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2The momentum and heliity density distributions of the strange quark sea in the nuleon areobtained in leading order from harged-kaon prodution in deep-inelasti sattering on the deuteron.The distributions are extrated from spin-averaged K� multipliities, and from K� and inlusivedouble-spin asymmetries for sattering of polarized positrons by a polarized deuterium target. Theshape of the momentum distribution is softer than that of the average of the u and d quarks. In theregion of measurement 0:02 < x < 0:6 and Q2 >1.0 GeV2, the heliity distribution is zero withinexperimental unertainties.PACS numbers: 13.60.-r, 13.88.+e, 14.20.Dh, 14.65.-qParton distribution funtions (PDFs) form the basisfor the desription of the avor struture of the nuleon.The spin-averaged parton distribution funtions q(x) ofquarks and antiquarks of avors q = (u; d; s) [1, 2℄ de-sribe the quark momentum ontributions, where x isthe dimensionless Bjorken saling variable representingthe momentum fration of the target arried by the par-ton in a frame where the target has \in�nite" longitudinalmomentum. They are sums of the number densities ofthe quarks q*)(x) [q*((x)℄ with the same [opposite℄ he-liity as that of the nuleon. The di�erenes, or heliitydistributions, �q(x) = q*)(x)�q*((x) desribe the avordependent ontributions of the quark spins to the spinof the nuleon. The features of the parton distributionsreet the QCD dynamis of the onstituents. Beausestrange quarks are objets whih reet diretly proper-ties of the nuleon sea, they are of speial interest. Theirdistributions are also important beause of their impaton quantitative alulations of ertain key short-distaneproesses at hadron olliders, and their impliations forthe measurement of the Weinberg angle in deep-inelastisattering (DIS) of neutrinos [3, 4℄.In the absene of signi�ant experimental onstraints,urrent global QCD �ts of PDFs [5, 6℄ assume the strangequark and antiquark momentum distributions s(x) ands(x) to be given by s(x) = s(x) = r[u(x) + d(x)℄=2with r � 1=2 at some low fatorization sale. Mea-surements of neutrino and antineutrino prodution ofdimuons [7, 8, 9, 10, 11, 12, 13, 14, 15℄provide usefulbut limited information [16℄ on the normalization andshape of the distribution s(x) + s(x). In these experi-ments, extration of the strange quark distributions re-quires knowledge of the harm quark mass, the harmhadron semileptoni branhing ratio, and the \Petersonfragmentation parameter" [17℄ that desribes the kine-mati dependene of the harm fragmentation funtion.These quantities together with the strange parton distri-butions themselves are �tted simultaneously in the ex-tration proedure. Muh of the information on proper-ties of the heliity distribution of strange quarks is basedon the analysis of inlusive DIS and hyperon deay underthe assumption of SU(3) symmetry among the strutures�Present address: Thomas Je�erson National Aelerator Faility,Newport News, Virginia 23606, USA

of the otet baryons. In these inlusive experiments [18℄the �rst moment of the heliity distribution for strangequarks is one of the prinipal results. The most preisereent value is �0:103 � 0:007(exp:) � 0:013(theor:) �0:008(evol:) in LO [19℄. A full 5-avor deompositionusing Hermes semi-inlusive DIS [20℄ data from protonand deuteron targets, although not sensitive to �s(x),yielded �s = 0:028 � 0:033 � 0:009 for the �rst partialmoment of the strange quark heliity density in the mea-sured range 0:023 < x < 0:3. A separate \isosalar" ex-tration of �s+�s from DIS data on the deuteron alonegave �s + �s = 0:129� 0:042� 0:129 in the measuredrange where the large systemati unertainty reetedlak of knowledge of kaon fragmentation funtions.This letter reports a new isosalar extration of s(x)+s(x) and �(s(x)+s(x)) based on the same Hermes dataobtained from polarized DIS on a deuterium target. Themeasurement reported here is omplementary to the neu-trino results, and is the �rst extration of s(x) + s(x)in harged lepton DIS. Beause strange quarks arry noisospin, the strange seas in the proton and neutron an beassumed to be idential. In the deuteron, an isosalar tar-get, the fragmentation proess in DIS an be desribed byfragmentation funtions that have no isospin dependene.Aside from isospin symmetry between proton and neu-tron, the only symmetry assumed is harge-onjugationinvariane in fragmentation. For the isosalar deuteronin Leading Order (LO), the inlusive unpolarized (U)eletron sattering ross setion in terms of the partondistributions Q(x) � u(x) + u(x) + d(x) + d(x) andS(x) � s(x) + s(x) takes the formd2NDIS(x)dx dQ2 = KU (x;Q2) [5Q(x) + 2S(x)℄ ; (1)where KU (x;Q2) is a kinemati fator ontaining thehard sattering ross setion. The weak logarithmidependene of the PDFs on �Q2, the squared four-momentum of the exhanged virtual photon, has beensuppressed for simpliity. Applying the same LO formal-ism to the semi-inlusive ross setion for harged kaonprodution, irrespetive of harge, hereafter designatedas K givesd2NK(x)dx dQ2 = KU (x;Q2)��Q(x)Z DKQ (z)dz + S(x)Z DKS (z)dz� ; (2)



3where z � Eh=� with � and Eh the energies of the vir-tual photon and of the deteted hadron in the target restframe, DKQ (z) � 4DKu (z)+DKd (z) and DKS (z) � 2DKs (z):The fragmentation funtion DKq (z) desribing the num-ber density of harged kaons from a struk quark of avorq is integrated over the measured range of z. CombiningEqs. (1,2) and negleting the term 2S(x) ompared to5Q(x), it follows immediately thatS(x)Z DKS (z)dz ' Q(x) �5 d2NK(x)d2NDIS(x) � Z DKQ (z)dz� :(3)Eq. 3 is the basis for the extration of the quantityS(x) R DKS (z)dz.The data were reorded with a longitudinally nulear-polarized deuteron gas target internal to the E = 27.6GeV Hera positron storage ring at Desy. The self-indued beam polarization was measured ontinuouslywith Compton baksattering of irularly polarized laserbeams [21, 22℄. The open-ended target ell was fed by anatomi-beam soure based on Stern-Gerlah separationwith hyper�ne transitions. The nulear polarization ofthe atoms was ipped at 90 s time intervals, while boththis polarization and the atomi fration inside the targetell were ontinuously measured [23℄. The average valueof the deuteron polarization was 0.845 with a frationalsystemati unertainty of 3.5%.Sattered beam leptons and oinident hadrons weredeteted by the Hermes spetrometer [24℄. Leptonswere identi�ed with an eÆieny exeeding 98% and ahadron ontamination of less than 1% using an ele-tromagneti alorimeter, a transition-radiation dete-tor, a preshower sintillation ounter and a ring-imaging�Cerenkov (RICH) detetor [25℄. The dual-radiatorRICH was also used to identify harged kaons. Eventswere seleted subjet to the kinemati requirementsQ2 > 1GeV2, W 2 > 10GeV2 and y < 0:85, whereW is the invariant mass of the photon-nuleon system,and y = �=E. Coinident hadrons were aepted if0:2 < z < 0:8 and xF � 2pL=W > 0:1, where pL is thelongitudinal momentum of the hadron with respet to thevirtual photon diretion in the photon-nuleon enter ofmass frame. The Bjorken x range of measurement was0.02{0.6.The harged kaon multipliity was extrated by sum-ming over the kaon yields for the two beam-target po-larization states. An event weighting proedure wasused to orret for RICH kaon identi�ation ineÆien-ies. The e�ets of QED radiation, instrumental reso-lution, and aeptane were simulated [26, 27, 28℄, andorretions were applied to the data for eah polarizationstate using a tehnique that unfolds kinemati migrationof events [19℄. The results are presented in Fig. 1. Thetrends in the data were not reprodued (see dotted urvein Fig. 1) by �tting the points using the Cteq6l [29℄strange quark PDFs in Eqs. 1 and 2, with R DKQ (z)dz
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FIG. 1: The multipliity orreted to 4� of harged kaons insemi-inlusive DIS from a deuterium target, as a funtion ofBjorken x. The ontinuous urve is alulated from the urvein Fig. 2 using Eq. 3. The dashed(dash-dotted) urve is thenonstrange(strange) quark ontribution to the multipliity forthis �t. The dotted urve is the best �t to R DKS (z)dz usingCteq6l PDFs. The error bars are statistial. The bandrepresents the systemati unertainties. The values of hQ2ifor eah x bin are shown in the lower panel.and R DKS (z)dz as free parameters. In view of the pauityof reliable data on S(x), it was assumed instead that itis unknown, and the analysis was arried out extrat-ing the produt S(x) R DKS (z)dz in LO. For x > 0:15the multipliity is onstant at a value of about 0.080,implying that S(x)=Q(x) is onstant. For this analy-sis S(x) is assumed to be negligible at large x fromwhih it follows that S(x) = 0 for x > 0:15 and thatR 0:80:2 DKQ (z)dz = 0:398 � 0:010, in exellent agreementwith the value 0:435� 0:044 obtained for Q2 = 2:5 GeV2from the most reent global analysis of fragmentationfuntions [30℄. The value 0.398 was then used in Eq. (3)together with values of Q(x) from Cteq6l and the mea-sured multipliities to obtain the produt S(x)R DKS (z)dzshown in Fig. 2. A small iterative orretion was madeto aount for the neglet of the 2S(x) term in Eq. 1.
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FIG. 2: The strange fragmentation produtS(x;Q2)R DKS (z)dz obtained from the measured Hermesmultipliity for harged kaons at the hQ2i for eah bin. Theurve is a least squares �t of the form x�0:863e�x=0:0487(1�x).The band represents systemati unertainties.
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FIG. 3: The strange parton distribution xS(x) from themeasured Hermes multipliity for harged kaons evolved toQ20 = 2:5 GeV2 assuming R DKS (z)dz = 1:27� 0:13. The solidurve is a 3-parameter �t for S(x) = x�0:924e�x=0:0404(1�x),the dashed urve gives xS(x) from Cteq6l, and the dot-dashurve is the sum of light antiquarks from Cteq6l.The result for the produt together with a �t of the formx�a1e�x=a2(1 � x) is shown in Fig. 2, and leads to theontinuous urve in Fig. 1.The improved �t (ontinuous urve in Fig. 1) to themultipliity is an indiation that the atual distributionof S(x) is substantially di�erent from the average of thoseof the nonstrange antiquarks. To explore this point, theHermes result for S(x)R DKS (z)dz has been evolved toQ20 = 2:5 GeV2. The Q2 evolution fators were takenfrom Cteq6l and the fragmentation funtion ompila-tion given in [30℄. Consideration of orretions to theevolution due to higher twist ontributions is not ne-essary, sine higher twist e�ets are expeted to be sig-ni�ant [31℄ only for larger values of x where the ex-trated distribution of xS(x) vanishes. The distributionof xS(x) was obtained from S(x)R DKS (z)dz by dividingby R DKS (z)dz = 1:27�0:13, the value at Q2 = 2:5 GeV2given in [30℄. The results are presented in Fig. 3. Thenormalization of the Hermes points is determined by thevalue of R DKS (z)dz assumed. However, whatever the nor-malization, the shape of xS(x) implied by the Hermesdata is inompatible with xS(x) from Cteq6l as well asthe assumption of an average of an isosalar nonstrangesea. The absene of strength above x � 0:1 is learly dis-repant with Cteq6l, while deviations from the Cteq6lpredition at low x ould be, in part, a manifestation ofhigher order proesses.In the isosalar extration of the heliity distribution�S(x) = �s(x)+�s(x), only the double-spin asymmetryAKk;d(x;Q2) for all harged kaons, irrespetive of harge,and the inlusive asymmetry Ak;d(x;Q2) are used. InLO, the inlusive and the harged kaon double-spin(LL)asymmetries are determined by the relationsAk;d(x) d2NDIS(x)dx dQ2= KLL(x;Q2) [5�Q(x) + 2�S(x)℄ ; (4)
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