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A relation connecting the fluctuation measure proposed by Ludlam and Slansky and the semi-inclusive
correlation function is derived; it should contribute to the understanding of the discrepancy between different

estimates concerning the cluster size in hadron collisions, i.e., < fyecay> = 3—4 or 5-6.

It is important to analyze the final-state struc-
ture of inelastic collisions in a way that is as
model-independent as possible. For this purpose
Ludlam and Slansky' propose and apply a new
estimator for fluctuations in the final state. They
define the following measure for a sample of
events with fixed associated charged multiplicity
n:
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is the semi-inclusive rapidity distribution normal-
ized to 1 and n,(y) [rg(y)] is the charged multi-
plicity observed to the left [right] of y in a specific
event. The angular brackets indicate the averag-
ing over the sample considered.

The experimental value of k, for proton-proton
collisions at Fermilab energies is found to be!
K, ~0.8-1.0 (more or less independent of the as-
sociated multiplicity n). Mere statistical fluctua-
tions result in «,=1; phase-space restrictions
due to energy-momentum conservation lower, and
clustering raises, the value of «,. Using a Monte
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Carlo calculation, Ludlam and Slansky® find this
quantity to be quite sensitive to both effects; with-
in a specific cluster model they evaluate the
needed cluster size and obtain a value of (n;,,)
=5-6. The concern here is this high cluster
decay multiplicity as compared to the other esti-
mates of ( Piccay )=~ 3-4, which are obtained from
the measured (sem1 ) inclusive correlation func-
tions in the central region.?®

For the understanding of this diserepancy it is
useful to consider the relation between the measure
K, and the semi-inclusive distributions. With the
help of the identities
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one can evaluate the quantity in angular brackets
in the last line of Eq. (1). One obtains the relation
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is the semi-inclusive correlation function. In the
absence of correlations one would have

C(zn)uncorrelated =—n ﬁ(lﬂ)( yl) ﬁ(ln )( yz) ,

i.e., k,=1. Alternatively, one can therefore
define

C(2n)* - C(zn) - C(zn)uncorrelated , (5)

which leads to the following expression:
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We find that the measure «, depends only on
the semi-inclusive spectrum and correlation,
i.e., just the same quantities which are analyzed
in the standard methods to determine the cluster
size. Therefore, the observed discrepancy for
the estimates of (1, ) is due to different model-
dependent assumptions.

It may be interesting to note that in Eq. (6) the
correlation function C%* is essentially weighted
by the rapidity difference |y, —y,|. In order to
see this one has to interchange the integrations in
Eq. (6) (treating both regions y, >y, and y,>y,
separately), employ the forward-backward sym-
metry in the definition of k, [Eq. (1)], and rewrite
Eq. (6) as

6
Ky =1 “n ff dy,dy, W(y,, yz)c(zn)*(yu ¥a) s (M

where
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One can now approximate p¢(y) at high energies

by a constant p¢(y) =Y, ™, and one obtains the
desired expression
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The relation (7) is model-independent and it
shows that the estimator «, does not concentrate
only on that region in phase space which is as-

sumed to be predominantly determined by the
short-range (clustering) effects. In order to
illustrate this point we consider a model with
independent production of neutral isotropically
decaying clusters. The central semi-inclusive
correlation function can be approximated asymp-
totically by
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where

T3y, 2) = (26V T ¥,)™ exp[ - (v, - 3,)°/(469)] ,

5~0.6-0.9, (1)

is the normalized two-particle density resulting
from the decay within one cluster, and where

Y (ﬂ) = <nde<c;¥d(nd3ca¥ - 1)>n ( 1 2)

reflects the cluster multiplicity [y () > @0y ), — 1]
If one puts this “central cluster” (C.C.) formula
in Eq. (9) one obtains

Kg.c.—lgy(n)[l —Vg_;m +O<Yj:->] , (13)

which indicates a strong dependence of the mea-
sure kGC. on y(). From recent CERN ISR data’®
for C(g') in the central region near n= (») the value
of y(r) is estimated to be of the order

1.0+£0.1 (1.2+0.2) and according to Eq. (13) one
can infer a value of k{C- =~ 1.4 - 1.6 at Fermilab
energies. The “long-range part” in the correla-
tion function, which is not taken into account by
Eq. (10), has therefore to reduce the value of «,
from k, =~ k$C. to the experimental value, «,
~0.8 -1.0. Since this part is especially strongly
affected by kinematical constraints and by diffrac-
tion, a detailed knowledge and description of

C® over the whole region in phase space is nec-
essary for quantitative fits.
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