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Abstract The final state particle multiplicity distributions in high-energy nucleus-nucleus collisions are de-

scribed by two different sub-distributions contributed by a single nucleon. The Monte Carlo calculated results

from the two sub-distributions and the participant-spectator model are compared and found to be in agreement

with the experimental data of Au-Au collisions at
√

s= 130 AGeV and Pb-Pb collisions at 158 AGeV.
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1 Introduction

The final state particle multiplicity is defined

as the number of particles produced in an event

in high-energy collisions. Particle multiplicity dis-

tribution in high-energy collisions is an important

quantity which can be measured in experiment.

Not only in light particle-particle collisions such as

e+e− and pp̄ annihilations[1—5] but also in heavy

nuclear collisions[6—10] such as Au-Au and Pb-Pb

collisions[11—13], the multiplicity distribution is inter-

esting for us to understand the evolution of interact-

ing system.

In e+e− and pp̄ collisions, the particle multiplic-

ity distribution can be described usually by a sim-

ple formula[14, 15]. If one use the Koba-Nielsen-Olesen

(KNO) scaling[16] to describe the multiplicity distri-

bution, the multiplicities at different energies and in

different (pseudo) rapidity ranges distribute around a

curve. Because the interacting systems in e+e− and

pp̄ collisions are simple and small, the multiplicity

distribution does not show a complex structure. Even

if for the evaporated fragments produced in nucleus-

nucleus collisions[17—20], the multiplicity distribution

does not show a complex structure[21, 22].

However, the situation is different for the mul-

tiproduction process in nucleus-nucleus collisions at

high energy. The investigations since 1980’s show

that nuclear geometry plays an important role in mul-

tiplicity distribution[23, 24]. In nucleus-nucleus colli-

sions, the basic participants are nucleons. If we con-

sider exactly the nuclear geometry, the different mul-

tiplicity distributions contributed by a single nucleon

does not effect greatly the final state multiplicity dis-

tribution. We hope to give a test for this idea.

In a previous work[25], we have used an exponen-

tial distribution describing the multiplicity distribu-

tion contributed by a single nucleon and given a de-

scription of multiplicity distributions in Au-Au colli-

sions at the Relativistic Heavy Ion Collider (RHIC)

energy (with the center-of-mass energy
√

s being

130 AGeV)[26, 27] and in Pb-Pb collisions at the Su-

per Proton Synchrotron (SPS) energy (with the beam

energy being 158 AGeV)[28]. In this paper, we shall

use a different multiplicity distribution contributed

by a single nucleon to describe the multiplicity dis-

tributions in Au-Au collisions at the RHIC energy

and Pb-Pb collisions at the SPS energy. A compar-

ison between the two different sub-distributions will

be given.
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2 The model

The distribution of nucleon number density in a

nucleus can be regarded as even one or Woods-Saxon

shape[29]. According to the participant-spectator

model[30], for a given impact parameter, the partici-

pant nucleon number can be obtained. In our previ-

ous work[25], we have given a description for the nu-

clear geometry and confirmed that the two distribu-

tions of nucleon number density do not show an obvi-

ous difference in the description of multiplicity distri-

bution in nucleus-nucleus collisions. For the purpose

of convenience, in this paper, we shall use only the

even distribution of nucleon number density to give

calculations and comparisons.

Let us structure the multiplicity distribution con-

tributed by a single nucleon. We assume that three

quarks in a nucleon contribute independently to the

multiplicity. Each quark contributes an even multi-

plicity distribution in [0,2mi], where i denotes the

i-th nucleon and 2mi denotes the maximum multi-

plicity contributed by a quark. The sum of con-

tributions of the three quarks will be in the range

[0,6mi] with a peak at 3mi. Then, the distribution

is moved to [−3mi,3mi]. The multiplicity distribu-

tion contributed by a single nucleon is taken as the

distribution in the range from 0 to 3mi, and the

normalization in [0,3mi] is considered. According

to the knowledge of probability theory, the distribu-

tion in [0,3mi] can be given by two formulas with

different ranges. Because the multiplicity distribu-

tion in nucleus-nucleus collisions will be calculated

by the Monte Carlo method, the multiplicity distri-

bution contributed by a single nucleon is treated by

the Monte Carlo method, too.

3 Results and comparisons

Using the numerical calculated result about the

relation between impact parameter and participant

nucleon, and the multiplicity distribution contributed

by a single nucleon, we can calculate the multiplic-

ity distribution in nucleus-nucleus collisions. Fig. 1

presents the multiplicity distribution of negative

charged particles produced in Au-Au collisions at√
s = 130 AGeV. The circles are the experimen-

tal data quoted in Refs. [26, 27] and the negatives

with transverse momentum p
T

> 100 MeV/c and

pseudorapidity |η| < 0.5. The thick solid and dot-

ted curves are our calculated results corresponding

to the present and previous sub-multiplicity distri-

butions respectively. The three thin solid curves and

the three thin dotted curves are our calculated results

for three different centrality cuts respectively. In the

calculation, we take mi = 0.970 for the present sub-

distribution. The parameter value used in the previ-

ous sub-distribution is 〈Ni〉= 0.785, where 〈Ni〉 is the

mean sub-multiplicity. We can see that the calculated

results corresponding to both the sub-distributions

are in agreement with the experimental data[26, 27],

and for the three centrality cuts the two results are

similar.

Fig. 1. Multiplicity distribution of negative
charged particles produced in Au-Au collisions
at
√

s =130 AGeV. The circles are the exper-
imental data quoted in Refs. [26, 27] and the
curves are our calculated results.

The multiplicity distribution of charged particles

produced in Pb-Pb collisions at 158 AGeV are given

in Fig. 2. The circles are the experimental data

quoted in Ref. [28] and the charged particles with

2.35 < η < 3.75. The thick solid and dotted curves are

our calculated results corresponding to the present

and previous sub-multiplicity distributions respec-

tively. The three thin solid curves and the three thin

dotted curves are our calculated results for three dif-

ferent centrality cuts respectively. In the calculation,

we take mi = 2.210 for the present sub-distribution,

and 〈Ni〉 = 1.780 for the previous sub-distribution.

The calculated results corresponding to both the sub-

distributions are in agreement with the experimental

data[28], and for the three centrality cuts the two re-

sults are similar.

Fig. 2. Multiplicity distribution of charged
particles produced in Pb-Pb collisions at
158 AGeV. The circles are the experimental
data quoted in Ref. [28] and the curves are
our calculated results.
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Figure 3 shows the multiplicity distribution of

γ-like clusters produced in Pb-Pb collisions at

158 AGeV. The circles are the experimental data

quoted in Ref. [28] and the γ-like clusters with 2.8 <

η < 4.4. The thick solid and dotted curves are our

calculated results corresponding to the present and

previous sub-multiplicity distributions respectively.

The three thin solid curves and the three thin dot-

ted curves are our calculated results for three differ-

ent centrality cuts respectively. In the calculation, we

take mi = 1.540 and 〈Ni〉= 1.242. The calculated re-

sults corresponding to both the sub-distributions are

in agreement with the experimental data[28], and for

the three centrality cuts the two results are similar.

Fig. 3. Multiplicity distribution of γ-like
clusters produced in Pb-Pb collisions at
158 AGeV. The circles are the experimental
data quoted in Ref. [28] and the curves are
our calculated results.

Fig. 4. Comparison between the two sub-
distributions. The solid and dotted curves cor-
respond to the sub-distributions used in the

present and previous work
[25]

respectively.

Although the calculated results based on the

two sub-distributions are similar, the two sub-

distributions are different. In order to see the dif-

ference between them, Fig. 4 shows the two sub-

distributions using the parameter values as used in

Fig. 1. The solid curve is for the sub-distribution

used in the present work, and the dotted curve is

for the exponential distribution used in a previous

work[25]. One can see an obvious difference between

the two sub-distributions. The distribution region of

sub-distribution used in the present work is narrower

than that of previous work; the sub-distribution used

in the previous work has a long tail in the high mul-

tiplicity region. However, the two sub-distributions

give similar results of multiplicity distributions in Au-

Au and Pb-Pb collisions at the RHIC and SPS ener-

gies respectively.

To compare the two sub-distributions in detail,

Fig. 5 gives the results contributed by two, six, ten,

twenty, thirty, and forty nucleons, respectively. The

nucleon numbers are given on the curve tops in the

figure. The solid and dotted curves correspond to the

results of present and previous sub-distributions re-

spectively. One can see that the difference between

the two results are very small even if for only two nu-

cleons taking part in the collisions. Although the two

sub-distributions are different, the fold of two even

distributions and the fold of two exponential distri-

butions are similar. In fact, the fold of many even

distributions is a Gaussian distribution, and that of

many exponential distributions is an Erlang distribu-

tion. Both the Gaussian and Erlang distributions are

similar in the shape.

Fig. 5. Further comparison between the two
sub-distributions. The solid and dotted curves
correspond to the results of multi-nucleon con-
tributions based on the sub-distributions used
in the present and previous work

[25]
respec-

tively.

4 Discussion and conclusion

The parameters mi and 〈Ni〉 are related to the cut

condition. For Au-Au collisions at
√

s = 130 AGeV

(Fig. 1), the cut condition is the negatives with

p
T

> 100 MeV/c and |η| < 0.5. For Pb-Pb collisions

at 158 AGeV (Figs. 2 or 3), the cut condition is the

charged particles with 2.35 < η < 3.75 or the γ-like

clusters with 2.8 < η < 4.4. It is obvious that the cut

condition for Au-Au collisions is tighter than that for

Pb-Pb collisions. This renders that the parameters

mi and 〈Ni〉 have small values in the case of Au-Au

collisions. As the basic multiplicity distribution con-

tributed by a single nucleon, the two sub-distributions

are normalized to 1 for the i-th nucleon in the partic-
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ipant, respectively. In our calculation, we have taken

the parameters mi and 〈Ni〉 to be unrelated to i.

To conclude, we have used a new sub-distribution

for a single nucleon to give a description of multi-

plicity distribution of particles produced in Au-Au

collisions at the RHIC energy and Pb-Pb collisions at

the SPS energy. The two sub-distributions, one used

in the present work and the other used in a previous

work[25], have been compared and found that consis-

tent results are obtained even if only two nucleons

taking part in the collisions. Although the two sub-

distributions are different, the difference between the

results of two sub-distributions is very small. From

the multiplicity distribution in nucleus-nucleus colli-

sions we cannot say which sub-distribution is more

correct. Even if in pp and pp̄ collisions, we cannot

distinguish the two sub-distributions due to two nu-

cleons taking part in the collisions.
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