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1. A great part of the presently known experimental 
facts on high energy particle scattering finds its natural 
explanation in the framework of various assumptions on 
the composite structure of hadrons (see, e.g., /1-IO/). On 
the other hand composite models together with a principle 
of automodelity /II, 12/ lead to a number of predictions, 
experimental verification of which seems to be very 
actual. 

Interest to the study of relativistic composite objects 
is supported also by the future /13/ and presently perfor
med /14/ experiments with beams of relativistic nuclei. 

In refs. !I :>-22/ problems of relativistic description of 
composite systems have been considered on the basis 
of the Logunot-Tavkhelidze quasipotential approach /23/ . 

,_, 1' 
The "light front" 1 - • form of the quasipotential ap-
proach /19.20/ seems to be very effective tool in the 
investigations of such a kind (see, e.g., /21,22/ ). 

In the study of interactions of composite particles 
a necessity arises to consider the scattering of com
posite particle on the elementary one (hadron-quark andjor 
deuteron-nucleon scattering). In the theoretical analysis 
of these problems we will exploit the results of refs /19-22/. 
Special form of the three-dimensional formalism will be 
developed for the description ?f relativistic three-body 
systems (see in this connection 25- 311 ).In the framework 
of some simple assumptions on the particle inteactions 
expressions for the scattering amplitude of the composite 
particle on the elementary one will be obtained. 
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Z. Consider the three-particle Green function 

(I) {2) (3) (1) {2) {3) 
'G + ( X p. ' X p. 9 X p. ; y p. ' y p. ' y p. ) = 

=<OIT (A (x{l))A (x(2))A (x{3))A+( (])),~.+( (2~,~.+ ( (3~)10>= + 'f' 1 p. '~-'2 p. 'f' 3 p. 'f' 1 y p. 'f' 2 y p. 'f' 3 y p. 

3 3 
-4 3 4 4 (i) (i) (i) (i) 

=[(217) ] J[!1dp d q exp[-i~ 1 (p x -q y ]x 

' ( ( 12fl (I) {2) (:l) {I) (2) (3) ) (1) 
X G+ p ; p 9 p 9 p ; q ,q ,q • 

The sign "+ " denotes /I/ that the orde~ing in (1) 
is ~arried out with respect to the variables 1 ~ = x <J> + 
+ x ~1)) I 2 ·In o~der to distinguish betw~en the space-time 
variables x ~1 ) and the variables x (1), which will occur 
later, the former are accompanied by the Lorentz index 
p. = 0,1,2, 3 . 

Define the Fourier transform of the "two-time" Green 
function of three particles by the relation: 

,- ( (123) [ (i) ->(j) ] [ (i) ->(i} ] ) 
G p ; p ,p ; q ,q = 

+ -1. + .L 
(2) 

= j_n dp(i)dq<ilo (p02l)_:ip(i} )'G(p023l;[p<il ];[q<il]) 
_

00
1=1 - - - I=l- p. p. 

Here (i)- (i) + (i) 
P± -Po - P3 

[ 
(i) ->(i) ] - (I) ->(1) 

p+ •P1 -p+ ,pl ' 

[ (i)] - (l) (2) (3). 
P p. - P p. , Pp. , p p. , 

-•(i) - ( (i) (i) 
pl_ - PI 9p2 

(2) .... (2) (3) .... (3) 
p+ ,p..j. ,p+ ,pl 

(123) (I) (2) (j) 

pp. =pp. +pp. +pp. ___ *_____________________ ,, ,, 
In what follows we omit the sign + everywhere and 

this will not cause any misunderstanding. 
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Iterating the equation 
'G - g0 + g 0 K 'G 

for the three-particle Green function and performing the 
integration according to the definition (2), we obtain: 

... .... ___, ___., 
'G • go+ go K go + go K So Kg o (3) 

go is the Green function for three non-interacting par
ticles, g 0 is defined by the following relation 

- (P023l. [ (il ->(i) ]· [ Ol ->(i) ]) _ 
go ' P+ •Pl. ' q+ ,ql -

- ( 023)[ (i) .... (i)]) 3 '( (i) (i)) (2) ( .... (i) -+(j)) 
= g 0 P p + , p .l. i!,\ o p + - q+ o p ~ - q .J. , 

where 

go (P023) [ p~i) •PT]) = (2i)3(277i)2(P+(l23lf~1(x(i)) -1 x 

( ->(i) (i) p .... (123) ) 2 (i)
2 

023 )2 3 p - x + m -1 
x[P -I i. 

i=1 X 1 

(123) {i) .... {i) 
The function g 0 ( P ; [ p + , p .J. 1 ) is defined under 

the conditions 
0 < .J i) < 1 ; i x< i) = 1 ; 

i=l 

3 ->(i) -+(123) 
~I PI =PI 

The variables x <O 
1=1 4- "" 

are introduced by the formula: 
x(i)= p<il;p023) 

+ + --1 
Introducing now the inverse operator 'G by: 

:R(l23) 

J rl dpo>'s <r023Li p<n') .flrdp<n's< 2> 
0 i=1 + + i=1 + i=1 .l. 

(p123l.i; (i)' )x 
.l. i=1 J. 

.-c-1 (Po2a>.[ <n .... <n l·[ <n' .... <i>' ]) 
X 'p+ •P.,.L ' p+ ,pL X 
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'- (12 3) • [ ( i) , -+ (i) , ] • [ (i) -+ ( i) ] ) -
X G ( p ' p + 9 p .1. ' q+ • q L -

:: rl 0 ( p ( i) - q (i) ) 0 
i=l + + 

(-+ (i) -+ ( i) ) 
p l -q l X (4) 

(2) -+ (123) 3 -+ (i) 
)o (PI -_Ipl 

- 1=1 -

) 
(123) 3 (i) 

X 0 (P - I p 
+ i=l + 

--I 
we obtain the following series for 'G ·• 

•- -1 _ --1 --I -- ... -I 
G - go -go * go K go * go + • • • (5) 

The symbol * in (5) has to be understood in the sense 
of integration according to the fQrmula (4). 

Defining the quasipotential K <a> in the three-particle 
system 

·c-I =;-I - (3217 2 i) -I K. <3> .. 
we have the following equation for G ·: 

"'" - 2 -I "' - (3) . -
'G = g + (32 11 i ) g * K * G • (6) 

... (3) 
In general the quasipotential K can be written in 

the fo<{fD 3 ... _ 

K -=i=ll Ki + K T ' 
where Ki corresponds to the pair interaction of j -th 
and k -th particles, K T is an ana~ogue at the three
particle potential of the nonrelativistic theory. 

In what follows we consider the approximation of pair 
interactions. In this case 

- (3) 3 -
K =I Ki • 

i=l 
(7) 

---;--------------------- -+ (123) 
Here we choose the reference frame P l = O . 
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Introduce the Green type functions g i • which obey the 
following equations: 

... ... (32 2.)-I 
g i ·go + 77 

·• go * Ki -* g i • (8) 

In the pair approximation 121 

... (P 023) ) 4 ( (i) )-I !:> (-+ (i) -+(i)) 1:>(2) ( (i) (i) ) (2) 
g. ' ... = 17 p u p - q u pl - q l g. X 
1- + + + . 1 

x (p02alp<n, ... > 

- o2a> <n <n <n <2> ... en .... (i) - <2> 
K. <P , ... >=-p o(p -q )o (p

1 
-q 

1 
> K x 

1 + + + .. i 

jl23) (i) 
x(P_ -p_ .... ). 

Here g ,2) and K \2> are two-particle "two-time" Green 
function and the two-particle quasipotential of j -th 
and k -th particles, respectively. 

-Define the scattering amplitudes T i and transition 
operators M i k ·: .,_ 

- - 2 I- -
g i = g o + (32" i) - go ~ T i *go ' 

(9) 

- ... 2. -I- -
G = g . + ( 32rr 1 ) g . * M . 

1
_ * g 

1
_ • 

1 1 1.. ll 

Inserting (7) into equation (6) we get 

- - 3 -'G = g + I 'G. , 
0 i=l 1 

where 

f: i = (32rr 2o-1 g 0 * Ki *'G • (10) 
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Taking into account equations (8) and definitions (9) 
we obtain the following system of equations for the ope
rators ·('; i': 

'G . = (32"2 i )-1 [ g0 •T. 
I I 

+ go 'i\ 3 -
•I .'Gk 
kh 

-
*go + 

(11) 

Combining J,ll) with (10), we get the system of equations 
for the ~ransition operators M i k ': 

M·k= K-+(32" i)- IM··•g· .K-. (12) - ~- 2 1
3
---

I j j ) j" lc. I J J J 

Amplitudes of particular physical processes in three
particle system can be express@d in a definite manner 
through transition operators M ik and bound state 
wave functions. On the mass-shell they coincide with 
corresponding amplitudes of tbe four-dimensional forma
lism. For instance, the amplitude T 31 of the process 

(12)+ 3 .... (23) + 1 
looks as follows 

(12) (23) 
p+ /2 Q+ /2 

T. - I d .... o2>f d (121f d (23)'fd ... <23) 
31 - P + P l q+ q I '>< 

-Pi1~)/2 -Q~3)2 _. 

x'l'+<3>c 02l,.02>)M (P02> 02>;t02>
1 

<3> ---<3>. (13) 
p < 12) P + P L 31 , P + 9., 1 , P + , P l . 

Q 
(23) (23) -->(23) ... (I) (1) ) 'I' (1) { (23) ... q (23) ) 

9 q + 9 q l 'q + • q l Q (23} q + 9 1 . 

Two-particle bound state wave functions obey the quasi
potential type equations /19/ with two particle quasipo-
tentials K p> ': 
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' • ~.1 ~· 
;"~;., 

·~·; 

~·< ,, 

.. 

·~ 

i 

2 ... (jk) 2 (j) 2 __.(jk)2 (k) 2 
[ p(jk) _ P J + m 

X ( j It) 

p ..J. + m ] (j) (jk) __.(jk) 
(' k) ell ('k)(x ,p )= 

1-xl pl l 

= } dx (jk), 

0 x<ik>'n-x<ik)') 
f d:t(p jk)K (2) (P (jk) ·x(jk) -op(jk) 

:L i ' ' l 

(jk) ' -+p (jk)' ) m (i) (X (jk) -+p (jk) ) • 
X ' 'I' p (jk) ' l ' 

ell ( i) = p (jk) X (jk) ( 1- X (jk) ) 'I' (i) 
p(jk) + p<ik) 

In pa) and (14) relative momenta 
p (j ) "" p (j) - p (k) 

of two-particle subsystems and variables 
('k) 

( 'k) 1 P+ 1 
X J = - + -,..,~-· 2 p (jk) 

(14) 

+ 
ar~ introduced. 

Analysis of eq. (14) in the framework of field-theore-
tic models .and problems of the asymptotic behaviour 
of the two- and three-body form factors wUl be consi
dered elsewhere. Note, that the asymptotic behaviour 
of vertex functions from the point of view of anomalous 
dimensions bas been considered in refs. 132

• 
33 I. Form 

factors in the Bethe-Salpeter formalism have been studied 
in ref. /34/. , 

In order to find the amplitudes pf three-particle pro
cesses one bas to solve the system (12). In particular, 
some problems of the eikonal approximation in the 
scattering on the bound system have 'been considered 
in ref. /35/ . Here we study only some simple models 
for transition operators and obtain expressions for 
the corresponding amplitudes. 

3. In Fig. 1 model of interaction via the exchange of 
some intermediate particle (1a) and constituent inter
change model (1b, 1c) are shown. 
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It can be shown that in the case la the amplitude of 
"deuteron-nucleon" scattering looks as follows 2 . 

T33 = 2.(277)4 g 2 FI2(t) • 
t-IL 

where F12(t) is the form-factor of the bound state of 
two particles. Its expressions through the wave function 
of the two-body system can be found in ref. /19/, (see, 
also /36/ ). Note, that if particles entering the reaction 
possess their own form factors, this fact leads to the 
appropriate modification of the scattering amplitude. 
In particular, assuming that the form factors of all the 
three particles are of one and the same form f( t). we get 

g2 2 
T 33 = 2 (277) ? F 12 ( t) f ( t). 

t-IL 

Considering the models lb and lc we obtain the following 
expressions for corresponding amplitudes: 

I 
133=-(477)-3 i (P22)) 2f dx(l2~x(l2))-l x 

0 

x fd-+(12)<1>+(3) (x(l2) -+(12)_x(l2)~(t) )«1>(3) (x(l2) -+(12))· 
pI ->(12) •Pl 1 -> (12) .pl . - pl =0 . pl =0 

and 

T31 =:::-(4~r)-3i(P~l2))2fdx(23~x(23))-l x 

0 

t=-K<t>2 
L 

fd ->(23)"" +0) ( (23)-> (23) (l (23)) -t(u) )"" (3) ( (23)->(23)) 
X p ..., X 9 p - -X Ll ..., X 

9
p ; 

l <J(23)=0 l l p02)=0 l 
L 1 

u =- L\ (u)2 
J. . 

II 

~---------------------------



In the framework of some special Jssumptions for the 
bound state wave functions 7 21 • 22 we get following 
asymptotic behaviour for Tia and T 31 (mod. log.); 

~ 

T,33 -lti-NI2 

It I--

T 3 I - I u 1-N 12 

lul-...o 

The parameter N 12 enters the definition of the wave 
function in the following manner: 

m0)2+ pf m(2)2+ Pl 
Cl> (x.pl )=<f>(x) [ -1 + -x x 

] -N 12 • 

Note, that in the framework of the formalism developed 
here it is possible to consider the processes with desin
tegration of composite particles, to study various inclusive 
distributions and other many-body problems. 

The author expresses his deep gratitude to N.N.Bogolu
bov, V .A.Matveev, A.N. Tavkhelidze for the interest in 
this work and valuable comments, to S.J .Brodsky, R.N.Fa
ustov, A.P.Gasparyan, S.B.Gerasimov, D.K.Gvazava, 
V .G.Kadyshevsky, A.N .Kvinikhidze, M.D.Mateev , 
R.M.Mir-Kasimov, R.M.Muradyan , A.V.Nikitin , 
N.S.Skachkov, L.A.Slepchenko, Yu.V.Tevzadze, Yu.A.Tro
yan for fruittull discussions, to D.I.BloJthintsev, V .A.Mesh
cheryakov for the warm hospotality at the JINR. 

REFERENCES 

1. J.Kokkedee. The Quark Model in Particle Physics. 
Benjamin, New York, 1969. 

2. N.N.Bogolubov, V.A.Matveev, Nguyen Van Hieu, 
D.Stiyanov, B. V.Srruminsky, A.N. Tavkhelid.ze, 
V.P.Shelest. JINR Preprint, P-2141, Dubna, 1965. 

3. D.I.Blokhintsev. Nucl.Phys., 31, 628 (1962). 

12 

4. R.Feynman. Phys.Rev.Lett., 23, 1415 (1969). 
5. P.N.Bogolubov. Particles and Nuclei., vol. 3, Atom

izdat, Moscow, 19.72. 
6. V.A.Matveev, A ... Tavkhelid.ze. JINR Preprint, 

E2-5141, Dubna, 1970. 
S.P.Kuleshov, V.A.Matveev, A.N.Sissakian. Fizika 
(Zagreb), 5, 67 (1973). 

7. T. T. Chou, C.N. Yang. Phys.Rev.Lett., 25, 1072 
(1970). 

8. V.R. Garsevanishvili, V.A.Matveev, L.A.SlejJchenko, 
A.N. Tavkhelid.ze. Phys.Lett., 29B, 191 (1969). 

9. O.A.Khrustalev, V.I.Savrin, N.E. Tyurin. JINR 
prePrint, E2-4479, Dubna, 1969. 

10. J.Benecke, T.T.Chou, C.N.Yang, E.Yen. Phys.Rev., 
188, 2159 (1969). 

11. V.A.Matveev, R.M.Murad)Xln, A.N. Tavkhelid.ze. Lett. 
Nuovo Cim., 5, 907 (1973). 

12. S.J.Brodsky, G.Farrar. Phys.Rev.Lett., 31, 1153 
(1973). 

13. V.P.Alekseyev, A.M.Baldin et al. JINR Preprint, 
9-7148, Dubna, 1973. 

14. A.M.Baldin, S.B.Gerasimov, N.Giordanesky et al. 
Lecture at the High Energy Physics School, Sukhumi, 
1972, JINR-Pub., P2-6867, Dubna, 1972. 

15. 

16. 

17. 
18. 
19. 

20. 

G. G.Beznogikh, A.Bu)Xlk, P.Devenski, N.K.Zzhidkov, 
L.F.Kirillova, V.A.Nikitin, P. V.Nomokonov, M.Sza
vloski, M.G.Shajranova. Report at the Conference on 
High Energy Physics and Nuclear Structure, Santa 
Fe, 1975. 
H. Steiner. In Proceedings of the W -th International 
Conference on High Energy Physics and Nuclear 
Structure. Dubna, 1971, JINR-pub., D1-6349, Dubna, 
1971. • 
B.S.Aladashvili, B.Badalek, V. V.Glagolev, 
R.N.Lebedev, J.Nassalski, M.S.Niorad.ze, I.S.Saitov, 
A.Sandacz, T.Siemiarczuk, V.N.Streltsov, J.Stejxmiak. 
JINR Preprint, P 1-7645, Dubna, 1973. 

A.N. Tavkhelidze. In "Fundamentnl Problems in 
Elementary Partic;e Theory". Bruxelles, 1967. 
N.N.Bogolubov, V.A.Matveev, A.N. Tavkhelid.ze. In 
Proceedings of the Varna Seminar on Elementary 
Particle Theory, 1968. 
V.A.Matveev. JINR Preprint, P2-3847, Dubna, 1968. 
R.N.Faustov. TMF, 3, 240 (1970). 
VR. Garsevanishvili, A.N.Kvinikhid.ze, V.A.Matveev, 
A.N. Tavkhelid.ze, R.N.Faustov. TMF, 23, 310 (1975). 
V.R.Garsemnishvili, V.A.Matveev. TMF, 24, 3(1975). 

13 



21. V.R. Garsevanishvili~ A.N.Kvintkhidze, V.A.Matveev, 
A.N. Tavkhelidze, R.N.Faustov. JINR Preprint, 
E2-8600, Dubna, 1975. 

22. V.R.Garsevanishvili. Report at .e Seminar on DeeP
Inelastic and Inclusive Processes. Sukhumi, 1975. 

23. A.A.Logunov, A.N. Tavkhelidze. Nuovo Cim., 29, 
380 (1963). L 
V.G.Kadyshevsky, A.N. Tavkhelidze. In ,Problems 
in Theoretical Physics'' dedicated to N.N.Bogolubov 
in the occasion of his 60-th birthday, Nauka, Moscow, 

-1969. 
24. P.A.M.Dirak. Rev.Mod.Phys., 21, 392 (1949). 
25. L.D.Faddeev. Trudy MIAN imeni Steklova, vol. 69, 

(1963). 
26. D. Ts.Stiyanov, A.N. Tavkhelidze. Phys.Lett., 13, 76 

(1964). 
27. V.P.Shelest, D. Ts.Stoyanov. Phys.Lett., 13, 253 

(1964). 
28. B.Z.Freedman, C.Lovelace, J.NamysloWsky. Nuovo 

Cim., 43A, 258 (1966). 
29. A.N.Kvinikhidze, D. Ts.Stoyanov. TMF, 3, 332 (1970). 
30. V.M. Vtnogradov. TMF, 8, 343 (1971). 
31. A.A.Arkhijx>v, V.I.Savrtn. IHEP-preprtnt, STF72-19, 

Serpukhov, 1972. 
32. S. V.Shirkov. JINR PrejJrtnt, P2-6938, Dubna, 1973. 
33. A.A.Migdal. Phys.Lett., 37B, 98 (1971). 
34. C.Alabiso, G.Schierholz.SLAC-PUB-1395, 1974. 
35. A.N.Kvtnikhidze, L.A.SlejJchenko. Report at the 

Sotchi School on Elementary Particle Physics, 1974. 
JINR-jJub., P1-2-8529, 1975. 

36. J.F.Gunion, S.J.Brodsky, R.Blankenbecler. Phys. 

14 

Rev., DB, 287 (1973). 

Received by Publishing Department 
on September,12, 1975. 

I --· __________ ............. .. 


