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I. INTRODUCTION

It has been shown since long that multiplicity distribu-
tions in multiple production processes contain valuable in-
formation on the production mechanism itself. This, together
with a relative ease in obtaining this kind of data in track
detectors such as bubble chambers, streamer chambers or nuc-
lear emulsions, leads to the accumulation of a large number
of data on the multiplicity of secondary particles in various
high energy reactions. By "multiplicity distribution" is usu-
ally meant a set of probabilities P(n)=o_ /(Z¢,), where o, is
the cross section for the production of n particles of a given
kind.

Multiplicity distributions are usually described in terms
of their statistical moments or other parameters closely re-
lated to the moments. These are: average multiplicity <n> =
= ﬁ‘: nP(n), dispersion D=/}, skewness y=u3/D3, kurtosis 5=u /D4

etc., where uy denotes the k -th central moment,;tk=<(n—<n>) >/.1/

Other choices are: normalized moments Ck=<nk>/<n> /2/ binomi-

al moments F,, and integrated correlation functions rk’3ﬂ

Experimental investigation of the multiplicity distributi-
ons ot secondary particles in various reacLions shows iuai
parameters related to higher-order moments (k> 3) are almost
energy-independent, and the first three parameters: the ave-
rage multiplicity, the dispersion and the skewness may be
sufficient to parametrize the multiplicity distributions
In practice, especially for not very big samples, only the
first two, average multiplicity and dispersion, are usually
quoted. The dispersion, D, is often replaced by the integrated
correlation function f,=<n(n-1)>-< n>*aD2_<n>,

Exper1menta1 data on multiplicities, obtained by counting
tracks in a track detector, could pertain to all charged se-
condaries, P(n,, ), or to a given type of secondaries. Most of-
ten the multiplicity distributions of negatively charged se-
condaries, P(n_), are quoted. There are several reasons for
this choice:

a) selecting particles of definite sign prevents us from
constraints resulting from charge conservation (the distri-
bution P(,,) must vanish for certain n, and thus can
never be a Poisson distribution; the t°h are non—zeto
even in the absence of any dynamical correlat1ons) 4.8/,



b) experimentally, to a first approximation, all the negative
particles produced in nucleon-nucleon collisions can be
regarded as negative pions (the same is also for nucleus-
nucleus collisions);

c) predictions of many theoretical models take a simple form
in terms of n_ .

The aim of the paper is a description of experimental mul-
tiplicity distributions in multiple production processes in
terms of a new set of parameters introduced in ref.’®/,

Taking the above arguments into account, we shall restrict
our analysis to multiplicity distributions of negative secon-
daries, P(n_).

IT. COMBINANTS, THEIR DEFINITION AND PROPERTIES

Standard parameters used to describe the multiplicity dis-
tributions of secondary particles in high-energy reactions
(see INTRODUCTION) are related to the cumulant expansion in
probability theory * The cumulants, the first two of which
are the mean and the variance, are expressible in terms of
the moments, each of which involves an infinite "cumulative"
sum over all the P(m). Thus, the cumulants and other related
parameters are calculated from the entire multiplicity distri-
butions.

In ref.”’® it is proposed to analyze multiplicity distri-
butions in terms of another set of propability coeificlents,
C(k), related to the probability ratios P(m)/P(@m); C(k) are
the coefficients in the particular expansion of the generating
function of the multiplicity distribution.

Consider the distribution P(n) with properties: P(0)>0,

P(n)2.0 for n=12, .. lﬁol’(u) =1, and its generating func-
tion*™*

FA) = 3 A"P(n).
It can bené%own that for the Poisson distribution

D
-<n>

P(n)-.<...nz.:e

n!

* The cumulant expansion is the power series expansion of
the logarithm of the generating function.

** Note that the Mellin transform is taken instead of the
Fourier or Laplace transform which is used to obtain the cu-
mulant expansion.

the generating function is

F(A)=exp[(A-1)<n>].
As multiplicity distributions observed in multiple production
processes are usually not very different from the Poisson
distribution, the authors of ref.’% propose to take the ge-
nerating function in the form

F(A)=exp [:% cwA* -1,

where the expansion coefficients, C(k), for k x2,characterize
the deviation of the distribution from the Poisson form. For
the Poisson distribution C(1)=<n> , C(2)=C(3)=...=0.

Taking the Poisson distribution as a reference is certain-
ly justified, as for a wide class of theoretical models assum-
ing weak correlation between secondary particles (thermodyna-
mical models, Fermi-gas model, Regge pole model with exchange
degeneracy) a Poisson multiplicity distribution is expected
both for hadron-hadron collisions’®®/ and for nucleus-nuc-
leus collisions with fixed impact parameter 77/,

The expressions for C(k) are the {ollowing:

C(1)= P(1)/P(0),
C(2) = P(2)/P(0)~ %—[P(l)/P(on'f’,
C(3)= P(3)/P(0)~[ P(1)/P(0) 1{ P(2) /P(0)} + -;-1 Py /P0)]°,

ntr Wo nato thatr annrh MY T ey T A e b e s
otc. We note ~ \ay Cal

.......... ! ic cuprocoible in teorms of just
the first k probability ratios: P(1)/P(0) , P(2)/P(0),....,P(k) /P(0).
This stands in contrast to '"cumulants', each of which involves
the infinite number of P(n) in its definition. 1t is propo-
sed to call C(k) "combinants'.

Combinants possess an 'additivity property': any random
variable, which is composed of a sum of independent random
variables, has for its combinants just the sum of the respec-
tive combinants of its components, C(k)=X C; (k). Cumulants al-
so have this property. ! :

IT11. PROTON-PROTON DATA

In Fig.la we present the values of the first three combi-
nants C(1) , C@) and C(3) for the multiplicity distributions
of negative pions produced in proton-proton collisions for
energies between 6 and 400 GeV/8-19/pashed lines show the
behaviour expected for the Poisson distribution: C(l)=<n- ,
C(2)aC(3)= 0. )

In the investigation of pp collisions it has been establi-
shed that at low energies (below “n>%}.7 or E = 50 GeV) the
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pion multiplicity distribution is narrower than the Poisson

distribution(D® <<n>, or f,<0), while at higher energies the
distribution becomes wider (D¥><n>, or fg>0). These features

are clearly recognizable in the behaviour of the combinants,
at least in C(1) and C(2). Reminding the very simple formula
for C(1), it is amusing to find that the qualitative informa-
tion about the shape of the entire multiplicity distribution

is contained already in the first two probabilities! One can-

not, however, exclude an accidental character of this obser-
vation, as for pp collisions a relative contribution of the

diffractive component to the low-multiplicity part of the P(n)

distribution changes with energy, and for Fermilab energies
it becomes dominant.

4

IV. NUCLEUS-NUCLEUS DATA

In Fig.lb we present the values of the first three combi-
nants for the multiplicity distributions of negative pions
produced in collisions of relativistic light nuclei with nuc-
lear targets. The data come from the Dubna 2 m propane bubble
chamber (PBC) with thin tantalum target plates installed in-
side the chamber volume, exposed to beams of p, d, He and C
nuclei at p/A=2,2 to 5.4 GeV/c’?022/3nd from the Dubna 2 m
streamer chamber (SKM-200) exposed to He and C beams at p/A =
= 4.5 GeV/c/23£4/. The numbers of events recorded in various
exposures of these detectors are given in Tables | and 2.

o

Table 1|

Numbers of events recorded in the propane bubble
chamber with tantalum target plates exposed to beams
of relativistic nuclei -

/A, GeV/c 2.2 4.2 5.4

Beam Target C Ta C Ta C Ta

1212 842 1620 1475 1220 390
- 1235 699 2308 - -
He - 1250 995 1676 - -
C - 221 686 1587 - -

Table 2

Numbers of events recorded in the streamer chamber
exposed to beams of relativistic nuclei 723.24/

PO/A. GeV/c 4.5
Beam L3T8€t C Ne Al Si Cu  zZr Pb
He 4026 1099 988 1239 - 804 - 1048
C - 2033 2224 - 1553 1170 883 -




The non-Poisson behaviour of the combinants for <mn> 31 is
clearly seen. This dependence is very different from that for
pp collisions and reflects the fact that for nucleus-nucleus
collisions the multiplicity distributions are very wide due
to fluctuations in the number of interacting nucleons’21/, In
the case of P(n) showing KNO scaling to a smooth curve , ¥(z),
with W(0)£ 0, one would asymptotically expect C(1)=1 ,C(2)=1/2,
C(3)=1/3, etc. The data seem not to contradict this conjecture.

The points marked with letter "C'" in Fig.1b are for '"cen-
tralCC collisions (for selection criteria see refs./26.:267
The first combinant, C(1), for these events does show a very
different behaviour from that for inclusive samples, while the
C(2) and C(3) have errors too hig to make any significant state-
ments.

V. CONCLUSIONS

1. 1t has been shown that for pp collisions the combinants
reveal the known behaviour of the shape of multiplicity dis-
tribution with changing energy.

2. Description of multiplicity distributions in terms of
the combinants may be useful, especially for a detailed study
of the low-multiplicity part of the distribution. Also, combi-
nants appear more appropriate than the standard parameters for
the decerintinn of the muleinlicdte diceributions of rarc

particles (antiprotons, charmed particles, etc.).

3. Such a description needs high statistics and, especially,
a high accuracy in determining P(0) what is experimentally
difficult as P(0) is subject to systematic errors connected
with the separation of elastic and quasielastic scattering,
diffraction dissociation, ctc.

The author would like to thank the 2 m PBC and the SKM-200
Collaborations, and in particular Drs. A.P.Cheplakov, E.N.Klad-
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tributions. He is also grateful to Professors V.G.Grishin and
M.I.Podgoretsky for reading the manuscript and helpful remarks,
and to Dr. K.Fialkowski for interesting comments.
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