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I.Introduction

At present the multiplicity distributions of sécondary
particles produced in hadron-hadron interactions are the
subject of intensive theoretical and experimental investi-
gations. The importance of this problem is due to the fact
that the analysis of the shape and the parameters of the
above distributions allows one to draw certain conclusions
on the mechanism of secondary particle production. How-
ever, data on the multiplicity distributions of charged
particles are the basic source of such experimental in-
formation. Data on the multiplicity distributions of neutral
particles, and in this connection of all secondaries, are
extremely insufficient * though neutral particles are
about one third of the total number of secondaries.

In experiments performed with a 1-meter propane
bubble chamber at the Laboratory of Nuclear Problems,
JINR,/Z/ extensive information was obtained on the partial
cross sections of reaction channels with the given number
of neutral pions in the final state in 77 P -interactions
at 5 GeV/c" 3 The analysis of these data together with
the results of measurements of the partial cross sections
of 7 p -interactions obtained by means of hydrogen
bubble chambers both at 5 GeV/cMﬁnd atenergies close to
5 GeV/c /3/ momenta allow one to have a complete set
of partial cross sections as well as the multiplicity dist-
ributions of secondary particles practically of any type.

* Ref. /!/  presents the multiplicity distributions of
neutral pions and the total number of secondaries produc-
ed in #»~ p -interactions at 40 GeV/c.



Here the available experimental data on partial and
topological cross sections of the reaction
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at 5 GeV/c are analysed, where N is the nucleon, n, ,
n_,n,are the numbers of »* , 7~ and »° mesons,
respectively.

The multiplicity distributions of »* |, 7~ and #° -
mesons, charged particles and all secondary particles
have been obtained and analysed. The agreement of some
theoretical models and empirical formulae with the distri-
butions under investigation has been checked. The correla-

tions between secondary particles have been considered.

II. The Analysis of Experimental Data
on the Partial Cross Sections of
7~ p -Interactions at 5 GeV/c

The total cross section of reaction (1) can be expres-
sed as follows:

U(l)= alot _Oel - Ostr > - (2)

where o, is the total cross section, o, is the
elastic scattering cross section, ogrp is the cross
section of strange particle production. The values of

Tt » %1 » and o5,y at 5 GeV/c have been determin-
ed })g' interpolating data at close energies quoted in
ref.”* Similarly, the topological cross sections og of

eight-prong eventsand o(p7 #° ), o(pn Z°) * o(a'a Z°)
cross sections have been obtained. The results of inter-
polation are presented in Table 1.

*In_brackets the final state particles are indicated.
The Z° symbol corresponds to the state with more than
one neutral particle.
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The topological cross section oy is smaller than
0.3% of the total cross section o, - Preliminary evalua-
tions have shown that the production cross section of more
than eight particles in the final state is negligibly small.
Therefore, one may consider only the cross sections of
inelastic interactions with 0, 2, 4 and 6 charged particles
in the final state and the total number of secondaries not
larger than eight.

The data on the partial cross sections of the reactions

ﬂ_p*’ pﬂ— "(2’3’4,5) 7 °
p2rnt37-2n° 3)
n3n%37-n°

are absent. These cross sections have been evaluate;i()})n
the basis of the statistical isospin-independent model
permitting the calculation of the relative probabilities
Tin of i-th charge configuration of the final state
containing n particles. The satisfactory agreement of
this model with the experimental data on the partial cross
sections of «~ p -interactions in the energy range of
1-16 GeV has been shown in ref.”7/.

On the basis of experimental data on the cross sections
of reactions involving n particles in the final state and on
the coefficients 7; . the cross sections ¢ (7" Z°) and
o ( 6 prons, Z° ) were subdivided amongst reaction
channels (3).

Thus, the combined analysis of experimental data on
the partial cross sections of 77 p -interactions both
at 5 GeV/c and at close values of momenta as well as
the application of the statistical isospin-independent model
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allowed obtaining the complete set of partial and topolo-
gical cross sections o and the n; ~° -meson
production cross sections o,, - Theresultsarepresent-
ed in Table 2. The same Table presents also the cross

sections % neh and o for total inelastic  p -
(3]

interactions ‘(Including strange particle production).
Figure 1 shows the dependence of the topological cross

sections 7, upon c.m.s. energy E* The cross sec-
tions of the same topology are connected by solid lines.
It is seen that the obtained topological cross sections
(presented in Table 2) agree well with the results of other
experiments. Figure 2 shows the experimental values
of the charge exchange coefficients K, (p »n)") with re-
spect to the total number of secondaries n in the final

Table 2

PARTIAL CROSS SECTIONS B(nmn,) (mb)

G, )] 6 (mb)

oo 2 4 6
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f ﬂo 01230040 249105011401042 |1.3320.231.91 2006|0006 :0015 0.30 00124 763 +0.651865+0.65
2 00°) 084201312340.20/145:015 0.68+010117 +04¢ 0125£0012{5.50£0.30[557£030
34° 016:£009/054*040070+008] 046003070007 2 26+020226+020
4 1| 013 003}035¢006/008+003 009002 071+007|071£007]
51 v’ |012+002}004 +002 003001 0190030194003
6nJ137:008  1028£050 BI0040 | 083+ 005 |A4:05
@%156’:010 11.58%050 966+0.30 0.87 £ 0.05 238105
) o (N)

- =M ---where o,is the sum of the cross sections of

n [
n

reactions (1) for fixed valueofn ;o (N) isa part of o, for
reactions (1) with neutron production.
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Fig. 1. The dependence of the topological cross sections
of »np interactions upon c.m.s. energy. Black symbols
are the values of o . at 5 GeV/c.
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Fig. 2. Dependence of the charge exchange coefficient
K, upon the total number, n , of secondary particles.



state for reaction (1). The solid curve corresponds to the
statistical isospin-independent model (the dash-and-dot
curve is drawn by hand). It is seen that the model agrees
satisfactorily with the experiment.

III. Mean Characteristics of Multiplicity
Distributions of Secondaries

Table 3 presents the values of the inclusive cross

o

sections of #*+* , 7~ and ~° -meson production and a
number of the characteristics of multiplicity distributions
for these particles: the average multiplicity, <n,> , the
dispersion, D, , two-particle correlation integrals, ;' ,
the quantities <n;(n;~1> and D; /<n;>.

This Table presents also the same characteristics
of multiplicity distributions for both charged and all

secondary particles.

Table 3

B m® | <> K-> De-mdf o,/ D f§‘=D§-<n;
9, 17| 306%4.4 | 1432005] 106 +004 (067004 | 2131048 -09820.09
S |11 2062 10| 0967003] 041£002| 0672003 | 1432 0091051007
33 ﬂ°2%i07t%iMSLU1m8H1ﬂm5Lﬂiwﬁmﬂimo
EE" Men 2862009 71 102 |134%0.09 21402 [-106+033
‘Efd; n 476+048 | 2004+075| 1.33+0.32| 360110 301 *0.96
_d}.:’.-“g {1°305+0.7 | 1281005 | 157£007 | 110£0.05| 1.6 2005-007+0.10
355 [ ny 2824007 | 695+019 | 1352007 | 2092045 |00 £0.25

The average multiplicities and, hence, the inclusive
cross sections of » = and 7° -meson production coin-
cide within errors. These values for »* -mesons are
about 1.4 times smaller.

The <n0>/(<n+>+<n_>) ratio in our case is 0.560%
+0.025. Thus, the violation of the asymptotic relation,

<ny>=0.5(<n >+<n_>) resulting from the isotopic invarian-

ce for the structure functions of particles relating to the
same isomultiplet !/ at 5 GeV is 149,

The two last columns of Table 3 present the charac-
teristics of multiplicity distributions of neutral pions
and charged particles n,, for totalinelastic 7~ P -inter-
actions including strange particle production. It is seen
that within errors these characteristics are not sensitive
to strange particle production.

The values of the f'2' correlation integrals indicate
that neutral pions are produced independently of each
other (the integral f$° within errors is equal to zero),
while the production of charged pions is correlated (the
values of f; ~ and -f;F differ from zero).

IV. Multiplicity Distributions of Secondary

Particles

The multiplicity distributions of 7% | 7= and #° -
mesons, charged particles and the total number of secon-
daries, n , for reaction (1) are shown in Figs. 3a, 3b,
4a, 4b, and 5, respectively. Of all these distributions
only the multiplicity distribution of neutral pions is
well described (in the consequence of the zero value
of f2° ) by the Poisson formula (the dashed line in
Fig. 4a). The parameter of the Poisson distribution
a =1.38%0.02 coincides with <ng>=1.3620.05. ,

The multiplicity distributions of 7+ , 7~ and 7° -
mesons and charged particles, nj, ,(solid line in Figs.3a,
3b, 4a, 4b, respectively) have been calculated according
to the statistical model of multiple particle producti-
on’8/. There is only qualitative agreement of this model
with experimental data. .

As has been shown in refs.’ at 10-200 GeV the
n,, distribution agrees satisfact%';ly with the empirical
formula of Czyzewski and Rybicki’ ™
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Fig. 3. Dependence of the o, and o,. cross sections
upon the number of produced ' and =~ mesons.

where x ~(n  —<n_ ~)/D , D is dispersion of dist-
ribution, d is a free parameter. Over the whole
energy interval d - 1.8 and is practically independent
of the type of initial particles. By using the Czyzewski-
Rybicki formula (the dash-and-dotted line in Figs.3,4,5)
for approximating the multiplicity distributions of secon-
dary particle produced in reaction (1) the following results
have been obtained:

- The distribution of the number of all secondary
particles agrees well with the formula (4) with the fixed
value d = 1.8 ( P(x)> = 0,10);

- Satisfactory agreement is obtained for n, and ng
distributions with d = 2.6 ( P(x%?) = 0.05) and d = 1.25
(P(x2) = 0.20), respectively;

- n_ and n’, distributions are not described well by
formula (4) (P(x2) < 0.01).
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Fig. 4. Dependence of o, and %,., C¥Yoss sections
upon the number of neutral pions and charged particles.

V. Correlations in the Yields of Secondary
Particles

The investigation of the multiplicity correlations of
secondary particles is one of the sources of information
on the dynamics of multiple particle production. Figure 6
shows our experimental data for reaction (1) on the de-
pendence of the average multiplicity of ¢ type particle
upon the number of associated particles of the d type.
These dependences were approximated by the linear
function (the solid curves in Fig. 6)

b c£d,

<n_> =a

eng “eat Peda
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Fig. 5. Dependence of the ¢, cross sections upon the
total number, n , of secondary particles.

where a.; and b.;, are free parameters. The results of
approximations are presented in Table 4. The two-par-
ticle correlation integrals

od
fy =<n n =8 n >=-<n ><n>

for 7 -mesons of variuos charges are presented in
Table 4.

— ===
uc,d 6 cd
N on, 067002 | 0.77:0.03

<

{ Nydn- |-041 £00S 0.72 £0.03
< Nydn, | 1652004 |-047 £003
<
<

N_Yno | 1271004 |-0.24 1002
Nodns | 1791008 |-0441008
{ Noyn_| 185009 |-0372004

Table 5. The above data on the dependence of <n > and
the values of f‘2"' allow one to draw the following
conclusions:
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i+ —  |-051+007| 034*005
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a) There is a strong positive correlation in the
yields of »* and 7~ -mesons due to charge conservation,;

b) Negative correlation between neutral and charged
pions reflects the predominant role of the kinematic
correlations at the given energy;

¢) Mutually independent production is observed only
for neutral pions at the given energy.

To conclude let us summarize theresults of this paper.

1. The complete set of partial cross sections of
7 P -interactions at 5 GeV/c have been obtained. It
allowed one to calculate the inclusive cross section of
#*, n” and 7° -meson production. The parameters of
multiplicity distributions for secondary particles of
various types have been calculated.

2. The dependence of the charge exchange coefficients
upon the total number of secondary particles agrees
satisfactorily with the predictions of statistical isospin-
independent model.

3. The multiplicity distributions for »*, #~ and
7° -mesons, charged and all secondary particles have
been obtained.

4. At 5 GeV/c there is only qualitative agreement
of the Czyzewski-Rybicki formula with the multiplicity
distribution of charged particles.

5. It has been established that the multiplicity dist-
ribution of neutral pions agrees well with the Poisson
distribution.
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