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Scheme independence af(x,Q?)
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We work with two general factorization schemes in order to explore the consequences of imposing scheme
independence ogf(x,Q%). We see that although the light quark sector is indifferent to the choice of a
particular scheme, the extension of the calculations to the heavy quark sector indicates that a scheme such as
the MS is preferable.

PACS numbd(s): 13.60.Hb, 12.38.Bx

The problem raised by the results of the European Muortribution of this work. We will argue that although the ap-
Collaboration(EMC) spin experimenf1] was deeply influ- pearence of gluons in the first momentgi(x,Q?), in the
ential on a substantial part of the 1990s research in bothght quark sector, is a matter of scheme preference, the in-
theoretical and experimental hadron and particle physicgroduction of heavy quarks suggests that a scheme where the
Their data implied that the quark singlet axial charge meagluons do not contribute, such as the modified minimal sub-
sured in a proton targeg?, was compatible with zero, while traction schemeNIS) scheme, is preferable.
quark model calculations predicted to lie in the range of A part of what is discussed in this work has already been
0.6-0.7. After a series of experiments made at CERN:’;\ddre_ssed in the literature: specifically, the importance in
SLAC, and the DES¥* e~ collider HERA over the past 10 Isolating the hard part of the photon-gluon cross section

o _ S [9-12. However, some missconceptions still persist, mainly
years, it is accepted today thgg~0._3, which is still far those connected with the heavy quark contribution to
from those early theoretical expectations.

: gh(x,Q?), which is one of the motivations for the explicit
, n 197,4’ Ellis a:)nd Jaffe proposed a sum rif for the discussions made here on the ways to calculate a polarized
integral in x of gi(x), where they assumed that the seag on coefficient function which is free of ambiguity in the
quarks in the proton are not polarized. This implies thaf  jnfrared region.
the helicity carried by the strange quarks, is zero. Experi- The choice of a factorization scheme is a reflection of the
mentally, [$g0(x,Q*=10 Ge\?)dx=0.120+0.005-0.006 choice of a regulator and of a subtraction for the soft and
+0.014[3], while the Ellis-Jaffe sum rule giveﬁégﬁ’(x,Q2 collinear divergences appearing in the calculation of the par-
=10 Ge\?)dx=0.176+0.006. tonic cross sections. In the specific case of the axial anomaly

In the parton model, the first moment@(x) is given by contribution tog}, much has been discussed about the am-
SR (x)dx= 5 g,+ %95+ 102, with g;=Au—Ad the iso-  biguity in the choice of a quark or of a gluon mass to regu-
triplet axial charge,gngquAd—ZAs the octet axial I_ate these divergencd$,7.9,10. !n a satlsfactory calcula-
charge, andy?=Au+Ad+As. The parton model structure tion, the hard part O.f the partonic cross sections should not
functions are. actually, QCD structure functions \/\[ﬁ?l(]ozg) present any. ambiguity. The infrared smgulfarltles are~present
corrections. Beyond the parton model, the identification of" the full virtual phot_o_n-gluon cr0352 sectl_c[l:l_S,_14], C,
the singlet axial charges with the sum of the quark helicitie@d they appear explicitly when th@"—c limit is taken.
ceases to be true, because of the clash between a gauge: a general rule, the divergefor sofy part Pf the cross
invariant and a chiral-symmetric renormalization procedur ection can be cqlculated from the expectation value qf the
of the axial chargé4,5). quark singlet axial current between off-shell gluon lines

The failure of the Ellis-Jaffe sum rule to agree with the[7*9'10'13:
experiments is translated into the nonequivalence between
the quark singlet and octet axial charges. From the start thesd®(x,mz ,P?, u?)
has been a large controversy on the mechanism responsible
for g2#g2. In the context of the parton modeis+0 settles P 7(D74)j
the question. However, as proposed by Altarelli and R6%s o
and Carlitz, Collins, and Muellef7], it is still possible to
haveAs=0 if one takes into account the axial anomg}
which appears in the QCD calculations gﬁ(x,Qz) at
O(as). Later, it became clear that these two different sce-

dD_ZkJ_

(27T)D_2
k?(1-2x)—mj

[kT +mZ+x(1-x)P?]?

narios,As# 0 or an anomaly contribution, are simply related D—4 kf
by a change of scheme defining the parton distributions and —Zm(l—x) PR pari (1)
the coefficient functions. This will be, indeed, the main con- [k +mg+x(1=x)P?]

whereP?= —p? is the gluon virtualitym, is the quark mass,
*Email address: fsteffen@if.usp.br and the number of quark flavors was set to 1. For an arbitrary
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number of flavors, Eq(1) is multiplyed byn;. The integral . .
can be calculated iD dimensions as it stands, and the use of ——- 1 Scheme
the MS method to remove the UV divergence &9 will — Mod. Min. Sub. Scheme
define the coefficient functions and parton distributions in
that scheme. A second option is to take from the start the 05 -
limit D—4, and use a cutoff.? to regularize the mass di-
vergences. This is a momentum subtraction scheme, and the
anomalous gluon contribution to the first moment of
ah(x,Q?) will appear! Explicitly,
-~ 0 =
AGES(x,m2, P2, u?) === | (2x—1)| L3 ™~
x,mg, P u)y=-—| (2x—1)In| ———— Sen
% P ma+x(1—-x)P? \
\
05 - 1
mg 0.5 ‘
-1, ) i
Mg+ X(1—x)P?
Agh(x,m5,P? u?) N I
0% 10* 10° 107 107 10°
g (2x- D) p2+ma+x(1—x)P? X
=—1(2x—1)In
2 ngrx(l—x)P2 FIG. 1. The integral from 0 tx of the polarized gluon coeffi-
5 cient function as a function of, for theMS andu schemes, in units
P u? 2mg+x(1-2x)P? of ay/2m.
—-X
p2+me+x(1=x)P? mi+x(1—-x)P?
3) sen, one can also absorb or not the axial anomaly term into

the redefinition of the parton distributions. Explicitly, when

2
Both Egs.(2) and (3) are dependent on the/P? ratio, Q? u*>mg,P? we have
which is not a real problem because they are only part of the
gluon coefficient function. What configures a problem is the

attempt to draw conclusions about the possible anomalousys s o Qs Q?
gluon contribution togf(x,Q?) from those two equations. ~¢ (%,Q%p )_ﬁ (2x=1)(In| =
The standard procedure is to look at the subtracted partonic H
cross sections: 1—x
+In T)_l +2(1—X)],

CIS(x, Q2 u?) = Cy(x,m2,P2,Q%) — AqNS(x,m2, P2, 1u?),

CS(X,QZaMZ)ZEg(X,mgaPZ,QZ)—Aqg(X,mé,PZ,MZ)-( )
4

1-x
T)_l . (5

2
CS(X,QZ,M2)=;—;(ZX—1){In<%) +n

The hard part of the cross sections should not depend on the

m;/P? ratio for Q2 u?>mZ P2, which is the reason for the
neglect of those two variables on the left hand giddS) of
Eg. (4). We also use the lab&lIS to denote the fact that the
usualMS gluon coefficient function is recovered in the large
Q? limit. The same for theC{ defined in a momentum sub-
traction scheme.

In the region of lowk, , the integrands of Eql) and of

f:g are equal. Hence, the fact that the RHS of Egsturns

out to be nonzero is a reflection of the ladgeregion and of
the UV regulator of Eq(1): the redefinition of the parton

Contrary to repeated claims in the literatliies—1§, the
schemes discussed here have a well-defined separation of
hard effects in the coefficient functions and soft effects in the
parton distribuitions. In principle, the polarized light quark
sector is well described by both of them. For a better under-
standing of both schemes, we show in Fig. 1 the integrals in
x of Egs. (5) as a function of x, denoted by Iy
= J5CEMS(x,Q2)dx. As is well known, [3CY(x, Q% u?)
=0 and/§Ct(x,Q% 1?)=—1, in units ofay/2m. The inter-

distributions, through an absortion of finite parts of the crosssting feature is that the main contribution to both integrals
section, is a matter of taste. Depending on the regulator chqssmes from the large region. In factx=0.001 is already a

Ischemes such as the AB of RET6] or JET of Ref[17] belong
to this class, and we will denote this class of schemesuby
schemes.

good zero, while the<>0.8 region is essential to give the
integrals the value they have.

The physical structure function is indifferent to which
scheme is used to define the parton distribution and the co-
efficient functions. This is expressed as
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95(x, Q)= (5 gi°(x) + 35 g375(x)) © C) S™S(x,Q?)
+5 92700 C3M8(x, Q%) +§ AgMS(x)
®CYS(x,Q?)

= (15 9A(¥) + 35 92%(X)) ® Cq #(x,Q?)
+35 g2 () ®Cg(x,Q%) +§ AgH(x)
®CH(x,Q?). (6)

Although we did not write explicitly the)? dependence of

the various distributions, we remind the reader that only the

singlet axial charge, in thBIS scheme, has @2-dependent
first moment.

To O(ag), Cq(x,Q%)=Cyi(x,Q%=Cg(x,Q%)=5(x
—1)+[as(Q%)/27]C{M(x). Using Eqs(5) and the relation

between the singlet axial charges between the two schemes,

as(Qz)

aw

ggM_s(x,Q2)=gg’”(X,Q2)— nf(l—x)®Ag(X,Q2),

the second line of E(6) can be rewritten as

99(x,Q%) = (3 G4 + 3 95 (X)) @ C4(x,Q%) +§ 92™(x)
®C5(XrQ2)+%Ag“(X)®Cg"_S(x,Q2), @)

where the terma2/27%(1—x) ® Ag(x)® C{)(x) was disre-

garded. We can now relate the remaining distributions and. becausgféC"(x)dx=
' g

1.5 T T
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FIG. 2.lhe integratedin x) polarized gluon coefficient func-
tion in theMS andu schemes, as a function &F.

of the conservation of the nonsinglet axial vector curfent.
The conservation of the nonsinglet axial current also im-
poses, from the first moment of EL0), thatféég(x)dx
—nsa/2mwAg. It follows that the

coefficient functions in the two schemes in the following st moment of the polarized gluon distribution is the same

way:

CE(x)=CM¥(x)+ 6C4(x),  Agr(x)=Ag"S(x)+ 8g(x),
o o 8

1 0RO+ 35 02" (X) =5 g3 () 55 Ga " (X) + 8q(x),
where 6C4(x), d9(x), and 5q(x) are some general func-
tions, of O(«s). Their specific form is not of interest to us at
this given moment. However, the use of E. in Eq. (7),
and the requirement that E¢G) be satisfied, produces the
following consistency relations:

(£2 9500+ 35 93500 + § g2M5(x) + 84(X)) ® 6Cq(x)

+8q(x)® CYS(x) + 8g(x) © CM¥(x) =0, 9)
(£2 920+ 35 93"(X) + § gg"(X) ~ 8Q(x)) @ 9C4(X)
+89(0) & CE() + 69008 | Ch()— —ny(1-X)

=0. (10

The first moment of Eq(9) certainly respects the equality, as
3CIS(x)dx=0 and [33q(x)dx=J55C,(x)dx=0 because

in the MS andu schemes, independent of whetley con-
tributes or not to the first moment aff(x,Q?), up to the
(ag/27)%Ag corrections we neglected before. This result is
consistent with the fact thatAg starts contributing to
98(x.Q%) at O(as) only.

Although both schemes are, in principle, equally good to
describegf(x,Q?) in the light quark sector, we should also
look at their behavior when heavy quarks are introduced. In
particular, we do not want the hard part of the cross sections
to depend orP? once the mass of the heavy quark and the
factorization scale are fixed. To investigate that, we calculate
Egs. (4) as a function ofP? for the charm quark, withm,
=1.5 GeV andQ?=u?=10 Ge\’. The resulting curves
are shown in Fig. 2, normalized by the coefficient functions
calculated withP?=0. It is clear thal(:]grs is independent of
P? in the range &<P?<m;. The same is not true o€,
which shows a strongdependencel%ﬁ]

Numerically, [gCy'S(x,mi=2.25 GeV, Q*=10 GeV’)
dx~0.4, in units of ay(Q?)/27. Of course, this integral

2As the change of the coefficient function is dictated by the
change of scheme of the anomalous dimension, and the first mo-
ment of the nonsinglet anomalous dimension is zero due to current
conservation, it follows thaféécq(x)dx=0.
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changes withQ?, going to zero a®?— o=, but it is indepen-  fined in the same scheme, and as the calculation ofCthe
dent of P? for fixed Q. Hence there is a well-defined con- for a heavy quark is ambiguous, it follows that, strictly, the
tribution from gluons to the first moment gf(x,Q%), inthe ~ MS scheme is formally superior to the scheme for the
MS scheme, which appears because of the relatively largealculation ofgf(x,Q?).

mass of the charm quark. On the other haﬁéﬁ’g‘(x,mé As a last remark, we want to stress that the amount of
=2.25 GeV, Q°=10 GeV¥)dx ranges from~—0.18, at polarized heavy quark in the proton is not given by the inte-

2__ 2_ 2 H H ~
P?=0, to ~—0.135, atP=m;. Although the difference is 5| inx of Egs.(2) and(3) or from the integral oC4(x,Q?%)
not numerically  significant [(0.18-0.135)(as/2m)Ag  for a given quark mass. From them, one would conclude that
~0.001Ag] as long as\g is not very large, the use of the f(l)AqWIS(X m2,P2,u?)dx=0 for u2=m?>P2 while
. g 1 q’ L q 7
schemes is, to some degree, damaged. JoAQL(x,m;, P2 u?)dx=ag4m in that same limit. In a

The inclusion of heavy quarks in the framework of the .
. . : -~ framework where heavy quark mass effects are systemati-
perturbative calculation of structure functions has receive . ) .
cally included, one should introdutea polarized heavy

great attention in the recent literatUre9—24. These works uark distribution in the protopAh(x,Q?)] at the factoriza-

have focused on the development of shemes that interpola 5 PN —
the pure photon-gluon fussion calculation from the region lon scaleu ’W'thAh(X"“ )=0. AS we saw here, bothIS
where Q2~m?, to the usual massless approasvhen Q2 and schemes are suitable for this purpose once Ejsre

h given, although, in principle, thB1S scheme has the techni-

2 . .

>Mmp). A fungjamental point of these schemgs is that thecal advantage of having B?-independent gluon coefficient
hea_vy quark_ is treate(_:i as a masslgss parton in the Altare“'r’unction in the heavy quark sector.
Parisi evolution equations, which will havg+ 1 active fla-
vors, while the quark mass dependence is fully kept in the | would like to thank X. Ji and A. W. Thomas for valuable
graphs containing the heavy quark lines in the calculation ofliscussions. This work was supported by FAPESRder
the coefficient functions. These schemes are generally retontracts 96/7756-6 and 98/2249-4
ered to as interpolating schem@Ss).

The coefficient functions in Eq4) incorporate the full
mass correctlozns, and are reduced Fo the massless case in the e heavy quark contribution tg2(x,Q?) is calculated through
limit of large Q“. Hence, they are suitable for the calculation e photon-gluon fussion proccess only, and its higher order correc-
of the polarized structure functions f@?~mj and Q?  tions, a polarized heavy quark distribution is never introduced.
>mﬁ, in the spirit of the ISs. As in the ISs the light and the “itis assumed that there is no intrinsic heavy quark polarization in
newly introducded heavy quark distributions should be deihe proton. See Ref25] for a different point of view.
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