
暋暋ArticleID:1007-4627(2010)02-0274-06

TransverseMassandRapidityDistributionsof毇and煀毇
HyperonsProducedinCentralPb灢PbCollisions

atHighEnergies
*

XIE Wen灢jie
(DepartmentofPhysics,YunchengUniversity,Yuncheng044000,Shanxi,China)

Abstract:ThetransversemassandrapiditydistributionsofLambdaandAntilambdahyperonspro灢
ducedincentralPb灢Pbcollisionsat40,80,and158AGeVaredescribedbythemultisourceideal
gasmodelandthethree灢fireballmodel.Theresultscalculatedbythemodelsarecomparedand
foundtobeinagreementwiththeexperimentaldataoftheNA49Collaboration.
Keywords:transversemassdistribution;rapiditydistribution;Pb灢Pbcollision;multisourceideal
gasmodel;three灢fireballmodel
CLCnumber:O571.6暋暋暋Documentcode:A

1暋Introduction
Relativisticheavy灢ioncollisionsareimportant

subjectsintheoreticalandexperimentalnuclear
physicsbecausethesecollisionsprovideaunique
approachtoexplorethenew matterstate.The
quarkmatterpredictedbythequantumchromody灢
namics(QCD)hasbeenstudiedin high灢energy
heavy灢ioninteractionsandsomepropertiesofnu灢
clearreactionshavebeenexplainedbytheknowl灢
edgeofcurrentphysics.
暋暋Inrelativisticheavy灢ioncollisions[1—3],many
particles are produced and some ofthem are
strangeparticles[4].Thestrangeparticleproduc灢
tionhasbeenanimportantobservableinhigh灢ener灢
gyheavy灢ionreactionsanditsincreasewasoneof
thefirstsuggestedsignaturesforquark灢gluonplas灢
ma(QGP).
暋暋Inrecentyears,alotofexperimentaldataof
heavy灢ioncollisionshavebeenreported[5—10] and

manytheoreticalmodelsaresuggestedtoexplain
thesedata[11—13].Explanationoftransverse mass
spectraofparticlesproducedinheavy灢ioncollisions
turnsouttobeoneofmostdifficulttasks[14].
暋暋Inthispaperweconcentrateonthestudyof
transverse mass and rapidity distributions of
LambdaandAntilambdahyperonsproducedinPb灢
Pbcollisionsat40,80,and158AGeVbasedon
themultisourceidealgasmodel[15—18]andthethree灢
fireball model[19—22]. We usethe Monte Carlo
methodtocalculatethetransversemassandrapidi灢
tydistributionsandcompareourcalculatedresults
withtheexperimentaldataoftheNA49Collabora灢
tion[23].

2暋TheoreticalModels

暋暋Intheinvestigationoftransversemassdistri灢
butions,we willusethe multisourceidealgas

model.The multisourceidealgas modelcanbe
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foundinRefs.[15—18].Togiveawholepresenta灢
tionofthecurrentwork,weintroduceshortlythe
modelinthefollowing.
暋暋Lettheheavy灢ionbeam directionbeozaxis
andthereactionplanebexozplane.Alotofemis灢
sionsourcesofparticlesaresupposedtobeformed
andweassumethattheparticlesareisotropically
emittedintherestframeofemissionsource.Ac灢
cordingtothemultisourceidealgasmodel[16—18],

thethreecomponentsp*
x ,p*

y andp*
z ofparticle

momentumobeyaGaussiandistributionandhave
thesamestandarddeviation氁inthesourcerest
system.Consideringtheexpansionsoftheemis灢
sionsourcesandthe movementoftheemission
sourcescenter,thefinalparticlemomentumcom灢
ponentscanbeobtainedbyrevisingp*

x ,p*
y and

p*
z .Therelationsbetweenpxandp*

x ,pyandp*
y

andpzandp*
z aresupposedtobelinear.Wehave

px =axp*
x +bx氁, (1)

py =ayp*
y +by氁, (2)

and
pz=azp*

z +bz氁, (3)

whereax,ay,az,bx,byandbzarefreeparameters
whichcandescribeanexpansionoftheemission
sourceandamovementoftheemissionsourcecen灢
terintheox,oyandozdirectionsrespectively,

and氁isthecoefficientthatstandsforthewidthof
momentumdistributioninthesourcerestsystem.
Inthetransversespace,thetransversemomentum
andtransversemassaredefinedby

pT = p2
x +p2

y (4)

and

mT = p2
T +m2

0 (5)

respectively,wherem0istherestmassofaparti灢
cle.
暋暋LetR1,R2,R3,R4,R5,andR6denoteeven
randomvariablesdistributedin[0,1].Wehave

p*
x = -2lnR1 cos(2毿R2)氁, (6)

p*
y = -2lnR3 cos(2毿R4)氁, (7)

and

p*
z = -2lnR5 cos(2毿R6)氁. (8)

ConsideringEqs.(1),(2)and (4)to (7),the
transversemasscanbewrittenas

mT =氁 [axA+bx]2+[ayB+by]2+m2
0 ,(9)

A= -2lnR1 cos(2毿R2),

B= -2lnR3 cos(2毿R4).

Accordingtothethree灢fireballmodel[19—22],apro灢
jectilefireball(P* ),atargetfireball(T* )anda
centralfireball(C* )areformedinhigh灢energynu灢
clear灢nuclearcollisions.Eachfireballcanberegar灢
dedasaemissionofparticles,andparticlesineach
fireballareassumedtoemitisotropically.Three
momentumcomponentsp*

x ,p*
y andp*

z ofparti灢
clesobey Gaussian distribution with the same
standarddeviation氁inthesourcerestsystem.In
theMonteCarlocalculations,thep*

x ,p*
y andp*

z

canbewrittenastheEqs.(6)—(8).
暋暋Inthesourcerestframe,therapidityofparti灢
cleisdefinedby

y* =1
2

毰+pz

毰-p
æ

è
ç

ö

ø
÷

z
, (10)

where毰= p*2
x +p*2

y +p*2
z +m2

0 istheenergyofa
particle.
暋暋Inthelaboratorysystemorthethecenter灢of灢
massframesystem,therapidityvariableyisgiven
by

y=y* +yx暋, (11)

whereyx indicatestherapidityoftheprojectile
fireball,targetfireball,orcentralfireballinthe
concernedreferenceframe.Let毮ydenotethera灢
pidityshiftoftheprojectilefireballandthetarget
fireballandlet殼ydenotetherapidityshiftofthe
leadingprojectileparticleandleadingtargetparti灢
cle.Therapiditydistributionisfinallycontributed
bytheprojectilefireballs,thetargetfireballs,the
centralfireballs,leading projectileparticlesand
leadingtargetparticles.Incurrentwork,weas灢
sumethatthecontributionsofthreefireballs(P* ,
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T* ,andC* )areequaltoeachother,andthecon灢
tributionsofleadingprojectileparticlesandleading
targetparticlesareequaltoeachother,too.Letk
denotethecontributionsofleadingprojectileparti灢
clesorleadingtargetparticles,then,thecontribu灢
tionofeachfireballis(1-2k)/3.Wecanfitthe
experimentaldatatoobtainthevalueofk.Consid灢
eringtheexpressions(6)to(8),(10)and(11),

wecangivethevalueofrapidity.
暋暋Intheabovediscussions,wecanuseEqs.(9)

and(11)tocalculatethetransversemassandra灢
piditydistributions,respectively.Fortransverse
massdistributionsofLambdaandAntilambda,we
used multisourceemission picture.Forrapidity
distributionsofLambdaandAntilambda,weused
three灢sourceemissionpicture.Inthemultisource
idealgasmodel,wecanusetheparametersax,y

andbx,y to denotethetransverseexpansion of
emissionsourcesandtransversemovementofcen灢
terofemissionsources,respectively.Therefore,it
isconvenientforustocalculatetransversedistribu灢
tionsofparticlesproducedinhigh灢energynucleus灢
nucleuscollisions.Butfortherapiditydistribu灢
tion,wedonotneedtoconsiderthetransverseex灢
pansionofemissionsources.So,wecanusethe
three灢fireballmodeltodescribetherapiditydistri灢
butionsofparticlesproducedinnucleus灢nucleusat
highenergies.Thetransversemassdistributions,
(1/mT )d2N/dmTdy,andtherapidity distribu灢
tions,dN/dy,arefinallyobtainedbythestatistic
method,whereN andy denoteparticlenumber
andrapidityrespectively.
暋暋WewouldliketopointoutthattheEqs.(1)

to(3)arevalidonlyinthenon灢relativisticlimit.
Butintheemissionsourcerestframetherelativis灢
ticeffectissmall.Asafirstapproximation,Eqs.
(1)—(3)areusedinpresentwork.

3暋ComparisonwithExperimentalRe灢
sults

暋暋Thetransverse massdistributions,(1/mT)

d2N/dmTdy,ofLambdaandAntilambdahyperons

producedinthecentralPb灢Pbcollisionsat158
AGeVareshowninFig.1.Thefullcirclesdenote
theexperimentaldataof NA49 Collaboration[23]

andthecurvesindicateourcalculatedresultsby
usingMonteCarlomethod.Theparametervalues
obtainedbyfittingtheexperimentaldataaredis灢
playedinTable1.Intheselectionoftheparameter
values,the氈2灢testingmethodisusedandwecan
seethatourcalculatedresultsareinagreement
withtheNA49experimentaldata[23].

Fig.1 ThetransversemassdistributionsofLambdaandAn灢
tilambdahyperons producedincentralPb灢Pb colli灢
sions.Thecirclesrepresenttheexperimentaldataof

NA49Collaboration[23]andthecurvesdenoteourcalcu灢
latedresults.

Table1暋ParametervaluesforcurvesinFigs.1—3

Particle E/AGeV ax bx ay by 氁/(GeV/c)

毇 40 1.30 -0.05 1.40 -0.05 0.51

80 1.35 -0.05 1.40 -0.05 0.52

158 1.40 -0.1 1.35 -0.1 0.57

煀毇 40 1.32 -0.05 1.40 -0.05 0.56

80 1.32 -0.05 1.40 -0.05 0.56

158 1.32 -0.05 1.40 -0.05 0.53

暋暋Fig.2presentsthetransversemassdistribu灢
tionsofLambdaand Antilambdahyperonspro灢
ducedincentralPb灢Pbcollisionsat80AGeV.The
circlesaretheexperimentaldataofNA49Collabo灢
ration[23]andthecurvesaretheMonteCarlocalcu灢
latedresults.Theparametervaluesobtainedby
fittingtheexperimentaldataareshowninTable1
andthe氈2灢testingmethodisusedintheselection
ofparametervalues.Onecanseethatthemulti灢
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sourceidealgasmodelcandescribetheexperimen灢
taldatainhigh灢energyheavy灢ioncollisions.

Fig.2 AsforFig.1,butdisplayingtheresults.

暋暋InFig.3,thetransversemassdistributions,
(1/mT)d2N/dmTdy,ofLambdaand Antilambda
hyperonsproducedin40AGeVcentralPb灢Pbcolli灢
sionsaregiven.Thecirclesandcurvesrepresent
theexperimentaldataof NA49 Collaboration[23]

andthecalculatedresultsbyusing MonteCarlo
methodbasedonthe multisourceidealgasmod灢
el[15—18],respectively.Inourcalculations,Thepa灢
rametervaluesobtainedbyfittingexperimentalda灢
taareshowninTable1.Thesameconclusionfrom
Fig.3asfromFigs.1and2canbeobtained.The
calculatedresultsfrom Eq.(9)areinagreement
withtheexperimentaldatainhigh灢energyPb灢Pb
collisions.

Fig.3 AsforFig.1,butshowingthedistributions.

暋暋Therapiditydistributionsof毇and煀毇hyperons
producedinthecentralPb灢Pbcollisionsat40(a),

80(b),158AGeV(c)aredisplayedinFigs.4and
5.

ThecirclesdenotetheNA49experimentalda灢

ta[23]andthecurvesrepresentourcalculatedre灢
sultsbythe MonteCarlo methodbasedonthe
three灢fireballmodel[19—22].Inourcalculations,we
regard氁,k,殼yand毮yasthefreeparametersand
theirvalues,obtainedbyfittingtheexperimental
data,areshowedinTable2.Intheselectionofpa灢
rametervalues,the氈2灢testingmethodisused.To
seethequalityofourfits,wehavecalculatedthe
valuesof氈2/degreeoffreedom(dof)forallfits.In
Fig.4,thevaluesof氈2/dofare0.025(a),0.012
(b),and0.059(c)respectively.InFig.5,theval灢
uesof氈2/dofare0.016(a),0.076(b),and0.063
(c)respectively.Onecanseethatourcalculated
resultsareinagreementwiththeexperimentaldata
incentralPb灢Pbcollisionsathighenergies.

Fig.4 Therapiditydistributionsof煀毇hyperonproducedin

centralPb灢Pbcollisionsatdifferentenergies.Thecir灢
clesdenotetheexperimentaldataofNA49Collabora灢
tion[23]andthecurvesindicateourcalculatedresults.

Fig.5 AsforFig.4,butshowingtheresultsof毇hyperon.

Table2暋ParametervaluesforcurvesinFigs.4—5

Particle E/AGeV k 殼y 毮y 氁/(GeV/c)

毇 40 0.20 1.05 0.48 0.52

80 0.25 1.12 0.49 0.53
158 0.26 1.13 0.50 0.58

煀毇 40 0.07 1.05 0.50 0.57
80 0.12 1.30 0.52 0.58

158 0.13 1.35 0.57 0.60
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4暋ConclusionsandDiscussions
暋暋Inthemultisourceidealgasmodel,thereare
threekindsofparameters:theexpansioncoeffi灢
cientax,ay,andaz,themovementcoefficientbx,

byandbzandtheexcitationdegree氁ofthesource.
Theparametersax,ay,bxandbyreflectthetrans灢
versestructureoftheemissionsourceinthemo灢
mentumspace.Theconditionax (ay)>1 means
thattheemissionsourcehasexpansionsinox(oy)

direction.Theconditionsbx(by)>0andbx(by)<0
meanthattheemissionsourcehasmovementsin
thepositiveox(oy)andnegativeox(oy)direc灢
tions,respectively.FromTable1,wecanseethat
theemissionsourcesformedinhigh灢energyheavy灢
ioncollisionshavearelativestrongexpansion(ax

>1anday>1)intheoxandoyaxes,andthecen灢
terofemissionsourceshaveamovement(bx <0
andby<0)alongthenegativeoxandnegativeoy
directions.Inourcalculations,theallowedranges
ofparametersaxanday,bxandbyareestimatedto
be暲0.02and暲0.03,respectively.
暋暋FromTable2,wecanseethatthevaluesofk
increase withtheincidentenergy,thatis,the
highertheincidentenergyis,thelargerthecontri灢
butionsofleadingparticlesare.Therapidityshift
(毮y)ofprojectilefireballandthetargetfireballand
therapidityshift(殼y)ofleadingparticlesincrease
withtheincidentenergy,too.Wecanimagine,

whentheincidentenergyislower,thethreefire灢
ballsareclose,and whentheincidentenergyis
higher,theprojectilefireballandthetargetfireball
isfarfromthecenterfireball.Whentheincident
energyisveryhigh,theparticlesofprojectileand
targetoftenstayinfragmentationregion.This
leadstothelargerleadingparticleeffect.
暋暋Infact,wecanregardthemultisourceideal
gasmodelastheexpansionofthethree灢fireball
model.Themultisourceidealgasmodelaresuc灢
cessful in describing the transverse momen灢
tum[24,25]andtheangulardistributions[26—29],and
thethree灢fireballmodelaresuccessfulindescribing
the(pseudo)rapidityandtransverse momentum

distributions[22].Thepresentworkshowsthatthe
multisourceidealgas modeldescribesthetrans灢
versemassdistributionsoftheparticlesproduced
inhigh灢energyheavy灢ioncollisions.
暋暋Themultisourceidealgasmodelisareasona灢
blepictureinhigh灢energyheavy灢ioncollisions.A
recentwork[30]showsthatinthepreviousworkof
Liuetal.,however,the multisourceidealgas
modelhasnotconsideredtherelativisticand/or
quantumeffectsin manycases.Wehopetoim灢
provethemodelbyconsideringtherelativisticand

quantumeffectsinourfuturework.
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高能Pb灢Pb中心碰撞中产生的毇和煀毇强子的横质量分布和快度分布*

谢文杰1)

(运城学院物理与电子工程系,山西 运城044000)

摘暋要:用多源理想气体模型和三火球模型分析并计算了能量在40,80,158AGeV下中心Pb灢Pb碰撞中

所产生的 毇和煀毇强子的横质量分布和快度分布,发现模型计算的结果与 NA49合作组的实验结果相一致。

关 键 词:横质量;快度;Pb灢Pb碰撞;多源理想气体模型;三火球模型
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