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Abstract:Thelargetransversemomentumdistributionofleptonpairsproducedinheavy灢ioncolli灢
sionshasbeenstudied,makinguseoftheperturbativeQCD.Thecontributionofthetwo灢parton
productionprocessintoleptonpairsinAu灢Aucollisionsiscalculated.Leptonpairproduction
withthedirectsinglephotonprocessandtheresolvedsinglephotonprocessareintroduced.We
believethatthephotonprocessesaresignificant.Thecompleteprocessesatlargetransversemo灢
mentumareincluded,andmoreover,theeffectofshadowingandisospinofnucleusarealsocon灢
sideredinheavy灢ioncollisions.DileptonsignalstoregardthebackgroundofQGPhaveagood
correction.
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1暋Introduction
暋暋Hadronicprocessesproducingalargetrans灢
versemomentum (PT)photonplayafundamental
roleinheavy灢ioncollisions.Dileptonproductionin
ultrarelativisticheavy灢ioncollisionsisintimately
relatedtomanysignalsandtheirbackgroundsfor
physicsprocessesornewphysics.

FromtheearlierRelativisticHeavyIonColli灢
der(RHIC)totheLargeHadronCollider(LHC),
manyeffortshavebeentryingtoprobetheproper灢
tiesofthequark灢gluonplasma(QGP),whichhas
becomethemostimportantissueinthestudyof
relativisticheavy灢ion collisions[1-10].In probing
thepropertiesofQGP,theproductionoflepton
pairsisineluctableatlargetransversemomentum.
Inthecircumstances,weconsiderthattheproduc灢
tionofleptonpairsisnotignoredatlargetrans灢
versemomentum.Dileptonsignalsproducedfrom

theinitialnucleus灢nucleuscollisionsaresignificant
toregardthebackgroundofQGP.

ThePHENIXcollaborationatRHIChasre灢
centlymeasuredthetransversemomentumdistri灢
butionofelectron灢positronpairs,withthepairs暞

invariantmassaslowas100MeV<M<300MeV,

inbothp灢pandAu灢Aucollisions.Experimentalre灢
sultsfromtheRHIChaveestablishedthatinAu灢

Aucollisionsats=200 GeV matteriscreated
withveryhighenergydensity[11-14].

Inourcase,avirtualphotoncouldsubse灢
quentlydecayintoaleptonpair,whichcanbede灢
tected.Thiscasethuscorrespondstoa “Drell灢
Yan暠typesituation,withaleptonpairatlarge
PT

[15-19].Perturbative QCDtheoryshould work
wellatlargetransversemomentum (PT)inultra灢
relativisticheavy灢ioncollisions.Inourcalculation,

Au灢Auscatteringtakesplaceintheregion1GeV
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曑PT曑10GeV.
Wefurthercalculatethedileptonproductionin

Au灢Aucollisions,makinguseofnuclearparton
distributionfunctions.Inside,partondistribution
functionsarefromRef.[20],partondistributions
ofrealandvirtualphotonsarefrom Ref.[21].

Thetotalenergyofnucleon灢nucleoncollisionsiss
=200GeVatlargetransversemomentumdistri灢
butionsofleptonpairsin Au灢Aucollisions.We
discussthewholeprocessesoftheleptonpairpro灢
ductionatlargetransversemomentumin Au灢Au
collisionsatRHIC.Thenthecontributionofabove
processesiscalculated.

InSec.2,wediscussthewholeprocessesof
theleptonpairproductionatlargetransversemo灢
mentuminAu灢Aucollisions.Therearefourmajor
processesinhere.Theeffectofshadowingand
isospinofnucleusareintroducedintheparton
model.InSec.3,thenumericalresultsaredis灢
played.InordertocomparewithdatafromRHIC,

wedealwithresultswhicharecalculated.Finally,

Sec.4presentsoursummaryandconclusions.

2暋LeptonPairProductionatLarge
TransverseMomentum

暋暋TheprocessforDrell灢Yantypeinclusivelep灢
tonpairproductioninhadroniccollisionsisA+B
曻毭* (曻l+l- )+X.Wecanexpressintermsofthe
crosssectionforproducingavirtualphotonthat
decaysintotheobservedleptonpair.Thecross
sectionisinthefollowing:

d̂氁AB曻l+l-X

dM2d̂t = 毩
3毿M2

d̂氁AB曻毭*X

d̂t 暋, (1)

wherethevariablesMistheinvariantmassofa
leptonpair.

2.1暋Leptonpairproductionwiththeleadingorder

process

暋 暋Inthe process,parton灢partonisa direct
process without the fragmentation of parton.
Therearetwochannelsinhere (q+焻q曻毭* (曻
l+l- )+g,q+g曻毭* (曻l+l- )+q).Thecrosssec灢

tionsofthetwochannelsareinthefollowing[22]:

d氁
dM2dyd2PT

=1
毿曇

1

xmin
a

dxaGA/a(xa,Q2)暳

GB/b(xb,Q2) xaxb

xa-x1

d̂氁ab曻l+l-x

dM2d̂t
, (2)

whered̂氁ab曻毭*x/d̂t[22]isforpartonscattering.For

therapidityyiszero,sandPTarethetotalener灢
gy ofnucleon灢nucleon collisionsandtransverse
momentum oftheleptonpair,respectively.We
havetheMandelstamvariablesinthecrosssection
aŝs=xaxbs,̂t=-xasx2 +M2and̂u=-xbsx1 +

M2.Besides,氂=M2/s,xT =2PT/s,x1 =x2 =
(x2

T +4氂)1/2/2andxb=(xax2-氂)/(xa-x1).The
minimummomentumfractionintheintegralisxmin

a

=(x1-氂)/(1-x2).
Forthenucleus灢nucleuscollisions,wechoose

thepartondistributionG(x,Q2)ofthenucleus
from M.Glucketal.[20]inthefollowing:

G(x,Q2)=R(x,A)[ZP(x,Q2)+
(A-Z)N(x,Q2)], (3)

whereR(x,A)istheEMCshadowingfactor[23],Z
istheprotonnumberofthenucleus,Aisthenu灢
cleonnumber,P(x,Q2)istheprotondistribution
andN(x,Q2)istheneutrondistribution.Since
protonsandneutronshavedifferentupanddown
valencequarkdistribution,theisospinofthenu灢
cleuscanberepresentedbythesumoftheproton
andneutrondistribution[24].

2.2暋Leptonpairproductionwiththefragmentation
process

暋暋Inthisprocess,leptonpairsemitfromthe
fragmentationofquarksinthefinalstate.There
aresixchannels(qq曚曻qq曚,qq曻qq,q焻q曻q曚焻q曚,q焻q
曻q焻q,gq曻gqandgg曻q焻q)aboutlargetransverse
momentum.Thecrosssectionsofthesixchannels
areinthefollowing:

d氁
dM2dyd2PT

=1
毿曇

1

xmin
a

dxa曇
1

xmin
b

dxbGA/a(xa,Q2)暳

GB/b(xb,Q2)D毭
q(zc,Q2) xaxb

zc(xaxb-氂)
d̂氁ab曻cd

dM2d̂t
,

(4)
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whered̂氁ab曻cd/d̂t[25]isforpartonscatteringsis.We
havetheMandelstamvariablesinthecrosssection
aŝs=xaxbs,̂t=-sx2(xa/zc)andû=-sx1(xb/

zc).Besides,xmin
a =(氂+x1)/(1-x2),xmin

b =(氂+
xax2)/(xa-x1)andzc=(xax2+xbx1)/(xaxb-
氂).

Afactorof毿毩2
s/s2 whichisusedintheprocess

hasbeenfactoredoutofthepurelystrong灢interac灢
tionprocess[25].Herethestrongrunningcoupling
constantis

毩s= 4毿
毬0ln(Q2/毇2)暋, (5)

wheretheQCDscaleparameter毇=0.2GeV,毬0=
11-2nf/3,andnfistheflavornumberofquarks.

Thefragmentationfunctionofphotonsisgiv灢
enbythefollowing:

D毭
q(zc,Q2)=毩e2

q

2毿zc
lnQ2

毇2[1+(1-zc)2], (6)

andoneshouldnotethatD毭
g(zc,Q2)=0duetoa

photonisnotcoupledwithagluondirectly[24].

2.3暋Leptonpairproductionwiththedirectsingle

photonprocess

暋暋Intheprocess,aphotonwhichisfragmented
fromapartonreactswiththeotherparton(毭+q曻
l+l- +q).Thecrosssectionisinthefollowing:

d氁
dM2dydV2PT

=2
毿曇

1

xmin
a

dxa暳

曇
1

xmin
b

dxbGA/a(xa,Q2)GB/b(xb,Q2)D毭
q(zc,Q2)暳

xaxbzc

xaxb-xax2

d̂氁毭q曻l+l-q

dM2d̂t
, (7)

whered̂氁毭q曻毭*q/d̂tisforpartonscattering.Wehave
theMandelstamvariablesinthecrosssectionaŝs=
xaxbzcs,̂t=M2 -sxax2zc ,̂u=M2 -xbsx1.Be灢
sides,xmin

a =(x1 -氂)/(1-x2),xmin
b =(xax2 -

氂)/(xa-x1)andzc=(xbx1-氂)/(xaxb-xax2).

2.4暋Leptonpairproductionwiththeresolvedsingle

photonprocess

暋暋Intheprocess,apartonofphotonwhichis
fragmentedfrom apartonreacts withtheother
parton.Principleallowsaphotonforashorttime

also to fluctuateinto a quark灢antiquark pair.
Thereforeahighenergyphotonlookslikesurroun灢
dedbyaquarkcloud,andcanbeinterpretedthatit
hasainnerpartonstructure.Therearetwochan灢
nelsinhere(q毭+焻q曻l+l- +g,q毭+g曻l+l- +q).
Thecrosssectionsofthetwochannelsareinthe
following:

d氁
dM2dyd2PT

=2
毿曇

1

xmin
a

dxa曇
1

xmin
b

dxb暳

曇
1

zmin
2

dz2GA/a(xa,Q2)GB/b(xb,Q2)D毭
q(zc,Q2)暳

Gq/毭(z2,Q2) xaxbzcz2

xaxbz2-xaz2x2

d̂氁ab曻l+l-x

dM2d̂t
, (8)

whered̂氁ab曻毭*x/d̂t [22]isforpartonscattering.We
havetheMandelstamvariablesinthecrosssection
aŝs=xaxbzcz2s,̂t=M2-xazcz2sx2and̂u=M2 -
xbsx1.Besides,xmin

a =(x1 -氂)/(1-x2),xmin
b =

(xax2-氂)/(xa-x1),zmin
2 =(xbx1 -氂)/(xaxb -

xax2)andzc=(xbx1-氂)/(xaxbz2-xaz2x2).

2.5暋Otherprocess

暋暋Inaddition,thetwoprocessesarenotcalcu灢
latedbecausetheyarefarsmallerthantheresolved
singlephotonprocess,muchlesstheleadingorder
process.Thetwoprocessesaretheresolvedtwo灢
photonprocessandthecommixingprocesswhich
includesdirectandresolvedmechanism.

3暋NumericalResults

暋暋Inthissection,wediscussthedileptonpro灢
ductioninAu灢AucollisionsatRHIC.Wedefine
theinvariantcrosssectionforproducinglepton
pairsinamassrangebetweenMminandMmax

[15].

d氁
dyd2PT

=曇
M2

max

M2
min

dM2 d氁
dM2dyd2PT

, (9)

where0.2GeV曑M曑0.3GeV,0.3GeV曑M曑
0.5GeVand0.5GeV曑M曑0.75GeV.
暋暋Inordertopresentourresultsinawaythat
allowsthemtobecomparedwithdatafromRHIC,

wewillstudytheinvariantyieldwhichisgivenby:

Yield= 1
Npart/2

1
2毿PT

d2N
dPTdy
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= 1
Npart/2

1
氁total

1
2毿PT

d2氁
dPTdy

, (10)

where氁total~4毿R2 ~1.4暳104[GeV-2],Thedata
fromPHENIXcorrespondtoaminimumbiassitu灢
ation,sothecollisionsconsideredhavecentrality
intherange0—92% whichcorrespondstoNpart=
109[26-29].
暋暋InFig.1,thecontributionofthefragmenta灢
tionprocessatlargetransversemomentumproduc灢
tionofleptonpairsinAu灢Aucollisionsischanging
alongwiththeincreaseoftransversemomentum.
Thecontributionofthefragmentationprocessex灢
ceedsthecontributionoftheleadingorderprocess
whenthetransversemomentumisnotveryhigh.
Thecontributionoftheleadingorderprocessisthe
biggestwhenthetransversemomentumishigh.In

addition,theresolvedsinglephoton processis
smallerthanthedirectsinglephotonprocessat
largetransverse momentum productionoflepton
pairsinAu灢Aucollisions.Atlargetransversemo灢
mentum,itisnotneglectedtoconsiderthelow灢or灢
derprocesses.Inthecondition,theresultwillbe
exactashavingthecontributionofthelow灢order
processes.

Thecalculated massrangeisvarious (0.2
GeV曑M曑0.3GeV,0.3GeV曑M曑0.5GeVand
0.5GeV曑M曑0.75GeV).Atinvariantmassbe灢
tween0.2GeVand0.75GeV,theexperimental
dataatPHENIXishigherthanthetheoreticalpre灢
diction.Thedileptonproductionsourcesintheen灢
ergyregionare:thermaldileptonswhicharepro灢
ducedinthe QGP phase;thehadroniccocktail

Fig.1 ThelargetransversemomentumproductionofleptonpairsinAu灢Aucollisionsats=200GeV,y=0.

whichisdecayedfromthehadronicphase;thecold
componentwhichisemittedfromtheinitialparton
collisions.Discussing the production oflepton
pairsfromtheinitialpartoncollisionswillhelpus
tocomprehendtheabovephenomenon.
暋暋Moreover,thedirectphotonprocessandthe
resolvedphotonprocessaretheimportantpartof
constitutingtheory.Throughtheresearchofthe
resolvedphotonprocess,wecanprovethecharac灢
terofdistributionandstructureasapartonofpho灢
ton.Highenergyheavy灢ioncollisionscancreate
theexperimentalcondition.Thehighenergypho灢
tonsproducedfromthehardparton灢partoncolli灢
sionsmaybehadron灢like.

4暋Summary
Theproductionofleptonpairsisdiscussedat

largetransversemomentumin Au灢Aucollisions.
Thecompleteprocessesareconsidered.Inside,the
fourmajorprocessesoflargePTleptonpairpro灢
ductionarecalculatedintheregion1GeV曑PT曑
10GeV.Thetotalenergyofnucleon灢nucleoncolli灢
sionsis s=200 GeV.Invariantmasswhichis
consideredislow.Inthepartonmodel,theeffect
ofshadowingandisospin ofnucleusareintro灢
duced.Thedata whichiscalculatedisexactas
someeffects and complete mechanismsin the
processesareincluded.
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Inourresults,thecontributionoftheproduc灢
tionofleptonpairsinAu灢Aucollisionsissubstan灢
tial.Dileptonsignalsarecomparable with QGP
signals.Soregardingthecolddileptonsignalsas
QGP backgroundis necessary while wetryto
probethepropertiesofQGP.

References:

[1]暋AlamJ,SrivastavaD K,SinhaB,etal.PhysRev,1993,

D48:1117.
[2] KapustaJ,LichardP,SeibertD.NuclPhys,1992,A544:

485.
[3] HungCM,ShuryakE.PhysRev,1998,C57:1891.
[4] KapustaJ,LichardP,SeibertD.PhysRev,1991,D44:

2774.
[5] SrivastavaDK,SinhaB.PhysRevLett,1994,73:2421.
[6] ChatterjeeR,FrodermannES,HeinzU W,etal.PhysRev

Lett,2006,96:202302.
[7] JeonS,MarianJJ,SarcevicI.NuclPhys,2003,A715:795.
[8] KolbPF,SollfrankJ,HeinzU W.PhysRev,2000,C62:

054909.
[9] AdlerSS,AfanasievS,AidalaC,etal(PHENIXCollabora灢

tion).PhysRevLett,2003,91:072301.
[10]FuYongping,LiYunde.ChinPhysLett,2009,26(11):

111201.
[11]KangZhongbo,QiuJianwei,VogelsangWerner.arXiv:hep灢

ph/0907.4498v2,2009.
[12]AdareA,AfanasievS,AidalaC,etal(PHENIXCollabora灢

tion).arXiv:nucl灢ex/0804.4168,2009.
[13]AdareA,AfanasievS,AidalaC,etal(PHENIXCollabora灢

tion).PhysRev,2010,C81:034911.
[14]AdcoxK,AdlerSS,AfanasievS,etal(PHENIXCollabora灢

tion).NuclPhys,2005,A757:184.
[15]KangZhongbo,QiuJianwei,VogelsangWerner.PhysRev,

2009,D79:054007.
[16]AurencheP,BaierR,FontannazM.PhysLett,1988,B209:

375.
[17]BergerEL,GordonLE,KlasenM.PhysRev,1998,D58:

074012.
[18]QiuJW,ZhangXF.PhysRev,2001,D64:074007.
[19]BergerEL,QiuJW,ZhangXF.PhysRev,2002,D65:

034006.
[20]GluckM,ReyaE,VogtA.ZPhys,1992,C53:127.
[21]GluckM,ReyaE,SchienbeinI.arXiv:hep灢ph/9903337v2,

1999.
[22]FieldRD.ApplicationsofPerturbativeQCD.Canada:Addi灢

son灢WesleyPublishingCompany,1989,170-224.
[23]QiuJ.NuclPhys,1987,B291:746.
[24]FuYongping,LiYunde.NuclearPhysicsReview,2010,27

(1):16.
(傅永平,李云德.原子核物理评论,2010,27(1):16.)

[25]OwensJF.RevModPhys,1987,59:465.
[26]StaigPilar,ShuryakEdward.arXiv:nucl灢th/1005.3531v1,

2010.
[27]DahmsT.arXiv:nucl灢ex/0810.3040,2008.
[28]AdareA,AfanasievS,AidalaC,etal(PHENIXCollabora灢

tion).arXiv:nucl灢ex/0912.0244,2009.
[29]AntreasyanD,BeckerU,BellettiniG,etal.PhysRevLett,

1982,48:302.

Au灢Au碰撞中大横动量双轻子对的产生*

尹睿涛,傅永平,李云德#

(云南大学物理系,云南 昆明650091)

摘暋要:运用微扰 QCD讨论了重离子碰撞中大横动量轻子对的分布,计算了 Au灢Au碰撞中两个部分子产

生的轻子对的贡献。引入了轻子对产生的直接单光子过程和分解单光子过程。大横动量情况下的所有过程

都包括在内,而且考虑了核遮蔽效应和同位旋效应,作为 QGP背景的双轻子信号有了一个好的修正。
关 键 词:大横动量;轻子对产生;Au灢Au碰撞
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