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Intermittent type fluctuation of target fragments

produced in 16O-AgBr interactions

at 4.5 AGeV/c
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Abstract A study of intermittency of target associated fragments produced in the interactions of 16O-

AgBr at 4.5 AGeV/c with nuclear emulsion using the method of factorial moments, Fq, has been performed.

The dependence of the moments on the number of bins M is found to follow a power law behavior for the

experimental data in terms of new scaled variable χ(z) suggested by Bialas and Gazdzicki. The anomalous

dimensions, dq, increase linearly with the order of moments, q. This observation indicates the association of

multifractility with production mechanism of target associated fragments.
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1 Introduction

Fluctuation is a general characteristic of the spa-

tial distribution of secondary charged particles emit-

ted from high energy nucleus-nucleus collisions. Fluc-

tuation of the produced particles in high energy

nucleus-nucleus collisions includes statistical fluctu-

ation and non-statistical fluctuation, and the latter

one relates with the underlying mechanism respon-

sible for particle production and may also indicate

a phase transition. To extract non-statistical fluctu-

ations after eliminating the statistical part through

the analysis of the distribution of produced particles

from a cosmic ray event by JACEE Collaboration[1], a

power growth of the scaled factorial moments(SFM)

with decreasing phase space bin size has been pro-

posed by Bialas and Peschanski[2], which was made

in analogy with the phenomenon known as intermit-

tency in the hydrodynamics of turbulent fluid flow.

Also, the anomalous scaling of factorial moments with

phase space bin size is known as intermittency. The

power law behavior of SFM is related with the self

similarity and fractal properties of the underlying

production processes.

So far, the intermittency phenomenon has been

observed in various experiments, such as the electron-

positron annihilation[3—6], the hadron-hadron[7—11],

the hadron-nucleus[12, 13], and the nucleus-nucleus

collisions[14—34]. It seems that the intermittency may

be a general property of multiparticle production.

However, a definite conclusion about the origin of in-

termittency is not given at present. To arrive at it,

more and more data analyses are necessary.

It is interesting to note that most of these analyses

have been performed on the studies of pions and lit-

tle attention has been paid to the analysis of the tar-

get fragments. But the target fragmentation process

may also take important information for the forces

and dynamics during and immediately after nuclear

impact. The evaporation model predicts an isotropic

emission of target fragments in the laboratory sys-

tem. But the isotropic emission of target fragments

is not supported by different work[25, 33]. So the tar-

get fragmentation process should be studied by the

available tools to explore the underlying mechanism

in the process.
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Nuclear emulsion covers 4π geometry and provides

very good accuracy in the angle measurements of pro-

duced particles and fragments due to high spatial res-

olution and thus is suitable as a detector for the study

of fluctuations in the fine resolution interval of the

considered phase space.

In this work, the variation of SFM with the bin

size in target fragmentation of 16O-AgBr interactions

at 4.5 AGeV/c in emission angle space is investigated.

It is a further investigation of our previous work[35].

2 Experimental details

Stacks of NIKFI BR-2 nuclear emulsion plates

horizontally exposed to the 4.5 AGeV/c 16O beam at

Synchro-phasotron of the Joint Institute of Nuclear

Research(JINR), Dubna, are used in this work. The

flux intensity is 103 particles/cm2. The scanning of

the plates, 600 µm in thickness, is performed by the

along-the-track method using XSJ-1 and XSJ-2 mi-

croscopes under 100× oil immersion objectives and

16× eyepieces.

According to the standard emulsion terminology,

all the tracks of the emitted secondary charged par-

ticles in each collision are classified into the following

types:

(a) Shower tracks, which are single-charged rela-

tivistic particles having relative velocity β = v/c > 0.7

and with ionization less than 1.4I0 (I0 is the minimum

ionization). Most of these tracks belong to pions con-

taminated with small proportions of fast protons and

K mesons. Their multiplicity is denoted by ns.

(b) Grey tracks, which are mainly from protons

having velocity 0.36 β 60.7 and range >3 mm. Their

multiplicity is denoted by ng.

(c) Black tracks, which are the fragments emitted

from the excited target nuclei. The energy of a black

track is less than 30 MeV and the range is less than

3 mm in emulsion. Their multiplicity is denoted by

nb.

(d) Projectle fragments, which are the noninter-

acting projectile fragments with an emission angle

θ 6 pf/pbeam (pbeam stands for the beam momentum

and pf for the Fermi momentum of the nucleon; the

latter is estimated to be 200 MeV/c) with respect to

the incident direction and characterized by no change

in its ionization for at least 2 cm from the interaction

point. Their multiplicity is denoted by nf .

The grey and black tracks together are called

heavy ionizing particles. Their multiplicity is denoted

by nh = ng +nb. The total number of heavy tracks in

an event can be used to decide the type of the target

nucleus, e.g., a criterion of nh >8 will ensure an in-

teraction with AgBr. Using this criterion, 848 events

were chosen for analysis as 16O-AgBr interactions in

this work. Further detail of the experiment may be

found in Refs. [36—40].

3 Method of analysis

The intermittency phenomenon is expressed as

the power law behavior of SFMs with decreasing

phase space bin size. To avoid the influence on the

scaling behavior of SFMs from the non-uniformity of

particle spectra, Bialas and Gazdzicki[41] proposed a

method to construct a set of variables which drasti-

cally reduces the distortion of intermittency due to

non-uniformity of single particle density distribution.

The new scaled variable χ(z) related to the single

particle density distribution ρ(z) as,

χ(z) =

∫ z

z1

ρ(z)dz

∫ z2

z1

ρ(z)dz

(1)

where z1 and z2 are the two extreme points of the

distribution. The variable χ(z) varies between 0.0 to

1.0 keeping ρ(χ) almost constant. In cosθ space the

values of z1 and z2 are −1 and 1, respectively.

The qth-order normalized scaled factorial mo-

ments are given by

〈Fq〉=

〈

M q−1

M
∑

m=1

njm(njm−1) · · · (njm−q+1)

〈N〉q

〉

,

(2)

Here, 〈N〉=

〈

1

M

M
∑

m=1

njm

〉

; M is the number of bins

(the full χ(z) range is divided into M bins of size

δχ(z) = ∆χ(z)/M); njm is the multiplicity of grey or

tracks in the mth bin of the jth event; The average

〈· · · 〉 is over all the events in the sample.

It has been shown[2] that the values of 〈Fq〉 for

purely statistical fluctuation saturate with decreas-

ing phase space size, whereas in dynamical fluctua-

tion, the values of 〈Fq〉 are supposed to increase with

decreasing phase space size and exhibit a power law

behaviour of SFMs, which is given by

〈Fq〉∝Mαq , (3)

The exponent, αq , which increases with increasing or-

der q of the moment for the existing dynamical fluctu-

ation, is the slope characterizing a linear rise of ln〈Fq〉

with lnM for all number of bins. The strength of

intermittency is characterized by this exponent. To

obtain it, a linear fit of the form,

ln 〈Fq〉= αq ln〈M〉+a (4)

is performed, where a is a constant.

From this intermittency exponent, αq , one can cal-

culate the anomalous fractal dimension which obeys
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the relation[42]

dq =
αq

q−1
(5)

4 Results

To probe the intermittent pattern the SFMs for

the varying values of M from 2 to 26 in emission

angle space are calculated. The variation of ln〈Fq〉

against lnM for different orders (q = 2,3,4) for black

particles and grey particles produced in the interac-

tion of 16O-AgBr at 4.5 AGeV/c is shown in Fig. 1

and Fig. 2, respectively.

Fig. 1. Variation of ln 〈Fq〉 vs lnM for black
particles in the interactions of 16O-AgBr at
4.5 AGeV/c.

Fig. 2. Variation of ln〈Fq〉 vs lnM for grey
particles in the interactions of 16O-AgBr at
4.5 AGeV/c.

It is evident from the figures that the values of

ln 〈Fq〉 increase with increasing lnM (i.e. decreasing

bin size). The linear rise in the values of ln〈Fq〉 with

lnM indicates the power law behaviour, which clearly

suggests that an intermittent behaviour is observed

both for grey particles and for black particles.

The values of the intermittency exponent, αq ,

from the best fitted lines of Fig. 1 and Fig. 2 are

listed in Table 1. It is observed that the parameter

increases with the increasing order of the moments.

The values of dq for grey particles and black particles

are also listed in Table 1 and plotted in Fig. 3. Fig. 3

shows that the magnitude of the anomalous fractal

dimension increases approximately linearly with the

increase of the order of the moments. This indicates

multifractality of the emission spectra of target frag-

ments. This phenomenon is also reported for the in-

teractions of 32S-AgBr at 200 AGeV, 16O-AgBr at

60 AGeV and 2.1 AGeV, 28Si-AgBr at 14.5 AGeV[33],
84Kr-AgBr at 0.95 AGeV[34].

Table 1. The values of αq and dq for target as-
sociated fragments in 16O-AgBr interactions
at 4.5 AGeV/c.

grey particles black particles
q

αq dq αq dq

2 0.029±0.018 0.029±0.018 0.007±0.010 0.007±0.010
3 0.085±0.033 0.043±0.017 0.048±0.023 0.024±0.012
4 0.154±0.055 0.051±0.019 0.154±0.050 0.051±0.017

Fig. 3. Variation of dq versus q for (a) grey par-
ticles and (b) black particles in the interac-
tions of 16O-AgBr at 4.5 AGeV/c.

5 Conclutions

A significant statistical study of 4.5 AGeV 16O-

AgBr interactions in nuclear emulsion has been car-

ried out. From the present study, it may be concluded

that the intermittent behaviour is observed both for

grey particles and black particles in the considered

reactions for the cosθ phase space. The observed in-

crease in the scaled factorial moments with decreas-

ing bin size clearly contradicts the evaporation model.

The anomalous fractal dimension increases with the

increase of the order of the scaled factorial moment,

thereby indicating multifractal geometry of the emis-

sion spectra of target fragments. This analysis will be

useful to understand the emission of target fragments,

especially the emission of black particles.
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6 Gustafson G, Sjögren C. Phys. Lett. B, 1990, 248(3-4): 430
7 Ajinenko I V, Belokopytov Yu A, Böttcher H et al. (NA22

Collaboration). Phys. Lett. B, 1989, 222(2): 306; Ajinenko
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