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06a_.aH xapa1rrep11CTHKa pa60Tbl 

AKTyaJJbHOCTb TCMbl 

CTOJIKHOBCHHe peJJ.HTHBIICTCKIIX T.H)KCJiblX II0H0B npe,llCTaBJI.HCT YHIIKaJJb

HYJO B03M0)KH0CTb ,llJI.H C03,llaHII.H II II3yqeHII.H B JJa6opaTOpHbIX ycJI0BII.HX 

npe,llCJibH0 pa30rpCTOH II nJJOTHOll .H,llepHOH MaTepntt. B TaK0M C0CT0.HHllll 

BCUICCTB0 Kap,llHHaJJbH0 MCH.HCT CB0ll CBOHCTBa no cpaBHCHlllO 061,JqHI,IM 

.H,llepHbIM BCUICCTB0M. TaK, TC0pll.H CllJlbHblX B3aHMO,llCHCTBllll KBaHTOBM 

xpoM0,llllHaMHKa (KX,[{) npe,llCKa3bIBaeT, qTQ npn 60JJblllllX nJJ0TH0CT.HX 3Hepnm 

M0)KCT npOH30HTH nepexo,1:1 OT o6bJqHoro C0CT0.HHH.H MaTepttll K H0B0MY C0CTO.HHHJO, 

TaK Ha3brnaeMoii KBapK-rnIOOHHOH nJJa3Me (Kfll), K0TOpa.H xapaKTepmyeTc.H KaK 

CllCTCMa, C0CT0.HIIIM ll3 KBa3llCB060,1:1HbIX KBapK0B. 

3KcnepHMCHT NA49 61,m cnpoeKTHp0BaH ll C03,llaH ,llJI.H llCCJIC,ll0BaHH.H 

p0)K,llCHH.H a,1:1poH0B BO B3aHM0,1:1eiicTBH.HX Pb+Pb B nyqKax ycKopttTeJJ.H SPS B 

QEPH. Eon1,rnoil. aKcenrnHc ycrnH0BKll ,llJJ.H perncTpa11ntt TpeK0B c BblC0KHM 

llMnyJJhCHblM pa3perneHHCM B 60JJblIIllX BpCM.HnpoeKIIII0HHblX KaMepax TPC ll 

cnoco6HOCTblO K Ha,llC)KHOH ll,llCHTH<pllKaIIllll qaCTHII nocpe,llCTB0M ll3MepeHH.H 

H0Htt3aIItt0HHb!X n0Tep1, dE / dx u apeM.HnpoJJCTHbIX H3MepeHnil. TOF no3B0JJHJJH 

Bn0CJJC,llCTBllll cy111ecrneHH0 pacrnupnTb nporpaMMY llCCJJC,ll0BaHnil., ,ll0n0JJHllB 

ee 3KCnepHMCHTaMll B HYKJI0H-HYKJI0HHbIM ll HYKJI0H-.H,llepHbIM CT0JIKH0BCHll.HX 

,llJI.H n3yqeHH.H MexaHH3Ma o6pa30BaHll.H qacTHII B 0TH0CIITCJibH0 3JJCMCHTapHblX 

B3allMO,llCHCTBII.HX p+p n p+Pb no cpaBHCHlllO co CJJ0)KHblMII npo11eccaMn B 

cT0JJKH0BeHn.Hx .H,1:1ep Pb+Pb. 

HacTO.HIIIM pa6oTa n0CB.HUICHa, rnaBHbIM o6pa30M, onpe,1:1eJJCHlllO cneKTP0B 

3ap.H)KCHHblX a,1:1poH0B 1r±, K±, p n p no nonepeqHoMy nMnyn1,cy (nonepeqHoil. 

Macce) qaCTllll ll aHaJJll3Y llX xapaKTepllCTHK (napaMCTpOB). 3TO o6ycJJOBJICHO 

TCM qT0, qTQ nonepeqHI,JC 3<p<pCKTbl .HBJI.HIOTC.H qllCTbIM np0.HBJJCHllCM ,llllHaMHKII 

peaKIIIIH, TaK KaK 60JJblIIa.H qacTb np0,ll0JlbHbIX HMnyJJbC0B po)K,llCHHbIX qaCTIIII 

o6ycJIOBJJeHa BHYTPCHHHM ,llBll)KCHllCM CTaJJKllBaJ0UillXC.H o6beKTOB, a TO 

apeM.H KaK nonepeqHI,JC HMnyJJbCbl reHepupyIOTC.H B caMHX CT0JJKH0BCHII.HX. 

Oco6oe BHHMaHtte y,1:1eJJeH0 CllCTCMaTHKe napaMeTp0B HaKJioHa nonepeqHI,IX 

cneKTP0B, !(0T0pbIC .HBJJ.HIOTC.H rnaBHbIM IIHCTPYMCHT0M B HCCJIC,ll0BaHUll ,llIIHaMHKH 

B3aIIMO,llCHCTBllll ll, B qacTH0CTll, H3yqeHllll K0JJJJCKTllBHb!X n0T0K0B B .H,llp0-

.H,llepHbIX CT0JJKH0BCHll.HX. OCHOBHOH HHTepec npe,1:1cTaBJrneT aHaJJll3 3B0JJIOIIHll 

nonepeqHI,JX cneKTP0B qacTIIII ,llJJ.H pa3JJIIqHI,JX CTaJJKHBalOUillXC.H CllCTCM. 

KpoMe Toro, nonepeqHI,JC cnCKTPbI 6apnOHOB p n p n BblX0,llbl (MHO)KCCTBCHHOC

Tll) 3TllX qaCTIIII BO B3a'iiMo,lleHCTBll.HX Pb+Pb nptt 3Heprntt 158A f3B ll3MepeHbl 

B IIIHpOKOH o6JiaCTll IICHTPaJJbH0CTII B CT0JIKH0BCHllll .H,llep OT nepttqiepnqecKHX 

,1:10 CaMb!X IICHTPaJJbHblX. OcHOBHbJe Bonp0Cbl B aHaJJH3e 3THX ,llaHHblX CB.H3aHbl 

C 3<p<peKTaMH ll3MCHCHll.H 6apHOHHOH nJJ0TH0CTII ( CTonnHHra), 3aBIIC.HIIICH OT 

cTeneHII IICHTpaJJbH0CTII CT0JJKH0BCHII.H, a TaK)KC aHHIIrIIJJ.HIIllll aHTHnp0T0H0B. 

o6ie,tiJIHaiWnirii HHcTHTYT 
;SI~epm1x nccneAoBaH:ali' 
I BMRTTMO'T'F.UA I 



IlpoQecc CTOmurnra OKa:3hIBaeT npsiMoe BJUUIHHe Ha OCHOBHhie npoQeCCbl 

.[IHHaMHKH CTOJIKHOBemdi, TaKHe KaK ycTaHOBJieHlie paBHOBeCHOro COCTOSIHHSI 

napTOHOB Ha HaqaJibHOll CTa,[IHH peaKQHH, po~emrn qacTHQ, .[IOCTH)KeHHSI 3aTeM 

TepMaJibHOro H XHMHqecKoro paBHOBeCHSI H B03HHKHOBeHJrn KOJIJieKTHBHOro 

pacumpeHmI B CHCTeMe. 3KcnepttMeHTaJibHO HH<popMal(HSI O CTOnnHHre 

MO)KeT 6bITb nonyqeHa H3 H3MepeHHSI OTHOllieHHSI BbIXO.[la (MHO)KeCTBeHHOCTH) 

qacTHQ p/p. Me)K.[ly TeM, nptt 60JibllIOll nJIOTHOCTH, 06pa:3y10meiicsi npH 

CTOJIKHOBeHHH peJISITHBHCTCKHX SI,l:lep, cymecTBeHHasi .[IOJISI po~eHHblX aHTH6aptto

HOB MO)KeT aHHHrHJIHpOBaTb H3-3a 60JibllIOro ceqeHHSI 3TOro npoQecca npe~e qeM 

nOKHHYTh 30HY CTOJIKHOBeHHSI. TaK, .[leTaJibHOe myqeHHe po~eHHSI aHTH6aptto

HOB 6bIJIO npe.[IJIO)KeHO B Kaqecrne MeTO,[la H3MepeHHSI 6apHOHHOll nJIOTHOCTH npH 

CTOJIKHOBeHHll SI,l:lep. Ilocne,1:1Hee HMeeT npSIMOe OTHOllieHHe K BOnpocy O nepeHoce 

6apHOHHOro 3apsi,1:1a, CTeneHH np03paqHOCTH nptt CTOJIKHOBeHHll peJISITHBHCTCKHX 

SI,l:lep, HJIH HHaqe, CTOnnttHra (TOpMO)KeHHSI), KOTOpblll npOHCXO.[IHT, rnaBHbIM 

o6pa30M, Ha paHHeii cTa.[IHJI SI,l:lepHblX CTOJIKHOBeHHll. 

[(eJib pa60Tbl 

[(eJiblO pa60Thl SIBJISIJIOCb H3MepeHHe H aHaJIJI3 cneKTPOB 3apsi)KeHHblX qacTHI.( 

1r±, K±, p H p B p+p, p+Pb H QeHTpaJibHhIX Pb+Pb B3aJIMo,1:1eiicrnJisix nptt 

3HepmJI 158 I'3B Ha HYKJIOH. O.[IHOll H3 OCHOBHbIX 3a.z:1aq SIBJISIJICSI aHaJIH3 

cneKTPOB 3apsi)KeHHbIX npOTOHOB H aHTHnpOTOHOB, pO,K,[leHHbIX B llIHpOKOll 

o6nacTH QeHTpaJibHOCTH Pb+Pb CTOJIKHOBeHttii npn 3Hepmn 158A faB. 

Hayq~asi HOBH3Ha pa60Tbl 

• OcymecTBJieHa KaJIH6poBKa BpeMsinpOJieTHbIX H3MepeHHll B 3KCnepttMeHTaX 

NA49 B nyqKax ycKopIITensi SPS B [(EPH, no3BOJIJIBlliaSI npoBeCTH 

Ha,[le)KHYIO H,[leHTH<pHKaQHIO 3apsi)KeHHblX qacTJII.( 7r±, K±, p H p B llIHpOKOM 

HHTepBane HMnynhCOB (2<p<l2 faB/c H O<pt<2 faB/c). 

• IlonyqeHhI H npoaHaJIH3HpoBaHbI cneKTPbI qacTHQ 1r±, K±, p H p no 

nonepeqHOMy HMnyJihCY (nonepeqHoii Macce) BO B3aHMO,[lellCTBHSIX p+p, 

p+Pb JI QeHTpaJihHhIX cTOJIKHOBeHttsix Pb+Pb, a TaK)Ke cneKTPbI p H p B 

umpoKOM JIHTepBane no QeHTPaJihHOCTII B CTOJIKHOBeHHSIX si,1:1ep Pb+Pb nptt 

3HepmH 158 I'3B Ha HYKJIOH. Onpe,1:1eJieHhl OCHOBHhie xapaKTepHCTHKH 

- 3HaqeHHSI napaMeTPOB HaKJIOHa cneKTpOB qaCTHQ T H BblXO.[lbl qacTHQ 

(MHO,KecrneHHOCTH) dn/dy B o6nacTH QeHTPaJihHOii 6hICTPOThl (Yem = 2.9), 
KOTOpbie 6hIJIH HCnOJib30BaHbl .[IJISI nonyqeHHS! qJJI3HqeCKJIX pe3yJihTaTOB B 

pa6oTe. 

• IIccne,1:10BaHa CJICTeMaTttKa napaMeTPOB HaKJioHa cneKTpOB B umpoKoii 

06nacn1 Mace qacTHQ, po~eHHhIX BO B3aJIMo,1:1eiicrnttsix p+p, p+Pb H Pb+Pb 

C QeJiblO H3yqeHHSI KOJIJieKTHBHbIX pa,1:1HaJibHblX nOTOKOB, B03HJIKaIOIIIJill npJI 
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CTOJIKHOBeHHH peJISITHBHCTCKJIX SI,l:lep. 

• IIccne,1:10BaHa 3aBHCHMOCTb BbIX0.[10B qaCTIII.( p H p H OTHOIIIeHHe p/p B 

3aBHCHMOCTH OT CTeneHH QeHTpaJibHOCTH B CTOJIKHOBeHHH SI,l:lep Pb+Pb 

npH 3HepmJI 158 I'3B Ha HYKJIOH .[IJIS! H3yqeHJISI CTOnnHHra (TOpMO,KeHHS!) 

6apHOHOB n aHHHrHJIS!l(HH aHTJinpOTOHOB B nJIOTHOll SI,l:lepHOll cpe,1:1e. 

HayqHo-npaKTnqecKaSI 3HaqHMOCTb pa60Tbl 

Pe3yJibTaTbl, nonyqeHHhie npJI aHaJIH3e 3apsi)KeHHblX a,1:1pOHOB, pO,K,[leHHbIX 

B nyqKax npOTOHOB H SI,l:lep, Ba)KHbl .[IJISI myqeHHSI .[IHHaMHKH SI,l:lepHblX 

B3aHMO,[lellCTBJill npJI BbICOKHX 3Hepmsix, qJH3HKH MHOroqacTJiqHbIX COCTOSIHHll 

CHJibHOB3aHMO.[leiicTBYIOIIIJIX qaCTHQ, Jie)KaIIIHX B OCHOBe COBpeMeHHblX TeopeTH

qeCKHX MO.[leJISIX reHepaQJIH qacTHI.( B peJISITHBJICTCKHX SI,l:lepHblX CTOJIKHOBeHJISIX. 

Ilp0Qe,1:1ypbl KOppeKQHH BpeMsinponeTHOll HH<pOpMaQHH MO~ 6bITb B3S!Tbl 

3a OCHOBY npH KaJIH6pOBKe JI3MepeHJill B 3KcnepHMeHTax, HCnOJib3YIOIIIHX 

CQHHTJIJIJIS!QHOHHhie ,[leTeKTOpbl pa:3JIJiqHoro THna. MeTO.[IHKa H,[leHTJiqJHKaQHH 

qacTHQ, peKOHCTPYKQHH H aHaJIH3a cneKTPOB qaCTHQ MO)KeT 6bITb a,1:1anTHpOBaHa 

.[IJISI o6pa60TKH H aHaJIH3a ,[laHHblX B ,1:1pyrttx 3KCnepHMeHTax. 

3KcnepHMeHTaJibHhie ,[laHHbie - 3HaqeHHSI napaMeTPOB HaKJIOHa H MHO,KeCTBeH

HOCTeii 1r±, K±, p H p BO B3attMo,1:1eiicTBHSIX p+p, p+Pb H Pb+Pb nptt 3Hepmn 

158 I'3B Ha HyKJIOH, a TaK)Ke ,1:1pyrnx BeJIIfqHH, nonyqeHHbIX H3 aHaJIJI3a cneKTPOB 

MO~ HattTH npJIMeHeHHe npH nJiaHttpoBaHHH H3MepeHHll Ha ycKopttTeJISIX qacTHQ 

H SI,l:lep. 

ABTOp 3amnmaeT 

1. Pe3yJibTaTbl pa60Tbl no KaJIH6pOBKe BpeMsinpoJieTHblX H3MepeHJill B 

MHOroKaHaJibHOM ,1:1eTeKTope B COCTaBe ycTaHOBKH NA49 Ha ycKOpHTeJie 

SPS B [(EPH H tt.[leHTH<pttKaQHH 3apsi,KeHHhIX a,1:1poHoB ttcnOJih3ysi ,1:1aHHb1e 

0 BpeMeHH nponeTa H HOHH3aQHOHHbIX noTepsix qacTHQ, H3MepeHHbIX, 

· coorneTCTBeHHO, B ,1:1eTeKTopax TOF H TPC. 

2. Pe3yJihTaThI H3MepeHHSI H aHaJIH3a cneKTPOB 3apsi,KeHHb1x a,1:1poHOB 1r±, K±, 
p JI ·1{ BO B3aHM0,1:1eiicTBHSIX p+p, p+Pb H Pb+Pb, a TaK)Ke cneKTPOB p H 

P, noJiyqeHHblX B IIIHpOKOll o6JiaCTH QeHTPaJihHOCTH B CTOJIKHOBeHHSIX SI,l:lep 

Pb+Pb npn 3Hepmtt nyqKa 158A faB: 

• BhIXO.z:lhI qacTHQ dn/dy, napaMeTpb1 HaKJioHa T H cpe,1:1Hne 3uaqeHH» 

nonepeqHhIX. Mace qacTHQ < mt >. 
• 3aBHCHMOCTb napaMeTpOB HaKJIOHa cneKTPOB OT MaCCbl qacTHI.(. 

• 3aBHCJIMOCTb BblXO.[IOB dn/dy MS! p JI pH OTHOIIIeHHSI p/p OT qHCJia 

HYKJIOHOB Npart, yqacTBYIOIIIHX BO B3aHMO,[lellCTBHH npH CTOJIKHOBeHHH 

SI,l:lep. 
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3. PC3}'JlbTIITbl aHaJIH3a OCHOBHhIX xapmcrepHCTHK rrorrepe'IHhIX crreKrpOB 

H BhlXO.l(OB (MHOJKeCTBeHHOCTII) 'IaCTHU:, OTHOCHil{HeCH K H3y'IeHHIO 

KOJIJieKTHBHhIX IIOTOKOB, CTOIIIIHHra 6apHOHOB tt aHHHrHJIHU:HH aHTHIIpOTOHOB, 

KOTOphle B03HHKaIOT B IIJIOTHOH x.n:epHOH cpe.n:e, o6pa3yIOil{eHCH B 

U:CIITpaJlhHhIX CTOJIKHOBeHHHX THJKCJlhIX x.n:ep rrpH pemITHBHCTCKHX 3Heprnxx. 

Anpo6au:m1 pa6on1 u ny6JittKaU:HH 

PC3}'JlhTIITbI, JieJKail{He B OCHOBe .D:HCCePTaU:HH, 6hIJIH ,n:OJIOJKeHhl Ha COBeil{aHHHX 

KOJIJia6opau:uu NA49, ceMuHapax no peJIHTHBHCTCKoii x.n:epHoii q>H3HKe H 

MCJK.D:YHapo,n:uhIX KOHq>epeHU:HHX: "KBapKOBaH MaTepttx" HaHT, <l>paHU:HH (2002) 

u EYJ{arreIIIT, BempHH (2005), "MHoroqacTH'IHax ,n:ttHaMttKa" KphIM, YKpauHa 

(2002), "C-rpaHHIDI KBapKoBIDI MaTepHH" ArnaurnK litt'I, CIIIA (2003) H Keiimayu, 

IOAP (2004), "j{rq>o-,mepuh1e CTOJIKHOBeHttx" MocKBa, Poccttx (2003). 

OcHOBHhIC PC3}'JlhTIITbl .n:uccePTaU:HH ony6JIHKOBaHhl B pa6ornx [ 1-7]. 

Om.eM n CTpyicrypa pa60ThI 

.Qncceprnu:uouuru1 pa60Ta H3JIOJKeua ua 90 CTPanttu:ax, cocTOHT H3 BBe,n:euttx, 

'IeThlpCX rnaB H 3aKJIIO'ICHHH, co.n:epJKHT 23 pttcyuKa, 6 Ta6JIHU: lI CIIHCOK 

u:nrnpyeMoii JIHTeparypbI m 92 HaHMCHOBaHHH. 

<::_o.n:epacaHHe .n:uccep-rau:1111 

Bo eee.n:enun o6ocHoBaua aKTYaJihHOCTh ,n:ttccepTaU:HH, a TaKJKe cqiopMyJittpo

BaHa U:eJih pa6on1 u npttBe,n:eHo KpaTKoe co.n:epJKautte ,n:ttccepTaU:HH no rnaBaM. 

B rnaee 1 DpHBO.l(HTCH KpaTKOe OUHCaHHe 3KCnepttMeHTaJlhHOH ycTaHOBKH 

NA49 H ee OCHOBHhIX 3JICMCHTOB, o6ecne'IHBIIIHX npoBe,n:eHHe 3KcrrepHMeHTOB 

B yCJIOBmlX 6oJihIDOro aKcemaHca, lI3MepeHHH TPeKOB qaCTHU: C BhICOKHM 

HMil}'JlhCHhIM pa3pemeuueM H ua,n:eJKHOH H,n:eHTHq>HKau:tteii 'IaCTHU:. 

Cxer.m ycraHOBKH NA49 npe,n:CTaBJieHa Ha pttc. 1. CttcTeMa MOHHTOpttpoBa

HlliI nyqKa u TPHITepa BKJIIO'IaeT B ce6x CU:HHTHJIJIHU:HOHHhie C'IeT'IHKH S 1, VO, 

S2, S4 11 ra30Bhle qepeHKOBCKHe ,n:eTeKTOphI S2', S3. CIIeT'IHK Sl Haxo,n:nTCH Ha 

paCCTOHIIIIII 27 M nepeA MHIIICHhIO n npe,n:CTaBJIHCT co6oii KBapu:eByIO IIJiaCTHHY 

TOJIIu:HHoii 200 MKM. Cnrnan OT Koroporo ucnOJih3yeTcx B cxeMe TPHrrepa u 

CJIYJKHT TilKJKe CTapTOBhIM CHIBaJIOM ,n:JIH BpeMHIIpOJICTHOH CHCTeMbl. II pH pa60Te c 

DpOTOHHhIM nyqKOM cnrnan OT qepeHK0BCKOro H3Jiy'IeHHH MaJI, Il03TOMY KBapu:eBaH 

IIJiaCTHua 3aMCHHeTCH ua CU:HHTHJimITOp TOJIIl{HHOH 5 MM. ,[(JIH OT6paKOBKH "raJIJIO" 

IIY'IKa HCIIOJih3YeTCH C'ICT'IHK VO, KOTOpbIH npe,n:CTaBJIHCT co6oii CU:HHTHJIJIHTOp 

TOJIIl{HHOii 5 MM c KpYIJihlM OTBepCTHeM ,n:HaMCTPOM 1 CM, KOTOpbIH BKJIIO'IeH Ha 

aHTHCOBIIa.l(eune B cxeMe qiopMnpoBaunx TPHrrepa. CIICT'IHK S2 npe,n:Ha3Ha'IeH ,n:JIH 

pa60Thl B nyqKaX DpOTOHOB, a Ha IIY'IKax CBHHU:a HCIIOJib3YeTCH CIICTeMa H3 ,n:Byx 

ra30BhlX qepeHKOBCKHX C'ICT'IHKOB S2' lI S3, CBeTOOTPaJKaIOil{IIe 3epKaJia KOTOpbIX 
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P11c 1. CxeMa ycTaH0BKII NA49. IloKa3aHhl .!leTeKT0phl IIY'!Ka, caepxrrp0B0)ll!JUl!e MarHl!Thl C 
apeMJ111poem110HHhIMH KaMepaMH B MarHHTax VTPC-1 H VTPC-2 H BHe MarHHTa MTPC-L H 
MTPC-R, apeMllrrponeTHhie .11e-reKToph1 TOF H KanopttMeTPhI RCAL H VCAL. YKa3aHhI coCTaB 
rryqK0Bh!X KaMep, C'leT'IHK0B ll MHilleHeii, HCII0ilh3yeMh!X B 3KcrrepttMeHTaX B peaKIJIIJIX Pb+Pb(a), 
p+p(b) ll p+Pb( C ), 

noMeil{eHbl B o6Il{IIH o6'heM, 3aUOJIHeHHhIH reJIHeM. MeJK,n:y HIIMII ycTaHOBJieHa 

MHIIIeHh - CBHHU:OBaH q>OJihra TOJIIl{HHOH 224 Mr/cM2 ( ~ 0.5%>.int)-
C'ICT'IHK S2' CJIYJKHT ,n:JIH MOHIITOpttpoBaHIIH nyqKa, a cqeT'IHK S3 ,n:JIH 

3q>q>eKTHBHOro OT6opa B TPIIITepe co6bITIIH B3aHMO,n:eiiCTBIIH x.n:ep rryqKa C 

MHIIIeHbIO. C'ICT'IIIK S4 pacnoJioJKeu B rrpoMeJKYTKe MeJK,n:y ABYMH BpeMH

rrpoeKU:HOHHbIMII KaMepaMII (VTPC-1 n VTPC-2) II IICIIOJih3yeTcx B nyIIKax 

rrpOTOHOB. OTCYTCTBHC CHrHaJia C 3TOro C'IeT'IHKa 03Ha'IaeT q>aKT B3aHMO,n:eiiCTBHH 

HaJieTaIOil{ero nporoua B MIIIIIeHII. IlpII rrpOTOH-IIpOTOHHbIX CTOJIKHOBeHIIHX 

IICIIOJib3YeTCH JKH,n:KaH BO,n:opo,n:HaH MIIIIIeHb pa3MepOM 200 MM . B ,n:JIHHY II 

,n:ttaMeTPOM 30 MM. 

Koop,n:ttHaThl TPaeKTOpHH rryqKa orrpe,n:eJIHIOTCH C UOMOil{hlO TPeX rrponopu:IIo

HaJihHbIX KaMep (Beam Position Detector - BPDl,2,3), KOTOpbie paciioJioJKeHhI 

Ha paccTOHHHH 38, 16 H 6 MCTPOB OT u:eHTPa cttcTeMbI Koop,n:IIHaT ,n:eTeKTopa 

NA49, cooiBeiCTBeHHO. C'IHTbIBaHHe IIHq>OpMaU:IIH ocyil{eCTBJIHeTCH c KaTO,n:HhIX 

CTPIIIIOB. KaMepbl IIMeIOT pa3Mep 3x3 CM2 H HMeIOT KOOp,n:HHaTHYIO TO'IHOCTh 40 

MKM. 

TpeKOBIDI CIICTeMa YCTaHOBKII COCTOHT II3 'IeThlpex BpeMH-rrpoeKU:HOHHbIX KaMep 

(Time Projection Chamber - TPC) 6oJihIIIOro o6'heMa. O6Il{ee 'IHCJIO JJieKrpOHHbIX 

KaHaJIOB BO Bcex 'IeThipex TPC paBHO 182000. TO'IHOCTb BOCCTaHOBJieHIIH 

IIMIIYJibCa qaCTIIU: B KaMepax COCTaBJIHeT !:).p/p2 = 3 X 10-5 Gev-1, a pa3peIIIeHHe 

no H3MepeHHIO HOHII3aU:HOHHbIX rroTeph qacTHU: B ra3e KaMep dE/dx <:TE ~ 4%. 
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Ilp1rnrum pa6on,r BpeM.impoeKIIIIOHHhIX KaMep OCHOBaH Ha perIIClpaIIIIII 

rrpOClpaHCTBeHHOro IIOJIO)KeHIIH rreHlpOB IIOHII3aIIIIII. Ilo.n ,neHCTBIIeM 3JieKT

pIIqecKoro rromi:, rrpIIJIO)KeHHOro K ,nByM rrpOTIIBOIIOJIO)KHbIM o6Kna,nKaM KaMep, 

rrpo,nyKThI IIOHII3aIIIIII, IIOHbI II 3JieKlpOHhI, .npeiicpyIOT. TipII 3TOM 3JieKlpOHbI, 

o6na,naIOIIIIIe cyIIIecrneHHO 6onblIIOH IIO,nBII)KHOCThlO, ,nocntraIOT TaK Ha3bIBaeMOH 

KaMepbI cqIIThIBaHIIH (read-out chamber), r.ne rrepB011aqanhHhiii 3apx,n ycIIJIIIBaeTcx, 

a 3aTeM perncTpIIpyeTCH. 

Ring-KanopIIMeTP (RCAL) ycrnnoBKH rrpe,n11a311aqe11 .nn» II3MepeHIIH pacrrpe,ne

nenIIH rrorrepeq11oii 311eprnII B »,npo-»,nepnhIX B3aIIMO,neiicrn1rnx. On pacrrono)KeH 

Ha paccTOHHIIH 18 M OT MHIIIeHII II IIMeeT cpopMy 6oqKJI c ornepCTHeM B rreHTpe. 

Ha paccTOHHIIII 25 M OT MIIIIIeHII pacrrono)KeH Veto-KanopIIMeTP (VCAL). 

011 HBJIHeTCH KnIOqeBbIM 3JieMeHTOM rrpII orrpe,neneHHH rreHlpanbHOCTII B3aIIMO

,neHCTBIIH. KanopIIMelp COCTOIIT II3 ,nByx rrocne,noBaTeJibHhIX ceKIIIIii. TiepBaH 

(3neKlpOMarHIITHM) COCTOIIT H3 cnoeB CBIIHerr/CIIHHTIIJIJIHTOp II IIMeeT ,nJIIIHY 

3KBHBaneHTHYIO 16 pa.nHIIIIOHHhIM ,nJIIIHaM, BTopa» qaCTb (a,npOHHax) ,nnIIHOH 7.5 
H,nepHbIX ,nJIHH COCTOIIT II3 cnoeB )Kene30/CIIIIHTIIJIJIHTOp. Tiorrepeqnhie pa3Mepbl 

KanopnMelpa - lxl M
2
, c6op CBeTa ocyIIIeCTBJIHeTCH C IIOMOIIIhlO 60KOBOro 

CBeTOBO,na n <l>3Y. ,[{nH orpaHIIqerrnx aKCeIITaHCa cpparMeHTIIPYIOIIIIIX BIIepe,n 

qacTIIII rrepe.n KanopIIMelpOM ycTaHOBJieH K0JIIIMaTOp. On rrpe,nCTaBJIHeT co6oii 

)KeJie3HhIH 6noK c TOJIIIIIIHOH rro rryqey 1 M II ornepcTIIeM B rrenlpe pa3MepoM 1Ox10 

CM2. YmOBbie pa3MepbI (aKCeIITaHC) ,KOJIIIMaropa COCTaBnHIOT 0.3°. Bcne,ncrnne 

3TOro, TOJibKO nerrpOB3aIIMO,neiiCTBYIOIIIIIe cpparMeHThI ( crreKTaTopbI rryqKa) 

rrorra,naIOT B KanopIIMelp. 

B 3TOii )Ke maBe co cpaBHHTeJibHO 6onhIIIOH rro,npo6HOCThlO ,na110 OIIHCaHne 

BpeMHIIp0JieTHOH CIICTeMhI, C IICIIOJih30BaHHeM KOTOpOH B ,naHHOH pa60Te 6binII 

rronyqeHhI pe3yJihTaTbl Q)II3IIqecKOro ananll3a. 3TO CBH3aHO C TeM, qTo C03,naHIIe 

900-KaHanbHOro BpeM»rrponeTHOro ,neTeKTopa HBIIJIOCb cyIIIecTBeHHhIM BKna,noM 

O61,e,nIIHeHHOro IIHCTIITYTa x,nepHbIX IICCJie,noBaHIIii B 3KCIIepnMeHT NA49. 

BpeMHrrponeTHa» CIICTeMa BKnIOqaeT ,neTeKTophr (TOF-TL,TR) ,nnx pacIIIIIpeHIIH 

B03MO)KHOCTH H,neHTIIq>HKaIIIIII qaCTIIII rrpn OTHOCIITeJihHO HII3KHX 3HeprHHX IIO 

cpaBnennIO c ,nIIarra30HOM II,neHTIIq>IIKaIIIIH B TPC. Ka)K_nhrii ,neTeKTop cocTOHT 

H3 891 cqeTqIIKa. CrrHHTIInJIHIIHOHHhIH cqeTqHK BpeMHIIpOJieTHOro ,neTeKTopa 

TOF rrpe,ncrnBn»eT co6oii rrnacn1qecKnii CIIIIHTIIJIJIHTOp rrp»MoyrorrhHOii cpopMhI, 

o6epHYThIH ,nnH CBeTOII30JIHIIIIH anIOMIIHII3IIpOBaHHhIM MaiinapOM. B Kaqecrne 

q>OTO,neTeKTopa IICIIOJih3YeTCH q>OTOYMHO)KIITerrh (<l>3Y). CrrnHTHJIJI»TOp rrpIIKnee11 

K cpoToKarn,ny <l>3Y c rroMOIIIhIO omuqecKoro Kne» Bicron BC-600. K Ka)K_noMy 

<l>3Y IIpIICOe,nIIHeH ,neJIIITeJih HaIIpH)KeHIIH. 

KoHClpYKTIIBHhIM 3JieMeHTOM c6opKH ,neTeKTopa HBnHIOTCH anIOMIIHeBbie 

KacceThI, B K~,noii II3 KOTOpbIX TIJIOTHO yKna,nbrnaIOTCH 11 cqeTqIIKOB. KoHCT

PYKIIHH KacceThI 06ecTieqnBaeT Heo6xo,nHMYIO )KeCTKOCTb H CBeTOII30JIHIIIIIO. 

Bee 81 KacceThI ycTaHaBnHBaIOTCH KOMTiaKTHO Ha lpeX TIOJIKax Mexa11nqecKoii 

Tiepe,nBII)KHOH cpepMe TIO 27 KacceT Ha Ka)K_noii, o6pa3yH II3 CIIIIHTIIJimlllIIOHHbIX 
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TIJiaCTIIKOB cerMeHT ccpepIIqecKoii TIOBepXHOCTII, paCTIOJIO)KeHHbIH neTiocpe,ncT

BeHHO 3a 6onhIIIHMH KaMepaMII MTPC. 

OcHOBHOH TiapaMelp BpeMHIIponeTHOro ,neTeKTOpa - ycpe,nneHHOe BpeMeHHOe 

pa3peIIIeHIIe COCTaBnHeT a ~ 75 TIHKOceeyH,n. 3TO II03BOJIHeT na_ne)KHO 

II,neHTIIQ)HIIIIPOBaTb 3ap»)KeHHbie qacTHllhI 7r±, K±, p II p C IIMIIYJihCaMII ,no 

14 f3B/c. CncTeMa BhICOKOBOJihTHoro IIIITaHIIH TOF peanll3oBana B crn11,napTe 

CAEN, a 3neKlpOHHKa pernclpaIIIIII, coc'io»IIIM II3 Mo,nyneii ,nncKpIIMHHaTopoB II 

rrpeo6pa3oBaTeneii TDC II QDC, BhIIIOJ:IHeHa B crnH,naprnx VME H FASTBUS. 

IlpIIHIIHTIIIanbHOe 3Haqe11ne ,nnH TionyqeHHH BhICOKOro pa3peIIIeHIIH TIO BpeMeHII 

rrponeTa qaCTHII HMeIOT BOTipOCbI KanII6pOBKH ,neTeKTopa, II3JIO)KeHHbie B rnaee 2 
BMeCTe C MeTO,nIIKOH II,neHTHQ)HKaIIIIII 3apH)KeHHhIX qacTHII, ocyIIIeCTBJIHeMbIX 

B 3KcrrepIIMeHTe 11a oc110Be H3MepeHIIii BpeMeHII rrponeTa B TOF ,neTeKTope II 

H3MepemIIO IIOHII3aIIHOHHbIX IIOTepb qacTHII BO BpeMHTipoeKIIHOHHhIX KaMepax 

TPC. OcHOBHhIMII 3TaIIaMII KanII6pOBKH TOF HBJIHIOTc»: yToqneHne TIOJIO)KeHIIH 

cqeTqHKOB, aMTIJIIIry,nHaH HOpM11pOBKa CIIrHanOB co cqeTqHKOB, yqeT BpeMeHH 

pacrrpOClpaHeHIIH CBeTa B CIIIIHTIIJIJIHTOpe, a TaK)Ke Ha 3aBHCIIMOCTII MOMeHTa 

cpa6aThIBaHIIH OT aMTIJIIIry,nhl CHrHana B cqeTqHKe. 

IlpII reoMelpnqecKoii Kann6poBKe TPeKII, BOCCTaHOBneHHhie B TPC, 3KClpa

TIOJIIIPYIOTCH Ha TOF. 3aTeM ocyIIIeCTBJIHIOTCH c,nBHrII n BpaIIIeHIIH cqeTqIIKOB 

B TipOClpaHCTBe, ,no6IIBMCb MaKCIIManbHOro KOn11qeCTBa TIOTia,nanIIii B cqeTqIIK 

lpeKOB TIPII HanIIqllII B HeM CIIrHana. ToqnoCTb OTipe,neneHIIH MeCTOTIOJIO)KeHIIH 

cqeTqIIKa B TipOClpaHCTBe cocTaBnHeT 1 MM, qTo IIpIIBO,nHT K 3KBIIBaneHTHOH 

BpeMeHHOH TIOrpeIIIHOCTII 10 TIC. TaK KaK aMTIJIIIry,nHhie pacTipe,neneHIIH CHrHanOB 

co cqeTqIIKOB TOF B KaHanax QDC IIMeIOT 3aMeTHhIH pa36poc, TO Tiepexo,n K Qnorm 

aMTIJIIIry,ne, HOpMIIpoBaHHOH Ha 311aqe11IIe CIIrnana B MaKCIIMyMe pacTipe,neneHIIH, 

TI03BOJIHeT YHIIQ)IIIIHpOBaTb KpIITepIIii OT6opa lpeKOB .nmi: ynyqIIIeHIIH Kaqecrna 

BpeMeHHOH IIHQ)OpMaIIIIH, HCTIOJib3YH ycnOBIIH 0.8 < Qnorm < 1.6. 
B ,naHHOH maBe TIO,npo6110 OTIIICbIBaeTCH TIOCne,noBaTeJibHOCTb rrporre,nyp 

KoppeKIIIIII BpeMeHHOH HHq>OpMaIIIIII, TIITI II CTeTieHh BJIIIHHIIH Ka)K_noro cpaKTopa 

Ha BpeMeHHOe pa3peIIIe1111e. ,[{nH BpeMeHHOH KanII6pOBKII IICTI0Jlh3YIOTCH 

lpeKil TIIIOHOB, KOTOpbie 11a_ne)KHO II,neHTIIQ)HIIIIPYIOTCH TIO pacTipe,neneHIIIO 

IIOHII3aIIHOHHhIX TIOTeph qacTIIII B ra3e TPC. BenIIqII11a (T - T1r ), II3Mepe1111oro B 

TOF BpeMe!JiI T II BhiqIIcne1111oro BpeMeHII T1r, IICTIOJih3yeTc» TIPH oTipe,neneH11II 

KoppeKrr11ii. 'BpeMH TiponeTa T1r Bh1q11cn»eTCH TIO 3Haqe11IIIO H3MepeHHOro B TPC 

IIMTIYJibCa II ,nJIIIHbI lpeKa. KoppeKIIIIII TipOBO,nHTCH Ha OCHOBe 3aBIICIIMOCTII 

BeJIIIqIIHbI (T - T1r) OT KOOp,nHHaTbI TQqKII Tiorra,naHIIH lpeKa B CIIIIHTIIJIJIHTOp 

II aMTIJIIIry,nhI CIIrHana B ,naHHOM cqeTqIIKe, a TaK)Ke OT aMTIJIIITY,nhI CIIrHana B 

CTapTOBOM cqerqIIKe. 

B KaqeCTBe IIJIJIIOClpaIIIIII 11a p11c. 2 Tipe,ncrnBJieHhI 3aB11cIIMOCTh (T - T1r) OT 

KOOp,n11HaTbI TQqKII TIOTia,naHIIH lpeKa II OT aMTIJIIIry,nhI CIIrnana B cqeTqIIKe .no II 

TIOCJie, TIPIIMeHHeMbIX KOppeKIIIIH. 

,[{anee B maBe II3JIO)KeHa MeTO,nHKa 11,neHTIIQ)IIKaIIIIII 3ap,1)KeHHbIX qacTIIII II 
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Pnc 4. ,U:BJMepHble pacnpe.rteneHilll no 61,1crp0Te y n nonepe'IH0MY HMrryn1,cy Pt (nonepe'IHOii. Mace 
m1 - mo) .llJUI 1r, K Hp, ll.!{eHTmpn~npoBaHHblX B TOF .rteTeJITOpe. 

H3Mem1eTcH OT 90% J:IJIH Pt < 0.3 faB/c .z:10 I 0% rtpn 6om,IIIttx 3HaqeHttHX 

nonepeqHoro HMIIYJibCa. 3qiqieKTHBHOCTb peK0HCTpYKU:HH 1J)eKOB B aKcenTaHCe 

TOF .[leTeKTopa 6nmKa K 100%. Pe3yn1,rnn,1 pacqeToB noKruann, IJTO KOnnqeCTBO 

npOTOHOB OT pacna.[I0B COCTaBmieT ~ 20% OT II0JIHOro qncna qacTHU: B CIIeK1J)ax 

npOTOH0B, a BKna.[I aHTHIIpOTOH0B B C00TBeTCTBYIOlll.HX CIIeK'IJ)ax aHTHIIpOTOH0B 

paBeH ~ 35%. ITpttMeCb OT BT0pttqHI,IX IIHOHOB cylIJ,eCTBeHHO MeHbIIIe n 

COCTaBnHeT ~ 4%. BKna.[I BT0pttqHI,IX KaOH0B npeHe6pe:lKHMO Man (<1%). 
HeKOTOpbie B0IIp0Cbl MeT0.[IHKII o6pa60TKII II aHantt3a ,[laHHbIX, BKpaTn;e 

H3JI0:lKeHbl B pa60Tax [5, 7] 
B TpeTLeii rJiaee npe.z:1crnsneHbl qimnqecKne pe3yn1,TaTbl, nonyqeHHble Ha 

0CHOBe o6pa60TKH H aHan113a HHKnI03HBHbIX CIIeK1J)0B a.z:1poHOB BO B3aHMO.[lettCT

BHHX p+p, p+Pb n n;eH1J)anbHbIX CTOJIKH0BeHm1x Pb+Pb, a ttMeHHo, onpe.z:1eneHne 

napaMelJ)OB CIIeK1J)OB H o6CY:lK.[leHtte 0CH0BHblX 3aKOH0MepHOCTeii HX IIOBe,[leHHH. 

Ha pnc. 5 npe.z:1cTaBneH1,1 pacnpe.z:1eneHHH no nonepeqHoii Macce mt - m 
(mt = Jp~ + m 2, m-Macca qaCTHU:bI) MH H,[leHTHqJHU:HPOBaHHblX BO Bpe

MHnponeTHOM .z:1eTeKTOpe TOF qaCTnn; 1r+, 1r-, K+, K-, a TaK:lKe p n p, BO 

B3aHMO,[lettCTBHHX npOTOHOB p+p npn 3HeprHH nyqKa 158 r3B Ha CTaTHCTHKe 0KOJIO 

3 MJIH. 3aperHC1J)Hp0BaHHbIX co6bITHH. lfaBeCTHO, qT0 nptt 3TOH 3Hepnm nyqKa, 

COOTBeTCTBYIOIIJ,ett nOJIHOH 3Heprntt B CHCTeMe n;eH'IJ)a Mace .,/sNN = 17.3 r3B, 

po)[(J:laeTCH B cpe.z:1HeM 0K0JI0 8 a.z:1poH0B. 

YKa3aHHbJe cneK1J)bl, TaK:lKe KaK H BCe nonepeqH1,1e cneK1J)bl B .[laHHOH 

pa6ore, CTp0HJIHCb B HHTepBane l(eH1J)anbHblX 6bICTpOT, o6naCTH Han6onee 
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Pnc 5. Pacnpe.rteJieHHH 110 nonepe'I_HOii. Macce 'laCTH~ 7r+, 'Jr-, K+, K-, pH p B p+p CT0JIKH0BeHHHX 
npn ::meprnn 158 f38. CnJIOUIHI,JMll JIHHHHMH II0Ka:JaH0 qmTnpoBaHne 3KcnepnMeHTaJII,HI,JX TO'leK 
no cpopMyne 1. 

HHTepeCHOH .[IJIH HCCJie,[I0BaHHH .[IHHaMHKH B3aHMO.[lettcTBHH npn BblCOKHX 

3HeprttHX. O6o3HaqeHHble Ha cneKTpax OIIIH6KH CTanICTnqecKtte. 3KcnepttMeH

TanbHbie .z:1aHHble (pnc. 5) qJHTHpOBanHCb qiyHKQtteii TepManbH0ro pacnpe.z:1eneHHH 

EonbQMaHa: 

_.!:__ d
2
N = Cexp (-m1 - m) 

mt dm1dy T ' 
(1) 

r.z:1e napaMe'IJ) T (o6paTHbitt napaMe'IJ) HaKJI0Ha cneK1J)a) coorneTcrnyeT 

TeMneparype HCTOqHHKa B TepMO.[IHHaMttqecKHX MO,[leJIHX o6pa30BaHmI qacTHQ, 

a napaMelJ) C HBJIHeTCII K03qJqJHQHeHTOM HOpMttpOBKH. <l>yHKQHH qJHTHpoBaHHII 

YKa3aHbl Ha pncyHKaX JIHHHIIMH. llHTerpnpy11 aHanttTnqecKH OT O .[10 00 qiyHKQHIO, 

onHCbIBaIOIIJ,YIO cneKTp no nonepeqHott Macce, MO:lKH0 nonyqnTb IIJI0THOCTb 

(MHO:lKecrneHHOCTb), HJIH BblX0.[I qaCTHQ Ha e,[IHHHQY 6blC1J)OTbl dn/dy. 
3HaqeHtt11 napaMelJ)0B dn/ dy, T n OIIItt6oK 3THX napaMelJ)OB TaK:lKe MO:lKHO 

rrony'qttTb qJHTttpy11 CIIeK1J)bl BH.[IOH3MeHeHHOH qiyHKQHeii: 

1 d2 N dn/dy ( mt - m) 
m 1 dmtdy = T(T + m) exp T 

(2) 

BennqttHbl dn/ dy H T 11sn11IOTC11 npn 3TOM CB060J:1HbIMH rrapaMe'IJ)aMtt, 

a HX OIIIH6Ktt onpe.z:1en11IOTC1! Herrocpe.z:1crneHH0 nporpaMMOH MHHHMH3aQHH 

qiyHKQttoHana. 

113 pnc. 5 BH.[IHO, qTo CIIeK1J)bl 3ap11:lKeHHblX nHOH0B .[IJIII BbI6paHHOro 

HHTepBana 6blC1J)OT aHantt3npyIOTC11 OT 3HaqeHH11 mt - m paBHOro 0.3 r3B/c2' qT0 

onpe.z:1en11eTC1! reOMelJ)HqecKHM aKcerrTaHCOM .[IJIII perHC1J)aQHH qacTHQbl B ,[laHHOM 

HHTepBane 6bIC1J)OT, a TaK:lKe TeM 06cT011TeJibCTBOM, qTo rrptt ManbIX norrepe11HbIX 
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Ta6m11-1a 1. 3Ha'IeHl!JI napaMerpOB HaKJJoHa cneKTpoB qacr111-1 no nonepe'!Hoii Macce T, nJIOTHOCTH 
qacTH!-1 Ha e,1111H111-1y 6bICTpOTbI dn / dy, cpe,11H11e 3Ha'IeHHJI nonepe'!Horo HMnyJibca < Pt > 11 
nonepe'IHOii MaCCbI < m 1 > -m B p+p B3a11Mo,11eiicTBlfJIX np11 :rnepnm 158 f3B. 

qacrn:ua YI -y2 T,M3B dn/dy <pt>, M3B <mt>-m, M3B 

7r+ 2.6 - 3.5 176 ± 2 0.780 ± 0.030 440 ± 5 274 ± 3 
7f 2.6 - 3.5 174 ± 2 0.680 ± 0.040 418 ± 5 268 ± 3 
K+ 2.7 - 3.2 177 ± 2 0.082 ± 0.001 601 ± 4 229 ± 1 
K- 2.7 - 3.2 163 ± 2 0.058 ± 0.001 564 ± 3 208 ± 1 
p 2.4 - 2.9 172 ± 2 0.094 ± 0.002 688 ± 8 196 ± 2 
p 2.4 - 2.9 152 ± 4 0.021 ± 0.001 655 ± 17 180 ± 5 

Maccax B CITeKTpax 3apmKeHHbIX ITHOHOB npttcyTCTByeT 3HaqnTeJibHa51 npHMeCb 

OT pacITa.n:oB pe3oHaHCOB, H B CITel<TpaX Ha6mo.n:aeTCH 3aMeTHOe OTKnOHeHHe OT 

3KcnoHeHuttaJibHOropacITpe.n:eJieHHH. 

B rn6JIHUe 1 .11:JIH Ka)l(.n:oii H3 qacrnu YKa3aHbI HHTepBanbI 6b1crpoT YI - Y2 ITPH 

ITOCTpOeHHH CITeKTpOB H npHBe.n:eHbl 3HaqeHHH ITapaMeTpOB HaKnOHa T, Bb!XO)l:a 

qacTHU dn / dy, cpe.n:HHX 3HaqeHHii ITOITepeqHbIX HMITYJibCOB <pt> H ITOITepeqHbIX 

Mace <mt>-m. 
B rn6JIHUe 1 ITpnBe.n:eHbI TaK)l(e_ 3Haqemrn cpe.n:Hnx nonepeqHbIX HMITYJibCOB 

qacTHU <pt>, BHaqane CTPOHJIHCb Pt-CITeKTpbl, KOTOpbie 3aTeM qmTHpoBanHCb 

Bbipa)l(eHIIeM: 

d
2
N (mt -m) 

dptdy = C · Pt exp T , 

3HaqeHHH <pt> OITpe.n:eJIHJIHCb HHTerpnpoBaHHeM <pyHKUHH <pHTHpOBaHHH: 

dNdp I Ptdp, t 
< Pt >= -Je ,dtNNd ,JP,nt, 

dp, ' 

(3) 

(4) 

a TaK)l(e npOCTbIM cyMMHpOBaHHeM ITO H3MepeHHbIM 3KCnepHMeHTanbHbIM ToqKaM 

C HCITOJib30BaHHeM 3KCTPOITOJIHUHH B HeH3MepeHHYJO o6JiaCTb pacITpe.n:eJieHHH. 

IIocJie.n:mrn cocrnBJIHeT He3HaqttTeJihHYJO qacTb OT Bcero pacITpe.n:eJieHHH (He 60Jiee 

10%). 
HccJie.n:oBaHHe npOTOH-H.n:epHbIX CTOJIKHOBeHHM p+A IT03BOJIHeT H3yqHTb 

BJIHHHHe H.n:epHoii cpe.n:hI Ha xapaKTepHCTHKH H3MepHeMbIX qacTHU, B aHanH3e 

HCITOJib30BanHCb .n:aHHbie, OTHOCHJUHeCH K TaK Ha3bIBaeMbIM "minimum bias" 

co6hITHHM p+Pb B3aHMo.n:eiicTBHii ITPH 3Heprntt nyqKa ITpOTOHOB 158 f3B, 3m 
H3MepeHHH, B KOTOpblX He npOH3B0)]:HJICH OT6op no ueHrpanbHOCTH CTOJIKHOBeHHH. 

B TaKHX B3aHMO.n:eiicTBHHX KOJIHqecTBO CTOJIKHOBeHHH HaneTaJOiuero ITpOTOHa 

C HYKnOHaMH MHIIIeHH (IIJIH qHCJIO TaKHX HYKnOHOB MHIIIeHH) OITpe.n:eJIHeTCH, 

cornaCH0 fJiay6epOBCKOMY npe.n:cTaBJieHHJO, BeJIHqHHOH npHUeJibH0ro ITapaMeTpa 
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P11c 6. PacnpeneJieHHJI no nonepeqnoii Macce qacr11u 1r+, 1r-, K+, K-, p II p B p+Pb CTOJIKHOBeHlfJIX 
np11 3Heprm1 158 [38. CnJIOIIIHb!Mlf JIIIHHJIM!f nOKa3aHo qmTHpOBaHHe 3KCnepHMeHTaJibHbIX TO'IeK 
no qiopMyJie 1. 

B CT0JIKH0BeHHH. OueHKa cpe.n:Hero qncJia CTOJIKHOBeHHH B YKa3aHHblX co6b!THHX 

C0CTaBJIHeT BeJIHqHHY v ~ 3. 7. 
Ha pnc. 6 ITpe.n:cTaBJieHhI pacITpe.n:eJieHHH ITO ITOITepeqHoii Macce, T0qHee no 

BeJIHqHHe mt - m (m - Macca qacTHUbI), )]:JI}! Bcex n.n:eHTH<pHUHpOBaHHbIX BO 

BpeMHnpoJieTHOM .n:eTeKTope TOF qacTHU 1r+, n-, K+, K-, pH p, po)l(.n:eHHhIX B 

CTOJIKHOBeHHHX p+Pb ITPH 3Heprnn nyqKa 158 f3B. CooTBeTCTBYJOJUHe 3HaqeHHH 

ITapaMerpOB HaKnoHa cnel<TpOB qaCTHU ITO ITOITepeqHoii Macce T, nJIOTHOCTH 

qacTHU Ha e.n:HHHUY 6hICTpOTbI dn/dy, cpe.n:Htte 3HaqeHHH nonepeqHoro HMnyJihca 

< Pt > H ITOnepeqHoii MaCCbl < mt > -m B CTOJIKH0BeHHHX p+Pb ITPH 3HeprnH 

nyqKa 158 f3B cBe.n:eHhI B rn6JIHUe 2. 
.ll:JIH nocJie.n:yJOiuero aHantt3a 3BOJIJOUHH cpopMbI H napaMeTpoB ITOITepeqHhIX 

CITel<Tp0B qacTHU OT OTHOCHTeJibH0 3JieMeHTapHbIX HYKnOHHbIX B3aHMo.n:eiiCTBIIH K 

Ta6Jiil1-1a 2. 3Ha'IeHlfJI napaMerpoB naKJJoHa cneKTpOB qacTHU no nonepe'IHOii Macce T, IlJIOTHOCTH 
qaCTH!-1 Ha e)llfHlfl-lY 6hICTpOTbl dn/dy, cpe)lHHe 3Ha'IeHIIJI nonepeqnoro HMnyJibCa < Pt > H 
nonepe'IHOii, MaCCbl < ffit > -m B p+Pb CTOJIKHOBeHHJIX npH 3Hepnm 158 f3B. 

qaCTHUa YI -y2 T,M3B dn/dy <pt>, M3B <mt>-m, M3B 

n+ 2.6 - 3.5 205 ± 3 1.070 ± 0.051 413 ± 6 325 ± 5 
7f 2.6 - 3.5 191 ± 3 0.915 ± 0.048 382 ± 6 300 ± 4 
K+ 2.7 - 3.2 - 205 ± 3 0.151 ± 0.004 534 ± 8 298 ± 5 
K- 2.7 - 3.2 193 ± 3 0.093 ± 0.003 506 ± 9 274 ± 5 
p 2.4 - 2.9 203 ± 2 0.264 ± 0.005 638 ± 8 256 ± 3 
p 2.4 - 2.9 165 ± 5 0.038 ± 0.002 560 ± 18 209 ± 6 
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Pttc 7. Pacnpe,neJieHHll ITO ITOITepeqHott Macce qacTHU 1r+, 1r-, K+, K-, p H fi B Pb+Pb 

CTOJIKHOBeHHllX ITPH :meprnH 158A f3B. CIIJIOillHhIMH JIHHHllMH ITOKa3aHo qmTHpOBaHHe 

3KCITepHMeHTaJihHhlX TOqeK ITO qiopMyJie 1. 

CJIO)KHhIM H,!1.pO-H,!1.epHhIM CTOJIKHOBeHJIHM B )].aHHOll rnaBe npJIBO)].JITCH pe3yJihTaThr, 
nonyqeHHhre B ueHrpaJihHhIX CTOJIKHOBCHJIHX Pb+Pb npJ1 3HepmJ1 158A I'3B [ 1, 
5, 7], aHaJIOrJlqHo TeM, KOTOphre 6hillJI npe,!1.CTaBJieHhI Bhillle )].JIH peaKQJlll p+p 
JI p+Pb. CTeneHh ueHrpaJihHOCTJI B ,npouecce J1JMepeHJ1H Ja)].aBanach oT6opoM 
5%-ott )].OJIJI HaJ16onee ueHrpaJibHhIX co6hITJlll OT nOJIHOro ceqeHJIH Heynpymx 
B3aJ1MO)].ettcTBJ1tt Pb+Pb npJ1 3HeprnJ1 158A I'3B (O'inel ~ 7.2 6apH). IlonyqeHHhre 
pe3yJihTaThI, pacnpe)].eJieHJIH no nonepeqHott Macce qacTJ1U JI JIX napaMerphr, 
nOKaJaHhr; COOTBCTCTBeHHO, Ha PJIC. 7 J1 B Ta6JIJ1Qe 3. 

IlJIOTHOCTh qacTJIU JIJIJI BhIXO)]. qacTJIU dn/dy MO,KHO TaK)Ke onpe,!1.eJIHTh )].BYMH 

cnoco6aMJI, KaK YKaJaHO Bhlllle, a JIMeHHO, JIHTerpJ1pOBaHJ1CM q>J1TJ1py10me0 
cpyHKQJlell JI cyMMJlpOBaHHCM 3KCnepJ1MeHTaJihHhIX ToqeK. IlonyqeHHhie 
pe3yJihTaThl COBna)].aIOT C TOqHOCThIO 1.5%. 

Ta6JIHUa 3. 3Ha'!eHHll ITapaMeTpOB HaKJIOHa CITeKTPOB qaCTHU ITO ITOITepeqHott Macce T, ITJIOTHOCTH 

'laCTHU Ha e,nHHHUY 6hICTp0Thl dn/dy, cpe,nHHe 3HaqeHHll ITOITepe'IHOI'O HMITYJihCa < Pt > H 

ITOITepc'IHOtt Macchi < m 1 > -m B Pb+Pb CTOJIKHOBeHHllX ITPH 3HeprnH 158A f3B. 

qaCTJIQa Y1 -y2 T,M3B dn/dy <pt>; M3B <mt>-m, M3B 

7r+ 2.7 - 3.2 206 ± 1 130 ± 2 440 ± 2 329 ± 2 

1f 2.7 - 3.2 193 ± 1 139 ± 2 407 ± 3 305 ±2 
K+ 2.7 - 3.2 233 ± 3 28 ± 1 610 ± 8 307 ± 4 
K- 2.7 - 3.2 229 ± 2 16 ± 3 580 ± 5 301 ± 3 

p 2.4 - 2.9 308 ± 9 30 ± 1 884 ± 15 413 ± 13 

p 2.4 - 2.9 291 ± 15 1.7 ± 0.2 873 ± 27 384 ± 19 
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IlpHBC)].CHHllil OUCHKa TOqHOCTH MO,KCT paccMarpuBaThCH B KaqeCTBe 0)].HOll 
H3 COCTaBJIHIOIUHX 06me0 CHCTeMaTuqecKOll OIIIH6KH B H3MepeHHHX. IlOJIHaH 
CHCTeMaTuqeCKllil onrn6Ka OUCHHBaeTCH Ha ypoBHe ( 6-8)%. IlOMJIMO YKaJaHHOll 
Bhillle, OHa BKJIIOqae-r B ce6a: TaK,Ke: 

• OlllJl6KJI B onpe,!1.eJieHJIJI K03cpqrnuJ1eHTOB KOppeKQJIJI Ha KpJ1TepJ1J1 Kaqecrna 
rpeKa (2%) 

• OlllJ16KJ1 B onpe,!1.eJieHJ1J1 napaMerpoB dE / dx JI m 2 pacnpe,!1.eJieHJltt JI 
K03q>q>JIUJICHTOB KOppeKQJIH npJI J1)].eHTJiq>J1KaQJ1JI qaCTJIU (1.5%) 

• Ollltt6Ka npJ1 onpe,!1.eJieHJIH reoMerpJ1qecKoro aKcenrnHca (1-3%) 

• Oll1J16Ka B onpe,!1.eJieHJ1J1 BKJia)].a qacrnu OT pacna)].OB (1-2.5%) 

• OlllH6KJI B onpe,!1.eJieHmI napaMeTpOB cneKTpOB qacTJIU npJI qrnTJlpOBaHJIH J1 
a6COJIIOTH0ll HOpMJ1pOBKJI (2%). 
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Pttc 8. 3aBHCHMOCTh ITapaMeTpa HaKJIOHa TOT MaCChI ITOKOll '!aCTHU (cJieBa) B peaKUHllX p+p, p+Pb 

H ueHTpaJihHhIX CTOJIKHOBeHHllX ll,nep Pb+Pb, a TaKJKe (cITpaBa) B peaKUHH p+p H ueHTpaJihHhIX 

CTOJIKHOBeHHllX H,nep C+C, Si+Si H Pb+Pb ITPH 3HeprnH 158A f3B. 

IlonyqeHHbie pe3yJihTaThl B cpopMe 3aBJICHMOCTJI napaMerpOB HaKJioHa T 
oT Macchr qacTJIU 1r+, K+ JI p B peaKUJIHX p+p, p+Pb JI B ueHrpaJihHhIX 
CTOJIKHOBeHJIHX Pb+Pb npJ1 3HeprnJ1 158 I'3B Ha HYKJIOH [2, 4] npe,!1.CTaBJieHhI 
Ha pJ1c. 8., , B p+p JI p+Pb B3aJ1MO)].ettcTBJ1HX 3HaqeHJIH napaMerpOB HaKJioHa 
OCTaIOTCH npaKTlflJeCKJI noCTOHHHhlMJI, B TO BpeMH KaK B ueHrpaJihHhIX CTOJIKHO
BeHJIHX Pb+Pb yBeJIJ1qeHJ1e 3Toro napaMerpa c pocToM Macchr qacTJIU oqeBJl)].HO. 
Cne)].ye-r OTMeTJITh TaK~e, qTo caMa BeJIJ1qJ1Ha HaKJioHa )].JIH p+Pb HecKOJihKO 
Bhlllle, qeM B p+p B3aJIMO)].ell.CTBJIHX. 3To, B03MO)KHO, CBH3aHO C TaK Ha3hIBaeMhIM 
3cpq>eKTOM KpoHJIHa, KOTOpblll 3aKJIIOqaeTCH B nOBhllllCHHOM BhIXO)].e qacTJIU C 
60JihlllJIMJI nonepeqHhIMJI JIMnyJihCal\m B p+A CTOJIKHOBeHHHX no cpaBHCHJIIO C 
p+p B3aJIMO)].ell.CTBJIHMJI. 
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B 3KCIICp11MCHTe NA49 6hIJIII npoBe,neHhl TaK)KC 113MepeHmI II BhIIlOJIHCH aHaJill3 

,naHHhIX no B3a11Mo,neiicrnm1M nern11x .H,nep C+C II Si+Si, B nyqKax, nonyqeHHhIX 

B Kaqecrne qiparMeHTOB nepBll'IHhIX .H,nep Pb, Bhrne,neHHhIX 113 ycKop11TeJI.H SPS. 

C11cTeMaT11Ka napaMeTpOB HaKJIOHa C BKJIIQqeHIICM ,naHHhIX B IICHTPaJihHhIX 

CTOJIKHOBCHII.HX C+C II Si+Si npe,ncTaBJieHa Ha p11c. 8 [2, 4]. B11,nHo, qrn pocT 

napaMCTPa HaKJIOHa C yBeJI11qeHIICM MaCChl qacTIIII, OTCYTCTBYIOIIIIIH B peaKIIIIII 

p+p, CTaHOBHTC.ll 3aMeTHhlM ~e B C+C CTOJIKHOBCHll.l!X II 3TO MO)KCT 6hITh 

YKa3aHIICM Ha TO, qTo q>OpMnpoBaHne KOJIJICKTIIBHhIX 3q>q>eKTOB Haq11HaeTC.ll 

~e B IICHTPaJihHhIX CTOJIKHOBCHll.l!X JICrKIIX .H,nep II npo,nOJI)KaeT cy111ecTBCHHO 

B03paCTaTh C yBeJI11qeHIICM pa3MepOB CTaJIKIIBaJOIIIIIXC.ll CIICTCM. 3To Harn.H,nHO 

IIOKa3aHO Ha p11c. 9, B KOTOpOM npe,nCTaBJICHa KOMIIIIJl.llllll.ll ,naHHhIX NA49 IIO 

CHCTCMaTIIKC napaMCTPOB HaKJIOHa IIOIIepeqHhJX CIICKTPOB B IIIllpOKOH o6JiaCTII 

IICCJie,nyeMhIX qacTIIII, Haq11Ha.ll OT IIHOHOB ,no ,neil:TpOHOB, BKJIIOqa.H CTPaHHhie 

qacTHIIhI, o6pa3oBaHHhie B IICHTPaJihHhIX CTOJIKHOBCHII.HX Pb+Pb np11 3Hepr1111 

nyqKa 158 faB Ha HYKJIOH [5]. 
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Pttc 9. 3aBlfClfMOCTb rrapaMeTpa HaKJioHa T OT MaCCb! qaCTlfl( (.) If aHTlfqaCTlfl( ( 0) B l(ellTpaJibHb!X 

cronKHOBeHttllx ll,!lep Pb+Pb nptt :mepmtt 158A r3B. 

Pe3yJihTaThI IIOKaJaJIII, qTo napaMCTP HaKJioHa pacnpe,neneH11ii no nonepeqHoii 

Macce IIOCTO.l!HHO pacTeT C pOCTOM MaCChl paccMaTPIIBaCMhIX qaCTIIII II yBe

JI11qeHIICM q11cJia B3a11MO,neiicrny1011111x HYKJIOHOB B CTaJIKIIBaIOIIIIIXC.ll .H,npax. 

TaKoe IIOBe,neHne 061,.HCH.l!JIOCh peJI.HTIIBHCTCKOH cynepII03111111Cll JIOKaJihHOro 

TepMaJihHOro pacnpe,neJICHll.ll pO)K,nCHHhIX qacTIIII C IIOJICM CKOpOCTCH, C03,naHHhIM 

pa,nllaJihHhIM KOJIJICKTIIBHhIM IIOTOKOM IIpll B3aHMO,neHCTBHII T.ll)KCJihIX IIOHOB. 

OTKJIOHCHIIC OT TaKoro IIOBe,neHll.ll, JIIIHCHHOro pOCTa napaMeTPa HaKJIOHa c 

yBeJI11qeHIICM MaCChl, KOTOpoe Ha6JIIO,naeTC.ll ,nJI.ll CTPaHHhlX 6ap110HOB, 11 B 6oJihIIIOH 

CTCIICHII ,nJI.ll MYJihTIICTPaHHhIX qaCTIIII 3 11 n, o6c~,naeTC.ll B JIIITepaiype 11 

ofo,.HCH.l!CTC.ll cy111ecTBCHHO MCHhIIIIIM ceqeHHCM IIX B3aHMO,neHCTBH.ll C HYKJIOHaMII 
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BHYTPH .H,npa. 

Ba)KHO OTMCTIITh, qTO CIICKTPhI IIO IIOIIepeqHOMY IIMIIYJihCY qaCTIIII QTPa)KaIOT 

COCTO.l!Hlle CIICTCMhl, o6pa30BaHHOH B pe3yJihTaTe B3allMO,neil:CTBH.ll .H,nep Ha 

II03,nHeH CTa,n1111 pa3BIITll.ll, CTa,n1111 KIIHeT11qecKoro freeze-out'a , KOr,na CIICTCMa 

e111e CB.H3aHa TCPMaJihHO II IIO,nBep)KeHa JIIIIIIh ynpyroMy B3allMo,neHCTBIIIO Me)K,ny 

KOHCTHTYCHTaMII. 

l13MCp.HCMhlll napaMCTP HaKJIOHa, 3aKJIIOqaeT B ce6e ,nBe COCTaBJI.l!IOIIIIIC: 

aKryaJihHYIO TCMIIeparypy Ha CTa,n1111 freeze-out'a Tio II KOMIIOHCHTY IIOIIepeqHoro 

IIOTOKa. B TaKOM npe,nCTaBJICHIIII napaMCTP HaKJIOHa T MO)KeT 6hITh Bh!pa)KCH KaK: 

T = T10 + m < /3r >2
, (5) 

r,ne < /3r > - cpe,nH.ll.ll CKOpOCTh IIOIIepe,rnoro IIOTOKa, m - Macca qacTllllhl. 

O,nHaKo, IICIIOJlh30BaH11e Ta~oro npe,ncTaBJICHll.ll, B qacTHOCTII, npe,nIIOJIO)KCHHe 

0 q>IIKCllpOBaHHOH CKOpOCTII IIOTOKa .l!BJI.l!CTC.ll CIIJihHhlM ynpOIIICHIICM. B 

HaCTO.l!IIICC BpCM.ll IIPII pacqernx IIO r11,npo,n11HaM11qecKOH MO,neJIII, MHOr11e 

IICCJie,noBaHll.ll ocy111eCTBJI.l!IOTC.ll C IICIIOJih30BaHIICM TaK Ha3hIBaeMOH "blast 

wave" napaMCTPH3a111111 (y,napHa.ll BOJIHa, B3phIBHa.ll BOJIHa). 

8 paMKax r11,npo,n1rnaMnqecKOH KapTIIHhI, m1-CIICKTPhI qacTHII qyBCTBIITCJih

Hhl K nonepeqHhIM IIOTOKaM, a caMII xapaKTepllCTIIKII IIOT0K0B onpe,neJI.l!IOTC.ll B 

pe3yJihTaTe q>IITllpOBaHll.ll CIICKTPOB Bhipa)KCHlleM: 

dN K (mycoshp) (pysinhp) ---oomr 1 ---- Io --- , 
mydmydy T10 T10 

(6) 

r,ne p = atanh-1/3r - nonepeqHa.H 6hICTPOTa, a f3r = /3s(r/ Rmax)n 3aBIICIIT OT 

BhI6paHHOH qiopMhl (npoq>IIJI.ll) IIOTOKa II CKOpOCTH II0T0Ka /3s Ha IIOBepxH0CTII 

qiaup6ona, a Io II K1 - Mo,n111111qinpoBaHHhie q>yHKIIIIII EecceJI.H. 

Pacnpe,neJieH11.H no nonepeqHott Macce m 1, nonyqeHHhIC B :>Kcnep11MenTe NA49 

no B3a11Mo,neiicTBIIIO .H,nep Pb+Pb ,nJI.H 1r-, K-, K+, p, p, d, <p, A II X, a TaK)Ke ,nJI.H 3 
11 0 IIpll 3HeprH11 HaJICTaIOIIICro .H,npa 158A r3B [1,3], C0BMCCTHO q>IITHpOBaJIIICh IIO 

qiopi1yne (6). Pe3yJihTaThI ,nJI.H 1r-, K-, K+, p, p II d nonyqenhI c 11cnoJih30BaH11eM 

,naHHhIX no BpeMeH11 nponeTa B TOF, a ,nn.H A, X, 3 11 n no 113MepeHH.HM B TPC, 

n,neHTHq>Hlfttpy.H IIX IIO TOII0JIOrHII pacna,na II 3q>q>CKTIIBHOH MaCCC. 

TionyqeHHhie B pe3yJihTaTe aHaJill3a ycpe,nHeHHhIC 3uaqeHll.ll napaMCTPOB 

cocrnBHJIII T1
0 

= 120 - 130 M3B n f3r = 0.45 - 0.50 [l], qTQ naxo,n11TC.ll 

B pa3yMHOM cornac1111 C ,naHHhIMH, IIOJiyqeHHhIMII 113 COBMCCTHOro aHaJill3a 

KOppeJI.Hllllll T0)K,neCTBCHHhIX IIHOHOB II CIICKTPOB qaCTIIII, AHaJIOrHqHhie 

napaMCTPhI 6hIJIII IIOJI)'qenhI np11 3Hepr1111 ycK0PIITCJI.ll RHIC II COCTaBIIJIII 

T1
0 

= 110 M3B, necKOJihKO MCHhIIIee 3HaqeH11e, qeM Ha SPS, no 6oJihIIIee 

3HaqeHne ,nJI.ll CKOpOCTH IIOIIepeqHhIX II0TOK0B f3r = 0.55 - 0.60, qTQ MO)KeT 

060.HCH.l!ThC.ll 60JihIIIIIM ,naBJICHIICM B CIICTeMe. 

061,e,n;:ml&HH1:rn MHCTHTYT i 
. SIAepm,1x HccneA0Bamu1

1 I R UR nu n'f'Ii' u A 



B 'lerneproii mane npe~cTaaneHbI pe3ynbTaTbI aHamna ~aHHbIX no po)K~emno 

npOTOHOB H aHTHnpOTOHOB a umpOKOU o6naCTH ueHrpanbHOCTH a CTOJIKHOBeHIUJ:X 
H~ep Pb+Pb npH MaKCHManbHOii 3HeprnH HaneTaIOIIIHX H~ep ycKopHTenH SPS 
paaHoii 158A r3B [5, 7]. B o6pa6oTKe ~aHHbIX 6hmH Hcnonb30BaHbI 320 TblCHq 

co6bITHH c OT6opoM ueHrpanbHblX CTOJIKHOBeHHH H 735 TbICHq cofihITHH 6e3 
orpaHHqeHHH no ueHrpanbHOCTH (rnK Ha3bIBaeMbie "minimum bias" co6bITHH). 

.lJ:nH ueHTpanbHbIX CTOJIKHOBeHHH maBHblM rpHrrepHbIM ~eTeKTopoM 6bm Veto
KanOpHMerp, pacnOJIO)KeHHblll no~ HyneBbIM ymoM K ny'IKY, B KOTOpOM H3MepHeTCH 

3HeprnH Eveto HenpOB3aHMO~eiiCTBOBaBIIIHX q>parMeHTOB nyqKa H cneKrpanbHblX 

HYKnOHOB. 

IlpH Ha6ope "minimum bias" co6b1mii Pb+Pb 0cnonh30BancH 'IepeHKOBCKHii 

cqeTqHK ' B KOTOpOM ra3 3anonHHJI o6naCTb Henocpe~CTBeHHO 3a MHIIIeHbIO. 
CqerqHK Bbipa6aTbrnan CHrHan, C nOMOIIIbIO KOTOporo ocyIIIeCTBilHJICH 3anper 

Ha 3anycK ycTaHOBKH B 60JibIIIHHCTBe cnyqaeB OTCYTCTBHH B3aHMO~eiiCTBHH H~ep 
nyqKa C MHIIIeHbIO. 

B npouecce o6pa6oTKH copr1IpoaKa co6blTIIii no ueHrpanbHOCTH ocyIIIecrn

JIHnacb pa36HeHHeM HX Ha 6 HHTepaanoa no pacnpe~eneHIIIO 3Heprn1I Ev eta B 
V eto-KanopHMerpe. .lJ:nH Ka)K~oro HHTepaana onpe~eJIHJIOCb cpe~Hee 3HaqeHHe 

KOJIHqecTBa HYKnOHOB, yqacTBYIOIIIHX BO B3alIMO~ettCTBHH <Npart>, BblqlICJIHH 

3KCnepHMeHTanbHO nOJIHOe q0cno 6ap1IOHOB, YHOCHMbIX 3apH)KeHHblMH qaCTHUaMH 
BHe q>a30BOro npocrpaHCTBa, 3aHIIMaeMoro cneKTaTOpHbIMH qacTIIUaMH . .ll:nH 3TOro 

IICnOJib30BanHCb cneKrpbl 3apH)KeHHbIX qaCTHU, H3MepeHHbie B 3Kcnep1IMeHTe 

NA49 B IIIHpOKOM IIHTepaane TeneCHOro yma, 6JIH3KOro K 21T, ~onOJIHHH pacqeTbl 

JIHIIlb He60JibIIIOH 3KCrpanoJIHUIIeii ~aHHblX B o6naCTb 6b1Crp0Tbl qacTIIU B 

nyqKe. Mo~en0poaaH0e c Hcnonb30BaHueM reHeparopoa co6bITHii VENUS H 

RQMD no3BOJIHJIO ycTaHOBHTb cooTHOIIIeHHe Me)K~y <Npart> II ~Hana30HOM 

npHuenbHOro napaMeTpa CTOJIKHOBeHHH b B Ka)K~OM H3 6 HHTepaanoB co6bITHH no 

ueHrpanbHOCTII. 
Bo BTOpOM no~xo~e oueHHBanOCb KOJIIIqecTBO cneKTaTOpHblX qacTHU B 

co6bITHH, HCnOJib3YH Henocpe~CTBeHHO 3Hepr1IIO, BbI~eneHHYIO cneKTaTopHbl
MII q>parMeHTaMII nyqKa a V eto-KanOpHMerpe. 3TOT MeTO~ OCHOBbIBaeTCH Ha 

IICnOJib30BaHHH reHepaTopa co6blTHH H MO~enHpoaaHHII OTKnHKa KanOpHMerpa no 
nporpaMMe GEANT. OueHKH aenHqHHbI <Npart> c HCnOJib30BaHHeM mMepeHHbIX 

cneKrpOB qacTIIU H 3HeprnH B Veto xopOIIIO comacyIOTCH H B ~anbHeiiIIIeM 
npH aHanme 0cnonh3yeTCH IIX cpe~Hee 3HaqeH1Ie, a aenttquHa pa36poca Me)K~y 

HIIMH CJI~IIT B KaqeCTBe oueHKH CIICTeMaTHqecKOH Heonpe~eneHHOCTII BeJIHqHHbl 

<Npart>- OueHKa aenHqlIHbI npttuenbHOro napaMerpa b TaK)Ke ocHoBaHa Ha 
H3MepeHIIH 3HeprHII Eveto, KOTOpaH CBH3aHa C b COOTHOIIIeHHeM, nony'leHHbIM 
II3 MO~eJmpoBaHHH. B ~ononneHIIe, TaK Ha3bIBaeMoe qHCJIO pa,1eHblX HYIUIOH06 

<Nwound> 6bmO nonyqeHO no MO~eJIH rnay6epa ~JIH H~po-H~epHbIX CTOJIKHOBeHHH. 

3HaqeHIIe napaMerpOB ~JIH IIIeCTII IIHTepaanOB no ueHrpanbHOCTH CTOJIKHOBeHHH, 

IICnOJib3yeMblX B aHanme ~aHHbIX, nplIBe~eHbl B rn6n0ue 4. 
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Ta6m1ua 4. Pa3611eH11e co6hrr11ii Pb+Pb cromrnoseH11ii Ha mrrepsarrbI OT ueHTpaJibH0ro (N2l) .n;o 

nepmt>ep11iiHoro (N26) npH aHaJIH3e .n;aHHbIX. TTpllBO,Zl;l!TCll 0TH0llleHHll 3HeproBbIJJ,eJieHHll B Veto
KaJI0pHMeTpe K 3Hepm11 Il)"IKa Ev,to! Ebeam II C0OTBeTCTBYIOIUall BeJI11q1111a ceqeHllll(,D;OJlll OT Utot), 
cpe.n;Hee q11CJI0 ttyKJI0H0B, yqacrayIOJUHX B peaKUHH <Npart> II "paHeHbIX" HYKJI0H0B <Nwoond>, a 

TaIOKe npe,D;eJibHbl~ 3HaqeHllll np11ueJibH0I'O napaMeTpa b. 

N!! Eveto/ Ebeam .lJ:onH OT O"t0 t(%) <Npart> <Nwound> 11HTepBan b(fm) 

1 0-0.25 0-5 366 357 ± 22 2.3 ± 0.9 

2 0.25-0.40 5-12 309 288 ± 28 4.5 ± 0.8 

3 0.40-0.58 12-23 242 211 ± 30 6.4 ± 0.8 

4 0.58-0.71 23-33 178 146 ± 25 8.1 ± 0.8 

5 0.71-0.80 33-43 132 99 ± 22 9.5 ± 0.8 
6 0.80-1.00 43-100 85 42 ± 16 11.8 ± 1.0 

BKpaTue, OCHOBHbie 3JieMeHTbl o6pa60TKH ~aHHbIX ~JIH nonyqeHHH HHKnl03HB

HbIX cneKrpOB npOTOHOB II aHTIInpOTOHOB CBOMTCH K cne~yIOIIIeMy. 

B aHanme yqacrnyIOT TOJibKO rpeKH C O~HHOqffbIM nona~aHHeM B CUHHTHJIJIH

UHOHHbie nnaCTHKII TOF ~eTeKTopa, T.e. IICKnIOqaIOTCH ~BOHHbie nona~aHHH 

rpeKOB II cnyqaH KOHBepCIIH raMMa KBaHTOB B nnaCTHKe CUHHTIIJIJIHTOpa, 

conpoao~aIOIIIHe 3apH)KeHHYIO qaCTHUY- CoornercrnyIOIIIaH He3q>q>eKTIIBHOCTb 

onpe~eJIHeTCH H3 3KCnepHMeHTanbHbIX ~aHHbIX H yqHTbIBaeTCH npH pacqere 

BblXO~a qaCTHU. 

3aTeM rpeKII npOXOMT npoue~ypy H~eHTHq>IIKaUHH, IICnOJib3YH OT6op no 
aen1Iq0He dE/dx H m2 (rnK Ha3bIBaeMaH npoue~ypa "o6pe3aHHH" no dE/dx H 

m2), 'IT06bl OT06paTb aHTHnpOTOHbl II npOTOHbl II HCKnIOqHTb nlIOHbl H 6onbIIIYIO 

qaCTb KaOHOB. 3TII "o6pe3aHHH" BbI6HpaIOTCH C TeM, qT06bI OnTHMH3HpoBaTb 

~OJIIO BbI~eneHHblX qaCTm~ H MHHHMH3HpoBaTb npHCYTCTBHe q>OHa OT ~pyrHX 

3apH)KeHHbIX qaCTHU. BenHqHffbl KOppeKUHH, yqlITblBaIOIIIHX ~OJIIO HCKnIQqeHHblX 

H3 aHanma aHTnnpOTOHOB H npOTOHOB, II npHMeCb q>OHa oueHHBanaCb II3 

napaMerpmoaaHHOro npe~craBJieHHH 3KcnepHMeHTanbHbIX pacnpe~eneHHii dE / dx 
Hm2; 

Cpe~H H~eHTHq>HUHPOBaHHblX npOTOHOB npHCYTCTBYeT npnMeCb npOTOHOB OT 
cna6bIX pacna~OB crpaHHbIX 6apHOHOB (TaK Ha3bIBaeMbie feeddown npOTOHbI), 

KOTOpb1e npn peKOHCTPYKUHH OIIIH6oqHo aocCTaHaBJIHBaIOTcH KaK rpeKH, H~YIIIHe 
OT nepBHqHoro B3alIMO~eiiCTBHH H~ep, H ~OJl)KHbl 6bITb BblqTeHbl II3 npOTOHHbIX 

cneKrpoB. KoppeKUHH YKa3aHHoro q>oHa onpe~eJIHnacb Mo~enttpoaaHHeM no 
GEANT-y pacna~oa A II):: rnneponoa B ycnoBHHX 3KcnepHMeHTanbHoii yCTaHOBKII 

H nocne~yIOIIIeii peKOHCTPYKUHII pacna~HbIX npOTOHOB no BCeii uenoqKe nporpaMM 

peKOHCTPYKUIIH peanbHbIX co6bITHii. IlpH reHepau00 rnnepottoa 6panttcb 
HX pacnpe~eneHHH B q>a30BOM npocrpaHCTBe, nonyqeHHbie B 3KCnepHMeHTaX 
WA97/NA57 H NA49 Ha ycKopHTene SPS no po~eHHIO A qacTIIU, BKnIOqaH A 
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OT pacna.n:oa E0-nrnepoHoa. He6onhrnon: BKJia,n: q>oHa npOTOHOB OT pacna.n:oa E+ 
BhJqlICil.llJIC.11 MO,n:en1IpOBaH1IeM IIO nporpaMMe RQMD. 

IlonHhlll BKJia,n: pacna,n:HhIX npoTOHOB OKa3aJIC.II paBHhIM 20-25% II noqrlI 

He3aBIIC.lllll.lIM OT 11eHrpaJibHOCTII CTOilKHOBeHIIll, a CIIeKrp TaKIIX IIpOTOHOB IIO 

nonepeqHott: Macce mt xoporno OIIIICbIBaeTC.11 3KCIIOHeHIJIIaJihHOll q>yHKIJIIett: C 

napaMerpOM HaKJioHa T, Me,n:neHHO ll3MeH.1110meMc.11 OT 240 M3B .n:o 210 M3B, 

COOTBeTCTBeHHO, AA.II Ha1I6onee 11eHrpaJibHhIX II nep1Iq>ep1IqecK1IX B3alIMO,n:eiiCTBIIH 

Pb+Pb nplI 158A f3B. O11eHKa aplIMeCII aHT1rnpoTOHOB OT cna6h1x pacna.n:oa 

aHTIIrlIIIepOHOB 6hma BhIIIOnHeHa C IICIIOilh30BaHIIeM ,n:aHHhIX IIO pO)K,n:eHIIIO X, 
nonyqeHHhIX Ha TOM )Ke 3KCnep1IMeHTaJihHOM MaTep1Iane B 3KCIIep1IMeHTe NA49 II 

COCTaBIIna Ben1Iq1IHY OKOilO 35%. 

TaK KaK OIJeHKa 60JihIIIeii qacTII q>oHa ocymecTBJI.IIJiaCb Ha OCHOBe 3KCIIe

p1IMeHTaJihHhIX pe3yJihTaTOB, CIICTeMaT1IqeCKa.ll Heonpe.n:eneHHOCTh, BHOCIIMa.11 

KOppeKIJIIeii npOTOHHhlX CIIeKrpOB, yq1ITbIBa10meii BKJia,n: OT cna6hIX pacna,n:oB 

crpaHHhlX 6ap1IOHOB, OIJeHIIBaeTC.11 He6onhIIIOii aen1Iq1IHOii, paBHOii 5-10%, 

KOTOpa.11 cna6o 3aBIICIIT OT CTeneHII 11eHTpaJibHOCTII CTOilKHOBeHIIH. 

KoppeKIJII.11 ,n:aHHhIX, yq1ITbIBa10ma.11 reoMeTpliqeCKJIO 3q>q>eKTIIBHOCTh pe

rlicrpaIJIIII qacTIIIJ a ,n:eTeKTope (nonpaaKa Ha aKcenTaHc), ocymecTBJI.11JiaCh c 

IICIIOJih30BaHIIeM nporpaMMhI GEANT Mo,n:en1IpoaaH1I.11 qacTIIIJ a ycTaHOBKe. 

3q>qieKTIIBHOCTh peKOHCTPYKIJIIII rpeKOB OIJeHIIBaJiaCb c IIOMOIIl.hIO TaK 

Ha3hrnaeMoro MeTo,n:a "embedding tracks"- ano)KeHII.11 Mo,n:enlipoaaHHhIX rpeKoB B 

peanbHOe co6blTIIe, o6pa6oTKII TaKrr'x co6hITIIH II onpe.n:eneHII.11 ,n:onlI BOCCTaHOB

neHHhIX TpeKOB II3 qlICJia MO,n:en1IpoBaHHhIX. )J,n.11 rpeKOB, neT.lllll.lIX B npe.n:enax 

aKcearnHca TOF ,n:eTeKTopa, 3q>q>eKTIIBHOCTh peKOHCTPYKIJIIII OKa3anach 6nmKoii 

K 100%. 

Ilocne IIplIMeHeHII.11 acex KoppeKIJIIll 6hIDII nonyqeHbl CIIeKrpbl IIO nonepeqHoii 

Macce (mt = JPF + m 2, m-Macca qacTIIIJhI) .n:n.11 aHTIIIIpOTOHOB II npOTOHOB 

(p1IC. 10). 3KCIIep1IMeHTaJihHhie TO'-IKII pacnpe.n:eneHII.11 qJIITIIpOBaJIIICh Bbipa)Ke

HIIeM, npe,n:CTaBil.llIOIIl.lIM CYMMY .n:ayx 3KCIIOHeHIJIIaJihHhIX q>yHKIJUii: 

d2N 
mtdmtdy = C1 . e-(m,-m)/T + C2 . e-(m,-m)/T' 

' 
(7) 

O,n:Ha II3 KOTOpbIX co.n:ep)KIIT napaMerp HaKJIOHa T pacnpe.n:eneHH.11 AA.II yqacTKa 

mt - m > 0.2 f3B/c2, r.n:e CIIeKrp xoporno OIIIICbIBaeTC.11 O.U:IIHOqHOH 3KCIIOHeHTOii, 

a .n:pyra.11 q>yHKIJII.11 yq1ITh1BaeT .n:eq>IIIJIITHYIO '-!aCTh B CIIeKrpe IIPII MaJihIX mt, 
r.n:e Ha6n10.n:aeTC.II OTKJIOHeHIIe OT 3KCIIOHeHThI, BKJia.n: KOTOpoii COCTaBJI.lleT OKOJIO 

10% a 11eHrpaJibHOM CTOJIKHOBeHIIII II JMeHbIIIaeTC.11, npaKT1IqecKII, .n:o flYJI.11 a 

nep1Iq>ep1I'-lecK1IX crnnKHOBeHII.IIX Pb+Pb. 

KaK IIOKa3aJI aHaJIII3 pe3yJihTaTOB, q>OpMyna (7) xoporno BOCIIp01I3B0.U:IIT ,n:aHHhie, 

'-ITO oco6eHHO Ba)KHO .n:n.11 11eHrpaJibHhIX B3alIMo,n:eiicTBIIH, r.n:e OTKJIOHeHIIe B 

3KCIIep1IMeHTaJihHhIX pacnpe.n:eneHH.IIX OT o6hJqHoro TepMaJihHOro pacnpe.n:eneHH.11 
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Puc I 0. PacnpeJJ.enetttte no norrepeqnoil Macce aHTttnpOTOHOB If npomttoB B ttHTepBane 61,1crpoT 
2.4 < y < 2.8 (Yc.m.=2.9) Ml! wecru rpynn co61,rruil no neUTpaJihHOCTll B cronKHoBenllllx Pb+Pb 
nptt :mepnm 158A r3B. CnJIOWHl,IMll JlllHlll!Mll 060311aqett1,1 pe3yJibTaTI,I <iillTllpoBal!llll JJ,aHHI,IX 
no <tiopMyne ( 7) . .l{l!l! narnl!JJ.HOCTH KaJKJJ,1,1il 11ocneJJ,y10inuil cneKrp 3a11mKe11 B 2 pa3. 

EOJihIJMaHOBCKOro THIIa Bhipa)KeHo B 60JihIIIOii CTeneHII. 

IlonyqeHHhJe Ha ocnoae mt - cneKrpOB, Bhixo.n: qacTIIIJ dn/dy, napaMerph1 

HaKJIOHa T II cpe,n:HIIe 3HaqeHll.ll nonepe'-!HOH MaCChl <mt>-m, npe.n:crnBJieHbl 

a Ta6n1I11e 5. Bh1xo.n: qacTIIIJ dn/ dy, nonyqeH 1IHTerp1IpoaaH1IeM napa

Merpll3oBaHHoro npe,n:cTaBJieHII.11 q>yHKIJHll q>HTnpoaaHII.11 BO BCeM IIHTepaane 

nonepeqHoii MaCChl mt. IlplI onpe.n:eneHIIII BeillI'-IIIHhl <mt>-m, ycpe,n:HeHHOii 

IIO aceii KI1HeMaT1IqecKoii o6naCTII, ocymecTBJI.11nach He60JihIIIa.ll 3KcrpaIIOJI.IIIJll.ll 

CIIeKrpOB nplI 6onhIIIIIX mt, HaXO,n:Hlll.lIXC.11 3a npe,n:eJiaMII II3MepeHll.ll. )J,n.11 3TOro 

IICIIOJih30BaJiaCh q>opMyna (7). 3KcrpanOJI1IpyeMa.ll qaCTh CIIeKrpa COCTaBIIJia He 

6onee 10% OT IIOJIHOro q1Icna qacTIIIJ a CIIeKrpe. 

Cpe,n:II OCHOBHhIX IICTOqHIIKOB CIICTeMaTII'-leCKIIX oum6oK IIPII aHaJIII3e 

IIOJiy'-leHHhlX pe3yJihTaTOB paccMarp1IBaIOTc.11 Heonpe.n:eneHHOCTII B BeJIIIqlIHe 

KOppeKIJHH . Ha He3q>q>eKTIIBHOCTh pernCTpaIJIIII IIplI oroope O.U:IIHOqHhlX 3ap.11-

)KeHHhIX TpeKOB B CIJIIHTIIJIIl.llIJHOHHh!X cqeT'-IIIKax TOF ,n:eTeKTOpa, a TaK)Ke 

KOppeKIJIIH, CB.113aHHhIX C npo11e.n:ypoii 1I,n:eHTIIqJ1IKaIJ1IH qaCTHIJ ( o6pe3aHIIe IIO 

dE / dx II m 2) II BhI'-l1ITaH1IeM q>ona. )J,ononHIITenhHa.11 c1IcTeMaT1I'-!ecKa.11 orn1I6Ka 

IIpHBHOCHTC.11 KOppeK11neii, Y'-IIITbIBaIOmen: IIpOTOHhl (aHTHIIpOTOHbI) OT pacna,n:oB 

crpaHHhIX 6apHOHOB (aHT1I6ap1IOHOB). KpoMe TOro, IIplI Bhl'-IIICneHHII BhIXO,n:a 

'-!aCTIIIJ dn/dy IIp01I3B0.U:IITC.II 3KcrpanOJI.IIIJH.11 CIIeKrpOB 3a npe.n:enaMH o6naCTH 

u3Mepei'nrn, npe.n:nonara.11 onpe.n:eneHHYIO q>opMy oa1Icamrn mt- pacnpe.n:eneHH.11, 

'-ITO TaK)Ke MO)KeT BHeCTII BKJia,n: B CHCTeMaT1I'-!eCKJIO OIIIII6KY II3MepeHH.II. 
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Ta6nm-1a 5. 81,1xo)-I qacrnu dn/dy, rrapaMerp HaKJioHa T H cpe)-IHJIJI rrorrepeqmlll Macca <m1>-m 
)-llIJI aH'mIIpOTOH0B H IIp0TOH0B (2.4 < y < 2.8) rrpH pa:urnqHl,JX 1-1eHTj)aJibH0CTIIX B CTOJIKH0Bemrnx 
Pb+Pb rrptt 158A f38_ Owtt6KH rrpHBe)-leHb1 crarncrttqecKHe. 

qacnnia IJ;eHTJ)aJlbHOCTb dn/dy T <mt>-m 
(% OT O"tot) (M3B) (M3B) 

p 0-5 1.66 ± 0.17 291 ± 15 384 ± 19 
5-12 1.27 ± 0.11 299 ± 15 393 ± 16 
12-23 1.05 ± 0.08 274 ± 22 370 ± 45 
23-33 0.76 ± 0.06 269 ± 29 320 ± 35 
33-43 0.55 ± 0.05 255 ± 28 309 ± 32 

43-100 0.33 ± 0.04 236 ± 26 284 ± 28 
p 0-5 29.6 ± 0.9 308 ± 9 413 ± 13 

5-12 22.2 ± 0.6 308 ± 9 415 ± 14 
12-23 14.5 ± 0.4 276 ± 9 362 ± 12 
23-33 9.8 ± 0.3 273 ± 10 355 ± 12 
33-43 5.7 ± 0.2 245 ± 10 315 ± 13 

43-100 2.9 ± 0.1 216 ± 10 259 ± 12 

CyMMapmui: Heonpe,neneHHOCTb B npOTOHHbIX ,naHHbIX CKna,nbIBaeTCH H3 

nptt6JIH3HTeJibHO 0,Z(HHaKOBbIX IIO BennqnHe CHCTeMaTnqecKHX H CTaTHCTHqecKHX 

OlIIH60K H COCTaBnHeT OKOJIO 15 M3B ,Z(JIH HaKnOHa T, a MH BbIXO,na qaCTHQ 

dn/dy BapbttpyeTCH OT 5 ,no 10% B cnyqae, COOTBeTCTBeHHO, ,nmI QeH-rpaJibHbIX 

H nepmpepnqeCKHX CTOJIKHOBeHHH. ,n:nH BbIXO,na aHTHIIpOTOHOB OQeHKa 

CHCTeMaTnqecKOH OlIIH6KH COCTaBHJia OKOJIO l 0%, a ,Z(JIH napaMe-rpa naKnOHa 

OKOJIO 5% IIpH cna6oii 3aBHCHMOCTH 3THX BennqHH OT CTeIIeHH QeH-rpaJibHOCTH. 

113 paccMo-rpeHHH pacnpe,neneHHH no nonepeqHoii Macce m 1 BO B3aHMO

,neiicrnnii Pb+Pb npn 3Hepnm 158A faB (pnc. l 0) H pe3ynhTaTOB qJHTHpOBa

HHH (Ta6JIHQa 5), cne,nyeT, qro pacnpe,neneHHH CTaHOBHTCH 6onee ")KeCTKHMH" 

IIO Mepe npo,nBH)KeHHH OT nepttqiepnqecKHX CTOJIKHOBeHHH K QeH-rpaJibHbIM. 

3naqennH napaMe-rpa HaKnoHa T n cpe,nneii nonepeqHoii MaCCbI <m1> - m 
yBennqnBaIOTCH B QeHTJ)aJibHbIX CTOJIKHOBeHHHX, XOTH cne,nyeT OTMeTHTb, qro 

TaKoe IIOBe,nenne neCKOJibKO OTJinqaeTCH MH aHTHIIpOTOHOB H IIpOTOHOB, a 

IIMeHHO, IIpOTOHHbIH naKnOH paCTeT qyrb 6hICTJ)ee, qeM naKnOH aHTHilpOTOHOB 

(pIIC. 11 ). OTKnOHeHIIe OT 3KCIIOHeHQllaJlbHOro pacnpe,neneHIIH IIPII MaJibIX 

3naqe11HHX mt HBnHeTCH ,npyroii xapaKTepHOH oco6eHHOCTblO cneKTPOB, KOTOpaH 

CllJibHee Bbipa)KeHa B QeHTJ)aJibHbIX CTOJIKHOBeHHHX H,nep. TaKoe IIOBe,neHIIe 

CIIeKTPOB B 3aBIICIIMOCTH OT Qen-rpanbHOCTH CTOJIKHOBeHIIH 061.HCHHeTCH B paMKax 

COBpeMeHHbIX rn,npo,nIIHm,rnqeCKHX Mo,neneii KOJIJieKTHBHblM pacumpeHIIeM (pa

,Z(HaJibHbIMH IIOTOKaMH) KaK cne,nCTBHe ,naBneHHH, B03HIIKaIOmero Ha Haqa.rrbHOH 

CTa,nHH B3aIIMO,neiiCTBHH penHTHBHCTCKIIX H,nep II paccMaTJ)HBaeTCH B KaqeCTBe eme 
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Pttc 11. 3aBHCHMOCT1, cpe)-IHeii rrorrepeqHoii MaCChl <m1> - m )-llIJI 3!ITIU!p<ITOHOB II IIporoHOB OT 
qttcna HYKJI0H0B Npart, yqacTByIDl!-IHX B Pb+Pb CTOJIKH0Bemrnx rrpH 3Hepnrn 158A f3B. 

0,Z(HOro npII3HaKa KOJIJieKTHBHOro ,Z(BJI)KeHHH, B03HHKaIOmero npn CTOJIKHOBeHHH 

H,nep B ,nOIIOJIHeHIIe K TeM, KOTOpbie 6hmH OTMeqenhI B npe,nbI,ZcyIQeii rnaBe IIpH 

o6c~,neHHH CHCTeMaTHKH napaMe-rpOB HaKnOHa nonepeqnblX CIIeKTPOB qaCTIIQ. 

HnTepecno OTMeTHTh, qTo B npe,nenax oum6oK qiopMa nonepe'lllldX cneKTPOB 

,l(JIH p II p Ma.JIO OTJIIIqaIOTCH neCMOTJ)H Ha TO, qro 60JibillaH qacn, IIp<YfOHOB 

HBJIHeTCH HOCHTeJIHMH 6apHOHHbIX 3apH,nOB nepBonaqaJibHblX CTaJIKHBaIO)WIXCJI 

H,nep, B TO BpeMH KaK aHTIIIlpOTOHbI o6pa3yIOTcH, rnaBHbIM o6pa30M, B pe:JyJII>TIITe 

napHoro pO)K,Z(eHHH. 3TO M0)KeT YKa3bIBaTb Ha CXO)KeCTb ,Z(llHaMHKH, ICOTOpoii 

IIO,nBep,KeHbl o6e qaCTHQbl npn CTOJIKHOBeHHH H,nep, BKnIOqaromeii B ce6H, 

rnaBHbIM o6pa30M, TepMaJibH0e ,Z(BH,KeHne H KOJIJieKTHBHbie pa,nHaJihHhle Il<YfOKH, 

qiopMnpyromue nonepeqHhie cneKTPhI qacTHQ. 

CymecrneHHaH pa3HHQa Me)K,l(y aHTHnp<YrOHaMH H np<YrOHaMH o6nap~ena 

B xapaKTepe 3aBHCHMOCTll BbIX0,na qaCTHQ (MHO)KeCTBeHHOCTH) OT QeHTJ)aJib

HOCTH CTOJIKHOBeHnii H,nep Pb+Pb nptt 3Hepnm Il)"IIGl 158A faB [6, 7]. O6e 

3TH BennqIIHbl pacTyr C yBennqenneM QeHTJ)aJibHOCTH, HO npu 3TOM BbIXO,Z( 

npoTOHOB pkcTeT npnMepno B 2 pa3a 6Mc-rpee. 3ro nmcaJano Ha puc. 12, r,ne 

npe,ncTaBJieHO OTHOIIIeHHe BbIX0,na qaCTHQ dn/dy ,nnH p H p K qlfCJIY H}'KJIOHOB 

Npart, yqacrnyromIIx BO B3aHMO,neiiCTBHH B 3aBHCHMOCTH OT Npart ,nnH IIIeCTH rpynn 

co6hm1.ii no QeH-rpanbH0CTH. PocT OTHOIIIeHHH (dn/dy)/Npart c yBeJIUqeHHeM 

QeH-rpaJibHOCTH ,Z(JIH p o<ieBII,neH, B TO BpeWI KaK ,nnH p no OTHomeHHe OCTaeTCJI 

noqTH IIOCTOHHHblM. 

O6pa30BaHne aHTHIIpOTOHOB BO B3aHMO,neiiCTBHHX Pb+Pb npu MaKCHMaJibHOH 

3Hepruu SPS IIJyqanoch c ucnonh30BanneM MHKpOCk'OlllfqeCKOii TJ)aHcnopre:oii 

Mo,nem1. UrQMD. OHo IIOKaJa.rro, qTo npncyrcrnyeM amnmu:UIQHH (nornomeHHJ1) 
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P11c 12. BbIXO.Q 'laCTIIU dn / dy .ll,.IIJI a11T11npoTHOB H npoTOHOB, 11opM11poaaHHbIH Ha qHcno 

yqacrnyIDIUIIX BO B3allMO.QettCTBI!II HYKJIOHOB Npart II OTHO1IIe1111e Bb!XO.QOB p / p B 3aBHCI!MOCTII 

OT Npart B CTOJIKHOBeHHII JI,Qep Pb+Pb np11 :meprn11 158A f3B. 

aHnmpOTOHOB MO)KHO o6MICHIITb 6ITII3K)'IO K TIOCTOHHHOH BeITIIqIIHY OTHOIIIeHIIH 

( dn / dy) / Npart TIPII II3MeHeHIIII ue~TPaJihHOCTII, Ha6IT10,IJ;aeMy10 B 3KCTiepIIMeHTe. 

B TO )Ke BpeMH, TIPII IICKJIJOqemm II3 paCCMOTPeHIIH aHHIIrIIITHUIIII, a 3TO -

OTIUIIH, rrpII KOTOpoii MO,IJ;eITh ,IJ;aeT PaJYMHOe OTIIICaHIIe 60ITbIIIIIHCTBa peaKQIIH 

B ueHTPaJihHhIX croITKHOBeHIIHX Pb+Pb TIPII MaKcIIMarrhHoii 3HeprnII SPS, 

pacqen,1 TIOKa3bJBaJOT TipIIMepHO ,IJ;BYXKpaTHbJH pocT OTHOIIIeHIIH TIPII Tiepexo,IJ;e OT 

TiepmpepIIqecKIIX K ueHTPaJibHbJM CTOITKHOBeHIIHM, IIMeHHO TO, qTO Ha6ITJO,IJ;aeTCH 

B ,IJ;aHHOM 3KCrrepIIMeHTe )];ITH TIPOTOHOB, KOTOpbie He TIO,IJ;Bep)KeHbI aHHIIrIIITHUIIII. 

CyJQeCTBeHHOe 3aMeqaHIIe B 3TIIX pa6ornx CBO,IJ;IITCH K TOMY, qro B a,D;pOHHOH 

<pII3IIKe, OCHOBaHHoii Ha TeopIIII CTPYH, 3aJIO)KeHHOii B MO,IJ;eITII UrQMD, IIMeeT 

MeCTO IIOBbIIIIeHHbIH BbIXO,IJ; aHTIIIIpOTOHOB B QeHTPaJihHbJX B3aIIMO,IJ;eHCTBIIHX H,D;ep 

II rrpouecc aHHIIrIIITHUIIH KOMIIeHCIIpycr TIOBhIIIIeHHbJH BbJXO,IJ; p II TIPIIBO,IJ;IIT K 

rroqTII IIOCTOHHHOH 3aBIICIIMOCTII OTHOIIIeHIIH BbJXO,IJ;a p K Npart OT ueHTPaJibHOCTII 

CTOITKHOBeHIIH. 

YKaJaHHhie BbIIIIe CBOHCTBa BbJXO,IJ; rrpOTOHOB II aHTIITipOTOHOB TIPIIBO,IJ;HT 

K cyJQeCTBeHHOH 3aBIICIIMOCTII OTHOUieHIIH p/p OT ueHTpaJibHOCTII, KOTOpaH 

IIOKaJaHa Ha pIIC. 12. HeTipepbIBHO B03paCTaH TIPII rrepexo,IJ;e OT ueHTPaJihHbJX 

CTOITKHOBeHIIH K TiepII<pepIIqecKIIM, 3TO OTHOIIIeHIIe ,IJ;OCTIIraeT 3HaqeHIIH, 

TipIIMepHO paBHOro ,IJ;ByM. 3TOT pe3yITbTaT HaXO,IJ;IITCH B xopoIIIeM KOITIIqecrneHHOM 

comacIIII c ,IJ;aHHhIMII )];ITH Au+ Au B3aIIMO,IJ;eiicTBIIII TIP II 11. 7 A f3B Ha 

ycKopIITeITe AGS. EoITee Toro, ,IJ;aHHbie rro,IJ;rnep)K,D;aJOT Ha6IT10,IJ;aeMy10 TeH,IJ;eHQIIJO, 

,IJ;eMOHCTPIIPYH eJQe 60ITee pe3KIIH pocT OTHOIIIeHIIH p/p rrpII rrepexo,IJ;e K MaJibJM 

CIICTeMaM, II 3TO BII,IJ;HO TaK)Ke II3 pe3yIThTaTOB, TipIIBe,IJ;eHHbIX B rrpe,D;bI,IJ;YJUeH 
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maBe )];ITH peaKUIIii p+p II p+Pb. B rrpOTIIBOIIOITO)KHOCTh 3TOMY, OTHOIIIeHIIe 

p/p, II3MepeHHOe Ha ycKOpIITeITe RHIC, IIOKa3bJBaeT CITa6y10 3aBIICIIMOCTb OT 

ueHTPaJibHOCTII CTOITKHOBeHIIH TIPII 3HeprnII y'SNN = 130 f3B II, TipaKTIIqeCKII ' 

OTCYTCTBIIe ee rrpII y'SNN = 200 f3B. TaKIIM o6pa30M, 6apIIOHHaH IIITOTHOCTb rrpII 

B3aIIMO,IJ;eiiCTBIIII H,D;ep, 3HaqIITeITbHaH rrpII HII3KIIX 3HeprIIHX, cyJQeCTBeHHO BITIIHeT 

Ha BbJXO,IJ; aHTIIIIpOTOHOB TIOCpe,D;CTBOM aHHIIrIIITHUIIII 6apIIOH-aHTII6apIIOHHbJX Tiap 

B ueHTPaJihHbIX CTOITKHOBeHIIHX Ha Aas· II SPS, HO He Ha RHIC, r,IJ;e TIITOTHOCTb 

6apIIOHOB, o6pa3yJOJQaHCH B rrpouecce B3aIIMO,IJ;eHCTBIIH H,D;ep, cyJQeCTBeHHO 

MeHbIIIe. 

qTO KacaeTCH xapaKTepa TIOBe,IJ;eHIIH TIPOT0HOB, Ba)KHO OTMeTIITb, qTo TIO Mepe 

rrepexo,IJ;a OT TiepII<pepIIqecKIIX K ueHTPaJihHbJM CTOITKHOBeHIIHM H,D;ep II3MeHHeTCH 

6hICTPOTHOe pacTipe,D;eITeHIIe TipOTOHOB TaK, qro TIPOTOHbJ BCe 60IThUie CMeJQaJOTCH B 

o6ITaCTb ueHTPaJibHbJX 6hJCTPOT. IlocITe,n:Hee rrpOIICXO,IJ;IIT II3-3a yBeIT11qeHHH qIICITa 

6IIHapHbJX CTOITKHOBeHHH B QeHTPaJibHbIX B3aIIMO,n:eiiCTBIIHX H,D;ep II 3TO TO, qTo 

Ha3bJBaeTCH YCHITeHHeM CTOTITIIIHra, KOTOpbIM TaK)Ke o6oHCHHeTCH Ha6ITJO,IJ;eHHbJe 

3aBIICIIMOCTH OT ueHTPaJibHOCTH BbIXO,n:a TIPOTOHOB II aHTIITipOTOHOB, II OTHOIIIeHIIH 

p/p, Tipe,n:cTaBITeHHhJe Ha pIIC 12. 

B 3aKmoqemrn cqiopMyITIIpOBaHbJ OCHOBHbie BbJBO,U:bJ ,IJ;IICCepTaQIIH: 

1. BbIIIOITHeHa o6pa6oTKa 3KCTiepIIMeHTaJibHbJX ,n:aHHbIX, KOTOpaH BKITJOqaeT 

B ce6H KaJIH6pOBK)' BpeMHrrpoITeTHOH IIH!pOpMaQHII, 11,n:eHTII!pHKaQIIIO 

3apH)KeHHhIX qacTHU TIO II3MepeHIIHM BpeMeHII rrpoITeTa B TOF ,n:creKTope 11 

IIOHII3aQIIOHHbJM IIOTepHM qaCTIIU B TpeKOBbJX KaMepax TPC, KoppeKQIIIO 

,n:aHHhIX )];ITH OTipe,n:eITeHIIH BbJXO,IJ;a qacTIIU, IIOCTpoeHIIH IIHKITI03IIBHbIX 

CTieKTPOB qaCTIIU II rrpoBe,n:eHHH qJIIJHqecKoro auarrlI3a Ha OCHOBe 3THX 

CTieKTPOB. 

2. BrrepBbie H3Mepeubr IIHKJIJ03IIBHhie crreKTPhI qacTHU 7f±, K±, p II p 
B ycITOBHHX O,IJ;HOH 3KCrrepIIMeHTaJihHOH ycTaHOBKII (a,n:pOHHbIH ,n:eTeKTop 

NA49 Ha ycKopIITeITe SPS B QEPH), rro3BOITIIBIIIIIe TipoBeCTII cpaBHIITeITbHhiii 

auarrlI3 IIX xapaKTepIICTIIK BO B3aIIMO,n:eiicTBIIHX p+p, p+Pb II ueuTPaJihHhIX 

CTOITKHOBeHHHX H,n:ep Pb+Pb rrp11 3Heprnn 158 f3B/uyKJioH. BhIIIOITHeHhI 

IICCITe,noBaHIIH o6pa30BaHIIH qacTIIU p II p B IIIIIpOKOH o6ITaCTJI ueHTPaJibHOCTH 

B3a11~0,n:ei1crny10JQIIX H,n:ep Pb+Pb rrpII 3Heprn11 158 f3B/HyKJioH. 

3. ~ITH IIIIIpOKOro crreKTpa qaCTHU BbJIIOITHeH aHaJIII3 3aBJICIIMOCTII rrapaM~OB 

HaKJioHa pacrrpe,n:eITem1ii no TiorrepeqHoii Macce mt (rrorrepequoMy IIMTIYIThCY 

Pt)- IloKaJaHo, qTo 3Haqemrn rrapaMeTPOB HaKJioHa B03pacTaJOT c 

pOCTOM MaCCbl qacTIIU M pa3MepOM CTaJIKIIBaIOJUIIXCH H,n:ep, HO OCTaJOTCH, 

rrpaKTJiqecKII, IIOCTOHHHbJMII BO B3aHMO,IJ;eHCTBIIHX p+p II p+Pb. 

4. IloKaJaHa CIIITbHaH 3aBIICHMOCTb qiopMbJ 11 rrapaMeTPOB rrorrepeqHbJX 

crreKTPOB p II p OT CTerreHH ueHTPaJihHOCTH B CTOITKHOBeHJIHX H,n:ep 

Pb+Pb. IlapaMeTpbI HaKJioHa JI cpe,n:HHe 3HaqeHHH rrorrepequhIX Mace 
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CIIeKTJ)OB p II p yBennqIIBaIOTCH IIpII nepexo.n:e OT nepmpepIIqeCKIIX 
B3aIIMO,[(eMCTBIIM K u:eHrpanbHhIM B3aUMO,[(eMCTBIIHM H,n:ep. B u:eHrpanhHhIX 
CTOllKHOBeHIIHX H,n:ep IIpII ManbIX 3HaqeHUHX IIOIIepeqHbIX Mace ffit B 
CIIeKTJ)aX Ha6n10.n:aeTCH 3aMeTHOe OTKnOHeHne OT 3KCIIOHeHU:IIanbHOro 
EonhU:MaHOBCKOro pacnpe.n:eneHIIH. 

5. TionyqeHHhie pe3ynhTaThI (IIII. 3 II 4) m:iiTBep)K,n:aIOT npe,n:CKa3aHHhie 
CBOMCTBa IIHKnl03IIBHhIX IIOIIepeqHhIX CIIeKTJ)OB qacTHU:, nonyqeHHhIX B 
paMKax COBpeMeHHOro npe,n:cTaBneHIIH O TOM, qTo B u:eHrpanhHhIX H,n:po
H,n:epHbIX B3aUMO,[(eMCTBIIHX HapH.n:y C TepManbHhIM ,[(BII)KeHIIeM qacTIIU: 
B03HIIKaeT CllllhHOe rII,n:po,n:IIHaMIIqecKoe pacnrnpeHne II KonneKTIIBHbie 
pa,n:IIanhHhie IIOTOKII. 

6. TIOKa3aHo, qTO BhIXO,[( IIPOTOHOB, HOpMIIpoBaHHhIM Ha qIIcno B3aIIMO,n:eil:CT
BYIOIIIIIX HYKnOHOB B CTanKIIBaIOIIIIIXCH H,n:pax Pb+Pb, yBenIIqIIBaeTCH c 
pOCTOM u:eHTpanbHOCTII CTOllKHOBeHIIM, a BhIXO,[( aHTIIIIpOTOHOB OCTaeTCH 
noqTII IIOCTOHHHhIM. TaKOe pa3nIIqIIe B BhIXO,n:ax qacTIIU: MO)KeT 6bITh 
cne,n:CTBHeM ,n:Byx ,[(OMIIHIIPYIOIIIIIX npou:ecCOB - ycnneHIIeM CTOIIIIHHra 
(TOpMO)KeHIIH) HYKnOHOB II aHHIIrHnHU:IIeil: aHTIIIIpOTOHOB B IIllOTHOM 
H,n:epHOM cpe.n:e IIO Mepe npo,n:BH)KeHIIH OT nepmpepIIqecKIIX K u:eHrpanbHhIM 
cTOnKHOBemrnM H,n:ep Pb+Pb. 
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