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An interpretation of the smooth complex quasipotential is given in the framework of the eikonal con- 
sideration of quantum field theory models. 

Recent ly ,  in the theore t ica l  ana lys i s  of exper -  
imenta l  data on high energy par t i c le  sca t te r ing  
one has extensively  used the eikonal or  Glauber  
r ep resen ta t ion  [1] for the smal l  angle sca t te r ing  
ampli tude taken f rom nonre la t iv i s t i c  quantum 
mechanics .  

In this connect ion there  a rose  the problem of 
proving the val idi ty of the eikonal  approximat ion 
in quantum field theory in desc r ib ing  the par t ic le  
sca t te r ing  in r e l a t iv i s t i c  energy region.  

Note that in the f r amework  of the quasipoten-  
t ial  approach in quantum field theory the finding 
of the sca t te r ing  ampli tude is  reduced to the sol-  
ving of the quasipotent ia l  equation [2]. It i s  well 
known that in der iv ing  the eikonal r ep re sen t a t i on  
in this  approach [3] of impor tance  is  the as -  
sumption on the smoothness  of the local  quas i -  
potent ia l  [4] f i r s t  suggested in ref.  [5]. 

Thus, two ques t ions  of p r inc ip le  a r i se :  
1. Is it poss ib le  to obtain the eikonal  r e p r e -  

sentat ion by summing  d i rec t ly  a ce r t a in  c lass  of 
the Feynmann  graphs?  

2. What is  the s ta tus  of the quasipotent ia l  
smoothness  in quantum field theory?  

In this note we make an at tempt to show what 
answer  is  obtained in studying some models  of 
quantum field theory *. In our cons idera t ion  we 
shal l  be based on the r e s u l t s  of our p rev ious  
pape r s  [6, 7] in which the functional  methods in 
the f ramework  of the s t r a igh t - l i ne  paths approx- 
imat ion  (SLPA) have been used.  The approxima-  
t ion mentioned is  close to the so -ca l l ed  kik j =0 
approximat ion proposed in papers  [8,9].  E m -  
ploying the Feynmann  in te rp re ta t ion  of the func-  

* The basic results of this paper have been reported by 
one of the authors (A.T.) in the rapporteur's talk at 
the XV International Conference on High-Energy 
Physics, Kiev-1970. 

t jonal  in tegra l  as a sum over  the paths one may 
say that in  the f ramework  of SLPA one takes into 
account the cont r ibut ions  to the high energy sca t -  
t e r ing  ampli tude f rom the t r a j e c t o r i e s  which a re  
c loses t  to the c l a s s i ca l  ones (to approximate ly  
s t r a igh t - l ine  ones for smal l  angles  scat ter ing) .  

For  def in i teness  we cons ider  the model of 
in te rac t ion  of s ca l a r  "nucleons" with a neu t ra l  
vector  field A~ where the in te rac t ion  Lagrangian  
is  of the form 

"~int. --ig :Ap(~h* a # ~ -  a#~*~) : +½7 : A#~*~: 
(1) 

As a f i r s t  step we cons ider  the asymptot ic  
behaviour of the sca t te r ing  ampli tude for two nu-  
c leons taking into account the m u l t i - m e s o n  ex- 
change, neglect ing the radia t ive  co r r ec t i ons  and 
the contr ibut ions  of the closed nucleon loops. 

t 

+ 

At high energ ies  and fixed momentum t r a n s -  
fe rs ,  i .e.  as s ~ ¢~, and t fixed the main  loga- 
r i thmic  t e r m s  in the asymptot ic  fo rm of the 
sca t te r ing  ampli tude a re  cancel led  and the sca t -  
t e r ing  amplitude takes  on the form of the Glauber  
represen ta t ion  [6, 7]. 

f (0 ) ( s , t )  = isfd2@ exp (i@q) {1 - exp (2i×(0)(~)} 
(2) 

where the phase is  r ea l  and is  of the form 

X(0)(~)= 1 !V(s, Tp2+Z2)dZ= g28o2 d2kexp(-ik@) 
- k 2 ~  ~ - -  

(3) 
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The obtained r e s u l t s  means  that the r e t a r d a t i o n  
e f fec t s  vanish  in some r e s p e c t  and to the s ca t -  
t e r i n g  ampl i tude  t h e r e  c o r r e s p o n d s  the sum of 
the  quas ipo ten t ia l  g r aphs  

As we see ,  in th i s  c a se  the co r r e spond ing  
quas ipo ten t i a l  i s  p u r e l y  r e a l  and i s  of the fo rm of 
the  Yukawa po ten t ia l  which has  a s ingu la r i ty  for  
z e ro  i m p a c t  p a r a m e t e r  p .  

The r e l a t i v i s t i c  e ikonal  r e p r e s e n t a t i o n  has  
been obta ined by a number  of au thors  [6 ,7 ,  10] by 
v a r i o u s  methods  in the f r a m e w o r k  of the usua l  
f i e ld  theo ry  mode ls .  

The next s tep i s  the account of the r ad i a t i ve  
c o r r e c t o n s  to the nucleon l ines  

Hence,  i t  i s  not diff icul t  to show that  ×(p)  i s  a 
complex  quanti ty with pos i t i ve -de f i n i t e  i m a g i n a r y  
p a r t  [ exp(2iX(~) I < 1 accord ing  to the un i t a r i ty  
condit ion.  

Expanding now the exponent ia l  under  the in te -  
g r a l  sign in eq. (7) in a power  s e r i e s  in ×(0) we 
obtain forX (p) the following e x p r e s s i o n  

g2 f d2k e x p ( - i k o )  exp(_ak2)+ 

2 2 d 2 k  e x p i ( k i  • × 1 d2k2 + k2 )  

2 ak2)) (exp -a(k  1 + k 2 )2 -exp ( - a k  1) ×exp (- 

-.}- . . . .  (8) 

_ _ ~ _  ~ -r . . . 

In the f r a m e w o r k  of SLPA the con t r ibu t ions  
f r o m  the r ad i a t i ve  c o r r e c t i o n s  to the s ca t t e r i ng  
ampl i tude  i s  f a c t o r i z e d  [7, 11] 

f ( s ,  t) = H ( t ) f  (0) (s, t) (4) 

In the reg ion  t /m 2 << 1 the fac to r  H(t) depends  
exponent ia l ly  upon t 

H(t  ) = exp (at), (5) 

a = (g2 /m2){ ln  ( m 2 / ~  2) + ½} (6) 

Th i s  r e s u l t s  in a d i f f rac t ion  peak  for  s m a l l  angle 
s ca t t e r i ng .  

It i s  i n t e r e s t i n g  to note that it  i s  jus t  the a c -  
count of the meson  "cloud" of nucleons  that l e a d s  
to the appea rance  of d i f f rac t ion  type f a c t o r s  in 
the s c a t t e r i n g  ampl i tude .  This  fact  has  been no-  
t i ced  in o ther  app roaches ,  as  wel l  [12, 13]. 

We s t r e s s  that  the account of the r ad i a t i ve  
c o r r e c t i o n s  l eads  na tu ra l ly  to a smooth complex 
quasipotential. In fact ,  wr i t ing  the s ca t t e r i ng  
ampl i tude  (4) in the e ikonal  fo rm (2) we get for  
the  e ikonal  function the following r e l a t i on  

exp(2'i×(p)) = f d 2 b  b2  J 4 ~ d  e x p ( - ~ - )  exp(2i×(O)(£} + b)) 

(7) 

The f i r s t  t e r m  of th i s  e x p r e s s i o n  i s  pu re ly  
r e a l  and c o r r e s p o n d s  to the s c a t t e r i ng  on the 
Yukawa po ten t ia l  the cen t re  of f o r c e s s  of which 
i s  r andomly  d i s t r i bu t ed  accord ing  to the 
Gauss ian  law. The second t e r m  con t r ibu te s  to 
the i m a g i n a r y  p a r t  of the quas ipotent ia l .  

T h e r e  a r i s e  the impor t an t  p r o b l e m  of i m p r o -  
ving the range  of app l icab i l i ty  of SLPA in cons i -  
de r ing  the r ad i a t i ve  c o r r e c t i o n s  and the con t r i -  
but ions of c losed  nucleon loops.  In p a r t i c u l a r ,  i t  
i s  i n t e r e s t i n g  to study in the f r a m e w o r k  of the 
f ie ld  theory  mode l s  a p o s s i b l e  energy  dependence  
of the s lope p a r a m e t e r  of the d i f f rac t ion  peak 
which i s  due to the account of the r ad i a t i ve  c o r -  
r ec t ions .  

I n conclus ion the au thors  e x p r e s s  the i r  deep 
gra t i tude  to N.N.  Bogolubov for  his  i n t e r e s t  in 
these  p r o b l e m s  and for  s t imula t ing  d i s cus s ions .  

We also thank D. I. Blokhintsev,  A.V. E f remov ,  
O. A. Krus t a l ev ,  A.A.  Logunov, R. M. Muradyan,  
M. K. Pol ikanov,  V . P .  Shelest ,  Ya. A. Smoro-  
dinsky for  i n t e r e s t i ng  d i s cus s ions .  
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