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1. Recently, the European muon collaboration (EMC) has measured
the spin-dependent nucleon structure function g} (z) in the region z > 0.01
at average momentum transfer squared < Q2 >= 10.7 Gev?. Extrapolat-
ing these data to 0 < z < 0.01, the EMC group obtained the estimation
of the first moment of the structure function I

1
MP = /0 dz ¢¥(z) = 0.126 £ 0.010 % 0.015 . (1)

In QCD OPE on the light-cone, within the leading twist approximation
M7? is related to the matrix element of the flavour-singlet axial-vector

current
Ny

Jos = D Vu s (2)
=1
over the polarized proton states | p, s > (p is the proton momentum, s is
its spin with s2 = —M?, sp = 0). The matrix element determines the A¢’
value of a proton spin carried by quarks and antiquarks

AZsu(p) =<p,s | Fursq | P s > (3)

It is important to note that there is no gauge invariant gluonic operator
with the same dimension and spin.

The result (1) unexpectedly turned out to be in strong disagreement
with the predictions of the naive quark-parton model (Ellis-Jaffe sum rule
21) where

MI(EJ)=0.19 (4)

and absence of strangeness in a proton is assumed.

2.In [3]‘{5], it was supposed that naive interpretation is incorrect be-
cause due to nonconservation of axial current the singlet part of M7 re-
ceives an additional (anomalous) contribution related with gluonic degrees
of freedom. However, within QCD perturbation theory there is no any ad-
ditional contribution [6.7]. The results obtained earlier int45! appeared to
be invalid because of incorrect use of the factorization procedure.

It is known that axial anomaly trully resolves the U4 (1) problem only
within the nonperturbative approach or through instantons® or in the
current a.lgebralg]. Both the techniques were applied to estimate the axial
anomaly contribution to the proton quark helicity[m]‘[15].

3.In the first approachllo'ﬁ], the fact that a quark changes its chirality
on an instanton is used. Further, the QCD vacuum is supposed to be an

instanton liquid16:17) with the instanton (antiinstanton) density n*(n~) :
nt ~ 0.8 10® Gev* and effective instanton size p, =~ 2 Gev™!. Then, the
anomaly is a consequence of the polarization of instanton vacuum and
gives the contribution to the polarised proton helicity[w'lh

Agd =Ag—2N; <nt —n” >V, (5)

where V, is the four dimensional "value” of a proton. The value < nt —
n~ > is nonzero and proportional to the topological susceptibility of QCD
vacuum that is expressed through the n — 1’ mass splitting[g].

Within this approach it is evident that there is no any computed in
the QCD perturbative theory anomalous contribution to Ag¢. In fact,
this contribution is proportional to the topological charge of a polarized
proton[w]

. L 2
Ad — Aq= —a? /d:c tr e"’k(A,-ajAk + §gA,'AkAk), (6)

which is nonzero only on topological nontrivial instanton configurations.
Absence of anomalous contribution in the QCD perturbation theory is
proved by strong calculations in18) based only on general considerations
of guage invariance and analyticity.

4.In the second approachllz]‘llsl based on the current algebra the
anomaly is related directly to n'—meson pa.ra.meters[g'141. Int! ], in the
chiral limit a relation between proton spin carried by quarks and %' cou-
plings has been derived. Here, we will estimate mass correction to this
relation.

Let us rename ¢* = §y,7s9, ¢° = §7sq and consider the divergence
relations

Au(u + d* — 2s*) = 2i(m,u’ 4+ mud® — 2m,s%), (M
u(u* + d* + s*) = 2i(myu® + mad® + m,s®) +
+ Np2gé,
8w

where G = 12 2G4 . Generally, the matrix elements of different terms
in (7) over proton states with small momentum transfer are expressed as

<p|&u,+8d, +9s, |p> = [2MG1(<12) + QZGZ(QZ)]‘T‘VS‘I, (8)
<p'|u, +8%d, —28"s, | p> [2MFi(¢%) + ¢ F2(4*)l77°q,
<p| NF;!—;GC:' lp> = [2Mé1(q2) + ¢ Ga()T
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The solution of the U,(1) problem within the current algebra gives the
following behaviour of the form-factors in the limit ¢ — 0914

Lim 7'Ga(q”) = O,J,imo ¢ F(q") = O,ql,iﬂquéz(qz) = R = y/Nrfygynn.
—0 — —
(9)
The pole of G;(q?) caused by the Kogut-Susskind ghost appears due to
the Uy (1) symmetry breaking in nonperturbative QCD vacuum. As the
contribution (5) the pole has the anomalous origin[g'lgl.
By using (9) in the limit m, = mq = 0, a linear combination of (8)
yields )
2M[2(G1(0) — G1(0)) + F1(0)] = 2R. (10)
The values shown in (10) are expressed through spin composites of a pro-
ton

G1(0) = Au+Ad+As—Ag, F(0) = Aut+Ad—24As,G,(0) = —Ag, (11)

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

VNg 1 D
= —— 4y ——(3—-14
where g, is the axial-vector nucleon charge, F and D are the axial param-
eters describing the #—decays of the baryon octet.

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

)94, (12)

1/Nr 1 D
_IVAF, L3 _ 13
s=3onr Tromnn =30 4F+D)g" (13)

By using fy = 1.26fx(fx = 132 Mev), gynn = 7.5+ 1520 and F =
0.47 4+ 0.04, D = 0.81 4 0.036) eqs. (12,13) give

AT =08+ 0.2, As=0.0% 0.1 (14)
that somewhat differ from the results!1® and from (5) we have
A§ = 0.7. (15)

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

A3 = As — %AS =—-0.26 + 0.2,

e

that should be compared with experiment 21
As = —-0.154+ 0.09.

The negative contribution of a strange sea to the proton helicity quali-
tatively agrees with the instanton approach picture[n]. 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 Ag within the instanton vacuum
model and the total contribution of quark within current algebra. The
result of EMC AY — A§ = 0 is explained by equality to zero of the QCD

vacuum angle[22].
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NAH KBADKOB B IPOTOHE H UA(I) npobiieMa

uHaHa HHTepnperauus pesynbTaTtoB EMC no WaMepeHHio crmHo-~
BOW CTPYKTYPHOHM OyHKLMMH gﬁ(x) B paMkaX HeneptypbaTHBHOrO
nogxopa. lloxkasaHo, WUTO aHOMAILHHE BKJah B CIMPalbHOCTD
HYKJIOHA, nepeHOCHMYW KBAPKAMHM, ABJAETCH IIPOSBJIeHHEM [0JIfA—
PH3alHH HHCT3aHTOHHOI'O BAKyyMa B IOJIAPDH30BAHHOM HYKIIOHe,
BoluHMcreHbl MaccoBbie MONPABKH K COOTHOMEHHI MexXady II0JIHbIM
CNHHOM KBAPKOB B HYKIIOHE H KOHCTAHTamHM CBA3H 7° —Me3OHa.

OHﬂ;aGOTa BbINOJIHEHa B JlabopaTOPHH TeopeTHuUeckoiH ¢Gu3uku

Mpenpunt O6beaMHEHHOr0 HHCTHTYTa ANEPHBIX Hcolenos anuii. Jy6ua 1989
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The Proton Quark Spin and the UA(l) Problem

Within the nonperturbative approach interpretation of
thg EMCpmeasuremepts of the spin-dependent structure fun-
ctlon_gﬁx? are given., It is shown that the anomalous
contributions of quarks to the proton helicity is caused
by the polarization of instanton vacuum in polarized nuc-
leon. Mass corrections to the relation between the total

quark spin in nucleon and the 7° - me i
son couplings ar
calculated. P ® )
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