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A nontrivial dependence of normalized fluctu-
ations in the multiplicities of particles produced
in nucleus nucleus interactions at an energy of
158 GeV /nucleon observed by the NA49 Collabo-
ration [1] was explained in models assumed quark-
gluon plasma formation. Since this mechanism can
hardly be realized in hadron-nucleus and nucleus-
nucleus interactions at relatively low energies, it is
of interest to study the character of the fluctua-
tions in the multiplicities of particles produced in
the above interactions in order to understand the
nature of the effect observed by the NA49 Collabo-
ration.

Below we present experimental data obtained
by a propane bubble chamber collaboration in
LHE JINR. The chamber was exposed to protons,
deuterons, a-particles, and carbon nuclei with a mo-
mentum of 4.2 A GeV/c. Methodological aspects of
the picture processing and specific features of the
experiment were described in [2]. Here, it should
only be mentioned that m-mesons are reliably iden-
tified in the propane chamber in 47 geometry. Pro-
tons are identified at momenta up to 500 MeV/c. Tt
is difficult to identify 7+ mesons and protons with
higher momenta, but their momenta are well deter-
mined. Tracks of positively charged particles with
momenta above 3 GeV/c and emission angles below
4° were treated as spectator fragments of projectile
nuclei. Among protons, it was separated evaporated
protons of momenta below 300 MeV/c and partic-
ipant protons of momenta above 300 MeV /¢ with-
out spectator protons. Multiply-charged fragments
of projectile nuclei were identified by produced ion-
ization.

In this study, the total charge of the produced
particles (77 and 7 mesons) and participant pro-
tons, Q@ = ny +n_ —Nproj. fr. — Nevap, Was used as a
measure of collision centrality, where n is the num-
ber of positively charged tracks, n_ is the number
of negatively charged tracks, npp0;.fr. is the number
of spectator fragments, and neyqp is the number of
evaporation protons.

Figure 1 shows the normalized fluctuations in
the multiplicities of negatively charged particles in
pC, dC, aC, and CC collisions at a momentum
of 4.2 A GeV/c. Normalized fluctuations are de-
fined as the ratio of the multiplicity distribution
variance to the average multiplicity of produced par-
ticles. It is expected [3] that the normalized fluctua-
tions will be close to one when the thermodynamic-
equilibrium system of particles (quark-gluon plasma
or hot hadron gas) arises. Fluctuations observed by
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us, as well as those studied earlier by the NA49
Collaboration [1], show a particular dependence
on the collision centrality: normalized fluctuations
are close to that in nucleon-nucleon collisions in
the most peripheral nucleonnucleon collisions (at
Q 0). Then, the fluctuations increase drasti-
cally and decrease slowly with an increase in the
centrality of collisions (with increasing Q). In cen-
tral collisions, normalized fluctuations depend on
the projectile nucleus and do not tend to unit in
the general case.
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Figure 1: Scaled variances of negative charged particle
multiplicity distributions in the light nuclei interactions
with carbon nuclei at momentum 4.2 GeV/c/nucleon.
Points are exp. data, lines are theoretical calculations.
Solid lines are FRITIOF model calculations. Dashed
lines are Cascade-Evaporation model calculations. Dot-
ted lines are UrQMD model calculations.

The theoretical models — FRITIOF [4], UrQMD")
[6] and the cascade evaporation model [7], qualita-
tively reproduce the behavior of the experimental
data in contrast to the case at higher energies [1].
This allows the experimental data to be analyzed.

According to the FRITIOF model calculations,
the observed fluctuations are mainly related to the
fluctuations in the wounded nucleon multiplicity.
Because @ fixes the number of interacted protons,
the number of interacted neutrons may fluctuate.
Therefore, the number of wounded nucleons also
fluctuates.

The UrQMD model qualitatively reproduces the
behavior of the experimental data in Fig. 1, but
underestimates the normalized fluctuations in the
absolute value due to that the normalized fluctu-
ations in NN collisions in the UrQMD model are
slightly smaller than those in the FRITIOF model.

1) The models FRITIOF and UrQMD were enlarged by
the Statistical Multi-fragmentation model [5].



The cascade evaporation model assumes that
mesons are directly produced without the nucleon
resonance formation stage. Since the absorption of
mesons in secondary interactions in light nuclei is
small, the multiplicity of produced particles is also
proportional to the multiplicity of interacting nu-
cleons in this model and it qualitatively reproduces
the data in Fig. 1.

Thus, the data in Fig. 1 are closely related to the
fluctuations in the number of NN collisions in the
nucleus-nucleus interaction.

Turning to the NA49 data and difficulties in their
theoretical interpretation by the UrQMD, HSD,
VENUS, and HIJING models [1], we note that the
multiplicity of the wounded nucleons of the projec-
tile nucleus was evaluated in the experiment using
the veto calorimeter measuring the total energy of
particles within a narrow angular region along the
beam direction behind the target. This energy de-
pends on the magnetic field through which the par-
ticles pass, the calorimeter calibration constants, ac-
ceptance of the calorimeter, etc. Their variation
leads to variation in the energy distributions in the
veto calorimeter and to variation in the selection
of events on the basis of the veto calorimeter and,
thus, indirectly to variation in the estimates of the
wounded nucleon multiplicity. The removal of, for
example, the central part of the calorimeter in order
to pass the beam particles that do not undergo in-
teraction results in a loss of peripheral interactions
and a decrease in the yield of events with a large en-
ergy release. Under these conditions, it is difficult
to correctly evaluate the multiplicity of the nucleons
of a projectile nucleus that undergo interaction.

The energy distribution in the veto calorimeter
given in [1] (see Fig. 2a, lower points) is strongly
different from the one earlier published by the
same collaboration [8] for the so-called minimal bias
events (see Fig. 2a, upper points). The cause for
the difference is not discussed in [1].

The distribution from [8] was well described by
the VENUS and FRITIOF models. Description of
the distribution from [1] calls for more effort. To
roughly take into account the experimental condi-
tions, we used the description of the veto calorime-
ter given in [9]. In the FRITIOF program, cas-
cade interactions were simulated within the reggeon
model of nuclear disintegration [10]. Three val-
ues of the parameter C),4 governing the cascade
interaction intensity were used: C,q = 0, cascade
interactions are ignored; Cpq = 0.35 as in [11],
and Cpq = 0.2. Nuclear multifragmentation was
simulated within the statistical model of nuclear
multifragmentation [5]. Three alternative calcula-
tions yielded similar energy distributions in the veto
calorimeter (see Fig. 3a). Discrepancies between
the calculated and experimental data at large and
small Ey are probably due to ignored features of
the veto calorimeter. The calculations also showed
that nuclear fragments and evaporation nucleons al-
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most always arrive at the veto calorimeter. Nucle-
ons knocked out in the cascade interactions hit the
calorimeter with a probability of about 50%, which
leads to the redistribution of Ey and to fluctuations
in the evaluated multiplicities of wounded nucleon.
Allowance for these fluctuations makes it possible
to understand the NA49 data (see Fig. 2b). Thus,
the regularities observed by the NA49 Collabora-
tion reflect both the features of the veto calorimeter
and the intensity of the cascade interactions of the
produced particles. More extended analysis can be
found in Ref. [12].
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Figure 2: (a) Energy distribution in the veto calorime-
ter. Lower points are the renormalized experimental
data from [1], and the upper points are the data from
[8]. The curves are the calculations at Cpq = 0 (solid),
0.35 (dashed), and 0.2 (dotted). (b) Normalized fluctu-
ations in multiplicities of negatively charged particles.
The points are the experimental data [1]. The curve
notations are the same as in (a), but the dotted curve
is replaced by the thick solid curve for convenience.
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