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Abstract Self-affine multiplicity scaling is investigated in the framework of a two-dimensional factorial mo-

ment methodology using the concept of the Hurst exponent (H). Analyzing the experimental data of target

evaporated fragments emitted in 3*Kr-AgBr interactions at 1.7 AGeV revealed that the best power law behav-

ior is exhibited for H = 0.3 indicating a self-affine multiplicity fluctuation pattern. A signal of multifractality is

also observed from knowledge of the anomalous fractal dimension d, extracted from the intermittency exponent

aq of the anisotropic phase space scenario.
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1 Introduction

During the last decade, the study of large density
fluctuations in high energy interactions has received
much attention due to its potential to provide some
information on the dynamics of multiparticle produc-
tion processes. Bialas and Peschanski™ were the first
to introduce a new method named intermittency for
the analysis of large fluctuations. Intermittency is sig-
naled by the power law behavior of the Scaled Facto-
rial Moments (SFMs) with increasing spatial resolu-
tion of the particle detection procedure. The unique
feature of this moment is that it can detect and chara-
cterize non-statistical density fluctuations in particle
spectra, which are intimately connected with the dy-
namics of particle production®*. Until now, most of
the investigations on intermittency and multifracta-
lity have been carried out for the production processes
of high energy hadrons (pionization), while little at-
tention has been paid to the analysis of target frag-
ments.

During high energy nucleus-nucleus collision, the
target nucleus may undergo a complete disintegra-

tion resulting in the emission of particles and nu-
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clear fragments from the disintegrating nucleus. This
is a complicated process developing both in space
In the light of a conventional cascade-
evaporation model, slow or black (in emulsion ter-
minology) particles (8 < 0.3) are evaporated from the

and time.

disintegrating target nucleus and the emission charac-
teristics of these particles is believed to be isotropic in
the rest system of the target. However, the isotropy
may be somewhat disturbed due to the motion of
the target”. The cascade-evaporation model is based
on the assumption that statistical equilibrium is es-
tablished in the decaying system and its life time is
assumed to be much longer than the time needed
to redistribute its excitation energy among the dif-
ferent nucleons in the nucleus. However, different
experimental data indicate the existence of a non-
equilibrium process involved in the emission of black
particles!® .

Most of the investigations of intermittency have
been performed in one-dimensional space, though
this is not at all sufficient for extracting the proper
fluctuation patterns of the real three dimensional
process'' 2 The analysis should be done in higher
dimensions to reduce the error due to dimensional
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reduction. Even in two-dimensional intermittency
analysis the usual procedure was to divide the corre-
sponding phase spaces subsequently into subcells by
shrinking equally in each dimension and work done
in both dimensions led to the conclusion that the
pionization or target fragmentation process is self-
similar. However, the phase space in high energy mul-
tiparticle production is anisotropic as indicated by
(13341 Tt may happen that the fluctuations
are anisotropic and the scaling behavior is different
in different directions. According to Mandelbrot!®,
when a given pattern is differently scaled in differ-
ent directions, it is called self-affine fractal. Up to
now most of the intermittency investigations of tar-
get fragments have been performed based on the self-
similar nature of the fluctuations® %21 only a
few works report on the evidence of self-affine multi-
particle production indicated by the data®* 1,
This paper reports an investigation on the nature
of dynamical fluctuations which is carried out in the
target fragmentation of *Kr-AgBr interactions at 1.7
AGeV in the framework of two-dimensional factorial

Van Hove

moments considering the anisotropy of phase space.

2 Experimental details

Stacks of ILFORD G-5 nuclear emulsion plates
horizontally exposed to a #Kr beam at 1.7 AGeV at
Bevalac Berkeley are used in this work. The volume
of the emulsion plate is 10 cmx 10 cmx0.06 cm. Dou-
ble scanning along the track, fast in the forward and
slow in the backward direction, was carried out. In-
teractions which are within 30 pm from the top or
bottom surface of the emulsion plates are not con-
sidered in the final analysis. Details of scanning and
classification of events can be found in our previous
paper[sz—szs] .

The event of 3 Kr-AgBr interactions was chosen
by using a criterion of having at least eight heavy
ionizing tracks of particles (N}, > 8).

The self-affine multiplicity fluctuations of target
residues in 3*Kr-AgBr interactions at 1.7 AGeV are
analyzed in the framework of a two-dimensional fac-
torial moment methodology using the concept of the
Hurst exponent. The cumulative variables!®® Xeoso
and X, are used instead of cosf and ¢. Details of the

analyzing method can be found in our paper?®”.

3 Experimental results

We have studied the dependence of the natu-
ral logarithm of the average value of the facto-

rial moments (In(F,)) on the natural logarithm of
(0X cos0+0X ) for B Kr-AgBr interactions at 1.7 AGeV
for different Hurst exponents (0.3, 0.4, 0.5, 0.6, 0.7,
0.8, 0.9, and 1.0).
could be observed in two or three regions.
der to find the partitioning condition at which the
scaling behavior is best revealed, we have performed
a linear fit in the first region and have estimated
the x? per Degrees of Freedom (DOF) for each line-
ar fit. It is interesting that the best linear beha-
vior is revealed at H = 0.3 and not at H = 1 for
each order of moment in the data set. The plots of
In(F,) against In(8X .:60Xy4) at H=10.3 and 1.0 are
shown in Figs. 1 and 2, respectively. Table 1 rep-
resents the value of x? per DOF and the intermit-
tency exponent for 3¢Kr-AgBr interactions for dif-
ferent values of H and order of moments.
the table it is seen that y? per DOF is smaller for
H = 0.3 for different orders of moments, which is

In each case a linear behavior
In or-

From

also clearly shown in Figs. 1 and 2, respectively.

5

In (F,)

In[8.X500X;]

Fig. 1. Plot of In(F») against In(6Xcos90X4) at
H =0.3 in the case of ®*Kr-AgBr interactions
at 1.7 AGeV.
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Fig. 2. Plot of In(F») against In(6Xcos90X4) at
H =1.0 in the case of ®*Kr-AgBr interactions
at 1.7 AGeV.
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Table 1. The values of x? per DOF and intermittency exponents for particular values of Hurst exponent H
in 3 Kr-AgBr interactions at 1.7 AGeV.
q=2 q=3
value of H x2 per DOF intermittency exponents (ag) x2 per DOF intermittency exponents (aq)
0.3 1.208 0.285+£0.017 2.509 0.786+0.071
0.4 1.865 0.277£0.020 2.018 0.754£0.068
0.5 1.492 0.29140.021 1.560 0.820£0.082
0.6 3.849 0.324£0.019 1.387 0.835+£0.084
0.7 1.270 0.286£0.022 1.591 0.778 £0.097
0.8 2.875 0.296£0.019 3.402 0.815£0.093
0.9 2.194 0.311£0.018 1.015 0.95540.091
1.0 4.325 0.296£0.015 2.671 0.857£0.079

So the dynamical fluctuation pattern in 8*Kr-AgBr
interactions is not self-similar but self-affine.

The power-law behavior of the scaled factorial mo-
ments indeed implies the existence of some kind of
fractal pattern®
duced in their final state. Therefore, it is natural to

in the dynamics of the particles pro-

study the fractal nature of the target fragmentation
process in 8 Kr-AgBr interactions under the self-affine
scaling scenario.

In order to study the dependence of the anomalous
fractal dimensions d, (d, =a,/(¢—1)) on the order of
the moments g under the self-affine scaling scenario,
the d, values have been calculated at H = 0.3. The
variation of d, with the order ¢ is shown in Fig. 3.
From the plot it is seen that d, is linearly dependent
on the order ¢, which suggests the presence of multi-
fractality of emission of target evaporated fragments
in 8Kr-AgBr interactions.

0.8
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Fig. 3. Plot of d, against q at H=0.3 in 3*Kr-
AgBr interactions at 1.7 AGeV.

Finally we will discuss the non-thermal phase
transition under the self-affine scaling scenario. Ac-
cording to Peschanski® the signals of non-thermal
phase transition can be studied with help of the pa-
rameter A\, = (a,+1)/g. The condition for the exis-
tence of two different phases is that the function A,

should have a minimum at some value ¢ =¢q.. In the
region ¢ < ¢. a larger number of small fluctuations
occur and the region ¢ > g. is governed by a small
number of very large fluctuations””. This situation
resembles a mixture of a liquid of many small num-
ber fluctuations and a dust consisting of few grains of
very large density. The minimum of the function A,
may be a manifestation of the fact that the liquid and
the dust phase coexist. If the system is tested by a
moment of rank ¢ < ¢., one sees only the liquid phase
and if it is tested by a moment of ¢ > ¢., one sees
only the dust phase. Fig. 4 presents the dependence
of A\, on the order ¢. From the plot it is seen that a
minimum of A, is obtained at ¢ = 3 which suggests
that a non-thermal type phase transition might exist.
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Fig. 4. Plot of A\, against q at H =0.3 in $*Kr-
AgBr interactions at 1.7 AGeV.

4 Conclusions

From the present study of the 1.7 AGeV 3Kr-
AgBr interactions it may be concluded that the ef-
fect of intermittency is observed and the best power
law behavior is exhibited at H = 0.3 which suggests
that the dynamical fluctuation pattern in 34 Kr-AgBr
interactions is not self-similar but self-affine. The
anomalous fractal dimensions of the intermittency
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are found to increase with the increase of the order

of moments, which suggests the presence of mul-
tifractality of the emission of target fragments in
84Kr-AgBr interactions. A minimum value of )\, is
observed at q¢ = 3, which suggested that there exists

a non-thermal type of phase transition.

We are grateful to Professor I. Otterlund of Lund

University in Sweden for supplying the emulsion
plates.
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