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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 densitiesy v —, _— 2 T1O2) 2 1702
is the main task of the SIDIS experiments with a polarizequs 3 =[A2u(Q7)+A,u(Q7) ] [4,d(Q7) +4,d(Q7)]
beam and target. Of special importance for the modern SlI-
DIS experiments are the questions of the strange quark and
gluon contributions to the nucleon spin, and also the sea
quark share as well as the possibility of a broken sea sce- ()
nario. Indeed, it is knowf] that the unpolarized sea of light ) 1 ) S
quarks is essentially asymmetric, and, thus, the questioWhere the notatiom;q=/zdxAq is used to distinguish the
arises: does the analogous situation occurs in the polarizd@cal in Bjorkenx polarized quark densitiesq(x) and their

. . P - first moments.
case, i.e., whether the polarized density is equal toAd or ) . i
not P yiseq Notice that well known fact of nonrenormalizabilitye.,

The crucial tests for the polarized quark distributions ex—_Q independendeof the quantityAds directly follows from

tracted from the SIDIS data are the sum rules dictated b)'}s definition:

SUi(2) and SY(3) symmetries. While SI3) symmetry <

(and, as a consequence, the respective sun) rsileather Sp _ 3

approximate(see, for examplé¢2], and references thergin 2 Ads (ps|Aﬂ|ps) @

SU;(2) symmetry may be regarded as almost exact as well

as the respective sum rule—Bjorken sum r(BSR). due to conservatidrof the flavor nonsinglet axial-vector cur-
Let us recall that the Bjorken sum rule written in terms of rent Ai. This fact is also confirmed by the explicit next to

the first moments of the structure functiongf(Q?) leading ordefNLO) calculations of the respective nonsinglet

=[Ldxgf(x,Q?) and I'1(Q?)=[idxd](x,Q?) containsQ?  anomalous dimension which is just z€i&), so that

dependent quantit€)'® on the right-hand sidé:

9a

=F+D=1.2670-0.0035 in all QCD orders,

qu3 aS
= W& = 19- 105 =0.

S QA2 2m O NSiln-10--140s
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Ov
Let us analyze to what extent the results of the modern

ag(Q?))2 polarized SIDIS experiments are in agreement with the sum
) rule predictions. Such detailed analysis with respect to the

sum rule based on S(B) symmetry,

2
C?Szl—(%m) —3.583i<

w
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2 was performed 2], so that we will concentrate here on the

o ) equivalent of BSR(3) which, using thatAq=Agqy+Adq,
However (this is of great importance for what followsthe 5y pe rewritten in the form convenient for analysis:
first moments of polarized quark distributions satisfy the re-

spective form of the BSR withoi@)'® on the right-hand side

irrespectively in which QCD order they are extracted. 2 5 jmportant to remind that while the first moments of the

Namely,_ th_e equwalent of BSR written in terms of polarized nonsingletdensitiesAgs [SU(2) symmetr} and Aqg [SU(3)

quark distributions reads symmetry must beconserved, i.e., are independent@f (corre-
sponding to the conservation of the nonsinglet axial-vector Cabibbo
currents, thesingletaxial chargea,(Q?) depends oi®)? because of

1See, for example, excellent theoretical overview3h and ref- the axial anomaly.
erences therein. TH8(«?2) correction forC)'S was calculated ifi4] ®Here the notation of Ref(6] for the anomalous dimension is
andO(«?) correction was estimated [5]. used.
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TABLE I. The SMC results o\ ;g within the unbroken sea assumpti@he partially reproduced Table
5 of Ref.[7]).

Au(x) =Ad(x) X 0-0.003 0.003-0.7 0-1
Ajuy 0.04+0.04 0.73:0.10+0.07 0.77-0.10+0.08
A,dy —0.05+0.05 —0.47+0.14+0.08 —0.52+0.14+0.09
X 0.0—-0.003 0.003-0.3 0-1
Ala 0.0£0.02 0.01-0.04+0.03 0.01-0.04+0.03
— — 1ligs 1 . LS
Alu—AleE o —E(AluV—AldV) in all QCD orders. Ags=| Ag“dx=|ga/gyv|XCqcp.
\% 0
®)

where Adns(x,Q%)=Au(x,Q%) +Au(x,Q%) —[Ad(x,Q?)
+Ad(x,Q2)], andCqcp=CY¥Q?) is the nonsinglet coef-
dcient functior? given by Eq.(2) which is incorrecf

To understand what happens let us briefly recall the HER-

Let us first consider the SMC resultg]. SMC has per-
formed two types of analyses akq, with broken and un-
broken sea scenarios, respectively. Unfortunately, the SM

analysis within the broken sea scenario suffers from too bi ES d £ th larized densi on f h
errord because the full number of measured asymmetrie procedure of the polarized density extraction from the

and achieved statistics were not quite sufficient to negate th _eaSWed SIDIS asymmetries. To this end the meth_oq of pu-
= = q g ?tles is used at HERMES averadg@®=2.5 Ge\f. Within
restrictionAu=Ad. So, let us look at the SMC results for

the first moments of polarized quark distributions obtained;"S method the leading ordet.O) expression for SIDIS

within the unbroken sea scenario, where the respective tab esymmetry
of first moments looks a&see Table 5 of Ref.7]) in Table I. 1
Taking the first moments of valence distributions directly Z eszqf(x,Qz)f dzD?(z,Qz)
0.2
from the table, one gets AQ(X,Qz)z -
2 2 2
Ajuy—A;dy=1.3+0.17+0.12, (6) Z erg¢(x,Q )folzdzD'f‘(z.Q )

and this result is in a good agreement with the equivalent o (eritten via puritiesP"(x,Q?) as
BSR (5) which within the unbroken sea approximation is e
rewritten as Agy
Al(x,QY)=2 —P,
9a T Of

\%

=1.26703:0.0035.

AIUV_AldV:Alu_Ald:

1
2 2 h 2
erds(X,Q )f dzD;(z,Q)
Let us now perform the similar analysis of HERMES re- fds 0.2 f

sults for the first moments of the polarized quark distribu- P?(X’Qz) 1 '

tions published in Table 1 of Ref8] which we, for conve- > e?ﬂf(X,QZ)J dzD}(z,Q?)

nience, partially reproduce he(&able. II). ! 02
Directly from the table one gets

so that one can see that the application of the purity method
— — is equivalent to the LO QCD analysis.
Ags=(A,u+A,u)—(A,d+A,d)=0.82+0.06+0.06, Thus both SMC and HERMES Collaborations use LO
() QCD analysis to extract polarized distributions from the
measured SIDIS asymmetries. However, there is an impor-
tant distinction between SMC and HERMES analysis condi-
tions. Namely, whereas the SMC analysis is performed at

whereas the right-hand side ought to be equalgto/gy|
=1.2670+0.0035 in accordance with the equivalent of BSR
(3).

Thus, the HERMES distributions do not satisfy the real —
equivalent of BSR(3) (without anyQ? dependence on the
right-hand side Instead these distributions are rather
claimed to be in agreement with the sum ridee Eq(13) of
Ref. [8]]

5The quantityCqcp in Eq. (13) of Ref. [8] is, namely, the nons-
inglet coefficient func’[ior(:?S given by Eq.(2) in fourth order of
QCD expansion, so that at((2.5 Ge\?)=0.35+0.04 the right-
hand side of Eq(13) in Ref. [8] readsC)'9ga/gy|=1.01+0.05
(just as in[8]). For details seg9], Sec. 5.5.4, Eq5.22, Appendix
B A7, Eq.(A.44), and alsd10], Sec. 2.5

“Indeed, forA ,d the Table 5 of Ref[7] gives the value 0.01 with SNotice that the HERMES resuif) differs by about 2 standard
+0.14 and+ 0.12 for the statistical and systematical errors, respecdeviations even from this incorrect sum rule whose right-hand side
tively. reads|ga/gy| X CY5(2.5 GeV?) =1.01+0.05 (just as in[8]).
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TABLE II. The HERMES results om\,q (the partially repro-  Substituting this on the left-hand side of Ed) with C)'®
duced Table 1 of Ref{3])). given by Eq.(2) reduced to NLO QCDC)S=1—a,/, one
can see thatr, dependent multipliergl — a4(Q?)/ 7] cancel
out precisely in the left- and right-hand sides, so that one
Au+Au 0.51£0.02+0.03 0.04 0.570.02+0.03 a}rrri]\:ehsaﬁtquéES() (\;v;trtlr?gtAan)gI%%arithmic corrections in the
Ard+aqd 0.2200.06£0.05 =003 =0.25-0.06-0.05 " Let us nst;lw :nalyze tthrensuﬁs of Table 1 of Ré&fl on
Ass+h;s —001£0.0320.04 000 =0.01-0.03+0.04 A,q. First of all notice that HERMES uses the assumption

Measured region Lowx Total integral

Alﬂ —001+002:003 000 —0.01-0.02-0.03 that the relative polarization of sea quarks is independent of
A,d —0.02:0.03-0.04 0.00 —0.02:£0.03-0.04  flavor

Aqs 0.74+0.070.06  0.07  0.840.07+0.06

Aqg 0.32+0.09+0.10  0.01  0.320.09+0.10 Au Ad As As

Ajuy 0.52+0.05+0.08  0.03  0.570.05+0.08 =T T (10
Ajdy ~0.19+0.11+0.13 —0.03 —0.22+0.11+0.13 u S

and this assumption is used to extract almost all first mo-

ments of the Table 1 of Reff8].” It is of importance that this
averageQ?=10 GeV?, i.e., when LO QCD is a quite good efg] P

X : assumption already implies the asymmetry of the polarized
approximation, the HERMES uses LO analysis to extract th S N
polarized distributions from the respective asymmetries medi9Nt_sea quark dlSFI‘IbUtIOﬂS. Indeed, the equaliiy/u
sured at relatively low averag@?=2.5 Ge\? value. So the =Ad/d, together with the well known resfilf1] u(x)
inconsistency of HERMES result oAq; with BSR can  #d(x) immediately give rise tA\u# Ad. So, the results of
serve as a direct indication that LO analysis is not sufficieniTable 1 of Ref[8] for light sea quarks should be asymmet-
and NLO analysis is necessary at such conditions. ric. However, taking the first moments of the polarized light

It is illustrative to show how one can arrive at the incor- sea quark distributions directly from Table 1, one gets
rect sum rule using the purity method at low average L
value. A;u—A;d=(-0.01+0.02 +0.061=0.01+0.061,
Since the application of this method with respect to SIDIS (11
asymmetries is just LO QCD analysis, the first moments of
the DIS structure functionE}"" have LO QCD expressions Wwhich is just zero within the errors.
via HERMES distributions: This disagreement now seems to be not too surprising
because the results of Table 1 of Rgg] do not satisfy the
1 equivalents of BSR3) and(5) [see discussion on Eq7)].
2.5 GeW¥)= > Z eéAlq(Z.S GeV), I'1=If,_q. Let us now do some speculation assuming, for a moment,
a.9 that at least the first moments of the valence quark distribu-
(8) tions from Table 1 of Ref[8] are close to the real ones
[satisfying the real equivalents of BS®) and (5)]. Then,
On the other hand, the exact expression for the physical  sypstituting values\;uy, and A, d taken from Table 1 into
dependently measurableguantity ' —TI'7 has a form(1),  the BSR written in the forn{5), one arrives at rather amaz-
whereC)'® differs essentially from the LO value 1 at so low ing result
Q%
The extraction of the quark distributions from the SIDIS A,u—A,d=0.235+0.097, (12)
asymmetries in NLO order means that the respective DIS

structure functions are expressed via these distributions asi.e_' the quantityAli—Alawe are interested in, is not zero

as compared with the total error (2.42 standard deviatjons
as(Q?) and the polarized sea of light quarks is asymmetric with re-

27 spect tou andd quark polarized distributions.

Certainly, this is just a speculation based on the above-
mentioned assumption. We rather believe that all this is a
direct indication that the HERMES data for asymmetries
should be properly reanalyzed. First, the Igwegion should

1
gh(x.Q%) =5 2 ef| Ag+
q.q

X[6C,®AqQ+ 5Cg®Ag]> (x,Q?).

Then, using the explicit values of the first moments of the
respective MS Wilson coefficients [6] Ml(b‘cq)z

—-2 M1(509)=0, one gets in NLO QCD "Except for the quantitAqgj (see comment for Table 1 of Ref.

[8]) where the symmetric sea assumptiam=Ad=As=As is

2 used. -
Ml[gg]zrgzl E eé( 1— s(Q )) Ayq, TI=TP, q. 8Notice that the equation#d is implicitly used in[8] since it is
2 a.q m included in the parametrization CTEQ lo@? applied for the data

9 analysis.
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be treated more carefuflyand second, the NLO QCD proce- SCh=M"[ 6C,]
dure is necessary at so 10@? to properly extract so tiny ¢ K
quantities as\;s andAu—Ad.

Besides, there is a good lesson here for another polarized
SIDIS experiments, in particular, for the COMPASS experi-
ment[11]. On the one hand, the lowg boundary should be 1 1 1 9
as small as possible to achieve the maximal accuracy for the XSy(n)+—+ onthyri 2
first moments. On the other hand, it is extremely desirable to n
maximally increase the averag@? value in order to the
simple LO analysis would become applicable. Otherwise,
while the SIDIS asymmetries are measured at avefage
which is still about 2 Ge¥, the LO analysis is not sufficient
and NLO analysis is necessary to get reliable polarized diswhere Cc=4/3, T;=23/2 for the number of active flavors
tributions consistent with the fundamental restrictions such=3, andS,(n)= 2”711/1 Then, for the first momentsn(
as the Bjorken sum rule. =1) of the Wilson coefficients, one has

= Sy(n) +[Sy(M]*+

2 n(n+1)

n-1 1 2

5C822Tf —m[sl n)+1] m

The authors are grateful to M. Anselmino, R. Bertini, A. 1
Kataev, A. Kotzinian, A. Maggiora, |. Savin, and O. Teryaev 5CéEM1[5Cg]=f dxsCy=0, 8Ci=—-2. (A2)
for fruitful discussions. 0

Taking the first moment of EqA1), using the property of

APPENDIX: CANCELLATION OF NLO QCD the Melin nth moments to split the convolution product into
CORRECTIONS IN EQUIVALENT OF BSR (3) a simple product of the Melin moments of the respective
i functions: M"[Cef]=M"(C)M"(f), and also Eq.(A2),
The NLO DIS proton structure function reads one gets in NLO QCD
1 ay(Q?)) (1
Irgb1= = 2|18 NLO
gﬁ(x,QZ)— 2 e (A (NLO)+ (Q —="[6C, ®AqNO) M91]= 5 %eq(l - fo dxAq(NtO),

and the same fog} with the replacementi—d. Thus

ag(Q?)

+5C,@AgM9T|(x,Q?), (A1)

r{-ri= (1— )[A uN(Q?) +A,uM9(Q?)
where

—{A,dNO(Q2) + A, dNEO(Q2)}]. (A3)

(A®B)(x)= fld—yA(f) B(y) Substituting Eq(A3) into the left-hand side of BSRL) with
xy oy clS given by Eq.(2) reduced to NLO QCD:C)S=1
—ag/m, one can see that the; dependent multiplier§1
is the convolution product. Th&1S rth Melin moments — @s(Q%)/m] cancel out precisely in the Ieftz- and right-hand
M"(f)=[dxx"~1f(x) of the Wilson coefficients’C, , ap- sides. So, one arrives at E@) without anyQ“ dependence:

ear a46 —
P i ] AquLO):[Alu(NLO)(Q2)+Alu(NLO)(QZ)]

—[A;dMO(Q?) +A,dMNO(Q?)]
°Indeed, the unmeasured lowregion of HERMES is 8xg

<0.023, and in this rather large region HERMES uses the simple
Regge fit without the estimation of systematical errors.

_|9a
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