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A DETERMINATION OF GLUON SPIN DISTRIBUTIONFROM THE DEEP INELASTIC SCATTERING DATAJan BartelskiInstitute of Theoretial Physis, Warsaw UniversityHo»a 69, 00-681 Warsaw, Polandand Stanisªaw TaturNiolaus Copernius Astronomial Center, Polish Aademy of SienesBartyka 18, 00-716 Warsaw, Poland(Reeived July 1, 2002)Dediated to Stefan Pokorski on his 60th birthdayIn order to determine polarized parton densities in nuleon we havemade �ts using all experimental data on spin asymmetries measured inthe deep inelasti sattering on di�erent nuleon targets. We have used inour analysis next to leading order QCD orretions in MS renormalizationsheme. The funtional forms of polarized densities are based on the �tto unpolarized deep inelasti data made by the MRST group (MRST 99).We have onentrated on di�erent models for gluon spin distributions. Inthe best �t we get for gluon polarization (at Q2 = 1GeV2) �G = �1:0�0:6. The obtained result does not depend very muh on various modelassumptions.PACS numbers: 12.38.�t, 13.60.Hb, 13.88.+e, 14.20.DhThe experimental data on deep inelasti sattering of leptons on nule-ons enable us to determine parton densities in nuleons. For polarized par-tiles suh experiments were made in SLAC [1℄, CERN [2℄ and DESY [3℄.The results were analyzed by many groups and several spin distributionsand di�erent gluon polarization were presented [4�7℄. In this paper we donot onsider any new experimental data. All existing data on polarizeddeep inelasti sattering were already inluded in our latest �t [7℄ wherewe have determined polarized parton densities (performing next to leadingorder QCD analysis in MS renormalization sheme). However, sine our(2673)



2674 J. Bartelski, S. Taturmethod of determination of spin distributions depends very strongly on theparton distributions for unpolarized ase we have performed a new analysisusing unpolarized distributions obtained by Martin, Roberts, Stirling andThorne (MRST) [8℄.The unpolarized densities are the sums of+ and � omponents (densitiesof quarks and gluons with heliity along or opposite to the heliity of theparent nuleon), whereas the polarized ones are given by the di�erenes.The asymptoti behavior of our polarized parton distributions is determined(up to the ondition that the orresponding spin densities are integrable) bythe �t to unpolarized data.The determination of unpolarized parton densities performed by MRST [8℄gives three solutions for gluon distribution. In this paper we want to followthe method used in our previous papers [6, 7℄ and to hek how di�erentfuntional form of gluon distributions in�uenes our �ts. We will use datafor spin asymmetries at given x and di�erent Q2. Altogether we will use inour analysis 431 experimental points. In our formulae for polarized densitieswe have inluded 12 parameters.Experiments on unpolarized targets provide information on the spin av-eraged quark and gluon densities q(x;Q2) and G(x;Q2) inside the nuleon.In Ref. [8℄ these distributions (at Q2 = 1GeV2) are parametrized as followsqi(x) = Aix�i(1� x)�i �1 + "ipx+ �ix� ; (1)where one assumes that sea antiquarks and quarks of the same �avor haveidential distributions. The similar form one has for gluon densityG(x) = BGx�G(1� x)�G(1 + "Gpx+ �Gx) : (2)The values of onstants �i and �i, used in equations (1) and (2) are givenin Table I for all three solutions whih are alled lower (L), entral (C) andhigher (H) gluon solution in Ref. [8℄ (the di�erenes are visible for big xvalues).Our polarized densities for valene quarks (at Q2 = 1GeV2) are:�qi(x) = x�i(1� x)�i(�i + �ipx+ ix) ; (3)whereas for sea quarks and antiquarks one has�qj(x) = x�s+ 12 (1� x)�s(�j + �jpx)+ ix�Æ(1� x)�s+2�Æ(1 + "Æpx+ �Æx) ; (4)where i = +1(�1) for up (down) �avor and zero for strange quarks. Withsuh parametrization of quark spin densities we get from the �t approxi-mately �Æ � 0 and �u � �d � 2�s, �u � �d. Hene, our a posterioriassumptions are:



A Determination of Gluon Spin Distribution from . . . 2675�Æ = 0 ;�u = �d = 2�s ;�u = �d : (5)Suh hoie is onsistent with the SU(2) symmetry in the sea. TABLE IThe values of onstants whih appear in Eqs. (1)�(4) and (6) for three solutions ofunpolarized gluon density. This �gures determine the behavior of distributions atx = 0 and x = 1.Constant Lower Central Highergluon solution gluon solution gluon solution�uv �0:527 �0:583 �0:560�uv 3.44 3.43 3.45�dv �0:748 �0:730 �0:740�dv 3.86 3.86 3.95�s �1:240 �1:282 �1:273�s 7.63 7.65 8.30�Æ �0:356 0.183 0.157�G 0.131 �0:031 �0:005�G 5.67 6.88 7.45For polarized gluon distribution we assume:�G(x) = x�G(1� x)�G(�G + �Gpx+ Gx): (6)The parameters �i, �i and i are determined from our �ts and presented inTable II. The total quark distributions are given by�u = �uv + 2�u ;�d = �dv + 2�d ;�s = 2�s ; (7)whereas one has for axial harges�� = �u+�d+�s ;a8 = �u+�d� 2�s ;a3 � gA = �u��d : (8)



2676 J. Bartelski, S. Tatur TABLE IIThe parameters of three �ts alulated at Q2 = 1GeV2.Parameter Lower Central Highergluon solution gluon solution gluon solution�uv 0.110 0.499 0.279�uv �3:50 �4:71 �4:22uv 13.3 14.0 13.9�dv �0:055 0.028 �0:059�dv �1:66 �1:70 �1:67dv 0.007 �0:077 �0:007�u �0:033 �0:133 �0:082�u 1.54 1.37 1.58�s �0:401 �0:056 �0:226�G �18:3 �24:1 �20:3�G 52.5 117.2 86.7G �48:8 �173:5 �127:9In Table III one an �nd above quantities integrated over variable x andalulated at Q2 = 1GeV2. The axial harge a3 is not �xed (usually one�xes it in an analysis) and omes out lose to its experimental value. Thequantity a8 is in some sense �xed i.e., it is inluded in a �t as an additionalexperimental point. We put a8 = 0:58�0:1, the value taken (with enhanedto 3� error) from the data on hyperon � deays. TABLE IIIThe integrated quantities from our three �ts alulated at Q2 = 1GeV2.Quantity Lower Central Highergluon solution gluon solution gluon solution�� 0.19 0.02 0.04a8 0.58 0.59 0.51gA 1.25 1.29 1.31�u 0.79 0.75 0.75�d �0:46 �0:54 �0:55�s �0:13 �0:19 �0:16�G �0:77 �1:15 �1:02�2 363.91 363.16 362.28



A Determination of Gluon Spin Distribution from . . . 2677The typial errors of our determination are: �G=�1:02�0:61, �� =0:04�0:18, where we quote the �gures for higher gluon solution. We useall three MRST solutions keeping the quantity a8 �xed. As it is seen fromTable III the best �2 we got for higher gluon solution.For higher gluon solution we have tried to make several �ts, where weinvestigate other assumptions whih slightly hange gluon distribution. Inone of the �ts we put �GH=0 at Q2 = 1GeV2 (it means, that gluon density isless divergent at x = 0). In this ase we get a �t whih is of undistinguishablequality from the best �t (in both ases �2 per degree of freedom is 0.86) andone gets �G = �0:63. However, when we put �GH = �GH = GH = 0 (i.e.�G = 0 at Q2 = 1GeV2) we get �2=366.0 (per degree of freedom we have0.87) whih gives muh not worse �t. We have also performed other �ts,one in whih a8 is treated as free parameter and in another we allow gluondistributions G+(x) = (G(x) + �G(x))=2 and G�(x) = (G(x) ��G(x))=2not to be positively de�ned. In both ases we have �G �= �1:0 and �2 isnearly as good as in the best �t. In all onsidered models we get negativepolarization of gluons (the negative value of gluon polarization one an �ndalso in [5℄). The values of gluon polarization (from our best �t) at other Q2values are: �G(Q2 = 5GeV2) = �2:0 and �G(Q2 = 100GeV2) = �3:9.The variations of our model does not hange signi�antly other quantities(see Table III).In �gure 1 and 2 we present the shapes of gluon spin distribution obtainedin our �ts at Q2 = 1GeV2. One an see that the urves does not di�er verymuh.
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Fig. 1. The omparison of polarized gluon densities x�G(x) versus x obtained fromthe �ts orresponding to lower gluon (dotted line) entral gluon (dashed line) andhigher gluon (solid line) solutions from Ref. [8℄.
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