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·1. Introduction 

One ·of the important domains of high energy physics is the study of inelastic ,inte­
ractions of· particles with nuclei. Such investigations are interesting for the study of the 
mechanism of nuclear. reactions and their various practical applications. In the present · 
paper w~ analyse various distributions of secondary particles created in the interactions 

. I • 

of pions with emulsion at the highest accelerator energy avai I able. The analysis is based 
on cascade-evaporation model. According to this model, the nuclear reaction takes place 
in two stages independently. Firstly, the primary particle interacts with one of the inter­
nuclear nucleons and initiates nuclear cascade. At a relatively latter stage, the excited 
residual nucleus results 'in the evaporation of nucleons, deuterons and heavy fragments. 
At present stage, the cascade-evaporation model describ~s the expefimen~al results up 
to several GeV satisfactorily. The applications of this~ model at sti II higher energies 

- create interest especially in the investigations to be perfo~med at Serpukhov and Batavia. 
In ref. /t/ calculations of cascade model in AgBr nuclei initiated' by pions at 17 GeV 
were presented. The theoretical results agreed well w"ith the 1 experiment~l results available 
at that time. However, the new experimental data 12 -4/ cannot :be explained in the 
framework of this model. · In these papers, it was pointed out that the calculations of 
cascade model require modifications based on the "trailing effect". As a consequence 
of this ~ffect, the nuclear density decreases during the progress of the cascade. In this 
paper, we present results based on the calculations of ca~cade-evapo~ation model taking 

. • : j 

the above-said effect into consideration at 17.2 GeV pion.:AgBr nucleus interactions. We 
also compare theoretical results with the recently published 'experiment~ I results I 5 

•
61 

·at 60 GeV. For the present investigation,we have selected,heavy emulsion nuclei because 
in them there is a larger development of internuclear cascade. ' · 

3 



2. Theoretical Approach 

The method of calculation of internuclear cascade is the same as employed by 
the earlier works It ,7 I with the following main peculiarities: 

a) The nuclear density is described by the Fermi formula 

P = Po 
1-te(r--c)la 

(I) 

where parameters c and a 
scatterings 18/ 

are taken from the experiments concerning electron 

I~ accordance with such distribution's, before each calculation of cascade, the coor­
dinate of, all nucleons are fixed such that the distance between the centres of two nucleons 
is gr~a.ter than twice the "kernel'' radius ( - 0.8 fm). The location of nucleons during 
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 nucle"us is determined from the total cross 
section of particles with nucle~ns 1 7 I . The nucleon and the cre~ted particles from 
th.~ interaction with it b~come the usual cascade particles. In the former place occupie~ 
by the nucleon, a "hole" is created causing "trailing 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. 11 I .. 

3. Modulation of iT -Nand N-N Interactions 

For drawing a large number of internuclear cascades, it is very important to deve­
lop effective methods of establishing characteristics of elementary interactions at various 
energies. All such characteristics have been c~lculated in the c.m.s. 

At energies T > 10 GeV, we have used polynomial approximation of experimental· 
data proposed in ref. 19 I , . It is known that in inelastic 11, -N and N~N interac.,. 
tions there is a leading particle which takes away a large part of the primary energy/1 0,1 !I 
The fraction of energy carried away by the leading particle depends on the coefficient 
of inelasticity - almost independent of primary energy. The distribution of coefficient 
of inelasticity is described by the following expression 

4 

N 
K. = ea [ I ·a 

n=O.' 

where e is a ra'rrdc 
values. of parameter .··· c 

in Table I. 
, Further, we suppos€ 

two leading particles:'the o 
The energy of the 

the following formula: 

·1 = 1 e?' 
max · 

N 

I 
ri=l 

M 

b =Ih.£n(: 
n i=O nt 

M 
1· = I c. fn (1 

max i=O 1 

where T 0 = 10 at 
and the values of param 

The angular distribu1 . . ' ~ . 

sion: 

. 'h M 
cos0==2e · [.·I 

i=( 

. ·M;, · .•. 

d.= I. d (en 
' .. k=O .ik ... 

The value of parameter. 
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where e is a random number uniformly distributed in the segment (0-1) and the 

values of parameter a i are given for the best .agreement with experi!l'ental da~a 

in Table I. 
Further, we suppose that in inelastic 1T -N interactions in the c.m.s. there are 

two l~ading particles: the outgoing pion at 0 - 0 and nucleon at 0- rr. 
The energy of the secondary particles without le~ding particlewas calculated by 

the following formula: 

tl N N . n+l 
cr -- <T /:,12 [ ~ /:n J J ':, k b ':, +(1- 2 b )I; ] , 

max · n=O n. n~O n 
(3) 

M . i 
b n i~ b n i fn ( 1 + 1 0 ) , (4) 

M 
j" = I 

max i=O 
(5) 

where T 
0 

== 10 at T < 40 GeV and · .T 0 = . 20 at ' 1 >-. 40 GeV 
and the values·· of parameter b ni are g1ven in Table 2 where ·N = M = 3. 

. The angular distribution of secondary particles is described by the following expres­

sion: 

·~:'12[ cosO== 2c, 

. ·M:· . . k 
d.= I d (en T) 

'. k=O .ik . . 

The value of parameter d ik . 

(6) 

(7) 

is shown in Table 3 . 
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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 o(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 f!lOdel, we give a detailed comparison of results of mo­
dulation with the experimental results / 1 O-JS/ . In figs. 1-4, various characteristics 
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 valu·e is 2-3%. 

The angles of the elastically scattered particles are given by: 

da / d t-= A (T) e -{3(T)I t I (8) 

where the parameter A(T) and f3 (T) are taken from ref. /
16 I . The calcu-

lation of internuclear interactions for energies T < 10 GeV was the same as in ref I 1 ~I 

4 .. Results of Calculations and Comparison with the Experimental Data · 

Jn figures 5-10 and Table 4, the results based on the calculation of pion interactions 
with heavy emulsion nuclei along with experimental results have been presented. One 
can draw the following main conclusions: 

a) The average theoretical characteristics of shower particles 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 mul~iplicity at 60 GeV. 

b) Taking into consideration the "trailing effect", the average values of N ll and 
N b at higher energies decrease considerably. Remember that without such an effect, 

<Nh > has already been cal.culated at energies T ~ s/1 •18•191 and the 
values obtained are anomalously large. 

c) The slluation about average number of Nil is more indefinite. At energy 
60 GeV, the theory and experiment are in agreement. However, at 17.2 GeV, where the 
discrepancy is more probable, the theoretical <Nil > is 4.2 and the experi~entai 

·value = 2. 7 Recently, the value of < N 6 > as determined in the interactions of 
67 GeV protons mth emulsion nudei 120/ "is 2.5, which tc; in bad agreement with the 

. I .r 
value 4.1 obtauwd 111 ref.· 6. 

For the t111al concluswn about tne appl1cabi i 1ty of lh1s model for the cascade parhcles, 
more experimental data are requin!d at h1gh energy However, the g1ven cascade model, 
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Average Characteristics of Secondary Particles Produced. in the 

Interaction• of Pions with Heavy Emulsion Nuclei 

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

~7.2 GeV 60 GeV. 
rae-~·· 
teri- Theoretical Expe:dmental Theoretical Experimental 
sties 1 • ,i . /13/ /6/ 

N! i 5.9 5.9G ± 0.30 !2.3 IU.:G ± 0.3 

N~ B. I !6.9 . ' 

5sn !.5 !.6 

0 . 
t22.o ± r.'r 8 112:10 24. . !4.8 !6.4 ± 0.6 

Pl.s•GeV~c o;3s 0.37± 0.03 0.39 ... 

Bn.t ,GeV :I. 74 I. GO ± 0. IO a,o 
+ 

Nfl!f 4.2 :G.? ± 0.2 5.! 4.! ± 0.3 

NSK r.o !.3 

NSn 6.8 9 

0 
91/28 59 6I ±4 55 

PJ.gt GeV/c 0.3I 0.32 

:1m GeV/c 0.!3 0.!4 

B6 . !2.8 9.8 ± 0.4 !4.2 !0.3 ± 0.3 
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Fig.I.The· distribut~on·lf coefficient of inelasticity in TT -N interactions at 60 GeV. 
Experimental data 1 1 o, are presented by points. 
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Fig.2. Momentum distribution of pions from inelastic TT -N interactions at 17.2 GeV 
(a) and 60 GeV (b). The experimental data /10,14/ are presented by points . 
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Fig.3.An!J ular distribution of pions in TT -N interactions 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 inelastic rr -N inte~actions 
at 17.2 GeV (a) and 60 GeV (b). In fig. (a), • and A represent the experimental; 
data fjom/15/ and /13/ respectively, and in fig.(b), the experimental results are 
from '12/ 
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Fig.5. Multiplicity distribution of sho~er/ particles created in the interactions of pions 
with heavy emu.lsion nuclei at 17.2 GeV · 13 . 
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Fig;7.Angular distribution of shower particles in the lab. system at 17.2 GeV in the in­
teractions of pions with heavy emulsion nuclei. 
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Fig.B.Energy distribution of shower particles in the lab. _system at 17.2 GeV in the inte-
ractions of pions with heavy emulsion 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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Fig.IO.Angular distribution of g(a) a-nd s(b) particles in the lab. system produced in the 
·interactions of pions with AgBr nuclei at 60 GeV. 


