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An approximate method of solving the quasipotential equations

for the scalar particle scattering amplitude is developed. An examplel
is given how the obtained approximate solution can be used.
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Introduction

t“ The quasipotential approach in the problems of quan-
tum field theory has lately become widely known/1/. The
merits of this method have brought to 1ife further inves-
tigations connected with its concrete applications (see,

e.g./2,3/) and modtftcations/4,5/.
Because of the difficulties in finding the exact so-

j Tutions of the quasipotential equations the utilization

' of various approximate methods is of considerable interest.
In the present paper an approximate method of solving the
quasipotential equations is suggested and its formulation
is given in the first section. Let us note that the men-
tioned method is strongly connected with the modified per-
turbation theory in exponent/6/ and is analogous to the
one used in the paper/7/ for the approximate solution of
the BS equation.

(‘;9 It is further shown that the obtained approximate
solution can be used, for example, to find the asymptotic
behaviour of the scattering amplitude in the region of
high energies and fixed momentum transfers.

1. Let us consider a quasipotential equation with
local quasipotential for the scattering amplitude of scalar
particles .



T(p,p’;is)=gV(p—p is)+g [dqK(q%s)V(p~q;s)T(q,p";s) ,

(1.1)

which in case of a suitable choice of the kernel and the
quasipotential turns into one of the following well-known

equationsX/

Equation K(g?;s) gV(p-p';s)
Lippmann- ! 1 m - .,

. - Vip~p's)
Schwinger 247 RTINS Inhe  PTPS
Logunov- ! ! gV(p-p"s)
Tavkhelidze o2, .2 22_j2_,,

Kadyshevsky 1 ! 1 --f%—v(;-3ﬁs)

T V@ +m? Vqlimi—klm2-ic

To solve eq. (1.1) let us

formation

o, 5 Hp=-p")7
V(ip-p“:s) = J dre

(27)3

> >, - - ’;?- “;V-'”
T(p,p’;s)=[dr d?’ e

Substituting (1.2) and (1.3)

- > g

T(r,r’;s) =
(2n7)}

+ 3 fd;K((-;z;s)V(:;s)e-'q'fdr”e'q'

(21r)3

nd (3) -+ >
V(r;s)é (r=¢')+

perform the Fourier trans-

Viris), (1.2)

(1.3)

T(re%s)

in (1.1) we obtain

29,0 N -
T(r,r’;s).

x]Note that in the case of the Kadyshevsky equation

the potential V(p:p’;s)

is not local in terms of paper/4/,



Introducing the representation

T(rrs)=—2  V(iis)Frrss) (1.5)
(27 )
we have

JE

jadng - r)” -, >,
F(;’,:';s)=5”){?——r”)+ g quK(qz;s)e_“”fdr”elq V(r,s)F(rr;s)(1.6)

27
It is worth noting papers/8’9/in which the connection
between the quasipotential equation and the nonlocal Schro-
n‘ . . . . .
!\t’dmger equation is indicated.
Let us define the differential operator
Ls =K(-v2? ;s). (1.7)
So
> > 2 " 3.03),,
K(r;s)= [ dqe™'9 K(qz;s)=L;’(217) & (r). (1.8)

Taking into account the expression (1.8), eq. (1.6) may be
written in the following symbolic form

F(r i) =8 (i) e g Lo V(5 s ) F(OT58)1. (1.9)

We shall seek the solution of this equation in the

.following form .

F(?,:',‘S): 1 deeW("k;S)e—Ik('—'). (].]0)

‘QQ @ )’

i _ Substituting (1.10) in (1.9), we obtain

WS Kisl= I R(G7=7") ! > k(-

! fdl-:e = [ dke +
(277 2n)

o > -,

W(r kis)m ik(7=7")

+—2 Lo [dkV(is)e
(27 *

i1
(a2}



from which follows the equation for the function W(7k:s)

- ind -
W(;’,k,'t, W(;"k"',-”‘? I:-:

e «1egl[V(is)e le ) (1.11)

Expanding the function W in powers of the coupling

constant g

W(ikis)= = g"W(ik:s) (1.12)
n=1
we immediately obtain from eq. (1.11) the expression for
the function W,(?,I:;s) e}
o 9 g
W,(r_:k;s)sl.;’[V(?;s)e-””]e”” = ‘I

> ~ - red ;. e ].]3
-fd;V(q;s)L-;[e k+qd Jelkr ( )
= { dq_’V(;;s)K[(l:+;)2;s]e"::

Confining ourselves to considering only W; instead
of W in formula (1.10) we obtain from (1.10), (1.5) and
(1.3) the following approximate expression for the scatter-
ing amplitude

T (Fp s )e L fdfe TP V(g )t ) (1.14)
3
@)

The meaning of the approximation made above will be
~clear if we expand T,(f;.;’;s) in powers of the coup]ing(}\p,
constant ¢

atl) > o a+1 - - > - .
T(1+,(p,p';s) = —9I——qu,...dq"V(q,:s)...V(qn;s). §
n!

(1.15)

> - "o n -+ 2
vV (p -p’—E'q,;s ) E' K [(q,+p") ;s 1]



and compare it with the (n+l)~th iteration term of eq.(1.1)

-

N N n+1 -» d g g
T(+”(p,p'; s) = —171“- fday...dq V(q;s)...V(q ;s).
n! " "
(1.16)

V(p-p" =% §,:s) 2K [(qpp)is] K[(;,+q*,+;'),?s]...x[(lz’q", +
=1 P =

+p7)%s 1,

(5,
l,:,where % denote the sum over all possible permutations of

P
momenta 9, 00 9
n

It is easy to see from the expressions (1.15) and (1.16)
that in case of the Lippmann-Schwinger equation the perfor-
med approximation coincides with the so-called ”q,ql =0
approximation?

Let us note that the suggested approximate solution
may prove to be useful for not very small interaction gWi=1
in case of the following corrections to the scattering am-
plitude being small

2
W, << W; , etc.

2. In this section we consider the case when the ob-

., tained approximate expressions for the scattering ampli-

! ‘”i)ude can be used to find the asymptotics when s tends to

infinity and t is fixed.We shall derive the well-known Mo-

liere-Glauber representation taking as an example the Lo-
gunov-Tavkhelidze equation. Thus we have

. _l-r,—o
W):fdi' V(g ;s) e !9 (2.1)

L2 2 s
VT +p°) 2+ m2 (+p7) +m - —ie

-+ -
, 2
where p2=p Lk%=§-—m on the mass shell.



Let us choose the z axis along the(p+p’) vector. The

;—;’:A_’L, KL; =Q, f=—8]2_

and when soo

and

- - a  —iqy(Fy =11 )
W'(r,p’;s)g_z 1 deF"V(r’;s)fdque WL
S (2n)

oo Iqx(z'-x) 2 oo _’—2-
.qux —_-—s_'-fdz'V(\/rL2+z’;s).

-0 q‘_i( z

Substituting (2.2) in (1.14) we obtain

g 2 "-.LAL +eo _:_—2_
[ dr e fsz(\/rf+z ;s ).

T (P-'I;);s)=
! (27)° o

- (2.3)
-exp{z—sig— f dz'V(\/?i+z'2;s)=

I:K +o0 . o0
$3 fdzile 1 f dz;——{exp[-—zi fdz'V(\/ri+z'2;s)]}
(27)"2i —o z S

from which the final formula for smooth potentials follows

. '-u" 21x g
T(B,p'ss)= —> fderelLAL = -, (2.4)

(27)3 2i

n

\\!’ LI




where

+ o0 —

- [} -

- is) = -2 V(Vr2yz2 :s).

x=x(r ;s) 3__{‘, dz (er+z s) (2.5)
It can be shown that in the region of high energies
and fixed momentum transfers the corrections to the above
mentioned approximation do not change the asymptotic of the

scattering amplitude, because

oW
) 7 Loy
W /s
’ ' (2.6)
L 1
ﬁ=0(___’._.:), n>2.
w, s Vs -
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