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TransverseMassSpectrainHigh灢energy
Heavy灢ionCollisions
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Abstract:Basedonthemultisourceidealgasmodel,whichdonotconsiderthedynamicmecha灢
nismofparticles,twoformulaearegiventodescribethetransversemassdistributionsofpro灢
tons,kaonsandpionsproducedincentralheavyioncollisionsathighenergies.Inthecaseof
neglectingtherelativisticeffect,ourcalculatedresultsapproximatelydescribetheexperimental
data,exceptforpions.Byconsideringthesub灢samplesofthesources,itisfoundthatourcalcu灢
latedresultsareingoodagreementwiththeexperimentaldatainthecentralAu灢AuandPb灢Pb
collisionsathighenergies.
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1暋Introduction
暋暋Thestudyofhigh灢energyheavy灢ioninterac灢
tionsisanimportantfieldofparticleandnuclear
physicsanditismotivatedmainlybythequantum
chromodynamics(QCD)predictionthattheexcited
nuclearmatterundergoesaphasetransitionintoa
systemofdeconfinedquarksandgluonsunderex灢
tremelyhightemperatureandhighdensity[1].
暋 暋Inthestudyofrelativisticheavy灢ioncolli灢
sions,thetransversemass (mT)distributionsof
final灢stateparticlesaretheinterestingsubjectin
theoreticalandexperimentalinvestigations.Many
internationalcollaborationshavereportedthemT

distributionsoffinal灢stateparticles,forinstance,

E895[2],E917[3],NA49[4-12],NA57[13],E802[14],
E866andE917[15],etc..Meanwhile,muchtheo灢
reticalworkhasbeendevotedtotheunderstanding
ofthemechanismresponsibleforthemT distribu灢
tions[16-20].

暋暋Recently,basedonthemultisourceidealgas
(MSIG)model[21-28],Liuetal.havegivenauni灢
fieddescriptiontomultiplicitydistributionsofthe

final灢stateparticles measuredine+e- ,pp,p焻p,

e+pandprotonandheavyioninducednuclearcol灢
lisionsatdifferentcenter灢of灢massenergies[21],and
56Fe+p,136Xe(124Xe)+Pbreactionsoveranener灢

gyrangefrom300to1500AMeV[22].Itisknown

thattheMSIGmodelissuccessfulindescribingra灢

pidityandazimuthaldistributionsofprotonspro灢
ducedinthe Au灢Aucollisionsat2~8 AGeV

measured at alternating灢gradient synchrotron
(AGS)[23].Inourpreviouswork[29-30],wehave

usedthethree灢fireballmodeltodescribethemT

distributionsofstrangeparticlesproducedinthe

Pb灢Pbcollisionsat40,80and158 AGeV.To

studyotherparticleproductionsinawiderenergy
range,inthispaperwedevelopthemethodsused
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intheRefs.[29-30]tocalculatethemTdistribu灢
tionsofprotons,kaons,pions,lambdaandanti灢
lambdaandcomparewiththeexperimentaldatain
therangefrom alternating灢gradientsynchrotron
(AGS)tosuperprotonsynchrotron(SPS)incident
energies.

2暋TheMSIGmodel

暋暋Weestablishathree灢dimensionalrectangular
coordinatesystemandletthebeam directionand
thereactionplanebetheozaxisandxozplanere灢
spectively.Inthe MISG model,manyemission
sourcesofparticlesareassumedtoforminheavy灢
ioncollisionsathighenergies.Alotofparticles
areproducedandemittedineachemissionsource.
Weassumethattheparticlesareisotropicallyemit灢
tedintherestframeofemissionsource.According
toRef.[28],themT distributionofparticlespro灢
ducedintheemissionsourceiisgivenby

fi(mT,Ti)=CmTexp-m2
T -m2

0

2m0T
æ

è
ç

ö

ø
÷

i
, (1)

whereCisthenormalizationconstant,m0isthe
restmassoftheconcernedparticle,andTiisthe
temperatureparameterwhichdescribestheexcita灢
tiondegreeoftheithemissionsource.Thefinal
mT distribution,contributed by alln emission
sources,is

f(mT)=暺
n

i=1
aifi(mT,Ti), (2)

whereaiistherelativeweightcontributedbythe
ithemissionsource.Asarawassumption,alln
emissionsourcesareinthermalandchemicalequi灢
libriumatthetimeoffreeze灢out.Wehave

T1=T2=…=Tn. (3)

Inpresentpaperweassume

a1=a2=…=an. (4)

暋暋 WewouldliketopointoutthatEq.(1)is
validonlyinthenon灢relativisticlimit.Inthelabo灢
ratoryreferenceframe,theconcernedparticlesof
thepresentworkarenotnon灢relativistic.Butin

theemission source restframethe relativistic
effectissmall.Infact,whentheparticlesinthe
laboratorysystemaretransformedintotheonein
theemissionsourcerestsystemwecanuseEq.(1)

todescribethetransversemassspectraofboththe
non灢relativisticandrelativisticparticles.However,

thetransformingworkistoocomplextorealizein
thepresentwork.Therefore,asafirstapproxima灢
tion,Eq.(1)isusedinthispaper.Inthecaseof
consideringrelativisticparticles,wecanusethe
methodinthefollowing.
暋暋Inhigh灢energyheavy灢ioncollisions,according
totheinteraction mechanismsoreventsample,

many emission sources formed in high灢energy
heavy灢ioncollisionsaredividedintolgroups[21-22].
Thesourcenumberinthejthgroupisassumedto
benj .EachsourcecontributesmT distributionto
beanexponentialfunction.
暋暋Thetransversemass(mTij )distributioncon灢
tributedbytheithsourceinthejthgroupiswrit灢
tenas

fij(mTij,Tij)= 1
Tij

exp-mTij

Ti

æ

è
ç

ö

ø
÷

j
, (5)

whereTijisthetemperatureoftheithemission
sourceinthejthgroup.Weassumethattheemis灢
sionsourcesinthejthgroupareinthermaland
chemicalequilibriumatthetimeoffreeze灢out.We
have

T1j=T2j=…=Tnjj暋. (6)

Theparticletransverse mass (mTj )distribution
contributedbythejthgroupisgivenbythefolding
ofnjexponentialfunctions,thatis

fj(mTj,Tij)=
mnj-1

Tj

nj-( )1 ! Tnjij
exp-mTj

Ti

æ

è
ç

ö

ø
÷

j
.

(7)

ThetotalmT distribution contributed bythel
groupscanbewrittenas

f(mTj,Tij)=暺
l

j=1
bjfj(mTj,Tij), (8)

wherebjistherelativeweightcontributedbythe

jthgroupandcanbeobtainedbythegeometrical
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weightoftheimpactparameter.Agreatergeomet灢
ricalweightoftheimpactparametercorresponds
toagreatervalueofbj .Fornucleus灢nucleuscolli灢
sionsatafixedimpactparameter,thenjcanbere灢
gardedasthenumberofparticipantnuclei.For
nucleus灢nucleuscollisionsatarandomimpactpa灢
rameter,thenumberofparticipantnucleiwillbe
various.Goingfurther,themT willbevarious.
ThemTdistributionisfinallyobtainedbythesta灢
tisticalmethod.InRef.[16],forinstance,themT

distributionoftheprotonsproducedinthePb灢Pb
collisionsatincidentenergiesElab=158,80,40,

30and20AGeV,thethree灢fluiddynamics(3FD)

modelhasusedafixedimpactparametertode灢
scribetheexperimentaldata.Itisdifferentfrom
thepresentwork.

Intheabovediscussions,twomethodsinthe
frameworkoftheMSIGmodelareproposedtode灢
scribethemTdistributions.Forthefirstmethod,
alloftheemissionsourcesformedinhigh灢energy
heavy灢ioncollisionsareassumedtobeinthermal
andchemicalequilibriumatthetimeoffreeze灢out.
Then,thetemperaturesofalltheemissionsources
arethesame.Forthesecondmethod,theemis灢
sionsourcesformedinhigh灢energyheavy灢ioncolli灢
sionsaredividedintolgroupsaccor灢dingtointer灢
action mechanismsoreventsample.Weassume
thatalltheemissionsourcesineachgrouparein
thermalandchemicalequilibrium atthetimeof

freeze灢out.Allthegroupsarenotalwaysinther灢
malandchemicalequilibrium.Therefore,thetem灢
peraturesofalltheemissionsourcesineachgroup
aresameandthetemperaturesoftheemission
sourcesin differentgroupsare notalwaysthe
same.

Inaddition,Eq.(5)inthispaperaredifferent
fromEq.(2)inRef.[13].Eq.(2)ofRef.[13]is
theparametrizationforeachparticlespeciesand
Eq.(5)inthispaperisthecontributionofeach
emissionsourceincludingthevariousparticles.
Alsothetemperatureparameterusedinthepres灢
entworkisdifferentfromthetemperatureparame灢
terusedinRef.[13].Thetemperatureofthepres灢
entworkisusedtodescribetheexcitationdegree
oftheemissionsourceandthetemperatureofRef.
[13]isinterpretedasduetothethermalmotion
coupledwithacollectivetransverseflow ofthe
fireballcomponents.

3 Comparisonwithexperimentaldata
暋暋ThemTspectra,(1/mT)d2N/dydmT ,ofpro灢
tonsatthemidrapidityproducedinthecentralAu灢
AucollisionsatthedifferentAGSenergiesandin
thecentralPb灢PbcollisionsatthedifferentSPS
energiesarerepresentedinFigs.1and2respective灢
ly,whereNandydenoteparticlenumberandra灢
pidity respectively. The circles denote the
experimentaldata ofthe E895 Collaboration[2]

Fig.1 ThetransversemassdistributionsofprotonsatthemidrapidityfromthecentralAu灢Aucollisionsatincidentenergies

Elab=2,4,6and8AGeV.DataarefromtheE895experimentaldata[2].
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and NA49 experimental data[4-6].The dashed
curvesareourcalculatedresultsusingEq.(2)and
thesolidcurvesarethecalculatedresultswithEq.
(8)withj=2.From2to8AGeV,theTivalues
byfittingtheexperimentaldatawithEq.(2),the
Tij,njvaluesandtherelationshipofb1andb2in
Eq.(8)areshowninTable1.Intheselectionof
theparametervalues,the氈2灢testing methodis

usedandthe氈2/dof(dofmeansdegreeoffreedom)

valuesareshowninTable1.Itcanbeseenthat
Eq.(2)and (8)describetheexperimentaldata
well,there is no obvious difference between
Eq.(2)and(8)indescribingthemTspectraofthe
protonsfromthecentralAu灢Aucollisionsatthe
AGSincidentenergiesandthecentralPb灢Pbcolli灢
sionsattheSPSincidentenergies.

Fig.2 ThetransversemassdistributionsofprotonsatthemidrapidityfromcentralPb灢PbcollisionsatincidentenergiesElab=

20,30,40,80and158AGeV.DataaretakenfromtheNA49Collaboration[4-6].

Table1暋TheTivaluesofEq.(2),theTij,njvaluesandtherelationsbetweenb1andb2inEq.(8)forFigs.1~3.

Incidentenergy/(AGeV) Ti/GeV f(b1,b2) Ti1/GeV Ti2/GeV n1 n2
氈2

dof

Fig.1 2 0.33 b1 =2.1b2 0.21 0.15 2 3 0.074
4 0.37 b1 =1.8b2 0.25 0.15 2 3 0.099
6 0.38 b1 =1.6b2 0.25 0.14 2 3 0.101
8 0.42 b1 =3.5b2 0.27 0.16 2 3 0.042

Fig.2 20 0.45 b1 =0.8b2 0.245 0.175 2 3 0.041
30 0.46 b1 =1.8b2 0.27 0.18 2 3 0.064
40 0.49 b1 =2.3b2 0.28 0.18 2 3 0.083
80 0.49 b1 =4.0b2 0.27 0.18 2 3 0.025
158 0.51 b1 =2.3b2 0.28 0.18 2 3 0.065

Fig.3 2 0.23 b1 =b2 0.135 0.095 2 3 0.135
4 0.26 b1 =b2 0.14 0.10 2 3 0.091
6 0.31 b1 =4.0b2 0.187 0.125 2 3 0.038
8 0.32 b1 =0.4b2 0.08 0.18 2 3 0.186

10.7 0.37 b1 =0.4b2 0.30 0.185 2 3 0.107

暋 暋 Weshow in Fig.3the mT distributions,
(1/2毿mT)d2N/dmTdy,ofpositivekaonsatthe
midrapidityproducedinthecentralAu灢Aucolli灢
sionsatthevariousAGSincidentenergies.The
circlesdenotetheE866experimentaldata[15].The

dashed curves are our calculated results using
Eq.(2).Thesolidcurvesaretheresultsfrom
Eq.(8)withj=2andtheobtainedparameterval灢
uesbyfittingtheexperimentaldataareshownin
Table1.From2to10.7AGeV,theobtainedTi
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Fig.3 ThetransversemassdistributionsofpositivekaonsatthemidrapidityfromthecentralAu灢Aucollisionsatincidentener灢
giesElab=2,4,6,8and10.7AGeV.TheexperimentaldataarefromtheE866Collaboration[15].

Fig.4 ThetransversemassdistributionsofpositivekaonsatthemidrapidityfromthecentralPb灢Pbcollisionsatincidentener灢
giesElab=20,30,40,80and158AGeV.TheexperimentaldataaretakenfromRef.[16].

Fig.5 ThecaptionisthesameasthatforFig.4,butdisplaystheresultsofnegativekaons.

valuesofEq.(2)andtherelationsbetweenb1and
b2inEq.(8)areshowninTable1.Intheselection
ofparametervalues,the氈2灢testingmethodisused

andthe氈2/dofvaluesarealsoshowninTable1.
ThemTdistributions,(1/mT)d2N/dmTdy,of

positiveandnegativekaonsatthemidrapiditypro灢
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ducedinthecentralPb灢Pbcollisionsatthediffer灢
entSPSincidentenergiesaregivenrespectivelyin
Figs.4and5.Thecirclesdenotetheexperimental
datawhicharetakenfrom Ref.[16].Thedashed
curvesrepresentourcalculatedresultsbyusing
Eq.(2)andthesolidcurvesindicatetheresultsby
usingEq.(8)withj=2andtheobtainedparameter
valuesbyfittingtheexperimentaldataareshown

inTable2.ThefittedTivaluesofEq.(2),the

氈2/dofvaluesandtherelationshipofb1andb2are
showninTable2.FromFigs.3,4and5,wecan
seethatEq.(8)isbetterthanEq.(2)inthede灢
scriptionsofthemTdistributionsofkaonsfromthe
centralheavy灢ioncollisionsintherangefrom AGS
toSPSincidentenergies.

ThemTdistributions,(1/2毿mT)d2N/dmTdy,

Table2暋TheTivaluesofEq.(2),theTij,njvaluesandtherelationsbetweenb1andb2inEq.(8)forFigs.4~7

Incidentenergy/(AGeV) Ti/GeV f(b1,b2) Ti1/GeV Ti2/GeV n1v n2
氈2

dof

Fig.4 20 0.43 0.21 0.15 2 3 0.026

30 0.45 0.23 0.15 2 3 0.062

40 0.47 b1=4.0b2 0.25 0.16 2 3 0.037

80 0.49 0.215 0.165 2 3 0.125

158 0.49 0.23 0.15 2 3 0.11

Fig.5 20 0.39 b1=4.0b2 0.21 0.13 2 3 0.406

30 0.41 b1=4.0b2 0.23 0.17 2 2 0.06

40 0.41 b1=2.3b2 0.204 0.15 2 3 0.317

80 0.43 b1=1.8b2 0.20 0.15 2 3 0.069

158 0.43 b1=4.0b2 0.21 0.16 2 3 0.039

Fig.6 2 0.48 b1=9.0b2 0.10 0.092 2 5 0.581

4 0.52 b1=2.8b2 0.10 0.10 2 5 0.411

6 0.56 b1=2.0b2 0.10 0.10 2 5 0.403

8 0.60 b1=1.2b2 0.10 0.15 2 3 0.032

10.7 0.64 b1=1.2b2 0.105 0.155 2 3 0.058

Fig.7 20 0.41 b1=4.0b2 0.12 0.105 2 5 0.115

30 0.41 b1=3.8b2 0.13 0.13 2 5 0.085

40 0.45 b1=3.3b2 0.13 0.13 2 5 0.056

80 0.48 b1=3.3b2 0.12 0.13 2 5 0.102

158 0.56 b1=3.8b2 0.13 0.13 2 3 0.234

ofpositivepionsatthemidrapidityproducedinthe
centralAu灢AucollisionsatthevariousAGSinci灢
dentenergiesand(1/mT)d2N/dmTdy,ofnegative
pionsatthe midrapidityfrom thecentralPb灢Pb
collisionsatthedifferentSPSincidentenergiesare
displayedin Figs.6 and 7,respectively.The
experimentaldataaretakenfrom theE866and
E917Collaborations[15]andthe NA49 Collabora灢
tion[9-10],whichareshowedbythecircles.The
dashedcurvesshow ourcalculatedresultsfrom
Eq.(2)andthesolidcurvesshowthecalculatedre灢

sultsfromEq.(8)withj=2.ThefittedTivalues
ofEq.(2),thefittedTij,njvaluesandtherela灢
tionshipbetweenb1andb2ofEq.(8)areshownin
Table2.Intheselectionofparametervalues,the

氈2灢testingmethodisusedandtheobtained氈2/dof
valuesareshowninTable2.Itcanbeseenfrom
Figs.6and7thatEq.(8)issuccessfulindescri灢
bingthemT distributionsofpionsproducedinthe
centralAu灢AucollisionsattheAGSincidentener灢
giesandinthecentralPb灢PbcollisionsattheSPS
incidentenergies.Webelievethattheroughas灢
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sumptionthatallofsourcesareinthermaland
chemicalequilibrium atthetime offreeze灢out

wouldberesponsiblefortheunsuccessfulnessof
Eq.(2)indescribingthemTdistributionsofpions.

Fig.6 ThesameasinFig.3butforpositivepions.DataarefromtheE866andE917Collaborations[15].

Fig.7 ThetitleisthesameasthatforFig.4,butindicatestheresultsofnegativepions.ExperimentaldataarefromtheNA49

Collaboration[9-10].

4暋Conclusionsanddiscussions

暋暋Wehaveusedtwomethods,whicharebased
ontheMSIG model,tocalculatethemT distribu灢
tionsofthefinal灢stateparticlesproducedinthe
heavyioncollisionsathighenergies.Inthefirst
method, we assume that all ofthe emission
sourcesoftheparticlesareinthermalandchemical
equilibrium atthetimeoffreeze灢out.Thisas灢
sumptionissimilartotheoneusedinRefs.[29-
30].Althoughitisrough,wecanuseittoap灢
proximatelydescribethemT distributionsofthe

particles,exceptforpions.InRef.[30],wede灢
scribedsuccessfullythemTdistributionsofstrange

particlesproducedinthePb灢Pbcollisionsat40and
158AGeVbyconsideringtheexpansionofemis灢
sionsourceinthetransversedirection,whichis
differentfromthefirstmethodusedinthepresent
work.Inthesecondmethod,aformulawhichcon灢
sidersthejthsub灢sampleinthecalculationsisob灢
tainedtogiveadescriptionofthemTdistributions

ofthefinal灢stateparticlesproducedintheAu灢Au
andPb灢PbcollisionsattheAGSandSPSincident
energies.Compared withthefirst method,the
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secondmethodisbetterindescribingthemTdistri灢
butionsofthefinal灢stateparticles,especiallyfor
pions.
暋暋Afew modellingformulaeareusedindescri灢
bingmTdistributions.Forexample,theexponen灢
tialdistributions[13,16],thetwoexponentialdistri灢
butions[7-8],etc.Eq.(7)whichhasbeenusedin
thepresentworkisactuallyanErlangdistribution.
Generallyspeaking,fornucleus灢nucleuscollisions
atnottoohighenergieswetakej=1andforcolli灢
sionsatveryhighenergieswetakej=2or3dueto
thedifferentinteractionmechanismsexistinginthe
eventsamples.Onecanseethatourmodellingfor灢
mula(Eq.(8))includestheformulasinRefs.[6-
7,13,16].FortheMSIG model,thedistinction
ofdistributionscanbeseenfromthetemperature
oftheemissionsource(TiorTij ),thenumbers
ofthegroupdivided (l),therelativeweightof
thedividedgroup(bj )andthesourcenumbersof
eachgroup(nj ).
暋暋Insummary,themTdistributionsofthefinal灢
stateparticlesproducedinthecentralAu灢Aucolli灢
sionsattheAGSenergiesandinthecentralPb灢Pb
collisionsattheSPSenergieshavebeeninvestiga灢
tedbythemultisourceidealgasmodel.Twofor灢
mulasdescribingthemTdistributionsareobtained.
Themodelisprovedtobesuccessfulindescribing
thefinal灢stateparticlemTdistributionsattheener灢
gyrangeconcerned.
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高能重离子碰撞中产生的末态粒子的横质量谱

谢文杰1)

(运城学院物理与电子工程系,山西 运城暋044000)

摘要:基于多源理想气体模型,用两个方程分别描述了高能重离子中心碰撞中产生的p,K暲 和毿暲 的横质量

分布。在忽略末态粒子的相对论效应的情况下,除毿暲 外,计算结果可近似地描述实验结果。考虑了源的次

级样本后,发现计算结果与高能 Au灢Au和Pb灢Pb中心碰撞的实验结果符合得较好。
关键词:多源理想气体模型;横质量谱;Au灢Au碰撞;Pb灢Pb碰撞
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