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Multiplicity distributions at high energies as a sum of Poissonian-like distributions
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It is shown that at collider energies experimental distributions in the multiplitiof negatively charged
particles in inelastic and nonsingle diffracti\p_fp collisions are well parametrized by a sum of so-called
Gupta-Sarma distributions having the Poisson distribution as a particular case. This extends the earlier descrip-
tion of the multiplicity distributions in hadron-hadron collisions at c.m. energies below 65 GeV by the two
parameter sum of Poissonian distributions. Implications of the proposed parametrization for the CERN LHC
energy are discusse50556-282(99)00507-X]

PACS numbes): 13.85.Hd, 12.40.Ee

I. INTRODUCTION charge of the initialuu, ud and dd pairs leading to the
reduced probability to have zero charged particles in the final
Charged particle multiplicity distributions in inelastic state. This is not the case fpp collisions whereuu anddd
hadron-hadron collisions at high energies are usually depairs(5 out of 9 combinationsare neutral.

scribed by the negative binomié\B); for an experimental The model[4—6] is modified in the present paper in the
review see Refl1]. However the appearance of the shoulderyygo aspects:

structure observed for the first time by the UAS5 Collabora-  (a) The Poisson distribution is replaced by the so-called
tion [2] has led to the use of the weighted sum of two NB's Gupta-SarmdGS) distribution[9,10] with the parton distri-
with five free parameterg3], where the first NB describes pution function(PDP

the contribution of soft event@&vents without minijefsand

the second one describes the contribution of semihard events

(events with minijets The aim of this paper is to extend to -S(1-2)
the collider energies another phenomenological parametriza- 9(2)=6XF{ m)
tion giving better agreement with lower energy data than NB
both for p(p)p [4,5] and meson-protof6,5] collisions. In

the Refs[4,5] the multiplicity distributionP, of negatively "€ GS distribution having the Poissonian as a particular
case ar =0 and known in mathematical statistics under the

name of the Plga-Aeppli distribution[11] has physical in-
terpretation in the framework of different modgls2—14,
ee discussion in Refgl5,16. In the approach advocated by
iyajimaet al.[12] and Finkelsteii13] the multiplicity dis-
tribution originates from the Poisson distribution of some
clusters, each cluster obeys Furry-Yte truncated at zero
Bose-Einsteip distribution, finally it leads to the PGR).
One can note that the same fof@) is valid when the PDF
for cluster decay distribution is a linear fractidgt+ A (1
—2))/(1+r(1-2)), usual for the theory of branching pro-
cesses, Refl17]. In the Gupta-Sarma approa¢8,10] the
system after collision is viewed as one highly excited hadron
emitting entity obeying the branching process with the prob-
_ N 3 ability per infinitesimal timeAt to producek new particles
G(2)=2 Ppz'=(1-c+e¢(2)° (1) proportional toxkAt, where\ is positive constant. The so-
lution of the corresponding evolution equation for initial
whereG(z) is the PGF for the final distributon ang(z) is  condition with zero particles leads to the PDF of the form
the PGF for events with one parton-parton collision. The(2). In the Chau-Huang approa¢h4] the GS distribution is
PGF's for events with two or three parton-parton collisionsobtained from the statistical Ising model.
are simply convolutiong?(z) and ¢3(z). Good description (b) As suggested in the Reff5] events with zero parton-
of the experimental data has been obtained wijite) parton collisions can represent the diffractivelike processes,
=exp(S(z— 1)), the PGF for the Poisson distribution. This with the fraction of diffractive-like events given by the (1
parametrization had the strong energy dependence of the pa-¢)3. It has been established that the multiplicity distribu-
rametere [4], more smooth energy dependence of¢hgas  tion for diffractive system with effective madd looks like
observed5] when the Poissonian was replaced by the Poisthe multiplicity distribution inpp collisions at the c.m. en-
son distribution truncated at zero multiplicity with the PGF ergy \s= M, see Ref[18] for a review on diffraction. In this
¢’ (2)=(¢(2) — ¢(0))/(1— ¢(0)). The need for the trunca- paper we approximate the diffractive contribution by the
tion at zero is explained fgup collisions by nonzero electric form (1) with ¢(z) equal to the PGF for the Poissonian un-

2

charged particles produced in inelasfi¢p)p collisions at
the center of mass energieS below 63 GeV have been
fairly well described by a two parameter sum of Poissonia
distributions. This approach is based on a simple minde
quark-parton model in which quarksinteract pairwise in-
dependently of one another with the same conditional pro
ability e and eachyq interaction leads to the same multiplic-
ity distribution in the final state. The probabilities for events
with 0, 1, 2 or 3qq interactions are equal respectively to
(1—¢)3, 3e(1—¢)? 3e?(1—¢) ande® and in terms of a
probability generating function PGHfor a mathematical
formalism see Refd.7,8)) it leads to the relation
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TABLE |. Results of the fits to the negatively charged particle multiplicity distributions in inelasgiic
collisions[22-39.

Ref. Js (GeV) P S S X*INDF
[22] 6.84 0.336-0.002 0.2030.006 0.032-0.013 21.1/5
[23] 7.87 0.381-0.004 0.325:0.011 0 3.9/5
[24] 9.78 0.4410.015 0.5210.040 0 7.5/6
[25] 10.69 0.476:0.014 0.506-0.044 0 2.8/5
[26] 11.46 0.476:0.008 0.67%#0.019 0.013-0.040 18.6/7
[27] 13.76 0.472-0.009 0.946-0.028 0 19.1/7
[28] 13.90 0.48%0.010 0.855 0.032 0.0030.041 7.317
[29] 16.66 0.49%0.006 1.176:0.021 0.012-0.021 18.3/10
[30] 18.17 0.523-0.031 1.224 0.094 0 2.417
[31] 19.42 0.551%+0.016 1.19% 0.054 0.074:0.074 9.0/8
[32] 19.66 0.5380.011 1.2430.034 0.076:0.071 7.3/10
[33] 21.7 0.512-0.011 1.46@0.040 0.135:0.063 14.3/11
[34] 23.76 0.5630.012 1.4860.039 0.112-0.066 10.4/11
[35] 23.88 0.5610.019 1.6010.074 0.246-0.148 11.2/10
[36] 26.0 0.577-0.010 1.63& 0.034 0.102-0.054 8.4/10
[28] 27.6 0.542-0.013 1.72@-0.059 0.096-0.057 17.8/13
[37] 27.6 0.5550.016 1.56%0.077 0.02%0.068 4.3/9
[38] 30.4 0.5280.021 2.006:0.077 0.306:0.157 3.1/14
[39] 38.8 0.576-0.008 2.059-0.031 0.2730.085 8.3/13
[38] 445 0.5380.021 2.44%0.086 0.438:0.167 4.9/16
[38] 52.6 0.54%0.016 2.647%0.068 0.3810.142 12.2/18
[38] 62.2 0.5520.017 2.88%0.070 0.426-0.168 16.7/17

der the crude assumption that the integrated dWelistribu-

tion is similar to the distribution at some effective mads
and the final PGF is given by

with integration oveM is given in Refs[19,20.

In the Sec. Il the main characteristics of the Gupta-Sarma
distribution are summarized. In Sec. lll we present results of
fits to the availablepp data and to theop data obtained at

the SEpS collider. In Sec. IV the discussion and the conclu-
sions are given.

G(2)=(1-¢)%pq+3e(1-¢)?g(2) +3e*(1—¢) g%(2)

+8°9%(2) ()
with Il. CHARACTERISTICS OF THE GUPTA-SARMA
DISTRIBUTION
¢4(2)=[1—&+eexpSy(z—1))]°. 4
The mean multiplicity(n) and its dispersiorD =({n?)
—(ny%) 12 are easily obtained from the PO®) using formu-
More careful description of the diffractivelike events las(ny=dg/dz,—, andD?=(n)+d?In g(2)/dZ,-,

TABLE Il. Results of the fits to the negatively charged particle multiplicity distributiongpninterac-

tions[2,40].

Events s (GeV) P S S r X*INDF

NSD 200 0.456 5.9650.076 0.176:0.056  19.7/29
0.264+0.038  7.4410.304 0.29%0.084  9.2/28

NSD 546 0.456 8.4290.053 0.4680.030  61.3/45
0.352+0.018  9.453-0.187 0.558:0.038  32.6/44

inel. 546 0.456 7.4180.091  11.07#0.458 0.8320.075  39.4/44
0.536+0.027  6.74%30.067 11.81%0.326 0.7940.067  29.9/43

NSD 900 0.456 10.4060.100 0.7030.065  77.0/52
0.304:0.029  12.2130.394 0.8230.095  20.9/51
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FIG. 1. Multiplicity distribution for inelastic antiproton-proton
collisions at the c.m. energy 546 Gé¥0] (squarescompared with
results of the fit(full dots).

(ny=S, D2=(n)(1+2r). (5)

To obtain expressions for probabilitgs, one can use the

method proposed by Finkelsteifi3]. The PGF is expressed

as a sum of powergz/(1+r(1—2z))]%, where the denomi-
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FIG. 3. Charge particle multiplicity distribution for NSD colli-
sions at the c.m. energy 900 Gd¥] (squarels compared with
results of the fit(full dots).

S
go=g(0)=exy{m . 8

One can not¢12,15 that the GS distribution is a particu-

nator represents the well known NB. Then, the contributionar case of the partially coherent laser distributi®CLD)

to g, with n#0 from thekth term is equal to the NB prob-
ability to haven—k particles and finally it gives

n

(n—1)! Ken—k
g”_gogl(n—k)!(k—l)!k!ab ©
with
S R 7
a—(1+—r)2, —m, ( )
and
e
S T, /5= 546 GeV
-2 @&
10 %
- i ’¢¢¢¢
£ f %
NSD events T

(see the review of the PCLD i¥Y]). Indeed the PGF for the
PCLD is the product of the PDR2) and (1+r(1—2))7,
i.e., the convolution of the GS and NB distributions. It gives
the expressions fag, in terms of the Laguerre polynomials
[21]

-S
r(l+r)

r
1+r

On= . (9)

n -S L—1
ex 1+r/ "

Using iteration relations for the Laguerre polynomifg]
one can obtain next iteration relations fg

\ Vs = 14 TeV

o F NSD events ™

10 @ this paper
O two NB's, scenario 1
Atwo NBs, scenario 2

10 1 L 1
] 25 50 7%
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FIG. 4. NSD multiplicity distribution at the LHC energy 14

FIG. 2. Multiplicity distribution for NSD collisions at the c.m. TeV, predicted by the parametrization, given in the text, compared
energy 546 Ge\40] (squarescompared with results of the fitull to the two predictions from the pappt5], based on the parametri-
dots. zation by the weighted sum of the two NB'’s.
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(n+1)gn+1=(a+2nb)g,—(n—1)b%g,_, (10 the 25 years agpt2]. For example Nielsen and Olesen made
the statemenf43]: “if we go to high enough energy one
atn>1 and should see a separation of the multiplicity spectrum in a
series of equidistant peaksmat-n,, 2n,,3n,, ...."” Kaid-
alov and Ter-Martirosyan in the framework of the quark-
g,=adgo. (1))  gluon string model have predicted three peaks in the multi-
icity distribution atys=100 TeV[44]. These Regge-type
odels[42,44] in principle predict more than three peaks
(structuregin contrast to our approach with maximum three
nondiffractive structures. The prediction for NSD multiplic-
. RESULTS OF FITS ity distribution at the CERN Large Hadron ColliddtHC)

Both for pp and pp data we calculate the number of €N€rgy Vs=14 Tev, calculated with parameters:
negatively charged particles as- (ng,—2)/2, i.e., we count = 0-456,r=0.8 andSfixed by the expected mean multiplic-
the number of produced pairs of charged particles. As menty (Nch)=67.2 is given in the Fig. 4 in comparison with the
tioned above, we truncate the distribution for parton-partorfwo predictions, given in the papefd5,46, based on the
collision in the fits to thepp data and do not truncate it for Parametrization by the weighted sum of two NB'®ur pre-

pp data at the collider energies. diction seems to be intermediate between these two negative

The pp data used22-39 are the same as in Refgl,5] binomial scenarios. All three predictions, g'iven in the Fig. 4,
with additional measurement from Ré81]. In Table | the ~do not show peak structures expected in the Regge-type
results of fits to the distribution with the PGB) are given ~ models.
for the caser =0. The agreement with experimental data is It is of interest to compare the GS parametrization with
good, this is expected since even the two-parameter parar@ther parametrizations, applied to thée™ annihilation pro-
etrization with the diffractive contribution concentrated atcesses and lepton-nucleon interactions. From our point of

zero multiplicity was successf{#,5]. One can note also that view the use of the GS distribution iap(pp) collisions to
the rlnean multiplicity f|0r Idlffra;:]tlve contribution, propor- describe multiplicity distribution for one parton-parton colli-
tional to Sy increases slowly with energy. ; . : . py .
Nonsingle diffractive (NSD) multiplicity distributions, S0 aS no direct connection with more elementgaypair
. production ine™ e~ annihilation. Indeed, the effective c.m.
measured by the UAS Collaboratig,0] have been param- energy of the parton-parton pair in hadron collisions spans a
eterized by the distributiori3) without diffractive compo- ergy P P P _ ron coflisions sp
wide energy range, whereas@ie™ annihilation it is fixed

nent, i.e., by the distribution with three other “parton-parton o S -
by the initial energy. Good description of teée~ and lep-

collision” components normalized by the factdqd— (1 : o )
—)%~L Inelastic multiplicity distribution at s ton hgdron dat_a ha_s begn opta_mec_i using phenomenological
—546 GeV[40] has been parametrized by the full distribu- Medified negative binomial distributioMNBD) [48—54 or
tion (3). The results of the fits are given in Table Il both for QCD motivated generalized negative binomial distribution
£=0.456 and for free.. The fixed value of the was chosen (GNBD) [55-58. Nevertheless it is worth to note that GS
on the assumption that the fraction of diffractive like eventsdistribution is the limit of the NB(or MNBD) distribution
is equal to 16%, the fraction of the single diffractive eventsWhenk goes to infinity and therefore is quite similar to the
measured by the CDF Collaboration at 546 GgM]. The ~ NB (or MNBD) distribution with highk values.
fraction measured by the UA5 Collaboration is equal to 11% Our last comment concerns the behavior of the parameters
[40], corresponding conditional probability is equal to Sandr of the GS distribution. Their positiveneg§sonnega-
0.52. tiveness at high energies indicates that the cumulants and
The results of the fits with free are illustrated in Figs. combitants of this distribution are nonnegative. This allows
1-3 respectively for inelastic and NSD data at 546 G48]  the interpretation of the GS distribution in the framework of
and for NSD data at 900 Gej2]. The quality of the fits is  the hierarchical cluster models with Poisson superposition
quite qood, the fluctuations in the parametesire explained [59].
by the our crude treatment of the diffractive component and |n conclusion, the multiplicity distributions at collider en-

possible bias in the experimental data. We have ignored alsgrgies have been fairly well parameterized by the sum of
the nonnegligible contribution of the double diffraction pro- pgisson-like GS distributions, with one GS distribution de-
cesses in the NSD data. The influence of the high m“"'p"cfscribing the multiplicity distribution for one “parton-

ity tail on the fit parameters has been observed also, the fit iBarton” collision. An attempt has been made to connect the
the regionn,,<80 of the inelastic data at 546 GeV gives g tions of events with 1, 2 or 3 “parton-parton” collisions

mhore r:easolnable_va:]ue (Sgl near 3, significantly smaller with the fraction of diffractivelike events in a framework of
than the values, in the Table 1. the simple minded parton model.

) ) ) ) |
These iteration relations can be useful for calculations afn
largen values.

IV. DISCUSSION AND CONCLUSIONS

The possibility that multiplicity distributions at high ener-  Further discussion of the two NB'’s scenarios can be found in the
gies can split into several structures has been predicted moref.[47].
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