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AKTYaJibHOCTh TeMhI. 3KcrrepIIMeHTaJihHhle llCCJieL(oBaHmI B 06JiaCTll 

peJI.HTllBllCTCKOH .l!L(epHOH <pM3MKH HaqamICh 6onee 30 JieT Ha3aL( B L(Byx Jia-

6opaTOpmIX MHpa - LBL (BepKnH) H.OI15II1 (Ily6Ha), Ha ycK0pHTeJI.HX K0-

T0phlX fihlJill JCKOpeHbI .l!L(pa.uo 3Heprnn: 2 raB/HJKJIOH H 4.5 raB/HJKJIOH, 

C0OTBeTCTBeHHO. C II0.HB.JieHHeM H0BhIX 6onee M0ill;HhlX ycKopnTeJie:i-i: .Hnep, 

AGS, SPS, RHIC H rrnaHHpyeMoro B UEPH LHC 3Ta o6nacTh <pH3HKH 

II0JiyqHJia H0BOe 6ypHoe pa3BllTHe. CTOJIKHOBeHH.H peJI.HTllBllCTCKIIX Hnep 

llCITOJih3JIOTC.H B KaqecTBe 3KCnepHMeHTaJihH0ro MeT0L(a 1-13yqeHH.H CTPYK

TJPhI MepHoro nemecTBa npn BhlC0KHX nnOTHOCT.HX 3HeprHH. IlpH 6on1>

IIIMX 3Haqemrnx Macconoro 'IllCJia n 3HeprHH HaJieTaIOIUHX Mep ncnen

CTBHe CllJihH0ro C)KaTH.H II pa3orpena MepH0I'Q neruecTBa B03M0)KeH rre

pexo.u .H.UepHOM MaTepmI B H0B0e ¢a30BOe C0CT0.HHlle Ha3hIBaeMoe KnapK

rnroOHHM Ilna3Ma (KrII). Bo3M02KHOCTh TaK0I'O rrepexona npencKa3aHa 

pac'IeTaMH KXLI Ha perneTKe. 3cnepHMeHTaJihHhle HccnenonaHH.H Ha6mo

naeM1>rx KrII M0FJT IT0MOqb B II0HHMaHllll rrp06JieMhI KOH<pallHMeHTa ll 

B03HHKH0BeHH.H Mace qaCTHU. 

Hccne.uoBaHHe crreKTp0B a,np0H0B .HBJI.HeTC.H 0,UHHM M3 0CH0BHhlX 3KCITe

pHMeHTaJihHhIX MeTOL(0B llJI.H H3yqemrn .D:IIHaMMKll .H,nepHhlX peaKUllM M 3B0-

JIIOUllll CllCTeMhI, o6pa30BaHHOH rrpH B3aMMOL(eMCTBMM. B 3TOM CB.H3ll M3Me

peHHe M aHaJIM3 cneKTp0B 3ap.H2KelIHbIX qacTMU, qeMy IT0CB.HIUeHa nnccep

Tau;Irn, .HBJI.HeTC.H aKTJaJihHOM 3a_n;aqen:. B qaCTH0CTM, crreKTpbI np0T0H0B 

II03BOJI.HIOT H3yqaTb MexaHM3M IT0Teph 3HeprMM HJKJI0HaMH CTaJIKHBaIO

IUMXC.H Hnep, onpeneJI.HTh 6apMOHHYIO IlJIOTH0CTb B HaqaJibHOll CTallHM B3a

IIMO.D:ellCTBM.H. J13yqeHHe BhIX0.lI0B K±-Me30HOB, KOT0phie co.n:ep2KaT rroqTir 

70% Bcex po)KL(eHHhlX rrpM CTOJIKH0BeHMM .l!L(ep S-KBapK0B, Ba)KH0 llJI.H no

MCKa ITpO.HBJieHMM Kril, TaK KaK IIpll 3T0M 02KM.LiaeTC.H II0BhIIIIeHHhill BbIX0ll 

CTpaHHhIX -'IaCTHD;. Cne.uyeT oco6eHHO Il0.llqepKHJTh Ba2KH0CTh M3MepeHH.H 

cneKTp0B KaOH0B B CB.H3M C np0BO.D:llMOII B 3KcnepMMeHTe NA49 rrporpaM

MOM uccrre.LIOBaHM.H aHepreTMqecKo::i-i: 3El.BHCMM0CTH K / 1r OTH0IIIeHH.H H no3 .. 

M02KHoro Ha6JIIO.lleHH.H noporonoro 3<p<peKTa !Ipll o6pa30BaHMH Krrr. Ba2K

HYIO HH<pOpMaIIHIO O mmaMHKe nponecca .l!L(epH0ro CTOJIKH0BeHM.H M0)KH0 

IIOJiyqaTb u3yqM npouecc o6pa30BaHll.H JieI'KllX .HJJ;ep, B qacTH0CTH, .Lieii

Tp0Ha. 3TH MCCJie.Li:0BaHM.H II03B0JI.HIOT He TOJibKO np0.HCHllTh MexaHM3M 
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o6pa30Bamrn 51,n;epm,rx KJiacTepoB, HO II orrpe.n;eJI5ITh pacrrpe.n:eneHII5I Hy

KJIOHOB B KOHel:JHOM COCT05IHIIII pacrrrnp5I!orn;eroc5I IICTOl:JHIIKa i:i:acTIIII. 

8KcrrepIIMeHT NA49 6hIJI rrpe.n:nmKeH .n;JI5I IICcne.n;oBaHII5I a.n;poHoB, po-

2K,n;eHHhIX B rreHTpaJihHhIX Pb+ Pb CTOJIKHoBeHII5IX Ha ycKOpIITene SPS B 

UEPH. OcHOBHhIMII xapaKTepIICTIIKaMII crreKTpoMeTpa NA49 5IBJI5IIOTC5I 

BhICOKM TOl:JHOCTh orrpe.n;eJieHII5I TpaeKTOpIIII II IIMIIJJihCa 3ap5I2KeHHhIX i:i:a

CTIIII II IIX II.n;eHTIIqJIIKaIIII5I B IIIIIPOKOM aKcerrTaHCe C IICIIOJih30BaHIIeM BpeM5I

rrpoeKIIIIOHHhIX KaMep TPC II .n;eTeKTopa .n;JI5I II3MepeHII5I BpeMeHII rrponeTa 

TOF. IfaMepeHIIe IIOHII3aIIIIOHHhIX rroTeph B TPC rro3BOJI5IeT II.n;eHTIIqJIIIIII

poBaTh 3ap5I2KeHHhie i:i:aCTIIIIhI npII 6oJihIIIIIX IIMIIJJihCax - BITJIOTh .no 100 

r3B/c. O.n;HaKO B .n;IIana3oHe IIMITJJihCOB 3-14 r3B/c, r.n;e ITOTepII 3HeprIIII 

6JIII3KII K MIIHIIMJMY IIOHII3aIIIIII, .ZJ:JI5I ycneIIIHOH II.n;eHTIIqJIIKaIIIIII Heo6xo

.ZJ:IIMO IICITOJih30BaTh IIHcpopMaIIIIIO o BpeMeHII nponeTa c TOF .n;eTeKTopa. 

8TOT IIMITJJihCHhIH IIHTepBaJI, 6JIII3KIII1 K 3Hai:reHIIIO 6hICTp0ThI B pa:rroHe 

rreHTpa Mace (YcM=2.9), HaII6onee IIHTepeceH c TOl:JKII 3peHII5I aHaJIII3a 

cneKTpOB a.n;poHOB. Ilo3TOMY co3.n;aHIIe .n;eTeKTopa II pa3pa6oTKa MeTO.ZJ:IIKII 

KOppeKIIIIII BpeM5IIlpOJieTHOH IIHqJOpMaIIIIII II II.n;eHTIIqJIIKaIIIIII i:raCTIIII no 

BpeMeHII nponeTa 5IBJI5IJIOCh i:i:pe3BhI1:JaHHO aKTyaJihHOH 3a.n;ai:i:ew B .n;aHHOM 

3KCnepIIMeHTe . 

IJ;eJiblQ paOOTbI 5IBJI5IJIOCh co3,n;aHIIe 900-KaHaJihHOrO BpeM5IIlpOJieTHOrO 

.n;eTeKTOpa C BhICOKIIM BpeMeHHhIM pa3peIIIeHIIeM .ZJ:JI5I II.n;eHTIIqJIIKaIIIIII 3a

p5I2KeHHhlX i:i:acTIIII B cneKTpoMeTpe NA49, pa3pa6oTKa MeTO.ZJ:IIKII KaJIII-

6poBKII BpeM5InponeTHOH IIHcpopMaIIIIII II II.n;eHTIIqJIIKaIIIIII i:i:acn1rr. O.n;:.. 
HOH II3 OCHOBHhIX 3a.n;ai:i: 5IB.JI5IJIC5I aHaJIII3 crreKTpOB 3ap5I2KeHHhlX a.n;pOHOB 

1r±, K±, p, p II .n;ewTpoHoB, po2K.n;eHHhIX B rreHTpanhHhrx Pb+ Pb CTOJIKHOBe

HII5IX npII 3HeprIIII HaJieTarorn;ero 51,n;pa 158 r3B/HJKJIOH. 

Hay'IHruI HOBH3Ha paOOTbI, 

• PeanII30BaHa MeTO.ZJ:IIKa c03.n;amrn 900-KaHaJihHO:rr BpeM5InponeTHOH CII

cTeMhr co cpe.n;HIIM BpeMeHHhIM pa3peIIIeHIJ:eM (J = 75 ITC. 

• Pa3pa6oTaH II peaJIII30BaH ariropIITM KaJIII6pOBKII BpeM5IIlpOJieTHOH 

IIHcpOpMaIIIIII MHOroKaHaJihHOH CIICTeMhI CIIIIHTIIJIJI5IIIIIOHHhIX ci:i:eT-.:rII

KOB ,n;JI5I peaKIIIIH TIIITOB p+p, p+Pb, Pb+Pb II 3HeprII:rr HaJieTarorn;ero 

51.D:pa 40,80 II 158 r3B/HJKJIOH .. 

2 

~ 

• Pa3pa6oTaHa MeTO.ZJ:IIKa II.n;eHTII<pIIKaIIIIII 3ap5I2KeHHhlX i:raCTIIII C IIC

ITOJih30BaHiieM .n;aHHhIX no II3MepeHIIIO IIOHII3aIIIIOHHhIX noTeph dE/ dx 

II 3cpcpeKTIIBHo:rr MacchI m 2, nonyi:reHHo:rr no II3MepeHIIIO BpeMeHII rrpo

neTa i:i:acTIIIIhl B IIIIIpOKOH KIIHeMaTIIl:JeCKOH o6JiaCTII (3 < P < 14 

r3B/c II O < Pt < 2 r3B/c). 

• lfaMepeHhI cneKTphI no nonepei:i:HOH Macce 3ap5I2KeHHhIX a.n;pOHOB 

7r±, x±, P, p II .n:ewTpOHOB, po)K.ZJ:eirnhIX B rreHTpaJihHhlX Pb+ Pb B3a

IIMO.n;e:rrCTBII5IX npII 3HeprIIII 158 r3B/HJKJIOH. Onpe.n;eneHhI napaMe

Tphl HaKJIOHOB cneKTpoB T II nnOTHOCTII i:i:acTIIII dn/dy B 6JIII3KOH K 

rreHTpaJihHOH o6JiaCTII 6hlCTpOT (YcM = 2.9). 

• IIonyi:i:eHa 3aBIICIIMOCTh napaMeTpa KoanecrreHIIMII B2 OT nonepei:i:Ho:rr 

Macchr .n;e:rrTpoHa B rreH~panhHhIX Pb+ Pb B3aIIMo.n;e:rrcTBII5IX npII 3Hep

rIIII 158 r3B/HJKJIOH. Onpe.n;eneHo 3Hai:reHIIe B2 ,n;JI5I 3Hai:reHII5I none

pei:i:Horo IIMITJJihca Pt=0. 

Hay'IHo-npaKTir'IecKruI 3Ha'IHMOCTb paooTbI. Co3.n;aHHhIH 900-KaHaJihHhIH 

BpeM5IIlpOJieTHhIH .n;eTeKTOP ycneIIIHO <pJHKIIIIOHIIpyeT B COCTaBe a.n;pOH

HOro cneKTpoMeTpa 3KcnepIIMeHTa NA49 B UEPH Ha nyi:i:Kax a.n;poHOB II 

51,n;ep ycKopIITeJI5I SPS. Ha6paHHM 3a 3TO BpeM5I CTaTIICTIIKa cocTaBJI5IeT 

OKOJIO 20 MJIH. co6hITIIH. OnhlT, HaKOITJieHHhIH npII pa3pa6oTKe II co3.n;aHIIII 

.n;eTeKTOpa, M02KeT 6hITh IICITOJih30BaH npII C03.n;aHIIII BpeM5InponeTHhlX CII

CTeM B 3KcnepIIMeHTax Ha JCKOpIITeJI5IX B nyi:i:Kax i:i:acTIIII II 51,n;ep BhICOKIIX 

3HeprII:rr. 

PeaJIII30BaHHhie B BII.n;e cnerrIIaJIII3IIPOBaHHOH nporpaMMhI-KJIIIeHTa an

ropIITMhI KOppeKIIIIII BpeM5IITponeTHOH IIHqJOpMaIIIIII xopOIIIO 3apeKOMeH.n;O

BaJIII ce65I npII peKOHCTpJKIIIIII 7 · 106 co6h!TIIH TIIna Pb+Pb, p+p II p+Pb 

II MoryT 6h!Th IICITOJih30BaHhI KaK OCHOBa npII co3.n;aHIIII nporre.n;yp KaJIII-

6poBKII B 3KcnepIIMeHTax, IICITOJih3JIOIIIIIX CIIIIHTIIJIJI5IIIIIOHHhie .n;eTeKTOphI, 

.ZJ:JI5I .ZJ:OCTII2KeHII5I BhICOKOrO BpeMeHHOro pa3peIIIeHII5I. 

MeTO.ZJ:IIKa II.n;eHTIIqJIIKaIIIIII, MO,n;eJIIIpOBaHII5I JCTaHOBKII II rrporre.n;ypa 

nonyi:reHII5I cneKTpOB i:i:aCTIIII M02KeT HaHTII IIIIIpOKOe npIIMeHeHIIe npII o6-

pa60TKe 3KCIIepIIMeHTaJihHhIX .n;aHHhIX B 3KCnepIIMeHTax Ha JCKOPIITeJI5IX 

B IIIIIpOKOM .n;IIaITa30He 3HeprIIH. 

Pe3JJihTaThl, nonyi:i:eHHhle npII aHaJIII3e .n;aHHhIX - 3Hai:reHII5I HaKJIO-
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HOB cneKTpOB II nJIOTHOCTell 3ap.H)K€HHbIX a,n:pOHOB II .n:enTpOHOB B Pb+ Pb 

CTOJIKHOB€HII.HX 0'1€Hb Ba)KHbI .D:JI.H npoBepKII TeopeTII'I€CKHX MO.n:erren, IIC

crre.n:yrom;HX .D:IIHaMIIKY .H.n:epHbIX peaKIJ;IIll npII BbICOKIIX 3HeprII.HX, a IIM€HHO, 

MexaHII3M noTepb II npe6pa30BaHII.H "3HeprIIII HJKJIOHOB CTaJIKIIBaIOm;IIXC.H 

.H.n:ep (" CTOnnIIHr" ) , q>II3IIKY MHOrOtJaCTIItJHbIX COCTO.HHIIll CIIJibHOB3aIIMO

.n:encTBJIOI11;HX 'IaCTIIU, onpe.n:erreHIIe xapaKTepa 3BOJIIOIJ;IIII CIICT€MbI, o6pa-

30BaHHOll B JJibTpapeJI.HTIIBIICTCKIIX .H,n:epHbIX CTOJIKHOB€HII.HX II T . .n:. 

Arrpo6an:1rn paooThl H rry6m1Kan;HH. Pe3JJibTaTbI, JI€)KaIIJ;IIe B OCHOBe 

,n:IIccepTaUIIII, 6hIJIII ,n:OJIO)K€Hhl Ha coBem;aHII.HX Korrrra6opan;IIII NA49, ce

MIIHapax no peJI.HTIIBIICTCKon .H,n:epHon q>II3IIKe JIB8, XII II XV Me)K,n:yHa

po,n:HhIX KOHq>epeHIJ;II.HX no JJibTpapeJI.HTIIBIICTCKIIM .H,n:po-.H,n:epHbIM CTOJIK

HOB€HII.HM: KBapKOBM MaTepII.H '96 (ren.n:errh6epr, <PPr, 1996) II KBap

KOBM MaTepII.H '99 (TypIIH, llTaJIII.H, 1999), a TaK)Ke Ha Me)K,n:yHapo.n:HoM 

CIIMn03IIJMe no CTpaHHOCTII B KBapKOBOH MaTepIIII (Teppa, CaHTOpIIHII, 

rpeIJ;II.H, 1997). 

OcHOBHbie pe3JJibTaTbI .D:IICcepTaIJ;IIII ony6JIIIKOBaHbI B pa6oTax [1-8]. 

06'beM H cTpyKTypa paooTbr. 1l1IccepTaIJ;IIOHHM pa6oTa II3JIOMeHa Ha 

115 CTpaHIIn;ax, COCTOIIT II3 BB€.D:€HII.H, n.HTII rrraB II 3aKJIIOtJ€HII.H, co.n:ep

)KIIT 61 plICJHOK, 10 Ta6JIIIU II cnIICOK UIITIIpyeMOll JIIITepaTypbI II3 105 

HaIIM€HOBaHIIII. 

ABTop 3ffillHmaeT 

1. Pe3JJibTaTbI pa60TbI no C03.D:aHIIIO 900-KaHaJibHOro Bp€M.HnpOJI€THOrO 

.n:eTeKTOpa pa6o'Iell nrroma,n:bIO 2.5 M2 C BbICOKIIM Bp€M€HHbIM pa3-

perneHIIeM, pa6oTaromero B cocTaBe rnIIpOKoanepTypHoro a.n:poHHoro 

crreKTpoMeTpa B 3KcnepIIMeHTe NA49 B U:EPH. ' 

2. Pe3JJibTaTbI pa6oTbI no C03,n:aHIIIO MeTO.D:IIKII Karrn6pOBKII MHOrOKa

HaJibHOro BpeM.HnporreTHOro .n:eTeKTOpa II II.n:€HTIIq>IIKaIJ;IIII 3aperlICTpII

poBaHHbIX B HeM -qacTIIIJ;. 

3. Pe3JJibTaTbI II3MepeHII.H II aHaJIII3a pacnpe.n:erreHIIH no_ nonepe'IHOH 

Macce ,n:rr.H 3ap.H)K€HHhIX a.n:poHOB 7r±, K±, p, p II .n:enTpOHOB, po)K.D:eH-
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HhlX B n;eHTpaJibHhIX Pb+Pb CTOJIKHOBeHII.HX nplI 3Hepr1I1I HarreTaIO

mero .smpa 158 r3B/HyKrroH. 

4. Pe3JJibTaTbI II3MepeHII.H II aHaJIII3a 3aBIICIIMOCTII OT nonepewou MaCCbI 

.n:enTpoHa napaMeTpa Koarrecn;eHIJ;IIII B2 B n;eHTpaJibHhIX Pb+Pb CTOJIK

HOBeHII.HX npII 158 r3B/HJKJIOH! 

CO.UEP)KAHli.IE .UMCCEPTAUMM. 

Bo BBe.n;eHHH o6oCHOBaHa aKTJaJibHOCTb .D:IICCepTaIJ;IIII, a TaK)Ke cqiop

MJJIIIpOBaHa uerrh pa6oTbI II npIIBe,n:eHo KpaTKoe co.n:ep)KaHIIe .n:IIccepTan;IIII 

no rrraBaM. 

B rrepBOH rrraBe no.n:po6Ho OnlICbIBaeTC.H cneKTpOMeTp NA49 II IIPIIBO

.D:.HTC.H ero OCHOBHbI€ xapaKT€pIICTIIKII. llIIIpOKoarrepTypHblll MHorouerreB0ll 

13m TOF-GL 

BPD-1 MTPC-L ~/! 
BEAM I M ~tl--55--- I S1 *--- =-'-'=='LJ \ 1 TOF-TL 

I -~ ~ ,!I \\ ■[---:_"~□ --- ___ _ ___ __ 
..--'=------ ~ . TOF-TR 

/ BPD-2 ;~ ._ PESTOF-R ACAL ( a) __(] __ a « n T '\ PESTOF-L i COLL VCAL 

' 7J -v--ic·I-H """' a~ 
._ VO S2' S3 / v\ _,, TOF-GR 

---------
--- ...--BPD-2 BPD-3 ._ '-

/ \ 
I b) -~·{}---55-\l--=----n-- J 
\_ S2 VO LH2 S4/ 

,__ ---

..-- ...--BPD:; - -;;-PD-3 - -;; - ._ ._ ...__ 

/ If:"¾ \ 
r ci -b-t--55f[-+-----e--- i 
\_ S2 VO <,,J S4 / 

' ----- -----
Pnc. 1: CxeMa ycTa.HOBKll NA49. IIoKa3aHhl ncrrOJih3J8Mhle Ha6opbl IIJ'IKOBbIX cqeTqllKOB 
B peaKixmrx Pb+Pb(a), p+p(b), p+Pb(c). 

a.n:poHHhin cneKTpoMeTp NA 49 (pIIc. 1) [ 1] npe.n:Ha3Ha'IeH ,n:rr.H perIIcTpa

UIIII 3ap.H)K€HHbIX 'IaCTIIU B 3KCnepIIM€HTax Ha ny'IKax a.n:pOHOB II .H.D:ep 

ycKopIITeJI.H SPS B U:EPH. CIIcTeMa TpIIrrepa II MOHIITOpIIpoBaHII.H rrytJKa 
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BKJIIO-.:raeT B cefor CIJ:IIHTIIJIJIHUII0HHhle c-.:reT-.:rIIKII Sl,V0,S4 II ra30Bhie -.:re

peHK0BCKIIe c-.:reT'!IIKII S2(S2') II S3. CIIrHaJI co c-.:reT-.:rIIKa S1 crry2KIIT cTap

T0BbIM CIIrHaJI0M .IJ:JIH BpeM.HnporreTHOH CIICTeMhI. B Kopnyce c-.:reT'IIIKa S3 

HaX0.IJ:IITC.H CBIIHI(0Ba.H MIIIIIeHb TOJIIUIIHOH 244 Mr/ CM2 ' 'ITO cocTa'.imHeT 

~1 % OT H.n;epHOH .IJ:JIIIHbI B3aIIMO.n;errcTBIIH Aint· IlrrH II3MepeHIIH K00p.IJ:IIHaT 

-.:racTIIU B ny-.:rKe crry2KaT 3 Beam Position Detector (BPD). OHII npe.n;cTa

BJIHIOT co6orr nponopUII0HaJibHbie KaMepbI co C'IIITbIBaHIIeM IIH<p0pMal(IIII 

c KaT0.IJ:HhIX cTpnnoB n: nMeIOT Koop.n;IIHaTHYIO T0'IH0CTh 40 MKM. 

OcHOBY TpeKOBOH CMCTeMbI ycTaH0BKM C0CTaBJI.HIOT 4 BpeM.H-npoeKI(II0H

Hhle KaMephl Time Projection Chambers (TPC) c cyMMapHbIM o6'heMOM 50 

M3. lIBe II3 Hn:x- VertexTPC (VTPCl,2) Haxo.n;HTCH B MarHIITH0M none, co-

3.n;aBaeMhIM .IJ:BYMH cBepxnpoB0.IJ:Hm;IIMII MarHIITaMn: VTXl ,2. IlBe .n:pyrIIe 

- MainTPC (MTPCL,R) pacnorro2KeHhl Ha paccT0HHn:n: 12 MOT Mn:IIIeHII no 

o6e cTopoHhl OT ny-.:rKa. TPC npe.n;Ha3Ha-.:reHhI .n;rrH II3MepeHIIH TpaeKT0pIIII 

n: n:Mnyrrhca 3apH2KeHHhIX -.:racTn:u, a TaK2Ke n:oHII3aUII0HHhIX noTepb dE/dx 

npII .IJ:BM)KeHMII -.:raCTIII( B ra3e, 3aIT0JIH.HIOm;eM o6'heM KaMep. O6m;ee 'IMCJI0 

3JieKTp0HHhlX KaHarroB BO Bcex 4-x TPC paBH0 180000. To-.:rHOCTb BoccTa

H0BJieHn:.H MMITYJibCa B KaMepax C0CTaBJI.HeT !J,.P/ P = 0.3%, a pa3peIIIeHIIe 

no dE/dx !J,..E/E ~ 4%. McnoJih30BaHn:e coBMeCTHcirr n:H<popMau;n:II 06 IIM

nyrrhce II II0HII3al(II0HHhIX IT0Tep.HX Il03B0JI.HeT np0B0.IJ:IITh II.IJ:eHTII<pIIKal(MIO 

3apH2KeHHhIX -.:raCTMI( B .IJ:HaITa30He IIMITYJibC0B 10 < p < 100 r3B / C. 

Ring-KarropIIMeTp (RCAL) npe.n;Ha3Ha-.:reH .n;rrH M3MepeHn:.H pacnpe.n;erre

Hn:H rronepe-.:rHorr 3Heprn:n: -.:racTn:u B H.n;po-H.n;epHhIX B3aIIMo.n;errcTBMHX. RCAL 

C0CT0IIT II3 CJI0eB CBIIHI(a, )KeJie3a II ITJiaCTM'!eCK0ro Cl(IIHTIIJIJI.HT0pa II 

n:MeeT .n:rrn:Hy 3KBIIBaJieHTHYIO 7 Aint· Veto-Karropn:MeTp (VCAL) pacno

rro2KeH Ha paccT0HHIIM 25 M OT MMIIIeHn:. VCAL cocT0IIT II3 crroeB 2Kerre-

30 ( CBIIHeu) / cun:HTMJIJI.HTop II nMeeT npo.n;orrbHhIH pa3Mep 3KBirnarreHTHbIH 

8.5 >.int· Haxo.n;.Hm;IIHCH rrepe.n; VCAL K0JIJIIIMaTop orpaHM'IIIBaeT yrJI0Bhre 

pa3Mephl (aKcenTaHc) KarropIIMeTpa .IJ:0 0.3°. Bcrre.n;CTBIIe 3T0ro, TOJibK0 

Herrp0B3an:MO.IJ:eHCTBYIOm;He rpparMeHThl ( crreKTaTOpbr) _g.z:i:pa nona.n;aIOT B 

Karropn:MeTp. y CTaHOBKOH nopora .IJ:JI.H BeJIM'IIIHhI CIIrHaJia C <pOT0YMHO

)KMTeJI.H VCAL 3a.z:i:aeTc.H cTerreHh u;eHTpaJibH0CTII B3aIIMO.n;errcTBIIH. IlpII 

3Ha-.:reHIIII nopora Eveto < 8 TeV BbI.IJ:eJIHIOTCH 4% HaII6orree u;eHTpaJibHhIX 

B3aIIMo.n;errcTBIIH B peaKUIIHX Pb+Pb, 'ITO 3KBIIBarreHTH0 .n;Harra30Hy 3Ha

-.:reHIIH rrpIIu;errhHoro rrapaMeTpa CTOJIKHOBeHIIH 0 < b < 3.5 fm. 
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B IIHTepBarre IIMIIYJibC0B 3 < p < 14 r3B/c II.IJ:eHTII<pIIKal(II.H -.:raCTIIU 

B 3KcrrepIIMeHTe NA49 ocym;ecTBJI.HeTCH no BpeMeHII rrporreTa. BpeMHrrpo

rreTHhIH .n;eTeKTop TOF [1] BbIII0JIHeH Ha ocH0Be CUIIHTIIJIJIHUII0HHhIX c-.:reT

'IIIKOB II C0CT0MT M3 .IJ:Byx .n;eTeKT0p0B, CIIMMeTpM'IHO pacn0JI02KeHHbIX no 

o6e CT0p0HhI OT OCH rry-.:rKa. Ka2K.n;bIH .n;eTeKT0p C0CT0IIT II3 891 c-.:reT

'IIIKa. OcHOBOH c-.:reT'!IIKa HBJIHeTc.H rrrraCTII-.:recKIIH cu;n:HTIIJIJI.HTop rrp.HM0-

yrorrhHOH rpopMhI TMII0B p-terphenyl+POPOP II Bicron n: <pOTOYMH02KII

TeJIII TIIIT0B <I>3Y-87 n: Philips. Cu;IIHTIIJIJIHTOp rrpn:KrreeH Ha <pOTOKaTo.n; 

<I>3Y c rr0M0m;hIO 0IITII-.:recKoro KJieH Bicron BC-600. K Ka)K.IJ:oMy ct>3Y 

rrpIIcoe.n;IIHeH .n;eJIIITeJib HaIIp.H2KeHII.H. IIpoBe.rreHHhie Ha rry-.:rKe CIIHXporpa-

30Tp0Ha OM5IM IICIIhITaHIIH c-.:reT-.:rIIK0B rroKa3aJIII pearrhHYIO B03M02KH0CTb 

C03.n;aHII.H Ha IIX 6a3e BpeM.Hilp0JieTHhIX .n;eTeKT0p0B C pa3peIIIeHIIeM MeHee 

80 rrc [2,3]. OcHOBHOH napaMeTp BpeM.HnporreTHoro .n;eTeKTopa - ycpe.n:

HeHHoe BpeMeHH0e pa3peirreHIIe C0CTaBJI.HeT (J ~ 75 ITC. 3To Il03B0JI.HeT 

Ha.n;e2KH0 n:.n;eHTII<pMUIIpoBaTh 3ap.H2KeHHhie -.:racTIIUhI 1r±, K±, p, p, d c IIM

rryrrhcaMII .IJ:0 14 r3B/c. CIICTeMa BhlCOKOBOJihTHOro IIIITaHII.H TOF peaJIII-

30BaHa B cTaH.n;apTe CAEN, a 3JieKTp0HIIKa perIIcTpaun:II, cocT0Hm;a.H II3 

Mo.n;yrrerr .IJ:IICKpIIMMHaTopoB II rrpeo6pa3oBaTerrerr TDC n: QDC, BhIII0JIHeHa 

B CTaH.n;apTax VME II FASTBUS. Ilrr.H K0HTp0JIH napaMeTp0B 3JieKTpoH

HbIX KaHarroB perIICTpaun:II TOF 6hlrra pa3pa6oTaHa crreun:arrhHa.H CIICTeMa 

online-control Ha ocHoBe H3hlKa Cu. IlaHHa.H CIICTeMa BhIII0JIHHeT crre.n;y

rom;He onepaun:II: ycTaH0BKa n: K0HTp0Jib 3Ha'!eHIIH rroporoB .IJ:IICKpIIMIIHa

TOpOB, nocrre.n;oBaTeJibH0e CKaHIIp0BaHIIe BCex KaHaJI0B npeo6pa30BaTerrerr, 

rrpoBepKa pa60TOCIIOC06HOCTII Bcex perIICTp0B KaHaJI0B' C'IIITbIBaHIIe 3Ha

-.:reHIIH ITbe.n;eCTaJI0B II 3aITIICh pe3yJihTaT0B pa60TbI Ha .IJ:IICK. 3Ta IIH<pop

Mal(n:.H IICII0Jih3yeTc.H rrpII aHaJIII3e .n;aHHhIX c TO F. 

BToprui: rrraBa nocBHm;eHa MeT0.IJ:IIKe KaJIII6poBKn: TOF .n;eTeKTopa II 

orrn:caHIIIO nporpaMM, C03.IJ:aHHhlX .IJ:JI.H K0ppeKTH0ro B0CCTaH0BJieHII.H Bpe

MHIIporreTHOH IIH<popMaUIIII. OcHOBHhlMII 3TarraMII Karrn:6poBKII TOF HB.irn

IOTC.H: onpe.n;eJieHn:e T0'IH0rO MeCT0II0JI02KeHII.H Ka)K.IJ:oro c-.:reT-.:rIIKa B rrpo

CTpaHCTBe, aMITJIIITY.IJ:Ha.H H0PMIIp0BKa CIIrHaJI0B co c-.:reT'IIIK0B, y-.:reT B II3-

MepeHH0M BpeMeHII BKJia.n;a Ha BpeM.H pacrrpocTpaHeHIIe CBeTa B Cl(IIHTIIJI

JI.HTOpe, a TaK2Ke Ha 3aBIICIIM0CTb M0MeHTa cpa6aThlBaHII.H OT aMIIJIIITY.IJ:bI 

CIIrHaJia B c-.:reT'IIIKe. IlpII reoMeTpII-.:recKOH KaJIII6pOBKe TpeKII, B0CCTa-
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Pllc. 2: 3aBilCilMOCTh BpeMeHil OT KOOp.[(IlHaTbI X Il OT aMIIJIBTJ,[(hI CllTHaJia q ,[(0 ( a, C) II 

rrocrre (b, d) KoppeKJ:urii. 

HOBJieHHhre B TPC, 3KCTparronIIpyIOTC.H Ha rrnocKOCTh TOF. 3aTeM, ocy

mecTBJI.H.H C,UBIIrII II Bpamemrn C'leT'IIIKOB B rrpOCTpaHCTBe, ,no6IIBaeMC.H 

MaKCIIMaJihHOrO KOJIII'leCTBa rrorra,namrii B C'leT'IIIK TpeKOB rrpII HaJIII'IIIII B 

HeM CIIrHana. TO'IHOCTh orrpe,neneHII.H MeCTOIIOJIO)KeHII.H C'leT'IIIKa B rrpo

CTpaHCTBe COCTaBJI.HeT 1. MM, 'ITO IIpIIBO,UIIT K 3KBIIBaJieHTHO.H BpeMeHHO.H 

rrorpeIIIHOCTII B 10 rrceK. T.K. aMIIJIIITY.UHhie pacrrpe,neJieHII.H CIIrHaJIOB 

co C'leT'IIIKOB TOF B KaHanax QDC IIMeIOT 3aMeTHhI.H pa36poc, TO rrepe-
'· 

xo.n K aMIIJIIITy.ne Qnorm., HOPMIIpOBaHHO.H Ha 3Ha'leHIIe CIIrHa.irn B MaKCII-

MyMe pacrrpe,neJieHII.H, II03BOJI.HeT yHII<pIIu;IIpOBaTh KpIITepIIH OT6opa Tpe

KOB ,UJI.H ynyqIIIeHII.H Ka'leCTBa BpeMeHHO.H IIHCpOpMaI(IIII, IICII0Jih3Y.H ycno

BIIe 0.8 < Qnorm. < 1.6. B ,naHHOH rnaBe rro,npo6im OIIIIChrnaeTc.H rrocne

,noBaTeJihHOCTh rrpoue.nyp KoppeKI(IIII BpeMeHHO.H 'IImpopMaUIIII, TIIII II CTe

rreHh BJIII.HHII.H Ka)K,UOro cpaKTOpa Ha BpeMeHHOe pa3peIIIeHIIe . .Iln.H BpeMeH-
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Pllc. 3: CKoppeKTilpOBaHHoe pacrrpe.11erreHile (T ~ T,r) .[(JIH Bcex C'leT'lllKOB TOF. R.M.S. 
pacrrpe.11eJieHilH COOTBeTCTBJeT ycpe.[(HeHHOMy BpeMeHHOMy pa3perrreHIIIO TOF ,[(eTeKTOpa. 

HOH KaJIII6pOBKII IICIIOJih3YIOTC.H TpeKII nIIOHOB, KOTOphre Ha,ne)KHO II,UeHTII

(pIIUIIpyIOTC.H no pacnpe.neneHIIIO IIOHII3aUIIOHHhIX noTeph B TPC. Pa3HOCTh 

(T-T1r) II3MepeHHoro B TOF BpeMeHII T II BhI'IIICJieHHoro BpeMeHII npo

neTa .UJI.H nIIOHOB T1r IICnOJih3yeTc.H .UJI.H onpe.neneHII.H KoppeKUII.H. BpeM.H 

nponeTa T1r BhI'IIICJrneTC.H no 3Ha'leHIIIO II3MepeHHoro B TPC IIMnynhca II 

,UJIIIHhI TpeKa. KoppeKI(IIII npOBO,U.HTC.H Ha OCHOBe onpe,neJieHII.H xapaKTepa 

II omrcaHII.H 3aBIICIIMOCTII BeJIII'IIIHhI ( T-T,r) OT KOOP.UIIHa ThI TO'IKII nona.na

HII.H TpeKa B CI(IIHTIIJIJI.HTOp, OT aMnJIIITY.Uhl CIIrHaJia B ,naHHOM C'leT'IHKe, 

a TaK)Ke OT aMIIJIIITY.Uhl CTapTOBOrO C'leT'IIIKa. B Ka'leCTBe HJIJIIOCTpa

UMII Ha PHC. 2 npe,ncTaBJieHhl 3aBMCIIMOCTh (T-T,r) OT KOOp,UIIHaThI TO'IKH 

norra.naHH.H TpeKa II OT aMIIJIMTY.Uhr CIIrHana B cqeT'IIIKe ,no M nocne npHMe

H.HeMhIX KOppeKI(H.H . .Ilanee B rJiaBe npHBO,UIITC.H npoue.nypa KOMneHcau;HM 

BpeMeHHO.H HecTa6IIJihHOCTII TO F ,neTeKTopa, o6cy)K.[(aIOTC.H oco6eHHOCTH 

KaJIH6pOBKII IIpM pa6oTe .neTeKTOpa Ha ny'!Kax npOTOHOB. B pe3yJihTaTe, 

ycpe.nHeHHOe BpeMeHHoe pa3peIIIeHMe BCe.H MHOroKaHaJihHO.H TOF CHCTeMhr 
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B 3KCITepnMeHTe Ha ITyqKe Pb cocTaBrnreT CT = 76 ITC (pnc. 3) n Bcero 

Jlllllih Ha 18% 60JihIIIe B peaKIIllll p+p. MeTO.n;HqecKHe pa3pa60TKll ITO 

ITporre.n:ype KOppeKIJllll BpeM5IITporreTHOH nmpopMaIIHll 6hIJill peaJIH30BaHhI 

B ITporpaMMe-KrrneHTe ( "TofiClient") . .IlaHHM ITporpaMMa BKJIIoqeHa B 6n-

6rrnoTeKy ITporpaMM NA49 HK HaCTOHm;eMy BpeMeHH HCITOJih30Barrach ITPH 

peKOHCTPYKIIHH 6orree 7 MJIH. co6hlTHn B peaKIIH5IX Pb+ Pb, p+ Pb n p+p. 

TpeThH rJiaBa ITOCB5IIIJ;eHa ITporre.n:ype OT6opa TpeKOB ITO KpHTepH5IM B 

TPC n TOF .n;eTeKTopax H H.n;eHTHqlHKarrnn qacTHII .n;rrH ITocrre.n;y10mero 

¢n3nqecKoro aHarrn3a. 

BhIJill Bhipa6oTaHhI crre.n;y10mne OCHOBHhie KpHTepHH OT6opa TpeKOB: 

• TpeK .n:omKeH 6hITh peKOHCTpynpoBaH B KaMepe 3a MarHHTOM MTPC 

n, ITO KpanHen Mepe, B o.n;Hon H3 KaMep B MarHnTe VTPC, ITpnqeM, 

ITOCJie.n;H5I5I5I BOCCTaHOBJieHHM TOqKa Ha TpeKe .n:omrrna 6hITh B6JIH3ll 

rpaHnqHon cTeHKH TPC. 

• Ilpn IToITa.n;aHHH .n;Byx H 6orree qacTHII B o.n;nH cqeTqHK TOF TpeKn 

llCKJIIOqaIOTC5I ll3 ,n;aJihHeHIIIero aHaJIH3a, BBHJJ:Y HeB03M02KHOCTll llX 

n.n;eHTllqlllKaIIHll ITO BpeMeHH ITporreTa. 

• ToqKa ITOITa.n;aHH5I TpeKa B CIIllHTllJIJI5ITOp He .n;OJI2KHa 6hITh 6JIH2Ke 

1 MM OT KpM CIIllHTllJIJI5ITOpa. 

• I1cKJIIOqaIOTC5I ll3 aHaJIH3a TpeKH JJ:JI5I KOTOphlX 3HaqeHHe HOpMHpo

BaHHOll aMITHTYJJ:hl CllrHaJia B cqeTqnKe Qnorm. He y.n;oBJieTBOp5IeT ycrro~ 

BlllO 0.8 < Qnorm. < 1.6 . .IlaHHOe YCJIOBlle .Il:Jl5I H.n;eHTllqlllKaIIHll .n;e:ft

TpOHOB Bhl6paHO ,n;a2Ke 6orree "2KeCTKllM" : 0.8 < Qnorm. < 1.2. 

OT6paHHhie TaKHM o6pa30M TpeKn, ITOITaBIIIHe B TOF, ITpoxo,n;HT 3a

TeM ITporre.n:ypy H.n;eHTHqlHKarrnn. CopT qacTHIIhI oITpe.n;errHeTC5I MeTo.n;oM 

oT6opa B o.n;HoBpeMeHHO 3a,n;aHHhIX rpaHnrrax ITO m 2 H dE / dx (pnc. 4). 
B pe3yJihTaTe TaKoro OT6opa llCKJIIOqaeTC5I HeKOTOpM JJ:OJI5I qaCTHII 

aHaJIH3HpyeMoro copTa, ITpH 3TOM coxpaH5IeTc5I ITpHMeCh qacTHII .n;pyroro 

copTa. OrreHKa ll COOTBeTCTBYIOIIJ;lle KoppeKIJllll Ha ITOTepn/ITpHMeCh qa

CTHII ITpOBOJJ:5ITC5I Ha ocHOBe 3KCITepnMeHTaJihHhlX pacITpe.n;erreHnn dE / dx 
OT m 2, llCITOJih3Y5I ITPll BhlqncrreHH5IX ¢YHKIIHOHaJihHOe OITHCaHHe 3TllX pac

ITpe.n;erreHllll. B .n;aHHOH rrraBe ITpHBOJJ:HTC5I .n;eTaJihHoe oITncaHne ITPOIIe-
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Pnc. 4: Pacrrpe.n:eneHll'.11 dE /dx OT m 2 .!J:JIH qaCTRI.(, B TOF .!J:eTeKTope. 

.n;yphl OITpe.n;eJieHH5I ITapaMeTpOB .n;ByXMepHhIX pacITpe.n;erreHllll IIOHH3aIJll

OHHhlX ITOTeph dE / dx OT m 2 mm Bcex THITOB qacTHII. OTMeqeHhl oco6eH

HOCTH ITporre.n:yphl ITPll n.n:eHTllqlllKaIJHll .n:enTpOHOB (pnc. 5). 3¢¢eKTHB

HOCTh ITporre.n:yphI n.n;eHTllqlllKaIIHll C llCITOJih30BaHHeM KpHTepneB OT6opa 

TpeKOB cocTaBrrHeT B cpe.n;HeM :::::! 70%. B 3aBepIIIeHHH rrraBhI OITHChIBa

eTC5I ITporre.n:ypa ITOCTpoeHll5I .Il:BJXMepHhIX pacITpe.n:erreHllll ITO 6hICTpOTe y 

H ITOITepeqHOMY HMITYJihCY Pt (IToITepeqHOH Macce mt) JJ:JI5I Bcex H.n;eHTHqlll

rrnpoBaHHhlX qacTHII - 7f±, K±,p,p ll d Ha OCHOBe KOTOphIX ITpOBOJJ:llTC5I 

aHaJIH3 CITeKTpoB qacTHII, 06cy2K.n;aeMhlX B .n:nccepTaIIHH (pnc. 6). 

B 1:J:eTBepTOH rJiaBe ITO.n;po6HO paccMaTpHBaIOTC5I BOITpOChI MO.n;errnpo

BaHH5I ycTaHOBKll ll OITpe.n;erreHH5I 3¢¢eKTllBHOCTll perHCTpaIIllll qacTHII 
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Pnc. 5: Pacrrpe,lleJieHne KB8,,llpaTa llHBapnaHTHOll MaCCbl .11mr qaCTllII c llMIIJJibCOM P < 10 
r3B/c. 

BO BpeM5mponeTHOM .ueTeKTope TOF c IICITOJih30BaHIIeM ITaKeTa GEANT. 

IlpIIB8.Il8Ha ITpou:e.n:ypa OITIICaHmI reoMeTpIIII ycTaHOBKII II p03birphIIIJa Ha

l'.!aJibHhIX ITapaMeTpOB l'.!aCTIIU:, MO.Il8JIIIpOBaHII5.I ITpOX02K.Il8HII5.I l'.!aCTIIU: '18-

pe3 ycTaHOBKY II OTKJIIIKa .Il8T8KTOpa. OTM8'18Ha CIT8U:II<pIIKa IICITOJih30Ba

HII5.I reHepaTopoB co6hITIIii VENUS II RQMD ITPII IIccne.n:oBaHIIII 3cp<peK

TIIBHOCTII peKOHCTPYKU:IIII TpeKOB II yl'.!eTa l'.!aCTIIU: OT pacITa.IlOB rIIITepo

HOB. Pe3yJihTaThl pa6oThl ITpou:e.uyphr Mo.uenIIpoBaHIIJI ITpe.ucTaBneHhI B 

BII.Ile .IlByxMepHhIX pacITpe.ueneHIIii (Pt OT y) reoMeTpII'18CKOii 3cpcpeKTIIBHO

cTII perIIcTpau;IIII l'.!aCTIIU: BO BpeM11ITponeTHOM .ueTeKTope TOF. OHa co

CTaBJ111eT ~90% .un11 PT < 0.3 ['3B/c II ~10% ITpII 60JihIIIIIX 3Ha'1eHII5.IX 

ITOITepel'.!HOro IIMITYJihca. OITpe.ueneHhI K03<p<pIIU:II8HThI KoppeKu;IIii Ha pac

ITa.Ilhl ITIIOHOB II KaOHOB II Ha ITOT8pII BCJ18.IlCTBII8 11.uepHoro B3aIIMO.Il8llCTBII5.I. 

3rprpeKTIIBHOCTh TpeKOBOCCTaHOBJI8HII5.I B aKceITTaHce TOF 6JIII3Ka K 100%. 

C ITOMOIUhIO M0.Il8JIIIpOBaHII5.I 6bIJia pemeHa 0'18Hh Ba:>KHaJI 3a,Ilal'.!a ITO 

OU:8HK8 BKJia,Ila OT pacITa.IlOB rIIITepoHOB (aHTIIrIIIT8pOHOB) B II3MepeHHOB 

pacITpe.ueneHIIII .IlJ15.I ITpOTOHOB ( aHTIIITpOTOHOB). 9aCTh ITpOTOHOB, 5.IBJIJIIO-
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Prrc. 6: Pacrrpe.r1erreHll5I rro 6bICTpoTe n rrorrepe'IHoi\: Macce ll.lleHTllqmunpoBaHHhIX B TOF 
'IaCTllll 

IUIIXCJI ITPO.IlYKTaMII pacITa,IlOB JfaM6.ua- II CIIrMa-rIIITepOHOB: 

~o ➔ Ao + 'Y ➔ P + 1r-, Ao ➔ P + 1r-, ~+ ➔ P + 1ro 
peKOHCTPYIIPYIOTCJI KaK BhIJieTaIOru;IIe II3 rnaBHoii BepmIIHhI B3aIIMo.ueii

CTBII5.I. 1In11 y'leTa B II3MepeHHOM 3KCIT8pIIM8HTaJihHOM pacITpe.ueJieHIIII 

BKJia,ua OT ITPO.IlYKTOB pacITa.uoB rIIITepOHOB IICITOJib30BaJIIICh ITOJIHOCThlO 

peKOHCTpyIIpOBaHHhie co6hITIIJI. reHepaTopa 11.upo-11.uepHhIX CTOJIKHOB8HIIll 

VENUS. B Kal'.!eCTBe Hal'.!aJihHoro pacITpe.ueneHII11 rIIITepoHoB II aHTIIrIIITe

poHoB IICITOJih30BaJIIICh 3KCIT8pIIM8HTaJihHhie .uaHHhie NA49 ITO II3MepeHIIIO 

BhIXO.IlOB A- II A-l'.!aCTIIU:. BKna.u BTOpII'1HhIX -qacTIIU: OT pacITa.uoB rIIITepo

HOB COCTaBJI5.18T 20% .IlJIJI ITPOTOHOB II ITPIIMepHO 35% .IlJ15.1 aHTIIITpOTOHOB. 

1In11 pemeHIIJC 3TIIX 3a,ua-q 6hlJI pa3pa6oTaH CITeu:IIaJihHhlii ITaKeT ITporpaMM, 

HaITIIcaHHhlX Ha 5.13hlKax Cu, <Popmpau II Cu-w,e.11,J1,. 
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B Il.llTOH rrraBe rrpe.n;cTaBJieHhl <pII3IIqecKife pe3JJihTaThl o6pa60TKII II 

aHaJIII3a 3KCnepIIMeHTaJihHhlX .n;aHHhIX - nocTpOeHIIe II onpe.n;erreHIIe napa

MeTp0B cneKTpOB a.n;pOHOB, o6cy)K,ll;aIOTCJl OCHOBHhie 3aKOHOMepHOCTII IIX 

noBe.n;eHIIJl. Ba:>KH8JI IIH<pOpMaUIIJl O .D:IIHaMIIKe B3aIIMo.n;e:11cTBII1l·peJIJ£TII

BIICTCKIIX 1£.n;ep MO:>KeT 6h1Th norryqeHa Ha OCH0Be II3MepeHIIJl pacnpe.n;erre

HHll a.n;poHoB no 6hICTpoTe II nonepeqttoMy IIMIIJJihCY ( JIII6o no nonepeq

HOH Macce). Ha pIIC. 7 npe.n;cTaBrreHhI· pacnpe.n;erreHIIJ£ no nonepeqHoii Macce 

,__ -... ;;;: 
~ 102 
;,.,, 

""'-e 
:e 
~ 
""'-;§ 10 

I 

0 0.25 0.5 0.75 1 2 0 0.25 0.5 0.75 I 2 m,-m (GeV/c ) m,-m (GeV/c ) 

Pnc. 7: Pacrrpe.r1eneHnH no rrorrepe'IHOii Macce qacTnu B ueHTpaJihHhIX Pb+ Pb CTOJIKHO-
BeHllHX rrpn :meprllll 158 A-r:,B/HJKJIOH. ,. 

mt - m = ✓ Pt + m 2 - m .n;mr BCex n.n;eHTII<pIIUIIpOBaHHhlX BO BpeMJ£nporreT

H0M .n;eTeKTope TOF qacTIIU. IlrrJ£ <pIITIIpOBaHIIJ£ .n;aHHhIX pa~npe.n;erreHIIii 

IICnOJih3JeTCJl 3KCnOHeHUIIaJihH8JI cpyHKUIIJl TIIna TepMaJihHOro pacnpe.n;e

rreHIIJl BorrhUMaHa: 

1 <FN 
mt dmtdy = C · exp( 

14 

mt - m 
-) 
T 

(1) 

Ta6nnua 1: 3Ha'leHllH rrapaMeTpOB HaKJIOHa crreKTpOB T n IIJIOTHOCTII 'laCTllU Ha e,LIHHIIUY 
6hICTp0ThI dn/dy B u;eHTpaJibHhIX CTOJIKHOBeHllHX Pb+Pb rrpn (E=158 A-r::iB) 

l.JacTIIUa [Yi-;-½] T [M3B] dn/dy 
7r+ [2.7-;-3.2] 206 ± 1 130 ± 2 

7f 
- [2. 7-;-3.2] 193 ± 1 139 ± 2 

K+ [2. 7-;-3.2] 233 ± 3 28 ± 1 
K- [2. 7-;-3.2] 229 ± 2 16.4 ± 3 
p [2.4-;-2.9] 310 ± 7 30 ± 1 
p [2.4-;-2.9] 293 ± 13 1.63 ± 0.1 

d [2.0-;-2.5] 450 ± 30 0.34 ± 0.03 

IlapaMeTp HaKJIOHa mrcneK:rpa T HCnOJih3yeTCJl B 60JihIIIIIHCTB8 MO.n;eneii 

,ll;JIJ[ OnIICaHIIJl B3aHMO,ll;ellCTBIIJl peJIJlTllBHCTCKHX 1£.n;ep. TaK KaK B pac

rrpe.n;eJieHIIJlX ,ll;JIJ[ rrpOTOHOB II aHTIInpOT0HOB npII MaJihIX 3HaqeHHJlX mt 
Ha6nro.n;aeTCJl 3aMeTHOe OTKJI0HeHHe OT 3KCn0H8HUHaJihHOro, TO ,ll;JIJ[ KOp

peKTHOro onIICaHHJl p ll p cneKTp0B 6hIJIO BhI6paHO <pllTIIpOBaHHe pa3H0-

CThlO 2-X 3KCn0H8HT: 

1 d2N 
mt dmtdy = C{(l + ()e-(m,-m)/T1 - (e-(mt-m)/T2} (2) 

r.n;e napaMeTp T1 0nHChIBaeT 0CH0BHJIO 'IaCTh pacnpe.n;enemrn npll 60Jih

IllllX mt II npHBO,ll;llTCJl B .n;aJihH8llIII8M B Ka'IeCTBe napaMeTpa HaKJIOHa 

cneKTpa T. IlonOJIHHTeJihHhie napaMeTphI T2 II ( onpe.n;eJIJllOT . .n:e<pHUHT 

'IaCTHU (3aBaJI cneKTpa) npII MaJihIX 3HaqeHHJlX mt. l.JHCJl8HHhie 3Ha'I8Hll1l 

napaMeTpOB HaKJIOHa cneKTpOB T 11 nJI0THOCTll qacTIIU Ha e.n;HHHUY 6hr

CTp0Thl dn/dy np11Be.n;eHhI B Ta6JIIIUe 1 [4,5,6]. BeJIH'IHHa dn/dy nony'IeHa 

HHTerp11poBaHH8M <pIITHpyromeii cpyHKUHH BO BC8M IIHTepBaJie 3Ha'I8Hllll 

mt. CyMMapH8JI CIICTeMaTH'IeCK8JI OIIIH6Ka B onpe.n;eJieHHII napaMeTp0B 

HaKJIOHOB n nJIOTH0CTll 'IaCTHU COCTaBJIJleT 6%. 3Ha'IeHHJl napaMeTpOB 

HaKJIOHOB mrcneKTpOB 1f±,K±,P,P, H3MepeHHhlX TOF, BMecTe c napaMe

TpaMH HaKJIOH0B cneKTpOB <I>-Me30HOB II A-rHnepOHOB, B0CCTaHOBJl8HHhlX 

c 11cnOJih30BaHIIeM dE / dx HH<pOpMan:11n B TPC, npe.n;cTaBJieHhI Ha pIIc. 8. 

QqeBH,ll;Hhlll p0CT napaMeTpa HaKJI0Ha T C yBeJiuqeHHeM MaCChl qaCTHUhI 

llHTepnpeTHpyeTCJl B paMKax r11.n;po.n;IIHaMIIqecKIIX MO.n;eneii KaK yKa3aHH8 
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P:rrc. 8: 3aBMCIIMOCTb rrapaMeTpa HaKJIOHa TOT MaCCbI IIOK011 .• - qaCTMIIhl, 0 - aHTMqa
CTMIIbI. 

Ha npIICYTCTBIIe CIIJihHOro KOJIJieKTIIBHOro pacurnpeHII.H B o6JiaCTII B3aII

MO,n;e:i1CTBII.H .H,n;ep ( cpa:i1:ep6ona) II HaJiwrne nonepe'!HhIX nOTOKOB, B03HII

KaIOIT(IIX B pe3yJihTaTe CIIJihHOro C)KaTII.H .H,n;epHOH MaTepIIII B Ha<JaJihHhIH 

MOMeHT CTOJIKHOBeHII.H, npIIBO,Il;.HIT(lIX TaK)Ke K 60JihIIIIIM nJIOTHOCT.HM 3Hep

rIIII. B paMKax TaKoro no.n;xo.n;a C'IIITaeTC.H, 'ITO 3KCnepIIMeHTaJihHOe 3Ha

<JeHIIe napaMeTpa HaKJIOHa T cneKTpa no nonepe<JHOH Macce HeceT B ce6e 

IIH<pOpMaU:IIIO KaK O TepMaJihHOM TaK II O KOJIJieKTIIBHOM ,Il;BII)KeHIIII B OOJia

CTII B3aIIMO,IJ;e:IICTBII.H II Bhipa)KaeTC.H 3MnIIpII'IeCKII KaK: 

T=T10 +m·/3;, 

r.n;e T10 - TeMnepaTypa, xapaKTepII3yromM cpe.n;HIOIO nonepe<JHYIO KIIHe

TII<JecKyro 3HeprIIIO TenJIOBOrO (xaOTII'IHOro) ,Il;BII)KeHII.H, a f3t - CKOpOCTh 

KOJIJieKTIIBHOro nonepe'IHOro ,Il;BII)KeHirn (flow). HecMOTp.H Ha npOCTOTY 

aHaJIIITII'leCKOro Bhipa)KeHII.H, onpe.n;eJieHIIe 3Ha<JeHIIH Tjo II f3t TOJihKO II3 

CIIeKTpOB 'laCTIIU: 3aTpy.n;HeHO, TaK KaK 3TII napaMeTphI CKOppenIIpOBaHhI 

II MO,IJ;eJihHO 3aBIICIIMhI. B pe3yJihTaTe COBMeCTHOro aHaJIII3a cneKTpOB nIIO

HOB, .n;e:i1:TpOHOB .n;aHHhIX no .n;Byx<JaCTII'IHhIM KOppeJI.HU:IIOHHhIM <pyHKU:II.HM 
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7r--Me30HOB, TaK)Ke II3MepeHHhIM B 3KCnepIIMeHTe NA49, 6hIJIII nony<JeHhI 

3Ha<JeHII.H T10 c:= 120 M3B II f3t c:= 0.55. 
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Prrc. 9: <f>aKTOp KoarrecueHIIHH B2 M rrapaMeTp Ra KaK qJJHKIIH11 rrorrepeqHo.rr Macchl 
.1.1eii:TpOHa. ToqKaMH IIOKa3aHbI o6rraCTM Oimr6oK .l.lJI11 o6emc BemrqIUI. 

McnOJih3Y.H BhIIIIeyKa3aHHhie 3KCnepIIMeHTaJihHhie .n;aHHhie no cneKTpaM 

<JaCTIIU: [7]' 6hIJI npoBe.n;eH COBMeCTHhIH aHaJIII3 BhIXO,Il;OB npOTOHOB II .n;e:i1:

Tp0HOB B paMKax MO,IJ;eJIII KOaJiecn:eHU:IIlI. B .n;aHHOH MO,IJ;eJIM o6pa30BaHM.H 

.H,n;epHhIX KJiacTepoB IIHBapIIaHTHhIH BhlXO,Il; .n;e:i1:TpOHa onpe.n;eJI.HeTC.H npo

II3Be.n;eHIIeM IIHBaprraHTHhIX BhIXO,Il;OB IIpOTOHOB lI He:i1:Tp0HOB: 

d3N d3NP d3Nn 
Ed dP3 = B2(Ep dP3 )(En dP3 ), 

p n 
(3) 

Pp= Pn = Pd/2 

IlapaMeTp Koanecn:eHn:rrrr B2, xapaKTeprr3yromrr:i1: Bepo.HTHOCTh o6pa3oBa

HM.H .n;e:i1:TpOHOB, 3aBMClIT OT nJIOTHOCTlI HYKJIOHOB B <pa:i1:ep6one M, CJie,n;o

BaTeJihHO, OT ero pa3MepoB, a TaK)Ke OT BHyTpeHHeH ,Il;MHaMIIKII pa3BIITII.H 

<pa:i1:ep6ona. B 'laCTHOCTII, COBpeMeHHhie MO,IJ;eJIII BKJIIO'laIOT B pacCMOTpe

HIIe HaJIII'IIIe KOJIJieKTIIBHOro ,Il;BII)KeHII.H (flow) npII CTOJIKHOBeHIIII .H.n;ep, 
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KOTOpoe rrpn:BO.[(llT He TOJihKO K pacrnn:peHHIO 30Hhl CTOJIKHOBeHn:H, HO ll K 

3aMeTHhIM KOpperrHUllHM Me)K.[(y KOOp.[(HHaTOH ll llMIIYJihCOM qacTHU B MO

MeHT freeze-out . .IlaHHhie 3cp<peKThI KOJIJieKTllBHOI'O .[(BH)Kemrn ll KOppeJrn

un::fi: B KOHeqHQM COCTOHHllll llCTQqHn:Ka qacTHU OKa3hIBaIOT 3Haqn:TeJihHOe 

BJIHHHn:e Ha _rrpouecc o6pa3oBaHHH .n:eihpoHoB. Ilpe.n:ITorrarM a3IIMyTaJih

HYIO II30Tp0IIIIIO ll 3KCIIOHeHUIIaJihHYI0 3aBIICllMOCTh mrpacITpe.n:erreHIIH, 

IIHBapIIaHTHhlll BhIXO.[( qacTHU MO)KeT 6hlTh 3aITIICaH KaK: 

Ed
3
N = __!_ dn/dy e-(mt-m)/T 

dP3 2n-T(m + T) 
(4) 

Tor.n:a 3aBIICllMOCTh rrapaMeTpa KoarrecueHUIIII OT rrorrepeqHo:fi: MaCChI BhI

pa)KaeTCH aHaJIIITIIqecKII qepe3 rrapaMeTphr p- II d-pacrrpe.n:erreHII:fi:: 

B2(mt) = 21r dNd/dy (mpTp + T;)2 e-(mcm)/D (5) 
(dNp/dy) 2 mdTd + TJ 

r.n:e D = TpTd/ (Tp -Td) = -1.24 I'3B, a mt - ITOrrepeqHM Macca .n:e:fi:TpoHa. 

IIo.n:cTaBJIHH B ITOJiyqeHHOe Bhipa)KeHIIe 3KCIIepIIMeHTaJihHbie 3HaqeHIIH rra

paMeTpOB T II dn/ dy .n:nH rrpoTOHOB II .n:e:fi:TpOHOB 6hlJIII rrorryqeHhI 3HaqeHIIe 

B2 rrpII Pt=0: B2(mt = m) = (3.5 ± 1.0) · 10-
4

, a TaK)Ke 3aBIICIIMOCTh B2 
OT mt, rrpe.n:cTaBJieHHM Ha pIIC. 9. B yrrpomeHHOll MO,[(eJIII KOarrecueHUIIII, 

B rrpe.n:ITOJIO)KeHIIII IICTOqHIIKa C rayccOBhIM pacrrpe.n:erreHIIeM IIJIOTHOCTII 

HYKJIOHOB, COOTHOIIIeHIIe Me)K.n:y IIOITepeqHbIM pa.n:eycoM IICTOqHIIKa Ra II 
rrapaMeTpOM KOarrecueHUIIII B2 orrpe.n:errHeTCH COOTHOIIIeHIIeM: 

3 c:,: md 
Ra = -

4 
( v 1rn) ~B, 

mp 2 

II3 KoToporo rrorryqeHo pacITpe.n:e,1eHIIe Ra(mt), rroKa3aHHOe Ha TOM 2Ke pII

cyHKe. QqeBII.[(HM 3aBIICIIMOCTh Ra II B2 OT IIOITepeqHo:fi: MaCChl HBJIHeTCH 
\, 

crre.n:cTBIIeM rroITepeqHoro flow. XoTH yKa3aHHoe ITpe.n:rroJIO)KeHIIe HBJIHeTcH 

JIIIIIIh rpy6o:fi: arrpoKCIIMauIIe:fi:, B oco6eHHOCTII .[(ITH IICTOqHIIKa pacrnIIpH-

10merocH KaK B rrorrepeqHOM, TaK II B rrpO.[(OJihHOM HarrpaBJieHIIII, OHO IT0-

3BOJIHeT cpaBHIITh BeJIIIqIIHY 3TOro "3<p<peKTIIBHOI'O" pa3MepHOI'O rrapaMe

Tpa Ra = (5.8 ± O. 7) fm rrpII mt - m=O co 3HaqeHIIeM, ITorryqeHHhIM B 

3KCITepIIMeHTe NA49 Ha OCHOBaHIIII aHaJIII3a ,UByxrillOHHhIX KOppemruII:fi: -

Ra(H BT) = (6.5 ± 0.5) fm rrpII f3t=0. CpaBHeHIIe pe3yJihTaTOB CBII.n:e

TeJihCTByeT 06 IIX y.n:oBJieTBOpIITeJihHOM corrracn:II. Ha pIIC. 10 ITOKa3aHhl 
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PMc. 10: IlapaMeTp Koa..rrecu;em:r:= B2 B u;eHTpa.JibHhIX A+A CT0JIKH0BeHMHX. 

3KCITepIIMeHTaJibHhie .n:aHHhle ITO II3MepeHIIIO rrapaMeTpa KOarrecueHUIIII B2 
B 3aBIICIIMOCTII OT 3HeprIIII HarreTaromero H.n:pa. Bn:.n:Ho, qTo 3HaqeHIIe B 2 

ITpII 3HeprnII ycKopIITerrH SPS (100-200 A-I'3B) B 2-3 pa3a MeHhIIIe, qeM 

ITpII 3HeprIIHx AGS (10-15 A·I'3B), KOT6p6e B CBOIO oqepe.n:h 6orree qeM 

Ha ITOpH.n:oK MeHhrne BerrIIqIIHhI B2 B II3MepeHIIHX Ha Bevalac (1-2 A-I'3B). 

TaKoe ITOBe.[(eHIIH 3HaqeHIIH B2 06'hHCHHeTCH yBeJIIIqeHIIeM 06'beMa IICTOq

HIIKa qacTIIU ITPII B3an:Mo.n:e:fi:CTBHII TH)KeJihlX llOHOB rrpII BhICOKIIX 3Hep

rIIHX BCJie,[(CTBIIe 6orree CIIJihHOrO rII,npO.[(IIHaMIIqeCKOrO paCIIIIIpeHIIH 30Hhl 

CTOJIKHOBeHIIH K MOMeHTY freeze-out. 

B 3aKJUoqeHJUI ccpopMyJIIIpOBaHhI OCHOBHhI~ BhIBO.[(hl ,UIICCepTaUIIII: 

1. Ha OCHOBe ITpoBe,[(eHHhlX MeTO.[(IIqeCKllX IICCJie.[(OBaHIIll CUIIHTIIJIJIHUII

OHHhIX cqeTqIIKOB rrpn: aKTllBHOM yqacTHII aBTOpa C03,[(aH YHIIKaJih

Hhlll BpeMHITporreTHhr:fi: .n;eTeKTop (TOF) Ha 900 KaHaJIOB c pa6oqe:fi: 

ITrroma.n:hIO 2. 5 M 2 , o6rra.n:arom;II:fi: peKop.n;HhIM BpeMeHHhIM pa3perne

HIIeM rJ ;::j 75 ITC. .IleTeKTop. ycITeIIIHO cpyHKUIIOHIIpyeT B cocTaBe 

6orrbrnoro a.n:poHHoro crreKTpoMeTpa 3KCITepIIMeHTa NA49 B UEPHe, 
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Ha rryqKax a.n:poHOB lI Mep ycKopi1Tem1 SPS. Ha6paHHaJI CTaTlICTIIKa 
COCTaBJrneT OKOJIO 20 MJIH. C06hlTlIM. 

2. C03.n;aHa MeTO.IJ:lIKa KaJilI6poBKlI B.peM5IIIponeTHo:iI nH<popMaulIH c TOF 
.n;eTeKTOpa. P83pa6oTaHI,I anroplITMbI KOppeKUlIM lI npoue.nypbr .umi: 
rronyqeHllJI ll lICnOJih30BaHlIJI KaJin6pOBO'lHhIX KOHCTaHT CUllHTlfJIJIJI
UllOHHhIX C'leT'lllKOB, KOTOpbre peaJill30BaHhI B Bll,lle cneunaJIII3Hpo
BaHHOM rrporpaMMhI .un11 BpeM11npoJieTHoro .ueTeKTopa TOF .. '.:ha npo
rpaMMa ycrrenrno npnMeH11nach .nn11 peKOHCTpyKunn 7 MJIH. co6hITlIH 
3aperncTpllp0BaHHhIX B 3KcrrepIIMeHTe NA49 B peaKUHJIX p+p, p+ Pb 
lI Pb+Pb npn 3Heprmrx rryqKa 40,80 II 158 raB/Hy1mon. 

3. Pa3pa6oTaHa II ycnemHo npHMeHeHa npoue.nypa ll.ZleHTH<pHKau1rn qa
CTHU c noMOIUhIO II3MepeHHhIX BO BpeM11npoeKUHOHHhIX KaMepax TPC 
IIOHII3aUIIOHHhIX IlOTeph ll BOCCTaHOBJieHHOH no BpeMeHII nponeTa B 
TOF .ueTeKTope 3<p<peKTHBHOii: MacchI. 3To no3B0Jinno Ha.ue2KHO n.ueH
Tn<pnunpoBaTh 3ap112KeHHhre qacTnUbI 1r±, K±, p, p II 11.upa d B rnupo
KOM lIHTepBaJie lIMIIYJihCOB 3 < p < 14 r3B/c. 

4. IIorryqeHhI pacrrpe.ueneHlIJI no nonepeqHon: Macce mt .urr11 3ap1111wHHhrx 
qacTnu 1r±, K±, p, p, d, poM.ueHHhIX B ueHTpa.rrhHhIX Pb+ Pb CTOJIKHO
Bemrnx rrpll 3Heprlln HaneTaIOrunx 11.npa 158 r3B/HYKJIOH B 6rrn3Kon: 
K ueHTparrhHOH o6JiaCTlI 6bICTpOT (YcM=2.9) B lIHTepBaJie rrorrepeq
HhIX Mace 0 < ffit - mo < 1 r3B/c2• IlpOBe.ueH aHaJill3 crreKTpOB ll 
onpe.ueneHhl rrapaMeTphl HaKJIOHa crreKTpOB T lI IIJI0THOCTlI qacTlIU Ha 
e.n:nHlIUY 6hICTpOThl dn/dy. IloKMaHo, 'ITO napaMeTp HaKJIOHa crreK
Tpa 3ap112KeHHhIX qacTnU no nonepe'IHOii: Macce pacreT c yBeJilI'leHneM 
MaCChI qacTlIUhI, 'ITO cornacyeTCJI C npe.n:craBJiemieM O CyIUeCTB0Ba
Hllll KOJIJieKTlIBHOrO nonepe'IHOro ,UB.H)K€Hll11 B o6JiaCTll CT0JIKHOBeHlIJI 
peJIJITlIBllCTCKllX 11.n:ep. 

5. BhIIlOJIHeH cpaBHlITeJihHhIH aHaJilI3 mrcneKTp0B .ue:iITpOHOB II npOT0-
HOB lI orrpe.ueneHo 3Ha'leHne napaMeTpa KoanecueHUHII B2, xapaKTepII-
3y10ruero Bep011THOCTh o6p830BaHmI .ue:ii:TpOHOB. OHO 0K83aJIOCh paB
HhIM B2 = (3.5±1.0). 10-4 r3B2 npllpt=0 B peaKUHll Pb+Pb npn 158 
A-r3B. TaKMe npoaHaJIH3llpOBaHa 3aBIICHMOCTh napaMeTpa B2 OT no
rrepe'IHOH MaCChI .n:e:iITpOHa. IIorryqeHHhie pe3yJibTaThl cpaBHlIBaIOTCJI 
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C rrpe.UCK83aHHJIMII MO,n:erren: o6p830BaHn11 nerKnx 11.n:ep, BKJIIO'laIOIUlIX 
3<p<peKThI pacmnp1110rueroc11 llCTO'lHHKa ll KOJIJieKTllBHOro .UBllMeHn.sr, 
a TaK2Ke HaJill'lIIJI rrpocTpaHCTBeHHO-llMIIYJihCHOH K0pperr11unn ll3Jiy
qaeMhIX qacTHU. 
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