
HHCTHTyT TeOpeTHqeCKOH H 

3KcnepHMeHTanbHoH~H3HKH 

, 

;- 10-98 
: .::.... n 

~', ·r~'t .:"?:r ~ 

DE . ~ ~ 

/. C 1/ 1998 
B. 10. ErophIqeB /.':"~ '''' .... 

Cl.... • .;.T. ',,~ .5.~".' t .;,~ 
. '., ;-.'~ 

\
\-\ 

__l_-' 

OnTHMH3~HlI 

~eTeKTOpa nepeXO,ll;HOrO H3JIYQeHHlI 

_ 9KcnepHMeH-Ta HERA-B. 
~ ....-ru-00 

•-000::J_11 ..II 
o ..,

~,f=~ ,~~ ~-_ ... ~_..-_-_. __._. ~ ._..II
_::= i 

~_.._--.__ ._ ,-. - .. 

~"0 
\ ....._-_.__ ~__................ ....-_.~ ' __ • .1 •• t .. """
 

.', j , 

1-·'-------·..--·-.... ··-.·.·-..-·-- ....---...-... "... 
! !, . ~ 
~.. --.-..- .. ·"..".-_- ._"W_" -._'_',_. _ .... " '._.• __ '_"

J. ~-· .. ;·,·_···'···1.nA8" '0'-"-' ;M o C K ~~~~-:~~ __ .~~._~~~.-~~.~ __.. ,,:,,:~_.J 



Y.llK 539.172 M-I6 
OllTI1MM3AlllliI JlETEKTOPA IIEPEXO.IllIOrO l'I3.iIY1lliHHH 3KCIIEP11MEHTA HERA-B: 
IIperrpuHT wr~ 10-98/ . 
B.D.EropHqeB - M. 1998 - 200.t 

,l.l;eTeKTOp rrepexo,II,Horo H3JlY'IeHHR (.ll.I1M) RBJIReTCJI qacTbIO CHCTeMbI H.n.eHTH<pHKan,HH 

9JIeKTpoHOB B 9KcnepHMeHTe HERA-B. rJI&BHa1l. 3a.n.a'la, KOTOpyIO 6y.n.eT pemaTb ,lJHH B 

3KcnepHMeHTe HERA-B, - pa3.n.eJIeHHe 9JIeKTpoHoB H 8,l1;pOaOB C BhICOKOit 3<P<PeKTBBHOCTbIO 

perllCTpaIUlH a1IeKTpOHOB BO BHYTpeUHeA 06JI8CTH ::meKTpOMarHHTHoro KaJIOpHMeTpa, KOTG

phdl pa.6oTa.er B yCJIOBlUIX BbICOKOA nJIOTHOCTH qacTHIJ,. .ll.nM C03,lJ,aH Ha OCROBe HOBeAmeA 

TexBOJIOrn MHOI'OCJIoAHOA CTpyKTyphl pMHaTOp& IIepeXO)l.uoro H3JIY'IeHHH H TOHKOCTeHHbIX 

IJ:HJIHH.lq>lfqeCKHX nponOpIJ:HOHaJIbHbIX K&Mep. )lauUaJI pa60Ta BbIIIOJIHeH& B paMKax C03,Ua

HHa .n.eTeKTOp& nepexO)l.HOrO H3JIY'IeHWI MH 9KcnepnMeHTa HERA-B. OnHC&Ha OIlTHMH3a

IJ:HJl )lIIM B yCJIOBHHX <pH3HQeCKHX C06b1TIIIt, OTBe'laIOID.mc yCJIOBHJlM pa60TbI 9KcnepHMeHTa 

HERA-B, "ITO II03BOJIHJIO npOH3BeCTH BbI60p OIITBMaJIbULIX napaMeTpoB .n.eTeKTOpa C TQ'IKH 

3peHHH <p&KTOpa 9JIeKTpOH-a.,zq>OHHoit pe)l{eI(IJ:HH rrpH o6ecne'leHHH BbICOKOA: 3qxpeKTHBHOCTH. 

perHCTP8.UHH 9JleKTpoBOB. 

P~c. - 9. CUECOK ~T. - II Ha~M. 

~ HnOrmrYT TeOpeTMqeCKO~ M aKcrrepmM8HTsnbHoA ~B3~~. 1998 
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O,LUIHM H3 HaH60JIee HHTepeCHbIX H HHTpmyrommc JIBJIeHH:t1 B <pH3KKe 3JIe

MeHTapHbIX ~acnn~ HeCOMHeHHO JIBJIJIeTC.H CP-HapymeH.He, CB.H3aHHOe C <PYH

,lJ,aMeHTaJIbHbIMH BOnpOCaMK npocTpaucTBa, BpeMeHH H paHHe1t CTa,D;HH pa3

BHTH.H BceJIeH.Ho1t [1J. 
oKcnepHMeHTa.rrbHoe Ha6JIIO,lJ,eHHe CP-accRMeTpRH )];0 CHX nop npOBepeHO 

TOJlbKO B CBCTeMe He1tTpaJIbHbIX K-Me30HoB. O):(HaKo, BbIllOJIHRTb TO~HYIO 

npOBepKY CP-HapymeHlUI B CTa.H,ll;apTHoit MO)J,eJm: (CM) B CHCTeMe Hett

Tpa.rrbHbIX K-Me30HoB HeJIb3JI H3-3a 60JIbillHX TeOpeTH"leCKHX HeOrrpe,lJ,eJIeH

HocTett B BbI~HCJIeHH.HX. CHcTeMa HettTpa.rrbHbIX B-Me30HoB npe,lJ,CTaBJIJIeT 

H3 ce6JI rrpe~3HOHHYIO cRcTeMy, B KOTOp01t B03MO:>KHO Ha6JIIO,lJ,eHHe CP

HapymeHHR:. B OTJIIPlmI OT CHCTeMhI K-Me30HoB - B pacrra.n;ax B-Me30HoB 

rr~CKa3bIBaeTC.H 3Ha~HTeJlbHbI1t 3cPcPeKT CP-HapymeHIUI. KpoMe Toro HC

CJIe.n;OBaHHe CHCTeMbI B-Me30HoB BepOJITHO rr03BOJIHT rrpOBeCTH oD;eHKy OCHOB

HbIX nOJlO>KeHH1t CM [2]. 
Ha6JIIOneHHe CP-HapymeHRJI - 6JIH:>KattmaH 3a)];a~a cOBpeMeHHo1t 3KcnepH

MeHTaJIbHo1t cPB3HKH. B HacTOHm,ee BpeMJI Ha Ha6JIIO,lJ,eHHe CP-HapymeHHH 

Ha:u;eJIeHO 60JIbillOe ~KCJIO 9KcrrepKMeHToB ¢H3RKH BbICOKHX 9Hepm1t.. B 9TOtt 

06JIacTH cPH3HKH OCTpO omymaeTCJI He06xo,IJ;HMOCTb HCnOJIb30BaHHiI rrOCJIe.n;

HHX .n;oCTH>KeH:H1t H rrpeHMymecTB cOBpeMeHHo1t 3KcrrepHMeIITaJIbHo1t MeTO

.n;HKH. 

OCHOBHOtt D;eJIbIO rrpe,rvrOJIaraeMOro 9KcrrepHMeHTa HERA-B HBJIJIeTCJI 9KC

nepRMeHTaJIbHOe Ha6JIIO.n;eHHe CP-HapynreHHR B CHCTeMe HettTpaJIbHbIX B

Me30HOB C MHO:>KeCTBeHHhIM JIerrTOHHbIM KOHe~HbIM COCTORHHeM l B qacTHOCTH 

pacrra.n; B ---t J /1/JK2 -+ 1+1-1r+1r-, C JIeIITOHaMH B .KOHe~HOM COCTOJiHHH, 

rrpe.n;CTaBJIJIeTCR HaHJIY~IIIBM KaK C TeOpeTUQeCKo1t TaK H C 9KcnepHMeHTaJIb

HOtt TOqKH 3peHHR [3]. 9HeprHJI B CHCTeMe D;eHTpa Macc JS=40 r9B, 06ec

rre"'-IHBaeT nOpJI,UKa 109 B-Me30HoB B ro.n;, "'-ITO .n;OCTaTO~HO )l,JIJI Ha6JIIO)J,eHHR 

CP-HapymeHH.H B CHCTeMe B-Me30HOB H H3y"leHHH ,Jl,pyrHx Ba:>KHbIX "acrreKTOB 

H rrp06JIeM B-¢H3HKH. 

9cPcPeKTHBHaJI JIerrTOHHaJI H,IJ;eHTHcPHKaIUi.H .HBJI.HeTC.H O,Jl,HHM H3 rrpHHD;H

rrHaJIbHbIX Tpe6oBaHlf1t 9KcrrepHMeHTa HERA-B H HrpaeT KJIIO~eBYIO POJlb B 

peKoHcTpyKD;HH pacrra)J,HbIX KaHaJIOB, H,Jl,eHTH<pHKaIUiH B-Me30HOB (Me"'-IeHHe 

JIerrTOHOB) H B03MO:>KHOCTH HCCJIe.uOBaHHJI ,IJ;OnOJIHHTeJIbHo1t <pH3HKH. Hc

IIOJIb30aaHlfe ,II.eTeKTopa IIepexo,IUIoro M3JIY"'-IeHHR B CHCTeMe 9JICKTpOHHOtt 

H,Jl,eHTHqmKaD;HH C OJIeKTpOMarHHTHbIM Ka.rropHMeTpOM n03BOJIHeT ,II.OCTH"'-Ib 

Tpe6yeMott 9cP<peKTHBHOCTH )J)IR penreHHH rrOCTaBJIeHHo1t 3a,Jl,a"tIH. 
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2 AHaJIH3 H ODTHMH3an;UH ,nUB HERA-B. 

2.1 Mo.n;eJIHpOBaHHH .n;eTeKTopa HERA-B. 

OIlTHMH3aInUI cneKTpOMeTpa HERA-B (CM pHC. 1) 6bIJIa BbInOJIHeHa Ha OCHOBe 

MeTO,IJ,a MOHTe-KapJIo (MC), KOTOpax n03BOJIHJIa H3y'tJHTb KHHeMaTH'tJeCKHe 

oco6eHHocTH po)l()l;eHIDI B-Me30HoB, a TaIOKe' H npo,IJ,yKToB HX pacuClJ];a, pac

CMOTpeTb XapaKTepHbIe qepTbI <pOHOBbIX C06bITH1t H HCCJIe,lJ;OBaTb OCHOBHble 

napaMeTpbI HERA-B cneKTpoMeTpa. C 3TOA ~eJIbIO HCrrOJIb30BaJICH reHepa

TOp C06bITHA C nOMOIIJ;bIO MC nporpaMM PYTHIA5.7 1'1 FRITIOF7.0, pa3pa

60TaHHbiX LUND rpynno1t [5]. 

,IJ;JlH H3yqeHHH <pH3H'IeCKHX npon.eCCOB B 9KcrrepHMeHTe HERA-B paccMa

TpHBaJIHCb CJIe,nyroIIUIe C06bITHH: 

•	 Heynpyroe B3aHMO,lJ;e1tcTBHe C MHmeHbIOj 

•	 co6bITHe C o6pa30BaHHeM bb-napbI H ,IJ,aJIbHeAmeA ee cPparMeHTaWlH B 

Me30Hbi H a.n;pOHbI, CO,lJ;ep)Karn;He npeJIecTHbIA KBapK; 

•	 co6bITHe C o6pa30BaHHeM bb-napbI, <pparMeHTaInIeit O,IJ,Horo H3 rrnapKOB 

B B-Me30H, C nOCJIe,IIyIOIIJ,BM pacna.n;oM B J/1/JK2j 

•	 Co6bITHe C 06paaOBaHliIeM cC-KBapKoBo::A: napbI H <pparMeHTaU;He:i:t HX B 

o'tJapOBaHHble qacTHIlbI. 

,LLnH ODTHMH3ar(HH cneKTpoMeTpa HERA-B H aHaJIH3a B03MO)KIIOCTH pe

KOHCTPYKIJ,HH C06bITHA B YCJIOBH.HX oTBe-qaIOnntlt YCJIOBHHM 3KcnepHMeHTa 

HERA-B, 6bIJIa C03,IJ,aHa nporpaMMa HBGEAN [6], Ha OCROBe uporpaMMHoro 

naKeTa GEANT3.21, KOTOpaH MO,IJ,eJIHpYeT npOXO)K,lJ;eHHe -qaCTHIJ; 'tJepe3 cneK

TpOMeTp HERA-B. IIporpaMMa HBGEANT COCTOHT H3 Ha60pa no.znyporpaMM 

H <pyHKIJ;H:£t, ,lJ;06aBJIHeMbIX K cTaH.u,apTHott BepCHH naKeTa GEANT, KOTopble: 

•	 C03,lJ;aIOT H OllHCbIBaIOT nOJlRYIO reOMeTpHIO cneKTpOMeTpa HERA-Bj 

•	 npOBO,lJ;HT TpeKH -qepe3 ,neTeKTOp H nOKa3bIBaIOT (HJIH 3anHcbIBaIOT) HH

cP0pMaIJ;HIO 0 B3aHMO,IJ,e:D:cTBlul -qacTHIJ. c Beru.eCTBOM .n:eTeKTopa HJIH C ero 

KOMnOHeHTaMHj 

•	 If306pa)KaIOT .n.eTeKTOp IilJIliI OT.n:e.rrbHble ero qaCTliI, a TaK)Ke nOKa3bIBaIOT 

Bce TpeKH, npome.nmHe qepe3 ,IJ,aHHbI:A: ,lJ;eTeKTOpj 
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ITporpaMMa HBGEAN "tJeTKO H TO'lHO OnHCbIBaeT reOMeTpHlO CneKTpO

MeTpa HERA-B. IIo.z:oyporpaMMbI IlaKeTa HBGEAN 3aIlOJIHRIOT CTpyKTypy 

cneKTpOMeTpa B CTaH,D;apTHbIe 6aHKH naKeTa GEANT3.21. C TO'lKH 3peHHR 

nporpaMMbI GEANT ,n;eTeKTOp COCTOHT U3 cynepCJIOeB, KOTopbIe B CBOIO oqe

pe.lU> MoryT COCTOHTb H3 ,n;eTeKTopoB (qYBCTBHTeJIbHhIe 06'beMhI) U H3 CTeHOK 

(HeqYBCTBHTeJIbHhIe o6'beMhI). reoMeTpIDI cynepcJIOeB COOTBeTCTByeT reoMe

TpHH ,n;eTeKTopOB cneKTpoMeTpa HERA-B, onHcaHHbIX B [4]. KaJK.ro>IA cy

nepcJIoA HMeeT CBoA HH,lUIBH,lIJTaJIbHbIA HOMep HJIH yHHKa..JILHOe CHMBOJIbHOe 

HMJI. B rrporpaMMe npHHHTa npaBaH CHCTeMa KOOp,IJ;HHaT, OCb Z HanpaBJIeHa 

B,ll;OJIb OCH npoTOHHoro nyqKa, OCb Y - BBepx. IlaKeT HBGEAN onHCbIBaeT 

CBo1tcTBa MaTepllaJIOB, U3 KOTOphIX H3rQTOBJIeHbI cynepCJIOH: 3apM H aTOM

Hblit HOMep, DJIOTHOCTb, P8J:UIa.IUlOHHaH .D;JIHHa, .D;JIHHa nOrJIom.eHHH, ce"tJeHl.Ie 

H ,ll;pyrHe cBoAcTBa xapaKTepHbIe ,lJ,JlH rrpHMeHReMOro MaTepHaJIa. ITPH rrpoxo

~emlH qaCTHI(bI qepe3 ~BCTBHTeJIhHYIOcpe.ny, COXpaHHIOTCB xapaKTepHhIe 

oco6eHHOCTH B3aHMo,n;eAcTBIDI qacTHU,hI C MaTepHaJIOM cpe~I. 

,I::(.ruI aHaJIH3a ,nIIM HERA-B 6bIJIO C03,IJ;aHO H OTJIIDKeHHO nporpaMMHoe 

o6ecneqeHHe, KOTOpoe HHTerpupOBaHO B o6mylO cxeMy aHa.JIH3a HERA-B, qTO 

,n;an:o B03MOJKHOCTb npOH3BecTU aBaJlH3 ,llJIH B 06lIJ)i1X YCJIOBHllX 3KcnepH

MeHTa HERA-B, C yqeTOM BCex <pH3H"tJecKHX npOn,ecCOB. ,llJIH npe,IJ;CTaBJI.HeT 

co6oit CTpyKTypy U3 qepe.n;yro~CHCJIOeB ,ll;eTeKTHpyro~ 9JIeMeHTOB, pa3

neJIeHHbIX Me~ co6o.a pa,II.HaTopOM. Pa,z:r.HaTop - CJIOHCTaH CTpYKTypa, 113

ny'larom;aH peHTreHOBCKoe nepexO,II.Hoe H3JIy"tJeHHe rrpH npOXOJK,IJ;eHIIH BhICo

K09HepreT~HbIX 3apIDKeHHbIX "laCTim;. B KaqeCTBe ,n;eTeKTHpylOm.ero 9JIe

MenTa HCIIOJIb3yeTCH nponop~OHan:bHaHnHJIHH,rq>H"tJeCKaH KaMepa (IlK), 3a

IIOJIHeHHaH raaoBoit CMecbIO H& OCHOBe Xe. MO,IJ;e.TIHpOBaHHe ,ll;IlH BKJIIO'laeT 

B ce6.a CJIe.n.ylOII.Ule rrpo:u;ecchI, npoHcxo;r.J:H~e B ,IJ;eTeKTOpe nepeXO,IJ;Horo 113

JIyqeHHH rrpH rrpOXO:>K,II.eHHH "Iepe3 Hero 3apH:>KeHHOA qacTHI:V>I [7],[8]: 

•	 9HepreTHqecKHe H yrJIOBbIe cneKTphI <pOTOHOB penTreHoBcKoro l1epeXO,II.

Hom H3JIYQeHJilH; 

•	 npo~ecc <P<rronorJIOmeHH.a BKJIIO"t{aeT B ce6H npo~ecc <poTonOrJIOm;eHHH B 

cpe,n;e p~HaTopa, a TaK:>Ke II B ra3e, KOTOpbI:M: perHcTpHpyeT <pOTOHbI ne

pexo)J.Horo· H3.rryqeHIDI, KpoMe Toro y"tJHThIBaJOTCH npon,ecchI BhI6HBaHH.H 

9JIeKTpOHoB C K- H L- o60JIO'leK aToMOB; 

•	 pacrrpe,II.e.JIeHHe nepBH"IHbIX cOy,II.apeHi:l:M: H Bbp·nrCJIeHHe 9HeprHH, IIOTe

pHHHOit qaCTllneit B TOHKHX CJIO.HX ra3a, Ha 6a3e Mo,neJIHpOBaHH.H HOHH

3aI.I;HOHHhIX nOTeph B TOHKHX CJIo.ax ra3a; 
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•	 3aBHCHMOCTh CKOpOCTH ,n;pe.ctcPa 3apJI,n;a OT Hanpil)KeUIlOCTH ~}JleKTpHqe

CKOrO nOJIft, y-tiHTbIBa.H H 3q,q,eKT HeCTa6uJIbHOCTlI IIOJIO>KemUI aHO,n;a; 

•	 MO,n.eJIHpOBaHHe 3JIeKTpoHHOro CHrHaJIa, HCnOJIbsyH pea.rrbHbI~ OTKJUiK 

3JIeKTpOHHKH: npe;.urCHJUITeJIe:a, q,OpMHpOBaTeJIett H .D:HCKpHMUHaTopOB, 

a TaK>Ke mYMbI H <PJlYKTya.n.KIO IIhe,n;eCTaJIOB 3JIeKTpOHHKH. 

l1,n;eHTHcPHKaIJ,HH, HCnOJIb3yeMble B 3KcnepHMeHTaJIbHOM aHaJIH3e Ha OCHOBe 

nepexO,D;HOrO H3JI~eHHiI, npHMeHJIeMbIe B illHpOKoannepTypHbIX ,n;eTeKTopax, 

OCHOBaHbI Ha CJIe,zvrIOIIJ,HX MeTO.u.ax [9]: 

•	 113MepeHHe IIOJIHOit 3Hepnm, BbI,D.e.JIHBme:M:CJI B .n.eTeKTHpylOm;eM 3JIe

MeHTe, (dEldx + 'Y ,1J;III1). Oro TaK Ha3bIBaeMblit Q-MeTo,n;. OCHOBHbIM 

<pOHOM JIBJI.HeTCH "XBOCT" pacnpe,n;eJIemUI JIaH,n;ay AJIiI HOHH3aIJ,HOHHblX 

IIOTepb. 

•	 MeTo,n; C'IeTa KJIacTepoB - N-MeTo,u.. KJIaCTepbI o6p83yIOTCH <poT03JIeK

TpOHaMH OT a6cop6D;RR <pOTOHOB PITH. ,II,JUI IIo,n;o6HbIX HOHH3a.n.HOHHbIX 

KJIacTepoB cPoHOM HBJI.HlOTC.H y)Ke He nOJIHble HOHK3aII,HOHHble nOTepH, a 

TOJIbKO fJ -3JIeKTpOHbI C 3HeprHe.tt nOplI)1,Ka HeCKOJIbKHX K3B. 

~Jl.H C03,n;aHHH npaKTHQeCKOrO ~rrM, co,n;ep:>Kam;ero, KaK npaBHJIO, 60Jlb

moe KOJIH"l:ieCTBO 3JIeMeHTOB, O'leHb Ba)KHbIM Tpe60BaHHeM JIBJI.HeTCX npo

CTOTa H HaAe:>KHOCTb 3JIeKTpOHHKH. Y'lHTbIBalI 3TOT <paRT, a TaK)Ke TO, '<iTO 

N-MeTO,D; ,n;aeT B03MO)KHOCTb peanHSaIJ,HH 6bICTporo TpHrrepa, H Y'IHTbIBaJi 

npeHMYmeCTBa STOro MeTo,rr;a, B Kal.J:eCTBe MeTO,IJ;a H,LJ;eHTH<pUKaUIDI B ~rB1 

HERA-B BbI6paH MeTO,u; C"l:ieTa KJIaCTepOB. 

2.2 OnTHMH3aUHH ,nUll HERA-B. 

B 60JIbIDUHCTBe CJI~aeBrrOCTpOeHHlI ,UeTeKTOpa IIepeXO~HoroH3JIYQeHH.H (~IIll) 

cPHKcHpyeTC.H AJIHH3 .n;eTeKTopa Ldet : JIH60 3TO rrpOTH)l(eHHOCTb ,u;eTeKTopa 

B,n;OJlb HanpaBJIeHIlH ny'l.J:Ka ,ItTIH 3KcnepHMeHToB C <pHKcHpoBaHHo'tt M:HmeHbIO, 

JIH60 3TO paCCTOJIHHe no pa)J,H.ycy ,IJ;)UI 3KcnepHMeHTOB Ha BCTpe9:HbIX TIy'lKax. 

.II,JIH onTHMHsaUUR ,u;eTeKTopa C q,HKcHpoBaHHoR: UJIHHOtt rrpHMeHiIIOT IIO,u.

60p (10): 

•	 TOJIIIJ,lIIIbI pa.,u;RaTOpa, h; 

•	 paccTOHHHe Me)K.n.y coce;:r,HllMll 'iaCT.ffMll pa,II;IIaTOpa, [2; 
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• qRCJIO CJIOeB p~aTOpa; 

• ra30BaH CMeCb H pa3Mep ,n;eTeKTHpYIO:u:r.erO 3JIeMeHTa. 

OCHOBHblM KpUTepUeM OIITHMH3aQHH ,LJ;III1 HBJIHeTCH <t>aKTOp pe:>KeKIUiH 

R. aTO 3HaqeHHe onpe.n;eJIHeTCH ,n;JUI ~BYX THUOB qaCTHQ (1 H 2) C O)J;HHaKOBbIM 

3HaqeHHeM JIopem:.t:-<paKTOpa 

- 1/1R - ,	 (1)
1J2
 

r,ne rll, 'f/2 - 3<t><t>eKT'HBHOCTb ,n;eTeKTHpOBaHHH qacTHIJ; 1 H 2.
 

2.2.1	 AHaJlB3 3arpysKH H Bhl60p CTpYKTyphl B AeTeKTBPYlOmmc 3JIeMeHTOB Ae

TeKTOpa. 

,l];eTeKTOpbl, KOTophIe 6y~ pemaTb 3a,n;a'tJH no,n;o6HhIe 3aJI.aqaM 3KcnepH

MeHTa HERA-B, ,D;OJI:>KHbI OTBeqaTb Tpe60BaHHJlM pa60TbI cneKTpoMeTpa C 

60JIbIDHM nOTOKOM AaHHbIX. B CBH3H C 3THM BCTaeT Bonpoc 0 3arpY3Kax 

.LI:eTeKTOpoB, BXOMIIUIX B cneKTpOMeTp HERA-B. 3arpy3Ka ,lJ,IIH 3apJl)l{eH

HhIMlI qacTHD;aMH 6hIJIa npOaHaJnI3RpOBaHa ,nJI.s: YCJIOBH~ OTBeqalODJ.HX pe

aJIbHblM YCJIOBHHM 3KcnePHMeBTa C nOMO~IO MeTo,n.a Me. )J,BYMepHoe pac

upe,neJIeHHe 3arpY3KH 3ap.s:)KeHHbIMH qacTBD;aMH B 06JIaCTH pacnOJIO)Kemul 

.nITH nOKa3aHO Ha pRC. 2. 
HaH60Jlee 3arPY)KeHBOA 06J1acTblO RBJlReTCR 06J1aCTb pacnOJIO)f(eHHaJI B 

Henocpe,n;cTBeHHoit 6JIH30CTU OT nyqKoBoA Tpy6bI. KOHCTpyKTHBHo .LI:eTeKTOp 

6bIJI P8.36HT Ha 4 MO~JIH (2 60JIbillHX MO,nyJI.H H 2 MarreHbKHX), npH~eM ;IJ..e

TeKTUPYIOIIJ.Hii: 3JIeMeHT 6oJIbmoro MO,IJ;yJIH pa3,n;eJIeH Ha .nne qaCTU. AHa.rrH3 

3arpY30K JI.eTeKTHpYIOm.HX 3J1eMeHTOB ,lJ,IUI npOBe..o;eH ~J1H C06blTUA OTBeqa

IO~ YCJIOBIDIM 3KcnepuMeHTa HERA-B C nOM0InbIO naKeTa HBGEAN. B 
KaqecTBe ~eTeKTHpYIO:u:r.ero:3JIeMeHTa paCCMaTpHBaJIHCb nponOpUHOHaJIbHble 

KaMephI ,lUIaMeTpOM 4, 6 H 8 MM. B xo.n:e npOBe,n;eHH.H aHaJIH3a OT6lIpaJIHCb 

TpeKH 3apJDKeHHbIX qacTHU, npoXO,lUImue Qepe3 ,n;III1. Ha puc. 3 nOKa3aHO 

pacnpe,neJleHHe 3arpY30K no ilK B OT,D;eJThHbIX 6JIOKax ,n;ITI1 (COOTneTCTBeHHO 

)];JIB ~aMeTpoB IlK paBHbIX 6 MM). 

B nponopIUlOHaJIbHhIX KaMepax, Haxo.rvmUIXCH B Henocpe.n;cTBeHHOa 6JIH

30CTH OT npoToHHott Tpy6bl, 3arpY3KH 3HaQHTeJIbHO BbIllIe, qeM B KaMepax 

paCIIOJIO)f(eHHhlX Ha nepe<t>epHH. BH,IJ;Ha TeHAeHUHZ yneJIIPIeHHR 3arpY30K C 

YBeJIlPleHHeM AHaMeTpa ,n;eTeKTHpyrom,ero 9J1eMeHTa. O.n;HaKo YMeHbweHHe 

,Il.HaMeTpa npOnOpIJ,HOIIaJIhHotl KaMepbI CB.H3aHO C YBeJIHqeHHeM qHCJIa Ka

HMon 8JIeKTpOHHKH, YITO He TOJIbKO IIpHBO.LI:HT K TeXHHqeCKHM TPYJI.HOCTHM 
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nu occupancy in llu TRD region 
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PRC. 2. Pacnp~eJleHHe 3arpY3KH 3apH)KeHHblM.Il 'faCTlIlJ.aMH B 06JIaCTH pacnOJIO)KeHII.lI JJ:ITl1 
(B nJlOCKOCTH XY). 

1i13rOTOBJIeHIDl ,n:eTeKTopa, HO H CHH:lKaeT Ha,n:e:lKHOCTb ,n:eTeKTopa, a TaK:lKe 

3Ha'IHTeJlhHO yBeJIH'IHBaeT .u;eHY ,n:eTeKTopa. Cpe,n:H oco6euHocTetl:, npHcy

UJ.HX .u;eTeKTopaM, HCnOJIb3yeMbIM B 3KcnepHMeHTax Ha KOJIJIaf:t.u;epax, CJIe,nyeT 

OTMeTHTb pa)J,Ha.lUfOuuyIO cToAKOCTh, MaJIOe 3uepronOTpe6JIeUHe, npep;eJIbHO 

,lJ,OCTmKHMyro MHHHaTropH3aUlilo H B03MO:lKIIOCTb KOMnpeccHpoBaTb HUcPOP

Ma.lUfIO C .n.eTeKTopa )J,JIR YMeHbllIeHHR 'IHCJIa ::lJIeKTpH'IeCKHX HJIH OnTH'IeCKHX 

JIHHHtl: CBJI3H Me:lK)ly .n:eTeKTopoM 1'1 cHcTeMotl: c60pa HIlcP0pMa.u;HIiI. .lI.onoJI

HIiITeJIbHble Tpe60BaHHJI K 3JIeKTpOHHKe yaeJIH'IHBaIOT ee CTOHMOCTb, 'ITO B 

CBJI3H C 60JIbmHM 'iHCJIOM perHCTpHpyIOllIliIX KaHaJIOB, .n:OCTHralOmUX B COBpe

MeHHbIX 3KcnepHMeHTax COTeH ThICR'I iii 6oJIee, MO:lKeT RBJIRTbCJI peuraIOllIHM 

cPaKTOPOM npH BbI60pe Toro MJIM HHoro .n:eTeKTopa HJIH MeTo.n.a perHCTpaWiH. 

I1cxoM M3 pacCMOTpCHMJI 3arpY30K ,nnI1, a TaK:lKe Y'iHTbIBaR BbIllIe nepe'lH

CJIeHHbIe acneKThl Ha.n:e:lKHOCTH pa60TbI .u;eTeKTopa iii ero CTOHMOCTM, .u;H3MeTp 

.u;eTeKTHpyromero aJIeMeHTa 6bIJI BbI6paJI 6 MM. 3arpY3KH B aTOM CJIyqae co

CTaBJIRIOT npHMepHo 10-20 % B 3aBHCHMOCTM OT nOJIO:lKeHHif .n:eTeKTMpyIOmero 

::lJIeMeHTa. 
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The occupancy per straw 
til 

40
 

30
 

20
 

10
 

0 

til 30
 

20
 

10
 

0
 

ll'l 
30
 

20
 

10
 

0
 

ll'l30 

20
 

10
 

0 
0 20 40 60
 

Numofmuw 

til 40
- 1/ 
30
- '4+ljHIf 

+if+flItt1f\ 20

*~* - If,~tillfttt 

,..<t+#....+iJHNt# 
1 I
 

0 20 40
 

Itl
IN+t It Il+\\~l 
f f fit 

0 20 40
 

10
 

I
 0 
60
 

NlUfIojslraw 

1#1. 
30
 

20
 

10
 

0
 
80
 

Nwr+ of61raw 

:fl\tilttt 
_ tint+; # 

t fl\ill* 
- ~+JI\~~+ 

.iltt."'Ioti+,....+t+........
 

I I
 I
 

0 20 40 60
 
NWtI ofSINlW 

tt
f 

tI 
i
 

A+lI 
....+'l• + 

l*f'¥ 
.,.......;~....,..~.+1:........itt+t+
 

0 20 40 60
 
NlUfIofslraw 

f- ./It.l~lif*'*l. 
~lt ;h 
f-

f-

I I I
 

0 20 40 60
 
Numojnraw 

PHe. 3. Pacnpe.lle.n:eIUIe 3&rpY30K no IlK B OT,JJ.eJIhHblX MOKax ,n;nM: (.ll"aMeTp ilK 6 MM). 



10 

9 

1 1 
~ ~ 
>-<0.8 >-11.8 

0.6 0.6 

0•• 0.• 

0.2 0.2
 

0
 0 

-0.2 ~.2 

-0.4 ~.. 
-0.6 -G.6 

-0.8 -G.8 

-1 ·1 
0 2.5 5 7.5 10 0 

L,_ 

! 1 ~ 1 
;""(1.8:...-0.8 

0.6 0.6 

0.4 0.4 

0.2 0.2 

o o 
-0.2 -0.2
 

-0.4
 -0.4
 

-0.6
 -0.6
 

-0.8
 -0.8 

-1 ·1 o 2.5 5 7.5 10 o 2.5 5 7.5 10 

L, sm L,sm 

PRC. 4. Bbl60p OllTHMaJIbHOrO c,n:BHra CJIOeD ilK OTHOCHTeJIbHO .a.pyr ,n:pyra. 

2.5 5 7.5 
L, sm 



10 

2.2.2 IIo3HIJ,HoHHpoBaBBe nponoplUIOHaJIbBbIX KaMep B CJIoe. 

Ba)KIIblM BonpocoM HBJDleTCH BOnpOC B3aMMHOrO pacnOJIO)KeUIDI CJlOeB )];nl1 
AJIH o6ecrre"tJ:eHlUI O)J.HOpO,I:UlOCTH -qyBCTBHTeJlbHOCTH .n.eTeKTopa (O.n;RHaKOBOit 

TOJI~ ra:3a Ha TpeKe "tJ:acTHnbI). AHaJIH3 rrpoBe,uea Ha OCHOBe CTPYKTypbI 

H3 16 CJIOeB 11K ,lJ.KaMeTpOM 6 MM, C,!J,BHHyTbIX OTHOCHTeJIbHO ,n;pyr .n.pyra 

Ha BeJIHqHHY 8 (pHC. 4). ITPH 8=0, cym;ecTByeT CHJIbHaH HeO,LI,liOpO.u;HOCTb 

B KOJIH"tJ:eCTBe ra3a Ha TpeKe qaCTHlJ,bI: eCTb 06JIaCTH, B KOTOpbIX "tJ:acTHlJ,a 

npOXO,[UfT 3Ha"tJ:HTeJIbHOe KOJIH'leCTBO ra3a (B6JIH3H aHo.n.a), a eCTb 06JIaCTH, 

B KOTOpbIX Ha rrym qacTH~I BCTpe'laeTCH He3HaquTeJIbHOe KOJIHqeCTBO ra3a 

(B6Jm3H KaTo,n;a). 8Ta cHTyaD;HH xopomo rrpoCMaTpHBaeTCjl Ha pHC. 4, BepX

HJUI JleBaH rHCTorpaMMa. HaH60JIee OnTHMaJIbHbIM C,l1.BHrOM, C TO"tJ:IGi 3peHHH 

O,LJ;HOpO.n.HOCTH '"tJ:YBcTBHTeJIbHOCTH ,,U.nl'l, jlBJDleTCR 3HaqeHHe ~ R, ,rvIH KOTO

poro HeO,D;HOpO,[UIOCTb He 60JIee 5%. 

2.2.3 OUTHMJI3aD;HB p~aTopa. 

B~bIM acneKTOM onTHMH3a.I.(IDl ,U.I111 HBJIReTCH Borrpoc 0 ,I:VIHHe pMHaTopa. 

C YBeJIlPIeHHeM ,lJ,JIHHbI pa,r:ulaTOpa BbIXO,D; nepexO,D;HOrO H3JIy"tJ:eHHH yBeJUflH

BaeTCH H .n.ocTHraeT Hacblm;eHHH, KOTopoe onpe,neJIHeTCR rrpou.eCCaMH reHepa

IJ.HH H nOrJIOm;eHHH <pOTOHOB PITH, T.e. HacTynaer 3<P<PeKT HaCblIIJ.eHHH. ,Il;JDI 
Bbl60pa OnTHMaJIbHOA ,LVlHlIbI pa,IUlaTOpa ,urU! HERA-B 6bIJl npOH3Be.u;eH 

aHaJIH3 3aBHCHMOCTH <paKTOpa pe)KeKIUlH IrnOHOB OT ,lI.JIHHbI pa,ruiaTOpa ,n.nR 

pa3JIlPlHoro 'lHCJIa CJlOeB (ilK + p8.,l:OilaTop) H ,roUI pa3JIH'tfHbIX 3HeprerH"tJ:e

CKHX noporOB (Efi:t = 5,6,8,10 K3B). B KaqeCTBe pemcTpHpyIOlI.l;erO 3JIeMeHTa 

HCnOJIb30BaJIHCb: ilK .rUIaMeTpOM 6 MM, pa.n.HaTOp - nOJIHnpOIIHJIeHOBble <pH

6pbl, ra3 - TpO:AHaR ra30BaH CMeCb Ha OCROBe KceHOHa (70%Xe + 20 % CF4 + 
10% CO2 ), qHCJIO CJIOOB (ilK + pa.u;HaTop) H3MeHHJIOCb: 28, 32 H 36 CJIoeB. 

)];JI.H On~eJIeHHH el1r-pe)KeK~ HCrrOJIb30B8.l1HCb 3JIeKTpOHhI H rm:OHbI C HM

nyJIbCOM 30 f3B/e. BbIJIH nOJIyqeHbI 3aBHCHMOCTH <paKTopa el1r-pe)KeKIl.HH 

OT MHHbI pa,.n;HaTopa H BbI6paH HaH60JIee OnTHM8JIbHaH ,!J,JIHHa pa.n.HaTOpa 

(L~ = 2.3 CM) C TOqKH 3peHHH HaHJIyqrnero <paKTopa pe)KeKIl.HH (CM. pHC. 

5). 
O,II;HHM H3 KJIIOqeBhIX MOMeHTOB B pa3pa6oTKe .rr.IlI1 HBJIHeTCH Bonpoc 0 

nOJIHoA AJIHHe .u.eTeKTopa (HJIH 0 QHCJIe CJIOeB B )];ITH), KOTOpblit npHMbIM 

o6pa30M CBR3aH C B03MO)KHOCTblO C03.u;aHHH H,n;eHTH<pHKaTopa 60JIblliOt\ arrep

TypbI. Ha pHC. 6 rrOKasaHa saBHCHMOCTb 1rIe-pe)KeKUHH OT qn:CJIa CJ"lOeB B 

.rr.IIH, 1'13 KOTOpbIX BH,lViO, "ITO Jl,JIH .l1.0BOJIbHO lliHpOKoro ,II;Hana30Ha noporOB 

(IIpH BbICOKO"tt 9<p<peKTHBHOCTH perHCTpaIJ,HH 3JIeKTpOlIOB E ~ 97.5 %), HaH
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60JIee npe,nnO'tJTHTeJIbHbIM RBJIReTCR ,LI,IIH COCTOH~"ti H3 32 CJIOeB (,n;JIHHa 

pan;naTop+straw L=2.3 CM). 

~ B no.n;TBep)K,n;eHIiUI npaBHJIbHOCTH BbIBo,n;a 0 nOJIHott ,D;JIHHe ,LlJIM MO)KJIO 

npHBeCTH paC"IeT 3aBHCHMOCTH pe:JKeKIJ,HH OT 9¢¢eKTHBHOCTH perHCTpaU;HH 

9JIeKTpOHOB. Ha pHC. 7 nOKa3aHa 3aBHCHMOCTb 7r / e-pe)KeKIJ;HH KaK <PYHK

IUlH 9<p<peKTHBHoCTH pernCTPanHH 9JIeKTpOHOB )l;JIH H30JIHpOBaHHbIX "lacnm; 

C 3Heprne1t 30 r9B ,n;JIR pa3JIH'tIHbIX 3HepreTH'tJeCKHX noporOB (4 - 12 K9B) H 

,LVIii pasJIWIHOrO KOIDIqeCTBa CJIOeB (,n;eTeKTHPYIOIUn:tt 3JIeMeHT rrJIlOC pa,IJ,Ha

TOp). XapaKTepHbIe OC06eHHOCTH JIerKO BH,n;HbI H3 pHC. 7. O,D;HaKO 3aMeTHM, 

"ITO rrpH <pHKCHpOBaHHott 9<P¢eKTRBHOCTH perHCTpalJ,RH 3JIeKTpOHOB (Harrp, E 

= 95 %), HaH.rryqmHM <paKTOpOM pe)KeKI.I;HH 06JIa,n;aeT ,n;eTeKTop C 60JIbIIIHM 

"t:J.HCJIOM CJIOeB (" ,n;.J1HHHbItt" ,LI,IU1, ~ 70-85 CM), o,n;HaKO <paKTop pe:JKeKrum: 

CJ1a6o MeHHeTCii IIpH nepexo.n;e OT 32 CJIOeB K 36 CJIORM, "ITO 06bilCHReTCii 

YBeJIIPIeHHeM BepOHTHOCTH B3aHMo.n;e:ttCTBH.H 7r C MaTepHaJIOM ,n;rrn. KpOMe 

Toro, YMeHbIIIeHHe "tlHCJIa CJIOeB npH He3Ha"tlRTeJIbHOM H3MeHeHRH <paKTopa 

pe)KeKII.HH n03BOJIHT YMeHbIIIHTb H 'tJHCJIO KaHaJIOB 9JIeKTpOHHKH, "ITO TO:>Ke 

caMO no ce6e HeMaJIOBa>KHO, T.K. 3Ha"IHTeJIbHO ynpO~aeT 06CJlY>KHBaHRe ,n;e

TeKTopa, a TaK:JKe YMeHbmaeT H 06IIJ,yIO CTOHMOCTb ,D;eTeKTopa. B OKon'tJa

TeJIbHOM BapHaHTe ,llJIlf HERA-B HMeeT 32 CJIOil. 

Ba)KHoit XapaKTepncTHKott MeTo,n;a C"IeTa KJIaCTepOB RBJIileTCii 3aBHCHMOCTb 

pe:JKeKnHH "IaCTHn OT noporoBott 3HeprHH. Ha pRC. 8 nOKa3aHa e/7r-pe:JKeKD;HiI 

KaK <PYHKD;HH noporoBoa 9HeprHH. BH,I.(HO, "ITO B ,D;Hana30He H3MeHeHHR rro

porOB (TH = 5.0-8.0 K3B) CenapaD;HH "tlaCTHIJ, H3MeHHeTCii ,n;OBOJIbHO cJIa6o. 

2ho CBO"tiCTBO onpe,n;e.rrileT Tpe60BaHHe K CTa6HJIbHOCTH Bcef.t CHCTeMbI B 1J,e

JIOM H, B qacTHOCTH, n03BOJIHeT HCnOJIb30BaTb ,D;JIiI C'tJeTa KJIacTepoB rrpOCTYIO 

H He,n;oporylO 3JIeKTpOHHKy. 

3 OnHCaHUe AIIH HERA-B. 

,LI,aHHbIe TaKoro nOJIHOrO aHaJIH3a n03BOJIHJIH npOH3BeCTH OKOH'tiaTeJIbJIblit 

BbI60p reOMeTpHH ,ll;IUf HERA-B. OCHOBHOit 3an;a"Ieit ,LI,Iln B 9KcrrepHMeHTe 

HERA-B, KaK npH60pa npe,n;Ha3Ha"IeHHOrO )])Iii H.n:eHTH<pHKan;HH 9JIeKTpOHOB, 

ilBJIHeTCii 3an;aqa pa3,D;eJIeHHii 3JIeKTpOHOB H nHOHOB B MHOrOqaCTHqHbIX co

6bITH.HX. ,n;IIlf npe,n;CTaBJIileT co6ofi CTPYKTYPY H3 CJIOeB nponOpD;HOHaJIbHbIXr 
D;HJIHH,n;pHqeCKHX KaMep (straw), 3anOJIHeHHbIX ra30Bo:f.t CMeCblO C 60JIbIIIHM 

co.n;ep:JKaHHeM Xe, pa3.n;eJIeHHbIX Me:JK)Jy co6ott H3JIyqaro:w;e:f.t CTPYKTypOtt (pa

,D;HaTop) Ha OCHOBe nOJIHrrpOIIHJIeHOBbIX BOJIOKOH (nOJIHUpOnMJIenOBbIX <pH
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Rejection power versus radilztor length (32 rows) 
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Rejection power versus number ofIoyers (L =2.3 sm) 
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Rejection power as afunction ofthe electron efJicient:y 
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Rejection power as aJunction ojcluster threshoW energy 
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16 

-
..
 

PRe. 9. BHellIHHlt BHl!. ,UrU1. 

6poB) opueHTHpOBaHHbIX CneII,HaJIbHbIM 06pa30M. nllM pa3MemeH Me2KLl.Y 

TpeKepHbIMu IIJIOCKOCTHMH TOOl If T002. Pa3MepbI nllM - BbI6paHbI TaK 

'ITo6bI nepeKpbITb BHyTpeHHIOIO 'laCTb 9JIeKTpOMarHHTHOrO KaJIOpHMeTpa, pa

60TaIOIllYIO B caMbIX TJDKeJIbIX yCJIOBH.lIX, C TO'lKH 3peHHH 3arpY30K 'lacTHl.(. 

BHewHldi BH,lJ. nITM nOK8.3aH Ha pHC 9. 
B BbI6paHHoA KOH<pRrypa.n;IDI ~eTeKTOp pa3,ll;eJIeH Ha ~Ba cynepc.rroR B,ll,OJIb 

OCR Z, B KaJK.n,OM H3 KOTOpbIX no 4 MO.ZJ;yJIR ,lI.BYX THnOB (CM. Ta6JI 1). 
MO.n;yJIb nilM BbIllOJIHeH Ha OCHOBe HOBeArneA TeXHOJIOrHH MllOrOcJIoAHOA 

CTpyKTypbI pa,znIaTopa nepexoJl:Horo 1f3JIY'IeHH.lI H nponOpUHOHa.J1bHbIX Ka

Mep. OTepeoyrOJI cynepCJIOeB ± 30 rpa,ll; ('ITO n0380JIReT onpe,ll.eJI.lITb Ko

op,ll.HHaTbI npOXOJK.lI.eHH.lI 'lacTHII.bI). Ka)l(,Il;bdi MO.ZJ;yJIb HMeeT 16 CJIOeB ilK, 

p8.3Jl:eJIeHHbIX MeJK.ZJ;y co6oA pa,ll.HaTopoM nepeXO.ZJ;Horo H3JIy'leHH.lI. llocne,n:y

IOIIJ,HA CJIOA ilK C,1U3HHYT OTHOCHTeJIbHO npeJl:hIJl:Ylllero Ha 3/8 .ll.HaMeTpa ilK, 
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Ta6.rIHo,a 1: OCHoBHbIe xapaKTepHcTHKH MO.LQ'JIeit ,IJ,IU1. 

THn I Tun II 
iloJIHas .wmHa MO~JIJI, MM 1300 580 
Pa60qaH ,IVmHa ilK, MM 1240 550 
,lJ,JIHHa MOJJ.YJIJI B)J.OJIb OCR Z, MM 

6e3 rrpepa.nHaTopa 

C npep8JJ.HaTOpoM 

DOJIHaJI 

357 
367 
377 

357 
367 
377 

IIIHpHHa MOJJ.YJI.K, MM 

MHHHMa.JIbHa.H 

MaKCHMaJIbHa.K 

424 
456 

196 
255 

)J.HaMeTp IlK, MM 6 6 
KOJIHqecTBo CJIOeB B MOJJ.YJIe 16 16 
KOJUlqecTBO IlK B c.noe 78 36 
KOJIHqecTBo ilK B Mo,rr,yJIe 1248 576 

~IT06bI o6ecne~Tb O,ll,HHaKoBylO TOJIIlUfHY KceHOHa Ha nyTH qaCTlu.J.bl, a TaIOKe 

YMeHbWHTb ~HcnepcHIO 't{UCJIa cpa6oTaBwRX. IlK IIpH npOXO)f{,ll;eHHH qaCTHll;bI 

~epe3 MO.n.yJIb. CJIoA - caMOnOMep)K.HBarom.aJICR KOHCTpyKII.HR CKJIeeHHaR 

H3 IlK H qe~IOW:HXC1I nOJIOCOK H3 yrJIeKOMl103HTa TO~HOA 0.25 MM II 

mupHHoA 5.5 MM, lITpalO~X POJIb )KecTKoro SJIeMeHTa. CJIoA: pa.3Mem:eH 

B repMeTHqHOM napaJIJIeJIenHIIe,ll,e, CTeHKH KOToporo BbIllOJIHeHhI us TpeX

CJIo1tHoA COTOBOA CTpyKTypbI Ha OCHOBe yrJleIIJIacTHKoBbIX KOMllOSHlI,HOHHbIX 

MaTepHaJIOB. B KaqeCTBe ,ll,eTeKTHpyIOm.ero :3JIeMeHTa .ll:JUI perHcTpalI,HH lle

peXO,IJ.HOrO H3JIYQeHHR HCnOJIb3yIOTCiI rrponOpII.HOHaJIbHble D;HJIHH,ll,plPleCKHe 

KaMepbl ,IJ.HaMeTpOM 6 MM, HSrOTOBJIeHHbIe H3 Kapton-nJIeHKH H HMelOIIJ.He 

BbICOKYlO nponycKaeMoCTb PIll! U xopoJIDle MeXaHllqeCKHe cBoAcTBa. AHO

,D,OM RBJUleTCiI l1030JIOQeBHaH BOJlb<ppaMOBaH npOBOJIO'tlKa ,ll,HaMeTpoM 30 MKM 

, HSrOTOBJIeHHaR cPHpMOA "LUMI METALL". Pa6o"tIl!l:t:t raSOBbIA 06'beM sa

1I0JIHeH CMeCbIO (70 % Xe + 20% CF4 + 10%C02) [4]. 
Pa,u.HaTOp llepexo~oro HSJI)"leHWI - nommpOlIIDIeHOBbIe Q>H6pbI (llJIOT

HOCTb P = 0.101 r/cm3). Bbl60p TlHla pa)l,HaTopa OCHOBaH Ha pesyJIbTaTax 

TeCTHpOBaHHR nOJIHOMamTa6Horo npoToTHna ,nIlI1 [4]. 
IIpH <pyHKIUioHHpoBaHHH ,nIlI1 't{epes Hero 6Y,ll,eT IIpOTeKaTb nOTOK HHepT

HoA rasoBoA CMeCH COCTaBa: KceHOH (70±1 %), cPTOpH,ll, yrJIepo,ll,a CF4 (20±1 
%) H ,ll,HOKCH,u. yrJIepo,u.a CO2 (l0±1 %). IIpHMecH KHCJIOpo,u.a, aSOTa H BO.ll:hI, 

COOTBeTCTBeHHO, 0.1, 0.05 H 0.001 %. 06'beM rasa 200 JI, CKOpOCTb nOTOKa 

rasa 0.03 cm3/MHH/IIK. IIoCKOJIbKy ra3006pasHbIit KceHOH BbIcllIeit KaTero

pnH Ka.~eCTBa COCTaBJIileT 70 % OT o6mero 06'beMa pa6oQe~ cMecn H RBJIHeTCiI 
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,[(oporOCTOHIIJ,HM rasoM, TO em o,n;Hopa30Boe HCrrOJIb30BaHHe rrpH 3KCrrJIyaTa

WfH ,n;eTeKTopa B HenpepbIBHOM pe)KHMe HepeHTa6eJIbHO. IIo3TOMY Heo6xo

;::J;HMO HCnOJIb30BaHHe CHCTeMbI wq>KY~ H 1JHCTKH rasoBoA CMeCH npJil 

q,YliKIUIOHHPOBaHHH ,IJ;IIH. 

BbICOKOBOJIbTHbIe H CKrHa.TIbHbIe BbIBO)J,hl pa3MepoM 0.3 MM BbIXOMT Ha

py)Ky C o,1l.HoA H3 nOBepXHocTeA MO,Il;yJUI. TaxaH nOBepXHOCTb HBJIHeTCH He

cyme:D: ,n;JIH pacrrOJIO:>KeHHbIX H3 HeA crre~a.n:bHbIX rrJIaT C pa3beMaMH )J,JlH 

coe~eHHH C 3J1eKTpomuw:D:. BbIcoKoe HarrpH:>KeHHe rro,n;aeTCH C rrOMOIIJ.bIO 

CrreII.HaJIbHo"A lliHHbI, pacnOJIO:>KeHHo:tl Ha 3TO:D: )Ke IIOBepXHOCTH. 

CarHaJIbI C qyBcTBHTeJIbHblX npOBOJlOqeK IIepe,D;aIOTCH Ha BXO,n; yCHJIJilTeJIH

q,OpMHpOBaTeJI.H-,ZUiCKpHMHHaTopa ASDBLR (Pensilvania, USA) [11]. Oc

HOBHble XapaKTepHcTHKH: BpeMH q,OpMHpOB3HHH - 8 HceK; BOCCTaHOBJIeHHe 

6a30BOti JIHHKH MeHbme 1JeM 3a 90 HceK IIpH CHrHaJIe 100 fC; cTa6HJIbHbIA 

IIopor rrpJil qaCTOTe 20 MrIJ;; HH3K111t H BbICOKHt:!: rropor ,n;HCKpHMHHaTopa, co

OTBeTCTBeHHO ,lI.JIH BOCCTaHOBJIemUI TpeKa wm: perJilCTpaII;HH peHTreHoBcKoro 

rrepexo,lUmro li3.ny1JeHIDI. BhIXO,n; ASDBLR COe,ll;HHeH co BXO~OM TDC nJiaTbI 

C nOMOmpIO BHTOA napbl. TDC nnaTa If 6y<Pep IIaMHTH ,n;JIH Ka)K)l;OrO KaHaJIa 

paCIIOJIO:>KeH B o6meA DAQ CHCTeMe. Ka.:>K,1J;aH TDC IIJIaTa COCTOHT H3 16 
ASIC "'fHnOB. CTapT TDC COBn~aeT C rrpHXo,n;OM CHrHaJIa C aHo,n;Hot:!: rrpOBO

JIO"tlKH, a CTorr Bblpa6aTbIBaeTCJI no 06m.eMy CTOny OT bunch clock. 06IIJ,Ht:!: 

CTon 6y,n;eT 3~ep)KHBaTbCH)I.JlJI Ka)K,[(OrO cynepCJlOJI C IIOMOIIl;bIO IIo,u,6opa 

HH,U,HBH)l;yaJIbHbIX JIHHd 3~ep:>KeK. 

OCHOBHbIe Tpe60BaHHH K ,IJ;IIM HERA-B HBJIHIOTCH: 

•	 H,n;eHTH<pHKawur 9JIeKTpOHOB C 9<p<peKTHBHOCTblO 60JIbme 95%; 

•	 cPaKTOP pe)KeKIJ,HH a..n:pOHOB Ha ypoBHe I'V 10-2
; 

•	 6bICTpo,n;e:t:tcTBylOIIJ;aJI 3JIeKTpOHHKa o6eCne1JHB3eT CHrH3JI ,IVIH pa60TbI 

,n;eTeKTopa B TpHrrepe BToporo ypOBH.H; 

•	 B03MO)KHOCTb peKoHcTpyKII.HH TpeKoB 3apH)KeHHbIX "'faCTHIJ;. 

4 3aKJIIOQeHHe. 

IIO.iIHOMaCmTa6HbIit MO)l;yJIb ,Il;IIM (THn I) 6hIJI yCTaHOBJIeH B 9KcrrepHMeH

TaJIbHOM 3aJIe Ha KOJIJIaA,n;epe HERA, DESY. 8KcrrepHMeHTa.n:hHhle ,llaHHbIe, 

rro.rryqeHHble B xo,n;e rrpOBe,lleHHH TeCTOBbIX ceaHCOB 1996-97 rO,IJ,OB, nOKa3aJIH 
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B03MO)l{HOCTh pa60Tw .n;eTeKTOpa nepeXO,II.HOrO B3JIYQemUI :a peaJIbHbIX YCJIO

BHJIX 3KcnepHMeHTa HERA-B. ,nrrM MO)KeT pa60TaTb B yCJIOBH.HX 60JIblIIHX 

3arpy30K, B T.H)KeJ1hIX <pOHOBbIX H pa.,II,HaUBOHHbIX yCJIOBH.HX. B ,ll;aHHhIX HC

-- CJIe,ll;OBaHH.HX ,[]JIl1 rrpO.HBHJI ce6.H KaK Ha,n;e)KHbI1t rrpH6op, pa6oTaIO~H~ B 

cTa6HJIbHOM pe)KHMe ,ll;JIHTeJIbHOe BpeM.H. 

5 BJIaro,n;apHocTh. 

XO"ly BbIpa3HTb CBOIO rny6oKyIO, HCKpeHHIOIO 6JIarO,ll;apHOCTb H rrpH3HaTeJIb

HOCTb ,nOJIrOlIIeHHy B.A. H CaaeJIbeBY B.M. 3a rrJIo.u.OTBopHoe o6cy)l{)l;eHBe 

pe3YJIbTaTOB, a TaK)I{e 3a nOCTOHHHoe BHHMaHHe H C03.n;aHHe TBOpQeCKOD aT

MOC<PePW. MHe rrpHiITHO no6JIaro.n;apHTb KOJIJIeKTHB KOJIJIa6opanHH HERA-B 
3a npe.n;ocTaBJIeHHYIO B03MO)KHOCTb y"lacTHR B 3KcnepHMeHTe. 
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