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OliIIJ:MI XAPAKTEPHCTHKA PAliOTI,I 

AKTyaJibHOCTb TCMbl 

AKTYanhHOCTh TeMhI ti:ttccepmumi - 3KcnepttMeHT LHCb, KoTophlii 
.l!Bn.lleTC.ll OAHHM H3 '-leTbipex rnaBHhIX 3KcnepttMeHTOB. Ha 6onhllIOM a.npoHHOM 
Konnaiiti:epe (EAK, aHrn. LHC - Large Hadron Collider) B EBponeiicKOM ueHTPe 
.Rti:epHhIX ttccneti:oBaHttii (<pp. coKpameHtte CERN - Conseil Europeen pour la 
Recherche Nuc/eaire, lllBeiiuapH.ll). 

HayqHa.ll nporpaMMa 3KcnepttMeHTa LHCb BeChMa 06I1IttpHM tt pac'-lttTaHa 
Ha MHome ro,111,1. 3aKoH'-leHa nepBM TPexnenurn cecctt.ll LHC - Run 1 tt 
o6Hapoti:oBaHhl nnaHhI pa60ThI .no 2035 roti:a ceccll.l!MH no 3 roti:a Ka)K.nM c 
OCTaHOBKaMH no ro.ny Ha Mo.nepHH3aUHIO [l]. ITporpaMMa BKnlO'-laeT myqeHtte 
3qJ<peKTOB HapyllleHH.ll CP-CHMMeTPHH B pa3nll'-IHhlX pacnati:ax B-Me30HOB, 
co.nep)Kamttx T.ll)KeJihlH b-KBapK (beauty - npenecTHhlii), c uen1,10 nottcKa 
OTBeTOB Ha <j>yH.naMeHTanhHhlH Bonpoc, noti: B03tJ;eHCTBHeM KaKHX MeXaHH3MOB 
HC'-le3na aHTHMaTeptt.ll BO BceneHHOH nocne EonhllIOro B3phrna. EcTh H .npyrM 
ueni:, - nottcK npo.RBneHttii HoBoii <j>mttKH (H<I>) HJIH <ptt3HKH 3a npe.nenaMtt 
CmH.naprnoii Mo.nentt (CM) B peti:KHX pacna.nax B-Me30HOB tt npoueccax 
HapyllleHtt.ll pa3JIH'-IHhlX cttMMeTPttii. 3KcnepttMeHT LHCb OITTHMmttpoBaH .nn.R 
BhrnonHeHH.ll npeUH3HOHHhIX H3MepeHHH B CeKTope B-Me30HOB. 11MeHHO 
"npeUH3HOHHOCTh" ne)KHT B OCHOBe TaK Ha3hIBaeMoro KOCBeHHoro MeTO,[la 
nottcKa npO.l!BJieHHH H<I> no pe3ynhTaTaM cpaBHeHH.ll ll3MepeHHH ll pac'-leTOB, 
BhrnonHeHHhlX no CM. Benll'-IHHa 3THX OTKnOHeHHH HHOrti:a He npeBhilllaeT 
HeCKOJihKHX npoueHTOB, '-ITO HanaraeT nOBblllleHHhie TPe6oBaHH.ll K 
xapaKTepttcTttKaM .neTeKTopoB. 3KcnepttMeHT LHCb Ha'-lan Ha6op ti:aHHhlX B 
2010 ro.ny nptt peKOp,11HhlX 3Heprll.l!X CTilJIKHBaJOlUHXC.ll npOT0HHhlX IlyqKOB 3.5 
H 4 T3B Ha nyqoK nptt CBeTHMOCTH 4·1032 CM-2c-1 (B 2012 ro.ny) HK HaCTO.lllUeMy 
BpeMeHH HaKonttn CTaTHCTHKY 3 ¢6H-J (HHTerpanbHM CBeTIIMOCTh, 1 </J6H-1= 
1039 c~). 

M!OoHHhIH .neTeKTop .l!BJI.lleTcJI O.D.HHM B3 KnJO'-leBhIX 3neMeHTOB LHCb
cneKTPOM~a. T. K. 6onhlllllHCTBO pacna.noB B-Me30HOB conpOBO)K,[laeTCJI 
MIOOHaMH B KOHe'-IHOM COCTOJIHHH. ITpaKTH'-leCKH Bee MOti:eJIH H<I> 
npeti:CKa3hlBaJOT cymecTBOBaHtte HOBhlX qacTHU HJIH JIBJieHHH, KOTOpb1e MOryr 
6b!Th o6Hapy)KeHbl B KaHanax pacna.na c MIOOHaMH B KOHe'-IHOM C0CTOJIHHH. 

MIOOHHhlH .nereKTop COCTOHT ll3 nJITH MIOOHHhIX CTaHUHH, co.nep)KalUHX 
1380 KaMep c na.noBoii CTPYKTYPOH pa3JIH'-IHOH rpattyn.RpHocm (pttc. 1). 

3a.na'-laMH MIOOHHOro .neTeKTopa JIBnJIIOTC.ll c.rretJ:Y!OIUHe [2]: 
I) H,[leHTHQJHKaUHJI MIOOHa KaK '-laCTHUhI, perttCTPHpyeMOH B KOHe'-IHOM 

coCT0JIHHH cpeti:n npo.n KTOB pacna.na, '-ITO TPe6yeTCJI .nn.R onpe.neneHHJI 

HHBapnaHTHhIX Mace '-I qfi!U,.J}P.)t{~ ~~f.ll B - HO.reHHJIX; 
J.'l/\Y "fttU-"J'ti]{ffJ BCKAJI 
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2) m6Hparer.1,m.1ii . 3anycK 3KcnepllMeHTIU\bHOH YCTilH0BKH - MIO0HHbIH 

'Ipttrrep IlpH 05Hapy)KeHHH C06bITIDI C 60JiblIIllM nonepeqHI,JM nepe,naHHbIM 

llMnyJibC0M o.naoro MIO0Ha µ+, µ- HJIH naphl µ+ µ- (,nllMIOOHa). 
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Puc. 1. MIOOHHblU oemeK111op: peZUOHbl 6 BepmuKanbHOU {a) u ef>poHmanbHOU 11JIOCKOC/1UIX 
cucmeMbl KoopiJuHam ycmaHOBKU LHCb (b). lloKQ3aHbl iJBe nanoBUHbl MIOOHHOZO oemeK111opa 
cmGHlfUU MJ-M5 6 no.nypaCKpblmOM cocmOJIHUU. B pa6011eM nOJUXJl<:eHUU noJI06Ubl MIOOHHOZO 
iJemeKmopa ciJ6UZC110mCJ1. Ka:»c0aJ1 M/OOHHaJI cmaHI/WI UMeem 11emb1pe pe'zuoHa Rl-R4 c 
Y6eJIU'IU6QIOU/UMUCJI npu yiJaneHUU om ocu nY"Ka KaK 1: 2:4:8 pa3MepQMU. 

X 

B Ha3BaHHH KaMep1,1, IlpHIDITOH B MIO0HH0H CHCTeMe, 0TMeqaeTCll H0Mep 

MIO0HHoii cram:um (M) u pernoH (R), aanpI1Mep MlRl, M5R4 u T.,n. B 
MIO0HH0M ,neTeKTope: 122112 qimuqecKHX "na,noB" (aarn. pad) u 

C00TBeTCTBYJOmHX llM KaHaJI0B 3JieK'Ip0HHKH. HaI1MeHJ,1IIHH na.n llMeeT 

pa3Mephl lx2.5 CM2 (MlRl), a Hatt6on1,mmi: - 25x30 c;.,,1 (M5R4), nptt 3T0M 

HaH60JIJ,IIIaJI 3arpy3Ka npHX0,nHTCll Ha HallMeHblIIHH na.n H JJ:0CTHraeT 500 
KI'iJ/CM2 npH H0MHHaJILH0H CBeTllM0CTH BAK; C yBenmeHHeM pacCT0llHIDI OT 

nyqKa 3arpY3Ka YMeHLIIIaeTCll npon0IUI0HaJILH0 KBa,npazy pacCT0llHIDI. 

lle.IIL pa6oTM 

:QeJIJ,10 J{HCCepTal.\H0HH0H pa60TI,I .llBJilleTCll pa3pa60TKa H C03JJ;aHHe 

61,1C'Ipo.neiicTBYJOmHX BhlCOK03qiqieKTHBHbIX KaMep c na,noBoii CTPYKTYP0ii 

pa31Iuqaoii rpaeynllpH0CTH ,nJill MIO0HHoro ,neTeKTopa 3KcnepllMeHrn LHCb 

(rn6JIHl.\a 1). B npHBe,neHHOH HH)Ke Ta6JIHl.\e nyHKTHJ>H0H JIHHHeii oqepqeHbl 

ceMJ, THil0B KaMep BHYTPeHHeii 06.rraCTH MIO0HHoro ,neTeKTopa, K0T0phle 

C0CTaBHJIH 0CH0BY .nuccepTilIUIH, r.ne aBT0p0M BHeCeH cymecTBeHHbIH, a B pll,ne 

B0np0C0B - onpe,neJilllOII.\HH BKJia,n. 3TH KaMephl co,nep)KaT 30 ThICll'I KaHaJI0B 

3JieK'Ip0HHKH H3 Il0JIH0ro qffcJia 122112 KaHaJI0B H CJI0)KHee Tex, K0T0phle 

HCil0Jib3YJOTCll BO BHeIIIHHX pernoHax, T. K. Han6onee 3arpy)KeHbI. 
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Ta6nu1Ja I. PG3Mepb1 20 muno6 MIOOHHblX KW.tep pa3lll/'IHOU zpaHynRpHocmu nRmu MIOOHHblX 
cmaHIJUU MI-M5 11emb1pex pezuoHoB Rl-R4 u KOn1111ecm1w KaHanoB CbeMa UHq>opMalJUU. 
WPC- Wire Pad Chamber, CPC - Cathode Pad Chamber, CWPC - Cathode-Wire Pad Chamber 

TiapaMeTP Ml • M2 M3 M4 M5 
Pa3MCpbl (MM2) 1028x276 1274x327 1370x347 1466x367 1562x387 
AKTHBHall nJJ. (MM2) 960x200 1206x251 1302x271 1398x291 1494x31! 

R4 
ITa.n. !:J.xx/j,y (MM2) 40x200 50.3x251 54.3x271 58.3x291 62.3x31! 
Konw1.na.n.os 48 48 48 48 48 
Tttn KaMepbl WPC WPC WPC WPC WPC 
Konw-1.KaMep 192 192 192 192 192 
Konttq_KaHaJJOB 9216 9216 9216 9216 9216 
PaJMepbl (MM2) 1028x276 1274x327 1370x347 1466x367 1562x387 
AKTHBHall nn. (MM2) . 960x200 1206x251 1302x271 1398x291 1494x311 

R3 
ITa.n. ti.xxti.y (MM2) 40xl00 50.3x 125 54.Jx 135 58.3x145 62.3x155 
Konttq.na.n.os 192 192 192 96 96 
Tttn KaMep1,1 CPC-2 CPC-2 CPC-2 CPC-2 CPC-2 
Konttq.KaMep 48 48 48 24 24 
Konttq,KaHaJJOB 9216 9216 9216 4608 4608 
Pa3Mepbl (MM2) ,. 548x276 671x327 719x347 764x367 815x387 
AKTHB. nnom. (MM2) 480x200 603x251 651x271 696x291 747x31! 
K.na.n. ti.xxti.y (MM2) 20x25 75.4x31.4 8l.4x33.9 58.3x72.7 62.3x77.7 
ITpOBOJI.C'Tj)Hn (MM2), 12.5x251 14x271 

R2 Konttq_ KaT.na.n.os 384 128 128 96 96 
KoJJttq_npoB.C'Tj)HnOB 96 96 
Tttn KaMepbl CPC-8 CWPC-8 CWPC-8 CPC-4 CPC-4 
Konttq.KaMep 24 24 24 24 24 
Konttq.KaHaJJOB 9216 5376 5376 2304 2304 
PaJMCpbl (MM2) 308x276 369x327 393x347 416x367 441x387 
AKTHBHall nJJ. (MM2) 240x200 301x251 325x271 348x291 373x311 
K.na.n. ti.xxti.y (MM2) 10x25 37.6x3l.4 40.7x33.9 29x36.3 31 x38.7 
ITp0B0JI.C'Tj)Hn (MM2) 6.3x251 6.8x271 

RI KonHq_ KaT.na.uos 384 128 128 192 192 
Konttq.npoB.C'Tpttnos 96 96 
THn KaMepbl GEM CWPC-8 CWPC-8 CPC-8 CPC-8 
Konttq.KaMep 12 12 12 12 12 
Konttq_KaHaJJOB 4608 ,. 2688 2688 2304 2304 

HayqHaH HOBH3Ha H npaKTuqecKVIO UCHHOCTL pa60ThI 

O6JiaCTh!O HayqHI,JX HCCJie,noBaHIIH llBJill!OTCll pa3pa6oTKa K0HI.\CCTI.\HH tt 

npHHI.\HCT0B CT0C'Ip0CHilll 6hIC'IpO.neiicTByIOmHX BblCOK03qJqJCKTHBHhlX 

M!O0HHhIX KaMep, HCCJie,noBaHHe Ha nyqKaX npoT0THCT0B, 0CThlTHblX o6pa31.\0B H 

KaMep 0KoaqareJibH0H K0HC'IpYKI.\HH, BKJI!OqaJI JJieK'Ip0HHKY, B0npoc1,1 

0CTTHMH3al.\HH napaMe'Ip0B H pe)KHMa pa60Thl KaMep M!O0HH0ro .neTeKTopa B 

JKcnepttMeHTe LHCb B nepuo.n 2010-2012 2.2. (LHC Run I). TioJio)KeHilll H 

Bh!B0JJ:1,1 .nttccepT31.\HH M0ryT 61,JTI, npHMeHeHhl T3K)Ke B .npyrnx 

3KcnepHMeHT3X. 
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OcHOBHl,IC nonomemm JlHCcepTay1111, BblH0CHMLie Ha 33lllHTV 

1. BnepBble COJ,UaHbl BbICOK03q>q>eKTHBHbie 6b!CTPO.Ueikrny10mHe .uayx- H 

qcrb1pexcnoiiHb1e npoaonoqHbie KaMepbI c na.n:oaoii CTPYKTYPOii pa1n11qHoii 

rpaeymi:pHocrn: MlR2, M2Rl, M2R2, M3Rl, M3R2, M4Rl, M5Rl. 3rn 

KaMepbI HCDbITbIBaIOT HaH60JibllIYIO 1arpy1Ky B 3KcnepHMeHTe LHCb (.n:o 500 
KI'lf/'CM2), npe.n:HaJHaqeHbl ,Umi: ceMH BH)'TPeHHHX pernoHOB MlOOHHOro 

,n:eTeKTOpa LHCb-cneKTPOMerpa, co.n:ep,i:<aT -30000 KaHaJIOB 3JieKTPOHHKH, 

xapaKTepHJyIOTCJI BbICOKHM apeMeHHbIM pa1pellleHHeM (-3 HC - cpe.n:He

KBa,n:paTttqHOe JHaqeHHe ). 

HOBHJHa COJ,UaHHbIX KaMep - B YHHKaJibHOH coaoeynHOCTH CJie,UYIQll.{HX 

xapaKTepHCTHK: 

• BhrcoKoe apeMeHH6e pa1pellleH11e, 06ecneqHaa10mee 6JIHJKYIO K 

100% 3q>q>eKTHBHOCTb perncTPaQHH MIOOHOB IIJITblO MlOOHHblMH CTaHQHJIMH 

Ha BpeMeHHOM HHTepaane L1t<25 HC (xapaKTepHCTHKa BBe,n:eHa anepBbie, r.n:e 

25 HC - nepHO.U CJie,UOBaHHJI 6attqeif npoTOHOB LHC). 3TO CBOHCTBO nOJBOJIJieT 

Ha,Ue,KHO q>HKCHpOBaTb npHHa,UJie,KHOCTb perHCTPHpyeMbIX MIOOHOB K 

,n:aHHOMY 6affqy KOJIJiaii.n:epa LHC H MHHHMHJHpoBaTh OllIH6Ky perncTPaUHH 

HeMIOOHOB; 

ITpH 3TOM O,UHOBpeMeHHO onpe,n:eJIJIIOTCJI ,UBe KOOp,UHHaTbl (X,Y) 
TPeKa no HOMepaM cpa60T3BllIHX na,UOB HeJaBHCHMO OT q11cna TPeKOB B 

co6bITHH npH npeHMymecTBeHHOM cpa6aTbIBaHHH O,UHOro na.n:a a KJiacTepe, 

qrn xapaKTepHJyeTCJI. cneQHaJibHOH HOpMOH - llIHpHHOH npOCTPaHCTBeHHOro 

KJiacTepa 1.2. 3TO CBOHCTBO Ba,KHO npH perHCTP3UHH napbl MIOOHOB µ 'µ- H 

Heo6xO,UHMO .n:mi: ynpomeHHJI anropHTMa noHCKa TPeKa npH -OpraHHJaQHH 

MlOOHHOro TPHrrepa 3KCnepHMeHTaJibHOH ycrnHOBKH; 

• KaMepb! o6na,n:aIOT Bb!COKHM 6bICTPO.UeHCTBlleM s TOM CMblCJie, qTo 

6naro.n:apJI rapaHTHpOBaHHOMY yxo.uy 3JieKTPOHOB nepBttqHOH HOHHJaQHH HJ 

pa6oqero JaJOpa Ja BpeMJI t<25 HC roTOBbl K perncTPaUHH co6bITHJI HJ 

cne.n:YIQmero 6affqa. IToKaJaHo, qTo npocTPaHCTBeHHbiii JapH.n: 

noJIO)KHTeJibHblX HOHOB He OKaJbIBaeT cymecrneHHOro BJIHJIHHJI Ha 

3q>q>eKTHBHOCTb KaMep .n:o JarpYJOK 500 KI'lf/'cM2
• 

2. ITpe,UJIO,KeHa H BnepBbie peaJIHJOBaHa KOHQenQHJI nOCTPOeHHJI 

6bICTPO.UeiicTBYIQll.{HX BbICOK03q>q>eKTHBHbIX KaMep, OCHOBaHHaJI Ha Y.UBOeHHH 

q11cna KJiacTepoB nepBttqHOii HOHHJaQHH B pa6oqeM JaJOpe, qTo .UOCTHrH)'TO 

npOBO,UHbIM 061,e,n:HHeHHeM CHrHaJIOB C .UBYX CJIOeB H npHBeJIO K 

cymecrneHHOMY ynyqllleHHIO apeMeHHoro paJpellleHHJI H 3q>q>eKTHBHOCTH, 

KpOMe Toro, nOJBOJIHJIO YMeHbllIHTb B 2 paJa q11cJIO KaHaJIOB 3JieKrpOHHKH C 
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236000 .uo 122112 no cpaaHeHmo co crapoii KoHuenuHeii, cymecrneHHo 

CHHJHTb CTOHMOCTb I MIOOHHOrO ,UeTeKTopa. 

• KoHuenQHJI BHe.n:peHa a 1104 KaMepax MlOOHHb!X CTaHQHH M2-M5. 

3. ,lv!JI yMeHbllleHHJI na,UOB .n:o paJMepoB MeHbllle 1 CM a OTKJIOHJIIOll.{eii 

IIJIOCKOCTH LHCb-cneKrpOMeTPa c uenhIO ynyqllJeHHJI yrnoaoro pa1pellleHHJ1, 

TPe6yeMoro ,UJIJI oT6opa co6Mrnii c noporoM no nonepeqHoMY HMrryJihcy 

MlOOHa 1 I':Je/c, BnepBble rrpe,UJIO,KeH H peaJIHJOBaH npHHQHn, noJBOJIHBllIHH 

o6paJOBbIBaTb "3q>q>eKTHBHblH na.n:" JIOrttqeCKOH onepauHeii 11 "crpHn-na.n:" B 

KaMepax KOM6HHHpOBaHHOro. ( CMelllaHHOro) THna c YJKHMH IIpOBOJIOqHbJMH 

CTPHnaMH (HarrpHMep, 3 npOBOJIOqKH a CTPJme - 0.6 CM) H llIHpOKHMH 

KaTO,n:HhIMH na,n:aMH (HarrpHMep, 3 cM). ITo,n:qepKHeM, qrn npH paccTOJIHHH 

3HO,U-KaTO.U 2.5 MM 6eJ uapyllleHHJI ycTaHOBJieHHOH HOpMbl 1.2 Ha llIHpHH)' 

IIpOCTPaHCTBeHHOro KJiaCTepa MHHHMaJibHbie paJMepbl na,n:OB - 3 CM. 

• Bne.n:peHHe 3TOro IIpHHQHna B KaMepax BH)'TPeHHHX pernOHOB 

npHBeJIO K .n:onOJIHHTeJibHOMY YMeHbllleHHIO q11cna KaHaJIOB B MIOOHHOH 

CHCTeMe (N+M KaHaJIOB BMeCTO Nx/o,/), B qacTHOCTH, nOJBOJIHJIO yMeHbllIHTb 

qHCJIO ncrnqecKHX KaHaJIOB ,UJIJI TPHrrepHblX ueneii c 45 TblCJlq .n:o 26 TblCJlq no 

cpaBHeHHIO C qncTO na,n:OBOH opraHHJaQHeii C'beMa HHq>OpMaQHH; 

Ha 3TOM npHHQHne BblIIOJIHeHbl KaMepbI qeTbipex BH)'TPeHHHX 

pernoHOB MIOOHHoro ,n:ereKTOpa M2Rl, M2R2, M3Rl, M3R2, KOTOpbie 

co.n:ep,KaT 16128 KaHaJIOB perHCTPaQHH HHq>OpMaQHH. 

4. BbIIIOJIHeH KOMIIJieKC pa6oT no HCCJie,UOBaHHIO Ha rryqKax IIpOTOTHnOB H 

onbITHbIX o6paJQOB .uayx- H qeTbipeXCJIOHHblX KaMep paJJIHqHoii KOHCTPYKUHH 

C IIpOBOJIOqHbIMH H neqaTHblMH na,UaMH, C CHMMeTPttqHb!M H aCHMMeTPttqHblM 

pa6oqHMH JaJopaMH, KOTOpbie COJ,UaBaJIHCb .n:mi: PaJJIJ1qHbIX pernoHOB 

MIOOHHoro ,n:eTeKTopa LHCb-cneKrpoMeTPa. 3rn pa6oThI no HJMepeHHIO 

3q>q>eKTHBHOCTH H apeMeHHoro pa1pellleHHJ1 KaMep, KpOCCTOKOB, npoaepKe 

paJJittqffblX KOHCTPYKTHBHblX pellleHHii, nOHCKY onTHMaJibHOH raJOBOH CMeCH, 

HCCJie,UOB_aHHIO pa,n:HaQHOHHOH CTOHKOCTH, Bb16opy 3JieKrpOHHKH H .up. 

noJBOJIHJIH HaiiTH TeXHttqeCKHe pellleHHJI H orrpe.n:eJIHTb ycJIOBHJI, IIpH 

KOTOpbIX KaMepbl MOryT 6b!Tb npHMeHeHbl B 3KCnepHMeHTe LHCb. 

ITOKaJaHO, qTo aCHMMerpHqffble KaMepbl C. KaTO,UHbIMH na.n:aMH, 

KOTOpb1e paccMaTPHBaJIHCb B panHHX rrpoeKTax 3KcnepHMeHTa LHCb, KaK 

6aJOBbie ,UJIJI MIOOHHoro ,n:ereKTopa, He HMeIOT rrpeHMymecTB nepe.n: 

CHMMCTPJ1qffb!MH KaMepaMH no BpeMeHHOMY pa1pellleHHIO H 3q>q>eKTHBHOCTH 

perncrpaUHH qacTHQ, yczynaIOT CHMMCTPJ1qHbIM KaMepaM no BpeMeHH 

I CroHMOCTh MJOOHHOro ,!leTCKTOpa LHCb-cneKipOMeipa 11 MJIH wsei!uapCKHX 4>paHKOB. 
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co6npaHID1 :meKTpOHOB m 3a3opa n Tep}IIOT npenMymeCTBo B nmpnHe 

npOCTPaHCTBeHHOro KJiacTepa )')Ke npn ypOBHe eMKOCTHblX KpOCCTOKOB 6%; 
• B lIImYKUlIOHHbIX KaMepax C KaTOJlHb!MlI naJ{aMlI aBTOpOM 

o6Hap)')KeHbl napa3lITHble pe30HaHCbl, HaiiJ{eHbl lI YCTPaHeHbl npWllIHbl lIX 

B03HlIKHOBeHlI}l. 

5. Ha OCHOBe npoBeJ{eHHblX lICCJieJ{OBaHnii C ncnOJib30BaHneM 

ClIJlbHOlIOHlI3lipyiomnx aJib<pa-qaCTlIU, cneunaJibHO BBeJ{eHHbIX B ra30BYIO 

CMeCb, BnepBbie npeJlJIO)KeH Jl)l}l 3KCnepnMeHTOB B o6JiaCTlI <plI3lIKlI BblCOKlIX 

3Heprnii HOBbIH Tnn JleTeKTopa - Triple-GEM; BnepBbie noKaJaHo, qTo B 

MlIKpOCTPYKTYPHOM JleTeKTope Double-GEM npo6on B ornepcTIDIX -

aKTlIBHOM 3JieMeHTe JleTeKTopa nponCXOJl}IT npn ra30BOM yclIJleHlilI 1000 B TO 

BpeM}l, KaK B Triple-GEM HeT npo6oeB npn yclIJleHnn 4· 104. e npnopmeTOM B 

3 roJ{a no cpaBHeHlIIO c pa6oTaMn Jlpyrnx aBTOpoB noKaJaHo, qrn Triple-GEM 
MO)KeT, a Double-GEM He MO)KeT npnMeAATbC}l B cneKTPOMeTPax BbICOKlIX 

3Heprnii. 

• ,l.l;eTeKTop Triple-GEM ycnemHo npnMeHeH B KaMepax MlRl 

MIOOHHoro JleTeKTopa LHeb-cneKTPOMeTPa, T. K. 6naroJlap}l MeHbllleMy 

lIHJlYKUlIOHHOMY 3a3opy 1 MM nonyqeHa MeHbllIM no cpaBHeHlIIO C 

npOBOJIOqHb!MlI KaMepaMlI mnpnHa npOCTPaHCTBeHHOro KJiaCTepa npn 

pa3Mepax naJ{OB B OTKJIOH}JIOll{eH IlJIOCKOCTlI cneKTpOMeTpa 1 CM. 

6. BnepBbie npeJlJIO)KeH n peanmoBaH MeTOJl ycKopeHHOro BblBOJla HOBbIX 

(HenocpeJlCTBeHHO nocne npomBOJlCTBa) KaMep B o6naCTb pa6oqnx n 

MaKClIMaJibHblX Hanp}l)KeHlIH, OCHOBaHHblH Ha ncnOJib30BaHlilI KOpOHHOro 

pa3p}IJla C OTPlIUaTeJibHblM Hanp}l)KeHneM Ha npOBOJIOqKax, npn 

OJlHOBpeMeHHOM o6nyqeHlilI KaMepbl lIHTeHClIBHbIM nOTOKOM raMMa-KBaHTOB 

(40 KI'lj!CM2) C 3Heprneii 660 K3B OT lICTOqHnKa 137es, qrn ycKOplIJIO 

npoue]lypy TPeHttpOBKlI C 48.5 " JlO 5 'I (Ba)KHO npn npOlI3B0JlCTBe 60JibllIOro 

KOJinqecrna KaMep, KaK B MIOOHHOM J{eTeKTOpe - 1380 llIT.) n cymecTBeHHO 

ynyqmlIJIO KaqecTBO noBepXHOCTlI npOBOJioqeK. 

7. BnepBbie npeJlJIO)KeH n peanmoBaH HOBbIH MeTOJl KOHTPOJI}l Kaqecrna 

noBepXHOCTlI KaTOJlOB B npoBOJIOqHbIX KaMepax, OCHOBaHHblH Ha 

ncnOJib30BaHlilI o6nyqeHlI}l KaMep lIHTeHClIBHbIM noTOKOM raMMa-KBaHTOB (40 
KI'lj!CM2) C 3Heprneii 660 K3B OT lICTOqHlIKa 137es; BnepBbie noKa3aHa 

Ba)KHOCTb TaKOro KOHTPOJI}l, 

• MeTOJl n03B0JllIJI o6Hapy)KlITb B p}IJle KaMep 3MlICClIIO C KaTOJla, 

KOTOpM xapaKTepmyeTC}l TOKaMlI B Tb!C}lqy n 6onee pa3 npeBbilllalOll{lIMlI 
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TeMHOBOH TOK, KOTOpM OCTaJiaCb 6b! He o6Hapy)KeHHOH B Jia6opaTOpHbIX 

Tecrnx; 

Y CTaHOBJieHa npnqnHa 3MlICClilI - nonaJ{aHne 3nOKClIJlHOH CMOJibl Ha 

noBepXHOCTb MeTaJIJia 113-3a HeCOBepllleHCTBa TeXHOJIOrlilI npOlI3B0,!lCTBa 

KaMep; 

3MlICCIDI noJ{aBJieHa pa3pymeHneM 3MlITTepOB 6e3 ymep6a Jl)l}l 

xapaKTepncTnK KaMep; KaMepbI ycnellIHO pa6oTaIOT B 3KcnepnMeHTe LHeb. 

8. BnepBbie C03J{aHa paJ{naunoHHO-CTOHKa}l J{eTeKTOpHM 3JieKTPOHlIKa 

BbICOKOH CTeneHn lIHTerpaunn, JlOnycKaioma}l MlIHlIMaJibHbIH llIYM npn 

KOpOTKOM nlIKOBOM BpeMeHn Tp=8-l O HC n nOJ{KJIIOqeHlilI naJ{OB c 6oJibllIOH 

eMKOCTbIO JlO C~em=250 f!</J, 06ecneqnBa10ll{a}l JlOCTaTOqHo MaJIOe Meprnoe 

BpeM}l KaHana perncTPaunn. 

9. Pa3pa6oTaH HOBbIH MeTOJl peKOHCTPYKUlilI llIYMOBbIX pacnpeJleJieHnii B 

}IJ{epHOH 3JieKTpOHlIKe, BnepBb!e BHeJ{peHHblH B MIOOHHOH . ClICTeMe 

3KcnepnMeHTa LHeb. 

Ilo pe3yJibTaTaM CKaHnpoBaHID! noporoM JllICKplIMlIHaTOpa llIYMOBOH 

JlOPO)KKlI Ha BbIXOJle ycttJilITeJI}l onpeJ{eJI}IIOTC}l napaMeTPbl JlByx Ba)KHbIX 

myMOBb!X pacnpeJ{eJieHnii: Ha BXOJ{e npeJlyClIJilITeJI}l 11 Ha BbIXOJle 

JllICKplIMlIHaTopa, KOTOpbie ncnoJib3YIQTC}l Jl)l}l BbI6opa lI ycTaHOBKlI pa6oqnx 

noporoB B KaHanax MIOOHHOro J{eTeKTopa (122112 KaHaJIOB) lI n03B0Jl}JIOT no 

xapaKTepy pacnpeJ{eneHnii BbIIlOJIH}ITb MOHlITOplIHr 3JieKTpOMarHlITHbIX 

ycJIOBlIH B OKpeCTHOCTlI MIOOHHblX KaMep B lllaXTe; 

10. MeTOJl OilTlIMlI3aUlilI pe)KttMa pa60Tbl KaMep MIOOHHOro J{eTeKTOpa, 

OCHOBaHHbIH Ha MlIHlIMmaunn ra30BOro yclIJleHtt}l, qTo MO)KHO .CJleJiaTb, 

BbIIlOJIHlIB CJieJlyiomne ycJIOBIDI: 

a MnHttMaJibHbiii llIYMOBoii nopor :ineKTpoHnKn; 

0 MaKClIMaJibHbIH nopor pernCTPaunn B nepBttqHbIX 3JieKTpOHax, npn 

KOTOpOM BbIIlOJI_H}leTC}l HOpMa 3<p<peKTlIBHOCTlI perttCTPaUlilI MIOOHOB Bb!COKlIX 

:meprnij Ha BpeMeHHOM lIHTepBane M<25 HC. 

• MttHlIMlI3aUlI}l raJOBOro yclIJleHlI}l B CBOIO oqepeJlb rapaHTnpyeT: 

0 MlIH11MaJibHbie KpOCCTOKlI (Bee B11Jlbl KpOCCTOKOB); 

o MttHl1MaJibffYIO m11p11ey npocTPaHCTBeHHoro KJiacTepa; 

o M11H11MaJibHbitt npocTPaHcTBeHHbiii 3ap}IJl; 

0 Ml1HlIMaJibHOe HaKOilJleH11e 3ap}IJla KaMepoii B TeqeH11e 

3KCnep11MeHTa. 

• MeTOJl 11MeeT npeJlCKa3aTeJibffYIO clIJly: np11 paccornacoBaH1111 

pacqeTHOro 11 ycTaHOBJieHHoro pe)KttMa BHJ{HO, rJ{e 11 HaCKOJlbKO nopor 
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pemcrpamm B nepBWIHLIX 3JieK1pOHax OTKJIOIDleTCH OT paC'leTHOfO 3Ha'lemrn, 

r)le H KaKM TPe6yeTc11 nO.llCTPOHKa. 

11. npe)lJIO)KeH HOBhIH MeTO)l )lHarHOCTHKH MIOOHHOH CHCTeMhl, OCHOBaHHhIH 

Ha MOHHTOpHHre 3KBHBaJieHTHOfO IIIYMOBOfO 3ap11,lla B Ka)K)lOM KaHaJie 

YCTaHOBKH B Te'leHHe BpeMeHH )KH3HH )leTeKTopa, BnepBhie BHe,llpeHHhIH B 

MIOOHHoil: cucTeMe 3KcnepHMeHTa LHCb c ueJihIO o6Hapy)KeHHH Ha paHHeil: 

CTa,llHH pa3BHTHH TaKHX He)KeJiaTeJihHhIX HBJieHHH H 3q>q>eKTOB, KaK 

pa,llHaUHOHHOe CTapeHHe H MeXaHWieCKM YCTaJIOCTh KOHCTPYKUHH KaMep. 

12. Pe3yJihTaThI H3MepeHHH OCHOBHhIX xapaKTepHCTHK KaMep MIOOHHOfO 

,lleTeKTopa, BnepBhie nonyqeHHhie B ycnoBHHX 3KcnepHMeHTa LHCb Ha 

CTaJIKHBaIOIUHXCH IlpOTOHhIX nyqKax C 3Hepmeil: 3.5 H 4 T3B Ha nyqoK npH 

CBeTHMOCTH 4· 1032 c-1CM-2, npeBhIIIIaIOIUeH npoeKTHYIO B 2 pa3a H npH 

CBeTHMOCTH, npeBhIIIIaIOIUeH npoeKTHYIO B 5 pa3. 

• B ceaHcax 3KcnepHMeHTa LHCb 2010-2012 2.2. (LHC Run 1) 
611aro,llap11 BhICOKOH 3q>q>eKTHBHOCTH pa6oThI Bcex no)lCHCTeM LHCb

cneK1pOM~a BnepBhie nonyqeHhI Ba)l(Hhle HayqHhie · pe3yJihTaThl, KOTOphie 

BhIBeJIH 3KcnepHMeHT LHCb Ha ypoBeHh MHpOBoro JIH,llepa B 0611acTH q>H3HKH 

B- H D-Me30HOB; 3a 3 fO)la pa60Thl HaKOilJleH 60JihIIIOH o6'beM YHHKaJihHhIX 

)laHHhIX, o6pa6oTKa KOTOphIX IlpO)lOJI)KaeTCH. C 20 IO Ha KOHeu 2013 ro)la no 

q>H3HKe ony6JIHKOBaHO 6011ee 220 pa6oT H C,lleJiaHO CTOJlhKO )Ke )lOKJia)lOB Ha 

Me)K)lyHapO.llHhlX KOHq>epeHUHHX C HOBhIMH pe3yJihTaTaMH 3KcnepHMeHTa 

LHCb. 

JIH'IHblH BKJ13Jl JlHCCepTaHTa 
Onpe,lleJIHIOIUHH BKJia)l - n.n. 2, 3, 5, 6, 7, 9, 10, 11, aKTHBHOe yqacTHe -

n.n. I, 4, 8, 12. 

Anpo6aum1 paoOTbl " DVOJIHK3UHH 
J:(HccepTaUHH OCHOBaHa Ha pe3yJihTaTax Hl10KP H pe3yJihTaTaX pa6oT, 

ony6JIHKOBaHHhIX c KOHUa 90-x fO)lOB no 2013 fO)l BKJIIOtJHTeJihHO. no TeMe 

)lHCcepTaUHH ony6JIHKOBaHO 53 netJaTHhle pa60Thl B ~HaJiax, B c6opHHKax 

TPY.llOB Me)K)lyHapo,llHhIX KOHcpepeHUHH H B BM.Ile coo6meHHH n1UI<1> H CERN. 

MHOrHe BOilpOChl, H3JIO)KeHHhie B )lHCcepTaUHH, )lOKJia)lhIBaJIHCh aBTOpOM H 

o6c~)laJIHCh Ha co6paHHHX Me)K)lyHapo.llHOil: KOJIJia6opaUHH LHCb H Ha 

ceMHHapax. ,lvle pa60Thl no TeMe )lHCCepTaUHH npeMHpOBaHhl Ha KOHKypCax 

JiyqIIIHX pa6oT nJUI<l> B 2006 r. H B 2011 r. no TeMe )lHCcepTaUHH 3aIUHIUeHO 

)lBa naTeHTa Ha no11e3eyio MO.lleJih. 
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061,eM H crpyKTVpa JlHccepTaunu 
,nuccepTaUHH COCTOHT H3 BBe)leHHH, IIIeCTH rnaB H 3aKJIIO'leHHH. 06'beM 

)lHCCepTaUHH 372 CTPaHHUhl (6e3 IlpHJIO)KeHHH - 323 CTP.), 257 pucyHKOB u 32 

Ta6JIHUhl. 

KPATKOE co,nEP'.>KAHHE PA.liOTbl 
Bo BBC)lemm npHBO)lHTCH MOTHBaUHH, paCKphIBalOTCH aKryaJihHOCTh H 

Ja)latJH 3KcnepnMeHTa LHCb Ha EoJihIIIOM a,llpOHHOM KOJIJiaH,llepe, KpaTKo 

onnchrnaeTCH LHCb-cneK1poMeTP, KOTOphIH nocTPOeH c yqeTOM oco6eHHOCTH 

pO)K,lleHHH nap b-KBapKOB (KBapK-aHTHKBapK) B Y3KOM · Koeyce yrnoB no 

OTHOIIIeHHIO K HanpaBJieHHIO CTaJIKHBaIOIUHXCH npOTOHOB H COCTaBJIHeT no 

TenecHoMy yrny 4% OT 4,r-reoMeTPHH. MiooHHhIH )leTeKTop pemcTPupyeT 

cna6oB3aHMO)leil:cTByioIUHe tJaCTHUhl - MIOOHhl, pO)K.11,alOIUHeCH B pacna,llaX, H 

noKphIBaeT BHeIIIHIOIO nJIOIUa.llh LHCb-cneK1poMeTPa, cocTaBJIHIOIUYIO 435 M 2. 

B rnaBe 1 ccpopMynupoBaHa HOBM KOHUCnUHH nOCTPOeHHH KaMep )lJIH 

MIOOHHoro AeTeKTopa LHCb-cneK1poMeTPa. Oco6eHHOCTh HOBoro KOIDiail:.11,epa 

B TOM, 'ITO CTOJIKHOBeHHe nyqKOB npOH3BO)lHTCH C 'laCTOTOH 40 MI'11 (nepuo.11, 

25 HC). )vrn .11,0CTH)KeHHH BhICOKOfO fihICTPO.lleHCTBHH KaMep Heo6X0.11,HMO, 

'IT06hI pa60'IHH 3a30p KaMep 6hIJI "y3KHM" - TaKHM, 1JT06hI 3JieK1pOHhI 

nepBWIHOH HOHH3aUHH, B03HHKIIIHe B 3a30pe npu npoXO)K.11,eHHH 3apH)KeHHOH 

tJaCTHUhI, Y.llaJIHJIHCh H3 pafioqero 3a30pa KaMephl 3a BpeMH, He npeBhIIIIaIOmee 

25 HC. C .11,pyroil: CTOpOHhl, 3a30p .11,0JI)KeH 6hITh )lOCTaTO'IHO "rnttpOKHM", 'IT06hI 

3q>q>eKTHBHOCTh pernCTPaUHH MIOOHOB 6hIJia BhICOKOH. HOBM KOHUenuHH, 

pa3pa6oTaHHM B nJUI<l> aBTOpOM C KOJIJieraMH, npnBena K OTKa3y OT 

nepBOHatJaJihHOH KOHUenuuu, H3JIO)KeHHOH B npoeKTe 1998 fO)la [3]. B 
ra30BOH CMecu Ar(40%)CO2(50%)CF4(}0%) MIOOHhl o6pa3yioT Ha )lJIHHe 

TPeKa 5 .MM B MHHHMyMe HOHH3aUHH n= 13 nepBHtJHhIX KJiacTepoB (n.Kll.), a Ha 

nJiaT6 - 18 n.Kll. (B cpe.11,HeM 15.5 n.KJI.). Ey)leM CtJHTaTh, 'ITO BepOHTHOCTh 

o6pa30BaHHH k KJiaCTepOB Ha )lJIHHe TPeKa X npu cpe.11,HeM n n0.11,'IHIDleTCH 
(nx)k 

CTaTHCTHKe nyaccoHa p; = ~ e -nx' r)le X npoHOpMttpoBaHO K IIIHpHHe 

pa6011ero 3a3opa KaMephI h, 0<x<l. Mo)KHO ynop11.11,o'IHTh Ka)K)lhiii KJiacTep c 

HOMepoMj (J<j<k) B HanpaBJieHHH X nepneHAHKYJIHpHOM 3JieK1pO)laM: 

xj-1 . 
Al:(x) = --n1e-nx (I) 

I U-1)! 

YnopH,llO'leHHOe B npOCTPaHCTBe pacnpe,lleJieHne (1),npeo6pa3yeTCH BO 

BpeMeHHOe pacnpe,lleJieHne, KaK cpyHKUHH t, BBe.11,eHHeM CKOpOCTH .11,peil:cpa 

3JieK1pOHOB B 3a3ope w=dxldt. nocTPoeHHeM BpeMeHHhIX pacnpe.11,eneHHii 

TaKHX, KaK nOKa3aHO Ha puc. 2 )lJl1I pa3JIWIHhIX noporoB j, MO)KHO HaiiTH 

KOMIIpOMHCC, pa3peIIIHB YKa3aHHhie BhIIIIe npOTHBopetJHH, . CBH3aHHhie C 

BhI6opoM IIIHpHHhl 3a3opa. )vI11 Y.ll06CTBa npoBe.11,eHHH Ka'leCTBeHHOfO aHaJIH3a 
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6y.n;eM cqman,, . qTQ 'IHCJIO nepBH'IHhIX 3JIC:KTpOHOB (n.311.) pairno 'IHCJiy 

nepBH'IHhIX KJiaCTepOB (n.Kll.), T. e. B KJiaCTepe O.n;HH 3JIC:KTpOH. K TOMY CCTh 

OCHOBailllll - B ra3OByIO CMCCh .n;o6aBJieH CF-1, 'ITO IlOBhUIIaeT CKOpOCTh .n;pefapa 

3JIC:KTpOHOB B IlOIDIX B)laJIH OT IIpOBOJIO'ICK, HO 3TO - 3JIC:KTpOOlpHIJ;aTeJihHbIH 

ra3, YMCHhlllaIOIIJ;HH qffCJIO nepBH'IHhlX 3Jie:KTpOHOB, oco6eHHO B CJia6hIX IlOIDIX 

B)l;aJIH OT IIpOBOJIO'ICK. 

a) ....... ,, ... [:)>.,·D-

1 i I [,,,j•~~ 
0.9 

0.7 T ,. , z.._ · ~~ ~::~4i._, 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

BpeMll (am.~) 

6) 

0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
03 
0.2 
0.1 · 

0 

·········H>··D......... 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

Bpe.'llll ( am. e.1.) 

Puc. 2. BpeMennwe pacnpeoeneHUR, nOJT)"leHHb1e no rjJopM)'ne (1) npu pa311U'lHblX nopozax 
pezucmpmJUu j=l,2, ... ,8 npu nocmo11nnoii cxopocmu opeitrjJa 3nexmpono1I 'w ORJI pa311U'lHblX 
1Iapuanmo1I opzaHU3mJUU KOMep c oounaKOIIblM paccmo11nueM anoo-xamoo h: oonocnoiiHQJI 
CUMMempu'lHQJI npo1Iono'lHaJ1 KaMepa c 3a3opoM 2h=5 MM (a); OBJ'XCROUHQJI KaMepa c npolIOOHblM 
o6bf!ounenue.M OBJ'X cnoelI c 3a3opDM 4h=JO MM (6). Bml3y unmezpupo1IanueM no x npu mex :»Ce 
ycnDIIWIX noll)"leHbl 3alIUCUMocmu 3rjJrjJexmu1Inocmu Ha 1IpeMeHHOM unmep1Iane /:it om nopoza J 
(nnou,aob noo xpu1Ioit pacnpeoenenuit, noKQ3QHHbvc 1I1Iepxy). llJIHKmupnoit nunueit nOKQ3QH 
npeoenbHb1it nopoz J=l. BpeMR co6upaHUR 3nexmpono1I U3 pa6o'lezo 3a3opa oounaxo1Ioe, m. x. 
onpeoeJU/emcJI h. Hao zarjJUKOMU noKQ3QHbl )'CROIIHble CXeMbl OB)'X cpalIHUIIQeMblX mexmitJeCKUX 
pewenuii: cuznanbHblU 3nexmpoo - mo'lKU, ycwiumenb - . mpeyzonbHUK, oucxpUMunamop -
npllMO)IZORbHUK. 

Pacrrpe.n;eJieHHH, IIpHBe.n;eHHhIC Ha pHC. 2, IlOClpOeHhI .n;ID1 pll3JIH'IHhIX 

noporoB j B rrpe.n;noJIO)KeHHH IlOCTOHHHOH CKOpOCTH w= 100 MKJWHC .n;peiicpa 

3Jie:KTpOHOB B IlOJIY3ll3Ope atto.n;-KaTO.n; h=2.5 MM .n;IDI .n;Byx cnyqaeB: I) n=l3 -
O)l;HOCJIOHHM CHMMClpH'IHaH rrpOBOJIO'IHM KaMepa H 2) n=26 - .n;ByxCJIOHHM 

KaMepa c IIpOBO)l;HhIM o6be.n;HHeHHeM CJIOeB (rrpu CJIO)KeHHH .n;Byx 

pacrrpe.n;eJieHHH IlyaccoHa cpe.n;HHe 3Ha'IeHHH cyMMHpyIOTCH). IllHpHHa 

pacrrpe.n;eJieHHH rrpH O)lHOM H TOM )Ke nopore, KaK BH)l;HO, OTJIH'IaeTCH IIO'ITH B 
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2 pll3a. MmKHO IlOKll3aTh, 'ITO IIpH JIOrnqecKOM 061,e.n;HHCHHH .n;Byx CJIOCB 

IIIHpHHa pacrrpe.n;eJieHHii ornHtiaeTcH B ✓2 pll3 (cM. pHc.3). IlonyqeHHhiii 

"3anac" no At IlO3BOIDICT cymeCTBCHHO YBCJIH'IHTh rrpe.n;eJI Ha CMKOCTh 

.n;eTeKTOpa, T. e. ClpOHTh 60JihIIIHe Ila.n;hl BO BHCIIIHHX pernoHax MIOOHHOro 

.n;eTeKTopa, C 66JihIIIHM IIIYMOM 3JIC:KTpOHHKH. BnepBhle BhICOKOe BpeMeHH6e 

pa3peIIIeHHe u,=3.2 HC H 3cpcpeKTHBHOCTh e=98% Ha BpeMeHHOM HHTepBaJie 

L1t=25 HC 6hIJIO nonyqeHo aBTOpOM rrpu rrpoCTeiiIIIeM rrpOBO.n;HOM 

061,e.n;HHCHHH Bcex rrpoBOJIO'IeK .n;ByxcJIOiiHoii KaMephI lO0x 100 ~ B KaMepe 

C cyMMapHhIM 3a3OpOM .n;Byx CJIOeB 5 MM [4]. TaKHM 06'he.n;HHCHHeM 6hm 

o6pll3oBaH OTHOCHTeJihHO 60JihIIIOH na.n; C IIJIOIIJ;a.n;hlO 100 CM
2

, C eMKOCThlO 200 
n<P (3KBHBaJieHTHbIH IIIYMOBOH 3apM 10000 31l.). 

Ha pHc. 4 noKll3aHhl npoBoJIO'IHhie KaMephI MIOOHHoro .n;eTeKTopa LHCb

cne:KTpOMClpa lpex rrpHHIJ;HilHaJihHhIX cxeM c na.n;oBoii CTPYKTYJ>Oii pll3JIH'IHOii 

rpattyIDlpHOCTH. 

a) 
6) ......... H>$ Bi a 1 g p ••••••••• 

OR ......... 
Bigap2 ........ J-{> 

Slnglegapl "--gG-••••••••••••v-· 

s1.~~~~!~~=-■1> OR 

Puc. 3. Cxe.Ma nozutJecxozo o6bf!ouneHUR cnoeB B OBJ'XCROUHblX KaMepax MJOOHHOii cmaHI/UU Ml (a) 
u npo1Ioonozo - II 'lemb1pexcnoiinblX KaMepax MJOOHHblX cmamJuit M2-M5 (6). 
,I Ilpooo.,,. IlpOBO;J. 6:1 Dt'lambm ,I .. ~ fT 

a., na,n I na.n2.... '/ maa,I 6/ ._. r ... J __ _ 
r - ----- - ------r ------- ------1 

11111111 

:; 
~ 

! 
~ 

I 
I 

<i' 
l'J.x- u,upuna npoBOJI. cmpuna 

,,.1""'f11Hll nac>a (J.T/ E Jr 

11 ... am1,1ii 
Dll,ll 

11: 

l j I I u I I I " 

,....!,.,,'...}.I ttrM=lr>--

I I lif'l: I I' ~ .·J\;, g _ft .... 

3.?~_111~;fl" i 

L.,, 
Puc. 4. flaoo1Ib1e KOMepbl WPC - Wire Pad Chamber (a); CPC - Cathode Pad Chamber, wupuna 
npo1Iono'lHDZO cmpuna pa1IHJ1emCJ1 wupune ne'lamnozo naoa (6); npump.m nocmpoeHUR KaMep c 
naoo1Ioii cmpyxmypoii KOM6unupo/IQHHOZO (CMewannozo) muna (CWPC ·_ Cathode-Wire Pad 
Chamber) C npOIIOJIO'lHblMU cmpunaMU u xamoOHblMU naOaMU, II KOmOpblX UlUpuHa npOIIORO'lHOZO 
cmpuna MeHbUle wupunbl ne'lamnozo naoa, a "3rjJrjJexmu1IHb1it nao" 06pa3J1emcJ1 nozutJecxoit 
onepa11ueit JI "cmpun-nao" (II). 

KoHuenUHH . VJlBOeHHH 'IHCJia KJiaCTepoB rrepBH'IHOH HOHH3aIJ;HH B 

CYMMapHOM pa6o'IeM 3a3ope rrpoBO)lHhIM o6'he.n;HHeHHeM cnoeB Jierna B OCHOBY 

CO3.n;aHHH uenoro cne:KTpa 'IeThipeXCJIOHHhIX KaMep .n;JIH MIOOHHOfO )leTeKTopa 
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LHCb (5-9]. Ba)KHO OTMeTHTb, qTO c ITpttMeHemteM ITpOB0,!1.H0ro 061,e,!l.ttHemui 

,!I.Byx CJIOeB qHCJIO KaHaJIOB :rneKTJ)OHHKH B qeThipexcJIOHHblX KaMepax 

)'MeHblllaeTCH a 2 pa:m {pttc. 3). 
O606ma11 KOHQem.uuo, MO)KHO 061>e,!1.HHHTb TJ)H CJIOH C COOTBeTCTBYIOIUHM 

)'MeHbllleHIIeM h Ka)K,!1.0ro CJIOH. TaKoe 061,e,!).HHeHHe MO>KeT 6bITb 

BOCTJ)e6oBaHO ,!I.JIH pa60Tbl C ITOBbillleHHOH CBeTHMOCTblO LHC Ha :naITe 

M0,!1.epmnaQHH MIOOHHOro ,!1.eTeKTOpa ,!I.JIH ,!1.0ITOJIHHTeJibHOro yMeHbllleHHH 

Meprnoro apeMeHH H rrpocqeTOB (HO He06XO,!I.HM Pa3YMHbIH KOMITpOMHCC, T. K. 

qeM MeHbllle 3a30p, TeM 6onee )KeCTKHe TJ)e6oaaHHH K KOHCTJ)YKUHH H TJ)Y,!1.Hee 

C,!l.eJiaTb ITpOBOJIOqHYIO KaMepy). 

B rJiaBe 2 ITpHBe,!1.eHbl pe3yJibTaTbl HCCJie,!I.OBaHHH Ha rryqKax ITPOTOTHITOB 

tt OITbITHbIX o6pa3UOB KaMep c ITa,!I.OBOH CTJ)YKTYPOH acex ITepeqttcJieHHbIX 

THITOB tt rpaHyJIHpHOCTH, ITpe,!1.Ha3HaqeHHblX ,!I.JIH 20 pemoHOB MIOOHHOro 

,!l.eTeKTOpa. BITepBbie ,!1.BYXCJIOHHaH KaMepa C ITpoaonoqHblMH ITa,!l.aMH THITa 

WPC C Y,!1.BOeHHeM qHcJia ITepBttqHbIX KJiaCTepOB B 3a30pe 6bIJia pa:1pa6ornHa B 

IHUICI> [5]. Ilptt Hccne,!l.oBaHHH Ha rryqKe ITH-Me30HOB c :mepmefi 3 I'38 
ITpOTOTHITa TaKOH KaMepbl, HaITOJIHeHHOH faJOBOH CMeCbIO 

Ar(40%)CO2(50%)CF4(}0%), C ,!I.HaMeTJ)OM ITpOBOJioqeK 30 MKM, C 1IIaroM 

1.5 MM H 3a30pOM h=2.5 MM, C rrpOBO,!I.HbIM 061,e,!).HHeHHeM CJIOeB, C IIJIOIUa,!1.blO 

ITa,!l.a 8x 16=128 CM2 H eMKOCTblO Coem=200 n</J ITonyqeHO BpeMeHH0e 

pa:1pe1IIeHHe u,=2.2 HC H 6JIH3KaH K 100% 3cpcpeKTHBHOCTb perHCTJ)aQHH Ha 

BpeMeHH0M HHTepaane dt=20 HC. 3KCITepHMeHTaJibHO ITOKaJaHO, qTo KaMepbl 

WPC y,!l.oBnernopHeT TJ)e6oaaHHHM JKCITepHMeHTa LHCb ITO 6blCTJ)O,!l.ettcTBHIO 

H ITO TaKOMY ITapaMeTJ)y, KaK IIIHpHHa ITpOCTJ)aHCTBeHHOro KJiaCTepa, a TaK)Ke 

HMeeT OTHOCHTeJibHO HH3KHH ypoBeHb KpOCCTOKOB. 

,[J;ayxcnottHbie HH,!1.YKUHOHHbie ITa,!1.0Bbie KaMepbI CPC-rnITa c ,!l.ttaMeTJ)OM 

ITpoaonoqeK, lllaroM, 3a3opoM, raJoaofi cMecbIO KaK WPC, TaK)Ke 

BblIIOJIHeHHbie C Y,!1.BOeHHeM qttcna ITepBttqHbIX KJiaCTepoB B 3a3ope, HMeIOT 

Me)Key ITeqaTHbIMH ITa,!l.aMH 6onee BblCOKHe eMKOCTHbie KpOCCTOKH, T.K. Bblllle 

,!I.HJJieKTJ)ttqeCKaH ITpOHHQaeMOCTb cpe,!1.bl. Ha pttc. 5 rrpttBe,!l.eHbl 3aBHCHMOCTH 

BpeMeHH6ro pac3pe1IIeHHH H 3cpcpeKTHBHOCTH KaMepbl-rrpOTOTHITa Ha TJ)eX 

BpeMeHHbIX HHTepaanax dt=l5, 20, 25 HC OT HarrpH)KeHHH, ITonyqeHHbie Ha 

rryqKe ITH-Me30HOB C JHeprnett 3 I'3B. Ilony<1eHo BpeMeHH6e pa:1pe1IIeHHe 

u,=2.1-2.5 HC H 6JIH3KaH K 100% 3cpcpeKTHBHOCTb pernCTJ)aQHH qacrnu Ha 

apeMeHH6M HHTepaane Llt=20 HC rrpH ITOporax pernCTJ)aQHH 3-5 n.311. KaK H 

O)KH,!l.aJIOCb, rnaBHblM cpaKTOpOM, OITpe,!1.eJIHIOIUHMH apeMeHH0e pa:1pe1IIeHHe 

CPC- H WPC-KaMep, BJIHeTcH O,!I.HHaKoaoe qttcno ITepBttqHbIX JJieKTJ)OHOB, 

o6pa3YIQIUHXCH B pa6oqeM 3a3ope 4h. 113 pttc. 5 BH,!1.HO ITO "BbIIIOJia)KHBaHHIO" 

3aBHCHMOCTH apeMeHH0fO pa3pellleHHH OT HarrpH)KeHHH, qTO rrpe,!1.eJibHbIH 

ITOPOr Th=l n.311. Haxo,!I.HTCH rrptt HaITpH)KeHHH HV=3.4 KB. 113 aMIIJIHTY,!1.HbIX 
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HJMepeHHtt HJBeCTHO, 'ITO fa30BOe ycHJieHHe y,!I.BaHBaeTCH rrpH HJMeHeHHH 

HarrpH)KeHHH Ha 100 B. 3TO Il03BOJIHeT orrpe,!1.eJIHTb noporn B n.311. rrpH ,!1.pyrnx 

HarrpH:>KeHHHX. no nepaoMy JJieKTJ)OHy cpttKcttpyeM nepB1,1ii KOHeU 3a.3opa h. 
nptt 3.25 KB nopor cocraBHT 2 n.311., nptt 3.15 KB - 4 n.311, 3.05 KB - 8 n.311, 

2.95 KB - 16 n.311. BH,!1.HO, 'ITO Jq>q>eKTHBHOCTb Ha'IHHaeT "3am6aTbCH" 

rrpH6JIHJHTeJibHO rrpH HarrpH)KeHHH 3 KB, 'ITO 061,11:cHHeTCH TeM, 'ITO nopor 

rrptt6JIH3HJICH K cpe,!1.HeMy 'IHCJiy o6pa30BaHHH KJiaCTepoB Ha ,!I.JIHHe ,peKa 5 . 
MM. no YKaJaHHOMY nopory cpttKcttpyeM BTopoii KoHeu 3a:1opa h. Ecnn 

3aBHCHMOCTb BpeMeHH0ro pa:1pe1IIeHHH OT HarrpH)KeHlIH arrrrpOKCHMHpOBaTb 

,!I.B)'MH IIpHMbIMH ()KttpHbie rryHKTHpHble JIHHHH), TO MO:>KHO HaHTH, 'ITO 

HaKJIOHbl IIpHMblX OTJiffqaIOTCH B 2.5 pa3a. liy,!1.eM C'IHTaTh, qTQ ,nnH O)lHOH HJ 

npHMbIX CKOpOCTb ,npeiicpa H3Becrna H COCTaBJIHeT 90 MKMIHC - y KaTO,!l.a (cM. 

pttc. 6), 3Ha'IHT ,!l.JIH .npyroii IIpHMOH CKOpOCTb .npeiicpa 60Jibille B 2.5 pa3a H 

COCTaBJIHeT 225 MKMiHC - B6JIH3H aHo.na. TaKoe OITHCaHHe nonyqeHHOH 

3aBHCHMOCTH Il03BOJIHeT oueHHTb IlOJIHOe BpeMH co6ttpaHHH JJieKTJ)OH0B H3 

3a30pa aHO,f(__:KaTOJJ: h KaK 16.6-19.4 HC (MH pa3HblX anrrpOKCHMaunii, 

TO'IHOCTb KOTOpbIX HeBbICOKaH, HO Il03BOJIHeT C,!l.eJiaTh Ba)KHYIO oueHKY), 

100 "71 -\.'~' \, l ~ 
~99 1 j9 E:: 
~ ,, . -;::. 
L93 d/>4 e o l11i..: 
,o ·• , • 20ns i "' 
~ 97 · \ / o15ns i 7 i 
~ 'i . ' §" 
::::96 ,--. ■ R.M.s. !6 ~ 
~ / \. A Time Walk i •~ 
~95 f •\ i5 ... 
~ j ! ~ ?')1 i Th=1 n..1.11.j 4 5 
~93 i"' • 13 ~ • r I ' 

W~90 MKJJfiHC 4 A... ! 2 • r . I ' i w.z,.225 MKJJfiH~I!,.... I i 
• A. I -; 1 

90 L_.J. ! >t... j 0 
2.9 3 3.1 3.2 3.3 3.4 3.5 

92 
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a) 

◄ 
P,fn.f'.) HV (KB) 

I I 
16 8 4 2 1 

Puc. 5. 3a«uCWIIOCmu Bpl!MeHH0ZO 
pa3peweHWI U 3ppeKmUBHOCmu 
KQMepbl Ha mpex BpeMeHHblX 
unmepeanax /',,t= 15, 20, 25 nc om 
HanpJIJ/CeHWI, nony'leHHble OJIJI 
iJeyxCJ1ounou CPC•KQMepbl c 
npoeoiJn&IM o61,eiJunenueM CJ1oee. 
lloKa3ana ma1CJ1Ce 3Q6UCW\locmb om 
nanpR:JK:eHWI cpeiJnezo 3Ha'lemm 
epeMennozo cneKmpa (Fime Walk). 
Pa3Mepb1 ne'lamHOZO KamoiJHOZO 
naoa 4x8=32 c,,,2, ouQMemp 
npOBORO'leK 30 .MKM, iuaz 1.5 MM, Zt13 

Ar(40%)CO1(50%)CF~(J0%). 

Ha pttc. 7 rrpHBe,f(eHbI 3aBHCHMOCTH BpeMeHH6ro pa3pe1IIeHHH H 

3cpcpeKTHBHOCTH .f(ByxcnoiiHoii KaMepbI-rrpOTOTHITa CPC Ha HHTepaanax 20 u 

25 HC OT llHTeHCHBHOCTH rryqKa, xapaKTepH3YIQIQHe 6b!ClpO,f(ettcTBHe KaMepbl 

H Meprnoe BpeMH KaHaJia perHCTJ)aUHH, HJMepeHHbie COBMeCTHO C 

,f(eTeKTOpHOH JJieKTJ)OHHKOH ASDQ++ (6-8]. 
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3lleKmpua,ecKoe no/le (BICH) 

Puc. 6. 311eKmpu11eCKOe nOJle B 3G3ope 2h CUMMempU'IHOU npOBOJIO'IHOU KaMepbl (Q), 3aBUCUMOCmb 
cKopocmu opeu,Pa ,JlleKmpoHOB om 3Ha11emm 311eKmpu11ecK020 noM (6). CmpenKU YKG3bIBmom HQ 
BeJ/U'IUHJI CKOpOCmU iJpeupa 3JleKmpOHOB B6JIU3U KamoiJa - 90 MKMfHC. 

■ Ell2() ,. Ell25 -+- Time_Sigma j 
<11 (nc) 
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~fll i~=0l~;: 
fil 
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6) 

Puc. 7. 3aBUCUMocmu epeMeHHozo pG3pewemm u 3,P,PeKmUBHocmu CPC-KaMepb1 eo BpeMeHHOM 
OKHe 20 u 25 HC om UHmeHCUBHocmu ny'IKQ, U3MepeHHble c oemeKmopHou 311eKmpOHUKOU ASDQ++ 
C nUKOBblM Bpl!MeHeM 8 HC (a). flo naoeH1110 3,P,PeKmUBHOCmu HQ 2.5% U3·3Q npoc11emoB npu 
UHmeHCUBHocmu f1)1'1KQ 500 KI'11 nOJIJl'laeM maK)/10 :»ce wupUH)I UMnyllbCa 50 HC, KQKQJI nOKQ3aHQ Ha 
Bbvcooe OUCKJJUUHamopa; BpeMR co6upamm 3JleKmpoHoB U3 3G3opa KaMepbl ompa:»caem <jJpoHm 
UMnyllbCa Ha BblXOGe ycunume/lfl (6). 

KaK Blf,IUIO, BpeMeHH6e pa3pemeHIIe OCTaeTC.ll IlOCTO.llHHhIM B llillpOKOM 

lfHTepmme IIHTeHClfBHOCTeii, BIDIOTh ,LlO N=500 KI'zpKOHaJI, HO ::Hpq>eKTIIBHOCTh 

e yMeHhlliaeTC.ll lf3-3a npoctJeTOB, T. e. lf3-3a MepTBoro BpeMeHII KaMepbI H 

3JieK1pOHHKH. Ilo OTH0CHTeJihHOMy YMeHhllieHmo 3q>q>eKTIIBHOCTH llE/Eo 
MO)KHO Ol(eHHTh, 'ITO lliHpHHa HMnyJihCOB Ha Bh!XO,Lle ,LlHCKpHMHHaTopa 

1-AE/Eo 1-0.975 6 
COCTaBJI.lleT TM = --- = --- x 10 =50 HC, 'ITO cornacyeTC.ll c 

N 500 

Y.LlB0eHHbIM BpeMeHeM co60paHH.ll 3JieK1pOHOB H3 3a3opa BMeCTe C IlHKOBhIM 

BpeMeHeM YCHJIHTeJI.ll, CM. q>pOHT CHrnana If llilfPIIHY HMnyJihCa IIO OCHOBaHmo 

Ha BblXO,Lle YCHJIHTeJI.ll Ha pHc.76. 
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Ilocne co6HpaHH.ll 3JleK1pOHOB m.myJihC Ha Bh!XO,[le YCHJllITe.IDI

qiopMHpOBaTeJI.ll ASDQ++ npHMepHO CTOJII,KO )Ke BpeMeHH cna,[laeT, CKOJII,KO 

HapacTaJI-nonyrayccnae [6]. 
Ha pttc. 8 npHBe,LleHhI peJyJlhTan1 HJMepeHHii Ha nyqice nH-Me30HOB c 

3Hepmeii 3 I'3B xapaKTepHCTHK tJeThlpe.xcnoiiHoii CPC-KaMephI c 8-IO pMaMH 

Ila,[lOB, pa3Mepbl K0TOpbIX 2.8x3.5 CM2 [9]. KaMepa HMeeT 384 KaHana C1.eMa 

HHq>opMaUHH - no 192 KaHana c Ka)KJloii ,LlByxcnoiiHoii KaMephI (Bigap AB n 

Bigap CD) H 3JieK1pOHHK)' ASDQ-++. BII,IUio, KaK H Ha pttc. 6, 'ITO IDiaT6 

3q>q>eKTHBHOCTB pemcrpaUHH qac~ B OKHe 20 HC - 500 B. O,IUiaKO, KaK 

,LlOilOJIHHTeJibHO IlOKa:3aHO Ha pncyHKe, IDiaT6 YMeHhmHJI0Ch ,LlO 300 B, ecJilf 

IIpHH.llTh 3a HOPMY IDHplfHY npocrpaHCTBeHHoro KJiaCTepa CS= 1.2. lllirpHHa 

IIpOCTpaHCTBeHHoro KJiaCTepa BhI3BaHa HHJJYKI.Uieii 3apa,Lla, JIOKaJIH30BaHHOro 

Ha IIpOBOJIO'lKe, H onpe,LleJUieTC.ll BeJIH'lHHOH 3a30pa H noporoM perncrpaUHH B 

nepBH'lHhIX 3JieICTpOHax (n.3J1.), CM. 3MIIHplI'IeCKYJO q>OPMYJIY (2): 

(CS)rh=tn3 n. = 1 + 0·:6
; (CS)Th=311.3n. = 1 + ~; (CS)rh=6n3 n. = 1 + 0·:;-

2
, (2) 

r,n;e w - q>H3lI'IeCKa.ll nrnpHHa KaTO,IUIOro na.[la B CM, h=2.5 MM - 3a:30p aHO,Ll

KaTO,Ll npn mare npoBOJIO'leK 1.5 MM. HopMe CS= 1.2 Y.LlOBJieTBopae-r m0pHHa 

KaTo,IUioro na,Lla 3 CM (2 CM) npH nopore Th=3 n.3Jl. (6 n.3Jl.). Ilp0 MeHhnmx 

pa3Mepax na.[la 6y,nyr cpa6aTbIBaTh ,LlBa na,Lla o,IUioBpeMeHHo. K 3Ha1Iemno CS 
,Ll06aBIDIIOTC.ll 3JieK1pH1IecK0e KpOCCTOKlf qepe3 eMKOCTHhle CB.ll3H, BKJia,Ll 

KOTOphIX B CPC-KaMepax Ha nop.ll,LloK 6oJII,me, 'IeM B WPC, II KOTOphie 

CJie,LlyeT MBHHMH3HpOBaTb COOTBeTCTB)'IOmeii KOHCTPYK~eii [10]. 

a) 

6) 
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Puc. 8. flnam6 3,P,PeKmuBHocmu 
11emb,pexc11oiiHou CPC-KaMepbl 
cocma=em 500 B (Q), Komopoe 
Di!paHll'IUBaemca CBepxy npuHRmOU 
HOpMOU CS=l.2 OJ/JI UlUpuHbl 
npocmpaHcmBeHHOZO Kllacmepa u 
yMeHbU1Qemca i)o 300 B (6). 



Mccne,noBaHJrn: KaMep-npoTOTlUIOB Ha nyqKax C uenbIO IlOHCKa 

OilTHManbHOH KOHCTPYKUHH C MHHHManbHblMH KpOCCTOKaMH 3aIDmH 
3HallJITellbHOe BpeM.H; .nononHHTenbHbie pe3ynbTaTbl ll3MepeHHH MO)KHO HaHTH 
B pa6ornx [11-14]. ABTOpOM .L{HCCepTaUHH 6binH o6Hapy)KeHbl napa3HTHbie 

pe3oHaHcbl B CPC-KaMepax H Haii.neHbI cnoco6b1 HX no,naBneHIDI [10]. B rnaBe 
2 IlpHBe.L{eHbI TaK)Ke pe3ynbTaTbl cpaBHHTellbHOro HCcne,noBaHIDI Ha nyqKe 

JJ.ByxcnoiiHbIX CPC-KaMep: c acHMMeTPWIHb!M 3a3opoM H OJJ.HHM 
cerMeHTHpOBaHHb!M KaTOJJ.OM (6nJI)KaiimeM K npoBonoqKaM), a TaK)Ke 

CHMM~lfllHOH KaMepb! C JJ.BYM.ll cerMeHTHpoBaHHbIMH KaTo,naMH 
("cynepcHMMeTPWIHoii" KaMepbI). CyMMapHb!e 3a30pbl COCTaBn.HIOIUHX 

CTPYKTYPY KaMep paBHbI: hl+h2=5 MM B acIIMMeTPHqHoii 11 2h=5 MM - B 
CHMM~lfllHOtt. AMnnHTyJJ.bl CHrHanos B TaKJIX KaMepax noqTJI O.L{HHaKOBbie 
[13, 14]. KaMepbl 6bmH co6paHbl B 0.L{HOM KOpnyce H raJOBOM 061,eMe C TeM, 
qrn6bI o6ecneqHTb 0.L{HHaKOBbie ycnOBIDI ll3MepeHHtt, T. K. O)Kll,L{aeMbltt 

Jq>q>eKT He3HaqHTenbHbltt -20%. y aCHMMeTPWIHOM KaMepbl llIHpHHa 
npOCTPaHCTBeHHOro KnacTepa OKaJanacb MeHbllie qeM y CHMMeTPWIHOtt, 
O.L{HaKo npeHMymecTBO Hcqe3aeT C yBenWieHHeM JneKTPHqecKHX KpOCCTOKOB 

.no 6%, noJTOMy acHMMTPWIHble KaMepbl He Hamntt npIIMeHeHH.ll B LHCb. 

I1HJJ.YKUHOHHbltt 3a3op I MM nerKO .L{OCTHraeTC.ll B MHKpOCTPYKTyPHOM 
.neTeKTope, BbmonHeHHOM Ha ra30BOM JneKTPOHHOM YMHO)KHTene GEM (Gas 
Electron Multiplier) [15]. HopMa CS=l.2 BhmonH.He-rc,i: B TOM qttcne np11 

nopore I n.3ll. 3m csoiicTBO OKaJanocb pemaIOIUHM B nonh3Y GEM-,ne-reKTopa 
npH c03,naHHH KaMep MIRI c mttpHHOtt na,na B ropmoHTanbHOtt 
(oTKnOH.H10meii) nnocKocrn LHCb-cneKTPOMeTPa L1x=I CM H L1y=2.5 CM - B 
BepTHKanbHOH. B pa6oTaX asrnpa c KOnneraMH [ 16-18] Ha 3 ro,na paHbllie 
.npyrJIX pa6oT (npHopHTeT) 6bmo BnepBbie IlOKa3aHO, qTQ no.n B03.L{eHCTBHeM 
CHnbHOHOHll3HpyIOIUHX a-qaCTHU, cneuttanbHO BBe,neHHblX B raJOBYIO CMeCb, B 
TPeXKaCKa.L{HOM ,ne-reKTOpe Triple-GEM pa3p.HJJ.bI B oTBepcTIDIX - aKTHBHOM 
JneMeHTe Ha6n10,naIOTC.ll npH ycHneHHH, npeBbllliaIOmeM 4x 104, qTQ Il03BOn.HeT 
ycneurno npHMeH.HTb TaKHe .neTeKTOpbl B )KCnepHMeHTaX lpll3HKH Bb!COKJIX 
JHepmii (TaM )Ke noKaJaHo, qrn B ,ne-reKTope Double-GEM npo6ott 
Ha6nIO,L{aIOTC.ll npH ycHneHHH I 000, qTQ He,nonyCTIIMO, TaKOH ,neTeKTop 6bICTPO 
Bbiii.neT m CTPO.H). B pa6oTe [19] o6c~JJ.aIOTC.ll ,npyme oco6eHHocrn 
.ne-reKTopa Triple-GEM, r.ne aBTOpoM pemeHa cepbe3Ha.H npo6neMa 
MHHHMJl3aUIDI KpOCCTOKOB BBe,neHHeM 6nOKHpYfOIUHX KOH.L{eHCaTOpOB. 

3HaqITTenbHbie ycHnH.ll npe,nnpHH.HTbI Konna6opautteii LHCb B 
Hccne.nosaHHH OilbITHblX o6pa3UOB MIOOHHbIX KaMep s pa.nHaQHOHHbIX non,i:x 
npH 6onbllIJIX HaKonneHHbIX JJ.03ax - I Kll!CM .L{nHHbl nposonoqKJI, qTO 

cooTBeTcTByeT 10 ro.naM pa60Tb1 KaMep B JKcnepHMeHTe LHCb [20]. 3TH 
HCCne.L{OBaHIDI npHBenH K cne.L{YlOIUHM Ba)KHbIM BbIBO.L{aM: 
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I) KaTO.L{bl H KaTO.L{Hbie na.L{bI c uenbIO npe,noTBpameHIDI o6pa3oBaHIDI Ha 
HJIX OKCH.L{HbIX ll30n.HUIIOHHblX nneHOK cne.nye-r BbIIlOllH.llTb 30llO'!eHbIMII: 6e3 
30llO'IeHIDI KaTO.L{OB 3aKIICb Me.L{II Morna 6bI Bbl3BaTb co BpeMeHeM 3MIICCIIIO C 

Karn,na - Jq>q>eKT Manb Tepa; • 

2) Ao6aBKa CF-1 YMeHbmeHa .no 5%, T. K. np11 I 0% 3aMeTHO TPaBneHHe 
CTeKnonnacTHKa; 

3) YcTaHOBneHo np.HMbIM Ha6mo).l.eHHeM, 'ITO ,no6aBKa CF-1 noneJHa, T. K. 

''l!IICTITT" nposonoqKH, IlpOTIIBO.L{ettcTBy.H oc~eHIIIO pa,nIIKanOB Ha 
nposonoqKax, 'ITO MO)KeT npIIBO).I.IITb K B03HlIKHOBeHIIIO B KaMepe 
He)KenaTenbHbIX pa3p.H.L{OB; 

4) AM CHJI)KeHIDI pa6oIJero Hanp,i:)KeHIDI YBenll'!eH mar nposonoIJeK c 
1.5 MM JJ.O 2 MM; 

5) CqiopMynttpoBaHbI OKOH'IaTenbHble napaMeTPabI npOBOllO'!HbIX KaMep 
JJ.n.ll MIOOHHOro .L{eTeKTopa: ClIMM~lI'!Hbltt 3a30p h=2.5 MM; .L{llaM~ 
npoBonoqeK 30 MKM, mar HaMOTKII - 2 MM; pa6o'IIItt raJ 
Ar{40%)CO2{55%)CF4{5%). C YBenlI'!eHHeM mara c 1.5 .MM ,no 2 MM pa6oqee 

Hanp.H)KeHIIe CHJI)KeHO Ha 500 B; BpeMeHH6tt cneKTP ymHpHJIC.ll, HO B 
,nonycTIIMbIX npe,nenax. 

l13MepeHID1, BbIIlOnHeHHbie Ha KaMepax OKOH'!aTenbHOH KOCTPYKUIIH, 
IlOKa3anH, 'ITO 3aBHCIIMOCTb BpeMeHH6ro pa3pemeHIDI OT Hanp,i:)KeHIDI 
"Bbmona)KIIBaeTC.ll" npII Hanp.H:>KeHIIH 2800 B, 'ITO COOTBeTCTBYeT nopory 

pernCTPaUIIII Th=I n.3ll. (cM. pIIc. 9). 

a) joouble ;op conl 1.2 ond 1,3 Ar(40YC02(5S)ICF4(&J! 6) jnme RMS A~40)/C02(5,VCF4(5)1 

100 • I j: 95 • ,__ I Th=ln.3ll 
loo 

:[~ i: -, 
// ;s ~ ,, 

l 75 , 
1 -gap1,2GFonabs=1 ~ 

"',. 
' 70 f ~3 -+-1,2GFClrlabl•1 ~ .· ..o.-gap1~GFolf -o-1,2GFal I ~ 65 , .....,_gap1.3GFonabs=1 2 - ...,_1,3GFonabPt I t 60 -gap1.3GFolf 1- --uGFar 

55 
0 50 
2200 ax, 2'00 2'DI 21D) 21llO 21D) :m, 2200 2300 2400 2500 2600 2700 2800 ~ IIVM 

Puc. 9. 3a6UCUMocmu 3q>qJeK111UBHOCmU pezucmpQI/UU MIOOHOB BblCOKUX 3Hepzuu (a) u Bpe.MeHHOZO 
pa3pewel/WI (6) om nanpJDtCeHUH, npuseoeHHble 0/IH Ktncooii napbl 3a3opos riemblpexClloimoii 
Ka:.tepbl M3Rl npu BKIIIO'leHHOM u BblKIIJO'leHHOM ,Pone ZaMMa-U3RJ"leH1lR 40 KI'q/CM2. M3Rl -
Ka:.tepa KOM6UHllpOBQHHOZO (CMeUJQHHOW) muna c ceZMeHmQ1.{Ueii o6oux KQmOOOB c 
"3,jJrpeKmUBHblMU" naOOMu 6.8x40.7 M¥. 

C YMeHbIIICHIIeM Hanp,i:)KeHIDI Ha KaMepe Ha I 00 B I'a30Boe ycIIneHIIe 
YMeHbmaeTc.H B 2 pa3a. IlpH Hanp,i::>KeHHH 2600 B nopor CTaHOBIITC.H paBHb!M 4 
n.'3JI. Ilocne.nHIIii npHH.llTO B KOnna6opaUJIH cqHTaTb "omIIManbHbIM" (CM. 
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rnaBy 5). Pa6oqee Hanp1nKem1e MO)KeT ycT;HaBJJHBaTbC.11 B npe.nenax OT 2550 B 
.no 2800 B (HMeeTC.11 IlJlaT6 250 B, KOTOpoe orpamt'IHBaeTC.11 npHH.IITOH HOpMOH 

.nn.11 nrnpttHbI npocrpaHcTBeHHOro KJJacTepa CS=l.2). B KaMepax HeT npo6oeB 

.no HV=2900 B. Tip1rne,neHHbie Ha pttc. 9 xapaKTepHCTHKH nony'leHbI Ha 

cneunanbHOM ny'IKe MIOOHOB c 3Heprnei1 100 I'3B (X5-SPS, CERN) B 

npncyTCTBHH HHTeHCHBHOro raMMa-HJJJY'leHH.11 40 KI'l/lcM2 (GIF - Gamma 
Irradiation Facility); nocne,nHHtt 'laCTH'IHO HMHTHpoBan O)KH,naeMbitt q:>OH B 

3KcnepHMeHTe LHCb. J,h pncyHKa BH.LlHO, 'ITO q:>oH, o6pa3yeMbitt BKJJIO'leHHeM 

GIF, He npHBO,LlHT K 3aMeTHOMY H3MeHeHHIO OCHOBHbIX xapaKTepHCTHK 

KaMepbl - BpeMeHH6ro pa3perneHH.II H 3q:>q:>eKTHBHOCTH. 

B rJJaBe 3 o6c~,naIOTC.II BOilpOCbl TeXHOJJonm MaCCOBOro npOH3B0.[lCTBa 

MlOOHHb!X KaMep OKOffqaTeJJbHOH KOHCTPYKUHH, KOTOpb!e npe,nCTaBJleHbl _B 

Ta6JJHUe 1, H KOHTPOJJ.11 Ka'lecrna npOH3B0.[lCTBa. OCHOBHOe BHHMaHHe B 

.[lllCCepTaUHH y,neJJ.lleTC.11 He CTOJlbKO npOH3B0.[lCTBY, CKOJlbKO npo6JJeMaM 

rpeHHpOBKH tt TeCTHpOBaHH.11 KaMep BHYrpeHHett o6naCTH MlOOHHblX CTaHUHH 

Ml-MS. ,lvl.11 MIOOHHOro .ne-reKTopa mroTOBJJeHo 1380 KaMep H3 HHX 1368 -

npOBOJlO'IHbIX KaMep, HMelOllJHX CBbIIIIe 5 MJIH. ToqeK q:>HKCaUHH CllrHaJJbHbIX 

npoBOJJO'leK (12 KaMep Triple-GEM). <l>HKcaun.11 KOHUOB npoBOJJO'leK 

Bb!IlOJJHeHa nattKOH H npttKJJeHBaHHeM HX 3IlOKCH.[lHOH CMOJJOH. TepMHH 

"MaCCOBOe npOH3B0.[lCTBO", BbIHeceHHbIH B Ha3BaHHe rnaBbl, npHMeHeH B CB.113H 

C H3rOTOBJleHHeM 60JlbIIIOro 'IHCJla KaMep; TaKOe KOJlH'leCTBO KaMep .LlJl.11 

0.[lHOrO ,neTeKTOpa B cneKrpoMerpax q:>H3HKH Bb!COKIIX 3Heprntt 

npOH3B0.[lHJl0Cb BnepBbie. Cne.nyeT IlO,Ll'lepKttyTb, 'ITO Ha npH3B0.[lCTBO 

OTBO.[lllJlOCb He 6onee rpex neT, Il03TOMY Heo6xo,nHMO 6b!JJO npoH3BO.[lllTb 

KaMepy B neHb. TaKOH TeMn OTHOCHJJC.11 TaK)Ke K rpeHHpOBKe ll llCilbITaHHIO 

KaMep. O,nHHM H3 Ba)KHbIX 3TailOB npoaepKH KaqecTBa H3rDTOBJleHH.II 

npoBOJJOqHbIX KaMep .IIBJJ.lleTC.11 npoaepKa Harn)KeHH.11 CllrHaJJbHbIX npoBOJlO'leK 

nocne lIX q:>HKCaUHH. B 3TOH rnaae OilHCaHbl ,LlBa nptt6opa .LlJl.11 ll3MepeHH.II 

HaT.ll)KeHH.11 npOBOJlO'leK, pa3pa6oTaHHbie npH aKTHBHOM yqacTHH aarnpa [21, 

22]. 3THMH nptt6opaMH, BCrpOeHHbIMH B TeXHOJlOrH'leCKOe o6opy.noaaHtte .[lJ].11 

npOH3B0.[lCTBa KaMep, 6b!Jlll OCHameHbl IIIeCTb uempoB npOH3B0.[lCTBa 

MIOOHHbIX KaMep: ,nBa B TIIUl<l>, TPH B MTanttH H o,nHH B ~EPHe. 

B 3TOH rnaBe BnepBbie IlOCTaBJleHa ll perneHa 3a,na'la ycKopeHHOro Bb!BO,[la 

HOBblX (nocne ll3rOTOBJleHH.11) KaMep o6JJaCTb pafioqlIX tt MaKCHMaJJbHblX 

Hanp.ll)KeHHH. ABTopoM npe.nno)KeH H BHe.npeH HOBbIH MeTo.n, 3aKJ110qa10mttttC.II 

B 0.[lHOBpeMeHHOM B03.[lettCTBHH Ha npoBOJlO'IKH OTPHUaTeJlbHOH KOpOHbl ll 

06JlY'leHtt.ll aKTHBHOH o6naCTH KaMepbl raMMa-KBaHTaMH C 3Heprnei1 660 K3B 

OT HHTeHCHBHOro HCTO'IHHKa 137Cs ycTaHOBKH GIF (HHTeHCHBHOCTb 40 

KI'i/lcM2) [23]. Ee3 TaKOro 06JJY'1eHH.11 BpeM.11 rpeHttpOBKH COCTaBJl.llJJO B 

cpe,nHeM 48 ", a c o6nY'leHtteM 5 'I - nocqTH Ha nop.11,noK MeHbIIIe. ijocne 
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"o6pa60TKH" IlOBepxHOCTH npoaonoqeK 6oM6ap,nttpOBKOH Il0JlO)KHTeJlbHblMH 

HOHaMH IlOBbIIIIeHHOH KOHUeHrpauttH, no,naqa IlOJlO)KHTeJlbHOro Hanp.ll)KeHH.11 -

pa6oqero tt ,na)Ke MaKCHMaJJbHOro HV=2900 B nptt BblKJlJOqeHHOM raMMa

HCTO'IHHKe npOIIXO.[lHJla 3a CeKyH.Llbl 6e3 npo6neM. 

BnepBbie .LlJl.11 KOHTOpOJJ.11 IlOBepXHOCTH KaTO,LlOB aBTOpOM .nnccepTaUHH 

npttMeHeHo HHTeHCHBHOe 06JlY'leHHe HOBbIX KaMep, qTo Il03BOJlHJlO 

o6Hapy)KHTb YHHKaJJbHOe .IIBJJeHtte - 3MHCCHIO C KaTO,na B HeKOTOpblX HOBbIX 

KaMepax, B03HHKa10my10 nptt pa6oqeM Hanp.11)KeHHtt. B na6oparnpHbIX 

ycJJOBH.IIX TaKoe .IIBJJemie He B03HHKaJJO H OCTaJJOCb 6bi He3aMeqeHHblM. 

3MHCCH.II 6brna 06Hapy)KeHa no CKaqKy TOKa npH HOpMaJJbHOM pe)KHMe 

pa6oTbl, T. e. nptt IlOJlO)KHTeJlbHOM Hanp.ll)KeHHH Ha npoaonoqKax, nptt 

06JlY'leHHH HHTeHCHBHbIM r"aMMa-ttcTOqHHKOM GIF [24]. B03HHKaBIIIHH TOK 

npeBbllliaJJ TeMHOBOH TOK B 1000 H 6onee pa3 H npH BbIKJJJOqeHHH raMMa

HCToqHHKa He HC'le3an, npo,nOJJ)KaJJ npoTeKaTb, MHOro 'laCOB (H ,na)Ke cyTOK), 

qTo xapaKrepmyeT .IIBJleHtte KaK aBT03JleKrpOHttyIO 3MHCCHIO. KaK BbUICHHJlOCb 

npH BCKpbITHH HeKOTOpbIX KaMep, 3MHCCH.II C Karn.na fibrna o6yCJJOBJleHa 

3arp.113HeHHeM IlOBepXHOCTH MeTaJJJJa 3IlOKCH,LlHOH CMOJlOH ll3-3a 

HeCOBeprnemtCTBa TeXHOJlOrHH .[l03HpOBKH 3IlOKCH.[lHOH CMOJlbl ( CMOJla 

BbI,naannaanacb H3-no.n cn3ttcepoa H nona.nana Ha MeTann KaTo,na, r.ne 

pacTeKanacb oqeHb TOHKHM CJJOeM). Ha no.naBJJeHHe napa3HTHOH 3MHCCHH 

norpe60BaJJOCb .[lOBOJlbHO MHoro qacoB pa60Tbl KaMepbl nptt HenpepbIBHOM 

HHTeHCHBHOM o6nyqeHHH. Cero,nH.11 MO)KHO yTBep)K,LlaTb, qTo npe.[lJJO)KeHHbIH 

aBTOpOM .nnccepTaUHH MeTO,n no.naBJJeHtt.11 3MHCCHH pa3pyrneHtteM 3MHTTepoB 

OKa3aJJC.II IlOJle3HbIM [24]; KaMepbl C no,naBJJeHHOH 3MHCCHeH ycneIIIHO 

q:>yHKUHOHttpYJOT B 3KcnepttMeHTe LHCb y)Ke TPH ro.na B ceaHcax 2010-12 2.2. 

1-hroTOBJleHHe HOBbIX KaMep npttBeJJO 6bi K 3HaqnTeJlbHbIM pacxo,naM. B 

pa6oTe [25] OilHCaHa .[lOilOJlHHTeJlbHa.11 MeTO,LlHKa KOHTPOJJ.11 0.[lHOpo,nHOCTH 

raJoaoro ycHJJeHtt.11 KaMep no IlJlOll!a.ntt. 

rnasa 4 IlOCB.llllJeHa 3JleKrpOHHKe MIOOHHbIX KaMep. 3,necb paccMorpeH 

IIIttpOKHH cneKrp BonpocoB. ,lvl.11 MHHHMH3aUHH 3KBHBaJJeHTHOro rnyMOBOro 

3ap.11.na (ENC - Equivalent Noise Charge) H q:>yHKUHH apeMeHHoro pa3perneHH.II 

B ,LlHaila3C>He eMKOCTeH .[leTeKTOpa 50-250 n</J npe)K,ne BCero BbI6paHO 

OilTHMaJJbHOe IlHKOBOe BpeM.11. Ha 3Tane HCCJle.[loBaHH.11 KaMep-npOTOTHilOB, 

npe,nHa3HaqeHHblX .[lJl.11 MIOOHHOH CHCTeMbl, npttMeH.IIJlaCb pa3pa6oTaHHa.ll 

aBTOpOM .[lHCceprnuHH 16-KaHaJJbHa.11 3JleKrpOHHKa ASDQ++ [26], 

BhmonHeHHHa.11 Ha 6a3e 8-KaHanbHOtt HHTerpanbHOH MHKpocxeMbI ASDQ -

JlY'!llieH MHKpOCXeMbI, HMe10meiic.11 Ha TOT nepno.n B npOMblIIIJleHHOCTH. 

Bae,neHHe aBTOpOM Ha BXO,ne MllKpOCXeMbl ASDQ B Ka)K,LlOM KaHane 

rpaH3HCTOpHoro KaCKa,na Il03B0JlHJlO nptt coxpaHeHHH IlllKOBoro BpeMeHH H 

qyBCTBHTeJJbHOCTH cxeMbl ASDQ a 10 pa3 yMeHbIIIHTb BXO.[lHOe 
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conponrnnem1e cxeMbI (c 260 OM ,11.0 25 OM) H cymecTBeHH0 )'BenwrnTb 
,11.onycrnMyio eMK0CTb ,11.eTeKTopa (c 30 n<P ,11.0 250 n<P), npH )TOM yMeHblllHTb 
IIIYMbI ycHnHTemI B 2 pa3a. YMeHbllleHHe BX0,11.H0ro conp0THBneHIUI 
no3B0nHno cymecTBeHH0 yMeHbllIHTb eMK0CTHbie Kp0CCT0KH B HH.11.YKIIH0HHbIX 
KaMepax CPC-rnna c ne11aTHblMH na,11.aMH. 3neKTpOHHKa ASDQ++ nonH0CTbIO 
y,11.osneTBopHna TPe6osaHHHM MIO0HH0ro ,11.eTeKTopa, H napaMeTPbl ASDQ++ 
6bmH ccpopMynHpOBaHbl B Ka11ecTBe TeXHH1IeCK0ro 3a,11.aHHH ,11.nH "csoeii" 
MHKpocxeMbI CARIOCA - 0KoH1IaTenLHaH 3neKTp0HHKa [27]. Pa3pa6oTKa 
MHKpocxeMbl CARIOCA np0HJB0,11.Hnacb no pa,11.HaIIHOHH0-cToiiKoii: 
cy6MHKpOHHoii: TeXHonomH CMOS q>HpMbI IBM c npoeKTHbIMH HopMaMH 0.25 
MKM. MttKpocxeMa CARIOCA HMeeT sxo,11.Hoe conpornsneHHe 50 OM 
(ASDQ++ 25 OM) H nnKoBoe speMH ycHnnTenH-q>OpMnpoBaTenH - IO He 

(ASDQ++ 8 He). YKaJaHHbie 3Ha11eHHH nHK0Boro BpeMeHH cooTBeTCTBYIOT 
,11.0B0ilH0 nonoroMy MHHHMYMY 3KBHBaneHTH0ro IIIYM0B0ro 3apH,11.a: 

(ENC)min ~ 166 ~Cdet· (3) 
vTP . 

3,11.ecb 3KBHBaneHbHblll IIIYMOBOii: 3apM,11. npe,11.CTaBneH B 3neKTP0Hax, a 

pa3MepH0CTH ,11.pymx Benll1IHH: en = .J 4kT(R5 ) [HB/ .Jnl], nHK0Boe BpeMH 

Tp[Hc], eMK0CTb C [n<P]. 
,D;ononHHTenbHO Konna6opa11neii: 6bma pa3pa6oTaHa 16-KaHanbHM 

MHKp0cxeMa DIALOG, BhmonHeHHaH no Toii: ,Ke Teirnononrn, 1IT0 H 
CARIOCA, c pH.II.OM HCKnI01IHTenbH0 Ba,KHbIX <pyHKIIHii:: nporpaMMHpyeMoe 
3a,11.aHHe ,11.nHTenbH0CTH H 3a,11.ep,KKH HMnynbca B Ka,K,11.0M KaHane, 
MaCKHp0BaHIIe KaHana, ycTaH0BKa HH,11.HBH,ll.yanbHbIX noporoB B Ka,K,11.0M 
KaHane (B ASDQ++ nopor - 06111ttii:), norII1IecKoe 061,e,11.HHeHHe KaHanoB no 11 
H l1Jll1, ,11.pyrne <pyHKIIHH. TaK, no npe,11.n0)KeHHIO aBT0pa ,11.HCCepTaIIHH B 
Ka)K,11.blll KaHan MHKp0CXeMbl 6bm BBe,11.eH c11eT1IHK HMnynbC0B ("nepec11eTKa" 
24 ,11.B.p., 100 MI'ZJ)- Ba,KH0e "HOBOBBe,11.eHHe", IlpHMeHeHHe onHCaH0 B rnaBax 
5 H 6). OKOH1IaTenbHaH nnaTa ,11.eTeKTOpH0ii: 3neKTP0HHKH K0HCTPYKTHBH0 
noBTOpHeT 16-KaHanbHyio nnary ASDQ++; H0BM 16-KaHanbHM nnaTa 
nony11Hna Ha3BaHHe CARDIAC (CARioca + DIAiog Card). 

,[(nH H3MepeHHH IIIYM0BbIX xapaKTepHCTHK aBTOp0M pa3pa6oTaH HOBblll 
MeT0.11. peK0HCTPYKIIHH 111yM0BbIX pacnpe,11.eneHHii [28-34]. MeTo,11. ocHoBaH Ha 
Te0pHH MaTeMaTH1IeCK0ro aHanH3a IIIYM0B Paii:ca, H3BeCTH0ii: B OTe1IeCTBeHHOH 
nHTepaTYPe, KaK "TeopHH Bb16pocoB CnY1Iaii:HbIX npoueccoB". Pa3pa6oTaHHblll 
MeT0.11. npe,11.nonaraeT cymecTBoBaHHe oco6oii: xapaKTepHCTHKH ycHnHTenH
q>HnhTPa C no,11.KnI01IeHHbIM ,11.eTeKTopoM - l/acmombl Pauca (TepMHH BB0,11.HTCH 
BnepBbie) [28, 31, 32]. MeT0,11. no3B0nHeT peK0HCTPYHp0BaTb 0,11.H0BpeMeHH0 
,II.Ba Ba,KHblX pacnpe,11.eneHHH: onpe,11.enHTb 3KBHBaneHTHblll IIIYMOB0ii: 3apH.11. Ha 
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sxo,11.e npe)O'cnmrreIDI, a TIUOKe onpe,11.enHTh ,11.Hcnepcmo H nono)Kemre 
Hynesoro nopora pacnpe,11.eneH1UI IIIYMOBoro c11eTa Ha BblXOAe 
,11.HCKpHMHHaTOpa; H BhlilOilHHTb 3TO CKllmrp0BamreM III)'MOBOH ,11.0pO)KKH 
noporoM ,11.HCKpHMHHaTopa. Ha puc. IO JI0Ka3aHLI 3aBUCHM0CTU III)'M0B0ro 
c11era Ha BhlX0,11.e AHCKpHMHHaTOpa OT nopora AmI pa3JIU11Hb1X 3Ha11euuii 
eMK0CTU ,11.eTeKropa, npHBe,11.eHHble K ~effTPHp0BaHHOH H mmeapH30BaHHOH 
qiopMe [33]. 

3KBHBaneHTHblii III)'MOBoii 3ap,rA ENC onpe.r(emieTc,r no HaK.JIOHy 
np'1MhlX, noKaJaHlll,IX Ha pHCYffKe, no <popMYne: 

lg(e) ( 11 '11 ,J (4) Y = lg( /,,o) ( )2 x ⇒ ENC,= 0.466/ tg yzna HaKlloH'4. 
2-ENC 

To11Ka-sepmHHa, B Kornpoii cxoMTC,r npJ1MLie, 0603eaqeuua,r KaKfn(O), B 
,11.Hccep~ HaJbraaeTC,r 11acrornii Paiica no HMeHH aBTopa qiopMYJibI AmI 
cpe.r(Hero qncna nepece11emrii HyJieBoro yposu,r CJIY1IaHHLIM npo~eccoM B 
ceeyH)O'. B qacromoii o6nacrn 3Ha11emre «l>YHKIIH'1/n(O) MO)KeT 6bln. Haii,11.eHo 
KaK 

f' (O) = /f;' / 2
S(/)df ( 5) 

Jn ✓ J;' S(/)df ' 

r,I(e S(f) - cneKTpaKnbHa'1 IlnOTH0CTb myMa Ha BX0,11.e ,11.HCKpHMHHaTOpa. 
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Puc. JO. Pacnpeoe.nemm 
UlJ'MOBOZO C'lema HQ BblXOOe 

OUCKJJUMUHamopa s 
3asuCUMocmu om KBaopama 

nopoza OUCK111UMUHamopa o/UI 
p03llU'IHblX 3HO'leHUU eMKocmu 

oeme,anopa C&,.=56-330 n(/). 
llo HQKROHJI npRMblX 

onpeoemre111CR ENC, s umoze -
nopoz 311e,anpoHUKU, 
nanJJUMep, Th=5·ENC. 
Kwru6pOBKa UlKtlllbl nopozos 
Mo:JICem 6b1111b BblnOJIHeHa 

anpuopu 8 eOUHU1Jax 30pHoa 
(3ne,anponax) c neo6xOOUMoii 
mO'IHOCmb10. 

Onpe.11.enHM 11acmry Paiica fn(O) no cpopMYJie (5) AmI CJIY1Ia'1, Kor,11.a 
AOMHHHpYeT nocne.noBaTeJI1,HLIH III)'M en: 
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1 

I
f.co 4 1 w

2
T

2 
1 d ]2 

- 1 o w i+wZ(RinCdet)z t+wzTz t+wzTz w 
fn(O) - ;; 00 

2 
1 wzTz 1 • (6) 

f. w----~·-~=-~~dw 
0 Z(R· C )2 l+w2T2 t+w2T2 l+w in det 

KaK BIUI.HO, B 3TOM CJI)"lae in , en - CnCKrpailbHbIC IlnOTHOCTlI <pJIYKT)'aUHH 

TOKa lI Hanp.iDKCHJUI Ha BXO.UC npe.uycHJ11ITem1 lJCqeJJilI, W = Zrrf - Kpyrosrui 

qacTOTa, IHUw)I - Mo.uynb nepe.uaqlf ycHJ1mem1-<p1Inbrpa no Hanp.iDKCHlIIO. 

Iloll)"llIM, qrn nplI TlinOBbIX BCJllJqlJHax en= 1 HBl✓rlf 1I in=0.5 nAl✓I'l{ lI 

e~w2C2 » i~ qacrnrn Palica cy111.ecTByeT H, KaK BH.UHO H3 <popMynbI (6), 
CTaHOBlITCH .UCTCpM1IH1IpOBaHHOH xapaKTCplICTlIKOH YClIJllITCJIH-<pHJlbTPa, B 
)TOM CJI)"lae qacTOTa Palica He CHJlbHO MCHHCTCH B .u11anaJOHC lIHTepeCyIOIUlIX 

Hae CMKOCTCH .ueTeKTOpa 50-250 n<I>, a B noraplI!pMlJqeCKOM Macnna6e 3TO 

H3MeHeHHe COBCeM He3HaqlJTeJibHOe, qTo o6bHCHHCT Han1Iq1Ie Ha p1IC. IO 
06111.eli sepnmm,1. He TPY.UHO BH.UeTb, qrn TOqHOCTb onpe.ueneHHH ENC 3TlIM 

MeTO.UOM 3aBlICHT B OCHOBHOM OT TOqHOCTH Kan116pOBKlI IIIKanbI noporoB, CM. 

<pOPMYJIY (4). 
Tiocne ycTaHOBKlI KaMep B rnaxTe 3TlIM MeTO.UOM onpe.uenHJICH IIIYM BO 

Bcex KaHanax MIOOHHOro .ueTeKTopa (122112 KaHanOB). Oco6eHHOCTb 

MIOOHHOro .ueTeKTOpa LHCb B TOM, qrn 24 rnna KaMep c paJJilJqHOH 

rpaHyJIHpHOCTblO lIMeJIH CBOH xapaKTepHbie eMKOCTlI, qTo no3BOJIHJIO asrnpy 

nocrpOlITb "KJiaCClJqCCKyIO" 3aBHClIMOCTb ENC OT Coem lI ycTaHOBlITb cornac11e 

ee C pacqCToM lI, TaKlIM o6pa30M, no.uTBep.UlITb BblBO.!l O TenJIOBOH npHpo.ue 

Ha6n10.uaeMoro rnyMa [35]. Pe3yJibTaTbl )Toro lICCJIC.!lOBaHlIH noKa3anlI, KpOMe 

TOro, qTo Ha rny61IHe 100 MCTPOB no.u 3eMJICH IIIYM MCHbIIIe, qeM B 

na6opaTOp1I1I npH6JIH31ITeJibHO Ha 1000 3Jl. illyM BHOClIT BXO.UHOH KaCKa.u 

3JieKrpOHHKH, HOClIT xapaKTep Tennosoro rnyMa, a He lIHOro. 3TOMY 

pe3yJibTaT)' cnoco6cTBOBano KaqecTBCHHOC 3KpaH1IpOBaHHe lI 3a3eMneHHe 

3JICMeHTOB MIOOHHOro .ueTeKTOpa [36]. 
rJJaBa 5 nocBHIUeHa npe.uycTaHOBOqHbIM TeCTaM [37, 38] 11 OilTlIMH3aU1IlI 

pe)IrnMa pa60Tbl KaMep MIOOHHOro .ueTeKTOpa B rnaxTe [39]. OnrnMH3aUlIH 

3aKJI10qaeTCH B MHHHMH3aUHlI fa30BOro ycHJICHlIH. ra30BOe ycHJ1eH1Ie KaMep 

rnna WPC lI CPC-DCRO onpe.uen.iieTcH no <popMyne: 

G = N('J.1.) = !_, Th(n.) = !_. S·(ENC) (7-l) 
N(n.'J.,.) 2 o·Th(n.:>.1.) 2 o·Th(n."J.1.) 

a KaMep CPC-SCRO - no <popMyne: 

G = N(3n.) = Th(3n.) = S·(ENC) ( 7_2)\ 
N(n.3n.) o·Th(n.3n.) o·Th(n.3n.) 

raJoBoe yc11neHHe 0.!lHOro CJIOll B KaMepe C npOBO.!lHhIM 06bC.!llIHeHHeM 

.usyx cnoeB rnna WPC lI CPC-DCRO (Double Cathode Readout) cocrnsn.iieT 

nonOBHtty, 0Tc10.ua ½ B <popMyne (7-1) B OTnlJqlfe OT CPC-SCRO (Single 
Cathode Readout). B q11cnmene B <popMynax (7-1,7-2)- MlIHHManbHbIH nopor 
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3JieKrpOHlIKH, onpe.ueJUICMbIH no H3MepeHHOMY 3KBHBanCHTHOMY IIl)'MOBOMY 

3ap.ii.uy (ENC), ycpe.uHeHHOMY no BCeM KattanaM, B 3HaMeHarene 

MaKCHMaJibHblH nopor perncrparum B nepBlJqHbJX 3JieKrpOHax, T. e. 

Ha1I60JibIIllIH nopor, npu KOTOpOM BbIIlOJIHHCTCH HOpMa e=0.95 

3<p<peKTlIBHCTb perncrpauuu qaCTlJIU,I Ha· BpeMeHH0M HttTpeBane L\t<25 HC no 

nepBmHOH HOHH3aUHH B 3a30pe C TOJIIUHHOH CJIOH 2h=5 MM (puc. 3). 
IlapaMerp o=0.106 B q>OPMYJIC (7) - 6annucrmeCKHH .ue<pHUHT ycHJIHTCJUI 

CARIOCA. 3ToT napaMCTp 61,m H3MepeH anrnpoM .uuccepTauuu B pa6ornx 

[40-42) c npHMeHeHHCM TOHKOCTCHHbIX .upeii<pOBblX rpy6KOK no .uaHHbIM 

H3MCpCHHH raJOBOro ycHJICHHH H cqeTHOH xapaKTepHCTHKH OT HCTOqHHKa 

raMMa-KBaHToB 55Fe npH Hcnonb30BaHHH ycHJIHTCJIH CARIOCA. M3MepeHttoe 

3HaqeHHe <5=0.085 npHMCHHJIOCb B pacqerax raJOBoro ycHJICHHH no 

<pOPMYJiaM (7-1 H 7-2), CM. Ta6JIHey 2. 
MHHHMH3aUlfH raJOBOro YCHJICHHH MHHHMH3HpYCT B CBOIO oqepe.Ub 

lIIHPHHY npocrpaHCTBCHHOro KJiaCTepa, KOTOpaH MOHOTOHHO ysenmHBaCTCH C 

ysenmeHHCM raJOBOro ycHJieHHH, a TaK)l{C BCC BH)J.bl KpOCCTOKOB, no3BOJUICT 

IlpO.!lJIHTb BpeMH )l{H3HH MlOOHHbIX KaMep, T. K. YMeHbmaeTCH HaKailJIHBaCMbIH 

3ap.ii.u. "OmHMaJibHbIM" noporoM perncrpaUHH, npHHHTbIM KOJIJia6opauHeii, 

cqHTaCTCH Thoez= 4 n.3Jl. 

A Pttt1-) 
~ P"l·l 

I 
-. ::.:~<,Tp:10ns. .. =>ok..,,.=!O .. A/V,P=<)34 I 

14000 r-·-- ___ -_-~;~~ 
12000 t I ' i·•·--+- I· -- . .. f -+-- I 

" I 
10000 i·--·-· ---- --·- ·····--- -- ---t 

J ci, y = 44.{ , . _ ... , 
sooo ru 1 1 ~-=---, -1-+-1 1 

~z 
6000 t-w+-~f----,!,... 

'~ , .. .;;tatl(F!~l-.. . -.,·~~•-.... ~-r--,..,,..,-r·~~i-r-, -~...-;-,~,-,-... ' 
o w ~ ro w ~ m = ~ w ~ = = 

Puc. 11. 3aBUcUMocmb ENC om eMKocmu · iJemeKmopa u napaMempbl </Jumupo60HUR npRMoii 
.nuHueii. llyHKmUpHblMU JIUHWIMU noKCl3aHbl npeiJe.nbl pa36poca 3Hll'leHZIU eMKOCmu iJemeKmopa 
±10 n<t>, U36eCmHble U3 U3AlepeHZIU, BblnO.nHeHHblX 6 .na6opamopuu OJlR KQXOOZO KaHa.na KaMep. 
Pe3Ynbmam </JumupoBaHWI cneiJyem noHUMamb KaK: ENC= 1223+44. 7 3.n./n<t>. lloJl}"leHHblii HaKJIOH 
npRMoii cOZJ1acyemcH c U3AlepeHUHMu, BbmOJmeHHb/MU B .na6opamopzm iJ.nH iJemeKmopHoii 
3.neKmpoHuKU CARDIAC {AluKocxeMa CARIOCA c 11eno11KaMU iJuoiJHoii 3GUJUmb1 Ha «xoiJax}, HO 
3Hal/eHue B "Hy.ne" B waxme J.1eHb1Ue npu6Jl113Ume.nbHO Ha 1000 3.n. 
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no HaHJ(eHHOM)' ra30BOM)' ycHJJ:eHHJO G ycurnaBJIHBMOCI, HanpH:lKeHHe V 
Ha Ka>K.QOM cnoe MHorocnoiiHoii KaMepLI, KOTopoe onpe.Qen,i:noc1, no cpopMyne, 
nonyqeHHOH q>HTllpOBaHHeM pe3yJibTaTOB npeQH3HOHHOro H3MepeHHH 
ra30BOro ycHJJ:eHHH OT HanpH:lKeHHH2: 

Rl 
eS!!!l!!!!!I 

Ml 

M2 

M3 

M4 

MS 

V=(lnG+6.21)/0.0067. (8) 

R2 - ·ISE!l5!Drn : i '=, 2.1.nsi 

""~ i !IU I i : . 

R3 

2.7ns 

M
' """'=I ... ... 

ns l2.6ns ! j II : 

R4 

Puc. 12. BpeMeHHble pacnpeoeJ1emm 20 muno1J K{lMep MIOOHHozo oemeKmopa, nOJT)l'leHHble Ha 
'laCmUl/ax s ceaHcax 2010 zooa ila scmpe'IHblX npomoHHblX ll)l'IKax c 3Hepzueu 3.5 T3B Ha llJl'IOK. 

IlOKa3aHo, 'ITO pe>KHM, ycTaHOBneHHbIH .zvrn ceaHCOB 2010-2012 2.2. 

(LHC Run 1), o6ecne'IHBaeT AOCTaTO'IHO BLICOK)'IO 3q>q>eKTHBHOCTh KaMep 
MIOOHHOro ,QeTeKTopa, CM. puc.12 H puc.13. PaC'IeTbl, BbIIlOJIHeHHbie aBTOpOM c 
HCilOJib30BaHHeM Ta6ynupoBaHHbIX Benll'IHH CrJem H 3Ha'IeHHii ENC H3 pnc. 11 
xopomo cornacyIOTCH c 3KcnepHMeHToM, r.Qe noporu 3JieKTPOHHKH Haii.QeHbI 
H3MepeHHeM myMOB. Ilpe.QnO:lKeHHhlH MeTOJ( HMeeT npe.QCKa3aTenbHyIO cnny, 
npu paccornacoBaHHH pac'IeTHoro H ycTaHonneHHOro HanpH>KeHHH (ra3oBoro 
ycHJJ:eHHH) BH,QHO, r.Qe H HaCKOJibKO nopor B nepBH'IHbIX 3JieKTPOHax 
OTKJIOIDieTCH OT paC'IeTHOro 3Ha'IeHHH, H KaKaH TJ)e6yeTCH IlO.QCTJ)OHKa. 

2 Dane 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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YMeHbmeHHe HanpIDICeHHH H ra30BOro ycIDieHHH B 2012 ro.ny npHBeJIO K 
yneJmlieHHIO noporoB pemCTJ)aQHH B cpe,IUieM c 4.2 .no 5.4 n.3Jl. {nt6JIHila 2). 

l _ j i -, .. 11, ! , •• l ~: ml;. i t+ttti i , • ! i -! ! • I _ ! , I 
..: I '! ,._:., '. • '1', • '• 'I,':• •t•.1"• .. I 
";i .. 1- ·1 ! ·r-.-r~r,~• .¥~ 1 1 •1••1 •1·,·,·r ~....-ti 
a , •·I ';:, ! , • , . , ; I I l, ! ·, · 
.5 .. ,· ·I + -~- -!-1-➔ r' -I- , H .h-!-+ ~i -:--I-!- t-·! -1- i-.i I-+ H +-I e , , . : : , • • . : 1 :ff11,oeiq-1tu op,319?.$¼' • , · · ' . -rnt]I ,·+H+H- ~-1Jm:+:m1 ... ;..;... .. • :+: ;--H-i- t-Lµ 

11 !1lij·1. i 1 !!l !;11111111 1 
-r-. -r-,-r-!' .--1--!-,- - ~ ~ I l""fT'f--t-.. ~, ~ .. -f-

- • • • • • t ii\ i l i .... 
•'i,:,..'liih•,:...w.9.,,~.~~'.,J,,;'.vd;;.'.vd;;.l.iit.•.,J,.,'a.t,;.,;.;'wk;lr.4;•4. '.trk;!w4.'.v4.'' 

-~ ... .. .... 
Cl) 

::: u 

. . . . , . . ; , , , , ·1- Run7D6Bf)l-... l. -""·-+--~---.... ·-~."""--+----.--""---~ i • i i J • i ~ ; t • i ; ". IIC 2010ti-0..7 
~- -· -,.-t- -,---i -:.Yf. ... :T'-"T-+-Yf--+ -+-r--r-r-.., -·-r---,-~ 
£ __ !_ J_l_, __ i _+_. _'._ 4-- L :t.:..J...ir~-i-ualr ifup:iim t 2 ! 
~ ' ~ ! :.b ~ ; ~ :.k ~ ~ i : I-. ~ 15 . ! . ,. I : ! 
: r > 11 1' a * s r sr ~• • 1 '. ~ ·_• i: d _ > h _ '! 
: ~-LI i. ~ ! , t 1·1+; f ~-i-'. ~ ! r..-r-T ~-i-1 ·-:--r-T·=r--,- r~rx r-r·1··--r-,1 
r --;- 1·· 

1 -1-1-··,- ·•r-r·-)· ·i·.,:.t.;..-i··•i• ½-•,- i........._t-; .r. ::t:" ,.,.,, .•. ;-: :+,;-~ -,-;+-:--'°-: :--t-4-:-·t7.:i 
t·-:-·--i-t·-1--1 --~--~t--•t·--·t··•1 .. t-t·-i~l~~--.~~-:- -t-
.,,,,_,,.,._ • .,,,,_Jl, ••• 1;_ .. ""'}"', .. ,,,,...,,,.,,,,.,llt;;,}~"""""'•'""•''~""'-•..,,,_,.,_,,,,.,,"-'"''le,~"11· 

Puc. 13. 0CH08Hble xapa,anepucmuKU M/OOHHOZO oemeKmopa: 3tptpeKmUBHOCml> MIOOHHblX KaMep 
Ha BpeMeHHOM w,mep8t1lle 20 HC (a) u UIUJJWIO npocmpaHcmfleHHOZO KJ1acmepa (6) ORJI 20 munos 
KllMep MIOOHHOZO oemeKmopa, nOJr)"leHHble s ceaHcax 2010 zooa Ha scmpe'IHblX npomoHHblX 
11)1'UCQX C 3Hepzueu 3.5 T3B HQ rrJ"IOK. /lymcmupHblMU JIUHIIJIMU nOKQ3QHbl npoeKmHble HOJ)Mbl no 
3tptpeKmUBHOCTnU 99.5 ¾ (u,=3.5 He), no ruuprme npocmpaHcmseHHozo KJ1acmepa 12. 

B 6y~eM ceattce LHC run 2, KOTopLIH Ha'IHeTCJI B anpene 2015 ro.Qa, 
BepoJITHo, 6yJ(eT npoBe.QeHa 6onee TOHKaH HaCTJ)omca pe>KHMa pa60Thl KaMep 
MIOOHHOro J(eTeKTopa. Qm,rr 2012 ro,Qa IIOKa3blBaeT; 'ITO "oDTHMaJU,HbIH" 
nopor pemCTJ)al{IIB MO>KHO yneJIH1ilITI, AO 8 n.311., 'ITO II03BOJIHT, YMeHhmHTh 
Mepnoe BpeMH B KaMepax MlR2 H M1R3, KOTopoe oKa3anocL 80 H 65 He 

cooTBeTCTBeHHo (BMecro 50 He), cKopee Bcero m-3a noBblmeHHhIX 
KpOCCTOKOB, Bb13BaHHblX B TOM 11Hcne neperpY3KaMH q>OHOM C 60JII,meii 
HOHH3aQHeii ( CCJIH cpaBHHBaTh C MIOOHaMH BblCOKHX 3Heprnii) • 

B 2011 ro.ny 3KcnepHMeHT LHCb Bblmen Ha npoeKTHyIO CBeTHMOCTh 
2xI032cu·2~·1• lb npHBe.QeHHblX B mane 6 IDMepeHHii BHJUIO, 'ITO 

xapaKTepHCTHICH KaMep COOTBeTCTByIOT HOpMaM H TJ)e60BaHHHM 3KcnepHMeHnt 
LHCb .. IlonyqeHHa,i: 3cJ!cpe:immHoCTb MIOOHHoro ,AereKTopa, Bblme 99%, 
npHBena K 3cpcJ!eKTHBHOCTH HAeIITHi!>HKaQHH MIOOHOB 98%, a He-MIOOHOB 2%, 
T. e. nyqme npoeKTHLIX 95%, a He-MIOOHOB 5%, COOTBeTCTBeHHo. B ceaHcax 
3KcnepHMema LHCb 2010-2012 2.2. BnepBbie nonyqeHhl Ba>KHbie HayqHLie 
pe3yJibTaThl, KOTOpble BblBeJIH 3KcnepHMeHT LHCb Ha ypoaeHb MHpOBoro 
mmepa B o6JiaCTH myqeHHH B- H .0:Me30HOB. Bcero 3a 3TOT nepHOJ( 
ony6JIHKOBaHO 220 pa6oT H CJ(enaHO CTOJibKO )Ke ,QOKJillJ(OB Ha 
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. 
MeiK)lyHapOJlHl,IX KOHcpepeHUIDIX. qaCTh peJyJihTaTOB · 3KcnepnMeHTa 

npHBe)leHa B pa6ornx c )"lacrneM aarnpa JlHCceprnunn [45-50]; CpeJlH 
BaiKHeiiurnx JlOCTHiKeHnii 3KCnepnMeHTa LHCb cne)lyeT OTMeTHTh 
Ha6JIIO)leHne pe)lKHX pacna)lOB CHCTeM Bs ➔ µ+ µ-, B0 ➔ µ+ µ-, npWieM 

anepBhie Ha CTaTHCTHKe 3 </J6H"1 IlOKaJaHO, qTQ nOJI)"leHHhie Bepm!THOCTH 
pacna,noa xopomo cornacyIOTCH c npeJlCKaJaHIDIMH CTaHJlaprnoii MO)lenn [50]. 
,[vi.a OKOttqaTeJihHhlX BhlBO)lOB n noncKa OTKJIOHeHHH OT CM rpe6yeTC.8 

cymecTBeHHO yaeJIWIHTh CTaTHCTHKY, qTo nnaHnpyeTC.8 C)leJiaTh B CJie)lymlIIHX 
ceaHcax, 3KcnepMeHT LHCb npo)lOJiiKaeTc.a . 
Ta6.nu1Ja 2. Pe:JK:UMbl KaMep .MIO0HH0ZO oemeKmopa - pac1JemHb1e u pa601Jue (Run}), a ma/0/Ce 
npeonazae.Mble (Run2, C.M. *). Pac1Jem «bmonHeH no rj;op.MynaM (7 u 8) c ucnonb306aHue.M 
mabYRUP06UHHblX 3HU'leHUU <..:o,m U PUC.II. 

Tm1 Coem (net>) Th G ln(G) Vpac•er VLHC-Runl Th Run! JI' Run2 

KaMePbl (3.11.) (R) (R) (n.:111.) (R) 
MIRI 30+10 18000 6000 - 1280 1280 1 1280 

MlR2 58+10 21313 55720 10.93 2558 2550 5 2550 

MlR3 82+10 26677 62769 11.05 2576 2570 5 2570 

MIR4 122+10 35617 63488 11.06 2577 2580 4 2580 

M2Rl 131+10 37629 49188 10.80 2539 2530 5 2500·> 

M2R2 112+10 33382 78546 11.27 2609 2610 5 2540*) 

M2R3 130+10 37405 55007 10.92 2556 2550 8 2550 

M2R4 165+10 45228 59121 10.99 2567 2560 5 2500·> 

M3Rl 137+10 38970 45846 10.73 2529 2530 5 2500*) 

M3R2 115+10 34053 89026 11.40 2628 2620 5 2550*) 

M3R3 120+10 35170 51721 10.85 2547 2550 8 2550 

M3R4 185+10 49698 58468 10.98 2565 2570 5 2520*) 

M4Rl 79+10 26007 61192 11.02 2572 2570 5 2520*) 

M4R2 140+10 39640 58294 11.10 2584 2580 7 2560*) 

M4R3 145+10 40758 68500 11.13 2589 2590 7 2570*) 

M4R4 205+10 54168 63726 11.06 2578 2580 5 2530*) 

M5Rl 82+10 26677 62769 11.05 2576 2580 5 2530*) 

M5R2 139+10 39417 57965 10.97 2564 2550 8 2550 

M5R3 150+10 41875 82108 11.32 2616 2600 6 2570*) 

M5R4 225+10 58638 68985 11.14 2590 2600 5 2540*) 
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B rnaae 6 npnBe)lem.1 xapaKTepncrnKn KaMep MIOOHnoro )leTeKTopa, 

IlOJl)"ICHHhie a maxTe CHaqana Ha KOCMWieCKHX JI)"lax (2009 fOJl) [43], a JaTeM 
- pe3yJihTaThl, BnepBhie nonyqeHHhie B ycJIOBIDIX peaJihHOfO 3KcnepnMeHTa 
LHCb npn 3HeprIDix CTaJIKHBaIOlIIHXCH _npoTOHhIX Il)"IKOB 3.5 n 4 T3B Ha 

nyqoK, " npn CBeTHMOCTH 4·1032 CM"2c·1 - B 2 pa3a BhIIIIe npoeKTHOH. 
,[(onOJIHHTeJihHO IlOJI)"leHhl )laHHhie )lJl.8 CBeTHMOCTH 1033 'CM·2c·1, KOTOpa.8 .!!..2 
pa3 npeBbIIIIaeT npoeKTHVK>, H IlOKaJaHO, qTo KaMepbl MIOOHHOro )leTeKTopa 

cnpaBJIHIOTC.8 C 3arpY3KaMH npn TaKOH cBeTHMOCTH [44]. 
C 14 cpeapan.a 2013 r. no anpenh 2015 r. ycKopnrenh He pa6oraeT (Long 

Shutdown 1). 3To - nepaa.a JannaHnpoaaHHa.a ocTaHOBKa 6onhmoro a)lponHoro 
KOJIJiaii)lepa, a TeqeHne KOTOpoii 6yJleT npoBe)leHa ero MOJlepHmauIDI c uenhIO 

IlOBhIIIIeHIDI 3Heprnn Il)"IKOB )lO 6,5 T3B Ha npoTOH (I 3 T3B IlOJIHa.8 3HeprIDI 
CTOJIKHOBeHIDI), IlOBhIIIIeHH.8 CBeTHMOCTH KOJIJiaii)lepa noKa He 6y)leT. B 
ceaHcax LHC Run2 nnaHnpyeTc.a JlOCTWih CYMMapHoii CTaTHCTHKH IO </J6H·1 

npn npeiKHeii caeTHMOCTH. TonhKO B 2018 ro)ly 3KcnepnMeHT LHCb BhIHJleT 
Ha noBhIIIIeHHYIO CBeTHMOCTh 2 · I 033 cM·2c·1 (LHC Run3), npn K0Topoii B IO pa3 

IlOBhICHTC.8_ 3arpY3Ka MIO0HHhIX KaMep. CJie)lyeT 0TMeTHTh, qTo MIO0HHhIH 
)leTeKTOp B MeHhIIIeii CTeneHH 6y)leT Il0)lBepiKeH MO)lH!pHKaUHH a cpaaHeHHH c 

APYrHMH cy6-)leTeKTopaMn LHCb-cneKrpoMerpa: )leM08THpyeTc.a MIO0HHaH 
CTaHUHH MI, a B KaMepax M2RI n M3Rl, 6JIHiKaiimnx K nyqey, norpe6yeTc.a 
nOBhICHTh rpaeyn.apHOCTh [51]. O)lHH HJ npoeKTOB TaKOH M0)lepHmaunn c 
JaMeHoii npOB0JIOqHhIX KaMep Ha faJ0Bhie YMH0iKHTeJIH npe)lJI0iKeH aBT0pOM 
)lHCepTaUHH [52, 53]. 

B K0HUe KaiK)lOH rnaBhl )lHCcepTaUHH " B JaKJIIO'ICHHH npHB0)lHTC.8 
Il0JIOiKeHH.8 pa6oThI, K0TOphie Bhl)lBHfaIOTC.8 Ha JalIIHTY n K0T0phie a 
Hacrn.ameM aarnpecpepaTe cae)leHhI BMecTe n ccpopMynnpoaaHhI Ha crp.6-10. 
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