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Abstract:Theemissionangulardistributionsoffinal灢stateparticlesproducedin16O灢Emulsion
(Em)collisionsat14.6AGeV,andtheazimuthalangulardistributionsfortheblackparticles
producedin28Si灢Emat4.5AGeVhavebeenstudiedbyanisotropicfireballmodel.Themodelin灢
cludingtransverseflowisusedtodescribetheazimuthaldistributionsofmidrapidity毿- mesons
andprotonsproducedinC灢NeandC灢Cucollisionsat3.7AGeV.Thecalculatedresultsarein
agreementwiththeexperimentalangulardistributions.Itshowsthattheimprovedfireballmodel
givesagooddescriptionofnucleus灢nucleuscollisionsathighenergies.
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暋暋Angulardistributionisoneoftheimportant
observablequantitiesinnuclearreactions.Onone
hand,thenatureofthenuclearreactioncanbede灢
terminedbyusingthedifferencesintheangular
distributionsofnuclearreactionproducts,andit
seemstobeimportanttounderstandthedynamical
featuresofthereactionprocess.Forexample,an灢
gulardistributionofnuclearfragmentscanprovide
informationaboutthefragmentation mechanism
andthushelptracethereactionmechanismofnu灢
cleus灢nucleuscollisionsathighenergies[1-3].On
theotherhand,angulardistributionsmaybeused
forverificationoftheoreticalmodelsofnucleus灢nu灢
cleuscollisions.Soitishighlyimportantforusto
investigatethetargetfragmentationprocessathigh
energiesbytheangulardistributionsoftargetfrag灢
ments.Inaddition,theangulardistributionsof

chargedparticlescanbeobtainedinemulsionex灢
perimentsbyusingthetechniquesofgrain,毮灢ray
andlacunarity measurementstoidentifydifferent
kindsoffinalparticlesandfragments[4-8].Asa
fixedtargetanddetector,thenuclearemulsioncan
givethewholepictureofaninteractioneventanda
highresolutionofparticletracks.Itispossiblefor
ustostudytheangulardistributionsinthewhole
rapidityduetotheaccuratemeasurementofspace
anglesofallchargedparticlesinnuclearemulsion.
Inordertoexplaintheangulardistributionshape
oftargetfragmentsproducedinnucleus灢emulsion
andnucleus灢nucleuscollisionsathighenergy,an
isotropicfireball(IF)modelisusedinthiswork.

Accordingtothemodel[9],afireballisformed
inrelativisticnucleus灢nucleuscollisions.Thefire灢
ballisassumedtobeanisotropicemissioninthe
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fireballrestframe.Letthebeamdirectionbethe
ozaxisandthereactionplanebetheyozplane.As
in Maxwell暞sideal灢gasmodel,thethreecompo灢
nents(Px,y,z)oftheparticle momentuminthe
fireballrestframeareassumedtobeGaussiandis灢
tributionswiththesamewidth,i.e.,
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where氁P isthestandarddeviation (distribution
width),asRef.[10].Andthetransversemomen灢
tum PT = P2
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暋暋A MonteCarlomethodisusedtocalculatethe
emissionangulardistributionsandazimuthaldistri灢
butionsoftargetfragments.LetR1,R2,R3,R4,

R5andR6 denotetheevenrandom variablesdis灢
tributedin[0,1].Wehave

Px =氁P -2lnR1cos(2毿R2), (3)

Py =氁P -2lnR3cos(2毿R4), (4)

Pz=氁P -2lnR5cos(2毿R6), (5)

and

毴=arctanPT
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where氁Pistheparameterthatcharacterizesthe
widthofthemomentumdistributioninthesource
referenceframe,asRef.[10].
暋暋Becausethetransverseandlongitudinalflows
affecttheemissionofparticles[11],thefinal灢state
transverseandlongitudinalmomentameasuredin
thefireballrestframecanbewrittenas[12]

Pf
T =kxyPT, (8)

and
Pf

z=kzPz, (9)

wherekxyandkzdenotethetransverseandlongitu灢
dinal flow strengths, respectively. Generally
speaking,kxy,z>1meansanextensionflow,kxy,z

<1 meansacontractionflow,whilekxy,z =1
meansthatthereisnoflow.Thephysicscondition
giveskxy,z>0.
暋暋Theemissionangle毴* andtheazimuthalan灢
gular氄* offragmentsproducedinthefireballrest
framearegiveby

毴* =arctanPf
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wherek毴=kxy/kz,k=ky/kx.
暋暋Inthestudyoftheemissionangularandthe
azimuthalangular,wedonotneedtoknowkx,y,z

andkxy,whiletheratiokisanimportantparame灢
terinourcalculation.k>1 meansatransverse
flow,k<1meansalongitudinalflow,whilek=1
meansapureisotropicemission.Thefreeparame灢
terkcanbeobtainedbyfittingtheexperimental
data.
暋暋Fig.1presentstheemissionangulardistribu灢
tionsofblackparticlesoftargetfragments,for
lighttargets(C,N,O)(a),heavytarget(Ag,

Br)(b)andalltargets(C,N,O,Ag,Br)(c),

respectively,producedin 16O灢Em collisions at
14.6AGeV.Thehistogramsarethecorresponding
experimentaldatainRef.[13].Thesolidcircles
denotethecalculatedresultsbyMonteCarlometh灢
od.Thedashedcurvesarethefittingresultsbythe
analyticfunctionf毴(毴)=sin毴/2.FromFig.1,one
canseethattheemission angulardistributions
seemlikealmostsamefordifferenttargets,and
show maximaat毴 =90曘andaresymmetricwith
respectto毴=90曘.Thisisbecause mostofthe
blackparticlescomefromthetargetspectator,and
whichgettheCoulombrepulsionofprojectileat
90曘.Fig.1(a),(b)and (c)correspondtothe
eventswithNh曑 8,Nh> 8andNh曒0,respec灢
tively,whereNhdenotesthenumberofgreyparti灢
clesandblackparticles.TheMonteCarlocalculat灢
edparticlenumberforeacheventgroupis暣N暤,

where暣N暤denotesthemeanmultiplicityofblack

·8· 原 子 核 物 理 评 论 第28卷暋



particlesintheconcernedeventgroup.Onecan
notethatthecalculatedresultsareapproximately
inagreement withtheexperimentaldata.And
somestatisticalfluctuationsareshownintheemis灢
sionangulardistributions,whichdueto暣N暤parti灢
cleshavebeencalculatedbytheMonteCarlometh灢
od.Thestatisticalfluctuationsbecomelessand
lesswithincreasing暣N暤.Theisotropicfireball
modelalmostdescribestheexperimentaldataof
emission angular distributions. However the
experimentaldistributionofblackparticlesisalit灢
tlemoreintherangeof毴<90曘ascomparedwith
thatintherangeof毴>90曘,whichisduetothefact
thattheemissionsourceofblackparticlesisstruck
byprojectile.Sotheisotropicfireballmodelisnee灢
dedtofurtherdevelopfordealingwithanisotropic
emissionexperimentaldatainournextwork.

Fig.1 Theemissionangulardistributionsofblackparticles

ofdifferenttargetfragments.Theexperimentaldata

areadoptedfromRef.[13].

Fig.2showstheazimuthalangulardistribu灢
tionsinthereactionplanefortheblackparticles

producedin 28Si灢Em at4.5 AGeV.Thesolid
squareswitherrorbarsarethecorrespondingex灢
perimentaldatawhicharequotedfrom Ref.[14].
The open circlesarethecalculated results by
MonteCarlomethodbymeansofEq.(11).The

dashedlineisthefittingresultbytheanalytic
functionf氄(氄)=1/2毿.FromFig.2,onecansee
thattheazimuthalangulardistributionsareflator
isotropicdistributions.Ithasbeenacriterionfor
evaluatingexperimentalangularmeasureresults.
Onecannotethatthecalculatedresultsareap灢
proximatelyinagreementwiththeexperimental
data,andstatisticalfluctuationsarealsodescribed
with暣N暤particlesbythe MonteCarlo method.
Theseresultsindicatethattheisotropicfireball
modelissuccessfulinthedescriptionoftheexperi灢
mentalazimuthalangulardistributionsinnucleus灢
nucleuscollisionsatthisenergyregion.

Fig.2 Theazimuthalangulardistributionsofblackparticles

producedin28Si灢Emat4.5AGeV.

Fig.3 presentsthe azimuthaldistributions
withrespecttothereactionplaneofmidrapidity
毿- mesons(a),andprotons(b)producedinC灢Ne
andC灢Cucollisionsat3.7AGeV.Thesolidcircles
witherrorbarandthetriangleswitherrorbarare
theexperimentaldataforC灢Ne(-1曑 ycm 曑1),

andforC灢Cu(-1曑ycm曑1)interactionsfromRef.
[15].Forvisualpresentationthedataon C灢Cu
wereshiftedupward,for毿- mesonstheanalysis
wasperformedfrom0曘to180曘duetolowerstatis灢
ticsthanthatforprotons.Thesolidcurvesarethe
MonteCarlocalculatedresultswith105 particles
accordingto Eq.(11).Thefreeparameterk,

whichdescribestransverseorlongitudinalflow,is
introducedtotheIFmodel.Byfittingtheexperi灢
mentaldata,weobtainedthek=1.4for毿- mes灢
ons,andk=1.5forprotonsinC灢NeandC灢Cucol灢
lisionsat3.7AGeV.Itmeansthattransverseflow
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playsanimportantroleinnucleus灢nucleuscolli灢
sionsatafewAGeVenergyregion.

Fig.3 Theazimuthaldistributionsofmidrapidity毿- mesons
(a),andprotons(b)producedinC灢Ne(solidcircle)

andC灢Cu(solidtriangles)collisionsat3.7AGeV.

Insummary,theangulardistributionsoffi灢
nal灢stateparticles,whicharefromtheinteractions
accompaniedbytheemissionofblackparticlesin
16O灢Emcollisionsat14.6AGeVand28Si灢Emcolli灢
sionsat4.5AGeV,havebeenstudiedbyaniso灢
tropicfireballmodel.Thecalculatedresultsarein
agreementwiththeexperimentaldata.A Monte
Carlocalculationshowsthattheisotropicemission
fireballmodelgivesagooddescriptionfor16O灢Em
and28Si灢Emcollisionsatthisenergyregion.The
isotropicfireball modelcannotdescribetheazi灢
muthaldistributionswithrespecttothereaction
planeofmidrapidity毿- mesonsandprotonspro灢
ducedincentralC灢NeandC灢Cuinteractionsat3.7

AGeV.Thek=1.4for毿- mesons,andk=1.5for
protonsinC灢NeandC灢Cucollisionsobtainedby
fittingtheexperimentaldatameansthattransverse
flowplaysanimportantroleinthisenergyregion
ofafewAGeV.
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高能核灢核碰撞中末态产物的角分布*
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摘暋要:用各向同性的火球模型研究了能量为14.6AGeV 的16O灢Em 碰撞中末态产物的发射角分布和能

量为4.5AGeV的28Si灢Em 碰撞中靶核碎块中黑粒子的方位角分布。在这个模型中增加横向流可以描述能

量为3.7AGeV的C灢Ne和C灢Cu碰撞中靶核碎块毿灢介子和质子的方位角分布。计算结果与实验数据符合得

较好,表明改进了的火球模型能够描述高能核灢核碰撞的角分布。

关 键 词:角分布;各向同性的火球模型;靶碎块;横向流
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