








II. Study of n Distributions for Reaction (1)

The available experimental dataon partial cross S}BC-
tions/(’/ and the statistical isospin independent moyf/l

allowed one to calculate similarly tothe caseof ref.”™, the
o, cross sections for n particle production at 16 GeV/c

for reaction (1). /5/

The validity of the model for the description of
reaction (1) in the energy range from 1 to 16 GeV has
been proved in ref.” ‘" .

The values of o at 5, 10, 16 and 40 GeV/c are
given in Fig. 1.
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Fig. 1. Dependence of the o, upon n ; x?*/N,-7.8/6,
12.6/9, 10/10 and 16.2/16 at 5, 10, 16 and 40 Gel}/c, res-
pectively.

Bozoki et al./B/ have analysed the experimental
multiplicity distributions of charged secondaries n , and
noticed that the logarithm of the integral distribution
F(n _Xprobability for production of, at least,n.;, charged
particles) with respect to n%h is a straight line (except
for small values of n_, ). As has been noticed in ref. /8/,
this kind of dependence limits considerably the class of
functions which may correspond to the differential dis-
tribution P(n . ).

A similar analysis of integral distribution

Bmax "max
Floy= 2 B = % /oy @)

where P, is the probability of k -particle production in
the final state in reaction (1) has shown that a similar
picture is observed also for n distributions. (Here o, is
the total inelastic cross section of reaction (1)).

However, if one introduces the scale shift n»n"=n-a |
it comes out that In F(n) with respect to n"2 is well
approximated by a straight line for all n values

In F(n)=—a(n—a)2~n"2, (3)

where a is an energy-dependent parameter. It has
also turned out that e« does not practically depend upon
energy and within errors one can take a=2.

The results of approximation are given in Fig. 2, Solid
lines correspond to dependence (3). The valuesof X /N P
(Np is the number of experimental points)arealso given.
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Fig. 2. Integral probability F(n) versus (n-2)%,



The function F(n") is as follows:

F(n’) —exp(—a n’z)

the above function one obtains
n -particle production probability

By differentiating
the expression for

P, -2an"’. exp(——an'z) 4)
n
for which the normalization condition holds:
2P, =[P ,dn" =1.
Il’ n n

For the sake of convenience the parameter 7=142a jg
introduced instead of a , then n -particle production
probability can be expressed by the formula containing
one parameter only:

P, -Lexpl- L ()% (5)

The advantage of this distribution com;)a/red to other
empir/ié:/al formulas (Czyzews/lld—Rybicki 97 Bozoki
et al.””" | E. De Wolf et al. ) is that its analytical
form is considerably simpler and all the parameters of
n’ (n) distributions can be easily expressed as functions
of n(n,a).

Some of these parameters, such as the mode M, , the
average multiplicity <n > , the dispersion D |, the / -th
order central moment By , the second order correla-
tion moment f3" and the maximal value P (™*¥) of
multiplicity distribution are given in Table 1. Here Cy are
constants.

Here are algso presented the values of the ratios <n>/D,
My / <n> and \/W/<n> which are constants for n” dist-
ributions. =5

As is seen from Table 1, by introducing 7 '*\/-;—(< n>-2)
the correlation moment f;" can be expressed in the
following way:

£~ 0.273 <n>2

9 ~2.06 <n>+ 1.09. (6)

Expressions for parameters of n’

¥

Table 1

and n distributions
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By solving the equation f," =0

that the n

energy corresponding to <n> =7.

it has been found

distribution obeys the Poisson law at the



Note that the knowledge of the dependence of <n> and

Tin upon the energy allows one to determine o, un-
ambiguously and, in particular, also the maximum value of

the cross section ¢™2* at the given energy.
n

To clear out the degree of compatibility of formula (5)
with experiment and to determine the values of the parame-
ter at various energies we used this formula to approximate
the experimental n distribution at 5, 10, 16 and 40 GeV/c
(see, Fig. I).

The values of xZ2/N b and 5 are listed in
Table 2.
Table 2
GeV
P 5 10 16 40
Ny 6 9 10 16

3 .
X/\jp 13 14 1.0 0.4

q 2.251003]|301%0.05 { 365*006{5.28*004
ny | 46.76 £ 012| 580%0.16 | 660018 |865%0.12

D 1.36 + 006 | 187 2008 225 +0.10 | 3441 0.06
<T;L-2 0821004 10.7910.05{ 080 *0.04 | 080 * 0.02
‘”3‘2 191 £ 0.11 [2.012012 |204+0.11 [1.93+004

<N) + + + 005
/D 350 £ 012 {311 014 {293+ 013 |2511£00

nn + -2 31%030]-1.55 +0.26 {3.22£ 0.3
;{2 -2.91+018 |-2.31t03

There is a good agreement of distribution (5) with experi-
mental data.

Table 2 presents the values of <n> | D | f3"
<n>/D , <n-2>/D and 5 /<n—2> for n distribu-
tions.

It is seen that the experimental values of 7n/<n”> and
<n”">/D do not practically vary with energy and
within errors coincide with the corresponding values in
Table 1

=1.92.

M
70 2 _080  <n’>/D=y-~
<n’>  <a’™> ™ d-n

We have carried out the combined analysis of the de-
pendence of theaverage multiplicity ofall secondaries <n>,
charged particles <n > and neutral piofis <n,> in »7p -
interactions at 5-205 GeV/c upon the square of c.m.s.
energy s. These values are shown in Fig. 3,*shaded sym-
bols are 5 GeV,/c data /2/,

As a result of the analysis it has been establi'shed
that the relations K, =<n>/<n ;> and K o=<ny>/<n 4 >
do not practically depend upon energy. Their average va-
lues are 1.58+0.03 and 0.454¢0.03, respectively (see,
Fig. 3).

This means that the dependences <n>, <n,> and <n >
upon s can be of similar analytical form (to an accuracy
of the constant factor).

It is known that in some theoretical models such as
statistical, hydrodynamic and thermodynamic ones, the
power dependence of the average multiplicity upon s is
predicted. In particular, the authors of paper/17 have
obtained the dependence ~s1/3 By approximating the
experimental data on n_, in » p -interactions it has
been shown that this dependence agrees with experiment
up to 60 GeV.

Here the known data on the average multiplicities were
approximated by the following formula:

<n. > =K g(S/M "3 (8)

where <n, >=<n>  <ng> | <0 > ; K;=1.58, 0.45, 1.,

* Fig. 3 shows data on <n> at 5-40 GeV/c (from
Table 2), on <n ;> at 5+205 GeV/c’/!19/ on<nat5
6.8/11/ 18,512/ 25/13’ ,40/14/ 100715/ and 205’16G9V/c
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Fig. 3. Dependence of the average multiplicityof =" -me-

sons <ng>, chearged particles <n.,> and all secondaries
<n> and the ratios <n>/<nc|>> and <ng>/<n,, > upon the
J. S

square of energy s (c.m.s haded symbols are 5GeV/c
data.
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respectively. M is the proton mass, g is the normaliz-
ing parameter. It has turned out that dependence (8)
agrees satisfactorily with the experiment only in the
region of s < 70 GeV/c? with g = 1.29+0.02 and x2/N =
= 28/16 (see solid lines in Fig. 3). i
Some other models (peripheral, multiperipheral ones)
predict the logarithmic increase of multiplicity with
respect to s in the asymptotic region. As the analysis
shows, this assumption does not provide sufficient agree-
ment with experimental data in the range of 5-205 GeV/c.
Therefore, for approximating these data in the above
energy region (5-205 GeV) we used the dependence

<n >= K (asb lnts/M?) e - In*(s/M” ), (9)

where a , b and c are parameters of the fit.

It has been established that this dependence describes
well all the experimental data shown in Fig. 3 (dashed
curves). Here a = 0.34+0.15, b= 0.85+0.16, c= 0.07+0.02,
x2 /Np = 20/24. Thus, using the same function one
can describe quite satisfactorily to an accuracy of the
constant factor the dependence of <> and <n > upon
energy .

III. KNO Scaling for the Total Number of Secondary
Particle Distributions in Reaction (1)

Koba et al /,l/ have investigated the limiting behaviour
of the multiplicity distribution in the region of asymptotic
energies. They have shown that if Feynman’ s scaling is
valid/18/ for all the inclusive processes and for suffici-
ently large s (so that one can neglect (lns)"‘lcomparing

to unity), then the function <n> P“ should depend on the
ratio n/<a> only:

<a>P L (D)1, 0(-L)]. - (10)
<n> <n>

: /
It is essential that the form of the function ¥ in ref.’ L/

is not predicted and should be determined experimentally.

1"



The universality of the function <n>P, means that
the ratio of the distribution mode to average multiplicity
and all the normalized central momenta are indepen-
dent of energy:

I .

Me° {

2 — =corst , K, = —7 = const . 11
<n> / <n> ( )

In particular, the ratio D/<n> should remain constant
too.

The analysis of the multiplicity distributions of charged
particles /19-21/  has shown that if instead of the variable

z= —a)> (where

n
ch __  one uses 7"= (n - @)/ <n
<nvh>
« is an energy-independent constant), the function
<n. -a>P, . =V (z") within experimental errors does
not depend upon energy starting from =10 GeV/c. The
parameter « , as has been shown in ref. /2% | can be
interpreted as the average number of leading particles
and hence, n, =n , -a as the number of ”really
produced” charged particles. Similarly, the total number
of ”really produced” particles for reaction (1)isn’-n-2
Now one can obtain directly the analytical form of the
#(z") function for the multiplicity distribution of these
particles in the KNO-representation.

Indeed, substituting n»\/l< n’ > in (5) we obtain:
C fed

ch

P =
n

’,

T n’ e n’ 2
2 <n'? expl - _5-(<n’>) ). (12)

Note that Buras and Koba /22/ using the model of
local excitation have obtained the expression for the
probability of secondary particle distribution: Its form
coincides with that of dependence (12). However, there

is a considerable difference: in the formula obtained in
ref./22/ the multiplicity n is used as an argument.
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Besides, as has been shown in our study, the satisfacto-
ry description of experimental distribution by means of
the dependence of (12) type is provided due to the use of
n’=n-ga as an argument. Note also, that dependence
(12) is, in fact, a simple consequence of the fact that
experimental distributions F(n) are well described by the
linear dependence of (3) type.

Formula (12) in the KNO representation is as follows:

ag _Z_Z’z
<n-2> on = -2-”——2 € 4 . (13)
m

For this function, as is seen from Table 1, condi-
tions of (11) necessary for universality are fulfilled.
Thus, it seems natural for the description of experimental
data on the total multiplicity n to use scaling dependen-
ce (13).

Indeed, the direct check-up has shown that the appro-
ximation of the experimental dependence of the values
<n’>/P’ on z’ for reaction (1) using exp. (13) is
quite satisfactory. With a fixed value e=2 the obtained
values of x?/N, are 1.6, 1.5, 1.1 and 0.6 for 5, 10, 16
and 40 GeV/c, respectively. The result of approxima-
tion is shown in Fig. 4.

IV. Conclusions

1. The new (one-parameter) dependence, (5), for the
description of the total multiplicity distributions in the
reactions

m~p » N +n_77 + n+77+ +n0rr°
at 5-40 GeV/c has been proposed.

2. The combined analysis of the experimental data
on average multiplicities <n> ;<ng>and <n_; >in 7~ p -
interactions at 5-205 GeV/c has been performed. It has
been shown that to an accuracy of the constant factor the
dependences of <n> , <n,> and <n_ > upon s are well
approximated by the common function, i.e., the polynomial
of the second power on Ins.
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Fig. 4. Dependence, (n=2o /o, upon z’=(-2)/<0n=2>
The values of Xx2/Np "are 9.6/6, 13.5/9, 11/10 and
9.6/16 at 5, 10, 16 and 40 GeV/c, respectively.

3. The similarity of distributions on the total number
of “really produced” particlesn” for =~p -interactions
at 5-40 GeV/c has been observed in the KNO representa-
tion. A simple analytical form has been obtained for the
universal KNO function:

’ ’ ’ 2
<n’>P, =W(—2)- L-expl - (=) L
n <> 2 <’ 4 -

<n>
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