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‘I. Introduction

One “of the important domams of ‘high energy physics is the study of melastlc (inte-
ractions of - particles with nuclei. Such investigations are ‘interesting for the study of the
mechanism of nuclear. reactions and their various practical appllcatlons In the present'
paper we analyse various distributions of secondary particles created‘ in the interactions
of pions with emulsion at ‘the highest accelerator energy available. The analysis is based
on cascade-evaporation model. According to this model, the nuclear reaction takes place
in two stages-independently.. Firstly, the prlmary particle interacts with one of the inter-

nuclear nucleons and mmates nuclear cascade. At a relahvely Iatter stage, the excited
" residual nucleus results in the evaporation of nucleons deuterons and heavy fragments.
At present stage, the cascade- evaporatlon model descrlbes the expelq—nmental results up
to several GeV satisfactorily. The applications of ‘this' mode! at stlll higher energies
create interest especially in the ‘investigations -to be performed at Serpukhov and Batavia.
In ref. 1/ calculatuons of cascade model in AgBr nuc|e| initiated by pions at 17 GeV
were presented. The theoretical results agreed well with the' experlmental results available
at that time. ‘However, the new experimental data /2~ 4/ cannot ‘be explalned in the
framework of this model.  In  these papers, it was pointed out that the calculations of
_cascade model require modlflcatlons based on the "trallmg effect” As a consequence
_of “ this effect the nuclear density -decreases during the progress of the cascade. In this -
paper, we present results based. on the calculations of cascade evaporatlon model taking
the above-said effect. into consideration at 17. 2 GeV pion- -AgBr nucleus interactions. We
also compare: theoretical resuits with the recently published experlmental results 5,6/
-at 60 GeV. For the present investigation,we have: selected. heavy emulsuon nucle| because
in them there is a larger development of mternuclear cascade . |



2. Theoretical Approach

The method of calculation of internuclear ' cascade is the same as employed by
the earlier works /1.7 / with the following main peculiarities:
a) The nuclear density is described by the Fermi formula

Po |
p (t—-c)/a ' n
It e
where parameters c and a are taken from the experiments concerning electron

scatterlngs

in accordance with such distributions, before each calculation of cascade, the coor-
dinate of all nucleons are fixed such that the distance between the centres of two nucleons
is greater than twice the ‘‘kernel’’ radius ( ~ 0.8 fm). The location of nucleons durlng :
cascade development does not change: - ) : ) .

" b). At every stage of cascade, it is assumed that the faster particles undergo in-
teractions first. The mean free path inside the nucleus is determined from the total cross.
section. of particles with nucleons- /7/ . The nucleon and the created particles from
the mteractlon with it become the usual cascade parhcles In the former place occupled
by the nucleon, a "‘hole’” is created causing ”tralllng effect’’. Hence the particles moving ‘

after the faster particles meet less number of nucleons on their way inside the nucleus.
The - other . features' of our model. (taking-into account Pauli’s principle,the absorption of
pions in nuclei, etc.) were the same as in ref. ' ;

3.-Modulation of 7 -N-and N-N Interactions

For drawing a large number of internuclear cascades, it is very important to deve-
‘lop - effective methods of establishing characteristics of eIementary interactions at various

" energies. All such characteristics have been calculated in the c.m.s.

At energies. T > 10 GeV, we have used polynomial apprommahon of experimental--
data proposed ‘in ref. /9/ . .. It is known that in inelastic 7. -N and N-N interac-

tions there is a leading’ partlcle whlch takes away a large part of the prlmary energy/lo 1/ ..

The fraction of energy carried away by the leading particle depends on the: coefficient
of inelasticity - almost independent of primary energy The distribution of coefflclent
. of |nelast|c|ty is described by the following expression



n

B N+1 ' - ‘
=a[2af 4(1’—2a)§+v], ' 2
" .. n=0 - :

where = & is a ramdom number uniformly distributed in the segment (0-1) and the
values of parameter kai‘ are given for the best agreement with experlmental data
in Table l.

Further we. suppose that in inelastic 7 -N interactions in the c.m.s. there are
two Ieadmg particles: the outgomg pion at 9 ~ 0 and nucleon at O~ 7.

The energy of the secondary partlcles wnthout Ieadmg part|c|e was calculated by
the following formula )

: ¢ Y N n IY . .n+i ' : '
F-9 &£7013 b é +(1-3 b)E 1, (3)
max *- f=0 _ n=0 1
bp=2 b B (T+T5) S R . @
max ,3;‘, ¢ &’.(7 + To ) _ : o ' »’ - 15)

where T, = 10 at T < 40 GeV and -Tp= 20at © T > 40 GeV
- and the values of ‘parameter b _; are given in Table 2 where N =M = 3.
. The angular distribution of secondary partlcles is descrlbed by the followmg expres-

sion: , . .

3 o " g .
cos0=2& "1 S d €= 2 0d )8 B O N )
d;= E d (Zn T) . ‘ , ’ e @)

"“The valte of. parameter d,k " js'shown in Table 3. ' Ee e

-5 )



After the extraction of the leading particle, the energy and angles of other particles
were determined. The energy of the last particle was determined on the basis of the law
of energy conservation and the angles of the last two particles by the law of conservation
of momentum. The number of created particles was determined by our method of calcu-
-lation directly. Hence our. method of calculation ensures the creation of random number
of secondary particles from inelastic interactions.

Since the modulation of elementary inelastic interactions_is important in the calcu-
lations of internuclear cascade model, we give a detailed comparison of results of mo-
dulation with the experimental results /Ip 15/ . In figs. 1-4, various characterlrstlcs
calculated on the basis of modulation have been compared with experimental data, It is
seen that theory and experiments are in good agreement The .average statistical error
“of theoretical value is 2-3%. - v

" The angles of the elastically scatter_ed particles are given by:

do/dt arye Bk ' ' : (8)

where the parameter A{T) and . B(T) are taken from ref. /16 / .  The calcu-
lation of internuclear interactions for energies T < 10 GeV was the same as in ref! 1

4.A‘Results of Calculations and Comparison with the Experimental Data -

In flgures 5-10 and Table 4, the results based on the calculatlon of plon mterachons
vwnth heavy ‘emulsion nuclei along with experimental results have been presented One’
can draw the following main conclusions: .

a) The average theoretical characteristics of shower partlcles at 17.2 and 60 GeV
are in good agreement with the experimental results. However, there is a small discre-
pancy. in the value of average multiplicity at 60 GeV. S

b) Taking into.consideration the "'trailing effect’’, the average values of 'y, " and

Ny at higher energies decrease considerably. Remember that without such an effect,
<Np > has already been calculated at energies T 2_5/1 18, 19/ and the.
values obtained are anomalously:large. v

c) The situation about average number of Ny is more indefinite. At ene}‘gy
60 GeV, the thecry and experiment are in agreement. However, at 17.2 GeV, where the
discrepancy is more probable, the theoretical < Ng > is 4.2 and the experlmental
walue - = 2.7 - Recently, the value of <N, > as determined in the interactions of
67 GeV protons with emuIston nuclei 720/ Tis 2.5, which 1s in bad agreement with the
value 4.1 obtained in ref. 76/ . . '

For the tinal conclusion about the applicabiiity of this model for the cascade particles,
more experimental data are required at hngny energy However, the given cascade model,

6



which takes into account the ‘‘trailing effect’’, explains-a large number of characteristi'cs -
of secondary particles and is able to reflect the basic features of the mechanism of ine-
lastic interactions of particles with nuclei at the present'day energies available at Ser- -
pukhov. :
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"TABLE 4

Average Characteristics of Seconda.ry Particles Produced in the
Interactionu of Pions with Heavy Emulsion Ruclel

The statistical errors of theoretical values are 2-3%.

Ch . ’17.2 GeV - §O GeV . »
.::;I- Theoretical | Experimental |[Theoretical |Experimental
stice L 113/ ‘ /6/
N_:_ ; . 5.9 , 5.96 + 0.30 12.3 . - |IU.R + 0.8
Neg. | 8.1 - _; - 16.9 .
N, I.s | 1.6
8%/ 24 R2.0+ LI - ©14.8 16.4 + 0.6
P.w“"/" 0.38 - | 0.37£0.03 0.39
6% | 14 |ro0so010 3,0
e E 4.2 27 % 0.2 5.1 | 4.1+0.3
"Fex - | Lo I S
¥g, ' 6.8 . g
o386 | 59 61 x4 5
Eyg CeV/e 0.3 - 1 0.z
- B Gov/e | 519 ' _0.14
R - 12.8 9.8 + 0.4 4.2 |10.3 4 0.3
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" Fig.l.The dis}tributi/on'/of coefficient of inelasticity in 7 -N interactions at 60 GeV.

Experimental data / 10/ are presented by points.
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Fig.2. Momentum distribution of pions from inelastic 7 -N interactions at 17.2 GeV

{a) and 60 GeV (b). The experimental data /10-1,4/ are presented by points.
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Fig.3_,_AnguIar distribution of pions .in 7 -N intefactions at 17.2 GeV (a) and 60 GeV
{b); Notations are the same as in Fig.2. :
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.Fig.4.Multiplicity distribution of charged particles from inelasticl 7 -N interactions
at 17.2 GeV (a) and 60 GeV (b). Infig. {(a), ® and a represent the experi'mental;
data from/15/ and /13/respe_ctively, and in fig.(b), the experimental results are

from /12
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Fig.5. Multiplicity distribution of sh
with heavy emulsion nuclei at 17.2 GeV

cfyvlear/ particles created in the interactions of pions
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Fig.6.Dependence 71;3’7'1vs> on Ny - in the interactions of pions with heavy emulsion
nuclei at 17.2 Gev /497 7 o0 T : : '
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Fig.7.Angular distribution of shower parti

teractions of pions with heavy emulsion nuclei.
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cles in the lab. system at 17.2 GeV in the in-
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"Flg 8. Energy distribution of shower partlcles in the Iab system at'17.2’ GeV in the inte-
ractions of pions with heavy emuIsuon nuclei.
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Fig.9.Transverse momentum distribution of pions created in the interactions of pions
with heavy emulsion nuclei at 17.2 GeV.
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Flg 10.Angular distribution of g(a) and s(b) particles in the lab. system produced in the

- - interactions of p|ons with AgBr nuclei at 60 GeV.
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