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QCD ANALYSIS OF POLARIZED SCATTERING DATAAND NEW POLARIZED PARTON DISTRIBUTIONS�Johannes Blümlein and Helmut Bött
herDESY Zeuthen, Platanenallee 6, 15738 Zeuthen, Germanye-mail: johannes.blumlein�desy.de or hboett�ifh.de(Re
eived June 28, 2002)In this talk results from a new QCD analysis in Leading (LO) andNext-to-Leading (NLO) Order are presented. New parametrizations of thepolarized quark and gluon densities are derived together with parametriza-tions of their fully 
orrelated 1� error bands. Furthermore the value of�s(M2Z) is determined. Finally a number of low moments of the polarizedparton densities are 
ompared with results from latti
e simulations. Alldetails of the analysis are given in J. Blümlein, H. Bött
her, Nu
l. Phys.B636, 225 (2002).PACS numbers: 12.38.Bx, 12.38.Cy, 13.88.+e1. FormalismThe twist-2 
ontributions to the stru
ture fun
tion g1(x;Q2) 
an be rep-resented in terms of a Mellin 
onvolution of the polarized singlet den-sity ��, the polarized gluon density �G, the polarized non�singlet density�qNSj , and the 
orresponding polarized Wilson 
oe�
ient fun
tions �CAi byg1(x;Q2) = 12 NfXj=1 e2j 1Zx dzz " 1Nf �� �xz ; �2f ��CSq �z; Q2�2f �+�G�xz ; �2f ���CG�z; Q2�2f �+�qjNS �xz ; �2f ��CNSq �z; Q2�2f �# ; (1)where ej denotes the 
harge of the jth quark �avor, Nf the number of �avors,and �f is the fa
torization s
ale. In addition, the above quantities dependon the renormalization s
ale �r of the strong 
oupling 
onstant as(�2r ) =g2s (�2r )=(16�2).� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3725)
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herThe 
hange of the parton distributions w.r.t. the fa
torization s
ale�2f = Q2 is des
ribed by the evolution equations whi
h 
ontain the polarizedsplitting fun
tions �Pij . Both the polarized Wilson 
oe�
ient [2℄ and thepolarized splitting fun
tions [3℄ are known in the MS s
heme up to NLO.The evolution equations are solved in Mellin�N spa
e. A Mellin�transformation turns theMellin 
onvolution into an ordinary produ
t. Thesolutions for the evolved parton distributions are stru
tured su
h that theinput and the evolution part fa
torize [4℄, whi
h is of key importan
e forthe error 
al
ulation. An inverse Mellin�transformation to x�spa
e is thenperformed numeri
ally by a 
ontour integral in the 
omplex plane aroundall singularities.2. Parametrization and error 
al
ulationThe shape 
hosen for the parameterization of the polarized parton dis-tributions at the input s
ale of Q2 = 4:0 GeV2 is:x�qi(x;Q20) = �iAixai(1� x)bi(1 + 
ix+ �ix 12 ) : (2)The normalization 
onstant Ai is de�ned su
h that �i is the �rst moment of�qi(x;Q20). The densities to be �tted are �uv, �dv, ��q, and �G.Assuming SU(3) �avor symmetry the �rst moments of �uv and �dv 
anbe �xed by the SU(3) parameters F and D measured in neutron and hyperon��de
ays to �uv = 0:926 and �dv = �0:341. The sea-quark distribution ��qwas assumed to be des
ribed a

ording to SU(3) �avor symmetry. Given thepresent a

ura
y of the data we set a number of parameters to zero, namely�uv = �dv = 0, 
�q = ��q = 0, and 
G = �G = 0. Furthermore, we adoptedthe following two parameter relations: aG = a�q + 
, with 0:5 < 
 < 1:0 and(b�q=bG)(pol) = (b�q=bG)(unpol). These relations were essential to respe
tpositivity for��q and �G and to a
hieve the expe
ted similar low�x behaviorfor both parton densities. No positivity 
onstraint was assumed for �uv and�dv. In addition �QCD was determined.The gradients of the polarized parton densities w.r.t. the �tted parame-ters needed for the Gaussian error propagation are 
al
ulated analyti
ally atthe input s
ale Q20 in Mellin�N spa
e. Their values at Q2 are then givenby evolution. For more details see Ref. [1℄.To treat all data sets on the same footing only the statisti
al errors wereused. To be able to 
al
ulate the fully 
orrelated 1� error bands via Gaus-sian error propagation only �ts ending with a positive�de�nite 
ovarian
ematrix were a

epted. We allowed for a relative normalization shift betweenthe di�erent data sets within the normalization un
ertainties quoted by theexperiments. Thereby the main systemati
 un
ertainties of the data weretaken into a

ount. The relative normalization shifts being �tted on
e andthen �xed enter as an additional term (penalty) for ea
h data set in the�2�expression.



QCD Analysis of Polarized S
attering Data and . . . 37273. ResultsThe results reported here are based on 435 data points of asymmetrydata, i.e. g1=F1 or A1, above Q2 = 1:0 GeV2, the world statisti
s publishedso far (see Ref. [1℄ for a list of referen
es). The �ts are performed on g1 whi
his evaluated from the asymmetry data using parametrizations for F2 [5℄ andR [6℄. The data do not 
onstrain the four parameters 
uv , 
dv , b�q, and bG wellenough. Their values have been �xed as obtained in the �rst minimization.The NLO polarized parton densities at the input s
ale are presented in Fig. 1(ISET = 3, see Ref. [1℄).
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xFig. 1. Polarized parton distributions at the input s
ale Q20 = 4:0 GeV2 (solid line)
ompared to results obtained by GRSV (dashed�dotted line) [7℄, AAC (dashed line)[8℄. The shaded areas represent the fully 
orrelated 1� error bands 
al
ulated byGaussian error propagation [1℄. The dark dotted lines 
orrespond to the positivitybounds given by the unpolarized densities.
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herThe 
urrent data 
onstrain �uv at best, followed by �dv, ��q, and �G.Mainly the la
k of data at low x leads to the broader error bands for thelatter two densities. The 
omparison with results from other QCD analysesshows the variation of the out
oming parton distributions when using di�er-ent parametrizations at the input s
ale. The measured stru
ture fun
tion gp1is well des
ribed both as fun
tion of x and Q2. The derived parton densitiesand their error bands have been evolved to Q2 values up to 10; 000 GeV2.One �nds that �uv stays positive, �dv remains negative although less 
on-straint than �uv, and �G stays positive even within the error band for therange Q2 � 4GeV2. All three densities evolve towards smaller values of x.The sea-quark density ��q is negative for Q2 � 104GeV2 and remains nega-tive within errors for x � 5 � 10�2 up to Q2 = 104GeV2, but 
hanges signfor larger values of x.In determining �s the QCD�parameter �QCD was �tted. The impa
t ofthe variation of both the renormalization and the fa
torization s
ale on thevalue of �s was investigated. The following result was obtained (for ISET =3, see Ref. [1℄, as well for more details):�s(M2Z) = 0:113 +0:004�0:004 (stat) +0:004�0:004 (fa
) +0:008�0:005 (ren) :This value is 
ompatible within 1� with the world average of 0:118�0:002 [9℄,although our 
entral value is somewhat lower. It is also 
ompatible withresults from other QCD analyses of polarized and unpolarized data.TABLE IMoments of the NLO parton densities (for ISET = 3, see [1℄) at Q2 = 4 GeV2 andfrom re
ent latti
e simulations at the s
ale �2 = 1=a2 � 4 GeV2.QCD results Latti
e results�f n NLO moments QCDSF LHPC/at Q2 = 4 GeV2 SESAM�uv �1 0:926� 0:071 0.889(29) 0.860(69)0 0:163� 0:014 0.198(8) 0.242(22)1 0:055� 0:006 0.041(9) 0.116(42)�dv �1 �0:341� 0:123 �0:236(27) �0:171(43)0 �0:047� 0:021 �0:048(3) �0:029(13)1 �0:015� 0:009 �0:028(2) 0.001(25)�u��d �1 1:267� 0:142 1.14(3) 1.031(81)0 0:210� 0:025 0.246(9) 0.271(25)1 0:070� 0:011 0.069(9) 0.115(49)



QCD Analysis of Polarized S
attering Data and . . . 3729In re
ent latti
e simulations [10℄ low moments for the polarized partondensities�uv, �dv, and�u��d were determined. In Table I these momentsare 
ompared with the ones extra
ted from our NLO polarized densities.The �rst moment is denoted with n = �1. For the n = 0; 1 values ofthe QCDSF Collaboration no 
ontinuum extrapolation was performed. Thevalues 
ompare within errors. Unlike in the unpolarized 
ase where a strongm��dependen
e is expe
ted in the latti
e extrapolation the 
omparison heresuggests a �at behavior, whi
h also has been found in [11℄ very re
ently.4. Con
lusionsA QCD analysis in LO and NLO of the 
urrent world�data on polarizedstru
ture fun
tions was performed. New parametrizations of the polarizedparton densities in
luding their fully 
orrelated 1� error bands were de-rived.These parameterizations are available as a fast FORTRAN�routine whi
hmakes their appli
ation possible in Monte Carlo simulations. The value de-termined for �s(M2Z) is 
ompatible within 1� with the world average. Com-paring the lowest moments with values from latti
e simulations the errorsimproved during re
ent years and the values be
ame 
loser.This work was supported in part by EU 
ontra
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