroJsiHeHa TIpU YaCTHUUYHOH TMOJJIEpHKKE
rpantoB PH® Ne 23-22-00077 u Ne 23-22-00160.
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DETECTOR FOR SETTING UP BEAM CONVERGENCE
AND DETERMINING LUMINOSITY AT THE INTERACTION POINT
ON THE MPD NICA

S. P. Avdeev!)? S, G. Busin'), M. G. Buryakov!), V. M. Golovatyuk"), A. I. Malakhov")?),
G. D. Milnov"? A. B. Kurepin®, A. G. Litvinenko"-?) | E. I. Litvinenko"

D joint Institute for Nuclear Research, Dubna, Russia
2)Dubna State University, Dubna, Russia
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A detector for adjusting the convergence of beams at the point of interaction of the MPD (Multi-Purpose
Detector)installation at the NICA collider (Nuclotron-based lon Collider fAcility) is discussed. Simulation
of the detector operation for Au + Au collisions at v/Syny =11 GeV is calculated. It is shown that
background events from scattering on residual gas give a negligible contribution to the detector’s samples.
[t is discussed how to use a detector to adjust beam alignment. The calibration procedure for obtaining
absolute luminosity in the MPD interaction zone with the help of this detector is considered.
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