


Inves t iga t ions  of t he  a x i d  Adler -Bell - Jackiw anomaly cont r i -  
bution t o  the  proton s t r u c t u r e  funct ion  81 J? i n i t i a t e d  by 
the  so-called "spin c r i s i s n  (see e.g./4/ ) suggested by t h e  m a s t s  
15 / ,  draw a t t e n t i o n  t o  t h e  f a c t  16/ well-known dur ing  about t e n  

I 
yea r s  t h a t  t h e  c l a s s i c a l  light-by-light s c a t t e r i n  diagram ('the 
boxn) contains a  cont r ibut ion  due t o  the  anomdy Therefore it i s  
i n t e r e s t i n g  t o  inves t iga t e  t h i s  cont r ibut ion  i n  o ther  prooesses 
where t h i s  diagram does work. A high P, d i j e o t  production /3,8/ 

i s  one of them. Another information can be obtained from deep i n -  
e l a s t i c  s c a t t e r i n g  of a  polar ized  e l ec t ron  on a  polar ized  photon where 
the  long i tud ina l  sp in  asymmetry i s  determined by the  s t ruo tu re  funct- 
i on  of t h e  photon. 

As i t  i s  knownthe photon s t r u c t u r e  funct ions  a r e  inves t iga ted  
a t  e+e- - c o l l i d e r s  i n  t h e  r e a c t i o n  e+e- -+ e + e - X  ( ~ i g . 1 ) ~  
where the  momentum t r a n s f e r  squared of one l ep ton  i s  l a rge ,  -q>~'>> 

2 
>> Mbad r o n  and t h a t  of the  second l ep ton  7; i s  

about zero. 

However, t h e  r e g i s t r a t i o n  of l ep ton  wi th  a emaJ.1 momentum 
t r a n s f e r  i s  p r a c t i c a l l y  a d i f f i o u l t  problem. A more simple way i s  
t o  d e t e c t  only t h e  l ep ton  wi th  a l a r g e  momentum t r a n s f e r  ( t he  so- 
ca l l ed  *Single Tag experimentw). Due t o  a rapid decrease of t h e  

I 
cross-section wi th  growing q, , i t s  dominating p a r t  i s  in a region 

Iq:l?= 0 . So, i n  p rac t i ce ,  i t  i s  more s u i t a b l e  t o  deal  wi th  



asymmetry o f  deep i n e l a s t i c  l o n g i t u d i n g l y  p o l a r i z e d  e lec t ron-pos i t ron  

s o a t t e r i n g .  m e  ampl i tude  am3 cross -sec t ion  of t h e  p r o c e s s  have t h e  

same f o m  as t h e  electron-proton ones w i t h  t h e  n a t u r a l  change of t h e  
p r o t o n  mass by t h e  e l e c t r o n  one and d t h  s t r u c t u r e  f u n c t i o n s  

and 8:. . For  t h e  s t r u c t u r e  f u n c t i o n  8: one can  w r i t e  down t h e  

sum r u l e  s i m i l a r  to  t h a t  f o r  t h e  p r o t o n  /1-3/ . However, t h e  hadron 

p a r t  of  i t  i n  t h e  lowes t  o r d e r  of  & i s  determined by t h e  d i a g r  

Fig.2, w i t h  t h e  t r i a n g l e  anomaly. It has been c a l c u l a t e d  by Adler  El 
and r e s u l t s  i n  

The right-hard-side of  (I) c a n  be  r e p r e s e n t e d  as t h e  f i r s t  moment of 

t h e  photon s t r u c t u r e  f u n c t i o n ,  o a l l  i t  a v = d  wq 
4. 

t i m e s  t h e  d i f f e r e n c e  of t h e  photon ntlmbers w$th o p p o s i t e  h e l l c i t i e s  

i n  t h e  l ep ton .  The l a t t e r  can be ob ta ined  fmm t h e  spin-dependent 
Weiesacker - Will iams s p l i t t i n g  f u n c t i o n  

!Phis c o n t r i b u t i o n  was not  considered i n  t h e  paper/IO' due t o  i t  
b e  no l o g a r i t h m i c a l l y  growing term. However, t h e  v a l u e  of  <d 
i n  t h i s  c a s e  i s  determined by t h e  t r i a n g l e  anomaly c o n t r i b u t i o n  I n  
m a t r i x  elements  of t h e  axial quark c u r r e n t  i3/ in hadron p a r t  of  t h e  

o p e r a t o r  product  expansion. I n  t h e  o t h e r  approaoh/1'2/ r,f i s  
determined by a nratrix elements  of  t h e  a x i a l  photon c u r r e n t  which 

c o e f f i d e n t  f u n c t i o n  i s  t h e  same anomaly. 
R u n  now t o  t h e  QCD c o r r e c t i o n s .  I f  t h e  a x i a l  anomaly were 

n o t  r e n o m a l l z e d ,  t h e  sum r u l e s  (I), (2) would be exact .  It h a s  be- 
come c l e a r  r e c e n t l y  that t h e  n o n r e n o r m a l i e a b i l i t y  i s  broken i n  

three-loop diagrams /11,12/ . Notice i n  p a s s i n g  that this f a o t  d i s -  
covered first i n  /11/ was m i s i n t r e p r e t e d  as a break ing  o f  one-loop 
c h a r a c t e r  of t h e  anomaly. As a m a t t e r  of  f a c t ,  i t  i s  a necessary  

I 
c o n d i t i o n  of t h e  one-loop c h a r a o t e r  of t h e  Adler-BaMeen r e l a t i o n  
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i n t o  aocount t h e  m u l t i p l i c a t i v e  renormal iza t ion  
of t h e  'Ith anomaly t&Y12/ t h e  m e  r u l e  (2) a c q v l r e s  t h e  form 

where GfQL) i n  t h e  l e a d i c g  two-loop approximation f o r  t h e  anomalous 

dimension /6'7/ obeys t h e  e q u a t i o n  

w i t h  t h e  e v i d e n t  s o l u t i o n  

It i s  no t  d i f f i c u l t  t o  e s t i m a t e  that i n  t h e  r e g i o n  of  

a few ( ~ e ~ / c ) ~ ,  where H S  2 0.2-0.3 t h e  d e v i a t i o n  of  t h e  asymptot i -  
c a l  v a l u e  i s  about  10%. 

Natura l ly ,  t h e  same f a c t o r  h a s  t o  appear  i n  t h e  sum r u l e  
(I) f o r  t h e  s t r u c t u r e  f u n c t i o n  of t h e  e l e c t r o n .  

Experimental check of t h e  sum r u l e s  at  t h e  e+e--colliders i s  of 
i n t e s t ,  i n  our  opinion. 

I n  conc lus ion  we c o n s i d e r  as a p l e a s u r e  t o  sank S.B.Gerasimov 
and A.V.Radyshkin f o r  f r u i t f u l  d i scuss ions .  
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Efremov A.V., Teryaev O . V ,  E2-89-528 
Axial  Anomaly and Sum Rule f o r  Photon 
Spin S t r u c t u r e  Funct ion 

It i s  shown t h a t  t h e  f i r s t  moment of t he  s p i n  s t r u c t u -  
r e  func t ion  gT of a po l a r i zed  photon is det-ermined by the  
a x i a l  anomaly. Renormalization of the  anomaly determines 
t h e  Q2-dependence of t he  corresponding sum r u l e . ,  

The i n v e s t i g a t i o n  has  been'performed a t  t he  Laboratory 
of  Theo re t i ca l  phys i c s ,  J I N R .  
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