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INTRODUCTION
The existence of quark-gluon plasma (QGP) - a new phase of strongly interacting systems at high energy or density has been predicted in the framework of the quantum chromodynamics.
The study of relativistic interactions has provided the oportunity to search for the signal of QGP. Large fluctuations of particle production have been expected in the transition from QGP
to hadron phase [1, 2]. The study of particle production is a most useful tool for event characterization, for instance with respect to the centrality of the collision. Systematic studies of the
variation with mass, energy, and impact parameter can provide the basis for the understanding of reaction mechanism [3].

EXPERIMENT
Nuclear interactions for various primary nuclei at different energies have been obtained using horizontally exposed emulsion detector.
Experimental data samples were collected by EMU01 and Dubna collaborations. All charged particles of measured interactions
were classified according to the commonly accepted emulsion experiment terminology into groups. The group of relativistic (shower)
particles includes particles (with β > 0.7) produced in the interactions as well as those knocked-out from the target nucleus. The
polar (Θ) and azimuthal (Ψ) emission angles of all tracks have been measured. The value of pseudorapidity (η = −ln[tanΘ

2 ]) has
been calculated for each relativistic particle. The pseudorapidity distributions of relativistic particles in 16O induced interactions
at 4.5 − 200 A GeV/c is presented in Fig.2. The multiplicity of relativistic shower particles (Ns) has been used as a criterion
for event centrality [4]. The dependence of the number of produced relativistic particles on the impact parameter calculated by
modified FRITIOF model for Au induced interactions in emulsion is shown in Fig.3. The interactions with Ns > 100 are those of
gold nuclei with the heavy emulsion targets Ag and Br [5].

Fig. 1: The interaction of 32S + Em at 4.5 A GeV/c.
Fig. 2: The pseudorapidity distributions of relativistic

particles in 16O induced interactions at 4.5− 200 A

GeV/c.

Fig. 3: The dependence of Ns particles on the impact

parameter(bimp) for Au + Em interactions at 11.6 A

GeV/c calculated by the FRITIOF model.

METHOD OF ANALYSIS
The method for measurement of fluctuations, which
vanishes in the case of independent particle emis-
sion from a single source, has been proposed in [6].
Event-by-event fluctuations of observables, which
are defined as a sum of particle kinematics vari-
ables (rapidity or transverse momentum) and the
summation runs over all produced particles of given
event, can be studied by this method [7]. Quantity

Φ is defined as Φ =
√
〈Z2〉
Nt
−
√
z̄2, where

√
z̄2 - the

square of the 2nd moment of the inclusive z distri-
bution, the quantity Φ measures the event-by-event
fluctuations. In case of study of pseudorapidity dis-
tributions of produced particles we can define z as
z = ηi−η̄, where ηi is pseudorapidity of produced i-
particle in a given event. If the produced particles
are independent each other, there are no correla-
tions among the particles and the Φ value vanishes
[6], the non-zero of Φ may attributed to the mea-
sure of correlations among produced particles [7].

ANALYSIS AND RESULTS
The Φ dependences for O +Em induced interactions at 4.5− 200 A GeV/c have been studied using method
of the quantity Φ. Experimental and Cascade evaporation model (CEM) data samples have been compared.
We selected central interactions with Ag(Br) targets, and we studied the groups of interactions with increasing
number of relativistic particles Ns - see Fig.4 for O +Ag(Br) interactions at 4.5 and 200 A GeV/c. One can
see that the Φ values for experimental data samples are higher than the values for CEM data [8]. The similar
results have been published in [7], where FRITIOF model has been used for comparison.
The analysis have been done for various primary nuclei ( O,Ne, Si, S ) at 4.1 − 4.5 A GeV/c on Ag(Br)
(Fig.5) and CNO (Fig.6) targets. The Φ values for CNO targets have been calculated also for different
multiplicity groups. The Φ values for Ag(Br) targets are greater than that for light (CNO) targets for the
same primary nuclei, i.e. with increasing mass of target increases the Φ value and the correlations among
particles increase. The Φ values are decreasing with increasing average number of relativistic particles for all
data. This can be explained by the formation of several independent sources during multiparticle production
[7]. The similar results have been published in [7] , [9].
The Φ values for various primary nuclei with the heavy emulsion Ag(Br) targets at different momenta are given
in the Tab.1, where p is the momenta of primary nucleus A and < Ns > is average number of relativistic
particles. For light primary nuclei (A=16-32) the Φ values increase with increasing momenta. For heavy
primary nuclei (A=197, 208) the Φ values decrease with increasing momenta, this could be caused by the
different numbers of produced relativistic particles.

p [A GeV/c] A < Ns > Φ

4.5 16O 30 0.765 ± 0.066

4.1 22Ne 33 0.696 ± 0.043

4.5 28Si 43 0.859 ± 0.123

4.5 32S 46 0.689 ± 0.084

14.6 16O 65 0.618 ± 0.108

14.6 28Si 93 0.899 ± 0.100

11.6 197Au 189 1.796 ± 0.110

200 16O 180 1.805 ± 0.170

200 32S 259 1.833 ± 0.135

158 208Pb 637 1.148 ± 0.161
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Fig. 4: The dependences of Φ values on the average multiplicity for O + Ag(Br)

interactions at 4.5 and 200A GeV/c, experimental a CEM data samples.
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Fig. 5: The dependences of Φ values on the average multiplicity for A + Ag(Br)

interactions at 4.1 - 4.5 A GeV/c.
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Fig. 6: The dependences of Φ values on the average multiplicity for A + CNO

interactions at 4.1 - 4.5 A GeV/c.
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CONCLUSIONS
A preliminary study of multiplicity and target dependence of pseudorapidity fluctuations
in terms of the quantity Φ has been made for various primary nuclei with Ag(Br) and
CNO targets in emulsion detector. Search for the event-by-event fluctuations of observable
Φ, and its dependence on the mass of primary nuclei, their momenta, different groups of
events and model comparison has been performed. For all interactions and groups of events,
the Φ values are found to be greater than zero and this indicates the presence of stronge
correlations in the multiparticle production at momenta from 4.1 to 200 A GeV/c. The
experimental results have been compared with the results obtained from analysis of CEM
data sample. The Φ values for experimental data samples are higher than the values for
CEM data. The Φ values for heavy Ag(Br) targets are greater than that for light (CNO)
targets for the same primary nuclei and momenta, i.e. with increasing target mass the
correlations among the final state particles also increase.
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