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A NEW EVALUATION OF POLARIZED PARTONDENSITIES IN THE NUCLEON� ��Elliot LeaderImperial College, University of LondonLondon WC1E 7HX, EnglandAleksander V. SidorovBogoliubov Theoretial Laboratory, Joint Institute for Nulear Researh141980 Dubna, Russiaand D.B. StamenovInstitute for Nulear Researh and Nulear EnergySo�a 1784, Bulgaria(Reeived June 27, 2002)We present a new Next-to-Leading Order (NLO) QCD analysis of theworld data on inlusive polarized deep inelasti sattering. A new set ofpolarized parton densities is extrated from the data and the sensitivity ofthe results to the newly inorporated SLAC/E155 proton data is disussed.PACS numbers: 12.38.Aw, 12.38.Bx, 13.88.+e1. IntrodutionIn this talk we present an updated version of our NLO polarized PartonDensities (PD) determined from the world data [1, 2℄ on inlusive polarizedDIS. Comparing to our previous analysis [3℄:(i) For the axial harges a3 and a8 their updated values are used:a3 = gA = F +D = 1:2670 � 0:0035 ;a8 = 3F �D = 0:585 � 0:025 : (1)� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.�� This researh was supported by the UK Royal Soiety and the JINR-Bulgaria Col-laborative Grants, by the RFBR (No 00-02-16696), INTAS 2000 (No 587) and by theBulgarian National Siene Foundation under Contrat Ph-1010.(3695)



3696 E. Leader, A.V. Sidorov, D.B. Stamenov(ii) In our Ansatz for the input polarized PD�fi(x;Q20) = Ai x�i fMRSTi (x;Q20) (2)we now utilize the MRST'99 set [4℄ of unpolarized parton densitiesfi(x;Q20) instead of the MRST'98 one. In (2) Ai; �i are free parameters(6 parameters in our �t after using the sum rules (1) for the quarkpolarizations).(iii) The reent SLAC/E155p data [2℄ are inorporated in the analysis.2. Method of analysisThe spin-dependent struture funtion of interest, gN1 (x;Q2), is a linearombination of the asymmetries ANk and AN? (or the related virtual photon-nuleon asymmetries AN1;2) measured with the target polarized longitudinallyor perpendiular to the lepton beam, respetively. Negleting as usual thesub-dominant ontributions, AN1 (x;Q2) an be expressed via the polarizedstruture funtion gN1 (x;Q2) asAN1 (x;Q2) �= (1 + 2) gN1 (x;Q2)FN1 (x;Q2) ; N = p; n; d ; (3)where FN1 is the unpolarized struture funtion and 2 is a kinematifator.All details of our approah to the �t of the data are given in [5℄. Here wewould like to emphasize that aording to this approah the NLO QCDpreditions have been onfronted with the data on the spin asymmetryAN1 (x;Q2), rather than on the gN1 (x;Q2). The hoie of AN1 appears tominimize the higher twist (HT) ontributions to gN1 whih are expeted topartly anel with those of FN1 in the ratio (3), allowing use of data atlower Q2 (in polarized DIS most of the small x experimental data pointsare at low Q2). Indeed, we have found [6℄ that if for g1 and F1 Leading-Twist (LT) QCD expressions are used, the higher twist orretions h(x) toA1(x;Q2) = A1(x;Q2)LT + h(x)=Q2 are negligible and onsistent with zero(see Fig. 1). On the other hand, it was shown [7℄ that if F2 and R (F1 in(3) an be expressed via usually measured F2 and R) are taken from ex-periment (as has been done in some of the analyses) the HT orretions toA1 are sizeable and important. So, in order to extrat the polarized partondensities from g1 data the HT ontribution to g1 (unknown at present) hasto be inluded in the data �t. Note that a QCD �t to the g1 data, keepingin g1(x;Q2)QCD only the leading-twist expression, leads to some �e�etive�,parton densities whih involve in themselves the HT e�ets and, therefore,



A New Evaluation of Polarized Parton Densities in the Nuleon 3697are not quite orret. These results suggest that in order to determine po-larized parton densities less sensitive to higher twist e�ets, it is preferableat present to analyze A1 data diretly using for g1 and F1 their leading twistexpressions.
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Fig. 1. Higher twist ontribution hN(x) to the spin asymmetry AN1 (x;Q2) extratedfrom the data.What we an dedue from inlusive DIS in the absene of harged urrentneutrino data is the sum of the polarized quark and anti-quark densities(�u+��u)(x;Q2) ; (�d+��d)(x;Q2) ; (�s+��s)(x;Q2) (4)and the polarized gluon density �G(x;Q2). The non-strange polarized sea-quark densities ��u(x;Q2) and ��d(x;Q2), as well as the valene quark den-sities �uv(x;Q2) and �dv(x;Q2):�uv � �u���u; �dv � �d���d (5)annot be determined without additional assumptions about the �avourdeomposition of the sea. Nonetheless (beause of the universality of the



3698 E. Leader, A.V. Sidorov, D.B. Stamenovparton densities) they are of interest for prediting the behaviour of otherproesses, like polarized pp reations, et. That is why, we extrat from thedata not only the quark densities (4) and �G(x;Q2), but also the valeneparts �uv(x;Q2), �dv(x;Q2) and anti-quark densities using the assumptionon the �avour symmetri sea: �usea = ��u = �dsea = ��d = �s = ��s:3. ResultsThe results of analysis [8℄ are presented in both the JET [9℄ and MS fa-torization shemes. A remarkable property of the JET [and Adler�Bardeen(AB)℄ shemes is that the singlet ��(Q2), as well as the strange sea polar-ization �s(Q2), are Q2 independent quantities. Then, in these shemes it ismeaningful to diretly interpret �� as the ontribution of the quark spinsto the nuleon spin and to ompare its value obtained from DIS region withthe preditions of the di�erent (onstituent, hiral, et.) quark models atlow Q2. It is important to mention that the di�erene between the values ofthe strange sea polarization, obtained in the MS and JET shemes ould belarge due to the axial anomaly. To illustrate how large it an be, we presentthe values of (�s + ��s) at Q2 = 1 GeV2 obtained in our analysis of theworld DIS data in the MS and JET shemes (�G = 0:68):(�s+��s)MS = �0:13� 0:04; (�s+��s)JET = �0:07� 0:02: (6)Note that if �G is larger than 0.68, (�s+��s)JET ould vanish in agree-ment with what is intuitively expeted in quark models at low-Q2 region(Q2 � 0). As in our previous analysis a very good desription of the worlddata on AN1 and gN1 is ahieved (for the best �t �2 = 155:9 for 179 DOF).The new theoretial urves for A1 and g1 orresponding to the best �t prati-ally oinide with the old ones. The agreement with the SLAC/E155p datais also very good. This is illustrated in Fig. 2. The extrated NLO(JET)polarized parton densities at Q2 = 1 GeV2 are shown in Fig. 3. The newparton densities are found to be within the error bands of the old ones. Thehanges of the entral values of the parton polarizations (the �rst momentsof the polarized parton densities) are negligible and within the errors ofthe quantities. Note that for the entral value of the axial harge a0(Q2)(equal to �� (Q2)MS inMS sheme) we obtain now somewhat smaller value:a0(1 GeV2) = 0:21� 0:10 than the old one: a0 = 0:26� 0:10. For the gluonpolarization �G orresponding to the best NLO(JET) �t we have found�G = 0:68 � 0:32 at Q2 = 1 GeV2. However, if one takes into aountthe sensitivity of �G to variation of the non-singlet axial harge a8 from itsSU(3) symmetri value of 3F � D, the positive values of �G ould lie inthe wider range [0, 1.5℄ [10℄. A negative �G is still not exluded from thepresent DIS inlusive data.



A New Evaluation of Polarized Parton Densities in the Nuleon 3699

0.01 0.1 1
0.0

0.2

0.4

0.6

0.8

 new 
 old

(10.5o spec.)

x

10-2 10-1 100

0.0

0.2

0.4

0.6

0.8 (5.5o spec.)
10-2 10-1 100

0.0

0.2

0.4

0.6

0.8

1.0

(2.75o spec.)

g
1
/ F

1
E155p

Fig. 2. Comparison of our NLO(JET) result for Ap1 with SLAC/E155p experimentaldata. Error bars represent the total errors. The preditions for Ap1 (dot urves)from our old analysis [3℄ are also shown.
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3700 E. Leader, A.V. Sidorov, D.B. Stamenov4. ConlusionWhat follows from our analysis is that the limited kinemati range andthe preision of the present generation of inlusive DIS experiments areenough to determine with a good auray only the polarized parton den-sities (�u + ��u)(x;Q2) and (�d + ��d)(x;Q2). The polarized strange seadensity (�s+��s)(x;Q2) as well as the polarized gluon density �G(x;Q2)are still weakly onstrained, espeially �G. The non-strange polarized sea-quark densities ��u and ��d annot be determined, in priniple, from theinlusive DIS experiments alone without additional assumptions. The fur-ther study of �avour deomposition of the sea as well as a more auratedetermination of the gluon polarization are important next steps in our un-derstanding of the partoni struture of the nuleon and this will be donein the forthoming and future polarized lepton-hadron and hadron�hadronexperiments. REFERENCES[1℄ J. Ashman et al. (EMC Coll.), Phys. Lett. B206, 364 (1988); Nul. Phys.B328, 1 (1989); P.L. Anthony et al. (SLAC E142 Coll.), Phys. Rev. D54,6620 (1996); K. Abe et al. (SLAC/E154 Coll.), Phys. Rev. Lett. 79, 26(1997); K. Abe et al. (SLAC E143 Coll.), Phys. Rev. D58, 112003 (1998);P.L. Anthony et al. (SLAC/E155 Coll.), Phys. Lett. B463, 339 (1999);D. Adeva et al. (SMC Coll.), Phys. Rev. D58, 112001 (1998); K. Akersta� etal. (HERMES Coll.), Phys. Lett. B404, 383 (1997); B442, 484 (1998).[2℄ P.L. Anthony et al. (SLAC/E155 Coll.), Phys. Lett. B493, 19 (2000).[3℄ E. Leader, A.V. Sidorov, D.B. Stamenov, Phys. Lett. B462, 189 (1999).[4℄ A.D. Martin, R.G. Roberts, W.J. Stirling, R.S. Thorne, Eur. Phys. J. C14,133 (2000).[5℄ E. Leader, A.V. Sidorov, D.B. Stamenov, Int. J. Mod. Phys.A13, 5573 (1998);Phys. Rev. D58, 114028 (1998).[6℄ E. Leader, A.V. Sidorov, D.B. Stamenov, in Partile Physis at the Start ofthe New Millennium, eds. A. Studenikin, World Sienti� Publishing Com-pany, May 2001, pp.76-84 (Proeedings of the 9th Lomonosov Conferene onElementary Partile Physis, Mosow, Russia, 20�26 Sep 1999).[7℄ M. Glük. E. Reya, M. Stratmann, W. Vogeslang, Phys. Rev. D63, 094005(2001).[8℄ E. Leader, A.V. Sidorov, D.B. Stamenov, Eur. Phys. J. C23, 479 (2002).[9℄ R.D. Carlitz, J.C. Collins, A.H. Mueller, Phys. Lett. B214, 229 (1988);M. Anselmino, A.V. Efremov, E. Leader, Phys. Rep. 261, 1 (1995); D. Müller,O.V. Teryaev, Phys. Rev. D56, 2607 (1997).[10℄ E. Leader, A.V. Sidorov, D.B. Stamenov, Phys. Lett. B488, 283 (2000).


