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SoftDileptonProductioninAu灢AuCollisions
byTwo灢photonProcesses
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Abstract:Theproductionofthelowtransversemomentum (PT)dileptonsinducedbysemi灢cohe灢
renttwo灢photoninteractioniscalculated.Thenumericalresultsarecomparedwiththeexperimen灢
taldatafromthePHENIX,themodificationofthesemi灢coherenttwo灢photoninteractionisre灢
markableinthelowtransversemomentumregionfordifferentmassbins.Wefindthatthecontri灢
butionofsemi灢coherenttwo灢photonprocessesismoreevidentinthelargedileptonmassregion.
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1暋Introduction
Theobservation ofthequark灢gluon plasma

(QGP)isthemaingoalinthestudyoftherelati灢
visticheavyioncollisions.Becausethemeanfree
pathofphotons (andvirtualphotons)islarger
thanthesizeoftheQGP,thephotonsanddilep灢
tonsemittedfromtheQGPcanescapefromdense
medium without strong interactions[1-11]. The
contributionofthermaldileptonsinthelow mass
regioniscoveredbythecocktailofhadrondecays
becausethevector meson peaksare morepro灢
nouncedthanthethermalspectrum.Thethermal
informationisdominantintheintermediatemass
regionbetweenthe毤andJ/氉vectormesonforthe
phasetransitiontheory,butthecontributionof
dileptonsinthisregionalsocanbeexplainedbythe
decaysofcharmedmesons.TheNA60collabora灢
tionhasobservedanenhancementinintermediate
massregion.Thedatasuggeststhatsuchanen灢
hancementmayincludeathermalinformationand
notjustcharmdecays[12].However,sofarnoevi灢

dentexperimentsshowthatsomeinformationare
exactly produced from the thermalized me灢
dium[13-23].

Besides,someexperimentaldataatRelativis灢
ticHeavyIonCollider(RHIC)remainpuzzling.
Theexperimentaldileptondatashowthatthepro灢
ductionrateoflow massdileptonsisfewtimesof
thetheorypredictions.Thescenarioofthemass
droppinginahotmediumsuccessfullyinterprets
thedileptonyieldenhancementinthelowmassre灢
gionatSuperProtonSynchrotron (SPS)energies
for158AGeVPb灢Aucollisions[24-30].The氀meson
stronglycouplestothe毿+毿-channel,andthelife灢
timeofthe氀mesonisshortcomparedwiththe氊
and毤meson.The氀mesonspectrummaybemodi灢
fiedinhotmediumduetothechiralsymmetryres灢
toration.Themeasurementofthedileptonconti灢
nuumatRHICenergieshasbeenperformedbythe
PHENIXexperimentsfor200AGeV Au灢Aucolli灢
sions[31-32].Thedileptonyieldinthelow mass
rangebetween0.2~0.8GeVisenhancedbyafac灢
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torof2~3comparedwiththeexpectationfrom
hadrondecays.However,suchamodifiedscenario
cannotcompletelyexplaintheenhancementinthe
Au灢AucollisionsatRHIC.

Excepttheaboveproblems,anotherpuzzle
waspresentedbyPHENIXexperiments[33].The
PTdataofdileptonsinppcollisionsfordifferent
massbinsagreewiththeexpectationofthecock灢
tail,charm decaysanddirectdileptoncontribu灢
tions.TheagreementalsoexistsintheAu灢Aucol灢
lisionsathighPT(PT>1GeV).Inthesoftregion
ofPT<1GeV,pQCDisuseless,theexperimental
datafromtheAu灢Aucollisionsarestillhigherthan
theexpectationofthecocktailandcharmdecays.If
fittedwithexponentialinthissoftwindow,theda灢
tahaveaslopeTeff~100 MeV,whichissmaller
thanthetypicalslopeofthestandardthermalcom灢
ponent.Anothercandidateinthesoftwindowis
thenewcoldcomponentwhichisstillvalidinthe
lowPTregion.InRef.[34]Shuryaketal.suggest
anewcolddileptonproductionmechanism (semi灢
coherenttwo灢photoninteraction)whichisnotdis灢
cussedinthestandardtheorylistbefore.

Inthepresentwork,wediscussthesoftdilep灢
tonsproduced bythesemi灢coherenttwo灢photon
processes(毭毭曻l+l- )atsmallimpactparameters.
Wefindthatthecontributionofthesoftdileptons
canpartlyexplainthePHENIXdataintheregion
ofPT<1GeV.Thetwo灢photonprocessesarethe
well灢knownsourceofsmallmassandlowPTdilep灢
tons.Shuryaketal.usetheequivalentphotonap灢
proximationtodeterminethedifferentialcrosssec灢
tionofthe毭毭processesinAu灢Aucollisions,and
theyconcludethatthesemi灢coherenttwo灢photon
processesofdileptonproductiondonotcontribute
significantlytothePHENIXdata[34].Weinvesti灢
gatethedileptonproductionfor毭毭processeswith
therestrictionb<RT,andwefindthatthedilep灢
tonproductionofthesemi灢coherenttwo灢photonin灢
teractionhasapositivecontributiontothecocktail
andcharmdecaysinthesoftregion.Inthenext
sectionwefocusonthesemi灢coherenttwo灢photon

processes.Thethermaldileptonproductionisalso
mentionedinthissection.Thenumericalresults
areplottedinthirdsection.Theconclusionisgiven
infourthsection.

2暋Generalformalism

Theequivalentphoton spectrum correspon灢
dingtoapointchargeZe,movingwithavelocityv
isgivenby

n(氊)=Z2 2毩
毿v2 毼K0K1-v2毼2
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wheretheargumentofthemodifiedBesselfunc灢
tionsis毼=(氊Rmin)/(毭v),andRmincorrespondsto
theradiusoftheradiationsystem withthemaxi灢
mumenergyofthephotons.Thecrosssectionof
thesemi灢coherenttwo灢photoninteractionforAu灢
Aucollisionsisgivenby

d氁=氁毭毭dn(氊1)dn(氊2), (2)

where

dn(氊)=d3q
q2

T氊
n(氊), (3)

andthemeancrosssectionof毭毭曻l+l-interaction
is[35]
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wheremlistheleptonmass.Inthesemi灢coherent

case[q1=(氊1,q1T,q1z)andq2=(氊2,0
曻
,-q2z)],

aphotonwithalargetransversemomentum (q1T)

isradiatedfromaprotonofaincidentnucleus,and
aphotonwithasmalltransversemomentum (q2T)

isradiatedfrom anotherincidentnucleusinthe
relativisticheavyioncollisions.Ifq1T>>q2T,the
totaltransversemomentumofthedileptonisPT=
q1T+q2T~q1T,whereqiTisthetransversemomen灢
tumofaphoton.Inthe MacDonaldapproxima灢
tion[36-37]thecrosssectionasafunctionofthe
transversemomentum andinvariantmasscanbe
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writtenas
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wheretheminimumtransversemomentumofthe
photonq2isq2Tmin ~ 0.2 GeV duetothesingle
trackacceptancecondition[34],andRmin~7fmand
毭=106for200AGeVAu灢AucollisionsatRHIC.
Inthisarticleweusethenaturalunits,namelyh
=c=1.Intheaboveintegralwehave

氊1+氊2=MTcoshy , (7)

and

q1z+q2z=MTsinhy , (8)

where氊1= (P2
T+q2

1z)1/2,氊2=q2z,hereM2
T= M2

+P2
T.
IntheQGPphasetheleadingorderproduction

ofthermaldileptonsisq焻q曻毭* 曻l+l- .Theyieldof
thethermaldileptons(th.l+l- )withlowdilepton
massandlargetransversemomentumcanbewrit灢
tenas[1,38]
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whereRAisthenuclearradius,mqisthequark
mass.氂0andT0aretheinitialtimeandtheinitial
temperatureofthesystem,respectively.Weuse氂0

=0.26fm/cforRHIC.Theinitialtemperatureof
theQGPischosenasT0 = 370 MeVforAu灢Au

collisionsat sNN =200GeV.Tc(=160MeV)is
thecriticaltemperatureofthephasetransition[11].
Here氁q焻q= (4毿毩2NcN2

se2
q)/3M 2isthecrosssection

oftheprocessq焻q曻毭* 曻l+l- ,Nc(= 3)isthe
colornumber,Ns(= 2)isthespinnumber.The
functionG(z)isgivenbyG(z)=z3(8+z2)K3(z).

In order to compare with the data from
PHENIX,theyieldforproducingdileptonsina
massrangebetweenM1andM2isgivenby

dN
d2PTdy=曇

M2

M1

dN
d2PTdMdy

dM , (10)

therelationbetweenthedifferentialcrosssection
d氁/(d2pTdMdy)andtheyieldis[34]

dN
d2PTdMdy= 1

氁tot

d氁
d2PTdMdy

, (11)

where氁totisthetotalcrosssectionofthecollisions.
TheauthorsinRef.[34]use氁tot~1.4暳104GeV-2

forthe200AGeVAu灢AucollisionsatRHIC.

3暋Numericalresults

FromFig.1onecanseethatinthesoftregion
ofPT< 1GeVtheexperimentaldileptondatafor
differentmassbinsarestillhigherthantheexpec灢
tationofthecocktailandcharm decays[33].The
spectraofdirectdileptonshavebeencalculatedin
ourpreviousworks[38].Shuryaketal.havedis灢
cussedthesemi灢coherenttwo灢photonprocessesin
thesoftregionbyusingthechargedistribution
formfactors[34].Inthesemi灢coherentapproach,

thesoftphotonsseethenucleusasa uniform
charge distribution (with the Woods灢Saxon
shape),thehardphotonsseethenucleusasthe
dispersedlyindividualprotons (thepointcharge
distribution).Inthesmallmomentumregionthe
Woods灢Saxonformfactoris|Fsoft毭|2 ~1,butas
themomentumisincreasingtheformfactorgoes
tozero(|Fsoft毭|2曻0).ThereforetheWoods灢Saxon
formfactordepressesthevalueofthesoftspectra
of dileptons for the semi灢coherent two灢photon
processeswhenthe momentumisincreasing.In
thisarticleweconsiderthattheformfactorofthe
softphotonsisonlylocalizedinthesmallmomen灢
tumregion,whichmeansthatthesoftphotonson灢
lyactcoherently,andwefindthatthecontribution
ofthesemi灢coherenttwo灢photoninteractionisre灢
markable.Thecontributionofthesemi灢coherent
two灢photonprocessesisonlyvalidinthelowPT

region due to the radiation limit condition
q2T<毭/Rmin ofthe MacDonald approximation.
Therestrictionalsoimpliesthatthespectraofthe
two灢photoninteractiondependontheradiationen灢
ergiesofthenucleus.InRef.[34]theauthors
choosetheradiationlimitasq曑1/Rbyconsidering
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theHeisenberg暞suncertaintyprinciple.

Fig.1 Thedileptonproductionfordifferentmassbins.The

solidlineisthesumofcocktailandcharmdecays,the

dashlineisthesumofcocktail,charmdecays,andthe

contributionofdirectdileptons(datafromRef.[33]).

Atlow mass,mee< 200 MeV,thecontribu灢
tionofcocktailandcharmdecaysagreeswiththe
PHENIXdata.However,inthesoftregion(PT<
1GeV)thedataarestillhigherthantheexpecta灢
tionofcocktailandcharm decaysatmee > 200
MeV.The yield enhancementis more evident
withincreasingdileptoninvariantmass.Inorderto
avoidtheinfluenceofe+e- decaysofnarrowvector

mesons,the massregionsaroundthe氊 meson
[(0.78暲0.03)GeV]and毤 meson [(0.102暲
0.030)GeV]areexcludedby PHENIX experi灢
ments.

InFig.2 weplotthecalculationresultof
semi灢coherent毭毭曻e+e- interactions [Eq.(6)]
withthetransversemomentumfordifferentmass
bins.Liketheabovediscussiontheyieldenhance灢
mentisnotevidentinthemassrangeof100MeV
曑mee<200MeV,sothemodificationofthecold
component(semi灢coherenttwo灢photoninteraction)
isweak.Inthemassrangeof200MeV曑mee<300
MeV,300MeV曑mee<500MeV,500MeV曑mee

<750MeVand810MeV曑mee<990MeVtheda灢
taarealmostoneorderhigherthantheexpectation
ofcocktailandcharmdecays,andthemodification
ofthe毭毭reactionisremarkablenow.Therefore
thesemi灢coherenttwo灢photoninteractionplaysan
importantroleinthesoftPT dileptonproduction.
Thecontributionofthethermaldileptons [Eq.
(9)]isalsoplottedinFig.2.Ifthesystemtem灢
peratureoftheQGPcreatedintheAu灢Aucolli灢
sionsatRHICisT0=370MeV,thenumericalre灢
sultsshowthatthethermalyieldisincreasingwith
therisinginvariantmass.However,themodifica灢
tionofthermalcomponentisweak.

Fig.2 Thedileptonspectraofsemi灢coherenttwo灢photonprocessesindifferentmassbins.Thedileptontransversemomentum

isinthesoftregionPT<1GeV.Thedash灢dotlineisthecontributionofthecocktailandcharmdecays,thedashlineis

thesemi灢coherenttwo灢photonprocesses,thedash灢dot灢dotlineisthethermalcontribution,thesolidlineisthetotalcon灢
tribution.
(a)100MeV曑mee<200MeV,(b)200MeV曑mee<300MeV,(c)300MeV曑mee<500MeV,(d)500MeV曑mee<750MeV,(e)

810MeV曑mee<990MeV.
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4暋Conclusion

Weinvestigatedthesemi灢coherenttwo灢photon
processesfrom thepassageof毭毭曻e+ e- .The
dileptonswiththesofttransversemomentumcan
beproducedinthesemi灢coherenttwo灢photoninter灢
action.Theenergyoftheradiatedphotonislimi灢
tedintheregionof氊<毭/Rmin,thereforethecold
dileptoncomponentofsemi灢coherenttwo灢photon
processesisstillvalidinthesoftPTregion.The
毭毭processisanimportantcomplementtothe
standardcolddileptonproduction.Thenumerical
resultsshowthatthemodificationofsemi灢coherent
two灢photonprocessesisevidentwithrisingdilep灢
tonmass,especiallyinthemassrangeof300MeV
曑mee<500MeV,500MeV 曑mee<750MeVand
810MeV曑mee< 990 MeV.Wealsoconsiderthe
thermalcontributiontothedileptonproduction,

butthemodificationofthethermalcomponentis
weak.
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金灢金碰撞中由双光子过程产生的软双轻子

傅永平,李云德
(云南大学物理系,云南 昆明650091)

摘要:计算了由准相干双光子相互作用导致的低横动量双轻子产生。对于不同的质量范围,准相干双光子

相互作用在低横动量区域都很重要。将计算结果与相对论重离子对撞机 RHIC的PHENIX实验数据进行

比较,发现随着双轻子不变质量的增加,准相干双光子过程的修正作用会更加明显。
关键词:双光子相互作用;相对论重离子碰撞;双轻子产生
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