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eedings of the DIS'2004, �Strbsk�e Pleso, SlovakiaAAC ANALYSIS OF POLARIZED PARTON DISTRIBUTIONSWITH UNCERTAINTIESM. HIRAI�, S. KUMANOy, N. SAITOz(ASYMMETRY ANALYSIS COLLABORATION)� Institute of Parti
le and Nu
lear Studies, KEK1-1, Ooho, Tsukuba, 305-0801, Japany Department of Physi
s, Saga University, Saga, 840-8502, Japanz Department of Physi
s, Kyoto University, Kyoto, 606-8502, JapanWe report re
ent studies of the Asymmetry Analysis Collaboration (AAC) on po-larized parton distribution fun
tions (PDFs). Using the data on the spin symme-try A1 in deep inelasti
 lepton s
attering, we investigate optimum polarized PDFs.Their un
ertainties are estimated by the Hessian method. The un
ertainties arelarge for the polarized antiquark and gluon distributions. We dis
uss the role ofa

urate SLAC-E155 proton data on the determination of the PDFs. The obtaineddistributions are 
ompared with other parametrization results.1 Introdu
tionPolarized parton distribution fun
tions (PDFs) have been investigated by usingexperimental data on the spin asymmetry A1 in deep inelasti
 lepton-nu
leon s
at-tering. Thanks to several experiments, gross properties of the polarized PDFs arenow known. However, the nu
leon spin stru
ture is still far from 
omplete under-standing. It be
omes 
lear that the fra
tion of nu
leon spin 
arried by quarks issmall; however, the gluon 
ontribution 
annot be spe
i�ed at this stage. Althoughthe nu
leon spin is one of fundamental physi
s quantities, we do not know how thespin 
onsists of quark and gluon spins.Be
ause the polarized distributions 
annot be 
ompletely �xed at this stage,it is espe
ially important to show their un
ertainties for summarizing the presentknowledge and for planning future experimental proje
ts. Su
h un
ertainties havebeen investigated in the unpolarized PDFs in the last several years, and there werealso re
ent error analyses for the polarized ones. We report a new analysis bythe Asymmetry Analysis Collaboration (AAC) for the polarized PDFs and theirun
ertainties [1℄.The AAC proposed the �rst parametrization in Ref. [2℄. The additional datato the �rst AAC analysis (AAC00) are the SLAC-E155 proton data. Be
ause theyare a

urate, it is interesting to investigate their e�e
ts on the determination of thepolarized distributions. Namely, we dis
uss how the data redu
e the un
ertaintiesof the polarized PDFs. Next, the global analysis was repeated by taking �g=0at Q2=1 GeV2 in order to show error 
orrelation e�e
ts between the polarizedantiquark and gluon distributions.This paper 
onsists of the following. In Se
. 2, a method is dis
ussed for ob-taining the polarized PDFs and their un
ertainties by analyzing A1 data. Analysisresults are shown in Se
. 3, and they are summarized in Se
. 4.
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2 M. Hirai, S. Kumano, N. Saito2 Analysis methodThe polarized PDFs are determined by analyzing the data of spin asymmetry forin
lusive lepton s
attering in the deep inelasti
 region. The spin asymmetry A1is expressed by the stru
ture fun
tions, F2 and g1, and the longitudinal-transverseratio R: A1(x;Q2) = g1(x;Q2)F2(x;Q2) 2x [1 +R(x;Q2)℄ : (1)The fun
tion F2 is expressed in terms of unpolarized PDFs, for whi
h we use theGRV98 parametrization. For the fun
tion R, a SLAC analysis result is used. Thefun
tion g1 is expressed in terms of the polarized distributions:g1(x;Q2) = 12 nfXi=1 e2i��Cq(x; �s)
 [�qi(x;Q2) + ��qi(x;Q2)℄+ �Cg(x; �s)
�g(x;Q2)�; (2)where the symbol 
 indi
ates the 
onvolution integral f(x) 
 g(x) =R 1x dyf(x=y)g(y)=y. The fun
tions �q, ��q, and �g are polarized quark, antiquark,and gluon distributions. The �Cq and �Cg are polarized 
oeÆ
ient fun
tions inthe next-to-leading order.The fun
tional form of the polarized PDFs is 
hosen at the initial Q2 (� Q20):�f(x) = [Æx� � �(x� � x�)℄f(x) ; (3)where f(x) is the unpolarized PDF. The fa
tors Æ, �, �, and � are the parametersto be determined by the �2 analysis. For �f , we take �uv, �dv , ��q, and �gby assuming 
avor symmetri
 antiquark distributions (��u = ��d = ��s � ��q) atQ20. The initial s
ale is taken Q20=1 GeV2. The distributions are evolved to theexperimental Q2 points so that the following �2 is 
al
ulated:�2 =Xi [Adata1; i (x;Q2)�Atheo1; i (x;Q2)℄2[�Adata1; i (x;Q2)℄2 ; (4)where Adata1; i and Atheo1; i indi
ate an asymmetry data and a 
al
ulated asymmetry,and �Adata1; i is an experimental error. The a
tual �2 minimization is done by theCERN program library, MINUIT. The data are taken by the EMC, SMC, SLAC-E130, E142, E143, E154, E155, and HERMES 
ollaborations. Re
ent JLab datawill be in
luded in our future analysis.Un
ertainties of the polarized PDFs are 
al
ulated by the Hessian method.Running the MINUIT subroutine, we obtain the Hessian matrix H , whi
h is thenused for 
al
ulating the un
ertainties:[ÆF (x)℄2 = ��2Xi;j ��F (x; a)�ai �a=âH�1ij ��F (x; a)�aj �a=â : (5)Here, F indi
ates a polarized PDF, ai is a parameter in the �2 �t, and â indi
atesthe optimized parameter set. The ��2 value determines the 
on�den
e level, and



AAC analysis of polarised parton distributions with un
ertainties 3it is 
hosen as ��2=12.647 by 
onsidering that the number of parameters is eleven[1℄. It 
orresponds to the one-�-error range.3 ResultsThe optimum polarized PDFs obtained by the �2 �t are shown in Fig. 1. Theun
ertainties are shown by the shaded areas for the AAC03 version and by thedashed 
urves for the previous version AAC00. The di�eren
e between AAC00and AAC03 is the addition of the a

urate E155 proton data. It is obvious fromthe �gure that the a

urate E155 data improves the PDF determination. Themagnitudes of the un
ertainty bands are signi�
antly redu
ed. It is noteworthythat the gluon un
ertainties are also redu
ed in spite of the fa
t that the polarizedgluon 
ontribution to g1 is rather small. It should be 
aused by the error 
orrelationbetween the antiquark and gluon distributions. In order to investigate su
h a
orrelation, we repeated the global analysis by terminating the gluon distribution(�g=0) at the initial Q2 (Q20). Then, we �nd that the un
ertainties of ��q aresigni�
antly redu
ed, while those of �uv and �dv remain un
hanged.It suggests that the errors of the polarized antiquark and gluon distributionsshould be strongly 
orrelated. From these studies, it is 
lear that an a

uratedetermination of �g is important for the determination of ��q and vi
e versa.
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x∆q(x)Figure 1. Polarized PDFs and their un
ertainties are shown at Q2=1 GeV2. The solid 
urves andshaded areas indi
ate the AAC03 distributions and un
ertainties. The dashed 
urves indi
ate theun
ertainties of the previous version AAC00.The AAC03 distributions are 
ompared with some of other analysis results,GRSV [3℄, LSS [4℄, and BB [5℄, in Fig. 2. All the distributions roughly agree, andthey are within the un
ertainty bands. The un
ertainties of �g are espe
ially large,whi
h indi
ates that even �g = 0 is allowed at this stage. There are di�eren
esbetween the antiquark distributions at small x, and it leads to di�erent values ofquark spin 
ontent [2℄.
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Q2 = 1 GeV2x∆q(x)Figure 2. The polarized PDFs are 
ompared with other parametrizations at Q2=1 GeV2.4 SummaryWe reported the AAC03 analysis for determining polarized parton distributionfun
tions. The un
ertainties were estimated by the Hessian method. Comparingthe AAC03 results with the previous ones (AAC00), we �nd that the E155 protondata played an important role in redu
ing not only the un
ertainties of �q and ��qbut also the �g un
ertainties due to the error 
orrelation between ��q and �g. Theun
ertainties of �g are huge, so that we need future experimental measurementssu
h as prompt-photon measurements at RHIC [6℄.A
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