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1. Recently, the European muon collaboration (EMC) has measured instanton liquid[161171 with the instanton (antiinstanton) density n+(n-) : 
the spin-dependent nucleon structure function d ( x )  in the region x > 0.01 n* 0.8 Gev4 and effective instanton size p, z 2 Gev-'. Then, the 
at average momentum transfer squared < Q2 >= 10.7 Gev2. Extrapolat- anomaly is a consequence of the polarization of instanton vacuum and 
ing these data to 0 5 x < 0.01, the EMC group obtained the estimation gives the contribution to the polarised proton helicity[lO*ll] 
of the first moment of the structure function 

A q t = A q - 2 N f < n + - n -  >V,, 
r l  (5) l o  dx d ( x )  = 0.126 & 0.010 & 0.015 . 0 )  

( - 1  
where V, is the four dimensional "value" of a proton. The value < n+ - 
n- > is nonzero and proportional to the topological susceptibility of QCD 

In QCD OPE on the light-cone, within the leading twist approximation vacuum that is expressed through the 77 - 7' mass splitting[g]. 
Mf is related to the matrix element of the flavour-singlet axial-vector Within this approach it is evident that there is no any computed in 
current 

N t  the QCD perturbative theory anomalous contribution to Aq'. In fact, 

X5 = c Q * ~ ~ 7 5  qi (2) this contribution is proportional to the topological charge of a polarized 
i=l proton[10] 

over the polarized proton states I p, s > (p is the proton momentum, s is 

"' I 2 
its spin with s2  = - M2,  sp = 0). The matrix element determines the Aq' - = -- d~ ttr E i i k ( ~ i a j ~ k  + - g ~ i ~ k ~ k ) ,  

7r 3 (6) 
value of a proton spin carried by quarks and antiquarks 

which is nonzero only on topological nontrivial instanton configurations. 

ACsp(p) =< P, 3 I QT,.'75q I P, 3 > . (3) Absence of anomalous contribution in the QCD perturbation theory is 
proved by strong calculations in[18] based only on general considerations 

It is important to note that there is no gauge invariant gluonic operator of guage invariance and analyticity. 
with the same dimension and spin. 4.In the second approach[121-[151 based on the current al ebra the 

The result (1) unexpectedly turned out to be in strong disagreement anomaly is related directly to ?'-meson parameters[g~14]. 1n[l % 1 ,  in the 
with the predictions of the naive quark-parton model (Ellis-Jaffe sum rule chiral limit a relation between proton spin carried by quarks and q' cou- 
[21) where plings has been derived. Here, we will estimate mass correction to this 

MP(EJ) = 0.19 (4) relation. - .  , , . 
Let us rename qp = e p r 5 q ,  q5 = u 5 q  and consider the divergence and absence of strangeness in a proton is assumed. 

2.In [31-[51, i t  was supposed that naive interpretation is incorrect be- relations 

cause due to nonconservation of axial current the singlet part of Mf re- ap(up + dp - 2sp) = 2i(muu5 + mdd6 - 2mas5), 
ceives an additional (anomalous) contribution related with gluonic degrees 

(7) 
ap(uP + dp + sp) = 2i(muu6 + mdd5 + mas5) + 

of freedom. However, within QCD perturbation theory there is no any ad- 
ditional contribution [6*71. The results obtained earlier in[4351 appeared to + N ~ ~ G G ,  a- - - 

0 11 

be invalid because of incorrect use of the factorization procedure. 
It is known that a i a l  anomaly trully resolves the UA(l) problem only where Gp" = 1 PWAUGA 

A 2 €  a,. Generally, the matrix elements of different terms 

within the noneerturbative approach or through instantons['] or in the L in (7) over proton states with small momentum transfer are expressed as 

current algebra[']. Both the techniques were applied to estimate the axial 2 - 1 5  

anomaly contribution to the roton quark h e l i ~ i t ~ [ ~ ~ l - [ ~ ~ ] .  
< p' I Fu, + 8.4 + awsy ( p > = [2MG(q2) + q2G2(q )1q7 q, (8) 

2 a 5  

3.In the first approach [lo*P1~, the fact that a quark changes its chirality < p' ) T u ,  + aWd, - 2aWs, 1 p > = [ ~ M F I ( ~ ~ )  + q2F2(q )]q7 q, 

on an instanton is used. Further, the QCD vacuum is supposed to be an < p' I N F ~ G G  I p > = [ 2 ~ G l ( ~ ~ )  + q2Gz($)1$76q. 
2 --- -- - 1 -  . L _ .  *. - 

3 



The solution of the U,(l) problem within the current algebra gives the 
following behaviour of the form-factors in the limit $ -, 0 [ ~ ~ ~ ~ 1  

lim $G~($) = 0, lim q2~2(q2)  = 0, lim q282(q2) R = &fnfgnlNN. 
? -0 ?-0 ?-0 

(9) 
The pole of G2(q2) caused by the Kogut-Susskind ghost appears due to 
the UA(l) symmetry breaking in nonperturbative QCD vacuum. As the 
contribution (5) the pole has the anomalous 

By using (9) in the limit mu = md = 0, a linear combination of (8) 
yields 

2M [2(G1(0) - GI(0)) + Fl(0)] = 212. (10) 

The values shown in (10) are expressed through spin composites of a pro- 
ton 

where A5 has been estimated in (5). 
Thus, the total amount of proton helicity carried by quarks is 

where g~ is the axial-vector nucleon charge, F and D are the axial param- 
eters describing the P-decays of the baryon octet. 

From eq. (8-12) for strange quark contribution we have 

By using frlt = 1.26f,(f, = 132 Mev), ~ " ' N N  = 7.5 f 1.51~~1 and F = 
0.47 f 0.04, D = 0.81 f 0.031~1 eqs. (12,13) give 

that somewhat differ from the results[15], and from (5) we have 

From this we find the value of strange sea measured in up elastic scattering 

1 
Ad = AS - -AC = -0.26 & 0.2, 

3 

that should be compared with experiment I 2 l ]  

The negative contribution of a strange sea to the proton helicity quali- 
tatively agrees with the instanton approach picture[11]. From the values 
obtained, one can see that with the accuracy of model uncertainties the 
results satisfy the EMC experiment. 

5. So we have shown that the anomalous contribution to proton helicity 
is explained fully by the nontrivial QCD vacuum structure. We have 
estimated the gluon induced contribution A j  within the instanton vacuum 
model and the total contribution of quark within current algebra. The 
result of EMC AC - Cij  x 0 is explained by equality to zero of the QCD 
vacuum 
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f l a ~ a  aHTepnpeTauIia p e 3 y n b ~ a ~ o ~  EMC no u 3 ~ e p e m  c m ~ o -  
BOG C T P ~ K T Y P H O ~ ~  @YHKUHH gP (x) B pawtax H ~ I I ~ ~ T ~ ~ ~ ~ T H B H o ~ o  1 
IlOaXOaa. H o K ~ ~ ~ H o ,  4 T O  a~O~i3JIbHblfi BKIIaG B C I I U P a J I b H O C T b  

HyKnoHa, nepesocutqm KsapKam, asnaeTca npoasnemeM nona- 
pH3aWH HHCTaHTOHHOrO BaKYYMa B IIOnHpU30BaHHOM HYKJIOHe. 
B b l ~ ~ e ~ b l  MaCCOBble IIOIIpaBKM K COOTFlOIUCHHKl Memy nOJIHblM 
CIIHHOM KBaPKOB B HYKnOHe M. KOHCTaHTaMU CBR311 q' -Me30Ha. 

P a 6 o ~ a  sbrnonHeHa B JIa6opa~opwu ~eope~wsec rco f i  ~ H ~ H K H  

OMRM . 

Dorokhov A.E., Kochelev N. I. E 2 - 8 9 - 8 5 9  
The P ro ton  Ouark Sp in  and t h e  UA(l)  Problem 

w i t h i n  t h e  n o n p e r t u r b a t i v e  approach i n t e r p r e t a t i o n  of 
t h e  EMC measurements of t h e  spin-dependent  s t r u c t u r e  fun- 
c t i o n  gy(x) a r e  g iven .  It i s  shown t h a t  t h e  anomalous 
c o n t r i b u t i o n s  of  qua rks  t o  t h e  p r o t o n  h e l i c i t y  is  caused  
by t h e  p o l a r i z a t i o n  of  i n s t a n t o n  vacuum i n  p o l a r i z e d  nuc- 
l eon .  Mass c o r r e c t i o n s  t o  t h e  r e l a t i o n  between t h e  t o t a l  
quark  s p i n  i n  nuc leon  and t h e  q' - meson c o u p l i n g s  a r e  
c a l c u l a t e d .  

The i n v e s t i g a t i o n  h a s  been performed a t  t h e  Labora to ry  
of  T h e o r e t i c a l  P h y s i c s ,  J I N R .  

Preprint o f  the Joint Institute for Nuclear Research. Dubna 1989 


