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AKTYaJlbHOCTD TeMbI

AKTyansHOCTb TeMbl OucceptrauMd — 3kcnepumeHt LHCb, koropsrit
ABJIAETCA OJHHUM M3 YEThIpEX MIABHBIX dKCNEPHMEHTOB, Ha BosblioM agpoHHOM
xonnaitnepe (BAK, aurn. LHC — Large Hadron Collider) B EponeiickoM LeHTpe
AnepHBIX HccnenoBaHuit (¢p. coxpamenue CERN — Conseil Européen pour la
Recherche Nucléaire, 1lpeiinapus).

Hayunas nporpamma skcnepuMenra LHCb Becbma o6umpﬂasl M pacyuTaHa
Ha MHorue ropsl. 3akoHueHa mnepBas TpexyueTHAs ceccud LHC — Run 1 u
oOHapogoBansl miaHsl pabotsl mo 2035 ropa ceccusimu no 3 roja Kakaast C
OCTaHOBKaMH IO roxy Ha MoaepHusauuio [1]. [IporpamMma BKIIOYaeT U3ydyeHHe
s¢pdekToB HapymeHus CP-CHMMETPHH B pa3iMuYHbIX pacnagax B-Me30HOB,
colepxalux TxeNbll b-kBapk (beaufy — mpenecTHbid), C LENbIO IOHUCKA
OTBETOB Ha (hyHAaMEHTaNbHBIA BONPOC, MOJ BO3AEHCTBHEM KAaKHX MEXaHH3MOB
Hcdedsia aHTuMarepus Bo BceneHunoli nocne bonsworo B3peiBa. EcTh U apyras
uens — nouck mpossneHui Hoso# dmuky (HP) wiu ¢uskku 3a npepenamu
CranpaptHoit momenu (CM) B penkmx pacnagax B-Me30HOB M mpoueccax
HapyIIeHUs pa3IMuHbIX cUMMETpH. DkcnepMMeHT LHCD onTnMusupoBan s
BLINIOJIHEHMA TPELM3HOHHBIX H3MepeHHH B cektope B-me3oHoB. HMeHHO
“IIpeLM3HOHHOCTL” JIEKUT B OCHOBE TaK Ha3bIBAEMOr0 KOCBEHHOro MeToza
nmoucka npossneHuii HO no pesynbTaTaM CpaBHEHHMs H3MEPEHHH U pacyeros,
BolNoNHeHHBIX No CM. BenuuuHa 3THX OTKIOHEHMH HMHOTAa He MpEBBILAET
HECKONIbKMX INPOLEHTOB, 4YTO HaNlaraeT MOBBULIEHHBIE TpeOOBaHHI K
XapakTepHcTHKam faetekTopoB. OxcnepumeHT LHCb Hayan HaGop naHHBIX B
2010 rogy npH PEKOPAHBIX SHEPTHAX CTANKHBAIOIIMXCS NPOTOHHBIX ITYYKOB 3.5
¥ 4 T>B Ha myyoK npu ceetumocTH 4-10°% emc’ (B 2012 romy) u x Hacmamemy
BPEMEHH HAKOINMI CTATUCTHKY 3 6w’ (MHTErpasibHas cBETHMOCTb, 1 ¢hon'=
10% ear?).

MIOOHHBIH AETEKTOp ABNAETCA OQHHUM M3 KmoueBblx snemenToB LHCb-
CNEXTpOMeTpa, T. K. OOJNBIIMHCTBO pacnajgoB B-Me30HOB COINpPOBOXAAETCH
MIOOHAMH B KOHEYHOM COCTOSHUM. [IpakTHuecku Bce Mmopenud ~ H®
NpeJCcKa3bIBAIOT CYIECTBOBAHME HOBBIX YaCTUL WIIM ABJIEHHH, KOTOpPbIE MOTYT
6bITE OGHapysKeHDbI B KAHANAX Pacilaja ¢ MIOOHAMH B KOHEYHOM COCTOSHUM.

MIOOHHBIH JETEKTOP COCTOHT M3 IIATH MIOOHHBIX CTAHIMMH, colepXaLluX
1380 kamep ¢ manoBoii CTpYKTYpO# pasnuuHoit rpaHynspHocTH (puc. 1).

3aayaMy MIOOHHOTO I€TEKTOpa ABAIOTCA Clexyromue [2]:

1) ugeHTHHUKAMA MIOOHA KaK HacTHIbl, PETHCTPUPYEMOH B KOHEUHOM
COCTOSIHMH Cpeid NpOAYKTOB pacmaja, uto Tpebyerca it onpepeneHHs
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2) n30HpaTeLbHLIH 3aIyCK  IKCNCPHMEHTANLHON YCTAHOBKH - MIOOHHEIH
TpHITEp TIpH OSHApYKeHHH COOBITHA ¢ GONBUIMM NONEPEHHBIM TEPEAAHHBLIM
MMITYJIECOM CIHOTO MIOOHA 44”, 47 WIIM Taphl u*u” (JUAMIOOHA).
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Puc. 1. Mioonnwiii demexmop: pezuonvi 6 éepmuxansHoii (a) u @ponmanvroii nrockocmsax
cucmemsi xoopOunam ycmanosxu LHCb (). Iloxasanst 08e nonosunst MioonHo20 demexmopa
cmanyuii MI-M5 & nonypackpeimom cocmosnuu. B paGouem nonoxcenuu nonoeusi MiooHH020
Oemexmopa cosuzaiomes. Kaxcdaa mioonnas cmarnyus umeem vemvipe pezuona RI-R4 ¢
Yyeenunusaouumucs npu yoanewuu om ocu nyuxa xax 1:2:4:8 pazmepamu.

B HasBaHMHM xamepel, IPHHATOH B MIOOHHO CHCTEMe, OTMEYAETCA HOMEp
MIo0HHO# cTanmmn (M) u pernon (R), HanpuMep MIRI1, M5R4 u T.i. B
MIOOHHOM gerekTope: 122112  dmsmueckux “magos” (aHmi. pad)
COOTBETCTBYIOIUMX MM KaHaJOB 3NeKTPOHMKH. HamMeHpumii map mmeer
pasmepsl 1x2.5 en? (MIR1), a HanGonemmii — 25%30 e’ (M5R4), ipn 3ToM
Hanborpllast 3arpy3ka NPHUXOAMTCHA Ha HAaWMEHBIIMH Iajg H gocturaer 500
kI'y/eM? IpH HOMHHANBHOH cBeTMMOCTH BAK; ¢ yBeNTHUeHHEM PaccTOSHMS OT
TMyYKa 3arpy3ka YMEHBIIAETCA MPONONMOHANILHO KBaJpaTy pacCTOAHNA.

IHens paboThl

Ienslo auccepTauMoHHON paboThl sABNAETCA pa3paboTka M CO3NaHME
ObICTPOAEHCTBYIOIMMX BHICOKO3((EKTHBHEIX KaMep C INajoBOH CTpyKTypoit
Pa3NHYHOM IPaHYJAPHOCTH 1A MIOOHHOTO JAETeKTOpa 3kcrmepumenta LHCb
(rabnvua 1). B npHBeneHHOH HHXe TaGJIMUE MyHKTHPHOMN JIMHHEHR OYEPUEHDI,
CeMb THIIOB KaMep BHYTPEHHEH OGJIaCTH MIOOHHOTO JIETEKTOPAa, KOTOPHIE
COCTABHIIM OCHOBY JMCCEPTallMH, /i aBTOPOM BHECEH CYMIECTBEHHEIH, a B pajie
BOIPOCOB — ONpeeIIIONMMI BKIaA, DTH KaMepsl coiepXkaT 30 ThicAY KaHaIoB
NEKTPOHHKH M3 TOJIHOTO uMcia 122112 KaHaNoB M CIOXKHee TeX, KOTOphIE
HCIIONIL3YIOTCSA BO BHEIUHUX PETHOHAX, T. K. HAHOOJIEe 3arPyKEHEL.

4

Tabnuya 1. Pazmepor 20 munog MuooHHbIX KaMep PATUNHOU 2PaHYIAPHOCTU NAMU MIOOHHbIX
cmanyuii M1-M5 uemeipex pezuonos R1-R4 u xonuuecmso kananog cvema unghopmayuu.
WPC — Wire Pad Chamber, CPC — Cathode Pad Chamber, CWPC — Cathode-Wire Pad Chamber

ITapamerp Ml . M2 M3 M4 M5
Pasmepbl (MM2) 1028x276 | 1274327 | 1370x347 | 1466x367 | 1562x387
AxtuBHas nn. (Mm?) 960x%200 1206x251 | 1302x271 | 1398x291 | 1494x311
MMan AxxAy (Mm?) 40%x200 50.3x251 54.3x271 58.3x291 62.3x311
R4 | konu.nanos 48 48 48 48 48
Tun xamepsl WPC WPC WPC WPC WPC
Konnu.xamep 192 192 192 192 192
Konuy.kaHanos 9216 9216 9216 9216 9216
Pasmephl (MM2) 1028x276 | 1274x327 | 1370x347 | 1466x367 | 1562x387
Axtusnas nn. (Mm2) |, 960x200 1206x251 | 1302x271 | 1398x291 | 1494x311
Mapx AxxAy (MM%) 40x100 50.3x125 | 54.3x135 | 583x145 | 62.3x155
R3 | Komu.nanos L) 192 192 9 96
Tun kamepsl CPC-2 CPC-2 CPC-2 CPC-2 CPC-2
Konnu.xamep 48 48 48 24 24
Konny.xananos 9216 9216 9216 4608 4608

548x276 671x327 719%347
480»200 603x251 651x271

764x367 815x387
696x291 747311

Paamepsl (Mm?)
AxTus. niout. (MM2)

K.nan AxxAy (MY |820x25 | 75.4x314 | 81.4x33.9 1 583x72.7. | 623x77.7
Tlposon.ctpun (MM?). |2 12.5x251 14x271

R2 | Konuu. xar.nanos i 334 128 128 96 96
Konuu.npos.ctpunos |2 96 9%
Tun kamepsl : CPC-8 CWPC-8 CWPC-8 ;| CPC4 CpPC4
Konnu.kamep P24 24 C 24 % 24 24
Konnu.kananos 9216 5376 5376+ 2304 2304
Pasmepst (MM%) 308x276 | 369x327 393%347 416x367 441x387 :
AxuBHa 0. (MM%) 240x200 |F 301>251 | 325x271 | 348x291 | 373311 &
K.nan AxxAy (Mm?) 10x25 £ 37.6x31.4 | 40.7x33.9 29x36.3 31x38.7
TIposon.ctpun (MM%) ! 6.3x251 6.8x271 :

R1 | Komnu. xar.nanos 384 |f 128 128 192 192
Konuu.npos.ctpunos i 96 96 :
TN Kavepsl GEM | CWPC-8 | CWPC-8 | CPC-8 CPC-8 i
Konuu.kamep ‘ 2 12 12 12 2
Konnu.kananos 4608 | 2688 2688 2304 | 2304 :

Hziy-man HOBHW3HA H NPAKTHYECKYIO LICHHOCTD QaﬁOTLl

O6aacThi0 HayuHBIX HCCIEXOBaHUI ABJAIOTCA pa3paloTKa KOHUENMUHHM M
OPUHUMIOB  TIOCTPOEHHA  OblcTpoAeHCTBYIOMMX  BbICOKO3((EeKTHBHBIX
MIOOHHBIX KaMep, HCCJIEIOBAaHUE Ha My4KaX NMPOTOTHIIOB, OMBITHLIX 00pa3loB 1
K4aMEP OKOHYATEJbHOH KOHCTPYKIMHM, BKIIOYAt VIEKTPOHMKY, BOMPOCHI
ONTHMMH3aLMM NapaMeTpPoB M pexuMa paboThl kaMep MIOOHHOTO JETEKTOpa B
akcniepumenTe LHCb B nepuon 2010-2012 z.2. (LHC Run 1). INonoxenus u
BLIBOABI  JMCCEPTAalMM MOryT OBITb NPUMEHEHBl Takke B  JpYTHX
3KCMEpPUMEHTaX.




?

OcHOBHbBIE NOJIOKEHHSI AHCCEPTAHH, BLIHOCHMbIE HA 3ALIHTY

1. Bnepeble co3aaHbl BhICOKO3(heKTHBHbIE OBICTpOAECHCTBYIOIINE IBYX- H
4eTBIPEXCIONHHBIE MPOBOJIOYHLIE KAMEPhl C NMaJ0BOH CTPYKTYPOH pasiu4YHOM
rpanynaproct: M1R2, M2R1, M2R2, M3R1, M3R2, M4R1, M5R1. Dtu
Kamepbl MCIBITHIBAIOT HAHOOMbIYIO 3arpy3Ky B 3kcrnepumente. LHCb (1o 500
xl'y/cM?), TpenHasHavyeHbl I8 CEMH BHYTPEHHHX DETHOHOB MIOOHHOTO
aerektopa LHCb-cnektpomerpa, coaepxar ~30000 kaHalOB 3NEKTPOHHKH,
XapaKTepH3yIOTCA BBLICOKHM BPEMEHHBIM paspelieHHeM (~3 HC — CpefHe-
KBaJIpaTHYHOE 3Ha4YeHHE). : :

HoBu3Ha CO3JaHHBIX KaMep — B YHHKaJIbHOH COBOKYITHOCTH CNEAYIOINHX
XapaKTEPHCTHK: ‘ '

* Beicokoe BpeMeHHOe paspeieHue, obecneuynBaroumiee OIM3KYI0 K
100% 3¢ ¢eKTHBHOCTL perdCTpalyi MIOOHOB MATbHO MIOOHHBIMHM CTRHLIMAMH
Ha BpeMeHHOM HHTepBale Af<25 nc' (XapaKTepHCTHKa BBEJEHA BIEpBLIE, TJE
25 ne — nepuoa cnefosauns 6amuedi nporoHor LHC). DT0 cBOliCTBO Mo3BOINIAET
HANGKHO (PUKCHPOBATh NPUHAMNEKHOCTL PETHCTPHPYEMBIX MIOOHOB K
JanHoMy 6aHuy koyntaitnepa LHC u MHHMMH3HpOBaTh OMMHOKY perucTpalHH
HEMIOOHOB;

* Ilpu 3TOM ONHOBPEMEHHO OMNpEAENsIOTCA ABe KoopAauHatsl (X,Y)
TpeKa 1O HOMepaM CpabOTaBIIMX MNaJ0B HE3aBUCHMMO OT YHCIAa TPEKOB B
COOLITHH IIPH TPEMMYIIECTBEHHOM cpabaThlBAHHMH OJHOrO Maaa B KIAacTepe,
YTO XapaKTepU3yeTcs. ClelHaIbHOi HOpMOH — IIHPHHON NPOCTPaHCTBEHHOTO
xnactepa 1.2. DTo CBOHCTBO BaXKHO MpPH PETHUCTPALMM NAphl MIOOHOB 4’y H
HeoOXOMHMMO [N YNpPOIUECHHsS IrOpUTMa IOHCKAa TpeKa IPH -OpraHH3alM{
MIOOHHOTO TPHITEPA IKCIIEPMMEHTAIBHOH YCTaHOBKH;

»  Kamepsl obnanaioT BhicOKMM ObICTpOAEHCTBHEM B TOM CMBICHE, YTO
Onarofaps rapaHTHPOBAaHHOMY YXOJy SJIEKTPOHOB NEPBHYHOM HOHM3ALMH H3
paboyero 3aszopa 3a BpeMs {<25 nc TOTOBBI K DETHCTpalMH COOLITHA H3
cneayomero  6anvya.  IlokazaHo, YTO  NPOCTPAHCTBEHHLIH  3apAl
NIOJIOKUTENPHBIX HOHOB HE OKa3plBAa€T CYLIECTBEHHOTO BIMSAHHA Ha
3G heKTHBHOCTL KaMep JI0 3arpy3oK 500 kI y/cm’.

2. TIlpemnoxxeHa W BIEpBbIE pewIN30BaHA KOHLENUHMA INOCTPOCHUA
OBICTPO/IEHCTBYIOMNX BEICOKO3(pEKTHBHEIX KaMEpP, OCHOBAHHAA HA YIBOCHHH
YHCNa KIacTepoB NMepBHYHON HOHu3aluu B pabodyeM 3a30pe, YTO JOCTHTHYTO
NpoBOJAHLIM OObeJHHEHHEM CHTHAIOB C JBYX CJI0O€B M [pHBEIO K
CYIECTBEHHOMY YNYYUIEHHIO BPEMEHHOTO Da3pelleHns M 3hPeKTHBHOCTH,
KPOMe TOTO, TMO3BOJMIO YMEHBUIHTL B 2 Pa3a YHCIO KAHAIOB 3NIEKTPOHHKH C

236000 nmo 122112 no cpaBHeHmo cO cTapoil KoHUeNuMEH, CyImECTBEHHO
CHH3HTb CTOMMOCTb' MIOOHHOTO JIETEKTOpa.

*  Konuenuus BHenpeHa B 1104 kamepax MIOOHHBIX cTaHUHIi M2-MS5.

3. Jina yMeHplleHHS MajoB JO pa3MepoB MeHbIe | cu B OTKIOHANOIMEH
wockoctd LHCb-cnexTpoMeTpa ¢ uensio ymydIUeHHs YTIIOBOrO pa3peuieHus,
Tpebyemoro mis otGopa coObITHI ¢ NMOPOrOM MO NMONEPEYHOMY HMITYJbCY
MiooHa 1 I'»e/c, BriepBble MPEMJIOKEH H pPeaIM30BaH NPHHLMII, MO3BOJIHBIIMHA
obpazoBbiBats “3ddexTHsHbIA Man” noruueckoii onepauueii M “crpun-naa” B
Kamepax KOMOHWHHDOB3HHOTO (CMEIIAHHOTO) THNA C Y3KHMH ITPOBOJIOYHBIMH
CTPHNaMH (HampuMep, 3. NpoBOJOYKH B cTpunme — 0.6 cM) M LUIHPOKHMH
KaTOJHBIMH NaJaMH (Hanpimep, 3 cm).. [loguepkHeM, YTO TNpPH - PacCTOSHHH
aHozm-karol 2.5 mm 6e3 HapylleHUs ' yCTaHOBIEHHO#H HOpMBI 1.2 Ha WHpHHY
MPOCTPAHCTBEHHOTO KJIacTepa MUHHMAJIbHbIE pa3MeEphI NafoB — 3 cM.

*  BHenpeHue - 3TOro NMPHHLHMINA. B KaMepax BHYTPEHHHX pETHOHOB
NpHBENO K [ONOJHHTENSHOMY YMEHBIICHHIO YHCJa KaHAJIOB B MIOOHHOM
cucreMe (N+M kaHanoB BMecTo NXM), B 4aCTHOCTH, NO3BONUIO YMEHBIIHTh
YHCIIO JICTHYECKHX KaHANIOB I TPHITEPHLIX Leneit ¢ 45 Teicad A0 26 ThIcaY 10
CpaBHEHHIO C YHCTO MafoBOi opraHu3alueii cbeMa HHOpMaLHH;

*  Ha 3TOM npHHUMNE BHIMOJHEHHI * KAMEPbl YETHIPEX BHYTPEHHHX
PETHOHOB MIoOHHOro perekropa M2RI1, M2R2, M3R1, M3R2, kortopsie
conepxar 16128 xananos perucrTpanuy HHGopMauuu.

4. BuInonHeH KOMILIEKC paboT 1O MCCIEJ0BaHHIO Ha My4Kax MPOTOTHIOB H
ONBLITHBIX 00pa3loB ABYX- H YETHIPEXCIOHHBIX KaMep Pa3sNnUIHON KOHCTPYKUHH
C NMPOBOJIOYHBLIMH H MEYATHLIMH M31aMH, C CHMMETPHYHBIM H 2CHMMETPHUHBIM
paboyuMH 3a30pamMHi, KOTOpBIE ' CO3JABAIHCh [Ji pa3JIMYHBIX PErHOHOB
MIOOHHOTO JeTektopa LHCb-cnekrpomerpa. DTH paGoTHl 10 H3MEPEHHIO
3()EKTHBHOCTH M BPEMEHHOTO pa3pelleHHs Kamep, KPOCCTOKOB, IMPOBEPKE
Pa3INYHBIX KOHCTPYKTHBHLIX PelIeHHit, MOMCKY ONTHMAaIbHOM razoBoii cMecH,
MCCIIEJIOBRHHIO PaJHaLMOHHOH CTOHKOCTH, BLIOODY 3JIEKTPOHHKM H Ap.
NO3BONMIN HalTH  TEXHHYECKHE pEIICHHA H ONpPEAENHTh YCJIOBHA, IPH
KOTOpEIX KaMephl MOryT ObITh IpHMeHeHsI B okcnepumente LHCb.

* Tloka3aHO, YTO ACHMMETPHYHBIC KaMephl C - KaTOJAHBIMH -NajaMH,
KOTOpBIE pacCMaTPHUBANHCh B PAHHHX mpoekTax dkcnepumenta LHCb, kxak
0azoBple JUIA MIOOHHOTO JETEKTOpa, He HMEIOT IPEHMYIUECTB - Iepeld
CHMMETpPHYHLIMH KaMepaMH 110 BpEMeHHOMY pa3pellleHHIo H 3ddeKTHBHOCTH
PETHCTPALMHM YACTHL, YCTYMAIOT CUMMETPUMUHBIM Kamepam - 1O ~BpeMEHU

! Croumocts mioonHoro nerextopa LHCb-cnektpomerpa 11 man wseiinapckux ¢pankos.
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cobupaHMs 3NEKTPOHOB H3 3a3zopa H Tei)HIOT MPEHUMYIIECTBO B HIMpHHE
TIPOCTPaHCTBEHHOTO KJIACTEPA YX¢é MPH YPOBHE EMKOCTHBIX KPOCCTOKOB 6%;

*» B MHOYKUMOHHBIX KaMepax ¢ KaToOAHbIMH MaJaMH aBTOPOM
oOHapyXeHbl Mapa3suTHbIE PEe30HAHCHI, HAMAEHBI H YCTPAHEHBI MPHYHHBI HX
BO3HHKHOBEHHSL. :

5. Ha ocHoBe mpOBENEHHBIX HCCIEAOBAaHUI €. HCMOIL3OBAHHEM
CUILHOMOHM3UPYIOIIMX aib¢ha-qacTHll, CMNEHHAILHO BBEAECHHBIX B Ta30BYIO
CMECh, BIIEPBLIE MpPEIJIOKEH Ul IKCIEPHMEHTOB B 061aCTH (GH3MKH BBICOKHX
aHepruil HoBelfi Tun gerektopa — Triple-GEM; BnepBble NMOKa3aHo, YTO B
MMKpPOCTPYKTypHOM - aetextope Double-GEM npobon B OTBEPCTHAX - —
aKTHUBHOM 3JIEMEHTE AeTeKTOpa NPOUCXOJAT NMpH razoBoM ycunenuH 1000 B o
Bpems, kak B Triple-GEM net npo6oes npH ycunenuu 4-10%. C npuopureToM B
3 roga no cpaBHeHHIO ¢ paboTaMy APYrUX aBTOpPORB MOKa3aHo, uto Triple-GEM
MoxeT, a Double-GEM He MOXXeT NPUMEHATLCA B CHNEKTPOMETPaX BRICOKHX
JHeprHii. . : e

»  Ierextop Triple-GEM ycnemHo - npuMeHeH B Kamepax MIRI
MioonHoro naerekropa LHCb-cnektpomerpa, - T. K. Onarogaps MeHbLLIEMY
WHIYKUMOHHOMY 3a30py. | mm nonydeHa MeHbIIas 10 CPaBHEHHIO C
NPOBOJIOYHBIMM KaMepaMM IIMpHHA IPOCTPAaHCTBEHHOTO KiacTepa MpH
pa3Mepax MajfoB B OTKIOHSIOIIE! IIOCKOCTH criekTpoMeTpa 1 cm.

6. BniepBble NpeIokeH M PEeIN30BAH METOJ YCKOPEHHOTO BHIBOJA HOBBHIX
(HEMOCPEACTBEHHO TMOCNE MpPOH3BOJACTBA) KaMep B o6mactk paGouux M
MaKCHMaJIbHbIX HanpsKEHHHM, OCHOBAaHHBIH 6 HA HCMOJB30BAHHH KOPOHHOIO
paspAaga ¢ OTPMUATENbHBIM  HAanpsXKEHHEM: Ha  MPOBOJIOYKAX, IIpH
OJHOBPEMEHHOM OONyu€HHH KaMephl HHTEHCHBHBIM NMOTOKOM TaMMa-KBaHTOB
(40 xI'y/cm®) ¢ dHeprueit 660 k3B ot uctouynuka '*’Cs, yro yckopuio
npoLieypy TpeHHpoBKH ¢ 48.5 v 1o 5 v (BaxkHO NpH NpoH3BOACTBE GONMBLLIOrO
KONMYECTBa Kamep, Kak B MIOOHHOM gaeTektope — 1380 1uT.) U cyllecTBEHHO
YJIYHIUAIIO KaYeCTBO MOBEPXHOCTH MPOBOJIOUEK.

7. BriepBrie NpeIOKEH W PEaTM30BaH HOBBIM METOA KOHTPONS KadecTBa
TMIOBEPXHOCTH KaTOJAOB B  MpPOBOJIOYHBIX -Kamepax, OCHOBAaHHBI Ha
VICTIONb30BAHHH OGTyYeHHs KaMep MHTEHCHBHLIM [TOTOKOM raMMa-kBaHTOB (40
kl'wem?) ¢ ameprueit 660 x3B or ucrounuka '*’Cs; BrepBhle moka3aHa
B)KHOCTBL TAKOTO KOHTPOJIS.

e Meron nosBonMn OGHAPYXMTL B pAfe KaMep 3MHCCHIO C KaToja,
KOTOpas XapaKTepH3yeTcsi TOKaMH B ThiCsdy M Gonee pa3 MpeBbILAIOIMMH

TEMHOBOH TOK, KOoTOpas ocTanach Obl He OOHapyXeHHOH B JlaGopaTopHBIX
TecTax; .

*  VYcraHOoBJIEHAa NPHYHHA SMHCCHUM — MONAJAHHE IMOKCHAHON CMOJBI Ha
MOBEPXHOCTh METAJUIA M3-32 HECOBEPHICHCTBA TEXHOJIOTMH TPOM3BOACTBA
Kamep; .

* OMuccuda mojaBiieHa paspyHieHHEM SMHUTTepoB 6e3 ymepba s
XapaKTepPHUCTHK KaMep; KaMephl ycnemno paborator B akcnepumente LHCb.

8. Brmepsele co3faHa paaMALMOHHO-CTOMKAas JETEKTOPHAas JJIEKTPOHHKA
BLICOKOH CTENEHH HHTErpaluH, HOMycKaolnas MHHHMAaNbHBIH WIyM npH
KOPOTKOM ITHKOBOM BpeMeHH T,=8-10 nc ¥ noawmoyeHud najos ¢ 6omnbinoi
eMKOCTBI0 0 Coem=250 n®, ofecneunsaiomas I0CTATOYHO MAIOE MEPTBOE
BpEMs KaHana perHCTpalii.

9. Pa3paboTaH HOBBIH METOJ PEKOHCTPYKUMH INyMOBBIX paclpeieNeHuil B
ANEPHOM  MIEKTPOHHKE, BINEpBble BHENPEHHBIH B MIOOHHOH CHCTEMe
skcnepumenTa LHCD. ‘

*  Tlo pe3ynsTaTaM CKaHHPOBaHHA NMOPOrOM JMCKPHMHHATOpA IIYMOBOI
JOPOXKH HA BBIXONE YCHJMTENA OMNpPEAE/AOTCA MapaMeTphl NBYX Ba)KHBIX
IIYMOBHIX = pAacrlpelle/iCHHH: Ha BXOA€ TMpPEAYCHIHTENd H Ha BBIXOAC
JNUCKPHMHMHATOPA, KOTOPhIE MCIONBL3YIOTCA U1 BhI6Opa M YCTAHOBKM pabouux
TIOPOroB B KaHaiax MIOOHHOTo Actektopa (122112 xaHanoB) ¥ MO3BONAIOT MO
XapakTepy paclpefeieHHH BBLINONHATL MOHMTOPHHT  3JIEKTPOMArHUTHBIX
YCIIOBHH B OKPECTHOCTH MIOOHHBIX Kamep B IIaxTe;

10. MeToa onTHMM3aLMHM pexuMa paboThl Kamep MIOOHHOTO JETeKTopa,
OCHOBAaHHBI Ha MHHMMH3ALMHM Ta30BOr0 YCWIEHHs, YTO MOXHO CHeNaTh,
BEITIOJIHMB CJIEAYIOIUHE YCIIOBUSA:
o MuHuManbsHbIH 1yMOBOH NOPOT 3JIEKTPOHMKY;
o MaxkcuManbsHbplii TOPOr PErucTpaluH B MEPBHYHBIX SNEKTPOHAX, [pH
KOTOPOM BRLINONHAETCA HOpMa 3((PEKTHBHOCTH PErHCTPalMH MIOOHOB BEICOKHX
JHEPTrHil Ha BpeMEHHOM HHTepBase Ar<25 uc.
*  MuHMMH3aLKMA Ta30BOTO YCHIIEHH B CBOIO OYepe/ib TapaHTHPYeET:
'~ MunHManbHble KpOCCTOKH (Bce BHABI KPOCCTOKOB);
MHuHuManeHy10 MUPHHY NPOCTPAHCTBEHHOTO KIacTepa;
MHUHMMaIBHBIH IPOCTPAHCTBEHHEIH 3apaL;
MHHHMaNBHOE  HAaKOIUIEHWe  3apsfa KaMepoil B TeueHHe
3KCIIEPHMEHTA. ) ‘
*  MeTon HMMeeT mNpeACKasaTeNbHyld CHIY: TNPH PacCOrNacoBaHHH
pacyeTHOro M YCTAHOBJIEHHOrO peXHMMa BHIHO, Tle W HACKOJLKO IOPOT

O 0 0O
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PETHCTPalMH B MEPBHYHBIX IEKTPOHAX OTIUIGHAETCS OT PACYETHOrO 3HAYCHHUH,
i€ H Kakas TpefyeTcs noacTpoiika.

11. IlpennoxxeH HOBBI METOJ NMHArHOCTHKH MIOOHHOH CHCTEMBI, OCHOBaHHBIM
Ha MOHHTOPHHTE 3KBHMBAJEHTHOrO ILIYMOBOTO 3apsAla B KaX[IOM KaHaie
YCTaHOBKH B TeUeHHE BPEMEHH JKH3HHM [ETEKTOpa, BIEpBbie BHENPEHHEIH B
MI00HHOH cHcTeMe skcriepuMeHTa LHCb ¢ nensio oO6HapyxeHus Ha paHHeit
CTagMH pa3sBHTHA TaKHX HEXKENaTeNbHBIX sBIeHHA H 3ddexToB, Kak
paavallHOHHOE CTAPEHHE M MEXaHHYECKasA yCTaJIOCTh KOHCTPYKLIMH KaMep.

12. PesynbTaThl W3MepeHMH OCHOBHBIX XapaKTepHCTHK KaMep MIOOHHOTO
JleTEKTOpa, BIIEPBBIE MOJYy4YEHHBIE B YCIOBHAX OJkcrepuMeHta LHCb Ha
CTAJIKMBAIOIIMXCA MPOTOHBIX ITydkax ¢ 3Hepruei 3.5 u 4 T»>B Ha my4yok npH
ceetumoctd 4-10% c’cm?, mpeBblIaroliell MPOEXTHyR0 B 2 pasa M IIPH
CBETHMOCTH, MpPEBLIMIAIONIEH HPOEKTHYIO B 5 pas.

* B ceancax askcmepmmenta LHCb  2010-2012 22 (LHC Run 1)
6naronaps  Bbicokolf 3ddexTHBHOCTH paborhi Becex moacucreM LHCb-
CIIEKTPOMETpa BIEPBbIE NONYYEHBl BAKHbIE Hay4YHbIE: PE3YJLTAThI, KOTOPLIE
BhiBenH 3kcniepuMeHT LHCb Ha ypoBeHbL MHpPOBOTO JiMa€epa B 06/1acTH GHIHKH
B- 1 D-Me30HOB; 3a 3 roxa pabotsl HakomieH 6ofbLioll 00beM YHHKaJIbHBIX
JaHHBbIX, 06paboTka KoTophix npopoiikaerca. C 2010 Ha koHen 2013 roaa no
¢u3uKke omybiarkoBaHo Gonee 220 paboT M CAENaHO CTOJBKO Xe NOKIaAoB Ha
MEXIYHapOAHBIX KOH(EPEHIMAX C HOBBIMM - PE3YJIbTaTaMH 3KCHEpPHMEHTa
LHCb.

JIMuHbIii BKAAA INCCEpPTaHTA
Onpenensrommit Briag — .. 2, 3, 5,6, 7, 9, 10 11, aKTHBHOE y4acTHe —

nn 1,4, 8, 12.

Anpo6auung paboTnl U NYOAMKALIHH

Jucceprauus ocHoBaHa Ha . pesynbtarax HUOKP u pesynbratax pabor,
ony6nnKoBaHHBIX ¢ kKoHIA 90-x ropoB no 2013 roa sxmounrensHo. TTo TeMe
accepTaluy omyOJIMkoBaHO 53 medatHble paboTHl B XKYypHalax, B cOOpPHHKax
TPYZAOB MEXIYHapOAHBIX KoH(pepeHIMH 1 B Buje coobmenuit [INAD u CERN.
MHorue BONpOChl, HINIOKEHHBIE B AHMCCEPTALMH, AOKIAJBIBAIMCh aBTOPOM H
obcyxnanuch Ha coOpaHMAX MexayHapopHo# komnabopaumn LHCb u Ha
ceMuHapax. J[Be paboThl no TeMe AMCCEPTAIMH HPEMHUPOBAHBEI HA KOHKYpCax
myqymux pabor [MAAD B 2006 r. u B 2011 r. Tlo TeMe guccepTallMK 3aMIMILEHO
[Ba MIaTeHTa Ha I0JIE3HYIO MOAEIb.
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O6beM ¥ cTPYKTYDPA AHCcepTAIINY

Huccepraums COCTOMT U3 BBENEHMs, WECTH INIAB M 3aKmoueHUs. O6neM
aucceptaumy 372 ctpanuusl (Ge3 mpunoxenuit — 323 ct1p.), 257 pucynkos u 32
TabJIULBL

KPATKOE COJAEPXAHHE PABOTEI

Bo BBegeHHH NpHBOAHTCA MOTHBAlMA, PAacKphIBAIOTCSA aAKTYaNbHOCTh M
3agauym skcnepuMenta LHCb nHa BonbiomM anpoHHOM Xoinmaiifiepe, KpaTko
OMNMCBIBAETCA LHCb-cnepromeTp, KOTOPBIil OCTPOEH € YYETOM 0COBEHHOCTH |
poxaeHusa nap b-KBapKoB (KBAapK—aHTHKBApPK) B Y3KOM -KOHYCE YIJIOB [0
OTHOIIEHHIO K HANpaBJICHHIO CTaJKHBAIOLIMXCA MPOTOHOB M COCTABJIACT IO
TeJlecCHOMY Yry 4% OT 47m-reoMeTpud. MIOOHHBIH NETEKTOP PETrHCTPHpYET
cnaboB3auMOEHCTBYIOIINE YACTHIEI — MIOOHBI, POXKIAIONIMECT B pacMajiax, u
NOKPBIBAaCT BHELIHIOW Iwtomans LHCb-ciektpoMeTpa, cocTaBnsomyio 435 m?,

B rnase 1 cpopMmynupoBaHa HOBad KOHLEMUMA MOCTPOSHMs KaMep UIA
MiootHoro aerekropa LHCb-cnextpomMeTpa. Oco6eHHOCTh HOBOTO KOMnalifepa
B TOM, YTO CTOJNKHOBEHHE NYYKOB MPOH3BOAHTCA ¢ HacToToil 40 MI'y (nepuon
25 Hc). Ind JNOCTHXKEHHS BBICOKOTO OBICTpONEHCTBMA KaMep Heo6GX0auMo,
yToObl paoumit 3a30p kamep ObUI “Y3KMM” — TaKWM, YTOGBI IIEKTPOHBI
NEPBHYHOH HOHU3ALMH, BO3HHKIINE B 3a30pe NPH NPOXOXKAECHHH 3apsiKeHHOM
YacTHLb], yAUIHCh U3 pabouero 3a30pa kaMepsl 3a BpeMs, He IpeBbILIaioniee
25 wne. C gpyroii cTOpoHsl, 3a30p JODKEH ObITh JOCTATOYHO “ITUPOKHAM”, YTOOBI
3¢ (eKTHBHOCT, perucTpald MIOOHOB OblUta Bbicokod. HoBasd xoHuemums,
paspaboranHas B [IMSI® aBropoM c komneramu, MpHBena K OTKasy oOT
NIEPBOHAYabHOH KOHLENLHUM, H3JI0KEHHOH B mnpoekre 1998 roma [3]. B
razoBoii cmecu Ar(40%)CO:(50%)CF4(10%) MwooHbl 0Gpa3yloT Ha IJIMHe
TpeKa 5 MM B MMHUMYME MOHH3alMH #=13 NnepBHYHbIX KIacTepoB (n.x1.), a Ha
miaté — 18 nkn. (B cpemseM 15.5 n.xn.). ByaeM cYMTaTh, YTO BEPOSTHOCTH
obpa3oBaHMA k KIacTepoB Ha [UIMHE TpeKa X NPH CpeaHeM n MOAYHHAETCA
("'x)k -nx
€
pa6ouero 3a3opa kaMephl 4, 0<x<J. MoxHo YTOPSI0YATL KaX/Ibli KIacTep ¢

HOMepoM j (I <j<k) B HANPaBIEHMH X IEPHEHAMKYIIAPHOM JJIEKTPOIAM:

cratictike IlyaccoHa pp = , TAE X NMPOHOPMHPOBAHO K LIMPHHE

AN = Zsnle™ O

YrnopagoyeHHoe B NpocTpaHCTBe pacnpenesnieHue (1) mpeoGpasyeTca Bo
BpEMEHHOE pacnpesiefieHHe, Kak (QYHKUMA f, BBEACHHEM CKOpoOCTH [peiida
3JIEKTPOHOB B 3a3ope w=dx/dt. TlocTpoeHHEM BpEMEHHEIX paclpeneleHHii
TaKHMX, KaK MOKa3aHO Ha pHc. 2 JUIA pa3iM4HBIX HOPOTOB j, MOXHO HaiTH
KOMIIDOMHCC, pa3pellMB YKa3aHHblE BBILIE IIPOTUBOPEYMS, .CBA3AHHLIE C
BBI6OpOM IIMpHHBI 3a30pa. JUia yaoGcTBa NpoBeeHHs KaueCTBEHHOTO aHanu3a
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OypeM c4ddTaTh, -YTO 9HCNO NEPBHYHBIX 3NEKTPOHOB (1.37.) paBHO YHCIY
NIEPBUYHBIX KNacTepoB (n.xr.), T. €. B KlacTepe OfHH 3nekTpoH. K ToMy ecTsb
OCHOBaHHA — B ra3oByI0 cMech fo6aBneH CFy, 4To MOBHIIIAET CKOPOCTH Apeiida
3JIEKTPOHOB B MOJIIX BAAIH OT MPOBONOYEK, HO 3TO — 3JEKTPOOTPHLATENbHBIH
ra3, yMeHbIIAIOIHH THCI0 NEPBHYHEIX SIEKTPOHOB, 0COOEHHO B CIabBIX MOJIAX
BJIJIH OT IIPOBONOYEK.

g > TF p DO

03 3 nmin=13 o X 3 Nmin=26
IETRAYA @ VATA ol £1'5 7. " AWAY
0:7 A 'v A \ 0:7 HIATA \ A LA
BT ¥ ITA WAV bol: 17172 AR AR
R A AT YAY bl <1 F LA R
o T A TSN os ARSI
R FE TN 2 TR ol |1 {1 ETAR WA
02 IHHL N o IEEANICNE
o1 JALAL NS O'IW\\‘ AN
o 344 UL PRI e oty 0 YL epa Ny S
0 010203040506 070809 1 "0 010203040506 07 0809 1
T FEEEEEe | | PR
0g 14K ’ =8 0s 1AL
07 Lt AL AANAS o7 LilLL/4
FAY ST AN S T
08 < At P 06 At
o5 L AL T Tyl 05 +1IELIT ]
0 01020304 0506070809 1 0 01 020304050607 0809 1
Bpeus (o1H. 1) Bpes (oTR. e3.)

Puc. 2. Bpemennvie pacnpedesenus, nonyuennvie no gopmyne (1) npu pasnuuneix nopozax
pezucmpayuu j=12,..,8 npu nocmosunoil ckopocmu Opeiia NEXMPOHOS W ONA PARMUIHBIX
eapuanmos opeawusayuu Kamep C OOUHAKOBLIM paccmosnuem anod-xamod h: odwocaotinasn
CUMMEmPUUNAA NPOGONOYHAA Kamepa ¢ 3asopom 2h=5 mm (a); deyxcnoiinas kamepa ¢ nposodHsM
obvedunenuem 0syx caoee ¢ 3asopom $h=10 mm (6). Bnusy uwmezpuposanuem no x npu mex e
YCOBUSX nOMYueHbl  3asUCUMOCTU 3ghdexmuenocmu Ha gpeMenHcm unmepsane At om nopoza j
(nrowade nod xpusoii pacnpedenenuil, noxazawnvix @eepxy). ITynxmupwoii nunueii noxazaw
npedenvnbtit nopoz j=1. Bpema cobuparus snexmponos u3 pabouezo 3azopa odunaxkoeéoe, m. K.
onpedensemca h. Hao zaguxamu noxasanvi ycnogHvie cxembl Ogyx CPASHUBACMBIX MEXHUYECKUX
PpeuwieHuil: CUZHANLHLIE 3AeKmPO0  — MOYKY, YCUAUMENb — . Mpey2OnbHUuK, OUCKpUMUNAmop —
NpAMOY20NbHUK.

Pacnipenenenvs, NpHBENCHHBIE Ha PHC. 2, NOCTPOEHB! A Pa3sHIHBIX
TIOPOTOB j B MPEANONOXKEHHH NOCTOAHHOR ckopoctdH w=100 mxm/uc npeiida
3JICKTPOHOB B I10JIy3a30pe aHoA-KaTox h=2.5 mMm At OByX ciydaeB: 1) n=13 —
OJHOCNOHAd CUMMETPHYHAs IIPOBOJIOYHAA kamepa H 2) n=26 — nByxcioiiHas
KamMepa C [pOBOAHBIM O0ObeNWHEHHEM clioeB (IPH CIOXEHWH JBYX
pacnpenenenuii  IlyaccoHa cpennue 3HaueHus cymmupyrotcsa). Hlupuna
pacnpenencHuit MPH OJHOM H TOM K€ MOPOre, KaK BUIHO, OTJIMYaeTCA HOYTH B
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2 pasa. MOXHO MOKa3aTh, YTO INPH JIOTHUECKOM OOBEAMHEHHH MBYX CJIOEB
[IHpHHA pacrpefeseHHii OTIHYaeTca B V2 pa3 (cM. puc.3). Homyuennsii
“samac” no Af NO3BOJSIET CYUIECTBEHHO YBEIHUYMTh [pefiel Ha €MKOCTh
JIETEXTOpa, T. €. CTPOMThL GONBLIME Najbl BO BHEHIHHX PErHOHaX MIOOHHOTO
neTexTopa, ¢ GONBIIMM ITyMOM 3/IEKTPOHUKH. BrepBnie BHICOKOE BpeMeHHOe
paspewrenre 6,=3.2 nc ¥ 3¢ dekTHBHOCT £=98% Ha BpeMEHHOM MHTepBale
At=25 nc OBUIO TIOMyYEHO aBTOPOM T@IpH MPOCTEHMEM . TNPOBOJHOM
o06beMHeHHH BCEX NPOBOJIOMEK ABYXCIOHHOM kamepst 100x100 mm? B Kamepe
C CyMMapHBIM 3a30poM aByXx cnoeB 5 mm [4]. Takum obbenuueHneM Obul
o6pasoBaH oTHOCHTENBHO OonbIoil max ¢ miomanso 100 cm?, ¢ eMkocThio 200
n®d (3xBUBaNEHTHBIH MIymMoBoii 3apsan 10000 axn.).

Ha puc. 4 nokasaHsl IPOBONOYHEIE KaMepbl MioonHoro perektopa LHCb-
CIIEKTpOMeTpa TPEX MPHHIMITHATBHBIX CXEM C NaJIoBOJ CTPYKTYPOit pasniMiHOH

I'paHyJIpHOCTH.

0
Slngle apl amazmsEme
Single gap2
............D... ] Bigap?

Puc. 3. Cxema nozuseckozo o6vedurenus cioes 8 O8yxXcnoiinbix xamepax mioonnoi cmanyuu M1 (a)
’ - -
U NPOBOOH020 — 8 HeMBIPEXCROIHbIX KaMepax MIOOHHbIX cmanyuti M2-M35 (6).

9 T T o 9 TPIT
TOOUOT e .
§- ‘ ! | osa310md f\)’
memmu;i@@@@
A;: _____________________ 1levaTawnii
il v v oa12 . w

Puc. 4. adoewe kameput WPC — Wire Pad Chamber (a); CPC — Cathode Pad Chamber, wupuna
Npo8ONOYHO20 CMPUNA pagHAemcs wupure nevamno2o naoa (6); npuwyun nocmpoexus xamep c
nadoeoii cmpykmypoii kombuHuposantozo . (cmewannozo) muna (CWPC — Cathode-Wire Pad
Chamber) ¢ npogonounbiMu cmpunamu u xamoOxbMu NA0AMU, 8 KOMOPbLIX WUPUHA NPOBOAOYHO20
cmpuna Menviue wWUpuHBl neyamno2o nada, a ‘s¢pexmuenniii nad” obpazyemca nozuveckoil
onepayueii H “cmpun-nad” (s).

Kounenmnus . yaiBoeHHs 4HCJa KJIAacTepOB nepnmmoii HOHH3AIIMH B
CyMMapHOM pa6oqu 3a30pe€ MPOBOAHBIM 06'l>ellPlHeHHeM CJIOEB Jierjia B OCHOBY

CO3IaHHA 1IEJIOr0 CIIEKTpa ‘lCTLlpCXCJIOﬁH.LlX KaMep Ajid MIOOHHOrO OE€TEKTOpa
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LHCb [5-9]. BaxxHO OTMETUTS, YTO C IPUMEHEHHEM MPOBOXHOrO 00be AMHEHMA
IBYX CJIOEB YHCJIO KAHAIOB OJJIEKTPOHHKM B YETHIPEXCIOMHBIX KaMepax
yMeHbIIaeTcs B 2 pasa (puc. 3).

060611258 KOHLIEMUHIO, MOXHO 00BEIUHHTEL TPH CJIOA C COOTBETCTBYIOLIMM
YMeHBIIEHHEM Hh  Kkaxiaoro cinos. Takoe oObeIMHEHHE MOXeT OBITH
BocTpeOOBaHO Ans paboTh ¢ noBhimeHHOH cBetMocThio LHC Ha 3rame
MOJCpHH3AlMM MIOOHHOTO JETEKTOpa Ui AOIOJIHHTENFHOTO YMEHBIIEHHA
MEpTBOIO BPEMEHH U ITPOCYETOB (HO HEOOXOAMM pa3syMHBIH KOMIIPOMHCC, T. K.
4eM MeHbIIIE 3a30p, TeM Ooiee xecTKHe TpeOOBaHHA K KOHCTPYKUMH U TpyIHee
clienaTh MPOBOJIOYHYIO KaMepy).

B riaBe 2 npuBeeHs! pe3yNbTaThl UCCIEIOBAHMSA Ha My4KaX MPOTOTUIIOB
U ONBITHBIX 06pa3LioB kaMep C MafoBOH CTPYKTYypo#l BCeX MEpeYMCIEHHBIX
THIIOB M TIPAHYJIAPHOCTH, IpEAHA3HAYEHHBIX I ‘20 pErHoHOB MIOOHHOTO
HeTektopa. BnepBrle nByXcnoifHas KaMepa C IIPOBOJIOYHBIMM TaflaMH THIA
WPC ¢ ynBoeHHeM qHcia NEPBUYHBIX KIACTEPOB B 3a30pe Gbula paspaboTaHa B
IMYAD [5]. Mpu uccnemosaHun Ha Mydke NMH-ME30HOB C 3Heprueil 3 e
[IpOTOTHIIA TaKoH KaMepHlI, HaIOJIHEHHOH ra3oBoi CMECBIO
Ar(40%)CO,(50%)CF 4(10%), ¢ nuametpoM npososiouek 30 mxm, ¢ Inarom
1.5 mm ¥ 3a30poM A=2.5 mm, c IPOBOAHBIM OOBEIUHEHHEM CIIOEB, C IUIOILANLIO
naga 8x16=128 cm’ u emkocthio Coem=200 n® mnomyd4eHO BpeMeHHOE
paspemieHue 0,=2.2 nc u 6nm3kas k 100% 3¢dexTuBHOCTL perucTpaiuy Ha
BPEMEHHOM HHTepBate Af=20 nc. DKCIEPHMEHTAIBHO MOKA3aHO, YTO KaMepsl
WPC ynosnerBopseT TpeboBaHuAM dkcriepuMenTa LHCb no 6bicTpoaeiicTBuio
U 110 TAKOMY MapaMeTpy, Kak IIMpHHa NPOCTPAHCTBEHHOIO KIIACTEPa, A TAKKE
HMEET OTHOCHTENILHO HH3KHI{ YPOBEHB KPOCCTOKOB.

JIByxciioiiHble HHOYKUMOHHBbIE ManoBble kamephi CPC-Tuna ¢ nuaMeTpoM
NPOBOJIOYEK, IIAroM, 3a30poM, Tra3oBod cMecero kak WPC, Takxke
BBINIOJIHEHHBIE C YABOEHHEM 4YHCJA MEPBHYHRIX KIACTEPOB B 3a30pe, HMEIOT
MEXIy Ne4YaTHbIMH NajgaMy 6oJiee BEICOKHME €MKOCTHBIE KPOCCTOKH, T.K. BBILIE
AM3JIEKTpUYECKasd NPOHUIAEMOCTh cpebl. Ha pHc. 5 npuBeleHbl 3aBUCHMOCTH
BPEMEHHOTO pac3pemieHds M 3Q(EKTHBHOCTH KaMEpHI-IPOTOTHNA Ha Tpex
BpPEMEHHBIX HHTepBanax Ar=15, 20, 25 #c OT HampsikeHMs, NOJyYEHHbIE HA
My4Ke NH-Me30HOB ¢ 3Heprued 3 I»B. TlomyyeHo BpeMeHHOE pa3pellieHHE
0,=2.1-2.5 nc n 6muskas x 100% 3(¢eKTUBHOCTL perucTpaudH 4YacTHI[ HA
BpEeMEHHOM HHTepBase Ar=20 wc npu noporax perucrpauuu 3-5 n.on. Kak 1
OXHMAATOCH, [NIABHBIM (PaKTOPOM, ONpECIAIOIHAMH BPEMEHHOE pa3peliCHHE
CPC- n WPC-kamep, BIdeTCSd OJHHAKOBOE YHCIO NMEPBHYHBIX 3JIEKTPOHOB,
obpasyronuxcs B pabouem 3a3ope 44. U3 puc. 5 BUAHO MO “BHINONAKHBAHHIO”
3aBUCHMOCTH BPEMEHHOro paspellleHHA OT HANpsKeHHd, YTO IpefeSibHbIA
nopor Th=1 n.an. HaxoauTcs NMpH HanpsbxkeHUH HV=3.4 xB. U3 aMmuuTy IHbIX
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U3MEPEHHi M3BECTHO, YTO Ta30BOE YCHJIEHHE YABAMBACTCA IPH M3MEHEHHH
Hanpsbkenus Ha 100 B. 3To Mo3BOMAET ONPEAETUTE ITOPOTH B A.9. TPH APYTHX
HanpmxeHuaX. [10 MepBoMy 3MEKTPOHY (MKCHpYeM MepBBIii KOHeW 3asopa h.
TIpu 3.25 B nopor cocrasut 2 n.an., npu 3.15 kB — 4 n.an, 3.05 kB — 8 n.an,
295 kB — 16 n.an. BumHo, 4To 3dQeKTHBHOCT HAuMHAET “3arHbaThCs”
HpUOIH3KTENEHO NP HAnpsxeHHH 3 kB, 4To OOBACHAETCA TEM, YTO HOpOr
npHOIM3MIC K CpellHeMy UHCIy o0pa3oBaHMA KIacTEpPOB Ha JUIMHE Tpeka 5,
mM. Tlo ykasaHHOMY mopory ¢MKCHpyeM BTOpoH KoHell 3asopa h. Ecmu
3aBHCHMOCTh BPEMEHHOro pa3pellleHHs OT HaNpMKEHHS alNpOKCHMHpOBAaTh
OBYMs TpAMBIMM (KUpHBlE IYHKTHpHbIE JIHHHMH), TO MOXHO HaiiTH, 4TO
HAKJIOHB! HPAMEIX OTIIHHAOTCA B 2.5 pasa. Bynem cuurats, YTO AN OAHOM M3
NpAMBIX CKOpPOCTH Apeiiha H3BecTHa u coctasisieT 90 mm/uc — y xatosia (cM.
puc. 6), 3HaYMT A APYToii NpAMOH ckopocTh Jpeiida Gonbwe B 2.5 pasa H
cocrarigeT 225 mim/nc — BONM3N aHoja. Takoe onmHCaHMe  ITONYYEHHOM
3aBHCHMOCTH I03BOSCT OLIEHWTh IIOJIHOE BpEMs COOHpaHHA 3JIEKTPOHOB U3
3asopa aHon-Kartof A kak 16.6-19.4 nwc (Wi pasHBIX anNNMpOKCHMAMii,
TOYHOCTE KOTOPBIX HEBBICOKAsi, HO MO3BOJAET CAENATh BAXKHYIO OLEHKY).
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Ha puc. 7 UpHBEACHH 3aBHCHMOCTH BPEMEHHOIO pa3peileHHs M

s¢dexTUBHOCTH ABYXCNOMHOHA kamepei-ipotoTHna CPC Ha nHTepBamax 20 H
25 HC OT MHTEHCHBHOCTH ITy4Ka, XapaxTepusylolse OpicTpolciicTBHE KaMepbl
M MEpPTBOE BPEMs KaHamA pErHCTPAllMH, H3MEPEHHBIE COBMECTHO C
JeTeKTOpHO# 3ekTpoHnkoii ASDQ+ [6-8].
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ckopocmu Opeiiha INeKMPOHOE OM 3HAENUA INEKMPUNECKOZ0 NONA (6). Cmpenxu yxazviearom na
senuuHy cxopocmu opeiiha anexmponoe ebnuzu xamoda — 90 mxm/ne.

fs tog: RUR SN
[# Em0 2 Em5 o Time Sigma I

£(%) Ot (HE) <ot

100 — i — 5 R

;\ ™M= 5 0 HC S TA T i \ i !,-r

095 I~ 4 : Bpema goﬂupauux .

5 e e ;

- — 5 3 .

[%-3
&
13

N

Efficiency (%)
4

88 RN 1| Borxod duckpumusiamopa —
ars o LMepmeoespens xanana(ry) o

L=

100 200 300 400 500 600 B e
a) Humencusnocms nyuxa N (xI'y) )

Puc. 7. 3asucumocmu epemenndzo paspewernus u aghpexmusrnocmu CPC-kamepu: 60 spemennim
oxre 20 u 25 Hc om unmencusrocmu nyuxa, usmepentbie c Oemexmopnoii anexmporuxoii ASDQ++
¢ nuxosvi epemenes 8 nc (a). Ilo nadenuto sppexmusrocmu na 2.5% uz-3a npocuemos npu
unmercustocmu nyuxa 500 kI'y nomyuaem maxyio sce wupuny umnynsca 50 He, xaxas noxazana na
sb1x00e QUCKpUUHAMOpA; 6pemMs cobupanua EKMPOHOE U3 3a30pa kamepbl ompaxcdem gponm
umMnyabea Ha evixode ycunumena (6).

Kax BHHO, BpeMCHH(')C pa3pemeHne oCTaeTcad INOCTOAHHLIM B HIMPOKOM
HHTEpBAJIe HHTEHCUBHOCTEH, BILIOTH 10 N=500 xl'y/kanan, Ho >ddekTHBHOCTS
€ YMCHBIIAETCA H3-3a npoc4yeToB, T. €. H3-3a MEPTBOI'O BpEMECHH KaMeEpsl H
MEKTPOHHKH. IIo OTHOCHTENBHOMY YMEHBIIEHHIO 3(h(EKTHBHOCTH defg,

MOXHO OLEHMTh, 4TO WIMPHHA HMMITYNLCOB Ha BHIXONE JMCKPHMHHATOpA
1-Ae/eg 10975
——Fi’-z—s—Fx 10=50 nc, uto cormacyetca c

YABOEHHBIM BpEMEHEM COOHMpAHMA 3JIEKTPOHOB M3 3a30pa BMECTE C IHKOBBIM
BPEMEHEM YCIIHTENS, CM. GPOHT CHIHANA M MIHPHHY UMITYNILCA IO OCHOBAHHIO
Ha BBIXOJIE YCIITHTEIA Ha pUc.76.

COCTABJIACT Ty =
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Ilocne co0upaAMA SJEKTPOHOB HMOYIAhC HA BRIXOAE YCHIMTENd-
¢opmupoBatenss ASDQ++ IOpHMEPHO CTONBKO € BPEMEHHM CIIAfacT, CKOJILKO
HapacTal — noayrayccnas [6]. _

Ha puc. 8 mpuBeleHE! pe3ynbTaThl H3MEpEHHH Ha IMydKe NH-ME30HOB C
sueprueit 3 5B XapaKkTepHCTHK deThpeXciaoiiHoi CPC-xamepsl ¢ 8-10 pagamn
najoB, pasmepsl KOTOPEX 2.8x3.5 cm? [9]. Kamepa umeer 384 kaHana CreMa
Hupopmaryi — 1o 192 xaHana c xaxnoi ayxcioiiHo# xameps! (Bigap AB "
Bigap CD) n »nextporumky ASDQ++. Brmio, kak M Ha pHc. 6, WTO IL1aTd
3¢ ($eKTHBHOCTA perHcTpanyy yactvi B okHe 20 wc — 500 B. Omnako, kak
JONOJIHATENEHO NMOKa3aHO Ha pHCYHKe, IIaTé ymeHbmmIocs no 300 B, ecin
NpUHATL 32 HOpMY IMHPHHY IpOCTpaHcTeeHHoro kmactepa CS=1.2. Hlupuna
IPOCTPaHCTBEHHOTO KIIACTEpPa BhI3BAHA HHIYKIMEH 3apana, JOKATM30BAHHOTO
Ha IPOBOJIOYKE, ¥ ONPEAEIAETCA BETHINHOMN 3230pa. H IOPOrOM PETHMCTPALIHH B
TIepBUYHBIX 3NIEKTPOHaX (7.32.), CM. SMIMPHYECKyI0, popmyiry (2):

' . 0.442
(CS)rhmtnan = 1+5.75 (C)rhmanan = 1+ 573 (C)rhesnan = 1+555 ()

rae W — ¢mpdeckad IApHHA KaTOMHOTO Maja B cM, h=2.5 mm — 3a30p aHOA-
Katoj npu mare nmpososodek 1.5 mm. Hopme CS=1.2 ynopneTsopsieT MHpHHA
KatogHoro maga 3 cm (2 om) npu nopore Th=3 n.an. (6 n.an.). Ilpy MEHBHINX
pasMepax naga 6ymyT cpabarkiBath 1Ba mafa oxHoBpeMeHHo. K 3nauenmo CS
I00aBILIOTCA DNEKTPHIECKHE KPOCCTOKH dYepe3 E€MKOCTHhIE CBA3M, BKIAf
kotopbix B CPC-kamepax Ha mopsfok Oombme, deM B WPC, U KOTOpHIE
clenyeT MHHUMH3APOBATh COOTBETCTBYIOMEN KoHCTpYyKImeii [10].
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HccnenoBanns  kaMep-nmpOTOTHIIOB HA My4dkax ¢ ULenbl0  MOHMCKa
ONTUMAIBPHOH KOHCTPYKIMH C MHHHMAJIBHBIMH  KPOCCTOKAMH  3aHANH
3HAYHTENLHOE BPEMS; JOMONHHTENBHBIE PE3YNbTaThl M3MEPEHHHt MOKHO HAWTH
B pabotax {11-14]. Arropom muccepraimn ObUiM OGHApYXEHE! Mapa3sUTHLIE
pesoHanchl B CPC-kaMepax o HaiineHs! cioco6rl MX moaasnenud [10]. B rnase
2 NpUBENEHHI TAKXKE pe3YNbTATH CPAaBHUTENLHOIO MCCNEAOBAHMA HA ITyuKe
aByxcnoiiHeix  CPC-kamep: €  aCHMMETPHYHBIM  3330pOM M OJHHM
CCTMEHTHPOBAHHBIM KarofoM (OnuxkaifmieM K mNpoBoNOUKaM), a TaKke
CHMMETPHYHOH  Kamepel ¢  [BYMA  CETMEHTHDOBAHHBIMH  KaTOJaMu
(“cynepcummerpryHOi” kamepbl). CyMMapHble 3a30phl  COCTABIISIOIIUX
CTPYKTYPY KaMep paBHBI:-h/+h2=5 mm B acUMMeTpH4yHOU M 2A=5 mm — B
CHMMETPHYHOH. AMIUTMTY/JIbl CUTHAIOB B TaKHX Kamepax IOYTH OJUHAKOBELIE
[13, 14]. Kamepr! 6b11n coOpaHbl B OAHOM KOpITyce M Ta30BOM 00BEME ¢ TeM,
4TOGEl 06ecneuuTh OJHHAKOBBLIE YCIOBMA H3MEPEHHIf, T. K. OXHIaeMbIii
sddexr HesHayuTenbHbl ~20%. VY acHUMMeTpHYHOIl Kamepsl IUMPHHA
IPOCTPaHCTBEHHOTO KJacTepa OKasalach MEHbLIE YeM Yy CHMMETPHUHOIA,
O/[IHaKO NPEHMYLIECTBO HUCYE3AET C YBEIMYEHHEM JIEKTPHYECKHX KPOCCTOKOB
10 6%, MO3TOMY aCHMMTpPHYHBIE KaMephbl He Hauuid npuMeHedus B LHCD.

WHayKkunoHHbIH 3a30p 1 MM JIeTko JOCTHraeTcs B MHKPOCTPYKTYPHOM
JETEKTOPE, BHINOJIHEHHOM HA ra3oBOM 3JIeKTpPOHHOM yMHoxutene GEM (Gas
Electron Multiplier) [15]. Hopma CS=1.2 Bhinonnsercs B TOM YHclie NpH
nopore 1 ».21. 3T0 CBOMCTBO OKa3anoch pematonyM B nons3y GEM-zerexktopa
npy  cosgandd  xamMep MIR1 ¢ mmpuHoii mnama B TOpM3OHTANLHOM
(oTksoHsromeit) mrockocth LHCb-cnextpoMetpa Ax=1 cm u Ay=2.5 cm — B
BepTUKaNbHONH. B pabotax aBtopa ¢ xomneramu {16-18] Ha 3 roaa pasble
Apyrux pabor (mMpHopUTET) GBUIO BHEPBLIE MOKA3aHO, YTO NMOA BO3ZAEHCTBHEM
CHILHOHMOHH3HPYIOLIMX 0-4aCTHLL, CIELMAIbHO BBEACHHBIX B ra30BYIO CMECh, B
TpexkackagHoM jetektope Triple-GEM paspsabl B OTBEPCTUAX — aKTUBHOM
3jIeMeHTe HaGMIIONAI0TCA NIPH YCHWIEHHH, MpeBhimaromeM 4% 10%, yto nossonser
YCIEUIHO NMpPUMEHATh TakHe HETEKTOPhl B SKCrepHMeHTaX (U3MKH BBICOKHX
3Hepruit (TaM Xe mnokasaHo, 4tTo B Jerektope Double-GEM npobon
HabGmopatotcs npu ycwienuu 1000, 4T0 HeOIMyCTHMO, TaKOH JETEKTOp GLICTPO
BRIiineT M3 cTpos). B pabore [19] obcyxparotcs npyrde ocoOeHHOCTH
nerexktopa Triple-GEM, rhe aBTOpOM pemeHa cepbe3Has InpobieMa
MHHHMH3aLHUs KPOCCTOKOB BBEICHHEM OJIOKHPYIOIHX KOHAEHCATOPOB.

3HauuTeNbHbIE YCWIHA TpeAnpuHATH  Komnabopaimmeii LHCb B
HCCJIEIOBAHUU OIBITHBIX 00pa3loB MIOOHHBIX KaMep B PaaHallHOHHBIX MOJAX
npu GoNbIIMX HAKOIIEHHBIX f03ax — 1 Kn/em MIMHBI TIPOBONOYKH, YTO
cootBercTBYeT 10 romam pabGothl kamep B 3kcrnepumente LHCb [20]. Oth
HCCIIeIOBAHUA [IPUBEMHU K CIIEYIOLIHUM BaXKHEIM BEIBOJAM:
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1) Karoaw! ¥ KaTOAHBIE Majb! ¢ LEIBI0 NpeaoTBpameHus o6pa3oBaHus Ha
HHX OKCHJHBIX M30/IIMOHHBIX TUIEHOK CJIEXYET BLINONHATEL 30JI0UeHbIMH: 6e3
30JI04Y€HHA KaTOJOB 3aKHChL MeAU Mora Obl BEI3BaTh CO BpEMEHEM 3MHCCHIO C
katoaa — 3ddext Manbrepa; )

2) Hobaska CF; ymeHbIeHa 10 5%, T. K. mpH 10% 3aMeTHO TpaBlicHHE
CTCKIOIIACTHKA;

3) YcranoBneHo npsmbiM HabmoaeHueM, uto nobaska CFy nonesHa, T. K.
‘“UUCTHT” TMPOBONOYKM, MPOTUBOAEHCTBYS OCAXACHMIO paJMKAIOB Ha
NpPOBOJIOYKAX, 4YTO MOXET NPHBOJUTP K BO3HHKHOBEHHIO B Kamepe
HEXeNaTeNbHbIX Pa3pA/IOoB;

4) Jina cHmKeHMs pabodyero HampsDKeHHsi YBEJH4eH Loar IpOBOJIOYEK ¢
1.5 mat 0o 2 mm; :

5) CdopmynnpoBaHEl OKOHYATENLHbIE MapaMeTpakl - IPOBOJIOYHBIX KaMep
IUIA  MIOOHHOTO JETEKTOpa: CHMMETPHYHBIH 3azop A=2.5 mm; auamerp
nposonodek 30 mxm, Imar HaMOTKM - 2 mum; paoumii ras -
Ar(40%6)CO,(55%)CFi(5%). C yBenmnueHnem mara ¢ 1.5 mm 10 2 mm pabouee
HanmpshkeHMEe CHukeHO Ha 500 B; BpeMeHHOH CIeKTp YLIMPMWICA, HO B
JOITy CTHMBIX TIpE/eIIax.

Vamepenus, BLITOJHEHHbIE HAa KaMepaX OKOHYATeJIbHOM KOCTPYKLMH,
NOKa3aIy,  9TO = 3aBUCHMOCTh BPEMEHHOTO pa3pelIeHHs OT HalpsKeHUA
“BhIIIONIAXKHBAETCA” MpH HanpsoxeHnu 2800 B, 4TOo COOTBETCTBYET MOpOry
peructpauuu Th=1 n.on. (cM. puc. 9).

ll) IDwH- @1p conk1,2and 1,3 N(“FCOZ(“YCWE)I 6) lTimo_RMs Ar(wvcc:(ssycmﬂl
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Puc. 9. 3asucumocmu sghpexmuernocmu pezucmpauu M0OH0E 6bICOKUX IHEP2WI (a) U SpPeMENHG20
paspewenun (6) om nanpadxcenus, npusedenHvie OnA KaxXcOOli NApvl 3A30P0E NeMbIPEXCAOUHOL
xamepst M3R1 npu exmouennom u swixmouennom ghome 2amma-uznyvenus 40 xlyem’. M3RI -
KaMepa KomOuHUpOBaHHO20 (CMEWAnHo20) muna ¢ cezmenmayueli oBoux - Kamodos c
“apexmugnou” nadamu 6.8 40.7 mac’.

C yMmeHbmeHMeM HampsxeHMA Ha kaMepe Ha 100 B rasoBoe ycuieHue
yMeHbIaercs B 2 pasa. Ilpu HanpskeHnu 2600 B nopor cTaHOBHTCS paBHEIM 4
n.3n. Ilocnepnuit mpuHATO B KONabopaluy  cudTaTh “ONTHMANBHBIM™ (CM.
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rnaBy 5). Pabodee HanpsxeHHe MOXeT yCTa’HaBJIHBaTbCﬂ B npeaenax ot 2550 B
no 2800 B (umeercs ruiaté 250 B, koTopoe orpaHHYMBAeTCA NPHHATONH HOPMOii
IU1s IWMpUHBI TIPOCTpPaHCTBEHHOrO kiactepa CS=1.2). B kamepax Het npo6oes
no HV=2900 B. TlpuBeneHHble Ha pHC. 9 XapaKTEPUCTHKH MOJyYEHBl Ha
CHELMATLHOM IIydke MIOOHOB ¢ 3Heprueii 100 /3B (X5-SPS, CERN) B
IPUCYTCTBMH WUHTEHCHBHOro ramMma-usnydenus 40 xly/cm? (GIF — Gamma
Irradiation Facility); nocnegHuii 4acTMYHO UMHTHPOBANl OXHAAeMbIl (GoH B
skcniepumente LHCb. M3 pucynka BuiHO, 4To ¢oH, 06pa3yeMblil BKIIOUEHHEM
GIF, He npMBOAMT K 3aMETHOMY H3MEHEHMIO OCHOBHBIX XapaKTEPHCTHK
KaMepHhl — BpEMEHHOTO paspelieHus U 3¢ (EKTHBHOCTH.

B rnase 3 o6cyxnaiorcs BOIpOCH TEXHONOTHH MAaccOBOFO NPOH3BOACTBA
MIOOHHBIX KaMep OKOHHYATENbHOH KOHCTPYKUMH, KOTOpBIE MpPEACTaBIEHB B
Tabnuue 1, ¥ KOHTpoNs KauecTBa NpoW3BOACTBAa. OCHOBHOE BHMMAaHHE B
JAMCCEPTAlMK  YIENAeTcs He CTOIbKO MPOH3BOACTBY, CKOJIBKO mpobieMam
TPEHMPOBKH W TECTHPOBAHMA KaMep BHYTpeHHeil 061acTH MIOOHHBIX CTaHLM
M1-MS5. Jing MiooHHoro nerekropa. uzrotoBneHo 1380 kamep u3 Hux 1368 —
NPOBOJIOYHBIX KaMEP, UMEIOLLMX CBBILIE 5 M1H. TOUEK (QHUKCALNH CHTHANIBHbBIX
nposonouek (12 xamep Triple-GEM). ®ukcauus KOHLOB - HpOBOJIOYEK
BBINOJIHEHAa MNAHKOM M TNpPHUKICHBAHMEM HX JMOKCHAHON cMoJIoH. TepMuH
“MaccoBOe NPOH3BOJACTBO”, BLIHECEHHBIH B HA3BaHUE INIaBhl, IPUMEHEH B CBA3H
C M3roToBNEeHHeM OONLIIOrO YHCIA KaMep; Takoe KOJIMYECTBO KaMep JUid
OIHOIO [JeTeKTopa B  CHEKTPOMETpax (U3MKHM  BBICOKHX  3Hepruii
npousBoawiock BrepBblie. ClefyeT MOAYEPKHYTb, 4YTO Ha NpPHU3BOACTBO
OTBOAMIIOCH He Ooyiee Tpex JeT, MO3TOMY Heobxoaumo ObLIO HMpOU3BOAMTH
KaMmepy B JeHb. Takod TeMil OTHOCWICSA TaKke K TPEHHPOBKE H HCHBITAHHIO
kamep. OOHMUM W3 BaXHBIX JTANOB IPOBEPKM KA4ECTBA HM3rOTOBJIEHMS
IIPOBOJIOYHEIX Kamep ABJIAETCSA MPOBepKa HATSXKEHHA CHTHAJBHBIX NPOBOJIOYEK
nocie ux ¢ukcaunu. B aToil rnaBe onMcaHbl ABa NpuOopa ML M3MepeHHs
HaTKEHW [POBONOYek, pa3paboTaHHbIE MPH aKTHBHOM YYacTHH aBropa [21,
22]. 3tumu npubopaMy, BCTpOEHHBIMH B TEXHOJIOTHYecKoe o6opynoBaHue Juis
NPOM3BOACTBA KaMep, OBUIM OCHALIEHBI IUECTh LEHTPOB MNpPOM3BOACTBA
MIOOHHBIX KaMep: aBa B [THS®, tpu B Mtanuu n oaun B IJEPHe.

B 3T0i1 rnaBe BriepBhle NOCTABJIEHA U PEIIEHa 33/1a49a YCKOPEHHOTO BBIBO/IA
HOBBIX (IOCIE€ M3roTOBJNEHHs) Kamep oOnacth pabounMx M MaKCHMalbHBIX
HanpsbkeHHH. ABTOpOM Npes1okKeH U BHEAPEH HOBBII MeTO/, 3aKII0YAIOLIHTiC
B OQHOBPEMEHHOM BO3/EHCTBHH Ha MPOBOJNOYKH OTPHUATEILHOH KOPOHBI H
obyyeHHs akTUBHOM oblacTH Kamephl raMMa-KBaHTaMH ¢ dHeprueil 660 k3B
OT HHTEHCHMBHOro HcTouHMKa '*’Cs ycranokH GIF (MHTeHcHBHOCTL 40
klyem?) [23]. Be3 Takoro oOGnmyueHms BpeMs TPEHHPOBKM COCTAaBIAIO B
cpennem 48 u, a ¢ o6aydeHneM 5 y — TOCYTH Ha MopsAoK MeHsiie. IMocne

20

“00paboTkH” NMOBEPXHOCTH IPOBOJIOYEK GombapMpOBKO TONIOKHTENLHBIMY
HOHAMM MOBLIIEHHOH KOHLEHTPALMH, 110]1a4a NOJIOXKHTENLHOTO HANPSHKEHUS —
pabouero u Jdaxe MakcumansHoro HV=2900 B IpPH BHIKIIOYEHHOM raMma-
MCTOYHHKE NMPOUXOANNIA 32 CEKyH/IH Ge3 npobem.

BnepBrie A1 KOHTOPOINIS MOBEPXHOCTH KAaTONOB aBTOPOM JHcCepTaluy
NPMMEHCHO WHTEHCHBHOE OONYYEHHE HOBBIX KaMep, YTO [03BOJMIO
OBHApYXHTb YHUKIbHOE ABJEHHE — IMUCCHIO ¢ KATONA B HEKOTOPBIX HOBBIX
Kamepax, BO3HMKAIOUlYl0 npu pabouyem HampsxeHHH. B nabopaTopHbix

‘yCIIOBPDIX TaKoC SBJIEHHE HE BO3HHKAJI0O H OCTAIOCH Obl HE3aMCYCHHBIM.

OMucens Obuta oGHApyKeHa MO CKauKy TOKa NpH HOPMAaJibkHOM peXHMe
paboTel, T. e. mnpu TIONIOXKUTEJIBHOM HANpPsAXKEHHH Ha TNPOBOJNOYKAX, NpH
O0JTy4eHUH WHTEHCHBHBIM I'aMMa-HCTOYHMKOM GIF [24]. Bo3uukasmuii Tox
npesbluan TeMHOBoOH Tok B 1000 u Gonee pas m nmpu BHIKIIOYEHHH TraMMa-
MCTOYHHKA HE NCYe3all, NpOAOKal MPOTEKaTh, MHOTO 4acoB (M AaXe CYTOK),
ITO XapaKTEPH3YET ABJICHHE KaK aBTONEKTPOHHYIO SIMHUCCHI0. Kak BhIsCHHIOCH
[pH BCKPBITHH HEKOTOPbIX KaMep, IMHCCHA ¢ KaToda Gbuta 06yciioBieHa
3arpsA3HEHMEM  NOBEPXHOCTM  MeETaula  3MOKCHAHOH  CMOJOH  u3-3a
HECOBEPLICHHUCTBA - TEXHOJIOTHH  1O3MPOBKH  JIIOKCHAHOH CMOMBI - (cMolia
BLIIABIIMBANach M3-NOA CIDHCEPOB M mNoMajana Ha MeTal Kartoja, rie
pacTeKanach OYeHb TOHKHM cnoem). Ha nojasieHue Napa3suTHON 3MHcCHM
noTpeboBanocs N0BOJBHO MHOFO 4acoB paboTbl KaMepbl NpH HEMpepbIBHOM
MHTEHCHBHOM 006/1yuenun. CerofiHa MOXHO yTBepHKAaTb, YTO TNPEI0KEHHBIH
aBTOPOM JHCCEPTALMH METO/L MOAABJIEHHMS IMHCCHH PasPyLLIEHHEM 3MHTTEPOB
OKasancs MONe3HbIM [24]; kaMepbl ¢ MOTABJIEHHOH  IMHCCHEIl YCHELHO
¢yHkuHoHHpYIOT B 3kcnepumente LHCD YXe TpH roja B ceancax 2010-12 2.
H3roToBNEHHE HOBBIX KaMep TMPHUBENO Obl K 3HAYHTEbHBIM pacxonaM. B
pabote [25] onucana AOMONHUTENBHAA METOAMKA KOHTPOJA OAHOPOAHOCTH
ra30BOro YCHIEHHA KaMep Mo IUIOILALH.

I'1aBa 4 mocBslEHa 3MeKTPOHHKE MIOOHHBIX Kamep. 31ech paccMOTpeH
IIHPOKHH CNEKTP BONPOCOB. i1 MHHMMH3ALMHM KBHUBANEHTHOIO LIYMOBOTO
3apsana (ENC — Equivalent Noise Charge) v dbynxuun BpeMennéro paspeleHus
B [Hana3soHe eMKocTeil AeTekTopa 50-250 n® mpexne Bcero BbIOpaHO
ONTHMalILHOE NHKOBOE BpeMs. Ha sTtane wccrenoBanus kamep-mpoToTHIos,
NpCAHASHAICHHBIX U1 MIOOHHOH CHMCTEMbl, NpPUMEHTach pa3paGoTaHHas
aBTOpPOM  JMCCEpTauMM  16-KaHalbHAas  oMekTpoHuka ASDQ++ [26],
BblnomjeHHHax Ha Gase 8-kaHaNbHOH WHTErpaibHOH MMKPOCXEMBI ASDQ -
JYHIIEH MHKDOCXEMBI, HMEIOIUEHCA Ha TOT MEPHOA B MPOMBILLIEHHOCTH.
BBenenne aBTopom Ha Bxone MHKpocxeMbl ASDQ B kaxaoMm kaHane
TPaH3UCTOPHOrO KacKaja MO3BONHIO NPH COXPaHEHHH IMKOBOTO BPEMEHH M
IYBCTBHTENBHOCTH  cxeMbl ASDQ B 10 pas yMeHbwMTh BXOHHOE
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conpotuBieHue cxembl (¢ 260 Om nmo 25 Om) M CyHECTBEHHO YBEIHYMTb
IOIyCTHMYIO eMKOCTh AeTekTopa (¢ 30 n® no 250 nd), npu 3TOM YMEHBIIHTD
IIyMbl YCHIMTENs B 2 pa3a. YMeHBUIEHHE BXOAHOro CONPOTHBIECHHA
MO3BOJIUIIO CYILECTBEHHO YMEHBUINTh eMKOCTHBIE KPOCCTOKH B MHIYKLIHOHHBIX
kamepax CPC-Tuna ¢ ne4aTHeIMH majamu. DnektpoHuka ASDQ++ nonHocTeio
yIOBJIETBOpsIa TpeOOBaHHAM MIOOHHOrO AETeKTopa, U napameTphl ASDQ++
O6butn  copMyIHpoBaHBl B KayecTBe TEXHHYECKOro 3ajaHHA Juif “cBoei”
mukpocxemnl CARIOCA - okoHYaTenbHas 3nekTpoHMka [27]. PaspaGotka
Mukpocxemsl CARIOCA  npoussoawnack 10  pagdaltHOHHO-CTOHKOH
cybmukponHo# TexHonorun CMOS ¢upmsl IBM ¢ npoexkTHsiMu HopMamu 0.25
mrm.  Mukpocxema CARIOCA umeer BxomHoe conportuBieHne 50 Om
(ASDQ++ 25 Om) u mMKoBOe BpeMs ycumuTens—popmuposatens — 10 we
(ASDQ++ 8 nc). VkazaHHble 3Ha4Y€HHs! NHKOBOTO BPEMEHH COOTBETCTBYIOT
JOBOJIHO MOJIOrOMY MHHMMYMY 3KBMBJIEHTHOTO HIYMOBOTO 3apsfa:

(ENC)min = 166j—;';cd¢t._ | 3)
3mech DKBUBAJICHBHBIN IWIyMOBOH 3apajl NpEACTaBI€H B JJIEKTpOHAX, ~ a
PasMEpHOCTH APYTHX BeIHYHH: e, = /4kT(R;) [HB/\/F_u], NMUKOBOE BpeMs
T, [nc}, emxocts C [n@).

JonmonHuteNsHO — Kowlabopauueif 6buna  paspaboraHa  16-kaHanbHas
MuxkpocxeMa DIALOG, BbIMONHEHHas MO TOH >x€ TEXHOJOTHHM, 4YTO H
CARIOCA, ¢ paaoM HCKIIOYHTENBHO BaXKHBIX (YHKIMIL: NporpaMMmpyeMoe
3aJaHMe JUMTENHHOCTM M 3a[€PKKH HMMIyJhca B KaKIOM  KaHaue,
MacKHpOBaHHE KaHajla, YCTaHOBKa WHAMBHUAYIBHBIX [OPOroB B KaKAOM
ka”aie (B8 ASDQ++ mopor — obuiuit), lorudeckoe o6beANHEHHE KaHanoB o U
u WIH, ppyrue dysxuun. Tak, Mo NpemoXeHHIO aBTopa AHCCEpTalHH B
KaX (b1 KaHA! MHKPOCXEMEI OBUT BBeleH CUETYHK UMITYbCoB (“mepecyeTka”
24 nB.p., 100 MI'y) — BaxkHOe “HOBOBBefIeHHE”, MPHMEHEHHE ONUCAHO B Ii1aBax
5 u 6). OxkoHuareNbHas IU1aTa AETEKTOPHOH 3NIEKTPOHMKH KOHCTPYKTHBHO
noeropser 16-kaHanbHylo mwiaty ASDQ++; HoBad 16-kaHaibHad IUlaTa
nonyunna saseanne CARDIAC (CARioca + DIAlog Card). ’

s u3MepeHHs WIYMOBBIX XapaKTepUCTHK aBTOPOM pa3paboTaH HOBBIMH
MeTOJ peKOHCTPYKLHH IIYMOBBIX pacrnpenencHuit [28—34]. MeTon ocHoBaH Ha
TEOPHH MaTeMaTHYECKOTO aHaIH3a LIyMoB Palica, H3BECTHO} B OTEYECTBEHHOM
JIUTepaType, Kak “TeopHs BLIOPOCOB ciydaiiHbIX MpoueccoB”. PazpaGoTaHHbIMH
MeTOA TpeamnojiaraeT CylecTBOBaHHe OC000H XapaKTEpHCTHKH YCHIMTENsA-
GUIRTPa ¢ MOAKIIOYEHHBIM JIETEKTOPOM — yacmomet Patica (TEpMHH BBOAMTCSA
Bnepsrie) [28, 31, 32]. MeTtoa mo3BomsieT peKOHCTPYHPOBaTh OJHOBPEMEHHO
IBa BaXXHBLIX pacnpefeieHus: ONpeAENUTh SKBUBAIEHTHBII IIyMOBOH 3apAM Ha
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BXOE NpeQyCWIHTeNd, @ TaKKe ONpeleNHTh AMCICPCHIO M MOJIOXEHHE
HYyJIEBOTO [Opora  pacmpejeneHMs IODYMOBOrO CYera Ha  BREIXOJE
JMCKPHMHHATOPA; M BBHIUNOJHMTE 3TO CKAHMPOBAHMEM IMYMOBOM NOPOXKH
noporoM pmuckpuMpnatopa. Ha pumc. 10 mokasansl 3aBHCHMOCTH LIYMOBOTO
cdeTa Ha BRIXOJI€ NMCKDPHMMHATOpPAa OT Iopora JUis DPasiMYHHIX 3HA9EHHit
€MKOCTH JETEKTOpa, HpHBENEHHEIE X uem-pnponaunon H JIMHEapH30BaHHOIA
topme [33].

OKBHBaJICHTHBI IMyMOBOM 3apan ENC ONpEENAETCS MO  HAKIOHY
NPSAMBIX, OKA3aHHLIX Ha pncym(e 1o opmyie:

y=B(f)- -2-_(E7C-')—z"x = (ENC)=0.466/ ,ﬂ 1gyana yamouai. “)

Touka-BepmuHa, B KOTOpOi CXOMTTCA MpAMELE, 0G03HANEHHas KaK fo(0), B
AECCEpTaEM HasbiBaeTCA YacToroil Palica mo mMenu aBTopa ¢opMymnl s
CPERHEro WHCJA NepeceiCHHH HyJIEBOTO YpOBHA CIydalHEIM HpPOLECCOM B
cexyHAy. B wacrornoii obnactu 3snagenue GyHKius f(0) MoxeT OHITH HailieHO
Kak

12 r2s(nar
0) = [o i —-"
A0 Iy star

rJie S(f) - crexTpaknLHas IIOTHOCTD IIyMa Ha BXOJIE THCKPHMMHATOPA.

&)

Puc. 10. Pacnpedenernus
WYMOB020 cuema Ha syixode
OuUCKpUMUHAMOPa 8

100000000 grermrmomreuems 3asucumMocmu om xeaopama
10000000 8. *30pFl|  mopoza ducomumunamopa dna
1000000 : 23302 PAMUNKLIX SHAYEHUTI eMKOCU
100000 | e d L3303 Oemexmopa Cocw=56-330 no,
Rute iy 10000 § — | 56pF Ilo naxnony npameix
1000 £ X552 onpedensemen ENC, 8 umoze —
100 | nopoz anexmponuxu,
0 0563 nanpumep, Th=5-ENC.
1 +1568F | Kambpoexa wxanr! nopozoe
; =156-2 Modicerm Gvimb 8uinonHeHa
06 08 |13 anpuopu 6 edunuyax 3apsda
Th{v42) (anexmponax) ¢ neobxodumotii
mounocmyio.

Onpénenmu vacroty Paiica f»(0) no dopmyne (5) mna cnywnas, xorza
JOMMHMDYET MOC/ICAOBATENBHEIN IIYM ep:

f (i2 + e2w*CH)H(jw)|*w zda) fmlH(ia))Izw"dw%

(0
& 2" 1572 + e2w?C?)|H(jo) |*do an [H(jw)2w?dw
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’ 1

0 4 1 w72 1 z
@ 2 TTvei s Wit
f ( ) = 1 1+w2(RinCder) (6)
n 2 1 w272 1 |
=dw

° “ 1+"’2(Rincdet)2 1+w272 142 T

Kax BHIHO, B 3TOM CIy4ae in, €, ~ CHEKTPAILHBIE TUIOTHOCTH (yKTyauHit
TOKa W HampSKEHHA Ha BXOJE MPELYCHIHTENS MCUE3NH, w = 27f — Kpyroas
yactora, |H(jw)| — momyns mepenauyn ycwintens-¢gHiabTpa M0 HAOPSKEHHUIO.
TToNyunM, 4TO TpH THNOBBIX BenmunHax e,=1 wBANI'y u i,=0.5 nANI'y n

2w2C?% > iZ ugacrora Paiica cylecTByeT M, Kak BMAHO M3 (opmynsl (6),
CTRHOBUTCH [ETEPMHUHHPOBAHHOH XapaKTEPHCTHKOH ycunurensa-¢punstpa. B
3TOM cllyyae yactoTa Pajica He CHILHO MeHAeTCa B [Uana3oHe MHTEPECYIOmHUX
Hac eMKkocrell nerekropa 50-250 n®, a B norapugmuyeckom Macimrabe 3TO
M3MEHEHHE COBCEM HE3HAYMTENBHOE, YTO OOBACHAET HaAMyMe Ha puc. 10
obmeit BepnHel. He TpyaHO BHAETH, YTO TOUHOCTH ompeaeneHus ENC aTum
METOJIOM 32BHCHT B OCHOBHOM OT TOYHOCTH KaNMOPOBKH KAl [OPOTOB, CM.
dopmyay (4).

IMocne ycTaHOBKM KaMmep B 1LAXTe 3THM METOAOM OIpPENENANCH IIYM BO
BCeX KaHamax MroHHoro paerekropa (122112 kananoB). Oco0eHHOCTH
MiooHHoro Jerekropa LHCb B ToM, uro 24 THma kamep ¢ pa3inyHoOM
IPaHyNAPHOCTBIO MMENH CBOM XapaKTEpPHbIE EMKOCTH, YTO MO3BOJWIO aBTOpY
MOCTPOUTS “Kitaccuieckyro” 3aBUCHMOCTL ENC 0T Cperm M YCTAaHOBHUTD COIJIACHE
€€ C pacyeToM H, TaKHM 00pa3oM, MOATBEPAMTh BHIBOA O TEMJIOBOi MpHpoae
Habmopaemoro uryMa [35]. Pe3ynnTaTsl 3TOr0 HCcleI0BaHHA NOKa3alii, KpoMe
Toro, yrto Ha riaybune 100 MeTpoB moi 3emieif IIyM MeHblue, YeM B
naboparopun npubnusutensHo Ha 1000 »n. Hlym BHocHT BXOAHOMN Kackan
3NEKTPOHMKH, HOCHT XapakTep TEIUIOBOTO IUyMa, a HE HHOro. JTOMY
pe3y/bTaTy CNOCOGCTBOBANO KAayeCTBEHHOE 3KPAHUPOBAHHE M 3a3eMIICHHE
31IEMEHTOB MIOOHHOTO JleTekTopa [36].

I'naBa § nocpslieHa MpeayCTaHOBOYHLIM TecTaM [37, 38] U onTHMuU3aHMH
pexynMa paboTel KaMep MIOOHHOTO AeTekropa B waxte [39]. Ontumuzaums
3aKII04aeTcsd B MHHMMM3ALMK ra3oBoro ycwieHHa. I'a3oBoe ycuwieHHe kamep

tuna WPC u CPC-DCRO onpenensietcs mo gopMyJe:
' _ N(G1) _ 1 They) 1 5(ENC)

N(noa) T2 6-Th(nsn) T2 6-Th(nan) (7-1)
a kamep CPC-SCRO - no ¢opmyune:
— N(@n) __ Th(an) _  5(ENC) (7-2)\

N(n.an.) - 6'Th(n.an) - 6-Th(n.an)

la3zoBoe ycuneHne OJHOTO CJ0S B KaMEPE C NMPOBOJHEIM O0BENUHEHHEM
asyx cioeB Tuna WPC u CPC-DCRO (Double Cathode Readout) cocrasnser
nonoBuHy, otcioga Y2 B tdopmyne (7-1) B otanune ot CPC-SCRO (Single
Cathode Readout). B uncnurene B popMynax (7-1,7-2) — MUHUMaILHLIH nopor
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3JIEKTPOHHKH, ONpeAenieMblii M0 NIMEPEHHOMY SKBHBAIEHTHOMY HIYMOBOMY
sapagxy (ENC), ycpenHeHHOMY @O BCEM KaHamaM, B 3HaMeHartele  —
MaKCHMaIILHBIH TIOPOr PErHCTpalMM B NEPBHYHBIX 3JIEKTPOHAX, T. €.
Hanbonbmuit mnopor, NpH- KOTOPOM BhINONHAeTC . HopMa £=0.95 -—
3¢ eKTHBHCTh PErHCTPAlHH YACTHILI HA BPEMEHHOM HHTpeBane A<25 xc 1o
NepBUYHOH HOHM3aUMH B 3a30pe ¢ TOMUHHON cimos 2h=5 mm (puc. 3).
IMapametp 6=0.106 B ¢opmyne (7) — bawmucTHdeckMil AedHIUT yCHIUTENA
CARIOCA. 3ror napamerp ObLT M3MEpEH aBTOPOM JHMcCcepTalMH B paborax
[40-42] ¢ npuMeHeHHEM TOHKOCTEHHBIX HpeH¢OBEIX TpyOKOK IO JaHHEIM
U3MepeHHii ras’oBOro YCHIEHHA M CYETHOH XapaKTepHCTHKH OT HCTOYHMKA
ramma-kBaHToB **Fe mpu ucnons3osanuu ycunutens CARIOCA. HUsmepenHoe
3HayeHue ¢=0.085 mnpumenAnock B pacderax [ra30BOr0 YCHIEHHA IIO
dopmynam (7-1 u 7-2), cM. Tabauwy 2.

MuHuMHM3aLHMA Ta30BOI0  YCHIIEHHA MPIHPIMPBpreT B CBOIO oOuepelb
INHMPHHY MPOCTPAaHCTBEHHOI'O KIIAcTepa, KOTOpas MOHOTOHHO yBeNHIMBAaeTCs C
YBEITHYECHHEM [a30BOr0 YCHICHHS, @ TAKXKE BCE BH/BI KPOCCTOKOB, MO3BOJAET
[POJUIMTH BPEMs JKA3HHM MIOOHHBIX KaMep, T. K. YMEHBIIAETC HAaKaIUIUBAEeMBbli
3apsaf. “OnTUManbHBIM” MOPOroM pErucTpalMy, NMPHHATHIM Korutabopanuei,
cautaercs THpe:=4 n.on. :

A Pje}
Z P

e Fit 8t T=320 K, Tp=10 ns, Ro=03 &k, grr=20 mAN, gam=0.34
®  re-mensured

14000 “t0p#

b - 410 pF R
{12000 ; A
} .
| 10000

o y=i44.7x +122

8000 : %

: O s

4000 .
- T ) Ctot (pF)

0 20 40 60 80 100 120 140 160 180 - 200 220 240

Puc. 11. 3asucumocme ENC om emxocmu demerwmopa - u napamempbt @umupoeanus npamoi
naunveil. IIynxmupnoivu munusmu nokasanes npedenst pasbpoca 3uauewuil emxocmu demexmopa
+]0 n®, ussecmuvie us uzmepenuil, svinoaHeHHbIX 6 nabopamopuu O KANCOO20 KAHANA Kamep.
Pesynemam gumuposarus credyem nowumams xax: ENC=1223+44.7 an./n®. Horyuennsiii Haxson
npAMOIl  CO2Macyemcs ¢ UBMEPeHUAMY, 6LINOTHeNHsIMU 8 aabopamopuu Ol OemeKmopHoil
anexmporuxy CARDIAC (muxocxema CARIOCA ¢ yenovxamu Ouolnoii 3auumel Ha exodax), Ho
3Hauenue 8 “nyne” 6 waxme menvute npubnusumensro na 1000 an.
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Tlo HalineHHoMY ra3oBoMy ycuneHuio G ycTaHaBIHBAJAOCh HampsxeHue V
Ha K&)XJI0M CJI0¢ MHOTOCJIOHHOI KaMepHl, KOTOpOe ONpeReNIoch no gopMyine,
TIONYYeHHOH  (QHTHpOBAHHEM pe3yNbTaTOB  NPELH3HOHHOTO  H3MepEeHHA
ra3oBOro YCHIIEHHS OT HAIPAXXeHHs: '

V=(InG+6.21)/0.0067. N ®
Ml
M2
M3
M4} 11
32ns EJ.Zns
M5 1

Puc. 12. Bpemennvie pacnpedenenus 20 munog xamep MIOOHHOZO Oemexmopa, NOIy4eHHwe Ha
vacmuyax e ceancax 2010 200a na ecmpeunvix npomonnvix nyuxax ¢ snepzueit 3.5 T>B Ha nyvox.

Tloxa3aHo, YTO peXHM, yCTAaHOBJIEHHBIH A ceancos 2010-2012 2z
(LHC Run 1), obecnegHBaeT NOCTATOUHO BHICOKYI0 3(ileKTHBHOCTH Kamep
MIOOHHOI'O IETEKTOPA, CM. prC.12 K pHc.13. Pacuersl, BEIOITHEHHEIE aBTOPOM C
HCNONE30BaHNeM TalynupoBaHHBIX BeUUUH Com B 3HaYeHHH ENC 13 puc. 11
XOpOIIO COTNacyrTcs C 3KCMEPUMEHTOM, Ile MOPOTH 3JEKTPOHMKH Haii/ie HbI
H3MepeHHeM 1yMoB. [IpenioxeHHBIH METOX MMEET NpeACKasaTeNbHyIo CHITY,
IIpH paccorjacoBaHHH PacdeTHOIO ¥ YCTAHOBJIEHHOIO HAanps)keHud (ra3oBOTro
YCWIEHHd) BHAHO, A€ H HACKOIBKO MOpOr B TMEPBHYHBIX 3JIEKTPOHAX
OTKJIOHAETCA OT PpacyeTHOrO 3HaueHMd, M kakad Tpebyercd NoACTpoiika.

2 Dané E, Penso G, Pinci D., Sarti A. Detailed study of the gain of the MWPCs for the LHCb
muon system Nucl. Instr. and Meth. A 572 (2007). p. 682—688.
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VYMmeHpmeHNE HaOpsDKCHHH M rasoBoro ycwnenusa B 2012 roxy npHBeno k
YBEJIM4IEHHIO IIOPOrOB PErUCTPAlHH B cpeiHeM c 4.2 fo 5.4 n.a.. (Tabnmia 2)

N IITRELIIRE TR AR AN A A TTRAD AL PR EYAME)
s BT iy T
AR RSV NRE SURR RN N E) RN RERNRNRE SRR ERRE
E Ei : : HH Hpouc prag popy995% 1 ¢ | 1
s ] L i ——-é-_-{»--.-.— ‘ : 4. - i
= i i ! i; e ;t i { i iH
¥ s i i i H i3
EL it [BRNERESN RN R ﬂr,__t_ga L LH_
38 Hi i I HE ! i i i
- | " H ii i i i i
™ b';RJL;RcE‘QTgb 7 Wiy Son; Vg d@""i"',"ﬂ?"ahgsljﬁl'i‘i
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(2]
2
= I'3: T 2ied i Tt il o=
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El’25= »'T- h»y.ll . ;3
(3] 12 - N ;F o H N i o
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Puc. 13. Ocrosnwe xapaxmepucmuxii MiOONHOZ0 demexmopa: spexmuanocms MIOCHHEX xauep
Ha epeMennén unmepeare 20 wc (a) u wupuna npocmpancmsennozo xnacmepa (6) ons 20 munos
KaMep MIOOHHO20 Oemexmopa, nomydennsie 6 ceancax 2010 200a na ecmpexnvix NpomonHLX
nyuxax c avepeueti 3.5 TaB na nywox. [lynxmuprbiMu JuHusiMu nOXa3aHsl nPOEKINHLIE HOPME! NO
sgppexmusnocmu 99.5 % (6,=3.5 nc), no wupune npocmparcmeenmozo xnacmepa 12.

B 6ynymemM ceance LHC run 2, xotopsii HauHetca B anpesnie 2015 ropa,
BeposATHO, Oyner nposezeHa Gonee ToHKad HacTpoiika pexHMa paboTH Kamep
MIOOHHOro jierekTopa. Ommt 2012 roja mokaskiBaer, YTO “ONTAMANBHEIA"
TOPOr PErHCTPANHy MOXHO YBEIIMIUTS 10 8 1.97., YTO NO3BOJIMT, YMEHBLIIHTD
MepTBoe Bpemsa B kamepax M1R2 m MIR3, xoropoe oxasanocs 80 u 65 nc
COOTBETCTBEHHO (BMecTO 50 HC), CKOpee BCEro H3-3a IOBHINIEHHHIX
KPOCCTOKOB, BRI3BAHHEIX B TOM UHCNIE IEperpyskaMu (oHoM c Oompmeit
HoHM3anue#H (ecii cCpaBHHUBATH C MEOOHAMH BBICOKHX DHEpPIUH).

B 2011 romy axcnepuMent LHCb Brlmen Ha NpoeKTHYIO CBETHMOCTH
2x10%2cx?c!. Wz OpHBENEHHKIX B IaBe 6 M3MepeHHH BHJHO, YTO
XapaKTepHCTHKH KAaMEpP COOTBETCTBYIOT HOPMaM H TpeGOBaHUAM IKCIIEPAMEHTa
LHCb. . ITonyyenHan 3¢¢eKTHBHOCTE MIOOHHOIO = NETEKTOpa, BHIME 99%,
npHBeNa k 3GQEeKTHBHOCTH HACHTH(GHKAMH MIOOHOB 98%, a HE-MIOOHOB 2%,
T. €. IyqIIe MpoeKTHRIX 95%, a He-M00HOB 5%, cooTBETCTBEHHO. B ceancax
axcnepumenTa LHCb 2010-2012 2.2, BrepBbie TIOMY4eHBl BaXKHble Hay4HbLIE
pesynsTarsl, kotoprlie BhBend 3xcrnepumeHT LHCb Ha ypoBeHs MHpOBOIO
muaepa B obmactu m3ydenms B- M D-MesoHoB. Bcero 3a 3TOT IEpHOX
omy6mukoBaHo 220 paboT M CcHENaHO CTONBKO JKe JIOKIAJOB Ha
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MeXAyHApOOHbIX  KoHepeHumsx. YacTb  pe3ynbTaTOB- 3KCNEPHMEHTa
npuBefeHa B paboTax ¢ yyacTHem aBTopa Iuccepraumu [45-50]: . Cpemn
BaXHEHIIHX  NOCTIKeHMH  3kcrepumenta LHCb cnemyer  otMeTuTs
HabmoneHHe pelkHX pacnamos cucteM By — u*u~, B® - ptp~, nphuem
BNEpBBIE Ha CTAaTHCTHKE 3 p6H 1NOKa3aHO, YTO MOJYYEHHBIE BEPOATHOCTH
pacnajioB XOpOLIO COrNiacyloTcs ¢ npeackasanuiMy CtangapTHoit Moaenu [50].
JU1s OkOHYaTeNbHBIX BBIBOJOB M IOHCKa OTKIOHeHHH oT CM Tpebyercs
CYIIECTBEHHO YBEJIMUNTH CTATUCTHKY, YTO IUTAHUPYETCS CHAENaTh B CNEAYIOLINX

ceancax, akcnepment LHCb nponoinxaercs.

Tabnuya 2. Peoxcumst kamep MiooHH020 demexmopa — pacuemnsie u pabovue (Runl), a maxxce
npednazaemvie (Run2, cm.*). Pacuem evtnonnen no gpopmynam (7 u 8) ¢ ucnonvzoeanuem
mabynuposannoix 3navenuti Coem u puc.ll.

Tun Coem (n®)-| Th G | In(G) | Viacuer | VitiC-Runt | Thrunt | V' Run2
KaMeps! (31.)" (B) (B) (n.an.) B
MIR1 30+10 | 18000-| 6000 - 1280 1280 1 1280
MIR2 58+10 21313 | 55720 | 1093 | 2558 2550 5 2550
MIR3 82+10 26677 | 62769 | 11.05 | 2576 2570 5 2570
MIR4 122+10. | 35617.{:63488 '} 11.06 | 2577 2580 - 4 2580
M2R1 131410 | 37629 | 49188 | 10.80 | 2539 2530 5 25007
M2R2 112+)10 33382 | 78546 k' 11.27 | 2609 2610 5 25409
M2R3 130+10 § 37405 | 55007 | 10.92 | 2556 2550 8 2550
M2R4 165+10 | 45228 | 59121 | 10.99 | 2567 2560 5 2500
M3R1 | 137+10 | 38970 | 45846 | 10.73 | 2529 2530 5 2500
M3R2 115+10 | 34053 89026 11.40 | 2628 2620 5 25509
M3R3 120+10 | 35170 | 51721 { 10.85 | 2547 { 2550 8 2550
M3R4‘ 185+10 | 49698 | 58468 | 10.98 | 2565 2570 5 25207
M4R1 79+10 26007 | 61192 | 11.02 | 2572 2570 5 25207
M4R2 140+10 | 39640 | 58294 | 11.10 | 2584 2580 7 25607
M4R3 145+10 1§ 40758 768500 L1137 2589 2590 7 25707
M4R4 205+10 v54168 63726 | 11.06 | 2578 2580 5 2530%
MS5R1 | 82+10 26677 | 62769 | 11.05 | 2576 2580 5 25307
M5R2 139+10 | 39417 | 57965 | 10.97 | 2564 2550 8 2550
MS5R3 150+10 | 41875 | 82108 | 1132 | 2616 2600 6 ﬁ'_/()_')
M5R4 225+10 | 58638 | 68985 | 11.14 | 2590 2600 5 25407
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B nase 6 npuBeneHs! XapakTepPUCTUKM KaMep MIOOHHOFO AETEKTOPA,
NOTy4YeHHble B IaxTe CHayana-Ha kocMudeckuX Jydax (2009 ron) [43], a 3aTem
— PE3YNLTaThl, BIEPBHIC NONYYEHHbIE B YCIOBHAX PEANbHOTO JKCIEPHMEHTA
LHCb npu 3Hepruax CTalKHBAIOIIUXCA MPOTOHBIX myukoB 3.5 H 4 T»B Ha
mydok, ¥ 1pu cBetuMoctH 4:10%2 em?c! — B 2 pasa Bblie NPOEKTHOM.
JIOTONHUTENBLHO MONMYYeHB! AaHHbIE A cBeTHMOcTH 10%% ‘eam?c!, koTopas B S
pa3 mpeBblaeT NMPOEKTHYIO, U NOKa3aHO, YTO KaMephl MIOOHHOTO HETeKTOpa
CTIPBIIAIOTCA C 3arpy3KaMH TIpH Takoii cBeTHMOCTH [44]. :

C 14 ¢espans 2013 r. no anpens 2015 r. yckopuresnb He pabotaet (Long
Shutdown I). 310 - nepBas 3arUlaHHpPOBaHHasd OCTaHOBKa BoJbIIOro agpOHHOro
KoJUTaiifepa, B TedeHHe KoTopoii 6yneT nmpopeneHa ero MofiepHH3aLHA C LEeNbio
HOBBIIEHHSA JHEPTHH My4yKoB A0 6,5 T5B Ha npotoH (13 75B nonHad 3Heprus
CTOJIKHOBEHMA), MOBLIIUEHUA CBETHMOCTH KoJuldiinepa mnoka He 6Oymer. B
ceancax LHC Run2 1uiaHupyeTcs HOCTHYL CYMMapHO# CTaTHCTHKH 10 gp6u!
npy npexHeii cBeTumocTH. Tonbko B 2018 roay skcnepument LHCb serifper
Ha TOBBILEHHYIO cBeTHMOCTD 2-10%% cp?c! (LHC Run3), npu kotopoii B 10 pa3
TIOBBICUTCS - 3aTPy3Ka MIOOHHBIX kamep. CliefyeT OTMETHTb, YTO MIOOHHEBIH
JETEKTOp B MeHBblLel CTeneH: GyneT NoABePKEH MOQUPHKALMH B CPABHEHHH €
opyrumu cy6-petexropaMu LHCb-cnextpomerpa: neMOHTHpyeTcs MIOOHHas
craHuua M1, a B kamepax M2R1 u M3R1, 6nmxaifnx. k my4Ky, norpebyetcs
TOBBICHTb [PaHYApHOCTL: [51]. OXUMH W3 MPOEKTOB TakOH MONEPHM3ALHH C
3aMEHOH TPOBOJIOYHLIX KaMep Ha ra3oBble YMHOXHTE/H MPEJIOXKEH aBTOPOM
AMcepraim [52, 53]. :

B KOHLe KaXmoii riasbl nnccep‘raunn H B 3aKJII0YeHHH TPHBOAATCA
nojoxeHus paboThl, KOTOPHIE BLUABMTAIOTCA Ha 3alIMTY M KOTOpble B
HacTosweM aBTopedepaTe CBEAEHE! BMECTE H chopMynupoBaHsl Ha cTp.6—10.
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