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§1. Introduction 

As is well known the problems of the quantized field theory 

may be reduced to finding the Green functions of the interacting 

particles. For thia purpose the functional integration methods 

are widely used /l, 2 ,J/. The calculation of the functional in

tegrals however may be performed only in the case of the Gauss 

type functions. 

On this account it is of considerable interest to find the 

two-particle Green function directly from the Bethe-Salpeter 

equation using the operator method and modified perturbation 

theory/JI. Such an attempt was undertaken in the paperl41 • Here 

the Bethe-Salpeter equation is solved with the help of the mentio

ned methods in the case of the scalar particles and the generali

zed local kernel. 

In the second paragraph the Green function's representation 

through coefficient functions T'Ji ( :l., IC, ij is found and the 

equations for the latter are written out. 

In the third paragraph the Green function in th.e first 

order of the modified perturbation theory is calculated. It must 

be noted that this approximation is nothing else than the so

called" lcikj ~o approximation" introduced in the papers12 ,J,~/ 
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In the fourth paragraph the scattering amplitude is derived 

in the above mentioned approximation, Which corresponds to the 

sum of the ladder-graphs with the propagators in which the terms 

of the iCi,, ~ -type are rejected. 

The fifth paragraph is devoted to the investigation of the 

asymptotic behaviour of the found scattering amplitude in the 

region S-=,, O<J , t - fi~ed. The eikonal type representation for 

the ladder approximation is obtained and examples of BS equati

on's kernels corresponding to the smooth qu.asipotentials are given. 

Note that recently the straight-line paths approximation was 

suggested for the investigation of the asymptotic of the sums of 

the ladder-type graphs with crossings/6 , 7 ,a/. The essence of 

the method is following: in the scattering process the nucleons 

conserve their "individuality" because of the "softness" of the 

virtual mesons. In the case of scalar particle exchange an assump

tion of "softness" appears to be essential for the correct rep

roduction of the asymptotics of mentioned diagrams with the help 

of the eikonal formula/lJ/. 

On the other hand the condition of "softness" _does not 

change ;he asymptotic of the pure ladder-type graphs/ll/. 

§2. The Operator Method of Solving the Bethe-Salpeter 
Eg_uation 

On account of the translation invariance the Green function 

in the momentum space depends only upon three independent variab

les /.1 , 9 and £ , which are connected with the external 

momenta by, the. following relations: 

Jj == 
i 

C/1- p-, 
F z• 

4 

q= 
~ 

' E = f>,+ 7,' 

\ 

j 

I 

I 
\, 

where fi and ~ are the momenta of the incoming 

and rk - the momenta of the outgoing ones. 

particles, b;., 

In this case the 85 equation 18 

[(f + f J:. m ~ ie.}[(p- f J.:'. 1n ~ ic.) G(f, 9 IE) = 

c-M £_·4,- · 
= O (p-'f)+(Jr;J''i }clf>K(f,p'JE} G(f;.9IE). 

(1) 

We shall consider only _the kernels 
f 

depend upon the difference p-f' 
]{(f,p'iE) , whioh 

• Writing the equation (1) in 

the following form 
. :. .t. .t) t "' · . / .c. E,(, .z.\] · ) [(j,~ z -tn,/-(f!) +/,,tE.<j'+7;-m J G(f,1/E = (2) 

~; E'"rf'-1) +~ti Jdj,' J{(;,-p'/E)-§lf;C/1£) 
and performing the Fourier transformation 

-'i'x ... i7~ 
G (f, 9 IE) =- f d"z Jj e G { :x,J ! £) , (J) 

K 
.s, - i(f'~p JX-

(f-f 'iE) =f doc. e J((:x/ E) , (4) 

we oan rewrite our equation·1n the ooordinata space 

[{-a+ f: ;n~.1.+ ( £1' ~)~+ tit (-o + f~m1]G(:r'd/ E)= 

=- ~ b(~t~-y}- iA H(x:/E} G{:x, q/E). 
(.t7') (/ <J (5) 
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\ ,., 0 
Here we have introduced /\ ~- 3 and )f::: 

0
~ • 

To solve the equation (5) we shall use the method of the 

Fock's fifth parameter 
00 

G (:x)d IE} ::: i} dv <:fJ(v) 
0 

(6) 

where ¢ ( ,J) is determined by the symbol±c relation 

q)(v) :: VX-f [- i J [(-D + -f ~rnj~ (Et'°ff·+ 
(' (t,) ) 

- . . . . . E" -<-IJV o (x--(1. 
.,. L A K {x / E) + it c. (- D r 7; - in I (1.-n-)" 

and satisfies the following differential equation with the boun

dary conditions 

i O r:/J(vj = [l. 0•1- ~),-- m Y~( Etta Y,.1- l ~l<(-x/E)+ ov C 4 ~ 

+ ~t:t (~a-;- · E~ - m :l}] P(v), c1) 
. if 

f ';)/1,)·. 
<i>(JJ::o}"'~ l (:x-y). 

(~r,) 0 

We shall seek </?( ,J} in the following form 

_ <f>(iJ)::: (1.~s Jr.Ii- Cx.,f i {T(:x, 1c, Jj.;. K(-:x.·JJ -1-

:t,. LE 4.t..,. . .t-£ .., z -'- -) 1) 
+ [(1<:f)- (k 1 •7;-rnJ-l,Lc(1c+ 4 --1n i)v • (8) 

6 
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\ 
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fff, • 

It is obvious that the function / (x,k, V} satisfies the 

boundary condition 

T(:r, K, V--=-0) = 0 • (9) 

Calculations,as simple as the;r are cumbrous,result in the follow

ing equation for '77 (x, K
1 
JI} 

~r == - i-D~T + L(i} 0.i TF"+ I, (ofa'f)(f!}TJ + {arf·~ 

+- .4Kl"(oo/l 7j + 4i. (o'vr}{'l>~(°/' o~ T) + i ( ft K:/11( i> -

- £!'£1(7}, '2>" 'r)+ !iJ(l'(ov.rJ(°t..,oilT) + J.i.(Di}(u/rJ~ · r L E:t, .t . /' ..,.,, • N _ (10) 
+ J.i 1c + 4 ·- m.,: u)l o , ;.;. Ill ,c' · (} r)( aT )-(ot' T)'t_ 

· - (41cl'Kv_ £1"£ iJ_}(oN r)(?J.,TJ - z(k~ f :.1n 1 i.t:)( o 'r )i:_ 
. . I r 

- J;1cl'(~ 'r}(7>., T)':_ 4(K~ ·f:_mz-;. ic)lcff(?J 'r) + 

+ L(Ek)£1'4f}rJ- iAK(~/E}. _- '/' 

Now we seek the solution of the equation (10) in the form 

of the power series 

oO 

'!'i(x k -J) = ,~ _A n I. (·:1.· IC J) . (11) 
)J Li l'L JJ 

h-=-1. 

For the coefficient function 'T, we obtain the following 

equation 

~'J =- iO!l,T, + 41c~(D} 7;)+ i(4K"'K v_ £ff£i>J. 
. ~ E~ . . )( 'Tl ) . ~ £~ (} o~ 7; ) ... 1,, (~ -i- 7;°" - tn-"+ Lt_ D t1 - 4(1c,;. 7; - (12) 

- m.,,;- it.) Kl'(} T:,) + ~ (E1e) E11(of' 7;)- i l( (:x/£) 

and 

7; ( ~) 1c, J == o) = 0 . (lJ) 

7 



It 1s not difficult to derive an equation for the arbitrary ooef

ficient function '7;., (J:., JC, V) • Keeping in mind the possible 

future applications we shall write down the equation for '{(-x,;r.; L)) 
~1-= - L D2,'Ti, ;. f.rKl'(D} '7;,) + i (4k/'K..i>_ Ef' £1(}.°v '1,)• 

. E;., • )( ) • £'- ) I", 
+.tL(k

2
+ -~-tn---..ie D7;, -4 11::';•-c---tn~if ,t·'/z,?7L(14) 

-4 (' 1-f . lt1'.t.f" 

~ 2 ( E 1<) El' ( °f 7;,) - i S ( :l:j t:, ,J) 

and 

It, ( :1·, k) V := u) = 0 (15) 

where 

s (~,.t, ,;j.,, 1 {x/~ ~. ·r; )~ 4 (vf'7; J(a u., 7;)+ (07;).t.1-
' . I 

-i- gii<l'(?/T,J(}c.-7;)-~ 4iK 1(~ 7;}(DT,)- (l
6

) 

-(4k 1~i:._ E/IE'}(~ 7; }(~ 7;)- J- (K:,. f .i__ m ~ iE)(°J' 7; ); . 

Let us note that the equations (12) and (14) differ only in fun

ctions K (:x/ £} and ,S ( :l.~ KJ J) • 

§J. The Green Function of the Bethe-Salpeter Equation 

At first we shall solve the equations (12) and (14). 

Passing to the momentum space 

. I . ~ - lj.x ~ . 
7;, ( :K, k] J) =- µ, n)lf J d f f' It., ( f, J)) ' 

I · ti if:x 11 

,$ ( :x, 1c, J) :: (i,;,}4 Jci f e $ ( J> v), 

8 

J 
1' 

I. 
f J 

) 

i, 

we obtain the equation 
V L 

'°;J ~ , l'[ .t , 7 ~ [ .c, ( · )}( ;, E .:- ) oV~ :::-l y+J.(kf)J-.. t f+l cy k,-7,·-ni,-Lt -

V V 

- (£, f·t- K) I._.. (EK)~}~ - i S(p, ·i)) J 

(17) 

from which ) 

'~ (j, v) = - t'fdi>' S(f, v- 0:J i~f {- l ·J'{[ f~ .l(1<.jJJ1: 
0 

... i, ( ,:1+ r:. f'n.:,1- t'e.)[ f L+ L{Kf)l-rs f"/. k)2,~ ( £ k)J} . (l
8

) 

V 

If we substitute S(p)-v')for R (ff E) and take into ac-

count that the kernel R' does not depend upon V , (18) turns into 
\I 

the solution for the function 7; ( f J J), , 
J . 

1; (_p, v) == - i Jdv' I<( f IE) e,x_f {- iv[ [y ~~ 1, (K f)]\. 
0 . 

-,. i.(x:1,♦ f2:.. tn,~f- l"c:)[l'..J.(t'f)/.·(E)p~,:;/: (£1-:}1).. (19) 

Let us denote 

/2 ( K, f) = [ f i,t :l, (i:: J) J ~ + 

+ t(k\ f1,-,nx-;['t~ t(Kf)]-(£,f;.k/,. (E1<.)1' 

and 

I(p, 1cJ ::, le l 1
2

,. t(,tf)}. 

9 



Then (19) takes the form 

-iJ[R(p,k) + iI(p,1e) J 
e . - 1. 

R(jvcJ + i I (y, k:) 

V 

1; ( f, v) = ]{( f, £) (20) 

and we obtain 

. -i-J[l2(p;1:J+tl(y,1:J{ i 
. ' . " lfJ<( IE)e . .c21) 7; ( ,., .<, )) J\,,J" J cl f e f Npc), ;J ( p, 1;:) 

Consider T; (:x,k, V) as a funotion of the complex Yariable 

V,, V, + i Y,i. • Integral (21) conurges if 

/2e,(- iJf + ·v;,) [ R(P;k)-1- i l(p),c,)] < o 
for f-'>C>Q • 

Since .ft,(_p, t:.) =- f 4+ 0 ( f~ and J (y, le) = 0( f9when f ➔ oe 

{, (:x:J k, I)) is defined by the formula. (21) in the lower half

plane VL < 0 of the complex Yariable Y • To obtain the function 

T, (:x., lc
1 

tJ) one must perform an analytic oontinuation to the 

real axes. Hence we have 

-i(v-iiiJ[R+ il} 
iJ':t. e - i 

T, (x,k, ;)_;5') = (i~.Jdj, K(flE)e R,(f,k:)+ il(y,1c) 

Replacing 

we obtain 

f by f-1::. f>, , where c/_ >0 is a small quantity, 
1-lol 

10 

~ 

7-; (-x, ~, v-05)=- ({- id.) "f d"f, I( ( P_,(1·-1.cx.)IE)ei(+-i.<A.)f,~ 
(tTJ'I ( · F · 

-i (i>-iSi [R(p1 (1--i<i})+ i.l(f:,(f-i~J)) 

e • -1 

R(pl-1- iot)) .,. i I(f,(f- to,)) 

Since the expression in square brackets takes the form 

f,, 1T(f-d1j:4c(,'!. 4id(-/- ol~)] when f, tends to =and we have 

Re ( iv- <J)[(t- ct1~- 4ci.t- ltio<.{(-otZ,JJ == 

=-b[J.:__6.c/''.;.~1,}- 'Jot,(f-dZ) <0, 

when ftn P, If.: 0 and S is arbitrarily small, we can deformate 

the integration path Oto the real axis and put S =O • , 

Finally we have 

. ~ , . ) _ (l- i ci} "1· 14 I . . J i(-t-iot}f:>.. 
, 1 (':x.) K, v - {J-1:J" 01 p J{lf.(1- tot,Jf E; e . 
e --i.v[l2(p((-ia:J,;;J+iI(f(l-t.'aJ .tJl ·i ____________ , __ -___ (22) 

/2 (f{I- t'ci)
1 

t:)-4- i J (f (l-i cx)j.Jc) 

In the formula (22) ci is infinitely small. We can put d::O 

eTerywher• except for the term which makes the integral converge. 

Thus V , -t 

T;('x,i::, v) = 1. 
1-J,,: f dp Jc1v' K(1IE}e lf:X.-~f 

tZ7i: L O :ii, 

up{-il[lj,"+l(kf)l~ L[ f~t(Kf)}(K¾ f- (23) 

- fn ~ l'c) - ( £J j+ ~) \ ( £1<.) t,}} , 
In the first order of the modified perturbation theory the 

function / ( oc, 1e, J)) in the formula (8) 1• replaced by 

11 



A 1; ( :X.1 Jc, V) defined by the formula (2J). Then using the equa

tions (6) and (J) we find 1n this approximation the Green functi

on of the 8S equation 

G (. 1 £) = _l_· 1·c1 11 · e - i (f-1J t>:. . , f, 9 (.ir,)" x. 

J
~ J _ i.J[(()+ .€/_ ,n\ lt:.][(7-: J: ,n,~+ ie] 

· cl e I :, 

C i) • 4' 

ur { (t:)" Jdj, fdv 1 K ( pl E)e ,y-x-~~,{-iv[[(f+ (24) 

+ r-1- ; ):. m ~+ t't.j[(p+ r- ; ): hi~ ic]-[( r+ [ )~ rn!,~J. 

[ ( 7- f J : ,n ~ t'cJ}J}. 

The deriTed formula de!ines the Green !unction G, (p) r1 E) 
only for such /J and Cf when all the integrals oonTerge. For examp

le, with the interaction taken off ). ➔ 0 we obtain from (24) 

G,f 
. . " ·-<'l _ >x -ivl(r+fltn~,l}f(<tlt,,t,.,~ 

(f,tf !£Jo: _l_ ]dxe f 9 e -:1.. 
(t,r)" -t[{r+ f)':mitE]/(r-{J~m,~L~J' 

where V➔ oo .The integrals oonTerge (or, what 1s tho same, there 

exists a limit) when 

1 In r < 9- + ! J ~ tn ),+ i E 1 l r 1- i J: 1n ,.,+ l.E, J < o 
.t £-r., 1.J 

or Cj+7;~tn • 

In this region 

SM C, (P,91£) = (p-9) 
f I {/ Ej ~ L , . 7f /. Ej .t !J , J t9+ 1, ·-httteJL(f-"t; -/n·HE 

12 
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Now the deriTed expression can be analytically continued to the 

whole real axis and the usual two-particle Green function 1n the 

absence of interaction oan be obtained. 

§4. The Scattering Ampli~ude 

It is known that to find a scattering amplitude with the 

help o! Green !unction (24) it is necessary to pick out four pole 

terms, corresponding to the !ree ends and then to proceed to the 

·limit 

...... f (f-,,f:.,_; o,,, 9,)::: ~ · ( b1 ~ tn j (o/·- th j · 
1 . .t. .t. ,., r r 

fi,1i ➔Yn · 

(f,, i,_ rn LJ ( 9/'- rn ;iG ( ?, 9 1 E) 

Let uo write the expression for the Green !unction (24) 

using new Tar1ablea f,r , 9_, , f-1/ and r2, 
/) == _t_' rd" _n i(f,-t,,,-)x i ., -iJJ[~.t_,,/'+icll 71,"-m~ ie] 0.T.(v) 
v1 (.trr)"J' ~-= ;dve e 

1 

• 

Note that vh1n V➔ °"' and /;) t, l , ) 

~(=r~r, v) _,,. 7; (o0) == 

.t 9, -~ 
,., 

m 

= -I J o1" e tj~-aj/' I<Cj,1£) 
{,t,r) -1 i f i [(p+C,i)~ m; t'E] [ {r-pi,): 1n !z~] 

We can put cl:: 0 sinoe the written integral converges, for example: 

for the kernels J( ( f) decreasing when f ➔ oo • 

lJ 



Denote 

1 J " u·~J{( . °' c _ 10\c( ) ·P(?...J=--:---:- dJ:;-e 1:./£)1J(K+Q2,/IJ K-biJ, (25) 
J t(tri)" - r r 

Using the following formula 

Q,'1n, f ~v E> ·- iv(ot .. ,e}(J+h) i)i T;(v) i. )i 1;(oo) 
cc . ..., 

0 

,. . e ::. -!- --:-'-e __ _ 
.fi , o l {ot+ it}(ft 1- t'd 

(26) 

which is fair for 7;(ex.) <' e>o and d+J3 <' 0 , we obtain 

l'cp,)J~, 'J,, r2J> =. ~ 1, t1, ~ m 1tr1~ 1n'-J 
fa) r{ ➔ ni 

j_, 1· 4 l(h,-D•}:l. r- 1 '~ ol:x. e ,·tN exl.)LitA'f(x) 
(i,;r;) I 

'" 
Subtracting / ( ,\ = o), we shall find the formula for the scatter-

ing amplitude, in which the two pole terms are already picked out 

and cancelled. 

;I, .t. l( . :t, .vl f ( /1} 9,) f;,} f;,) =- 0 4' ( ft - In / r, - tn / . 
fl> 7'1 ~ rn (27 J 

ti"' 1· ~ i(f1-f1-}:t iA 'f(-x) . . I ·) 
. 

14 
d .x e e . jvn /\ f(-:i • 

(2T 

Note that J'(::r.) ~oes not contain momenta ft and CJ1 , and the 

n:pression e t{f,-f>:,)'X 'f(':l.) h&s the necessary pole singula

rities, which will be shown further. Hence (27) oan be rewritten 

in the following form 

14 

\ 

ti,f; r ·"· iAyy-xJ dvJ,iA~-J "' 
f(f,, C/1, h:,) f1r) :o(;;, )" J cl :x. -e _3- W(o) , (28) 

I ,.rr f('~.) J 

where 

'f"'(x) = -fMn (b1.e,_n,/)(q/:..1nt-_}e t'fi1-J';,h_ -
b ,G .e .:,I' /' f(:x.). 
r,,<p-111. . (29) 

Using the definition of the function 'f(-x.) (see (25)), we obtain 

i(p1-f:,,)::t" 
e 't<~J = 

{ ,y t(/:t+j>-,-j-Jz.)X (.' . c 
- J el~ e K(K/E),CfJ(t'+Cf")9>(1::--h~) == :t(t,7i) 'I . ..... /' 

~ f df e ifx ]( {f-f,+ fi)E)CJJ {p+r,)CZJ'(t-/~J-= 
2{tn) 

~ - i r cl' e ip~ I( ( p- f1 + p:;, I£) . 
( - > ,v J ( f . l, l, J. )'( ,, t; :, •• , 

,Z t 1/ (f ·- t_ff,+)'1 ·-/n 1- £€ f 1" tn,+ ft -m + le) 

!J 
Let us denote d, = f - 2 Pf-1 

,(, ~ • .I.J i' . 
Z =f'1-tn. + ll;:. r1·-m +le. 

!, 

J ~ f -+ 1 J9~ and 

We note that the main contribution to the limit (29) is given 

by- the integrals over the regions near zero, so cL and /l may be 

considered arbitrarily small. The limit (29) 1s equal to the 

coefficient C~L in the Loran expansion of the funotion 

e i(f,-f:.)x 'f{x) in t • As is known, this coefficient 1s 

15 



given by the formula 

c__t,, = 
1 

.in 
p' di e i.(j,-p~Jx 'f(-:x} :i. = 

0 

-!_ J d Ii € l f-X. K ( -f 1 + r~ IE) L <_j d t ' r ' 
2 (zr,r f f :l,7Ti ~ (a~i){p+i) 

where d and /3 are so small that they fall into the oontourf 

Then the contour integral is equal to 1 and we obtain for {:_L 

C_i- ~ - 1 fd" lfX 
.z(z7rr re K<r-f,+f~IE), 

Denoting 

fo(1.) = - I· jolt e 
:t,(~ r,)" 

ux 
J((k-/E), (JO) 

we can write 

~ f{x) = e i(f>rf':,)~ ~ <~) . (Jl) 

In the formula (Jl) all the momenta are already taken on the mass 

shell. 

Substituting (Jl) in (28) we obtain the final expression for 

the scattering amplitude 

. · ,.2 ,,- t ( f i(f,-p,)x i A f(-x), 

f (f,, 91, fz, 1J = ( )" } c/ X-€ e at,,n A f{-x.) l/1, (-x.) , 
. 27i if({X;)(J2) 

where the functions 'f (-x} and (fa (~)are defined by the formulae 

(2~ and (JO). 
16 

Expanding the amplitude (J2) in powers of the coupling con

stant ✓\-=gt;, it is not difficult to make sure that we have 

obtained a consistent expression corresponding to the sum of the 

ladder graphs in the ktK,=0 approximation with the generalized 
. J \ 

propagator f( ( k./ E). It may be of certain· interest the further 

analysis of the formula (J2) with various kernels _[(, {f-;o'/£) 
of the BS equation, and also the account of oorrections to the 

considered approximation with the help of the coefficient function 

Tii("-~I(~ v), defined by the equations (16), (18). 

§5. The Eikonal Representation of the Scattering Amplitude 

In the present paragraph we consider the asymptotic behaviour 

of the scattering amplitude defined by the formula (J2) in oase 

of the fixed momentum transfers f and high energies 5 ➔ oo • 
/ 

The essence of the used method is following. We expand the expres-

sion (J2) in powers of the coupling constant A and find the dis

continuity A f n. of the amplitude in the n-th order of 

perturbation theory in case of S ~ °"' • Then the complete am

plitude is restored with the help of.dispersion relations and the 

_ summing of series _3). 11f h. is performed. 0<> 

,· s:;•117• 
Thus expanding in a power series ~ :: L.,. /I fn.. , we obtain 

. J n=-1 
f' = (l i .A) 1i Joi~ e i(fJ,-(Jt)?<. _ . h-i( ·) 

Jh h / (2n-J'' · 'ft(oJ r ~ -
~ (.zi~) 1 ( _,) nrd" ol" f{(; ·-n.' (1.r.Yr., -i J( f, ... fh-1. f:,f'1-J1-·----fh-1), 

h-1 

· .17 K¼.J C/J e( f.i+ 1J C1J YJJ· - f~) · 
Jr::::f.. 
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The discontinuity of the amplitude f n- fol+ows from this expres-

sion 

f i., A y .e Tt ir-1J. -'fi" dt,"' K If _ b _fi _ ... __ 13 ) . 
A =- ------~ or , • • h J. l, :z.. r1 ., .h-d.. · 

,LJ h.. . I c· ) :3M:i. -1 -
· /1, 2r, L (JJ) 

h-i. t K{J;J) &'Cf/+ ~fJ1~) t(J/'- :1,fifJ · 

It is not difficult to verify that in the c.m. system with the 
. "';-? 

axis l along f:.; we have in the case of S ➔OO the following 

expressions 

1:-, ~~ { rs o a vs} r, . .- . fl, ) , J 1., 

o ::::-{vs o o-vs} ,z. :t, ) ) ) 2, 

f1- ;,,, ~ [ 0 J 4 ) 0} . 
In this case it is easy to integrate over fjo and fjt 

in (JJ), which brings us to the expression (J4) for the discon-

tinuity Ll f 11. _ 

j ·~ i A /1.( t1rilt-J. I f ,(,'"" J~➔ 
t.1 h - I(. )3h+J.. h-:f --;;-::i d f-1.L • · · fn-i..L 

ll. l,r,- C fl s . 
h-i. 

. ( ) h-h?-i l?t J(/ {at) (o<) ' L -1. l11-1 (j11;-f1-fo-• 0 °j1n - . (J4) 

m-=o m h-.i. 

- (fo) - ... - - (j)) fl T// _(:.C}i n K( _rpn 
fn-i+., f n-i · ..n tfJ 1 . fJ I ' 

~t= :l J= /11 +-:f. 

where 

(ot) { ~ .r:::-; fJ = O, fJL { r S 

. . ~~ 

p. (ft) - ·{ o P. ff..L. } 
Jj - ) )J.1. ) vs 

(J5) 
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K 1 
It is clear that in the case of the kernel (1:.)~ .-::;:;:-c. when 

I( 

/(-:,. 00 the main contribution to the asymptotic of the t1f n. gives 

the ·f1rst term fn =-0 in the formula (J4). 

Thus when S•~o0we have 
\ h./ ) n.-J. 

.C ·~ ii\ r-llii 
Llfh - h I (2. ll rll 1-J. i i h-::J 

"-' • -+ ➔ -• l( c ~ 41. - fa.1. - • H • 

d. fdi.,"'"" Jt➔ 
Sh-:1. f,.1. • '. c.. fn-11. 

11--:l. ""-' 

fi~l.l ) (1 I{ ( ~:L ) ' 
J-=.f )J 

(J6) 

where the following notation is adopted 

KrtJ == I<rf) when f::{o,j>:~oj. (J7) 

Defining the function 
. -~ ·~ 

$
0 

(~.,_) : ( :-. )j d'fo e -'J!t "'•j{ {j&), CJ•> 

we can rewrite the expression (J6) in the form 

. <!n AjZ- .S-➔ 00 
II h-i J > s 

where 

, I n.(-. )n-J. . -~ ➔ C ~ ___ l" -1.r,i r dt:➔ - , ..1.1 :J(.1.. L- r-F. : ➔ J /1., 

n h 1 (.·q. J ,,.,3 h-.t.. J • .L e ·t-:.J-:i..J.J . c,9) 
, ,<,'/i ,Z l . 

Note that if the kernel 1((1:.) is given by the representation 
00 

K (K) :: I ff ~J..,"~. 
o K-:P + tc 
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we have <>o 

<P0 ( 'X.L} = - j_ f d~f(~) Ko(~/x.i,!}, (40) 
J. r, (I 

where J(~ is the well known McDonald function. 

Using now the dispersion relation 
OQ 00 I rt,')! q 

r 1 f · d s 'tJ f (s1 C J- ol s . "/ ..., h. = --. 11 ~ _!:!._ . > (41) 
1 tr,i sCs J,,r,i .s'h-i.(s1-s) 

$ s 
~ u 

we obtain the leading asymptotic term 

,. C1i ~- --jh. - i,,ri 
e,,, s 
S h-:l 

Since our formulae for the discontinuity are 

asymptotic region of high energies S·➔ Oo, 50 

and we have rejected in (42) the terms of the type 

(42) 

fair in the 

is a big quantity 
. / 

S sn-L 
0 

considering that they decrease more rapidly than the leading term. 

Let us also note that the formula (42) is fair when fl~ i,. 

Taking into account the .definition (J9) of the quantity Cn,., 
\ n. . 

we can sum.the power series in I\ and we can obtain the scattering 

amplitude in the eikonal form. 

f 
_ ./. _ ·I(S ~SJ ('A/ .ts )

17
(;½ e-i~~fif?. r~) 7n. _ 

- j(1) -<,h-'" i,r,'- (i~ t-. I JO X.L o :X.L I_J -
_ _,, T{.. • (4J) 

::: L _ s~s rd? e-ii~[·e-1;- <A(~} 1 -4.__,.:,:. ;;~)] · 
p:t) t. ti J' -.J. + . Ylolx.L ' 

w~~ ~s 

where (p
0 

is defined by the formula (JB) and in the special case 

by the formula (40). 

In the formula (4J) the quantity fC<> is the scattering 

amplitude in the first order in A and is defined by the eYident 

expressions 
20 

J,I •LI ,.._, ·.1: -t.:. .I - tA K _ l A - • · --:t L 71 ( .(.. -- iA ~ -
J<tJ--(1.1!/' {f:.-p1)-·-~ 11l .K(-At)~-(~,.y,Jol~e :i. ~cpj;;;_)_(44) 

The formula (4J) is the generalization of the eikonal repre-

sentation for the ladder graphs with the modified propagators. The 
A presence of the "extra" term 

is connected with the fact that 

and the dependence of the phase 

£ S ¢o(~} in square brackets 

j(<f) does not depend at all on S , 
is thus that fn.. S , which appears 

in the all following orders, can by no means be cancelled (how it 

occurs if we consider the cross-diagrams/91). Let us also ~ote 
~ . 

that in the case of the scalar !J' -theory(i.e. f(a?.)=-e.o>i.fl b(a?-_f) 
in the formula (40)) the obtained expression (4J) gives the correct 

asymptotic for the ladder graphs in each order (see for example/111 . 
This fact confirms once more the validity·-of the t:.i IC'.· = 0 

d 
approximation for a certain class of diagrams in the considered 

asymptotic region. 

Since the expression (4)) has as its quantum-mechanical ana

logy the Glauber representation, we can find the corresponding 

interaction potential V (s
1

1. j . Really, 

_A _ 
is 

-l-o0 

n::. <~ J = .1.. 1· ·vc-V:x.'l. + o..➔_i,J c1x. 
'::l:-'o ~ 5 l ~ ~ 

-o.o 
(45) 

In the case described by the formula (40) we obtain the 

following equation for the interaction potential 

:t. OQ j-0<) 

/.j: f f('Je.) Ko ( ';E /-x1./)da: =:. j V{V~t~ :.tji.) ch:l. (46) 

lt9 c -= 
Using the well-known representation 
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K ( :R/5!_1-t) = Jd-t e - ;J?/~tc:kt 
0 ' 

we can write eq. (46) in the following form 

r o<l 

J ·v (V ~tt,~ !l.i_ i.') clxl 
,t, +<XI ~ 

:: - 3 ): f clxt j cla? 
t(tr, -OQ O 

-~✓. ... '-...,· 
f(ae) e ~,,,,_,_. 

V :-ft+ x.i.%., · - C>O 

from where the expression for the potential is derived· 

When 

Vci> = 

- <'><) 

~
AJ: _f cl:}' fC~) 
) 

0 

e - ~-t. 

·i-

f(~) ::= 'iJ(a?.f) we have the Yukawa potential 

·v T.t. --fl I ~ - _£_ (compare with 9/). 
·;;- t 

1_47) 

In the more general case we obtain, as it is natural to ex

pect, the superposition of the Yukawa potentials. 

It is not difficult to notice that choosing a suitable spec

trum density f(?e) we can obtain a nonsingular. potential V(t). 
It must also be noted that the quasipotential smoothness is of 

great importance in the-problem of describing the interaction of 

hadrons of high energies/121. 
We shall write down some examples of the smooth potentials 

and of the corresponding spectrum densities f(:}e). 

22 

-V(t,) (~) 

ClYn.d - :?.ft J eo,1(~a) 1.11 
) ~< a., 

2- ~(1-e ] L o . i,T,' t + a.. 
l . ~ > a... 

a. >O 

eond J+ ~,/t,t,_,.a.t.-' - g/,c.a:.' 
(~-;-a.~¾ e { 

0 ,----.---,-, ) 

;}2 Ja ( CL V ~ t._ g i.; ') ) 

°de< 6 
~ > g 

the 

for 

-eo-n,d e - d Vt ., - ol t, 
Cz;)e-a) 

-€/K..P (- ol1/4~) 
~ 

In conclusion we want to note that we.have ma.inly considered 
- V 1 

kernels decreasing as 1) ~ ;::.t+c. when 1::.·➔ °; , which is convenient 

the comparison with the models of the 'f -type and which is 

notable for its simplicity and clearness. However the suggested 

method can also be applied to the nondecreasing kernels, which 

correspond to the more rea11stio models. 
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