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Abstract

The concept of factorial moments was applied to an analysis of the dy-
namical fluctuations in the charge distributions of the fragments emitted from
gold nuclei with energies 10.6 and <1.0 GeV/n interacting with emulsion nu-
clei. Clear evidence for intermittent fluctuations has been found in an analysis
using all the particles released from the gold projectile, with a stronger effect
observed below 1 GeV/n than at 10.6 GeV/n. For the full data sets, however,
the intermittency effect was found to be very sensitive to the singly charged
particles, and neglecting these particles strongly reduces the intermittency
signal. When the analysis is restricted to the multiply charged fragments, an
intermittency effect is revealed only for multifragmentation events, although
one that is enhanced as compared to the analysis of all, singly and multi-
ply charged, particles. The properties of the anomalous fractal dimensions
suggest a sequential decay mechanism, rather than the existence of possible
critical behaviour in the process of nuclear fragmentation. The likely influence
of the charge conservation effects and the finite size of decaying systems on
the observed intermittency signals was pointed out.



1 Introduction

The concept of intermit ten cy was originally developed in the field of fluid dynam-
ics to study the fluctuations that occur in turbulent flow [1, 2]. Its presence in
the velocity and temperature distributions is established by the existence of large
nonstatistical fluctuations which exhibit scale invariance. Intermittency in physi-
cal systems is studied by examining the scaling properties of the moments of the
distributions of relevant variables over a range of scales [3]. Białas and Peschanski
[4] first introduced the concept of intermittency to the study of dynamical fluctu-
ations in the density distributions of particles produced in high energy collisions.
In order to identify any intermittent behavior in the physical processes occurring
during these collisions, they proposed an analysis of the scaling properties of the
factorial moments, Fg, as the resolution in the density distribution was varied. By
using the method of factorial moments, which results in a filtering out of the sta-
tistical fluctuations, it was possible to analyze data on particle production. This
soon led to the discovery of a characteristic power law dependence of the factorial
moments of an order q on the resolution scale, 6: Fq oc (l/o)(f>i. This feature of the
moments, identified as an example of intermittency, was observed in a variety of
high energy reactions [5, 6, 7] and can be considered to be a general property of the
particle production process. The specific properties of the intermittency indices, ^>?,
can be associated either with a random cascading process [4, 8, 9, 10, 11] or with
a second order phase transition [9, 12, 13, 14] depending on the values obtained.
Thus an analysis of the factorial moments may provide important information on
the dynamical properties of the system. A similar analysis can be applied to other
processes, such as nuclear fragmentation, in order to attain a better understanding
of the physics involved.

Ploszajczak and Tucholski [15] were the first to suggest searching for intermit-
tency patterns in the mass and charge distributions of the fragments produced during
the collisions of energetic nuclei. They studied the break-up of l97Au nuclei with
energies below 1 GeV/n, and showed that the factorial moments of the charge distri-
bution of the fragments increased like a power law with increasing charge resolution,
thus exhibiting the property of intermittency. A similar analysis, confirming the ex-
istence of intermittency in nuclear fragmentation, was later applied to the break-up
of 238(7 and 131Xe nuclei with E < 1 GeV/n [18]. However, as yet there is no clear
understanding of the underlying dynamical mechanism that leads to intermittency
in nuclear fragmentation. No clear evidence of critical behaviour was observed in
these studies. It was shown [15] that a percolation model [17, 18] could lead to
fluctuations in the fragment size distributions similar to those observed in the data.
In addition, there were some indications that the fragmentation r^echanism is a se-
quential decay process rather than a prompt break-up or falling apart of the nucleus.
On the other hand, specific sequential decay models [19] were unable to reproduce
the observed intermittency properties of the fragment distributions.

In this paper we have used 10.6 GeV/n 19Mu projectile nuclei, with a much



higher incident energy than was available previously for such heavy nuclei to make a
detailed study of the fluctuations in the charge distributions of the fragments emitted
from interactions with the emulsion target nuclei. This analysis of the factorial
moments is compared with a similar analysis of the interactions of low energy (< 1
GeV/n) gold nuclei [20j. In order to compare this analysis with previous studies
we have considered the case where the singly charged paxticles have been included.
These singly charged particles numerically dominate the analysis, but experimentally
a determination of which ones are spectators, and part of the fragmentation process,
and which are participants, is not well defined. For this reason we have made two
additional analyses, with one representing an attempt to distinguish between the
spectators and participants in the individual interactions, and the other restricted
only to multiply charged fragments.

The paper is organized as follows: In Section 2 we give a brief summary of the
experimental details, as well as some of the general characteristics of the fragmen-
tation of l97Au at 10.6 GeV/n. More details can be found elsewhere [2], 22, 23, 24].
The revisions introduced in the study of the low energy gold interactions are also
discussed in this section. In Section 3 the method of analysis is briefly reviewed.
Section 4 contains the results of the analysis of all particles and the comparison with
the low energy data. Also the results of the analysis attempting to include only spec-
tator singly charged particles are presented in this section. Section 5 discusses the.
analysis restricted to multiply charged fragments. The summary and conclusions
are discussed in Section 6.

2 Fragmentation

Stacks of BR-2 nuclear emulsion were exposed to gold nuclei accelerated to an energy
of 10.6 GeV/n at the Brookhaven ACS (Exp. BNL 868). A minimum bias sample,
of interactions was found by microscope scanning along the tracks of incident gold
nuclei. In every interaction all the tracks produced by charged particles were ana-
lyzed. The high energy multiply charged fragments of the gold nuclei were readily
separated from the low energy fragments emitted from the target nuclei. The fast
singly and doubly charged particles were identified by their grain densities, while
the charges of the heavier fragments were measured by delta ray counts with an
accuracy better than 5% over the entire charge range. The present analysis is based
on 1083 fully analyzed interactions. Events in which the gold projectile apparently
survives and no secondary particles are produced were assumed to be non-charge
changing interactions, and were excluded from this sample.

For comparison, the interactions of low energy gold nuclei in emulsion were also
analyzed. This low energy sample consists of interactions produced by gold nuclei
which entered the emulsions with E ~ 1.0 GeV/n and, which, if they did not
interact, were brought to rest by energy loss [20]. For this analysis we have selected
only the 360 charge changing interactions for which the energy of the gold projectiles



was greater than 0.1 GeV/n l.
The initial stage of a nucleus-nucleus collision involves the strong interactions

between the colliding nuclei, which leads to the creation of new particles, predom-
inately pions. At this 10.6 GeV/n incident energy, the average number of charged
created particles was 50.5 ±2.0, with individual multiplicities that ranged from 0 to
> 300. After the initial 'fast' collision stage, a much slower process of de-excitation
of the projectile and target nuclei occurs, accompanied by the emission of nuclear
fragments. It is this latter stage of the interaction, and in particular, the break-up
of the gold projectile, that is of interest here. The number of fragments emitted
from the projectile, Npfa varies widely from event to event. Similarly the charges
(Z) of these fragments cover the entire charge range from 1 to 79. In fact we know
that fragments with charge Z = 80 can be produced by charge pickup [25], but we
are unable to identify these relatively rare events in this experiment. The multiply
charged fragments are readily detected. The number of a-particles (Z=2) and heav-
ier fragments (Z > 3) in each event was denoted by Na and Np respectively. Na was
typically much greater than Np. Singly charged fragments, mostly protons with a
small admixture of deuterons and tritons, must also be emitted from the excited gold
nuclei, but their numbers cannot be determined reliably in this experiment, since
they cannot be separated from the produced and interacting singly charged particles.
For each interaction we can use charge conservation to evaluate the total number of
singly charged particles that were released, Np. Then Np = ZAU — T^Li %i> where the.
summation runs over all multiply charged fragments. These released singly charged
particles include both singly charged projectile fragments (spectators, Nspect} and
interacting protons (participants, -/Vport); Np = Aspect + Npart. Experimentally, it is
not possible to make a clean separation between the spectators emitted during the
fragmentation process and the participants involved in the fast collision stage of the
interaction. However, it is possible to use the measured emission angles of the singly
charged particles to make an estimate of the number of spectators in each event,
and this approach has been used in some of the later analyses to be discussed.

The average and maximum numbers of the various types of fragment have been
listed in Table 1. Also listed there is the average charge of the heaviest fragment.
< Zmax >• For comparison similar quantities for the sample of low energy gold
nuclei have been included in this table. The values listed in Table 1 show that,
overall the high energy gold nuclei are more severly broken up than are those of low
energy, producing a smaller heaviest fragment and releasing more singly charged
particles.

The yields per event of the fragments are shown in Figs, la and b for the high and
low energy gold interactions. Both data sets show the familiar 'U' shaped distribu-
tions, with the yields rising on both sides from a broad minimum at Z w G.bZ^u- If
we are dealing with a liquid-vapor phase transition at a critical temperature [26, 27],

lrThe analysis of the low energy gold interactions by Pioszajczak and Tucholski [15] was based
on a slightly larger sample without the exclusion of the lowest energy interactions and non-charge
changing events.



or a percolation model [15,17, 18], we would expect to observe a power law behavior
of the fragments yields, P ( Z ] oc Z~T, with an exponent close to 2.3. Clearly this
cannot apply to the entire charge range, since it is well established that the yields
of the heaviest fragments increase with increasing charge (see Fig.l and also [28]).
It is worth noting that the rise in the yields of fragments with Z above 30-40 is due
mainly to events in which only a single heavy fragment (Z > 3) is emitted.

It is possible to select sub samples of events for which the charge distribution
can be reasonably well described by a single power function. For example, Figs. 2a
and b show the charge distributions for events in which 2 or more fragments with
Z > 3 are emitted. The fitted inverse power laws in the range Z > 3 gave the
values of T of 1.75 ± .04 and 1.56 ± 0.05 at high and low energies respectively. These
fits had reduced x2 values of 2.3 and 0.9 in the two cases. The lighter fragments,
specifically the helium nuclei, do not fit this representation, there being many more
than would be predicted from an extrapolation of these power laws. Inclusion in
the fits of the Z = 2 fragments, even for these selected sub samples of interactions,
greatly degrades the quality of the fits, resulting in corresponding x2 values of 7.6
and 7.9 for the two energies. The values obtained for r are smaller than expected
from the models. Fragment yields are discussed in more detail elsewhere [29].

3 Method of normalized factorial moments
To study intermittency in multiparticle production. Białas and Peschanski [4] sug-
gested analyzing scaled factorial moments of the particle density distributions in
decreasing phase space bins, down to the limit of the experimental resolution. The
proposed definition of the factorial moments can be extended in a straightforward
way to an analysis of the charge distribution of fragments arising from nuclear frag-
mentation process. For each event the factorial moment,.F, of rank q is defined
as:

i M

W2) = 77 E "mK ~ l)-("m - 9 + l)/(NIM}\ (1)
m m=l

where M is the number of charge bins into which the whole charge range AZ =
Zmax — Zmin has been divided, nm is the number of fragments emitted in the m — th
charge bin, m = l, ...M and N is the mean fragment multiplicity measured in the
full AZ interval. After averaging over all events in the sample, the mean factorial
moments are:

n n - . . . -
^ , (2)

where brackets denote averaging over M — AZ/<$Z bins and bars denote aver-
aging over all events in the sample where there are two or more fragments in the



interval. Additional correction factors have been proposed [30] to allow for non-
uniform distributions of the analyzed variable, leading to a modified definition of
the mean factorial moments of the form:

n,v

This definition guaranties that in the case of statistical fluctuations, the corrected
moments equal unity independently of the bin size, 6Z. In what follows, we will
only use corrected factorial moments calculated according to Eq.3 (superscript corr
will be omitted for simplicity).

The physical process under study is said to exhibit an intermittent behaviour if
the factorial moments increase like a power law with decreasing bin size:

, (4)

where (f>g > 0 in the limit of SZ —v 0. The magnitude of the exponents, t/??, called
intermittency indices, characterizes the strength of the intermittency signal.

Intermittency occurs in systems which possess the property of self-similarity
(Eq.4) over a broad range of resolutions. This is a typical feature of fractal objects
which also satisfy certain scaling laws. The connection between factorial moments
and rules of multifractal geometry reduces to the direct relation between intermit-
tency indices and the anomalous fractal dimensions, dq of the analysed distributions
[31, 32, 33]:

i, - ̂ . (5)

It was argued [9, 13] that an observation of dq being independent of q (i.e.
monofractal structure) would indicate a second order phase transition in the system.
On the other hand, if a final state is formed as a result of the self-similar cascade
mechanism, one expects dq to increase with q [4, 8, 9]. Hence the study of the.
dependence of anomalous dimensions on the rank of the moments in processes of
nuclear fragmentation may allow one to distinguish between sequential (cascade
like) and prompt (single fractal object) mechanisms. Furthermore if the system
exhibits a monofractal structure, it would indicate the possible occurence of critical
phenomena.

4 Intermittency in charge distribution of all par-
ticles

Following the previous analyses of the factorial moments for charge distributions
of fragments [15, 16], we study the charge spectrum of all fragments irrespective
of their charges. Specifically, Zm;n is set to 1, and all the singly charged particles



released from the projectile. Np, whether they are spectators or participants, are.
included in this analysis.

Figs. 3a and b show log-log plots of the dependence of the factorial moments
calculated according to Eq.3 on the number of subdivisions, M of the whole AZ = 78
interval for the full data sets available at 10.6 and < 1 GeV/n. The moments of
ranks q = 2 — 5 are shown for which statistically significant results can be obtained.

Factorial moments of the same order and calculated for various bin sizes are
strongly correlated because their computation is based on the successive rebinning
of the same data. As a consequence the errors of the average factorial moments,
estimated from the dispersion, £>, of the values of the moments used to calculate
the average, are overestimated (the variations between the points are much smaller
than expected from the errors of the mean moments). In this analysis we have made
an attempt to reduce the errors of correlated data points. The correlations between
measured moments are due to event-to-event fluctuations of the total multiplicity
and to bin-to-bin correlations. The fluctuations of the total multiplicity are reflected
in the absolute values of the moments and in the dispersion of the moments calcu-
lated for M = 1. DM=\- They also give a constant, independent of M, contribution
to the errors of the moments calculated for M > 1. The bin-to-bin correlations are
due to the overlap of bins corresponding to different M's, i.e. usually smaller bins
are contained in larger ones. They give contribution to the errors, clearly dependent
on M, which are important for studying the dependence of the moments on the
width of the bin. Assuming that these two contributions are independent we have,
calculated, at each bin width, the dispersion Dvar: D^ar = D2 — Dj^=1. The errors
of the mean moments calculated from the dispersion Dva.r are shown in the figures
and included in the fits.

A clear intermittency signal is seen (Figs.3) at both energies indicated by a power
law increase of the moments with decreasing 6Z. At lower energy the rise of the
moments is faster suggesting a stronger intermittency effect in < 1 GeV/n data than
at 10.6 GeV/n.

In [15] the analysis of the factorial moments was done for selected subsamples of
events in order to search for a class of events which exhibits the strongest intermit-
tency signal. Two different selection criteria were applied: one limiting the analysis
to multifragmentation events for which the number of heavier fragments,NF, exceeds
some threshold value and one restricting the total multiplicity of fragments. Similar
selection criteria were applied to our data samples. Specifically:
(a) NF > 3, and
(b) NFR = Np + Na + NF = 2$: 55.
In Table 2 the event statistics and average multiplicities of different fragments are
listed for subsamples selected according to each of the above criteria at 10.6 GeV/n
and 0.1-1 GeV/n. Plots of the factorial moments are shown in Figs 4a,b and 5a,b
for these two classes of events. For each set of events the moments follow a linear
rise with M in log-log plots, although this rise is strongly suppressed for the events
with restricted NFR multiplicity (Fig.5,criterion (b)).



The power law fits to the dependencies shown in Figs.3,4 and 5 were performed
for 39 > 6Z > 2. To account for the correlations between the moments calculated for
different &Z one should perform fully correlated fits including the whole covariance
matrix [34j. However, for low statistics data the determination of the covariance
matrix is not sufficiently accurate to assure the reliable results of the fit. Therefore,
in the present analysis the standard uncorrelated fits were done. We have checked,
however, that the fits containing the full covariance matrix, determined from our
presently available data, gave similar values of the intermittency indices but with
frequently smaller errors as compared to those obtained from uncorrelated fits and
reported in this paper.

The values of the fitted intermittency indices,(/>7, for different data sets at low
and high energies are listed in Table 3. For the full datasets and also for events with
Np > 3, we observe systematically a stronger intermittency effect at lower energy.
Selection of events with multiple emission of heavier fragments gives a stronger
intermittency signal with respect to the selection on NFR multiplicity.

Fig. 6 shows the anomalous dimensions dq calculated from Eq.5 as a function of
the rank of the moments. That dq increases with q suggests that the fragmentation
of gold projectiles proceeds via a sequential or cascade-like mechanism.

In the analyses presented above all singly charged particles (Np] were included,
although only a fraction of these particles (Nspect) are associated with the process of
gold fragmentation. Since the number of these singly charged particles is much larger
than the number of multiply charged fragments (see Table 1) they exert a significant
and uncertain influence on the results. We made an attempt to distinguish between
the spectator singly charged particles and participant protons on an event by event
basis using the measured emission angles of the singly charged particles released
from the projectile. It can be assumed that spectators are emitted at smaller angles
than participants, which have suffered an energy loss and acquired some transverse
momentum, due to the interactions with target nucleons. Therefore, by selecting
only those of the Np particles which are emitted in the laboratory system within
a very narrow forward angle, 6 < 0^, we are enriching our sample of analyzed
particles by singly charged spectators. Such a procedure could be applied to our
10.6 GeV/n data where the emission angles of all charged particles originated from
the interaction vertex have been precisely measured. The results are quoted in
Table 4 which lists the values of the fitted intermittency exponents obtained from
the analysis comprising only those singly charged particles from a given event which
fulfill the criterion 8 < 6cut. The analysis was performed for the full data sample as
well as for a subsample of events with Np > 3. The Ocut values varied from 0.011 rad
up to 0.048 rad. The corresponding average multiplicities of singly charged particles
fulfilling a given angular criterion are also listed in Table 4 2. Inspecting the (fq

2It is worth noting that, for the full data set, the < Np(9 < 0.048 rad > coincides with the
value which can be evaluated from the VENUS [35] model calculations. This model predicts
that for Au-emulsion interactions the < Npart >=9.4 which corresponds to about 20 spectators
(< N,pect >=< Np> -< Npart >).



values given in Table 4 and comparing them to those listed in Table 3 (corresponding
to the inclusion of all Np particles) we see a distinct difference in the dependence
of the slopes on the number of the analyzed singly charged particles between the
full data set and the set of events with N p > 3. While for the full sample we
observe a strong decrease, of the intermittency indices with decreasing multiplicity
of singly charged particles, for events with at least 3 heavy fragments the indices
weakly depend on the < Np(6 < 0^) >. Nevertheless, although we were not able
to unambigously identify the spectators, the applied approximate procedure has
shown that for all events without any selection, the intermittency effects are due to
the singly charged particles, and restricting the number of these particles ultimately
leads to the disappearance of the intermittency fluctuations i.e. indices </?? < 0 (this
will be also seen from the analysis which follows).

5 Factorial moments of charge distributions of mul-
tiply charged fragments

To avoid the uncertainties due to the unknown number of singly charged specta-
tors in a. given event, it is reasonable to restrict the intermittency analysis to only
multiply charged fragments (Z > 2). Thus we set now Zm,-„ = 2 and repeat the
analysis.

Figs 7 a and b show the factorial moments as a function of M for the full datasets,
and the moments are not compatible with a power law. The observed convexity in
the behaviour of the moments indicates that intermittency patterns are not present
in the Z distributions of multiply charged fragments. This agrees with the trend
we have seen from the above study of the dependence of the intermittency on the
number of singly charged particles accepted for the analysis.

On the other hand for the subsample of multifragmentation events correspond-
ing to Np > 3 the moments increase like a power function with decreasing width
of the charge bins in the range 6Z > 2, as is shown in Figs. 8a and 8b. The fit-
ted intermittency exponents are given in Table 5. Comparing the values quoted in
Table 5 with those listed in Table 3 shows that restriction of the analysis to multi-
ply charged fragments reveals an enhanced signal of dynamical fluctuations in the.
fragment charge distributions for selected multifragmentation events as compared to
the analysis presented in Sect.4. This may indicate that the fluctuations among the.
multiply charged fragments are stronger. On the other hand, this observation can be
also explained by the fact that the analysis of multiply charged fragments involves
particles originating from a single source (fragmentation of gold nuclei) whereas in
the previous analysis the particles from two distinct sources, namely from the frag-
mentation process (spectator protons and multiply charged fragments) and from the
collision process (participant protons), are mixed.

In Figs. 9 a (10.6 GeV/n) and b (0.1-1 GeV/n) we present the comparison of the
(fq values obtained for Zmin = I and Zmin = 2 for different subsamples of events se-



lected according to cuts on Np multiplicity, For all the selected subsamples, setting
Zmin to 2 gives larger <pq values than Zmin = 1 for 10.6 GeV/n data. For the lower
energy data, the evidence is not clear due to the larger errors, but the trend is, sys-
tematically if>q(Zmin = 2) > (fq(Zmin = 1). The intermittency indices resulting from
the analysis of multiply charged fragments show no significant energy dependence
although systematically the values of the indices obtained for 10.6 GeV/n data are
smaller than those obtained for lower energy data.

Although the analysis of the gold fragmentation, based on a relatively low statis-
tics emulsion data, revealed some interesting observations, it is evident that higher
statistics are needed to confirm the above observations. It certainly would be inter-
esting to perform such an analysis for high statistics electronic datasets [36, 37].

6 Summary and conclusions
The method of factorial moments was used to search for dynamical fluctuations in
the charge distributions of fragments arising from de-excitation of gold projectiles
after an interaction with emulsion nuclei at incident energy of 10.6 GeV/n. For
comparison, the same analysis was performed for gold fragmentation at energies
< 1 GeV/n. The factorial moments were found to increase like a power law with
decreasing width of the charge bin in the analysis of all particles (Z = 1 — 79)
released from the fragmenting gold projectiles. This evidence for the existence of
nonstatistical fluctuations of the intermittent type confirms the previously reported
results. Comparison of the results obtained for different projectile energies indicate,
that dynamical fluctuations are stronger at low energy than at 10.6 GeV/n. It was
also found that multifragmentation events exhibit stronger intermittency than the
events with restricted fragment multiplicities.

It was shown that the results obtained for all minimum bias events are sensitive
to the number of singly charged particles subjected to the analysis. The analysis,
limited to multiply charged fragments only, revealed no intermittency when all events
are used without any selection on the fragment multiplicity. On the other hand, some
evidence for the intermittency effect was found for multifragmentation events. These,
multifragmentation events exhibit a stronger intermittency signal when compared
to an analysis that also included the singly charged particles released from the gold
projectiles. In the latter case, the mixing of particles originating from the two
different processes may be responsible for the weaker fluctuations.

From the fitted intermittency indices, the anomalous fractal dimensions have
been calculated and found to depend upon the order of the moments, in contradic-
tion to the expectations from a prompt decay mechanism or a second order phase
transition. This dependence suggests the occurence of sequential decay in the frag-
mentation of gold nuclei.

The results, presented here on the observation of dynamical fluctuations in the
charge distributions of fragments emanating from excited gold projectiles consti-
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tu te a challenge for theory /models of nuclear multifragmentation. The problems
which certainly need to be solved, within the framework of fragmentation models,
are whether and how the charge conservation effects, which produce the holes in the
fragment charge distributions, and the finite size of the decaying system affect the.
factorial moments and the strength of the intermittency signal. It is worth pointing
out that for the multifragmentation events as well as the analysis of only multiply
charged fragments, which both showed clear intermittency signals, charge conserva,-
tion effects may be more substantial than in the case of the analysis of all events
without any selection or the inclusion of singly charged particles.
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Table 1: Characteristics of gold fragmentation for 10.6 GeV/n and 0.1-1 GeV/n full data
sets.

Sample
N'^events

(Nf)
W
("F)
jymax

jymai

Nmat

(Zmal)

197Au(10.6 GeV/n) 1 197Au(0.1-l GeV/n)
1083 360

29.74 ±0.71
4.36 ±0.09
1.91 ±0.04

79
15
8

37.99 ±0.84

16.01 ±0.89
5.22 ±0.20
2.30 ±0.08

69
15
7

44.47 ±1.36

Table 2: Average fragment multiplicities measured in selected samples of events at 10.6
GeV/n and 0.1-1 GeV/n.

Sample

Nł * events

(Np)
W
(NF)

197Au(10.6 GeV/n)
N F > 3

320
32. 79 ±0.73
5.99 ±0.15
3.69 ±0.05

NFR = 29-55
332

32. 95 ±0.42
6.36 ±0.14
3.07 ±0.08

'"AufO.1-! GeV/n) |
NF> 3

137
23.96 ±1.11
7.37 ±0.27
3.92 ±0.10

NFR = 29-55
93

27. 12 ±0.73
8.55 ± 0.28
3.75 ±0.15

Table 3: Intermittency indices y>q from power-law fits to the factorial moments calculated
with Zmin = 1 for different event selections. The upper values are for 10.6 GeV/n data,
the lower values are for 0.1-1 GeV/n data.

Sample
Va

Y>3

V>4

¥>$

All events
.005 ± .004
.010 ±.011
.015 ±.005
.027 ±.017
.026 ± .007
.049 ± .023
.039 ±.009
.073 ±.030

NF>3
.005 ±.003
.011 ±.008
.014 ±.005
.030 ±.012
.026 ± .007
.053 ±.018
.039 ±.009
.078 ± .023

NFR = 29 : 55
.001 ± .002
.003 ±.004
.004 ±.003
.008 ±.006
.008 ± .004
.015 ±.008
.013 ±.005
.024 ±.010
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Table 4: Intermittency indices ipq from power-law fits to the factorial moments calculated
with Zmin = I , but for different selections of singly charged particles, for the two 10.6
GeV/n data samples.

Sample

All events

N F > 3

Ocut \ <Np(9 <ecut) >
0.011
0.023
0.034
0.048
0.011
0.023
0.034
0.048

5.06 ±0.10
11.54 ±0.22
16.46 ±0.33
20.96 ±0.44
6.24±0.16
14.51 ±0.30
20. 07 ±0.41
24.83 ±0.54

P2 T V>3

-.006 ±.004
-.001 ±.004
.001 ±.003
.003 ±.003
.006 ±.005
.005 ±.004
.005 ±.004
.005 ±.004

-.011 ±.007
.001 ±.006
.006 ±.005
.010 ±.005
.018 ±.007
.016 ±.006
.015 ±.005
.015 ±.005

¥>4

-.013 ±.011
.005 ±.009
.014 ±.008
.020 ±.007
.032 ±.010
.030 ±.008
.027 ±.008
.028 ±.007

¥>5 !

-.009 ±.016 !
.015 ±.014
.024 ±.011
.031 ±.010
.047 ±.014
.046a:.011
.042 ±.010
.043 ±.010

Table 5: Intermittency indices <pq from power-law fits to the factorial moments calculated
with Zmin = 2 for events with NF > 3 at 10.6 GeV/n and 0.1-1 GeV/n.

<f>2

f>3

V>4

¥>s

10.6 GeV/n
.012 ±.007
.040 ±.012
.080 ± .020
.135 ±.032

0.1-1 GeV/n
.019 ±.011
.051 ±.017
.092 ± .025
.139 ±.033
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Figure captions

Fig.l Yields of charges for fragments from 197Au projectiles measured in full data
sets at 10.6 GeV/n (a) and at 0.1-1 GeV/n (b). For Z > 3, two neighbour
charges are binned together with the yield plotted at their mean charge.

Fig.2 Yields of charges for fragments from 1 9 7Au projectiles measured in a selected
subsample of events with Np > 2 at 10.6 GeV/n (a) and at 0.1-1 GeV/n (b).
Lines show the inverse power fits in the range Z > 3.

Fig.3 Log-log plots of the factorial moments Fq calculated with Zmin = 1 for full
data sets at 10.6 GeV/n (a) and at 0.1-1 GeV/n (b). Full circles correspond
to q=2; open circles to q=3; full squares to q=4 and open squares to q=5.
Lines show the best fits to power law functions.

Fig.4 The same as in Fig.3 but for events with the number of heavy fragments
NF > 3 for 10.6 GeV/n (a) and 0.1-1 GeV/n (b).

Fig.5 The same as in Fig.4 but for events with the total number of fragments NFR =
29 : 55 for 10.6 GeV/n (a) and 0.1-1 GeV/n (b).

Fig.6 Dependencies of the anomalous dimensions dq on the order of the moments
for 10.6 GeV/n data (full circles) and 0.1-1 GeV/n data (open circles) for
different event selections: all events (a); events with NF > 3 (b) and events
with NFR = 29-55 (c).

Fig.7 Log-log plots of the factorial moments Fq calculated with Zmin — 2 vs. M
for full data sets at 10.6 GeV/n (a) and 0.1-1 GeV/n (b). Different symbols
correspond to different ranks of the moments (see caption to Fig.3 for details).

Fig.8 The same as in Fig.7 but for events with the number of heavy fragments
NF > 3 for 10.6 GeV/n (a) and 0.1-1 GeV/n (b). Lines show the fitted power
law functions. Symbols are the same as in Fig.3.

Fig.9 Comparison of the intermittency indices obtained from fits to the factorial
moments calculated with Zmin = 1 (open circles) and Zmin = 2 (full circles)
for subsamples of events with different NF multiplicities at 10.6 GeV/n (a)
and at 0.1-1 GeV/n (b). Values of ą are slightly displaced for clarity.
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