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Inclusive and semi-inclusive polarized DIS data revisited
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We perform a combined next to leading order analysis of both inclusive and semi-inclusive polarized deep
inelastic scattering data, assessing the impact of new data on the extraction of the sea quark and gluon spin
dependent densities. In particular, we find that semi-inclusive data show a clear preference for a fositive
distribution, although are almost insensitive to different alternativeSdo

PACS numbegs): 13.88+¢€, 13.85.Qk

I. INTRODUCTION well known [8], and indeed this kind of data was success-
fully included in a NLO global analysis some time affi.

Over the last decade, there has been a remarkable intHowever, the statistical weight of the data available at that
provement in our knowledge of the spin structure of thetime[9] hindered a significant impact on the parton distribu-
nucleon at the partonic level, driven by both the increase iriion extraction. Since then, the Hermes Collaborafitf]
precision and volume of data on spin dependent structurbave presented new semi-inclusive data with greater preci-
functions, and also on theoretical and phenomenologicasion, a circumstance that justifies a new analysis taking into
work around the ever increasing wealth of experimental eviaccount also the new additions to the inclusive data set.
dence[1]. In the process, the extraction of spin dependent In this paper we perform a combined next to leading order
parton densities has evolved from mere extensions of simplanalysis of both inclusive and semi-inclusive polarized deep
scale independer8U(6)-inspired models, to consistent next inelastic scattering data, releasing the usual assumptions
to leading order(NLO) QCD global analysis based on a about flavor symmetry relations between the polarization of
much more reduced set of model dependent hypotheses. both valence and sea quarks, and we assess the role of semi-

In spite of this significant progress, until very recently it inclusive data in the experimental evaluation of these rela-
was almost unavoidable to make rather crude assumptiori®ns.
about the way in which sea quarks are polarized or, more Performing this analysis we have found that semi-
precisely, how polarization is distributed among the differentinclusive data constitute a clear constraint on the polarization
sea quark flavors, the main reasons for this being the inabilef “up” antiquarks, information, which combined with that
ity of totally inclusive data to discriminate between quarkscoming from inclusive measurements, fixes the polarization
and antiquarks, and the lack of enough statistics in the pioef valence quarks of the same flavor. However, “down”
neering polarized semi-inclusive experiments. Because ddntiquark polarization remains loosely bounded, allowing a
these circumstances, up to now even the most refined globkdrge uncertainty on “down” valence quark densities. As in
analyses have simply assumed polarization to be evenly digrevious analyses, the data imply a weak constraint on the
tributed among the sea flavors, or in the most ambitious atpolarized gluon density.
tempts, they have tried to discriminate between light and This paper is organized as follows: In Sec. Il we review
heavier flavors, but always in compliance wgh(2) isospin  the framework for global analyses of inclusive and semi-
symmetry assumptiong2-5|. inclusive data, and present our conventions. In Secs. Il and

Motivated by the growing evidence supporting an(3U IV we present the result for the fits to inclusive and com-
symmetry breaking between unpolarized sea quark distribudined (inclusive plus semi-inclusivg data, respectively. Fi-
tions, more recently there has been a great deal of activitpally, in Sec. V, we give our conclusions.
concerning sea quark polarization, including theoretical and

phenomenological models advocating different degrees and Il. CONVENTIONS AND FRAMEWORK
realizations ofSU2) symmetry breakdown§6], and even
attempts to find evidence for them in the dgfa Throughout the present analysis we adopt the modified

Semi-inclusive asymmetries are sensitive to contributionsninimal subtraction S) factorization scheme, as imple-
coming from specific combinations of quarks of different mented in our previous analysi3], for writing inclusive and
flavor and nature, so in principle they can shed some light osemi-inclusive asymmetries in terms of parton distributions
the sea quark polarization issue. The theoretical frameworkip to NLO accuracy. For the inclusive asymmetries we take,
needed to deal with them consistently up to NLO accuracy iss usual,
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where the spin dependent structure function is given by In order to perform the extraction of polarized valence
, and sea quark densities, we include SIDIS asymmetries mea-
1 ay(Q9) sured by the Hermes and Spin Muon Collaborati¢sisiC),
N _ 2 S
01(x,Q%)=3 2 eq(Aq(X'Qz)Jr o which are given by
a.q
[AC,®AQ+AC,®AQ]f, (2) f dz 4 "(x,z,Q?)
z
AL (%, Q)] = : 5
and in the case of three flavors can be alternatively written as J dz B "(x,2,Q?)
z
N 2 1 NS 1 NS 1
91 (X, Q%) =| £5A03 7+ 354057+ §AE There, the semi-inclusive analogueglf is given by
®s 2 %s N h 2 2 2ynh 2, 2s(Q)
®| 1+5AC, +% ef5 AgRAC,. 9y "(x,2,Q ):qEE el Aqi(x,.Q)Dg (z.Q) + —_—[Aq,
©) ®AC;; @D +A¢®AC,®D{+AgoACy
In Eq. (3) the = sign corresponds to either protoN€ p) or ay(Q?)
neutron (N\=n) targets and ®D2J]+AMgi(x,z,Q2)+ o [AMG

AQYS=(Au+Au)—(Ad+Ad)
Q3 =(Au+Au)—( ) ®ACi+AMg®ACg]], (6)

AgyS=(Au+Au)+(Ad+Ad)—2(As+As)

and Z denotes the kinematical region covered by final state
hadrons ¢,=P-h/P-q>0.2 in [9,10]). The first line in

Eq. (6) represents the familiar LO contribution to semi-
inclusive processes, the second accounts for current fragmen-

tation up to NLO, and the third is associated with target

rf\)‘agmentation and can be neglected for the kinematical re-

gion explored by Hermes and SM(@3]. The full expres-
ions for the coefficients in Eq&) and(6) in the MS can be
ound in[3] and references therein.

AS =(Au+Au)+(Ad+Ad)+(As+As). (4)

The first two (non-single} distributions evolve inQ? inde-
pendently, whereas the gluon and the singlet distributions a
coupled in the evolution.

It is worth noticing that wheread g} ® can be obtained
directly from data on the difference between the proton an

; : n
the neutron spin dependent structure functgih-g7, the SIDIS data are available for different kinds of targets and

three remaining distributions that appear in E8j. have to species of hadrons identified in the final st He and
be obtained somewhat indirectly, i.e. exploiting their differ- Rees e D,

e d q Unf v the limited =,h~ respectively. Since fragmentation functions depend
ent sca € dependence. tn ortunate.y, the |m|te' amo;mt trongly on the flavor of the originating parton and on the
data available and the rather restricted ranges iand Q

dd I d ice d S  al harge of the hadron, it is possible to construct alternative
covered do not allow one to do a precise determination of ali., hinations of parton distributions which are independent
the distributions. Nevertheless it should be kept in mind thag ha ones contributing to the inclusive asymmetry. In this
even with an unbounded set of inclusive data of unlimite

. ) . . X ay, in principle it is possible to do a full flavor decompo-
precision, it would only be possible to determine combina-giiion for the polarized parton distributions.

tions of Ag+Aq=Aq,+2Aq (with g=u,d,s), but never Fragmentation functions are obtained from fitsefoe ™
Aq, andAq separately, as can be seen from E; there- —h data and, similarly to what happens in inclusive DIS,
fore, the data are insensitive to the symmetry breaking in théhose measurements allow only the determination of the
sea sectof. o combinatioanJr D%. In order to construct the full set of
To be able to determine bothq, and Agq one has to fragmentation functions needed to analyze the SIDIS data for
introduce some other independent input in the analysis, sudh® andh~, one has to have some extra assumptions. In the
as weak structure functions and Drell-Yan production, forpresent analysis we take into account only contributions
which the theoretical framework is well knowd1,12 but  from #'s andK'’s, and for both mesons we defineQ¥ and
unfortunately there are no data yet or semi-inclusive deeflavor independent functi6ny,D, which allows one to sepa-
inelastic scatteringSIDIS) asymmetries. rate between the “favored” and “unfavored” fragmentation
functions for each flavor and final state hadron as

Un this sense, claims stating that “the data tolerate strong flavor

symmetry violations in the sea sectofas in Ref.[S]) are just 2Therefore theQ? dependence of the “favored” and “unfa-
rather void statements, since of course it is always possible tgored” fragmentation functions is given, in our approximation, by
modify Aq in such a way that\q+ Aq remains unchanged. the one of the total distributions fitted froai e~ data.
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higher order corrections in the measured range afd Q?,
but only a leading twist LO or NLO expression foy is used

ot m T a* T at a*
DI =DT =DJ =DZ =Dj=(D] +DT)

1+ 7o in Eq. (11) under the assumption that higher twist effects
~ N . B ) c may cancel when taking the ratio, in the past it has been
DJ =Dy =D§j =Dy =DJ=(D] +Dj I considered more consistent from the perturbation theory
1o point of view to use the PQCD result for bofy andR.
B ) N o N ) On_thg other hand, it i; worth noticing that the measured
D7 =DT =D7 =D;’T = E(D;T +D;” ) (7) quantity in polarized DIS i\, related toA; by

and A =D(A1+ nA;)~DA,, (12

KE KT ek KTk Kkt where the depolarization factdd is obtained from the
Dy =Dy =Ds =Dg =D1=(By +By )3~ measured valuef R. Furthermore, it turns out that the effect
of using eitherR.,,,; Or Rocp can represent a difference up
to 20%(40%) at NLO (LO) for the smallest values of mea-
suredx, and still persists, although becomes smaller, even for
values ofx andQ? where higher twist effects are expected to
N be small(like for SMC data. An analogous effect is ex-
(D§++ Dg ). (8) pected inF,; however, in this case the differences are found
to be smaller.

In our analysis we have decided to use the experimental
value ofR from Ref.[16] in order to be consistent with the
extraction ofA; from A, but still constructF, using the

1—7 PQCD expressions that can be obtained from the unpolarized
7ID(Z)=am- (9)  analogue of Eqs2) and(6) and the 1998 Glek-Reya-Vogt
(GRV99) [17] set of unpolarized parton distributions. The
choice for a perturbativ€, is forced by the fact that our fit
is also performed to semi-inclusive data, and thus we need
consistency between the normalization of inclusive and

to quantify the uncertainties introduced by the assumption§em"'nCIUS'Ve ashymmetrlgs. For the time be!ng o experi-
on the fragmentation functions in the extracted polarized par™€ntal values of; are available for the norzmahzatlon of the
ton distributions. latter, at least for the same bins wfand Q° measured by
Regarding the normalization of Eq4) and(5), it is cus-  SMC and Hermes. Regardirig,,, we have just assumed
tomary to write the unpolarized structure functionsthat the same value applies for both inclusive and semi-

7b

K™ RK  ~K' K _RK_ /K" K*
D =Dj =DY =Dg =Df=(D{ +D )i -

u u S

DK =DX =DX =D¥ =

N =

In agreement with measurementsusfpolarizedSIDIS data
[15], we parametrizejp as

The usual Field-Feynman parametrization fgg [14]
corresponds to Eq9) with a set to 1. In our case we will
vary the parametea around the default value of 1, as a way

FN(x,Q?) in terms of the more familiaFy(x,Q?): i[ricg]usive data. Fragmentation functions were taken from
o Fa(x,Q?%) [1+9%(x,Q?)] Clearly, the extraction oR" and F!) from unpolarized
F1(x,Q%)= (10) semi-inclusive data will be a great advantage in the future in

2X 1"’
[1+Rx.Q7] order to perform a fully consistent analysis. Nevertheless, as
where y2(x,Q?%) =4M?x2/Q?, R(x,Q?) is the ratio between We have stated before, there are still some other uncertainties

the longitudinal and transverse photoabsortion cross section® the semi-inclusive case which are expected to hir;der the
and we have dropped the nucleon target lateTherefore, ©Nes coming from eventual differences betwéeandR".

the asymmetry for inclusive data is given by We also ir_‘n_plement a different strategy to _that usefBin
for parametrizing and extracting parton densities. The proce-
, 9:(%,0Q?) 2x[1+R(x,Q?)] dur_e conS|st§ of tvyo stages. The first ;tage is the one in
A(X,Q%)= 5 5 5 (11)  which totally inclusive data are used to fix the net polariza-
Fo(x,Q%) [1+¥9(x,Q%)] tion carried by each quark flavor, but without discriminating

between quarks and antiquarks, as this distinction is beyond
the reach of this kind of data. Forandd quarksplus anti-
quarks densities at the initial scad%=0.5 GeV we pro-

ose

and similarly for the semi-inclusive one.

The information on the polarized parton distributions,
whose extraction is the goal of the global fit, is therefore
fully contained in the polarized structure functign(x,Q?),
which can be reconstructed using the knowmeasured or _
computed values ofA;(x,Q?), F,(x,Q?) andR(x,Q?). X(Aq+Aq)

Of course, theAl(x,_Qz)_vaIues are obtair_1ed from mea- x?a(1— x)Pa(1+ yq x%0)
surements, but there is still some freedom in takigand =N il ,
R, i.e. either from experimental data or from perturbative 9B(agt 184+ 1)+ yyBlagt dg+1,84+1)
QCD (PQCD calculations. Since both quantities are
strongly affected by higher twist contributions and unknownwhile for strange quarkplus antiquarks we use

(13
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TABLE I. Inclusive and semi-inclusive data used in the fit. N ' '
x(Au+Au) (NLO) N xAg (NLO) i
0.25 ; N+ ]
Collaboration Target Final state No. points Refs. i y
EMC Proton Inclusive 10 [21] 0 bremer
SMC Proton, deuteron Inclusive 12,12 [22] TS
E-143 Proton, deuteron  Inclusive 82, 82 [23] x(Ad+Ad) """"" xhsx3 .
E-155 Proton, deqteron Inclusllve 24, 24 [24] <A (LO) g 0LO)
Hermes Proton, helium Inclusive 9,9 [10] 025} et %
E-142 Helium Inclusive 8 [25] oy
E-154 Helium Inclusive 17 [26]
SMC Proton, deuteron h*, h™ 24, 24 [9] 0=
Hermes Proton, helium h*, h™ 18, 18 [10] @A XAS X 3
10?2 10" 1 102 10" 1
— X“s(1—x)Ps FIG. 1. LO and NLO polarized parton densities from inclusive
X(AS+AS):2NSB(QS+ 1,8.+1)’ 14 jata at0?=10 Ge\2.
with a similar parametric form for gluons: polarized parton distributions, we use the valuesAgfcp
p given in Ref.[17] to computea, at LO and NLO.
YAG=N X“9(1—=x)"9 (15 In this way, in the first stage we obtain from the inclusive
9= N B(ag+t1,84+1) data set all the information available there without any un-

necessary symmetry assumptions. The second stage of the
procedure incorporates semi-inclusive data in order to extract
antiquark densities, and consequently to fix valence quark
densities, relying on the possibility to discriminate between
quarks and antiquarks given by positive and negatively
charged hadron production asymmetries. As antiquark densi-
ties we take

The first moments of the quark densitiég (N,) are
often related to the hyperon beta decay consté&ngad D
through theSU(3) symmetry relations

Su+su—8d— sd=N,~Nyg=F+D=1.2573 (16)

Su+ Su+ 8d+ 5d—2(8s+ 85) (1)
X%(1—X)Ps

XAQ=Ng——m,
a "B(agt1,85+1)

=N,+Ng—4N;=3F—-D=0.579. (17) (20)
Under such an assumption, the previous equations would —  — — . o
strongly constrain the normalization of the quark densitiesfo" U andd quarks, and we assunse=s since the possibility
However, as we are interested also in testing flavor symme2' discrimination in thes sector is beyond the precision of
try at different levels, we leave aside that strong assumptiof’€ data ands;= Bs.

and relax the symmetry relations introducing two param-

eters,eg; and egy(s) respectively. These parameters account 104F + EMC
quantitatively for eventual departures from flavor symmetry 5 . Tha
considerations, including also some uncertainties in the low- N ,_1._/ X =0.008 (=3200) * SMC
i 1 1 107 x =0.015 ¢=1600) “ HERMES
x behavior and higher order corrections ﬂ o
x=0. (£=800)
¥ % =0.035 (=400
Nu_Nd:(F+D)(1+€Bj) (18) 102} x=0.05 ¢-180)
Ny+Ng—4Ng=(3F —D)(1+ esyys)), 19 X KTO0 o
10 ‘H_r_x,___a.y——e———f——‘- x=0.125 (=40
. o __f__,_‘r_?'f v x =0.150 ¢=20)
and we take them as a measure of the degree of fulfilment o 32 s oo ot — 0185w
the Bjorken sum rul§19] and theSU(3) symmetry{20]. Sl T e L. . & orses
Equations(18) and(19) allow us to write the normaliza- ¥ * . « 2030 625

) X T L v 0.30 =25
tion of the three quark flavors in terms &, eg;, and 4 A b o035 wis)
€sy(3)- Notice that no constraints have been imposed on the 10 ——tr % x=0.416 (=033
breaking parameters since we expect them to be fixed by th —"L‘"\+‘x=ms 03]
data. The remaining parameters are constrained in such 102l s x = 056035
way that positivity with respect to GRV98 parton distribu- x=0.75 @-10)
tions is fulfilled. This is particularly relevant at large and
since no polarized data are available in that kinematical re-
gion, we directly fix the parameterg,=3.2(3.05), B4 1 10 @ 10”

=4.05(3.77) angBy=6 (6) for the NLO(LO) sets in agree-
ment with GRV98. Consistently with the choice for the un-
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TABLE II. First moments for LO and NLO distributions §%=10 Ge\~.

Set Xi €Bj €sU(3) Su+su  Ssd+éd ds o9 0%,
(i) 228.66 —0.015 —0.003 0.780 —0.458 —0.064 0.75 0.194
NLO (i) 228.69 —0.018 0.037 0.776 —0.458 —0.071 1.07 0.175
(iii ) 230.33 —0.002 —0.063 0.767 —0.486 —0.066 1.75 0.15
(i) 237.55 —-0.126 0.016 0.713 —0.385 —0.065 0.88 0.199
LO (i) 236.10 —-0.126 0.018 0.708 —-0.39 —0.068 1.4 0.181
(iii) 236.44 —-0.126 0.009 0.702 —0.396 —0.069 1.68 0.169

The data sets analyzed in both stages include only pointsveen the inclusive asymmetries estimates coming from
with Q?>1 Ge\? listed in Table I, and totaling 137, 118, these sets. As it is shown in Table II, the differencegn
and 34 points, from proton, deuteron, and helium targets reare rather small, and allowing variations within just two
spectively, in the inclusive stage, plus 42, 24, and 18, fronunits, it is possible to go from an almost negligible polarized
proton, deuteron, and helium targets respectively, in the segluon distribution to a highly polarized one. The reason for
ond stage. In order to take into account correlations betweethis can be easily understood from Fig. 2, where all proton
inclusive and semi-inclusive measurements, we only analyzeata forg, are shown as a function d®?. DIS data, in
the inclusive data for SMC and Hermes for “averaged” bins. principle, constrain the gluon distribution through the evolu-
In the semi-inclusive case we take into account in the fit onlytion of g,, but unfortunately, available data do not show a
the most precise data concerning the production of chargegal lever arm inQ?, particularly at lower values of where
* hadrons(without identifying pions, kaons, or other par- the gluon density is expected to drive the evolution.
ticles individually). Even though available data indicate thgf(Q?=10)~1

+1 (see Altarelliet al. in Ref. [2] for a more exhaustive
lIl. INCLUSIVE DATA analysig, we clearly have to wait for less inclusive data as in
jet [27], prompt photor[28], and heavy quark29] produc-

In this section we present the results coming from thetion to be able to determine the distribution with a reasonable
analysis of the inclusive data set. Taking into account that ifprecision.
previous analyses, even those which have used most recent|n Fig. 1 we have included alsa, d, ands distributions
inclusive data, the gluon densities have been found to bgbtained in our previous analysigle Florian—Sampayo—
rather poorly constrained, we extract three different sets witlsassofDSS fit 3) [3]. As can be observed, the differences
the gluon first moment constrained to be lower than 0.4 angh the u and d distributions are rather small, and although
labeled agi), bounded between 0.4 and 0.7 and denoted aghere are some additions of new data in the analysis, they
(i), and greater than 0.7 labeled (@), respectively, at the mainly originate in the use of the experimental valueRof
initial scale. Doing this, we aim to explore different regions instead of the perturbative one as was done in our previous
for gluon polarization and, at the same time, to provide dif-analysis. This is particularly manifest in the LO case, where
ferent scenarios for predictions in future experiments. As wehe perturbative approach yiel@s=0.
will show, data prefer gluon distributions with first moments |t is also worth remarking that the fits prefdrdistribu-
around those values but does not really constrain them in gons steeper at smak than theu ones, i.eag<a,. Since

pre_lt_:;]se Wayl. ing densities f he LO and NLO Vs there are almost no neutron data able to constkair Ad at

g ?] resulting eg§|t|es Irom t fe an 0 :Gana YSIS:x<0.01, this effect should rather be considered as a result of
and the corresponding relevant features at 1 @rfe  ihe extrapolation of the distributions than as experimental
shown in Fig. 1 and Table Il, respectively. The correspond-evidence ofg? being steeper thag?. Clearly, more precise

ing parameters are given in Table VII. :
Even though the precision attained by these kind of fits i ”hﬁgt][g;‘uf‘rgd deuteron data at smalivould help to clarify

remarkable good, as shown in Fig. 2, there seems to be a
slight systematic discrepancy between the Hermes data and
the results of the remaining experiments. For these reasons, TABLE lIl. First moment ofg?™ ™" at Q*=10 Ge\.
in the fitting procedure we have applied to the Hermes data &

normalization factor which we allow to depart from unity up Set el Iy ri
to a 5% (it saturates at the upper limjtwithout almost any (i) 0.191 0.130 0061
consequences in the obtained parton distributions, but with ALo (ii) 0.191 0.129 0.062
significant improvement in thg? values. (i) 0.194 0.126 0.067
As can be seen in Fig. 1 the three sets have rather large i ' i
differences in the gluon distributiofwith a very mild pref- @) 0.183 0.130 —0.053
erence for seti) at NLO and(ii) at LO), with close results Lo (i) 0.183 0.128 —0.055
for the net polarization of each quark flavor. The quality of (iii) 0.183 0.126 —0.057

the fits is comparable; in fact, it is hard to distinguish be
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TABLE IV. x? of the LO and NLO fits and the first moment of ' o o '
the distributions obtained from the combined analysi®Aat 10 025 | xAu, (NLO) xAux 10 [ xAdx10 ]
Ge\~2. T —
Set X} duy ody su sd 0=
(i+) 33052 0.649 —-0.576 0.063 0.061
(i—-) 330.00 0.686 —0.357 0.045 -0.049
NLO  (ii+) 330.98 0.656 —0.555 0.058 0.056  ¢o25f
(ii—) 330.22 0.684 —0.357 0.043 —0.046
(ii+) 33231 0.652 —0.583 0.055 0.053
(ii—) 331.64 0.679 —0.392 0.041 -0.044 0
(i+) 336.24 0.599 —-0.493 0.060 0.060
(i-) 33554 0.629 —-0.291 0.043 -0.043
LO (ii+) 334.19 0.592 -—-0.498 0.058 0.058 . . ) .
(i—) 33403 0624 —0295 0042 —0.042 QZleGO. C3_:‘.e\l>21LO polarized densities from fits to combined data at
(ii+) 334.26 0.591 —-0.490 0.056 0.056 '
(ii—) 33369 0.624 —0.298 0.041 -0.041

Au (Ad) densities and “favored” fragmentation functions
D7, weighted with a factor of 41) due to the electric charge

Finally, the most prominent difference between the results
of the present analysis and those from DSS is the one found
between the strange spin dependent distributions. Even
though their first moments are both negative and rather close
in magnitude, the shape of the distributions differs, mainly
becauseAs is not bounded to obey th8U(3) symmetric
relations within the sea, the constraint that was applied in the
DSS analysig3]. This difference gives also an idea of the
large uncertainties in this distribution, which is clearly not
well constrained by the available data. where we can neglect the suppressed strange quark contribu-

Regarding the symmetry breaking for inclusive data, it istions, and in order to simplify the discussion, we have taken
worth noticing that for the three NLO sets the Bjorken suminto account only final state’s and within a LO expression.
rule breaking parametes; is found to be of the order of Factoring out thegq+q distributions which are almost
1%, while the SU(3) breaking parameteesysy varies completely fixed by the inclusive data we can write
around a few percent, and cannot be determined with good
accuracy from the available data. LO sets show similar fea- : . :
tures although with slightly highey? and larger symmetry
breaking parameters. The larger valuesgf at LO is mostly o5 |
related to orderg corrections included at NLO but absent
there.

In Table Il, we also show &)?=10 Ge\? the results for
the first moment of each flavor distribution and the singlet
62, which is found to be between 0.2 and 0.15 and corre-0.5 |
lated to the value 06G.

Finally, in Table 1l we present the LO and NLO results |
for the first momentd "= [dx ¢f"" and the Bjorken sum 1
rule evaluated aQ?=10 Ge\?. The differences in the re-
sults obtained with the three sets are mostly due to the smal?
x extrapolation, in the case of the proton, and the lack of ¢ t
enough precise data, for the neutron targets.

m+(=) 4 T 1 ™ 4 = m
Zglp ~§AU®D1(2)+§Ad®D2(1)+ §AU®D2(1)

1 — 2
+§Ad®Df(2)+ §AS®D3, (21)

1
IV. COMBINED DATA 05 |

Having obtained all the information available from the |
inclusive data, we proceed to analyze also the antiquark den
sities, exploiting the semi-inclusive data. The constraining
power of these asymmetries can be schemed in the following
way. The production of positivelynegatively charged had-
rons from proton targets is dominated by the convolution of

FIG. 4. Semi-inclusive asymmetries against NLO sets.
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asymmetries is proportional to the same factAE& 4AU)
but with opposite signs, and, regardless the valud3,cénd

0.5

0.5

PHYSICAL REVIEW D 62 094025

TABLE V. Coefficients for NLO total sets. Parameters marked bgre fixed by positivity constraints.

Parameter @) (i-) (i +) (i—) (i +) (iii —)
€8, —0.021 ~0.021 ~0.034 ~0.030 ~0.014 ~0.012
€su) —0.002 —0.001 0.056 0.045  —0.064 —0.068

ay 0.873 0.877 0.921 0.918 0.936 0.933
B 3.20 3.20 3.20 3.20 3.20 3.20
Y4 14.87 14.66 13.56 13.69 14.46 14.40
Sy 1.06 1.06 1.00 1.00 0.97 0.97
aq 0.460 0.460 0.474 0.465 0.446 0.443
B 4.05 4.05 4.05 4.05 4.05 4.05
4 14.99 14.99 14.81 14.99 14.99 14.99
84 1.65 1.67 1.66 1.66 1.62 1.63
N ~0.062 ~0.062 ~0.069 —0.069 ~0.063 ~0.063
as 2.49 2.49 2.50 2.50 2.49 2.49
Be 10.00 10.00 10.16 10.16 10.32 10.32
Ny 0.065 0.046 0.059 0.044 0.055 0.042
oy 1.01 1.12 1.25 1.15 1.12 1.17
Ng 0.25 0.27 0.40 0.40 0.7 0.7

ag 15 15 15 15 15 15

B 6.0 6.0 6.0 6.0 6.0 6.0

X2 330.52 330.00 330.98 330.22 332.31 331.64

+ = (Ad 4Au)®(D1(2) D3 1))

.
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FIG. 5. Inclusive asymmetries against NLO sets.

D,, proton asymmetries are significantly more sensitive to

Au due to the difference in the electric charge factors.
Semi-inclusive asymmetries from neutron targets are pro-

portional to a complementary combination At and Au,

and therefore are strongly dependent dd. However, in
practice, these last asymmetries have little impact on the

where it is clear that the unconstrained component of botlanalysis since they are heavily suppressed by the normaliza-
tion coming from deuterium and helium unpolarized struc-

ture functions. Consequently, aIthougﬁcan be more eas-

ily pinned down,Ad densities are not very well constrained
by the present data. Indeed we observe this feature in the

global fits: the impact oA d in terms ofy? is very small and
a large modification in its distribution can be easily balanced

by a small modification of\u.
Taking into account the previous discussion, we param-

etrize Au as in Eq.(14) (fixing a;= ag) but we restrictAd

to two somewhat extreme alternatives: one, labeled-ag
in WhICh Ny,=Ng, and another, labeled as—

Ng=

TRl

in which

. These scenarios are motivated by expectations
from different models that have been discussed in the litera-

ture. The first onez@a: AUatQS) corresponds to the usual
assumption aboutSU(2) symmetry _between light sea

quarks. The second alternativéd=—Au atQS) breaks the

SU(2) symmetry at sea level along the lines of the statistical
and chiral quark soliton model§].

The results of allowing both the+" and the “—" al-
ternatives in the extended analysis that incorporates SIDIS
data are presented in Table IV, where we show only the
results associated withhg and &g, since those for the re-
maining parton densities are almost equal to the “inclusive”
ones of Table Il. This similarity can be easily understood
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TABLE VI. Coefficients for LO total sets.

Parameter @) (i-) (ii+) (ii—) (iii +) (iii —)
€8, ~0.131 ~0.131 -0.133 -0.135 -0.14 -0.136
€su) 0.071 0.067 0.032 0.047 0.036 0.039
ay 0.768 0.777 0.766 0.768 0.77 0.767
B 3.05 3.05 3.05 3.05 3.05 3.05
Y4 14.88 14.88 14.97 14.81 14.98 14.99
84 1.64 1.64 1.69 1.69 1.69 1.69
aq 0.5 0.499 0.502 0.52 0.532 0.527
B 3.77 3.77 3.77 3.77 3.77 3.77
4 14.55 14.99 15.0 13.24 13.76 13.98
84 1.68 1.75 1.69 1.69 1.69 1.69
Ng —0.069 ~0.07 ~0.068 ~0.070 ~0.069 —0.069
as 2.37 2.4 2.19 2.25 2.30 2.32
Be 11.42 11.42 11.42 11.42 11.42 11.47
Ny 0.060 0.043 0.058 0.042 0.056 0.041
oy 1.19 1.19 1.2 1.2 1.2 1.21
Ng 0.35 0.35 0.6 0.6 0.7 0.7

ag 1.8 1.78 1.8 1.8 1.8 1.8

B 6.0 6.0 6.0 6.0 6.0 6.0

X2 336.24 335.54 334.19 334.03 334.26 333.69

taking into account the greater precision and the amount dfelated to the choice foAd. This is in agreement with the
these data. The parameters for the NLO and LO fits are Prejiscussion below Eq22), since the correlation betweér

sented in Tables V and VI, respectively. ._andAd is such that fd—4Au) remains roughly the same
In Fig. 3 we show the corresponding parton densme%r all sets

[c.)nliy for sets (i+) and (i-), as the other ones ar€ VEIY - 1t should be noticed also that even in the case of
similar], and in Figs. 4 and 5, the comparison with Semi-gy(2)-symmetric alternativedabeled as “ "), there are

inclusiv nd inclusivi ta, r tively. The lin in . . —
clusive and inclusive data, respectively € s mall differences between the first moment of the and

Figs. 4 and 5 interpolate, as usual, the results of the fitat the —" ~ ) )
measured value d? of each data point, and for E-143 we Ad atQ?=10 Ge\?, notwithstanding they are set to be equal

show only the averaged data. For the experiments that prait the initial scaleQg. The difference comes from the fact
vide only the values ofj;, we have computed the corre- that these distributions evolve differently at NLO due to both
sponding asymmetries with the procedure discussed abovethe appearance of different non-singlet quark splitting func-
In Fig. 4 we include also an estimate for the semi-
inclusive asymmetries computed using the parton distribu-
tions obtained in the analysis of inclusive data and assuming

SU(3) symmetry of the sea, i.Au=Ad=As. As can be 0.025 |
noticed, the differences are significant in the case of the
Hermes data from proton targets, which completely domi-
nates the fit of semi-inclusive data, whereas no distinction
can be observed in the almost vanishing He asymmetries.

Furthermore, as can be expected from &9) the effect 0015 |
of a positive Au distribution is to decreaséncreasg the
asymmetry for the production of positivelynegatively
charged hadrons from proton targets with respect to the case
of the SU(3) symmetric resultwhich of course corresponds

0.03

set i (+/-) (LO)
,,,,,,,,,,,,,,,, Gliick and Reya
Bhalerao

X Au
0.02

0.01 |

to a negativeAu), as required by the experimental data. 0005 | "

As we mentioned, in the computation of the tot&l val-
ues we properly take into account the correlations between o =
SIDIS and inclusive data, finding that its main effect is just 107 107 107" 1

to increase slightly the tota}? of the fits.
Notice that the six sets of parton densities in Table IV g 6. xAu (set ) at Q=1 Ge\? compared to the predictions

have positiveAu densities; however, their sizes are still cor- in Ref. [6].
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TABLE VII. Coefficients for LO and NLO inclusive sets.

NLO LO
Parameter (i) (i) (iii) (i) (i) (iii )
€RJ —0.015 —0.018 —0.0025 —0.126 —0.126 —0.126
€su(3) —0.003 0.037 —0.063 0.016 0.018 0.009
ay 0.876 0.915 0.928 0.766 0.77 0.771
Bi 3.2 3.2 3.2 3.05 3.05 3.05
Yu 14.53 13.37 14.38 14.99 14.94 14.84
Sy 1.06 1.0 0.97 1.66 1.68 1.68
ay 0.46 0.47 0.43 0.471 0.477 0.49
B 4.05 4.05 4.05 3.77 3.77 3.77
Vd 14.99 14.85 14.66 15.0 14.98 14.97
Sy 1.675 1.66 1.55 1.72 1.68 1.68
Ng —0.062 —0.069 —0.064 —0.065 —0.068 —0.069
ag 2.49 2.5 2.49 2.38 2.38 2.38
Bs 10.0 10.16 10.32 11.42 11.42 11.42
Ng 0.25 0.4 0.7 0.35 0.59 0.7
ag 1.5 1.5 1.5 1.8 1.8 1.75
By 6.0 6.0 6.0 6.0 6.0 6.0
G 228.66 228.69 230.33 237.55 236.1 236.44

tions and the non-zero value dfu,—Ad,. Therefore the ized casd30], we find it reasonable to claim that the present

SU(2) symmetry in the light sea sector is perturbatively bro-qata give a clear signal of a positiveu distribution. Actu-

ken, as happens in the unpolarized case, but the size of thg;my, we have found it to be impossible to produce parton
breakdown is small compared to what is required by the

SIDIS data. Notice that this effect is absent in the LO case;jensltles po?ﬁ tra;mm:; u tof t;ﬁ negguve,fusnol/zs; W? i:)lov;loan
where there is only ongqq splitting function. ncrease in e value ol the order o abou N

It is worthwhile mentioning that the slight differences in units), _showing the sensitivity O.f the semi-inplusive data_.
the y2 between “+” and “ —" sets are comparable to the Noticeably, most of the available theoretical calculations

uncertainties of the fitting procedure, such as the use dff] predict a positivedu distribution. In Fig. 6 we show our
slightly different parametrizations for the initial distributions, LO results forAu from fits (i+) and (i—) compared to the
the arbitrariness in choosing the initial sceq%, or other  prediction of Glick and Reya and the one of Bhale46g at
external constraints. For this reason, we can conclude th&*=1 Ge\?. As can be seen, there is a reasonable agree-

Ad densities are not well constrained by the present datdn€nt between those predictions and our results in the kine-
and the slight differences ig? fail to justify a definite state- Matical region covered by the Hermes semi-inclusive data
ment about isospin symmetry at the sea quark level. At varili-€- 0-4>x>0.03), at least within the expected uncertainties

ance withSU(2), SU(3) symmetry in the sea seems to pe N the extracted distributions. Of course, there is no experi-
clearly broken in the sense that fits preﬁﬁand AS with mental evidence yet at smaller valuesxpgo our results just
opposite polarization provide an extrapolation in that region. The same models

In order to try to quantify uncertainties in the spin depen-Predict also a negativad; however, as stated before, global
dent distributions, specifically, those introduced by the asfits stlll_ do not discriminate a preferred alternative to com-
sumptions done about the fragmentation functions, we haveare with. _
varied the parameterof Eq. (9), which was fixed to 1 in the At this point it is worth comparing our results to the ones
previous fits, from 0.75 to 1.25. Doing this, we find that this "eéPorted by the Hermes Collaboration in Ref0]. There, no
variation produces only negligible changes in the distri- definitive sign forAu is found. Besides the fact that we take

bution, which is explained by a large cancellation of its ef-into account the corredD? evolution of the distributions
fect in the rate of polarized and unpolarized SIDIS structurd?0th up to LO and NLO accuracy, whereas Hermes uses
functions. Of course, this by no means constitutes an exhau§2ive parton model expressions assum@rgindependence
tive study of the related uncertainties, but it makes us mor®f the asymmetries, the main difference comes from the fact
confident about the sensitivity of our results to some unihat we perform the fit tall available inclusive and semi-
avoidable assumption. inclusive data(not only the one coming from Hermesand
Although for the time being we do not intend to perform that we do not impose any constraint & distributions. In
a comprehensive analysis of other uncertainties involved ithe Hermes analysis sea quark distributions are constrained
the extraction of the parton distributions presented here, 0 have the same sign, and taking into account that the
problem which is far from being solved even in the unpolar-strange quark distributioas is found to be negative already
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from the inclusive data, this constraint introduce a strongattain marginally lower values of? when these are polar-
bias against th&U(3) breaking in the sea as found in our ized in opposition to “up” antiquarks, the differences are so
analysis. small that we conclude that the data are unable to discrimi-
nate between the different alternatives.
The agreement between polarized parton densities ob-
V. CONCLUSIONS tained from global fits and the constraints coming from hy-

The main conclusion of this analysis is that semi-inclusiveP€roN decay data is particularly good in NLO, with depar-
spin dependent data available today are not only in perfe(.tfjreS of the or_der of a few percent, but larger for LO sets,
agreement with inclusive data with regard to the extractiorPartly due to higher order QCD effects.
of polarized parton densities, but constitute a very useful tool
to investigate polarization among sea quarks. Specifically, ACKNOWLEDGMENTS
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