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1. BBEJIEHUNE

Hacrosimast pabora mocsieHa pa3zpadoTKe KPUTEepHeB UJIeHTU(MUKAIINN
doronos Ha kasopumerpe ECal skcriepumenta MPD B pamkax npoekTa « Kowm-
miekc NICA». Hesnio npoexra «Kommaeke NICA»|1] sBagercs cozmanue 9Kc-
MEPUMEHTAJILHOM Oa3bl MUPOBOIO YPOBHS JIJI MIPOBEIeHNS (DYHIAMEHTATBHBIX
UCCJIEJIOBAHUI TI0 psjly HanboJjiee 3HAYMMBIX BOIIPOCOB COBPEMEHHON (hU3UKN
BBICOKIX SHEPIUil U BBINOJHEHUS aKTyaJbHBIX MPUKJIAIHBIX HCCIeT0BATEb-
CKIX paborT.

zyuenne sxkcTpeMaabHO TOpsveil U MJIOTHOI S1epHO MaTepun AB/IAeTCs
aKTyaJIbHOI 3ajiaueil coBpeMenHoit gpusnku. Ocodblit nHTEpec K TaKUM CpeJiaM
CBsA3aH C BO3MOYKHOCTBIO OOHAPYKUTh HOBOE U TIOKa CJ1a00 N3yUYEeHHOE COCTOSI-
HIIe MATEPUNHN — TaK Ha3bIBAEMYIO KBapK-TII0oHHYIO 1asmy (KI'TI), cymecrBo-
BaHMe KOTOPOIl IpeaCcKa3aHO COBPEMEHHON Teopueil CUJALHOIO B3anMO/ICICTBIA
— kBanToBoil xpomopnaamukoii( KX/T). Cornachno npejckazanusm KX/, mpu
cBepxBbicokux Temieparypax (T > 130 MaB) u/uu mwioraocrsix (p > 5pg, po
— 0ObIYHAST sIJIEPHAsT JIOTHOCTD) B aJPOHHOIT cpejie BO3MOXKeH (ha30BbIil mepe-
X0/, T.H. JeKOHMaIMEHT Mpr KOTOPOM MaTepus CYIIECTBYET B BUJIe CBOOOTHBIX
KBapKOB I TUTIOOHOB (KBapK-TJIFOOHHA Ma3Ma). Obmruit Bu1 ha30Boit quarpam-
MbI CUJIBHO B3aUMOJEHCTBYIONIEH aJIpOHHOII MaTepuu IpecTaBjeH Ha puc. .

Mzyuas cBoiicTBa KBapK-TILJIIOOHHON ILJIa3Mbl MOYKHO HCCJIE/IOBATH HaM-
6oJiee pyHIaMeHTaIbHbIE ITPOOJIEMbI COBPEMEHHON (PU3MKU: ypaBHEHUE COCTO-
SHUS SAePHON MaTPUUKM MPU BBICOKUX IJIOTHOCTAX, MPOSBJIEHNE W CBOHCTBA
dazoBoro rnepexojia B cocrosiHue jekoHdaiimenTa, cpoiicTBa Bakyyma KX/I u
BOCCTAHOBEHIE KHPAJbHOI CUMMETPHUU, CBOICTBA KBapK-aJPOHHOII CMeIIaHoil
da3bl 1 Ha/MYMe KPUTHIECKON TOUYKHM Ha (pa30BOil JuarpaMme, a TaKzKe ITPOo-
JINTH CBET Ha 3BOJIONNI0 BeeseHnoit 1 MexaHnm3Mbl 0Opa30BaHus HEHTPOHHBIX
3BE3/I.

Uccremopanust na komiiekce NICA oxBaThIBAIOT MIUPOKUIT KPyT sIBJIE-
HU, CBA3AHHBIX CO CTPYKTYPOIl CHJIbHOB3aNMOJICICTBYIONIEl MaTepun U IIpo-
SIBJISTIONIUXCS B PEaKINAX C yYaCTUEM TSIXKEIbIX MOHOB, MOJISIPU30BAHHBIX a1
poHoB u Jierkux sjep. OCHOBHBIM HalpaB/JIeHUEM MTPOTPAMMbBI UCCIEOBAHNIT
SIBJII€TCS TIOUCK U SKCIIepUMEHTATbHOE HCC/e/IoBanre (ha3oBbIX MMEPEXO/I0B 1

KPUTUYECKUX ABJICHUIl B CUJIbHOB3aNMOJEICTBYIONIEHN SJIepHOII MaTepun IIpu
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Pucynok 1 — ®a3zoBag quarpaMmma cuibHO B3anMojeiictytotmeit KX /I marepun

KCTPEMAJILHBIX OAPMOHHBIX IIOTHOCTAX. JlocTuraemas 6aprmonnas mIoTHOCTh
CYIIECTBYET B si/IPSIX HEHTPOHHBIX 3B€3J]. DHEPreTUUECKUil Jinara30H KOMILIEK-
ca MO3BOJIAET N3yJaTh 00pa3oBaHme KBAPK-IVIIOIOOHHOI 1J1a3MbI M BECTH MOWCK
KPUTUIECKON TOUKHU, BO3JIE KOTOPOIl, ITPeIIOJIOKUTETHHO, BOSMOKHBI AaHOMAJThb-
Hble 9P DEKTHI.
DkcnepumenTaibias yeranoska MPD 2] npejnnasuadena jyist npose/ie-
HUST 9KCIIEPUMEHTOB Ha BCTPEUHBIX IIYUKAX TsI?KeJIbIX MOHOB KoJutaiigepa NICA
10 JeTaJbHOMY HccaenoBaHnio hazonoii quarpammbl KX ]I B 001acTi BHICOKIX
IJIOTHOCTEl 1 TeMIepaTryp, BKJIOYas MOMCK OCHOBHBLIX COCTOAHUI aJIPOHHONM
matepun u (asosble nepexo/ibl. C 3Toi MeJIbIo0 TIAHUPYeTcs n3ydarh [3]:
® BBLIXOJ[ CTPAHHBIX YaCTHI], OAPNOHOB U aHTHOAPUOHOB;
® TTOCOOBITUIHYIO (DIIYKTYAITMIO MHOXKECTBEHHOCTU POXKIEHWS YaCTHIL, T0-
MePeIeHOT0 NMITYThCA, OTHOIIEHNS BBIXOI0B YaCTHII;
® AHM30TPOIHbIE U KOJIJIEKTUBHBIE TTOTOKMH;
® UMITYJIbCHbBIE KOPPEJIATIIHT;
® DOXKJEHWE JIENTOHHBIX Map U MATKIX (POTOHOB;
® TI0/IIPU3AIINOHHDIE SBJICHUS.

Kamopumerp ECal sBisercs ognnM u3 geTeKTopos sKcrepuMenta MPD.



Ero riaBHoe HasHadeHne — U3MepeHHe KOOPUHATHI M SHEPIUU SJIEKTPOHOB U
dOTOHOB, POXKJIEHHBIX B CTOJKHOBEHUSIX TsI>KeJIbIX NOHOB. Bjarogapst BbICOKO-
My BPEMEHHOMY Pa3pelIeHNI0 KAJOPUMETP UI'PaeT BayKHYI0 PoJib B UJIEHTHMU-
Kaluuy JacTuil. Kpome Toro, jgerekTop OyleT UCIOJIb30BATbCS JIJId M3MEPEHUsI
IIOJTHOI'O IIOTOKA, SHEPIUU, KOTOPLIi, B HEMAJION CTelleHn, OTparkaeT HadaIbHble
YCJIOBHSI, JIOCTHZKIMBbIE B CTOJIKHOBEHUSIX TSIZKEJIBIX NOHOB Ha ycraHoske NICA
[2]. Takum obpasom, ties ECal 3akodaercst B m3MEpeHNH TPOCTPAHCTBEHHOTO
II0JIOYKeHUsI 1 SHeprun (POTOHOB U 3JEKTPOHOB JIJIsl TOTO, YTOObI:
® 1ICC/IeJ0BATh (PeMTOCKOIINUECKNEe KOppe/siinoHHbIe 3(DPEKThl B IBYyX- U
YeTbipex- (DOTOHHBIX PACIPEIEIeHUSIX;
® II0JIyYUTH HOBBIE SKCIIEPUMEHTAJbHBIE JAaHHBIE O BBIXOJE HeHTpabHBIX
me30H0B B Au+tAu n Bi+Bi cronknoBenusix mo hoTOHHBIM MHBAPUAHT-
HBIM MaCCaM;
® U3YYUTHh KaK CIIEKTPbI, TAK U IIOTOKU IIPAMBIX (DOTOHOB B CTOJIKHOBEHUSIX
Au+Au n Bi+Bi;
U nentudukaiius HeATpaIbHBIX KJIACTEPOB HO3BOJIUT YMEHBIINTEL (POH U
0

VJIYYIIUThb CUCTEMATHUYIECKHNE OIINOKN IIpK1 BbIMUCJIECHUMW 4YUCJIa 7T, TeM CaMbIM

YJIYHIIUB CUT'HaJI OT IIPAMBIX CbOTOHOB.



2. TEXHUYECKOE OIIMCAHUE
OKCIIEPIMEHTA.

2.1. VCTPOVICTBO KOMIIJIEKCA «NICA».

YcekoputenbHas dacTb npoekTa NICA mpesrosniaraer cosmanue Ha 6ase
MOJIEpPHI3UPOBAHHOIO ycKOpuTead HyKI0TpoH YHHKAJILHOIO KOMILJIEKCA, T03-
BOJISIFOIIETO TIPOBOJINTE HCCIetoBanusi||:

e Ha BcTpedHbIX BBICOKOMHTEHCHUBHBIX IIYYKax HOHOB B INMPOKOM JUalla-

30HE ATOMHDIX MACC, BILIOTH JI0 30/10Ta IIPU SHEPIUAX BILIOTD 10 /s = 11

[B;

e Ha BcTpedHBIX TydKax MOJIIPU30BAHHBIX MPOTOHOB U JIEHTPOHOB IIPH

SHEeprusx Jo /s = 12.6 B;

e Ha BbIBeJIeHHBIX IIYYKaX TSIYKeJIbIX HOHOB U MOJISIPU30BAHHBIX TaCTHII JIJIsI
sHepruii ot 2 10 6 [9B;

VekopuTens 06/a1aeT odeHb BBICOKOi ceernMocThio: L = 10%7em2¢7!
IS TIY9KOB Tskesblx nonoB; L = 10%%cm2¢™! — 1 MpOTOHHBIX MTYYKOB.

Yekopurenbabiit komiieke NICA coctont n3 ABYyX MHXKEKIMOHHBIX IIe-
IOYeK JIENKUX U TSI2KEJIBIX HOHOB, CHHXPOTPOHOB Bycrepa n Hyk/ioTpoHa, JByx
HAKOMUTEILHLIX KoJjiel, KoJtaliepa 1 KaHaJoB TPAHCIIOPTUPOBKI MEXKTYy STHU-
MH sieMeHTaMu| 1|,

H2KeKIMoHHasT 1IeloYKa JIeTKIMX MOHOB CO3JIaeT, YCKOPSAET U TPaHCIIOP-
TupyeT MoHbl B HyKJIOTpPOH; MHXKEKIIMOHHAs IIEI0UKa TsXKEeJIbIX HOHOB TaK»Ke
obecrnieunBaeT WMU DBycTep, W3 KOTOPOTrO OHU MOCJE YCKOPEHWS TPaHCIOPTHU-
pytorca B Hyknorpon. Hykjiorpon obecriednBaer mydkaMu HOHOB ITHPOKOTO
crieKTpa (0T MPOTOHOB JI0 30JI0TA) YCTAHOBKH JIJIsT TIPUKJIATHBIX HCCIIEI0BAHMIA,
skcrepuMenT BMQN u xosuiaiijep gepe3 cooTBeTCBYIONINE KaHAIbI TPAHCIIOP-
TupoBKu dactuil. OCHOBHOII yCTaHOBKOII KOMILIEKca, obeciiednBaloiieil nmpose-
JleHne sKcrepuMenToB Ha ycranoBkax MPD u SPD, apnsercsa kostaitaep. On
npeJicTaBisgeT cobOil aBa PaCIOIOKEHHBIX JIPYT HaJ, JPYTOM HAKOIMUTETbHBIX
KOJIbIIA C JIBYMsI TOYKAMH CTOJKHOBEHUSI 1ydKoB. CTOJIKHOBEHHUSI IIYIKOB IIPO-
BOJSITCSI TI0J] HYJIEBBIM YTJIOM.

MH)KGKLLHOHH&H OeII0O9Ka JIETKNX HNOHOB IIpeJHa3sHa4d9cHa JJigd MHXKEeKIINUN



Yucras KomHaTta

(CospaHue petextopos) SPD " st "
Ycranoeka BM@N iin ferextop (g ﬁf
\ - ’ \y‘ Konnaipe '
N = v P _
‘ \ J.llf_'\‘ ¥
L |
N MPD - 4
‘ f N o Hetektop K "f
' / S it féﬁ SnekTpoHHOE
v U ' & . e . OXNaxpaeHue
BHyTpeHHss MuweHs N — .y /
: ’a-*r-»{ :
Hilac b = tllm g .k'“\
McTouHKK MoHOB n 6’ B 5 W \.k..,‘ .
N | 8|1 T
Y20 e -{t‘f'"‘ '/ | 1] Dabpuka marHuTos
N & —— Kpuorennas | P
/ ‘ ;- cuctema |

HyknotpoH

Pucynok 2 — Cxema komiiekca NICA

B HYKJIOTPOH ITYYKOB Pa3/IMYHbIX MOHOB — OT IIPOTOHOB /IO MaTl'HUA, ITOJIAPU30-

BaHHBIX IIyYKOB ITPOTOHOB ¢ dHeprueii 10 12 MsB u ngeliTponos ¢ sneprueii 70 6

M5B /1. VHXKeKInoHHasT TIeM0YKa TsYKeJIbIX HOHOB Tpe/IHA3HAYeHA, JIJIsT HHKEeK-

un B OycTep MydKOB HOHOB BILIOTH JI0 30JI0Ta ¢ sHeprueit 10 3.24 MsB/m.
Cunxporpon «bycrep» sgBJIsIeTCsSI OCHOBHBIM NHKEKTOPOM TSZKEJIBIX HOHOB

B HYKJIOTPOH. Ero ocnosubiMn 3aJJadaMU ABJIAIOTCA:

® HAKOIIJIEHIE NOHOB MPH SHEPIUN WHKEKIH (J10 2 - 10° nonos 19714143”);

e >hdeKkTIBHOE yCKOpeHne He MOJTHOCTHIO 000paHHbIX MOHOB OJ1aroaps
JIOCTUYKEHUIO YJIBTPABBICOKOI'O BaKyyMa B ITyUKOBOI KaMepe;

e dopmupoBanue Tpedyemoro azoBoro oobeMa IydKa ¢ UCIOJb30BAHNEM
CUCTEMBI 3JIEKTPOHHOI'O OXJIAYKJICHUS;

® YCKOPEHHEe TS2KEJIBIX HOHOB 10 SHEPIruu, Tpedyemoii it ux 3pHeKTUBHOI
O0JTUPKH;

e ObICTPHI (0JIHOOOOPOTHBIN) BBIBOJ YCKOPEHHOIO MYUYKA JIJisl €I0 UHIKEK-
i B Hykimorpomn.
CrepxnpoBojisiiunii cuHXpOTPpoH HYyKJIOTPOH BJIsIeTCs] OCHOBHBIM YCKO-

puresiem KoMmiiekca NICA u paboraeT B OZHOM U3 TPeX PerKHMOB:

1) yckopeHUe TszKeJIbIX UOHOB JIjisi HAKOILJIEHUST B KOJLIAIepe;

2) YCKOpEHHe MOJIIPU30BAHHBIX MyYKOB IIPOTOHOB WJIH JEHTPOHOB JIJIsT Ha-
KOILJICHUS B KOJLIalijiepe;

3) yCKOpeHHe pa3judHbIX THIIOB MOHOB JIJIsl IPOBEJICHIS SKCIIEPIMEHTOB Ha



BHYTPeHHEl MUIeHn 1 GpUKCUPOBAHHBIX MUIIEHSAX B 9KCIEPUMEHTAJIHLHOM

3aJe.

Komnaitmep xommaexkca NICA obecrieunBaeT nmpoBeieHNe SKCIIEPUIMEHTOB
B pEXKIMe CTaJIKMBAIONIUXCs Iy4ukoB. KoJiblia KoJuiaiijepa umeror hopMmy cTa-
Jnuona ¢ repumerpom 500 M U pacrosiaraloTcs OJHO HaJl JIPYTUM Ha, PacCTOs-

Hun 0.3 M. B mpamosimHeitHbIX ceKInAX KoJLTaiijlepa pacioaraloTcst JeTeKTOPbI

MPD u SPD.
2.2. IN3ATH YCTAHOBKU MPD.

JleTeKTopbl yCTaHOBKHU JIOJIKHBI 00ecrednTh 3(PPEKTUBHYIO MICHTHDU-
KaIlWIo MPOAYKTOB COyJIapeHus sjep U M3MepeHne X mnapaMeTpoB IIPHU BBICO-
KUX Harpy3Kax B IIMPOKOM Jara3oHe (pazoBOro mpocTpancTsa. B es3u ¢ aTum
yCTAHOBKA BKJIIOYACT [2]:

e cucTeMy M3MepeHus UMIyJibca dactur B auanazone p = 0.1 — 2.0 [9B/c;

e crcTeMy UJIEHTHMUKAINN YACTHI JIJIs pa3jie/leHns TPOTOHOB, T-ME30HOB,
K—me30H0B 1 951eKTpoHOB B uanasone uMiyibcoB 0.1 — 3 9B /c;

® CHCTEeMY BOCCTAHOBJIEHUS MEPBUYHON BEPINHBI B3aNMOJEHCTBUA ¢ TOY-

HocThio 100-200 MKM U BTOPUYHBIX BEPIIUH paciaja ¢ TouHocThio 1020

MKM;

® BO3MOXKHOCTH PETUCTPAIlNU TaMMa-KBaHTOB B JMalia3oHe sHepruii H0-—

2000 M»B, g gero co3maH crelnua/bHbBII JeTEeKTOP.

JleTekTOp COCTOUT M3 IMUJINHJIPUIECKONH U TOPIEBOil dacTeil. Bece onm pacro-
JIOKeHbl B MarHuTHOM ToJjie. [lunmnapudeckas 9acThb COCTOUT U3 PA3/JIMTHBIX
THUIIOB JIETEKTOPOB, PACIIOJIOXKEHHBIX BOKDPYT 00JIACTH CTOJTKHOBEHUS ITYUYKOB,
KOTOpbI€ BKJIIOYAIOT TPEKOBYIO CHCTEMY, BPEMAIPOJIETHYIO CUCTEMY U 3JIEKTPO-
MAarHUTHBIN KaJIOPUMETD.

Bpewmsi-tipoekiinonnas jnpeiicosas kamepa (TPC) sBiisiercst ocHOBHOI Tpe

KOBOIl cucTeMoil JileTekTopa, e€ JONOJHAEeT BHYTPEHHssl TPEKOBasl CUCTeMa Ha
OCHOBE KPEMHUEBBIX MOJTYTPOBOIHUKOBBIX JeTeKTopoB (I'TS), okpyxkatomniimx 06-
JacTh coyJapenns mydkoB. Oba jgeTeKTopa 00eCTedmBaIOT TOUYHOE BOCCTAHOB-
JIeHue TPEeKOB YacTUIl U UX UMITYJILCOB, KOTOPbIe HYKHBI JIJIsT ONpeJICIeHIS Bep-
IIMHBI pacrajia YacTHIL.

Bpewmsmposernas cucrema (TOF) obecrieunBaer njgeHTH(MUKAINIO 3apsi-
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Pucynok 3 — Cxema ycranosku MPD

JKEHHBIX 9acTull ¢ umiyabcamu 10 2 ['9B/c B mmpokoii obiactu 1mceBoobct-
pot. Beicrpeiit iepejnuii gerekrop (FD) obecriednBaer crapToBblii curuas Jijisi
BPEMAIIPOJIETHON CUCTEMBI I BpeMeHHOe paspenienne ne xXyxe 30 1c.

s npenTudpuKannm 3JeKTPOHOB W (DOTOHOB, a TaKyKe M3MEPEHUs WUX

SHEPIUHU UCHOJIb3YeTCsI 9JIeKTpoMarauTHbIi Kajgopumerp (EMC).
2.3. KOHCTPVYKIINA KAJTIOPUMETPA ECAL.

B nerexkrope MPD 0Oyner ncroib30BaThCsd CJIOUCTHINR CHUTUILISIIIMOHHBII
9JEKTPOMAarHUTHBIA KaJIOPUMETP THUIIA «IHAILIbIK» CO CBHHI[OBBIM IIOIJIOTUTE-
jieM. Kajiopumerp OyjeT uMeThb IUINHAPUIECKYIO CTPYKTYPY U PACIIOJIOXKEH B
MPD na pajunyce R = 1.78 M, bappesbhas dactb ECal nmokpbiBaer mHTEpPBaA
nceBio0bicTpoT —2.5 < 1 < 2.5. OcHOBOII KajiopumeTrpa OyayT MOy (pHC.
4), cocrosiue n3 16-Tu ONTUYECKN N30JIMPOBAHHBIX OalieH (puc. 5), KOTOpBIE
CUNTBIBAIOTCSI JIEKTPOHUKON UHINBUIYaJIbHO.

CBer oT KaykJI0il OaIIHu IIPOXOAUT depe3 16 MpOogoJbHO HPOHUKAIOIINX
BOJIOKOH, CJIBUTAIONINX JIINHY BOJIHBL. [Ipogo/ibHbIIl pasMep MOy/st OrpaHu-

yen koHcrpykimeit MPD. Brijienernnoe npoctpancTBo coctapjsier 400 MM Jijist



Pucynok 4 — Oaun moynnsb Kajaopumerpa ECal.

akTUBHON cpejibl u 150 MM Jiist poToieTeKTOpoB. O]

AT

«@z

Pucynok 5 — Cxemarudeckoe n3obpazkenune daman Kajgopumerpa ECal, rue 1 —
CIMHTILIAIINOHHAS IJIACTHHA, 2 — CBUHIIOBAs IJIACTUHA, 3 1 4 — CIaBIMBAIOIINE
IJIACTUHBI, D — HATATUBAIONIASA CTPYHA.

Kaxkiplit MOJ1y/Ib UMeeT HAKJIOH B 3aBHCHMOCTU OT IIOJIOYKEHHSI OTHOCH-
TeJIbHO OocH IyuKa — Z. HakJioH BbIOpaH TakuM 00pa3oM, UTOOBI OTKJIOHEHUE

ToukH npunesmBannsg ot nentpa MPD 6buto munnmasbisiv (puc 5). [0]
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Pucynok 6 — Paccrosiaue or nenTpasbHOil Touku B3anmoeiicrsust (d) o me-
pecedennsl BepTUKAIbHBIX Oceil MOJy/Isl ¢ JIMHHEH JIyda B 3aBUCHMOCTH OT IO-
JISIPHOT'O YTJIa PE3KU KarKJIOr0 MOJYJIA.

2.4. KOHCTPVYKIIA BPEMSA-TIPOEKIIMOHHOII KAMEPHI

Bpewms-tipoexnnonnast kamepa(TPC) siBiistercst 0CHOBHBIM TPEKOBBIM 1€~
tektropom MPD B menTpasibHoii obiactu ObicTpor. COBMECTHO ¢ BHyTpPEHHEN
TPEKOBOI CUCTEMOIl, CUCTEMOIl BpEeMEHU IIPOJIeTa 1 JICKTPOMArHUTHBIM KaJio-
pumerpom, TPC obecrnieunBaer TOUHOE U3MEpPEHUE UMIIYJIbCA 3apPsIzKeHHbIX da-
CTHUII, UX UJIEHTUMUKAIINIO U OlIpe/Ie/IeHIEe BEPITUHBI B3aNMO/ICHCTBIA, a TaK»Ke
pasjieJieHne JIByX TPEKOB U M3MepeHue mnorepb sueprun dF /dx jjist 3apsizken-
HBIX 8/IDOHOB I JIEIITOHOB B UHTEPBaJIe MCeBA00BICTPOT 1| < 1.2 1 momepevIHbIx
IMITyIbCcOB py > 100M eV /c.

Cxematuuno TPC npencrasiena na puc. 7. Inuna TPC cocrasisier 3
M, a jguamerp — 2.2 M. AxkTuBHBbII razoBbiit o0bem TPC obpasyercst jaByMsi
KOAKCUAJbHBIMU IUJINHIPUICCKIMI TTOBEPXHOCTSIMI CO BCTPEHHBIMU B HUX C
000X TOPIOB IMaJIOBBIMK ILJIOCKOCTAMU. OJIHOPOJIHOE 3JIEKTPUUECKOE II0JIe B
aKTUBHOM O0beMe, HeoOXOouMoe i Jipeiida 371eKTPOHOB, (POPMUPYETCsI C T10-
MOIIIHIO TOHKOI'O IEHTPATBHOIO JIEKTPO/Ia, KOHIEHTPUIECKUX TOJIEBBIX ITHJINH-
JIDOB M TOPIEBBIX CUUTHIBAIOIIIX I1JI0CKOCTEH. OJIHOPOJHOCTD JIEKTPUIECKOIO
I0JIsT SIBJISIETCsT BayKHBIM (DAKTOPOM, ITOCKOJIBKY TOYHOCTH PEKOHCTPYKIIUU TPe-

Ka coCTaBJIgeT MeHee 1 MM, a JUInHA Jpeiida 37eKTPpoHOB gocTuraet 1.5 M.
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Drift volume
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Central electrode

Pucynok 7 — Cxema MPD TPC.

st perucrpamnyun wHMOPMaIUN O TpeKax 3apszKeHHbIX 4dactull B TPC
HCIIOJIB3YIOTCST MOTOITPOBOJIOUHBIE Tportopiinoraibabie Kamepbl (MWPC) ¢ ka-
TOJIHBIM CUUTHIBAHUEM. 3apsiJi HABOJUTCS Ha Iajax U ero BeJUInHa U3Mepsi-
eTcd B 3aBUCUMOCTH OT BpeMeHH. BejmdmHa 3apsjia U3MEPSeTcs C MOMOIIBIO
IpeJlyCIINTEe IA-(POPMIPOBATEIS ¢ Tocaeayoleil onudposkoit. [lra Kaxk10ro
cerMeHTa Tpeka u3MepeHne BpeMeHn jipeiiha obecrieqnBaeT olpe/ie/ieHre Koop-
JIMHATBI BJIOJIb OCH KaMephbl, a curHaJbl 1najos — B miockoctu MWPC. Hape-
JIEHHBIN 3aPs)T PACIPE/IE/IAeTCd MEXKTYy HECKOJBKIUMUI COCETHUME TaJlaMU, 9TO
II03BOJISET BOCCTAHABINBATH TOUKHM TPEKA C TOYHOCTBHIO JIO MAJIbIX JIOJIEi I1-
puHa Ia/a.

Kazx aprit Toper kameps ob6opynosan 12 cekropamu MWPC (Bcero 24 cex-
TOpa Ha 060uX cToponax). [loKpbiBaeMas IJIOMA/bL cocTaiseT okoyo 8.0 M2,
KamMepnl BBITIOJTHEHBI B BUJIE OJUHAKOBBIX MOJIyJIEl, 3aKpeIlisgeMblX Ha aJlio-
MUHHIEBBIX TOPIEBBIX IJIOCKOCTAX U CIHEIUAJTM3UPOBAHHOM I0IEPKIBAIONIEM
KoJiece, CONPSAYKEHHBIM C TOPHEBBIMU ILJIOCKOCTSAMU. [[Jjist TOro, 4ToObI UMETh
pasyMHYyIO BeJUIHHY 3arpy3Ki 1 obecrednTsb Tpebyemble ToUHOCTL dF /dx u
IPOCTPAHCBEHHOE pa3pelieHre curuasibl Oy yT canTbiBaThes ¢ 80000 ma 0B pas-
HBbIX pa3mepoB. [laJibl IpyIupyoTcs: B JiBa ceKTopa. BHyTpeHHU ceKTop Ia-
JIOB TIOKPBIBAET 00JIACTh C HAMBBICIIEH IIJIOTHOCTHIO TPEKOB BOJIN3U BHYTPEHHE-

ro pajuyca TPC u jnozkeH ObITh ONTUMU3UPOBAH JIJIsI JJOCTHXKEHIST BHICOKOT'O
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JIBYXTPEKOBOI'O pa3pelienus. BHennnit ceKTop onTuMI3NPOBaH JI/1si U3MepeHnii

dE /dx nns wagexuoil ngeHTHdUKaINT YaCcTHII,
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3. IIPOI'PAMMHOE OBECIIEYHEHUNE

3.1. URQMD

it MostesIupoBaHus UCIIOJIb30BaAJICS TporpaMMubiii rerepaTop UrQMD.
UrQMD (Ultra relativistic Quantum Molecular Dynamics) [7] - 9o renepatop
aJIPOH-sIIEPHBIX U SIAEPHO-SIAEPHBIX B3ANMOIAEHCTBIN, OCHOBAHHBIN Ha YJIbTPa-
PEeJISITUBUCTKON KBAHTOBOI MOJIEKY/ISIDHOI JIMHAMUKE B paMKaX TEOPHUH I[Be-
TOBBIX CTpyH. OH IpeaHasHaueH I MOJIE/JINPOBAHNs B3aUMOJIEHCTBUN TsrKe-
JIBIX HOHOB. B paMKax 9Toro remeparopa n3ydaercst IIPOKnii Kpyr 3¢ deKTos,
CBSI3QHHBIX C TSIZKEJIBIMI MOHAMIL: OT MYJIbTH(MPArMEeHTAINE 1 KOJLJIEKTHBHOI'O
JIBUZKEHHUsI 70 00pa30BaHmsl KOHETHBIX YACTHUIL U KOPPEJISII MeXK Iy HIMIM.

Mogens UrQMD mosBoJisier Moie/InpoBaTh CTOJIKHOBEHISI YACTUIL B JIUa-
nasone suepruii /s or 2 9B g0 100 I'9B. [Ijisi HUSKUX U IPOMEIKYTOUHBIX
SHEPTUil aPOH-aIPOHHBIE I s1/IPO-51/I€PHBbIE CTOJIKHOBEHNSI OIICHIBAIOTCSI B TEp-
MIHAX B3aMOJIEHCTBIIT MeXK/Ty aIpOHAMI U X BO30Y K ICHHBIMI COCTOSTHUSIMI.
[Ipr BBICOKMX SHEPrUsiX YUUTBIBAIOTCS KBapKOBasl U IVIFOOHHAsl CTEIIeHH CBO-
00JIbl U BBOJIUTCS TIOHSITHE BO30YXKJICHUs I[BETHBIX CTPYH C IOCJEyIoneit nx

dparmenrTanueil B aJipOHLI.
3.2. MPDROOT

[essiMu 9KCIIEPUMEHTAIBHBIX BBIYUCJNTEIBHBIX cpej mpoekTa «NICA»
SIBJISIIOTCST MOJIE/INPOBAHNIE CTOJKHOBEHUI € PEAJTUCTUIHBIM OTKJIMKOM JIeTeK-
TOpa, a TaKyKe PEKOHCTPYKIMS W aHaJu3 JaHHBbIX, HOCTYIIAIMNX OT MMHUTH-
POBAHHBIX U peasibHBbIX B3amMmojeiicTBuii. [IporpaMMHbIe cpebl [Jish KarzK 10T
skcrepumenta 1poekta NICA — MPD, BM@N u SPD coorBercrBeHHO, HA3bI-
Baiorcss MPDRoot, BMNRoot 1 SPDRoot un orimm4aiorcest TOJIBKO OIUCAHIEM
pasIMIHBIX HAOOPOB JIETEKTOPOB [3]. DTH cpejibl HACIEILYIOTCS OT CTPYKTYPHI
CBMRoot, umeror taxkyio ke crpykrypy u ucrnoib3yior ROOT, FAIRRoot,
FAIRsoft kak Buerane nakersl. [laker FAIRsoft Bkimouaer B cebst BHelHue ma-
KeThI JIJId pa3paboTKu mporpamMMHoro obecrievdenust, Takue kak BOOST, GSL,
GEANTA4(3), Millepede u ZeroMQ.

Omnoit u3 ocobennocreit obosioukn MPDRoot siBistercst mero)r omnnca-
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HUsI TEOMETPUN JieTeKTopa. BBoji nndopmalnm B 9TOM MeTO/JIe OCYIIECTBIISIET-
ca B popmate reomerpun Root. BBenennbie Janubie 0 TeOMETPUN JETEKTOPA,
ero MaTepuaJjax M IMapaMeTpax COXPaHSIOTCd 3aTeM B 0ase JIaHHBIX BHYTPHU
MPDRoot.

st peaTMCTUYHOrO MOJIeTNpOBaHns (GDU3NIECKNUX MPOIECCOB B 000JI0Y-
Ke obecIieueH BBO/I JIaHHBIX OT pa3andHbix MonTe-Kapjio renepatopoB coObITHI
SIJIPO-s1JIepHBIX cTOoJKHOBeHNI, Takux Kak UrQMD u FastMC u ap. Takxke B
000JI09Ke TIPETYCMOTPEH MEXaHW3M, MOJIEJIUPYIONNil HaI0KeHne (DOHOBBIX CO-

OBITUIT Ha UCCIeLyeMoe pacupeie/IeHIe.
3.3. HAYHAJIbBHBIE JTAHHBIE

209 1209

B pabote ncro/ib3oBaInuch jJanible 0 CTOJKHOBeHUN fjiep Bigy” + Bigy

IIPU HOPMaJILHO paclpPe//IeHHOM IIPHULEILHOM IlapaMerpe B guarasone or 0 110
14 M u /s = 9.2 T'sB. Beero 6b110 06padorano 15 - 109 cobbiruii.
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4. PEKOHCTPYKIINA N
KJIACTEPU3AIINA COBLITUN

4.1. PEKOHCTPYKIINA TPEKOB

PekoHCTpYKINST COOBITHII — 3TO IPOIECC MHTEPIPETAllnd SJIeKTPOHHBIX
CUTHAJIOB, T€HEPUPYEMbBIX JIETEKTOPOM, I OIpee/IeHUs] UCXOJHbIX YaCTHll,
KOTOpbIE TPOILJINA Yepe3 HUX, UX UMITYJIbCOB, HAIIpABJIEHUI 1 MEePBUYHOI Bep-
IIUHBI COOBITUSI. PeKOHCTPYKIMST cOOBITHII B TPEKOBOM JI€TEKTOPE COCTOUT U3
CJIEJIYIOIINX OCHOBHBIX 3TAIIOB:

e Pekoncrpykims XuToB B cybjieTeKTOpax

Pexoncrpyxkius Tpeka

[Tonck BepmuH

W nenTudukaims 4acTuil

OO6muit mojixo/ K 1npobjieMe PeKOHCTPYKITUU TPeKa, YaCcTUIlbl OCHOBAH Ha,
merouke puibrparun Kamvanal9]. @uasrp Kanmana npejcrasiser coboit Ha-
O60p MaTeMaTHIYeCKUX ypaBHEHMIl, KOTOpble obecrednBaioT 3(PPEeKTUBHOE BbI-
quCIUTEIbHOE (PEKYPCHBHOE) PEIICHIE METOIOM HAMMEHBINX KBAJPATOB.

AJIropuT™M HAUYMHAETCS ¢ OTCJIEXKUBAHIA KAHINIATOB B TPEKHU, JIJIsT KOTO-
PBIX OIEHUBAIOTCS BEKTOPA MCXOIHBIX MApaMETPOB M KOBApPUAIMOHHbBIE MaTpU-
bl 3aTeM, KayKIblil TPEK PACIPOCTPAHSIETCST Ha HEKOTOPYTO TIOBEPXHOCTD (IETEKTOD
WJIN TIPOMEXKYTOUHYIO TOUKY ). HoBasi KoBapuarnuoHHasi MaTpHIla MOXKET ObITh
MoJIyUeHa ¢ MCIOJIb30BaHNeM MaTpPHIlbl Mpeobpas3oBanus fKoOm, TO ecTh MaT-
PUIBI TPOM3BOJIHBIX MAPAMETPOB PACIPOCTPAHIEMOr0 TpeKa 10 TEKYIIUM Ia-
paMeTpam.

[TepBuunast BepinHa HAXOAUTCA ITyTEM SKCTPAIIOJISIIINE BCEX TEPBUIHDBIX
TPEKOB 00PATHO B HaYaJI0 KOOPJIMHAT, 1 €€ pa3pelleHne OlIpeIessieTcss KaK Cpe/i-
HEKBa/IpaTHIeCcKoe 3HAUCHUE pacipeie/IeHns SKCTPAIIOIAIIH TEPBIIHBIX TPe-
KOB B HadaJie KoopjuHat. CpejiHee 3HAUEHUE ITOrO PACIPEIe/IeHUs — TMO3UINS

BEPIINHLI.
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4.2. KITACTEPU3AIINA COBBITUN B KAJIOPUMETPE

Kitacrep - 9T0 rpynma cocegHux s4eek, 3HAUYEHUS SHEPIUH B KOTOPBIX
IIPEBBINIAIOT [TOPOrOBOE 3HAYECHHE IITyMa, CUUTasi CMEXKHBIMU JIIOOBIE JIBa MOJLY-
JIsl, KOTOpbIE UMEIOT OOIIYI0 CTOPOHY HJIU YTOJI.

[Tporecc Kacrepu3aliny COCTOUT U3 HECKOJILKUX YacTeil. Bo-iepBbIX, Bee
sTUefiKi ¢ aMILTUTYIaMi curaajia Boiie nopora myma (0.0015 I'9B) pacrosta-
raloTCsl B COOTBETCTBUU C UX SHEPIUsIMH B IMOPSIIKE YOBIBAHUS, U BOKDPYT Iep-
BOIl siueliku (popMupyeTcst Kjiactep, 3HaueHne SHEPIrun KOTOPOro JIOJI2KHO ObITh
oosibire, yem 0.010 I'sB. 3arem, B KadecTBe KJIaCTEPHOI'O LIEHTPa OepeTcst cJie-
JIyIolast HemcIoJib3yeMas sdeiika, BOKPYT KOTOPOil (hopMUpyeTcs KJacTep U
Tak jajgee. Ecim ogHa 3 dueek, NpUHAJIEKAINX KJIACTepy, UMeeT 3HavdeHne
sHeprun 6oJibirre, vem 0.010 I'sB, n B To ke BpeMs ee curnaJ Bblllle, 9YeM CUI'HAa-
JIBI BCEX COCEJIHUX d4eeK, 110 KpaliHelt Mepe, Ha onpejeenHoe 3nadenne 0.0015
[3B, To 3Ta gueiika nmomevaeTcsd KakK JIOKAJIHHBIN MAKCUMYM.

Hanbaefimuit ana 3 3aBUCUT OT KOJUIECTBA JIOKAJTbHBIX MAKCUMYMOB B
KJjacrepe. Kciam B Kjacrepe ecTh TOJIBKO OJUH MaKCUMYyM, OH CUMTAETCH KJia-
CTEpPOM OT OJHOI YacTuibl. Ecan B KjaacTepe HECKOJILKO MaKCHMYMOB, TO OH
MPUHIMAETCs 38 KJIacTep OT HECKOJIBKIX MEePEKPHIBAIOIINXCS TaCTHUIl, U ITPOBO-

JITCsT IPOIIe/lypa pa3BepThiBanus Kjiaacrepa |10].
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5. KPUTEPUUN OTBOPA HEUTPAJIBHBIX
KJIACTEPOB

B pabore ObLIn MCIOIB30BAHBI CJAEIYIONINE KPUTEPUU UJIeHTUMUKAIINN
KJIACTEPOB OT 7Y - KBAHTOB:
e Beto Ha 3apsizKeHHbIE TPEKH;
e Kpurepnii Ha OOJBITYIO JUCIEPCUIO KJIACTepa,;
e Kpurepuii Ha BpeMst IIpoJieTa YaCTHIILI OT TOYKH B3aMMOJICHCTBIA JI0 Ka-
JIOPUMETPA.
[To kakjgomy m3 00O3HAUEHHBIX KPUTEPUEB CTPOWJINCH PACIPE/IETCHUSI
MHBAPUAHTHBIX MacC Tap KJAACTEPOB I Ppa3IMIHBIX KJIACCOB IEHTPATLHOCTI

U TI0IEPEYHBIX UMITYJIHCOB.
5.1. PASBBUEHUE HA KJIACCBI HEHTPAJIBHOCTN.

prOHIeHHaH CXEMa reoMeTpmum CTOJIKHOBEHU A TAXKEJIBIX NOHOB IIPE/ACTaB-

JleHa Ha PUCYHKe 8.

participants

before collision after collision

Pl/IcyHOK 8 — prOH[eHHaH reoMeTpud CTOJIKHOBEHMA ABYX TAXKEJIbIX NOHOB.

Ocb 1my4YKOB HalpaBJieHa BJI0JIb OCH Z, a [JIOCKOCTh, 00pa30BaHHas JJAHHO
OCbIO 1 IPUIEJIbHBIM TTApAMETPOM (BEKTOD, COEIMHSIIONINI [IEHTPbI CTAaJIKIBaA-
FOTIIXCS sIIep B MOMEHT UX CTOJIKHOBEHUS ), HA3BIBACTCS IJIOCKOCTHIO PEaKITHH.
Hyxsionbl, HEe MpoB3anMoIeficTBOBABIINE ¢ HYKJIOHAMHI JPYTOrO $jipa, Ha3Ba-
foTcs HabJiogaTes M («spectatorss ), a mpoB3anMo/ieificTBOBaBINe — ydIacT-
HUKAMU CTOJIKHOBeHHs («participantsy). O6acTb B3anMOJIEiCTBIS HYKJIOHOB

HAITPSAMYIO 3aBUCHT OT IIPUIEJILHOTO TTapaMeTrpa b U B HyJIeBOM HPUOINKEHUN
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eé MOYKHO OIUCATH JUINITHYeCKON hopmoit (puc. 9).

Pucynok 9 — KadecrBennasi ¢popma CTOJTKHOBEHUs JIBYX siJIep.

B 3aBucnMocTi OT BEJTMIUHBI MPUTIEJIHLHOTO MapaMeTpa b CTOJTKHOBEHHIO
IIPUCBANBAIOT OIpeJieJIeHHOe 3HAYEHNEe TeHTPATbHOCTH.

[HenTpa/JlbHOCTHIO CTOJIKHOBEHWS HA3BIBAIOT TapaMeTP, OIMUCHIBAIONINI cTe-
eHb IEePeKPLITHA sijiep npu crojaxkHosennn. CobpiTe ¢ neHTpagbHocTbio X %
O3HAYAET, YTO CPEJIU BCEX BO3MOXKHDLIX COOBITHH TOMLKO X% U3 HUX MOIYT
UMeTH OOJIbITIE TTPOB3ANMOJIEHCTBYIONIX HYK/JIOHOB, YeM JIAaHHOE COOLITHE.

Lenrpansaoctt 0% cOOTBETCTBYIOT CTOJIKHOBEHUS C IIPULEILHBIM IIapa-
METPOM PaBHBIM HYJIIO (IleHTpasbHble CTOJIKHOBeHUs! ), & 100% — cTo/IKHOBEe NS,
B KOTOPBIX dJIpa JINIIb KacaloTcs JApPYyT JApyTra, He oOpa3oBbiBas 00J1acTh Iepe-
cedeHust (mepuUpUIecKne CTOJTKHOBEHSI ).

B pabore 1eHTpaabHOCTb U3MEpSIach OT 3aBUCUMOCTH YNC/IA 3apsrKeH-
HBIX YaCTHUIl, U3MEepPEeHHbIX B TpekoBoii cucreme (puc. 10). Cobbitust pasduBa-
JIICHh Ha Juanasonbl Henrpaabnocreii or 0 jgo 100% ¢ marom B 5%. Pastue-
HUE TPOBOJIMJIOCH TaKMM 00pa30M, 4TOObI B KayKJIOM JiMalla30He HaXO/UJI0Ch
COOTBETCBYIOIIEe YnCI0 coObITHil. Jlasmee Kaykiblil JUana3oH paccMaTpPUBAJICS
otnenbno. Ha puc. 11 mokazano pacrnpefenenne NpuieIbHOTO apamMeTpa s
KazKJIOr0 KJjacca IEeHTPaJbHOCTU, a Ha puc. 12 — 3aBUCUMOCTb IPUIIEIBLHOIO

ITapaMe€Tpa OT KJlaCCa HEHTPaAJIbHOCTHU.
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Pucynok 10 — 3aBucumocThb 4ucjaa COOBITHI OT YHC/A 3apsSKEHHBIX YaCTHIIL.
Pazbuenue na Kj1accbl IeHTPaIbLHOCTEN

Impact parameter distribution in different centrality classes
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Pucynok 11 — Pacripesenenne 1mo npuieabHOMY apaMeTpy
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Pucynok 12 — 3aBucumMocThb IPHUIEIBLHOTO ITapaMeTpa OT eHTPAJIbHOCTH

5.2. BETO HA 3APA>KEHHBIE TPEKU

OcHoBHas1 njiest KpUTEPHUS COCTOUT B TOM, UTOOBI 110 SKCTPAIIOJIHPOBAH-
HBIM TpPEKaM 3apsi?KeHHbIX YaCTUIl OTJIMYNTh 3apsAKEHHbIE KJIacTepbl OT Hefi-
TPaJIbHBIX: KJIACTEPbl OT 3aPsArKEHHBIX YaCTHUIl OyIyT HaXOIUThCA Ha IIPOI0JI-
JKEHUSIX COOTBETCTBYIONINX, PEKOHCTPYMPOBAHHBIX paHee, TpekoB. /[y sToro
CTPOWJINCH paclpeeeHus pacCTOsAHNI OT IeHTPa KJaacTepa 0 OJIMKaiIero K
HeMy Tpeka. PaboTa poBojiniach B (-0Oif 1 z-0if KOOpJIMHATAX, TJIE (0 ABJISAETCS
pPacCTOSTHUEM MEKJy MPOEKIUAMU Ha IJIOCKOCTh, NEPIEHAUKYISIPHYIO OCU Ka-
JIOpDUMETPa, TOUEK IepecedeHusl SKCTPAIlOJIMPOBAHHOIO TPeKa Ha, MOBEPXHOCTH
KaJIOpUMeTpa W MPOEKINN MeHTpa KaacTepa Ha MOBEPXHOCTHL KajopuMmeTpa. Ha
puc. 13 nokaszaHbl 110JIy4eHHbIE paclipe/jiesieHns i1 KJIacTepPOB, TOPOK IEHHbBIX
Y-KBaHTaMU U KJIACTEPOB, MTOPOXKJAECHHBIX €, IPUJETEBIINX U3 BEPIINHbI B3au-

MOJIEHICTBUS.
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Pucynok 13 — Pacripejiesienust paccTosHuii MexK/Iy IIeHTPOM Kjactepa i 6.i-
JKAMIIIM K HEMY TPEKOM JIJIsl BCeX JIMANa30HO0B leHTpasibHocTeil u suepruit (.4
- 0.5 I'sB jyist y-xBanToB (a u B) u e (6 u ).

Pacripeniesienns g e~ ObLIM TOCTPOEHBI U MTPOMUTUPOBAHLI (DYHKITHET
laycca s uanasonos nentpasabHoctd oT 0 o 50% c marom 5% u ot 0 j0
100% u jist suepruii ot 0.0 10 1.0 I'sB ¢ marom 0.1 I'sB. Ha puc. 14, 15, 16 u
17 mpecTaByieHbl TOJIyYeHHbIE 3aBUCUMOCTH CPEJIHUX U CPEJIHEKBa/IPATUIHBIX

OTKJIOHeHU 1t dZ u dep.
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Pucynok 14 — 3aBUCUMOCTE CPEIHEIO PACCTOSIHUSI IO OCH Z MEXKIY 3apsizKeH-
HBIM KJIACTEPOM U OJIMKAMIIIIM K HEMY TPEKOM OT SHEPIuu KjacTepa.
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Pucyrnok 15 — 3aBUCHMOCTH CPEIHEKBAIPATUIHOTO OTKJIOHEHUS PaCCTOSHUS
10 OCH Z MEXKJIy 3apsiyKEeHHBIM KJACTEPOM U OJIMKAHIITIM K HEMY TPEKOM OT
SHEPIUN KJacTepa.
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Pucynok 16 — 3aBUCHMOCTb CPEHEr0 PacCTOSTHUSI 110 OCH © MEXKJTy 3apsizKeH-
HBIM KJIACTEPOM U OJIMKAMIIIM K HEMY TPEKOM OT SHEPIuu KJacTepa

Gypr CM
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25
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Pucynok 17 — 3aBUCHMOCTH CPEJIHEKBAIPATUIHOTO OTKJIOHEHUS PaCCTOSHUS
10 OCH (p MEXKJTy 3apsizKEHHBIM KJIACTEPOM M OJIMKAWIINM K HEMY TPEKOM OT
SHEPIUN KJacTepa.

[TorygenHbIe 3aBUCUMOCTH ObLIN TPOMUTUPOBaHbl DYHKIMAME 1, 2 1 3

Il 04z, Ody U Aj, COOTBETCTBEHHO, Agz IpUHUMaJach 3a 0.
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0 (E) = [0] + 7 1)
as(B) = 0]+ i ®
Ad@<l?)::[0]-—-%§, (3)

Bce kacrepnl, yJI0BIETBOPSIONIIE COOTHOIIEHNTO 4 TPUHIMAJINCH 38 KJa-

CTEPDLI OT 3apPsAKEHHBIX 9aCTUIl 1 OT6p&CbIBaIH/ICbZ

2 — \(E)| < N -0,(F), (4)

riae @ — Beaudansbl dZ wim dp, N — gaucioBoii koaddunuent (mapamerp
KPUTEPUsT), A U 0 — pe3ybTUPYIOIIHe apaMeTpbl dbutupytoreil Gy, F

— 9HEPrus KJacTepa.
5.3. KPUTEPUN HA JUCIIEPCUIO KJIACTEPA

OJHEUM 13 TapaMeTpoB, XapaKTepHU3YIINX (popMy KJjacTepa, sBJIseT-
¢ popMma IIPOEKIHI HEPrOBbIJIeJIEHNS B JINBHE HA IIOBEPXHOCTH KaJOPUMETPa
(puc. 18). DTa MOBEPXHOCTH MOYKET OBITH BbIpAyKeHa Uepe3 KOBAPUAIMOHHYTO

MaTpuIly 1o dpopmysaam 5, 6 u 7.

Se = ((z = T)2), (6)

se2 = ((# = T)(2 = 2)), (7)

371eCh T U Z SIBJIAIOTCS TEHTPAMU KJIACTEPOB, a TPEYTroJIbHbIE CKOOKI 03HAYAIOT

rie

ycpegHeHue ¢ jorapuMudecKkuMn Becamu. Jluaronaansalins 3Toil KoBapualm-
OHHOI MaTPUIIBI ONPEJIETUT BEJTUINHBI [VIABHBIX OCell MOBEPXHOCTH JIMBHsI(AL
1 A\2) Kak KBaJIpaTHbIi KOPEHb U3 COOCTBEHHBIX BEKTOPOB KOBapUAIUOHHOI
MaTpUIIbI.

Bbumi mocTpoeHbl pacipejiesieHus 1Mo O0JIbIIoN 1 MaJIoil JUCIepcun Kiia-

cTepa IS BCeX KJIACTEpPOB U KJIACTEPOB OT (POTOHOB, POXKICHHBIX T, a TaKzKe
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Pucynok 18 — ®@opwma Kjiacrepa

OTHOIIEHUE 3TUX paclpeeJeHnil /sl pa3/IndHbIX JINalla30HOB IIeHTpaJIbHOCTel
u sHepruit. [IpumMep mocTpoeHHbIX pacipeielennil 171 BeeX KIacCOB MeHTPaTb-

noctu u it sHepruii 0.4-0.5 I'sB uzobpazken na puc. 19

All clusters y from - clusters

=

Xmg, cm
3
KW, cm

M shonr

cm

xmg, cm

ooy L e e b Ly w1
OO 5 10 15 20 256 30

Aghore €M

10

Pucynok 19 — Pacnpenenenus 1mo 00JIbIION U MaJIOi IUCIIEpCUT JJIs BCEX T1EH-
TpaJibHOCTel 1 sHepruii B quanasone 0.4-0.5 ['9B.

Ha mosydeHHBIX pacupegeseHnsax MOXKHO BUJIETh CYIIECTBOBAHNE a[POH-
HOI'O XBOCTA, KOTOPBIIl MOYKHO OTpe3aTh YCTAHOBUB KPUTEPHUil Ha OOJIBIIYIO JIHC-

IEPCUIO: Ajopg < 4, 6 i 8 cM.
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5.4. KPUTEPUN HA BPEMS ITPOJIETA YACTUIIHI

Maccusuble JaCTUIBI OT Y—KBaHTOB MO2KHO OTJIMYUTH II0 PAa3SHUIEC MEK-
Ay U3MEPEHHBIM BpPEMEHEM IIPOJIETA YaCTHUIbI 10 KaJIOpDUMETPa U OKUIACMOM

BpEMEHEM TIPOJIeTa Y—KBAHTa, BBLIETEBINEro 13 TOi e BepimHb (bopmya 8).
AT
Al = te — ?7 <8)

1€ tep — BpeMs, M3BJIeKaeMoe U3 Ol POBAHHOIO 3JICKTPOHUKON KaJOpIMeTPa
CHUTHAJIA; AT — PACCTOdIHUE OT KJacTepa JO BEPHIMHbI COIOCTABJIECHHOTO €My
TpeKa; ¢ — CKOPOCTh cBeTa. V3 (hopMysibl BUJIHO, UYTO MACCUBHBIE YaCTUIIBI Oy T
UMeThb OOJIBITYIO BEJTUINHY Af, 9eM Y~ KBaHTHI.

[Ipexxie ueM oIy IuTh pacipe iyieHre BpeMeHn IpoJjieTa YacTUIlbl OT TIeH-
Tpa B3auMOJIEHCTBHS 70 KJjacTepa, ObLIa MogydeHa (PYHKIIMOHAIbHAs 3aBUCH-
MOCTb BPEMEHHOT'O pa3pelieHus] MOJYJIsd KaJOpUMeTpa OT SHEPIUU 10 Pe3YJib-
TaTaM paHee IPOBEJIEHHBIX IYYKOBBIX HMCIBITAHUIL, IOINAaBIIell B HEro 4acTu-

bl (puc. 20).

& C x2/ ndf 8540/ 9
é 1200 — p0 1862 + 163.6
3 i p1 0.02597 + 0.002582
¢ N p2 347.6 + 21.85
o X

£ 1000 — AE)=p o g,

800 —

600 —

400 —

L ‘ L L
0.02 0.04 0.06 0.08 01 0.12 0.14
E, GeV

Pucynok 20 — 3aBucuMOCTh BDEMEHHOI'O pas3pellieHust OT SHEPrun KJacTepa

ITo HOﬂyquHOﬁ 3aBHUCHUMOCTHU ITPOBOJANJIOCH Pa3MbITHE BPEMA-IIPOJIETHOI'O

pacrupeesieHnsd Jijisd BCeX KJIaCTePOB, KJIACTEPOB POXKJIEHHBIX OT Y - KBAHTOB,
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KJIaCTEPOB POXKIECHHBIX OT 7Y - KBAHTOB OT 7'('0 " KJIaCTEPOB OT 6_, a TaK>Ke TaKNX

JKe KJIACTEPOB, HO C YCJIOBUEM, UYTO YaCTHUIA, ACCOIMUPYIOMAsICT ¢ KJIaCTEPOM,
POIUIACH BO3JIE BEPIINHBI B3aNMOICHCTBHIS.

Ha puc. 21 npecrasiien npuMmep MOJTyUeHHBIX 3aBUCHMOCTEIH.

=
(e}
w

7000

N, clusters

6000

5000

4000

3000

HH‘H\\‘HH‘HH‘HH‘HH‘HH‘HHX

—— All clusters
2000 —— v clusters
— yclusters from n°
1000 —— e* clusters
L — fit y from ©°
0 -4 -2 8 10 12 14

dt, ns

Pucynok 21 — Pacnpejiesienus 1o OOJIBITON 1 MAJIOH JIUCIIEPCUN JI/IsT BCEX IICH-
TpaJibHocTell n suepruit B puarnaszone 0.4-0.5 9B,

Pacrpeesenns i GOTOHOB, POKICHHBIX OT 70 ObLIH IPOQUTUPOBAHDI
dynknueit ['aycca. Ha puc. 22 u 23 npectaBieHbl MOyUeHHbIE 3aBUCUMOCTI

CPEJIHUX U CPEJIHEKBA/IPATUYHBIX OTKJIOHEHUIT OT IHEPTUIi.

dT(E), o
2 L —05%
5 L == —5-10%
° L —10-15%
—15-20%
12 L —20-25%
L —25-30%
30-35%
B 35-40%
— 40-45%
B 45-50%
B 50-55%
B 55-60%
08— == 60-65%
B 65-70%
B 70-75%
- 75-80%
06— 80-85%
* —85-90%
= T : —90-95%
- T —— | —95-100%
04— | Ll Ll R Ll | Ll P |, |=—All_centr

L
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6
E, GeV

Pucynok 22 — 3aBUCHUMOCTD CPEJIHEKBAIPATUIHOTO OTKI0HeHUs dt OT SHepruu
KJIacTepa.
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Pucynok 23 — 3aBucumocTb cpejHero dt oT sHeprum Kjacrepa.

[Tosryuennble 3aBucuMocT ObLTH TpoduTUpoBaHbl MyHKIMAMIT 9 1w 10

JISL Ogy M1 A\gy COOTBETCTBEHHO.

O'dt:[O]—l-[l]'x‘l—

2]

e(B-E)’

Nt = [0] - Lnfar - (1] - B+ [2]) + 1]

(9)
(10)

Bce kJtactepsl, y0BJIETBOPSIONIIE COOTHOIIEHNIO 1 1 TpuHIMAaINCH 3a KJla-

CTEPDbI OT 3apPA?KEHHBIX YaCTUIl 1 OT6paCI)IBaJH/ICI)I

ldt — Aat(E)| > N - ou(E).
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6. HAJIO2KEHUE KPUTEPUEB.
QOPEKTUBHOCTMN.

6.1. IOCTPOEHUE PACIIPEAEJIEHUN IBYX®OTOHHBLIX
NMHBAPNMAHTHBIX MACC ITAP KJIACTEPOB.

B pa6ore GbLIM IIOCTPOEHBI PACIPEICICHIA NHBAPUAHTEIX Mace Iap KJ/la-
CTEPOB 110 TIONePeYHOMY UMITY/IbCY 0€3 HaJIOyKEHNsl KPUTEPUeB, ¢ HaJ0KeHIeM
KazKJIOr0 KpUTEePUsl 110 OTJIEJILHOCTH U ¢ HAJIOKCHUEM BCeX KPUTEPUEB OJHOBPE-
MEHHO JIJIs KazKJIOro JMalla3oHa eHTpajibHocTell. B KadecTse IpuMepa Ha puc.
24 u 25 npuBesieHbl paclipejleieHnsl ¢ HaJOKeHNeM BCeX KPUTepUeB JId BCeX
1ap KJIACTEPOB 1 11ap KJIACTEPOB, MOPOKICHHBIX 0, B IHAIIA30HAX IICHTPATLHO-
creit 0-5% u 50-100%, coorsercrBenno. 1o mpeacTaBIeHHBIM PACIPE/ICICHUSIM
MOYKHO CJE€JIaTh BbIBOJ, UTO B HepUepHIecKIX COOBITHAX INK T’ MOYKHO BH-
3yaJibHO Pa3/JMYNTh, TOIVIA KaK B IEHTPAJLHBLIX COOLITSX INK PasIMddTh He
yaaerca. g Gosiee TOUHOrO aHaM3a IPUMEHSICS METOJ CMEIIAHHBIX COObI-

TH.

pt, Gevic
o
5

pt, Gevic

035 04
m,, Gevic*

Pucynok 24 — Pacnpejienenne nHBapuaHTHBIX MacC Map KJIaCTepOB OT TIOITe-
PEYHOro MMITY/Ihca JIJist JAuana3oHa HenTpajibHoctu 0-5% Jist Bcex KjacTepoB
(a) 1 KJIacTepoB, NOPOXKICHHBIX T° - ME30HAMU.
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pt, GeVic
pt, Gevic

I I ]
0 0.05 01 0.15 02 025 03 035 04
m,, Gev/c®

Pucynoxk 25 — Pacripeiesienre nHBapHMaHTHBIX Mace ap KJ1acTePOB OT TOIeped-

HOI'O UMILYJIbCA, I juanasona mearpaabnoctu H0-100% s Becex KiacTepos

(a) 1 K/IacTepoB, IOPOXKICHHBIX 0 - ME3OHAMI.

6.2. METO/J CMEIITAHHBIX COBLITUIA.

Meto 3aK/o9aeTCs B MPEJIONIOKEHNN, YTO KJIACTEPHI, OTHOCATIINECT K
JIBYM Pa3HbIM COOBITHAM, CXOYKUM T10 NEHTPATLHOCTH U TOJIOKEHUIO BEPIINHDI,
SIBJIAIOTCS HEKOPPEJIUPOBAHHBIMIU.

B pabore nmpoBojinioch cMeInBaHue it coobITuil 3a pa3. Pacrpeeie-
HUSI CTPOMJINCH MEXK/Iy KJIacTepaMiu 13 HOBOT'O COOBITHS U KJIacTepaMu U3 YeThi-
pex npebiy X coobiTuil. CMeluBbleMble COOBITHS MPEIBAPUTEIHLHO Pa3/ie-
JISLJTUCH TIO JINara30HaM IMeHTPAJTHLHOCTH U KOOP/IMHATAM BEPIINHbI B3AMMO/IeH-
ctBus. [Tocse mepedbopa Becex coObITHIT, PaCIpeIeTHUS, OTHOCSIITIECS K OTHOMY
JINAIIa30HY IIEeHTPAJILHOCTH, HO PA3HOMY JIMAIIa30HY BEPIIMHBI, CKJIA/IbIBAINC.

Ha puc. 26 npejicraBienbl pe3ysibTaThl CMENINBAHUST COOBITUI IS JTa-
nasona rentpaibHocTein 0-5% 06e3 yduera kpurepuen. [losyuennbie pacrpeje-
JleHus uMeioT popMy KOMOMHATOPHOTO POHA B COOTBETCTBYIOITNX PacCIpe/iesie-
HUSX WHBapUAHTHBIX MACC, MMOCTPOEHHBIX paHee. [lajee Jiisd KaxKJoro Kjiacca
[EHTPATBLHOCTH PACIIPEJIEJIEHIST MACC CO CMEeIaHHbIMU cOObITHsIME ((DOH) HOP-
MUPYIOTCS Ha pacipejie/leHns NHBAPUAHTHBIX Macc JJId PeabHbIX COOBITHIl I
BBIUNTAIOTCA U3 HUX.

Ha puc. 27 nokazana peaju3aliisi OIMMCAHHOIO BBIIIE aJTOPUTMa, JIJIs CO-
ObITuil A1 jmanasona nenrpasabnocreii 50-100% 1 auanmaz’oHoM IOIEpeYHOro
mvrtysbea 0.00 - 0.10 9B /c.
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Pucynok 26 — PacripejiesieHust ”HBapUAHTHBIX MACC CMEIIAHHBIX COOBITHI JIJIst

Jmalasona rentpaibiocreit 0-5%.
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Pucynok 27 — PeaJinzaliiust MeToga CMEIIAHHBIX COOBITHIT JIJI JIalla30Ha 11eH-
rpasibHocreii 50-100% u puanasonom nomnepednoro umiyibea 0.00 - 0.10 I'9B /¢,
rjie a - pacipejeseHne JIjsi CMeIIaHHbIX COObITHIl; O - pacipejiesieHne J1Jisi pe-
aJIbHBIX COOBITHUIl; B - OTHOIIEHNE PACIPEIE/IEHIsT PeaJbHBIX COOBITHII K CMe-
IIAHHBIM; I' - Pe3YJIbTaT BbIUYNTAHUS U3 pacIpeeieHus] JIJis peajbHbIX COObITHUIT
CBEPTKU PACIIPEJICJICHIS JIJI CMENaHHbIX COOBITUI ¢ (DOHOBOI (PyHKITHIE.
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OmmcanHbIil METOJ I03BOJISIET BBIBUTH IINK T - Me30HA Ha PACIIPeIeie-

HIM MHBAPUAHTHBIX MACC IIPM HU3KOM OTHOIIEHUM CUTHAJIa K (hOHY U mpume-
HSIJICST JIJISE BCeX ODO3HAUEHHBIX paHee JUAIa30HOB IEHTPATbHOCTEl, a TakKe
JUist ranas3oHoB nornepuenoro nmmysbea: (0.00 - 0.10), (0.10 - 0.30), (0.30 -
0.50), (0.50 - 0.70), (0.70 - 0.90), (0.90 - 1.2), (1.2-1.5), (1.5-2.0).

6.3. 9PPEKTNBHOCTN

[Tostyuennbie paciipe/ie/ieHnst THBAPUAHTHBIX MAcC PUTHPOBAJINCH (DYHK-
uei:
F(z)=N(u,0%)+a-2>+b-z+c, (12)

rjie
e N(u,0%) — dbynxuus Taycca, napameTpaMi KOTOPOHl sIBJIsUIICH CpejiHee
3HAUEHNe, CTaH/apTHOE OTKJIOHEHWE W HOPMUPOBOYHBLIN KOI(DPUINEHT.

Jlanuoil (byHKITHI COMOCTABIIAETCS MK, OTBEYAIONIMil Macce T

e a 22+ b-x+ c HOJMHOM BTODOIl CTEIlEHN C TapaMeTpaMmu a,b 1 c,

OTBEYAIOIINIT 38 KOMOMHATOPHBIH (DOH.

[IpounTerpupoBaB MOJYyUYeHHBIH MUK, OBLIO TOJYYEeHO YNUC/IO KJIACTEPOB,
TIOPOYKICHHBIX 70 -ME30HAMIL.

st onipeeiennst 3ppeKTUBHOCTI KPUTEPHsI, ObLIN «II0JCMOTPEHbI» JaH-
uple n3 MonTe-Kapiio remeparopa coObITHIl, a NMEHHO KaKOMy 7’ Kakue KJia-
cTepbl cooTBeTCTBOBAN. [0 mosyvuennoit nadopManum TakkKe CTPOUIOCH PAC-
npejie/ieHe NHBAPUAHTHBIX MAaCC IMap KJIaCTePOB, HWHTErPaJ OT KOTOPOTO IpPHU-
HIMAJICA 33 NCTHHHOE YNCJIO KJIACTEPOB OT 7 - ME30HOB.

Cieyer OTMETHTD, UTO KaK UHTEIPUPOBaHUe 0T (PYHKIUN [T1Ka, NHBAPH-
AHTHBIX Macc, TaK U CYMMa KJACTEPOB OT 7T CUNTAJNCH B JIHAlla30He NHBAPH-
anTHBIX Macc 0.05 10 0.4 9B/ c? B CIUIY NCKasKeHNUs pacIIpe iesIeHIs KOHBepCHeil
doronos. Ilepedbupasinch pazniHble BapuaHThl KPUTEPUEB, KOTOPHIE 3aBUCETN
OT Tpex IapaMeTpPOB:

e 3HaueHne m — OTOPACBIBAJINCH BCE KJacTepbl y KOTOphIX dz miam dphi

MeHbIIIe YeM M, - O

e 3nadvenne d —orOpachiBaUCh BCe KJIAaCTEPhI Y KOTOPBIX BEJIMINHA OOJIb-

moit jgucrepcun 6oJbire d;

e SnaueHune t — orbpachiBanCch Bce KJjacTepbl Y KOTOPhIX dt OoJiblie t - 0.
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Ha puc. 28 npejicrapiienbl mpuMepbl 3PpHEKTUBHOCTH KPUTEPUEB, KOTO-

pbI€ CHIUTAJINCh KaK OTHOCIIECHNE YHCJIa IIOJIYYCHHBIX KJIACTEPOB K YUCJIY <«HC-

THUHHBIX» KJIaCTEPOB.

eff

E Parent_m=1_d=8_t=3

Direct_m=1_d=8_t=3
Mix_m=1_d=8_t=3

eff

Parent_m=1_d=8 t=3
Direct_m=1_d=8 t=3
Mix_m=1_d=8_t=3

0 0.2 0.4 06 0.8 1 12 14 16 18 2 o, 695,2
¢

a)

1.6 18 2 2
P sz%

Pucynok 28 — DddekTuBHOCTH KpUTEPHEB HATOKEHHBIX Ha KJIACTePhl. 3/eCh
Parent - kacrepsl, nMerolue obmiero pojuress (mV); Direct — KiacTepbl, nne-
rorue obero poautess (mV), BepIIMHA KOTOPOIO HAXOMUTCA OKOJIO BEpUIMHbI
B3aUMOJIEICTBUS U TIPU TOM 3TO NpAMOil pojuTensb Kiaacrepon; Mix - Direct
KJIACTEPbI, KOTOPbIE OBLIN MOJTyUeHbl 13 METO/Ia MHBAPUAHTHBIX MACC.



7. SAKJITOYEHUE

B pamkax mpojiesiaHHO# padoThl ObLIN pa3paboTaHbl KPUTEPUH BbIsIBJIE-
HUS HeHTPaTbHBIX KJIACTEPOB [IJIsT BOCCTAHOBJIEHUS CIIEKTPa HEHTPAJIbLHBIX -
ME30HOB Ha OO0JIBINON BBIOOPKe JaHHBIX. [0 MOMTydeHHbIM KPUTEPUSIM CTPOU-
JINCH PacIpejie/iennsd UHBAPUAHTHBIX MACC Map KJIACTEPOB B 3aBUCUMOCTU OT
X IOIEPEeYHOr0 MMITYJIbCa U KJjacca IMeHTPaJbHOCTH. DB mocauTanbl 3d-

PEKTUBHOCTH KaK OTJICJIbHBIX KPUTEPHUEB, TaK U PA3JIMIHBIX UX KOMOMHAIIUIA.
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