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A comparativestudyhasbeenmadeamongthreedistributions- thenegativebinomial
distribution (NBD), the generalisedmultiplicity distribution (GMD) andthe distribution
followedby thetwo mechanismmodel(TMM), in orderto describethemultiplicity distri-
butionof chargedsecondaryparticlesproducedin 200200A GeV 32S– AgBr interaction.

1. Introduction

Thestudiesof multiplicity distribution in highenergy hadronic,leptonic,semileptonic
andnuclearinteractionshave revealedsomestriking phenomenawhich canbedescribed
by variousmodels[1-4]. Amongthem,themostspectacularandwell known is thenegative
binomialdistribution (NBD) model[2]. Variousexperimentaldatacoveringa wide range
of reactantsandenergiesincluding pp̄ dataat

�
s � 200 GeV [5] show that multiplicity

distributionof thechargedsecondaryparticlescouldbewell describedby NBD. However,
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UA5 Collaborationobserved a failure of NBD in describingmultiplicity distribution at�
s � 900 GeV in pp̄ data[5]. Recently, UA5 dataon pp̄ collisions at

�
s � 546 Gev

and900 Gev [6] have beensuccessfullydescribedin termsof anotherinterestingmodel
namedthetwo mechanismmodel(TMM) [7]. Thismodelassumesthatthemechanismby
whichsecondaryparticlesareproducedcanbeseparatedinto two phases.In thefirst phase,
secondaryparticlesareproducedby thedecaysof primarily producedresonances(clans),
and in the secondphase,particlesareproducedby the inverseprocessesof merging of
pairsof particlesinto oneparticle.

In thispaper, aneffort hasbeenmadeto describethedataby comparingthemwith the
threeindependentdistributions(NBD, GMD andTMM).

2. Descriptionof multiplicity distributions

Mathematically, thelaw of NBD canbeexpressedby

Pn � n̄ � k��� 	 k 
 n � 1
k � 1 � 	 n̄

n̄ 
 k � n 	 k
n̄ 
 k � k 
 � 1�

Heren̄ andk aretwo parametersof NBD. n̄ is theaveragemultiplicity of thedistribution
andk is relatedto thedispersionof thedistributionby thefollowing relation:

D2 � n̄ 
 n̄2

k



2

It was argued[2] that NBD arisesdue to the formation of clansby the secondary
particlesproducedin the final stateof the reaction.The clansform by the decayof a
commonancestor. An originally producedparticle,which hasnot emittedany additional
particle,formsasingleparticleclusteror clan.Theseancestorsand,therefore,clusters,are
assumedto beproducedindependently, whichultimatelyresultsin NBD in thefinal state.

Following this picture,anotherinterestingdistribution wasproposedby someauthors
[3], in which they predict that their ancestorsareactually initiated eitherby the quarks
or by the gluons.They alsoclaimedthe distribution to be morefundamentalratherthan
NBD, hencethey namedit the generalmultiplicity distribution (GMD). The form of the
distribution is givenby

Pn � n̄ � k � k� ��� 	 n 
 k � 1
k 
 k� � 1 � 	 n̄ � k�

n̄ 
 k � n� k� 	 k 
 k�
n̄ 
 k � k� k� 
 � 3�

Here n̄� k and k� are the threeparametersof GMD. n̄ is the averagemultiplicity of the
distribution. k and k� actuallydeterminewhetherthe reactionis initiated by the quarks
or by the gluons.,If k � 0, then,accordingto this model,onemight concludethat the
reactionprocessis dominatedby thegluons,while if it is observedthatk� � 0, thenthat
would indicatethat thereactionprocessis dominatedby thequarks.Again, from theEq.
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(3), it is alsoclearthatundertheassumptionk� � 0, Eq.(3) reducesto theform of Eq.(1),
i.e. to NBD.

At veryhighenergy, thedistributionexpressedin Eq.(1) canbereducedto theform

Pn � n̄ � k��� kk

n̄Γ � k� Zk � 1 exp� � kZ � � � 4�
HereZ � n� n̄. Accordingto the two mechanismmodel[7], experimetalmultiplicity dis-
tributionof thechargedsecondaryparticlescouldbeexpressedasthesumof two distribu-
tionsof theform (4) with two differentparametersk1 andk2 suchthatthetotalprobability

Pn � P1 � n � P2 � n � � 5�
undertheconditionthatthesumof theprobabilitiesovern is equalto unity, i.e.:

∞ 
0

P1� ndn � ∞ 
0

P2 � ndn � 1 � � 6�
Theauthorsin Ref. 6 pointedthat theempiricalprobalitiessuggesta kind of ”break”

atn � n0 ! n̄� 2 at " s � 546GeVand900GeV, andsupposethat

P1� n � N1Zk1 � 1exp� � k1Z � atn # n0 �
and

P2� n � N2Zk2 � 1exp� � k2Z � atn $ n0 � � 7�
underthecondition

P1� n% n0 � P2� n% n0 � � 8�
whereN1 andN2 arenormalizationparameters.It wasfoundat " s � 546GeV and900
GeV that the multiplicity distribution of the chargedsecondaryparticlesfor pp̄ collision
could be uniquely describedby Eq. (7). The parametersk1 and k2 were calculatedby
minimisingtheχ2.

This paperreportsa first analysisof themultiplicity distribution of 32S – AgBr inter-
actionat200A GeV in termsof thethreemodels,NBD, GMD andTMM.

3. Experimetalprocedure

Stacksof G5 nuclearemulsionplateswereused,with dimensionsof 20 cm & 10 cm& 600 µm. The plateswereirradiatedby the 32S 200 GeV per nucleonbeamat CERN,

FIZIKA B 6 (1997)1, 37–43 39



GHOSH ET AL .: STUDY OF MULTIPL ICITY DISTRIBUTION . . .

Geneva.Thescanningof theplateswasperformedby theLeitz Metalloplanmicroscopes
with semi-automaticscanningstage.Plateswerescannedby usingthe optics: 10 ' ob-
jectivesand20 ' ocularlenses,andfor measurement100' oil immersionobjective was
usedin conjunctionwith 20 ' ocularlens.Theeventswerechosenutilizing thefollowing
criteria:

a) beamtrackswhich make ananglegreaterthan3( to themeanbeamdirectionwere
not takenfor measurement,

b) the interactionshouldnot be within 20 µm from the top or bottomsurfaceof the
pellicle,

c) all theprimarybeamtrackswerefollowedbackto ensurethattheeventschosendo
not includeinteractionsfrom thesecondarytracksof otherinteractions.Whenthey were
observedto dosothecorrespondingeventswereremovedfrom thesample.

Fig. l. Normalisedsingleparticlerapiditydistributionof 32S interactionsat200A GeV.

The scanningwasdoneby five independentobserversto increasethe scanningeffi-
ciency which turnedout to be98%. With thesecriteria,140primaryeventsof 32S– AgBr
interactions[8] wereselectedfor the purposeof analysis.All the tracksof the charged
secondariesin theseeventsareclassifiedin accordancewith theemulsionterminologyas
follows:

1) Black tracks(b), having rangeL ) 3 mmandionisationI * 6I0;

2) Grey tracks(g), having rangeL * 3 mmandionisation1 + 41I0 ) I ) 6I0, whereI0 is
theplateauionisationfor singlychargedminimumionisingtracks.

3) Shower tracks(s),having very longrangeandionisationI ) 1 + 41I0.

In orderto ensurethetargetin theemulsionto beAg/Br only, thoseeventswerechosen
in which thenumberof heavily ionizing tracks , nh - nb . ng) is greaterthaneight.In the
presentanalysis,we furthermadea selectionof eventswith thecriterionnh * 12.

In ordertofind thepseudo-rapidityvaluesof therelativisticchargedsecondaryparticles
(shower tracks),thespaceanglesθ of the trackswerecalculated.Thespaceangleswere
measuredby taking the spacecoordinatesof a point on the track, the spacecoordinates
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of theproductitonpoint andspacecoordinatesof a point on theincidentbeamtrack.The
pseudo-rapidityvaluewasthancalculatedusingtheformula,

η /10 lntan2 θ 3 24 5 2 94
The pseudo-rapiditydistribution of the relativistic particlesproducedin 32S – AgBr

areconstructedby consideringall the32S– AgBr interactionsat200A GeV. It is shown in
Fig. l.

4. Resultsanddiscussion

As the experimentalmultiplicity valuesarespreadover a wide range(up to 230), to
get a realisticmultiplicity distribution, multiplicity bins of sizetwenty wereconsidered.
With this multiplicity binning,theexperimentalprobabilitydistribution of therelativistic
chargedsecondaryparticlesin 32S– AgBr interactionat200A Gev hasbeenfittedwith the
predictionsof NBD, GMD andTMM. Theparametersof thesefits (usingMINUIT pro-
grammeof CERNlibrary) areshown in TableI. Figures2a,b andc show theexperimental
aswell asthebestfit multi-

TABLE I. Valuesof differentparametersof negativebinomialdistribution(NBD), gen-
eralisedmultiplicity distribution(GMD), andtwo-mechanismmodel(TMM).ν is thenum-
berof degreesof freedom.

Confid.
k n ν χ2 level

NBD 6.6156 1.126 84.86 3.96 8 8.8 40%
Confid.

k k7 n ν χ2 level
GMD 6.6036 1.128 0.016 0.006 84.86 3.95 7 7.7 40%

Confid.
k1 k2 ν χ2 level

TMM 2.896 0.246 2.886 1.04 8 6.16 60%
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Fig. 2. Bestfits to themultiplicity distribution in full phasespace,for 32S – AgBr inter-
actionsat200A GeV: (a)with negativebinomialdistribution (NBD), (b) with generalised
multiplicity distribution(GMD) and(c) with two mechanismmodel(TMM).

plicity distributionsdueto NBD, GMD andTMM, respectively. Thetheoreticalcurves,as
presentedby themodels,areshownassmoothcurves,whereasthediscretepointsrepresent
the experimentalvalues.TableI shows that χ2 perdegreeof freedomis nearlyunity for
eachof thethreemodels.So,wecannotdiscardany oneof them.However, if weconsider
alsothelevel of confidenceof thefits, thereis aninclinationtowardsthetwo mechanism
model. It is evident that the parametersk1 andk2 of TMM arealmostidentical,which
may indicatethat theprobabilityof resonancedecayandprobabilityof recombinationto
form a singlestatefor theproductionof final stateparticlesarealmostidentical.Further
comparativeanalysesaresuggestedfor otherdatain orderto testthesuperiorityof thetwo
mechanismmodel.
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PROUČAVANJERASPODJELEMNOGOSTRUKOSTIU CIJELOMFAZNOM
PROSTORU PRIRELATIVISTIČKIM NUKLEARNIM SUDARIMA

Načinili smo usporedbu triju raspodjela: negativne binomijalne raspodjele,pooṕcene
raspodjelemnogostrukosti i raspodjeleprema modelu dvaju mehanizama,radi opisa
raspodjelamnogostrukostinabijenihčesticakoje subile proizvedeneu sudarimaiona32S
energije 200A GeVu AgBr emulziji.
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