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In the recent time some papers on hadron-nuclear in
teractions have discussed the problems of possible 
change of the value of the hadron-nucleon cross section 
in successive interactions in nuclei/l-4/. It follows from 
ref. /3/ where the spectra of leading particles in proton 

' interactions with various nuclei have been analysed that 
the interaction cross section of "nonasymptotic" hadrons 
with nucleons is about 1/6 of the normal cross section. 
The analysis of the correlations of the multiplicities of 
fast and slow particles (ref. / 4/ ) as well as the neutral 
pion spectra in high energy hadron interactions with 
nu~lei makes ~t possible to estimate that aJn < t.a in 
(at and a 2n are the cross sections of inelastic 
interactions of the normal and "nonasymptotic" hadron 
with the nucleon, respectively). 

. The present study shows that independent data on 
a ~n can be obtained also from the analysis of the de
pendence of the average inelasticity coefficient upon the 
atomic number of the target-nucleus. Consider hadron 
interactions with the nucleus, if Eo»m, A « H (~~ 0 , m,A is 
energy, mass and Debroigl wavelength of the hadron, 
respectively; R is the nuclear radius). The inelastic 
interaction of the hadron with the nucleus will be consi
dered in the terms of energy loss by the primary hadron 
when it passes through the nucleus. A similar approach 
has been applied in ref. /S/ to st!JdY the interaction of 
a cluster with the nucleus. For the sake of conveniency let 
us distribute in the formal way uneven energy losses of 
the primary hadron continuously along the path of its motion 
through the nucleus, i.e., let us "spread" these losses 
along the direction of motion. Under these assumptions 
the mean energy dE lost by the particle passing through 
the nuclear matter in the x, x + dx layer can be written 
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as 
dx = - Ek pain dx, (1) 

where ~~ is the average energy of the hadron after its 
passing the x distance of the nucleus, k is the average 
coefficient of inelasticity of hadron-nucl~on interaction, 
P is the nucleon density in the nucleus, a m is the cross 
section of hadron inelastic interaction with a nucleon. 

Equation (1) can be obtained if one takes into account 
the following relations: 

dE i\E , 
-- - -- and i\E = -kE 
dx e , 

where e = ---?---- is the mean free path of the hadron in the 
alll P 

nucleus between two inelastic collisions, /\E is the 
average energy loss along the free path. 

Taking for the nucleus a model of homogeneous sphere 
(p =- constJhaving the R radius, write the solution of equation 
(1) with the boundary conditions E(x, b) 2 -; = 1<

0
, where 

x=-VI1 -h·· 

F:0 is the initial energy of the primary hadron, b is the 
impact parameter (see Fig. 1) as follows: 

hadron 

-------r--------~----------~------~ 

Fig. 1. Passage of the hadron through the nucleus. R - is 
the nuclear radius, b is the impact parameter. 
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b~(x, b)= b~0 exp(- f pkain (x')dx'). (2) 

- vR2 _ b2 

Taking that within -\1RZ- b2-.s x.S (o\n p) -I the cross section 
of hadron-nucleon interactions is a 1m , while within 

(ain p)-1 <x<y'H2-b2- it has the "nonasymptotic" value of 
I - -

( 0 in , and using the expression of the inelasticity 
2 

coefficient for hadron-nuclear interaction with the given 

impact parameter K (b) =[E - E (y'R2 - b2 ,b)]E-1 after integ-
ration in (2) we obtain ° 0 

in in -----a -a . 2 2 
K(h)=l-exp[-k-l-. ..2...._- 2a1n kpyR - b ]. 

0
m 2 
1 

(3) 

When deducing expression (3) we used the approximation 
in which k , a~n and a~n do _not depend upon x, -..yhich 
follows (at least, for k and at ) from the experimental 
data showing that with sufficiently high energies (tens 
GeV and higher) the energy dependence of these values 
is rather small. 

By averaging K (b) over impact parameter by means 
R 

of the relation K = (7TW)-l fK(b)27Tbdb we obtain for 
0 

the case of sufficiently heavy nuclei the following formula: 

in in 
a1 - a2 

K = l - exp(-k --. -) x 
1n 

01 

[ ( in ) ( in )] -1 ( in )-2 x 1- 2a2 kpR~l exp -2a2 kpR 2 a 2 kpR • 

(4) 

From formula (4) it follows that by analysing the ex
perimental data on the A -dependence of hadron-nucleon 
coefficient by taking into account the relation R = r 0A /3 
(where r0 = 1.2xlo-13 em) one can obtain information on 
c4n. Fig. 2 shows the experimental data on nucleon-
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nuclear coefficients of inelasticity/6 -9/ and a set of 
curves following from formula (4) for various relations 
between a~n and ain with k == 0.5 and • a~n == 32 mb. If one 
restricts oneself to the consideration of the atomic num
bers A> 50 and uses the experimental data of refs./6-8/ * 
one can eyalu~te the. following nonasymptotic cross sec
tions: 0.1 a 1f >a2n <0.5a~\see Fig. 2). At the same time the 
data obtained in ref. 191 results in another estimate: 
a~n = a{n (the upper curve in Fig. 2). 
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Fig. 2. A -dependence of the nucleon-nuclear average 
ine~sticity c~efficil6nJ- The experi!f)ental data 9£/~e fol
lowz~ refs.. ref. - f , ref. I - 9 , ref. + , 
ref. /9/ - + . Solid curves J:lave been obtained according 
to formula (4) with k == 0.5, aln == 32mb, R == 1.2x10 -l3fi. 1cm. 

-------------------------* Ref. 161 gives the partial coefficient of inelasticity 
K 77o The value of the full inelasticity coefficient presen
ted in Fig. 2 have been obtained from the K = 3K 77 o rela
tion. 
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In order to obtain unique information on a ~n from 
the data on the hadron-nuclear coefficient of inelasticity 
it is necessary to eliminate the contradiction in expe
rimental data by performing precise experiments at 
various energies and with various nuclei by using the 
accelerators. 

The authors wish to express their gratitude to B.N.Bar
bashov, S.M.Eliseev, V.A.Mescheryakov, B.N.Kalinkin, 
.A.V.Tarasov and A.A.Tyapkin for helpful discussions. 
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