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The concept of factorial moments was applied to an analysis of the dynamical fluctuations in the charge
distributions of the fragments emitted from gold nuclei with energies 10.6<ah® GeV/nucleon interacting
with emulsion nuclei. 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/nucleon than at 10.6
GeV/nucleon. For the full data sets, however, the intermittency effect was found to be very sensitive to the
singly charged patrticles, 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 multifrag-
mentation events, although one that is enhanced as compared to the analysis of all, singly and multiply
charged, particles. The properties of the anomalous fractal dimensions suggest a sequential decay mechanism,
rather than the existence of possible critical behavior in the process of nuclear fragmentation. The likely
influence of the charge conservation effects and the finite size of decaying systems on the observed intermit-
tency signals was pointed out.

PACS numbegs): 25.75.Gz, 29.40.Rg

[. INTRODUCTION erties of the system. A similar analysis can be applied to
other processes, such as nuclear fragmentation, in order to
The concept of intermittency was originally developed inattain a better understanding of the physics involved.

the field of fluid dynamics to study the fluctuations that occur Ptoszajczak and Tucholskil5] were the first to suggest
in turbulent flow[1,2]. Its presence in the velocity and tem- searching for intermittency patterns in the mass and charge
perature distributions is established by the existence of largdistributions of the fragments produced during the collisions
nonstatistical fluctuations which exhibit scale invariance. In-of energetic nuclei. They studied the breakup"¥Ru nuclei
termittency in physical systems is studied by examining thewith energies below 1 GeV/nucleon, and showed that the
scaling properties of the moments of the distributions of relfactorial moments of the charge distribution of the fragments
evant variables over a range of scal@$. Biatas and Pe- increased like a power law with increasing charge resolution,
schanski[4] first introduced the concept of intermittency to thus exhibiting the property of intermittency. A similar analy-
the study of dynamical fluctuations in the density distribu-sis, confirming the existence of intermittency in nuclear frag-
tions of particles produced in high energy collisions. In ordemmentation, was later applied to the breakup ¥fU and
to identify any intermittent behavior in the physical pro- ¥Xe nuclei withE<1 GeV/nucleor{16]. However, as yet
cesses occurring during these collisions, they proposed ahere is no clear understanding of the underlying dynamical
analysis of the scaling properties of the factorial momentsmechanism that leads to intermittency in nuclear fragmenta-
Fq. as the resolution in the density distribution was variedtion. No clear evidence of critical behavior was observed in
By using the method of factorial moments, which results in athese studies. It was showd5] that a percolation model
filtering out of the statistical fluctuations, it was possible to[17,1§ could lead to fluctuations in the fragment size distri-
analyze data on particle production. This soon led to théutions similar to those observed in the data. In addition,
discovery of a characteristic power law dependence of théhere were some indications that the fragmentation mecha-
factorial moments of an order on the resolution scalef: nism is a sequential decay process rather than a prompt
Fq<(1/6)%a. This feature of the moments, identified as anbreakup or falling apart of the nucleus. On the other hand,
example of intermittency, was observed in a variety of highspecific sequential decay mod¢l€9] were unable to repro-
energy reaction5—7] and can be considered to be a generalduce the observed intermittency properties of the fragment
property of the particle production process. The specifidistributions.
properties of the intermittency indices, , can be associated In this paper we have used 10.6 GeV/nuclé8fu pro-
either with a random cascading procéds83—11 or with a  jectile nuclei, with a much higher incident energy than was
second-order phase transiti¢,12—14 depending on the available previously for such heavy nuclei to make a detailed
values obtained. Thus an analysis of the factorial momentstudy of the fluctuations in the charge distributions of the
may provide important information on the dynamical prop-fragments emitted from interactions with the emulsion target
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nuclei. This analysis of the factorial moments is compared TABLE I. Characteristics of gold fragmentation for 10.6 GeV/
with a similar analysis of the interactions of low energy nucleon and 0.1-1 GeV/nucleon full data sets.
(=<1 GeVInucleoihgold nuclei[20]. In order to compare this - pe
analysis with previous studies we have considered the case@mple ~'Au (10.6 GeV/nucleon ~'Au (0.1-1 GeV/nucleon
where the singly charged particles have been included. Thegg

. . . . - Novents 1083 360
singly charged particles numerically dominate the analysis

. . . <Np> 29.74:0.71 16.0x0.89
but experimentally a determination of which ones are speceSCN

tators, and part of the fragmentation process, and which ar No) 4.36-0.09 5.22:0.20
L . . . £) 1.91+0.04 2.3@:0.08

participants, is not well defined. For this reason we have

made two additional analyses, with one representing an a{\-'gm 9 69

tempt to distinguish between the spectators and participanfggax 15 15

in the individual interactions, and the other restricted only toNF 8 7

multiply charged fragments. (2™ 37.99:0.84 44.47-1.36

The paper is organized as follows: In Sec. Il we give a
brief summary of the experimental details, as well as some of
the general characteristics of the fragmentationAu at  the strong interactions between the colliding nuclei, which
10.6 GeV/nucleon. More details can be found elsewher¢eads to the creation of new particles, predominately pions.
[21-24. The revisions introduced in the study of the low At this 10.6 GeV/nucleon incident energy, the average num-
energy gold interactions are also discussed in this section. Iger of charged created particles was 5050, with indi-

Sec. lll the method of analysis is briefly reviewed. Sectionyidual multiplicities that ranged from 0 to- 300. After the

IV contains the results of the analysis of all particles and thenitial “fast” collision stage, a much slower process of deex-
comparison with the low energy data. Also the results of thesjtation of the projectile and target nuclei occurs, accompa-
analysis attempting to include only spectator singly chargegied by the emission of nuclear fragments. It is this latter
particles are presented in this section. Section V discussegage of the interaction, and, in particular, the breakup of the
the analysis restricted to multiply charged fragments. Theyold projectile, that is of interest here. The number of frag-
summary and conclusions are discussed in Sec. VI. ments emitted from the projectil®y;,, varies widely from
event to event. Similarly the charge®)(of these fragments
cover the entire charge range from 1 to 79. In fact we know
that fragments with chargé= 80 can be produced by charge

Stacks of BR-2 nuclear emulsion were exposed to goldickup [25], but we are unable to identify these relatively
nuclei accelerated to an energy of 10.6 GeV/nucleon at théare events in this experiment. The multiply charged frag-
Brookhaven AGSExp. BNL 868. A minimum bias sample ments are readily detected. The number ®f particles
of interactions was found by microscope scanning along théZ=2) and heavier fragmentZ&3) in each event was de-
tracks of incident gold nuclei. In every interaction all the noted byN, andNg, respectivelyN, was typically much
tracks produced by charged particles were analyzed. Thgreater tharNg. Singly charged fragments, mostly protons
high energy multiply charged fragments of the gold nucleiwith a small admixture of deuterons and tritons, must also be
were readily separated from the low energy fragments emitemitted from the excited gold nuclei, but their numbers can-
ted from the target nuclei. The fast singly and doublynot be determined reliably in this experiment, since they can-
charged particles were identified by their grain densitiesnot be separated from the produced and interacting singly
while the charges of the heavier fragments were measured sharged particles. For each interaction we can use charge
delta ray counts with an accuracy better than 5% over theonservation to evaluate the total number of singly charged
entire charge range. The present analysis is based on 108articles that were release,,. Then Np=ZAu—EiN=1Zi,
fully analyzed interactions. Events in which the gold projec-where the summation runs over all multiply charged frag-
tile apparently survives and no secondary particles are pranents. These released singly charged particles include both
duced were assumed to be noncharge changing interactiorsingly charged projectile fragmentspectatorsNgpeq) and
and were excluded from this sample. interacting protons(participants,Npa); Np=Ngpecit Npart-

For comparison, the interactions of low energy gold nu-Experimentally, it is not possible to make a clean separation
clei in emulsion were also analyzed. This low energy sampldetween the spectators emitted during the fragmentation pro-
consists of interactions produced by gold nuclei which encess and the participants involved in the fast collision stage
tered the emulsions witeB=1.0 GeV/nucleon and, which, if of the interaction. However, it is possible to use the mea-
they did not interact, were brought to rest by energy lossured emission angles of the singly charged particles to make
[20]. For this analysis we have selected only the 360 chargan estimate of the number of spectators in each event, and
changing interactions for which the energy of the gold pro-this approach has been used in some of the later analyses to
jectiles was greater than 0.1 GeV/nucléon. be discussed.

The initial stage of a nucleus-nucleus collision involves The average and maximum numbers of the various types
of fragment have been listed in Table I. Also listed there is
the average charge of the heaviest fragm&at'®). For

The analysis of the low energy gold interactions by Ploszajczalcomparison similar quantities for the sample of low energy
and Tucholski[15] was based on a slightly larger sample without gold nuclei have been included in this table. The values
the exclusion of the lowest energy interactions and nonchargéisted in Table | show that overall the high energy gold nuclei
changing events. are more severely broken up than are those of low energy,

II. FRAGMENTATION
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FIG. 1. Yields of charges for fragments frof’Au projectiles
measured in full data sets at 10.6 GeV/nuclédanand at 0.1-1
GeV/nucleon(b). For Z=3, two neighbor charges are binned to-
gether with the yield plotted at their mean charge.

producing a smaller heaviest fragment and releasing mor

singly charged particles.

The yields per event of the fragments are shown in Figs.

1(a) and Xb) for the high and low energy gold interactions.
Both data sets show the familir-shaped distributions, with

the yields rising on both sides from a broad minimum at
Z~0.%Z,,. If we are dealing with a liquid-vapor phase tran-

sition at a critical temperatur§26,27], or a percolation

model[15,17,18, we would expect to observe a power law

behavior of the fragments yieldB(Z)>Z~", with an expo-
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sion in the fits of th&z =2 fragments, even for these selected
subsamples of interactions, greatly degrades the quality of
the fits, resulting in corresponding’ values of 7.6 and 7.9
for the two energies. The values obtained foare smaller
than expected from the models. Fragment yields are dis-
cussed in more detail elsewhd9].

Ill. METHOD OF NORMALIZED FACTORIAL MOMENTS

To study intermittency in multiparticle production, Biatas
and Peschansk#] suggested analyzing scaled factorial mo-
ments of the particle density distributions in decreasing
phase space hins, down to the limit of the experimental reso-
lution. 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 montent,
af rank g is defined as

M
> NNy 1)+ - (N =g+ 1)/(N/M)S,
m=1

Y
whereM is the number of charge bins into which the whole
charge rangeAZ="Z7,,..—Zmin has been dividedn,, is the

number of fragments emitted in thenth charge bin,
m=1,... M andN is the mean fragment multiplicity mea-

Fq(62)

M

nent close to 2.3. Clearly this cannot apply to the entiresured in the fullAZ intervaI.Afte_r averaging over all events
charge range, since it is well established that the yields of thi the sample, the mean factorial moments are

heaviest fragments increase with increasing chésge Fig.

1 and alsd 28]). It is worth noting that the rise in the yields
of fragments withZz above 30—40 is due mainly to events in
which only a single heavy fragmenZ & 3) is emitted.

(n(n=1)...(n—q+1))
()

Fq(62)= : 2

It is possible to select subsamples of events for which thavhere brackets denote averaging o+ AZ/5Z bins and

charge distribution can be reasonably well described by
single power function. For example, Figgapand 2b) show

bars denote averaging over all events in the sample where
there are two or more fragments in theZ interval. Addi-

the charge distributions for events in which 2 or more frag-tional correction factors have been propok&d to allow for
ments withZ=3 are emitted. The fitted inverse power laws nonuniform distributions of the analyzed variable, leading to

in the rangeZ=3 gave the values of of 1.75+-0.04 and

a modified definition of the mean factorial moments of the

1.56+0.05 at high and low energies, respectively. These fit§orm

had reduceg? 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. Inclu-

(@) ]

(®) |

FIG. 2. Yields of charges for fragments froM’Au projectiles
measured in a selected subsample of events Witkr2 at 10.6
GeV/nucleon(a) and at 0.1-1 GeV/nucleo(b). Lines show the
inverse power fits in the rangé= 3.

Feon- "

--(n—g+1))
(n% '

This definition guarantees that in the case of statistical
fluctuations, the corrected moments equal unity indepen-
dently of the bin sizedZ. In what follows, we will only use
corrected factorial moments calculated according to (Bp.
(superscript corr will be omitted for simplicity

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

()

AZ\ #q
Fql 5Z)=Fq(AZ)(E> , 4
where ¢,>0 in the limit of 52— 0. The magnitude of the
exponents,¢q, called intermittency indices, characterizes
the strength of the intermittency signal.
Intermittency occurs in systems which possess the prop-
erty of self-similarity[Eg. (4)] over a broad range of resolu-
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tions. This is a typical feature of fractal objects which also

satisfy certain scaling laws. The connection between factorial 4 | ' (@) 0| [ OF
moments and rules of multifractal geometry reduces to the 3o 1 30t o]
direct relation between intermittency indices and the anoma- ;| Losl Mq_ |
lous fractal dimensionsl, of the analyzed distributior{S1—
33]: J
19 - 41 19 9=
o g E 9=5] g E ._"-—.l—.‘“—.
__Yq [ GesesEs
dq_q—l' (5) ol -t :
4} paaseswEEE 4 o-coo6o0-00-0 973
It was suggestefP—14] that measurements of anomalous 37 a3
dimensions in the rapidity spectra may reveal an underlying 2+ 12t =2
mechanism in particle production processes. Particularly, it o 00000000092
was argued9,13] that an observation dal, being indepen- TN T R PO S
dent of g (i.e., monofractal structuyewould indicate a o 10 R 10 10?
M=78/68Z M=78/8Z

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 expedis to increase withq _ FIG. 3. log-log plots of the factorial moments, calculated
[4,8,9. If we assume that the above considerations can b&th Zmin=1 for full data sets at 10.6 GeV/nucle¢ and at 0.1-1
extrapolated to the processes of nuclear fragmentation, the E\é/ nfuflleon(b)' F;J” E'Ldes gorreSpond =2, %peLn. C'rdehs o
one can expect that the study of the dependence of anom —; b’esut fﬁgl:grSSW(;:TaW ?Sncggﬁg squares t=5. Lines show
lous dimensions, measured for the fragment charge distribu- '

tions, on the rank of the moments may allow one to distin-

guish between sequentiétascade likeand prompt(single  the moments used to calculate the average, are overestimated
fractal object mechanisms. Furthermore if the system exhib-(the variations between the points are much smaller than ex-
its a monofractal structure, it would indicate the possiblepected from the errors of the mean momerits this analysis

occurence of critical phenomena. we have made an attempt to reduce the errors of correlated
data points. The correlations between measured moments are
IV. INTERMITTENCY IN CHARGE DISTRIBUTION OF due to event-to-event fluctuations of the total multiplicity
ALL PARTICLES and to bin-to-bin correlations. The fluctuations of the total

multiplicity are reflected in the absolute values of the mo-

Following the previous analyses of the factorial momentg"ents and in the dispersion of the moments calculated for
for charge distributions of fragmenfd5,16, we study the M=1, Du=1. They also give a constant, independent of
charge spectrum of all fragments irrespective of theirM, contrlbutl_on to t_he errors _of the moments calculated for
charges. SpecificallyZ,, is set to 1, and all the singly M>1. The bm-tp-bln cqrrelatlo'ns. are due to the overlgp of
charged particles released from the projectdg, whether bins corre_spondmg to differeM’s, i.e., _usually s_mall_er bins
they are spectators or participants, are included in this analyr® contained in larger ones. They give contribution to the
sis. errors, clearly dependent oil, which are important for

Figures 3a) and 3b) show log-log plots of the depen- s?udylng thg dependence of the momer)ts on the_ width of the
dence of the factorial moments calculated according to E¢PiN- Assuming that these two contributions are independent
(3) on the number of subdivisionsM of the whole W€ havg caIcZ:uIated, at each bin width, the disperdqg:
AZ=78 interval for the full data sets available at 10.6 andPva=D“—Diy-1. The errors of the mean moments calcu-
<1 GeV/nucleon. The moments of rankg=2—5 are lated from the dispersiob,,, are shown in the figures and
shown for which statistically significant results can be ob-included in the fits.
tained. A clear intermittency signal is sedfig. 3) at both ener-

Factorial moments of the same order and calculated fogies indicated by a power law increase of the moments with
various bin sizes are strongly correlated because their conflecreasingsZ. At lower energy the rise of the moments is
putation is based on the successive rebinning of the sanfaster suggesting a stronger intermittency effectiih GeV/
data. As a consequence the errors of the average factorihcleon data than at 10.6 GeV/nucleon.
moments, estimated from the dispersion, of the values of In [15] the analysis of the factorial moments was done for

TABLE Il. Average fragment multiplicities measured in selected samples of events at 10.6 GeV/nucleon
and 0.1-1 GeV/nucleon.

Sample 197Au (10.6 GeV/nucleon 197Au (0.1-1 GeV/nucleon
NFBS Nfr:29_55 N|:23 Nfr:29_55
Nevents 320 332 137 93
(Np> 32.79-0.73 32.95-0.42 23.96:1.11 27.12:0.73
(N,) 5.99+0.15 6.36-0.14 7.370.27 8.55-0.28

(Ng) 3.69+0.05 3.070.08 3.92£0.10 3.75:0.15
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F F TABLE lIl. Intermittency indicese, from power law fits to the
‘ o @ T T T ey factorial moments calculated with,,;,=1 for different event selec-
4 | PR ] tions. The upper values are for 10.6 GeV/nucleon data, the lower

values are for 0.1-1 GeV/nucleon data.

9=5
2 [ M | Sample All events Ng=3 Ng=29:55

ot ®> 0.005-0.004  0.005:0.003  0.00%0.002
2 | wsl 2 M ] 0.010+0.011  0.01+0.008  0.0030.004
e S0 03 0.015-0.005  0.014:0.005  0.0040.003
TS T oot tb s 0.027+0.017  0.036:0.012  0.008& 0.006

=3 s 0.026+0.007  0.026:0.007  0.008& 0.004

oo =2 000000 4044 I=2 0.049-0.023  0.0530.018  0.0150.008

s 1 ik § s 0.039-0.009  0.03¢-0.009  0.0130.005
09 )09 0.0730.030  0.0780.023  0.024:0.010

1 10 1 10

1 10
M=78/67 M=78/87

FIG. 4. The same as in Fig. 3 but for events with the number ofgne should perform fully correlated fits including the whole
heavy fragmentdle=3 for 10.6 GeV/nucleorta) and 0.1-1 GeV/  covariance matri34]. However, for low statistics data the
nucleon(b). determination of the covariance matrix is not sufficiently ac-

curate to assure the reliable results of the fit. Therefore, in
selected subsamples of events in order to search for a classtbie present analysis the standard uncorrelated fits were done.
events which exhibits the strongest intermittency signal. TwoNe have checked, however, that the fits containing the full
different selection criteria were applied: one limiting the covariance matrix, determined from our presently available
analysis to multifragmentation events for which the numbemdata, gave similar values of the intermittency indices but
of heavier fragmentd\, exceeds some threshold value andwith frequently smaller errors as compared to those obtained
one restricting the total multiplicity of fragments. Similar from uncorrelated fits and reported in this paper.
selection criteria were applied to our data samples. Specifi- The values of the fitted intermittency indices, , for dif-
cally, (@ Ng=3, and (b) Ny=N,+N,+Ng=29:55. In
Table Il the event statistics and average multiplicities of dif-

ferent fragments are listed for subsamples selected according .y 0.03 ey
to each of the above criteria at 10.6 GeV/nucleon and 0.1-1 s (9) 1
GeV/nucleon. Plots of the factorial moments are shown in 0.02 p
Figs. 4a), 4(b), and %a) and Hb) for these two classes of - ]
events. For each set of events the moments follow a linear 001 L E
rise with M in log-log plots, although this rise is strongly r | | | ‘ ]
suppressed for the events with restrictsg multiplicity 0 2 3 4 5 6 7
[Fig. 5, criterion(b)]. q

The power law fits to the dependencies shown in Figs.
3-5 were performed for 395Z2=2. To account for the cor- o 003 SR B R B l(b) E
relations between the moments calculated for differ&nt 0.02 E % it B
F e F, e 0.01 | % -
‘ T " TT® I ¢ 0 :
- - 4 - - PRANENN AURUVIN RV PRI ATUSr AT
b b oy 2 3 4 5 6 7
q
_U’ 0401 :I LENLEE LI T T 1T T | T T 1T [ LI I:
2 1Mr 0.0075 [ ¢
9=5 0.005 % =
=4 0.0025 | ’ 3
000080090 973 g 3
|| eeeseseeeedz | N S L R R ST B
1 2 3 4 5 6 7
q

0.9 el E—— 0.9 el
1 10 1 1 10 1
M=78/8Z M=78/6Z

FIG. 6. Dependencies of the anomalous dimensinsn the
order of the moments for 10.6 GeV/nucleon détdl circles) and

FIG. 5. The same as in Fig. 4 but for events with the total0.1-1 GeV/nucleon dat@pen circlegfor different event selections:
number of fragments\;=29:55 for 10.6 GeV/nucleorta) and all events (a); events with Ne=3 (b); and events with
0.1-1 GeV/nucleortb). N =29-55 (¢).
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TABLE IV. Intermittency indicesp, from power law fits to the factorial moments calculated with
Znin=1, but for different selections of singly charged particles, for the two 10.6 GeV/nucleon data samples.

Sample Ocut <Np( o< 0cut)> ®2 P3 Py $s5

All 0.011 5.06:0.10 —0.006:0.004 -—0.011+0.007 —0.013+0.011 -0.009t0.016

events 0.023 11.540.22 —0.001£0.004 0.00*0.006 0.005:0.009 0.0150.014
0.034 16.46:0.33 0.00%0.003 0.006:0.005 0.0140.008 0.0240.011
0.048 20.960.44 0.0030.003 0.016:0.005 0.02&:0.007 0.03%#0.010

Ng=3 0.011 6.240.16 0.006:0.005 0.01&0.007 0.0320.010 0.04%0.014
0.023 14.5%0.30 0.005-0.004 0.016:0.006 0.036:0.008 0.046:0.011
0.034 20.0%0.41 0.005:0.004 0.0150.005 0.0270.008 0.0420.010
0.048 24.8%30.54 0.005:0.004 0.01%0.005 0.0280.007 0.04x0.010

ferent data sets at low and high energies are listed in Tablclusion of allN, particles we see a distinct difference in
[ll. For the full data sets and also for events with=3, we  the dependence of the slopes on the number of the analyzed
observe systematically a stronger intermittency effect asingly charged particles between the full data set and the set
lower energy. Selection of events with multiple emission ofof events withNg= 3. While for the full sample we observe
heavier fragments gives a stronger intermittency signal witta strong decrease of the intermittency indices with decreas-
respect to the selection d, multiplicity. ing multiplicity of singly charged particles, for events with at
Figure 6 shows the anomalous dimensialyscalculated least three heavy fragments the indices weakly depend on the
from Eq. (5) as a function of the rank of the moments. That(N,(6< 6.,)). Nevertheless, although we were not able to
dq increases withg suggests that the fragmentation of gold unambigously identify the spectators, the applied approxi-
projectiles proceeds via a sequential or cascadelike mechaiate procedure has shown that for all events without any
nism. selection, the intermittency effects are due to the singly
In the analyses presented above all singly charged pacharged particles, and restricting the number of these par-
ticles (N,) were included, although only a fraction of these ticles ultimately leads to the disappearance of the intermit-
particles (Ngpec) are associated with the process of gold frag-tency fluctuations, i.e., indices,<0 (this will be also seen
mentation. Since the number of these singly charged pafrom the analysis which follows
ticles is much larger than the number of multiply charged
fragmentg(see Table)lthey exert a significant and uncertain yv FACTORIAL MOMENTS OF CHARGE DISTRIBUTIONS
influence on the results. We made an attempt to distinguish OF MULTIPLY CHARGED FRAGMENTS
between the spectator singly charged particles and partici-
pant protons on an event by event basis using the measured To avoid the uncertainties due to the unknown number of
emission angles of the singly charged particles released frogingly charged spectators in a given event, it is reasonable to
the projectile. It can be assumed that spectators are emitted @strict the intermittency analysis to only multiply charged
smaller angles than participants, which have suffered an erftagments £=2). Thus we now seZ,,=2 and repeat the
ergy loss and acquired some transverse momentum, due &palysis.
the interactions with target nucleons. Therefore, by selecting Figures Ta) and 1b) show the factorial moments as a
only those of theN,, particles which are emitted in the labo- function of M for the full datasets, and the moments are not
ratory system within a very narrow forward anglss 6, compatible with a power law. The observed convexity in the
we are enriching our samp|e of ana|yzed partides by singbbeha.Vior of the moments indicates that intermittency patterns
charged spectators. Such a procedure could be applied to o@f€ not present in th& distributions of multiply charged
10.6 GeV/nucleon data where the emission angles of affagments. This agrees with the trend we have seen from the
charged particles originated from the interaction vertex havébove study of the dependence of the intermittency on the
been precisely measured. The results are quoted in Table [umber of singly charged particles accepted for the analysis.
which lists the values of the fitted intermittency exponents ©On the other hand for the subsample of multifragmenta-
obtained from the analysis comprising only those singlytion events corresponding =3 the moments increase
charged particles from a given event which fulfill the crite- like a power function with decreasing width of the charge
rion 6=<6,,. The analysis was performed for the full data bins in the range’Z=2, as is shown in Figs.(8) and (b).
sample as well as for a subsample of events Witk=3. The ~ The fitted intermittency exponents are given in Table V.
ecut values varied from 0.011 rad up to 0.048 rad. The Cor_Comparing the values qUOted in Table V with those listed in
responding average multiplicities of singly charged particlestable Il shows that restriction of the analysis to multiply
fulfiling a given angular criterion are also listed in Table charged fragments reveals an enhanced signal of dynamical
IV.2 Inspecting thep,, values given in Table IV and compar- fluctuations in the fragment charge distributions for selected

ing them to those listed in Table Ilicorresponding to the Multifragmentation events as compared to the analysis pre-
sented in Sec. IV. This may indicate that the fluctuations

It is worth noting that, for the full data set, tl(mlp( 0=<0.048 rad
coincides with the value which can be evaluated from the VENUSNteractions th& Ny, =9.4 which corresponds to about 20 specta-
[35] model calculations. This model predicts that for Au-emulsiontors (Ngpey =(Np) = (Npar)-
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analysis of multiply charged fragments show no significant
energy dependence although systematically the values of the
indices obtained for 10.6 GeV/nucleon data are smaller than
those obtained for lower energy data.

Although the analysis of the gold fragmentation, based on
a relatively low statistics emulsion data, revealed some inter-
esting observations, it is evident that higher statistics are
needed to confirm the above observations. It certainly would
be interesting to perform such an analysis for high statistics
electronic datase{s6,37.
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FIG. 7. log-log plots of the factorial moments, calculated

The method of factorial moments was used to search for
dynamical fluctuations in the charge distributions of frag-

VI. SUMMARY AND CONCLUSIONS

(o)

with Z,;,=2 vs M for full data sets at 10.6 GeV/nuclegn) and g Ty & FTTTTT
0.1-1 GeV/nucleortb). Different symbols correspond to different 0.15 & N22 q o015 ©  Ne23 3
ranks of the moment&ee caption to Fig. 3 for detaljls o1 E + ] o1 o * ]
among the multiply charged fragments are stronger. On the ©0.05 2 + 4 005 - ¢ o =
. . . E + o] 0 ] c [e] ]
other hand, this observation can be also explained by the fact o 2° 3 o 2° 7
that the analysis of multiply charged fragments involves par- o 2 4 & o 2 4 e
ticles originating from a single sour¢agmentation of gold q q
nucle) whereas in the previous analysis the particles from
two distinct sources, namely from the fragmentation process & F™ T "' 7°'3 & E T T
(spectator protons and multiply charged fragmpatsd from 0.15 - N24 + 4 o015 N2E5 3
the collision procesgparticipant protons are mixed. o1 E ERPY E
In Figs. 9@ (10.6 GeV/nucleonand (b) (0.1-1 GeV/ E + ] E + ]
nucleon we present the comparison of the, values ob- 0.05 4 } % 3 005 + E
tained forZ ;=1 andZ,,,=2 for different subsamples of 0 <{’¢ S oF . #O ? ¢ 3
events selected according to cutsp multiplicity. For all 0o 2 4 8 0 2 a4 6
the selected subsamples, settifig;, to 2 gives largere, g q
values thanZ,,,=1 for 10.6 GeV/nucleon data. For the
lower energy data, the evidence is not clear due to the larger (b)
errors, but the trend is, systematicallypq(Zmin=2)
> @4(Z min=1). The intermittency indices resulting from the S —
k-8 E 108 E 3]
015 £ M22 13 o015 [ MNZ3 +—:
Fs F. 01 £ +—: 01 F 3
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FIG. 9. Comparison of the intermittency indices obtained from

FIG. 8. The same as in Fig. 7 but for events with the number offits to the factorial moments calculated wifly,;,=1 (open circley

heavy fragment®l=3 for 10.6 GeV/nucleoria) and 0.1-1 GeV/

and Z,;,=2 (full circles) for subsamples of events with different

nucleon(b). Lines show the fitted power law functions. Symbols are Ng multiplicities at 10.6 GeV/nucleorfa) and at 0.1-1 GeV/

the same as in Fig. 3.

nucleon(b). Values ofq are slightly displaced for clarity.
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TABLE V. Intermittency indicesp, from power law fits to the
factorial moments calculated witty,;,=2 for events witiN=3 at
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intermittency signal when compared to an analysis that also
included the singly charged particles released from the gold

10.6 GeV/nucleon and 0.1-1 GeV/nucleon. projectiles. In the latter case, the mixing of particles origi-
nating from the two different processes may be responsible
for the weaker fluctuations.

From the fitted intermittency indices, the anomalous frac-

10.6 GeV/nucleon 0.1-1 GeV/nucleon

2 0.012£0.007 0.014-0.011 tal dimensions have been calculated and found to depend
®3 0.040+0.012 0.05%+0.017 upon the order of the moments, in contradiction to the ex-

®4 0.080+0.020 0.092:0.025 pectations from a prompt decay mechanism or a second-
o 0.135£0.032 0.13%-0.033 order phase transition. This dependence suggests the oc-

curence of sequential decay in the fragmentation of gold
nuclei.

The results, presented here on the observation of dynami-
cal fluctuations in the charge distributions of fragments ema-
1ating from excited gold projectiles constitute a challenge
or theory and/or models of nuclear multifragmentation. The
roblems which certainly need to be solved, within the
law with decreasing width of the charge bin in the analysis o ramework of fragme_ntanon models., are whether and hOV.V
the charge conservation effects, which produce the holes in

all particles g=1-79) released from the fragmenting gold TR A
projectiles. This evidence for the existence of nonstatisticaﬁhe fragment charge distributions, and the finite size of the

fluctuations of the intermittent type confirms the previouslydecaymg system affect the factorial moments and the

reported results. Comparison of the results obtained for dif-Strength of the intermittency signal. It is worth pointing out

ferent projectile energies indicate that dynamical ﬂuctuation§hat for the m_ultlfragmentatlon events as vyell as the analysis
are stronger at low energy than at 10.6 GeV/nucleon. It Wagf on!y muI't|pIy cha}rged fragments, which .bOth showed

also found that multifragmentation events exhibit strongel‘:Iear Intermittency 5|gnals,_ charge conservation effepts may
intermittency than the events with restricted fragment multi-be more _substantlal than n the case (?f the_analy5|s_0f all
plicities. events W|thqut any selection or the inclusion of singly

It was shown that the results obtained for all minimumCha‘rged particles.

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 This work has been supported in Poland by the Commit-
when all events are used without any selection on the fragtee for Scientific Research Grant No. 2P03B18409 and in
ment multiplicity. On the other hand, some evidence for theUSA at Louisiana State University by NSF Grant Nos. PHY-
intermittency effect was found for multifragmentation 9213621 and INT-8913051 and at University of Minnesota

ments arising from deexcitation of gold projectiles after an
interaction with emulsion nuclei at incident energy of 10.6
GeV/nucleon. For comparison, the same analysis was pe
formed for gold fragmentation at energie€sl GeV/nucleon.

The factorial moments were found to increase like a powe
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