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First moments and the polarized-gluon contribution to g &
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It is demonstrated that the gluonic contribution f (dz/z)EC o(z)EG( x/z, gi) to the polarized struc-

ture function gf(x, g ) in the experimentally accessible region x 0.01 is unaffected by the debate con-
cerning the first moment of g('. Agreement with present measurements can be obtained in terms of
EG(x, g },without involving a polarized-strange-quark contribution, even for f+Co(z)dz =0 P.resent

data allow for a negative polarized-gluon distribution EG(x, Q ) as well.

PACS number(s): 13.60.Hb, 12.38.Lg

The polarized deep-inelastic structure function of the
proton, g f (x, Q ), is related to the polarized parton dis-
tributions for f=3 light flavors via

g~&(x, g )= bC «bq, + bC «bqs
1 5

1 a, (g'}
+—hC e hs+ 5CG g 5G

3 ~ 2~

with hq3 =hu —hd and b qs =hu +hd —2hs, where
hq=q+ —

q +q+ —q, and AG=G+ —G with q+
denoting the parton densities aligned (+ ) and antialigned
( —) with the proton spin. Equation (1) has been supple-
mented by the, formally higher-order, gluonic contribu-
tion [1,2] and the a, /ncorrecti. on to the fermionic
Wilson coefficient [3]

ACED(z)=5(1

—z)+O(tz, /m),
insignificant for our purposes, has been included for con-
sistency, with the convolutions being defined by

&Cf «hf —= f EC/(z)b f —,Qz
X Z z

The European Muon Collaboration (EMC} [4] has mea-
sured g~(x, g ) for x )0.01, which, when integrated, re-
sulted in

where for the Savor-nonsinglet octet densities hq» the
range of integration can, with sufficient accuracy [6], be
extended down to x =0. In general, a finite strange hs as
well as a finite gluonic hG contribution in Eq. (1) can be
responsible for bringing this 'naive" expectation into
agreement with the EMC result (2), but for definiteness
we assume a small strange component, hs(x, Q ) =0, and
concentrate on the gluonic term in (1) and on its contri-
bution to g~& in the experimentally measured region
0.01(x (1.

The debate concerning the EG contribution to
g f (x, Q ) in Eq. (1) results from the well-known
factorization scheme dependence of the higher-order
Wilson coefficient bCG(z). In particular, the factoriza-
tion scheme dependence of the first moment
b CG" —=f&ECG(z)dz has attracted a lot of attention due

to its relevance for the first moment of gt,'(x, Q ). Many
arguments have been presented in favor of some particu-
lar choice of ACG" but one may doubt whether matters of
mere convention, such as the choice of a factorization
scheme, are really relevant [7]. To study this question we
choose two seemingly different ECG(z) corresponding to
two different values of ECG" frequently considered in the
literature, i.e. [1,3,8 —10], ECG' "= —1 and [11,12]
AC '"=0, where

f gt,'(x, g )dx =0.123+0.010+0.015
0.01 b,CG(z) = (2z —1)ln —a (2z —1),1 —z

z
(4a)

at ( Q ) = 10.7 GeV . Extrapolating into the unmeasured
region x (0.01 gives [4] fg~(x, g )dx =0.126, which

shows that almost all of the relevant contribution of
gf (x, Q ) to the first moment in (2) stems from the region
x ~0.01. This is important for theoretical attempts to
explain the surprising result in (2} which lies significantly
below the "naive" (bs =KG =0) expectation [5]
foe&g~&(x, g )dx=0. 2, derived from Eq. (1) using the

hyperon P-decay constraints [4]

f hq3(x, g )dx =g„=1.254+0.006,
0

(3)

f b,qs(x, g )dx =0.68+0.04
0

1 —z
ECG (z) = (2z —1)ln —b (2z —1 }+2( 1 —z),

z
(4b)

with Eq. (4a) taken from Refs. [1,3,9, and 10], and Eq.
(4b) adopted from Refs. [11] and [12]. Moreover, the
forms presented in Eqs. (4a) and (4b) are only illustrative
since different regularization schemes will yield different
coefficients ACG(z), even if AC& ' takes the same value as,
e.g., in Ref. [8] for b,C&"=—1. It should be noted that
the free constants a and b in Eqs. (4a) and (4b) reflect the
freedom in the factorization [11,13] of the mass regulated
contribution [1,3,8 —12] (2z —1)lnQ /m, with m being
an entirely arbitrary mass parameter, and are a crucial
element in the definition of b, G'"(z, Q ): changing these
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ibG(z, Q )i G(z, Q ), (5)

with 6=G++G being the usual unpolarized-gluon
distribution. A possible ansatz for b, G proposed [9] to ac-
count for the measured [4] gii'(x, Q ) in terms of a nega-
tive gluonic contribution in Eq. (1), i.e., corresponding to
b, CG("= —1 which results from Eq. (4a}, is

bG'(z)=16. 3z ' (1—z) (6)

chosen so as to satisfy Eq. (5) at Qz=4GeVz, relevant for
the low-x EMC data responsible for the result in (2},with
G taken from Duke-Owens (set 1) [14]. This choice for
EG' together with a = —1 to 3 in Eq. (4a) yields a satis-
factory agreement with experiment as shown [15] in Fig.
1 where a=2 has been taken for definiteness. Using the
same procedure in connection with Eq (4b),. correspond-
ing to hCG'"=0, it is simply a matter of searching for an
appropriate EG (z, Q ) and values for b in Eq. (4b) satis-
fying

f b, C (z)bG —Q' =f EC'(z}EG' —Qz
x Z Z x Z z'

(7)

For illustration we have chosen two drastically different
polarized-gluon densities at Q =4 GeV:

constants a and b amounts to linear transformations
among the members bG(z, Q ) and b,X(z, Q )=du
+hd +Ls of the Qavor-singlet sector.

In order to compare the gluonic contributions to
g~i(x, Q ) in Eq. (1) corresponding to the two different

hCG in Eqs. (4a) and (4b), one obviously needs some in-

dependent information concerning b, G(z, Q ) which is,
unfortunately, missing, apart from the positivity con-
straint,

which are of course only to be trusted for z ~0.01 where
data exist. %ith the Kwiecinski-Martin-Stirling-Roberts
set B [KMSR(B )] parametrization [16] taken for G,
these densities satisfy Eq. (5). Taking b = —3 and

b b+
b+ —-2 in Eq. (4b) for the two choices b,G and hG +,
respectively, the resulting contributions to g f (x, Q ) in
Eq. (1) are, as shown in Fig. 1, indistinguishable from
that of b, G'(z) when folded with b, CG(z), keeping in
mind the large uncertainties attached to the data as well
as to the choice of b, G(x, Q ) and of the parameters a
and b in Eqs. (4a) and (4b). It should be recalled that,
despite the radically different first moments ACG'"= —1

and bCG")=0, both Wilson coefficients ECG(z) and
b, CG(z) in Eqs. (4a) and (4b) result in indistinguishable
contributions to g f (x, Q ) in the experimentally accessi-
ble region x ~0.01.

The polarized-gluon distributions in Eqs. (6) and (8) are
compared for illustration in Fig. 2 which integrate to

f b,G'(x)dx =4.1,
0.01

1f b, G (x)dx = —4.4,
0.01

f EG + (x)dx =4.6 .
0.01

(9)

It should be emphasized that presently available measure-
ments [4] of gf(x, Q ) do not even constrain the sign of
AG and allow for a negative EG as well.

These results clearly demonstrate that as long as we do
not possess some independent [17] reliable information
on b, G(x, Q ), the debate concerning its contribution to
gf(x, Q ) is unresolvable and, moreover, unaffected by
our attitude towards the recommendable values of the
first moments of b,G (x) as well as of b, CG(x).

b
EG (z) = —13.2z (1—z)' G(z),

EG (z) =+12.2z (1—z)' G(z),
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FIG. 1. Predictions for gII'(x, Q ) in Eq. (1), assuming As =0,
and its areas for x 0.01 using the gluonic %'ilson coe%cients
of Eqs. (4a) and (4b) together with the polarized-gluon distribu-
tions of Eqs. {6)and {8),respectively. Cases a and b refer to the
first moments hCG"'= —1 and hC&"'=0. The short dashed
curves refer to the hq3 8 leading-order (LO) contributions in Eq.
(1). The data are taken from Ref. [4].

FICx. 2. Comparison of the polarized-gluon distributions of
Eqs. (6) and (8) used for our predictions in Fig. 1. The unpolar-
ized KMSR(B ) gluon distribution, relevant for Eqs. (8') and
(8"), is taken from Ref. [16]. The polarized-gluon distribution
of Altarelli and Stirling [9] in Eq. (6), shown by the dashed-
dotted curve, satisfies Eq. (5) with G(z, Q ) at Q =4GeV taken
from Ref. [14]. These distributions should obviously be trusted
only for x & 0.01 where data exist.
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