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Intermittency as a signal of criticality in multifragmentation studies
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Bond percolation model predictions for the behavior of scaled factorial moni8Ftel's) of cluster size
distributions do not show intermittency for “near-critical” events. An intermittentlike signal is observed only
for “overcritical” events, independent of the size of the lattice. SFM analysis of ALADIN experimental data
(600, 800, and 1000 MeV/nucleon At Au reaction$ is in qualitative agreement with the percolation
predictions[S0556-28187)02601-(

PACS numbdrs): 25.70.Pq, 24.10.Lx, 24.60.Ky

The power-law behavior of the scaled factorial moments In this work, we also reexamine the results of R84,
(SFM’s), known as intermittency, is a statistical tool for the and show that an intermittency pattern in the cluster size
extraction of nonstatistical fluctuatiof$]. Intermittency of  distributions is clearly observed for some events generated
the distribution of a physical observable is believed to probevith the bond percolation model, but these evemtsnot the
criticality. For example, within the Ising model, the magne- critical ones.
tization of the subdomains exhibits intermittency at the criti-  T0 find the occurrence of intermittency in a distribution
cal point[2]. [6—9] one analyzes théhorizontally scaled factorial mo-

Ploszajczak and Tucholski introduced the SFM analysignents
for the fragment size distributions in nuclear multifragmen-
tation [3—6]. They showed that, within the bond percolation EiAfiAWi(Ni— 1)- - (N;—Kk+1))
model, the cluster size distributions for a lattice withsites Fu(A)= S AT (N R
produce a nonzero intermittency signal only within a certain i=1 A
“optimal” interval of the bond percolation parameter
q=0.21-0.28[3], close to the critical value for an infinite Within the bond percolation moded is the total number of
systemq;,~0.25. They observed a similar behavior also in sites of the disassembling lattice which is dividedAirbins
the experimental data of Waddington and Frdigf from  ©Of sizeA; N; represents the number of clusters with number
fragmentation of 1 GeV/nucleon Au projectiles in nuclear©f sites in the intervall (i —1)A,iA],i=1,2,... ,A¢/A. The
emulsion, and concluded that the study of intermittency inehsemble averaging - -) in Eq. (1) is done over all frag-
nuclear fragmentation is relevant in the search for criticafMentation events considered. Intermittency is observed if the

phenomena. Thus, it has been believed that cluster size dig10MentsFy follow a p_of\:ve_r law as a function of resolution
tributions are intermittent at the critical point. A, of the form Re<A ' i.e., if the moments show self-

Many authors have investigated the SFM's of fragmentSim"""rity for different resol_utionsFK(aA)=a*kok(A)._ .
size distributions to search for hints of criticality in experi- infiiﬁécﬂagt%%?ogis’aWh:::cr;ti)éhlggoa %hisrﬁaﬁzzpsétl(;?exg
mental datd8-12] and to try and distinguish different mul- yslems, PP . natier sy :
tifragmentation modelgl3—24. However, no definitive con- prve\ller, finite size er]:f ectsb make fthe |dent||f|cat||on. of the
clusions about the origin of the observed intermittency signa‘c.rItlca events somewhat obscure for a nuclear lattice con-

have been drawn so far. Explanations that have no conneglStlng of no more than bsites. The( y,(m)) function 25]

tion to criticality have also been present8,9,24. It has IS commonly use18,19,23 to avoid this problem stand-

; ; : . ing for the reduced multiplicityi.e., multiplicity/Ay) of the
been mentioned that the appearance of an mtermlttentllkggcay products. We follgw tﬁis prescriF[))tiony ir01?tially pro-
signal can be caused by the large width of the multiplicity ; 4

distributions[16—18,9,24 and by mixing events of different posed by Campiiz5]. The reduced variandey,(m)) is cal-

excitation energiefl6,20,9. culated as

Recently, Campi and Kriving¢24] reexamined the bond _ _
percolation model results of Ref8,4], and showed that the i MPmMEYP(m)
intermittency signal in the vicinity of the critical region dis- (y2(m))=Ng, 2, — Memy12 @

. : e T [MP(m)]

appears if events of fixed multiplicity are selected. They also
demonstrated that the intermittency signal vanishes when the ,
size of the system goes to infinity. They concluded theirHereMj, is thepth mass distribution momefi25] calculated
investigation stating that the intermittency signal, put for-for the jth event. The summation runs over all the events in
ward in the pioneering work of RefE3,4], has been wrongly a sample ofN., events with fixed reduced multiplicityn.
interpreted since an intermittent behavior results from both Figure 1 shows th€y,(m)) function calculated within the
the power law of the mean size fragment distribution andrame of the bond percolation model, for lattices with, 6
from the finite width of the multiplicity distribution. 15%, and 28 sites, and random choice of the percolation

()
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FIG. 1. Reduced variandgy,(m)) as a func-
tion of the reduced multiplicitym calculated
within the bond percolation model with 36
(circles, 15° (dashed ling and 26 (solid line)
sites. Brackets reproduce time-gating intervals
for “near-critical” events used in this work
(bracketA) and in the original study of Ref3]
(bracketB). The “optimal range” of m gating
for the appearance of intermittency is also indi-
cated(bracketC).

<Yy >

parameter g. A peak in(y,(m)), created by the critical shown[26] that for the lattice with 8 sites the critical value

events, is clearly observed for large lattices. For the latticgg qgf~0_34_ These results indicate that intermittency of
. 3 . . .
with 67 sites, the peak broadens considerably, making the,ster size distributions is not connected to criticality in the
Se"?Ct'O” ?f critical f‘f?ms cgmk)lfa,rsome. However, ranges Qfa(colation theory. Therefore, the use of the intermittency
m for selection of “subcritical” (0<m<0.15), “near-  5q\ s as a method to search for hints of criticality in
cr!t!cal (0.15=m<0.40, regionA in F_|g. 1), and “over- nuclear multifragmentation is questionable.
c:)ltc;caa; e;/oexr::a(ti%ﬁe( m<1.0) can sill be regarded as a Intermittency analysis of the latest projectile fragmenta-
’ Oneperz)asily finds.that for all lattices, the slopes of thetion ALADIN [27-30,33 data from 600, 800, and 1000
SFM’s do not show any sign of intermittent behavior for the mlz\lgnfhceletcr)gngl;;r’zgi::?:gtg)ynfhree?)i?lglea?i,oit rlre]:g;telquallta-
events selected as “subcritical(Fig. 2 top left panel or ’ ) . o
“near-critical” (Fig. 2 top right p(ang)l Onlypeventg deenoted Because of the existence of experimental detection thresh-
olds and of the transparency of the experimental setup to

as “overcritical” [of the peak in{y,(m))] exhibit a strong !
increase of the SFM’s with decreasing bin size, but this in"éutrons, the ALADIN data are not presented as a function

crease is nonlineafFig. 2 bottom left panel For a small of the reduced multiplicitym, but as a function of the pro-
interval of m within the “overcritical” region (denoted as jectile charge that remains bound in fragmefwith charge
bracketC in Fig. 1), one observes the power-law behavior of Z=2) after the interaction. This quantit¥,o,ng has been
the SFM. Figure 2 illustrates this and shows that events seshown to be a good indicator of the centrality of the interac-
lected in the “optimal range” (0.48 m<0.60, regionC in  tion, monotonically decreasing with decreasing impact pa-
Fig. 1) produce an intermittency signédottom right panel in  rameter{30]. Z,,,nqiS believed to select events from similar
Fig. 2. Note also that, even if both the absolute values andhnitial conditions [29], thus avoiding spurious fluctuations
the shape of the SFM’s are highly vulnerable to the inclusiorresulting from the mixing of events.
of a thresholdA for the minimum size of identified clusters,  The experimental quantity,(Zyoung ), rescaled for plot-
we did not observe the appearance of an intermittency signaing purposes, is presented in Fig.(8tar$ for 600 (left
for “near-critical” events for any threshold&=1-6. pane) and 1000(right pane] MeV/nucleon Au+ Au reac-
Region B in Fig. 1 indicates them gating for “near-  tions(a similar plot is obtained for Au- Au reactions at 800
critical” events the corresponding to thee gating of Refs.  MeV/nucleon. Here(y,(Zyound) is calculated according to
[3.,4] (dispersions ofj andm have been taken into account Eq.(2) whereM}, is now thepth charge distribution moment
during this procedupe The “optimal range” for an intermit-  for the jth event. The largest fragment detected in the event
tentlike signal(regionC in Fig. 1) happens to be included in is excluded in an attempt to eliminate the large “percolat-
this interval. It is thus a coincidence that the values dbr ing” cluster [25]. Also Z=2 fragments are excluded, moti-
which the intermittency signal appears in Réf34] for the  vated by the fact that particles may originate from pro-
lattice with 6° sites roughly agree with the critical value for cesses not related to the fragmentation of the projectile
the infinite latticeq.,~0.25. And in fact, it has recently been spectator such as preequilibrium emission, coalescence of
nucleons, etc[31]. The summation runs over all the events
in a sample olNg, events with fixedZyoung-
The calculations for the lattice with 36 sites show that It is impossible to interpret all the ALADIN experimental
g=0.55-1.23an+1.42m?— 0.75m° is a good approximation for the data within the frame of the standard bond percolation model
description of the general relation between these two parametersused in this work, and modifications would be neefi2d|.
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However, the bond percolation model, for the lattice|ogarithmic plot I, vs —InA; the relative ordering of the

with 63 sites, predicts Zyoung=80.32+0.4Im—279.20°  moments is If, ;>INF,.

+199.2m°. One gets this general dependence going over We observe a clear correlation between the qualitative

from the size(mas$ of the cluster to its charge, by means of behavior of the SFM and the width of the fragmet=(3)

an empirical formulg 18] and taking into account the effi- muiltiplicity distributions[16,9]. For this reason we show the

ciency of ALADIN [27]. According to this, the region of ratio o?/(n) (divided by 10 for plotting purposgss a solid

“near-critical” events (n=0.15-0.40 is projected into the line in Fig. 3.

interval of Z,,,,=49—-75 which covers the experimentally =~ When the multiplicity distributions are much narrower

observed broad maximum dfy,(Zpound) in Fig. 3. Thus than Poisson distributions.e., (c*/(n))<1], which occurs

one could believe that this peak is a signature of the “nearfor Z,,,,q<40, no intermittency signal is found. The values

critical” events in the experimental distributions. “Overcriti- of InF, are negative everywhere and the relative ordering of

cal” events are found to the left of the peak. the various moments is reversed compared to that of a signal
We now proceed to explore the occurrence of intermit-for intermittency.

tency by studying the SFM. The occurrence of intermittency When the dispersion increases, thus approaching Poisson,

is indicated by the following featurd®0]: InF, are positive we encounter a “transition region” wherefy are positive

for eachA; a single, positive slope is observed for the doublefor small bin sizes, but tend to become negative for the larg-
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est bin (all fragments in one bin[16,9]. This “transition  “transition region” (40<Z;.,,¢<50) originates from both
region” (approximately 46€Zy,,,«<50), to the left of the the constraints introduced by conservation Ig®&8] and a
critical peak, represents “overcritical” events and yields thecertain summation over different event classes in the region
largest “intermittency signal,” in qualitative agreement with aroundZy,q,n~50[32,33, and is not connected to criticality.
the percolation predictions. The positive slopes of straight |, concjusion, the bond percolation model does not con-
Ilnesl f|tt$d tg_tge plgtAS_lﬁf VZS —_Il_nhA are prgsented in Fig. ﬁ firm the intermittent pattern of the fragment size fluctuations
(C'r(? e_s? or k=2 andA =1-20. The error bars represent the in the critical region. Therefore, one should not link the ex-
statistical error only(one standard deviatignbut there is erimentally observed intermittency signal to the develop-
also a smaller systematic error originating from the range o ent of a critical behavior in the reactions. The latest ALA-

blnnlng_risozlgtlon ghosen for lthe_ f|tF|r}g proc;ejdurs. Th(?DIN experimental data from 600, 800, and 1000 MeV/
rangea=1-2u used in our analysis yields good values ol ,aqn Ay + Au reactions gualitatively follow the

2 . . -
x° per degree of freedom. However, deviations from linear- O fth lati |
ity of the double logarithmic plot IR, vs —InA are observed predictions of the bond percolation model.

for increasingA, particularly at small values Gyoung. We are deeply indebted to Dr. W. Trautmann and the

Finally, for multiplicity distributions larger than Poisson, : - .
the slopes of the SFM are consistent with zero or negétive.ALADlN collaboration for providing us with excellent ex-
erimental data and for careful reading of our manuscript.

We believe that the intermittentlike signal observed in theP ) .
We are also grateful to E. Stenlund, L. Phair, and X. Campi

for helpful discussions. This work has been partly supported
2For 1000 MeV/nucleon collisions, a weak intermittency signal Py the Russian Foundation for the Fundamental Research
can be identified in the range 5&,,,q¢<60, where the slopes of (Grant No. 94-02-04800znd by the Royal Swedish Acad-
the SFM are 0.0220.013k=2),0.034+ 0.024k=3). emy of Sciences.
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