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Remarks on polarized quark distributions extracted from SIDIS experiments
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The results of SIDIS experiments concerning the first moments of the polarized quark distributions are
considered. The possible reasons for the deviation from the fundamental restrictions such as the Bjorken sum
rule and the ways to properly improve the analysis of measured SIDIS asymmetries are discussed. The
possibility of a broken polarized sea scenario is analyzed.
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The extraction of the polarized quark and gluon densi
is the main task of the SIDIS experiments with a polariz
beam and target. Of special importance for the modern
DIS experiments are the questions of the strange quark
gluon contributions to the nucleon spin, and also the
quark share as well as the possibility of a broken sea
nario. Indeed, it is known@1# that the unpolarized sea of ligh
quarks is essentially asymmetric, and, thus, the ques
arises: does the analogous situation occurs in the polar
case, i.e., whether the polarized densityDū is equal toDd̄ or
not.

The crucial tests for the polarized quark distributions e
tracted from the SIDIS data are the sum rules dictated
SUf(2) and SUf(3) symmetries. While SUf(3) symmetry
~and, as a consequence, the respective sum rule! is rather
approximate~see, for example@2#, and references therein!,
SUf(2) symmetry may be regarded as almost exact as
as the respective sum rule—Bjorken sum rule~BSR!.

Let us recall that the Bjorken sum rule written in terms
the first moments of the structure functionsG1

p(Q2)
[*0

1dxg1
p(x,Q2) and G1

n(Q2)[*0
1dxg1

n(x,Q2) containsQ2

dependent quantityC1
NS on the right-hand side:1

G1
p2G1

n5
1

6 UgA

gV
UC1

NS~Q2!, ~1!

C1
NS512S as~Q2!

p D23.5833S as~Q2!

p D 2

220.2153S as~Q2!

p D 3

2130S as~Q2!

p D 4

1O~as
5!.

~2!

However~this is of great importance for what follows!, the
first moments of polarized quark distributions satisfy the
spective form of the BSR withoutC1

NS on the right-hand side
irrespectively in which QCD order they are extracte
Namely, the equivalent of BSR written in terms of polariz
quark distributions reads

1See, for example, excellent theoretical overview in@3#, and ref-
erences therein. TheO(as

3) correction forC1
NS was calculated in@4#

andO(as
4) correction was estimated in@5#.
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Dq3[a35@D1u~Q2!1D1ū~Q2!#2@D1d~Q2!1D1d̄~Q2!#

5UgA

gV
U5F1D51.267060.0035 in all QCD orders,

~3!

where the notationD1q[*0
1dxDq is used to distinguish the

local in Bjorkenx polarized quark densitiesDq(x) and their
first moments.

Notice that well known fact of nonrenormalizability~i.e.,
Q2 independence! of the quantityDq3 directly follows from
its definition:

sm

2
Dq35^psuAm

3 ups& ~4!

due to conservation2 of the flavor nonsinglet axial-vector cur
rent Am

3 . This fact is also confirmed by the explicit next t
leading order~NLO! calculations of the respective nonsingl
anomalous dimension which is just zero@6#, so that3

dDq3

d ln~Q2/L2!
5

as

2p
dgNS,h

(n) un51,h521Dq350.

Let us analyze to what extent the results of the mod
polarized SIDIS experiments are in agreement with the s
rule predictions. Such detailed analysis with respect to
sum rule based on SUf(3) symmetry,

Dq8[a853F2D,

was performed in@2#, so that we will concentrate here on th
equivalent of BSR~3! which, using thatDq5DqV1Dq̄,
may be rewritten in the form convenient for analysis:

2It is important to remind that while the first moments of th
nonsinglet densitiesDq3 @SUf(2) symmetry# and Dq8 @SUf(3)
symmetry# must beconserved, i.e., are independent ofQ2 ~corre-
sponding to the conservation of the nonsinglet axial-vector Cabi
currents!, thesingletaxial chargea0(Q2) depends onQ2 because of
the axial anomaly.

3Here the notation of Ref.@6# for the anomalous dimension i
used.
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TABLE I. The SMC results onD1q within the unbroken sea assumption~the partially reproduced Table
5 of Ref. @7#!.

Dū(x)5Dd̄(x) x 0 –0.003 0.003–0.7 0 –1

D1uV 0.0460.04 0.7360.1060.07 0.7760.1060.08
D1dV 20.0560.05 20.4760.1460.08 20.5260.1460.09

x 0.020.003 0.00320.3 021

D1q̄ 0.060.02 0.0160.0460.03 0.0160.0460.03
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D1ū2D1d̄5
1

2 UgA

gV
U2 1

2
~D1uV2D1dV! in all QCD orders.

~5!

Let us first consider the SMC results@7#. SMC has per-
formed two types of analyses onDq, with broken and un-
broken sea scenarios, respectively. Unfortunately, the S
analysis within the broken sea scenario suffers from too
errors4 because the full number of measured asymmet
and achieved statistics were not quite sufficient to negate
restrictionDū5Dd̄. So, let us look at the SMC results fo
the first moments of polarized quark distributions obtain
within the unbroken sea scenario, where the respective t
of first moments looks as~see Table 5 of Ref.@7#! in Table I.

Taking the first moments of valence distributions direc
from the table, one gets

D1uV2D1dV51.360.1760.12, ~6!

and this result is in a good agreement with the equivalen
BSR ~5! which within the unbroken sea approximation
rewritten as

D1uV2D1dV5D1u2D1d5UgA

gV
U51.267060.0035.

Let us now perform the similar analysis of HERMES r
sults for the first moments of the polarized quark distrib
tions published in Table 1 of Ref.@8# which we, for conve-
nience, partially reproduce here~Table. II!.

Directly from the table one gets

Dq3[~D1u1D1ū!2~D1d1D1d̄!50.8260.0660.06,
~7!

whereas the right-hand side ought to be equal tougA /gVu
51.267060.0035 in accordance with the equivalent of BS
~3!.

Thus, the HERMES distributions do not satisfy the re
equivalent of BSR~3! ~without anyQ2 dependence on th
right-hand side!. Instead these distributions are rath
claimed to be in agreement with the sum rule@see Eq.~13! of
Ref. @8##

4Indeed, forD1d̄ the Table 5 of Ref.@7# gives the value 0.01 with
60.14 and60.12 for the statistical and systematical errors, resp
tively.
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Dq35E
0

1

DqNSdx5ugA /gVu3CQCD ,

where DqNS(x,Q2)[Du(x,Q2)1Dū(x,Q2)2@Dd(x,Q2)
1Dd̄(x,Q2)#, andCQCD[C1

NS(Q2) is the nonsinglet coef-
ficient function5 given by Eq.~2! which is incorrect.6

To understand what happens let us briefly recall the HE
MES procedure of the polarized density extraction from
measured SIDIS asymmetries. To this end the method of
rities is used at HERMES averageQ252.5 GeV2. Within
this method the leading order~LO! expression for SIDIS
asymmetry

A1
h~x,Q2!5

(
f

ef
2Dqf~x,Q2!E

0.2

1

dzDf
h~z,Q2!

(
f

ef
2qf~x,Q2!E

0.2

1

dzDf
h~z,Q2!

is rewritten via puritiesPf
h(x,Q2) as

A1
h~x,Q2!5(

f

Dqf

qf
Pf

h ,

Pf
h~x,Q2![

ef
2qf~x,Q2!E

0.2

1

dzDf
h~z,Q2!

(
f

ef
2qf~x,Q2!E

0.2

1

dzDf
h~z,Q2!

,

so that one can see that the application of the purity met
is equivalent to the LO QCD analysis.

Thus both SMC and HERMES Collaborations use L
QCD analysis to extract polarized distributions from t
measured SIDIS asymmetries. However, there is an imp
tant distinction between SMC and HERMES analysis con
tions. Namely, whereas the SMC analysis is performed

-

5The quantityCQCD in Eq. ~13! of Ref. @8# is, namely, the nons-
inglet coefficient functionC1

NS given by Eq.~2! in fourth order of
QCD expansion, so that atas(2.5 GeV2)50.3560.04 the right-
hand side of Eq.~13! in Ref. @8# readsC1

NSugA /gVu51.0160.05
~just as in@8#!. For details see@9#, Sec. 5.5.4, Eq.~5.22!, Appendix
A.7, Eq. ~A.44!, and also@10#, Sec. 2.5

6Notice that the HERMES result~7! differs by about 2 standard
deviations even from this incorrect sum rule whose right-hand s
readsugA /gVu3C1

NS(2.5 GeV2)51.0160.05 ~just as in@8#!.
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averageQ2510 GeV2, i.e., when LO QCD is a quite goo
approximation, the HERMES uses LO analysis to extract
polarized distributions from the respective asymmetries m
sured at relatively low averageQ252.5 GeV2 value. So the
inconsistency of HERMES result onDq3 with BSR can
serve as a direct indication that LO analysis is not suffici
and NLO analysis is necessary at such conditions.

It is illustrative to show how one can arrive at the inco
rect sum rule using the purity method at low averageQ2

value.
Since the application of this method with respect to SID

asymmetries is just LO QCD analysis, the first moments
the DIS structure functionsG1

p,n have LO QCD expression
via HERMES distributions:

G1
p~2.5 GeV2!5

1

2 (
q,q̄

eq
2D1q~2.5 GeV2!, G1

n5G1
puu↔d .

~8!

On the other hand, the exact expression for the physical~in-
dependently measurable! quantity G1

p2G1
n has a form~1!,

whereC1
NS differs essentially from the LO value 1 at so lo

Q2.
The extraction of the quark distributions from the SID

asymmetries in NLO order means that the respective
structure functions are expressed via these distributions

g1
p~x,Q2!5

1

2 (
q,q̄

eq
2S Dq1

as~Q2!

2p

3@dCq^ Dq1dCg^ Dg# D ~x,Q2!.

Then, using the explicit values of the first moments of t
respective MS Wilson coefficients @6# M1(dCq)5
22, M1(dCg)50, one gets in NLO QCD

M1@g1
p#[G1

p5
1

2 (
q,q̄

eq
2S 12

as~Q2!

p DD1q, G1
n5G1

puu↔d .

~9!

TABLE II. The HERMES results onD1q ~the partially repro-
duced Table 1 of Ref.@8#!.

Measured region Lowx Total integral

D1u1D1ū 0.5160.0260.03 0.04 0.5760.0260.03

D1d1D1d̄ 20.2260.0660.05 20.03 20.2560.0660.05

D1s1D1s̄ 20.0160.0360.04 0.00 20.0160.0360.04

D1ū 20.0160.0260.03 0.00 20.0160.0260.03

D1d̄ 20.0260.0360.04 0.00 20.0260.0360.04

Dq3 0.7460.0760.06 0.07 0.8460.0760.06
Dq8 0.3260.0960.10 0.01 0.3260.0960.10
D1uV 0.5260.0560.08 0.03 0.5760.0560.08
D1dV 20.1960.1160.13 20.03 20.2260.1160.13
03150
e
a-

t

f

S

e

Substituting this on the left-hand side of Eq.~1! with C1
NS

given by Eq.~2! reduced to NLO QCD:C1
NS512as /p, one

can see thatas dependent multipliers@12as(Q
2)/p# cancel

out precisely in the left- and right-hand sides, so that o
arrives at Eq.~3! without any logarithmic corrections in th
right-hand side~see the Appendix!.

Let us now analyze the results of Table 1 of Ref.@8# on
D1q̄. First of all notice that HERMES uses the assumpti
that the relative polarization of sea quarks is independen
flavor

Dū

ū
5

Dd̄

d̄
5

D s̄

s̄
5

Ds

s
, ~10!

and this assumption is used to extract almost all first m
ments of the Table 1 of Ref.@8#.7 It is of importance that this
assumption already implies the asymmetry of the polari
light sea quark distributions. Indeed, the equalityDū/ū
5Dd̄/d̄, together with the well known result8 @1# ū(x)
Þd̄(x) immediately give rise toDūÞDd̄. So, the results of
Table 1 of Ref.@8# for light sea quarks should be asymme
ric. However, taking the first moments of the polarized lig
sea quark distributions directly from Table 1, one gets

D1ū2D1d̄5~20.0110.02!60.06150.0160.061,
~11!

which is just zero within the errors.
This disagreement now seems to be not too surpris

because the results of Table 1 of Ref.@8# do not satisfy the
equivalents of BSR~3! and ~5! @see discussion on Eq.~7!#.

Let us now do some speculation assuming, for a mom
that at least the first moments of the valence quark distri
tions from Table 1 of Ref.@8# are close to the real one
@satisfying the real equivalents of BSR~3! and ~5!#. Then,
substituting valuesD1uV andD1dV taken from Table 1 into
the BSR written in the form~5!, one arrives at rather amaz
ing result

D1ū2D1d̄50.23560.097, ~12!

i.e., the quantityD1ū2D1d̄ we are interested in, is not zer
as compared with the total error (2.42 standard deviatio!,
and the polarized sea of light quarks is asymmetric with
spect tou andd quark polarized distributions.

Certainly, this is just a speculation based on the abo
mentioned assumption. We rather believe that all this i
direct indication that the HERMES data for asymmetr
should be properly reanalyzed. First, the low-x region should

7Except for the quantityDq8* ~see comment for Table 1 of Ref

@8#! where the symmetric sea assumptionDū5Dd̄5Ds5D s̄ is
used.

8Notice that the equationūÞd̄ is implicitly used in@8# since it is
included in the parametrization CTEQ lowQ2 applied for the data
analysis.
2-3
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be treated more carefully9 and second, the NLO QCD proce
dure is necessary at so lowQ2 to properly extract so tiny
quantities asD1s andD1ū2D1d̄.

Besides, there is a good lesson here for another polar
SIDIS experiments, in particular, for the COMPASS expe
ment@11#. On the one hand, the lowxB boundary should be
as small as possible to achieve the maximal accuracy for
first moments. On the other hand, it is extremely desirabl
maximally increase the averageQ2 value in order to the
simple LO analysis would become applicable. Otherwi
while the SIDIS asymmetries are measured at averageQ2

which is still about 2 GeV2, the LO analysis is not sufficien
and NLO analysis is necessary to get reliable polarized
tributions consistent with the fundamental restrictions su
as the Bjorken sum rule.

The authors are grateful to M. Anselmino, R. Bertini,
Kataev, A. Kotzinian, A. Maggiora, I. Savin, and O. Terya
for fruitful discussions.

APPENDIX: CANCELLATION OF NLO QCD
CORRECTIONS IN EQUIVALENT OF BSR „3…

The NLO DIS proton structure function reads

g1
p~x,Q2!5

1

2 (
q,q̄

eq
2S Dq(NLO)1

as~Q2!

2p
@dCq^ Dq(NLO)

1dCg^ Dg(NLO)# D ~x,Q2!, ~A1!

where

~A^ B!~x![E
x

1dy

y
AS x

yDB~y!

is the convolution product. TheMS nth Melin moments
Mn( f )[*0

1dxxn21f (x) of the Wilson coefficientsdCq,g ap-
pear as@6#

9Indeed, the unmeasured low-x region of HERMES is 0,xB

,0.023, and in this rather large region HERMES uses the sim

Regge fit without the estimation of systematical errors.

03150
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to
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h

dCq
n[Mn@dCq#

5CFF2S2~n!1@S1~n!#21S 3

2
2

1

n~n11! D
3S1~n!1

1

n2
1

1

2n
1

1

n11
2

9

2G ,

dCg
n52TfF2

n21

n~n11!
@S1~n!11#2

1

n2
1

2

n~n11!G ,

whereCF54/3, Tf53/2 for the number of active flavorsf
53, andSk(n)5( j 51

n 1/j k. Then, for the first moments (n
51) of the Wilson coefficients, one has

dCg
1[M1@dCg#5E

0

1

dxdCg50, dCq
1522. ~A2!

Taking the first moment of Eq.~A1!, using the property of
the Melin nth moments to split the convolution product in
a simple product of the Melin moments of the respect
functions: Mn@C^ f #5Mn(C)Mn( f ), and also Eq.~A2!,
one gets in NLO QCD

M1@g1
p#5

1

2 (
q,q̄

eq
2S 12

as~Q2!

p D E
0

1

dxDq(NLO),

and the same forg1
n with the replacementu↔d. Thus

G1
p2G1

n5
1

6 S 12
as~Q2!

p D @D1u(NLO)~Q2!1D1ū(NLO)~Q2!

2$D1d(NLO)~Q2!1D1d̄(NLO)~Q2!%#. ~A3!

Substituting Eq.~A3! into the left-hand side of BSR~1! with
C1

NS given by Eq. ~2! reduced to NLO QCD:C1
NS51

2as /p, one can see that theas dependent multipliers@1
2as(Q

2)/p# cancel out precisely in the left- and right-han
sides. So, one arrives at Eq.~3! without anyQ2 dependence:

Dq3
(NLO)5@D1u(NLO)~Q2!1D1ū(NLO)~Q2!#

2@D1d(NLO)~Q2!1D1d̄(NLO)~Q2!#
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