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-Summary

Parameters deacribing the multiplicity distributions
of shower particles and evaporation tracks as well zs the
correlation between them have been analysed., The observed
differences for pion and proton interactions at the same
energy are conesistent with thehypotheﬁia that the relevant
parameter whiech describes the Eroduction process ig the mean
free-path of the incident particle ineide the mucleus. :
SVRERARLER
Streszczenie

%' pracy badane 8 parametry opisujace krotnosci czgstek
relatywistycznych i $ladéw wyparowania oraz korelacje miedzy
tymi parametrami. Obserwowane réinice w oddzialywaniach plonéw
i protondéw z jadrami emulsji przy tej samej energii mogg byé
wyttumaczone réznicg sredniej drogi swobodnej pionu i protonu
w jadrze.

Pesn:e

B paGoTe npoBeifH aHaiM3 W DPACCMOTPERH {fOoppeisuuy dapa-
METPOB HACZHmUXCA MHOKGCTBEHHOCTH DEAATHBMCTLHRMX YacTuy #
CIeK0B lucnapeHus. Habnogaeune pasHuuH BO B33MMOAEHCTBUAX
[NA0HOB M NPOTOHOB Z@HHO! 2HepIu¥ HOEHO OGHRCHUTE DABHHUEH
cpennero npodera HN¥OHOB ¥ NPOTOHOB B fIApE.



Introduction

In the last few yeara one could observe an increasing
interest in high energy hadron~nucleus interactions. Several
theoretical and experimental papers have beem publiahed, the
most recent ones dealing mainly with the emulsion data. How-
ever, there are considarably fewer papere concerning pion-
nucleus than proton-nucleus interactions. Therefore it seems
interesting to compare some typical parametera describing the
multiplicity of particies produced and the number of heavy
iopnizing tracks for pion-pucleus with thoee of proton-nucleus
internctions.

Before presenting our results we would like to define
some parameters which will be usesd in this paper. Ve are
doing it to avoid confusion, as in various papers concerning
hadron-nucleus interactions these parameters are differently
defined.
ng - the mmber of charged relativistic /£>0.7/ particles

produced in hadron-nucleus interaction,

N, - the mumber of heavy ionizing /ﬁ( 0.7/ particles: evapo-~
ration tracks, slow recoil protome and slow particles
produced,

n - the total number of charged particles produced: ng-per=-
ticles, slow recoil protons and slow particlee produced.

There i no way of directly determining the total number of

charged particles produced /n/ from the experiment. Slow re-

coile and slow particles produced cannot be extracted from
the totel number of Rh particles. However, one can estimate
the mean number of recoil protons and elow particles produced
using the protom=proton date and assuming the certain model
of hadren-nucleus interaction. This number is close to unity
in model nwhich the incoming particle subsequently inter-
acts inside the nucleus /1,2/. Thus in the following we

ahall use n-ns+1 .



Experimental material

The pion-emuleion interactions investigated /788 events
at 60°GeV and 973 evenis at 200 GeV/ were found by ar along
the track scanning in emulsion stacks irradiated at Serpuke
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 emlarge the statistics in
proton~emuleion interactions we also ueed the data from Tash~
kent at 67 GeV and 200 GeV /4/ and Barcelona and cther 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 hes ionizi articles /N

It is well known /7,9,2/ that in proton~emilsion inter-
actions the distribution of Kh and its mean value does not
depend on primary proton energy for E» 25 GeV. This ensbles
us to present the composite Hh distribution /histogram in
Fig.1/ for proton-emulsion interactions at primary proton
energies 25 GeV ~ 300 GeV /3-8/. It contains over 9000 events
and its mean value equals ¥, =7.45 t 0,08. For pion-emulsion
interactions at 60 GeV and 200 GeV the Nh distributions are
identical, whithin the statistical errors, and their mean
values are 7.11 £ 0.26 and 6.73 ¥ 0.22 respectively. The compo-
site N, distribution /1767 events/ for pion~emulesion inter-
actions at 60 GeV and 200 GeV is shown in Pig.1 /error bars/
and its mean value equsls K;-G.SO % 0.17. This value is less
than that for primary protons.

Maltiplicity distributions

In Pigs., 2 and 3 the multiplicity distributions of re-
lativistic particles /ne/ for pion-emulsion and proton-emlsion
interactions at 60 and 67 GeV and 200 GeV are presented.



The mean vslues and dispersions of these maltiplicity distri-
butions are given in Table 1 /columms4-7/. The table alsc
presents the mean multiplicities of charged particlee orodu-
ced in pion=-proton /column 2/ and proton~prcion /colurm 3/
interactions.

One can see that at the same primery energy the mean
number of charged particles produced in picn-emulsion :inter-
actions ig smaller than that for proton-emulsiorn interacticms,
contrary to what is observed in elemeatery ccllisions.

Normalized multiplicity

In many papers that desl with hadrop-nucleus inter-
actione paremeter R describing the normalized mean mltipli-
city is widely used. It is equal to the ratic ¢f the mean
charged multiplicities in hkadron-nucleus and hadrocn-proton
interactions at the same energies. Due to difficulzies in
obtaining the total charged mmltiplicity inm badron-nucleus
interactions, various papers offer different approaches cal-
culeting parameter R. In the following we shell use
R:[ﬁ;-1[/?ﬁﬁ-g]. where Eh is the mean charged multi-licity
in hadron-proton collision. We believe that this R is a rood
approximation to the normalized mean charged multipliciiy of
created particles, i.e. produced perticles minus thoss invol-
ved in the colligion.

Table 2 presents the calculated values <f R for proton-
emul sion /ﬁ / and pion-amulsion /R7/ interactions :ogether
with the R / - ratios at primary energies 6C and 67 GeV znd
200 GeV. One can see that R /Ra—valuee are close itc *he ratio

‘?//%T 1.17 of the mean number of collisions ¢ protons and
plons inside the average emulsion nucleus. Hcwever, from this
one cannot draw conclusioms about the character of R va V

dependence.

# The Rp/RF ratio is rather ipsensitive :. the di:-eran-
definitions of K.
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R va Nl dependence

In several papers e.g. /3,10/ the dependence of R on B,
for proton-emulsion interactions was investigeted. It was
found that there exists a linear relation between R end Nh
wvhich does not depend on primary proton energy for energies
greater than about 60 GeV. It appears that the linear rela-
tien between R and Rh as well as its independence on primary
energy are also valid for pion-emulsion interactions et 60 CeV
and 200 GeY.

In Fig.4 R is presented versus Nh for pion-emulsion
interactions. Full lime R =/1.23 ¥ o0.03/+/0.085 £ @, 004/Nh ie
the best fit to the pion data at 60 CGeV and 200 GeV. The da-
shed line R =/1.32 £ 0.02/+/0.120 £ 0,002/, is the best fit
to the proton data at €7 GeV and 200 GeV, It is seen that the
coe”ficients of linear dependence of R on K, are smaller for
pion-emulsion interactions then for proton-emulsion inter-
actions,

Dispersion versus mean multiplicity dependence

Tt vas shovn /see e.g./5,11// that in vide energy range
the dependence of the dispersion D of the multiplicity disiri-
hution of relativistic particles o for proton-emulsion inter-
actions is well approximated by linear relation. For the
existing proton-emulsion deta in the energy range 6 GeV -
300 GeV /3-8,12/ we got D=/0.597 % 0,004/fi . Bearing in mind
that the mean number of charged particles produced is n=nB+1,
ve can gee that the dispersion D is proportionzl to /n-1/
similarly to proton-proton coliisions /13/.

The dependence of D on EB for proton-emulsion inter-
actions and for pion~emulsion interactions at 60 GeV and
200 GeV, together with the best linear fit found for proten
interactions are presented in Pig.5. Within the statistical
errors there seems to be no difference between the D vs Eé
dependences for pion and proton interactiona vith the emulsion

nuclei.



Aspurding that interactions in emileion form an inco-
herent superposition of contributions from different emuleion
component, it was shown /11/ that D/R, ratio measured in
emlsion i8s consistent with the hypothesis that the DA/["A'U
ratio of the dispersion to the average multiplicity for
different target nuclel with the mass numbers A is an energy
independent constant, tne same for all nuclei, and close to
the value found in proton-proton collisions. Plom~-emlsion
interactions are also conaistent with the above hypothesis.
Por 60 GeV and 200 GeV pion-emulsion interactions the calcu-
lated D /(8,17 ratio 1s found to be 0.543 % 0,020 and
0.564 ¥ 0.019 respectively. These values are clese to the
D//n-1] ratio for pion-proton collisions which was found to
be 0.556%0.004.

Conclusions

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

At the same primary energy the mean value of the multi-
plicity distribution of relativistic charged particles /n./
for pion-emulsion interactions is smaller than for proton-
emulsion interactions.

A% 60 GeV and 200 GeV the mean value of the Y dietri-
bution for plon-emalsion interactions is the same within the
statistical errors. This suggests that, as in the case of
primary protons, the mean value of Bh distribution for prims-
ry pions does not depend on primary energy. However, the mean
valuefor pion induced interactions is emaller than that for
primary protons.

The ratio of the normlized mean multiplicity of cre~
ated particles for proton and pion induced interactiomns Rp/R 7
18 close to the VP/V;;- ratic of the mean number_of collisions
of protons and pions inside the average emulsion nucleus.

The slope of the ligear fit to the R vs Hh dependence is
smaller for pion-emilsion interactions than for primary protons.



The dispersion of the multiplicity distribution of re-
lativistic particles /nsl is proportionsl to the mean vaslue
of n, for proton-emulsion interactions. The same dependence
seems to be valid for pion induced interactions as well.
Calculated values of the ratio of the dispersion to the ave-
rage multiplicity for target nuclei with different mess num-
bers A are an energy independent comstarnt, the same for all
nuclei and quite close to the values found for hadron-proton
collisionsa,

¥e would like to stresa that our results coacerning
mean multiplicities of relativistic particles are in agree-
ment with those obtained by %. Busza at al. /14/ by means
of ¢ounte technique.

The differences observed in pion-emulsion and proton-
emilsion interactions can be understood if one assumes that
in hadron-pucleus colliaion tkhe particles are produced in
a number of subsequent collisiona of the incoming particle
grd thet this number is dstermined by the cross-section of

the primary particle.
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Elemeatary interactions

Table 1.

Pion-Emulsion inter,

Proton-Emulsion inter.

1 2 3 4 5 6 7
E/GeV/ g, . , D B, D
60/67 6.1020.76 5.,89%0.07 8.59%0.18 4,93%0.12 9.33%20.16 5.,63%0.12
200 6.02%0,12  7.68t0.07 [11,94%0.23  7.0920.16 | 13.670.13 6.24t0.09

Table 2.
E/GeV/ Ryr Ry/Ryy
60/67 1.90%0.05 | 2.19%0.05 | 1.15£0.07
200 ' 1.8210,05 | 2.23%t0.04 | 1,23t0.06
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Pig. 1 Distribution of Hh tracks.
histogram - primary protons,
error bars - primary pions.
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Fig. 2 Multiplicity dietributions of ng tracke.

full line - primary pions at 60 GeV,
dashed line ~ primary protons et 67 GeV.
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Fig. 3 Multiplicity distributions of n, tracks.
full line - primary pions at 200 GeV,
deshed line - primary protons at 200 GeV.
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Pig. 4 Formalized multiplicity R vs ,h'

§.} - pron-emision data -t 60 GeV
and 200 GeV respectively,

full line - best fit to the pion~emnlsion datz,

dashed 1ine - best fit to the proton-ssmlzion
data at 67 GeV and 200 GeV.
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Pig. 5 Dispersion of n distribution D vs n,.
8 - proton-emilsion dats st 6.2, 20.5,
22,5, 27, 67, 200 and 300 GeV,
O - pion-emulsion deta at €0 and 200 GeV,
full line - best fit to the proton-emulsion

date.
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