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"' 

In connection with the development of composite models 
of elementary particles a problem of the description of 
their interactions becomes of special interest. 

In the present paper a method for investigation of such 
problems is proposed. Considerations are based on the 
quasipotential approach in quantum field theory It/. This 
method has been developed and generalized as applied to 
the problems of constructing the form-factors of composite 
particles /2-8/. 

Below we present a description of the scattering of 
two composite particles in terms ofthe "lightfront" form 
of quasipotential approach suggested in ref. 17 I. It will be 
shown that some simple assumptions on the hadron inter
actions in the scattering process allow the results of the 
dimensional analysis together with quark-structure as
sumption of hadrons /9/ to be reproduced. 

Let us proceed now to the description of these results. 
Consider the eight-point Green function 

G( XI' X 2' X 3' X 4; y I' y 2 'y 3 'y 4 ) = 

=<O! T(<hl(x 1)¢2(x2)¢3(x3)d:4 (x4)¢;(yl)¢;(y2) ¢;(y3) ¢;(y4 ))!O>= 

4 4 

=[(2 m- 4 
1
8 J II d4

p. d 4q. Pxp [-i .~ (p.x .-q.:xl.) ]G(pf~ ,p3'p4,ql,q2,q3' q4) = 
i= 1 I I I=] I I I 

=[(2rrf4l8 J d4Po2)114P(t21 <14 p(34~V:M~40ct2h4qc•2lt 0c:Ma4q(:M>x 
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[ . ( p<I2>x<t2> .134) x<34> <I2> <I2> (34> <34> 
X C"lJ -J 1 + Y . + p X + p X -

Q
(12) y(I2) Q<34ly (34) ( 12) (12) (34) ( 34\. J 

- - - q y - q y 'I X 

·G(P(l2l (12>.p<34l (34l.Q(12) (12>. Q(34l (34)) 
X ,p ' ,p ' ,q • 'q • (1) 

I (
1)th ta p<I2) (12) p(34) (34) Q(l2) (12) n ... e momen , p , , p , , q , 

Q (34) , q(34l are introduced according to the following 
formulas 

p(12) - (12)_ pI-p 2. ()(12)- (12) 
- p I + p 2 ' p - 2 ' - ql + q 2 ' q 

q 1- q2 

2 

p(34)- (34) 
-p3+p4,p 

P3-P4 r<34) (34) q3-q4 
2 ; .J -~q3+ q4, q = --2-

Passing to the quasipotential description in the spirit of 
ref. /7 I we introduce the' 'light front" variables and define 
the quantity 

G
"'( p (12) (I2) ->(12). p<34) (34) ->(3~)Q(12) (12) -.(12)Q(34) (34) ->(34))

•P+ •P1 • •P+ •Pl • ,q+ ,ql • ,q+ ,q l -

""f dp<1_2>d (34) d (12) d (34)G(P(12) (12l.p (34) (3:1l.Q(I2) (12)·Q (34) (34)) 
- p- q- q- ,p ' ,p ' ,q ' ,q ' 

-oo (2) 

where P± = p 0 ± P 3 ' Pl. = ( P I • P 2 ) · 

Introduce now the quantity M by the formula 

( 12) (I2) (3:1) (34) (12) (12) (34) (34) 
G(P ,p ;P ,p ; Q ,q ; Q , q ) = 

4 (12) , 4 (3:1), 4 (12)' 4 (34)' (12) (12) (12)' (34) (34) (34), 
=Id p d p d q d q G12 (P ;p p )G 34(P ;p p )x 

4 

·• 

M(P(12) (12)'. p<34> GK>'.Q(l2) (12l'.Q(34) (34)')G (...!12). (12)' (12)) 
X ,p ' ,p ' ,q ' ,q 12 'J ,q ,q X 

xG34(Q(34l;q(34)' ,q<34>) = (G 12 G 34 )M(G 12G 34). 

The quantity G can be presented in the form:x/ 

G(P (12)' p (34), Q (12)' Q (34)) = (3) 

= G 12 (P(I2))G34 (P (34)* M(P (12) ,P<3:1>, Q(l2) ,Q(34)kG 12 (~<I~) G34( Q (34) • 

The symbol * in the formula (3) has to be understood in 
the following sense 

p (I2) p (34) 
+ + 

I d <I2> I d <34>Id .... <I2)d-><34> 
P+ P+ Pl Pl x A*B 

_p(l2) _p(34) 
+ + 

"' (12)-> (12) (,tl) .... (34) "' (12) -> ( 12) (34) .... (34) 
xA( ... ;p+,pl ;p+,pl )B(p+ •PJ. ;p+ •Pl ), 

and dots correspond to the set of other arguments on which 
the operators A and B can depend. 

Knowing the pole singularities of the two-particle Green 
functions G 12 , G 34 one ~an show thatin the vicinity 
of these poles the function G is written as follows: 

c(P<12~r<34>, o<12>,o<34>l = ( 4) 

--------------------------
xl In what follows we shall omit the arguments which are 

related to the relative moments and this will not cause any 
misunderstanding. 
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IV(P (12)) IV(P (31~ IV+ ( Q (12)) IV+ ( Q(M)) 

':.[i(2rr)4]4 2 2 2 2 x 

(P<
12

l -M~)(P< 31l -M~)(C,02) -M~~)(Q<31l -M,~) 
( 4) 

X 1(1+ (P(l2)) 1(1 + (P(31)h ~ 1214(P (12),p(31),Q(I2) ,Q(M) h IV(f}12~ IV(Q(34). 

Here 

-
M t214 

fim f'-1( '12) 
p(l2)2_,M2 (3'1~ 't2 ('\ )G-1(p(31) 

12'p ->M 2 31 ) * 
31 

Q (12)2 ->M '2 ( 31f ' 2 

12
, Q ->M 

34 

* G G M(' (' (t•<t2) 1.<31l (l 02) Q(.l4)) (.-t(Q(l2)) ,.-l(n<3ll) 
12 31' '12 '34 ' '· ' '12 '--'31 v ' 

M 12 , M 34 , M 'tz , M 34 are the masses of the corres
ponding states. 

From formulas (2) and (4) we get the following expression 
for the scattering amplitude 

T(P(12l,P (34) 'V02l . Q (34)) = 

(5) 

= w+ ( p<t~ l IV+o~<34l)* M123t (P<12l,P<34l,Q02),Q<3ll)* 'l'<dt2)) 'l'<d34)). 

The formula (5) gives a general expression for the 
scattering amplitude in the case of scattering of composite 
particles. The detailed form of the scattering amplitude 
depends on the interaction mechanism in the intermediate 
state and on a specific form of the wave functions of the 
scattered objects. Below we consider two possible mecha
nisms: 1) scattering via the exchange of some intermedia
te particle (Fig. I), 2)constituent interchange mechanism 
(Fig. 2), 
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For the sake of simplicity we consider the case of scalar 
particles. It can be shown that in the first case in the re
ference frame, where 

p(12) = p (34) Q(1'l) = Q (34) 
+ + ' + + 

t =(P<12l_Q<12l )2 =-~f2, 

one has the following result for the scattering amplitude 

g2 
T= [F<l}c&<tl)F<1>c;i<tl) 

4(;i(t)2 + 112) 12 1 34 1 + 

+Fg)<~ (l))F~!\KT) + F<1~cK<f>> F~) c~<r) + 

+ F( ~ ( ~ (t ~ F ( 2) ( K ( t) ) l 
12 1 34 1 ' 

where F g l , F < i l are scalar form factors of the 
scattered particles ref. with 110 I ), which are expressed in 
terms of the wave functions with zero transversal compo
nents of the total momentum in the following way: 

FOl(~<tl) 
12 1 

=(2rr)3 j dx Jdpl <I>+ (x,pl +0-x)~T><~>_. (x,pl), 
2 0 x2(l-x) P\1~=0 p<_fl =0 

F< 1\ ,&< ,t>) 
34 + 

... 

{ 2rr) 3 ~ dx J --> + ( -+ ( ) : ( t)) ( -+ ) =-
2
-J dpl <1>_.( 34) x,p..L- 1-x o..L <1>_.(34) x,p..l.., 

0 x2 ( 1- x) P .l = 0 P l. =0 
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F(2l ( ~< tl) = 
12 l 

( 2 ) 3 1 d ... -+ ->(t) ) ffi ( .... ) =-·-"-J x Jdpl <I> (x,pl -xl'1l '~' (12) x,pt ' 
2 0 x( l-x) 2 P112)=0 P ..(. =0 

F< 2> ( 1 (!}) 
34 l 

\.1 1 .... _, _, ( t )) ( -+ ) =~J dx dplcll!(34) (x,pl+x/').1 <l>-:t134)=0x,p.l' 
2 2 + p =0 P' 0 x(l-x) 

where for instance 

<f> ( X ' -> ) = p ( 12) X ( l _ x) \l' ( (12) ' -+ (12) ) • 
p(12) pl + p(12) p+ pl 

Considering the constituent interchange mechanism(Fig.2a) 
one gets the following expression for the scattering ampli
tude 

-1 1 d T=-- J x Jd_, + (12) -+ -+(u) _. (t) 
2(277}30 x2(1-x)2 P1 <l>pl =~x,p1 -x/').1 +0-x)/').1) x 

+(34) _, 2 2 _, ->(t) -->(u~ _, 
x <1>_, (x, p l) [M 

12
+M 34 -S(x, p , +x/').l -0-x) /').l J-S(x, p l)] x 

pl =0 .l 

(12) -+ -->(u) (34) _, -->(t) 
x <1>_, (x,pl -x/').1 ) <1>_. (x,pj_ +(1-x)/')..l); 

pl =0 p l =0 

~ (u)2 
.l =-u . 

(6) 

Here the notation has been introduced 

2 -->2 
S( _, m +p 2 -+2 

x,pl) = 1 1 m2+pl 
+ l + ---X X 
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and the following properties of wave functions 

<l>(x,p l) = <ll(x, -p j_) 

<l>(x,-Pl) =<ll(l-x,pl_) 

have been used. 
Let us choose now the wave functions of the composite 

particles in the form 

¢N(x,pl) 

f/JN ( x) 
N=A,B,C,D. (7) 

--> N , 
[S(x,pl)l 

;\ , B and C , D denote the hadrons before and after the 
scattering, respectively. 

Inserting the wave functions (7) into formula (6) for 
the scattering amplitude one gets in the asymptotic region 

T 
S-->oo 

It I-->"" 
where 

· ( l + z -c 
s A + C + 0 - 1 -2-) ( 

- z -0 z) f( z) , (8) 

f( z) = 
1 dxf/J+(x) '¢ 8+(x)¢c(x)¢o(.J [(l )2 l+z +x2 1-z Jx 

A -x -2- - 2 
f l 2 l + z lA 

X 

0 [( l-x)2 -p + x -2-

[ ( l _ x) ] A+ B + C + 0 -3 

x2C ( l - x) 20 

¢ + ( x) = - (277 jJ J --> ¢; ( x, Pl ) 
2 dpl---

[ x( 1-x)] B 
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z = cusO , e is the scattering angle in the c.m.s. 

-t=~(l-z), 
2 

-u :_: ~ ( l + z) . 
2 

Formula (8) is in close connection with the results of the 
dimensional analysis of the scattering processes/9/ as
suming the quark-structure of hadrons and with those of 
parton model in the infinite momentum frame/ 11

/. 

The contribution to the scattering amplitude from the 
annihilation diagrams of the type given in Fig. 2b in the 
lowest order of perturbation theory is identically equal to 
zero due to the projective properties of the wave functions. 
Instead of calculating the higher orders one can use the 
( s __. u) crossing symmetry property of the physical scat
tering amplitude. Thus, imposing this requirement one 
obtains from formulas (6) and (8) the contribution we are 
seeking for: 

T 
l ( -0-

sA+C+D-1 l-z) f(z). 
(9) 

S---7CXJ 

It I-· CXJ 

Note, that by straightforward calculation of the diagrams 
of Fig. 2b, assuming the following property for the opera-
tor 
\1(p<12l _(12) -->t12l .p<34l (34) -•134l.Q(l2l,<l2l -•(12~d34l _<341-•<34) _ 
- · x 'P l · ,x ,p 1 · •) ,ql · - •) ,a l -

-M(r<12> .<t2l ._,(t2l.p(34) <34> .(34!Q<l2l <12l -.<12l.q134l _<34)-•(34) 
_ ,-x ,p ~ . ,-x ,p _;__ · ,-y ,q _:_ · • ,-y ,q l. ' 

when 

-!~x(12L-::o, -l'x<341<o. _ 1 :y<12l,o, _ 1 ~ y<34l_o 

we obtain the result of the type (9) _ 
In this case the function r( .d in (9) is of the form: 

f ( z) = 
C-tO-A- 1 

2 

1 
j 

0 

-
d x <;) 1

\ ( x) cb~ ( x) 6 C ( x) ¢ 0( x) 
'< 

2 2 C-1 
[4x + ( 1-x) ( 1-z)] 
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[x( 1 _ x) ] A+ B + C + D- 3 

y 

x 2A ( 1 - x) 2D 

It is interesting to investigate the dependence of the power 
of s in formulas (8), (9) on the number and on spins of 
the constituents, to study in more detail the form of the 
wave functions of the scattered objects (see in this connec
tion /12/ ) and to compare the corresponding results with 

experimental data. 
The authors express their deep gratitude toN .N .Bogo-

lubov and A.A.Logunov for stimulating discussions and 
valuable, remarks, to V.G.Kadyshevsky, S.P.Kuleshov, 
M.D.Mateev, R.M.Mir-Kasimov, R.M.Muradyan, 
A.N .Sissakian, N .B.Skachkov, L.A.Slepchenko for 
fruitfull discussions. 
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