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Invest~gations of nucleus-nucleus scattering at high energies 
are very popular now. They stimulate the theoretical efforts to 
describe these interactions. As а result we have many models of 
inelastic reactions. But the ~heory or elastic scattering - the 
eikonal theory .has not changed since 1969. Only new effective 
methods were proposed in the theory of heavy ion collisions / 11. 
So we begin our introducti~n with basic formulae of eikonal ap
proximation for the elastic scattering. 

The expression for the scattering amplitude of two nuclei А 
and В with mass numbers А and В, respectively, was given Ьу some 
authors 121, practically simultaneously, in the following form 

~лв<ii> 
-+-+ -+ 

iРв { d 2Ье lqb Г(Ь) • 
2rr . 

-+ r r лв -+-+-+ 

Г(Ь) =<фА;ф8 kl- П П (1-y(b-s . +rJ))]ф~;ф~ > , 
. ;1 -l=lj=l 1 

(1) 

(2) 

where Р8 is the momentum at the projectile nucle~ s В; ~ is the 
transverse momentum transferred to it; ФА,Ф~ ' and Ф1.Фв are the 
wave functions of nuclei А and В in t~e 1nit1al and final states, 
respectively. The averaging with respect to these latter is de
noted Ьу the broken brackets. 

у(~ is the amplitude of elastic NN-scattering in the impact 
parameter representation. ~(-.1, 1 r-+8 1 are the coordinates of the 
nucleons of nuclei А, В with1n the p\ ane of the impact parameter 
6 (in the plane perpendicular to the momentum P.J'). 

As is seen from (2) the scattering amplitude 1s determined 
Ьу the sum of different terms representing different rescattering 
processes . То take into account all of them, one can put i.nto 
correspondence to each of them the picture like fig. 1, wher.e . 

. circles correspond to the interacting nuclei; Ьlack and light 
points, to nucleons; solid lines, to interactions between nuc
leons. Now one can say how many the diagrams of whatever type 
are. Since it is а combinatorical proЬlem, it is quite natural 
to use the graph theory. 

In the graph theory the graphs like that in fig.l are called 
two-coloured labelled graphs. Graphs can Ье represented with 
the help of an adjacency matrix. Тhе adjacency matrix S = [S1j] 
of t~e ~abel~ed graph а of order р (with р points) is the р х р 
matпx 1n wh1ch SIJ = 1 if points _i and j are adjacent (are con-

J 
~~~-~---мут , 
Цeplla _ttt~ 
. Elrfk ,.._ ,,...,т~ч >-
- ···---
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nected with а line) and S1j-= О in other cases. In our -:case 

( 

Z1 Q ) 
· s .. Qт z

2 

where all elements of the В х В matrix z1 and the Ах А matrix 
Z2 are equal to zero. The element q 1J of the В хА matrix Q is 
equal to one if point j of the set В and point j of the set А 
are adjacent. The matrixQ can Ье represented Ьу the set of 
crossing points of В -horizontal and A-vertical lines with 
dark circles in the places corresponding to the elemen~s q1J .;. О. 
The last representation gives .the so-called line graphs. тn~ 
examples of graphs, matrices Q corresponding to them and line 

• graphs, are shown in fig.2. We shall refer to line graphs as to 
scattering diagrams. 

·V· ·О· ·~· 

Fig. 

(; :) 

ц 

Each term in expansion (2) has the form 

r r -+-+ 11 
-<ФА;ф8 1 П [-y(b-s 1 +rJ)]iф8 ;фA> 

1, J 
(1,J} (;; м с 1 1 A\~DI 1 8 \ 

\1 А J а (1,2,3, ••• t А), 11 8 \ .. (1,2,З, ••• ,В). 

(; :) (
t t t) 
t J ' . 

н т 
Fig. 2 

(З) 

Because it can Ье represented Ьу the graphs O,we shall conside~ 
the· expressions like (З) as the graph functions (8(0)). Due to· 
antisymmetrization of the wave functions the functions of iso
morphic graphs are equal. So 

-+ 
Г(Ь) .. I Cll · g(Gil) , (4) 

ll 

2 

where summation runs on the set of all nonisomor~hic graphs.From 
the graph theory we have that the combinatorical coefficient at 
the function of graph Gll with t-components, t 1 belonging to 
one class of isomorphism; k2 , to another class, etc., (t • t

1 
+ 

+k2 + ••• + kJ) is equal to 

с -ll 

Al 

----------------------~-----х lr.t lr. 2 lr.j J 
(m 11) (m 2 1) ••• (mJI) (А- I m

1
k

1
)1 

1•1 

х Bl ~ ( m11n11 lr.1 

( Jr.1 · · Jr.2 · 1r.J J 1- 1 (О ) ) 
n 11 ) (n 11 ) _ ••• (n J 1 ) (В - I n t ) 8 1 

. . 1• 1 1 1 

(5) 

where m 1 and n1 are the numbers of the' points of the sets :А 
and В, respectively, in the component belonging to the i-th 
class of . isomorphism, and s(G 1) is the number of symmetries of 
this component. . 

Now using coefficients Cit and knowing the function у(Ь} and 
wave functions one can calculate the scattering amplitude 
~Ai~· For example, in the case of elastic scattering if we 
determine у(Ь) as 

and 

-+ 
у(Ь) 

• а -а-+Ьа 
• -ае " . 

1
12 А-+ А -+22 

ФАI .. СА·В( I rJ/A) П (..!..)З/2e-r/RA 
J• 1 J•1 rrR2 

А 

1 2 в в -+2, 2 
IФ 1 "' с ·8( I r /В) п (-1-)812 е -rJ' Rв 
В В J•1 J J•1 rrR2 

в 

(б) 

(7) 

so the graph function after elimination of the centre-of-mass 
correlations has the form 

g( аа 11 1 А В 
G) =-(- -) 8

(-) (-1-) 
" rr Ri rrRt 

Det iDI 

D ==( Р -aQ) 
-aQT Т 

Deti Dl 
--:---:- х 
DetiCI (8) 
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TJ "'(_!_ + aq1)81J ' 1 а2 . А 

PiJ =· ( :, + api )BiJ 

~ = (D . V) 
VT IW 

8 

А В 
11 е = ~ а! • ~ {31 • 

1=1 1= 1 

vт = (-a.f31'-~ , ... ,-аf3в• аа1, аа2, ... , ааА), 

where Q,as before, is the essential part of the ~djacency matrix; 
а 

1 
({3

1 
) are the degrees of the points belonging to . the set А( В) : 

101 

101 

~ 

~ 
~ 
~ ltf' 
! 
~ 
~ lo·• 

lo·• 
+ 

/0 •• 1 1 1 1 1 1 1 1 1 

·' .2 .3 ·" .J .8 .1· 
--t (GeV/c)• 

Fig. 3 
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The amplitude 1 AiJ..iV is given 
Ьу the expression 

· iP R2q2 R~2 
1 ArJ.rv = - 8 ехр[-11.- +~) 

217 4А 4В х 

2 iqb 
х fd Ье ~ Cp.g(Op.). 

j.l 

(9) 

Using relations (8), (9) one can 
obtain the amplitude and the 
elastic cross section. А calcula
tion of such type at А =В "' 4, 
а= 20mb, RA= 1.36 fm,a=1 fm-1 
together with the experimental 
data iЗ/ is shown in fig.3. 0n 
performing this calculation we 
took into account all possiЬle 
diagrams given in the appendix 
with corresponding coefficients 
еР.. 

As is seen, the calculation 
of the scattering amplitude of 
the heavy nuclei Ьу this method 
may Ье sufficiently complicated, 
because the number of the di ag
rams may Ье very large. But 
here one can take into account 
only the gr aphs called trees 
and forest. Their yield produces 
а consideraЬle contribution to 
the amplitude1' 1 and their enume
ration is quite а simple task. 

It is more difficult to determine inelastic cross sections. 
Тhе point is that one has to select from the total inelastic 
cross section 

t ..2 t t лв ........ t t 
аА0В = I а- Ь 11 - <ФА ; Ф8 1 П П {1 - а h (Ь - s 1 + r J )) 1 t/18 ; фА> 1 , 

i•1J • 1 (1 О) ... ... ... .. .... 
ah{b) ,. у {Ь) +у* (Ь) - у(Ь)у*(Ь) 

the cross sections of different processes. As it was shown 
earlier 161 the cross section of all processes with а fixed 
number 11 of inelastic nucleon-nucleon interactions is given Ьу 

11+ 1 11 d in 
all .. (-1) а ал в 

;т cr;-. ( 11) 

in ~ 
а Ав= - all • 

11 

Introducing the graph function as 
2 i i .. .. .. i, i 

g(G) =-fd Ь<ф ;ф 1 П [-ap(b-s 1 нJ))Iф8 , фА> 
i,J 

(12) 

(i, j )(; м с IIA\IIDIIJ 
we rewrite equations (10), (11) in the form 

а1~= I Cp.g(all)' 
ll 

( 10') 

all = (-1)11+1; (~~) Cllg(Gil). (11') 

vll 
Observing that ( 11

8 ) is the number of all possiЬle subgraphs 

of the graph а we obtain 161 the cross section of the inelastic 
process repre~nted Ьу the graph R as 

11R +1 R 
a(R) = ~ (-1) NllCilg(Gil), ' (13) 

ll 

where 11R is the number of the lines of the graph R, N~ is the 
number of subgraphs of the graph а: isomorphic to R (if there are 
no ·such subgraplц, N:=O). 

Тhе determination of the numbers N: is а complicated prob
lem. We have solved it with the help of а computer at А = Ь .. 4 

-1 and found a(R) at а. • 26.2 mЬ, а = 0.811 fm 
.. ..2 

(аЬ(Ь) •..!.!. .-аЬ ) , 
1Т . 

R а .. 1. 37 fm which are given in the appendix, where in each cell 
the ordinal. number of the graph (left upper corner) , the comЬina-
torical coefficient С~ (righ.t upper corner) ,dialram (graph) and 
the corresponding inelasti.c cross section in fJn (under the diag-
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ram are presented.Using these values one can find,for example, 
the multiplicity distribution of the "wounded" nucleons and 
other usefull quantities. 
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Е2-8Э-2SО 
Омбоо З. , УllмнскиА В. В. 
Сnисок диаграмм дnJI вэаимодеАствиА 4ае- 4Не 

На~ена сеRэь ме~ раэличнwми диаг~нwми nредстааnениRми, исnоп•ауемw
ми е теории RДро-RДерного рассмниR. Представпена nопнов мноакестео r P8tQ8 
длR рассеRниR "н&-"не. Приведенw осноенwе форму.nw :~АконаnьноА теорми уnру
гого и неуnругого рассмниR вместе с рассчетами неуnругих сеченмА рааnмчнwх 
реакций . При их исnользовании моано оnределить, наnример, расnРедепенме 
no чиспу "раненых" нукпонов и т . д •. 

Работа выnолнена в Лаборатории RДерных nробnем ОИЯИ. 

Соо&&ение Об'ьединенного института IIДepнwx МССIIВАОNнмА. blнil 1,а3 

ОmЬоо Z., Uzh lnskll V. V. E2-83- 2SO 
Llst of Dlagrams fог "Н&-"не lnteractlons 

The llnkage between dlfferent dlagram representat lons uaed tn the nuc
leus-nucleus scatterlng theoгy ls found. The full set of gtaphs for 'не-tне 
scatterlng ls presented . The Ьasl c formulae of el kona l t heory for elas tlc 
and lnelastlc scatterlng and calculatlons of lne lastlc cross sectlons of 
dlffereпt reactloпs аге glveп. Опе сап dete~lпe, e.g., us lng the las t 
ones the multlpllclty dlstrlbutloп of ·~uпded" nucl eons and so оп. 

The lпvest l gatlon has been performed at the LeЬoratory of Nuclear 
ProЬiems, JJNR. 
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