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Abstract

There are two basically independent ways to describe
the nucleon spin structure. One is related to quark and
gluon spins and another one to their total angular mo-
menta. The latter spin structure may be studied, in prin-
ciple, in hard exclusive processes. The extension of Ein-
stein equivalence principle results in the equipartition pic-
ture, when the total angular momenta are shared between
quarks and gluons equally to their .momenta. While this
picture is violated in perturbative QED, the hypothesis is
suggested, that it is restored in QCD due to the confine-
ment phenomenon.

The spin of the proton enters in its CjCD description in terms
of quark and gluon degrees of freedom in various ways. The
most familiar one is manifested in various wave functions (in par-
ticular, in light-cone distributions, appearing in hard exclusive
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processes) and consists of, definite restrictions for their compo-
nents. At the same time, in hard inclusive processes one is deal-
ing with the forward matrix elements of quark and gluon oper-
ators, which may be understood as density matrices, and allow
for more freedom. The first natural choice of such operators
is the use of quark and gluon spins. The orbital angular mo-
menta are necessary counterparts of the spin ones, required al-
ready by the leading QCD evolution [1]. It is convenient to use
instead total angular momenta related to the particular matrix
elements of Belinfante energy-momentum tensors: (p'|T££|p) =

{p)f where P» =
nucleon spinor.

The parton momenta and total angular momenta are: Pq,g =
Aq,g(fy, Jq,g = 5 K,s(0) + BqiS(0)]. Taking into account the con-
servation of momentum and angular momentum one can see that
the difference between partition of the momentum and orbital an-
gular momentum entirely comes from "anomalous" formfactors
{Bq(0) = — Bg(0)). The experimental investigation of this prob-
lem may, in principle, be performed by studying the hard exclusive
processes with the low momentum transfer between the initial and
final proton. This goal was the initial reason for the investigations
of Deeply Virtual Compton Scattering [1], although this connec-
tion was actually lost in the course of the rapid development of
this field. The main reasons are probably the huge experimental
difficulties. One should first separate electric and magnetic contri-
butions and afterwards integrate them over quark momentum frac-
tion x to extract the second moment related to energy-momentum
tensors. One may therefore think about the suitable parameter-
izations of Generalized Parton Distributions whose moments are
related to A, B% instead of direct extraction of J, and comparison
with the precise date provided by JLAB and HERA. One may also
think about possible use of the crossing process 7*7 —»pp, where
separation of electric and magnetic terms may be performed by
considering the angular distribution of hadron pair, although the
problem of continuation to the point 3 = 0 is very complicated.
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Despite the importance of these experimental studies, their essen-
tial outcome is known in advance. Namely, one should have the
"equipartition" picture, so that the partition of angular momen-
tum is close to the partition of momentum, due to the smallness
of anomalous contributions. The latter comes from quark models
[2], QCD sum rules calculations [3] and chiral soliton models [4].
A careful analysis and rederivation [5] of the leading QCD evolu-
tion were used to make a statement about the identical zero of the
anomalous formfactor B. Moreover, just this general property was
suggested in [5] as a reason for the smallness of the singlet anoma-
lous magnetic moment (AMM), resulting from the approximate
cancellation between proton (+1.79) and neutron (—1.91) values.
To prove this picture, one should either study higher orders and
(especially) nonperturbative QCD contributions, or to look for a
more general reason. The latter approach is represented by the
famous Equivalence Principle (EP)[6]. Namely, making use of the
fact that the matrix element of energy-momentum tensor describes
the interaction of a nucleon with a classical external gravitational
field, one arrives at the interpretation of B as an "Anomalous
Gravitomagnetic Moment" (AGM), being a straightforward ana-
log of its electromagnetic counterpart. Its zero value, which for
the whole proton is a consequence of the conservation laws, may
be also interpreted as Post-Newtonian manifestation of EP. In-
deed, the zero AGM ensures the equal frequency of precession of
orbital momentum ( or classical rotator) and spin momentum (or
quantum rotator) in gravitomagnetic field, produced, say, by mas-
sive rotating bodies. This allows to eliminate all the effect of such
a field by the choice of the rotated coordinate system, which is
just the EP. Another manifestation of EP is the absence of the
helicity flip of the scattered particle by gravitomagnetic field. One
may also consider zero AGM property from the point of view of
gravitational gauge invariance. The gauge invariant quantity is
the curvature W which corresponds to the second derivatives in
coordinates and may be therefore coupled to the quadratic in A
terms of the energy-momentum tensor. Consequently, all the lin-
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ear terms may be eliminated by the gauge (i.e. coordinate) trans-
formation, which is just guaranteed by the zero AGM and EP.
One may expect, that gauge-invariant coupling to i?M" and zero
AGM should be valid for the separate contribution of each quan-
tum field, explaining the equipartition. rtowever, this statement
must be taken with some care, due to fields interaction. Say, AGM
is definitely not zero for each quark flavor, and this is clear both
from experiment (only isoscalar AMM is small) and perturbative
calculation: the leading order (LO) evolution is compatible with
equipartition, only if the singlet combination of all the quarks is
taken. Moreover, even in that case the NLO term, which is similar
to the one calculated in QED [7] is non-zero.

We make the following hypothesis: The equipartition prop-
erty is violated in perturbation theory, but is restored in
full QCD due to confinement property. It may be supported
by both formal and physical arguments, although detailed inves-
tigations are required to either prove or disprove it.
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