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Remarks on quark and gluon contribution to proton spin
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We consider a pole-model scheme to study isospin violation in the quark and gluon contribution to the
proton matrix element of the flavor-singlet axial-vector current.
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A recent European Muon Collaboration (EMC)
analysis [1,2] from experiments on deep-inelastic scatter-
ing shows that the portion of the proton spin carried by
the quarks is significantly small. The EMC result is ex-
pressible in terms of the first moment of the polarized
proton structure function which is related to the nucleon-
ic matrix element of the Aavor-singlet axial-vector
current. The singlet axial-vector current
2„' '=uy„y5u+dy„y5d+sy y5s between two nucleonic
states is necessarily proportional to the spin vector
(p's'I A„'s'IPs & =hq's„, where s„=Piy„ysg is the spin
vector and P is the wave function of the nucleon. The
available data on the structure function of the polarized
proton and the results on the hyperon decays lead to the
estimates

Au ' =0.78+0.08,
bd' = —0.47+0.08,
As' = —0. 19+0.08,

implying

bq'=gbq'=Du'+Ad'+As'

Recently, Hatsuda [6] made a careful analysis of the
anomalous gluon content of the proton. Employing a
large-Xc chiral dynamics approach he has evaluated the
proton matrix element of the flavor-singlet axial-vector
current and has noted a large isospin content in the gluon
contribution to hq'. In this paper we take a look at the
same problem from a different point of view: adopting a
pole dominance model, we consider the nucleonic matrix
element of the axial-vector anomaly and show that it is
possible to express Aq' and the gluon helicity component
Ag purely in terms of the decay constants and topological
charge parameters of the (g, rl', m ) mesons. In this way
we avoid any direct reference to the meson mixing angles.
Furthermore, we perform a fit to the nucleonic meson
coupling constants to estimate hq' and Aq quantitatively.
In our scheme, we are guided by the solutions [7] of the
anomalous Ward identities which provide reasonable esti-
mates of the isospin and fiavor breaking in QCD.

We begin by writing down the Goldberger-Treiman re-
lation and its analogue in the singlet channel. The isovec-
tor axial-vector current 3„' ' between the protons gives
the matrix element

&p A„"'Ip&= &pluy—„y u —dy„y, dip&

=0.12+0.24 . (2) =e(p) [Gl(q')y„ys —G2(q')q„ys]e(p'»

(3)
It should be noted that SU(3) restricts
Au '+ Ad' —2hs' —=3F —D while the Bjorken sum rule
fixes b.u' —b,d'=g„=F+D. Using the SU(3) relations
the results [3] for the spin contribution due to the quarks
differ appreciably from the unity value which is expected
naively from the simple quark-model picture.

Of the two axial-vector couplings, the strength of the
octet may be ascertained from the weak decays of the
hyperons while the singlet may be used to determine the
quark contribution of the proton spin. It is known that
the EMC data, in effect, signal an approximate decou-
pling of the would-be U(1) Goldstone boson from the nu-
cleon. Fritzsch [4] has shown it possible to define fiavor-
independent matrix elements of the anomalous diver-
gence which are linked to the axial-vector U(1) charge
and to the spin densities inside the proton. Further, the
present authors [5] have shown that the axial-vector sing-
let charge may be related to b,q' and the F/D ratio in a
straightforward manner.

where P is the free Dirac spinor and (p', p ) are the proton
momenta.

A pion pole is present in the induced form factor
G2(q ) but this pole makes no contribution to the diver-
gence at q ~0. Taking the divergence yields the
Goldberger- Trieman relation

2MG, (0)=2Mg„=2f gatv~ . (4)

On the other hand, the isosinglet axial-vector current be-
tween the protons is

(pluy y,u+dy„y, dip&

)y„ys G2(q )q„ys]Wp') .

Since no Goldstone boson can be attached to G2, we have
[4], in contrast with (4),

2MG i =2f„g„~~+C,
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where C represents the contribution from the continuum
assuming an unsubtracted dispersion relation for the
form factor.

We now turn to the divergence of the axial-vector
currents [including the U(1) component], which in QCD
reads as

8@2 p
= dij k ~j ~k +~i p (7)

where the v -'s are the standard pseudoscalar densities
according to the Gell-Mann —Oakes —Renner (GMOR)
scheme; co=(m„+md+m, )/&6, c3 =(m„—md )/2,
c8=(m„+md —2m, )/2&3; and a stands for the gluon
anomaly, a=Nf(~, /2~)TrGG=B„k„. One may intro-
duce a partially conserved U(l) current A„' '= A„'. ' —k„
whose divergence is soft. However, since the current k„
depends explicitly on the gluon gauge field, 3„ is not a
gauge-invariant quantity. From (7), one has, for the sing-
let component,

CX

Aq' =Aq —Xf Ag,2' (9)

where, following Cheng and Li [8], we define q and g
through (setting Nf = 3)

Q, d, s

(p'~ g 2m, g, iy5g, ~.p) =(bq)2Mfiy&g+O(q"- ),

B„A„''=2(m„uiy5u+mddiysd+m, siyss)+a . (8)

Relation (8) dictates that even to lowest order q must in-
volve a gluonic contribution:

Ag. We write

(N'~y, ~N) = ', y y,y,
m

where N stands for the nucleon (p, n) and P stands collec-
tively for the I =0 pseudoscalar mesons (r)', g, m ).
Defining the gluon anomaly in terms of the meson fields
as a = Apmpgp, where the Ap's are the so-called topo-
logical charges (O~a~P) = Apmp, we may use (10b) to
translate (11) into the following sum rule:

3 &s
Ag 2M= A o ONN+ ~ qg&NN+ ~vj'gr/'NNn NN

(12)

where the positive and negative signs stand for the proton
and the neutron, respectively. It is noticeable that no
meson mixing angle is explicitly involved in (12). Similar-
ly, considering the definition (10a) we can write down

(~q»M= fo.g:~—„+fo„g„xx+fo,g„x~ (13)

where (0 B„A ' '
~P ) =fopmp has been used

The topological charge parameters 3„,A„, and A o

and the decay constants (fop, fsp ) may be determined by
solving the Ward identities which are [7]

mpf 3p =(m„+md )U,
1

mpf 3pf 8p
= —(m md )U

2

3
mpf sp

=
—,'(m„+md+4m, ),

(p'~a p) = — — bg 2Mgiysg+0(q"- ) .
2 7r

(10a)

(lob)

pf3pfop =v'2/3(m„—m~)U,

mpfspfop = (m„+md —2m, )U

mp fop mp fop Ap =——', (m„+m„+m, )u,

(14)

Hatsuda [6] has shown that under the pole dominance
approximation as in Fig. 1, Ag is determinable in terms of
the (ri', g, m ) mixing angles. Writing an efFective La-
grangian he has studied the inhuence of the nucleon-
nucleon coupling constants on hq and the gluon helicity
component Ag individually.

Here we consider the simplest procedure to determine

anomaly
current

7/, 'g, 7I

mpf, p Ap=0,2

mpf3p Ap =0,2

mp(fop Ap)Ap~0 ~

where —v =(uu ) =(dd) =(ss) and the decay con-
stants are defined by (O~B„A„'~P)—f;pmp, ' i =0, 8, and
3. The relations (14) are expected to hold within an order
of about 20—30% accuracy that is typical of a pole domi-
nance approximation. To determine the decay constants
and gluon couplings unambiguously, one needs to seek
consistency between (14) and the 2y decay amplitudes of
P, gy, ri'y decay widths of the J/g and J/gm(J/Pri).
decay widths of g' assuming that the latter processes are
mediated by two gluon matrix elements. A comprehen-
sive treatment may be found in Ref. [7]—here we only
quote the estimates of the topological charge constants
and the singlet decay constants:

FIG. 1. Pole dominance with g', q, m .

A 0=(0.64+0.06)f, fo =(0.00+0.05)f

A„=(0.86+0.08)f, fo„=(0.19+0.02)f

A„.=(0.76+0.07)f, f „=o(1.0 +05. 12)f

(15)
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