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A NEW DETERMINATION OF POLARIZEDPARTON DENSITIES IN THE NUCLEONJan 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 Marh 4, 2003)In order to determine polarized parton distributions we have made anew NLO QCD �t (in MS renormalization sheme) using all experimentaldata on spin asymmetries measured in the deep inelasti sattering ondi�erent nuleon targets. The funtional form of suh densities is basedon MRST2001 results for unpolarized ones. We get for polarization ofquarks (at Q2 = 1GeV2): �u = 0:86;�d = �0:37;�s = �0:04. The totalquark polarization is rather big and we obtain: �� = 0:45. As a result ofour �t we get a3 �= gA = 1:23, the value whih is lose to the experimentalnumber. With negligible �s and rather big �� (omparable to a8) theresults of our new �t are quite di�erent in harater from previous �ts.PACS numbers: 12.38.�t, 13.88.+e, 14.20.DhThe experimental data on deep inelasti sattering of polarized leptonson polarized nuleons was olleted for many years in experiments madein SLAC [1℄, CERN [2℄ and DESY [3℄. The results were analyzed by manygroups and next to leading order (NLO) QCD polarized parton distributionswere determined [4�7℄. In the present paper we do not onsider any newexperimental data. All the existing experimental data on polarized deepinelasti sattering were already inluded in our latest �ts [6,7℄. Contrary tosome other �ts our method of determination of spin densities depends verystrongly on the parton distributions for unpolarized ase. We assume thatthe asymptoti behavior of our polarized parton distributions is determined(up to the ondition that the orresponding parton densities are integrable)by the �t to unpolarized data. (2731)



2732 J. Bartelski, S. TaturReently a new determination of unpolarized parton densities performedby Martin, Roberts, Stirling and Thorne (MRST2001) [8℄ was published.These distributions have substantially modi�ed (ompared to older MRST98[9℄ and MRST99 [10℄ �ts) small x behaviour of valene u quark and gluon, aswell as gluon density is not positive for all values of x variable. Hene, we areable to update our �t and to hek how the new funtional form of partondistributions in�uenes it. We will follow the method presented in [5�7℄where we use MS renormalization sheme in QCD. Despite of the fat thatwe only modify the funtional dependene of the �tted (at Q2 = 1GeV2)parton densities the obtained polarizations of quarks (i.e., �u;�d and �s)and gluons (�G) are signi�antly hanged, the value of �s is small andthe value of total quark polarization �� is inreased and omparable to a8.We have found interesting that it is possible to get this type of solution forpolarized parton densities with the new MRST �t. We will use all availabledata for spin asymmetry at given x and di�erent Q2 (431 experimentalpoints).Experiments on unpolarized targets provide information on the quarkdensities q(x;Q2) and G(x;Q2) inside the nuleon. These densities an beexpressed in term of q�(x;Q2) and G�(x;Q2), i.e. densities of quarks andgluons with heliity along or opposite to the heliity of the parent nuleon:q = q+ + q�; G = G+ +G�: (1)The polarized parton densities, i.e. the di�erenes of q+, q� and G+, G�are given by: �q = q+ � q�; �G = G+ �G�: (2)We will try to determine �q(x;Q2) and �G(x;Q2), keeping in mindrelations between Eqs. (1) and (2).The formulas for unpolarized quark and gluon distributions determined(at Q2 = 1GeV2) in the �t performed by Martin, Roberts, Stirling andThorne [8℄ (they use �nf=4MS = 0:323 GeV and �s(M2Z) = 0:119) are:uv(x) = 0:158x�0:75(1� x)3:33(1 + 5:61px+ 55:49x) ;dv(x) = 0:040x�0:73(1� x)3:88(1 + 52:73px+ 30:65x) ;2�u(x) = 0:4M(x) � Æ(x) ;2 �d(x) = 0:4M(x) + Æ(x) ;2�s(x) = 0:2M(x) ;G(x) = 1:90x�0:91(1� x)3:70(1 + 1:26px� 1:43x) � 0:21x�1:33(1� x)10 :(3)



A New Determination of Polarized Parton Densities in the Nuleon 2733where: M(x) = 0:222x�1:26(1� x)7:10(1 + 3:42px+ 10:3x) ;Æ(x) = 1:195x0:24(1� x)9:10(1 + 14:05x � 45:52x2) : (4)We will split q and G, as was already disussed in [5�7℄, into two parts insuh a manner that the quark distributions q�(x;Q2) remain positive. Ourpolarized densities for valene quarks, sea antiquarks (the same distributionwe take for sea quarks) and gluons (at Q2 = 1GeV2) are parametrized asfollows:�uv(x) = x�0:75(1� x)3:33(a1 + a2px+ a4x) ;�dv(x) = x�0:73(1� x)3:88(b1 + b2px+ b3x) ;2��u(x) = 0:4�M(x) ��Æ(x) ;2� �d(x) = 0:4�M(x) + �Æ(x) ;2��s(x) = 0:2�Ms(x) ;�G(x) = x�0:91(1� x)3:70(d1 + d2px+ d3x) + x�0:83(1� x)10d4 : (5)where: �M(x) = x�0:76(1� x)7:10(1 + 2px) ;�Ms = x�0:76(1� x)7:10(1s + 2spx) ;�Æ(x) = x0:24(1� x)9:103(1 + 14:05x � 45:52x2) : (6)We have some problems with this new peuliar gluon distribution. Usualproedure used by us is to drop out in �G the part that is nonintegrable.But it would mean that an important part in G(x) (whih behaves as x�1:33at x! 0) will not ontribute to �G. Hene, we only derease (by 1=2) theexponent of the most singular part (at x ! 0) of spin gluon distribution.(whih gives a behaviour of density at small x). In order to have �nitepolarization for partons we use less divergent distributions at x! 0 also forsea quarks. Let us de�ne: �u = �uv + 2��u ;�d = �dv + 2� �d ;�s = 2��s ; (7)and �� = �u+�d+�s ;a8 = �u+�d� 2�s ;a3 = �u��d = gA : (8)



2734 J. Bartelski, S. TaturIn order to determine the unknown parameters in the expressions forpolarized quark and gluon distributions (Eqs. (5), (6)) we alulate the spinasymmetries (starting from initial value Q2 = 1 GeV2) for measured valuesof Q2 and make a �t to the experimental data on spin asymmetries forproton, neutron and deuteron targets. The spin asymmetry A1(x;Q2) anbe expressed via the polarized struture funtion g1(x;Q2) as:A1(x;Q2) �= (1 + 2)g1(x;Q2)F1(x;Q2) = g1(x;Q2)F2(x;Q2) �2x(1 +R(x;Q2))� ; (9)where R = [F2(1 + 2) � 2xF1℄=2xF1, whereas  = 2Mx=Q (M stands forproton mass). We will take the new determined value of R from the [11℄.In alulating g1(x;Q2) and F2(x;Q2) in the next to leading order we useproedure desribed in [5, 6℄. Having alulated the asymmetries aordingto Eq. (9) for the value of Q2 obtained in experiments we an make a �t toasymmetries on proton, neutron and deuteron targets. The value of a3 is notonstrained in suh �t. We will also do not �x a8 but we put a onstrainton its value. Simply we will add it as an extra experimental point (fromhyperon deays one has a8 = 0:58�0:1, where we enhane (to 3�) an error).Not all parameters are important in our �ts. We will assume that 1s = 1(i.e. the most singular terms for strange and non-strange sea ontributionsare equal). Suh assumption pratially does not hange the value of �2 butimproves �2=NDF. In this ase we get the following values of parameters (atQ2 = 1GeV2) from the �t to all existing data for spin asymmetries:a1 = 0:14 ; a2 = �2:48 ; a4 = 9:90 ;b1 = �0:04 ; b2 = �1:91 ; b3 = 0:63 ;1 = �0:01 ; 2 = 2:29 ; 3 = 1:20 ;1s = 1 ; 2s = �0:67 ;d1 = 12:69 ; d2 = �6:42 ; d3 = �33:02 ; d4 = �18:07 : (10)The quark and gluon distributions obtained from our �t lead for Q2 =1GeV2 to the following integrated (over x) quantities: �u = 0:86;�d =�0:37;�s = �0:04;�uv = 0:73;�dv = �0:70; 2��u = 0:14; 2� �d = 0:33:We have positively polarized sea for up and down quarks and small neg-atively polarized sea for strange quarks. One an see substantial breaking ofSU(2) symmetry in a sea. We got the value of a3 �= gA = 1:23, the numberwhih is very lose to the experimental �gure (1:267 � 0:003 [12℄).As is seen from Eqs. (5) and (6) the small x behaviour of expressions forvalene u; d quarks and sea ontribution �M have very similar behaviour atsmall values of x. So one annot expet that the splitting into valene andsea ontributions will be well determined in the �t. The integrated values



A New Determination of Polarized Parton Densities in the Nuleon 2735of quantities that are well determined i.e., �u = 0:86;�d = �0:37;�s =�0:04;�� = 0:45 and gA = 1:23 an be ompared with the values fromprevious �t (alled A02 in [6℄) �u = 0:77;�d = �0:57;�s = �0:19;�� =0:01 and gA = 1:34. More singular behaviour of �u at small x in the present�t does not only diretly in�uene the value of �u. We have some inreasein �u and relatively big inrease in �d and �s resulting in the higher valueof �� . It seems that improvement of the MRST2001 [8℄ in omparison toMRST98 [9℄ and MRST99 [10℄ hanges signi�antly harater of obtainedresults. On the other hand the value of �2 = 374:2 for the present �t ishigher then in our previous one [6℄, despite of the fat that we have used thesame experimental data. As we will see later the inrease in �2 is onnetedwith positivity onditions.The results in the �measured� region (i.e., for 0:003 � x � 1) are: �u =0:75;�d = �0:32;�s = �0:04;�� = 0:39 and gA = 1:08 whih shouldbe ompared with our previous results (�t A02 in [6℄): �u = 0:80;�d =�0:43;�s = �0:11;�� = 0:26 and gA = 1:23. In present �t we have thevalue of �G = 42:6 integrated in the whole region of x and �G = �1:15in the �measured� region of x, whih have to be ompared with results of aA02 �t: �G = �0:19 in the whole region and the same value in the region:0:003 � x � 1. Negative value of �G in 0:003 � x � 1 and highly positivein the whole region of x is onneted with rather singular behaviour at smallx. It seems that behaviour of �G is rather strange and not very reliable.As we already mentioned the assumption that �G should be integrablewas used by us in basi �t and the most singular part of G was removed from�G parametrization. We have not assumed positivity for gluon ontributionbeause already in unpolarized ase G(x) was negative for small x values.When we take for �G(x) the same funtional form as for G(x) leaving mostsingular term for small x (not integrable) we get �t with smaller �2, namely371.9 (there are some hanges in parameters but the harater of the �t doesnot hange). We get: �u = 0:87;�d = �0:38;�s = �0:04;�� = 0:45 andgA = 1:25. The value of gluon polarization (�G) is �0:37 in the measuredregion and positive but of ourse in�nite in the whole region. We havemade also a �t where we have not assumed any positivity onditions forparton densities. It means that funtional form for suh densities was usedwith arbitrary (unonstrained) parameters in Eqs. (5) and (6). We get, asexpeted, muh smaller �2 value, namely 361.4 (smaller than in our basi �t).The integration in the whole x region gives: �u = 0:87;�d = �0:39;�s =�0:05;�� = 0:43 and gA = 1:26. �G = 3:48. The values of �u;�d;�sand �� are nearly the same as in basi �t. We onsider that as an argumentin favor of our determination of these parameters. Higher value of �2 in thebasi �t is onneted with positivity onditions. When we neglet the seondterm in gluon distribution (i.e., when we put d4 = 0) one gets �2 = 378:9



2736 J. Bartelski, S. Taturand: �u = 0:84;�d = �0:41;�s = �0:07;�� = 0:37, �G = �4:8. Ifwe put (for Q2 = 1GeV2) gluon polarization arbitrarily equal to zero (i.e.d1 = d2 = d3 = d4 = 0) we get substantial inrease in �2 = 388:2, whereas:�u = 0:84;�d = �0:42;�s = �0:08;�� = 0:34 and gA = 1:26.We onsider various assumptions about polarized gluon ontribution inorder to see how it in�uenes the values of other parameters. It seems thatthe values of �u;�d;�s;�� and gA do not hange muh when we usedi�erent assumptions about gluon ontribution. We get in our �ts smallvalue of �s and �� omparable with a8 (suh onlusions remind Ellis�Ja�e results [13℄). This is what di�ers our present results (oming fromupdated MRST2001 [8℄ �t) from our previous �ts [5, 6℄.Our �tting proedure also determines + and � heliity omponents ofparton densities. These omponents and the total polarized distributionsfor quarks of di�erent �avors and gluons (alulated at Q2 = 1GeV2) arepresented in Fig. 1. The value of �G(x) is negative for higher x values andvery big and positive for small x.
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Fig. 1. The quark (for di�erent �avors) and gluon densities versus x obtained fromour �t. The solid lines represent parton polarization, whereas dashed (dotted) linesorrespond to + (�) heliity omponent of parton distribution.



A New Determination of Polarized Parton Densities in the Nuleon 2737In Fig. 2 the values of funtions of �u(x);�d(x);�� (x) and �G(x) ob-tained in the present �t are ompared with the orresponding ones from ourprevious �t alled A02 [6℄. One an see signi�ant hanges in these distribu-tions.
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