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O6maH xapaKTepHCTHKa pa60Tbl. 

AKTVaJibHOCTb. KoMnaKTHblH MIOOHHblll coneuott.n. (CMS) .HBJJHeTc.H o.n.uofi H3 .n.eyx 

KpynHellUIHX ycTaHOBOK, C03.ll.aBaeMblX .11.JI.H pa60Tbl Ha bOJlbllIOM A.n.poHHOM 

Konnaii.n.epe (LHC). 

Cornacuo Cmu.n.apTHOH Mo.n.entt cTpyKTypa MaTepHH MolKeT 6b!Tb 

npe.n.cTaBJJeHa nocpe.n.cTBOM .n.eyx ceMeHCTB '13CTHU - nenTOHOB H KBapKOB (KalK.n.oe 

H3 KOTOpb!X no.n.pa3.n.enHeTCH Ha 3 IlOKOJieHHH) If tJeTb!pex qiyu.n.aMeHTaJibHb!X 

B33HMO,D;ellCTBlfll - 3JleKTPOMarHHTHoro, cna6oro If CHJibHOro .H,D;epuoro H 

rpaBHT3UHOHHOro. 

Teopm1 061,e,n;HHeHHH 3JJeKTPOMarHHTttoro H cna6oro B3aHMO,n;eficTBHH 

Il03B0JIHJla c,n;eJJaTb Illar BIIepe.u B IlOHHMaHHH cpyu,n;aMeHTaJibHb!X B33HMO,D;ellCTBHH. 

TeM He Mettee, CTaH,n;apTHa.H Mo,n;eJib BCe eme OCT3BJIHeT MHOro BonpoCOB 6e3 

OTBeTa: uanpHMep, He o6b.HCH.HeT MexaHH3M npHo6peTeHHH MaCCbI '13CTHU3MH. 

TaKlKe TeopHell ue o6b.HCHeH TOT q>aKT, 'ITO KBapKH tt nerrTOHbl HMeIOT TPH 

IIOKOJJeHH.H, cyiuecTBeHHO pa3JJH'l3IOI.UHec.H ITO Macce. qT06b! ,n;aTb 0TBeTbl Ha 3TH 

eorrpocbl, Teoptt.H Cmu.uapTHOH Mo,n;enH 61,rna pacUittpeHa c,n;enauo 

rrpe,n;IIOJIOlKeHHe O cyiuecTBOB3HHH XttrrCOBCKOro IIOJIH B33.HMO,D;ellCTBHH 

M3CCHBHb!X BeKTOpHb!X 6o30HOB w± H Zo. TTp~ 3TOM Macca '13CTHU rrptto6peTaeTCH 

4epe3 MexaHH3M CilOHTaHHOro uapyUieHHH CHMMeTPHH. O,n;uaKO If 3TOro eme 

He,D;OCTaTO'IHO ,D;JI.H rrpe,!lCTaBJieHH.H UeJJOCTHOll KapTHHbI CTpOeHtt.H MaTepHH. KpoMe 

Toro, CTau.n.apTHaH Mo,n;eJib He BKJIIO'laeT TeOpHIO rpaBHTaUHH. 

HecKOJlbKO TeOpHll 6b!JIH ccpopMynttp0B3Hbl .!lJIH Toro, 'IT06b! OTBeTHTb Ha 

eorrpocbl, ueoxeaTbIBaeMbie CTau,n;apTHOH Mo,n;eJibIO. Hatt6onee rrorrynHpua B 

uacTO.HI.Uee epeMH Teoptt.H CyrrepcHMMeTpHH (SUSY). Ocuoeuoe rrpe,n;rronolKeHHe 

TeopHH SUSY ocuoeauo ua TOM, 'ITO ,n;JI.H KalK,n;ofi H3BeCTHOH 3JJeMeumpnoi1 

'13CTHUbl cymecTByeT cyrrep-'laCTHUa C paBHb!M 33pH,D;OM. ,L{JI.H KalK,n;oro KBapKa 

HMeeTC.H COOTBeTCTBYIOI.Ullll C-KBapK H auanorH'IHO cyiuecTBYIOT C-JieIITOHbl, 

HellTPOJJHHbl, rJIIOHHbl H T.,n;. Eiue o,n;ua rrorrynHpHaH TeopHH - MHHHMaJibHOe 

CyrrepcttMMeTpHtJHoe pacUIHpeutte Cmu,n;aprnofi Mo,n;enH (MSSM) 

orpaHH'IHBaeTC.H BBe,n;eutteM Bcero IIHTH cyrrepCHMMeTPH'IHblX qaCTHU. 

C IlOMOI.UbIO HOBoro IIOKOJJeHH.H q>H3H'leCKHX ycTaHOBOK ua bOJlbllIOM 

A,n;poHHOM Konnaii,n;epe, C03)];3B3eMOM B EeporreiicKOM U:ettTpe 5!,n;epHblX 
I1ccne,n;oeauttfi (CERN), MolKeT 6bITb lf3Mepeua Macca XHrrcoecKoro 603oua. 

I1oBbIIlleHHble TPe6oBaHHH K xapaKTepHCTHKaM ,n;eTeKTHPYIDlUHX CHCTeM, 

6oJibllIOe KOJIH'leCTBO KaHaJIOB perHCTP3UHH H O'leHb orpaHH'leHuoe MeCTO )];JIH 

pa3MelUeHH.H ,n;eTeKT0pOB If 3JJeKTPOHHKlf perncTpaUHH BJJeKyT 33 co6ofi p.H.!l 

cepbe3HbIX TPe6oBaHHll K HX pa3pa60TKe. 
MuororrpOBOJIO'IHaH rrponopUHOHaJibH3.H KaMepa C KaT0.!lHblM C'IHTb!BaHHeM 

HHq>opMaUHH co CTPHIIOB (KaTo,n;uo-CTPHIIOBaH KaMepa, CSC) Bb16paua B Ka'lecTBe 
6a30BOro ,n;eTeKTOpa .!lJI.H TopueBbIX MIOOHHbIX ClfCTeM KpyrruettUIHX 3KCrrepHMeHTOB 
CMS H ATLAS. KaTO.!lHO-CTPHIIOBaH KaMepa cotJeTaeT B ce6e ece ueo6xo.n;HMbie ,n;nH 

peUieHH.H q>H3HtJeCKOll 33)];3'1lf CBOllCTBa: 
• orrpe,n;eneu.He KOOp.!lHH3Tbl MIOOHa C TO'IHOCTbIO JJY'IUie 50 MKM; 



• Bh!COKOe 6bICTpo,neliCTBHe, Heo6xo,nHMOe ,nm, q>OpMHpoBaHHH TpHrrepa 

rrepBoro ypoBHH. BpeMH c6opa :meKTpOHOB rrepBH'-IHOH HOHH3aI]HH He 
rrpeBhllllaeT 100 He; ,!· 

• B03MOlKHOCTh pa60Thl B ycnOBHHX Bh!COKI-IX q>OHOBh!X 3arpy30K 

rropH,nKa ( 1-3) Kfu/cM2; 
• B03MOlKHOCTh pa60Thl B MarHHTHOM none - 3 Teena. 

Koop,nHHaTHaH TO'-IHOCTh KaMep MIOOHHoli CTaHIJHH MEl/1 HrpaeT 

orrpe,nenH10my10 ponh B o6ecrre'-!eHHH Heo6xo,nHMoro :mepreTH'-lecKoro pa3pe11IeHHH 

TOpIJeBoli MIOOHHOH CHCTeMhI ycrnHOBKH CMS. EnH3KOe pacnonoJKeHHe CTaHIJHH K 

BHYTPeHHeMy TpeKepy orrpe,nenHeT Bh!COKHe Tpe60BaHHH K 3q>q>eKTHBHOCTH H 

TO'-IHOCTH orrpe,neneHHH rrpOCTPaHCTBeHHOH KOOp,D.HHaThl MlOOHa ,nnH 

BOCCTaHOBneHHH ero TPeKa B TO'-IKY B3aHMO,nelicTBHH IIY'-IKOB. 

UeJib ,nnccepTaunoHHoii pa60Th1. Pa3pa6oTKa KOHI]eIIIJHH KaTO~Ho-cTpHIIOBoli 

KaMephI ,nnH MIOOHHoli CTaHIJHH MEl/1 3KcrrepHMeHTa CMS. 

Hccne,noBaHHe xapaKTepHCTHK npoTOTHIIOB KaTO,D.HO-CTpHIIOBOH KaMephI: 

• C IIOMOII]hlO MlOOHHhlX H IIHOHHh!X ny'-IKOB B MarHHTHOM rrone pa3HOH 

BenH'-IHHhI; 
• B ycnOBHHX, 6nH3KHX K peanbHh!M ,nnH MIOOHHOH CTaHI]HH MEl/1 B 

3KcrrepHMeHTe CMS; 
• orrpe,neneH1-1e onTHMallhHOro pelKHMa pa60Thl KaMephl ITO ra30BOMY 

ycHneHHIO ,nnH pmpa6oTaHHOH 3neKTpOHI-IKI-I C'-11-!ThIBaHHH 1-!Hq>OpMaljHH 

C ee CTpHIIOB H rrpoBono'-!eK. 
3KcrrepHMeHTanhHO ,noKa3aTh, '-ITO napaMeTphl KaMepbl y,noBneTBOpHIOT 

TPe6oBaHHHM 3KcnepHMeHTa CMS. 

HayquaH HOBU3Ha pa60Tbl. B ,nHccepTa!jHOHHOH pa6oTe rrpHBe,neHhl HOBhie 

pe3ynhTaThl 3KCnepHMeHTallhHhlX HCCne,noBaHHII xapaKTepHCTHK KaTO,D.HO­

CTpHnOBOll KaMephI: 

• Bnl-lHHHe MarHHTHOrO rronH Ha KOOp,nHHaTHOe pa3pe11IeHHe KaMephI; 

• BnHHHHe 3neKTpOMarHHTHOro conpOBOlK,neHHH, HH,D.YIJHpyeMoro 
MIOOHaMH B Belljecrne, Ha Koop,nHHaTHOe pa3peineHHe KaMephl H 

3q>q>eKTHBHOCTh peKOHCTPYKUl-11-1 MIOOHHhIX TpeKOB; 
• Hccne,noBaHhl TpHrrepHh!e CBOHCTBa KaMephI. IloKa3aHa B03MOlKHOCTh 

H,neHTHq>HKaI]HH TPeKa 3apHlKeHHOH '-!aCTHI]hl 1-1 orrpe,neneHHe MOMeHTa 

ee rrpOXOJK,neHHH qepe3 KaMepy C noMOII]hlO CHrHanOB C aHO,D.HhlX H 

6hICTph!X KaTO,D.Hh!X KaHanOB perHCTpa!jHH; 
• Hccne,noBaHO BnHHHHe 6onhlllHX q>OHOBh!X 3arpy30K Ha 

xapaKTepHCTHKl-1 KaMephI; 
• HCCne,noBaHO BnHHHHe K03q>q>HIJHeHTa fa30B0f0 ycHneHHH Ha ee 

xapaKTepHCTHKH. 

IlpaKTU'lCCKaH UCHHOCTb pa60Tbl. 
• Pmpa6oTaHa H onTHMl-131-IpOBaHa KOHI]enI]HH KaMephl ,nnH MIOOHHOII 

CTaHI]HH ME 1 /1 . 
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• Pe3ynhTaTh! 3KcnepHMeHTallhHh!X HCcne,noBaHHll nOKa3allH, '-ITO 

napaMeTPhI KaMepbI y,noBneTBOpHIOT TPe6oBaHHHM 3KcrrepHMeHTa 
CMS. 3To no3BOnHno co3,naTh MIOOHHYIO CTaHIJHIO MEl/1. 

Anpo6aunH pa60Th1. 

OcHOBHhle pe3ynhTaThI ,Zl.HCcepTaI]HH H3nOlKeHhl B 9 pa6oTax, CnHCOK KOTOph!X 

npHBe,neH B KOHI]e aBTopeq>eparn. pe3ynhTaThl HCCne,noBaHHH HeO,D.HOKpaTHO 
,noKna,nhrnanHch Ha o6mena6opaTopHhIX ceMHHapax B JI<1>q OlUIH, Ha ceMHHapax 

Konna6opaIJHH CMS B ~PH, a TaKlKe Ha cne,nyIOII]HX MeJK,nyHapo,nHhIX 
COBelI]aHHHX H KOHq>epeHQHHX: 

1. First Annual RDMS CMS Collaboration Meeting, CERN, Geneva, 
Switzerland, December 11-15, 1995. 

2. Second Annual RDMS CMS Collaboration Meeting, CERN, Geneva, 
Switzerland, December 16-17, 1996. 

3. Third Annual RDMS-CMS Collaboration Meeting, CERN, Geneva, 
Switzerland, December 16-17, 1997. 

4. CMS Endcap Muon Meeting, CERN, Geneva, Switzerland, June 14, 1998. 

5. Proceedings ofMEl/1 Engineering Design Review, CMS Document 99-047, 
CERN, Geneva, Switzerland, June 21-23, 1999. 

6. Proceedings of the th International Conference on Advanced Technology@ 
Particle Physics (ICATPP-7), World Scientific, 2002, pp.347-351. 

CTpyKTVpa " 06'beM .nuccepTaunn. ,lJ;HccepTaQHH 061,eMOM 160 CTpaHHQ COCTOHT 
II3 BBe,neHIIH, '-!eTbipex rnaB II 3aKnIO'-leHIIH. Co,neplKIIT 11 rn6nHQ, 99 pHCYHKOB II 
CIIHCOK QHTIIpyeMOII nHTeparyphl m 59 CChlllOK. 

Ily6JIUKaunu. Ilo MaTepIIanaM ,nHccepTaQUII ony6nHKOBaHo 9 pa6oT, B TOM '-IIICne B 

lKypHanax «IlHChMa B 3qA.5I», «JINR Rapid Communications», «Computer Physics 
Communications» II IlT3. 

Co,nep,Kauue .nnccepTauuu. 

Bo BBe.neuun no,nqepKHYTa aKTyanhHOCTh IICCne,noBam:1li, Cq>OpMynIIpOBaHhl QenII II 
3a,na'-III ,D.IIccepTa!jIIOHHO!I pa60Thl. 

B nepsoii rJiaBe npIIBe,neuo KpaTKOe onIICaHIIe II OCHOBHbie xapaKTepHCTHKII 
«Eonh11Ioro A,npoHHoro Konna11,nepa» (LHC). PaccMoTpeHo Ha3Ha'-!eHne 

co3,naeaeMhlX ,nnH pa60Thl Ha LHC 3KCnepnMeHTallhHhIX YCTaHOBOK. ,lJ;aHo KpaTKOe 
onncaHne ycrnHOBKII «KoMnaKTHhIH MIOOHHhlli coneHoII,n» (CMS). 06mnli BII,n 

ycTaHOBKH nOKa3aH Ha PIIc. l. TopQeBaH '-!aCTh MIOOHHOro cneKTpOMeTPa COCTOIIT H3 

4 CTaHQHH. IlepBaH CTaHQHH MEI cocTOUT II3 3-x nepeKphrna10mnxcH MeJK,ny co6oi1 
no R-Koop,nnHaTe KoneQ ,neTeKTopOB - MEl/1, MEl/2 n MEl/3. CTaHQIIH MEI/I -

caMoe BHYTPeHHee KOnhI]O ,neTeKTOpOB - pacnonoJKeHa Ha paCCTOHHIIH 6 MeTPOB OT 

TO'-IKH B3aHMO,nelicTBHH rry'-IKOB H Ha paCCTOHHHH 1 MeTP OT OCH ny'-IKOB. 0Ha Haxo­
,D.HTCH Henocpe,nCTBeHHO 3a a,npOHHhIM KanOpHMeTPOM H nepeKphIBaeT ,n0ana30H no 

nceB,n06hICTPOTaM OT 1,6 ,no 2,4. CTaHQHH MEl/1 pacnonoJKeHa B CIInhHOM aKCH-
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aJibHOM MarHHTHOM none 

coneHOH,na (B OTnnqne OT 

OCTaJlbHbIX CTaHIIHH). OHa 

COCTOHT H3 72 KaMep 

TPaITeIIHH,AaJihHOH <pOpMbl. 

O6IIIaJI qyBCTBHTenbHaH rrno­

llla.Ah KaMep OKono 34 M
2
. 

)];nH ,AOCTHiKeHHH TPe-

6yeMoro pa3perneHHH rro 

HMrrynhcy BCeii TOpIIeBOH 

MIOOHHOH CHCTeMhl, KaMepbl 

MIOOHHOH CTaHIIHH MEI/I 

,nomKHhl o6ecrreqnBaTh KOOp­

,AHHaTHOe pa3perneHne cr - 75 

MKM. 3<p<peKTHBHOCTh BOCCTa-

HOBneHHH TPeKOB MIOOHOB =,~ .... : ::::~· 
Overallength : 21.110111 

,noniKHa 6b1Tb 6nH3Ka K 100%. ..,. .. ,, .. , ' • r.,,. 

)];nH orrpe,neneHHH MOMeHTa 

CTOnKHOBeHHH rryqKOB Heo6-

XO,AHMO BpeMeHHOe pa3perne-

Pttc.1 O6mttl! BH/1 ycTaH0BKH "KoMnaKTHblH MIOOHHbIH 
conettott11" (CMS) 

HHe - 4 HC. KaMepbl MIOOHHOH 
CTaHIIHH MEI/I ,noniKHhl pa60TaTh B aKCHaJlhHOM MarHHTHOM none coneHOH,na 

BennqnHOll - 3 Teena c pa,nnanhHOH COCTaBnHIOIIIett - 0,3 Teena. CTaHIIHH ,noniKHa 

o6ecrreqHTh TPe6yeMhie rrapaM~hl rrpn <pOHOBbIX 3arpy3Kax OT 3apHiKeHHblX 

qaCTllll rropH,nKa 1,0 Kf11/cM
2
. 

Bo BTOpoii rJiaBe mnoiKeHbl rrpHHIIHIT pa60Thl ra30pa3pH,AHblX ,neTeKTopoB. 

O60CHOBaH Bb16op rrporrop11noHaJibHOll KaMepbl C KaTO,AHhlM cqHThIBaHHeM 

HH<pOpMaIIHH co CTPHITOB B Kaqecrne 6a30BOro ,neTeKTopa ,nnH rrpnMeHeHHH B. 

TOpIIeBOM MIOOHHOM crreKTPOM~e 3KCrrepnMeHTa CMS. CqiopMYnnpoBaHa 

rrporpaMMa 3KCrrep11MeHTaJlbHbIX 11ccne,noBaHI1ll xapaKTepIICTIIK KaTO,AHO-CTPIIIIOBOH 

KaMepbl ,nnH MIOOHHOii CTaHIIIIII MEI/I. 
TpeTl,H rJiaBa IIOCBHIIIeHa orrncaHHIO MeTo,n11qecKIIX pe3ynhTaTOB no 

3KCIIepIIMeHTaJlhHOMY 11ccne,noBaHHIO xapaKTepHCTIIK KaTO,AHO-CTPIIIIOBOH KaMepbI. 

Orr11caHhl MeTO,Abl rronyqeHIIH Koop,n11HaThl MIOOHa no IIH<pOpMaIIHH co 

CTPHITOB KaTO,AHO-CTPIIIIOBOH KaMepbl [1 ]. 
Tip11MeHeH MeTO,A KOMIIeHCaIIHH BnIIHHHH MarHHTHOfO rronH Ha KOOp,AHHaTHOe , 

pa3perneH11e KaMepbl rryTeM IIOBOpOTa aHO,AHblX rrpOBOnoqeK Ha COOTBeTCTBYIOIIIIIH 

yron OTHOCHTenbHO OCII KaMepbl (IIeHTPaJihHOro CTPIITia). C 11enbIO OIITHMH3aIIIIH 

yrna HaKnOHa aHO,AHhlX rrpOBonoqeK 6hrna C03,AaHa rrporpaMMa Mo,nen11poBaHHH 

KOop,n11HaTHOfO pa3perneHIIH KaMepbI yqIIThIBaIOlllaJI Ben11q11Hy 3a30pa aHO,A-KaTO,A 

KaMepbl, mar aHO,AHblX rrpoBonoqeK H IIX ,nnaM~, CBOHCTBa 11crrOnh3yeMOll raJOBOll 

CMeCII, Ben11q11ey MafHIITHOrO rronH II Ben11q11ey fa30B0f0 yc11neHIIH [7]. Pe3ynhTaThl 

Mo,nen11poBaHIIH IIO,ATBepiK,neHhl 3KcrrepnMeHTaJlbHhIMH II3MepeHIIHMII. 

I-fayqeHO BnIIHHIIe MarHIITHOfO rronH Ha KOOp,n11HaTHOe pa3perneHIIe KaMepbI. 
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IlpOTOTIIIT PO Cblrpa.rr IICTOp11qecKyIO ponb B BbI6ope TIIIIa ,neTeKTopa ,nnH 
rnp11eBoro MIOOHHoro crreKTpoMeTPa 3Kcrrep11MeHTa CMS. C ero rroMOlllhIO 6blna 

IIOKa3aHa B03MOiKHOCTb TQqHoll peKOHCTPYKIIIIII TpeKOB MIOOHOB B MarHIITHOM none 

Ben11q11Holi 3 Teena. KpoMe Toro, rrp11 11JroT0BneH1111 KaMepbI 6hma OTPafioTaHa 

TexHonorIIH ee c6opKII, 06ecneq11Ba10111aH Ben11q11Hy HeCOOCHOCTII CTPIIITOB ,nnH 
pa3HhIX nnoCKOCTeH KaMepbl rropH,nKa HeCKOnhKIIX ,necHTKOB MIIKpOH. B 

,AaJihHelirneM 3Ta TexHonorIIH 6bIJia IICIIOnh30BaHa npII Il3rOTOBneHIIII Bcex 

npOTOTIInOB KaMepbl II ,na.rree npII cepIIHHOM npOI13B0,ACTBe KaMep ,n;nH MIOOHHOll 

CTaHIIIIII ME 1/ 1. 
IlpoTornn PO npe,n;crnBmm co6ou 4-x cnoliHy10 nponopu:I10HaJihHy10 KaMepy 

npHMoyronbHOll cpopMbl pa3MepoM 0,5x0,5 M
2
, T.e. COCTOHn Il3 4 Il,ll;eHTilqHbIX 

cy6KaMep. Ben11qI1Ha 3330pa aHO)];-KaTO,ll; 6hIJia paBHa 2,5 MM. )];IlaMeTp aHO,ll;HhIX 

npoBonoqeK - 30 MKM, war npoBonoqeK - 2,5 MM. O,n;IIH Il3 KaTO,ll;OB B KaiK,ll;Oll 

nnoCKOCTII 6bln BbIIlOnHeH B Bil,n;e napa.rrnenbHbIX CTPIIITOB C rnaroM cqI1Tb1BaHI1H 

5,08 MM. MexaHI1qecKaH T0qHOCTb c6opKI1 KaMepbl (HeCOOCHOCTh CTpIIIIOB ,n;nH 
pa3HblX rrnocKOCTeli KaMepbI) 6hma o6ecrreqeHa Ha ypoBHe He xyiKe 40 MKM. 

11cnonh30BaJiaCb 6bICTpM pafioqM raJOBaH CMeCb C ,n;o6aBKOll CF 4 

Ar(30%)+CF4(20%)+CO2(50%). 

)];JIH Ilccne,n;oBaHirn xapaKTepIICTIIK IIpOTOTilna 6hIJia pa3pa60TaHa 

3neKTPOHI1Ka cqIITblBaHIIH IIHq>OpMal(IIII co CTpIIIIOB Ha 6a3e 3apH,ll;OBoro 

npe,n;ycI1nI1TenH q>IlpMhI LeCroy HQV820. CqIIThIBaHIIe HHq>OpMaIIHII c KaTO,n;HhIX 

CTPilnOB opraHil30BaHo Ha OCHOBe O,ll;HOKpaTHOll cxeMhl BhI60pKI1 II xpaHeHIIH 

HHq>OpMaIIHII C rrocne,n;y10111eli OU:II<ppOBKOll. )];JIH cqHTb!BaHIIH IIHq>OpMau:1111 C 

aHO,ll;HhIX rrpoBonoqeK 6bIJI npIIMeHeH TOKOBhIH yc11nnTenh «r AP AHTI151», 

pa3pa6oTaHHhIH B 11<l>B3, IlpoTBHHO. 

C 
npoTOTIIna 

noMOlllblO 3TOfO 

6hIJIO IICCne,n;oBaHO 

KOOp,ll;IIHaTHOe II BpeMeHHOe 

pa3perneHI1e KaMephI, BnHHHile 

MarHIITHOro rronH Ha 

KOOp,ll;HHaTHOe pa3peIIIeHile 

KaMepbI. BnepBble noKa3aHa 

B03MOiKHOCTb pafiOTbl KaTO,ll;HO­

CTPIInOBOll KaMepbl B MarHIITHOM 

none BenI1q11Holi 3 Teena, qTo 

npe,n;orrpe,n;en11no ee Bh16op B 

KaqeCTBe ,n;eTeKTOpa ,n;nH 
TOpu;eBoro MIOOHHOro cneKTPO­

MeTpa 3KcnepI1MeHTa CMS. 

IlOKa3aHO, qTQ Koop,n:11-

HaTHOe pa3peIIIeHile ,n;nH O,ll;HOll 

nnOCKOCTII KaMepbl paBHO cr -

50 MKM (Pilc.2), a ee BpeMeHHOe 

pa3perneHIIe npII cqIITbIBaHIIII 

IIHq>OpMaQIIII c 4 aHO,ll;OB no cxeMe 

3001. CJ= 52 µm 

250 

200 

150 

100 

50 

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 

Xtrack - Xrecon (mm) 

Pnc.2 Koop,1111HaTHoe pa3pell!eHne Ml! o,11Hoii 
IIil0CK0CTll rrpoT0Tlma PO 
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"ttnll" - cr-2,9 HC. Hanuque MafHllTH0f0 noml npHB0,[(llT K CMemeHlllO HanpaBneHllH 

,[(peiiqia :meKTp0H0B nepBllqHOll ll0Hll3al(llll K aH0,[(HbIM npoBonoqKaM ll, KaK 

cne,[(CTBlle :noro, K00pAttHaTH0e pa3peIIIeHlle KaMepbl ,[(erpa,[(ttpyeT. ·'· 3qiq>eKT 

BnHHHllH HOpMaJibHOll COCTaBn»10meii MarHHTH0f0 non» MO)l(eT 6bITh 

CK0MneHcnpoBaH HaKn0H0M aH0AHhIX npoBonoqeK Ha COOTBeTCTBYfOIUllll yron no 

0TH0IIIeHlllO K CTpnnaM KaMepbl (yron JlopeHua, aL). BenuquHa yrna 3aBllCllT OT 

BenuqHHbl MarHllTH0f0 non». 
KoHcrpyKUH» nonHoMaCIIITa6HhIX npoT0TttnoB Pl ll P2 KaMepbI MIOOHHOH 

CTaHl(llll MEl/1 6wna cymecTBeHH0 M0AepHll3llp0BaHa: KonuqeCTBO KaTOAHhlX 

nnocKOCTeii yBenuqeH0 c 4-x AO 6, BBe,[(eHa pa,[(llaJibHaH qiopMa CTpllnOB. AHOAHhie 

npoBonoqKll HaKn0HeHhl no 0TH0IIIeHlllO K H0pMaJill K OCH KaMepbl Ha 3q>q>eKTllBHhlll 

yron JlopeHl(a An» K0MneHCal(llll 3q>q>eKTa BnllHHHH MarHllTHOfO non» BenllqllHOll 

3 Teena. 
,[(Jr» 3KCnepnMeHTaJibH0fO uccneA0BaHllH xapaKTepHCTllK np010Tttna P2 6bin0 

pa3pa60TaHO ll ll3f0T0BneH0 H0B0e noKoneHHe ::ineKTpOHllKll perttcTpal(HH 

llHq>OpMal(llll C CSC. 
CqllTbIBaHHe llHq>OpMal(HH C KaT0AHb!X CTpHn0B 6hrnO opraHll30BaHHO Ha 

ocHoBe aHanoroBoro npoueccopa GASPLEX, cneuuanhHO pa3pa6oTaHHoro An» 

pa6oTbl C fa30Bh1Mll AeTeKTopaMll. Tiocne 3ap»,[(o-qyBCTBHTenbHOfO npeAycttnllTen», 

onTllMll3llp0BaHH0f0 Ha pa6oTy C AeTeKT0paMll, llMeIOIUllMll 6onhIIIYlO eMKOCTh, 

CT0llT q>llnbTp, KOMneHCHpyIOIUllll norapllq>MttqecKyIO qiopMy 3ap»AOBOfO curnana C 

KaMepbl u TeM caMh!M noBbIIIIaIOIUllll 6bICTpO,[(eHCTBlle KaHana perHCTpal(llll. BpeMH 

B0CCTaH0BneHHH 6a30B0ll nHHllll KaHaJia 3KBllBaJieHTHO 5,6 MKC. 

AHOAHM ::ineKTp0HHKa 6brna 

pa3pa6ornHa Ha 6a3e 6wcTporo 

T0K0B0f0 npe,[(ycunttTen»-qiopMll­

poBaTen» MSD-2 qiupMbI LABEN. 

C noM0IUhIO npoToTuna P2 

6hin0 uccneA0BaH0 K00pAttHaTH0e 

ll BpeMeHH0e pa3perneHlle KaMepbl, 

u3yqeH0 BnllHHlle ::ineKTp0MafHllT­

H0fO conp0B0)l(AeHllH Ha xapaKTe­

pttCTllKll KaMepbl. 
Cnoco6 KoMneHcauttll ::iq>-

q>eKTa BnllHHllH MafHllTH0r0 non» 

Ha K00pAHHaTH0e pa3peIIIeHlle 

KaMepbl nyreM noBoporn aH0AHh!X 

npoBonoqeK no 0TH0IIIeHlllO K 

crpunaM noJBon»eT nonyquTh 

K00PAHHaTH0e pa3peIIIeHtte Ha 

yp0BHe 50 MKM. 3aBllCllMOCTb 

KOOpAHHaTHOll T0qHQCTll An» 

OAHOH nnoCK0CTll KaMepbl OT 

BenllqllHhl MarHllTH0f0 non» An» 

aL =21,2° npuBeAeHa Ha Puc.3. 

~72.5 

! 70 
1/) 
::; 
a:: 

67.5 

65 

62.5 

60 

57.5 

55 

52.5 

501.4 

•• 

·~ ._ 

1.6 1.8 2 2.2 2.4 2.6 2.8 
B(T) 

Pttc.3 3aBHCllMOCTb KOOP.l\HHarnoro pa3peIIIeHHJI MJI 

0.!(HOH l!JIOCKOCTll 11poTOTHlla P2 OT aeJIHtJllHbl 

MarHHTHOfO l!OJIJI 

6 

• 

~ 

~--

Jl 

3aBHCHMOCTb BenuqllHbl yr­

na JlopeHua ( tg aL) OT BenuqHHhI 

HOpMaJibHOll COCTaBn»10meii Mar­

HllTHoro non» An» fa30B0ll CMecll 

Ar/CF 4/CO2 pa3Horo npoueHTHoro 

C0CTaBa npHBeAeHa Ha Pttc.4. 

BttAHa cna6a» 3aBllCllM0CTb 

BenllqllHbl yrna OT C0CTaBa 

raJoBoii cMecu [7]. 
BpeMeHHoe pa3perneHtte 

KaMepbl paBH0 cr-2,1 HC npll 

cqllTbIBaHllll llHq>OpMal(llll C 

aH0A0B. 

I-fayqanc» 3q>q>eKT Bnll»HHH 

::ineKTpoMarHHTH0ro conpoB0)l(­

,[(eHHH, reHepupyeMoro BbIC0K0-

3HepreTHqHb!Mll MlO0HaMll 

npoX0AHIUllMll qepe3 aApOHHblll 

KaJI0pllMerp, Ha 3q>q>eKTllBHOCTb 

peK0HCTPYKUllll MlO0HHhIX TpeK0B. 

I10Ka3aHO, qT0 HaJillqlle 6 

nnoCKOCTeii ( 6 cy6KaMep) B 

KaMepe Hatt6onee onTllMaJibH0 c 

T0qKll 3peHllH 3q>q>eKTllBHOCTll 

peK0HCTPYKUllll TpeK0B MIO0H0B C 

::ineKTpoMarHllTHblM conp0B0)l(,[(e­

HlleM (Pttc.5)[2]. 

P3 - IIIecTH cnoiiHhIH 

nonHOMaCllITa6ttblll npoT0Tlln 

KaMephr MIOOHHoii crnttl(llll MEl/1. 

B ero K0HCTPYKUHH yqTettbr 

pe3ynhTaTbl HccneAOBaHllll ll 0nhIT 

pa6oThr c npe,[(rnecrny10mttMll 

np0T0THilaMll. ,[(Jr» yMeHbllleHllH 

3arpy3KH KaT0,[(HbIX KaHaJI0B 

perncrpal(llll crpttnbl pa3pe3aHbl 

Ha 2 qacTll n cqllTbIBaIOTCH 

He3aBllCllM0 C .ll.BYX CT0p0H. 

O6naCTb pa3,[(ena crpHn0B (11=2,0) 

Bhr6patta TaKllM o6pa30M, qT06bl 

3arpy3Ka KaHaJI0B perHCTpal(llll 
,[(RH o6enx qacTeii KaMepbI 6hlna 

0,[(ttHaKoBa. BenuquHa 3a3opa 

aH0,[(-KaT0,[( yBenHqllHa ,[(0 2,8 MM. 

0.6 
15 
c,, 
-0.5 

0.4 

0.3 

0.2 

0.1 

0.5 1 1.5 2 2.5 3 3.5 4 
Bz (T) 

Pnc.4 3aBHCllMOCTb BeJIH'lllHbl yrna Jlopem.1a (tg <XL) 

OT· BeJIH'lllHbl HOpMa!IbHOll COCTaBJIJIIOII.leii 

MarHttTHoro 11orrJ1 MJI rll3oaoii cMecn Ar/CF 4/C02 
pll3Jill'IHOro 11po1.1eHTHOro COCTaBa: ■ - 40: I 0:50, 

• - 30:20:50. • - 30: I 0:60 

~00 
>. u 
C: ., 
·us5 

E 
90 

85 

80 

75 

70 

65 

60 4 5 
Number it layers 

Pnc.5 3aBHCHMOCTb J<p<peKTHBHOCTll peKOHCTpYKI.IHll 

MIOHHbIX TpeKOB OT KOJ!lltJeCTBa IIJIOCKOCTeii B KaMepe 
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C QenhlO OIITIIMII3aQIIII yrna HaKnOHa aHOAHhlX nposonoqeK OTHOCIITenbHO 
crpIIIIOB 6bma C03AaHa rrporpaMMa MOAenIIpoBaHmI KOOpAIIHaTHOro pa3perneHIIH 
KaMepbl yqlfTbIBaIOIQaH BenHqIIHY 3a3opa aHOA-KaTOA, war aHOAHh!X npoBonoqeK II 

IIX AlfaMerp, COCTaB fa30B0ll CMeCII, BenIIqIIHY MarHIITHOro rronH II BenIIqIIHY 
fa30Boro ycIIneHIIH. Pe3ynhTaThl MOAenIIpOBaHIIH HeOAHOKpaTHO rrpoBepeHbl 

3KCrrepIIMeHTaJibHbIMII AaHHblMlf, rronyqeHHbIMII rrpII IICcneAOBaHIIII pa3nIIqHbIX 

rrpOTOTHTIOB. 3aBIIClfMOCTb BenlfqlfHbl KOOPAIIHaTHoro pa3perneHIIH no nnomaAH AnH 

OAHOll lf3 nnocKOCTeii KaMepbl (cy6KaMepbI) npIIBeAeHa Ha PIIc.6 [7]. 

]:110-'­
b 

~100 
i1l 
~ 
11: 90 

so_,_ 

10 ..... ·• 

60 

50 

34 
32 
~ 30 

i:',el,.. 28 26 
--~~ 24 

,!'((lo~ 2l 
20 

I 120 

~"\,) 18100 

Pnc.6 3aBllCllMOCTb BCJillqllHbl KOop.1:urnaTHOro pa3pernemrn 

no IIJ10111a.r(ll ,n.JUI O,ll;HOH IIJIOCKOCTll KaMepbl (MO,ll;CJillpOBaHlle) 

MoAenIIpOBaHHe BbIIIOnHeHO AnH fa30B0ll CMeCII Ar(3 0% )+ 

CF 4( 10% )+CO2( 60% ), ra3osoro ycIIneHIIH G-10
5
, senIIqIIHhI MarHIITHoro rronH 

- 3 Teena, COOTHOIIIeHIIH paAIIaJibHOll II a3IIMYTaJibHOll KOMIIOHeHT MarHIITHOrO 

nomi: - 0,1 II BenlfqIIHbl 3a30pa aHOA-KaTOA 3,5 MM, rnara aHOAHb!X rrposonoqeK 2,5 
MM If lfX AIIaMerpa 30 MKM. OrrTIIMaJibHaH BenIIqIIHa 3<p<peKTIIBHOro yrna HaKnOHa 

aHOAHhIX rrposonoqeK paBHa aL=29,5°[7]. 
3KcrrepIIMeHTaJibHO IICcneAOBaHO BpeMeHHOe pa3perneHIIe KaMepbl [6,8]. IlpII 

HCcneAOBaHIIHX rrpOTOTIIIIOB P3 II P4 IICIIOnh30Banacb 3neKTpOHIIKa perIICTpaQIIII co 

CTpHIIOB Ha OCHOBe crreQllaJIII3IIpOBaHHbIX 6onbIIIIIX IIHTerpanbHblX cxeM KATO,l],-1 

( 16-TH KaHaJibHblll 3apHAoqyBCTBIITenbHblll rrpeAyCIInIITenb-<pOpMIIpOBaTenb) II 

KATO,l],-3 ( 16-TII KaHanbHhIH qiopMIIpoBaTenh-AIICKpIIMIIHaTOp 6b1cTporo 
KaTOAHOro KaHana). AHOAHaH 3neKTpOHHKa 6bma II3rOTOBneHa Ha 6a3e TOKOBOro 

rrpeAycHnHTenH-<popMIIposaTem1 MSD-2. IlpoTOTllII P3 6bm pa3BepHyT Ha yron 

0=10° K OCII rryqKa AnH IIMIITaIIIIII reoMerpIIll rrono)l(eHIIH KaMepbl B ycTaHOBKe 

8 

.11 
J 
•) 

y 
~, 

CMS. BpeMeHHb!e crreKTpbl ClffHaJIOB c aHOAHbIX KaHaJIOB II 6b!Crpb!X KaTOAHb!X 
KaHaJIOB perIIcrpaIIIIII IIMeIOT IIOXO)l(YIO <popMy C umpIIHOll ITO OCHOBaHIIIO OKono 

30 HC II 40 HC COOTBeTCTBeHHO (PIIc.7). 

1200 i 
t; 180 

~ 175 i, .. 
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;j! 100 
,.., 
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'"" too 
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75 .. 
00 
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25 20 
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",,.., """ '""' 2000 2100 2200 """ TOC TDC 

Pnc. 7 <l>opMa BpeMeHHOro crreKTpa ,nm:1 O,ll;HOH IIJIOCKOCTll IIpOTOTllIIa P3 rrpn cqnThIBaHllll 

nmpopMal.\llll c aHO,na ( CJICBO) n CTPllIIOB ( crrpaBO ). U:eHa ,neJieHllll BU:TT - 0, I HCIKaHaJI 

Ha PHc.8 npeACTaBneHhI 

BpeMeHHble pacrrpeAeneHIIH AnH 

rneCTlf rrocneAOBaTenbHO 

npIIXOAHIQIIX BO BpeMeHII 

CIIrHaJIOB C 6 aHOAHbIX 
rrnoCKOCTeii KaMepbl. BenIIqIIHa 

BpeMeHHbIX crreKrpOB ITO 

OCHOBaHIIIO (AnH 99% co6brTIIii) 

COCTaBmieT 3HaqeHIIe AnH l ro 

Clfrttana - l 0,5 He, AnH 2ro - 12 

HC, AnH 3ro - 14 HC, AnH 4ro -

16,5 HC, AnH 5ro - 22,5 HC, AnJ{ 

6f0 - 26,5 HC [8]. 
IlOKa3aHo, qTo: 

• KOOPAIIHaTHOe pa3perneHIIe 
AnJ{ OAHOll rrnoCKOCTlf 
KaMepbl B MarHllTHOM none 
senIIqHHoii - 3 Teena paBHO 

cr - 50 MKM. Bnmrntte Mar­

mnHoro nonH KOMIIeHCHpy­
eTCJ{ rryreM IIOBopoTa 

aHOAHhIX rrposonoqeK Ha 

Vl 8000 
f-
Q 6000 

c;j 4000 

2000 

20 

1th signal 16000 

4000 

2000 

4
~ns) 

~ 6000 Lid signal 4000 

~ 4000 2000 

2000 

00 
O O 20 4~ns) 

~ 3000 z 
w 
i;j 2000 

1000 

00 20 

5th signal 

1ns) 

3000 

2000 

1000 

00 

2nd signal 

20 4
~ns) 

4th signal 

20 4
~ns) 

6th signal 

20 4
~ns) 

Pnc.8 BpeMCHHbJe pacrrpe,neJieHml ,ll;Jlll IllCCTll 

IIOCJie,noBaTeJibHO IIpllXO,ll;llll1llX CllfHaJIOB c 6 

aHO,ll;HbIX IIJIOCKOCTeii IIpOTOTllIIa P3 
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COOTBeTCTBY!OIUllll yron JiopeHQa OTHOCllTenhHO CTpllnoB; 

• .nmr o6ecneqeHml. BhICOKOll 3<p<peKTllBHOCTll peKOHCTPYKQllll M!OOHHhIX TpeKOB 

Heo6xo,nllMO Hanllqlle KaK MllHllMYM 6 nnocKOCTeil: ( 6 cy6KaMep) B KaMepe; 

• B03MO)KHa O.[IH03HaqHa» npllBH3Ka C06hITllll K BpeMeHll B3allMO.[leil:cTBllH 

nyqKOB B Konnail:,nepe 3a BpeMH 25 HC, npll 3TOM Bee nHTh aHO.[IHhIX CllrHanOB 

MOryT cny)KllTh BpeMeHHOll MeTKOil: co6hITllH. Ma)KOpllTapHhie COBna,neHllH 

( 4/6) CllrHanOB C 6 aHO.[IHhIX ll 6 KaTO.[IHhIX nnOCKOCTeil: KaMephl B 3a,naHHOll 

reoMeTpllll onpe,nen»IOT npllHa,nne)KHOCTh co6hITllH K TpeKy OT 3ap»,KeHHOll 

qacTllQhI. B CMS npllHHTO, qTo BpeMeHtta» MeTKa co6hITll» ,nenaeTc» no 

BTOpOMY aHO.[IHOMY BpeMeHHOMy Cllrttany, a ll,lleHTll!pllKaQllH co6hITllH KaK 

TpeKa nO.[ITBep)K,naeTCH Ma)KOpllTapHhIMll COBna,neHllHMll aHO.[IHhIX ll KaTO.[IHhIX 

CllrHanOB B TeqeHllll 50 HC. 

qeTBepTaH rJiaea nOCBHIQeHa onllCaHll!O llCCne,noBaHllH xapaKTepllCTllK 

npoTOTllnOB P2-P4 KaMephI MIOOHHoil: CTaHQllll MEI/I B ycnOBllHX, 6nmKllX K 

peanhHhIM B 3KcnepllMeHTe CMS.· 

,lJ,Jrn nonyqeHllH .[IOCTOBepHhlX OQeHOK KOOp,llllHaTHOro pa3pe1IIeHl1H KaMephl ll 

3<p<peKTllBHOCTll peKOHCTPYKQllll TpeKOB M!OOHOB Hap».ny C MeTO.[IOM MaKCllMyMa 

npaB,nono,no6llH npllMeHeH MeTO.[I po6aCTHoro !pllTllpOBaHllH TpeKOB M!OOHOB B 

ycnoBllHX 6onhlIIOrO KOnllqecTBa conYTCTBY!OIUllX TpeKOB [3,9]. MeT0.[1 n03BOn»eT 

nonyqllTh OQeHKY KOOp,llllHaTHOe pa3perneHlle KaMephl B 1,5 pa3a nyqrne no 

cpaBHeHllIO c MeTo,noM MHK. CyTh MeTo,na 3aKnroqaeTc» B TOM, qTo .nn» XllTOB B 

cpa6oTaBIIIllX nnocKOCTHX KaMepbl BBO.[IHTCH oco6h1e BeCOBhie K03!p!pllQlleHThl. 1..JeM 

,nanhlIIe XllT OT KOOp,llllHaThl npe,nnonaraeMoro TpeKa, TeM MeHhlIIe OH Bnll»eT Ha 

llTepaQllOHHY!O npoQe,nypy <pllTllpOBaHllH. HaqanhHOe npll6nll)KeHlle MO)KeT 6hITh 

nonyqetto MeTo,noM MHK. 

3<p<peKT BnllHHllH KoppenllpOBaHHOro !pOHa (3neKTpOMarHllTHOro 

conpOBO)K,lleHllH, reHepllpyeMoro BhICOK03HepreTllqHhIMll M!OOHaMll, npoxo­

.[IHIQllMll qepe3 MaTepllan nornOTllTen» a,npOHHoro KanopllMeTpa) llCCne,noBanCH C 

noMOIUh!O npoTOTllna P2 Ha Kattane H2, QEPH, B MarHllTHOM none BenlfqllHOll 3 

Teena. l13MepeHHM Bepo»T-HOCTh o6pa30BaHllH BTOpllqHhIX TpeKOB B csc OT 

:meKTpO-MarHllTHoro conpOBO)l(.[leHllH M!OOHa COCTaBllna BenllqllHY 22% .nn» 

M!OOHOB C llMnynhCOM 100 r3B/c ll 29% ,nn» M!OOHOB C llMnynhCOM 300 r3B/c. 

Mttorocnoil:Hhie KaTO.[IHO-CTpllnOBhie KaMepbl n03BOnHIOT coxpaHllTh BhICOKY!O 

KOOp,nll-HaTHyIO TQqHOCTh (cr - 75 MKM) 11 3<p<peKTllBHOCTh peKOHCTpYKQllll TpeKOB 

M!OOHOB (Ha ypOBHe 92-94%) B ycnoBJrnx npllCYTCTBllH 3neKTpOMarHl1THOro 

conpoBO)K,lleHllH (Pllc.9) [2]. 

IO 

r 
I 

BnllHHlle HeKoppenllpO-

BaHHOro !pOHa Ha xapaKTepllCTllKll 

KaMephl llCCne,noBanOCh Ha 

npoTOTllnax P3 ll P4 c noMOIUhIO 

nllOHHOro nyqKa BhlCOKOll 

llHTeHCl!BHOCTll Ha KaHane H2, 

QEPH (Pllc.10) [5]. 

Pe)KllM pa60Thl npoTOTllnOB 

no BhICOKOMY HanpH,KeHll!O 6hm 

Bb16paH TaKllM o6pa30M, qT06hi 

OTHOIIIeHlle Cllrttan/rnyM npll 

cqllThIBaHllll llH!pOpMaQllll co 

CTpllnOB 6hmo paBHO - 200. 3TO 

o6ecneqllnO 3aBe.[IOMO BhICOKOe 

KOOp,llllHaTHOe pa3perneHlle KaMe­

pbl (- 65 MKM Ha nnocKOCTh) B 

ycnOBllHX OTCYTCTBllH <poHa. 

Hccne,noBaHllH nOKa3anll, 

qTO npll 3arpy3Kax - I 00 

Ju/Kattan: 

• KOOp,llllHaTHOe pa3pernettlle 

.nn» O.[IHOH nnoCKOCTll KaMephl 

paBHO cr - 70 MKM npll 

3<p<peKTllBHOCTll peKOHCTpyK­

Qllll TpeKOB nllOHOB - 96% ; 

• 3<p<peKTllBHOCTh perncTpaQllll 

TpeKOB .nn» O.[IHOH nnoCKOCTll 

KaMephl no llH<pOpMaQllll C 

6bICTphIX KaTO.[IHhIX KaHanOB 

( C TOqHOCTh!O ± 0,5 IIIllpllHhl 

CTplln.a) COCTaBllna BenllqllHY 

-94%. 

Hccne,noBaHllH npoTOTllna P3 

Ha cTett.ne · «Gamma irradiation 

facility» (GIF, QEPH) c 

BhlCOKOllHTeHCllBHhlM raMMa 

llCToqHifKOM Cs 13 7 (N=2x I 06 

y/cxcM2, E1=662 K3B) ,nanll 

B03MO)KHOCTh ll3Yql1Th 3arpy3oq­

HY!O cnoco6HOCTh KaMephI. 

.ZI,erpa,naQH» BpeMeHHoro pa3perne­

Hll» KaMephl npll cqllThIBaHllll 

llH<popMaQllll C aHO.[IHhlX npoBono-
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Pnc. 9 3aBHCHMOCTb 3cpcpeKTHBHOCTll peKOHCTJ)YKL\llll 

MIOOHHh!X Tj)eKOB OT HX :meprHH 
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LHC ___,., 
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Fast cathode layer, 1/2 strip 

Strip width: 5 mm 
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Pnc.1O 3aBHCHMOCTh KOOp.QHHaTttoro pa:ipernettllll 

,llllll O.QHOH nnOCKOCTll KaMepbl If 3cpcpeKTHBHOCTH 

peKOHCTpYKUllll MIOOHOB OT BenlfqlfHhl HeKoppennpo­

BaHHOro cpotta .Qnll npornrnna P4 
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qeK uccne.n:oaarracb B 3aBllCllMOCTll OT llHTeHCllBHOCTll HeKoppenupoaaHHOro q>oHa, 
C03.!J:aBaeMoro raMMa llCToqHllKOM. Ha6op nornomaIOIIIllX qittnhTPOB C .n:uaIIa30HOM 

ocna6neHmI K=l + 104 o6ecnequaarr ll3MeHeHlle llHTeHCllBHOCTll qJOHOBOro 
ll3nyqeHmI. c:I>aKTop ocna6neHll11 K=34±1 CO0TBeTcTByeT MaKCllMaJibHOll a"enuquHe 
O)I(ll.!J:aeMhIX 3arpy30K .n:n11 MIOOHHOH CTaHI.(llll MEl/1 ~ 100 KrQ Ha KaHarr 
cqllTbIBaHll11. 

IlonyqeHHhie pe3ynhTaTbl ,neMOHCTPllPYIOT pa6oTOCIIOC06HOCTb KaMepbI ll 
3neKTPOHllKll cqllTbIBaHll11 IIpll qJOHOBbIX 3arpy3Kax 6onee qeM Ha nop11,n0K 
npeBbIIIIaIOIIIllX mIm.n:aeMbie B 3KCIIepttMeHTe. BpeMeHHOe pa3perneHtte KaMepbl 
HaquHaeT .n:erpa.n:upoBaTh npu q>aKTope ocna6neHtt11 10. c:I>oHOBbie 3arpy3Kll npu 
3TOM npeBbIIIIaIOT mIm.n:aeMble B 3 ,5 pa3a (Puc.11 ). 

IlpoTOTllII P4 [ 4] npe.n:crna-
n11eT co6oii IIIeCTll cnoiiHhlll 
nonHOMaCIIITa6Hblll IIpOTOTllII 
KaMepbI MIOOHHOH CTaHQllll MEl/1. 
Oco6eHHOCTb P4 COCTOllT a TOM, 
qTO OH IIpOll3Be,neH C 
llCIIOnb30BaHlleM 
MaTepllarrOB ll 

TeXHOnorttll, 
06opy,noBaHu11, 

npe,nHaJHaqeHHhIX .n:n11 cepuiiHoro 
ll3rOTOBneHll11 KaMep. BenuquHa 
3a3opa aHo,n-KaTo,n yaenuqeHa .n:o 
3 ,0 MM. CKoppeKTllpOBaH yron 
HaKJIOHa aHO.!J:HbIX npoBonoqeK -

aL=25°. J13MeHeHO KOnuqecTBO 
KaHaJIOB cqllTbIBamrn co CTpllIIOB 
,nn11 Ka)I(.!J:Oll IInOCKOCTll - B 
BepxHeii qaCTll KaMepbI CTaJIO 80 
KaHaJIOB, a B Hll)I(Heii - 48. 
YMeHbIIIeH pa3Mep KaMepbl IIO 
BbICOTe B ee aepxHeii qacTll ll3-3a 
npo6neM c llHTerpaQueii KaMepbl a 
ycrnHoBKy CMS. 

';;; 5 r--------------,--------, 
C z 
Q 
,-. 4.5 

3 
0 
(/) 

gt 4 

w 
:lE 
I= l.5 

2.5 

1.5 

Expected 
@LHC 

10 1d' 
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Puc. I I 3aBHCHMOCTh BpeMeHHOro pa3pernettmr nporn­

Tuna P3 OT BeJrnqHHh! HeKoppeirnpoBaHHOro qJOHa 

KaTO.!J:HM llHq>OpMaQll11 cqllTbIBaJiaCb C IIOMOIIlbIO 96-KaHaJibHOll CllCTeMbl, 
pa3pa6ornH-Hoii Ha fia3e MttKpocxeM KATOLJ:-1 u KATOLJ:-3. LJ:n11 perncTPaQttll 
llHq>OpMaQllll C aHO.!J:HblX npoBonoqeK 6hrna pa3pa60TaHa 24 KaHaJibHM nnaTa Ha 
ocHoBe MttKpocxeMhI AHOLJ:. 

IlpoTOTllII P4 6hrn uccne,noBaH B MIOOHHOM nyqKe (KaHarr H2, ~PH) npu 
Harruquu MarHllTHoro non11 BenttqllHOll ~ 3 Teena. 

3KcnepIIMeHTaJibHbie pe3ynhTaTbl, xapaKTepII3YIOIIIlle pa6ory IIpOTOTllIIa P4 B 
3aBllCllMOCTll OT 3HaqeHllll BblCOKOro Hanp11)I(eHll1I Ha KaMepe (ra3oBoro ycuneHll11 
Gas gain), npe.n:crnaneHbI Ha puc.12 [1]. 
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Ilpoae.n:eH p11.n: 3KcnepIIMeH­
TOB IIO u3yqeHlllO xapaKTepttCTllK 
npoTOTllIIa P4 B ycnOBll11X, 
npu6ntt)I(eHHbIX K peanhHbIM a 
ycrnHOBKe CMS. B oTcyTcTBllll 
KoppenupoaaHH0ro qioHa onpe.n:e­
neHhl OCHOBHbie 3HaqeHll11 
napaMeTpOB KaMepbl. IloKa3aH0, 

qTo npu: 

~ 
.; 

E 

0.2 

Gas gain X1o-' 
0.3 0.4 0.5 0.8 0.7 0.80.ll 1 1.5 

Anode layer 
Fast coth, layer, 1 /2 stri 
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llCIIOnb30BaHllll ra30B0ll CMe­
Cll Ar(30%)+CF4(10%)+ 

CO2(60%), 
ra3oaoM ycunemm ~ 6xl04, 
Harrllqllll MarHllTH0rO IIOM 

aenuquHoii ~ 3 Teena, 
u aenuquHe HeKoppenupoBaH­
HhIX qJOHOBb!X 3arpy30K ,no 
100 KrQ Ha KaHaJI perttCTpa-

Qllll 
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HV,kV 
• KOOp,nttHaTHOe pa3peIIIeHtte 

.!J:Jl11 MIOOHOB CT He xy)I(e 100 P11c. l 2 3aB!ICIIMOCTh 3cpcpeKT!IBHOCTII perncTpal.\1111. 
MKM Ha O.!J:HY IIJIOCKOCTb KOOp~11Harnoro II BpeMeHHOrO pa3perneHllll 

KaMepbl (cy6KaMepy) IIpll npOTOT!IITa P4 OT Bb!COKOrD ttanpl!lKeHllll Ha KaMepe 

3q>q>eKTllBHOCTll peKOHCTPYK- (K03qJ!plll.\lleHTa ra3OBOro yc11neH!!ll) 

Qllll TpeKOB ~ 96%; 
• BpeMeHHOe pa3peIIIeHlle KaMepbl IIO aHO.!J:HbIM KaHarraM perllCTpaQllll - a~3 HC tt 

6hICTPhIM KaTO.!J:HblM KaHarraM - a~4,5 He; 
• TQqHOCTb onpe.n:eneHll11 KOOp.!J:llHaTbl TPeKa Ha IIJI0CKOCTb KaMepbl ( cy6KaMepy) 

IIO 6hICTpbIM curnarraM co CTpllll0B paBHa a~0,54 MM nptt 3q>q>eKTllBHOCTll 

perncTpaQllll B npe.n:enax ±½ IIIllpttHbI cTpttna ~ 94%. 

B 33KJIIOqeuuu cqiopMyJittpoBaHbl OCHOBHble pe3yJibTaTbl .n:nccepTaQllOHHOll 

pafiOTbI: 
1. Pa3pa6oTaHa KOHQeIIQll11 KaMepb! .n:m1 MIOOHHOH CTaHUllll ME I/ I. KaMepa 

BblIIOJIHeHa B au.n:e 10° ceKTOpa ll COCTOllT H3 6 cy6KaMep. O,nHa Koop.n:nttaTa 
cqllTbIBaeTC11 C pa.n:uarrbHblX CTpllIIOB, a BTOpM - C npOBOJIOqeK, 
061,e,nttHeHHblX B rpynnhI. CqttTbIBaHtte co CTpllIIOB pa3,neneHO IIO pa,nuycy Ha 
,nae qaCTll .!J:Jl11 yMeHbIIIeHH11 3arpy30K ua KaTO.!J:HblH KaHarr cqIITbIBaHll11 H 
OIITllMll3aQttll KO0p,nttHaTHOro pa3peII1eHtt1I ;:vrn: aepxHeH ll Hll)I(Heii qacTeH 

KaMepbI. 
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2. IlpoBe,n;eHbl MeTo,n;.11qecK.11e HCCJie,n;oBaHml xapaKTepHCTHK KaMepbI B 

MIO0HHblX H IIH0HHbIX 11yqKax 11p.11 HaJI.lfqH.lf MarHHTHoro II0JIH BeJIHq.lfHOH .n;o 

3 TecJia. HmKe llpHBe,n;eHbl BllepBbie '.lKC11ep.11MeHTaJibH0 II0JiyqeHHbie 

peKop,n:ub1e JuaqennH ,n:JIH pH,n:a napaMeTpos KaMepbI 11p.11 perncrpa111111 

MIO0H0B (.n;m1 KO:Jq>qnu1.11eHTa raJoBoro yc.11JieHHH G-I o5): 

KOOpowtamHoe pmpeuteHue ,!l;JIH 0,!l;HOH cy6KaMepbI paBH0: 

• cr-50 MKM 11p.11 IIIHpHHe CTpHlla 5 MM B 0TCYTCTBHH MarHHTH0ro II0JIH ( cr 

paBHa 1/100 OT IIIHpHHbl CTpHlla); 

• cr-50 MKM 11p.11 BeJI.11q.11He MarHHTH0ro II0nH B=3 Teena. 3qiq>eKT BnHHHHH 

MarHHTH0ro 11onH Ha K00p,n;HHaTHoe pa1perneHHe KaMepbl 

K0MlleHCHpyeTCH II0B0p0T0M aH0,!l;HbIX llp0B0noqeK Ha 

C0OTBeTCTBYIOIIIHH yron Jlopem1a 0TH0CHTenbH0 CTpHII0B; 

3</J</JeKmU6HOCmb peKOHCmpyKl,fUU M/OOHHblX mpeKoe: 

• II0KaJaH0, qTo HaJIHq.lfe 6 cy6KaMep B .n;eTeKT0pe Ha.116onee 0IITHMaJibH0 

C T0qK.lf 3peHHH 3q>q>eKTHBHOCTH peK0HCTpYKIIHH TpeKa MIO0Ha C 

3neKTp0MarHHTHbIM C0llp0B0)l(,!l;eHHeM; 

• B llpHCyTCTBHH Koppen.11poBaHH0ro q>OHa: . 

. 

Bep0HTH0CTb II0HBneHHH C0llp0B0)l(,!l;eHHH ,n;nH MIO0H0B C 

HMllynbC0M 100 r:3B/c paBHa 22%, a ,n;nH MIO0H0B C HMIIYJibC0M 

300 r:JB/c - 28%; 

3q>q>eKTHBHOCTb peK0HCTpYKIII-IH Tp~K0B MIO0H0B paBHa 94% .n;nH 
MIO0H0B C HMIIYJibC0M J 00 r:JB/c H 92% - ,n;nH MIO0H0B C 

HMllynbC0M 300 r:3B/c; 

epeMeHHOe pmpeuteHue KaMepb1 paeHo: 

• 110 aH0,!l;HbIM KaHaJiaM perHCTpaIIHH cr- I ,6 He; 

• 110 6bICTpbIM KaT0,!l;HblM KaHaJiaM per.11cTpa11.11.11 cr-3 He; 

KOOpouHamHoe pa3peuteHUe OM 6b1cmpblX KamooHblX KQHQJ/06 pe2ucmpa1jUU: 

• paBH0 cr-0,5 MM (1/10 rrmpHHbl CTp.1111a) .n;nH O,n:HOH cy6KaMepb1; 

3ppeKmU6HOCmb pezucmpal,fUU mpeKa 'IQCmUljbl 01/R QHOOHblX u 6b1cmpblX 
KQmOOHblX KQHQJ/06: 

• 3q>q>eKTHBHOCTb Ma)l(0p.HTapHb!X COBlla.n;eHHH ( 4/6) CHrHaJI0B C 6 

aH0,!l;Hb!X IIJIOCKOCTeH KaMepbl paBHa -98% 3a BpeMH 25 He; 

• 3q>q>eKTHBHOCTb Ma)l(0pHTapHb!X COBlla.n;eHHH ( 4/6) CHrHaJI0B C 6 

KaT0,!l;HblX llnOCKOCTeH KaMepbl paBHa -96% 3a BpeMH 50 HC. 

B11epBbie II0KaJaHa B03M0)l(H0CTb ToqHoii per.11crpa11.11.11 K00p,n;HHaTbl 

MIO0Ha C Bb!COKOH 3q>q>eKTHBHOCTbIO C II0M0lllblO MHorocnoHHOH KaT0.D:H0-

CTpHIIOBOH KaMepbl B MarHHTH0M 11one Ben.11q.11HOH 3 Teena B 11p.11cyTCTBHH 

6onbllIOro K0n.11qecTBa C0IIYTCTBYIOIIIHX TpeK0B H Bb!C0KHX q>OHOBb!X 

3arpy30K. IloKaJaHa B03M0)l(H0CTb HCII0nb30BaHHH MHOrDCJIOHHOH KaMepbl B 

Ka'leCTBe TpHrrepH0ro .n;eTeKTopa ,n:nH 6blCTporo BbI,n;eneHHH TpeK0B .11 

IIPHBHJKH HX K M0MeHzy CT0nKH0BeHHH 11yqKoB. 3KcllepHMeHTaJibHO 

HCCJie,n;oBaHbl xapaKTepHCTHKH KaMepbI B ycJIOBHHX, 6JIH3KHX K peaJibHblM B 
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ycTaHOBKe CMS: 
B MarHHTH0M 11one BennqHHOH -3 Teena, 

• B 11p.11cyTCTBHH KoppenHpOBaHHoro q>oHa (:JneKTpOMarHHTHoro co11po­

B0)l(,!l;eHHH OT MIOOHOB), 

• .11 HeKoppennpoBaHH0ro qiotta BennqHHOH .n:o I 00 Krll Ha KaHaJI pem­

CTpaIIHH, 

KaMepa 06ec11eq1rnaeT cne,n:y10II1tte,11apaMeTpb1: 

• K00p,n;HHaTH0e pa3perneHHe KaMepbl a - 75 MKM 11pH 3ppeKmU6HOCmb 

peKOHcmpyKl,fUU MIO0HHbIX TpeK0B He MeHee 92% (KOOp,n:HHaTHOe 

pa3perneHHe cr .n;nH Ka)l(,!l;OH cy6KaMepbl He Xy)l(e I 50 MKM, a TpeK 

C0CT0HT He Mettee qeM m 4 TOqeK); 

• epeMeHHQR npU6R3KQ co6b1mut1 K M0MeHTy CT0nKH0BeHHH 11yqKoB 

06ec11eq.11BaeTCH BT0pb!M aH0,!l;HblM CHrHaJI0M 3a BpeMH He 6011ee 25 HC, a 

.11,n;eHTHq>HKaIIHH HX KaK TpeK0B 06ec11eq.11BaeTCH Ma)l(0pHTapHb!MH 

cxeMaMH COBllaileHHH ( 4/6) .n;nH aH0,!l;Hb!X tt 6bICTpblX KaT0,n:HblX 

CHrHaJI0B C 6 cy6KaMep 3a BpeMH 50 HC. 3¢¢eKmU6HOCmb BpeMeHHOH 

11pHBH3KH co6bITHH He xyJ/Ce 93%. 

O11pe.n;eneHbl ,n:011ycTHMb!e pemHMbl pa60Tbl KaMepbI 110 raJOBOMY 

ycuJieumo: 

• .n;nH pa6oqefi raJOBoii CMecn Ar(30%)+CF4(10%)+CO2(60%) KaMepa 

06ec11eq1rnaeT Tpe6yeMb1e 11apaMeTpb1 B ,n:.11a11aJ0He raJ0BbIX ycnnettttfi 

G-( 4-',-10) x 1 o4, qTQ C00TBeTcrnyeT HHTepBaJIY aH0,!l;HblX HallpH)l(eHHH 

(2,8]-'c-2,94) KB. 
IloJiyqeHHble pe3ynbTaTbl IiCCne.n:oBaHHH 11poT0TiiII0B P0-P3 B0lllnli B 

11poeKT "CMS. The Muon Project", rnaBa 4 - "Endcap chambers- cathode strip 

chambers". 

3. IlpHMeHeH MeT0.L( K0MlleHCaIIIIH BnliHHiiH MarHiiTHoro 11onH Ha K00p.L(IIHaTH0e 

pa3pernettlie KaMepbl 11yTeM II0B0p0Ta aH0.L(HbIX IIpoBonoqeK Ha 

cooTBeTcTByIOIIIHH yron 0TH0CHTenbH0 oc.11 KaMepbI (IIeHTpaJibHOro CTpliIIa). 

C 11enbIO 0IITHMH3aIIIiH yrna HaKJI0Ha aH0.L(HblX 11poBonoqeK 6bIJia C03,L(aHa 

11porpaMMa M0.L(enIIp0BaHHH K00p.L(HHaTH0ro pa3pernemrn KaMepbl 

yq.11TbIBaIOII1aH BenliqliHY 3a3opa aH0.L(-KaT0.L( KaMepbl, war aH0.L(Hb!X 

11poB0JioqeK Ii HX .L(IiaMeTp, CBOHCTBa IiCIIOnbJyeMOH ra30B0H CMeCH, 

BenHqliHY MarHHTH0ro II0nH Ii BennqliHY raJ0Boro ycIIneHiiH. PeJynbTaTbl 

Mo.n:enIIpoBaHHH 110.L(TBep)l(.L(eHbl 3KC11epIIMeHTaJibHb!MH H3MepeHHHMH. 

4. B11epBb!e D0KaJaH0, qTo .n:nH 11onyqeHHH .L(0CT0BepHbIX 011eH0K K00p.L\HHaT­

Horo pa3perneHiiH KaMepbl H 3q>q>eKTiiBHOCTii peK0HCTPYKIIHH TpeK0B MIO0H0B 

B ycn0BiiHX 6onbllIOro K0nliqecTBa C0IIYTCTBYIOIIIHX TpeK0B Heo6xo.L(HMO 

HCII0nb30BaTb MeT0.L( MaKCHMyMa 11pas.n:0110.n:06HH H MeT0.L( po6acTHoro 

q>IiTHpOBai-lIIH. 

5. B11epBbie II0KaJaHa a.n:eKBaTH0CTb 11apaMeTp0B KaMepbl Tpe6oBaHHHM 

'.lKCIIepttMeHTa CMS. Ha octtoBe 11poBe.n:eHHbIX nccne.n:oBaHIIH pa3pa6oTatta Ii 

C0J.L(aHa MIO0HHaH CTaHIIHH MEI/I. 
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