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Parameters describing the multiplicity diatributioas
of shower particles and evaporation tracks as veil &s the
correlation between them have been analysed. The observed
differences for pion and proton interactions at the same
energy are consistent with theiypotheBis that the relevant
parameter whieh describes the production process is the mean
free-path of the incident particle inside the nucleus.

/ j

Streszczenie

V/ pracy badane są parametry opisujące krotności cząstek
relatywistycznych i śladór wyparowania oraz korelacje między
tymi parametrami. Obserwowane różnice *• oddziaływaniach pionów
i protonów z jądrami emulsji przy tej samej energii mogą być
wytłumaczone różnicą średniej drogi swobodnej pionu i protonu
w jądrze.

Резкие
В работе проведён анализ и рассмотрены корреляции пара-

метров касающихся множественности релятивистцких частиц и
следов испарения. Наблюдаемые разницы во взаимодействиях
пионов и протонов данной энергии моано обяснить разнице;!
среднего пробега пионов и протоноз в ядре.



Introduction

In the las t few years one could observe an Increasing
Interest In high energy hadron-nucleus interactions. Several
theoretical and experimental papers have been published, the
most recent ones dealing mainly with the emulsion data. How-
ever, there are considerably fewer papers concerning pion-
micleue than proton-nucleus interactions. Therefore i t eeems
interesting to compare some typical parameters describing the
multiplicity of particles produced and the number of heavy
ionizing tracks for pion-nucleua with those of proton-nucleus
interactions.

Before presenting our results we would l ike to define
some parameters which will be used in this paper. We are
doing i t to avoid confusion, aa in various papers concerning
badron-nucleus interactions these parameters are differently
defined,
n - the number of charged r e l a t i v i s t i c IД>0.7/ particles

produced in hadron-nucleua interaction,
Hfa - the number of heavy ionizing / 6 < 0 . 7 / particles: evapo-

ration tracks, slow recoi l protons and slow particles
produced,

n - the total number of charged particles produced: n-par-
О

t i d e s , slow recoi l protons and slow particles produced.
There i s no way of directly determining the total number of
charged particles produced /n/ from the experiment. Slow re-
c o i l s end slow particles produced cannot be extracted from
the total number of HQ particles. However, one can estimate
the mean number of recoi l protons and slow particles produced
using the proton-proton data and assuming the certain model
of hadron-nucleue interaction. This number i s close to unity
in model fa which the incoming particle subsequently inter-
acts inside the nucleus /1,2/. Thus in the following we
shall use n«ne+1.



Experimental material

The pion-emulsion interactions investigated /738 events
at 60 GeV and 973 events at 200 GeV/ were found by an along
the track scanning in emulsion stacks irradiated at Serpuk-
hov and Batavia. The proton-emulsion data at 67 GeV and
200 GeV were published by us earlier /3/« In our present
samples only inelastic interactions occur /elestic and cohe-
rent events were rejected/. To enlarge the statistics in
proton-emulsion interactions we also ueed the data from Tash-
kent at 67 GeV and 200 GeV /4 / and Barcelona and other labo-
ratories at 200 GeV / 5 / . The total number of proton-emulaion
interactions used are 1186 events at 67 GeV and 3960 events
at 200 GeV.

Distributions of heavy ionizing particles /Hh/

It i s well known /7,9t2/ that in proton-emulsion inter-
actions the distribution of IL and i t s mean value does not
depend on primary proton energy for B> 25 GeV. This enables
us to present the composite Hfa distribution /histogram in
Pig.1/ for proton-emulsion interactions at primary proton
energies 25 GeV - 300 GeV /3-8/ . It contains over 9000 events
and i t s mean value equals S.»7.45 - 0.08. For pion-emulsion
interactions at 60 GeV and 200 GeV the Hh distributions are
identical, whithin the statistical errors, and their mean
values are 7.11 i 0.26 and 6-73 - 0.22 respectively. The compo-
site Kh distribution /1767 events/ for pion»emulaton inter-
actions at 60 GeV and 200 GeV i s shown in Fig.1 /error bars/
and i t s mean value equals 11^-6.90 - 0.17. This value i s lees
than that for primary protons.

Multiplicity distributions

In Bigs. 2 and 3 the multiplicity distributions of re-
lativist ic particles fnJ for pion-emulsion and proton-emulsion
interactions at 60 and 67 GeV and 200 GeV are presented.



The mean values and dispersions of these nultiplicity distri-

butions are given in Table 1 /со1шппв4-7/. The table alec

presents the mean multiplicities of charged particles produ-

ced in pion-proton /column 2/ дткЭ proton-proton /cclucn 3/

interactions.

One can see that at the same primary energy xbe mean

number of charged particles produced in pion-emuleion inter-

actions is smaller than that for proton-emulsion interactions,

contrary to what is observed in elementery collisions.

Hormalized multiplicity

In many papers that deal with hadros-nusleus inter-

actions parameter R describing the normalized mean multipli-

city i s widely used. I t i s equal to the ratio of the mean

charged multiplicities in hadron-nucleus and hedrcn-proton

interactions at the same energies. Due to difficulties in

obtaining the total charged multiplicity in hadron-nucleus

interactions, various papers offer different approaches cal-

culating parameter Я. In the following we shall use

R«/na-iy//h^-C7, where n^ is the mean charged multiplicity

in hadron-proton collision. Vfe believe that this R is a rood

approximation to the normalised mean charged multiplicity o?

created particles, i .e . produced particles minus those invol-

ved in the collision.

Table 2 presents the calculated values of R for proton-

emulsion /R_/ and pion-emulsion /R7/ interactions together

with the R_/Ry ratios at primary energies 6C and 67 GeV and

200 GeV. One can see that Rj/R̂ - values are close tc the ratio

JL/1^=1.17 of the mean number of collisions c. protons and

pions inside the average emulsion nucleus.* However, from this

one cannot draw conclusions about the character of R VB \>

dependence.

* The R/Ry ratio i s rather insensitive re the di: . er?r.-

definitions of R.



R vs Нч dependence

In several papers e.g. /3 t10/ the dependence of H on JL
for proton-emulsion Interactions was Investigated. It таз
found that there exists a linear relation between R find N.
which does not depend on primary proton energy for energies
greater than about 60 GeV. It ippears that the linear rela-
tion between R and Rn as well as i t s independence on primary
energy are also valid for pion-emulsion interactions at 60 GeV
and 200 GeV.

In Pig.4 R i s presented versus IT̂  for pion-emulsion
interactions. Ril l l ine R =/1.23 ± o-o3/+/0.085 - 0.004/Hh i.e
the best f i t to the pioa data at 60 GeV and 200 GeV. The da-
shed l ine R =/1.32 - 0.02/+/0.120 - 0*002/3.^ i s the best f i t
to the proton data at 67 GeV and 200 GeV. It i s seen that the
coefficients of linear dependence of R on Hh are smaller for
pion-emulsion interactions than for proton-emulsion inter-
actions.

Dispersion versus mean multiplicity dependence

It v-as shorn /see e.g./5,11// that in vide energy range
the dependence of the dispersion D of the multipl icity d is tr i-
bution of r e l a t i v i s t i c particles n s for proton-emulsion inter-
actions i s *-ell approximated by linear relation. For the
existing proton-emulaton data in the energy range 6 GeV -
300 GeV /3-8,12/ ve got D=/0.597 - 0.004/58. Bąaring in mind
that the mean number of charged part ic les produced i s n=nB+1,
we can see that the dispersion D i s proportional to /n-1/
similarly to proton-proton co l l i s ions /13/.

The dependence of D on n 8 for proton-emulsion inter"
actions and for pion-emulsion interactions at 60 GeV and
200 GeV, together with the best l inear f i t found for proton
interactions are presented in Pig.5. Within the s t a t i s t i c a l
errors there seems to be no difference between the D vs ń"B

dependences for pion and proton interactions «1th the emulsion
nuclei.



Assuming that interactions in emulsion form an inco-
herent superposition of contributions from different «mil el on
component, It «as shown /11/ that J>/ng ratio measured in
emulsion i s consistent with the hypothesis that the D.//ń..-i/
ratio of the dispersion to the average multiplicity for
different target nuclei with the паев numbers Л i s an energy
independent constant, the same for al l nuclei, and close to
the value found in proton-proton collisions. Pion-emulsion
interactions are also consistent with the above hypothesis.
For 60 GeV and 200 GeV pion-eralsion interactions the calcu-
lated DA//ńA-i/ ratio i s found to be 0.543 - 0.020 and
0.564 - 0.019 respectively. These values are close to the
D//n-1/ ratio for pion-proton collisions wbioh «as found to
be 0.55610.004.

Conclusions

The main results of the paper can be summarized as
follows:

At the same prioary energy the mean value of the multi-
plicity distribution of relativiatic charged particles /nB/
for pion-enaileion Interactions i s smaller than tor proton-
emulsion interactions.

At 60 GeV and 200 GeV the mean value of the EQ distri-
bution for pion-esulsion interactions i s the ваше «ithin the
statistical errors. This suggests that, as in the case of
primary protons, the mean value of SQ distribution for prima-
ry pions does not depend on primary energy. However» the mean
valuefor pion induced interactions i s smaller than that for
primary protons.

The ratio of the normlized mean multiplicity of cre-
ated particles for proton and pion induced interactions Ep/Hj"
i s close to the V̂>/>%* ratio of the mean number .of collisions .
of protons and pions inside the average emulsion nucleus.
The slope of the linear f it to the R vs HQ dependence i s
smaller for pion-emulsion interactions than for primary protons.



The dispersion of the multiplicity distribution of re-
lativistic particles /rig/ la proportional to the mesa value
of n e for proton-emulsion interactions. The ваше dependence
seems to be valid for pion induced interaction ae «ell.
Calculated values of the ratio of the dispersion to the ave-
rage multiplicity for target nuclei with different mass num-
bers A are an energy independent constant, the same for all
nuclei and quite close to the values found for hadron-protoo
collisions.

We would like to stress that our results concerning
mean multiplicities of relativist!с particles are ia agree-
ment with those obtained by W. Busza at al. /14/ by means
of counter- technique.

The differences observed in pion-exulslon and proton-
emulsion interactions can be understood i f one assumes that
in hadron-nucleus collision the particles ore produced In
a number of subsequent collisions of the incoming particle
and that this EttEber i s determiaću Ъу the cross-section of
the primary particle.
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Pig. 1 Distribution of H h tracks.

histogram - primary protoaa,

error bare - primary pione.

13



N «It*

009

008

О07

006

005

ОМ

00}

4&

001

гЧ'

1
П
i L

1л

СО G»V V Em

67 G«V pCm

5 « H Я) » ЭО JS 40 r>.

Pig. 2 Multiplicity distributions of nfl tracks,
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M.B. 4 HoraaUzea maltiplicity R те S h .
I . I - pion-emaleioB date ь-t 60 G.V
1 1 and 200 GeV reepeotivelyt
full line - Ueet f i t to th. plon-eaol»ion date,

h tonemlaion
dashed Una -

the proton-emlaion^ д ^ Сву



И-g. 5 Diepereion of nB distribution D те nB.
• - proton-eBUleion data at 6.2, 20.5,

22.5, 27, 67, 200 and 300 GeV,
О - pion-emUeion data at 60 and 200 GeV,
fall line - beet f i t to the proton-emuleion

data.
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