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Abstract 

Nuclear transparencies for reactions at intermediate 

energies in straight-line approximation are estimated. Some 

peculiarities as nuclear matter distributions and total 

cross sections for several nuclear processes are discussed. 

The investigation has beeD performed at the Laboratory 

of Nuclear Problema, JINR. 



1. Introduction 

During passage of projectiles and secondary nuclear 

reaction products through nuclear matter absorption losses 

arise as the result of the interaction of these particles with 

the nucleons of the nucleus. If one intend to compare the 

experimental data with other processes or theoretical predic

tions, the _absorption effects must be considered. These absorp-
. . 

tion losses in dependence on the nuclear processes under study 

and the chosen nuclear matter distributions can be of considerabl 

amount. 

The calculation method deecribed in this paper has been 

used to estimate absorption factors for nuclear reaction cross 

sections of medium-energy protorts on light nuclei. In processes 

of quasielastic scattering on clusters (p, NX} and fragmentation 

processes with pion production (p,ilX), where X= 2 '3H, 3,4He, 

absorption factors were needEld to compare the data with 

shell model predictions of effeotive cluster numbers 111. study

ing the energy dependence of quasielastic deuteron knock-out 

we had to consider the absorption effects to get information 

on the reaction mechanism in cowparison to elastic pd back

ward scattering 121. Recently it was shown experimentally that 

a considerable part of the inc1·1si ve proton spectrum in back

ward direction is correlated with energetic protons in forward 

direction/3/. To estimate the anount ofthis part we had also 

to calculate the corresponding absorption effect on the forward

emitted proton. 

Before us Kalinkin and Shmonin /4/ estimated absorption 

losses to understand the experimental yield of deuterons in the 



2 

kinematical regions of quasielastic scattering and pion 

production. As the method described in ref. /4 /is of standart 

type, it can be applied also to other processes. For instance, 

the s~ne method was used to extract information on the quark 

structure of hadrons by calculating the quark absorption pro

bability in nuclear matter /5/. Also in electron scattering 
I 

processes, e.g. of type {e, e d) it was shown that wave dis-

tortions of the outgoing P.article~ must be included to extract 

information on effective cluster numbers and short-range correl

ations in nuclei {see, e.g., / 6,71). For the process 6(; 

{e, e1p) we compared our estimations of the nuclear transparency 

with optical model calculations (see, ref. 161). With the 

corresponding proton-nucleon crc·ss sections for energies of 

100 MeV and higher we found comi1lete agreement with the mean 

value of 1p and 1s proton absorption. 

2. Description of the calculation method 

General remarks. The calculation method is based on the 

fact that at some hundreds of MuV for the primary protons as 

well as for the emitted particles {condition of large momentum 

transfer) the straight-line approximation can be used. The pro

cedure described in this paper :.s completely analogeous to 

the one applied in ref. 141. Th:.s method needs only simple con

ceptions of the target nucleus ·· geometrical characteristics and 

density distributions of nuclea::- matter. A problem of course is 

the density distribution suitable for clusters in nuclei, which 

are in general unknown. In the ~~alculations it turned out the 

absorption values to depend rat:1er sensitive on these density 
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distributions. Beyond it into the absorption estimations 

enter the total cross sections for the interaction of primary 

and emitted particles with the rtucleons. 

Calculation method. For tl:.e nuclear process ~ -4- A~ X+ ... 

(Knock-out of particle X by protons p from a nucleus with 

mass number A ) the absorption factor is given by the follow

ing relation + 00 

I « ~ .& ot -c ~ C-' 1 e.) r; f.& I -1:) r. c -', ~) 
_ QO X X 

(1) +c,O ) 

I J.li:J rl:c ~)( (.&, t) 
- uo 

if the absorption of the projec~;ile and outgoing particle is 

taken into account. Using the multiple. scattering theory 

one gets for the particles p lmd X the expressions 

~ ( -61'i) - ~ l<r (- Gfl\l T_ U· ,~ J) 

rJ~le) " ~r c- OXM T: (.(,le)) 
where the profile functions T_ c A1 c)> and 

expressed in terms of the nucl·~ar density 
C: 

T_ (J,1t) =- A j
60
ole) (~1 2) 

i""C>o 

(2a) 

{2b) 

~ ( .& , c) ) are 

) ( .e, C: ) 

(Ja) 

T:. (~(c) : A f rA. t; ~ (~,e) CJb) 
C: 

Relation (2a) gives the probability that the projectile p 

reaches the point 2 with imp act parameter ,& without any 

interaction, while expression {2b) is the probability for 

particle X leav.ing the nucleus from point (/~ ~ ) without 

interaction. 
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Density distributions. For nuclear matter distributions 

according to relations (Ja), (Jb) one can use well known 

formula with parameters taken from eA scattering experiments 

(see, e.g., /S/). For light nuc1ei it is customary to use 

~l. ., ( -'z. .. (; l ) 
~(.6,~) .., c( -t-+ "1. ; .. e·~) R4f - ct.; <4> 

with , -c a; 2. , l::. being th•;) charge number of the target 

nucleus. To get the correct nonnalization 
1>-

lf-r [ ~ k) -<"2 olr .,. 
0 

the normalization constant C :Ls 
rt ) 2.. 
c. : -l.-~-)-Jt.~)/2.. 

(5) 

For very light nuclei we ~.lsed also formula (4) or a 

pure Gaussian distribution with the parameter 'to calculated 

under the condition the mean sq.1are radii of these distribu

tions to be the same as for the exact distribution. The esti

mations due to expression (1) with these approximated distri

butions agreed within an accura~y of about 5%. 

On the other hand, in d~endence on the reaction process 

under study the corresponding density distributions ~~ <~.c) 

in relation {1) must be chosen suitably. For instance, in the 

independent -particle mOdel, the probability of finding n 

nucleons inside the volume element near point ~ is propor-
11\ t•PVlLY 

tiona! to ~ ( ,..,... ) , that is decreaseS' n~ar to the nuclear 

surface. Therefore, effective cluster numbers extracted from 

experiment can be essentially overestimated, if one uses 

values from calculations with ~X:. ~\It(.-('") (see, e.g. / 41). 

To choose the nearly correct density distributions one can 

utilize the commonly accepted assumption that they are of 

more or less peripheral character. An idea of the dependence 
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of r estimations on different nuclear matter distributions 

<S )( ( "("') may give ref. 11 I and the tables in the appendix, where 

we used 'S X =- ~ ( ..6 ,~) of typu (4) and ~X ~ ~to, (..& 1-e) with 

n = 2 and 1/2. To get the correct normalization (5), 

c 

for the n • 2 case iS found. Ji'or n • 1/2 integral (5) 

must be solved numerically. As 1m· example, one gets C = 
o.oo6755 fm-3 for 12c with ~0 = 1.64 fm. 

Cross sections. To calcu1ate the absorption factor 0 
the corresponding cross sectionB for the projectile and final 

particles are needed (see expreBsion (2a), {2b)). For the 

total cross section of the primary proton one uses 19/r 

u;,v ~ i: ( ~/·~ ~ Gf~ ) 
The cross section ~IV must b·~ taken in accordance with the 

particle X measured, the expe:::-imental set-up, angular 

acceptance of detectors, etc. For the analysis of deuteron 

knock-out we used /10/, 

c~- ~f ~VI )Gf~G;~ 
4-ZT (::P -+ Ar + A~.,) 

with the corresponding paramete:t:-s ) , A , D for medium-energy 

nucleons. It should be noted th.:1t the screening term of the 

deuteron total cross section ta1:es only a small effect on 

the absorption. We found an enlargement of o- of about 5% 

without this correction term. 

For heavier fragments X in part one can find experimental 

data 1111. Experimentally unknO'Nn cross sections must be calc-
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ulated with the help of the nucleon-nucleon cross sections 

~Nat the corresponding reduced kinetic energies. Comparisons 

w1 th experimental data show the.t for fragments 3H, 3He and 

4He these cross section values mu~h be reduced by about 15% 

and 20%, respectively. 

For the knock-out of heav;y particles from light nuclei it 

should be taken into account thHt in this case the mass 

number of the final nucleus is c:onsiderably reduced leading 

to a corresponding reduction of the absorption effect. Therefore, 

the value A in relation (3b) should be replaced by A - Nx , 

Nx being the mass number of the particle X • As an example 

we note this procedure leading to a ( reduction of about 

10% for the 4He Knock-out from Garbon at 1 GeV. 

In relation (1) instead of rx ( ~It ) a product of 

several probabilities can appear, if one considers more than 

one particle in the final state, for instance, in processes 

with two or three outgoing protons as studied in /3,1 2/. 

Numerical method. If one uses in the case of light 

nuclei density distributions of type (4), than the integrals 

of r~lation (1) essentially can be solved with Hermite-Tsheby

she:v polynomials 1 131. This method in the computer code pre

sented in this work has been em}loyed. For the denominator 

of expression (1) one gets in t~1is man~er 
,._ .....o AI I( 

J otLA,c;{~~(~,t-) ~ L L flA,~,-t~)~V\ A"tAit. 
-~ "'-'~'""' 4c,l 

The values A"' , A IC for the cr::>ssing points _,&"' , e.( are 

tabulated 1131. A remainder of the numerator is integrated by 

using the Simpson formula. It .nas been proved for the ~ 

estimation within an accuracy of 3% to be sufficient to 
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use N = 5 and K = s. For Ferm:.-type nuclear matter distributions 

of heavy nuclei (( is calcu:.ated by using standart methods 

of two-fold integration. 

Appendix 

As an example the absorption factor O for the 

process p + 12c ~2p + ••• at 640 MeV is estimated. In 

expression (1) the density dit3tribution '? x. ( _g, t ) of 

form (4) is used. The cross s~~ctions for the forward and 

backward emitted protons are ~hosen in accordance with the 

experimental conditions of ref. 131. With all three cross 

sections 0 =0 one gets of c )UrSe (" = 1. The common factor 

of the integrals due to relation (1) is omitted. This factor 

is 21l a 0 3 C, yielding the de:nominator value 1 within the 

accuracy of the numerical calculation of the integral. 

" In table 1 the absorption factors Q ( S ) with 

n = 1/2, 1, 2 for process p + 12c ~ 2p + ••• are listed. 

Table 2 contains absorption coefficients 0 ( ~ ) and Q ( ~ ) 
for several knock-out reactions, at which only the absorption 

effect due to the heavy fragment is taken into account. 
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Table 1 

Absorption factors for process p0 + 12c ~ p1 + p2 + ••• with 

cross sections cr-0 , 51 ,02 for primary and outgoing protons 

according to the experimental conditions 

<>o G1 62 Jlbsorption factors 

(mb) (mb) (mb) 0 (~) o< ~ ) o< ~ 2> 

.38 o. 61 o. 51 o.44 

.38 20 o.·~7 0 • .3.3 0.2.3 

.38 20 15 0.42 o.27 0.18 

.38 15 o. 54 0.42 o • .35 

20 0.'74 o.66 o.61 



Table 2 

Absorption factors for several knock-out processes with 

protons on 12c 

Process Momentum J,bsorption factor 
(GeV/c) 0 ( ~) 0 () ) 

(p, Nd) 1. 6 0.37 0.22 

(p,N3He) 1.8 0.34 0.20 

(p, 7f 3He) 1. 5 0.31 o.17 

(p, ~He) 1. 9 0.29 0.15 

(p, lr4He) 1. 6 0.25 0.11 

I 
l 
' '! 
l 
I , 
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