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1 BBe.n;eHue 

Ha e-p KOJIJIaiblepe HERA npOTOHbI C 3HeprHei1: 820 GeV CTaJIKH­

BaIOTC5I C II03HTpoHaMH C 3HeprHei'I 30 GeV. ITpH TaKHX 3HeprH5IX 

60JIbllIaJI -qaCTb C06bITI1H: COOTBeTcTByeT peaKUHH q>OTOpOlKneH1UI 1 

B KOTOpOM HarreTaIDIUHM 3neKTpOH pacceHBaeTC~ Ha o~eHh MarrHe 

yrJIbI, a KBa3HpeaJIbHbIM q>OTOH B3aHMo.rr.eHcTByeT C rrpOTOHOM. ITPM 

CTOJIb MaJIOH: BHpTyanbHOCTl1 q>OTOHa OCHOBHbIM MexaHH3MOM 5IBJI5I­

eTC5I q>JIyKTyaUH5I cPOTOHa B a.rr.pOHHoe COCT05IHHe [1], KOTopoe B3a­

HMOueI1:CTByeT C npoToHoM CHJIhHbIM 06pa30M. I103TOMy q>OTOPO­

lK,n:eHHe rrpH BhICOIGIX 3HeprH5IX IIOKa3bIBaeT xapaKTepHcTRKH cxo­

)J{He C a.rr.poH-anpOHHhIMH B3aHMo,neHcTBH5IMH, HO C ce-qeHl1eM yMeHh­

llIeHHbIM Ha MHo)J{HTeJIb, paBHbIM no nOp5I,UKY BeJIH-qHHhI ITOCT05IH­

HOll TOHKoll CTpyKTyphI. Itby-qeHHe M~rKMX B3aMMo.n:eI1:CTBMM MelK,n:y 

q>OTOHOM H npoToHoM, T .e. TaKMX, npH KOTOpbIX P0)J{.rr.aIDIUl1eC5I qa­

CTHUbI HMeIOT MaJIbIe nonepe-qHbIe HMnyJIbChI, 5IBJI5IeTC& rrpeBocxo.rr.­

HbIM MeTo,nOM HCCJIe,nOBaHI15I H: a,n;poHHbIX COCTaBJI.HIOID;HX q>oToHa, H 

)~I1HaMHKR .1laJIhHo,n;eMcTBYIOm;eM KOMTIOHeHTbI CHJIbHOrO B3aMMO.1lei1:­

CTBIDI. 

3aBHcHMoCTb OT 3HeprHH ueHTpa Macc yrrpyroro, a Bcrre.n;CTBHe 

OITTMQeCKOH: TeopeMbI, H nOJIHOrO a.npOH-a.n:POHHoro Ce~eHH5I 6bIJIO 

OIIHcaHO B 60JIblliOH KHHeMaTH~eCKOH06naCTl1 B TepMI1Hax cPeHOMe­

HOJIOfMH Pe.D;)Ke [2). B 3TOM rrpH6JUDKeHI111 CeQeHH5I BhIQHCn5IIOTC5I 

-qepe3 t-KaHaJ1hHble o6MeHbI pe.n)KeOHaMH, KOTopble cooTBeTcTByIDT..: 
Me30HaM [3] , M rroMepoHaMM [4], KOTopble HMelOT KBaHTOBble qH­

cna BaKyyMa. ITpouecc C t-KaHarrhHbIM o6MeHoM IIOMepOHOM Ha3bI­



2 

BaeTC5I ,ll11<p<pPaKUHOHHbIM. TaKHe C06bITH~ xapaKTepH3YIOTC5I HaJIl1­

'tllIeM 60JIbllIOM 06JlaCTH B rrpOCTpaHCTBe 6b1CTpOTbI, B KOTOpO:a He 

pO)J{,[{aIOTC5I a.nPOHbI (" rapidity gap") Ii .L'(OMliHl1PyIOT .llll<peppaKll;IloH­

Hble 06MeHhI npl1 60JIbililiX 3HepnuIX ueHTpa Macc 11 C MaJIOM MaccoH 

.L'(MCCOUMauMM M x . B ,Umpq>paKUHoHHbIX rrpoueccax 6bIBalOT TaK2Ke 

C06bITl15I, B KOTOphIX O,D;llH HmI 06a a.L'(pOHa LJ;llCCOUIDIPYlOT B COCTo­

5IlHUI C 60JIbmeR Maccoi1:. 

3KCnepl1MeHTaJIbHhIM pe3YJIbTaTaM no peaKIJ;IDIM .llHCCOUHaUl1l1 Ii 

l1X TeOpeTM"tleCKoMy 060CHOBaIDIIO IIOCB5IIIJ;eH p.9:,ll CTaTe:a (6, 7, 8, 9]. B 

06naCTR ,UOCTaTOt.IHO BhICOKliX 3Heprmi .llHq>epepeHIJ;MaJIhHOe CeqeHlie 

.L'(l1CCOUHaul'I:l1 dO" / dM; nOQTl1 He 3aBMCMT OT 3HeprMl1 CTaJIKRBaIO­

IllIDCC5I -qaCTHU B CMCTeMe ueHTpa Macc M crra,naeT KaK 1/M;. 3a­

BHCHMOCTb OT KBa.npaTa nepe,naHHoro QeThIpexJ1Mnynbca t XOpOlllO 

arrnpoKcHMHpyeTC5I 3KcIIoHeHToM rrpM MaJIhIX t. 

KaK H B c.rry"tlae a,npoH-a.npOHHoro B3aHMo,n:eHcTBR.9:, BbI,n;eJI5IIOTC5I 

"Y:HCTO yrrpyrHe C06bITH}J H C06bITH5I ,llllCCOIU1aTHBHOro epOTOp02K,lle­

HIDl. K3.)K,noe C06bITl1e paccMaTpRBaeTc}J C TO"tJKH 3peHH5I o6m:ero 

rrpouecca r P -+ X Y (CM. PRc.1), rue Y - 3TO CHCTeMa ~acTMU, 

KOTopbIe BblneTaIOT Hal160nee 6J11BKO K HanpaBJIeHHIO npoToHHoro 

ny"tJK;1. 

Ynpyroe paCCe.9:HMe r P -+ V P cooTBeTcTByeT cMTyaUM:l1, KOr,lla 

CMCTeMa X - 3TO BeKTopHblt1 Me30H V = po, w, ¢, ... , , a Y - npOTOH. 

B O,I:(HO<POTOHHOll ,UI1CCOUHaUUi1 , P ~ X P npoToH OCTaeTC.sI HeTpa­

HYThIM, a <pOTOH LJ:liCCOUlulpyeT B COCT05IHM5I C RHBapMaHTHoif MaccoM 

M x . TIpOTOHHasI .llHCCOUHaUll5I I P ~ V Y OTBe-qaeT CJIyqaIO, Kor.rr.a 

B <pOTOHHOll BepIIIRHe p0)K)laeTC5I BeKTopHbUI Me30H, a npoToH .llRCCa­
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PMC. 1: IhI<p<ppaKUMoHHa5I ,UMCCOnMaUll5r 

UMMpyeT B cHcTeMy C MaccoM My. 11, HaKOHeu, ,UBmiHaJI ,UMCCOUHa­

UM5I IP -t XY, Kor):(a o6e B3allMo.n;eRcTBYIOI.UMe qaCTRUhI .n;MCCOllH­

HpyIOT. OCTaJIbHble rrpoueCChI OTHOC51TC5I K He,nmp<ppaKUHoHHbIM. 

CI1CTeMhI qaCTI1U X M Y OT.ueJIeHbI .upyr OT .upyra Hall60JIhilien 

llrapidity gap", KOTOpM BhIQMCJI7IeTC7I B <poToH-npoToHHOM CMCTeMe 

ueHTpa MacC. 3Ta cxeMa pa3,UeJIeHM7I C06bITMH .aaeT B03MO)KHOCTb 

orrpe.ueJI5ITb CeQeH1I.SI 6e3 rrpe.unonO)KeHl1H 0 Mf'~aHH3Me B3aRMo.n:el1­

CTBM7I. O.uHaKo, Kor,Ua rrpOMcxo.n;HT 06MeH He 6eCUBeTHbIM COCT07I­

HMeM, TO nOJIO)KeHMe HaM60JIblileM "gap" orrpe.ueJUleTC7I crryQaMHOH 

<pJIyKTyauHeH, ee cpe,UHee 3HaQeHl1e MaJIO M XOT7I 6hI O,lJ,Ha 113 CRCTeM 

X liJIl1 Y 06hI"Y:HO HMeeT 60JIhIIIyIO Maccy. 

KliHeMaTHQeCKHe nepeMeHHhle Bblp~aIOTC5I Qepe3 4-BeKTopbI Ha­

JIeTaIOIUI1X npOTOHa H <:pOTOHa, 0603HaQaeMble P H q COOTBeTCTBeHHO, 

H Qepe3 .aBe KOMITOHeHThI KOHe"Y:Horo COCTO.RHM5r, Px H py. Tor.ua CKa­

JI7IPbI JIopenua 3aIIMIIlYTC7I B BM,Ue : 

M 2 2 
x =px 

r.ue W - IIOJIHaJI 3UeprM5I B CMCTeMe ueHTpa Macc <:poToHa M rrpOTOHa, 

t - KBanpaT rrepenaHHoro 4-l1MnyJIhCa, a Mx II My - llHBapRaHTHble 

MaCCbI ,D;Byx KOHeqHbIX anpOHHbIX COCT07IHMM. ITo OTHOllleHM5IM A{; /W 2 

II M; /W 2 
MO:IKHO Ha1160JIee eCTeCTBeHHblM 06pa30M pa3JIMQaTb Te 
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KMHeMaTHQeCKMe 06JIaCTM, B KOTOphIX ,UMepeppaKUM5I nOMMHIIpyeT, II 

Te, B KOTOphIX npyrI1e o6MeHbI CTaHOB5ITC5I BIDKHhI. 

2 neTeKTop HI 

KOMrrOHeHThI .ueTeKTopa HI, KOTopbIe Heo6xo,IlIIMbI rrpii IICCJIenOBa­

HIIII WIqxppaKUMoHHbIX C06bITIIH KOpOTKO OIIIIcaHbI B 3TOi1: rrraBe. Bo­

JIee .ueTaJIbHOe OTIllCaHlle .ueTeKTopa M02KHO Hal1:TII B [10]. 3a Ha­

rrpaBJ1eHHe BTIepe,n;, nOJI02KHTeJIbHOe HarrpaBJIeHHe OCll Z, B 3KcrrepH­

MeHTe HI 6bIJIO TIpIDUITO HarrpaBJIeHMe rrpOTOHHoro nyqKa. OCHOB­

Hble KOMTIOHeHTbl .ueTeKTopa IIOKa3aHbI Ha PHc.2. IlpH HX paCCM0­

TpeHMM yno6Ho MCnOJIb30BaTh nOH5ITMe rrceBno6blcTpOTbI TJ, KOTopoe 

BBOnIITC5I "tlepe3 nOJI5IpHbIH yroJI () : TJ = - log tan (}/2 , OTCqIITbIBa­

eMbIH OT rrOJI02KMTeJIbHoro HarrpaBJIeHII5I OCR Z. 

3JIeKTpOH B KOHe"tlHOM COCT05IHIIll perIIcTpIIpyeTC5I B .ueTeKTope 

3JIeKTpoHOB, KOTOPhUI HaxO.D;HTC5I B TO~Ke z = - 33 M. <POTOHhI, 

p02K,UeHHhIe OT CTOJIKHOBeHHE: 3JIeKTpOHOB, JIeT5IT B OqeHb MaJIOM Te­

rreCTHOM yrny II .ueTeKTIIpYIOTC5I B <POTOHHOM qaCTH CIICTeMbI CBeTM­

MOCTM Z = -103 M. 

ITpM IIOMOIUH TpeKOBOI1 M KaJIOpIIMeTpMqeCK00: MHepOPMauMM M3 

ueHTpaJIbHbIX l.JaCTeH neTeKTopa .ueTeKTllpyeTc5I CHCTeMa X, II ll3­

Mep5IIOTC5I ee xapaKTepHCTIIKH. flBe KOHUeHTpllQeCKlIe npei1:¢oBbIe 

KaMepbI, Haxon5lIUMeC5I BHyTpH COJIeHOH,IlarrbHoro MarHllTa, C03,Ua­

IDmero Ilorre 1.15 TJI, II03BOJI5IIOT H3Mep5ITb 3ap5l:>KeHHbIe TpeKM B 

,llMarr330He -1.5 < TJ < 1.5. 3a npeM¢oBbIMH KaMepaMM HaxO,UIITC5I 

:>KM,UKOaprOHHbIH: KarropMMeTp , KOTOPbBI naeT MH¢OPMauIIIO 0 qaCTM­
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HERA Experiment H1 

./ 

[I] Beam Jjipe and beam megnel, 

[I] Central Iraeklr.g ctlambers 

rn fOfWard tr...tklno and Transition radiators 

@J Electrom..gn.Cic calorimeter (Iud) } 

[]] Hadronic C8lotimfllM (stalnl.. steel) 

I]] Super<:on<klcting l:oll (12D 

[I] Compenwting magnet 

~ Hlllium cryogenicS 

LlquldArgon 

[§JJ Muon chllmber. 

[Q] 1,1IslrUtlIented iron (iron slabs. strelmer tub@; deteclol'1l) 

11.i1 Muon toroid megna' 

[:~ Warm a.eclrom-sneticc:alorimeter 

~ PluS cakJrlmel.' (Cu. 51) 

[~ (oncre1e 8hieldlng 

[~ !...io'J~::: Argon eryostat 

PRe. 2: lleTeKTOp HI 
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uax, JIeT5IIUHX B ,ll;IIarra30He - 1.5 < 'fJ < 3.4. CrrareTTH KarropllMeTp 

nepeKphIBaeT 06JIaCTb -3.5 < 'T] < -1.5. 

IIepe.uHHe KOMrrOHeHTbI .neTeKTopa HI HCIIOJIb3yroTC5I AJISI perH­

CTpauHH a.upOHOB IIpH 60JIbIIlmc 3HaqeHHSIX rrceBAo6bICTpOTbI [11 J 12, 

13,14). Ha KOJIJIaiU:xepe HERA ueHTp Macc ep CHCTeMhI ,ll;BJiDKeTC5I co' 

CKOpOCTbIO {3 = 0.93. 3TO 3HaQHT, qTO H rrpoToH, H qaCTllUhI, COCTa­

BJI5IIOIUHe cMcTeMy Y, JIeT5IT rrOA O'LIeHb MaJIbIMH yrJIaMM K OCM ny'tIKa. 

OHM pacceHBaIOTC5I Ha cTeHKax Tpy6bI, BHYTpH KOTOpOH B BaKYYMe 

JIeT5IT qacTHUbI, H Ha MaTepHaJIe MarHHTOB. 3TO AaeT JIMBHH BTa­

PHT.JHhIX 'LIaCTHU, KOTophIe H ,ll;eTeKTHpYIOTC5I. llJI5I 3TOH ueJIH HCnOJIh­

3yroTC5I TpH nBOHHbIX CJIOH npeft<pOBbIX KaMep nepe,UHeM MIOOHHOM 

CHCTeMhI H CHCTeMa perHCTpaIurn (CP), COCTOIDJJ;asI H3 ceMH ABOM­

HhIX CUHHTHJIJI5IUHOHHbIX C'LIeT'LIHKOB, yCTaHOBJIeHHbIX BOKpyr Tpy6bI 

ny'tIKa Ha 24 MeTpe. 3TH KOMrrOHeHTbI ,UeTeKTopa HI o6eCne'LIHBaIOT 

perHCTpauHIO 'tIaCTHU B ,UHana30He 5 < 'T] < 7. nJI5I H3MepeHH5I HM­

rryJIbCa qacTH:Q CHCTeMbI Y B ,UH<p<ppaKUHoHHoft ,UllCCOUHar.urn: CJIY)KHT 

rrepe.uHHH npoToHHbIi1: crreKTpOMeTp, YCTaHOBJIeHHbIM Ha pacCT05IHMH 

z rv 80 M. TaKHM 06pa30M .uHana30H qyncTBHTeJIbHOCTH .ueTeKTopa 

HI COCTaBJI5IeT 11 e,UHHHu nceBAo6bICTpOTbI. 

3 CHcTeMa nepe,l(HHX TarrHpyrolllHX CqeTqHKOB 

nporpecc B HCCJIe,n:OBaHHH ,ll;mI>paKUHOHHhIX C06hITHH Ha KOJIJIaI1,Uepe 
,­

I 

HERA B 60JIbIIleHCTBe crry'tIaeB 3aBHCHT OT MeTo.UOB BhI,n:eJIeHliUI qH­

CTO ,UH<p<ppaKUMoHHbIX C06bITHH. O,UHY M3 KJIIOqeBbIX porreH B 3TOM 

I1rpaeT BhICOKa5I 3<pepeKTI1BHOCTb perI1CTpaUI1H BTOPHqHbIX aApOHOB 
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120 

1he view from IP 

x 

A-A 

oo~__..=t 

edntillator 

stainless steal 

lead shielding / 

1he gaps between counters -(0.5-1.0) mDl 

PRC. 3: CxeMa CqeTqRKOB 16-ro MeTpa. 

rrpM OqeHh 60JlhllIHX 3HaqeHM~X rrceB.n;o6hIcTpOThI. nJl~ rrOBhIllIeHlUI 

3<p<1JeKTMBHoCTM perMCTpaUMM 6hlJIa pa3pa6oTaHa CMCTeMa rrepe.n:mv( 

TarnlpYIOIllHX CqeTqMKOB (CTITC) OHa rr03BOJl~eT YBeJlMqHTh 3qr 

¢eKTI1BHOCTh perI1CTpamm: (TarrHpOBaHH5£) rrpo.n;yKTOB .n;HepeppaKUM­

ORRoro pacrra.n;a rrpOTORa. 

3TH CqeTqHKH .n;omKHhI 6hITh pacrrOJlO)l(eHhI BOKpyr Tpy6hI rryqKa, 

o6eCrreQHBa5£ rrJlOTHhIMOXBaT, Ha pacCTO~HH5{X OT 9 .n;o 90 M. OHH 

.n;OJl)l(HhI 06JIa.n:aTh XOpOIIIMMI1 BpeMeHHhIMH xapaKTepHCTHKaMH. TaK)l(e 

3TH JleTeKTOphI JlOJI)l(HhI JIerKO YCTaHaBJlHBaThC~H, B CJIyqaeHa.n:06­

HOCTH, JlerKO y.n:aJUIThC5I. 

3THM xapaKTepHCTHKaM y.n:OBJleTBOp~IOTCUHHTHJlJI~UHOHHhleCqeT­

QI1KH. bhlJIH c.n:eJIaHbI TpH rrJlOCKOCTYI CqeTqHKOB, KOTOpbIe yCTaHo­

BJIeHhI BOKpyr Tpy6bI I1yqKa I1eprreH.n:HKYJI~PHOK HeM Ha paCCTO~RH5!X 

Z 9: 3; 16,4 H 53,6 M. K8.)l(.n:a5£ I1JIOCKOCTh COCTOHT H3 qeTblpex MO­"-J 

.n:YJleI1:, reOMeTpYlqeCKI1e pa3MephI KOTOphIX 3aBHC5!T OT Toro, K KaKo-tI 
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Ii3 TpeX llJIOCKOCTell OHM l1pMHa,Urre)KaT, reOMeTpMqeCKlle pa3MephI 

CQeTqRKOB 16-ro MeTpa, HarrpRMep, npIiBe.ueHhI Ha PHc.3. Ka.2K,UhIll 

MO,ll;yrrh COCTOHT H3 ,ll;Byx CUMHTMJIJI5IUMOHHhIX C'tIeTlIHKOB TOrrIlUIHOH 

8MM Ka2K,lJ;hIH, pa3,lJ;eJIeHHhIX 2MM nJIacTMHoM M3 Hep)KaBeIOIUeft CT&'1M 

H nOKpbIThIX C BHeIlIHeH CTOpOHbI 1,5 MM CBMHIJ:OM. Bee 3TO COe,ll;M­

HeHO Me)K,ll;y C060H 3ITOKCH,IJ;HOH CMOJIOH. 

Ka)K):lbIM C'tIeT~HK rrpe,UcTaBJUleT C060H KBa,n;paT 150MMx 150MM, 

O,lJ;MH yrorr KOToporo HMeJI BbIpe3 ITO epopMe Tpy6hI. llJI51 yrrylIIlleHM5I 

BpeMeHHhIX xapaKTepMCTHK M YBeJIMQernUI cBeToc6opa KaJK,UbIH CqeT­

qMK BbIllOJIHeH M3 1600 CUIIHTMJIJ1SIIJ;l:IOHHhIX BorrOKOH-CBeTOBO,D,OB r-.J 

,D;MaMeTpOM IMM M nnMHHoll OKOJIO 40CM, pacITOrrO)KeHHhIX l1aparr­

JIerrhHO OAHOR H3 CTOpOH KBa.apaTa M CKrreeHHbIX B Heo6xo,IJ;I1MYIO 

<pOpMy rrpM nOMOlI(M 3ITOKCll,lJ;HOH CMOJIbI. Y rry'tIIIIeHHe xapaKTepM­

CTHK npOHcxo,n;HT H3-3a Toro, QTO B KalIeCTBe CBeTOBO,lJ;a Me)K,IJ;y CUMH­

TMJIJI.sITOpOM 1'1 <t>3Y MCIIOJIh3YIOTC51 Te )Ke BOJIOKHa, H3 KOTOphIX CKJIeeH 

CqeT~HK. l/Ix XBOCTbI c06paHhI B rrylIOK, HMeIOIUMll B Ce'tIeHIHf Kpyr C 

pa,lJ;IIYcOM paBHbIM pa,D;Mycy BXO,D;HOro OKRa <t>3Y. 3Ta epopMa TaK)Ke 

<pMKcMpyeTC5I npH nOMOIllM 3ITOKCM,IJ;HOR CMOJIhI. TIJIaCTHHa M3 He­

p)KaBelOIIleH CTanH 5IBJI5IeTC5I rpaHM~eM Me2K,IJ;y ,UByM5I CqeT~MKaMM. 

TalOKe OHa .sIBJISIeTC5I IIJIOCKOThIO )KeCTKOCTH, K KOTOpOH rrpMBapeHbI 

,ll;Be CrreuHaJIbHbIe ITJIacTHHbI C ,lJ;hlpKaMH rrOCepe,lJ;MHe 1 TaK Ha3bIBa­

eMbIe yIIIM, npR rrOM0I.1Uf KOTOpbIX 11 KperUITCH C"lleT"llHKH. KaJK,UbIJ1 

MO,lJ;YJIh ,lJ;JI5I 3arIJ.HTbI OT CMHXpOTpOHHoro H3JIY'tIeHH5I 3aKphIT C BHem­

Hef! CTOpOHbI CBllHll;OM. B Ka~eCTBe <I:>3Y, KOTophle MoryT pa60TaTb 

B MarHMTHbIX rrOJUIX, 6bIJU1 YCTaHOBJIeHbI "Hamamatsll R2490-01" . 

Bce MO,ZJ;yJIH 6hIJIl1 OCHameHbI CBeTO,lUl0,ZJ;OM LlJUI MOHMTopMpOBaHM5I. 
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BbI60p MeCTa, B KOTOpOM 6bIJIM YCTaHOBneHhI Ct.IeTl:.IHKH, 3aBllCCJI 

OT y.u06CTBa yCTaHOBKItI Ct.IeTt.IHKOB (BOKpyr Tpy6hI HaxO,ll5ITC5I Mar­

HHTbl M BaKyyMHble HaCOCbl), a T3JOKe OT xopornero pa3,lleJIeHR5I CRr­

HMQD, BbI3BaHHhIX 3JIeKTpOHHbIM H npOTOHHbIM nyLIKaMI1 (6aHt.IaMH, 

{)T "bunch"). 8JIeKTpOHHbIM If rrpoToHHbIH 6aHqItI .llBIDKYTC5I BHY­

TpH BaKYYMHot'1: Tpy6hI KOJIbua KOJIJIaM,llepa HERA, KaJKJlhIH BfIYTpH 

CBoeR Tpy6bI. 3JIeKTpOHHbIe (rrpoToHHhIe) 6aHLIItI JIeTHT co CKOPO­

CTblO 6JIH3KOM K CKOpOCTM CBeTa, rrpMT.IeM KaJK,llbIH CJIe,llYIOIIJ;l1H 6aHq 

II05IBJI5IeTC5I T.Iepe3 96HceK rrOCJIe rrpe,UbI,nyruero. 

GENERAL LAYOUT of FTS ELECTRONICS 

HERA Clock 
Synchronisator 

TOFW 

Fast 

Card 

Serial 
Bus 

Controller 

1---..... 1 :: I 

Generator 

HV Power 
Supply 

4x dual 
coincidence 

+delay 

Detector Electronic Control Room 

PMC. 4: DJIOK-CXeMa 3JIeKTpOHMKI1 CTITC 
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4 CHcTeMa C'beMa HH<flOpMaIJ;UH 

CXeMaTH"tleCKM 3JIeKTpOIrnKa CHcTeMbI nepe,ll;HHX TarrHpyIOlllHX C"lIeT­

l.IHKOB M306pa:>KeHa Ha plicA. 

OHa ,ll;eJIMTCjJ Ha 3JIeKTpOHHKy, KOTOpasI paCIIOrrO)KeHa B TyHHeJIe 
, . 

KOJIbua KO.ITJIaM,uepa HERA OKOJIO Ka2K,llOH M3 nJIOCKOCTeH Cl.IeT"tlM­ ;• -.;, 
KOB, M 3JIeKTpOHMKY, KOTOpasr pacrrOJIO:>KeHa B KOHTpOJIbHOM KOMHaTe. 

3JIeKTpOHMKa B TyHHeJIe rr03BOJI5IeT Cpa3Y CMOTpeTb COBITa,ll;eHMSI ,ll;BYX 

C"tleT"tlHKOB O,ll;HOro MOnyJISI, QTO CKa3bIBaeTC5I Ha 3¢>¢>eKTI1BHOCTH C"tleT­

QI1KOB. 

4.1 3JIeKTpOHHKa B TyHHene 

3rreKTpOHHKa O,I:lHOH ITJIOCKOCTM CHCTeMbI pacITOJIO)i{eHa B MaJIOM KpeRTe 

C IIMTamreM. OHa COCTOHT H3 2-x n 60JIee MOAyJIe:a C,ll;BOeHHbIX JUIC­

KpHMHHaTopoB C cOBrra,ueHIDIMH, rrpneMHMKa/nepellaT"tffiKa C}'JTHaJIOB 

yrrpaBJIeHH5I IIoporaMH B CTaHllapTe HI, COBMemeHHoro C reHepaTo­

pOM CMrHaJIa nJI.sI CBeTO,UMO,D;HOa 3acBeTKR, a TalOKe IIJ1aTbI illlTaJUUI 

CBeTO,UHOAHoa 3aCBeTKM H ClICTeMbI pacnpe.neJ1eHH5I BbICOKOBOJIbTHOro 

Harrp5DKeHIUI ,D;JI5I IIJiITaHH5I <1>8Y. 

la) C)lBoeHHbIH ,ll;lICKpMMMHaTOp co cxeMOH cOBrra.neHMM. 

CxeMa rrpRBe.ueHa Ha PRc.5. BXO,UbI a) M B) COOTBeTcTBylOT OilHOM 

nape C,UBoeHHhIX C"lIeTl.IMKOB CTeHIGI. B Kal.IeCTBe 3JIeMeHTa .uHCKpM­

MMHaUMM HCrrOJIb3YIOTC5I 6hIcTphle KOMrrapaTopbI Ul MAX 968 C Bpe-

MeHeM 3a,Uep:>KKH 104 HceK. IIoporH cpa6aTbIBaHluI THRIll THR2 l 
B ,I:lllarra30He 25 MB ­ 1.25 B MO)l(HO ,UHCTaHlJ,HOHHO yCTaHaBJIMBaTb 

Harrp5DKeHHeM llAIT U21. <PyHKIJ;IUI COBrra.ueHM5I peaJIM30BaHa npo­
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BO.n:HbIM "11" Ha 061I1eM conpOTHBJleHliJI1 HarpY3KH BhIXO.n:OB 1 Ii 16. 

060CTpeU£1:e Cl1THaJIa COBna.n:eHIiSI ocymecTBJlSIeTCSI 6bICTPbIM KOMIIa­

paTopOM MAX 9685, 3JleMeHT U6. IIpo'ulfcKpHMHHMpoBaHHhIe CMr­

ifa.TIbI CTaH,UapTH3yIOTC& no ,UJlHTeJlbHOCTM 0,LUIOBM6paTOpaMI1 Ha MH­

KpocxeMe 10198, BhlnOJIHeHHhIMH no cxeMe C npo.uJIeBaHMeM. ECJIlt 3a 

BpeMSI epOpMMpoBaHMSI npMIIIeJI BTOPOH 3arrycKalOlIlMH CI1THaJI, TO O,U­

HOBH6paTOp nepe3anycKaeTcSI M epopMMpyeT CTaH.uapTHYIO ,UJIMTeJIh­

HOCTh. 3TOT epaKT oc06eHHO B3.)KeH B crryqae 16-ro M 55-ro MeTpOB, 

Kor.ua 3JIeKTpoHHbIH H npOTOHHhIH rrytIKM npoxO,USIT 'tJepe3 nJIOCKOCTh 

CTeHKM C MTepBanaMH 14 11 18 HceK Ii MoryT BhI3BaTh .uBoHHoe cpa­

6aTbIBaHHe ,UI1CKpHMHHaTopa. llJIHTeJIhHocTh HMrryJIhCOB B CJIY'lae 

cpa6aThlBaHMSI OT cOBna,UeHHH BbICTaBJISIeTCSI ,UHCTaHUMOHHO B HH­

TepBa.rre 20-50 HceK. CMrHaJIbI 0.uHoBM6paTopoB npe06pa3yIOTcSI B 

KOMIIJIeMeHTapHhIe NIM CMrHMhI .upaMBepaMMJIHHMH 10192. Cepop­

MMpOBaHHhle TOKOBhIe CMrHaJIhI nocTyrraIOT B KOHTPOJIhHYIO KOMHaTy 

no KOaKCMaJIhHhIM Ka6eJISIM, no.uKJIIO'tJeHHhIM K p83'heMy J8. LIepe3 

3TOT)Ke pa3'.beM npHXo,UHT B MO.uYJIh C11rHaJIhI ynpaBJIeHHH noporaMH 

H .uJIHTeJIhHOCThIO HMrryJIhCa COBna.ueHHSI. 

16) Mo.uYJIb npHeMHHKa/rrepe.uaTt.IHKa ClfrHaJIOB nOCJIe.uOBaTeJIh­

HOH: II.lliHh{ IIpHBe,UeH Ha PMc.6. OH rrpe,UcTaBJUIeT C060H npe06pa­

30BaTeJlb CMrHaJlOB lliMHhI cTaH.uapTa H1 B CTaH.uapT TTL, He06xo­

.uMMhIH .uJl& yrrpaBJIeHMH noporaMM .uMCKpMMMHaTopa. CMrHan NIM, 

npMIlle.ulliHH H3 nyJIhTOBOH Ha 3arrycK 3aCBeTKIi, npe06pa3yeTcH B 4 

MOlUHhIX TTL CHrHaJIa, 3arrYCKaIOIURX cxeMhI 3aCBeTKH CBeTo.u110.uOB, 

nalOlill'le MOHHTopHpylOlIlMe CHrHaJlbI CfITC. 
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4.2 3JleKTpOHHKa B KOHTpOJIhHOH KOMHaTe 

3JIeKTpOHHKa B KOHTpOJIbHOH KOMHaTe COCTOIiIT IiI3 Cne.nylOIUux l.Ja­

CTeM: 

- MOAYJIb aOConlOTHoro BpeMeHH,TIpHB}l3a~.HbIMK TaMMepy KOJ.IJIaM­

,I:{epa HERA, TaK Ha3bIBaeMbII1 CI1THaJI "HERA CLOCK" (HCK), If 

,I:{aIOIll,lU1 a6cOJIlOTHbIe BpeMeHHbIe CIiJTHaJIbl .nJI5£ BOpOT H Ha 3arrycK 

MOI-illTOPHbIX Cl1rHaJIOB ; 

- CeKUI151 Ka6eJIbHbIX 3a,l.lep2KeK ; 

- 6ITOKll NIM AJUr 3neKTpoHHoH 3a.nep)l(KM CMrHaJIOB, 3arrycKaIOIUl1X 

reHepaTopbI 3aCBeTKH B TYHHeJle ; 

- MOnYJIb CHHXpOHH3amUI ,l.lITH rrpHeMa CJ1THaJIOB COBITaAeHMll OT 

3JIeMeHTOB CMCTeMbI. Ha BbIXOne Mo.nynH C 3a,llep:>KKOM B HeCKonhKO 

rrepl10nOB H CK rrOHBJIHeTCH JIHHeHHblH II031111HOHHbIM KOn 3JIeMeH­

TOB CllCTeMbI, cpa60TaBllIHX OT ,llaHHoro ep CTOJIKHOBeHIUI , Ha3bIBae­

Moro "bunch crossing" (b.c.). 3TOT KO,I:{ 3aHOCHTC~ no CktrHarry HCK 

B CTaHJlapTHhIH MO.uyJIb GPTP, OTKY,l.la C'tIMThIBaeTC5I rrpoueccopOM 

FIC B cnY'tIae rrOHBJIeHMH GHrHarra TpMrrepa L1 yCTaHoBKH. 

IIpH perHcTpau;MH C06~THH ,llIICKpJlIMHHaTOphI B TyHHeJIe Bhlpa6a­

TbIBa..I6'T 3 CHTHana OT KaJK,1J;OH rrapbI C,llBOeHHhIX CqeT"'UiKOB : 

-CI1THaJI COBrra,I:{eHMR B CTaH,lIapTe NIM ( HnM HI ) ; 

- IDI.D:MBH.nY8JIbHble CMrHaJIbI OT KaJKL(Oro Cl.JeTl.JMKa .un51 MOHHTQ­

pHpoBaHIHI CHCTeMbI II HaCTpOHKJII rroporoB. 

Cl1rHaJIbI CepOpMMpoBaHbI no .uJIHTenbHOCTH.uO BeJIMqHHbl 20-30HC, 

lITO II03BOJIHeT HCKnlO"tlHTb 3aBMCHMOCTb Ll:JIHTenbHOCTH CI1THana lIllC-

KpMMllHaTapa aT rrpeBhIIlleHMH Han rroporOM. 
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OCHOBHM BpeMeHHasI HaCTp0I1Ka CHCTeMbI ocymecTBJI.ReTC.R B KOH­

TpOJIhHOfi KOMHaTe. MO.nYJIb a6COJHOTHOrO BpeMeHH Bhlpa6aThIBaeT 

KopOTKHe ( HeCKOnbKO HCeK ) TaKTHpyIOl.IUIe CHrHaJIhI, COOTBeTcTBy­

IOI..Ul1e 13peMeHII rrpIDCo.n;a CnTHaJIOB C06bITHH B Mo.nynb CHHXpOHll3a­

ll;l·m: H pa3pellIaIOIUlle IDe 3aIIllCb B nepBbIM pa3pH.n C,UBHrOBbIX perII­

CTpOB. BpeMeHHoe pa3peIlleHRe HaCTpoeHHOI1: CHCTeMbI JlOJI)J(HO 6hITh 

He 60JIee HeCKOJIbKllX HaHoceKyH,U, l::ITO n03BOJIIIT yBepeRHo pa3Jle­

nnTb Cl1THaJIbI OT npOTOHOB II CI1HXpoTpoHHoro ll3nyqeHluI, IIpRIlle.u­

IlIHe C 14-18 RceK HHTepBaJIaMH. 

PaCCl::IHTaeM rJIy6llHy pipe-line MO.nyJUI CHHXpOHll3aUllli. BpeM~ 

npOJIeTa npOTOHa OT TOl::IKH B3aHMo,UeMcTBluI .uo nJIOCKOCTll : 

1) 9 M : 0.3 M/HceK = 30 RceK 

.2) 16.5 M : 0.3 M/HceK = 55 HceK 

3) 55 M : 0.3 M/HceK = 183 HceK 

<il3Y If LUfCKpHMMHaTopbI .naIOT <pllKcHpOBaHHYlO 3a.n;ep)KKy no­

5IBJIeHlUI NIM CHrHaJIa B Ka6eJIe, IIpHMeM .uJI5I ,naJIbHe:ihIIlIX BbI"(]:ll­

CJIeHllM !:::.t = 20 HceK. 3a,nep:JKKa 6y.neT TO"(]:HO H3MepeHa n03nHee. 

3aJlepJKKa B Ka6eJIe orrpe.ueJI5IeTC5I era ;J:JIHHOH. CTaHnapTHbIH Ka­

6eJIh HMeeT 3a.uep)KK}' 5 HC/M. ECJIH HCnOJIh30BaTb B cJIy-qae 1) 

CHrHaJIbHbIR Ka6eJlb Ha 5 MeTpoB ,UJIHHHee, -qeM BO 2), TO CHrHaJIhI 

rrpH.UyT B KOHTpOJIbHyIO KOMHaTy CHHXpOHHO. 

3a.nepJKKa CI1THarra OT 55-1'0 MeTpa no cpaBHeHllIO C 16-hIM MeTpoM 

(183 HceK - 55 RceK) + (55M - 16.5 M) * 5 HceK/M = 320 HceK 

T.e. CHrHaJI MO)KeT 6bITb 3anHcaH C.nBllHYTbIM TpeTbIIM TaKTOM 

HCK, Cl::IHTaH OT 16-ro MeTpa. 

113 3THX rrpe.uBapI1TenbHhIX pac~eTOB Bll,nHO, "9:TO rJIy6HHa MO.IJ;yJUI 
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CllHXpOHR3aU1U1 He npeBbIIllaeT rHITM pa3p~.uOB C.llBBTOBOro perMCTpa. 

<PyHKUHIO 3anHCM Cl1THarra B nepBblll Pa3P~.u MO.llYruI ueJIeC006pa3HO 

peaJIH30BaTb Ha 3JIeMeHTax ECL-JIOrHKH. ECJIH CBTRaJI co C'IeT'IHKOB 

Ha 55-OM MeTpe 3arrllCbIBaeTC~ 3-HM TaKTOM HCK B 6bICTpbI:ll pa3­

P~.ll, TO 4-bIM TaKTOM OR MO)KeT 6bITb BhIHeceH Ha BhIXO,[(HOM pa3'beM 

MO.uYJI~ CHHXpoHIBaUMM. To eCTb Tpe6yeTc~ Bcero 2 pa3p~na C.llBl1ra. 
.~ 

-~ 

CaMbIM nepabIM IIpIIXO.nllT C11THaJI C 6JIIDKHIDC CTeHOK If OH Tpe6yeT 

CaMQI1: 60JIbillOM 3a.llep)KKI1 B C.llBllfOBOM perHcTpe, a I1MeHHO - 4 TaKTa 

HCK. 

TIo -qeTBepToMy TaKTy HCK Ra Bblxo.ue Monyrr~ 06pa3yeTC5f no­

3MUMOHHbIM KO,U cpa60TaBlluDC .neTeKTOpoB, OTBeqaIOllUfH onHoMy ep­

B3aMMo.ueMcTBHIO. 

IIorrpo6yeM OueIrnTb a6COJIIOTROe BpeM~ B b.c. BpeM5I npmco,na 

CI1fHarra B KOHTpOJIhHyIO KOMHaTy OT C'tIeT'tIHKa, pacrrOrrO)KeHHoro Ha 

16 MeTpe, CKJIa.llhIBaeTC5I 11:3 BpeMeHIf npOJIeTa, Ka6eJIbHOM 3a.llepJKKM 

H 3a.nep)KKM, CB5I3aHHOll C 6hICTpo.neHCTBMeM <f:>3Y Ii ,UHCKpHMHHaTO­

pOB. 

55 HceK + 45 M * 5 HceK/M + 20 ReeK = 300 HceK - 4 b.c. 

TaKIIM 06pa30MnplI yCTaHOBKe BeeR cHcTeMbI, I1:HepOPMauI1~ B 

KapTe GPTP n05IBJI5IeTC5I TOJIbKO Ha .lleB5ITbIfl TaKT HCK uocne ep­

B3aHMo.ueMCTBluI. 

BbPUICJIeHHe 3.p.peKTHBHoCTH 

I1pM BbIQMCneHllH 3¢¢eKTHBHOCTI1 CLIeT1.II1KOB 6hlnl1 I1CrrOJIb30BaHbI 

C06bITH~, nOJIy-qeHHble Ha reHepaTope C06bITHM PHOJET (15]. Orra­
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Pnc. 7: 3<t><t>eKTHBHoCTb C"tIeT"tIHKOB 

CaRne npoueCOB M5IfKOro <pOTOpO)K.n:eHIHI B 3TOM reHepaTope OCHOBaHO 

Ha q>eHOMeHOJIOfHM Pe.n::>Ke. reHepaTOp npOII3BO,UIfT C06bITIi5I Bcex 

"tIeThlpex THIIOB npoueCCOB onncaHHbIX B fJIaBe 1, a TaK:>Ke C06blTIi}1, 

B KOTOpbIX npOHCXO,D;IfT o6MeH UBeTHbIM 06'heKTOM. 113 BCex C06bI­

TMH OT6MpaJIHCh TOJIbKO C06hITH5I, KOTopble Conep:>KaJII1 tl:I1CCOUHa­

UHIO rrpOTOHa, TaK KaK B 3TOM cr.ryqaeT{aCTIfUbI CHCTeMbI Y npOJIe­

TaJIH T{epe3 CfITC. CreHepHpOBaHHble C06hITM51 nponycKaJIHCh Qepe3 

CHMYJI}1UHIO crrTC II CP, ,na.rree no OTKJUiKY .ueTeKTopOB orrpe.ueJI}1­

JIach 3<Pq>eKTI1BHOCTh. BbIJII1 paCCMOTpeHbI C06hITH}J C pa3JIM"rl:HhIMM 

3HaqeHH}1MH ,Um:p<ppaKUHOHHOH MaCChI My. BUJIO yCTaHOBJleHO, LITO 

CI1TC n03BOJUleT yBeJIMQHTb 3cP<peKTl'IBHOCTb perHCTpaUMH npo.zryK­

TOB ,UI1<p<PPaKUHOHHOro pacrra,Ua rrpoToHa B ,UHan330He Macc My rv 

1.0 - 10.0 GeV )1,0 80-85% (CM. PRC. 7). 
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PIIc.8: CxeMa TeCTa 

...--[V-1 COUNT l 

53 
t"l------------

DISCR. 4t-------1 
'-_.........
 

TecTHpoBaHHe CllTe 

OUIIH If3 MO.llYJIeiI CnTC (53D) 6hIJI npoTecTIfpoBaH Ha KOCMRqe­

CKIDC JIyqax. IlJuI 3Toro 6bIJIa co6paHa cJIeUYIOmasr cxeMa (CM PRc.8). 

TpHrrep 6hIJI co6paH Ha CUHHTMJIJHIlurOHHhIx CqeT"tlIIKax Tl H T2, 

BKJIIO"tJeHHhIX Ha COBIIa.n;eHRe. CqeTqHKH 6hIJ1R pacn0J10)KeHbI TaK, 

qTo6hI KOCMHqeCKasI "tJaCTHua, rrpOxO,ll5IIUasr -qepe3 TpnrrepHble CqeT­

ql1KH, rrpoxo,UHJIa 6hI M qepe3 TecTHpyeMhIe. Cl1THaJIhI C KaJK.n;oro 

11:3 -qeTbIpex CqeTqYKOB ( Tl, T2, 53D1, 53D2 ) nocTyrraJI:H Ha LU1C­

KpHMRHaTophl, rrporrycKaBIIII1e UaJIhlIIe TOJIhKO Te 113 HIDe, KOTophle 

rrpeBhlIIIaJII1 IIopor. IlaJ1ee KaJK,UhIfi Cl1THaJI rrpOXO.llI1JI JIMHMIO 3a­

.uep)KKH, KOTOpylO MO)KHO 6hIJIO MeH5ITb B JJ:l1.arra30He OT 0 no 64HceK. 

TIoCJ1e qero Cl1THaJIbI C Tpl1rrepHhlx 11 T€CTHpyeMblx C"tleT"tJIIKOB no­

cTyrraJ1M Ha J10rI1"tJeCKHe 3JIeMeHThI &1 R &2, COOTBeTCTBeHHO. 3rre­

MCHT Bblpa6aTbIBaJI CHrHaJI, eCJIH pa3HHua BpeMeH rrprncoaa CI1rHarrOB 

Ha rrepBbIti: BXO.u II Ha BTOPOM Bxon He rrpeBbIwarra 3a.uaHHoro 3Ha-qc­
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HI-HI. IIp:WleM 3JIeMeHT &1 Bhlpa6aTbIBaJI CI1THan, TaK Ha3hIBaeMble 

BopoTa, ,llJIlITeJIbHOCTblO 70HceK, a 3JleMeHT &2 - ,IlJUITerrbHOCThIO 

30HceK. C BhIXOna 3neMeHTa &1 qMCrrO cpa6aThIBaHllH TpMrrepa BbI­

BOnMnOCb Ha C'lJeT (C2). A ~CJIO cpa6aThIBaHllll (C1) TecTMpyeMoro 

~(to.n;YJI5I onpe.n;eJI>fJIOCh KaK KOJUPieCTBO IIona.n;aHHII Cl1THana c. BbIXo.n;a, 

3neMeHTa &2 B BopoTa. J111HIl5I 3a.n;ep)KKI1 6hIJIa Heo6xollI1Ma ,Un5I Ha­

CTpOHKH cxeMhI, a TaK2Ke ,OM orrpe,IleJIeHH5I KOrrllQeCTBa cny-qalIHbIX 

COBrraueHIUl TpMrrepHbIX II TecTHpyeMblx CqeT-qHKOB. OTHOIIIeHlleM 

C1 K C2 II orrpe,UeJ15InaCh 3£PepeKTllBHOCTh TecTHpyeMoro c-qeTqllKa. 

H3MepeHll5I IIOKa3aJIll, 'ITO IIpll Hanp5DKeHHIDC 2,2 KV If 1,6 kV Ha 

TecTllpyeMbIX II TpI1:rrepHhIX CT.IeT"tIMKax COOTBeTCTBeHHO II rrpll no­

pore paBHOM 30mV Ha Bcex nllCKpMMMHaTopax 3q>q>eKTHBHoCTb Te­

cTllpyeMoro Mo.uyn5I paBHa 94%. IIpll YBeJIH-qeHMI1 rropora Ha TpH­

repHhIX CT.IeT'lJllKax 3epepeKTMBHoCTh .n;OXO,UllJIa ,UO 97-98%. 

3aKJUOQeHHe 

CIlTC 5IBJI>feTC5I KOMrrOHeHTOll ,n;eTeKTopa HI, llrpaIOmeil BaJKHyIO 

POJIb npM M3YT.IeHMM C06bITIlI1: l CB5I3aHHhIX C .ullcPcPpaKIJ;llOHHOl1: .n;uc­

cOUMaUlleli npOTOHa. OHa 5IBJI5IeTC5I pe3YJIhTaTOM COTPY,OHlfT-reCTBa 

DESY (repMaHM.sr), University of Manchester (BeJIIfK06pI1TaHM5I), 

I1T8cf>'a 11 <PH311T.IeCKOrO I1HcTMTyTa uM.J1e6eneBa (r.MocKBa). 

51 XOT.Iy rro6naro,UapuTb B. Eq>peMeHKo, B. HaroBllUMHa, A. CeMeHoBa 

II B.Co;IomeHKo, npOqMTaBUlHX qepHOBHKH H c.uenaBllillX p5IU IIOJIe3­

HbIX 3aMe'lJaJuIll. 

51 TaKMe npvI3HaTeJIeH B. LIepHbIllieBY H C.Ye1.IeJIbHI:IUKOMY 3a no­
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MOmb rrpM pa60Te Ha.u cTaTbell. 

3acJIyra B rr05IBJIeHMI1 'tIeTBeTOH r JIaBbI npMHaLIJIe)KllT n.CMllpHOBy, 

3a 'tITO eMy orpOMHoe crracM60. 
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