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ProducedinPb灢PbCollisionsatHighEnergies

*

XIE Wen灢jie1,YANGDe1,WANGCui灢ping2,WANGZhi灢gang3

(1DepartmentofPhysics,YunchengUniversity,Yuncheng044000,Shanxi,China;

2DepartmentofMathematicsandPhysics,HebeiInstituteofArchitectureandCivilEngineering,

Zhangjiakou075000,Hebei,China;

3InstituteofHighEnergyPhysics,ChineseAcademyofSciences,Beijing100049,China)

Abstract:Transversemassdistributionsof毇,煀毇,and毊- producedinPb灢Pbreactionsat40and
158AGeVaredescribedbyanexpansivethree灢fireballmodel.Atransverseexpansionisobserved
inourcalculation.Thecalculatedresults,bytheexpansivethree灢fireballmodel,areinagreement
withtheexperimentaldataofNA49Collaboration.
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1暋Introduction
暋 暋 Heavyioncollisionsathighenergieshave
beeninterestingsubjectsinrecentyearsbecause
theycanprovideevidencefortheproductionof
Quark灢GluonPlasma(QGP)andstudythemecha灢
nism of nuclear reactions[1-6].In high灢energy
heavy灢ioncollisions,manystrangeparticlesinclu灢
ding毇,毊andtheirantiparticlesareproducedinfi灢
nalstate[7].Itishighlyimportantforustostudy
thesestrange particles becausethey have been
provedtobeapowerfultoolforstudyofreaction
dynamicsinhighenergyheavyioncollisionsand
theproductionofQGPinthepastyears[8].
暋 暋Thetransverse massdistributions(mT )of
strangeparticlesproducedinrelativisticheavyion
collisionsathighenergieshavebeenmeasuredin
experiment. Many international collaborations
havereportedtheexperimentaldataoftransverse
massdistributionsbynow.Forexample,NA57
Collaboration[9],NA49Collaboration[10-12],E917

Collaboration[1]etc..Meanwhile,muchtheoretical
workhavebeendonetoexplaintheseexperimental
dataforthemT distributions,suchasthe3灢fluid
model[13],theblast灢wavemodel[14].
暋暋Recently,theNA49Collaboration[12]presen灢
tedtheexperimentaldataofmTdistributionsof毇,
煀毇,and毊- producedinPb灢Pbcollisionsat40and
158AGeV measuredattheCERN SuperProton
Synchrotron(CERN灢SPS).Itprovidesachanceto
explaintheseexperimentaldatabyusingtheoreti灢
calmodel.
暋暋Thefireballmodelinhigh灢energynucleus灢nu灢
cleuscollisionshasbeensupposedformorethan30
a.Therearetheone灢fireballmodel[15],thethree灢
fireball model[16-20],thefour灢fireball model[21],
etc..Actually,thethree灢fireballmodelandthe
four灢fireballmodelaretheextensionoftheone灢
fireballmodel.Inpresentwork,weusethethree
fireballswithatransverseexpansion[22]todescribe
thetransversemassdistributionsofstrangeparti灢
clesinheavy灢ioncollisionsathighenergies.To
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avoidthecomplexcalculationintheanalyticmeth灢
od,wewillusetheMonteCarlomethodtocalcu灢
latethetransversemassspectraandthencompare
withtheNA49experimentaldata[12].

2暋Themodel

Accordingtothethree灢fireballmodelinhigh灢
energyhadronhadroncollisions[16-20],LIUetal.
havedevelopedanexpansivethree灢fireballmodelto
describethe (pseudo)rapidity distributions of
chargedparticlesproducedinnucleus灢nucleuscolli灢
sionsoveranenergyrangefrom1AGeVto100
ATeV[22].Inahigh灢energyhadron灢hadroncolli灢
sion,aprojectilefireball,acentralfireball,anda
targetfireballareformed[16-20].Alotofprojectile
fireballs,centralfireballsandtargetfireballsare
formedin heavy ion collisions at high ener灢
gies[16-20].Intherapidityspace,differentfireballs
stayatdifferentrapidityregion.Generallyspea灢
king,theprojectilefireballs,thecentralfireballs
andthetargetfireballsaredistributedinthehigh
rapidityregion,themiddleregionandthelowra灢
pidityregion,respectively.Weregardtheprojec灢
tilefireballsformedinhigh灢energyheavy灢ioncolli灢
sionsasabigprojectilefireball(P曚),andwere灢
gardthecentralfireballsandtargetfireballsasa
bigcentralfireball(C曚)andabigtargetfireball
(T曚),respectively.
暋暋Inthefireballrestframe,theparticlesfrom
eachfireball(P曚,C曚,orT曚)isassumedtoemit
isotropically.Letthebeamdirectionbetheozax灢
is.Asin Maxwell暞sidealgasmodel,thethree
components(Px,PyandPz)ofparticlemomen灢
tuminthefireballrestframeareassumedtoobey
Gaussiandistributionhavingthesame width氁.
Consideringtheexpansionsofthefireballsinthe
transversedirections duetointeractionsamong
them,thefinalstatetransversemomentuminthe
fireballrestframecanbewrittenas[22]

p曚T =kpT, (1)

wherekdenotesthetransverseexpansivestrength.

k>1meansthatthereisantransverseexpansion
andk=1meansthatthereisnoexpansion.
暋暋Thefinalstatetransversemassinthecenter灢
of灢massframeorthelaboratoryframecanbewrit灢
tenas

mT = p曚2
毘 +m1

0 , (2)

becausethetransversemassisinvariantinthefire灢
ballframe,thelaboratoryframeandthecenter灢of灢
massframe.Them0inexpression(2)istherest
massofaparticle.
暋暋IntheMonteCarlomethod,letr1,r2,r3and
r4standfortheevenrandomvariablesdistributed
in[0,1].Wehave

px = -2lnr1cos(2毿r2)氁 (3)

and

py = -2lnr3cos(2毿r4)氁. (4)

AccordingtoEqs.(1)—(4),thetransversemass
canbewrittenas

mT {= k2氁2[(-2lnr1)cos2(2毿r2)+暋 暋

暋(-2lnr3)cos2(2毿r4)]+m }2
0

1/2

. (5)

暋暋Fromtheabovediscussions,wecanusethe
formula(5)tocalculatethetransversemassdistri灢
butionsbytheMonteCarlomethod.Intheformu灢
la(5),therearetwofreeparameterskand氁in灢
cludedinthecalculationsoftransversemassdistri灢
butions.The氁istheparameterwhichdescribes
theexcitationdegreeofemissionsource.Inthis

paper,weassumethatthreefireballshavethe
sameexcitationdegree.Thetransversemassdis灢
tributions,(1/mT)d2N/dmTdy,arefinallygiven
bythestatisticalmethod,whereN andydenote

particlenumberandrapidityrespectively.
暋暋AccordingtoRefs.[23—25],weknowthat
T=氁2/毭m0,whereT,毭andm0arethetempera灢
tureoftheparticleemissionsource,theLorentz
factor,andthestaticmassofproducedparticles.
Therefore,wecanusethethree灢fireballmodeltoin灢
vestigateandcalculatethetemperatureoftheinterac灢
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tingsystem.Inthecalculations,wetake毭曋1.Itis
difficultforustogiveapreciseLorentzfactorforpro灢
ducedparticlesinthepresentwork.TheobtainedT
valuesaregiveninTable1.

Table1暋Parametervaluesand氈2 dof-1values

forthefitsinFigs.1—6

Particle
Energy
/AGeV

Centrality
(%)

k
氁

/(GeV/c)
T

/GeV
氈2 dof-1

毇 40 0—5 1.28 0.54 0.26 0.246

5—12.5 1.28 0.53 0.25 0.055

12.5—23.5 1.3 0.53 0.25 0.545

23.5—33.51.26 0.505 0.23 0.199

33.5—43.51.24 0.495 0.22 0.124

158 0—5 1.18 0.62 0.34 0.339

5—12.5 1.25 0.57 0.29 0.0198

12.5—23.51.23 0.57 0.29 0.145

23.5—33.51.25 0.57 0.29 0.121

33.5—43.51.18 0.54 0.26 0.274
煀毇 40 0—5 1.27 0.60 0.32 0.047

5—12.5 1.25 0.58 0.30 0.02

12.5—23.51.24 0.55 0.27 0.33

23.5—33.51.15 0.59 0.31 0.343

158 0—5 1.20 0.75 0.50 0.056

5—12.5 1.27 0.64 0.37 0.0175

12.5—23.51.18 0.59 0.31 0.108

23.5—33.51.20 0.56 0.28 0.202

33.5—43.51.15 0.54 0.26 0.296

毊- 40 0—12.5 1.25 0.54 0.22 0.079

12.5—33.51.25 0.54 0.22 0.364

158 0—23.5 1.32 0.57 0.25 0.357

0—12.5 1.16 0.59 0.26 0.175

12.5—33.51.23 0.59 0.26 0.079

33.5—100 1.20 0.59 0.26 0.584

3暋ComparisonwithExperimentalData

暋暋Thetransversemassdistributionsof毇hyper灢
onproducedinPb灢Pbreactionsat40AGeV,for
fiveclassesofcentralityintherapidityinterval|y|
<0.4,areshowninFig.1.Thevaluesofkand氁,

obtained byfitting the experimentaldata,are
showninTable1.Intheselectionofparameter
values,the氈2灢testingmethodisusedandtheval灢
uesof氈2/degreeoffreedom (dof)aredisplayedin

Table1.Onecanseethatthethreefireballswitha
relativestrongtransverseexpansion(k>1)cande灢
scribethetransversemassdistributionsof毇hy灢
peronin40AGeV Pb灢Pbcollisionsfordifferent
centralities.

Fig.1 Thetransversemassdistributionsof毇producedin

Pb灢Pbcollisionsat40AGeV,forthefiveclassesof

centralityintherapidityinterval|y|<0.4.Thefull

circlesrepresenttheexperimentaldataofthe NA49

Collaboration[12]andthecurvesshowourcalculatedre灢
sults.From0—5%to33.5%—43.5%ofthecentrali灢
ty,thespectraarescaledbysuccessivepowersof2as

indicatedforclarity.

暋暋Fig.2showsthetransversemassdistributions
of煀毇producedinPb灢Pbcollisionsat40AGeV,for

Fig.2 Thetransversemassdistributionsof煀毇 producedin

Pb灢Pbcollisionsat40AGeVforfourclassesofcentra灢

lityintherapidityinterval|y|<0.4.Thefullcircles

andthecurvesdenotetheexperimentaldataofNA49Col灢

laboration[12] and our results, respectively. From

23.5%—33.5%to0—5%,thespectraaremultipliedby

thefactor2forclarity.
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fourclassesofcentralityintherapidityinterval
|y|<0.4.Themethodof氈2灢testingisusedinthe
selectionofparametervalues.Thevaluesofk,氁,

and氈2/dofareshowninTable1.Thekand氁val灢
uesaregivenbyfittingtheexperimentaldata.We
canseethatourcalculatedresultsareinagreement
withtheexperimentaldatainhighenergyheavy
ioncollisions.
暋暋InFig.3,thetransversemassdistributionsof
毊- producedinPb灢Pbcollisionsat40AGeV,for
twoclassesofcentralityintherapidityinterval|y|
<0.5,aregiven.Intheselectionofparameter
values,themethodof氈2灢testingisusedandthe
valuesofk,氁,and氈2/dofareshowninTable1.
Oneseeagainthatourcalculatedresultsarein
agreementwiththeexperimentaldatain Pb灢Pb
collisionsat40AGeV.

Fig.3 Thetransversemassdistributionsof毊- producedin

Pb灢Pbcollisionsat40AGeV,fortwoclassesofcen灢
tralityintherapidityinterval|y|<0.5.Thecircles

denotethe experimental data of NA49 Collabora灢
tion[12],andthecurvesindicateourresults.Frombot灢
tomtotop,thespectraaremultipliedbythefactor2

forclarity.

暋暋InFigs.4—6,thetransversemassdistribu灢
tionsof毇,煀毇,and毊- producedinPb灢Pbreactions
at158AGeV,fordifferentcentralitybinsatmid灢
rapidity(毇/煀毇:|y|<0.4,毊- :|y|<0.5),are
givenrespectively.Thevaluesofparametersob灢
tainedbyfittingtheexperimentaldataareshown
inTable1.Intheselectionofparametervalues,

themethodof氈2灢testingisusedandthevaluesof

Fig.4 Thetransversemassdistributionsof毇in158AGeV

Pb灢Pbcollisions,forfiveclassesofcentralityinthera灢

pidityinterval|y|<0.4.Thecirclesandthecurves

denotetheexperimentaldataoftheNA49Collabora灢
tion[12]andourresultsrespectively.Thespectraare

scaledasindicatedforclarity.

Fig.5 AsforFig.4,butshowingtheresultsfor煀毇.The

spectraarescaledasindicatedforclarity.

Fig.6 Thetransversemassdistributionsof毊- producedin

Pb灢Pbcollisionsat158AGeV,forfourclassesofcen灢

tralityintherapidityinterval|y|<0.5.Thecircles

denotethe experimental data of NA49 Collabora灢

tion[12],andthecurvesshowourcalculatedresults.

Thespectraarescaledasindicatedforclarity.
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氈2/dofareshowninTable1.Wecanseethatthe
threefireballswitharelativestrongexpansionin
thetransversedirectiondescribewelltheexperi灢
mentaldataoftransversemassdistributionsinPb灢
Pbcollisionsat158AGeV.

4暋ConclusionsandDiscussions

Wehavecalculatedthetransversemassdistri灢
butionsof毇,煀毇,and毊- producedin40and158
AGeVPb灢Pbcollisionsindifferentcentralitybins
atmidrapi灢dity(毇/煀毇:|y|<0.4,毊- :|y|<0.5)

usingtheMonteCarlomethodintheframeworkof
theexpansivethree灢fireball model[22].Onehave
seenthatourcalculatedresultsareinagreement
withtheexperimentaldatainheavy灢ioncollisions
athighenergies.
暋暋Infact,thefireballsformedinthenucleus灢nu灢
cleuscollisionsathighenergieshavetheexpansion
bothinthetransversedirectionandinthelongitu灢
dinaldirection.Wedonotneedtotakeintoac灢
counttheexpansioninthelongitudinaldirectionin
thestudyoftransversemassdistributions.From
Table1,wecanseethatthefireballshavearela灢
tivestrongtransverseexpansion.
暋暋Theparameterskand氁inEq.(5)denotethe
transverseexpansivestrengthandexcitationdegree
oftheemissionsource,respectively.k>1meansa
relativestrongtransverseexpansion andk =1
meansthatthereisnoexpansion.Thephysical
conditionrequiresk曒1.Forthedifferentparticles
producedinafixedincidentenergy,thekand氁
valuesarenotsame.Wethoughttheinteracting
mechanismwouldberesponsibleforthedifferentk
valuesamongthedifferentparticlesproducedin
thefixedincidentenergyandthe氁valuesincrease
slightlywiththeparticlemassincreasing.Inthe
caseoftheparticleproducedinthefixedincident
energyforthedifferentcentralities,suchas毇hy灢
peronproducedat40AGeVforfivedifferentcen灢
tralities,thedifferentcentralitescorrespondtothe
differentkand氁valuesduetothedifferentcolli灢
sionintensity.Generally,astrongercollisioncor灢

respondstoahigherexcitationdegreeandagreater
氁valuecorrespondstoahigherdegreeofexcita灢
tion.Therefore,thereisabigger氁valuewhenthe
collisioniscentralandthereisasmaller氁value
whenthecollisionisnoncentral.Consideringthe

particleproducedinvariousincidentenergy,the氁
valueincreaseswithincreasingtheincidentenergy
becauseahigherincidentenergycorrespondtoa
hardercollision.
暋暋Wewouldliketopointoutthatwehaveneg灢
lectedtheeffectofleadingparticles.Ifweconsider
theeffectofleadingparticles,thethreefireballs
willhavedifferentexcitationdegreesduetothein灢
teractionsbetweentheleadingparticlesandthe
threefireballs[18].In ourprevious work[26] and
Ref.[27],amultisourceidealgasmodelwasin灢
troducedtodescribethetransversemassspectraof

particlesproducedinhighenergynucleus灢nucleus
collisions.Generallyspeaking,thethree灢fireball
modelcanbeincludedintheframeworkofthe
multisourceidealgas model.Thepresent work
showsthatthethree灢fireball model[22] byconsi灢
deringthetransverseandlongitudinalexpansionof
theemissionsourcesgivesagooddescriptionofthe
strangeparticletransverse massdistributionsin
Pb灢Pbcollisionsat40and158AGeV.Weshallbe
interestedtotesttheexpansivethree灢fireballmodel
inthefuturebyusingthetransversemassdistribu灢
tionsofotherparticlesproducedinnucleus灢nucleus
atotherenergies[28-30].
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高能Pb灢Pb碰撞中产生的奇异粒子的横质量分布*
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摘暋要:基于三火球模型,用蒙特卡罗方法计算了40和158AGeV 能量下 Pb灢Pb碰撞中产生的 毇,煀毇 和

毊- 强子的横质量分布。在计算中发现射弹核火球、中心火球和靶核火球在横向有明显的扩展,并且模型计

算的结果与 NA49合作组的实验结果相一致。
关 键 词:横质量;Pb灢Pb碰撞;扩展的三火球模型
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