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n o n p e r t u r b a t i v e  p a r t s .  In t h i s  c a s e  we s h a l l  use  t h e  fo l lowing  rep-  
r e s e n t a t i o n s :  

I n  (2) we do n o t  use  any c o n c r e t e  form of f u n c t i o n s  FI-ql)and G(-p2)at + 

s m a l l  Pg and q 2  . The propaga tors  ( 2 )  have a  p e r t u r b a t i v e  form 
a t  l a r g e  momenta and they  have a  s t a n d a r d  pole  benaviour  n e a r  t h e  

mass s h e l l  ( s e e  /6'10/). The q u e s t i o n s  connected wi th  t h e  normali- 
z a t i o n  of F and t h e  gauge i n v a r i a n c e  i n  t h i s  c a s e  a r e  d i scussed  

i n  / lo /  

Fig. 1. 
The quark l o o p  c o n t r i b u t i o n  t o  t h e  l a d d e r  

gluon-gluon ampli tude.  

Let  un c o n s i d e r  t h e  quark-loop c o n t r i b u t i o n  t o  t h e  two-eluon 
l a d d e r  dj.agrarne ''I. The c o n t r i b u t i o n s  t o  t h e  imaeinary per% come 

from t h e  l o o p  diagrams,  fig.1. For t h e  diaeram, f i g .  l a ,  wi th  a 

d e f i n i t e  f l a v o r  i n  t h e  l c o p  we have: 

ma- ca h B s d ' k d 4 q r . 4 1  a [ ( p - ~ ) ~ - m ~ , ? a  1 ( F '  + l  j 2 - m 2 1  
2 ( 2 n )  

N A I L ,  vu  a [  ( k + q ) 2 - ~ 2 ] 6 [ ( 9 + 1  ) 2 - u 2 ~  Ha s : ~ ,  ,,,, 
( 3  

where m and 0 a r e  t h e  masses of a  constituent quark and a  quark 
i n  t h e 2 0 0 p ,  r e s p e c t i v e l y ,  ca is a  c o l o r  f a c t o r ,  

It i s  convenient  t o  c a l c u l a t e  ( 3 )  i n  t h e  l igh t -cone  v a r i a b l e s :  

I n t e g r a t i o n  over  k - .  1 - ,  q - ,  y is  performed wi th  t h e  h e l p  
of s - func t ions  i n  ( 3  ). This  l e a d s  t o  t h e  cu t -of f  t h e  i n t e g r a l s  

over  t r a n s v e r s e  momenta i n  t h e  upper  l i m i t :  q: ,  k : ,  1 :  - s /9/  

Let us  c a l c u l a t e  t h e  sp in-non- f l ip  ampli tude i n  t h e  down quark 

l i n e .  The main c o n t r i b u t i o n  cornea from t h e  fo l lowing  term of t h e  

a ia t r ix  element 181: 

The sp in-non- f l ip  mat r ix  element i n  t h e  upper  quark l i n e  has 

t h e  same s imple  form . This  permi t s  one t o  c a l c u l a t e  t h e  cor respon-  

d ing  ampli tude without  difficulties (see,e .g.  / l l / ) .  The s p i n - f l i p  

m a t r i x  element has a  more coqlplicated s t r u c t u r e .  It can be c a l c u l a -  

t ed  by (A3-A5) formulae from appendix. A s  a  r e s u l t ,  we have: 

The cor responding  i n t e g r a l s  over  d2k , ,  d21 ,  a r e  convergent  i n  t h e  
upper  l i m i t .  The main l o g a r i t h m i c  asymptot ic  of ( 3 )  is  connected 

wi th  t h e  i n t e g r a t i o n  over  daql n e a r  9:- s . I n  t h i s  



r eg ion  t h e  momenta squared i n  t h e  quark loop a r e  l a r g e ,  and we can 

use  t h e  asymptot ic  f r e e  quark propaga tors  D. It i s  convenient  t o  

w r i t e  (5 )  i n  t h e  form: 

N A ! J * V u >  = m A s2 [ a ( x , z )  q: +qa(x ,z ,ql ,k l ,  A ) l  
<s;!J, vo r l L P  (6 ) 

A f t e r  i n t e g r a t i o n  we f i n d :  

where 

The gluon propaga tors  i n  ( 7 )  depend on v a r i a b l e s :  

Summation runs over  quark f l a v o r s ,  and t he  an t i qua rk  loops a r e  

t a ke n  i n t o  account  i n  (7 ). 
For diagram l b  we ob t a in  f o r  t h e  s p i n - f l i p  mat r ix  element t h e  

express ion  s i m i l a r  t o  ( 6 1: 

<S N ~ u ,  VU, 
A!J, vu  c 1 1 p  

= m A s2 [b (x , z )  9: + q b ( ~ , z , q l , k l ,  A)]. 

( 10 )  

A f t e r  c a l c u l a t i o n e  f o r  t h e  sum of diagrams f i g .  1  we g e t  

t h e  asympto t ica l  behaviour i n  form ( 7 )  where express ion  ( 8 )  is 
changed t o  t h e  i n t e g r a l :  

(11 1 
So we may conclude t h a t  t h e  main l oga r i t hmic  terms i n  diagrams,  

f i g .  1 ,  a r e  connected wi th  t h e  i n t e g r a t i o n  r eg ion  determined by s h o r t  

d i s t a n c e s  i n  quark propaga tors  and long d i s t a n c e s  i n  gluon propaga- 

t o r s .  Rea l ly ,  dur ing  t h e  i n t e g r a t i o n  of ( 11 )  over  X , t h e  reg ion  

X- cons t  is  e s s e n t i a l .  Here t h e  gluon momenta squared (8) a r e  

small .  

Note t h a t  i n  QCD t h e  momenturn dependence of t h e  v e r t e x  func t i ons  

l e a d s  t o  t h e  l oga r i t hmic  terms s i m i l a r  t o  (7) i n  diagrams of t h e  
f l g . 1  type w i th  t h e  gluon and ghost loops.  Ihe surn of a l l  t h e s e  Ins 

terms can vanish.  (The i n v e s t i g a t i o n  of t h i s  problem w i l l  be done 

elsewhere) .  

The con t r i bu t i ons  connected w i t h  s h o r t  d i s t a n c e s  i n  quark pro- 

paga tors  can d isappear  on ly  as a  r e s u l t  of t h i s  compensation. ' h e  

remaining terms a r e  determined completely by long  d i s t a n c e s  i n  t h e  

t-channel p ropaga tors  (nonlogari thmic terms i n  (7)). I n  t h i s  c a se  

we have t h e  follovring behaviour f o r  t he  s p i n  f l i p  ampli tude,  d i f f e -  

r e n t  from (7): 

Let us  now i n v e e t i g a t e  t h e  e f f e c t s  connected wi th  t h e  q q  s ea  
con t r i bu t i on .  These e f f e c t s  hay lead  t o  t h e  e p i n - f l i p  ampli tude 

growing a s  S t oo  / I2 / .  There a r e  some approaches which permit 

one t o  t a k e  i n t o  account t h e  nonper turba t ive  e f f e o t s  connected with 

t h e  Q q  s e a ,  e.g. the  coupled channel  framework / I 3 / ,  . the  method 

of e f f e c t i v e  meson I .wpmgians i n  low energy phyeice / I4/ .  The l a t -  

t e r  method permi ts  t o  r ep l ace  i n  f i g .  2 t h e  S -channel gluon exchan- 
ges  by t h e  t -channel meson exchanges (fig.3). 

Fig. 2. 
Diagram wi th  t h e  qa  s ea  

c o n t r i b u t i o n .  

Fig.3. E f f e c t i v e  diag-  

rams wi th  t h e  meson ex- 

change8 i n  t -chamel .  

In t h e  ca se  of t h e  meson c o n t r i b u t i o n  we can  uee t h e  fo l lowing  
l ag r ang i an  (without  t h e  i s o e p i n  s t r u c t u r e ) :  

For  t h e  s c a t t e r i n g ' a m p l i t u d e  we have t h e  form ( 3 )  where we m u s t  do 

eome replacement i n  coupling c o n s t a n t s  p ropaga tors ,  and s o  on. The 
c a l c u l a t i o n s  show t h a t  t h e  main logar i thmic  terms i n  diagrams, 
f i g  3a.b. c ance l  out. A s  a  r e s u l t ,  t h e  asympto t ica l  behaviour of t h e  



s p i n - f l i p  s c a t t e r i n g  ampli tude i s  determined by t h e  nonlogari thni ic  

terms i n  (7) .  Thus, i n  t h i s  s imple model we o b t a i n  t h e  behaviour  

(12)  f o r  t h e  s p i n - f l i p  ampli tude.  A s  mentioned p r e v i o u s l y ,  t h i s  

behaviour  i s  connected wi th  t h e  l a r g e - d i s t a n c e  behaviour  of a l l  

t -channel propagators .  

Note t h a t  i n  t h e  meson-cloud model j5/ based on t h e  hypothes i s  

t h a t  t h e  s e a  e f f e c t s  dominate i n  t h e  s p i n - f l i p  ampl i tude ,  t h e  r e s u l t s  

were ob ta ined  s i m i l a r  t o  t h e  consequences of t h e  model ( f i g . 3 ) .  

A l a r g e  magnitude of t h e  meson coupl ing  c o n s t a n t  gx i n  (13)  

permi t s  us  t o  conclude t h a t  s i m i l a r  c o n t r i b u t i o n s  can  be very i m -  

p o r t a n t  i n  t h e  i n v e s t i g a t i o n  of s p i n  e f f e c t s  i n  high-energy hadron 

s c a t t e r i n g .  This  c a n  e x p l a i n  t h e  s u c c e s s  of t h e  meson-cloud model 

i n  t h e  d e s c r i p t i o n  of t h e  s p i n  e f f e c t s  i n  hadron r e a c t i o n s  

Thus, our  a n a l y s i s  shows a n  e s s e n t i a l  r o l e  of t h e  qq  p a i r  

i n  s p i n  e f f e c t s  i n  hadron i n t e r a c t i o n s  a t  high energ ies .  

A more d e t a i l e d  c a l c u l a t i o n  of t h e  quark-quark s c a t t e r i n g  i n  

t h e  cons idered  model which t a k e s  i n t o  account  t h e  qq s e a  
e f f e c t s  is very important .  However, t o  perform t h i s ,  we must u s e  

in format ion  about  t h e  long-d is tances  behaviour  of quark and e l u o n  

propaga tors ,  This  i n v e s t i g a t i o n  w i l l  be done i n  f u t u r e .  

The a u t h o r  e x p r e s s e s  h i s  deep g r a t i t u d e  t o  V.G.Kadyshevsky 

and V.A.Matveev f o r  i n t e r e s t  i n  t h e  work and suppor t .  

Using express ions  from j8/ we can  c a l c u l a t e  t h e  s p i n - f l i p  
mat r ix  elements  of 2 a P  (The l igh t -cone  v a r i a b l e s  a r e  used): 

<$huahvM>r,,p= mA [ (sa )v+/~++(sv)a+/~++(av)k+/~+ 1, 

<$hughu>rl ,p=  E ~ A  [ 1 + k + / ~ +  I. (A3 

For t h e  m a t r i x  element from A n X p  we have: 

The q u a n t i t i e s  a, v, b, q i n  (A3, A4) a r e  some v e c t o r s .  

Let us  now w r i t e  some forinulae which f o l l o w  fron; (A4). They 

a r e  needed f o r  t h e  c a l c u l a t i o n  of t h e  diagram of f i g .  l a :  

Expressions (A3-A5) a r e  more convenient  f o r  c a l c ~ l a t i o n s  than 
t h e  formulae from 

Appendix 

We s h a l l  h e r e  w r i t e  some common formulae which a r e  
convenient  f o r  t h e  c a l c u l a t i o n  of t h e  s p i n - f l i p  m a t r i x  elements. 

Here we use  t h e  symmetric c o o r d i n a t e  system i n  which t h e  sum 

of quark momenta before  and a f t e r  s c a t t e r i n g  is  d i r e c t e d  a long  t h e  

- a x i s ;  and t h e  moments t r a n s f e r  A , a l o n g  t h e  X a x i s .  
The mat r ix  element of t h e  product :  

Nhu= ;(p-r)7h(2+m)7uu(p+r); s=p-k; A=-21- (A1 

can  be decomposed i n  t h e  sum of symmetric and ant isymmetr ic  p a r t s :  

Nhu, u - [S *h!J+pL1 u ,  

p, sh7u+sl17h+ghuI; , 
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~ O ~ O C K O K O B  C . B  . E2-89-736 
P0nb KBapK-aHTkiKBapKOBblX nap B 3 & & e ~ T a x  
C nepeBOpOTOM cnuHa B Km Ha 6onbmux paCCTORHuRX 

B MO,LleJrH, yqkiTblBalOlLle8 C B O ~ C T B ~  Ha 6onbmux paCCTOH- 
HHRX, nOKa3aH0, q T O  KBapKOBble nC?Tnki B t-~aHanbHOM 0 6 ~ e ~ e  - 
ki BKnaAbl qq MOpR npUBOART K aMMkiTY,Lle C IlePeBOPOTOM CIIM- 

Ha, paCTy~efi  KaK S  npu BblCOKHX 3HePrkiRX ki & ~ ~ K C ~ ~ P O B ~ H H ~ I X  I nepegaHHbIx kinrrynbcax. 

Goloskokov S.V. E2-89-736 
The Role o f  t h e  Quark-Antiquark P a i r s  
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I n  t h e  model w i t h  t a k i n g  account  o f  t h e  long-d i s tance  
p r o p e r t i e s  o f  QCD i t  i s  shown t h a t  t h e  quark l o o p s  i n  t h e  
t -channel  exchange and t h e  q q  s e a  c o n t r i b u t i o n s  l e a d  t o  
!he s p i n - f l i p  ampl i tude  growing a s  S  a t  h i g h  e n e r g i e s  and 
f i x e d  momenta t r a n s f e r .  
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