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The problem of the asymptotic behaviour of high-energy elastic and inelastic amplitudes is studied by 
means of the functional methods of quantum field theory. The straight-line paths approximation (SLPA), 
making it possible to effectively calculate the functional integrats which arise, is formulated. 

In a number  of r ecen t  papers  [1-11] the problem of the validity of the eikonal approximat ion for the 
two-pa r t i c l e  e las t i c  sca t t e r ing  ampli tude at high ene rg ie s  was cons idered  in the f r a m e w o r k  of va r ious  
models  of quantum field theory. In these  papers  the asymptot ic  behaviour  of the sum of the Feynman 
d i ag rams  of the ladder  type (when all  the poss ib le  c ros s ings  of "meson"  l ines between two "nucleons"  
a r e  taken into account) was essen t ia l ly  invest igated in the l imi t  of high ene rg ies  and fixed momentum 
t r ans f e r s .  One of the important  r e su l t s  of these inves t igat ions  is the fact that the pr incip le  logar i thmic  
t e r m s  cancel  in the sum of the ladder  type d i ag rams  in the asymptot ic  l imi t  S ~ 0% t = fixed. F u r t h e r ,  
the sum of the ladder  type d iag rams  tends asymptot ica l ly  to the sum of quasipotent ial  graphs for  the 
two-pa r t i c l e  sca t t e r ing  amplitude [12-13] and coincides  with the Glauber- type  eikonal expansion of the 
sca t t e r ing  ampli tude at high ene rg ie s  and smal l  angles.  

In ref .  [1] the functional in tegra t ion methods in quantum field theory were  used in studying this p ro -  
b lem.  As has been shown in these paper s  the functional in tegra t ion methods p re sen t  an effect ive  tool 
for invest igat ing the asymptot ic  behaviour  of the sca t t e r ing  ampli tudes.  In subsequent papers  [14,15] 
the functional in tegrat ion methods have been used for studying the important  p rob lem of rad ia t ive  co r -  
r ec t ions  to the ladder  type graphs for  two-pa r t i c l e  e las t ic  sca t t e r ing  (see a lso  papers  [16,17]) and in 
invest igat ing the ine las t ic  sca t t e r ing  p r o c e s s e s .  

In this l e t t e r  we p resen t  some r e su l t s  of invest igat ion of the model  of sca la r  nucleons in te rac t ing  
with neutral  vec to r  mesons  [11]. We find closed analytic exp res s ions  for the two-nucleon e las t ic  s c a t t e r -  
ing amplitude and for  the ampli tudes  of ine las t ic  p r o c e s s e s  of meson production in nucleon col l is ions .  

The asymptot ic  behaviour  of these ampl i tudes  in the high energy l imi t  is studied in the f r a m e w o r k  of 
the s t ra igh t - l ine  paths approximat ion (SLPA) formula ted  below. 

It is shown that the pr incipal  logar i thmic  t e r m s  in the sca t t e r ing  ampl i tudes  cancel  in the asymptot ic  
l imi t  S ~ ~o, t - f ixed when the d i ag rams  with nucleon closed loops a re  neglected.  It is shown then that 
the contr ibut ions of the radia t ive  co r r ec t i ons  to the ladder  type graphs in the s t r a igh t - l ine  paths appro-  
x imat ion a re  fac to r ized  and a re  de te rmined  by the quantity H(t), which depends only upon the square  of 
momentum t r ans fe r s .  In the region [t I << m2 the quantity H(t) has an exponential  dependence on t and 
produces  the diffract ion peak in e l a s t i c  sca t t e r ing  in accordance  with the hypothesis  of smoothness  of 
the local  quasipotent ial  of two pa r t i c l e s  at high ene rg ies  [18-20]. 

Such a behaviour  of the e las t ic  sca t t e r ing  ampli tude was predic ted  recent ly  in paper  [21] and cor -  
responds ,  in some sense ,  to the coherent  in te rac t ion  of v i r tua l  mesons  which belong to the ni~cleon 
clouds. 

Fu r the r  the d i f ferent ia l  c ro s s  sec t ion  of ine las t ic  p r o c e s s e s  were  obtained. Under the r e q u i r e m e n t  
of "sof tness"  of secondary  mesons  the Poisson  dis t r ibut ions  in the number  of pa r t i c l e s  emi t ted  in col-  
l i s ion is found. 

We note that the total  d i f ferent ia l  c ro s s  sect ion summed over  all  the secondary  mesons  may have, 
genera l ly  speaking,  no pronounced di f f rac t ion peak in the reg ion  tx 2 ~ It l <<: m 2. 
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Such a behav iour  is  due to the cance l l a t ion  under  c e r t a i n  condi t ions of two exponent ia l  f a c t o r s ,  which 
c o r r e s p o n d  to the r ad i a t i ve  c o r r e c t i o n  cont r ibu t ions  in the e l a s t i c  s c a t t e r i n g  ampl i tude  and to the total  
cont r ibu t ions  f rom m u l t i - m e s o n  product ion.  

We would l ike to point  out the analogy of such a r e g u l a r i t y  with the automodel  behav iour  [22] of deep 
ine l a s t i c  p r o c e s s e s  of high energy  hadron in te rac t ion .  We choose an in te rac t ion  Lagrang ian  of the fo l -  
lowing fo rm 

Lin t : g:t, h2(x)i'~h(x)A a (x): + g2:A2 (x)~/*(x)tp(x): (1) 

where  g is  some d i m e n s i o n l e s s  coupling constant .  
The o n e - p a r t i c l e  Green  function of the quantum f ie ld  in the ex t e rna l  f ie ld  Aa(x) s a t i s f i e s  the equation 

{[iO a + gA a(x)] 2 - m2 } G(x,yl A ) = - 6 4 ( x - y )  (2) 

The f o r m a l  solut ion of eq. (2) for  the F o u r i e r  t r a n s f o r m  of the Green  function can be r e p r e s e n t e d  by 
means  of the funct ional  in teg ra l  

a c  

G(p,q[A) : i f dz e x p { i r ( p  2 - m 2 ) }  f d4y {i(p-q)y} f [64v~0 ( 2 ~  exp 
o (3) 

x exp{2 ig f  d~ [va(~) +Pa]Aa[y+2p~ +2 v(~)dr/]} 
0 0 

where  T2 ~'2 
"~2 

[54v]r 1 : 6 4 v  e x p { - i f  v2(~)d~}/f64v e x p ( - i f  v2(~)d~} 

~'1 r l  

is  a n o r m a l i z e d  volume e lemen t  of the funct ional  space  of the f o u r - d i m e n s i o n a l  function va(zl) d e t e r -  
mined on the i n t e rva l  ~-1 "< ~ ~< T2" 

(4) 

The t w o - p a r t i c l e  e l a s t i c  s c a t t e r i n g  ampl i tude  is defined as  a vacuum ave rage  of the produc t  of two 
Green  functions [11]. Below, for  s imp l i c i t y ,  we sha l l  neg lec t  the vacuum po la r i za t i on  ef fec ts  a s  well  as  
the d i a g r a m s  with c losed  nucleon loops.  The p ropaga to r  of the f r ee  vec to r  f ie ld @aft is  d e t e r m i n e d  by 
the e x p r e s s i o n  

cba ~ = 5aft _ ~:aKfl/~2/(K2_ ~2) (5) 

Taking into account  eq. (3) and eq. (5) we obtain the fol lowing c losed  e x p r e s s i o n  for  the t w o - p a r t i c l e  
s c a t t e r i n g  ampl i tude  

if(pl,P2; qlq2  ) = g2 f d4yexp{ y(p l _ q l ) } @ a f t ( y  ) f [54Vl]~-oo[54v2]~-,,o[2Vl (0) + P l  + q l ] a  

×[2v2(0)  +P2 +q2]flf d• exp ½ig 2 fd4K@y~(K) i=~1 j(C)(K; pi,qi]vi)j~ ) ( -g ;  pi,qilvi) (6) 
0 

+ 2~exp{iKy}j(yl)(K; pl,ql]Ul)j~2)(-K; p2,q21v2)]- i ?  6m2d~ 1 
- -o(3 

where 

j(~) (g; pi,qilvi) : 2i f d~[viy(~) +PiyO(~) +qiyo(-~)] exp{2iKy[pi~O(~ ) +qiy~O(-4) + f  viT0?)d~]} (7) 
0 

is  a conse rv ing  t r an s i t i on  cur ren t .  Obviously,  an exact  funct ional  in tegra t ion  in e x p r e s s i o n  (2.9) is  not 
poss ib l e .  T h e r e f o r e ,  we use below the app rox ima te  method of ca lcu la t ing  the i n t e g r a l s  over  v 1 and v 2 
[23,24], ca l led  by us SLPA. The funct ional  v a r i a b l e s  v 1 and v2 f o r m a l l y  in t roduced in eq. (3) for  ob-  
ta ining the solut ion for  the Green  function,  d e s c r i b e  the devia t ion  of a p a r t i c l e  t r a j e c t o r y  f rom the 
s t r a i g h t - l i n e  paths .  In fac t ,  if we put v = 0 in f o rmu la  (7) for  the t r a n s i t i on  cu r ren t ,  we would obtain 

In eq. (6) the mass renormalization ~00 = m2 + 5m2 has been made. It removes divergences appearing in the inte- 
gration over the variables 41 and 42 [14]. 
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the c l a s s i c a l  c u r r e n t  of the nuc leon ,  mov ing  with m o m e n t u m  p at ~ . 0 and with m o m e n t u m  q at ~ < 0. 
We note.  however ,  that the a p p r o x i m a t i o n  u = 0 is  known to be i napp l i cab le  at va lues  of the p r o p e r  

t ime  of the p a r t i c l e  c lose  to z e ro ,  when the p a r t i c l e  c l a s s i c a l  t r a j e c t o r y  changes  i t s  d i r ec t ion .  In the 
language  of F e y n m a n  g raphs  the a p p r o x i m a t i o n  m e a n s  that the quad ra t i c  ~ - d e p e n d e n c e  in the nuc leon  
p ropaga to r  is  neg lec ted .  It can lead,  g e n e r a l l y  speaking ,  to the a p p e a r e n c e  of d i v e r g e n c e s  of the in t e -  
g r a l s  over  d4K at the upper  l imi t .  

A b e t t e r  a p p r o x i m a t i o n  is  g iven by a v e r a g i n g  the nuc leon  c u r r e n t  (7) over  the func t iona l  v a r i a b l e  u, 
i .e .  

___ ( 2pT+K 7 __2q7-  K~__] 

j7(K; p .q)  = - "2Kp+K2~-i£ - 2Kq-  K 2 - i <  / (8) 

F o r  th is  r e a s o n ,  in s eek ing  the t w o - p a r t i c l e  e l a s t i c  s c a t t e r i n g  ampl i tude  we sha l l  use  the SLPA,  which 
c o n s i s t s  in s u b s t i t u t i n g  in the exponen t i a l  exponent  in eq. (6) the c u r r e n t  p roduc t  a v e r a g e d  over  the func -  
t iona l  v a r i a b l e s  u 1 and u 2 [11]. 

Thus .  in SLPA the e x p r e s s i o n  for the e l a s t i c  s c a t t e r i n g  ampl i tude  t akes  the fo rm 
1 

if(pl,P2; q l , q 2 ) = g 2 H ( t  ) jd4yexp{ iy (p  1 - q l ) } A ( y ;  p l , q l ;  p 2 , q 2 ) f  dXexp{iXX(y; P l , P 2 ;  q l , q 2 ) }  (9) 
0 

where  

A(y; P l , q l ;  P2,q2)  = fd4KQ)c~fi(K) [K + /51 + ql]cr [-K + P2 + q2]fi exp {iKy} (10) 

g2 fd4K exp{iKy} (DOt~(K)j(~)~; i l , q i ) j ~ ) ( - K ;  p 2 ,  q 2 ;  X(Y; P l ' P 2 ;  q l ,  q2 ) - (2~) 4 (11) 

r . 2  . . . . . . . . . .  ¢K; . . . . . . .  

H(I) = exp i g 2  f d4KC-Dc~fl(K) i~,=l j(~ ) Di,qi)J ~:; Pi,qi) (12) 
2(2n) 2 "= 

It is  i n t e r e s t i n g  to note that  the con t r i bu t i on  of the r ad i a t i ve  c o r r e c t i o n  is  f a c t o r i z e d  in a f o r m  of the 
fac to r  H(t) depend ing  only on the s q u a r e  of the m o m e n t u m  t r a n s f e r  t = (Pl  - q l  )~, as  in the s c a l a r  f ie ld  
i n t e r a c t i o n  model  [14]. The ana logous  p h en o me n a  of the f a c t o r i z a t i o n  of the r a d i a t i v e  c o r r e c t i o n  c o n t r i -  
bu t ion  in quan tum e l e c t r o d y n a m i c s  was  found in the a r t i c I e s  [25-27].  

In the high ene rgy  l i m i t  S -* ~ at f ixed m o m e n t u m  t r a n s f e r s  t l im i t ed  by the condi t ion  [t ( << m 2 the 
e x p r e s s i o n  for  the e l a s t i c  s c a t t e r i n g  ampl i tude  has the fo rm 1' 

f(s,  t) : i ( s  - u) v(t) exp (at) (13) 

where  

v(t) : ½ f d2y± exp (iy± A±) (exp l - "  g2 f I~Ko(~Iy.]) - 1 )  " t ~ _ A 2  
.L 

a = {g2 /3 (2n )2m2}  { I n ( m 2 / i  a2) + ½} 

(14) 

(15) 
and K 0 is  the Ke lv in  func t ion  of z e r o  o rde r .  

The a m p l i t u d e s  of i n e l a s t i c  p r o c e s s e s  of m e s o n  p roduc t ion  in t w o - n u c l e o n  c o l l i s i o n s  [11] at high 
e n e r g i e s  can be d e t e r m i n e d  by m e a n s  of a g e n e r a t i n g  func t ion  f(pl,P2; ql,q2 IA ext) hav ing  a m e a n i n g  of 
the s c a t t e r i n g  ampl i t ude  of two n u c l e o n s  in the p r e s e n c e  of the e x t e r n a l  f i e l d A  ext. 

In what  fol lows we wil l  c o n s i d e r  the case  in which  the m o m e n t a  of the s e c o n d a r y  m e s o n  in  the c e n t e r  
of m a s s  s y s t e m  sa t i s fy  the r e q u i r e m e n t  of " so f tnes s "  [15]: 

J We note that taking into account the identity of nucleons reads on symmetrization of eq. (13) to terms vanishing in 
the limit S ~ oo with fixed t. 
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N N 
Koi 1 ;  IS xi±[ ]Pl±-ql±] ~ [P2±-q21J (16) ~s-= i=1 

where  the momenta  of the in i t ia l  nucleons a r e  chosen along the Z - a x i s .  
Under this  r e q u i r e m e n t  the ampl i tude  of N - m e s o n  produc t ion  is  f a c t o r i z e d  and can be wr i t t en  in the 

following form : 

N 
i-~l .(1)/K . ~(2)(,  .* f i ne l  (N) =f (P l ,P2 ;  ql q2) gE~(tci) [:oe ' i; P l , q l  ) +  P2 q2 )] (17) ' aOg ~tx z , , 

where  Eot(g ) is  the p o l a r i z a t i o n  vec to r  of a meson with the momentum t(. 
We find a l so  the a sympto t i c  e x p r e s s i o n  for  d i f fe ren t i a l  c r o s s  sec t ions  of "soft"  meson product ion .  

when the meson momenta  sa t i s fy  eq. (16). It has the fo rm:  

d(~ )n 1 V2 (l) U' n l(S, l) U' n 2(S, l) (1 {3) 
1 ,r12 S -+ m 47r 

t-fixed<,.m 2 

where  
1 Wn(S,t  ) --.~.. exp{2a t}  f ~ d × i  - - ~  ij~)(Ki; pl, ql) l 2 (19)v 

~p i=1 2Koi (2~r) 3 

The in tegra t ion  r eg ion  ~p over  s econda ry  meson momenta  is  de t e rmined  by the condit ion 

n 

- t < 2 p  ~ K i -  ( A _  ~ Ki)2_<S (20) 
i=1 i-1 

where  n l  n2 

t = A 2  ; A = ( q l - P l  - ~ gi)  = ( q 2 - P 2 -  ~ K~) 

Cons ide r  now an app rox ima t ion ,  in which the total  momentum of the s econda ry  mesons  can be neglec ted  
in acco rdance  with the r e q u i r e m e n t  of "sof tness"  (16). In this  approx ima t ion  eq. (19) t akes  the fo rm of 
the Poisson  d i s t r i bu t i ons  

1 {2at} [n(s,t)] n (21) Wn(S , t) : nT. exp 

where  the quanti ty J 

n ( s , t )  =-(2g~)~ f d ~  Ij(I)(K; pl ,ql)]2 (22) 

is  the ave rage  number  of secondar}, p a r t i c l e s  p roduced  in the two-nucleon co l l i s ion  at S - '  ~ and f ixed t. 
Using eq. (8) for  j ~ ,  we find for  t t[ .< m 2 that 

if(s, t) = - bt (23) 

The p a r a m e t e r  b depends ,  in gene ra l ,  on a special__ form of cut-off  of the i n t eg ra l  in eo. (22) over  the 
meson momentum.  In the p a r t i c u l a r  case  when R~ ~ m 2, 1 >>~2 >> t~2/m2, ln(m2/~t2)  >., In (1/ce) 2 
where  c~ : RZ/Po  we get 

b = {2g2/3(2v)2m 2} ( In (m2/p  2) + ½} (24) 

which co inc ides  with the double s lope p a r a m e t e r  of the d i f f rac t ion  exponent ia l  (15). Not ice  that the 
equal i ty  2a  = b is  t rue  a l so  in the i n f r a r ed  a sympto t i c  l imi t  g ~ 0. 

F o r  th is  case ,  a f t e r  summing  in eq. (19) over  the number  of s econda ry  mesons ,  we find that the 
dependence  on the v a r i a b l e  t cance l s  and the d i f f rac t ion  peak  in the to ta l  d i f f e ren t i a l  c r o s s  sec t ion  d i s -  
appea r  s. 

$ The i n t e g r a t i o n  r e g i o n  in eq .  (22) i s  e f f e c t i v e l y  l i m i t e d  by  ]KZI  "-< RZ, ]~£]  "-< R±.  
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T h i s  r e g u l a r i t y  w a s  m e n t i o n e d  in p a p e r  [20] and is  in ana logy  wi th  the a u t o m o d e l  b e h a v i o u r  of d e e p -  
i n e l a s t i c  p r o c e s s e s  of h a d r o n  i n t e r a c t i o n s  at h igh e n e r g y  [22]. 

The s t r a i g h t - l i n e  p a t h s  a p p r o x i m a t i o n ,  u sed  in t h i s  w o r k  c o r r e s p o n d s  to a p h y s i c a l  p i c t u r e  in which  
c o l l i d i n g  h igh  e n e r g y  n u c l e o n s  at  the ac t  of i n t e r a c t i o n  r e c e i v e  a s m a l l  r e c o i l  c o n n e c t e d  wi th  the e m i s -  
s ion  of " s o f t "  m e s o n s  and r e t a i n  t h e i r  ind iv idua l i ty .  

The a u t h o r s  e x p r e s s  t h e i r  deep  g r a t i t u d e  to P r o f s .  N. N. Bogolubov,  D. I. B l o k h i n t s e v  and A. A. Logunov 
f o r  s t i m u l a t i n g  d i s c u s s i o n s .  
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