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2Preise measurements of the spin struture funtions of the proton gp1(x;Q2) and deuterongd1 (x;Q2) are presented over the kinemati range 0:0041 � x � 0:9 and 0:18 GeV2 � Q2 � 20GeV2. The data were olleted at the HERMES experiment at DESY, in deep-inelasti satteringof 27.6 GeV longitudinally polarized positrons o� longitudinally polarized hydrogen and deuteriumgas targets internal to the HERA storage ring. The neutron spin struture funtion gn1 is extratedby ombining proton and deuteron data. The integrals of gp;d1 at Q2 = 5 GeV2 are evaluated over themeasured x range. Negleting any possible ontribution to the gd1 integral from the region x � 0:021,a value of 0:330 � 0:011(theo:) � 0:025(exp:) � 0:028(evol.) is obtained for the avor-singlet axialharge a0 in a leading-twist NNLO analysis.PACS numbers: 13.60.-r, 13.60.Hb, 13.88.+e, 14.20.Dh, 14.65.-q, 67.65.+zKeywords:I. INTRODUCTIONA major goal in the study of Quantum Chromo-Dynamis (QCD) in reent years has been the detailedinvestigation of the spin struture of the nuleon and thedetermination of the partoni omposition of its spin pro-jetion:Sz = 12 = 12��(�2) + �g(�2) + Lqz(�2) + Lgz(�2) : (1)Here 12�� (�g) desribes the net integrated ontributionof quark and anti-quark (gluon) heliities to the nuleonheliity and Lqz (Lgz) is the z omponent of the orbitalangular momentum among all quarks (gluons). The in-dividual terms in the sum are dependent on sale � andfatorization sheme, and the deomposition of the gluontotal angular momentum Jgz (�2) = �g(�2) + Lgz(�2) isnot gauge invariant.Detailed information about �� and its avor deom-position into the ontributions from quarks and anti-quarks an be obtained from various soures. In the on-text of this paper, double-spin asymmetries of ross se-tions in inlusive deep-inelasti sattering (DIS) `+N !`+X of longitudinally polarized harged leptons o� lon-gitudinally polarized nuleons are onsidered, where onlythe sattered harged lepton is observed but not thehadroni �nal state X. Inlusive sattering is sensitiveto the square of the quark harges, and therefore an-not distinguish quarks from anti-quarks. This distintionan be made in semi-inlusive deep-inelasti sattering` + N ! ` + h +X, where in addition to the satteredlepton one or more hadrons, produed in the reation,are reorded [1, 2℄.The theoretial and experimental status on the spinstruture of the nuleon has been disussed in great detailin several reent reviews (see, e.g., Refs. [3, 4, 5, 6, 7℄ andreferenes therein). Here only the essential ingredientswill be summarized.In lowest order perturbation theory, the deep-inelastireation ` + N ! ` + X proeeds via the exhange of�Present address: Thomas Je�erson National Aelerator Faility,Newport News, Virginia 23606, USA

a neutral virtual boson (�; Z0). At HERMES enter-of-mass energies ontributions from Z0-exhange to theross setion an be safely negleted. Therefore only theeletromagneti interation in the approximation of one-photon exhange is taken into aount here. In this ap-proximation, the ross setion of polarized inlusive DISis parameterized by two spin struture funtions g1 andg2. These funtions annot presently be alulated fromthe QCD Lagrangian.In the QCD-improved quark parton model (QPM), i.e.,at leading twist, and to leading logarithmi order in therunning strong oupling onstant �s(Q2) of Quantum-Chromodynamis (LO QCD), the deep-inelasti satter-ing o� the nuleon an be interpreted as the inoherentsuperposition of virtual-photon interations with quarksof any avour q. By angular momentum onservation,a spin-12 parton an absorb a hard photon only whentheir spin orientations are opposite. Polarized photonswith the same (opposite) heliity as the polarized targetnuleon onsequently probe the quark number densityq*)(x;Q2) (q*((x;Q2)) for quarks with the same (oppo-site) heliity as that of the parent nuleon. The spinstruture funtion g1 has then a probabilisti interpreta-tion, whih for the proton and the neutron reads:gp;n1 (x;Q2) = 12Xq e2q ��qp;n(x;Q2) + ��qp;n(x;Q2)�= 12 he2i ��qS(x;Q2) + �qp;nNS(x;Q2)� : (2)Here, the quantity �Q2 is the squared four-momentumtransferred by the virtual photon, x is the fration ofthe nuleon's light-one momentumarried by the strukquark, eq is the harge, in units of the elementary hargejej, of quarks of avor q, he2i = Pq e2q=Nq is the aver-age squared harge of the Nq ative quark avors, and�q(x;Q2) = q*)(x;Q2)� q*((x;Q2) is the quark heliitydistribution for massless1 quarks of avor q in a longitudi-nally polarized nuleon in the `in�nite-momentumframe'.Correspondingly, ��q(x;Q2); �q*)(x;Q2) and �q*((x;Q2)are anti-quark distributions. The avor singlet and avor1 Among the power orretions are terms of order m2q=Q2.



3non-singlet quark heliity distributions are de�ned as�qS(x;Q2) = Xq ��qp;n(x;Q2) + ��qp;n(x;Q2)�� ��(x;Q2); (3)and�qp;nNS(x;Q2) = 1he2iXq e2q ��qp;n(x;Q2)+��qp;n(x;Q2)���qS(x;Q2): (4)The funtions gp1 and gn1 di�er only in their non-singletomponents, whih through isospin symmetry are ob-tained from eah other by exhanging u and d quarks:�up = �dn � �u;�dp = �un � �d. For the analysispresented in this paper, only the three lightest quark a-vors, q = u; d; s, are taken into aount and the numberof ative quark avors Nq is equal to three.Quantities of partiular importane are the �rst mo-ments of the quark heliity distributions:�q(Q2) = Z 10 dx�q(x;Q2) : (5)The quantity (�q(Q2) + ��q(Q2)) is the net number ofquarks plus antiquarks of avor q with positive heliityinside a nuleon with positive heliity and thus 12��(Q2)is the net ontribution to the nuleon's heliity that anbe attributed to the heliities of the quarks.In LO QCD the gluon distribution does not ontributeexpliitly in Eq. (2) to the struture funtion g1(x;Q2),but it does appear in the QCD evolution equations [8℄ forg1. Beyond leading order QCD, also gluons have to betaken expliitly into aount in the expression for g1, with�g(x;Q2) being the gluon heliity distribution. The �rstmoment �g(Q2) = R 10dx�g(x;Q2) represents the totalgluon heliity ontribution to the heliity of the nuleon.If the eletromagneti urrents in the nuleon aretreated as �elds of free quarks of only the lightest threeavors, the �rst moment of the struture funtion g1 anbe deomposed into ontributions from the axial hargesa3; a8, and a0, whih are related to the hadroni matrixelements of the otet plus singlet quark SU(3) axial ve-tor urrents. In the saling (Bjorken) limit,�p;n1 (Q2) = Z 10 dx gp;n1 (x;Q2) = 136 (a8 � 3a3 + 4a0) :(6)Here the +(�) sign of the a3 term holds for the proton(neutron). In the naive quark model, the axial hargesare related to the �rst moments of quark heliity distri-butions by a3 = (�u+��u) � (�d+��d); (7)a8 = (�u+��u) + (�d+��d)� 2(�s+��s); (8)

a0 = (�u+��u) + (�d+��d) + (�s+��s) � ��: (9)The quantities on either side of Eqs. (7) and (8) are avornon-singlet quantities and independent ofQ2 to any orderin �s(Q2). Beyond LO, a0 beomes dependent on Q2,and �� may or may not be the same and may or maynot depend on Q2, depending on the fatorization shemehosen [9, 10℄.In the approximation of SU(3) avor symmetry and ofidential masses of up-, down-, and strange-quarks, thefundamental non-singlet quantities a3 and a8 an be re-lated to the two deay onstants F and D whih governthe Gamow-Teller part of the avor-hanging weak de-ays in the spin-12 baryon otet [3℄: a3 = F + D anda8 = 3F � D. Here the values F = 0:464 � 0:008 andD = 0:806� 0:008 are used as obtained from a �t to re-ent hyperon deay data [11℄, leading to a3 = F +D =gA=gV = 1:269�0:003 and a8 = 3F �D = 0:586�0:031,with negligible orrelation between a3 and a8. Measure-ments of one of the spin struture funtions gp;n;d1 and its�rst moment provide via Eqs. (6) to (8) the third nees-sary input for the determination of the avor-singlet ax-ial harge a0, and thereby also of �� and the momentsof the heliity distributions of the three quark avors(�u+��u), (�d+��d) and (�s+��s).At any order in �s(Q2) and in a leading-twist ap-proximation, the struture funtion g1 is a onvolutionof quark, anti-quark and gluon heliity distributions [12℄with Wilson oeÆient funtions �C(x; �s(Q2)) [13℄:gp;n1 (x;Q2) =12 he2i Z 1x dx0x0 h�CS � xx0 ; �s(Q2)��qS(x0; Q2)+ 2Nq�Cg � xx0 ; �s(Q2)��g(x0; Q2)+ �Cp;nNS � xx0 ; �s(Q2)��qp;nNS(x0; Q2)i : (10)In LO Eq. (10) redues to Eq. (2) sine then �CS and�CNS beome Æ funtions and �Cg vanishes. The fa-torization between the heliity distributions and the o-eÆient funtions involves some arbitrary hoie, andhene the distributions and their moments depend on thefatorization sheme. The struture funtion g1(x;Q2),as a physial observable, is sheme independent. Thereare straightforward transformations that relate di�erentshemes and their results to eah other. In the `modi-�ed minimal subtration' (MS) sheme [14℄, the fator-ization sheme ommonly used in most of the presentNLO analyses of unpolarized deep-inelasti and hard pro-esses, the �rst moment of the gluon oeÆient funtionvanishes and �g(Q2) does not ontribute to the �rstmoment of g1. Therefore �1 an be diretly related toa0(Q2) MS= ��(Q2).



4In the MS sheme, Eq. (6) beomes�p;n1 (Q2) = 136 h(a8 � 3a3)�CMSNS (�s(Q2))+4a0�CMSS (�s(Q2))i ; (11)where �CMSNS (�s(Q2)) and �CMSS (�s(Q2)) are the �rstmoments of the non-singlet and singlet Wilson oeÆientfuntions, respetively.The di�erene of the g1 moments for proton and neu-tron leads to the Bjorken Sum Rule [15, 16℄, whih inleading twist reads:�p1(Q2) � �n1 (Q2) = 16a3�CMSNS (�s(Q2)); (12)while their sum is given by:�p1(Q2) + �n1 (Q2) = 118 ha8�CMSNS (�s(Q2))+4a0�CMSS (�s(Q2))i : (13)This sum equals twie the deuteron moment apart froma small orretion due to the D-wave admixture to thedeuteron wave funtion (see Eq. (23)). The measurementof �d1 hene allows for a straightforward determination ofa0 using only a8 as additional input.In the MS sheme, the non-singlet (singlet) oeÆienthas been alulated up to third (seond) order in thestrong oupling onstant [17℄:�CMSNS (�s(Q2)) = 1��s� �3:583��s� �2�20:215��s� �3(14)�CMSS (�s(Q2)) = 1� ��s� �� 1:096��s� �2 ; (15)for Nq = 3 [18℄. Estimates exist for the fourth (third)order non-singlet (singlet) term [19℄.The �rst determination of �� was a moment analysisof the EMC proton data [20℄, using Eq. (11) and the mo-ments of the Wilson oeÆients in O(�1s). It resulted in�� = 0:120�0:094(stat)�0:138(sys), muh smaller thanthe expetation (�� � 0:6) [21, 22℄ from the relativis-ti onstituent quark model. This result aused enor-mous ativity in both experiment and theory. A seriesof high-preision sattering experiments with polarizedbeams and targets were ompleted at CERN [23, 24, 25℄,SLAC [26, 27, 28℄, DESY [29℄ and ontinue at CERN [30℄and JLAB [31℄. Suh measurements are always restritedto ertain x and Q2 ranges due to the experimental on-ditions. However, any determination of �� requires an`evolution' to a �xed value of Q2 and an extrapolation ofg1 data to the full x range and substantial unertaintiesmight arise from the neessary extrapolations x! 0 andx ! 1. This limitation applies also to reent determi-nations of �� based on NLO �ts [32, 33, 34, 35, 36℄ ofthe x and Q2 dependene of g1 for proton, deuteron, and

neutron, using Eq. (10) and the orresponding evolutionequations.This paper reports �nal results obtained by the HER-MES experiment on the struture funtion g1 for the pro-ton, deuteron, and neutron. The results inlude an anal-ysis of the proton data olleted in 1996, a re-analysis of1997 proton data previously published [37℄, as well as theanalysis of the deuteron data olleted in the year 2000.While the auray of the HERMES proton data is om-parable to that of earlier measurements, the HERMESdeuteron data are more preise than all published data.By ombining HERMES proton and deuteron data, pre-ise results on the neutron spin struture funtion gn1 areobtained.For this analysis, the kinemati range has been ex-tended with respet to the previous proton analysis, toinlude the region at low x (0:0041 � x � 0:0212) withlow Q2. In this region the information available on g1was sparse. As will be disussed in Set. VI, the �rstmoment �d1 determined from HERMES data appears tosaturate for x < 0:04. This observation allows for a de-termination of a0 with small unertainties and for a testof the Bjorken Sum Rule, as well as sheme-dependentestimates of �� and the �rst moments of the avor sep-arated quark heliity distributions, �u + ��u, �d + ��dand �s+��s.The paper is organized as follows: the formalism lead-ing to the extration of the struture funtion g1 willbe briey reviewed in Set. II, Set. III deals with theHERMES experimental arrangement and the data anal-ysis is desribed in Set. IV. Final results are presentedin Set. V and disussed in Set. VI.II. FORMALISMIn the one-photon-exhange approximation, the di�er-ential ross setion for inlusive deep-inelasti satteringof polarized harged leptons o� polarized nulear targetsan be written [38℄ as:d2�(s; S)dx dQ2 = 2��2y2Q6 L��(s)W��(S) ; (16)where � is the �ne-struture onstant. As depited inFig. 1 the leptoni tensor L�� desribes the emission ofa virtual photon at the lepton vertex, and the hadronitensorW�� desribes the hadron vertex. The main kine-mati variables used for the desription of deep-inelastisattering are de�ned in Tab. I. The tensor L�� anbe alulated preisely in Quantum Eletro-Dynamis(QED) [15℄:L��(s) = 2(k�k0� + k�k0� � g��(k � k0 �m2l ))+ 2i�����(k � k0)�s� : (17)Here the spinor normalization s2 = �m2l is used. In thefollowing the lepton mass ml is negleted. For a spin-1/2
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WFIG. 1: Shemati piture of Deep-Inelasti Sattering forone photon exhange. The kinemati variables are de�ned inTab. I.target the representation of W�� requires four struturefuntions to desribe the nuleon's internal struture. Itan be written as [15, 39, 40℄:W��12 (S)= ��g�� � q�q�Q2 �F1+ �P� + P � qQ2 q���P � + P � qQ2 q�� F2P � q�i����� q�P � q �S�g1 +�S�� S � qP � qP��g2�:(18)Here, F1 and F2 are polarization-averaged struture fun-tions (in the following also alled 'unpolarized'), whileg1 and g2 are spin struture funtions, all depending onboth x and Q2, whih have been suppressed here for sim-pliity. The sensitivity of the ross setion to g1 and g2arises from the produt of the anti-symmetri parts ofthe L�� and W�� tensors, whih is non-zero only whenboth target and beam are polarized.For a spin-1 target suh as the deuteron, the hadronitensor has four additional struture funtions arisingfrom its eletri quadrupole struture [41, 42℄. Only threeappear at leading-twist level: b1, b2 and �. In the saling(Bjorken) limit the struture funtion b2 is related to b1by b2(x) = 2xb1(x); � desribes the double heliity-ip(virtual) photon-deuteron amplitude [43℄. The struturefuntion b1 appears in a produt with the tensor polar-ization of the target, whih an oexist with the vetorpolarization in spin-1 targets. The inuene of the ten-sor polarization on the g1 measurement is disussed inSet. IVC. In this analysis the unmeasured funtion �is negleted sine its ontribution is suppressed for lon-gitudinally polarized targets.The struture funtion g1 is related diretly to the rosssetion di�erene:�LL � 12(�!( � �!)) ; (19)

TABLE I: Kinemati variables used in the desription of deep-inelasti sattering.ml Mass of inoming lepton(onsidered as negligible)M Mass of target nuleonk = (E;~k), k0 = (E0; ~k0) 4{momenta of the initial and�nal state leptonss, S Lepton's and target's spin4-vetors�; � Polar and azimuthal angle of thesattered leptonP lab= (M; 0) 4{momentum of the initial targetnuleonq = (E �E0;~k � ~k0) 4{momentum of the virtualphotonQ2 = �q2lab� 4EE0 sin2 �2 Negative squared 4{momentumtransfer� = P � qM lab= E �E0 Energy of the virtual photon inthe target rest framex = Q22P � q = Q22M� Bjorken saling variabley = P � qP � k = �EW 2 = (P + q)2=M2 + 2M� �Q2 Squared invariant mass of thephoton{nuleon systemwhere longitudinally (L) polarized leptons (!) satter onlongitudinally (L) polarized nulear targets with polar-ization diretion either parallel or anti-parallel (!), !()to the spin diretion of the beam. The relationship tospin struture funtions is:d2�LL(x;Q2)dx dQ2 = 8��2yQ4� ��1� y2 � y24 2� g1(x;Q2) � y22 g2(x;Q2)� ; (20)where 2 = Q2=�2. The spin struture funtion g2(x;Q2)does not have any probabilisti interpretation in theQPM. It will not be disussed further in this paper, butit is taken into aount in the extration of g1 by using aparameterization of the published data. The seond termis small ompared to the �rst. Averaged over all (x;Q2)bins of this analysis it is of order 0.54% for the protonand 1.9% for the deuteron. Therefore the existing prei-sion for g2 has only a marginal e�et on an extration ofg1.For only the purely tehnial reason that absolute rosssetions are diÆult to measure, asymmetries are theusual diret experimental observable:Ajj � �LL�UU ; (21)



6where �UU is the polarization-averaged ross setion2,wherein the subsript UU indiates that both beamand target are unpolarized. Parity onservation im-plies �UU = �LU � 12(�!( + �!)). Values of absolutepolarization-averaged DIS ross setions �UU are intro-dued from previous experiments that were designed tomeasure them preisely. These ross setions are all thatis needed to extrat the spin struture funtion g1 atthe measured ombinations of x and Q2. They are alsoneeded in the proess of orreting the measured asym-metry Amjj for higher order QED (radiative) e�ets toobtain the asymmetry Ajj at Born level. This is beausethe polarization-averaged yields must be normalized toknown values of �UU in order to subtrat QED radiativebakground alulated as absolute ross setions.Substituting �LL = �UUAjj into Eq. (20), and solvingfor g1, we obtaing1(x;Q2) = 11� y2 � y24 2� � Q48��2y d2�UU(x;Q2)dx dQ2 Ajj(x;Q2) + y22 g2(x;Q2)� :(22)The struture funtions gp1 and gn1 on proton and neu-tron targets are related to that of the deuteron by therelation: gd1 = 12(gp1 + gn1 )�1� 32!D� ; (23)where !D takes into aount the D-state admixture to thedeuteron wave funtion. A value of !D = 0:05� 0:01 isused, whih overs most of the available estimates [44, 45,46, 47, 48℄. In this paper the neutron struture funtiongn1 is evaluated aording to Eq. (23).Alternatively, gn1 an be obtained, e.g., from measure-ments on a polarized 3He target:g3He1 ' Pngn1 + 2Ppgp1 ; (24)where the e�etive polarizations of neutron and protonare Pn = 0:86� 0:02 and Pp = �0:028� 0:004 [49℄; i.e.,the polarized 3He ats e�etively as a polarized neutrontarget. The HERMES measurement of gn1 o� 3He hasbeen previously published in [29℄.2 In presenting the extration of spin observables of interest fromthe experimental data, we depart from the traditional formalismwith the purpose of making a learer distintion between tehni-al issues and spin physis. In partiular, we avoid entanglementin a so-alled `depolarization fator' of the ruial spin depen-dene of the leptoni tensor with one of several parameters usedto represent previous data for �UU that are needed to onvertAjj into the needed �LL .

III. THE EXPERIMENTThe HERA faility at DESY omprises a proton anda lepton storage ring. HERMES is a �xed-target experi-ment using exlusively the lepton ring, whih an be �lledwith either eletrons or positrons (only positron data areused for this analysis), while the proton beam passesthrough the non-instrumented horizontal mid-plane ofthe spetrometer. Internal to the lepton ring, an open-ended storage ell is installed that an be fed with ei-ther polarized or unpolarized target gas. The three ma-jor omponents to the HERMES experiment (beam, tar-get, spetrometer) are briey desribed in the follow-ing, while detailed desriptions an be found elsewhere([50, 51, 52, 53, 54, 55, 56, 57, 58, 59℄).A. Polarized HERA BeamSpin rotators and polarimeters are essential ompo-nents of the HERA lepton beam. They are desribed indetail in Refs. [59, 60, 61, 62℄. The initially unpolarizedbeam beomes transversely polarized by an asymmetryin the emission of synhrotron radiation assoiated with aspin ip (Sokolov-Ternovmehanism [63℄). The beam po-larization grows and approahes asymptotially an equi-librium value, with a time onstant depending on theharateristis of the ring, typially over 30-40 minutes.The transverse guide �eld generates transverse beam po-larization in the ring, while spin rotators in front of andbehind the experiment provide longitudinal polarizationat the interation point and at one of the two beam po-larimeters.The two HERA beam polarimeters are based on Comp-ton bak-sattering of irularly polarized laser light.The transverse beam polarization at the opposite side ofthe ring auses an up-down asymmetry in the diretionof the bak-sattered photons. The resulting positionasymmetry is measured by the top and bottom halvesof the lead-sintillator sampling alorimeter of the trans-verse polarimeter [61℄, with frational systemati uner-tainties of 3.5% (1996-97 data). The longitudinal beampolarization in the region of the experiment leads to anasymmetry in the energy of the bak-sattered Comptonphotons measured in the NaBi(WO4)2 rystal alorime-ter of the longitudinal polarimeter [59℄, with frationalsystemati unertainties of 1.6% (2000 data). The aver-age beam polarization was typially larger than 0.5.In order to aount for the time dependene of thebeam polarization, its ontinuously monitored values areused in the analysis. The average values of the beam po-larizations for eah year overed in this paper are shownin Tab. II. The numbers are weighted by the luminosityso that the value near the beginning of eah �ll domi-nates.



7B. The HERMES Polarized Gas TargetThe ombination of a �xed target with the HERA lep-ton storage ring requires the employment of a gaseoustarget internal to the beam line. This has the advan-tages of being almost free of dilution (the fration f ofpolarizable nuleons being lose to 1), of providing a highdegree of vetor polarization (Pz > 0:8), and of being ableto invert the diretion of the spin of the nuleons withinmilliseonds.The HERMES longitudinally polarized gas target [57℄,shematially shown in Fig. 2, onsists of an AtomiBeam Soure (ABS) [64℄ whih produes a polarized jetof atomi hydrogen or deuterium and fouses it into athin-walled storage ell along the beam line [65℄. Theatomi gas is produed in a dissoiator and is formedinto a beam using a ooled nozzle, ollimators and aseries of di�erential pumping stations. A suession ofmagneti sextupoles and radio-frequeny �elds are usedto selet (by Stern-Gerlah separation) and exhange (byradio-frequeny transitions) the atomi hyper�ne statesthat have a given nulear polarization to be injeted intothe ell. The storage ell, inside the HERA beam pipe,is a windowless 40 m long elliptial tube, oaxial to thebeam, with 75 �m thik Al walls oated to inhibit surfaereombination and depolarization. The use of the storageell tehnique results in a typial areal density inrease ofabout two orders of magnitude ompared to a free jet tar-get. A sample of gas (a. 5%) di�uses from the middle ofthe ell into a Breit-Rabi Polarimeter (BRP) [66℄ whihTABLE II: Average value and unertainty of the beam po-larization for eah year of measurements.Year Average Polarization1996 0:528� 0:0181997 0:531� 0:0182000 0:533� 0:010
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FIG. 2: Shemati view of the longitudinally polarized tar-get. From left to right: Atomi Beam Soure (ABS) ontain-ing Radio-Frequeny Transitions (RFT), target hamber withell and magnet, diagnosti system omposed by Target GasAnalyzer (TGA), and Breit-Rabi Polarimeter (BRP).

measures the atomi polarization, or into a Target GasAnalyzer (TGA) [67℄ whih measures the atomi and themoleular ontent of the sample. A magnet surround-ing the storage ell provides a holding �eld de�ning thepolarization axis and prevents spin relaxation via spinexhange or wall ollisions by e�etively deoupling themagneti moments of eletrons and nuleons. A gaseoushelium ooling system keeps the ell temperature at thelowest value for whih atomi reombination and spin re-laxation during wall ollisions are minimal.The vetor polarization Pz is de�ned as Pz � (n+ �n�)=(n+ + n�) and Pz � (n+ � n�)=(n+ + n� + n0) forspin-1/2 and spin-1 targets, respetively. Here n+, n�and n0 are the atomi populations with positive, nega-tive and zero spin projetion on the beam diretion. Thesign of the target polarization is randomly hosen eah60 s for hydrogen and 90 s for deuterium. The target pa-rameters are measured for eah suh interval. The rapidyling of the target polarization redues the systematiunertainty in the measured spin asymmetries related tothe stability of the experimental setup. Due to the verystable performane of the target operation, luminosity-average polarization values are used in the analysis.Hydrogen dataDuring the years 1996-97 a longitudinally polarized hy-drogen target was employed at a nominal temperatureTell = 100K. The average target polarization for theyear 1997 reahed the value P+z = P�z = 0:851� 0:032;the average target areal density was determined to be7:6 � 1013 nuleons/m2. The target polarization for theyear 1996, whih ontributes only about 27% to the to-tal statistis, was determined from the normalization ofthe 1996 inlusive asymmetry to that of 1997. For thislimited data-set this method provides a smaller uner-tainty on the target polarization w.r.t. the diret mea-surement. In 1997, a set of data at higher temperature(Tell = 260 K) was olleted in order to measure the po-larization of the reombined moleules [68℄, thus redu-ing the systemati unertainty on the target polarizationmeasurement by a fator lose to 2.Deuterium dataFrom the end of 1998 till the end of 2000 deuteriumwas used as target material. The data taken in 1998and 1999 have been exluded from the present analy-sis beause of the overwhelming statistis of the 2000data. In the year 2000 a target ell with smaller rosssetion was installed with redued nominal temperatureTell = 60K, thus inreasing the target density by a fa-tor of 2. The average values of the target vetor polar-ization were P+z = 0:851�0:031 and P�z = 0:840�0:028.The two polarization values are due to di�erent injetioneÆienies of the ABS. The average target areal densitywas determined to be 2:1 � 1014 nuleons/m2. In a ded-iated running period, about 3.5 million deep-inelastisattering events were taken with tensor polarization, al-lowing the �rst measurement ever of the tensor struture
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the spetrometer in two idential halves, top and bottom.The geometrial aeptane of �170 mrad horizontallyand �(40� 140) mrad vertially results in deteted sat-tering angles ranging from 40 to 220 mrad.In eah spetrometer half, the intersetion points ofharged partile trajetories with the 36 planes of theFront Chambers (FC 1-2) and Bak Chambers (BC 1-4)are used for trak reonstrution in spae. These dete-tors are horizontal-drift hambers with alternating ath-ode and anode wires between two athode foils, all op-erated with the gas mixture Ar:CO2:CF4 (90:5:5), theaverage drift veloity being 7 m/�s. They are assem-bled in modules of six layers in three oordinate doublets(XX 0; UU 0, and V V 0), where the primed planes are o�setby half a ell width to help resolve left-right ambiguities.The ell width is 7 mm for FCs [54℄, while it is 15 mmfor BCs [51℄ behind the magnet.The proportional wire hambers MC1-3, also shown inFig. 3, are not inluded in the traking algorithm [50℄used for this analysis.This traking algorithm determines partial traks be-fore (front trak) and after the magnet (bak trak). Thetrak projetions are found in a fast tree searh and thenombined to determine the partile momentum. The al-gorithm uses the intersetion point of the bak trak withthe magnet mid-plane to re�ne front traks. From theirsattering angles and positions the event vertex is deter-mined, while the bak traks are also used to identify hitsin the PID detetors. Monte Carlo simulations show that



9the intrinsi momentumresolution �p=p is between 0.015and 0.025 over the aessible momentum range. The res-olution for hydrogen was better than for deuterium asthe RICH detetor installed before the deuterium datataking period introdued some additional material.The sattered positron is identi�ed through a om-bination of a lead-glass alorimeter, a pre-shower de-tetor, a Transition-Radiation Detetor (TRD), and the�Cerenkov detetors. (While the threshold �Cerenkov wasused in 1996-97 primarily for pion identi�ation, theRing-Imaging �Cerenkov (RICH) detetor [56, 69℄ wasused thereafter to identify pions, kaons, and protons.)The Calorimeter [52℄ is used to suppress hadrons bya fator of 10 at the trigger level and a fator of 100in the o�-line analysis, to measure the energy of ele-trons/positrons and also of photons. Eah half onsists of42x10 bloks of radiation-resistant F101 lead glass [70℄.Eah blok has a ross setion of 9x9 m2 and 50 mdepth, and is viewed from the bak by a photo-multipliertube. The alorimeter's resolution was measured to be�(E)=E[%℄ = (5:1�1:1)=pE[GeV ℄+(2:0�0:5)+(10:0�2:0)=E [52℄.The sintillator hodosope H2, onsisting of 42 verti-al 9.3x91 m2 `paddles' of 1 m thikness, forms thepre-shower detetor in ombination with two radiationlengths of lead preeding it. As pions deposit only about2 MeV in H2, as ompared to 20-40 MeV for leptons, thepion ontamination an be redued by more than a fatorof 10 with 95% eÆieny if this detetor were used alone.The TRD rejets hadrons by a fator of more than 100at 90% eletron/positron eÆieny, if used alone. A TRDhalf omprises six proportional wire hambers to detetthe photons from transition radiation in the preedingradiator. All TRD proportional hambers use Xe:CH4(90:10) gas.The luminosity monitor [55℄ detets in oinidenee+e� pairs originating from Bhabha sattering of thebeam positrons o� eletrons from the target atoms, andalso  pairs from e+e� annihilations. It onsists oftwo small alorimeters made of highly radiation resistantNaBi(WO4)2 rystals overing a horizontal aeptane of4.6-8.9 mrad. They are mounted to the right and left ofthe beam pipe, 7.2 m downstream of the target.IV. DATA ANALYSISThe inlusive data sample is seleted from the reordedevents to satisfy the following riteria:� there exists a trigger omposed of signals in theCalorimeter and in the hodosopes H0, H1 and Pre-Shower (H2) (see Fig. 3),� data quality riteria are met,� the partiles identi�ed by the Partile Identi�ationsheme as leptons are seleted,

� the highest momentum lepton in the event origi-nating from the target region is seleted,� geometri and kinemati onstraints are applied.A. The kinemati rangeThe kinemati range of the events seleted for thisanalysis is shown in Fig. 4, together with the require-ments imposed on the kinemati variables. The aper-ture of the spetrometer limits the aeptane to sat-tering angles 0:04 � � � 0:22 mrad. The onstrainty > 0:1 is used to exlude regions where the momen-tum resolution starts to degrade [50℄. The onstrainty � 0:91 disards the low momentum region (E < 2:5GeV) where the trigger eÆienies have not yet reaheda momentum plateau. The requirement W 2 > (1:8)2GeV2 suppresses the region of baryon resonanes. Theresulting (x;Q2) region, de�ned by 0:0041 � x � 0:9 and
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100:18 GeV2 � Q2 � 20 GeV2, was divided into 19 bins inx, guided by the available statistis. Furthermore most x-bins are subdivided into up to 3 bins in Q2, designated A,B and C bins. The purpose of this is to allow appropriatestatistial weighting of these Q2 bins, thereby exploitingthe higher �gure of merit at larger Q2, whih is due toboth the larger polarization transfer from the inidentlepton to the virtual photon, and the smaller kinematismearing between x bins. Logarithmially equidistantbin boundaries are used along the x axis in the region0:044 < x < 0:66, and along the Q2 axis in the regionx > 0:06. B. Partile Identi�ationThe lepton (positron and eletron) identi�ation isahieved with a probability analysis based on the re-sponses of the TRD, the pre-shower detetor, theCalorimeter, and the �Cerenkov detetors, desribed inSet. III C.The requirement used to identify a lepton is:PID = log10 P (ljR; p; �)P (hjR; p; �) > PIDut; (25)where P (l(h)jR; p; �) is the onditional probability thatthe partile is a lepton l or a hadron h, given the om-bined response set R from all the Partile Identi�ationdetetors, the momentum p, and the sattering angle �.Bayes' theorem relates P (l(h)jR; p; �) to the probabilityP (l(h)jp; �) that a partile with momentum p, satteredat polar angle �, is a lepton (hadron), and the probabil-ity P (Rjl(h); p) that a lepton (hadron) with momentump auses the ombined signal R. The PID an be re-written as:PID= log10 P (Rjl; p)P (Rjh; p) � P (ljp; �)P (hjp; �) = PID0�log10�(p; �):(26)Here �(p; �) is the ratio between the hadron and leptonuxes impinging onto the detetor:�(p; �) = P (hjp; �)P (ljp; �) : (27)The quantity PID0 is de�ned ombining the responsesRD of eah detetor D used for partile identi�ation:PID0 = log10YD PD(RD jl; p)PD(RD jh; p): (28)Under the approximation that the responses of the par-tile identi�ation detetors are unorrelated, the distri-bution PD(RDjl(h); p) of detetor D, i.e. the typial de-tetor response for leptons (hadrons), an be measuredby plaing very restritive uts on the response of theother PID detetors to isolate a very lean sample of apartiular partile type [71℄.

The hadron ontamination is de�ned as the number ofhadrons with PID > PIDut divided by the number ofidenti�ed leptons, and the lepton eÆieny is de�ned asthe number of identi�ed leptons over the total number ofleptons. The hoie PIDut = 1 used in this analysis op-timizes the tradeo� between eÆieny and purity in thesample. For this hoie, hadron ontaminations are lessthan 0.2% over the entire x range, and lepton eÆienieslarger than 96%, assuming that the detetor responsesare unorrelated.C. Inlusive AsymmetriesThe yield averaged over target polarization state is:N (x;Q2)=�UU(x;Q2)Z dt a(x;Q2) "(t; x;Q2)� (t)L(t);(29)where t is time and � (t) is the live-time fator, whih istypially 0.97 for this analysis, �UU is the polarization-averaged ross setion, a(x;Q2) is the detetor aep-tane, "(t; x;Q2) is the total detetion eÆieny (trak-ing and trigger) and L(t) is the luminosity. In the aseof double-polarized sattering this relation beomes:N!)(!()(x;Q2) = a(x;Q2)�UU(x;Q2) Z dt "(t; x;Q2)� � (t)L!)(!()(t)[1 + (�)jPB(t)Pz(t)j Ajj(x;Q2)℄ ; (30)where PB and Pz are the beam and target polarizations.For a spin-1 target Eq. (30) ontains an additional termdepending on the tensor polarization, and this ase willbe treated later in this setion.The measured asymmetry Amjj is therefore:Amjj = N!) R dt "�L!( �N!( R dt "�L!)N!) R dt "�L!(PBPz +N!( R dt "�L!)PBPz ;(31)where the dependenes on x, Q2 and t have been sup-pressed for simpliity. Sine the target hanges every60 s (90 s) for hydrogen (deuterium) between the twopolarization states, any variation in the eÆienies anbe safely assumed to be the same in the anti-aligned andaligned on�gurations of beam and target polarizations,implying that they anel in the ratio if the measurementis fully di�erential in the kinematis. In a simulationmade with Monte Carlo data overing a 4� aeptane,it has been on�rmed that the asymmetry is not signi�-antly a�eted by the limited aeptane or non-uniformeÆieny of the detetor.The measured asymmetry Amjj is obtained from thenumber of events in the two polarization states as:Amjj (x;Q2) = N!((x;Q2) L!) � N!)(x;Q2) L!(N!((x;Q2) L!)P + N!)(x;Q2) L!(P ; (32)



11where the luminosities L!)(!() and L!)(!()P are de�ned as:L!)(!() = Z dt L!)(!()(t) � (t);L!)(!()P = Z dt L!)(!()(t) jPB(t)Pz(t)j � (t): (33)The asymmetries are ratios of yields integrated overbin widths. As the yields depend nonlinearly on x andQ2, a question arises about the e�et of the nonzerobin widths. Using parameterizations for unpolarized andspin struture funtions, it was on�rmed that there isno signi�ant di�erene between values of Ajj(xi) alu-lated from the yields integrated over the experimental ge-ometri aeptane for Q2, and Ajj(xi; hQ2ii) evaluatedat hQ2ii.The various stages of the analysis are now introduedin the order in whih they are applied.Charge symmetri bakgroundThe observed event sample is ontaminated by bak-ground from harge symmetri (CS) proesses, suh asmeson Dalitz deays or photon onversions into e+e�pairs. Sine these e+ and e� originate from seondaryproesses, they typially have lower momenta and arethus onentrated at high y. A orretion for this bak-ground is applied in eah kinemati bin by subtratingthe number of leptons with the harge opposite to thatof the beam partile. The harge symmetri bakgroundreahes up to 25% at low x and beomes negligible atlarge values of x, as shown in Fig. 5.Hadron ontaminationThe hadron ontamination is less than 0:2% over the en-tire x range, so no orretion is required.Final data sample
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After data seletion as disussed above, the numbers ofevents available for asymmetry analyses on proton anddeuteron are shown in Tabs. IV and V.TABLE IV: Numbers of events in millions (orreted forharge-symmetri bakground) for the three data sets used,separated for top and bottom spetrometer halves and variousbeam and target spin on�gurations.Year Target Top !) Top !( Bottom !) Bottom !(1996 p 0.158 0.168 0.169 0.1791997 p 0.660 0.700 0.698 0.7412000 d 2.439 2.498 2.600 2.654NormalizationThe luminosity L is related to the beam urrent I, theeletron harge e and the areal target density � by therelation L(t)I(t) = �e : (34)The areal target density � was monitored to be a stablequantity independent of the target spin state, implyingthat the luminosity does not depend on the target polar-ization. The ratio of luminosity-monitor rates to beamurrent was averaged over spin states to eliminate thee�et of the residual eletron polarization in the targetgas on the Bhabha rates measured by the luminosity-monitor. The average was alulated separately for eahdata-taking period with uniform target and beam ondi-tions, at least for eah HERA positron �ll. The luminos-ity alulated as the produt of these averages with thebeam urrent has been used for the extration of the DISasymmetry.Tab. V shows the integrated luminosities for the datasets used in this analysis.TABLE V: Integrated luminosities and total numbers ofevents in millions for the three data sets used in the anal-ysis. The yields per unit luminosity di�er among the yearsbeause of varying alorimeter trigger thresholds.Year Luminosity (pb�1) Total events1996 12.6 0.671997 37.3 2.802000 138.7 10.19Top-bottom asymmetriesSine the HERMES detetor onsists of two symmetrihalves, they are onsidered as two separate and indepen-dent spetrometers, with individual appliation of dataquality riteria. The asymmetry Ajj is evaluated sepa-rately for the top and bottom halves. This proedure al-lows polarization-independent systemati e�ets present



12in eah detetor half to anel independently. The twoasymmetries are tested to be onsistent within their sta-tistial unertainties, and the �nal asymmetry is obtainedas the weighted average of the two.Stability heksThe asymmetries measured on proton and deuteron havebeen alulated as funtions of time, beam urrent, tar-get vertex and azimuthal angle, searhing for possiblesystemati deviations from the average value. No signif-iant e�et was observed.Geometrial onstraints were also investigated, varyingthe target vertex seletion that ensures that the eventoriginated inside the target, and the polar angle on-straint whih limits the angular aeptane. Again, noe�ets on the asymmetry were observed.The heliity of the positron beam was reversed twie(six times) during the running periods of hydrogen (deu-terium) measurement. The asymmetry Ajj was found tobe onsistent within statistial unertainties when alu-lated separately for the two beam heliities.Unfolding of Radiative and Instrumental SmearingRadiative e�ets inlude vertex orretions to the QEDhard sattering amplitude, and kinemati migration ofDIS events due to radiation of real photons by the lep-ton. Beause only a fration of the photons that maybe radiated by the initial or �nal state lepton an be de-teted in the HERMES spetrometer, no attempt is madeto identify and rejet suh radiative events. Therefore,radiative orretions must be applied to the experimen-tally observed asymmetries Amjj . These asymmetries arealso a�eted by instrumental smearing due to multiplesattering in target and detetor material and externalbremsstrahlung. As illustrated in Fig. 6, a signi�antpart of the events are not reonstruted inside the binto whih they belong aording to their kinematis atthe Born level. Events migrating into other mostly ad-jaent bins introdue a systemati orrelation betweendata points and may a�et the measured asymmetry.An inident positron an also radiate an energetireal photon while sattering elastially on a protonor deuteron, or quasi-elastially on a nuleon in thedeuteron. The �nal kinematis of these Bethe-Heitler(B-H) events an be suh that they pass the DIS analysisuts. Suh events represent a bakground to the usualDIS events, whih has to be e�etively subtrated.In order to orret for these e�ets and retrieve theBorn asymmetries, an unfolding algorithm has been ap-plied (see App. A). The radiative and detetor-smearinge�ets are simulated in a Monte Carlo model yieldingdetailed information about how events migrate from onekinemati bin to another. The bakground arising fromB-H events is inluded in the simulation. The MonteCarlo data samples used in this analysis have a statisti-al auray three times better than that of the measureddata.Shematially, in the unfolding algorithm the vetor of

Born asymmetriesAjj is obtained from the vetor of mea-sured asymmetriesAmjj by applying a matrix that orretsfor the smearing, while e�etively subtrating the radia-tive bakground. The expressions relating the measuredand Born asymmetries are given in Eqs. (A28{A29). Theunfolding orretions depend on the Monte Carlo mod-els for bakground, detetor behavior and asymmetriesoutside the measured region, and on the model for thepolarization-averaged ross setion. They do not de-pend on any model for the asymmetry in the measuredregion. Before unfolding, the experimental asymmetrydata points ontain events whih originate from otherbins. After unfolding, the data points are statistiallyorrelated but systemati orrelations due to kinematismearing have been removed, resulting in a resolutionin x or Q2 of a single-bin width. This is a large im-provement over the resolution funtion shown in Fig. 6,whih would still apply if a traditional `iterative' methodof applying radiative orretions were employed as inRefs. [23, 26, 27, 72, 73℄. The unfolding algorithm pro-vides the orrelation matrix that should be used to al-ulate the statistial unertainties on quantities obtainedfrom the Born asymmetry, suh as the weighted averageof g1 over Q2 bins or the integrals of g1 over the measuredrange: treating the unertainties as unorrelated wouldresult in overestimating the unertainty.In the ase of B-H bakground events, the radiatedphoton has a signi�ant probability of hitting the de-tetor frames lose to the beam line in the front regionof the HERMES detetor. As a onsequene, an exten-sive eletromagneti shower is produed ausing a veryhigh hit multipliity in the traking detetors, makingthe trak reonstrution impossible [74℄. This detetorineÆieny for B-H events was taken into aount in or-der to not over-orret for radiative proesses that arenot observed in the spetrometer . The eÆieny "e:m:for the detetion of B-H events was extrated with a ded-iated Monte Carlo simulation that inludes a omplete
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el.   q.el.FIG. 7: EÆieny for the detetion of B-H elasti (el.) andquasi-elasti (q.el.) events in the HERMES spetrometer, forsattering on both deuteron (d) and proton (p). The eÆienyis set to unity for x > 0:1. Subdivisions A, B, and C are thosede�ned in Fig. 4.treatment of showers in material outside of the geomet-ri aeptane. Results for both proton and deuteron areshown in Fig. 7, where "e:m: is plotted as a funtion ofx. The lowest detetor eÆieny orresponds to x in therange between 0:01 and 0:03 where "e:m: an be as lowas 58% for deuteron and 82% for proton. The eÆienieshave been alulated for x � 0:1, where the ontamina-tion of B-H events annot be negleted, and they are setto unity for x > 0:1. They are applied as event weightsto the Bethe-Heitler events produed by the �rst MonteCarlo simulation desribed above.Corretion for non-vanishing tensor asymmetryGenerally a vetor-polarized (Pz 6= 0) spin-1 target suhas the deuteron is also tensor-polarized. The tensor po-larization is de�ned as Pzz � (n+ + n� � 2n0)=(n+ +n� + n0). In this work, the tensor polarization is largebeause the vetor polarization ould be maximized byminimizing the n0 population (see Se. III B), resulting

in a tensor polarization approahing unity. The averagetarget tensor polarization in the data set used for thisanalysis is Pzz = 0:83� 0:03. In this ase the measuredyield (see Eq. (30)) depends not only on the target ve-tor polarization and longitudinal asymmetry, but also onthe target tensor polarization Pzz and the orrespondingtensor asymmetry Adzz:N!)(!() � �1 + (�) jPBPzj Adjj + 12PzzAdzz� : (35)The tensor asymmetryAdzz = �!) + �!( � 2�0�!) + �!( + �0 (36)is de�ned in terms of ross-setions where unpolarizedleptons satter o� longitudinally polarized spin-1 tar-gets with either non-zero (�!); �!() or zero (�0) heliitystate [41℄. (It is related to the struture funtion bd1 bythe relation bd1=F d1 = �3Adzz=2.) The x dependene ofthe asymmetry Adzz was measured at HERMES [75℄, themagnitude of Adzz being of order 10�2. This result wasapplied as a orretion to Eq. (31).V. EVALUATION OF RESULTSA. Extration of g1The struture funtion g1 is determined from the BornasymmetryAjj aording to Eq. (22), using existing spin-averaged DIS ross setions �UU , and small orretionsinvolving g2. Unfortunately, a self-onsistent parameteri-zation of �UU is unavailable. Nevertheless, values of �UUare alulated using the expression:d2�UUdxdQ2 = 4��2Q4 �F1(x;Q2) � y2+ F2(x;Q2)x �1� y � y24 2��= 4��2Q4 F2(x;Q2)x� "1� y � y24 2 + y2 �1 + 2�2 (1 +R(x;Q2))# :(37)There do exist parameterizations of F2 based on all avail-able ross setion data, but they were �tted to valuesof F2 that were extrated from various data sets usingdi�erent values or assumptions for R, the ratio of longi-tudinal to transverse virtual-photon ross setions. Thevalues of g1 extrated at the measured values of Q2 donot depend on F2 and R individually, but only on howfaithfully the available ombinations of F2 and R param-



14eterizations represent experimental knowledge of �UU .3In the ase of the proton, the parameterizationsALLM97 [76℄ and R1990 [77℄ are used for F2 and R,respetively. The parameterization R1990 is valid onlyfor Q2 > 0:3 GeV2. Below this value R was linearlyextrapolated to zero to aount for the fat that for realphotons R = 0. In the ase of the deuteron, the NMC pa-rameterization of the measured ratio Fn2 =F p2 [78℄ is usedin onjuntion with the ALLM97 parameterization forF p2 to alulate F d2 . The required values of g2 are om-puted from a parameterization of all available proton anddeuteron data [79, 80, 81, 82, 83℄.The results for g1 in Tab. XIV in the 45 individualkinemati bins of Fig. 4 are onsidered to be the primaryresult of this work, in that the only previously publishedinformation used in their extration is the spin-averagedDIS ross setion �UU , and small orretions involving g2.For both the onvenient presentation and interpretationof these results, some ansatz must be adopted to `evolve'these results in Q2, as it is impossible to use QCD toevolve individual values of struture funtions at diversevalues of x. Two degrees of `evolution' are involved. Forthe onvenient presentation of the x dependene of g1,its values in the two or three Q2 bins that may be assoi-ated with eah xi bin must be evolved to their mean hQ2iiand then averaged. Also, in order to ompute momentsof g1, the measurements in the 45 (xi; Q2i ) bins must bebrought to a ommon Q20. One previously used ansatzis to assume that the struture funtion ratio g1=F1 isindependent of Q2. This is usually justi�ed by the obser-vation that the non-singlet evolution kernel is the samefor g1 and F1, and the ansatz annot be exluded by thelimited available data set. However, the singlet evolutionkernels are di�erent, and anyway both kernels operate ondi�erent initial x distributions. Hene this ansatz seemsarbitrary, and also preludes the assignment of an ap-propriate unertainty to the evolution that is based onhow well it is onstrained by QCD together with existingdata. In another approah, used in this work, the pri-mary g1 values are `evolved' by using an NLO QCD �tto all available g1 data, assuming that the di�erene be-tween g1(xi; Q2i ) and g1(xi; Q20) is the same as obtainedin the QCD �t:g1(xi; Q2i )� g1(xi; Q20) = gfit1 (xi; Q2i )� gfit1 (xi; Q20) :(38)The QCD �t used here is desribed in detail inRef. [36℄. It was extended to inlude the present gp;d1data, as well as the new data of Refs. [30℄ and [31℄. Theunertainty due to the evolution of g1 was propagatedfrom the statistial and reently implemented systemati3 As suh a ombination of parameterizations of F2 and R shouldbe onsidered in this ontext as a single parameterization of �UUthat must be self-onsistent, it might be misleading for F2 or Rto appear individually in the formalism leading to the extrationof g1.

unertainties in the �t parameters to the quantities ap-pearing in Eq. (38).B. Statistial UnertaintiesThe asymmetry values obtained after unfolding of ra-diative and smearing e�ets are statistially orrelatedbetween kinemati bins. Contributions to ov(Ajj) fromthe �nite statistis of the Monte Carlo data sample aretypially one order of magnitude smaller than those of theexperimental ovariane matrix. The (statistis-based)ovariane of Ajj originating from the unfolding and theone from the �nite statistis of the Monte Carlo aresummed; the result is alled statistial ovariane here-after.Eq. (22) implies that the ovariane matrix for g1 isgiven by:ov (g1)lm = Cl Cm ov(Ajj)lm ;Ci � 11� yi2 � y2i4 2i Q4i8��2yi d2�UU(xi; Q2i )dx dQ2 (39)where the subsripted kinemati quantities orrespond tothe average x and Q2 values of the kinemati bins.C. Systemati UnertaintiesThe systemati unertainties originate from i) the ex-periment (beam and target polarizations, PID, misalign-ment of the detetor) and ii) the parameterizations (g2,F2, R, Adzz , !D). The various ontributions to thesystemati unertainty were added quadratially. ForQ2 � 1 GeV2 they are given in Tab. VII, where eahvalue represents an average over the measured x range.i) Experimental SouresPolarizationsThe unertainties on beam and target polarization values(see Tabs. II and III) are the dominant soures of system-ati unertainties in this measurement. The polarizationvalues are varied within their unertainties and the or-responding hange in the entral value of Ajj is assignedas its systemati unertainty, whih is then propagatedto g1.Partile identi�ationThe hadron ontamination in the DIS lepton sample, isless than 0.2% leading to a negligible ontribution to thesystemati unertainty.Detetor MisalignmentStudies have shown that the two halves of the HERMESdetetor are not perfetly aligned symmetrially to thebeam axis. As a onservative approah, a Monte Carlo



15simulation using a misaligned detetor geometry is om-pared to one with perfet alignment, separately for eahtarget and detetor half. A ontribution to the system-ati unertainty of the �nal unfolded asymmetry is as-signed as the di�erene in the entral values of the re-spetive reonstruted Monte Carlo asymmetries.ii) Input parameterizationsThe parameterizations enter at two di�erent stages ofthe analysis: unfolding and extration. The unfoldingalgorithm does not involve any model of the asymmetrieswithin the aeptane. Nevertheless a model dependenean arise from the desription outside the aeptane.The omparison of di�erent models for both the polarizedand unpolarized Born ross setions shows no signi�antdeviations in the unfolded Born asymmetry Ajj withinthe statistial auray of the Monte Carlo test samplesused, whih is about three times better than that of thedata sample.While alulating g1 from the Born asymmetry Ajj a-ording to Eq. (22), and `evolving' the values of g1 toa ommon value of Q2, non-negligible systemati uner-tainties our due to various input parameterizations ofg2, F2, R, Adzz and !D.Struture funtion g2The systemati unertainty due to gp;d2 is obtained asthe e�et on the results of its variation over the rangeorresponding to the ovariane matrix from the �t tothe world data for g2.Cross setion �UUThe systemati unertainty due to the employed ombi-nation of F p;d2 and R reeives ontributions as follows:(a) those intrinsi to the original ross setion measure-ments, (b) from model dependene of the parameteriza-tions, and () from inonsistenies between the R val-ues from its parameterization and the R values originallyused to extrat F2 from the �UU data. In an attemptto aount for all of these ontributions in a onservativemanner, the systemati unertainty in �UU was taken tobe the sum in quadrature of the di�erene between theresults using the ALLM and SMC parameterizations forF2, aounting for ontribution (b) above, and half of thedi�erene between the results using the upper and lowererror bands in the SMC parameterization, approximatelyaounting for (a) and ()4.Tensor asymmetry AdzzThe ontribution from the unertainty on the published4 The SMC parameterization was not adopted for the entral val-ues of this analysis beause of an apparent anomaly in its shapeat x > 0:6. Also, in Ref. [25℄, there is a typographi error ina parameter for the lower error band, but this error does notappear in the related thesis [84℄ and the SMC web page.

value ofAdzz [75℄ is negligible, but is nevertheless inludedin the systemati unertainty.D-wave admixture !DThe limiting values of !D = 0:05�0:01 are used to deter-mine the !D ontribution to the systemati unertaintyof gn1 and of the non-singlet struture funtion gNS1 .`Evolution' to a ommon value of Q2The unertainties of the NLO QCD �t of all availabledata that is used to `evolve' the g1 values of the presentwork are propagated through both the �t and the `evo-lution', aounting for orrelations. These unertaintiesinlude experimental statistial and systemati as well as`theoretial' unertainties inuening the �t. The result-ing total `evolution' unertainty ontributions are pre-sented separately in the tables of g1 values in either 19or 15 x-bins, and also with the value of eah reportedmoment.VI. DISCUSSION OF THE RESULTSA. Born asymmetries and unertainty orrelationsFor the 45 (x, Q2) bins de�ned in Fig. 4, the mea-sured and Born asymmetries Amjj and Ajj are listed inTabs. XI and XII for the proton and the deuteron, to-gether with statistial and systemati unertainties. TheBorn asymmetries Ajj vary, for �xed values of x, sub-stantially with Q2. (For more details see Fig. 18 in theappendix.) This reets the fat that the polarization ofthe virtual photon, probing the heliity-dependent quarknumber densities in the nuleon as disussed in the Intro-dution, is smaller than the polarization of the inidentlepton and dependent on the lepton kinematis [38℄. Ata given value of x, the polarisation transfer is smaller atlow values of y, i.e., at low Q2. This introdues an in-ation of the statistial unertainty in the orrespondingkinemati bins, when extrating g1 (see Eq. (22)) and A1(see Se. VI B).Comparing in Fig. 18 the statistial unertainties ofAmjj and Ajj at eah x, it is learly seen that the orre-tion for smearing and radiative bakground introdues aonsiderable unertainty ination, espeially in the low-est Q2 bins at a given value of x. At low x, this is due tothe subtration of radiative bakground, while at larger xthe unertainty ination arises from a substantial instru-mental and radiative smearing, whih results in onsid-erable bin-to-bin orrelations. Note that the statistialunertainties quoted in Tabs. XI and XII and shown inFig. 18 orrespond only to the diagonal elements of theovariane matrix. Espeially at low Q2 the non-diagonalelements are large, as an be seen in the orrelation ma-tries listed for the 45 (x,Q2) bins in Tabs. XV and XVI,
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FIG. 8: Correlation matrix in 19 x-bins of g1 for the pro-ton. The losed symbols represent positive values, while theopen ones are for negative values. The area of the symbolsrepresents the size of the orrelation.and shown in Fig. 8 for the proton5.B. Virtual-photon asymmetryThe virtual-photon asymmetryA1 is diretly related tothe photon-nuleon absorption ross setions and heneto the struture funtions g1, g2 and F1:A1 = �1=2 � �3=2�1=2 + �3=2 = g1 � 2g2F1 : (40)Here �1=2 and �3=2 are the virtual-photon absorptionross setions when the projetion of the total angularmomentum of the photon-nuleon system along the ini-dent photon diretion is 1=2 or 3=2, respetively.The virtual-photon asymmetryA1 is obtained from theBorn asymmetry Ajj aording to Eq. (22) and Eq. (40),by using values of �UU and F1 alulated in terms of theavailable F2 and R parameterizations, i.e., from Eq. (37)and F1 = (1 + 2)F22x(1 + R) ; (41)and by using a parameterization for g2 obtained from �tsto all available proton and deuteron data [79, 80, 81, 82,5 The orrelation matrix is related to the ovariane matrixthrough the statistial unertanties �i and �j : ov(i; j) =�i�jorr(i; j).

85℄. The systemati unertainties on the virtual-photonasymmetry A1 are determined analogously to the ase ofg1 desribed in Se. VC, taking into aount any orre-lation between di�erent systemati soures. The resultsare listed for the 45 (x;Q2) bins together with their sta-tistial and systemati unertainties in Tab. XIII for theproton and the deuteron.The asymmetries Ap;d1 provide a onvenient way ofomparing the preision of various experiments, as mostof the dependene of Ajj on Q2 due to the polarizationtransfer from the lepton to the virtual photon is an-elled. However, a substantial additional ontribution tothe systemati unertainty of A1 due to the poor knowl-edge of R in the extration of F1 from measured valuesof �UU and R is unavoidable. The required values of Ras well as their unertainties were omputed using theR1990 parameterization [77℄.The values from the present work, averaged over theorresponding Q2 bins, are shown in Fig. 9 as a funtionof x and are ompared to the world data in the top (mid-dle) panel of Fig. 10 for the proton (deuteron). Note thatthe low-x data points of HERMES (x < 0:03) and SMC(x < 0:003) are measured at hQ2i < 1 GeV2.In the ase of the proton, the auray of the HER-MES measurement is omparable to the most preisemeasurements at SLAC (E143 [26℄, E155 [28℄) and atCERN (SMC [25℄). The HERMES measurement extendsto lower values in x than the SLAC data points, into aregion overed up to now by SMC data only, although athigher values of Q2. In the ase of the deuteron, HER-MES data provide the most preise determination of theasymmetry Ad1. The available world data from previousmeasurements [23, 25, 26, 27, 28, 30, 86℄ are onsiderablyless aurate than in ase of the proton.The asymmetries rise smoothly from zero with inreas-ing x. For x ! 1, Ap1 beomes of order unity (i.e. thequark arrying most of the nuleon's momentum is alsoarrying most of its spin). For the deuteron, the asym-metry for x above 0.01 appears to be smaller than thatof the proton.Apart from the similar general trend, the asymmetriesA1 for proton and deuteron are rather di�erent in their xdependene and magnitude. The ratio Ad1=Ap1 is smallerthan 0.5 over the measured x range, indiating a neg-ative ontribution to Ad1 from the neutron. HERMESdata at low Q2 indiate that Ap1 is ompatible with zerowithin the statistial unertainties below x = 0:01 whileAd1 vanishes already below x = 0:05.C. Struture funtions g1a. Proton and Deuteron. The primary values for thestruture funtions g1 for both the proton and deuteronare given in Tab. XIV for all of the 45 bins shown inFig. 4. The orrelation matries are given in Tab. XVfor the proton and in Tab. XVI for the deuteron. Forthose x bins having more than one Q2 bin, the g1 values
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FIG. 9: HERMES results on A1 vs x for proton and deuteron.Error bars represent statistial unertainties of the data (di-agonal elements of the ovariane matrix) ombined quadrat-ially with those from Monte Carlo statistis. Bands rep-resent systemati unertainties. Deuteron data points havebeen slightly shifted in x for visual purposes.were evolved to a ommon value of Q2, as desribed inset. VA, and averaged. The results are shown in 19x-bins in Fig. 11, together with all previously publisheddata. Alternatively, the funtions xgp1 and xgd1 are shownin Fig. 12, and ompared to the previously published datain Fig. 13.The numerial values for gp;d1 are given in Tab. XVIIIand the orrelation matries are in Tab. XIX for the pro-ton and in Tab. XX for the deuteron. When events areseleted subjet to Q2 > 1GeV2, only 15 x-bins remain(see e.g. Fig. 4). The orresponding struture funtionsand orrelation matries are given in Tabs. XXI, XXIII,and XXIV. In the ase of the proton, the entral valuesof the SMC data points are larger than those of HER-MES, in the low-x region. This reets the di�erenein hQ2i values between the two experiments, and is ex-peted from the Q2 evolution of g1.In the ase of the deuteron, the HERMES data areompatible with zero for x < 0:04. In this region theSMC data favor negative values for gd1 while the COM-PASS results [30℄ are also onsistent with zero.b. Neutron. The neutron struture funtion gn1 isextrated from gp1 and gd1 using Eq. (23). Other nuleare�ets like shadowing and Fermi motion of the nuleonsin the deuteron are negleted.In Fig. 14 (top panel), results on gn1 (x), extrated fromgp1 and gd1 , are shown for HERMES in omparison to theworld data. As an be seen from the lower panel of the�gure, the average Q2 values of HERMES and SLACmeasurements are similar, while those of SMC are higherby one order of magnitude at a given x. Compared to pre-vious data, the HERMES measurement restrits gn1 (x)

now very well. The struture funtion gn1 is negativeeverywhere, exept for the very high x region, where itbeomes slightly positive. For dereasing x values belowabout 0:03, gn1 appears to gradually approah zero frombelow, omplementary to the behavior of gp1 . While thisbehaviour is based on data with Q2 � 1 GeV2, it di�ersfrom the strong derease of gn1 (x) for x ! 0 that waspreviously onjetured on the basis of the E154 measure-ment on 3He [73℄, and also on SMC data [25℄, both withQ2 � 1 GeV2 as shown in Fig. 14.For ompleteness, the HERMES results on the x de-pendene of xgn1 are shown in Fig. 15 (top panel), om-pared to the world data. Tabs. XXV, XXVI and XXVIIshow the results for gn1 in 45 bins, 19 x-bins (obtained af-ter averaging over Q2), and in 15 x-bins (obtained afterapplying a Q2 > 1 GeV2 ut to data and then averagingin Q2).. Non-singlet. The non-singlet spin struture fun-tion gNS1 (x;Q2) is de�ned as:gNS1 � gp1 � gn1 = 2 �gp1 � gd11� 32!D � : (42)In Fig. 15 (bottom panel), the x dependene of xgNS1 asmeasured by HERMES is shown in omparison with datafrom E143, E155 and SMC. The non-singlet struturefuntion shows a behavior similar to that of the deuteronand neutron, whih was disussed above: the HERMESdata onstrain the x dependene of xgNS1 muh betterthan earlier measurements; the above-mentioned di�er-ene between the HERMES and SMC deuteron data forx < 0:03 is reeted also in gNS1 .D. Integrals of g1Important information about the spin struture of thenuleon an be obtained from the �rst moment of g1, inpartiular when ombining results on proton, deuteronand neutron. Experimentally, only a limited range in xis aessible. The integrals for proton and deuteron overa ertain x range and at a given Q20 are obtained as:e�1(Q20) =Xi g1(hxii; Q20)gfit1 (hxii; Q20) Z xi+1xi dx gfit1 (x;Q20); (43)where hxii are the average values of x in x-bin i withboundaries xi and xi+1; the integral of gfit1 aounts forthe non-linear x-dependene of g1. The integrals for gn1and gNS1 are obtained by linearly ombining the ones forproton and deuteron.The statistial unertainty is alulated as:�2e�1 = Xij Z xi+1xi dx gfit1 (x;Q20) Z xj+1xj dx gfit1 (x;Q20)� ov (g1)ijgfit1 (hxii; Q20) gfit1 (hxij ; Q20) : (44)
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22TABLE VI: Integrals of gp1 , gd1 , gn1 , and gNS1 . The uner-tainties are separated into statistial, systemati omponentsoming from the experiment (misalignment, partile identi�-ation and polarizations) and from the parameterizations (R,F2, A2, Adzz, !D), and evolution unertainty.Z 0:90:021dxg1 unertaintiesstat. syst. par. evol.Q2=2.5 GeV2p 0.1201 0.0025 0.0068 0.0028 0.0046d 0.0428 0.0011 0.0018 0.0008 0.0027n -0.0276 0.0035 0.0079 0.0031 0.0017NS 0.1477 0.0055 0.0142 0.0055 0.0039Q2=5 GeV2p 0.1211 0.0025 0.0068 0.0028 0.0050d 0.0436 0.0012 0.0018 0.0008 0.0026n -0.0268 0.0035 0.0079 0.0031 0.0018NS 0.1479 0.0055 0.0142 0.0055 0.0049TABLE VII: Contributions to the total systemati uner-tainty of the integrals listed in Tab. VI, over the measuredx range 0:021 < x < 0:9, alulated at Q20 = 5 GeV2. Thehorizontal line separates the soures (experiment and param-eterizations).soure p d n NSPolarizations 0.0066 0.0017 0.0076 0.0137PIDut 0.0002 0.0000 0.0002 0.0003Misalignment 0.0016 0.0006 0.0020 0.0034A2 0.0002 0.0001 0.0003 0.0005�UU 0.0028 0.0008 0.0027 0.0053Adzz - 0.0001 0.0002 0.0002!D - - 0.0015 0.0015the other integrals still show the tendeny of a small risein magnitude towards lower x. Also, the partial �rst mo-ment of gd1(x) alulated over the range 0 < x < 0:021 atQ2 = 5GeV2 from the NLO QCD �t of all available data,used here for `evolution', was found to be onsistent withzero within one statistial standard deviation. Hene,in the remaining disussion it will be assumed that thedeuteron �rst moment gd1 saturates for x < 0:04. Underthis assumption, onlusions an be drawn on the valuesof the singlet axial harge a0 and the �rst moment ofthe singlet quark heliity distribution �� as well as onthe strange-quark heliity distribution �s + ��s. Usingthe Bjorken Sum Rule, the saturation of the integral ofgd1 allows an estimate of the possible ontribution of theexluded region 0 < x < 0:021 to the proton moment �p1.In the following, results are given for Q20 = 5 GeV2and in O(�3s), unless otherwise noted. The right hand
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23TABLE VIII: Comparisons of g1 integrals over di�erent measured x ranges from this experiment (inluding the SIDIS mea-surement [1℄ and the measurement of gn1 from a 3He target [29℄) and SMC [25℄, EMC [87℄, E143 [26℄, E155 [27℄, E142 [72℄,and E154 [73℄. In the ase of E143, the normalization unertainties, not inluded in the original result, have been added inquadrature to the systemati unertainties. The results from SMC, originally in the x range 0:003 � x � 0:7, as well as theresults from E154, originally in the x range 0:014 � x � 0:7, the results from EMC, originally in the x range 0:01 � x � 0:7,and those of E155, originally in the range 0:01 � x � 0:9, have all been realulated in the HERMES range 0:021 � x � 0:7from the g1 values, following the proedure used in this paper for the alulation of the HERMES moments (see Eq. (43)) andare indiated with an asterisk. In the ase of EMC it was not possible to alulate unertainties from the evolution, as the g1values were already at Q2 = 10:7 GeV2, and no evolution unertainty was given.Exp. Q20 x range type Integral(GeV2) value stat. syst. param. evol.E143 5 0.03 - 0.8 p 0.117 0.003 0.007 -HERMES 0.115 0.002 0.006 0.003 0.004SMC (*) 10 0.021-0.7 p 0.120 0.005 0.007 0.002HERMES 0.119 0.003 0.007 0.003 0.005EMC (*) 10.7 0.021-0.7 p 0.110 0.011 0.019 -HERMES 0.119 0.003 0.007 0.003 0.005E155 (*) 5 0.021-0.9 p 0.124 0.002 0.009 0.005HERMES 0.121 0.002 0.007 0.003 0.005E143 5 0.03 - 0.8 d 0.043 0.003 0.003 -HERMES 0.042 0.001 0.002 0.001 0.002SMC (*) 10 0.021-0.7 d 0.042 0.005 0.004 0.001HERMES 0.043 0.001 0.002 0.001 0.002E155 (*) 5 0.021-0.9 d 0.043 0.002 0.003 0.003HERMES 0.044 0.001 0.002 0.001 0.003E142 2 0.03-0.6 n (3He) -0.028 0.006 0.006 -HERMES n (p,d) -0.025 0.003 0.007 0.002 0.001E154 (*) 2 0.021-0.7 n (3He) -0.032 0.003 0.005 0.003HERMES n (p,d) -0.027 0.004 0.008 0.003 0.002HERMES 2.5 0.023-0.6 n (3He) -0.034 0.013 0.005 -HERMES n (p,d) -0.027 0.003 0.007 0.003 0.001HERMES/ 2.5 0.023-0.6 NS 0.147 0.008 0.019 -SIDISHERMES 0.138 0.005 0.013 0.005 0.003By ombining Eqs. (7) and (12) (with �CNS = 1), thisnon-singlet integral an be diretly ompared in LO tothe reently published value for (�u+��u)� (�d+��d)obtained from semi-inlusive HERMES data [1℄ (see Ta-ble VIII). The partial non-singlet moment is alulatedat Q20 = 2:5 GeV2, for the sub-sample of the presentdata in the same kinemati range as the semi-inlusiveanalysis, i.e. 0:023 < x < 0:6 and Q2 > 1 GeV2.The resulting value 6 e�NS1 = 0:828 � 0:030(stat:) �0:078(syst:) � 0:030(param:)� 0:018(evol.) is in agree-ment with the published value (�u+��u)� (�d+��d) =0:880� 0:045(stat:)� 0:107(syst.) within the statistialunertainties. (The experimental systemati unertain-ties are highly orrelated).For onveniene in the following, the argument �s(Q2)of the moments of the oeÆient funtions will be sup-
pressed. The deuteron �rst moment is given by:�d1(Q20)=�1� 32!D� 136 ha8�CMSNS + 4a0�CMSS i ;(45)and one obtains:a0(Q20) = 1�CMSS " 9�d1�1� 32!D� � 14a8�CMSNS # : (46)Note that the Bjorken Sum Rule is not employed here.With �s = 0:29� 0:01 for Q20 = 5 GeV2, and the valuesfor �CMSNS and �CMSS to O(�2s), together with the valuesfor e�d1 and a8, the singlet axial harge yields a value a0 =0:330� 0:011(theo:)� 0:025(exp:)� 0:028(evol.).It is interesting to note that the deuteron target has anintrinsi advantage over the proton target with respet to



24TABLE IX: Expeted Bjorken Sum (BJS) alulated in LO through NNNLO, at Q2 = 5 GeV2, with unertainties oming fromgA=gV and �s. For the proton, the inferred value of �p1 in the table is obtained using the BJS and the measured �d1 (assuming�d1 = e�d1); its �rst unertainty omes from gA=gV , �s, and !D, the seond from �d1 (statistial and systemati), while the lastone omes from the Q2 evolution. Using the measured value for e�p1 and assuming the validity of the Bjorken Sum Rule, themissing part of the proton integral due to the low-x region is estimated in the last olumn; its �rst unertainty omes fromgA=gV , �s and !D, the seond from �p1 (statistial and systemati), the third from �d1 (statistial and systemati), while thelast one omes from the Q2 evolution on both �p1 and �d1.BJS �p1(inferred) Estimated �p1 � e�p1LO O(�0s) 0:2116� 0:0005 0:1530� 0:0008� 0:0025 � 0:0028 0:0316� 0:0008 � 0:0025� 0:0079� 0:0025NLO O(�1s) 0:1923� 0:0009 0:1434� 0:0008� 0:0025 � 0:0028 0:0219� 0:0008 � 0:0025� 0:0079� 0:0025NNLO O(�2s) 0:1856� 0:0015 0:1400� 0:0009� 0:0025 � 0:0028 0:0186� 0:0009 � 0:0025� 0:0079� 0:0025NNNLO O(�3s) 0:1821� 0:0019 0:1383� 0:0013� 0:0025 � 0:0028 0:0169� 0:0013 � 0:0025� 0:0079� 0:0025the preision that an be ahieved in the determination ofa0 from �1, in the typial ase that the unertainty in �1is dominated by sale unertainties assoiated with beamand target polarization. This is beause the magnitudeof �d1 is only about 30% of that of �p1, so that a similarsale unertainty produes a orrespondingly smaller ab-solute unertainty in �d1, and as a onsequene also in a0.This advantage of deuterium an be expeted to be alsoreeted in the impat of suh data on the preision ofglobal QCD �ts.The interpretation of quark distributions and their mo-ments extrated in NLO is subjet to some ambiguitydue to their sheme dependene. Nevertheless some on-lusions an be drawn, espeially for the sake of om-parison to earlier results, if one stays within the MSsheme. In this sheme a0 an be identi�ed with ��:a0 MS= �� = (�u+��u) + (�d+��d) + (�s+��s). Thevalue obtained for ��(Q20 = 5 GeV2) is ompared withother results from both experimental analyses and QCD�ts in Tab. XXVIII. The HERMES value obtained frome�d1 is in good agreement with the earlier E143 result [26℄on the same target at Q2 = 3 GeV2, but less so with theSMC result [25℄ at Q2 = 10 GeV2. The HERMES valuerepresents about 55% of the relativisti QPM expeta-tion of 0.6. The HERMES data therefore suggest thatthe quark heliities ontribute a substantial fration tothe nuleon heliity, but there is still need for a onsid-erable ontribution from gluons and/or orbital angularmomenta.From Tab. XXVIII it an be seen that, among resultsfor �� extrated from the data of individual experi-ments, those using estimates of the ontribution fromsmall x based on NLO QCD �ts tend to give systemat-ially smaller values that are more onsistent with theQCD-�t values of �� in the lower setion of the ta-ble. This emphasizes the importane of the unmeasuredregion at small x. We note that the partial �rst mo-ment of ��(x) alulated over the range 0 < x < 0:021at Q2 = 5GeV2 from the NLO QCD �t of all avail-able data that is used here for `evolution' is found to be�0:1334 � 0:1104(stat:) � 0:0273(syst:) � 0:0604(theo.).

It may also be relevant that all of the NLO QCD �tslisted here di�er from the diret extrations in that theyimpose symmetry among the sea avours, and invoke theBjorken Sum Rule.Under the assumption of SU(3) symmetry, the �rstmoment of the strange-quark heliity distribution an beobtained from the relation�s +��s = 13 (a0 � a8)= 1�CMSS 24 3�d1(1� 32!d) � a8 �4�CMSS +�CMSNS �12 35 :(47)The value �s + ��s = �0:085 � 0:013(theo:) �0:008(exp:) � 0:009(evol.) is obtained from HERMESdeuteron data, in order O(�2s). This value is negativeand di�erent from zero by about 4.7 �.The above results are based on the assumption of thevalidity of SU(3) avor symmetry in hyperon �-deays.The validity of this assumption is open to question. Areent analysis [90℄ of suh data leads, however, to theonlusion that suh symmetry breaking e�ets are small.Even if we assume that SU(3) symmetry is broken by upto 20% and that a8 lies in the range 0:47 � a8 � 0:70,the above onlusions are little hanged and one obtains0:358 � a0 � 0:302 and �0:037 � �s + ��s � �0:133.It is interesting to note that a reent global NLO �t ofthe previous world data for polarized inlusive and semi-inlusive deep-inelasti sattering [91℄, whih was madewithout the assumption of SU(3) avor symmetry, resultsin a small SU(3) breaking of -1% to -8%, a value of �s be-tween -0.045 and -0.051 and a value of �� between 0.284and 0.311, depending on the set of NLO fragmentationfuntions used in the analysis.Values for �u+��u and �d+��d an be determinedin the MS sheme using as experimental input the valueof a0 extrated from the deuteron data and as additional



25TABLE X: Values for a0, �u+��u, �d+��d, and �s+��salulated aording to Eqs. (46), (47), and (48) at Q2 =5 GeV2. Unertainties are separated into theoretial (a3, a8and �s) and those oming from the unertainty of e�d1 (where'exp.' inludes statistial, systemati, and parameterizations,while 'evol.' omes from the evolution).entral unertaintiesvalue theor. exp. evol.a0LO O(�0s) 0.278 0.010 0.022 0.025NLO O(�1s) 0.321 0.011 0.024 0.028NNLO O(�2s) 0.330 0.011 0.025 0.028�u+��uLO O(�0s) 0.825 0.004 0.007 0.008NLO O(�1s) 0.839 0.004 0.008 0.009NNLO O(�2s) 0.842 0.004 0.008 0.009�d +��dLO O(�0s) -0.444 0.004 0.007 0.008NLO O(�1s) -0.430 0.004 0.008 0.009NNLO O(�2s) -0.427 0.004 0.008 0.009�s +��sLO O(�0s) -0.103 0.013 0.007 0.008NLO O(�1s) -0.088 0.013 0.008 0.009NNLO O(�2s) -0.085 0.013 0.008 0.009input the values for the matrix elements a3 and a8:�u+��u = 16[2a0 + a8 + 3a3℄ ;�d+��d = 16[2a0 + a8 � 3a3℄: (48)The values �u+��u = 0:842�0:004(theo:)�0:008(exp:)�0:009(evol.) and �d + ��d = �0:427 � 0:004(theo:) �0:008(exp:)�0:009(evol.) are obtained. These results areessentially free from unertainties due to extrapolationsof g1 towards x = 0, provided the integral for gd1 reallysaturates at x < 0:04, but they invoke the validity of theBjorken Sum Rule.The values for a0, �u + ��u, �d+ ��d, and �s + ��shave been alulated in LO, NLO and NNLO from thedeuteron integral and are shown in Table X. Theyare somewhat di�erent from the partial moments thatwere previously extrated in LO by HERMES from semi-inlusive DIS data: R 0:60:023(�u+��u) dx = 0:599�0:022�0:065, R 0:60:023(�d+��d) dx = �0:280� 0:026� 0:057, andR 0:30:023�s dx = 0:028�0:033�0:009 [1℄. These partial mo-ments for the up- and down-quark heliity distributionsare smaller in magnitude than the full moments given inTable IX, due to the restrited x-range. They also donot invoke the validity of the Bjorken Sum Rule. Onepossible explanation of the di�erene between the above

quoted partial moment of the strange-quark heliity dis-tribution and the value for 12(�s + ��s) derived in thisanalysis ould be a substantial negative ontribution toit at small x. VII. CONCLUSIONSHERMES has measured the spin struture funtiong1(x;Q2) of the proton and the deuteron in the kinematirange 0:0041 < x < 0:90 and 0:18 GeV2< Q2 < 20 GeV2.By ombining the proton and the deuteron data, the neu-tron spin struture funtion gn1 (x;Q2) is extrated.In the HERMES analysis, the measured asymmetriesare orreted for detetor smearing and QED radiativee�ets by applying an unfolding algorithm. As a onse-quene, the resulting data points are no longer orrelatedsystematially but instead statistially. The full infor-mation on the statistial orrelations is ontained in theovariane matrix. In order to avoid overestimating thestatistial unertainties, it is mandatory to take into a-ount its o�-diagonal elements when using the HERMESdata for any further analysis. A fair omparison of thestatistial power of di�erent experiments is given by theauray of integrals of struture funtions.The statistial preision of the HERMES proton data isomparable to that of the hitherto most preise data fromSLAC and CERN in the same x range. The HERMESdeuteron data provide the most preise published deter-mination of the spin struture funtion gd1(x;Q2), om-pared to previous measurements. In the region x < 0:03the SMC data favor negative values, while the HERMESdeuteron data are ompatible with zero, as are the reentCOMPASS data.The ombination of the HERMES measurements of gp1and gd1 onstrains the neutron spin struture funtiongn1 (x) well. Its auray is omparable to the E154 resultthat is obtained from a 3He target. Its behavior in theregion x < 0:03 with hQ2i < 1 GeV2 di�ers from thedramati drop-o� of gn1 (x) for x! 0, earlier onjeturedon the basis of previous data.Integrals of the spin struture funtion g1 of proton,deuteron and neutron have been alulated in variousx-ranges and values of Q20. The HERMES proton inte-gral agrees with E143 and within statistial unertaintiesalso with SMC, at their respetive Q20-values. The HER-MES deuteron integral improves on the auray (sta-tistial ombined with systemati) of previous results.It appears to saturate for x < 0:04. Assuming thissaturation, the �rst moment of the deuteron struturefuntion g1(x;Q2) an be determined with small uner-tainties due to the extrapolation of gd1 towards x = 0.It yields �d1(Q2 = 5 GeV2) = 0:0437 � 0:0035(total).The di�erene of twie the proton integral in the mea-sured range, e�p1 = 0:1214 � 0:0093(total) and the �rstdeuteron moment, orreted for the D-wave admixture tothe deuteron wave funtion, amounts to e�NS1 = 0:1484�0:0170(total). It agrees within 2� with the Bjorken Sum



26Rule, �NS1 = 0:1821 � 0:0019, alulated in QCD inO(�3s). From the di�erene of the theoretial value andthe measured value, the ontribution of the exluded re-gion 0 � x < 0:021 to the �rst proton moment �p1 isestimated to yield only 0:017� 0:009.Based on the assumed saturation of the integral of gd1and with the assumption of SU(3) avor symmetry inthe deays of hyperons in the spin-12 baryon otet, theavor-singlet axial harge a0 has been determined in theMS sheme using �d1 and the axial harge a8 as inputs,in order �2s. It amounts toa0(Q2 = 5GeV2)=0:330� 0:011(theo:)� 0:025(exp:)� 0:028(evol:):(49)In this fatorization sheme, this result an be interpretedas the ontribution �� of quark heliities to the nuleonheliity. The HERMES data therefore suggest that thequark heliities ontribute a substantial fration to thenuleon heliity, but there is still need for a major on-tribution from gluons and/or orbital angular momenta ofmore than half of the sum of Eq. (1). Under the sameassumptions, a negative value for the �rst moment ofthe heliity distribution for strange quarks �s + ��s =�0:085� 0:013(theo:)� 0:008(exp:)� 0:009(evol.) is ob-tained from the deuteron data, in order �2s.Values for �u+��u and �d+��d have been determinedin the MS sheme using �d1 and the axial harges a3and a8 as inputs, and the values �u + ��u = 0:842 �0:004(theo:)� 0:008(exp:)� 0:009(evol.) and �d+��d =�0:427 � 0:004(theo:) � 0:008(exp:) � 0:009(evol.) areobtained. AknowledgmentsWe gratefully aknowledge the DESY management forits support and the sta� at DESY and the ollaborat-ing institutions for their signi�ant e�ort. This work wassupported by the FWO-Flanders, Belgium; the NaturalSienes and Engineering Researh Counil of Canada;the National Natural Siene Foundation of China; theAlexander von Humboldt Stiftung; the German Bun-desministerium f�ur Bildung und Forshung (BMBF); theDeutshe Forshungsgemeinshaft (DFG); the Italian Is-tituto Nazionale di Fisia Nuleare (INFN); the MEXT,JSPS, and COE21 of Japan; the Duth Foundation forFundamenteel Onderzoek der Materie (FOM); the U. K.Engineering and Physial Sienes Researh Counil, thePartile Physis and Astronomy Researh Counili andthe Sottish Universities Physis Alliane; the U. S. De-partment of Energy (DOE) and the National SieneFoundation (NSF) and the Ministry of Trade and Eo-nomial Development and the Ministry of Eduation andSiene of Armenia.

APPENDIX A: UNFOLDING ALGORITHMAn unfolding algorithm was used to orret the asym-metries for the kinemati smearing e�ets of higher orderQED proesses and the spetrometer resolution. Theomplexity of suh an algorithm stems from the fatthat the alulable absolute ross setion of the spin-dependent radiative bakground proesses, e.g., `elastitails', must be e�etively normalized to the data by om-paring simulated and measured unpolarized yields basedon world data on �UU .Radiative e�ets inlude vertex orretions to the QEDhard sattering amplitude, and kinemati migration dueto radiation of real photons by the lepton in either theinitial (ISR) or �nal (FSR) state. Also ISR may in prini-ple ip the heliity of the inident lepton before it emitsthe virtual photon [92℄, reduing the e�etive `photondepolarization parameter' to a degree that is orrelatedwith kinemati migration. Thus this additional `spin-state mixing' doubles the size of the smearing matrix,as the kinemati bins for the two spin states are oupled.This generality is retained here for pedagogial reasons inspite of the suppression of `heliity-ip bremsstrahlung'by an additional power of �.Our basi assumption here is that radiative e�ets onthe observed experimental ross setions �X (x) (X signi-fying experimental), depending on various kinemati pa-rameters olletively designated x, an be represented bya pair of oupled integral equations ontaining elementsof a matrix of radiative kernels K:�X!((x)=Z dt hK!(!((x; t)� 12 (t) +K!(!)(x; t)� 32 (t)i(A1)�X!)(x)=Z dt hK!)!((x; t)� 12 (t) +K!)!)(x; t)� 32 (t)i :(A2)Here the radiative (quasi-)elasti (Bethe-Heitler) bak-ground is inluded by ontinuing the integrals up toxBj = 1. (We neglet the small ontribution from thetransverse asymmetry A2.) Beause parity is onservedin QED, we haveK!(!( = K!)!) � Kdiag (A3)K!(!) = K!)!( � Koff : (A4)In the absene of radiative e�ets, these equations sim-plify to represent the Born-approximation ross setion�B(x) as:�B!((x) = hKBdiag(x)� 12 (x) +KBoff (x)� 32 (x)i (A5)�B!)(x) = hKBoff (x)� 12 (x) +KBdiag(x)� 32 (x)i :(A6)In this ase, we an reognize the oeÆients as repre-senting the e�etive `depolarization parameter':D(x) = KBdiag(x) �KBoff (x)KBdiag(x) +KBoff (x) : (A7)
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FIG. 17: Migration matries M!) (the M!( matries look similar) for two di�erent binnings. Left panel: migration matrix fora pure x binning. Right panel: migration matrix for the ombined x and Q2 binning used in this analysis. The horizontal andvertial lines divide the x-bins; within eah x-bin the Q2 bins are arranged in inreasing Q2. The matries are extrated froma fully reonstruted Monte Carlo data set simulating both QED radiative and detetor e�ets for inlusive DIS on a protontarget.Inverting Eqs. (A5){(A6) and substituting inEqs. (A1){(A2), we obtain equations relating Bornand measured yields, of the form:�X!((x)=Z dt hK0diag(x; t)�B!((t) +K0off (x; t)�B!)(t)i(A8)�X!)(x)=Z dt hK0off (x; t)�B!((t) +K0diag(x; t)�B!)(t)i :(A9)For the analysis of experimental data, the kernels in theseequations are modi�ed to also aount for the smearinge�ets of instrumental resolution. The resulting equa-tions are disretized by dividing the experimental (Born)kinemati spae into ni (nj) bins, with ni � nj. It isonvenient to work in the 2ni (2nj) dimensional spaeontaining vetors onsisting of ni (nj) event yields forthe !( spin state followed by the same number for the !)state. The yield vetors binned in experimental and Bornvariables are related via the disretization of Eqs. (A8){(A9): NX = SNB +N bg ; (A10)where NX (NB) is a vetor of length 2ni (2nj) repre-senting experimental (Born) yields, and S is a 2ni � 2njsmearingmatrix. The two ni�nj equal o�-diagonal quar-ters of S are designated Soff , and orrespond to K0off inEqs. (A8){(A9), while the diagonal quarters Sdiag or-respond to K0diag. As none of the kinemati bins are

assumed to inlude the value xBj = 1, the additional2ni-vetor N bg appears to aount for the bakgroundontribution from the Bethe-Heitler proess as well askinemati migration into the aeptane from outside.The smearing matrix S is extrated from two MonteCarlo simulations. One simulation aounts for QEDradiative e�ets and inludes omplete detetor simula-tion, followed by standard event reonstrution. Henekinemati smearing from both radiative and instrumen-tal e�ets are inluded. Radiative proesses and vertexorretions have been omputed using the method out-lined in Ref. [93℄. The elasti and quasi-elasti radia-tive bakgrounds have been evaluated using parameteri-zations of the nuleon form fators [94℄ and the deuteronform fators [95℄. For the deuteron, the redution of thebound nuleon ross setion with respet to that for thefree nuleon (quasi-elasti suppression) was evaluated us-ing the results from Ref. [96℄. The DIS event generatoruses parameterizations representing the world data for�UU [76, 77℄. The events were generated in the angularrange j�xj < 180 mrad, 35 mrad < j�yj < 150 mrad ofobserved kinematis. The eletrons are traked through adetailed GEANT [97℄ model of the HERMES spetrom-eter and reonstruted with the same HRC [50℄ reon-strution algorithm as for real data.For eah simulated event, the alulation provides boththe kinemati values reonstruted from the spetrome-ter as well as the `Born' values desribing the primaryQED vertex where the inident lepton emits the virtual



28photon. Hene those Monte Carlo events for spin state,e.g., !( that are seleted under the same riteria that areapplied to the analysis of experimental data an be sortedinto a ni � nj `migration matrix' M!(, where M!((i; j)ontains the yield of events originating in Born bin jand smeared into experimental bin i. Bakground eventsoriginating from the Bethe-Heitler proess or from out-side the aeptane are not inluded in M .As an example, Fig. 17 illustrates the migrationmatrixM!)(i; j). An x distribution like the one in Fig. 6 repre-sents a slie along a given Born bin j in the matrix thatis shown in the left panel of Fig. 17. In the right panelof Fig. 17, a migration matrix for the two-dimensionalx-Q2 binning is displayed. As the unfolding proedure isoblivious to the kinemati proximity of the bins, it an beused for any kind of kinemati binning. Therefore a two-dimensional smearing problem an simply be redued toa one-dimensional problem.The migration matries are related to the smearingmatrix via the vetor NB of Born yields. The vetorNB is not available from the same Monte Carlo simula-tion, as some events from inside the nominal kinematiaeptane migrate outside and are lost. Hene NB isobtained from a seond Monte Carlo simulation with thesame luminosity but with both radiative and instrumen-tal e�ets omitted. We designate NB!( and NB!) to be thenj � nj diagonal matries with diagonal elements thatare respetively the �rst and seond halves of NB. Thenthe migration matries an be written asM!( = Sdiag NB!( + Soff NB!) (A11)M!) = Sdiag NB!) + Soff NB!( : (A12)If we de�ne a disriminant D � NB!(NB!( � NB!)NB!), theabove equations an be solved to yield:Sdiag = hM!(NB!( �M!)NB!)iD�1 (A13)Soff = hM!)NB!( �M!(NB!)iD�1 : (A14)Then S an be assembled from Sdiag and Soff . Theo�-diagonal terms give rise to some dependene on theMonte Carlo model for NB . The smearing matrix forpolarization-averaged data is given by Su = Sdiag+Soff .The experimental yields need have no absolute nor-malization in order to subtrat the alulable Bethe-Heitler bakground beause the polarization-averagedross setion has been measured with high preision.Those two known ross setions are enoded in theMonte Carlo event generator. Hene e�etively nor-malizing the polarization-averaged Monte Carlo yieldsto the observed yields results in properly normalizedBethe-Heitler bakground yields from the Monte Carlo.Representing this sheme here requires transformationof the !( and !) variables into polarization-averagedand polarization-di�erene variables. The ni-vetor ofpolarization-averaged yieldsNXu an be obtained through

appliation of an ni � 2ni projetor matrix U (signify-ing Unpolarized). U is onstruted by juxtaposing twoni � ni diagonal matries, with all diagonal elements ofboth left and right half equal to 12 . Similarly, the vetorof polarization-di�erene yields NXp an be obtained byappliation of the projetor P , whih di�ers from U onlyin that the diagonal elements of the right-hand half are�12 . Thus we haveNXu = U (SNB +N bg) = SuNBu + UN bg (A15)NXp = P (SNB + N bg) : (A16)Eq. (A10) applies to the results of the Monte Carlo sim-ulation, whih is assumed to desribe reality with the pos-sible exeption of unsimulated polarization-independentdetetor ineÆienies. A similar equation relates the ve-tors representing the measured experimental yields Xand the orresponding unknown Born yieldsB, the polar-ization asymmetryAjj of whih is the goal of the analysis.We represent the detetor eÆienies in this equation asthe elements of an ni�ni diagonal matrix Kn. It is on-venient to onstrut a 2ni � 2ni diagonal matrix K2n byrepeating Kn as the diagonal quarters. These onstru-tions are related by UK2n = KnU and similarly for P .The smearing of the experimental data is then given by:X = K2nSB +Xbg (A17)Xu = U (K2nSB +Xbg) = KnSuBu + UXbg(A18)Xp = P (K2nSB +Xbg) : (A19)The Monte Carlo normalization relative to the exper-imental data is arbitrary. This is represented here interms of an arbitrary onstant  relating the polarization-averaged Born yieldsNBu from the Monte Carlo generatorto B orresponding to the experimental observations:Bu = NBu : (A20)The Monte Carlo also orretly desribes the entirepolarization-dependent bakground N bg and its relation-ship to the polarization-averaged yields. Hene the samenormalization onstant applies to the bakground terms:Xbg = K2nN bg : (A21)Combining this relation with Eqs. (A15), (A18) and(A20), we have: Xu = KnNXu : (A22)Note that suh a relationship does not generally hold forXp, as the Monte Carlo model for NXp need not desribereality.Rearranging Eq. (A15) and applying Eq. (A20), weget: USB =  �NXu � UN bg� : (A23)



29The diagonal ni�ni matrixAmjj ontaining the measuredasymmetries is de�ned asAmjj (i; i) � Xp(i)Xu(i) : (A24)Then applying Eq. (A19), we get:Amjj Xu = Xp = P (K2nSB +Xbg) : (A25)Rearranging, applying Eqs. (A21), (A22) and PK2n =KnP , and then multiplying both sides by K�1n , we getPK2nSB = Amjj Xu � PXbgPSB =  hAmjj NXu � PN bgi ; (A26)where we have used Amjj Kn = KnAmjj , as both Kn andAmjj are diagonal. We now stak the two ni � 2ni pro-jetor matries U and P to form the 2ni � 2ni projetor� UP �. We also onatinate the two vetors NXu andAmjj NXu to form the 2ni-vetor nNXu : Amjj NXu o. Withthese ombinations, we an unify Eqs. (A23) and (A26):� UP �SB =  �nNXu : Amjj NXu o� � UP �N bg� :(A27)This system may be solved for the unknown vetor B. Ifni = nj � n, this may be done by multiplying both sidesby �� UP � S��1 to get:B =  �� UP �S��1 �nNXu : Amjj NXu o� � UP �N bg� :(A28)Finally, we form the Born asymmetry of interest:Ajj(j) = [PB℄(j)[UB℄(j) ; j = 1 : : : n ; (A29)where the onstant  anels. The ovariane matrix thatfollows from Eqs. (A28){(A29) desribes the statistialorrelation between the unfolded asymmetry values forany two kinemati bins. It is given asov(Ajj)(i; j) = nXk=1D(i; k)D(j; k)�2(Amjj (k)) ; (A30)where �(Amjj (k)) is the statistial unertainty of the mea-sured asymmetry Amjj (k), and the matrix D is de�nedas: D(j; i) � �Ajj(j)�Amjj (i)= "P �� UP �S��1# (j; i+ n)NXu (i)NBu (j) ;(A31)

where we have used Eq. (A20) and UB = Bu.Unfolding auses an ination of the statistial uner-tainty of the asymmetry, driven by the elasti ontam-ination at low x and by detetor smearing at large x.This last e�et depends on the momentum resolutionand is thus larger at lower values of y (and hene lowerQ2). Thus the Q2 binning separates regions with di�er-ent degrees of smearing. The amount of smearing in thevariable Q2 is muh smaller than that in x. In Fig. 18(top two panels), the measured and Born asymmetriesare shown, while in the bottom panel the unertaintyination for Ak is depited.The statistial unertainties of the Monte Carlo dataenter mainly via the simulated experimental ount ratesin the migration matries. In order to propagate thesestatistial unertainties through the unfolding algorithmwith its matrix inversion and to evaluate the inueneon the unfolded Born level asymmetry Ajj, a numeri-al approah is used. The measured asymmetry is un-folded N = 10000 times using modi�ed migration matri-es. Eah time all elements are seleted from a Gaussiandistribution orresponding to their respetive statistialunertainty. The standard deviation in eah bin and theorrelation between di�erent bins of the unfolded resultsare alulated. The (statistis-based) ovariane of Ajjoming from the unfolding and the one oming from the�nite statistis of the Monte Carlo are summed; the re-sult is alled statistial unertainty.APPENDIX B: AVERAGESa. Matrix alulationTo obtain an expression for the weighted average oforrelated quantities, it is neessary to start from the �2de�nition: �2 = (y � F I)T C�1 (y� F I) ; (B1)where y is the vetor of n measurements of a given quan-tity, F is the funtional expression (in our ase a on-stant) to be �tted, C is the ovariane matrix of the mea-surements and I is the vetor with all omponents equalto 1.The best value for F is obtained by minimizing the �2with respet to F :��2�F = � ITC�1 y� yT C�1 I + 2F IT C�1 I = 0 ;(B2)so that:F = � IT C�1 I��1 ITC�1 y � A y : (B3)The quantity ITC�1 I = Tr C�1 is a salar. Therefore,
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FIG. 18: Top two panels: measured and unfolded Born asym-metries for proton and deuteron. The error bars of the Bornasymmetries are the square root of the diagonal elements ofthe ovariane matrix obtained after unfolding, with the in-lusion of the unertainty due to the statistis of the MonteCarlo. Bottom panel: unertainty ination when going frommeasured to Born asymmetry due to the unfolding proedure.The symbols A, B and C refer to the Q2-bin sets de�ned inFig. 4.

the statistial unertainty of F is given by:�2F = � �F� y�C � �F� y�T = A C AT == � ITC�1 I��2 � ITC�1� C � ITC�1�T == � ITC�1 I��1 : (B4)Only the following trivial ases of Eqs. (B3) and (B4) arerequired for this analysis.a. Case n=2. In the ase of a weighted average be-tween two measurements, F and �2F are given by theexpressions:F = y1 (C22 � C12) + y2 (C11 � C12)C11 + C22 � 2C12�2F = C11C22 � C212C11 + C22 � 2C12 : (B5)b. Case n=3. In the ase of three measurements theexpression is more ompliated. One an de�ne a1, a2and a3 as:a1 = C22C33 � C223 � C12C33 + C13C23 + C12C23 � C22C13a2 = C11C33 � C213 � C12C33 + C13C23 + C12C13 � C11C23a3 = C11C22 � C212 � C13C22 + C12C23 + C12C13 � C11C23 ;(B6)so that:F = a1y1 + a2y2 + a3y3a1 + a2 + a3 ; �2F = det Ca1 + a2 + a3 : (B7)It is easy to hek that these expressions beome theusual weighted average among independent measure-ments when Cij = 0 with i 6= j, and Cii = �2i .b. Covariane matrix of the average.The expression for g1 averaged over the Q2 bins anbe generially written as:(g1)nx = A (g1)45 ; (B8)where nx is the number of x-bins taken into aount (19when no Q2 ut is applied, and 15 for Q2 � 1 GeV2),and A is a nx�45 matrix. The ovariane matrix of g1in nx x-bins is then given by:Cnx = A C�145 AT : (B9)
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33TABLE XI: The measured and Born asymmetries, Am;pjj and Apk, at the average values of hxi, hyi and hQ2i in 45 bins, shownwith statistial and systemati unertainties. A normalization unertainty of 5.2% has been inluded in the olumn `syst'.bin x range hxi hyi hQ2i=GeV2 Am;pjj � stat. � syst. Apk �stat. � syst.1 0.0041 - 0.0073 0.0058 0.866 0.26 0.0167 0.0060 0.0028 0.0205 0.0249 0.00262 0.0073 - 0.0118 0.0096 0.824 0.41 0.0209 0.0053 0.0024 0.0138 0.0167 0.00223 0.0118 - 0.0168 0.0142 0.778 0.57 0.0308 0.0055 0.0019 0.0294 0.0153 0.00274 0.0168 - 0.0212 0.0190 0.738 0.73 0.0376 0.0063 0.0041 0.0347 0.0173 0.00315 0.0212 - 0.0295 0.0248 0.642 0.82 0.0432 0.0056 0.0028 0.0428 0.0136 0.00326 0.0212 - 0.0295 0.0264 0.818 1.12 0.0675 0.0101 0.0136 0.0931 0.0294 0.00747 0.0295 - 0.0362 0.0325 0.515 0.87 0.0436 0.0089 0.0087 0.0561 0.0239 0.00318 0.0295 - 0.0362 0.0329 0.732 1.25 0.0641 0.0078 0.0059 0.0724 0.0199 0.00579 0.0362 - 0.0444 0.0399 0.435 0.90 0.0430 0.0112 0.0054 0.0522 0.0313 0.003110 0.0362 - 0.0444 0.0403 0.659 1.38 0.0603 0.0066 0.0043 0.0592 0.0156 0.004811 0.0444 - 0.0568 0.0498 0.361 0.93 0.0367 0.0138 0.0063 0.0291 0.0360 0.002912 0.0444 - 0.0568 0.0506 0.586 1.54 0.0645 0.0053 0.0047 0.0613 0.0116 0.005113 0.0568 - 0.0727 0.0643 0.375 1.25 0.0415 0.0074 0.0064 0.0466 0.0179 0.002814 0.0568 - 0.0727 0.0645 0.555 1.85 0.0673 0.0076 0.0076 0.0549 0.0158 0.004415 0.0568 - 0.0727 0.0655 0.761 2.58 0.0930 0.0122 0.0077 0.0724 0.0263 0.006916 0.0727 - 0.0929 0.0823 0.308 1.31 0.0425 0.0072 0.0034 0.0382 0.0185 0.002617 0.0727 - 0.0929 0.0824 0.484 2.06 0.0802 0.0072 0.0063 0.0876 0.0147 0.005318 0.0727 - 0.0929 0.0835 0.712 3.08 0.1386 0.0111 0.0101 0.1521 0.0218 0.010419 0.0929 - 0.119 0.1051 0.253 1.38 0.0467 0.0073 0.0059 0.0518 0.0200 0.003320 0.0929 - 0.119 0.1054 0.420 2.29 0.0737 0.0070 0.0069 0.0631 0.0143 0.004321 0.0929 - 0.119 0.1064 0.662 3.65 0.1484 0.0108 0.0083 0.1481 0.0197 0.009822 0.119 - 0.152 0.1344 0.210 1.46 0.0415 0.0073 0.0071 0.0414 0.0226 0.002623 0.119 - 0.152 0.1347 0.366 2.56 0.0883 0.0070 0.0049 0.0888 0.0141 0.005524 0.119 - 0.152 0.1358 0.612 4.30 0.1693 0.0110 0.0095 0.1717 0.0189 0.010825 0.152 - 0.194 0.1719 0.176 1.56 0.0433 0.0072 0.0077 0.0505 0.0270 0.002926 0.152 - 0.194 0.1722 0.321 2.87 0.0950 0.0072 0.0070 0.0999 0.0146 0.006127 0.152 - 0.194 0.1734 0.563 5.05 0.1857 0.0115 0.0104 0.1896 0.0189 0.011628 0.194 - 0.249 0.2191 0.147 1.67 0.0476 0.0075 0.0046 0.0433 0.0324 0.003329 0.194 - 0.249 0.2200 0.279 3.18 0.0906 0.0076 0.0060 0.0867 0.0154 0.005630 0.194 - 0.249 0.2213 0.512 5.87 0.1900 0.0124 0.0105 0.1875 0.0195 0.011331 0.249 - 0.318 0.2786 0.137 1.98 0.0561 0.0082 0.0086 0.0676 0.0354 0.003932 0.249 - 0.318 0.2810 0.259 3.77 0.1035 0.0086 0.0065 0.1047 0.0174 0.006433 0.249 - 0.318 0.2824 0.475 6.94 0.2178 0.0147 0.0123 0.2142 0.0222 0.012734 0.318 - 0.406 0.3550 0.134 2.46 0.0678 0.0098 0.0041 0.0646 0.0405 0.005535 0.318 - 0.406 0.3585 0.249 4.62 0.1289 0.0109 0.0074 0.1268 0.0210 0.008036 0.318 - 0.406 0.3603 0.442 8.25 0.2565 0.0192 0.0142 0.2581 0.0278 0.015137 0.406 - 0.520 0.4520 0.131 3.08 0.0738 0.0131 0.0080 0.0675 0.0514 0.006038 0.406 - 0.520 0.4567 0.237 5.61 0.1562 0.0150 0.0130 0.1719 0.0278 0.010339 0.406 - 0.520 0.4589 0.409 9.72 0.2801 0.0276 0.0161 0.2870 0.0384 0.016540 0.520 - 0.665 0.5629 0.134 3.90 0.0948 0.0226 0.0079 0.0962 0.0739 0.008541 0.520 - 0.665 0.5798 0.225 6.77 0.1338 0.0237 0.0126 0.1126 0.0481 0.007742 0.520 - 0.665 0.5823 0.377 11.36 0.3212 0.0481 0.0179 0.3151 0.0643 0.018243 0.665 - 0.9 0.6921 0.176 6.32 0.1150 0.0683 0.0137 0.1307 0.1522 0.010844 0.665 - 0.9 0.7173 0.257 9.56 0.2733 0.0669 0.0196 0.3028 0.0939 0.017545 0.665 - 0.9 0.7311 0.377 14.29 0.4981 0.1470 0.0298 0.5274 0.1757 0.0298



34TABLE XII: The measured and Born asymmetries, Am;djj and Adk, at the average values of hxi, hyi and hQ2i in 45 bins, shownwith statistial and systemati unertainties. A normalization unertainty of 5% has been inluded in the olumn `syst'.bin x range hxi hyi hQ2i=GeV2 Am;djj �stat. �syst. Adk �stat. �syst.1 0.0041 - 0.0073 0.0058 0.866 0.26 0.0032 0.0039 0.0041 0.0086 0.0114 0.00042 0.0073 - 0.0118 0.0096 0.824 0.41 0.0032 0.0032 0.0031 -0.0024 0.0078 0.00043 0.0118 - 0.0168 0.0142 0.778 0.57 0.0034 0.0032 0.0031 -0.0013 0.0074 0.00034 0.0168 - 0.0212 0.0190 0.738 0.73 0.0058 0.0035 0.0052 -0.0024 0.0085 0.00045 0.0212 - 0.0295 0.0248 0.642 0.82 0.0077 0.0031 0.0013 0.0047 0.0069 0.00056 0.0212 - 0.0295 0.0264 0.818 1.12 0.0180 0.0056 0.0028 0.0231 0.0141 0.00157 0.0295 - 0.0362 0.0325 0.515 0.87 0.0034 0.0050 0.0010 0.0013 0.0127 0.00038 0.0295 - 0.0362 0.0329 0.732 1.25 0.0050 0.0043 0.0079 -0.0090 0.0100 0.00049 0.0362 - 0.0444 0.0399 0.435 0.90 0.0046 0.0063 0.0042 0.0050 0.0172 0.000310 0.0362 - 0.0444 0.0403 0.659 1.38 0.0125 0.0036 0.0049 0.0027 0.0080 0.000711 0.0444 - 0.0568 0.0498 0.361 0.93 0.0124 0.0078 0.0101 -0.0019 0.0200 0.000812 0.0444 - 0.0568 0.0506 0.586 1.54 0.0180 0.0029 0.0032 0.0124 0.0061 0.001113 0.0568 - 0.0727 0.0643 0.375 1.25 0.0109 0.0041 0.0009 0.0121 0.0100 0.000514 0.0568 - 0.0727 0.0645 0.555 1.85 0.0227 0.0042 0.0035 0.0169 0.0084 0.001215 0.0568 - 0.0727 0.0655 0.761 2.58 0.0269 0.0066 0.0079 0.0094 0.0135 0.001616 0.0727 - 0.0929 0.0823 0.308 1.31 0.0096 0.0041 0.0049 0.0011 0.0109 0.000317 0.0727 - 0.0929 0.0824 0.484 2.06 0.0299 0.0040 0.0019 0.0321 0.0080 0.001618 0.0727 - 0.0929 0.0835 0.712 3.08 0.0491 0.0061 0.0037 0.0514 0.0114 0.002719 0.0929 - 0.119 0.1051 0.253 1.38 0.0146 0.0041 0.0042 0.0058 0.0124 0.000520 0.0929 - 0.119 0.1054 0.420 2.29 0.0238 0.0039 0.0046 0.0151 0.0079 0.001121 0.0929 - 0.119 0.1064 0.662 3.65 0.0502 0.0060 0.0060 0.0409 0.0105 0.002322 0.119 - 0.152 0.1344 0.210 1.46 0.0181 0.0041 0.0057 0.0256 0.0152 0.000923 0.119 - 0.152 0.1347 0.366 2.56 0.0384 0.0039 0.0024 0.0360 0.0081 0.001924 0.119 - 0.152 0.1358 0.612 4.30 0.0601 0.0061 0.0045 0.0517 0.0103 0.002525 0.152 - 0.194 0.1719 0.176 1.56 0.0163 0.0041 0.0072 0.0152 0.0194 0.000526 0.152 - 0.194 0.1722 0.321 2.87 0.0443 0.0041 0.0026 0.0482 0.0086 0.002327 0.152 - 0.194 0.1734 0.563 5.05 0.0785 0.0064 0.0045 0.0726 0.0105 0.003328 0.194 - 0.249 0.2191 0.147 1.67 0.0240 0.0043 0.0070 0.0104 0.0244 0.001229 0.194 - 0.249 0.2200 0.279 3.18 0.0409 0.0043 0.0057 0.0311 0.0096 0.002130 0.194 - 0.249 0.2213 0.512 5.87 0.0977 0.0070 0.0044 0.1013 0.0110 0.004331 0.249 - 0.318 0.2786 0.137 1.98 0.0298 0.0048 0.0082 0.0431 0.0277 0.001732 0.249 - 0.318 0.2810 0.259 3.77 0.0489 0.0050 0.0043 0.0422 0.0112 0.002433 0.249 - 0.318 0.2824 0.475 6.94 0.1086 0.0084 0.0068 0.0999 0.0129 0.004334 0.318 - 0.406 0.3550 0.134 2.46 0.0363 0.0058 0.0073 0.0257 0.0320 0.002335 0.318 - 0.406 0.3585 0.249 4.62 0.0718 0.0063 0.0062 0.0699 0.0139 0.003236 0.318 - 0.406 0.3603 0.442 8.25 0.1641 0.0111 0.0073 0.1706 0.0165 0.007237 0.406 - 0.520 0.4520 0.131 3.08 0.0471 0.0078 0.0132 0.0715 0.0410 0.004338 0.406 - 0.520 0.4567 0.237 5.61 0.0956 0.0089 0.0077 0.1094 0.0190 0.004739 0.406 - 0.520 0.4589 0.409 9.72 0.1705 0.0163 0.0070 0.1696 0.0238 0.007240 0.520 - 0.665 0.5629 0.134 3.90 0.0486 0.0133 0.0245 0.0027 0.0584 0.005341 0.520 - 0.665 0.5798 0.225 6.77 0.0977 0.0142 0.0134 0.0720 0.0348 0.003242 0.520 - 0.665 0.5823 0.377 11.36 0.2096 0.0287 0.0084 0.2134 0.0411 0.008843 0.665 - 0.9 0.6921 0.176 6.32 0.1170 0.0405 0.0318 0.1774 0.1168 0.010644 0.665 - 0.9 0.7173 0.257 9.56 0.1516 0.0401 0.0087 0.1650 0.0665 0.006645 0.665 - 0.9 0.7311 0.377 14.29 0.4427 0.0916 0.0420 0.5164 0.1224 0.0210



35TABLE XIII: Virtual photon asymmetries Ap1 and Ad1 at the average hxi and hQ2i in 45 bins, inluding statistial and systematiunertainties. A normalization unertainty of 5.2% for the proton and 5% for the deuteron has been inluded in the olumn`syst'.bin hxi hQ2i=GeV2 Ap1 �stat. �syst. �par. Ad1 �stat. �syst. �par.1 0.0058 0.26 0.0221 0.0270 0.0028 0.0011 0.0092 0.0122 0.0005 0.00052 0.0096 0.41 0.0158 0.0192 0.0025 0.0007 -0.0028 0.0090 0.0004 0.00013 0.0142 0.57 0.0364 0.0190 0.0034 0.0016 -0.0017 0.0091 0.0004 0.00014 0.0190 0.73 0.0459 0.0229 0.0042 0.0022 -0.0033 0.0111 0.0005 0.00025 0.0248 0.82 0.0667 0.0212 0.0050 0.0038 0.0072 0.0107 0.0007 0.00046 0.0264 1.12 0.1113 0.0351 0.0088 0.0036 0.0275 0.0167 0.0018 0.00097 0.0325 0.87 0.1137 0.0486 0.0063 0.0075 0.0022 0.0256 0.0006 0.00028 0.0329 1.25 0.0975 0.0268 0.0078 0.0039 -0.0123 0.0133 0.0005 0.00059 0.0399 0.90 0.1289 0.0775 0.0078 0.0089 0.0119 0.0423 0.0007 0.000910 0.0403 1.38 0.0897 0.0236 0.0072 0.0039 0.0039 0.0120 0.0011 0.000211 0.0498 0.93 0.0885 0.1108 0.0090 0.0062 -0.0068 0.0609 0.0025 0.000512 0.0506 1.54 0.1061 0.0201 0.0089 0.0046 0.0210 0.0104 0.0018 0.000913 0.0643 1.25 0.1358 0.0525 0.0082 0.0079 0.0344 0.0289 0.0015 0.002114 0.0645 1.85 0.1002 0.0290 0.0080 0.0038 0.0305 0.0152 0.0021 0.001215 0.0655 2.58 0.0918 0.0334 0.0089 0.0024 0.0116 0.0170 0.0020 0.000316 0.0823 1.31 0.1377 0.0673 0.0097 0.0076 0.0023 0.0389 0.0011 0.000517 0.0824 2.06 0.1871 0.0314 0.0120 0.0072 0.0678 0.0168 0.0034 0.002618 0.0835 3.08 0.2057 0.0295 0.0141 0.0079 0.0690 0.0153 0.0036 0.002719 0.1051 1.38 0.2318 0.0900 0.0149 0.0095 0.0236 0.0554 0.0023 0.001320 0.1054 2.29 0.1563 0.0355 0.0107 0.0056 0.0365 0.0194 0.0028 0.001421 0.1064 3.65 0.2131 0.0284 0.0146 0.0086 0.0585 0.0151 0.0033 0.002422 0.1344 1.46 0.2222 0.1233 0.0147 0.0078 0.1378 0.0821 0.0053 0.004623 0.1347 2.56 0.2539 0.0404 0.0160 0.0107 0.1022 0.0227 0.0056 0.004424 0.1358 4.30 0.2627 0.0289 0.0171 0.0094 0.0785 0.0156 0.0039 0.002825 0.1719 1.56 0.3247 0.1765 0.0208 0.0105 0.0941 0.1260 0.0035 0.003526 0.1722 2.87 0.3231 0.0474 0.0202 0.0135 0.1553 0.0274 0.0077 0.006527 0.1734 5.05 0.3095 0.0311 0.0198 0.0097 0.1179 0.0170 0.0055 0.003728 0.2191 1.67 0.3267 0.2539 0.0267 0.0118 0.0719 0.1899 0.0097 0.003829 0.2200 3.18 0.3160 0.0571 0.0211 0.0118 0.1113 0.0345 0.0079 0.004330 0.2213 5.87 0.3312 0.0349 0.0202 0.0101 0.1786 0.0194 0.0077 0.005431 0.2786 1.98 0.5419 0.2916 0.0327 0.0182 0.3470 0.2266 0.0141 0.010832 0.2810 3.77 0.4005 0.0681 0.0251 0.0137 0.1591 0.0429 0.0095 0.005633 0.2824 6.94 0.4020 0.0425 0.0252 0.0126 0.1866 0.0243 0.0082 0.005934 0.3550 2.46 0.5030 0.3315 0.0459 0.0191 0.1936 0.2598 0.0187 0.007935 0.3585 4.62 0.4901 0.0840 0.0342 0.0169 0.2720 0.0548 0.0130 0.009236 0.3603 8.25 0.5151 0.0570 0.0305 0.0170 0.3436 0.0337 0.0148 0.011237 0.4520 3.08 0.5114 0.4187 0.0491 0.0220 0.5691 0.3347 0.0358 0.017938 0.4567 5.61 0.6858 0.1155 0.0423 0.0240 0.4414 0.0782 0.0194 0.014939 0.4589 9.72 0.6137 0.0846 0.0359 0.0216 0.3654 0.0522 0.0158 0.012840 0.5629 3.90 0.6971 0.5745 0.0663 0.0289 -0.0105 0.4548 0.0419 0.008541 0.5798 6.77 0.4508 0.2072 0.0328 0.0193 0.2927 0.1494 0.0139 0.011342 0.5823 11.36 0.7261 0.1526 0.0451 0.0277 0.4970 0.0976 0.0209 0.018743 0.6921 6.32 0.6805 0.8498 0.0603 0.0292 0.9701 0.6553 0.0600 0.033044 0.7173 9.56 1.0606 0.3406 0.0633 0.0415 0.5813 0.2416 0.0240 0.022545 0.7311 14.29 1.2060 0.4092 0.0692 0.0503 1.1976 0.2867 0.0493 0.0493



36TABLE XIV: Struture funtions gp1 and gd1 at the average hxi and hQ2i in 45 bins, inluding statistial and systematiunertainties. A normalization unertainty of 5.2% for the proton and 5% for the deuteron has been inluded in the olumn`syst'.bin hxi hQ2i=GeV2 gp1 �stat. �syst. �par. gd1 �stat. �syst. �par.1 0.0058 0.26 0.2584 0.3138 0.0331 0.0697 0.1062 0.1400 0.0055 0.02862 0.0096 0.41 0.1357 0.1632 0.0213 0.0220 -0.0224 0.0751 0.0037 0.00363 0.0142 0.57 0.2361 0.1229 0.0219 0.0231 -0.0098 0.0575 0.0027 0.00104 0.0190 0.73 0.2416 0.1200 0.0217 0.0152 -0.0158 0.0570 0.0027 0.00105 0.0248 0.82 0.2812 0.0890 0.0207 0.0126 0.0305 0.0437 0.0030 0.00146 0.0264 1.12 0.4736 0.1490 0.0375 0.0182 0.1140 0.0689 0.0074 0.00457 0.0325 0.87 0.3781 0.1609 0.0208 0.0135 0.0087 0.0824 0.0018 0.00038 0.0329 1.25 0.3459 0.0949 0.0273 0.0109 -0.0405 0.0458 0.0018 0.00129 0.0399 0.90 0.3591 0.2147 0.0216 0.0121 0.0335 0.1132 0.0019 0.001010 0.0403 1.38 0.2696 0.0706 0.0215 0.0079 0.0125 0.0346 0.0030 0.000411 0.0498 0.93 0.2059 0.2534 0.0205 0.0069 -0.0122 0.1335 0.0054 0.000412 0.0506 1.54 0.2640 0.0498 0.0220 0.0078 0.0510 0.0248 0.0043 0.001413 0.0643 1.25 0.2637 0.1011 0.0153 0.0091 0.0648 0.0532 0.0027 0.001914 0.0645 1.85 0.2063 0.0591 0.0163 0.0064 0.0603 0.0295 0.0041 0.001615 0.0655 2.58 0.1949 0.0702 0.0185 0.0048 0.0244 0.0338 0.0040 0.000616 0.0823 1.31 0.2177 0.1049 0.0149 0.0080 0.0066 0.0573 0.0016 0.000317 0.0824 2.06 0.3104 0.0520 0.0192 0.0106 0.1062 0.0262 0.0052 0.002918 0.0835 3.08 0.3535 0.0504 0.0240 0.0090 0.1116 0.0246 0.0058 0.002619 0.1051 1.38 0.2942 0.1133 0.0182 0.0107 0.0309 0.0649 0.0026 0.000820 0.1054 2.29 0.2104 0.0472 0.0141 0.0075 0.0469 0.0241 0.0034 0.001321 0.1064 3.65 0.2989 0.0396 0.0200 0.0086 0.0766 0.0195 0.0043 0.001822 0.1344 1.46 0.2283 0.1240 0.0144 0.0072 0.1280 0.0754 0.0047 0.002623 0.1347 2.56 0.2724 0.0430 0.0166 0.0090 0.1003 0.0223 0.0053 0.002424 0.1358 4.30 0.2977 0.0325 0.0189 0.0093 0.0816 0.0160 0.0039 0.001925 0.1719 1.56 0.2623 0.1396 0.0159 0.0063 0.0702 0.0889 0.0024 0.001126 0.1722 2.87 0.2741 0.0398 0.0166 0.0074 0.1174 0.0209 0.0056 0.002327 0.1734 5.05 0.2768 0.0274 0.0173 0.0080 0.0942 0.0135 0.0043 0.002128 0.2191 1.67 0.2075 0.1545 0.0158 0.0040 0.0433 0.1003 0.0050 0.000829 0.2200 3.18 0.2076 0.0367 0.0133 0.0043 0.0644 0.0196 0.0043 0.001030 0.2213 5.87 0.2245 0.0232 0.0133 0.0052 0.1045 0.0113 0.0044 0.002031 0.2786 1.98 0.2548 0.1329 0.0143 0.0047 0.1352 0.0866 0.0052 0.003432 0.2810 3.77 0.1925 0.0318 0.0114 0.0036 0.0647 0.0171 0.0037 0.001133 0.2824 6.94 0.1936 0.0199 0.0116 0.0037 0.0752 0.0096 0.0032 0.001134 0.3550 2.46 0.1683 0.1049 0.0140 0.0036 0.0534 0.0660 0.0046 0.001635 0.3585 4.62 0.1576 0.0259 0.0102 0.0030 0.0697 0.0138 0.0032 0.001636 0.3603 8.25 0.1594 0.0171 0.0089 0.0031 0.0843 0.0081 0.0036 0.001437 0.4520 3.08 0.1070 0.0808 0.0092 0.0030 0.0857 0.0489 0.0051 0.003538 0.4567 5.61 0.1266 0.0203 0.0071 0.0031 0.0609 0.0105 0.0026 0.002039 0.4589 9.72 0.1043 0.0139 0.0055 0.0023 0.0465 0.0065 0.0020 0.001340 0.5629 3.90 0.0760 0.0578 0.0064 0.0017 0.0017 0.0325 0.0030 0.000141 0.5798 6.77 0.0389 0.0164 0.0024 0.0013 0.0175 0.0084 0.0008 0.000842 0.5823 11.36 0.0517 0.0105 0.0027 0.0015 0.0246 0.0047 0.0010 0.001143 0.6921 6.32 0.0261 0.0300 0.0021 0.0009 0.0234 0.0154 0.0014 0.001344 0.7173 9.56 0.0257 0.0079 0.0014 0.0011 0.0092 0.0037 0.0004 0.000645 0.7311 14.29 0.0204 0.0068 0.0010 0.0006 0.0131 0.0031 0.0005 0.0013



37TABLE XV: Correlation matrix for Apjj, Ap1 and gp1 in 45 x-bins for proton (left). For hxi and hQ2i of eah bin, see e.g. Tabs. XIand XIV.1 2 3 4 5 6 7 8 9 10 11 12 13 14 151 1.000 -0.159 0.005 -0.005 -0.004 0.002 -0.003 0.001 -0.003 0.000 -0.004 0.000 -0.002 0.001 0.0002 -0.159 1.000 -0.196 0.000 -0.016 0.004 -0.008 0.000 -0.003 0.000 -0.013 -0.001 -0.002 -0.001 0.0003 0.005 -0.196 1.000 -0.230 -0.014 0.005 -0.018 0.001 -0.012 0.001 -0.038 0.001 0.000 -0.003 0.0014 -0.005 0.000 -0.230 1.000 -0.226 -0.010 0.006 -0.001 -0.018 0.000 -0.042 0.000 0.001 -0.003 0.0005 -0.004 -0.016 -0.014 -0.226 1.000 -0.127 -0.254 -0.004 0.006 -0.005 -0.068 -0.004 -0.003 -0.003 0.0026 0.002 0.004 0.005 -0.010 -0.127 1.000 -0.011 -0.160 -0.005 0.009 -0.030 -0.004 0.005 -0.005 -0.0047 -0.003 -0.008 -0.018 0.006 -0.254 -0.011 1.000 -0.062 -0.331 -0.005 0.004 -0.003 -0.014 0.004 0.0018 0.001 0.000 0.001 -0.001 -0.004 -0.160 -0.062 1.000 -0.017 -0.201 -0.048 0.011 0.003 -0.012 -0.0049 -0.003 -0.003 -0.012 -0.018 0.006 -0.005 -0.331 -0.017 1.000 -0.041 -0.383 0.001 -0.003 0.004 0.00110 0.000 0.000 0.001 0.000 -0.005 0.009 -0.005 -0.201 -0.041 1.000 -0.053 -0.223 0.023 0.002 -0.00111 -0.004 -0.013 -0.038 -0.042 -0.068 -0.030 0.004 -0.048 -0.383 -0.053 1.000 -0.061 -0.049 0.010 0.00212 0.000 -0.001 0.001 0.000 -0.004 -0.004 -0.003 0.011 0.001 -0.223 -0.061 1.000 -0.225 -0.134 -0.05213 -0.002 -0.002 0.000 0.001 -0.003 0.005 -0.014 0.003 -0.003 0.023 -0.049 -0.225 1.000 -0.032 0.00814 0.001 -0.001 -0.003 -0.003 -0.003 -0.005 0.004 -0.012 0.004 0.002 0.010 -0.134 -0.032 1.000 -0.07015 0.000 0.000 0.001 0.000 0.002 -0.004 0.001 -0.004 0.001 -0.001 0.002 -0.052 0.008 -0.070 1.00016 -0.001 -0.001 0.000 -0.001 -0.004 0.001 -0.005 0.001 -0.009 -0.006 -0.007 0.033 -0.364 -0.044 -0.00617 0.000 -0.001 -0.001 -0.002 -0.002 -0.002 0.001 -0.005 0.002 -0.008 0.002 0.002 0.017 -0.217 -0.05118 0.000 0.000 0.000 0.000 0.001 -0.002 0.001 -0.002 0.000 -0.003 0.001 -0.006 0.000 0.015 -0.13219 -0.001 -0.001 -0.001 0.000 -0.003 0.001 -0.005 0.001 -0.003 0.000 -0.010 -0.012 0.068 0.002 -0.00820 0.000 0.000 -0.001 -0.001 -0.002 -0.001 0.001 -0.004 0.001 -0.004 0.002 -0.008 -0.002 0.007 0.01721 0.000 0.000 0.000 0.000 0.001 -0.002 0.000 -0.001 0.000 -0.001 0.000 -0.004 0.001 0.000 -0.01222 -0.001 -0.001 -0.001 -0.001 -0.001 0.000 -0.002 0.001 -0.005 -0.001 -0.004 0.001 -0.036 -0.007 -0.00123 0.000 0.000 -0.001 -0.001 -0.001 -0.001 0.001 -0.003 0.001 -0.003 0.001 -0.004 0.002 -0.015 -0.00224 0.000 0.000 0.000 0.000 0.001 -0.001 0.000 -0.001 0.000 -0.001 0.000 -0.002 0.000 0.002 -0.00925 -0.001 0.000 0.000 0.000 -0.001 0.001 -0.003 0.001 0.000 0.000 -0.004 -0.002 0.009 0.000 0.00026 0.000 0.000 -0.001 -0.001 -0.001 -0.001 0.001 -0.002 0.000 -0.002 0.000 -0.002 0.001 -0.007 0.00127 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 -0.001 0.000 -0.001 0.000 -0.001 0.000 0.001 -0.00628 -0.001 -0.001 -0.001 -0.001 -0.001 0.000 -0.001 0.000 -0.003 0.000 0.000 -0.001 -0.010 0.000 0.00029 0.000 0.000 0.000 -0.001 0.000 -0.001 0.001 -0.002 0.000 -0.001 0.002 -0.002 0.001 -0.005 0.00030 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.000 0.000 -0.001 0.000 0.001 -0.00431 0.000 -0.001 0.001 0.000 -0.001 0.001 -0.001 0.001 0.001 0.000 -0.005 -0.001 0.002 0.000 0.00032 0.001 0.000 0.000 0.000 0.000 -0.001 0.001 -0.001 0.001 0.000 -0.001 -0.001 0.002 -0.003 0.00033 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.001 -0.00234 -0.002 0.000 -0.002 0.000 -0.001 0.000 -0.001 -0.001 -0.002 0.000 0.004 -0.001 -0.004 -0.001 0.00035 0.000 0.001 0.000 0.000 0.001 -0.001 0.001 0.000 0.000 0.000 0.003 0.000 0.000 -0.001 -0.00136 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.00137 0.001 -0.001 0.002 -0.002 0.000 0.001 -0.001 0.000 0.000 -0.001 -0.010 0.001 0.002 0.000 0.00038 0.001 0.000 0.001 -0.001 0.001 0.000 0.001 -0.001 0.001 -0.001 -0.003 0.000 0.001 -0.001 -0.00139 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 -0.001 0.000 0.000 0.00040 -0.002 0.000 -0.002 0.002 -0.002 0.000 -0.002 0.001 -0.003 0.002 0.007 -0.001 -0.003 0.001 0.00141 -0.001 0.001 0.001 0.002 0.001 0.000 0.000 0.003 -0.002 0.005 0.000 0.003 0.003 0.004 -0.00142 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00043 0.001 -0.002 -0.002 -0.003 -0.001 -0.001 0.000 -0.005 0.002 -0.008 0.000 -0.006 -0.004 -0.006 0.00044 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.000 0.000 0.000 0.00045 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000



38TABLE XV: { ontinued.16 17 18 19 20 21 22 23 24 25 26 27 28 29 301 -0.001 0.000 0.000 -0.001 0.000 0.000 -0.001 0.000 0.000 -0.001 0.000 0.000 -0.001 0.000 0.0002 -0.001 -0.001 0.000 -0.001 0.000 0.000 -0.001 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.0003 0.000 -0.001 0.000 -0.001 -0.001 0.000 -0.001 -0.001 0.000 0.000 -0.001 0.000 -0.001 0.000 0.0004 -0.001 -0.002 0.000 0.000 -0.001 0.000 -0.001 -0.001 0.000 0.000 -0.001 0.000 -0.001 -0.001 0.0005 -0.004 -0.002 0.001 -0.003 -0.002 0.001 -0.001 -0.001 0.001 -0.001 -0.001 0.000 -0.001 0.000 0.0006 0.001 -0.002 -0.002 0.001 -0.001 -0.002 0.000 -0.001 -0.001 0.001 -0.001 -0.001 0.000 -0.001 0.0007 -0.005 0.001 0.001 -0.005 0.001 0.000 -0.002 0.001 0.000 -0.003 0.001 0.000 -0.001 0.001 0.0008 0.001 -0.005 -0.002 0.001 -0.004 -0.001 0.001 -0.003 -0.001 0.001 -0.002 -0.001 0.000 -0.002 -0.0019 -0.009 0.002 0.000 -0.003 0.001 0.000 -0.005 0.001 0.000 0.000 0.000 0.000 -0.003 0.000 0.00010 -0.006 -0.008 -0.003 0.000 -0.004 -0.001 -0.001 -0.003 -0.001 0.000 -0.002 -0.001 0.000 -0.001 0.00011 -0.007 0.002 0.001 -0.010 0.002 0.000 -0.004 0.001 0.000 -0.004 0.000 0.000 0.000 0.002 0.00012 0.033 0.002 -0.006 -0.012 -0.008 -0.004 0.001 -0.004 -0.002 -0.002 -0.002 -0.001 -0.001 -0.002 -0.00113 -0.364 0.017 0.000 0.068 -0.002 0.001 -0.036 0.002 0.000 0.009 0.001 0.000 -0.010 0.001 0.00014 -0.044 -0.217 0.015 0.002 0.007 0.000 -0.007 -0.015 0.002 0.000 -0.007 0.001 0.000 -0.005 0.00115 -0.006 -0.051 -0.132 -0.008 0.017 -0.012 -0.001 -0.002 -0.009 0.000 0.001 -0.006 0.000 0.000 -0.00416 1.000 -0.025 0.003 -0.431 0.017 0.000 0.114 0.000 0.001 -0.057 0.002 0.000 0.017 0.003 0.00017 -0.025 1.000 -0.047 -0.033 -0.258 0.016 0.005 0.023 0.002 -0.009 -0.016 0.002 0.002 -0.003 0.00118 0.003 -0.047 1.000 0.003 -0.060 -0.148 -0.008 0.018 -0.011 -0.005 -0.001 -0.010 0.000 0.002 -0.00619 -0.431 -0.033 0.003 1.000 -0.012 0.001 -0.507 0.011 0.000 0.185 0.002 0.001 -0.099 -0.004 -0.00120 0.017 -0.258 -0.060 -0.012 1.000 -0.028 -0.036 -0.298 0.015 0.016 0.038 0.002 -0.017 -0.019 0.00221 0.000 0.016 -0.148 0.001 -0.028 1.000 0.003 -0.066 -0.162 0.005 0.014 -0.009 -0.013 0.001 -0.01022 0.114 0.005 -0.008 -0.507 -0.036 0.003 1.000 0.012 0.002 -0.591 0.001 -0.002 0.282 0.026 0.00223 0.000 0.023 0.018 0.011 -0.298 -0.066 0.012 1.000 -0.014 -0.062 -0.333 0.012 0.045 0.058 0.00124 0.001 0.002 -0.011 0.000 0.015 -0.162 0.002 -0.014 1.000 -0.004 -0.069 -0.176 0.015 0.013 -0.00525 -0.057 -0.009 -0.005 0.185 0.016 0.005 -0.591 -0.062 -0.004 1.000 0.031 0.007 -0.689 -0.056 -0.00526 0.002 -0.016 -0.001 0.002 0.038 0.014 0.001 -0.333 -0.069 0.031 1.000 -0.005 -0.076 -0.387 0.00827 0.000 0.002 -0.010 0.001 0.002 -0.009 -0.002 0.012 -0.176 0.007 -0.005 1.000 -0.014 -0.066 -0.19928 0.017 0.002 0.000 -0.099 -0.017 -0.013 0.282 0.045 0.015 -0.689 -0.076 -0.014 1.000 0.145 0.01029 0.003 -0.003 0.002 -0.004 -0.019 0.001 0.026 0.058 0.013 -0.056 -0.387 -0.066 0.145 1.000 0.01230 0.000 0.001 -0.006 -0.001 0.002 -0.010 0.002 0.001 -0.005 -0.005 0.008 -0.199 0.010 0.012 1.00031 -0.012 -0.003 -0.003 0.042 0.008 0.004 -0.148 -0.038 -0.016 0.353 0.071 0.026 -0.714 -0.226 -0.02332 0.000 -0.001 -0.001 0.008 0.003 0.002 -0.017 -0.020 -0.003 0.051 0.081 0.011 -0.103 -0.392 -0.09433 0.000 0.001 -0.003 0.000 0.001 -0.005 -0.001 0.001 -0.010 0.002 0.001 0.001 -0.005 0.003 -0.20034 0.003 -0.001 0.001 -0.025 -0.010 -0.004 0.069 0.017 0.006 -0.175 -0.052 -0.021 0.360 0.160 0.03835 0.003 0.002 0.000 -0.002 0.000 0.000 0.016 0.007 0.002 -0.024 -0.021 -0.006 0.059 0.099 0.01636 0.000 0.000 -0.002 0.000 0.001 -0.002 0.001 0.001 -0.003 -0.001 0.001 -0.009 0.002 0.001 0.00637 -0.007 -0.003 -0.002 0.010 0.003 0.000 -0.042 -0.013 -0.005 0.079 0.020 0.008 -0.175 -0.094 -0.02738 -0.001 -0.002 -0.003 0.004 -0.001 -0.003 -0.008 -0.006 -0.006 0.015 0.002 -0.002 -0.028 -0.033 -0.01339 0.000 -0.002 -0.001 0.000 -0.002 -0.002 -0.001 -0.002 -0.003 0.000 -0.002 -0.004 -0.002 -0.002 -0.00940 0.004 0.006 0.004 -0.010 0.003 0.006 0.024 0.014 0.010 -0.041 0.000 0.002 0.077 0.048 0.01841 0.004 0.017 0.004 0.002 0.019 0.011 0.015 0.025 0.014 -0.004 0.022 0.008 0.023 0.032 0.01142 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.000 -0.001 0.000 0.000 -0.001 0.000 0.000 -0.00243 -0.006 -0.026 -0.008 -0.004 -0.030 -0.021 -0.023 -0.038 -0.025 0.005 -0.036 -0.018 -0.034 -0.046 -0.02044 0.000 -0.001 -0.001 0.000 -0.002 -0.002 -0.001 -0.002 -0.002 0.000 -0.002 -0.002 -0.002 -0.003 -0.00345 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000



39TABLE XV: { ontinued.31 32 33 34 35 36 37 38 39 40 41 42 43 44 451 0.000 0.001 0.000 -0.002 0.000 0.000 0.001 0.001 0.000 -0.002 -0.001 0.000 0.001 0.000 0.0002 -0.001 0.000 0.000 0.000 0.001 0.000 -0.001 0.000 0.000 0.000 0.001 0.000 -0.002 0.000 0.0003 0.001 0.000 0.000 -0.002 0.000 0.000 0.002 0.001 0.000 -0.002 0.001 0.000 -0.002 0.000 0.0004 0.000 0.000 0.000 0.000 0.000 0.000 -0.002 -0.001 0.000 0.002 0.002 0.000 -0.003 0.000 0.0005 -0.001 0.000 0.000 -0.001 0.001 0.000 0.000 0.001 0.000 -0.002 0.001 0.000 -0.001 0.000 0.0006 0.001 -0.001 0.000 0.000 -0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.0007 -0.001 0.001 0.000 -0.001 0.001 0.000 -0.001 0.001 0.000 -0.002 0.000 0.000 0.000 0.000 0.0008 0.001 -0.001 0.000 -0.001 0.000 0.000 0.000 -0.001 0.000 0.001 0.003 0.000 -0.005 0.000 0.0009 0.001 0.001 0.000 -0.002 0.000 0.000 0.000 0.001 0.000 -0.003 -0.002 0.000 0.002 0.000 0.00010 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 -0.001 -0.001 0.002 0.005 0.000 -0.008 -0.001 0.00011 -0.005 -0.001 0.000 0.004 0.003 0.000 -0.010 -0.003 0.000 0.007 0.000 0.000 0.000 0.000 0.00012 -0.001 -0.001 -0.001 -0.001 0.000 0.000 0.001 0.000 -0.001 -0.001 0.003 0.000 -0.006 0.000 0.00013 0.002 0.002 0.000 -0.004 0.000 0.000 0.002 0.001 0.000 -0.003 0.003 0.000 -0.004 0.000 0.00014 0.000 -0.003 0.001 -0.001 -0.001 0.000 0.000 -0.001 0.000 0.001 0.004 0.000 -0.006 0.000 0.00015 0.000 0.000 -0.002 0.000 -0.001 -0.001 0.000 -0.001 0.000 0.001 -0.001 0.000 0.000 0.000 0.00016 -0.012 0.000 0.000 0.003 0.003 0.000 -0.007 -0.001 0.000 0.004 0.004 0.000 -0.006 0.000 0.00017 -0.003 -0.001 0.001 -0.001 0.002 0.000 -0.003 -0.002 -0.002 0.006 0.017 0.000 -0.026 -0.001 0.00018 -0.003 -0.001 -0.003 0.001 0.000 -0.002 -0.002 -0.003 -0.001 0.004 0.004 0.000 -0.008 -0.001 0.00019 0.042 0.008 0.000 -0.025 -0.002 0.000 0.010 0.004 0.000 -0.010 0.002 0.000 -0.004 0.000 0.00020 0.008 0.003 0.001 -0.010 0.000 0.001 0.003 -0.001 -0.002 0.003 0.019 0.000 -0.030 -0.002 0.00021 0.004 0.002 -0.005 -0.004 0.000 -0.002 0.000 -0.003 -0.002 0.006 0.011 -0.001 -0.021 -0.002 0.00022 -0.148 -0.017 -0.001 0.069 0.016 0.001 -0.042 -0.008 -0.001 0.024 0.015 0.000 -0.023 -0.001 0.00023 -0.038 -0.020 0.001 0.017 0.007 0.001 -0.013 -0.006 -0.002 0.014 0.025 0.000 -0.038 -0.002 0.00024 -0.016 -0.003 -0.010 0.006 0.002 -0.003 -0.005 -0.006 -0.003 0.010 0.014 -0.001 -0.025 -0.002 0.00025 0.353 0.051 0.002 -0.175 -0.024 -0.001 0.079 0.015 0.000 -0.041 -0.004 0.000 0.005 0.000 0.00026 0.071 0.081 0.001 -0.052 -0.021 0.001 0.020 0.002 -0.002 0.000 0.022 0.000 -0.036 -0.002 0.00027 0.026 0.011 0.001 -0.021 -0.006 -0.009 0.008 -0.002 -0.004 0.002 0.008 -0.001 -0.018 -0.002 0.00028 -0.714 -0.103 -0.005 0.360 0.059 0.002 -0.175 -0.028 -0.002 0.077 0.023 0.000 -0.034 -0.002 0.00029 -0.226 -0.392 0.003 0.160 0.099 0.001 -0.094 -0.033 -0.002 0.048 0.032 0.000 -0.046 -0.003 0.00030 -0.023 -0.094 -0.200 0.038 0.016 0.006 -0.027 -0.013 -0.009 0.018 0.011 -0.002 -0.020 -0.003 0.00031 1.000 0.227 0.011 -0.713 -0.120 -0.005 0.359 0.060 0.001 -0.161 -0.023 0.000 0.031 0.002 0.00032 0.227 1.000 0.020 -0.317 -0.394 0.001 0.210 0.106 -0.002 -0.104 -0.015 0.000 -0.001 0.003 0.00033 0.011 0.020 1.000 -0.026 -0.111 -0.202 0.042 0.022 0.009 -0.025 -0.008 -0.006 0.000 -0.003 0.00034 -0.713 -0.317 -0.026 1.000 0.256 0.011 -0.721 -0.133 -0.005 0.354 0.079 -0.001 -0.113 -0.007 0.00035 -0.120 -0.394 -0.111 0.256 1.000 0.023 -0.344 -0.417 -0.003 0.243 0.146 -0.002 -0.129 -0.017 0.00136 -0.005 0.001 -0.202 0.011 0.023 1.000 -0.026 -0.118 -0.211 0.046 0.037 0.016 -0.032 -0.015 -0.00337 0.359 0.210 0.042 -0.721 -0.344 -0.026 1.000 0.269 0.009 -0.690 -0.133 0.002 0.185 0.012 -0.00138 0.060 0.106 0.022 -0.133 -0.417 -0.118 0.269 1.000 0.026 -0.384 -0.417 0.004 0.224 0.063 -0.00339 0.001 -0.002 0.009 -0.005 -0.003 -0.211 0.009 0.026 1.000 -0.039 -0.128 -0.216 0.066 0.028 0.01440 -0.161 -0.104 -0.025 0.354 0.243 0.046 -0.690 -0.384 -0.039 1.000 0.433 -0.005 -0.637 -0.038 0.00241 -0.023 -0.015 -0.008 0.079 0.146 0.037 -0.133 -0.417 -0.128 0.433 1.000 0.008 -0.655 -0.198 0.00842 0.000 0.000 -0.006 -0.001 -0.002 0.016 0.002 0.004 -0.216 -0.005 0.008 1.000 0.007 -0.226 -0.13243 0.031 -0.001 0.000 -0.113 -0.129 -0.032 0.185 0.224 0.066 -0.637 -0.655 0.007 1.000 0.057 -0.00244 0.002 0.003 -0.003 -0.007 -0.017 -0.015 0.012 0.063 0.028 -0.038 -0.198 -0.226 0.057 1.000 -0.02745 0.000 0.000 0.000 0.000 0.001 -0.003 -0.001 -0.003 0.014 0.002 0.008 -0.132 -0.002 -0.027 1.000



40TABLE XVI: Correlation matrix for Adjj, Ad1 and gd1 in 45 x-bins for deuteron (left). For hxi and hQ2i of eah bin, see e.g.Tabs. XII and XIV.1 2 3 4 5 6 7 8 9 10 11 12 13 14 151 1.000 -0.150 0.007 -0.003 -0.003 0.001 -0.003 0.001 -0.001 0.000 -0.004 0.000 -0.001 0.000 0.0002 -0.150 1.000 -0.186 0.003 -0.014 0.004 -0.007 0.000 -0.004 0.000 -0.012 0.000 -0.001 0.000 0.0003 0.007 -0.186 1.000 -0.226 -0.007 0.006 -0.019 0.003 -0.010 0.002 -0.041 0.002 0.002 -0.002 0.0004 -0.003 0.003 -0.226 1.000 -0.232 -0.003 0.009 0.003 -0.016 0.002 -0.044 0.000 0.001 -0.003 0.0005 -0.003 -0.014 -0.007 -0.232 1.000 -0.129 -0.260 0.006 0.019 0.000 -0.070 0.000 -0.002 -0.002 0.0016 0.001 0.004 0.006 -0.003 -0.129 1.000 -0.009 -0.176 -0.006 0.018 -0.032 -0.004 0.005 -0.004 -0.0037 -0.003 -0.007 -0.019 0.009 -0.260 -0.009 1.000 -0.068 -0.351 -0.001 0.026 0.000 -0.009 0.003 0.0018 0.001 0.000 0.003 0.003 0.006 -0.176 -0.068 1.000 -0.013 -0.215 -0.050 0.021 0.001 -0.010 -0.0039 -0.001 -0.004 -0.010 -0.016 0.019 -0.006 -0.351 -0.013 1.000 -0.040 -0.407 0.003 0.005 0.002 0.00110 0.000 0.000 0.002 0.002 0.000 0.018 -0.001 -0.215 -0.040 1.000 -0.054 -0.233 0.029 0.010 0.00211 -0.004 -0.012 -0.041 -0.044 -0.070 -0.032 0.026 -0.050 -0.407 -0.054 1.000 -0.065 -0.052 0.010 0.00212 0.000 0.000 0.002 0.000 0.000 -0.004 0.000 0.021 0.003 -0.233 -0.065 1.000 -0.243 -0.140 -0.04813 -0.001 -0.001 0.002 0.001 -0.002 0.005 -0.009 0.001 0.005 0.029 -0.052 -0.243 1.000 -0.029 0.01014 0.000 0.000 -0.002 -0.003 -0.002 -0.004 0.003 -0.010 0.002 0.010 0.010 -0.140 -0.029 1.000 -0.07515 0.000 0.000 0.000 0.000 0.001 -0.003 0.001 -0.003 0.001 0.002 0.002 -0.048 0.010 -0.075 1.00016 -0.001 -0.001 -0.001 0.000 -0.003 0.001 -0.004 0.001 -0.006 -0.008 -0.002 0.049 -0.394 -0.045 -0.00517 0.000 0.000 -0.002 -0.002 -0.002 -0.002 0.001 -0.003 0.001 -0.007 0.001 0.009 0.018 -0.229 -0.05518 0.000 0.000 0.000 0.000 0.001 -0.001 0.000 -0.002 0.000 -0.002 0.000 -0.003 0.000 0.019 -0.13719 -0.002 -0.001 0.000 -0.001 0.000 0.001 -0.002 0.001 -0.002 0.001 -0.005 -0.017 0.100 0.004 -0.00820 0.000 0.000 0.000 -0.002 0.000 -0.001 0.001 -0.003 0.001 -0.002 0.001 -0.007 -0.003 0.020 0.01921 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 -0.001 0.000 -0.001 0.000 -0.002 0.001 -0.001 -0.00522 0.000 0.000 -0.001 0.000 -0.002 0.001 -0.002 0.001 -0.001 0.000 -0.005 0.005 -0.044 -0.007 0.00023 0.000 0.000 0.000 0.000 -0.002 -0.001 0.001 -0.001 0.001 -0.002 0.001 -0.002 0.001 -0.013 -0.00324 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 -0.001 0.000 0.000 0.000 -0.002 0.000 0.001 -0.00725 -0.002 -0.001 0.000 0.000 0.000 0.000 -0.001 0.000 -0.002 -0.001 0.001 -0.004 0.011 0.000 0.00026 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 -0.001 0.000 -0.002 0.001 -0.002 0.000 -0.003 0.00127 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.000 0.000 0.000 0.000 -0.002 0.000 0.001 -0.00428 0.001 0.001 -0.001 -0.002 0.000 0.000 0.000 0.000 0.001 0.000 -0.003 0.002 -0.006 -0.001 0.00029 0.000 0.000 0.000 -0.001 0.000 -0.001 0.001 -0.001 0.001 -0.001 0.000 0.000 0.001 -0.004 0.00030 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.00331 -0.001 -0.002 0.000 0.002 -0.002 0.001 -0.003 0.000 -0.002 0.000 0.001 -0.003 -0.001 0.001 0.00132 0.000 0.000 0.000 0.001 0.000 -0.001 -0.001 -0.001 -0.001 0.000 0.001 -0.002 0.000 -0.001 0.00033 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.00234 0.001 0.001 0.000 -0.002 0.001 0.000 0.003 0.000 0.002 -0.001 -0.003 0.001 0.000 -0.002 0.00035 0.000 0.001 0.000 -0.001 0.001 -0.001 0.001 -0.001 0.001 0.000 0.000 0.000 0.002 -0.001 -0.00136 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.00137 0.000 -0.002 0.000 0.002 -0.001 0.000 -0.003 0.000 -0.003 0.000 0.001 0.000 -0.002 0.002 0.00038 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.000 -0.001 -0.001 0.001 0.000 -0.001 -0.001 -0.00139 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 -0.001 0.000 -0.001 -0.00140 -0.001 0.001 0.000 0.000 -0.001 0.001 0.000 0.000 0.002 0.001 -0.001 -0.001 0.002 0.000 0.00141 -0.001 0.001 0.001 0.002 0.001 0.001 0.000 0.001 0.001 0.003 -0.002 0.003 0.003 0.003 0.00042 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.00043 0.001 -0.001 -0.002 -0.003 -0.001 -0.002 0.000 -0.002 -0.001 -0.005 0.003 -0.005 -0.004 -0.005 0.00044 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 -0.001 0.000 -0.001 0.00045 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000



41TABLE XVI: { ontinued.16 17 18 19 20 21 22 23 24 25 26 27 28 29 301 -0.001 0.000 0.000 -0.002 0.000 0.000 0.000 0.000 0.000 -0.002 0.000 0.000 0.001 0.000 0.0002 -0.001 0.000 0.000 -0.001 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.000 0.001 0.000 0.0003 -0.001 -0.002 0.000 0.000 0.000 0.000 -0.001 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.0004 0.000 -0.002 0.000 -0.001 -0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.002 -0.001 0.0005 -0.003 -0.002 0.001 0.000 0.000 0.000 -0.002 -0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.0006 0.001 -0.002 -0.001 0.001 -0.001 -0.001 0.001 -0.001 -0.001 0.000 -0.001 -0.001 0.000 -0.001 0.0007 -0.004 0.001 0.000 -0.002 0.001 0.000 -0.002 0.001 0.000 -0.001 0.000 0.000 0.000 0.001 0.0008 0.001 -0.003 -0.002 0.001 -0.003 -0.001 0.001 -0.001 -0.001 0.000 -0.001 0.000 0.000 -0.001 0.0009 -0.006 0.001 0.000 -0.002 0.001 0.000 -0.001 0.001 0.000 -0.002 0.000 0.000 0.001 0.001 0.00010 -0.008 -0.007 -0.002 0.001 -0.002 -0.001 0.000 -0.002 0.000 -0.001 -0.002 0.000 0.000 -0.001 0.00011 -0.002 0.001 0.000 -0.005 0.001 0.000 -0.005 0.001 0.000 0.001 0.001 0.000 -0.003 0.000 0.00012 0.049 0.009 -0.003 -0.017 -0.007 -0.002 0.005 -0.002 -0.002 -0.004 -0.002 -0.002 0.002 0.000 0.00013 -0.394 0.018 0.000 0.100 -0.003 0.001 -0.044 0.001 0.000 0.011 0.000 0.000 -0.006 0.001 0.00014 -0.045 -0.229 0.019 0.004 0.020 -0.001 -0.007 -0.013 0.001 0.000 -0.003 0.001 -0.001 -0.004 0.00015 -0.005 -0.055 -0.137 -0.008 0.019 -0.005 0.000 -0.003 -0.007 0.000 0.001 -0.004 0.000 0.000 -0.00316 1.000 -0.026 0.003 -0.476 0.017 0.000 0.162 -0.001 0.001 -0.075 0.001 0.000 0.029 0.004 0.00017 -0.026 1.000 -0.051 -0.033 -0.274 0.018 0.007 0.039 0.000 -0.011 -0.016 0.003 0.003 0.000 0.00118 0.003 -0.051 1.000 0.005 -0.065 -0.154 -0.010 0.022 -0.003 -0.003 -0.003 -0.008 -0.001 0.002 -0.00419 -0.476 -0.033 0.005 1.000 -0.009 0.001 -0.568 0.006 -0.001 0.252 0.004 0.002 -0.136 -0.011 -0.00120 0.017 -0.274 -0.065 -0.009 1.000 -0.031 -0.042 -0.323 0.016 0.025 0.059 0.000 -0.023 -0.022 0.00121 0.000 0.018 -0.154 0.001 -0.031 1.000 0.003 -0.071 -0.170 0.006 0.019 0.001 -0.013 -0.002 -0.00822 0.162 0.007 -0.010 -0.568 -0.042 0.003 1.000 0.025 0.004 -0.661 -0.012 -0.004 0.361 0.042 0.00323 -0.001 0.039 0.022 0.006 -0.323 -0.071 0.025 1.000 -0.014 -0.079 -0.368 0.011 0.066 0.092 0.00124 0.001 0.000 -0.003 -0.001 0.016 -0.170 0.004 -0.014 1.000 -0.007 -0.074 -0.188 0.020 0.021 0.00625 -0.075 -0.011 -0.003 0.252 0.025 0.006 -0.661 -0.079 -0.007 1.000 0.055 0.011 -0.747 -0.096 -0.00726 0.001 -0.016 -0.003 0.004 0.059 0.019 -0.012 -0.368 -0.074 0.055 1.000 -0.001 -0.109 -0.436 0.00427 0.000 0.003 -0.008 0.002 0.000 0.001 -0.004 0.011 -0.188 0.011 -0.001 1.000 -0.021 -0.074 -0.21328 0.029 0.003 -0.001 -0.136 -0.023 -0.013 0.361 0.066 0.020 -0.747 -0.109 -0.021 1.000 0.203 0.01629 0.004 0.000 0.002 -0.011 -0.022 -0.002 0.042 0.092 0.021 -0.096 -0.436 -0.074 0.203 1.000 0.02030 0.000 0.001 -0.004 -0.001 0.001 -0.008 0.003 0.001 0.006 -0.007 0.004 -0.213 0.016 0.020 1.00031 -0.016 -0.004 -0.001 0.063 0.012 0.006 -0.190 -0.056 -0.022 0.421 0.111 0.035 -0.763 -0.293 -0.03332 0.000 -0.001 0.000 0.011 0.006 0.003 -0.027 -0.032 -0.007 0.075 0.126 0.022 -0.157 -0.459 -0.10833 0.000 0.000 -0.002 0.000 0.001 -0.003 -0.001 0.000 -0.009 0.004 0.002 0.012 -0.009 -0.003 -0.21734 0.004 -0.001 0.000 -0.029 -0.011 -0.006 0.082 0.031 0.011 -0.208 -0.084 -0.030 0.421 0.225 0.05035 0.001 0.002 0.000 -0.001 -0.001 0.000 0.015 0.014 0.006 -0.037 -0.041 -0.009 0.092 0.152 0.03336 0.000 0.001 -0.001 0.000 0.001 -0.001 0.000 0.002 -0.001 -0.001 0.001 -0.008 0.004 0.003 0.01737 -0.001 -0.001 -0.001 0.007 0.006 0.002 -0.035 -0.022 -0.009 0.092 0.044 0.013 -0.213 -0.137 -0.03838 0.001 -0.002 -0.002 0.000 -0.001 -0.003 -0.006 -0.010 -0.008 0.019 0.011 0.000 -0.046 -0.056 -0.02039 0.000 -0.002 -0.001 -0.001 -0.002 -0.002 -0.001 -0.003 -0.003 0.000 -0.002 -0.003 -0.002 -0.003 -0.00940 -0.001 0.004 0.003 -0.001 0.003 0.004 0.013 0.018 0.013 -0.040 -0.014 -0.001 0.098 0.069 0.02341 0.002 0.015 0.005 0.005 0.019 0.012 0.009 0.022 0.017 -0.005 0.015 0.009 0.027 0.035 0.01442 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 0.000 -0.00143 -0.004 -0.021 -0.008 -0.007 -0.028 -0.019 -0.013 -0.031 -0.026 0.005 -0.025 -0.016 -0.034 -0.041 -0.01944 0.000 -0.002 -0.001 -0.001 -0.003 -0.002 -0.001 -0.004 -0.003 0.001 -0.002 -0.002 -0.004 -0.006 -0.00445 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000



42TABLE XVI: { ontinued.31 32 33 34 35 36 37 38 39 40 41 42 43 44 451 -0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 -0.001 -0.001 0.000 0.001 0.000 0.0002 -0.002 0.000 0.000 0.001 0.001 0.000 -0.002 0.000 0.000 0.001 0.001 0.000 -0.001 0.000 0.0003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 -0.002 0.000 0.0004 0.002 0.001 0.000 -0.002 -0.001 0.000 0.002 0.000 0.000 0.000 0.002 0.000 -0.003 0.000 0.0005 -0.002 0.000 0.000 0.001 0.001 0.000 -0.001 0.000 0.000 -0.001 0.001 0.000 -0.001 0.000 0.0006 0.001 -0.001 0.000 0.000 -0.001 0.000 0.000 -0.001 0.000 0.001 0.001 0.000 -0.002 0.000 0.0007 -0.003 -0.001 0.000 0.003 0.001 0.000 -0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0008 0.000 -0.001 0.000 0.000 -0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 -0.002 0.000 0.0009 -0.002 -0.001 0.000 0.002 0.001 0.000 -0.003 -0.001 0.000 0.002 0.001 0.000 -0.001 0.000 0.00010 0.000 0.000 0.000 -0.001 0.000 0.000 0.000 -0.001 -0.001 0.001 0.003 0.000 -0.005 -0.001 0.00011 0.001 0.001 0.000 -0.003 0.000 0.000 0.001 0.001 0.000 -0.001 -0.002 0.000 0.003 0.000 0.00012 -0.003 -0.002 0.000 0.001 0.000 0.000 0.000 0.000 -0.001 -0.001 0.003 0.000 -0.005 -0.001 0.00013 -0.001 0.000 0.000 0.000 0.002 0.000 -0.002 -0.001 0.000 0.002 0.003 0.000 -0.004 0.000 0.00014 0.001 -0.001 0.000 -0.002 -0.001 0.000 0.002 -0.001 -0.001 0.000 0.003 0.000 -0.005 -0.001 0.00015 0.001 0.000 -0.002 0.000 -0.001 -0.001 0.000 -0.001 -0.001 0.001 0.000 0.000 0.000 0.000 0.00016 -0.016 0.000 0.000 0.004 0.001 0.000 -0.001 0.001 0.000 -0.001 0.002 0.000 -0.004 0.000 0.00017 -0.004 -0.001 0.000 -0.001 0.002 0.001 -0.001 -0.002 -0.002 0.004 0.015 0.000 -0.021 -0.002 0.00018 -0.001 0.000 -0.002 0.000 0.000 -0.001 -0.001 -0.002 -0.001 0.003 0.005 0.000 -0.008 -0.001 0.00019 0.063 0.011 0.000 -0.029 -0.001 0.000 0.007 0.000 -0.001 -0.001 0.005 0.000 -0.007 -0.001 0.00020 0.012 0.006 0.001 -0.011 -0.001 0.001 0.006 -0.001 -0.002 0.003 0.019 0.000 -0.028 -0.003 0.00021 0.006 0.003 -0.003 -0.006 0.000 -0.001 0.002 -0.003 -0.002 0.004 0.012 0.000 -0.019 -0.002 0.00022 -0.190 -0.027 -0.001 0.082 0.015 0.000 -0.035 -0.006 -0.001 0.013 0.009 0.000 -0.013 -0.001 0.00023 -0.056 -0.032 0.000 0.031 0.014 0.002 -0.022 -0.010 -0.003 0.018 0.022 0.000 -0.031 -0.004 0.00024 -0.022 -0.007 -0.009 0.011 0.006 -0.001 -0.009 -0.008 -0.003 0.013 0.017 0.000 -0.026 -0.003 0.00025 0.421 0.075 0.004 -0.208 -0.037 -0.001 0.092 0.019 0.000 -0.040 -0.005 0.000 0.005 0.001 0.00026 0.111 0.126 0.002 -0.084 -0.041 0.001 0.044 0.011 -0.002 -0.014 0.015 0.000 -0.025 -0.002 0.00027 0.035 0.022 0.012 -0.030 -0.009 -0.008 0.013 0.000 -0.003 -0.001 0.009 -0.001 -0.016 -0.002 0.00028 -0.763 -0.157 -0.009 0.421 0.092 0.004 -0.213 -0.046 -0.002 0.098 0.027 0.000 -0.034 -0.004 0.00029 -0.293 -0.459 -0.003 0.225 0.152 0.003 -0.137 -0.056 -0.003 0.069 0.035 0.000 -0.041 -0.006 0.00030 -0.033 -0.108 -0.217 0.050 0.033 0.017 -0.038 -0.020 -0.009 0.023 0.014 -0.001 -0.019 -0.004 0.00031 1.000 0.305 0.019 -0.762 -0.184 -0.007 0.424 0.091 0.001 -0.192 -0.028 0.000 0.029 0.004 0.00032 0.305 1.000 0.033 -0.398 -0.466 -0.004 0.287 0.160 -0.001 -0.148 -0.034 0.000 0.011 0.007 0.00033 0.019 0.033 1.000 -0.039 -0.128 -0.222 0.057 0.042 0.021 -0.038 -0.014 -0.006 0.004 -0.001 0.00034 -0.762 -0.398 -0.039 1.000 0.343 0.018 -0.770 -0.193 -0.006 0.403 0.089 -0.001 -0.104 -0.014 0.00135 -0.184 -0.466 -0.128 0.343 1.000 0.039 -0.433 -0.493 -0.009 0.323 0.195 -0.002 -0.153 -0.035 0.00236 -0.007 -0.004 -0.222 0.018 0.039 1.000 -0.039 -0.137 -0.238 0.063 0.060 0.029 -0.047 -0.021 -0.00437 0.424 0.287 0.057 -0.770 -0.433 -0.039 1.000 0.354 0.014 -0.729 -0.179 0.001 0.211 0.028 -0.00138 0.091 0.160 0.042 -0.193 -0.493 -0.137 0.354 1.000 0.044 -0.479 -0.497 0.000 0.301 0.103 -0.00439 0.001 -0.001 0.021 -0.006 -0.009 -0.238 0.014 0.044 1.000 -0.052 -0.148 -0.246 0.084 0.052 0.02240 -0.192 -0.148 -0.038 0.403 0.323 0.063 -0.729 -0.479 -0.052 1.000 0.497 -0.002 -0.653 -0.078 0.00341 -0.028 -0.034 -0.014 0.089 0.195 0.060 -0.179 -0.497 -0.148 0.497 1.000 0.020 -0.713 -0.257 0.01042 0.000 0.000 -0.006 -0.001 -0.002 0.029 0.001 0.000 -0.246 -0.002 0.020 1.000 0.001 -0.259 -0.16343 0.029 0.011 0.004 -0.104 -0.153 -0.047 0.211 0.301 0.084 -0.653 -0.713 0.001 1.000 0.111 -0.00544 0.004 0.007 -0.001 -0.014 -0.035 -0.021 0.028 0.103 0.052 -0.078 -0.257 -0.259 0.111 1.000 -0.02345 0.000 0.000 0.000 0.001 0.002 -0.004 -0.001 -0.004 0.022 0.003 0.010 -0.163 -0.005 -0.023 1.000



43TABLE XVII: Virtual photon asymmetries Ap1 and Ad1 at the average hxi and hQ2i in 19 x-bins (eah x-bin is the average overthe Q2-bins), inluding statistial, systemati and evolution unertainties. A normalization unertainty of 5.2% for the protonand 5% for the deuteron has been inluded in the olumn `syst'.bin hxi hQ2i=GeV2 Ap1 �stat. �syst. �par. �evol. Ad1 �stat. �syst. �par. �evol.1 0.0058 0.26 0.0221 0.0270 0.0028 0.0011 0.0000 0.0092 0.0122 0.0005 0.0005 0.00002 0.0096 0.41 0.0158 0.0192 0.0025 0.0007 0.0000 -0.0028 0.0090 0.0004 0.0001 0.00003 0.0142 0.57 0.0364 0.0190 0.0034 0.0016 0.0000 -0.0017 0.0091 0.0004 0.0001 0.00004 0.0190 0.73 0.0459 0.0229 0.0042 0.0022 0.0000 -0.0033 0.0111 0.0005 0.0002 0.00005 0.0253 0.91 0.0866 0.0185 0.0066 0.0044 0.0025 0.0144 0.0091 0.0011 0.0007 0.00106 0.0328 1.15 0.1089 0.0243 0.0078 0.0044 0.0025 -0.0092 0.0122 0.0006 0.0003 0.00097 0.0403 1.33 0.0998 0.0237 0.0077 0.0035 0.0014 0.0048 0.0120 0.0010 0.0002 0.00068 0.0506 1.51 0.1117 0.0206 0.0094 0.0037 0.0006 0.0208 0.0106 0.0019 0.0006 0.00039 0.0648 2.01 0.1090 0.0202 0.0085 0.0035 0.0016 0.0254 0.0103 0.0019 0.0008 0.001010 0.0829 2.45 0.1997 0.0206 0.0129 0.0067 0.0022 0.0645 0.0107 0.0032 0.0019 0.001111 0.1059 2.97 0.2011 0.0218 0.0131 0.0069 0.0021 0.0503 0.0115 0.0027 0.0014 0.000812 0.1354 3.59 0.2681 0.0236 0.0166 0.0090 0.0022 0.0907 0.0128 0.0042 0.0024 0.000713 0.1730 4.31 0.3246 0.0263 0.0200 0.0096 0.0020 0.1318 0.0146 0.0058 0.0031 0.000814 0.2209 5.13 0.3361 0.0305 0.0203 0.0079 0.0013 0.1656 0.0173 0.0073 0.0030 0.000615 0.2820 6.11 0.4094 0.0370 0.0249 0.0083 0.0007 0.1810 0.0216 0.0080 0.0028 0.000416 0.3598 7.24 0.5169 0.0486 0.0316 0.0105 0.0008 0.3255 0.0291 0.0139 0.0062 0.000417 0.4583 8.53 0.6573 0.0714 0.0385 0.0158 0.0013 0.3815 0.0440 0.0164 0.0115 0.000718 0.5819 10.16 0.6647 0.1302 0.0413 0.0221 0.0018 0.4403 0.0813 0.0191 0.0206 0.001019 0.7248 12.21 1.1976 0.2763 0.0698 0.0438 0.0071 0.8641 0.1790 0.0359 0.0667 0.0051TABLE XVIII: Struture funtions gp1 and gd1 at the average hxi and hQ2i in 19 x-bins (eah x-bin is the average over theQ2-bins), inluding statistial, systemati and evolution unertainties. A normalization unertainty of 5.2% for the proton and5% for the deuteron has been inluded in the olumn `syst'.bin hxi hQ2i=GeV2 gp1 �stat. �syst. �par. �evol. gd1 �stat. �syst. �par. �evol.1 0.0058 0.26 0.2584 0.3138 0.0331 0.0697 0.0000 0.1062 0.1400 0.0055 0.0286 0.00002 0.0096 0.41 0.1357 0.1632 0.0213 0.0220 0.0000 -0.0224 0.0751 0.0037 0.0036 0.00003 0.0142 0.57 0.2361 0.1229 0.0219 0.0231 0.0000 -0.0098 0.0575 0.0027 0.0010 0.00004 0.0190 0.73 0.2416 0.1200 0.0217 0.0152 0.0000 -0.0158 0.0570 0.0027 0.0010 0.00005 0.0253 0.91 0.3366 0.0720 0.0253 0.0146 0.0097 0.0552 0.0348 0.0041 0.0025 0.00396 0.0328 1.15 0.3559 0.0795 0.0254 0.0116 0.0081 -0.0277 0.0390 0.0019 0.0009 0.00287 0.0403 1.33 0.2803 0.0663 0.0215 0.0083 0.0039 0.0144 0.0328 0.0028 0.0005 0.00178 0.0506 1.51 0.2616 0.0482 0.0219 0.0078 0.0013 0.0479 0.0241 0.0043 0.0013 0.00079 0.0648 2.01 0.2155 0.0398 0.0165 0.0061 0.0031 0.0489 0.0198 0.0036 0.0012 0.001910 0.0829 2.45 0.3235 0.0333 0.0205 0.0098 0.0036 0.0998 0.0167 0.0049 0.0024 0.001611 0.1059 2.97 0.2676 0.0289 0.0170 0.0085 0.0027 0.0637 0.0146 0.0033 0.0015 0.001012 0.1354 3.59 0.2887 0.0253 0.0174 0.0091 0.0023 0.0907 0.0128 0.0041 0.0021 0.000713 0.1730 4.31 0.2775 0.0223 0.0166 0.0078 0.0017 0.1017 0.0113 0.0044 0.0022 0.000614 0.2209 5.13 0.2207 0.0197 0.0129 0.0049 0.0008 0.0949 0.0099 0.0041 0.0016 0.000415 0.2820 6.11 0.1935 0.0170 0.0112 0.0037 0.0003 0.0723 0.0085 0.0031 0.0010 0.000216 0.3598 7.24 0.1585 0.0144 0.0090 0.0031 0.0002 0.0805 0.0071 0.0034 0.0014 0.000117 0.4583 8.53 0.1108 0.0116 0.0059 0.0025 0.0002 0.0500 0.0056 0.0021 0.0014 0.000118 0.5819 10.16 0.0471 0.0088 0.0025 0.0015 0.0001 0.0230 0.0041 0.0010 0.0010 0.000119 0.7248 12.21 0.0225 0.0050 0.0011 0.0008 0.0001 0.0116 0.0023 0.0005 0.0009 0.0001



44TABLE XIX: Correlation matrix for gp1 in 19 x-bins (averaged over Q2). For hxi and hQ2i of eah bin, see e.g. Tab. XVIII.1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 191 1.000 -0.159 0.005 -0.005 -0.002 -0.001 -0.001 -0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0002 -0.159 1.000 -0.196 0.000 -0.012 -0.004 -0.002 -0.004 -0.001 -0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.0003 0.005 -0.196 1.000 -0.230 -0.010 -0.009 -0.003 -0.009 -0.002 -0.001 -0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.0004 -0.005 0.000 -0.230 1.000 -0.206 0.003 -0.006 -0.011 -0.002 -0.002 -0.001 -0.001 0.000 0.000 0.000 0.000 -0.001 0.001 -0.0015 -0.002 -0.012 -0.010 -0.206 1.000 -0.213 0.002 -0.026 -0.004 -0.003 -0.003 -0.001 -0.001 0.000 0.000 0.000 0.000 0.001 0.0006 -0.001 -0.004 -0.009 0.003 -0.213 1.000 -0.238 -0.002 -0.010 -0.004 -0.002 -0.001 -0.001 -0.001 0.000 0.000 0.000 0.001 -0.0017 -0.001 -0.002 -0.003 -0.006 0.002 -0.238 1.000 -0.255 0.011 -0.009 -0.003 -0.002 -0.001 -0.001 0.000 0.000 -0.001 0.002 -0.0018 -0.001 -0.004 -0.009 -0.011 -0.026 -0.002 -0.255 1.000 -0.222 0.008 -0.011 -0.003 -0.002 -0.001 -0.001 0.000 -0.001 0.002 -0.0019 0.000 -0.001 -0.002 -0.002 -0.004 -0.010 0.011 -0.222 1.000 -0.236 0.011 -0.014 -0.004 -0.003 -0.002 -0.001 -0.001 0.002 -0.00110 0.000 -0.001 -0.001 -0.002 -0.003 -0.004 -0.009 0.008 -0.236 1.000 -0.248 0.019 -0.015 -0.002 -0.002 0.001 -0.004 0.008 -0.00411 0.000 0.000 -0.001 -0.001 -0.003 -0.002 -0.003 -0.011 0.011 -0.248 1.000 -0.260 0.025 -0.015 0.001 -0.001 -0.004 0.011 -0.00612 0.000 0.000 0.000 -0.001 -0.001 -0.001 -0.002 -0.003 -0.014 0.019 -0.260 1.000 -0.272 0.029 -0.016 0.003 -0.009 0.014 -0.00813 0.000 0.000 0.000 0.000 -0.001 -0.001 -0.001 -0.002 -0.004 -0.015 0.025 -0.272 1.000 -0.287 0.034 -0.016 -0.003 0.010 -0.00714 0.000 0.000 0.000 0.000 0.000 -0.001 -0.001 -0.001 -0.003 -0.002 -0.015 0.029 -0.287 1.000 -0.292 0.041 -0.023 0.010 -0.00915 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 -0.002 -0.002 0.001 -0.016 0.034 -0.292 1.000 -0.302 0.045 -0.006 -0.00116 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.001 -0.001 0.003 -0.016 0.041 -0.302 1.000 -0.321 0.057 -0.02817 0.000 0.000 0.000 -0.001 0.000 0.000 -0.001 -0.001 -0.001 -0.004 -0.004 -0.009 -0.003 -0.023 0.045 -0.321 1.000 -0.316 0.06918 0.000 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.002 0.008 0.011 0.014 0.010 0.010 -0.006 0.057 -0.316 1.000 -0.31619 0.000 0.000 0.000 -0.001 0.000 -0.001 -0.001 -0.001 -0.001 -0.004 -0.006 -0.008 -0.007 -0.009 -0.001 -0.028 0.069 -0.316 1.000
TABLE XX: Correlation matrix for gd1 in 19 x-bins (averaged over Q2). For hxi and hQ2i of eah bin, see e.g. Tab. XVIII.1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 191 1.000 -0.150 0.007 -0.003 -0.002 -0.001 0.000 -0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0002 -0.150 1.000 -0.186 0.003 -0.010 -0.004 -0.001 -0.003 -0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0003 0.007 -0.186 1.000 -0.226 -0.002 -0.008 -0.002 -0.008 -0.001 -0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.0004 -0.003 0.003 -0.226 1.000 -0.205 0.007 -0.004 -0.011 -0.002 -0.001 -0.001 0.000 0.000 -0.001 0.000 0.000 0.000 0.001 0.0005 -0.002 -0.010 -0.002 -0.205 1.000 -0.216 0.015 -0.023 -0.003 -0.002 -0.001 -0.002 -0.001 0.000 0.000 0.000 0.000 0.001 0.0006 -0.001 -0.004 -0.008 0.007 -0.216 1.000 -0.249 0.011 -0.008 -0.003 -0.002 -0.001 -0.001 0.000 0.000 0.000 0.000 0.000 0.0007 0.000 -0.001 -0.002 -0.004 0.015 -0.249 1.000 -0.266 0.021 -0.009 -0.002 -0.001 -0.001 -0.001 0.000 0.000 -0.001 0.002 -0.0018 -0.001 -0.003 -0.008 -0.011 -0.023 0.011 -0.266 1.000 -0.229 0.020 -0.010 -0.002 -0.003 0.000 0.000 0.000 0.000 0.001 -0.0019 0.000 -0.001 -0.001 -0.002 -0.003 -0.008 0.021 -0.229 1.000 -0.246 0.023 -0.013 -0.002 -0.003 -0.001 -0.001 -0.001 0.002 -0.00110 0.000 0.000 -0.002 -0.001 -0.002 -0.003 -0.009 0.020 -0.246 1.000 -0.259 0.032 -0.013 0.000 -0.001 0.001 -0.003 0.007 -0.00311 0.000 0.000 0.000 -0.001 -0.001 -0.002 -0.002 -0.010 0.023 -0.259 1.000 -0.274 0.038 -0.013 0.001 0.001 -0.005 0.011 -0.00512 0.000 0.000 0.000 0.000 -0.002 -0.001 -0.001 -0.002 -0.013 0.032 -0.274 1.000 -0.287 0.043 -0.015 0.005 -0.008 0.012 -0.00713 0.000 0.000 0.000 0.000 -0.001 -0.001 -0.001 -0.003 -0.002 -0.013 0.038 -0.287 1.000 -0.303 0.049 -0.015 -0.003 0.010 -0.00414 0.000 0.000 0.000 -0.001 0.000 0.000 -0.001 0.000 -0.003 0.000 -0.013 0.043 -0.303 1.000 -0.310 0.055 -0.023 0.008 -0.00715 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 -0.001 0.001 -0.015 0.049 -0.310 1.000 -0.320 0.060 -0.005 0.00216 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.001 0.001 0.005 -0.015 0.055 -0.320 1.000 -0.346 0.072 -0.03417 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 0.000 -0.001 -0.003 -0.005 -0.008 -0.003 -0.023 0.060 -0.346 1.000 -0.347 0.09218 0.000 0.000 0.001 0.001 0.001 0.000 0.002 0.001 0.002 0.007 0.011 0.012 0.010 0.008 -0.005 0.072 -0.347 1.000 -0.35519 0.000 0.000 0.000 0.000 0.000 0.000 -0.001 -0.001 -0.001 -0.003 -0.005 -0.007 -0.004 -0.007 0.002 -0.034 0.092 -0.355 1.000



45TABLE XXI: Struture funtion gp1 and gd1 at the average hxi and hQ2i in 15 x-bins (eah x-bin is the average over the Q2bins), inluding statistial and systemati unertainties. A normalization unertainty of 5.2% for the proton and 5% for thedeuteron has been inluded in the olumn `syst'.bin hxi hQ2i=GeV2 gp1 �stat. �syst. �par. �evol. gd1 �stat. �syst. �par. �evol.1 0.0264 1.12 0.4736 0.1490 0.0375 0.0182 0.0000 0.1140 0.0689 0.0074 0.0045 0.00002 0.0329 1.25 0.3459 0.0949 0.0273 0.0109 0.0000 -0.0405 0.0458 0.0018 0.0012 0.00003 0.0403 1.38 0.2696 0.0706 0.0215 0.0079 0.0000 0.0125 0.0346 0.0030 0.0004 0.00004 0.0506 1.54 0.2640 0.0498 0.0220 0.0078 0.0000 0.0510 0.0248 0.0043 0.0014 0.00005 0.0648 2.01 0.2155 0.0398 0.0165 0.0061 0.0031 0.0489 0.0198 0.0036 0.0012 0.00196 0.0829 2.45 0.3235 0.0333 0.0205 0.0098 0.0036 0.0998 0.0167 0.0049 0.0024 0.00167 0.1059 2.97 0.2676 0.0289 0.0170 0.0085 0.0027 0.0637 0.0146 0.0033 0.0015 0.00108 0.1354 3.59 0.2887 0.0253 0.0174 0.0091 0.0023 0.0907 0.0128 0.0041 0.0021 0.00079 0.1730 4.31 0.2775 0.0223 0.0166 0.0078 0.0017 0.1017 0.0113 0.0044 0.0022 0.000610 0.2209 5.13 0.2207 0.0197 0.0129 0.0049 0.0008 0.0949 0.0099 0.0041 0.0016 0.000411 0.2820 6.11 0.1935 0.0170 0.0112 0.0037 0.0003 0.0723 0.0085 0.0031 0.0010 0.000212 0.3598 7.24 0.1585 0.0144 0.0090 0.0031 0.0002 0.0805 0.0071 0.0034 0.0014 0.000113 0.4583 8.53 0.1108 0.0116 0.0059 0.0025 0.0002 0.0500 0.0056 0.0021 0.0014 0.000114 0.5819 10.16 0.0471 0.0088 0.0025 0.0015 0.0001 0.0230 0.0041 0.0010 0.0010 0.000115 0.7248 12.21 0.0225 0.0050 0.0011 0.0008 0.0001 0.0116 0.0023 0.0005 0.0009 0.0001
TABLE XXII: Virtual photon asymmetries Ap1 and Ad1 at the average hxi and hQ2i in 15 x-bins (eah x-bin is the average overthe Q2 bins), inluding statistial and systemati unertainties. A normalization unertainty of 5.2% for the proton and 5%for the deuteron has been inluded in the olumn `syst'.bin hxi hQ2i=GeV2 Ap1 �stat. �syst. �par. �evol. Ad1 �stat. �syst. �par. �evol.1 0.0264 1.12 0.1113 0.0351 0.0088 0.0036 0.0000 0.0275 0.0167 0.0018 0.0009 0.00002 0.0329 1.25 0.0975 0.0268 0.0078 0.0039 0.0000 -0.0123 0.0133 0.0005 0.0005 0.00003 0.0403 1.38 0.0897 0.0236 0.0072 0.0039 0.0000 0.0039 0.0120 0.0011 0.0002 0.00004 0.0506 1.54 0.1061 0.0201 0.0089 0.0046 0.0000 0.0210 0.0104 0.0018 0.0009 0.00005 0.0648 2.01 0.1090 0.0202 0.0085 0.0035 0.0016 0.0254 0.0103 0.0019 0.0008 0.00106 0.0829 2.45 0.1997 0.0206 0.0129 0.0067 0.0022 0.0645 0.0107 0.0032 0.0019 0.00117 0.1059 2.97 0.2011 0.0218 0.0131 0.0069 0.0021 0.0503 0.0115 0.0027 0.0014 0.00088 0.1354 3.59 0.2681 0.0236 0.0166 0.0090 0.0022 0.0907 0.0128 0.0042 0.0024 0.00079 0.1730 4.31 0.3246 0.0263 0.0200 0.0096 0.0020 0.1318 0.0146 0.0058 0.0031 0.000810 0.2209 5.13 0.3361 0.0305 0.0203 0.0079 0.0013 0.1656 0.0173 0.0073 0.0030 0.000611 0.2820 6.11 0.4094 0.0370 0.0249 0.0083 0.0007 0.1810 0.0216 0.0080 0.0028 0.000412 0.3598 7.24 0.5169 0.0486 0.0316 0.0105 0.0008 0.3255 0.0291 0.0139 0.0062 0.000413 0.4583 8.53 0.6573 0.0714 0.0385 0.0158 0.0013 0.3815 0.0440 0.0164 0.0115 0.000714 0.5819 10.16 0.6647 0.1302 0.0413 0.0221 0.0018 0.4403 0.0813 0.0191 0.0206 0.001015 0.7248 12.21 1.1976 0.2763 0.0698 0.0438 0.0071 0.8641 0.1790 0.0359 0.0667 0.0051



46TABLE XXIII: Correlation matrix for gp1 in 15 x-bins (Q2 > 1GeV2) averaged over Q2. For hxi and hQ2i of eah bin, see e.g.Tab. XXI.1 2 3 4 5 6 7 8 9 10 11 12 13 14 151 1.000 -0.160 0.009 -0.004 -0.004 -0.002 -0.002 -0.001 -0.001 -0.001 -0.001 -0.001 0.000 0.000 0.0002 -0.160 1.000 -0.201 0.011 -0.010 -0.004 -0.003 -0.002 -0.001 -0.001 0.000 0.000 -0.001 0.002 -0.0013 0.009 -0.201 1.000 -0.223 0.011 -0.009 -0.003 -0.002 -0.002 -0.001 0.000 0.000 -0.001 0.002 -0.0014 -0.004 0.011 -0.223 1.000 -0.223 0.009 -0.011 -0.003 -0.002 -0.002 -0.001 0.000 -0.001 0.002 -0.0015 -0.004 -0.010 0.011 -0.223 1.000 -0.236 0.011 -0.014 -0.004 -0.003 -0.002 -0.001 -0.001 0.002 -0.0016 -0.002 -0.004 -0.009 0.009 -0.236 1.000 -0.248 0.019 -0.015 -0.002 -0.002 0.001 -0.004 0.008 -0.0047 -0.002 -0.003 -0.003 -0.011 0.011 -0.248 1.000 -0.260 0.025 -0.015 0.001 -0.001 -0.004 0.011 -0.0068 -0.001 -0.002 -0.002 -0.003 -0.014 0.019 -0.260 1.000 -0.272 0.029 -0.016 0.003 -0.009 0.014 -0.0089 -0.001 -0.001 -0.002 -0.002 -0.004 -0.015 0.025 -0.272 1.000 -0.287 0.034 -0.016 -0.003 0.010 -0.00710 -0.001 -0.001 -0.001 -0.002 -0.003 -0.002 -0.015 0.029 -0.287 1.000 -0.292 0.041 -0.023 0.010 -0.00911 -0.001 0.000 0.000 -0.001 -0.002 -0.002 0.001 -0.016 0.034 -0.292 1.000 -0.302 0.045 -0.006 -0.00112 -0.001 0.000 0.000 0.000 -0.001 0.001 -0.001 0.003 -0.016 0.041 -0.302 1.000 -0.321 0.057 -0.02813 0.000 -0.001 -0.001 -0.001 -0.001 -0.004 -0.004 -0.009 -0.003 -0.023 0.045 -0.321 1.000 -0.316 0.06914 0.000 0.002 0.002 0.002 0.002 0.008 0.011 0.014 0.010 0.010 -0.006 0.057 -0.316 1.000 -0.31615 0.000 -0.001 -0.001 -0.001 -0.001 -0.004 -0.006 -0.008 -0.007 -0.009 -0.001 -0.028 0.069 -0.316 1.000
TABLE XXIV: Correlation matrix for gd1 in 15 x-bins (Q2 > 1GeV2) averaged over Q2. For hxi and hQ2i of eah bin, see e.g.Tab. XXI.1 2 3 4 5 6 7 8 9 10 11 12 13 14 151 1.000 -0.176 0.018 -0.004 -0.002 -0.002 -0.002 -0.001 -0.001 0.000 0.000 0.000 0.000 0.000 0.0002 -0.176 1.000 -0.215 0.021 -0.009 -0.003 -0.002 -0.001 -0.001 -0.001 0.000 0.000 0.000 0.001 0.0003 0.018 -0.215 1.000 -0.233 0.020 -0.009 -0.002 -0.001 -0.001 -0.001 0.000 0.000 -0.001 0.002 -0.0014 -0.004 0.021 -0.233 1.000 -0.230 0.020 -0.010 -0.002 -0.003 0.000 -0.001 0.000 -0.001 0.002 -0.0015 -0.002 -0.009 0.020 -0.230 1.000 -0.246 0.023 -0.013 -0.002 -0.003 -0.001 -0.001 -0.001 0.002 -0.0016 -0.002 -0.003 -0.009 0.020 -0.246 1.000 -0.259 0.032 -0.013 0.000 -0.001 0.001 -0.003 0.007 -0.0037 -0.002 -0.002 -0.002 -0.010 0.023 -0.259 1.000 -0.274 0.038 -0.013 0.001 0.001 -0.005 0.011 -0.0058 -0.001 -0.001 -0.001 -0.002 -0.013 0.032 -0.274 1.000 -0.287 0.043 -0.015 0.005 -0.008 0.012 -0.0079 -0.001 -0.001 -0.001 -0.003 -0.002 -0.013 0.038 -0.287 1.000 -0.303 0.049 -0.015 -0.003 0.010 -0.00410 0.000 -0.001 -0.001 0.000 -0.003 0.000 -0.013 0.043 -0.303 1.000 -0.310 0.055 -0.023 0.008 -0.00711 0.000 0.000 0.000 -0.001 -0.001 -0.001 0.001 -0.015 0.049 -0.310 1.000 -0.320 0.060 -0.005 0.00212 0.000 0.000 0.000 0.000 -0.001 0.001 0.001 0.005 -0.015 0.055 -0.320 1.000 -0.346 0.072 -0.03413 0.000 0.000 -0.001 -0.001 -0.001 -0.003 -0.005 -0.008 -0.003 -0.023 0.060 -0.346 1.000 -0.347 0.09214 0.000 0.001 0.002 0.002 0.002 0.007 0.011 0.012 0.010 0.008 -0.005 0.072 -0.347 1.000 -0.35515 0.000 0.000 -0.001 -0.001 -0.001 -0.003 -0.005 -0.007 -0.004 -0.007 0.002 -0.034 0.092 -0.355 1.000



47TABLE XXV: Struture funtions gn1 and gNS1 at the average hxi and hQ2i in 45 bins, with statistial and systematiunertainties.bin hxi hQ2i=GeV2 gn1 �stat. �syst. �par. gNS1 �stat. �syst. �par.1 0.0058 0.26 -0.0288 0.4360 0.0269 0.0068 0.2872 0.6967 0.0591 0.01192 0.0096 0.41 -0.1841 0.2302 0.0183 0.0011 0.3198 0.3646 0.0388 0.00153 0.0142 0.57 -0.2572 0.1747 0.0205 0.0008 0.4934 0.2754 0.0420 0.00144 0.0190 0.73 -0.2757 0.1720 0.0184 0.0008 0.5173 0.2698 0.0398 0.00115 0.0248 0.82 -0.2154 0.1298 0.0162 0.0012 0.4966 0.2015 0.0366 0.00146 0.0264 1.12 -0.2270 0.2108 0.0226 0.0041 0.7006 0.3332 0.0598 0.00427 0.0325 0.87 -0.3594 0.2400 0.0207 0.0006 0.7375 0.3678 0.0413 0.00098 0.0329 1.25 -0.4335 0.1371 0.0278 0.0016 0.7794 0.2140 0.0550 0.00189 0.0399 0.90 -0.2867 0.3256 0.0229 0.0013 0.6458 0.4943 0.0444 0.001510 0.0403 1.38 -0.2425 0.1029 0.0173 0.0008 0.5121 0.1599 0.0385 0.001111 0.0498 0.93 -0.2324 0.3841 0.0114 0.0007 0.4383 0.5833 0.0310 0.000912 0.0506 1.54 -0.1536 0.0732 0.0153 0.0019 0.4176 0.1131 0.0367 0.002113 0.0643 1.25 -0.1236 0.1531 0.0111 0.0024 0.3873 0.2326 0.0260 0.002514 0.0645 1.85 -0.0759 0.0870 0.0110 0.0022 0.2822 0.1344 0.0264 0.002415 0.0655 2.58 -0.1421 0.1014 0.0121 0.0012 0.3370 0.1583 0.0301 0.001516 0.0823 1.31 -0.2034 0.1623 0.0133 0.0006 0.4210 0.2436 0.0280 0.000917 0.0824 2.06 -0.0809 0.0769 0.0117 0.0038 0.3912 0.1184 0.0297 0.003918 0.0835 3.08 -0.1121 0.0733 0.0124 0.0040 0.4655 0.1140 0.0360 0.004119 0.1051 1.38 -0.2273 0.1804 0.0145 0.0012 0.5215 0.2665 0.0324 0.001420 0.1054 2.29 -0.1089 0.0703 0.0123 0.0018 0.3194 0.1079 0.0255 0.002021 0.1064 3.65 -0.1333 0.0578 0.0115 0.0028 0.4322 0.0897 0.0313 0.003022 0.1344 1.46 0.0484 0.2049 0.0104 0.0046 0.1799 0.2968 0.0229 0.004623 0.1347 2.56 -0.0555 0.0647 0.0110 0.0036 0.3279 0.0987 0.0257 0.003724 0.1358 4.30 -0.1213 0.0475 0.0109 0.0030 0.4190 0.0737 0.0297 0.003125 0.1719 1.56 -0.1105 0.2376 0.0158 0.0025 0.3728 0.3390 0.0313 0.002726 0.1722 2.87 -0.0203 0.0602 0.0107 0.0042 0.2943 0.0915 0.0250 0.004327 0.1734 5.05 -0.0732 0.0400 0.0083 0.0034 0.3500 0.0621 0.0254 0.003528 0.2191 1.67 -0.1138 0.2663 0.0138 0.0016 0.3212 0.3776 0.0277 0.001829 0.2200 3.18 -0.0682 0.0561 0.0104 0.0024 0.2758 0.0848 0.0219 0.002530 0.2213 5.87 0.0014 0.0336 0.0042 0.0038 0.2232 0.0524 0.0172 0.003931 0.2786 1.98 0.0376 0.2296 0.0142 0.0048 0.2172 0.3251 0.0262 0.004932 0.2810 3.77 -0.0526 0.0487 0.0086 0.0024 0.2450 0.0735 0.0186 0.002533 0.2824 6.94 -0.0311 0.0288 0.0048 0.0027 0.2248 0.0449 0.0163 0.002834 0.3550 2.46 -0.0528 0.1771 0.0146 0.0020 0.2212 0.2537 0.0268 0.002135 0.3585 4.62 -0.0070 0.0394 0.0064 0.0025 0.1646 0.0597 0.0156 0.002636 0.3603 8.25 0.0228 0.0245 0.0017 0.0030 0.1367 0.0384 0.0102 0.003137 0.4520 3.08 0.0783 0.1331 0.0120 0.0031 0.0288 0.1931 0.0183 0.003138 0.4567 5.61 0.0051 0.0305 0.0034 0.0022 0.1215 0.0466 0.0096 0.002339 0.4589 9.72 -0.0037 0.0197 0.0016 0.0017 0.1080 0.0311 0.0069 0.001840 0.5629 3.90 -0.0722 0.0910 0.0092 0.0003 0.1482 0.1353 0.0146 0.000541 0.5798 6.77 -0.0011 0.0244 0.0015 0.0007 0.0400 0.0375 0.0037 0.000742 0.5823 11.36 0.0015 0.0146 0.0008 0.0009 0.0502 0.0233 0.0034 0.000943 0.6921 6.32 0.0246 0.0448 0.0030 0.0008 0.0014 0.0686 0.0042 0.000944 0.7173 9.56 -0.0057 0.0112 0.0006 0.0003 0.0314 0.0177 0.0020 0.000445 0.7311 14.29 0.0079 0.0095 0.0003 0.0005 0.0125 0.0151 0.0009 0.0005



48TABLE XXVI: Struture funtions gn1 and gNS1 at the average hxi and hQ2i in 19 x-bins, averaged over all Q2, with statistialand systemati unertainties.bin hxi hQ2i=GeV2 gn1 �stat. �syst. �par. �evol. gNS1 �stat. �syst. �par. �evol.1 0.0058 0.26 -0.0288 0.4360 0.0269 0.0068 0.0000 0.2872 0.6967 0.0591 0.0119 0.00002 0.0096 0.41 -0.1841 0.2302 0.0183 0.0011 0.0000 0.3198 0.3646 0.0388 0.0015 0.00003 0.0142 0.57 -0.2572 0.1747 0.0205 0.0008 0.0000 0.4934 0.2754 0.0420 0.0014 0.00004 0.0190 0.73 -0.2757 0.1720 0.0184 0.0008 0.0000 0.5173 0.2698 0.0398 0.0011 0.00005 0.0253 0.91 -0.2172 0.1042 0.0179 0.0021 0.0023 0.5537 0.1625 0.0430 0.0022 0.01126 0.0328 1.15 -0.4158 0.1159 0.0258 0.0012 0.0027 0.7717 0.1800 0.0510 0.0014 0.01047 0.0403 1.33 -0.2492 0.0970 0.0179 0.0008 0.0014 0.5296 0.1503 0.0391 0.0011 0.00468 0.0506 1.51 -0.1581 0.0711 0.0149 0.0018 0.0006 0.4197 0.1097 0.0362 0.0020 0.00139 0.0648 2.01 -0.1098 0.0584 0.0109 0.0019 0.0019 0.3252 0.0904 0.0269 0.0020 0.003010 0.0829 2.45 -0.1078 0.0491 0.0113 0.0036 0.0017 0.4313 0.0758 0.0314 0.0037 0.004411 0.1059 2.97 -0.1298 0.0427 0.0109 0.0024 0.0012 0.3975 0.0658 0.0277 0.0025 0.003712 0.1354 3.59 -0.0927 0.0375 0.0092 0.0033 0.0008 0.3814 0.0576 0.0264 0.0034 0.003113 0.1730 4.31 -0.0576 0.0330 0.0076 0.0037 0.0006 0.3351 0.0509 0.0240 0.0038 0.002214 0.2209 5.13 -0.0156 0.0290 0.0047 0.0034 0.0004 0.2362 0.0448 0.0173 0.0035 0.001015 0.2820 6.11 -0.0371 0.0250 0.0048 0.0026 0.0002 0.2306 0.0387 0.0158 0.0027 0.000416 0.3598 7.24 0.0157 0.0210 0.0023 0.0029 0.0001 0.1428 0.0326 0.0110 0.0030 0.000317 0.4583 8.53 -0.0026 0.0168 0.0017 0.0018 0.0001 0.1134 0.0262 0.0074 0.0019 0.000318 0.5819 10.16 0.0026 0.0125 0.0007 0.0008 0.0000 0.0445 0.0197 0.0030 0.0009 0.000119 0.7248 12.21 0.0025 0.0071 0.0003 0.0004 0.0000 0.0199 0.0113 0.0013 0.0004 0.0001TABLE XXVII: Struture funtions gn1 and gNS1 at the average hxi and hQ2i in 15 x-bins, averaged over Q2 >1 GeV2, withstatistial and systemati unertainties.bin hxi hQ2i=GeV2 gn1 �stat. �syst. �par. �evol. gNS1 �stat. �syst. �par. �evol.1 0.0264 1.12 -0.2270 0.2108 0.0226 0.0041 0.0000 0.7006 0.3332 0.0598 0.0042 0.00002 0.0329 1.25 -0.4335 0.1371 0.0278 0.0016 0.0000 0.7794 0.2140 0.0550 0.0018 0.00003 0.0403 1.38 -0.2425 0.1029 0.0173 0.0008 0.0000 0.5121 0.1599 0.0385 0.0011 0.00004 0.0506 1.54 -0.1536 0.0732 0.0153 0.0019 0.0000 0.4176 0.1131 0.0367 0.0021 0.00005 0.0648 2.01 -0.1098 0.0584 0.0109 0.0019 0.0019 0.3252 0.0904 0.0269 0.0020 0.00306 0.0829 2.45 -0.1078 0.0491 0.0113 0.0036 0.0017 0.4313 0.0758 0.0314 0.0037 0.00447 0.1059 2.97 -0.1298 0.0427 0.0109 0.0024 0.0012 0.3975 0.0658 0.0277 0.0025 0.00378 0.1354 3.59 -0.0927 0.0375 0.0092 0.0033 0.0008 0.3814 0.0576 0.0264 0.0034 0.00319 0.1730 4.31 -0.0576 0.0330 0.0076 0.0037 0.0006 0.3351 0.0509 0.0240 0.0038 0.002210 0.2209 5.13 -0.0156 0.0290 0.0047 0.0034 0.0004 0.2362 0.0448 0.0173 0.0035 0.001011 0.2820 6.11 -0.0371 0.0250 0.0048 0.0026 0.0002 0.2306 0.0387 0.0158 0.0027 0.000412 0.3598 7.24 0.0157 0.0210 0.0023 0.0029 0.0001 0.1428 0.0326 0.0110 0.0030 0.000313 0.4583 8.53 -0.0026 0.0168 0.0017 0.0018 0.0001 0.1134 0.0262 0.0074 0.0019 0.000314 0.5819 10.16 0.0026 0.0125 0.0007 0.0008 0.0000 0.0445 0.0197 0.0030 0.0009 0.000115 0.7248 12.21 0.0025 0.0071 0.0003 0.0004 0.0000 0.0199 0.0113 0.0013 0.0004 0.0001



49TABLE XXVIII: Reent published values of ��, separated into experimental evaluations based on the g1 integral on a giventarget, and evaluations from QCD �ts, published from 2000 on, based on all g1 data available at the times of publiation. Allevaluations are in the MS sheme. The HERMES results refer to the present analysis. The results for E154 and SMC werealulated from values of �1 given by those ollaborations, as values of �� were not provided. Some analyses used �CNS inorder �3s (NNNLO) and �CS in order �2s (NNLO). Thus the order in the table was labelled as (N)NNLO, being a mixture ofNNNLO and NNLO. The last olumn refers to the method used by the experimental groups to alulate the low-x extrapolationneeded to ompute the integral over the full x range. In the ase of E143, the low-x extrapolation (0 � x � 0:03) is alulatedas an average of four �ts, details of whih an be found in Ref. [26℄.Analysis year Q2 �� target order low-x extr.(GeV2) Experimental evaluationsE142 [72℄ 1996 2 0:43 � 0:12(total) n(3He) (N)NNLO ReggeE154 [32℄ 1997 5 0:191� 0:011(theor:) � 0:080(exp:) � 0:070(evol.) n(3He) \ E154 QCD �t [32℄SMC [25℄ 1998 10 0:116� 0:011(theor:) � 0:079(exp:) � 0:138(evol.) p \ SMC QCD �t [33℄SMC [25℄ 1998 10 0:060� 0:008(theor:) � 0:075(exp:) � 0:139(evol.) d \ \E143 [26℄ 1998 3 0:32 � 0:10(total) p \ see aption\ \ \ 0:37 � 0:08(total) d \ \E155 [27℄ 1999 5 0:15 � 0:03(stat:) � 0:08(syst.) d \ E154 QCD �t [32℄\ " \ 0:18 � 0:03(stat:) � 0:08(syst.) \ \ SMC QCD �t [33℄HERMES 2006 5 0:321� 0:011(theor:) � 0:024(exp:) � 0:028(evol.) d NLO none\ \ \ 0:330� 0:011(theor:) � 0:025(exp:) � 0:028(evol.) \ NNLO \\ \ \ 0:333� 0:011(theor:) � 0:025(exp:) � 0:028(evol.) \ (N)NNLO \QCD �tsE155 [98℄ 2000 5 0:23 � 0:04(stat.) �0:06(syst.) - NLOGRSV[35℄ 2001 1 0.204 (standard senario) - \\ \ \ 0.282 (valene senario) - \\ \ 5 0.197 (standard senario) - \\ \ \ 0.273 (valene senario) - \\ \ 10 0.197 (standard senario) - \\ \ \ 0.272 (valene senario) - \BB [36℄ 2002 4 0:14 � 0:08(stat.) - \dFNS [91℄ 2005 10 0.284 (KRE) - \\ \ \ 0.311 (KKP) - \AAC [99℄ 2006 1 0:25 � 0:10 - \LSS[100℄ 2006 1 0:219� 0:042 - \


