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If we assume the instanton configuration to dominate in QCD vacuum, 
eq. (11) may be rewritten as (7) 

- - 

where n+(n-)  is the number of instantons v = 1 (anti-instantons v = - 1) 
in a polarized proton, Vp is the four-dimensional 'volume' of proton. 

Eq. (12) has a simple physical meaning. A massless quark in the 

instanton field has a zero mode[lO] and in scattering on this mode the - 
quark changes helicity. So, the right quark (R)  transforms into the left 
state (L) on the instanton, and the inverse process exists on the anti- 
instanton. As a result, the second term of eq. (12) corresponds to  the 
contribution of diagrams of Fig. 1 to the proton helicity. Factor Nf in eq. 
(12) is the number of zero fermion modes in the instanton field, and two 
is due to antiquarks. 

Note that n+  # n-  means polarization of the gluon condensate be- 
cause the instanton density is proportional to the value of the gluon 
condensate[l4]. The instant,on medium may be polarized only due to  the 
polarization of the quark condensate because instantons themselves do not 
carry the magnetic moment. Thus, the second term in (12) in fact results 
from the polarization of quarks being in the condensate inside a hadron. 

So, our point of view is that the proton is not only a system of valence 
and sea quarks and gluons but also a system of quarks and gluons which 
are in condensate. By using eq. (12), the EMC result ( I ) ,  hyperon decay 

datal4I and eq. (28) of@] with the corrected coefficient of Ag [71: 

1 N' 
d = - J: e :~q i+  < e2 > Nf An,  

2 i=1 
(13) 

where < e2 >= 2/9, A n  =< n+ - n-  >,, we may estimate the contribu- 
tions of partons of different species to  the proton helicity: 

Thus, the polarization of instanton vacuum gives 70% of the total 
amount of the proton helicity. This phenomenon is analogous to the origin 
of the baryon charge by a singular pion field within the soliton models of 
the nucleon[171. In our case the singularity of the gluon field is defined by 
the instanton solution. 

However, result (14) leads to  two important questions: first, only 30% 
of the proton spin is carried by quarks and therefore the reason of success 
becomes unclear of the generally accepted quark model of hadrons as the 
system of valence quarks in describing such spin-dependent quantities as 
magnetic moments of hadrons, and so on. Second, which mechanism is 
responsible for the polarization of strange sea against the proton spin[181? 

m To answer the first question, let us divide eq. (14) into valence and sea 

I parts : 
Au = Au" + Au", Ad = Ad" + Ad", A s  = As". 

Under SU(3) flavour symmetry of the sea we obtain 

Au" = 0.97, Ad" = -0.28, (15) 

Au" = Ad" = AS" = -0.13. 

But with the data[''] which point out strong SUf (3) asymmetry of the 
sea 

one has 

Aqv = Auv + Ad" z 1, AqS = Au" + Ad" + Asd z -0.7. (16) 

Then it follows that the contributions of sea quarks and the polarization 
of vacuum condensates to  the hadron helicity are cancelled and the proton 
spin is really defined by the spin of valence quarks! 

Figure 2: Polarization of sea quarks. qjk,L-valence quarks. 

As to  the sign of sea polarization (16), let us turn to  the form of 

the instanton - induced quark La rangian[lOl. Within the model of QCD 
vacuum as the instanton liquidi18 it has the form[131: 

.-. 



where summation runs over the quark species (i, j = v ,d , s ) ,  QR,L = I 

p, z 1.6 Gev-I is an average size of the instanton in QCD vacuum. 
If one assumes that  this interaction does define the mixing of sea quarks 

in the proton wave function (Fig.2) [this statement is natural because the 
one-gluon exchange gives insignificant contribution to the quark-quark 
potential1131), then from (17) i t  immediately follows that the sea has to  
be polarized against the valence quark polarization (Fig. 2). So, we have 
shown that the EMC results may be easily interpreted by the polarization 
of instanton vacuum of QCD.' 
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