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·At present a problem of building the theoretical methods 

of description of inelastic nucleus~nucleus collisions· ·is very 
actuaLin.highenergy nuclear physics because o£_the necessi
ty ofinterpretation of the existingexperimentaldata.and 
a. dissatisfaction .of 'the ··results .of known -theoretical ~models 
most. of which contaiti considerable arbitrariness in their 
foundation; Thus hopes paid to Glauber :-~ikonal approximation 
are quite·understandable~ Below a key problem of eikonal ap
proach-determination of nucleu·s~nticleus inelastic- interaction 
cross·· section'. of different. processes will be considered. 

According to,basis principles oLGlauber'approximation the 
cross :section of all :nucleus-nucleus.;scattering ·processes 
accompanied.·by ·new particle .production is deterniinated .by the 
following expression .. · ·. · · · 

. . 2 . A B. • .. .. .A . 

"is~ fd.bl1- f[i~~~p-~··g(S:si+rJ)))~Lt~tpA(st )d2stl~< 
. ·s.' .· . 

-.x [ n pB(rj )d\ 11.= r d2
,b 11:.. exp[ ..!x( b,u)J I (I) 

j= 1.- . 

a•g{b)=y(i>)+y*(b)-y(b)y*(b) .. r g(b)d2b=1. 

where A and 8 ·are mass numbers of colliding nuclei; p Aand Ps 
are one~particle densitiss of these nuclei integrated by lon
gitudinal coordinates; y(b) is a nucleon-nucleon elastic scat
tering amplitude in the impact parameter representation; a· is 
an inelastic-nucleon-nucleon cross section. x(f>,u) is the so
called phase function having different form in different ap
proaches111. In particular, in the optical limit on A and B 

. we have121 . . . . . 

... 1 2 x2 y · xy 2 x3y xy3 . 4 2 2 
x(b,a)=-f d s[x.y- -·- -·+-·+-+ --.x y + ... ] 

a 2! 21 3! , 3! . 212! (2) 

x = a• A • p A (s) Y=u·B·pB(b-~) 

by this phase function is· a sum of, the c.ontributions of scat
tering diagrams of the type shown: in: fig. I,· where each i -th 
vertical (j ....;th. •horizontal) line corresponds' to the function 
A. p (s.)(B·pB(?j )) • and th!LP..Qi..nt q·•g c£:~. 'tr.) A t · , . 1 J f 
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Fig. I. Diagrams representing 
first (a). second' (b) and 
other ter~s in eq. (2) ·• 
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Fig.3.Simplest diagrams re
presenting prosesses with two 
inelastic collisions of nuc-
leons. 

Fig.2. Simplest diagrams cor~ 
responding to processes with 
one inelastic collision of 
nucleons. 

Using the probability in
terpretation of Glauber ap
proximation, let's represent 
a~ as a sum of the cross sec
tions of processes with dif
ferent number v of inelastic 
nucleon-nucleon collisions. 

AB 
aP = ~a· , 
AB v=l V 

v ... 

(3) 

(-a) 2 dv -x(b,a') 
av=-, r d b-e . (4) 

v - " dav 

Let's mark that each term,of 
expansion (3) is, in reality 
the cross section of.the pro
cesses with fixed number of' 

inelastic interactions, but with different numbers of elastic 
rescatterings of constituenting nucleons. For example, ai is 
defined by the contributions of diagrams contained, as a rule, 
in their structure one of the diagrams shown in fig. 2, where 
a black point corresponds to the function a~g,representing 
the elastic interaction of nucleons; while the· open ·'point, 
to the same function but_without the a· factor, which gives 
the account of inelasti~ collision~ 
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Paying attention to the ''connection of the 'diagrams shown 
in figs·· 1 and_:b_ we formulate a method of building of inelas.;. 
tic process diagrams as a successive replacement of dark points 
in diagrams of fig. 1 into light ones. One tise of· this proce
dure leads to the diagrams of fig. 2, twice, to diagrams of 
fig. 3 •. The latter diagrams can be separated into one of ,three 
types: 
a) Diagrams correspond to the processes in which one' of the) 

nucleons of nucleus A undergoes a double ··inelastic collisi
on; 

b) Diagrams correspond to the processes in which· one of the 
.nucleons of nucleus B undergoes a double inelastic colli
sion; 

c) Diagrams represent the p~ocesses in which two inelastic ; -
collisions are quasi independent, that means that they are 
connected by the following elastic.rescattering of_the 
nucle'ons. 
In correspondence with this separation a2 is determined by 

the sum of three cross sections. In the case when only contri
butions of diagrams of fig. 1 are taken into account in the 
phase function, they are 

aa= f d2be-XJ . .' f d2s[...!t2- E,a_x2y2]. 
2 a 2! 2! 

b 2 -x .1. · · 2 yx 2 · yx3 2 2 
1 a·= f d be •f d s[- --- x y , 

2 a 2! 2! (5) 

c · 2 -xI a2 · tt., 2 1 2 2 2 1 a·= f d be -(~) -- f d s x y • 
2 21 dcr a . 

Analogous separation can be made for high multiple collision 
cross sections too. 

Summing all what was said above, let's formulate more pre
cisely the proposed method of theoretical describing of ine
lastic nucleus-nucleus interactions in the eikonal approxima
tion. 

It consist of 
1) ·the determination of diagrams yielding, the more· essential 

contributions into phase function; 
2) the calculation of the quantities av; 
3) the extraction of the cross sections of different subpro-

cesses in the quantities av · . 
The following step of nucleus-nucleus collisions modeling -

determination of created particle characteristics can be rea
lized with the help of the traditional methods (see ref. ~1 

). 
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In the case when expression e-')((b,a > is defined but phase _ 

function isn't proposed method can be used with some ines·~- :.~'-'-'~ 
sential modifications because eq. (3), (4). stay fair •. ::· o li · 

In conclusion let's consider some examples. 

Example I. 

Ct;oss section of new particle production processes in · 
deuteron-deuteron collisions according to eq. (I) is determi
ned by the following expression 

aP = r d2b 11- <'PB 'PT I fi & (1-iT'..; g(b-s. + 1 )) I 'P.T tpB'> • (6) 
dd i=1 J=1 1 J . 

where 'P8 and 'PT are the ground state wave £unctions of beam 
and target deuterons respectively. From it we have 

exp[-y(b,a)]a<'l'8 'PTj fi fi (1-a~g(i£-s.+-;.))!'P 'I' >. (7) 
. ~1~1 1 J T B 

Now using eq. (4), we find 

2 _2 .. ... .. 2 2 . ·_, ... ... 
a1 =a ( d b<'P8 'PTI 2 g(b-s .+r.) II II (1-a· g(b-sk+r p))I'P 'I' > 

i,)=1 1 J k=1 ~=1 . - . T B 
k:li (l,fj 

2 
a 2 .2 ..,. """'"""' ........ -+ 

u· =a ( a·b<'P8 '1'Tj'2 g(b-s.+r1).g(b-s.+r
2
)x 

2 i=1 1 1 

.... -f -+ ... _..,. """' 
x (1-a~ g(b-s3-i +r 1 ))(1-u~ g(b-s3-i +r 2 )) j'PT tp B > 

b 2 2 Ill I ~ .. ... ... ... .. .. 
a =a· ( d b<'PB-rT k g(b-s1 +r.)•g(b-s +r. )x 
2 i=1 1 2 1 

x (1-·a· g(b-s1 +r'3_i ))(1-a~ g(b-s2 +i-"3 _i >II 'I' TIP~> 
2 ' . 

c 2 2 ~' .. .... .. ... ... .. 
a =a r d b<'l' tp I k g(b-S.+r1).g(b-s3 . +r2 )x 2 T B i=1 1 -1 

.... -+ ... .... .... .... 
?< (1- a~ g(b-si +r 2 )) • (1--a~ g(b- s 3-i +r 1)) I tp B tp T > 

3 2 ' 2 g .. .. .. .. ... ... 
a· =a ( d b<'P8 'PTI~2 .~ g(b-si.+rj )·g.(b-s

3
_. +r. )x 3 

1 =1 j=l ' . - . - . - ' 1 . J 

(.. ... ... .. ... .. I"' "' . xg. b -si +r 3_1 )(1-a· g(b-s3_i+ r 3_
1
)) _TT -r8 >. 

4 2 2 2 ... .. ... . 
a =a· r d b<'PB'PT I II II g(b-S.+r.)I'PT'PB>. 4 . i=1 j=l 1 J . 
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If we suppose that in the optical limit the phase function. 
is defined only by first term 

. . ..... -. .,. ..... 2 
:<(b,a)=a·A·B·(p (S)•p (b-s)d s, (8) 

· . A B 
then, using eq. (4), we arrive at the results of ref. ~/ 

2 -y :<.v 
a"'fdbe -..:... 

I' v! 
(9) 

a a"' 0 ab= 0 ac= a 
2 2 2 2 

Example 3. 

The authors of paper ~/ supposed that when one of the .. 
nuclei (B) is a light one 

.... . ... -. 
e-X(b,a),.[ ( p (s)·e-u·A·pA(b-s)d~s]B =[l(b)]B 

n 

Inserting this relation into eq. (4) we have 

a -= v r d2
b ~ C~fi(b)l 8 ~i .. 2 . I r pB(s)x 

i=l . J 1'J2'"',Ji 
j 1+j2+ ... +j i=v 

jl· j2· •••. ji.,l 0 

(10) 

[ A ..... ]jl ... .. .. .. J (11) a· 'PA(b-s) -a·A·pA(b-s) 2 ~ [a·A·p (b-s)] 2 
X • ' • e d s ]. I r p ( SJ • - • ~ X 

Jl. B ·. J2! 

... -t>- :-+ ...,.). ... .... 
-a·A·pA(b-s) 2 ... [a·A·pA(O:...s)J 1 -a·A·pA(b-s) 2 xe d sl- .... l('h(s)· . -e d sl 

J i ! 
. ... ... 2 

aa= ( d2b[I{b)]B-1·B·fp (;) [a·A·pA(b-s)] e-a·A·pA(b-1)d2s 
2 B 2! 

ab= 0 
2 

a; 2 2 -+ B-2 ... -+ -a;A·p (t-~), 2 
( d bC8 [I(b)] la·A· (p (s)p (b-S)·e A ij2s] 

. B A 
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It isn't surprising that a~ is equal to zero, because in.this 
approach cascading of nucleons of heavy nucleus into light 
one is neglected. 

In' this way the other approaches;can be considered. The 
proposed method, as it was shown above, can be used effecti
vely for theoretical analysis of inelastic nucleus-nucleus in
teractions. 

I'm thankful to V.Sh.Navotnov and K.G.Gulamov for stimula
ting discussions. 
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YJKHHCKHH. B. B. Me Top; Bbi'IHCJieHHH cet~emili. Heynpyrux 
Hp;po-Hp;epHbiX B3aHMOp;eHCTBHH 

EZ-81-331 

B paMKax 3HKOHaJibHOI'O nop;xop;a OOJIYtleHbi BbJpaJKeHHH. p;JIH cet~eHHH 
npo~eCCOB C lPHKCHpOBaHHbiM 'IHCJIOM Heynpyl'HX HYKJIOH-HYKJIOHHblX 
coyp;apeHHH. Pa3pa6oTaHa npo~ep;ypa swp;eneHHH cet~eHufi pa3JIH'IHb~ 
nop;npo~eccos. 

Pa6oTa BbiDOJIHeHa B na6opaTOPHH Bbi'IHCJIHTeJibHOH·TeXHHKH H 
aBTOMaTH3a~HH OHHH. 

. ' . .. 
. .. (; 

Coo~eHHe 06~eAHHeHHoro_ HHCTHTyTa RAePHWX HCcneAOBaHH~. AY6Ha 1981 

Uzhinsky V.V. Nucleus~Nucleus Inelastic·lnteraction·E2-8I~331 
Cross Sections Calculating Procedure 

The 'expressions for the cross sections of processes with 
the fixed number of inelastic nucleon-nucleon collisions has 
been.obtained in_the framework of the eikonal approximation. 
A method pf extraction of cross sections-of different subpro
cesses is given. 

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