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PHENOMENOLOGICAL ANALYSIS OF DATA ONINCLUSIVE AND SEMI-INCLUSIVE SPINASYMMETRIESM. Kurzela, J. BartelskiInstitute of Theoretial Physis, Warsaw UniversityHo»a 69, 00-681 Warsaw, Polandand S. TaturNiolaus Copernius Astronomial Center, Polish Aademy of SienesBartyka 18, 00-716 Warsaw, Poland(Reeived January 5, 1999)We present a phenomenologial analysis of data on both inlusive andsemi-inlusive spin asymmetries. We examine the impat of the semi-inlusive results presented by SMC on the determination of polarized partondistributions performing global �ts with di�erent sets of observables. Wedisuss the �avour dependene of the polarized sea inside a nuleon.PACS numbers: 13.88.+e, 14.20.Dh, 14.80.�jIn reent years a number of theoretial attempts [1�10℄ to determine thepolarized quark parton distributions in the nuleon have been performed.The deep inelasti polarized struture funtions gN1 (x;Q2) or the asymme-tries measured in inlusive proesses [11�21℄ are used in phenomenologialanalyses. Suh an analysis of the �rst moment of the struture funtion�N1 = R 10 gN1 (x)dx pointed out that quarks arry little of the spin of thenuleon [13,22,23℄. The reasonable suggestion is that the sea quarks and/orgluons are polarized. However, inlusive deep inelasti sattering does notprovide su�ient information about the �avour separation of the polarizedsea. Hene di�erent ombination of the polarized parton distributions haveto be measured in order to get more information about �avour struture ofthe polarized sea.The measurement of the semi�inlusive spin asymmetries for positivelyand negatively harged hadrons from deep inelasti sattering of polarized(1041)



1042 M. Kurzela, J. Bartelski, S. Taturmuons on polarized protons and deuterons provides additional data on re-quired observables [24℄. Presently available semi-inlusive results [25,26℄ anbe used to determine polarized valene and non�strange sea quark distribu-tions, independently from totally inlusive data. The aim of the paper is toombine two kinds of existing data, inlusive and semi�inlusive, to extratpolarized parton distributions.Measurement of the inlusive deep inelasti lepton nuleon satteringgives information about the spin asymmetry [27℄:AN1 (x;Q2) ' gN1 (x;Q2)FN1 (x;Q2) ; (1)whih in leading order QCD parton model is given by:AN1 (x;Q2) ' Pq e2q�q(x;Q2)Pq e2qq(x;Q2) ; (2)where eq is the harge of the q��avoured quark, q and �q denotes unpolar-ized and polarized quark distributions respetively, where q = u; d; s; �u; �d; �s.This is the onsequene of the fat that in LO QCD 2g1 = Pq e2q�q,1xF2 =Pq e2qq and of the Callan�Gross relation F2 = 2xF1. First attempt toimprove suh a model is to use RN (x;Q2) = (FN2 �2xFN1 )=2xFN1 6= 0, whihis the ratio of the absorption ross�setions for virtual longitudinal and trans-verse photons (R = �L=�T ) [28℄. In alulations, we use the parametriza-tion of R desribed in Ref. [29℄, whih is analogous to the one given inRef. [30℄, but �tted to the enlarged set of data on R with new experimentalvalues [31�34℄. This orretion leads to the expression:AN1 (x;Q2) ' Pq e2q�q(x;Q2)Pq e2qq(x;Q2) (1 +RN (x;Q2)); (3)for proton and neutron target (N = p; n). The parton distributions are thoseof the proton whereas for neutron are obtained by the isospin interhangeu $ d. For deuteron target ase one has to multiply above expression byadditional fator 1� 3=2pD where pD is a probability of D-state in deuteronwave funtion (pD = 0:05 � 0:01) [35℄.Analogously, for the semi-inlusive asymmetries, the expression in thesame order an be written as:AN h1 (x;Q2)���Z ' RZ dz gN h1 (x; z;Q2)RZ dz FN h1 (x; z;Q2) ; (4)



Phenomenologial Analysis of Data on Inlusive and ... 1043where h denotes the hadron deteted in the �nal state and the variable z isgiven by Eh=EN (1 � x) with energies given in �p CM frame. The regionZ is determined by kinematial uts in measurement of the asymmetries.Summing over positively harged hadrons, i.e. �+, K+ and p, and negativelyharged (��, K�, �p) respetively, we get:AN+(�)1 (x;Q2) ' Pq;h+(�) e2q�q(x;Q2)Dhq (Q2)Pq;h+(�) e2qq(x;Q2)Dhq (Q2) (1 +RN (x;Q2)): (5)Here Dhq (Q2) = R 10:2 dzDhq (z;Q2) and Dhq (z;Q2) is the fragmentation fun-tion whih represents the probability that a struk quark with a �avour qfragments into a hadron h. To redue the number of independent fragmenta-tion funtions one an use harge invariane and isospin rotation symmetryas well as assumption for the unfavoured and favoured fragmentation [24�26℄.Further assumption onerning the strange quark fragmentation funtion(e.g. DK+s +DK�s = 2DK+u ) redues the number of independent fragmenta-tion funtions to 6. Finally the set of di�erent weights in Eq. (5) is:Xh+ Dhu =Xh� Dh�u=D�+u +DK+u +Dpu ; Xh� Dhu=Xh+ Dh�u=D��u +DK�u +D�pu ;Xh+ Dhd =Xh� Dh�d=D��u +DK�u +Dpu ; Xh� Dhd=Xh+ Dh�d =D�+u +DK�u +D�pu ;Xh+ Dhs +Xh+ Dh�s =2(D�+u +DK+u +Dpu) : (6)The presene of di�erent PhDhq in Eq. (5) enables to examine ombinationof the polarized parton distributions di�erent than in the inlusive ase.To ompare theoretial preditions of Eq. (3) and Eq. (5) with exper-imental results we have to onstrut or hoose the set of unpolarized andpolarized quark parton distribution funtions. These funtions are ombina-tions of the elementary ones, i.e. density of quarks with spin parallel to thenuleon spin q+(x;Q2) and density of quarks with spin anti-parallel to thenuleon spin q�(x;Q2). In details: q(x;Q2) = q+(x;Q2) + q�(x;Q2) and�q(x;Q2) = q+(x;Q2)�q�(x;Q2). Our assumption is that distributions q+and q� have the same funtional behaviour, so there is the only di�erene inthe numerial oe�ients [6℄. It is not neessarily true for q and �q beausethe appropriate oe�ients in q+ and q� ould be equal (or have the sameabsolute value but opposite sign) and in this ase equivalent oe�ients in q�q (q) vanish. The idea is to use formulas for the unpolarized quark partondistributions as an input, then to extrat from them formulas for q+ and q�distributions just by splitting the numerial onstants.



1044 M. Kurzela, J. Bartelski, S. TaturPreviously this idea was explored in Ref. [6℄1, where the latest version ofthe MRS [36℄ parametrization was used. To test the dependene of �nal re-sults on the input parametrization we have hosen the latest version of GRVparametrization for unpolarized parton distributions [37℄.This parametriza-tion gives for the valene quarks at Q2 = 4 GeV2:uv(x) = 3:221x�0:436(1� x)3:726(1� 0:689x0:2 + 2:254x + 1:261x 32 );dv(x) = 0:507x�0:624(1� x)4:476(1 + 1:615x0:553 + 3:651x + 1:3x 32 ); (7)whereas for the sea anti-quarks:�s(x) = 0:0034x�1(1� x)6:166(1� 2:392px+7:094x)e2:592qln 1x �ln 1x��1:15 ;S(x) = x�1(1� x)6:356"0:00285e2:003qln 1x+x0:158(0:738 � 0:981x+1:063x2)�ln 1x�0:037# ;Æ(x) = 0:107x�0:596(1� x)8:621(1+0:441x0:876+18:721x); (8)where S(x) = �d(x) + �u(x) is the non-strange singlet ontribution to the seaand Æ(x) = �d(x) � �u(x) is the isovetor non-strange part of the quark sea.For the unpolarized gluon distribution we get:G(x) = x�1(1� x)5:566"0:0527e2:141qln 1x+x0:731(5:11 � 1:204x � 1:911x2)�ln 1x��0:472# : (9)Generally the unpolarized parton distribution for the valene quarks andthe isovetor non-strange part of the sea an be written in the form q(x) =x�q (1 � x)�qW (x). In other ases there is a similar part (1 � x)�q , whihdesribes asymptoti behaviour for x tending to 1 but terms responsible forbehaviour for x tending to 0 are more ompliated.Now we split the above distribution funtions between q+ and q� in or-der to get polarized parton distributions as �q(x) = q+(x) � q�(x). Theasymptoti behaviour for x ! 1 (i.e. the value of �q) is the same for alldistributions like in the unpolarized ase and for x! 0 (the value of �q) it1 It is not the �rst paper on this subjet (see referenes therein) but the data onsemi�inlusive asymmetries was inluded into the �t for the �rst time.



Phenomenologial Analysis of Data on Inlusive and ... 1045remains unhanged for valene quarks and the isovetor part of quark sea.We must be more areful in treating the strange sea and the isosalar part.Assuming that the polarized struture funtion g1 have to be integrable onehas to split appropriate numerial onstants in suh a manner that non-integrable terms of unpolarized parton distributions disappear in polarizedparton distributions (i.e. one has to split these oe�ients equally betweenq+ and q�). This proedure, of ourse, hanges asymptoti behaviour butfuntions remain integrable despite singular behaviour at x ! 0. Our ex-pressions for �q(x) are:�uv(x) = x�0:436(1� x)3:726(Au +Bu x0:2 + Cu x+Du x 32 ) ;�dv(x) = x�0:624(1� x)4:476(Ad +Bd x0:553 + Cd x+Dd x 32 ) ;��s(x) = x�0:5(1� x)6:166(As +Bspx)e2:592qln 1x (ln 1x)�1:15 ;�S(x) = x�0:842(1� x)6:356(AS +BS x+ CS x2)(ln 1x)0:037 ;�Æ(x) = x�0:596(1� x)8:621(AÆ +BÆx0:876) ; (10)where we have introdued 15 new parameters.The polarized parton distribution funtions must satisfy positivity on-straint, ���q(x;Q2)�� � q(x;Q2) ; (11)whih leads to several onstraints on oe�ients in eah distribution. Fur-thermore we �x the normalization of the non-singlet distributions using theexperimental value of the axial harge:�q8 = 3F �D ; (12)where F and D are the antisymmetri and symmetri SU(3) oupling on-stants of hyperon beta deays [38,39℄. �q denotes the �rst moment, i.e. thetotal polarization of eah quark (or ombination of quarks), whih is de�nedas: �q = 1Z0 dx�q(x): (13)The SU(3)avour non-singlet ombinations are de�ned by:�q8 = (�u+��u) + (�d+��d)� 2(�s+��s) ;�q3 = (�u+��u)� (�d+��d) : (14)



1046 M. Kurzela, J. Bartelski, S. TaturAssuming that the sea ontribution for quarks and anti-quarks are equal,�rst moments of above non-singlet ombinations beome:�q8 = �uv +�dv + 2�S � 4��s ;�q3 = �uv ��dv � 2�Æ : (15)As we do not �x the �rst moment �q3 we are able to test the Bjorken sumrule [40℄ �q3 = F +D : (16)We do not put �Æ(x;Q2) = 0 (we distinguish ��u and ��d), thus we areable to test SU(2)isospin breaking e�ets. Other �rst moments that an bealulated using the obtained integrated quark polarizations are:�� = �uv +�dv + 2��s+ 2�S ;� p1 = 29�uv + 118�dv + 19��s+ 518�S � 16�Æ ; (17)� n1 = 118�uv + 29�dv + 19��s+ 518�S + 16�Æ ;The remaining 16 oe�ients of Eqs. (10) are determined by �tting theavailable data on the inlusive spin asymmetries for proton, neutron anddeuteron targets and on the semi-inlusive spin asymmetries for the protonand deuteron target. The �t is performed assuming that the spin asymme-tries do not depend on Q2. Although the latter assumption is not onsistentwith theoretial preditions (Q2-evolution of the numerator of Eqs. (1), (4))di�ers from Q2-evolution of the denominator due to di�erent polarized andunpolarized splitting funtions), it is onsistent with experimental observa-tion [11�19℄.The results for the parameters in Eq. (10) derived from the �t to dataon inlusive and semi-inlusive spin asymmetries are presented below:Au = 0:175 ; Bu = 0:301 ; Cu = 2:010 ; Du = 6:752 ;Ad = �0:381 ; Bd = 0:083 ; Cd = 0:046 ; Dd = �2:944 ;As = �0:00052 ; Bs = �0:007 ;AS = 0:026 ; BS = 0:574 ; CS = �1:863 ;AÆ = 0:002 ; BÆ = �0:289 ; (18)For the �t we get �2 = 147 for 157 d.o.f. (we use 123 data points fromtotally inlusive experiments and 48 data points from semi-inlusive exper-iment), hene �2=Nd:o:f: = 0:94. Results for the inlusive asymmetries forthe proton, neutron and deuteron target are ompared to the experimentaldata in Fig. 1. The omparison of the �tted semi-inlusive spin asymmetriesfor prodution of positively and negatively harged hadrons from the proton
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Fig. 1. The inlusive spin asymmetries AN total1 obtained from the total �t to theinlusive and semi�inlusive data, ompared to all existing inlusive data points.AN inl:1 and AN semi�inl:1 are preditions whih ome out from the �t to data oninlusive and semi-inlusive spin asymmetries, orrespondingly.and deuteron target to experimental points is given in Fig. 2. Polarizedquark distributions are presented in Fig. 3.The values of the �rst moments of parton distributions are as follows:�uv = 0:60� 0:01 ; ��u = 0:08 � 0:02 ;�dv = �0:56� 0:01 ; ��d = 0:07� 0:02 ;��s = �0:042 � 0:004 : (19)From these numbers one an evaluate the values of the �rst momentsof the struture funtions and other ombinations of the polarized quarkparton distributions:�u = 0:68 � 0:02 ; �d = �0:49 � 0:02 ;� p1 = 0:142 � 0:002 ; � n1 = �0:057 � 0:005 ;�� = 0:26 � 0:01 ; �q3 = 1:19 � 0:07 ;�qsea = 2(��u+��d+��s) = 0:22 � 0:04 : (20)In our model quark ontribution to the spin of the proton is dominated bythe sea polarization. The ontribution of eah valene quark is almost thesame but has the opposite sign, hene valene quarks arry little of the spinof the proton. However all distributions are �tted to the data points from
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Fig. 2. The semi-inlusive spin asymmetries obtained from the �t to the data onsemi-inlusive spin asymmetries, ompared to reent results presented by SMC [26℄.AN� total1 denotes semi-inlusive asymmetries obtained from the total �t to inlu-sive and semi-inlusive data. Preditions for semi-inlusive asymmetries alulatedusing distributions whih ome out from the �t to inlusive data are also presented(AN� inl:1 ). Note the last data point for Ap+1 , whih gives the largest ontributionto �2, even for the semi-inlusive �t.the measured region, i.e. for x > 0:003, and ontributions beyond the mea-sured region (R 0:0030 dx f(x)) are questionable. Moreover the low x behaviourof the polarized quark parton distributions is determined by the unpolar-ized ones, therefore it is not onsistent with the Regge theory predition.Though appliation of Regge theory is inompatible with the pQCD [41,42℄it is interesting to ompare preditions of the Regge type behaviour for lowx to the preditions of our model, espeially as some of the onsidered quan-tities hange rapidly for x < 0:003. For example R 0:0030 dx�dv(x) = �0:113while R 10:003 dx�dv(x) = �0:451. It is the onsequene of the power-like be-haviour of the type x�0:624. More dramatial hange an be observed for thenon-strange sea quark distribution. The ontribution of the low x region isR 0:0030 dx�S(x) = 0:072 while for x > 0:003 we get R 10:003 dx�S(x) = 0:079.This is due to the fat, that �S(x) is more singular for x tending to 0 thanany valene quark distribution. Multipliation of the term x�0:842 by theterm (ln 1x)0:037 enlarges the value of integral over the range from x = 0 tox = 0:003, but not signi�antly. The strange quark distribution behaviourfor low x is the most omplex one. The term x�0:5 is suppressed with the



Phenomenologial Analysis of Data on Inlusive and ... 1049xuv(4GeV2; x)x�usemi�incl:v (4GeV2; x)x�uincl:v (4GeV2; x)x�utotalv (4GeV2; x)
x 10.10.010.001

0.70.60.50.40.30.20.10-0.1 � xdv(4GeV2; x)x�dsemi�incl:v (4GeV2; x)x�dincl:v (4GeV2; x)x�dtotalv (4GeV2; x) x 10.10.010.001
0.050-0.05-0.1-0.15-0.2-0.25-0.3� x�u(4GeV2; x)x��usemi�incl:(4GeV2; x)x��uincl:(4GeV2; x)x��utotal(4GeV2; x)

x 10.10.010.001
0.060.050.040.030.020.010-0.01 � x�d(4GeV2; x)x��dsemi�incl:(4GeV2; x)x��dincl:(4GeV2; x)x��dtotal(4GeV2; x) x 10.10.010.001

0.030.020.010-0.01-0.02-0.03
� x�s(4GeV2;x)x��ssemi�incl:(4GeV2;x)x��sincl:(4GeV2;x)x��stotal(4GeV2;x) x 10.10.010.001

0.0050-0.005-0.01-0.015-0.02Fig. 3. The distributions derived from the total �t and from �ts to the data oninlusive and semi-inlusive spin asymmetries separately.
(ln 1x)�1:15 term but the multiplying term e2:592qln 1x inreases the ontribu-tion to the integral of the low x region very fast. Finally an integration overx below 0:003 gives �0:012 to the total polarization of the quark �s whih is�0:043.Now we an ompare our results to the more stable Regge theory pre-dition. The quantities integrated over region from x = 0:003 to x = 1(integration over the region overed by the experimental data plus extrap-olation for higher x) extrapolated to x = 0, postulating the Regge type



1050 M. Kurzela, J. Bartelski, S. Taturbehaviour for all quark parton distributions of a type x�0:5, give:�uv=0:61 ; �dv=�0:54 ; ��u=0:06 ; ��d=0:05 ; ��s=�0:04 ;� p1 =0:132 ; � n1 =�0:063 ; ��=0:20 ; �q3=1:17 ; �qsea=0:13 :(21)Our results on �rst moments of the proton and neutron struture fun-tions are in agreement with experimental results given in Ref. [18℄. Otherestimations in Ref. [14, 15, 20, 21℄ are slightly smaller but our results arestill onsistent within two standard deviations. For the �rst moment ofthe deuteron struture funtion gd1 = 12(gp1 + gn1 )(1 � 1:5pD) we get � d1 =0:039 � 0:004 (or � d1 = 0:032 if the Regge behaviour for low x is assumed)what is in exellent agreement with results in Ref. [16, 19℄. For the purelynon-singlet ombination of the struture funtions (gp1 � gn1 ), whih in ourmodel is � p�n1 = 16�q3, we obtain � p�n1 = 0:198 (0:195 assuming Reggebehaviour). This value is in good agreement with the O(�3s) [43℄ predi-tion 0.188 (�s(M2Z) = 0:109). The non-singlet ombination is expeted tobe less sensitive to the low x shape than its singlet ounterpart [44℄. Simi-larly, we observe that the value of �q3 varies between 1.19 and 1.17 while�u +�d = �uv +�dv + 2�S hanges from 0.34 in our model to 0.28 forRegge-type behaviour. We obtain a quite large and positive non-strange seapolarization and the whole sea polarization alike (2��s = �0:08 seems to bereasonable). Finally, �� = 0:26 (0:20) is onsistent with existing determi-nations.Performing �ts to the inlusive and semi-inlusive data separately wean test the impat of eah type of data on the total �t. When we use ourmodel to make a �t to the data on inlusive spin asymmetries solely, we get�2 = 95, nearly equal to 96.6, whih is the ontribution of the inlusive datapoints to the �2 = 147 of the total �t (�2=Nd:o:f: = 0:87 is better then inthe total ase �2=Nd:o:f: = 0:94). It an be observed in Fig.1, that inlusivespin asymmetries derived from both types of �ts do not di�er muh fromeah other in our model. Moreover results on the integrals over 0:003 <x < 1 of the struture funtions and singlet or non-singlet ombinationsof quark distributions are very lose to those obtained in the total �t. Indetails: �� = 0:27, � p1 = 0:126, � n1 = �0:050, �q3 = 1:05. Although thetotal polarization of quarks of a ertain �avour (i.e. �u(d; s) = �u(d)v +2��u( �d; �s)) does not vary muh, the division between valene and sea quarksdi�ers from the total �t onsiderably. For example, in 0:003 < x < 1 region,we get �uv = 0:336, �dv = �0:565. The reason is, that the valene and seaquark distributions of the same �avour have the same weight (eletri hargesquared) in the inlusive spin asymmetry (Eq. (12)). Hene the asymmetryis sensitive only to the whole �q distributions but not to valene and seaquark distributions separately. The distributions �u and �d derived from



Phenomenologial Analysis of Data on Inlusive and ... 1051the total �t and the �t to inlusive data have the same shape, whih an beseen in Fig. 4, whereas splits between valene and sea quark distributionsare di�erent in both ases (ompare Fig. 1).x�usemi�incl:(4GeV2; x)x�uincl:(4GeV2; x)x�utotal(4GeV2; x)
x 10.10.010.001

0.30.250.20.150.10.050-0.05 x�dsemi�incl:(4GeV2; x)x�dincl:(4GeV2; x)x�dtotal(4GeV2; x) x 10.10.010.001
0-0.02-0.04-0.06-0.08-0.1-0.12Fig. 4. The whole �d and �u distributions derived from the total �t and from �tsto the data on inlusive and semi-inlusive spin asymmetries separately.The omparison to the similar analysis (performed in Ref. [6℄), whihuses the MRS parametrization as an input shows us the in�uene of hoieof input parametrization on distributions and �rst moments. There is almostno di�erene between �rst moments of distributions for quarks of a ertain�avour obtained in Ref. [6℄ and in this analysis. Corresponding results are:�u = 0:76 (0.70 assuming Regge behaviour), �d = �0:52 (-0.37), �s =�0:07(-0.07). There is a signi�ant di�erene in division between valeneand sea quarks. What is most important, the total polarization of the seaquarks hanges its sign. In Ref. [6℄ �qsea = �0:18(-0.22) whereas we haveobtained �qsea = 0:22(0.13).Parameterizations obtained using inlusive and semi-inlusive data givea good desription of the semi-inlusive asymmetries, as an be seen in Fig. 4(the ontribution of 48 semi-inlusive data points to �2 = 147 of the total�t amounts 50.4, where the data point for Ap+1 at x = 0:48 gives the biggestpart). Still, �t performed using only semi-inlusive data leads to di�erentset of oe�ients of distribution funtions and other integrated results, asis seen in Figs. 1, 4. This is mainly aused by the data point for Ap+1 atx = 0:48, whih makes that semi-inlusive asymmetries go below the totaland inlusive preditions (Fig. 2). Absene of this point would improve theresult of omparison to the experiment and hange high x behaviour of the�tted semi-inlusive asymmetries.



1052 M. Kurzela, J. Bartelski, S. TaturWe get for the �t with semi-inlusive data points only �2 = 39:3(�2=Nd:o:f: = 1:2). The integrated quantities are:�uv = 0:68 � 0:01 ; ��u = 0:02 � 0:05 ; �u = 0:70 � 0:05 ;�dv = �0:32 � 0:05 ; ��d = �0:02 � 0:07 ; �d = �0:34 � 0:09 ;��s = �0:035 � 0:004 ;� p1 = 0:137 � 0:003 ; � n1 = �0:042 � 0:018 ; � d1 = 0:044 � 0:010 ;�� = 0:30 � 0:04 ; �q3 = 1:08 � 0:21 ; �qsea = �0:06� 0:17 :(22)There is no important di�erene between above �rst moments and inte-grals obtained assuming Regge behaviour for low x. These results are in agood agreement with experimental estimations [26℄. The presene of vari-ous weights in the semi-inlusive spin asymmetries (Eq. (12)) indues thatdivision of �u and �d between valene and sea parts is no longer stronglymodel dependent. Also di�erenes among sea quarks of di�erent �avoursare emphasized. In Fig. 1, one sees that the parametrizations obtained us-ing only semi-inlusive data points give inlusive asymmetries too far fromexperimental data points. If we ompute �2 for all data points of bothtypes with the obtained distributions we get 505 what is an unaeptablevalue. The substantial part omes from the E154 data for the neutron tar-get, mainly due to the di�erenes in the whole �d distribution obtainedfrom semi-inlusive and total �ts, as an be seen in Fig. 4.We have performed an analysis of the world data on polarized deep in-elasti sattering, inlusive and semi-inlusive, assuming that ��u 6= ��d, i.e.�Æ 6= 0. But in the inlusive ase only whole quark distributions of a ertain�avour are distinguished, i.e. have di�erent weights in the asymmetry. As�u(d) = �u(d)v+�S��Æ, putting�Æ 6= 0 gives two additional oe�ients,very weakly onstrained. We have performed also a �t to the inlusive dataonly, putting �Æ = 0 and we have got almost the same value of �2 as before.Although it is possible to obtain the information about di�erene between��u and ��d without taking into aount semi-inlusive data, the results arevery poorly onstrained by the data.The situation is better in the semi-inlusive ase where all of the dis-tributions (valene and sea separately) appear in the semi-inlusive spinasymmetry with di�erent weights. Hene, up till now, there are 24 datapoints2 onstraining the oe�ients of the �Æ distribution. Performing a �tto the semi-inlusive data with �Æ = 0 we have got a slightly worse value of�2 then in the ase with �Æ 6= 0.The inlusion of available semi-inlusive data to the analysis of the in-lusive events gives more stable results. Using data on semi-inlusive spin2 For the deuteron target �Æ does not appear in the formula for the semi-inlusive spinasymmetry.



Phenomenologial Analysis of Data on Inlusive and ... 1053asymmetries we an distinguish valene and sea quarks distributions of thesame �avour as well as ��u and ��d. However parametrization obtained asthe best �t to the semi-inlusive data gives the unaeptable desriptionof the inlusive ones, mainly due to the di�erenes in the �d distribution.Hene, we have got no perfet onsistene of inlusive and semi-inlusiveresults in our model. Additional data from semi-inlusive experiments us-ing 3He target an reverse the situation. The next step in the analysis, i.e.addition of the Q2-dependene of distribution funtions an also improve anagreement of our model with an experiment.Our analysis shows that the result whih gives the polarization of thesea quarks depends strongly on used parametrization of the polarized partondistributions. REFERENCES[1℄ M. Glük, E. Reya, M. Stratmann, W. Vogelsang, Phys. Rev. D53, 4775(1996).[2℄ T. Gehrmann, W.J. Stirling, Phys. Rev. D53, 6100 (1996).[3℄ G. Altarelli, R. Ball, S. Forte, G. Ridol�, Nul. Phys. B496, 337 (1997);R. Ball, S. Forte, G. Ridol�, Phys. Lett. B378, 255 (1996).[4℄ E154 Collaboration, K. Abe et al., Phys. Lett. B405, 180 (1997).[5℄ J. Bartelski, S. Tatur, Ata Phys. Pol. B26, 913 (1994), Z. Phys. 71, 595(1996), Ata Phys. Pol. B27, 911 (1996).[6℄ J. Bartelski, S. Tatur, Z. Phys. C75, 477 (1997).[7℄ D. de Florian, O. A. Sampayo, R. Sassot, Phys. Rev. D57, 5803 (1998).[8℄ M. Stratmann, DO-TH 97/22, DTP/97/90; hep-ph/9710379.[9℄ E. Leader, A.V. Sidorov, D.B. Stamenov, Int. J. Mod. Phys.A13, 5573 (1998).[10℄ C. Bourrely, F. Buella, O. Pisanti, P. Santorelli, J. So�er, Prog. Theor. Phys.99, 1017 (1998).[11℄ E80 Collaboration, M. J. Alguard et al., Phys. Rev. Lett. 37, 1261 (1976),Phys. Rev. Lett. 41, 70 (1978).[12℄ E130 Collaboration, G. Baum et al., Phys. Rev. Lett. 51, 1135 (1983).[13℄ EMC Collaboration, J. Ashman et al., Phys. Lett. 206, 364 (1988), Nul.Phys. B328, 1 (1990).[14℄ E142 Collaboration, P. L. Anthony et al., Phys. Rev. Lett. 71, 959 (1993);Phys. Rev. D54, 6620 (1996).[15℄ E143 Collaboration, K. Abe et al., Phys. Rev. Lett. 74, 346 (1995).[16℄ E143 Collaboration, K. Abe et al., Phys. Rev. Lett. 75, 25 (1995).[17℄ E143 Collaboration, K. Abe et al., Phys. Lett. B364, 61 (1995).[18℄ SMC Collaboration, D. Adams et al., Phys. Lett. B329, 399 (1994); Phys.Rev. 56, 5330 (1997).



1054 M. Kurzela, J. Bartelski, S. Tatur[19℄ SMC Collaboration, B. Adeva et al., Phys. Lett. B302, 533 (1993); D. Adamset al., Phys. Lett. B357, 248 (1995); Phys. Lett. B396, 338 (1997).[20℄ E154 Collaboration, K. Abe et al., Phys. Rev. Lett. 79, 26 (1997).[21℄ HERMES Collaboration, K. Akersta� et al., Phys. Lett. B404, 383 (1997).[22℄ S.J. Brodsky, J. Ellis, M. Karliner, Phys. Lett. B206, 309 (1988);J. Ellis, M. Karliner, Phys. Lett. B213, 73 (1988).[23℄ G. Altarelli, G.G. Ross, Phys. Lett. B212, 391 (1988).[24℄ L.L. Frankfurt et al., Phys. Lett. B230, 141 (1989).[25℄ EMC Collaboration, M. Arneodo et al., Nul. Phys. B321, 541 (1989).[26℄ SMC Collaboration, B. Adeva et al., Phys. Lett. B369, 93 (1996); Phys. Lett.B420, 180 (1998).[27℄ M. Anselmino, A. Efremov, E. Leader, Phys. Rep. 261, 1 (1995).[28℄ R.G. Roberts, The Struture of the Proton, Cambridge Univ. Press, 1990.[29℄ J. Bartelski, J. Krolikowski, M. Kurzela, hep-ph/9804415.[30℄ L.W. Whitlow et al., Phys. Lett. B250, 193 (1990). In Eq. (6) b1 should be0.06347, not 0.635.[31℄ S. Dasu et al., Phys. Rev. D49, 5641 (1994).[32℄ NMC Collaboration, M. Arneodo et al., Nul. Phys. B483, 3 (1997).[33℄ E140X Collaboration, L.H. Tao et al., Z. Phys. C70, 387 (1996).[34℄ CDHSW Collaboration P. Berge et al., Z. Phys. C49, 187 (1991).[35℄ M. Laombe et al., Phys. Rev. C21, 861 (1980); M.J. Zuilhof, J.A. Tjon, Phys.Rev. C22, 2369 (1980); R. R. Mahleid et al., Phys. Rep. 149, 1 (1987).[36℄ A.D. Martin, R.G. Roberts, W.J. Stirling, Phys. Lett. B354, 155 (1995).[37℄ M. Glük, E. Reya, A. Vogt, Z. Phys. C67, 433 (1995).[38℄ M. Bourquin et al., Z. Phys. C21, 27 (1983).[39℄ F.E. Close, R.G. Roberts, Phys. Lett. B316, 165 (1993).[40℄ J.D. Bjorken, Phys. Rev. 148, 1467 (1966); Phys. Rev. D1, 1376 (1970).[41℄ M.A. Ahmed, G.G. Ross, Phys. Lett.B56, 385 (1975); M.B. Einhorn, J. So�er,Nul. Phys. B74, 714 (1986).[42℄ R.D. Ball, S. Forte, G. Ridol�, Nul. Phys. B444, 287 (1996).[43℄ S.G. Gorishny, S.A. Larin, Phys. Lett. B172, 109 (1986); S.A. Larin,J.A.M. Vermaseren, Phys. Lett. B259, 345 (1991).[44℄ J. Bartels, B.I. Ermolaev, M.G. Ryskin, Z. Phys. C70, 273 (1996).


