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How it~ s well known, Glauber~ s approximation was success­
fully used for the description of the elastic and inelastic 
hadron-nucleus scattering at high energies. In the last years 
many efforts have been made to extend and apply it for an 
analysis of the nucleus-nucleus interactions. The key prob­
lem here was to solve combinatorical questions, or classify 
scattering processes and to obtain a compact mathematical 
expression for the elastic scattering amplitude - FA 8 (q). To 
demonstrate the complication of this problem, let us repre­
sent a nucleus-nucleus collision in ~. where the circles 
correspond to the interacting nuclei, the black and light 
points to nucleons, the solid lines to interactions between 
nucleons. Now it can be seen that for a recountering all pos­
sible processes we have to pluck all possible combinations 
of the light and black points and the solid lines connecting 
them. To crown it all, we have to say how many of the combi­
nations are in equivalence and how many classes of the equi­
valences exist. 

It~ s quite clear that if the mass numbers A and B of two 
colliding nuclei are small, the number of combinations is not. 
large. So we can take into account all of them. 

In this way many calculations have been made. Some of them 
are shown in figs.2,3 (see also ref. 141 ). 

In the case when A and B are large, the problem becomes 
more complicated. Bu~t here it~s easy to find the so-called 
phase function - x (b) 
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The main result is 
(see also refs. 17 •81 ) • 
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where ;; =a tot (1-if), a tot is the nucleon-nucleon scattering 
total cross-section; £ , the ratio of the real to imaginary 

( . 
., l!'~' 

·~: ... ·_:'"'~ ~ 

(I) 

(2) 

I 



Fig. I. A picture of the nucleus­
nucleus interaction in the im­
pact parameter plane. 

Fig.2. The differential crgss­
section of the P 4He-and 4He""He­
elastic scattering (figs. a,b 
and c,d, respectively) at the 
ISR. Points are the data from 
paper/1/, Lines are the calcula­
tions performed in the ordinary 
eikonal scheme 121. 
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parts of the elastic nucleon-nucleon scattering amplitude at 
zero transversal momentum, 

a .... a ........ 
X • 2 T A (8) y • 2 T8 (b- 8 ), 

TA and T 8 are the thickness functions of the nuclei A and 8, 
u and z are solutions of the system of equations 
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Fig.3. The momentum spectra of deuterons in the 
reactions dd ... dx. The experimental points and calcu­
lations are taken from ref. 131 

By using expression (2) the description of the data 191 was 
given (in figs.4,5). Now in this scheme one can calculate the 
cross-sections of the quasi-elastic nucleus-nucleus scattering, 
the charge-exchange reactions, excitation processes (fig.6) 
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the nucleons in nuclee111, Coulomb effects112~ correlations cau­
sed by finite mass numbers, and so on. 

The first and second calculation schemes were connected 
with the use of the graph theory in paper 12~ where a general 
solution of the combinatorical problem was given. An applica­
tion of the graph theory opens a new opportunity, in particu­
lar, the estimation of the inelastic shadowing effects: in the 
two-component nucfeon model, the inelastic screening in the 
nucleus-nucleus scattering is taken into account by 

ii 2 -)( (2 ,TA ,T 8 )-ole! )( (~,T A,T8 ), 

where lcl 2 is a weight of the active state of the nucleon. 
In fifs.7l8 the predictions 121 of the inelastic shadowing 

effects 1.n He4 He- and 4 °Ca 40Ca -reactions are presented. 
As it can be seen, the effects grow with growing transversal 
momentum and we can expect that the differential cross-section 
of elastic scattering of heavy ions having energy about 400 GeV 
per nucleon in the lab.syst. in experiment will be much less 
than given by the ordinary eikonal theory. Note that the cross­
sections of these reactions decrease very rapidly (fig.9). 

3 



-I 
10 

·J 

Tc = 1.37 GeV 

f~. 
~: 

\. 

tO .;------1~0-. ----~,5~----9~.-c--m 

~ Fig.4. The differential cross­
section of 4He12c- elastic scat­
tering. The points are the data 
from paper191.The calculation 
represented bJ the solid line is 
taken from 16 • . 
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Fig.S. The same as in fig.4, 
but for 4He4° Ca-reaction. 
The points 'are the data from 
paper twt, 

.... 

,; 
! .. 

ti-c ..... 

,. 

tf' "•cap,•·)•c.• 
J: HJf"kV 

5 10 15 

\ .. 

Fig.6. The excitation differen-
~ tial cross-sections of ~e 12c-

and ~e4°Ca -reactions. The poir.ts 
are the experimental data/9,10/; 
the solid lines, the calculations 
of. 161, 

So, their measurement requires 
high-resolution techniques,which 
will not work efficiently because 
many times they will wait for 
events and will dump inelastic 
collisions. The latter will be 
many in number. Thus it seems 
quite reasonable to investigate 
the elastic and inelastic inter­
actions in common. But shall we 
be able to extract information 
from these data? 
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Fig.S.The same as in fig.7b, 
but for 40ci°Ca -elastic scat-
t-,:r.r;no 
--- u 

Fig.7. a) The ratio of two dif­
ferential cross sections of 
the p4

He -elastic scattering 
calculated with and without 
taking into account inelastic 
shadowing corrections. b) The 
dashed line represents the same 
ratio as in fig.a, but for 
4He ~e -elastic scattering in 
the ISR. The other lines de­
monstrate different theoretical 
approaches. 
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Fig.9. The calculated differen­
tial cross section of the 

4Qci0ca-elastic scattering at 
high energies. tti'~~(\ 

D .I .2 .3 .'1 :z. 
- t~V/c) 

To answer the question, let's overlook what has been done 
in the eikonal theory of the inelastic interactions. 

Start with the cross-section of all nucleus-nucleus scatter­
ing processes accompanied by new particle production which ac­
cording to basic principles of the eikonal approximation is de-
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termined by the following expression 

u!s.. f d
2
b 11- exp[-x (u, T A' T B )]I, (4) 

where u 
section. 
as a sum 
number v 

is the inelastic nucleon-nucleon scattering cross 
The production cross section u~B can be represented 
of the cross sections of processes with different 
of the inelastic nucleon-nucleon collisions 1131 

(5) 

Notice that each term of the expansion (5), is, in fact, the 
cross section of the processes with fixed number of the in­
elastic interactions, but with different numbers of the elas­
tic rescatterings of the constituent nucleons. 

It's more difficult to select from each u 11 the cross sec­
tions of different processes. The general solution of this 
problem was given in paper1141. From it we have, for example, 
for 4He 4He -reactions at ISR energy that one inelastic nuc­
leon-nucleon collision occurs in 477. of all inelastic inter­
actions1161.Two inelastic nucleon-nucleon collisions occur in 
?t. 1'l• t-hr<><> l"n11;cdnnc ;n lt. I'Z <~nrl en nn n n ::~nrl 

other; ar~·~ubdi~id~d i~t~-the cr~s~ se~tions of different 
processes given in the table and shown in fig.IO. Each inter­
action process like that shown in fig.l can be represented by 
a two-coloured graph, or by the edge graph of the two-coloured 
graph. Some of such edge graphs are presented in fig.IO.First 
of them is in correspondence with the processes with one in­
elastic collisions. The second one corresponds to the proces­
ses with two independent, parallel inelastic interactions. The 
third one - to the processes in which one of the nucleons of 
nucleus B collides with two nucleons of nucleus A,and so on. 

From the table we can see that in the most cases of the 
4He~e interactions there take place the processes analogical 
to those in the hadron-nucleus collisions. In the processes 
w1th a great number of inelastic interactions the processes do­
minate, having no analogy in the hadron-nucleus collisions 
(graphs 9,15,16,19-22 of fig.IO). Here we can expect new phe­
nomena. 

Note that in the collisions of heavy ions multi-scattering 
processes are realized more often than in the interactions of 
light nuclei. 
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Fig.11. Two processes presented 
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by graph 9 of fig.10. The oriented 
lines correspond to the nucleons 
of the "beam" and "target" nuclei. 
The numbers at lines give values 
of the longitudinal nucleon momen­
tum in the naive approximation be­
f~re and after elementary colli­
sions.The numbers in circles in­
dicate the time-order of elemen­
tary interactions. 

a # 

Besides, if in the optical limit on A and B, we have 

... . 
_(5)_ r ~2,._ ~-)((b) .1 r .. 2_ .. _ 3 1n, 

-1""'""'"" --,w.~U&j/t)O 

(1 

... 
(1 ( 9k r d2b e -)((b).J. (d 2s u 2z 2 • 

(1 

... ... ... 
where u and z are solutions of eqs. (3) at X= aTA(s), Y=a TB(b-s) 
and the functions u and z are of the same order of smallness, 
so the two last expressions differ only by coefficient 1/3!. 
It means that the processes represented by graph 9 of fig.10 
and analogous to them dominate in the heavy-ion collisions. 
Summarizing all what have been said above, one concludes: in 
the nucleus-nucleus interactions at high energies, especially 
in the interactions of heavy ions we can investigate the new 
type of reactions. 

Let>s look more carefully on the process presented by graph 
9 of fig.10. For this purpose we redraw graph 9 in a new form 
(fig.11). Now a simple comsidera.tion of the nucleons spectra 
shows that nucleons very often will fall into the central re­
gion. Due to the multiscattering they will have relatively 
large transversal momenta. Because it's expected that such 
processes will play an essential role in the nucleus-nucleus 
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Fig.12. The ratio of part17le ens1t1es 1~ . e e 
collisions to pp-interact1ons versus rap1d1ty Y for 
positive-charged particles. The points are th~ data 
of ref./16/ and ref./1/ (figs.a and b, respect1vely). 

Fig.13. The ratio of negative 
and positive-charged particle 
densities (figs.a and b,res-

• 4 H 4H . t pectively) 1n e e -1n er-
actions to pp-collisions. The 
points are the data from pa- . 
per/16/;the lines, the calculat1-
ons from ref/ 151 of the contri-

~· ~.-t..-~, •' . .. 

·• -1 1 • 'J -· ·l • . . ' 
butions of one, one-two, one­
three, one-four inelastic nucleon-nucleon int~ractions 
scattering processes (curves 1,2,3,4, respect1vely). 

in 

interactions we arrive at the prediction: in the inelastic 
collisions of heavy ions many baryons will be produced in the 
central region with high P~. ; 1 16; 

This can explain the difference between two data sets ' 
on 4He~e- interactions at the ISR (fig. 12). First of then con­
cerns the characteristics of all secondaries; whereas the 
other/16/,the particles with P~ > 0.2 GeV/c. As can be seen from 
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the data1161 on positive-charged particles, the bump in the 
central region is here bigger than in the datall~ As in this 
experiment protons were not distinguished from "+-mesons and 
the spectra of rr- -mesons have no any bright peculiarity 
(fig.13), we have to conclude that the indicated irregularity 
is caused by the protons, in agreement with the prediction. 

Will it be true in the heavy-ions collisions the future 
will show. 

SUMMARY 

The eikonal theory can describe many features of nucleus­
nucleus interactions at high energies. On its base, knowing 
situations in the hadron-hadron and hadron-nucleus physics, 
we can predict where new phenomena may appear. 
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YlKHHCKHH B.B. E2-82-426 
HeKOTOpble pegynbTaTbl 3HKOHaJibHOH TeopHH H,o;po-Hp;epHoro 
pacceHHHH 

CYMMHPOBaHbJ rnaBHbJe pegynbTaTbl 3HKOHanbHOH TeopHH H,o;po­
Hp;epHoro pacceHHHH npH Bb!COKHX 3HeprHHX, TaKHe, KaK OITHCaHHe 
ynpyroro pacceHHHH H peaKqHH B036YJKp;eHHH, npe,o;cKa3aHHH 3~eK­
TOB HeynpyrHX 3KpaHHpOBOK B ynpyroM paCCeHHHH H ,D;OMHHHpOBaHHH 
HOBbiX npo~eCCOB B HOH-HOHHbJX HeynpyrHX B3aHMO,D;eHCTBHHX, He 
HMeiD~X aHanora B ap;poH-Hp;epHbiX CTOnKHOBeHHHX. 

Pa6oTa BbmonHeHa B na6opaTOpHH BbNHCnHTenbHOH TeXHHKH 
H aBTOMaTH3a~HH OHRH. 

Uzhinskii V.V. 
Some Results of the Nucleus-Nucleus Scattering 
Eikonal Theory 

E2-82-426 

The main results of the eikonal theory are summarized 
such as: description of the elastic scattering and the excita­
tion reactions in high energy nucleus-nucleus collisions; pre­
dictions of inelastic shadowing effects in elastic scattering 
and of the domination of new processes in ion-ion inelastic 
interactions having no analogy in hadron-nucleus collisions. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 
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