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A comparatie studyhasbeenmadeamongthreedistributions- the negative binomial
distribution (NBD), the generalisednultiplicity distribution (GMD) andthe distribution
followedby thetwo mechanisnmodel(TMM), in orderto describehe multiplicity distri-
bution of chagedsecondaryarticlesproducedn 200200A GeV 32S— AgBr interaction.

1. Introduction

Thestudiesof multiplicity distributionin high enegy hadronic Jeptonic,semileptonic
andnuclearinteractionshave revealedsomestriking phenomenavhich canbe described
by variousmodelg1-4]. Amongthem themostspectaculaandwell known is thenegative
binomial distribution (NBD) model[2]. Variousexperimentaldatacoveringa wide range
of reactantsand enegiesincluding pp dataat /s = 200 GeV [5] shawv that multiplicity
distribution of the chagedsecondaryarticlescouldbewell describedy NBD. However,
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UAS5 Collaborationobsened a failure of NBD in describingmultiplicity distribution at

4/S= 900 GeV in pp data[5]. Recently UA5 dataon pp collisionsat /s = 546 Gev

and 900 Gev [6] have beensuccessfullydescribedn termsof anotherinterestingmodel
namedhetwo mechanisrmodel(TMM) [7]. This modelassumesghatthe mechanisniy

whichsecondaryparticlesareproducedanbeseparatethto two phasesln thefirst phase,
secondaryarticlesareproducedy the decay=f primarily producedesonanceglans),
andin the secondphase particlesare producedby the inverseprocesse®f memging of

pairsof particlesinto oneparticle.

In this paper aneffort hasbeenmadeto describehe databy comparinghemwith the
threeindependendistributions(NBD, GMD andTMM).

2. Descriptionof multiplicity distributions

Mathematicallythelaw of NBD canbeexpressedy

- () (S ()

Heren andk aretwo parametersf NBD. n is the averagemultiplicity of the distribution
andk is relatedto the dispersiorof thedistribution by thefollowing relation:

=~

It was amgued[2] that NBD arisesdue to the formation of clansby the secondary
particlesproducedin the final stateof the reaction. The clansform by the decayof a
commonancestarAn originally producedoparticle,which hasnot emittedany additional
particle,formsasingleparticleclusteror clan. Theseancestorand,thereforeclustersare
assumedo be producedndependentlywhich ultimatelyresultsin NBD in thefinal state.

Following this picture,anotherinterestingdistribution wasproposedy someauthors
[3], in which they predictthat their ancestorsare actually initiated either by the quarks
or by the gluons.They alsoclaimedthe distribution to be more fundamentaratherthan
NBD, hencethey namedit the generalmultiplicity distribution (GMD). The form of the
distributionis givenby

_ k—1 n—k n-K k+K etk
Pn(n,k,k’)Z( Ei_k’—l)(?ﬁ-k) (rT+k) ' @

Heren,k andk’ arethe three parameter®f GMD. n is the averagemultiplicity of the
distribution. k andk’ actually determinewhetherthe reactionis initiated by the quarks
or by the gluons.,If k — 0, then, accordingto this model, one might concludethat the
reactionprocesss dominatedoy the gluons,while if it is obsenedthatk’ — 0, thenthat
would indicatethatthe reactionprocesss dominatedby the quarks.Again, from the Eq.

38 FIZIKA B 6(1997)1,37-43



GHOSH ET AL.: STUDY OF MULTIPLICITY DISTRIBUTION ...

(3), it is alsoclearthatundertheassumptiork’ — 0, Eq. (3) reducego theform of Eq. (1),
i.e.to NBD.

At very high enepy, the distribution expressedn Eq. (1) canbereducedo theform

_ KK

Pl k) = g 2 exp(—kD). (4)

HereZ = n/n. Accordingto the two mechanisnmodel[7], experimetalmultiplicity dis-
tribution of the chagedsecondaryarticlescouldbe expressedsthe sumof two distribu-
tionsof theform (4) with two differentparameterg; andk, suchthatthetotal probability

F>n - F>1,n + F>2,na (5)

underthe conditionthatthe sumof the probabilitiesover n is equalto unity, i.e.:

/ Pyadn+ / Pyndn = 1. (6)
0 0

Theauthorsin Ref. 6 pointedthat the empiricalprobalitiessuggest kind of "break”
atn=np = n/2 at+/s= 546GeVand900GeV, andsupposehat

Pn = N1Z4 L exp(—kiZ)an > no,

and
Pon = NoZke L exp(—koZ)atn < no, )

underthecondition

Pl,n: ng — PZ,I'I= Ny (8)

whereN; andN, arenormalizationparameterslt wasfoundat /s = 546 GeV and 900
GeV thatthe multiplicity distribution of the chagedsecondanyparticlesfor pp collision
could be uniquely describedby Eq. (7). The parameterk; andk, were calculatedby
minimisingthe x2.

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

3. Experimetaprocedue

Stacksof G5 nuclearemulsionplateswereused,with dimensionf 20cm x 10cm
x 600 um. The plateswereirradiatedby the 32S 200 GeV per nucleonbeamat CERN,
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Genea. The scanningof the plateswasperformedby the Leitz Metalloplanmicroscopes
with semi-automatiscanningstage.Plateswere scannedyy usingthe optics: 10x ob-
jectivesand20x ocularlensesandfor measuremert00x oil immersionobjective was

usedin conjunctionwith 20x ocularlens.The eventswerechoserutilizing the following
criteria:

a) beamtrackswhich make ananglegreaterthan3® to the meanbeamdirectionwere
nottakenfor measurement,

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

c) all the primarybeamtrackswerefollowedbackto ensurghatthe eventschoserdo
not includeinteractiongdrom the secondaryracksof otherinteractions Whenthey were
obsenedto do sothecorrespondingventswereremovedfrom the sample.
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Fig. I. Normalisedsingleparticlerapidity distribution of 32S interactionsat 200A GeV.

The scanningwas doneby five independenbbserersto increasethe scanningeffi-
cieng/ which turnedout to be 98 %. With thesecriteria, 140primary eventsof 32S — AgBr
interactiong[8] were selectedfor the purposeof analysis.All the tracksof the chaged
secondarief theseeventsareclassifiedin accordancevith the emulsionterminologyas
follows:

1) Blacktracks(b), having rangeL < 3 mmandionisationl > 6l;

2) Grey tracks(g), having rangeL > 3 mmandionisationl.41lg < | < 6lg, wherelg is
theplateauonisationfor singly chagedminimumionisingtracks.
3) Shawertracks(s), having verylong rangeandionisationl < 1.41l.

In orderto ensurdhetargetin theemulsionto be Ag/Br only, thoseeventswerechosen
in whichthe numberof heavily ionizing tracks(n, = ny + ng) is greaterthaneight.In the
presentnalysiswe furthermadea selectionof eventswith thecriterionn,, > 12.

In orderto find thepseudo-rapidityaluesof therelatiistic chagedsecondaryparticles
(shower tracks),the spaceanglest of the trackswere calculated.The spaceangleswere
measuredy taking the spacecoordinatef a point on the track, the spacecoordinates
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of the productitonpoint andspacecoordinate®f a point on theincidentbeamtrack. The
pseudo-rapidityaluewasthancalculatedisingtheformula,

n=—Intan(6/2). (9)

The pseudo-rapiditydistribution of the relativistic particlesproducedin 32S — AgBr
areconstructedvy consideringall the32S— AgBr interactionsat 200A GeV, It is shavnin
Fig. 1.

4. Resultsanddiscussion

As the experimentalmultiplicity valuesare spreadover a wide range(up to 230), to
getarealisticmultiplicity distribution, multiplicity bins of size twenty were considered.
With this multiplicity binning, the experimentalprobability distribution of the relativistic
chagedsecondaryarticlesin 32S— AgBr interactionat 200A Gev hasbeerfitted with the
predictionsof NBD, GMD and TMM. The parametersf thesefits (usingMINUIT pro-
grammeof CERNlibrary) areshavn in Tablel. Figures2a,b andc shav the experimental
aswell asthebestfit multi-

TABLE |. Valuesof differentparametersf negative binomialdistribution (NBD), gen-
eralisednultiplicity distribution (GMD), andtwo-mechanisnrmodel(TMM).v is thenum-
berof degreesof freedom.

Confid.

k n v | X2 level

NBD | 6.615-1.126 84.8+3.96 8| 88 40%
Confid.

k K n v | X2 level

GMD | 6.603:1.128| 0.01+0.006| 84.83.95| 7 | 7.7 40%
Confid.

ky ko v | X2 level

TMM | 2.8%0.246 2.88+1.04 8| 6.16| 60%
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Fig. 2. Bestfits to the multiplicity distribution in full phasespacefor 32S — AgBr inter-
actionsat 200A GeVt (a) with negative binomialdistribution (NBD), (b) with generalised
multiplicity distribution (GMD) and(c) with two mechanisnmodel(TMM).

plicity distributionsdueto NBD, GMD andTMM, respectrely. Thetheoreticakurves,as
presentedby themodels areshavn assmoothcurves,whereashediscretepointsrepresent
the experimentalvalues.Table| shows thatx? per degreeof freedomis nearly unity for
eachof thethreemodels.So,we cannotdiscardarny oneof them.However, if we consider
alsothelevel of confidenceof thefits, thereis aninclinationtowardsthe two mechanism
model. It is evidentthatthe parameter&; andk, of TMM are almostidentical, which
may indicatethat the probability of resonancelecayand probability of recombinatiorto
form a single statefor the productionof final stateparticlesare almostidentical. Further
comparatie analysesaresuggestefor otherdatain orderto testthe superiorityof thetwo

mechanisnmodel.
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PROUCAVANJE RASPODJELEMNOGOSTRJKOSTIU CIJELOMFAZNOM
PROSTORU PRIRELATIVISTICKIM NUKLEARNIM SUDARIMA

NaCinili smo usporedh triju raspodijela: negativne binomijalne raspodjele,pooptene
raspodjelemnogostrubsti i raspodjelepremamodelu dvaju mehanizamayadi opisa
raspodjelannogostruksti nabijenihesticakoje subile proizvedeneu sudarimaonas®2s
enegije 200A GeV u AgBr emulziji.
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