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Collisions of light relativistic nuclei with tantalum target 
have been studied in the Dubna 2 ra propane bubble chamber,The re­
sults on multiplicity of negative pions produced in these reactions 
have been published in several papers • Here we attempt to deter­
mine the probability distribution, P v , of the number of interac­
ting nucleons of the incident nucleus in d + Та, Не + Та and 
С + Та collisions at 4.2 OeV/c per nucleon. In papers , 4 / some 

Information on this distribution has been already obtained based on 
the average value, <V;>, and dispersion, D v , of the P v distribu­
tion, which could be obtained from projectile fragmentation data in 
the model-Independent way' ' '. These quantities are given in 
Table 1 together with the total numbers, H, of interactions used 
in the analysis. We note that for He and С projectiles colliding 
with Та the experimental values of the dispersion D v are signifi-
cantly greater than it would have been expected for the flat P u 

distribution (P v » const) which, together with almost the same 
average value, <Y>t> , suggests that small and large values of V>-
would be enhanced. 

Table 1 
Total numbers of interactions of relativistic nuclei used 
in the analysis and average values and dispersions of the 
number of interacting nucleons of the incident nucleus 

Reaction И < ч > ъ$ 
d + Та 316 1.60 + .04 0.24 i .02 
He + Та 1408 2.В6 + .10 1.64 + .09 
С + Та 1103 6.60 + .30 16.8 + 1.0 

It can be shown that higher moments of the P v distribution 
could also be obtained from the projectile fragmentation data in 
the model-independent way'-''. In the case of an incident nucleus 
with charge Z, the moments of the P^ distribution up to the Z-th 
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order can be calculated. Ibis would give more detailed information 
on the shape of the P„ distribution, but, providing only Z con­
straints, does not allow one to obtain P v for V • 1,2,... A. 

The P,, distribution ( v • 1, 2,... A) can be obtained if the 
projectile fragmentation data are supplemented with data on pion 
multiplicities in groups of events with a given number of interac­
ting protons. The relatione between unknown probabilities P„ (V -
• 1, 2 , . . , A) and measured probabilities of the interaction of 
various numbers of protons of the projectile nucleus, W (n»0,1,,.Z), 
provide ua with Z+1 linear equations : 

% - £ *„ Сн К «* \* Г Pv CZ Си"П'СА • 
i> » 1 V «П 

where С are the binomial coefficients'1*'5'. Further Z+1 equations 
of similar structure can be obtained using the experimental values 
of average pion multiplicities in subsamples of events with various 
numbers of interacting protons and assuming that pion production 
occurs in independent interactions of the nucleons of the projec­
tile nucleus (evidence for such a mechanism follows from our pre­
vious observations ' ) • Thus we have altogether 2(Z+1) equations 
with A unknowne, which constitute an overdetermlned system for 
light projectile nuclei with A « 2Z. 

in the case of the deuteron incident upon tantalum, one 
obtains P-« 0.44, P 2» 0.56. In the case of the He nucleus incident 
upon tantalum, the system of 2(Z+1) • 6 equations can be solved 
using standard minimization procedure. One obtains: P. » 0.21, 
P ?« 0.20, P 3« 0.13, P 4« 0.41. However, the quality of the fit is 
poor, and a better solution is obtained dropping one of the six 
equations, namely that for average multiplicity in the case of two 
interacting protons of the He nucleus. Then we obtains P-« 0.19, 
P 2- 0.17, P,» 0.14, P4-0.49 with ^ 2/UEF - 0.79/1. This distribu­
tion is shown in Pig. 1a. 

In the case of incident carbon nuclei the standard method of 
solution fails, the solutions being highly unstable often yielding 
negative values of P„ • Therefore we tried to obtain a physically 
sensible solution using the method of regular!zation described in 
refs. ' . The basis of this method is the requirement of regula­
rity of the P w distribution (minimizing the integral /(dz/ds) ds, 
where z(s) is the unknown solution), which seems to be justified in 
our case. The method of regularization is applied to solve the 
Fredholm equation of the type 
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Pig. 1. Probability distributions of 
the number of nucleons of the pro­
jectile nucleus interacting with the 
target for a) He+Ta and b) C+Ta 
collisions at p/A - 4.2 GeV/c. 
Results of the multiple scattering 
model calculation are denoted by 
small circles. A eomewhat different 
version of this figure, based on the 
preliminary analysis of the data, /8 97 was given in refa. • . 

i г з « s с 7 a > и it 12 

A {u(x) t z(s)} - / K ( X , S ) Z(S) ds - u(x) с < x < d , 
а 

where z(e) is unknown. If the solutions of the above equation are 
unstable It Is the so-called incorrect inverse problem and In this 
case it is necessary to use some additional information about the 
solution - the regularity of z(s). 

The condition of regularity requires that 
Q [z(s)j « /(dz/ds) da should be minimum. 

а 
Then, using the Lagrange method for conditional extremum we obtain 
tha function Я fz.uj to minimize in the form 

л ь 
n " f z , u j - /f/K(x,eiz(e)ds - u(x)}2dx + «r$?fz(s)J , of>0 , 

с a 
where u(x) is known fror. experiment and of is a free parameter. 
In order to choose a rroper value of <K one can use the condition 

| / K(x,s) z(s)ds - u(x) | < <f , 
л 

where z(s) is a regular solution, and S characterizes the experi­
mental errors of u(x). In our case, the alsebraizatim с Г integrals 
in the formula for 11* is straightforward, ?.s u(x} is a discrete 
function. With the value of <* «0.7 we obtain the distribution shov.-n 
in fig, lb. The result is not very sensitive to the chosen value ut 
oC between about 0.2 and 1.0. 
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The obtained P v distribution reproduces well the input data, 
which is shown in Pigs. 2 and 3.. Probabilities of occurring events 
with various total charge of non-interacting fragments are displayed 
in Fig, 2 and average multiplicities of negative pions in groups of 
events with given total charge of non-interacting fragments - in 

Fig.3. The total charge 
of non-interacting frag­
ments Qg and the number 
of interacting protons 
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Fig.2. Probabilities of occurring events 
with various total charge of non-inter­
acting fragments in C+Ta collisions at 
p/A «4.2 GeV/c. Values obtained from 
the P y distribution shown in Fig. 1 
are denoted with horizontal dashed lines. 

n are connected by the 
relation Q. ш Z - n„. e P The values calculated 
from the obtained P v 

distribution are shown 
with short horizontal 
dashed lines in both 
figures. The agreement is 
satisfactory. 

The obtained P v dis­
tributions are also in 
fair agreement with the 
results of theoretical 
calculation by Shabelsky 
and Cheplakov using the 
multiple scattering 
(Glauber-type) model. 
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Fig. 3. Average multiplicities 
of negative pions in groups of 
events with given total charge 
on non-interacting fragments in 
C+Ta collisions at p/A»4.2 
GeV/c. Values obtained using 
the Pv distribution shown in 
Fig. 1 are denoted with hori­
zontal dashed lines. 
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In this calculation the Gaussian density distribution was used for 
helium and carbon nuclei, and the Saxon-Woods density distribution 
for the tantalum nucleus. Similar calculations for helium nuclei inci­
dent upon various targets have been described in ref. °' . 

We would like to thank the 2 m propane bubble chamber collabo­
ration for the data and useful discussions, and Professor Yu.M.Sha-
belsky and Dr. A.P.Cheplakov for making available to us the results 
of their calculations. 
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