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POLARISED PARTON DENSITIES FROM THE FITSTO THE DEEP INELASTIC SPIN ASYMMETRIESON NUCLEONSJan 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 January 29, 2001; revised version reeived Marh 26, 2001)We have updated our next to leading order QCD �t for polarised partondensities [S. Tatur, J. Bartelski, M. Kurzela, Ata Phys. Pol. B31, 647(2000)℄ using reent experimental data on the deep inelasti spin asymme-tries on nuleons. Our distributions have funtional form inspired by theunpolarised ones given by MRST (Martin, Roberts, Stirling and Thorne)�t. In addition to usually used data sample (averaged over variable Q2 forthe same value of x variable) we have also onsidered the points with thesame x and di�erent Q2. Our �ts to both groups of data give very simi-lar results with substantial antiquark ontribution in the measured regionof x. In the �rst ase we get rather small (�G = 0:31) gluon polarisation.For the non averaged data the best �t is obtained when gluon ontributionvanishes at Q2 = 1GeV2. Our new parametrisation of parton densities andadditional experimental data taken into aount do not hange muh ourprevious results.PACS numbers: 12.38.�t,13.60.Hb, 13.88.+e, 14.20.DhQuite a lot of data exist for the deep inelasti spin asymmetries on di�er-ent nuleon targets. The data ome from experiments made at SLAC [2�10℄,CERN [11�16℄ and DESY [17,18℄. The newest data on proton [9,16,18℄ anddeuteron targets [9, 10, 16℄ have smaller statistial errors and an improvephenomenologial �ts. (2101)



2102 J. Bartelski, S. TaturThe analysis of the EMC group results [11℄ started an interest in studyingpolarised struture funtions. The suggestion from Ref. [19℄ was that po-larised gluons may be responsible for the little spin arried by quarks. Theprogress made in theoretial alulations [20℄ enables one to perform nextto leading (NLO) order QCD �ts [21�26℄ and polarised parton distributions(i.e. for quarks, antiquarks and gluons) were determined. Many groups ob-tained high gluon polarisation (however, determined with a big error). Theaim of this paper is to extend our next to leading order QCD analysis givenin [1℄ by taking into aount, in addition to all previously onsidered data,also proton data [18℄ from HERMES (DESY) and deuteron data [10℄ fromE155 experiment (SLAC). We will also use di�erent �t for parton unpolariseddistributions [27℄. The main onlusion gotten in [1℄ was that gluon ontri-bution is negligible at Q2 = 1GeV2. In spite of the fat that we use nowdi�erent parametrisation for parton distributions our results (in partiularon gluon polarisation) do not hange very muh.As in [1℄ we will make �ts to two samples of the data. In the �rst groupwe will have data for the same x (stritly speaking for the near values) anddi�erent Q2 and in the seond the �averaged� data, where one averages overQ2 (the errors are smaller and Q2 dependene is smeared out). In most ofthe �ts to experimental data only the seond sample (namely, with averagedQ2 dependene) was used. Our �ts use the both sets of the data (the �rstgroup ontains 417 points and the seond 160 points). The gotten resultsare very similar for di�erent samples of data points (the same onlusionwas already drawn in [1℄). We have already stressed [28℄ that making a�t to spin asymmetries enables one to avoid the problem with higher twistontributions whih are probably less important in suh a ase (see also forexample [29℄).Experiments on unpolarised targets provide information on the unpo-larised quark densities q(x;Q2) and G(x;Q2) inside the nuleon. Thesedensities an be expressed in term of q�(x;Q2) and G�(x;Q2), i.e. densitiesof quarks and gluons with heliity along or opposite to the heliity of theparent nuleon. q = q+ + q�; G = G+ +G� : (1)The polarised 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), in other words, wewill try to onnet unpolarised and polarised data.



Polarised Parton Densities from the Fits to the Deep Inelasti Spin : : : 2103Let us start with the formulas for unpolarised quark parton distributionsgotten (at Q2 = 1GeV2) from the one of reent �ts performed by Martin,Roberts, Stirling and Thorne [27℄. One has for valene quarks (one uses�nf=4MS = 0:3 GeV and �s(M2Z) = 0:120):uv(x) = 0:6051x�0:5911(1� x)3:395(1 + 2:078px+ 14:56x) ;dv(x) = 0:0581x�0:7118(1� x)3:874(1 + 34:69px+ 28:96x) ; (3)whereas for the antiquarks:2�u(x) = 0:4M(x) � Æ(x) ;2 �d(x) = 0:4M(x) + Æ(x) ;2�s(x) = 0:2M(x) : (4)The singlet ontribution M = 2[�u+ �d+ �s℄ is given by:M(x) = 0:2004x�1:2712(1� x)7:808(1 + 2:283px+ 20:69x) ; (5)and the isovetor part (Æ = �d� �u) is:Æ(x) = 1:290x0:183(1� x)9:808(1 + 9:987x � 33:34x2) : (6)Unpolarised gluon distribution is given by:G(x) = 64:57x�0:0829(1� x)6:587(1� 3:168px+ 3:251x) : (7)We will split q and G, as was already disussed in Ref. [1℄, into two partsin suh a manner that the distributions q�(x;Q2) and G�(x;Q2) remainpositive. At the end of the paper we will disuss the onsequenes of relaxingthe positivity onditions. Our expressions for �q(x) = q+(x) � q�(x) areparametrised as follows:�uv(x) = x�0:5911(1� x)3:395(a1 + a2px+ a4x) ;�dv(x) = x�0:7118(1� x)3:874(b1 + b2px+ b3x) ;�M(x) = x�0:7712(1� x)7:808(1 + 2px) ; (8)�Æ(x) = x0:183(1� x)9:8083(1 + 9:987x � 33:34x2);�G(x) = x�0:0829(1� x)6:587(d1 + d2px+ d3x) :It is very important what assumptions one makes about the sea ontri-bution. From the MRST �t for unpolarised struture funtions the naturalassumption would be: ��s = ��d=2 = ��u=2. This assumption together withthe ondition that SU(3) ombination of densities: a8 = �u + �d � 2�s



2104 J. Bartelski, S. Taturshould be equal to the value determined from the semileptoni hyperon de-ays ould be very restritive. The quantity �s is pushed into negativevalues and so is non-strange sea. Instead of onneting �s in some way tonon-strange sea value we introdue additional free parameters for the strangesea ontribution namely�Ms = x�0:7712(1� x)7:808(1s + 2spx) : (9)In this way we will have additional independent parameters for the strangequarks. Hene, in our �ts we will start with fourteen parameters. Comparingthe expression (5) with (8) and (9) we see that in �M (and �Ms) there isno term behaving like x�1:2712 at small x (we assume that �M and heneall sea distributions have �nite integral) whih means that we split �M intotwo parts (�M+ and �M�) in suh manner that the most singular term inthe sea ontribution drops out. Hene, in the �tting proedure we are usingfuntions that are suggested by the �t to unpolarised data. Maybe not allparameters are important in the �t and it ould happen that some of theoe�ients in Eqs. .(8),(9) taken as free parameters in the �t are small or insome sense super�uous. Putting them to zero or eliminating them inrease�2 only a little but makes �2=NDF smaller. We will see that this is the asewith some parameters introdued in Eqs. (8),(9).In order to get the unknown parameters in the expressions for polarisedquark and gluon distributions (Eqs. (8),(9)) we alulate the spin asym-metries (starting from initial Q2 = 1 GeV2) for measured values of Q2 andmake a �t to the experimental data on spin asymmetries for proton, neutronand deuteron targets. The spin asymmetry A1(x;Q2) an be expressed viapolarised struture funtion g1(x;Q2) asA1(x;Q2) �= (1 + 2)g1(x;Q2)F1(x;Q2) = g1(x;Q2)F2(x;Q2) [2x(1 +R(x;Q2))℄ ; (10)where R = [F2(1+2)�2xF1℄=2xF1 whereas F1 and F2 are the unpolarisedstruture funtions and  = 2Mx=Q. We will take the new determinedvalue of R from the [30℄. The fator (1 + 2) plays non negligible role for xand Q2 values measured in SLAC experiments. In alulating g1(x;Q2) andF2(x;Q2) in the next to leading order we will follow proedure desribedin [1℄ following the method desribed in [21,32℄ performing alulations withMellin transforms and then alulating Mellin inverse. Having alulatedthe asymmetries aording to equation (10) for the value of Q2 obtainedin experiments we an make a �t to asymmetries on proton, neutron anddeuteron targets. We will take into aount 417 points (193 for proton, 171for deuteron and 53 for neutron). We will not �x a8 = �u+�d�2�s valuebut we will add experimental point a8 = 0:58 � 0:1 with enhaned (to 3�)



Polarised Parton Densities from the Fits to the Deep Inelasti Spin : : : 2105error. That means we will simply add to �2 orresponding to experimentalpoints for spin asymmetries the term onneted with experimental pointfrom hyperon deays. We will disuss how this additional experimentalpoint in�uenes our results.The �t with all fourteen parameters from Eqs. (8),(9) gives �2 = 340:4. Itseems that some of the parameters of the most singular terms are super�uousand we an eliminate them. We will put d1 = d2 = 0 (suh assumption givesthat ÆG=G � x for small x), b1 = 0 (the most singular term in �dv) andassume 1s = 1 (i.e. the most singular terms for strange and non-strange seaontributions are equal). Fixing these four parameters in the �t pratiallydoes not hange �2 but improves �2=NDF. The resulting �2 per degree offreedom is better than in the previous �t and one gets �2=NDF = 341:1418�10=0.84. In this ase we get the following values of parameters from the �t toall existing (above mentioned) data for Q2 � 1GeV2 for spin asymmetries:a1 = 0:61 � 0:00 ; a2 = �6:1� 0:19 ; a4 = 15:7� 0:42 ;b2 = �1:56� 0:20 ; b3 = �0:43 � 0:49 ;1 = �0:40� 0:03 ; 2 = 4:15 � 0:00 ;1s = 1 ; 2s = �0:28 � 0:83 ;3 = �1:29� 2:53 ;d3 = 2:01 � 11:2 : (11)Atually also the parameter d3 ould be put equal to zero without inreasing�2=NDF. We get in this ase the smallest �2=NDF = 341:1418�9 =0.83. Thatmeans that d3 is not well determined in the �t and the best �2=NDF iswithout gluoni ontribution.The obtained quark and gluon distributions lead for (Q2 =1 GeV2) tothe following integrated (over x) quantities: �u = 0:80�0:02; �d = �0:65�0:03; �s = �0:21 � 0:05; �uv = 0:67 � 0:02; �dv = �0:59 � 0:02; 2��u =0:14 � 0:03; 2� �d = �0:07� 0:03:These numbers yield the following preditions: a0 = �u + �d +�s =�0:06� 0:07; a3 = �u��d = 1:45� 0:02; �G = 0:04� 0:19; � p1 = 0:111�0:006; � n1 = �0:096 � 0:006; � d1 = 0:007 � 0:005:We have positively polarised sea for up and negatively for down quarksand very strongly negatively polarised sea for strange quarks. Beause ofthe big negative value of �s the quantity a0 is also negative. The gluonpolarisation is small. The value of a3 was not assumed as an input in the�t (as is the ase in nearly all �ts [24℄) and omes out slightly higher thanthe experimental value. The quantity �Æ, whih ontributes to the value ofa3 omes out relatively big from the �t (oe�ient in front of �Æ is equal tothat in Æ) but with very big error. Putting 3 = 0 inreases �2 to 342.0 andalso the number per degree of freedom is bigger. Hene, the value of �Æ isnot very well determined.



2106 J. Bartelski, S. TaturAs was already mentioned in [1℄ the asymptoti behaviour at small x ofour polarised quark distributions is determined by the unpolarised ones andhene do not have the expeted theoretially Regge type behaviour. Someof the quantities in our �t hange rapidly for x � 0:003.Hene, we will present quantities integrated over the region from x=0.003to x=1 (it is pratially integration over the region whih is overed by theexperimental data, exept non ontroversial extrapolation for highest x).The orresponding quantities for our basi �t are �u = 0:85 (�uv = 0:56,2��u = 0:29), �d = �0:48 (�dv = �0:57, 2� �d = 0:09), �s = �0:12,a0 = 0:25, �G = 0:04, � p1 = 0:123, � n1 = �0:056, � d1 = 0:036, a3 = 1:32.In this region the obtained values of sea ontributions are relatively highand those of valene quarks relatively small. Gluon ontribution pratiallyvanishes. There is relatively strong dependene of di�erent quantities in theunmeasured region (0 � x � 0:003). Maybe the unpolarised MRST partondistributions (with the above mentioned modi�ations) do not desribe quiteorretly the small x behaviour of polarised parton distributions. On theother hand the �t to the data is very good. So, the values of integratedquantities in the measured region, we onsider as more reliable then in thewhole region. With the value of �s = �0:12 in the measured region of x wehave a0 = 0:25 and with �s = �0:21 in the whole region of x a0 beomesnegative (�0.06). We want to stress one more that our �ts lead to thesubstantial antiquark ontribution in the measured region of x and rathersmall gluon ontribution.When we use the quantities alulated in the measured region and extendthem to the full x region using asymptoti Regge behaviour for small x weget �u = 0:86 (�uv = 0:59, 2��u = 0:27), �d = �0:51 (�dv = �0:58,2� �d = 0:07), �s = �0:14, a0 = 0:21, �G = 0:04, a3 = 1:37. We have usedx�� behaviour for small x (with �0:25 � � � 0:25) and the quantities donot depend strongly on a spei� value of �. For the values given above� = 0 was used.Now, we shall alulate � p, � n and � d in the measured region for Q2= 5 GeV2 and ompare them with the quantities given by the experimentalgroups. We get in the region between x = 0:003 and x = 0:8 (overed by thedata) � p1 = 0:132�0:006, � n1 = �0:051�0:007 and � d1 = 0:037�0:006. Theexperimental group SMC presents [23℄ the following values in suh region(for Q2 = 5 GeV2): � p1 = 0:130 � 0:007 ;� n1 = �0:054 � 0:009 ;� d1 = 0:036 � 0:005 : (12)One an see that our results are in good agreement with experimental values.



Polarised Parton Densities from the Fits to the Deep Inelasti Spin : : : 2107In Fig. 1 we present (as an example) our �t to the non averaged data inomparison with measured (averaged over Q2) g1=F1 for new proton (HER-MES) and deuteron (E155) data. The urves are obtained by joining thealulated values of asymmetries orresponding to atual values of x and Q2for measured data points. The urves are not �tted but the di�erene in�tted asymmetries for averaged and non-averaged data are very small. Forasymmetries the urves with Q2 evolution taken into aount and evolutionompletely negleted do not di�er very muh so we do not present them.
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Fig. 1. The omparison of our preditions for gN1 (x;Q2)=FN1 (x;Q2) versus x fromthe basi �t with HERMES proton and E155 deuteron averaged data.In Figs. 2 and 3 we show the omparison of our preditions for g1 from thebasi �t with the measured averaged values for proton, deuteron and neutrondata. The values of g1 were alulated from the �tted spin asymmetriesfor the values of x and Q2 measured for averaged data points in di�erentexperiments and then joined together. The agreement is good and showsonsisteny of assumptions we made. On the other hand the spread ofexperimental points is still substantial. Polarised quark distributions for upand down valene quarks as well as non strange, strange quarks and gluonsforQ2 = 1 GeV2 are presented in �gure 4. Dashed urves represent the+ and� omponents for di�erent parton densities. The solid urves orrespond tothe di�erene of + and � omponents, the sums of omponents (not shown)orrespond to nonpolarised parton distributions. We see that espeiallypolarised gluon distribution funtion is really tiny and does not resemblethe distribution funtion for unpolarised ase. We would like to stress thatour proedure to get a parametrisation of polarised distributions enables oneto show + and � omponents of suh densities and not only their di�erene,as is the ase in other determinations of parton polarisations.The gluon distribution is also quite di�erent from the gluon distribution(given in [34℄) used to estimate �G=G in COMPASS experiment planned atCERN [35℄. For x = 0:1 (at Q2 = 1GeV2) we have �G=G = 0:01 and thisis below a planned experimental resolution.
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Fig. 2. The omparison of our preditions for gN1 (x;Q2) versus x with the measuredstruture funtions in experiments on proton target: SMC, E143, HERMES andon deuteron target SMC, E143 and E155.In our �t the value of a8 is �xed by adding experimental point on thisquantity. When we relax the ondition for a8 = 0:58 we get �2 = 340:8, so�2 pratially does not hange. We get the �t with the parameters not verydi�erent from our basi �t but with �s = 0:01 and very small a8 = 0:03far from the value obtained from low energy experiments. It seems that�s is not well determined from the data on spin asymmetries alone butthat does not in�uenes strongly the values of non strange quark and gluonparameters.
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Fig. 3. The omparison of our preditions for gn1 (x;Q2) versus x alulated fromthe basi �t with the measured struture funtions in E142, E154 and HERMESexperiments.We have also repeated the �t with the spei� assumption for the seaontribution namely: ��u = ��d = 2��s, the assumption that follows diretlyfrom MRST unpolarised �t with the additional experimental point for a8.The �2 value inreases signi�antly and per degree of freedom one gets anumber �2=NDF = 353:2418�9 =0.86 whih is worse than in our basi �t. In thisase we have �u = 0:80 (�uv = 0:87, 2��u = �0:07), �d = �0:61 (�dv =�0:40, 2� �d = �0:21), �s = �0:07, a0 = 0:11, �G = 0:07 and a8 = 0:33.The quantity �s must be negative in order to get experimental value for a8and beause of our assumption ��u = ��d = 2��s we obtain negative valuesof non strange sea for up and down quarks. The values of �u = �uv +2��uand �d = �dv + 2� �d do not hange signi�antly (however, �uv and �dvhange). Also �G does not hange and is small. With the assumptiononerning non-strange and strange sea and additional experimental pointon a8 we get a8 = 0:33 and high �2 value. Part of the inrease in �2omes from that deviation from the experimental value. On the other handwe want to stress that without the experimental point orresponding to a8we get �2 = 340:8 and reprodue the basi solution with relaxed a8 value.Drawing the onlusions from the disussion of the above assumption (very
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Polarised Parton Densities from the Fits to the Deep Inelasti Spin : : : 2111As in [1℄ we look on onsequenes of eliminating the most singular termsin polarised distributions (�uv(x) and �M(x)). For omparison we haveinvestigated the model when in polarised densities these singular ontribu-tions are absent. In this ase �uv and �M are px less singular than inour basi �t. For suh a �t we get �2=NDF = 356:6418�8 =0.87, i.e. signi�antlyhigher than in our basi �t. We get in this ase: �u = 0:77 (�uv = 0:57,2��u = 0:20), �d = �0:38 (�dv = �0:63, 2� �d = 0:25), �s = �0:10,a0 = 0:28, �G = 0:22. In suh �t the integrated quantities taken over thewhole range of 0 � x � 1 and in the trunated one (0:003 � x � 1) di�ervery little. The quantity �G is positive and di�erent from zero. So it ispossible to get the �t with pratially no hange of integrated quantities inthe region between x = 0 and x = 0:003 but with signi�antly higher �2value. For Q2=1 GeV2 we have � p1 = 0:122 and � n1 = �0:041.Now, let us onsider the �t when, instead of 417 points for di�erent x andQ2 values, one uses only 160 data points (with the averaged Q2 values for thesame x). We get �2=NDF = 118:3161�10 = 0.78. This �t is very good, better thanour basi �t. The integrated values for quark and gluon densities are: �u =0:79 (�uv = 0:65, 2��u = 0:14), �d = �0:66 (�dv = �0:60, 2� �d = �0:06),�s = �0:22, a0 = �0:09, �G = 0:31 and a3 = 1:45. We see that averagingover Q2 and di�erent numbers of data points leads to very similar �t. Thevalues for integrated valene densities and non-strange sea ontribution areonly a bit hanged (the same is also true for integrated quantities in theregion 0:003 � x � 1) and the only di�erene is in integrated gluon density.We get a little bit higher value for �G = 0:31� 0:28. Similar value was alsoobtained by other group [23℄. For x = 0:1 at Q2 = 1GeV2 �G=G = 0:08and is slightly above a planned experimental resolution in COMPASS.For ompleteness we will also present �ts negleting evolution of partondensities with Q2 (formulas from the simple parton model). We get fornon averaged data sample �2=NDF = 349:9418�9=0.86 (bigger than in our basi�t: �2=NDF =0.84): �u = 0:66 (�uv = 0:56, 2��u = 0:10), �d = �0:49(�dv = �0:49, 2� �d = 0:0), �s = �0:20, a0 = �0:03, a3 = 1:14, � p1 = 0:108,� n1 = -0.082. For averaged data points we get �2=NDF = 125:4161�9=0.83 (thisnumber should be ompared with �2=NDF =0.78, the orresponding quantityfrom the NLO �t) and we have: �u = 0:66 (�uv = 0:58, 2��u = 0:08),�d = �0:48 (�dv = �0:48, 2� �d = 0:0), �s = �0:20, a0 = �0:03. Hene,�2 per degree of freedom is smaller in the ase of averaged sample. We seethat both �ts give very similar results. It means that the averaging of datadoes not in�uene the �t when we do not take Q2 evolution into aount(the di�erenes are also very small in the 0:003 � x � 1 region).It has been pointed out [22℄ (and disussed in [1℄) that the positivity on-ditions ould be restritive and in�uene the ontribution of polarised gluons.We have also made a �t to experimental data without suh assumption for
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