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Abstract

The comparison is made between the two descriptions of multiparticle corre-

lations using either the o-model or the scale-invariant distribution functions. The

case of the strong and weak intermittency is discussed. These two descriptions show

similar results for both the scaled factorial moments and the scaled factorial cor-

relators. It is shown that the dimensional projection does not alter this similarity

and moreover, it explains an experimentally observed difference between the slopes

of factorial moments and factorial correlators.



In the last years, much attention has been devoted to the understanding of an inter-

mittency phenomenon in the multiparticle production at high energies . o-model of a

multiplicative cascade was proposed as a general scheme explaining intermittent fluctu-

ations in the multiparticle production in both elementary particle and nuclear collisions

[1]. This model gives multiplicity distributions in full phase-space and intermittency ex-

ponents for the scaled factorial moments (s.f.r.) and the scaled factorial correlators (s.f.c.)

(1, 2]. Also the experimental data on the intermittency slopes can be described by this

simple model. However, the dimensionality of the intermittency analysis was found to be

important for the strength of the interrnittenry signal if the non-factorizable. self-similar

correlations are present in the 2-dim or 3-dim phase-space [3, 4). Another phenomenologi-

cal description of the data was proposed using singular multiparticlc reduced distributions

in 1-dim [4] :

and similar expressions in higher dimensions. Various schemes of îmiltiparticle correla-

tions were also studied [5] , but no unique and fully satisfactory scheme of multiparticle

correlations has been found up to now. This phenomenological parametrization of the

correlation functions gives , similarly as in the a-model , a power-law behaviour of the

s.f.m. [4] .

In this letter we study a relation between descriptions using either the singular dis-

tribution function or the a-model and, in particular, we study the implications of the

dimensional projection and a regularization of the singularity. We shall also compare the

results of these two approaches for the s.f.c. in 1-dim and 2-dim.
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In the framework of the or-model the distinction is made between the case of the strong

and weak intermittency [2, 6]. Let us consider the a-model with the branching number A

and a certain probability distribution function P(w) of the random multiplicative factors

[1]. The case of the weak intermitency corresponds to probability distributions satisfying :

< « ; ' > < i - 1 . (2)

In this case the self-similar cascade can be infinite and the total multiplicity has a limit

distribution [2j. If the condition (2) is not satisfied, then the cascade must be finite. For

the rapidity intervals of length 6 ~%> I , where / is the limiting minimal scale of the

cascade, one obtains the following behaviour of the s.f.m :

Fi ~ « ' - ' , (3)

i.e., the intermittency exponents are now «/< = i - 1 .

In the parametrization using the singular distribution function, the s.f.m. are related

to the integrals of the distribution functions :
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The singular scale-invariant function :

Pi(Xyi,..., Ay,-) = A-> j (y , , . . . , y . ) (5)

gives rise to the intermittent behaviour of the s.f.m.:

(6)
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However, this is correct only if the integral in eq. (4) exists. This gives bounds on the

values of the intermittency exponents i/,- . Let us consider the case when all the n-particle

distributions have the form :

(m)

where the number m of the pairs | yk - yt | is at least i - 1 and at most. i(i — 1 )/2 , and the

whole expression is symmetrized over the permutations of { j / i , . . . , »/,} . If the intergral

in eq. (4) exists, then the s.f.m. has an intermittent behaviour with the intermittency

exponent v, — mv . For the above written distribution functions, the integral (4) exists

if the intermittency exponents satisfy :

Vi<i-\. (8)

In this case one obtains intermittent behaviour of the s.f.m. for all scales and there is

no need to introduce any regularization of the singularity in the distribution function.

This case corresponds to the weak intermittency in the a-model (2]. If the distribution

function ( eq. (5) ) shows a self-similar behaviour with the exponent vr > i — 1 , then to

ensure the existence of the integral in eq. (4) , one should introduce some regularization

f°r I Vk - yi \-* 0 . Let us suppose that if the distance between any pair of points yk ,

yi is smaller than a certain cut-off value / , then | J/it — yi | will be replaced by i . For

by 3> / , the s.f.m. have then the following behaviour :

= a / - ' - " ( i y ) 1 - ' + 6 (by)-" + O(6y2) . (9)

Clearly the above expression is divergent for / —• 0 if i - 1 < i\ . For by ~2> I the first
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term is dominant giving the behaviour :

(10)

similarly as in the a-model for the case of the strong intermittency. Here, analogously as

in J.he a-model where the number of steps in the cascade must be finite, a non-singular

behaviour has to be assumed in the distribution function, i.e. a finite scale below which

the scale-invariance breaks down. Similarly, we recover the scale-invariant behaviour of

the s.f.m. (eq. ]0) at sca)es by 3> / , but with the exponents of i'm- strong intern» tisncy

v,; = i - 1 .

Let us now consider the s.f.c. calculated from the (i-fj)-particle distribution function :

For further simplicity we take Fj,i , which is given by the uniquely determined two-particle

distribution function :

This gives :

. ((D + 6y)2-" + (D - Sy)3'" - 2D2"

The above expression follows closely the power-law behaviour in D :

(14)

Similarly as in the a-model, the intermittency exponent is v , i.e. it is the same as for the

s.f.m. F2 . Fig. 1 shows the dependence of the s.f.c. Fltt(D,6y) on 6y for v = 0.1 , 0.4 .



One can see that Fi,i is approximately independent of 6y . Moreover, as long as D — Sy

is larger than the minim.il scale of the self-similarity , the s.f.c. do not depend on whether

the distribution function is regularized or not. These features of the a-model in 1-dim can

bo reproduced by the singular or regularized scale-invariant distribution function (eq.5) .

As was noticed in refs. [3, 4], the intermittency signal depends dramatically on the di-

mensionality of the analysis if the correlations are multidimensional and non-factorizable.

The projected distributions of the 2-dim a-model [3] or of the 2-dim and 3-dim singular

distributions j4j are not intermittent. Their respective effective slopes are smaller than

in the unprojected case and the dependence of the s.f.m. on the binning flattens out for

small bins. Let us now consider the a-model in 2-dim having the transverse size L , and

let us calculate the s.f.c. in this model for the projected distribution which is obtained by

averaging over the transverse size. The s.f.c. Fiti(D,6y) =< nin2 > / (< n, > < n2 >) ,

where n\ and n2 are the number of particles in the region 1 and 2 respectively (see fig.2) ,

become :

L/Sy L/Sy

l > < n2

L/SyL/Sy

££ dy>£ dy2(ylD* + (yx-y*YyV for

Hence, the s.f.c. are approximately independent of Sy as in the unprojected a- model and

in the experiment [7] . The case of the 2-dim singular distribution is different. The s.f.c.



are now given by :

„ ,. , . l tL . tL . f3" . rD+SvtL riy rD-t-,
<fx, / dxi I dyt /
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The dependence of the s.f.c. on the bin size 6y is shown in fig. 3 . As already noticed

by Peschanski and Seixas [8] , the s.f.c. fulfil approximately the requirement of the

independence on the bin size. This is even better satisfied than in the one-dimensional

case (see fig.l) .

The experimental data show different relations between the slopes of the s.f.c. and

the slopes of the s.f.m. than predicted by the a-model :

This difference can be understood as being due to the effect of the projection in a higher-

dimensional model. In ref. [8] , a general relation was derived which relates the s.f.c. /i,i

to the s.f.m. Fj :

FlA(D,6y) = FlA{D,D) = 2F2(2D) - F7(D) . (18)

From the above equation one can calculate the local slope of the s.f.c. :

d lnFlA(D,6y)

(19)

Due to the projection, the local slopes of the s.f.m. flatten out for small bins and, in

general, the slope is decreasing for the decreasing bin size. This gives :

dln{2D) dlnD
î P. (»)



Substituting this relation into eq. (19) one obtains :

dlnF,(D)
{ 'dlnD dlnD

This feature is found in the experimental data (7) for which :

"• j > "•» - "•' - Vj . (22)

The above relation (21) , follows from the saturation of the s.f.m. and from the general

identity (18), which is true for any kind of transiationally invariant distribution functions.

This observation can explain the breaking of the relation (17) between slopes of the

s.f.c. and the s.f.m. which holds in the original a-model and in the description using

the scale-invariant distribution function but is no longer fulfilled in the projected 1-dim

distributions.

In conclusion, we have shown that the a-model and the singular distribution functions

give similar behaviour of the s.f.m. and the s.f.c . This covers the cases of both strong and

weak intermittency , which can be correctly described by the singular and regularized

scale-invariant distribution functions respectively or , in the a-model, by the infinite and

finite self-similar cascade respectively. The s.f.c. , as obtained from the integration of the

scale-invariant distribution functions, are similar to those obtained from the a-model. The

dimensional projection does not change this similarity. Both descriptions show the same

behaviour in the projected s.f.m. and s.f.c . These two descriptions give an approximate

independence of the s.f.c. on the bin size, and moreover, the relations between the slopes

of the s.f.c. and s.f.m. are changed by the dimensional projection. This last observation

which was confirmed by experimental data [7] , allows to explain the recent data on
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s.f.c. using the higher dimensional a-model of the multiparticle correlations. Together

with results of previous works, which used the scale-invariant distribution function to

describe the power-law behaviour of the s.f.m. (4] , this result completes an analysis of

similarities between the two approaches ; these two approaches are in agreement with

the experimental data on both s.f.m. and s.f.c. if the dimensional projection is taken into

account.
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Figure Captions

Fig.l

The dependence on the bin size 6y of the scaled factorial correlator F\j(D,6y) as calcu-

lated from eq. (13) for the intermittency exponents v = 0.1 (the dashed line) and v = 0.4

(the solid line) .

Fig.2

The summation region for the scaled factorial correlator Fi,i of the o-model in 2-dim.

The two regions are subdivided into L/6y squares by x by.

Fig.3

The dependence on the bin size Sy of the scaled factorial moment F\,\(D, 6y) as calculated

from eq.(16) for the intermittency exponents v = 0.1 (the dashed line) and v = 0.4 (the

solid line) . For the transverse size we take L = 4.D .
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