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We investigate polarized parton distribution functigR®F9 and their uncertainties by using world data on
the spin asymmetr@;. The uncertainties of polarized PDFs are estimated by the Hessian method. The up and
down valence-quark distributions are determined well. However, the antiquark distributions have large uncer-
tainties at this stage, and it is particularly difficult to fix the gluon distribution. Thenalysis produces a
positively polarized gluon distribution, but eveng(x)=0 could be allowed according to our uncertainty
estimation. In comparison with the previous Asymmetry Analysis Collaboration parametrization, accurate
SLAC-E155 proton data are added to the analysis. We find that the E155 data improve the determination of
polarized PDFs, especially the polarized antiquark distributions. In addition, gluon-distribution uncertainties
are reduced due to the correlation with the antiquark distributions. We also show the global analysis results
with the conditionAg(x) =0 at the initial scaleQ?=1 Ge\?, for clarifying the error correlation effects with
the gluon distribution.
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[. INTRODUCTION Practical methods are also develog@®—23 and they are
actually used in recent unpolarized analysgst—2§.

The spin structure of the nucleon has been investigate@hanks to a large number of experimental data points with
extensively since the discovery of the European Muon Colexcellent precision and wide kinematical coverage, unpolar-
laboration(EMC) spin effect{1]. Despite a naive expectation ized PDFs are well determined from smalio largex with a
that the nucleon spin is carried by quarks, the experimentaleasonable precision so that hadronic cross sections can be
result indicated that only a small fraction is carried by thecalculated to a few percent accurd@4,26,27. In the same
quarks. In order to determine this quark spin content andvay, uncertainties of the polarized PDFs have been investi-
internal spin structure, determination of the first moments ofyated[12,13. The polarized gluon distribution has large un-
polarized parton distribution function®DF9 is necessary. certainties due to a lack of data that are sensitive to the
Furthermore, thex and Q? dependence of these functions is distribution. However, because polarized experimental
crucial in the calculation of the polarized cross sections. Therojects are going on, we expect to have a better determina-
functions should be determined from global analyses of potion of Ag in the near future. The determination of polarized
larized experimental data. Such analyses have been made BYDF uncertainties enables the uncertainty estimation of
several group$2—13. Now, there are available data for the physical observables such as scattering cross sections and
spin asymmetnA; or the structure functiog, by polarized spin asymmetries. The uncertainty estimation of polarized
deep inelastic scatterin@®|S) experiment$1,14—17. These PDFs is valuable for understanding the present situation and
data are valuable especially for fixing the polarized valencdor clarifying the importance of future experiments.
quark distribution\u,(x) andAd,(x). Polarized antiquark There are three major purposes for this paper. First, the
distributions are still not well determined from the data. Inuncertainties of polarized PDFs are investigated for the
particular, their flavor dependence is not shown reliably atAsymmetry Analysis CollaboratiofAAC) parametrization
this stage. Furthermore, the polarized gluon distribution cant6]. Although there are uncertainty estimations for polarized
not be fixed from the polarized DIS data although there ard®DFs[12,13, the results could depend on the parametrized
some constraints. functional form and the details of the uncertainty estimation

The above statements describe the current status of globalethod. Therefore, it is important to estimate the PDF un-
analyses qualitatively well; however, we have been longingertainties independently. In particular, we discuss the large
for more quantitative discussion on the uncertainties in theuincertainties of the polarized gluon distribution. Second, we
PDFs. Recently, uncertainty estimation methods have beenvestigate the impact of precise SLAC-E155 proton data,
developed for the unpolarized PDFs. Mathematical formulawhich are not included in the previous AAC analysis, on the
tions of PDF uncertainties are proposed in Ré¢f3,19. PDF uncertainties, especially on those of the polarized anti-

quark and gluon distributions. Third, error correlation is in-
vestigated by a global analysis withg(x)=0 at the initial

*Email address: mhirai@rarfaxp.riken.jp Q? point. We compare its PDF uncertainties with those of the
"Email address: kumanos@cc.saga-u.ac.jp Ag(x)# 0 analysis in order to show error correlation effects.
*Email address: saito@nh.scphys.kyoto-u.ac.jp This paper is organized as follows. In Sec. Il, we describe
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the framework of our parametrization for the polarized 10

PDFs. The Hessian method is explained in Sec. lll as an gl(x,Qz):iE eiZ{ACq(x,as)®[Aqi(x,Q2)

uncertainty estimation method for the PDFs. In Sec. ¥, =1

analysis results are shown with the polarized PDF uncertain- — 2 2

ties. First, they are compared with the experimental data for +A0i(x,Q9]+ACy(X,a5) ©Ag(x.QT},

the spin asymmetni,. Second, obtained polarized PDFs are 4

shown in comparison with the distributions of the previous _

AAC version and other parametrization studies. Third, ef-whereAq(x,Q?), Aq(x,Q%), andAg(x,Q?) are the polar-

fects of the SLAC-E155 data are explained, and the correlazed quark, antiquark, and gluon distributions, respectively.

tion between the antiquark and gluon distribution uncertainThe functionAq is defined byAg=q'—q*, which indicates

ties is discussed. The results are summarized in Sec. V. the difference between the distribution of quark with helicity
parallel to that of parent nucleon and the one with helicity
antiparallel. The functionAC(x,as) and ACy(X,as) are

Il. PARAMETRIZATION OF POLARIZED PARTON the polarized coefficient functions.
DISTRIBUTION FUNCTIONS As the polarized PDF at the initial sca@j, we choose

The major source of information on the polarized PDFsthe functional form:

has been polarized electron and muon DIS experiments. Po- AF(X)=[ x*— k(X*—Xx*)1f(X), (5)
larized PDFs are determined by comparing theoretical func-

tions with the asymmetr; data of polarized DIS experi- wheref(x) is the corresponding unpolarized PDF. This form
ments[1,14-17. The variableQ? is given by Q?=—q? s taken for imposing the positivity condition and for reduc-
with the momentum transfey, and the scaling variableis  ing correlations among the parameters. Optimized PDFs are
defined byx=Q2/(2_p-q) with nucleon momentunp. We o, distributions, Au,(x), Ad,(x), Aq(x), and Ag(x),
selected the data wit@*>1 GeV so that perturbative QCD \nich are defined aD? by Eq.(5). The s, v, k, andu are
could be applied relatively safely. Then, the total number of o parameters whigh are determined'b,gzaa'nalysis.
available data is 399, anzd they cover the kinematical region, In principle, t’he separation of these quark distributions
0.004<x<0.75 and k= Q*<72 GeV-. can be arbitrarily chosen. For example, an alternative choice

The spin asymmetrf,; is expressed in terms of the po- , 4g beAu®(x), Ad*(x), andAs*(x), where
larized structure function,, the unpolarized structure func- ’ ’ ’

tion F,, and the longitudinal-transverse structure function Au+(x)=Au(x)+AU(x), (6)
ratio R:

and similar expressions fdrd " (x) andAs* (x). Here, these
quark distributions can be related to ours as

2
= sz[ﬁ R(x,Q?)]. )

, _
A1(x,Q%) F.(x.Q) Au™(x)=Au,(x)+2Aq(x),

_ _ Ad*(x)=Ad,(x)+2Aq(x), @)
The SLAC analysis resultf28] are used for the function

R(x,Q?). The structure functiorfF,(x,Q?) is expressed by i AT
unpolarized PDFs: As™(x)=2Aq(x).

HereAE(x) can simply be interpreted as an average of po-

Nt o larized sea-quark distributions.

F2(x,Q2)=E eizx{Cq(x,as)®[qi(x,Q2)+qi(x,Q2)] A practical differ(_ance appears, however,.when.we apply
=1 constraints on the first moments of quark distributions from
+Cg(X,as)®g(X,Q2)}. ) the axial coupling constants of octet baryons. By denoting

the first moments byféAf(x)dx=AF, these moments
should be connected to

Here, q(x,Q?), q(x,Q?), andg(x,Q?) are the quark, anti-
quark, and gluon distributions, respectively, aGg(x, as)
and C4(X,as) are coefficient functions. The symbal de-
notes the convolution integral:

AU"—AD*=1.267+0.011,
AU"+AD*—2AS"=0.585-0.025. (8)

These relations can be rewritten by using our separation of
quark distributions,

dy [x
(0ege)= | S| 7law) 3 AU,—AD,=1.267£0.011-2A,,

_ . AU,+AD,=0.5850.025-4A4, 9)
In the same way, the structure functian(x,Q?) is ex-

pressed as where
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A,=AU-AD, fied; however, it is well within the uncertainties faig(x) in
Sec. IV B. We should also mention that unpolarized PDF
AU+AD uncertainties are not included in our analysis for estimating

A= (100  the polarized PDF uncertainties. The valueAgfcp, is taken

from the GRV unpolarized PDF analysisAng:;

Since there is no experimental guidance on the size of th& 299 MeV. Unpolarized experimental data are generally
first moments of the flavor asymmetric distributiors,(and ~ More accurate than polarized ones, so thgtp had better
A3), we continue to neglect them in this paper as was don&€ determined by the unpolarized analysis. In the following,
in our previous one, a|though we are also preparing a neweé discuss two important Constraints, the pOSlthlty and
calculation with those breaking parameters. This point willflavor-symmetric conditions, on the polarized PDF determi-
be discussed later in this section. nation.

The polarized distributions are numerically evolved to the
Q? points of experimental data by the Dokshitzer-Gribov- A. The positivity condition
Lipatov-Altarelli-Parisi (DGLAP) evolution equationg29]
in order to calculate®. The totaly? is defined by

2

The positivity condition means that the magnitude of a
polarized cross section should be smaller than the corre-

ARy 92) - Ay 212 sponding unpolarized onéAco|<o. In the leading order
2= [ Qd)t 1 (XQ)] , (11)  (LO), this relation indicateA f (x)|<f(x) because probabi-
i [AATSTX,Q%)]? listic interpretation can be applied for the parton distribu-

tions. However, the condition is not strictly satisfied in the

where AA{*?is the experimental error including both sys- NLO because of higher-order correctiof9]. The correc-
tematic and statistical errors: AR{™H2=(AA™?  tion due to the coefficient functions is small in the limit
+(AAY%)2. The totaly? is minimized by the CERN subrou- — 1. Therefore, the positivity conditio f(x)| < f(x) could
tine miNnuIT [30]. be used practically for constraining polarized PDFs at large

Here, the systematic errosAY* are fully included. It X
would be ideal to include uncorrelated and correlated sys- If this condition is not taken into account in thé analy-
tematic errors separately so that we can perform a fully consis, it tends to be violated significantly in the polarized anti-
sistent uncertainty analysis. The issue of correlated errors iguark and gluon distributionsf|Af(x)|/f(X)]x_1>1. It
the global analysis is indeed investigated in the recent unpcsould lead to an unphysical cross sectipno|>o. This
larized PDF parametrizatiori24,25. In the polarized PDF unfavorable behavior comes from the lack of accurate ex-
analysis, however, these errors are not listed separately jmerimental data in the large+region. Furthermore, experi-
papers and it is very difficult to access such information.mental data indicate that the spin asymmeiy increases
Because of this incompleteness, our analyses overestimat@onotonically as a function ok in the largex region. It
the uncertainty in the PDFs. easily leads to unphysical results without the positivity con-

In order to obtain a rough picture of the effects of system-straint. Therefore, the positivity condition for polarized PDFs
atic uncertainties, we also performedya calculation with  is a useful practical constraint for avoiding the unphysical
statistical uncertainties only, which resulted in~20% in-  results, and we decided to impose this condition in #e
crease in the:2. On average, this increase 3 corresponds  analysis. The condition restricts the range of the parameter
to the fact that the quadratic sum of statistical error and fulls, which controls the larg&- behavior of polarized PDFs:

systematic error is larger by 10%. By looking at the indi- —1<6<1.
vidual data points, the increase in errors ranges from a few
percent to 50%, which is not inconsistent with the average B. Flavor symmetric antiquark distributions

picture. From this exercise, we can conclude that our uncer- . . . C
tainties of the PDFs are overestimated, but only-b$0% It is now known that unpolarized antiquark distributions,

on average, although we now emphasize the needs of sepé- d, and s, are different from lepton scattering and Drell-
rated systematic errors so that we can perform fully consisYan experiment$33]. There are model explanations, for ex-
tent uncertainty analyses in future. ample, by meson clouds, chiral solitons, and Pauli exclusion.

In comparison with the previous AAC analygi§], the ~ These models are extended to polarized antiquark distribu-
SLAC-E155 proton data are added to té analysis. In  tions. There are available experimental data that may indi-
order to demonstrate the impact of this new data set, we usegite polarized flavor dependenf®34,35; however, they
the same configuration with the previous analysis. The renorre not accurate enough to find the difference between
malization scheme is the modified minimal subtractibis) and Ad. Therefore, there are no reliable data for fixing the
scheme in the next-to-leading ord@LO). The initial scale difference between polarized antiquark distributions, and the
is set ath):l Ge\2. The number of flavors is fixed & determination of flavor asymmetric distributions still de-
=3 and heavy flavor contributions are neglected. pends on separation mod¢g9,12.

We use the GRV98 NLO parameter set as the unpolarized Even in the alternative quark separatiopu™(x),
PDFs[31]. Even if other unpolarized PDFs, for example Ad*(x), and As™(x), we cannot address these specific
CTEQ6 [24], are used, the results do not change signifi-questions. In the future, the flavor dependence of polarized
cantly. In particular, the polarized gluon distribution is modi- antiquark distributions will be investigated, for example, at
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TABLE I. Numbers of theA; data withQ®>1 GeV* and x>  optimized-parameter errors. Equatid®) indicates the local
values are listed. The notatiopsn, andd indicate proton, neutron, behavior around. and the confidence region could be iden-

and deuteron, respectively. tified by an ellipsoid that is defined hyy?. Assuming para-
bolic curves for the functiory?(a), we can vary the ellip-
2 ’

Data set No. of data X soid to an arbitrary confidence level by choosig?. In our
EMC (p) 10 4.5 estimation, theA y? value is obtained by the following pro-
SMC (p) 59 54.0 cedure.

E130 (p) 8 4.9 The confidence leve® for the normal distribution withiN
E143 () 81 61.1 degrees of freedom is identified with that for th@ distribu-
E155 (o) 24 24.2 tion:
HERMES (p) 19 19.1 b 1 S) N1 p( S)

P= f = | 5 exp — =|dS 13
SMC (d) 65 56.5 o 2I(N/2)\2 2 3
E143 () 81 93.6
E155 @) 24 20.3 whereI'(m) is the Gamma function. It can be chosen to be

the probability of ones-error range of the normal distribu-

E142 () 8 2.6 tion (P=0.6826) for our study in order to compare with
E154 (n) 11 3.6 experimental errors. In the case of one parameiter 1),
HERMES (1) 9 29 we obviously haveA y?=1 from Eq.(13). Therefore A x?
Total 399 346.5 =1 could be simply used for calculating the uncertainty if

the parameter number is one. However, the parton distribu-
tions are provided with many parameters, so that Ah&

the Relativistic Heavy lon CollidefRHIC) by W production  value should be reevaluated. For example, the parameter
[36]. If these data become available, it makes sense to intraaumber is elevenN=11) in our new polarized PDF analy-
duce flavor dependent parameters into feanalysis. With  sis, and it leads td y?=12.647.

the flavor symmetric assumption, i.8,=A3=0, the first The uncertainty of a parton distributidf(x,a) with re-
Tgrgzgts OJAAgv_an% égi are fixed from Eq.(9): AU, spect to the optimized parameteasis then calculated by
- an v T YR using Hessian matrices and assuming linear error propaga-
tion:

IIl. PDF UNCERTAINTY
JF(x,a)
&aj ’

-1

The uncertainties of the parton distributions are estimated [5F(x)]2=AX22 ( ;
i

by the Hessian method, which has been used as a general
statistical method for estimating errors. The uncertainties
come from measurement errors in the global PDF analysisFor the PDF uncertainty estimation, we can analytically cal-
The parameters, e.g, v, «, andu for each distribution  culate the gradient term#&(x,a)/da; at the initial scaleQ3.
in our analysis, are denoteaf (i=1,2,... N), whereN is  For the estimation at arbitrar)?>, each gradient term is
the number of optimized parameters. Expandirfgaround  evolved by the DGLAP evolution kernel, and then the PDF
the minimum pointa and keeping the leading quadratic uncertaintiesSAf(x,Q?) are calculated. The uncertainties of
terms, we have the polarized structure functiors, g7, andg$ are calcu-
lated by convolution integrals of the PDF gradient terms with
coefficient functions.

aF(x,é))
073.i

(14)

Ax’=x*(a+da)—x @)=, Hjdada;, (12
i
where the HessiaHlj; is the second derivative matrix in the V- RESULTS AND DISCUSSION
function y?(a). The first derivative terms do not exist be-  We report our analysis results. Because one of the major
cause they vanish at the minimum point. purposes is to show the PDF uncertainties, we analyzed data
For estimating the PDF uncertainty, we should evaluate anly for the NLO set. In our new analysis, the best fit
confidence region of the multivariate normal distribution foris obtained with y? (divided by the degree of freedom)

TABLE Il. Parameters obtained by the NLO analy&#ACO03).

Distribution 6 v K i
Au, 0.975+0.099 0.00Q(fixed) 0.601 1.095:0.266
Ad, —1.000+0.377 0.00Q(fixed) -0.721 1.3180.466
Aq 1.000+0.994 1.014:0.182 —90.96+ 13.57 1.000(fixed)
Ag —1.000*3.959 2.2481.089 254.2-180.7 2.21%2.172
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x? (divided by the degree of freedom)346.5 (0.893). The 1.8 i
x? contributions from all used data sets are listed in Table |, — AACO03 i
and optimized parameters are summarized in Table II. -+ AACO0 !

In the previous AAC versiofAACO00) [6], we found that ' ;
an antiquark parameter,, which determines the functional ]

behavior ofAq at smallx, cannot be fixed from the data _ 1

because of the lack of smalldata. Therefore, we fixed the < ‘

parameter afcg=1 in our new analysis. The other four pa- 0.6

rameters are also fixed. The parametgfsandry tended to Proton

stop at the positivity limit, so that these parameters are fi- 0.2

nally fixed. The parameters, and Kq are determined by

the first momenta\u, andAd, from semileptonic data with 02 ‘ ‘

the assumption for flavor symmetric antiquark distributions. 0.001 0.01 0.1 1

The difference from the AAC0O0 NLO-2 analysis is the addi-
tion of the SLAC-E155 data. In order to discuss the influence

of such accurate experimental data on the polarized PDF 1.4 !
analysis, new analysis results are compared to the AACO0
NLO-2 results in following subsections. The total number of 1
the optimized parameters is eleven, so that the uncertainty i
estimated byA y?=12.647 as explained in Sec. Il _ 06
<
A. Spin asymmetries 0.2+

We discuss the results for the spin asymmetries and thei
uncertainties. In addition to the data used for the AACO0 -0.21
analysis, the SLAC-E155 proton target data are included. |
The E155 data cover the region 0.61%<0.75 and 1.22 -0.6 ——— ‘ ‘
<Q?<34.72 GeV. Calculated spin asymmetries are shown 0.001 0.01 0.1 1
in Fig. 1, and they are compared with previous results X
(AACO00 NLO-2). The solid curves and shaded areas show
the spin asymmetriea?, A7, andA? and their uncertainties 18
of the new result§AACO03), respectively. The dashed and == AACH3 ]
dashed-dot curves indicate those of the AACO0 NLO-2 re- 147 --- AACO00 ]
sults. TheA; uncertainties are calculated by using estimated '
uncertainties for the obtained polarized PDFs. 1

The spin asymmetries are slightly modified especially in = ~
the region 0.0 x<<0.3. It is noteworthy that the E155 pro- < 0.6-
ton data also affect the spin asymmetries of the neutron ant | Deuteron
deuteron sinc&\u,(x) and Ag(x) are modified. Although 0.2
the asymmetry modifications are rather small, the uncertain-
ties are significantly modified. Comparing the shaded area: 02
with the dashed-dot curves, we find that the addition of the 0001 001 0.1 ‘ 1
E155 data reduces th;, uncertainties. The uncertainties in
the regionx<<0.6 are reduced directly by the E155 data. In X

addition, the data indirectly contribute to uncertainty reduc-
tion in the largex region, where precise data are not avail-
able, through thex-dependent PDF form.

FIG. 1. Calculated spin asymmetries and their uncertainties are
shown atQ?=5 Ge\2. The solid curves and shaded areas indicate
the spin asymmetries and their uncertainties of the new results

.N elxt, the dlffe_rences betvﬁ?an EZQAquOasta and tr?e thqo- (AACO03), respectively. The dashed and dashed-dot curves show
retical asymmetries, namelé; "~ A; , are shown In - e of the previous resul&AC00 NLO-2).

Fig. 2. The shaded areas indicate the uncertainties of the

AACO03 analysis. The error bars indicate the uncertaintieshat the positivity of the spin asymmetry is not necessarily
obtained by quadratic summations of the statistical and sysyuaranteed in thg? analysis unless the positivity condition
tematic errors. We find that the uncertainties are roughlyis enforced. The shaded areas spread out in the region 0.1
equal to the errors of the experimental data. The spin asym<x<0.6 due to large errors of the E143 and SMC data for
metries are constrained in the regierr0.1; however, they the proton. The numbers of these data are larger than those of
still have rather large uncertainties in the largeegion. Itis HERMES and E155 experiments, so that their ovejéll
obvious that the largg-asymmetries are not determined well contributions are larger and the accurate E155 data cannot
from the present data. These uncertainties at largaply  contribute much in this region. The situation is similar for
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FIG. 2. Comparison of the AACO03 spin asymmetries with experimental data. The ordinates indicate differences between experimental
data and theoretical value$\iat3— A’fAC“). The error bars indicate errors obtained by the quadratic summations of the statistical and
systematic errors. The shaded areas show the uncertaint@ghk=d Ge\~.

deuteron uncertainties. Neutron uncertainties are still large Next, PDF uncertainties are shown@t=1 Ge\? in Fig.
because théHe target data used are not accurate enough id. The shaded areas are uncertainties of the AAC03 analysis,
comparison with proton and deuteron data. We expect thaind the dashed curves indicate those for the AACO0O0 analysis.
neutron uncertainties could be improved by precise Jeffersomhe valence-quark distributions are sufficiently constrained

Laboratory measuremen(37]. by polarized DIS data. However, we find rather large uncer-
tainties in the region 04 x<0.6, which corresponds to the
B. Polarized parton distribution functions region of the large\; uncertainties in Fig. 2. It indicates the

We discuss obtained polarized PDFs and their uncertainecessity of accurate data in this kinematical region for bet-
ties. In Fig. 3, polarized PDFs of the AACO03 analysis areter determination of polarized valence-quark distributions. In
compared with those with the AAC0O0 NLO-2 analysis at particular, accuratéHe data are useful for reducing the,
Q2?=1 Ge\2. The distributionsAu,, Ag, and Ag are uncertainties because thed, contribution tog] is almost
slightly modified, butAd, is scarcely changed. This is be- the same as thau, (gEoc4AdU+Auv+12Aa), whereas the
causeAu, is the dominant component of the proton structurecontribution is small ing?. On the other hand, uncertainties
function gf and because the whole sea-quark contribution isf the antiquark and gluon distributions are still large. Large
in general larger than thad, contribution. Therefore, the gluon uncertainties indicate that the present data cannot rule
larger componentdu, and Aq are mainly affected by the out the possibility oiAg(x) =0 and negative gluon polariza-
added precise E155 data. tion, although the gluon distribution obtained is positive.
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0.5 0.5 0.5 3

— AACO03 g
0.4 0.4 Qz =1 GeV2 . 0.4 xAuv(x) 2 xAg()

-~ AAC00 NLO-2

0.3

0.2 xAllV(x) 021 Ag(x) 0.2 0 T
01 0.1 0.1 1 Q*=1 GeV?
oot 0.01 01 1 001 0.01 0.1 1 oo . 0.01 0.1 1 Foot 0.01 01 1
0 0.01 0 0.02
0.1 N : o 0.01
. 11 el A
| xAd ) : é Q2 =1GeV? 001
03 v 03 0.02
0. 2_ 2 y — AAC03 B
: j Q“=1GeV 003 Lo 04 A d,() worl G
0.001 0.01 0.1 1 oo 0.01 0.1 1 01 0.01 0.1 1 ha 0.01 01 1
x x x x
FIG. 3. Obtained polarized parton distributions &2 FIG. 4. Polarized PDF uncertainties are shown @t

=1 Ge\~. The solid curves indicate the new AACO3 results, and=1 Ge\?. The solid curves and shaded areas are polarized PDFs
the dashed curves are taken from the previous ana(ghC00 and their uncertainties of the new AACO03 results, and dashed
NLO-2). curves are uncertainties of the AACOO results.

As shown in Fig. 4, all PDF uncertainties are significantly positive fraction of the nucleon spin. Their uncertainties are
reduced in the AACO03 analysis in comparison with thesignificantly reduced by the added E155 data; however, the
AACOO0 analysis because the accurate E155 data are addedpesent data are not enough to obtain accurate values, espe-
the data set. In particular, thied, uncertainties are reduced cially for the gluon first moment.
although theAd, distribution stays almost the same. In ad-  The uncertainty of the spin conteaf, strongly depends
dition, the uncertainties of the antiquark and gluon distribu-on the antiquark uncertainty because it is givenAtEINf=3

tions are significantly improved. The antiquark uncertainty:Au +Ad +6Aa The first moments of the valence-quark

re.d'uctlon is directly due to the E155 data. However, It 1S gistributions are fixed, so that the> uncertainty is equal to
difficult to understand that the significant reduction of the .~ — . .
gluon uncertainties is due to the added new data. This i§ix times theAq uncertainty, which could be large due to the

because the gluon distribution indirectly contributes as ancertainty of the distributiod g(x) in the smallx region. It
higher order correction with the coefficient function, and thissuggests that the extrapolation into the smatleregion
contribution is less than quark contributions. Large gluonshould be ambiguous in calculating the integral oxewe
uncertainties explicitly indicate the difficulty of fixing the €xpect that accurate polarized antiquark distributions will be
gluon distribution from DIS experimental data. measured in the future; then the quark spin content issue will
We find that the gluon uncertainty reduction is caused bypecome clear.
an error correlation. The nondiagonal part of the Hessian
indicates a strong correlation between the polarized anti- D. Comparison with other parametrizations
quar!< ar)d gluon distriputipns: The corre!ation affects th? de- The AACO3 analysis results are compared with other pa-
tﬁrmmatlon_of these d|str|but|((j)ns. we dlslcu_ss t.hesdetE‘I"\/Sé)Fametrizations aQ?=1 Ge\* in Fig. 5. For comparison, we
the uncertainty improvement due to correlation in Sec. choose three sets of the polarized PDFs in the NLO:
_ GRSVO01 (standard scenand9], BB (ISET=3) [13], and
C. Quark spin content LSS (MS schemg[12]. These parametrizations used basi-
We show the first moments of the AAC03 parametrizationcally the same experimental data set of the polarized DIS,
at Q?=1 Ge\? in Table Ill, and they are compared with but they choose averaged data tables ovamdQ?, whereas
those of the AAC00 NLO-2 set. The first moments of the up-full tables are used in the AAC analysis. Flavor symmetric
and down-valence quark distributions are fixed in bothantiquark distributions are used in all these parametrizations.
analyses. The first moments indicate that quarks carry about Because the first moments are fixed in the same way, the
20% of the parent nucleon spin, and gluons carry a larg®ariations are small in the polarized valence-quark distribu-

TABLE IIl. The first moments of the obtained polarized PDFs@it=1 Ge\?. The AACO03 analysis
results are compared to those of the previous resAR&C00 NLO-2). A, is the quark spin content.

Aq Ag AY,
AACO03 —0.062+0.023 0.4951.266 0.21%0.138
AACO00 —0.057+0.037 0.53%1.931 0.2410.225
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FIG. 5. AACO3 PDFs aQ?=1 Ge\? are compared with those FIG. 6. PDF uncertainties of thag(x)=0 analysis are com-
for other parametrizations by GRSV@dtandard scenarid9], BB pared with those of theé\g(x)#0 analysis(AACO03). The solid
(ISET=3) [13], and LSS WIS schemg[12]. The shaded areas are curves indicate polarized PDFs of theg(x)=0 analysis atQ?
uncertainties of the AAC03 analysis. =1 Ge\?, and the shaded areas are their uncertainties. The dashed

) o o _curves indicate uncertainties of they(x)#0 analysis.
tions among the parametrizations in Fig. 5. There are slight

variations in the antiquark distributions, and gluon distribu-
tions differ significantly among the analysis groups. How- . N . - .
ever, we findgthat allyparamegt]rizations gre c%nsigtent withi0 1 aIIowed_ in Fig. 4, if the uncertainties are t'aken into
each other because the distributions are mostly within th@ccount. Obtained polarized PDFs are shown in Fig. 6 for the
estimated error bands. Ag(x)=0 analysis. The total number of optimized param-
The BB and LSS groups also investigated the polarize@ters is seven for this analysis, so that the uncertainties are
PDF uncertainties by the Hessian method. However, thesestimated byA x?=8.180. The calculated uncertainties are
uncertainties may not be directly compared with our uncershown by the shaded areas, and they are compared with
tainties. It is partly because the usag? is different in the those of theAg(x)#0 analysis(AAC03) shown by the
LSS paper although the same procedure is used in the BBashed curves. We find that the antiquark uncertainties are
analysis. In addition, uncertainty estimation methods arssignificantly reduced. On the other hand, the valence quark
slightly different; for example, only the statistical errors areuncertainties are scarcely changed, which indicates that the
used and a relative normalization shift is introduced in thecorrelation with the gluon distribution is weak even in the
BB analysis. In general, the error estimations involve com-Ag(x)+0 analysis.
plicated systematic errors, e.g. functional form, data selec- This suggests that the antiquark distributions should be
tion, and higher-twist effects, in the global analyses, and theyetermined well by the present data if their errors are uncor-
may not be estimated numerically. It is difficult to clarify ye|ated with those of the gluon. However, because of the
these issues only by the current polarized DIS experimentyistence of the strong error correlation, the actual antiquark

data. Therefore, we need to investigate such hidden uncefcertainties are increased by the large gluon uncertainties.
tainties when we improve the quality of polarized PDFs byIn the future, if the polarized gluon distribution is measured

incorporating future experimental data. accurately, antiquark uncertainties also become small due to
the strong correlation. In contrast, gluon uncertainties could
be reduced by accurate measurements of antiquark distribu-
In order to understand the reduction of the gluon unceriions. In this way, we find that the significant reduction of
tainty in Fig. 4, we discuss the error correlation between theantiquark uncertainties in Fig. 6 is caused by error correla-
polarized antiquark and gluon distributions. As the simplestion effects with the polarized gluon distribution. Further-
assumption that could be allowed within the gluon uncertainmore, it indicates that the gluon uncertainty reduction in Fig.
ties in Fig. 4, we choosAg(x)=0 at the initial scale ©? 4 is also due to the correlation effect between these distribu-
=1 Ge\?). However, one should note that a finite distribu- tions.
tion Ag(x) # 0 appears at largé? from the singleQ? evo- From these studies, it becomes clear that accurate deter-
lution. Since the gluon-distribution parameters are fixed, wamnination of the gluon distribution is important also for the
can carry out an uncorrelated analysis with the gluon distridetermination of antiquark distributions. At this stage, the
bution. polarized gluon distribution is not accurately determined,
In the Ag(x)=0 analysis, we obtainy? (divided and it also makes it difficult to fix the antiquark distributions
by the degree of freedom)355.0 (0.915, which is 2.5% from DIS experimental data. In this sense, it is important to
larger than the value for th&eg(x) # 0 analysis. Because itis measure the polarized gluon distribution, for example, by
a slight change in thg? value, it is reasonable thatg(x) direct photon production and jet production at RHIC.

E. Ag(x)=0 analysis and error correlation
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V. SUMMARY relation between the gluon and quark distributions, and it
leads to small uncertainties of the obtained antiquark distri-

We have investigated optimum polarized parton dIStrIbu'butions. This fact suggests that precise gluon measurements

tions by analyzing polarized DIS data. We focused our StUd'should be valuable for a better determination of polarized

les particularly on three aspects: the uncertainty est'rn""t'oglntiquark distributions. The opposite is also true: Precise po-
thrized quark measurements should provide constraints for
the gluon distribution.

Finally, we mention that the AACO03 polarized PDF Ii-

o e ayirany s avalible on a web sfed], Polaized PDF can be
b q talculated numerically at givenand Q? values.

that the uncertainties of the polarized antiquark distributions
are slightly large, and that the gluon uncertainties are huge. It
is obvious that the polarized gluon distribution cannot be
determined from the present DIS data.
Second, we discussed the role of accurate E155 data in ACKNOWLEDGMENTS
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