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2The momentum and heli
ity density distributions of the strange quark sea in the nu
leon areobtained in leading order from 
harged-kaon produ
tion in deep-inelasti
 s
attering on the deuteron.The distributions are extra
ted from spin-averaged K� multipli
ities, and from K� and in
lusivedouble-spin asymmetries for s
attering 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 heli
ity distribution is zero withinexperimental un
ertainties.PACS numbers: 13.60.-r, 13.88.+e, 14.20.Dh, 14.65.-qParton distribution fun
tions (PDFs) form the basisfor the des
ription of the 
avor stru
ture of the nu
leon.The spin-averaged parton distribution fun
tions q(x) ofquarks and antiquarks of 
avors q = (u; d; s) [1, 2℄ de-s
ribe the quark momentum 
ontributions, where x isthe dimensionless Bjorken s
aling variable representingthe momentum fra
tion 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-li
ity as that of the nu
leon. The di�eren
es, or heli
itydistributions, �q(x) = q*)(x)�q*((x) des
ribe the 
avordependent 
ontributions of the quark spins to the spinof the nu
leon. The features of the parton distributionsre
e
t the QCD dynami
s of the 
onstituents. Be
ausestrange quarks are obje
ts whi
h re
e
t dire
tly proper-ties of the nu
leon sea, they are of spe
ial interest. Theirdistributions are also important be
ause of their impa
ton quantitative 
al
ulations of 
ertain key short-distan
epro
esses at hadron 
olliders, and their impli
ations forthe measurement of the Weinberg angle in deep-inelasti
s
attering (DIS) of neutrinos [3, 4℄.In the absen
e 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 fa
torization s
ale. Mea-surements of neutrino and antineutrino produ
tion 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, extra
tion of the strange quark distributions re-quires knowledge of the 
harm quark mass, the 
harmhadron semileptoni
 bran
hing ratio, and the \Petersonfragmentation parameter" [17℄ that des
ribes the kine-mati
 dependen
e of the 
harm fragmentation fun
tion.These quantities together with the strange parton distri-butions themselves are �tted simultaneously in the ex-tra
tion pro
edure. Mu
h of the information on proper-ties of the heli
ity distribution of strange quarks is basedon the analysis of in
lusive DIS and hyperon de
ay underthe assumption of SU(3) symmetry among the stru
tures�Present address: Thomas Je�erson National A

elerator Fa
ility,Newport News, Virginia 23606, USA

of the o
tet baryons. In these in
lusive experiments [18℄the �rst moment of the heli
ity distribution for strangequarks is one of the prin
ipal results. The most pre
isere
ent value is �0:103 � 0:007(exp:) � 0:013(theor:) �0:008(evol:) in LO [19℄. A full 5-
avor de
ompositionusing Hermes semi-in
lusive 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 heli
ity density in the mea-sured range 0:023 < x < 0:3. A separate \isos
alar" ex-tra
tion 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
 un
ertainty re
e
tedla
k of knowledge of kaon fragmentation fun
tions.This letter reports a new isos
alar extra
tion 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 extra
tion of s(x) + s(x)in 
harged lepton DIS. Be
ause strange quarks 
arry noisospin, the strange seas in the proton and neutron 
an beassumed to be identi
al. In the deuteron, an isos
alar tar-get, the fragmentation pro
ess in DIS 
an be des
ribed byfragmentation fun
tions that have no isospin dependen
e.Aside from isospin symmetry between proton and neu-tron, the only symmetry assumed is 
harge-
onjugationinvarian
e in fragmentation. For the isos
alar deuteronin Leading Order (LO), the in
lusive unpolarized (U)ele
tron s
attering 
ross se
tion 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
 fa
tor 
ontaining thehard s
attering 
ross se
tion. The weak logarithmi
dependen
e of the PDFs on �Q2, the squared four-momentum of the ex
hanged virtual photon, has beensuppressed for simpli
ity. Applying the same LO formal-ism to the semi-in
lusive 
ross se
tion for 
harged kaonprodu
tion, irrespe
tive 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 dete
ted hadron in the target restframe, DKQ (z) � 4DKu (z)+DKd (z) and DKS (z) � 2DKs (z):The fragmentation fun
tion DKq (z) des
ribing the num-ber density of 
harged kaons from a stru
k quark of 
avorq is integrated over the measured range of z. CombiningEqs. (1,2) and negle
ting 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 extra
tion of the quantityS(x) R DKS (z)dz.The data were re
orded with a longitudinally nu
lear-polarized deuteron gas target internal to the E = 27.6GeV Hera positron storage ring at Desy. The self-indu
ed beam polarization was measured 
ontinuouslywith Compton ba
ks
attering of 
ir
ularly polarized laserbeams [21, 22℄. The open-ended target 
ell was fed by anatomi
-beam sour
e based on Stern-Gerla
h separationwith hyper�ne transitions. The nu
lear polarization ofthe atoms was 
ipped at 90 s time intervals, while boththis polarization and the atomi
 fra
tion inside the target
ell were 
ontinuously measured [23℄. The average valueof the deuteron polarization was 0.845 with a fra
tionalsystemati
 un
ertainty of 3.5%.S
attered beam leptons and 
oin
ident hadrons weredete
ted by the Hermes spe
trometer [24℄. Leptonswere identi�ed with an eÆ
ien
y ex
eeding 98% and ahadron 
ontamination of less than 1% using an ele
-tromagneti
 
alorimeter, a transition-radiation dete
-tor, a preshower s
intillation 
ounter and a ring-imaging�Cerenkov (RICH) dete
tor [25℄. The dual-radiatorRICH was also used to identify 
harged kaons. Eventswere sele
ted subje
t to the kinemati
 requirementsQ2 > 1GeV2, W 2 > 10GeV2 and y < 0:85, whereW is the invariant mass of the photon-nu
leon system,and y = �=E. Coin
ident hadrons were a

epted if0:2 < z < 0:8 and xF � 2pL=W > 0:1, where pL is thelongitudinal momentum of the hadron with respe
t to thevirtual photon dire
tion in the photon-nu
leon 
enter ofmass frame. The Bjorken x range of measurement was0.02{0.6.The 
harged kaon multipli
ity was extra
ted by sum-ming over the kaon yields for the two beam-target po-larization states. An event weighting pro
edure wasused to 
orre
t for RICH kaon identi�
ation ineÆ
ien-
ies. The e�e
ts of QED radiation, instrumental reso-lution, and a

eptan
e were simulated [26, 27, 28℄, and
orre
tions were applied to the data for ea
h polarizationstate using a te
hnique that unfolds kinemati
 migrationof events [19℄. The results are presented in Fig. 1. Thetrends in the data were not reprodu
ed (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 multipli
ity 
orre
ted to 4� of 
harged kaons insemi-in
lusive DIS from a deuterium target, as a fun
tion ofBjorken x. The 
ontinuous 
urve is 
al
ulated from the 
urvein Fig. 2 using Eq. 3. The dashed(dash-dotted) 
urve is thenonstrange(strange) quark 
ontribution to the multipli
ity forthis �t. The dotted 
urve is the best �t to R DKS (z)dz usingCteq6l PDFs. The error bars are statisti
al. The bandrepresents the systemati
 un
ertainties. The values of hQ2ifor ea
h x bin are shown in the lower panel.and R DKS (z)dz as free parameters. In view of the pau
ityof reliable data on S(x), it was assumed instead that itis unknown, and the analysis was 
arried out extra
t-ing the produ
t S(x) R DKS (z)dz in LO. For x > 0:15the multipli
ity 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 fromwhi
h it follows that S(x) = 0 for x > 0:15 and thatR 0:80:2 DKQ (z)dz = 0:398 � 0:010, in ex
ellent agreementwith the value 0:435� 0:044 obtained for Q2 = 2:5 GeV2from the most re
ent global analysis of fragmentationfun
tions [30℄. The value 0.398 was then used in Eq. (3)together with values of Q(x) from Cteq6l and the mea-sured multipli
ities to obtain the produ
t S(x)R DKS (z)dzshown in Fig. 2. A small iterative 
orre
tion was madeto a

ount for the negle
t of the 2S(x) term in Eq. 1.
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FIG. 2: The strange fragmentation produ
tS(x;Q2)R DKS (z)dz obtained from the measured Hermesmultipli
ity for 
harged kaons at the hQ2i for ea
h bin. The
urve is a least squares �t of the form x�0:863e�x=0:0487(1�x).The band represents systemati
 un
ertainties.



4
x

xS
(x

)

0.02 0.1 0.6

CTEQ6L
Fit

x(u
–
(x)+d

–
(x))

0

0.2

0.4

FIG. 3: The strange parton distribution xS(x) from themeasured Hermes multipli
ity for 
harged kaons evolved toQ20 = 2:5 GeV2 assuming R DKS (z)dz = 1:27� 0:13. The solid
urve 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-dash
urve is the sum of light antiquarks from Cteq6l.The result for the produ
t together with a �t of the formx�a1e�x=a2(1 � x) is shown in Fig. 2, and leads to the
ontinuous 
urve in Fig. 1.The improved �t (
ontinuous 
urve in Fig. 1) to themultipli
ity is an indi
ation that the a
tual 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 fa
tors were takenfrom Cteq6l and the fragmentation fun
tion 
ompila-tion given in [30℄. Consideration of 
orre
tions to theevolution due to higher twist 
ontributions is not ne
-essary, sin
e higher twist e�e
ts are expe
ted to be sig-ni�
ant [31℄ only for larger values of x where the ex-tra
ted 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 in
ompatible with xS(x) from Cteq6l as well asthe assumption of an average of an isos
alar nonstrangesea. The absen
e of strength above x � 0:1 is 
learly dis-
repant with Cteq6l, while deviations from the Cteq6lpredi
tion at low x 
ould be, in part, a manifestation ofhigher order pro
esses.In the isos
alar extra
tion of the heli
ity distribution�S(x) = �s(x)+�s(x), only the double-spin asymmetryAKk;d(x;Q2) for all 
harged kaons, irrespe
tive of 
harge,and the in
lusive asymmetry Ak;d(x;Q2) are used. InLO, the in
lusive 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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FIG. 4: Lepton-nu
leon polarized 
ross se
tion asymmetriesAk;d for in
lusive DIS and AKk;d for semi-in
lusive DIS bya deuteron target as a fun
tion of Bjorken x, for identi�ed
harged kaons. The error bars are statisti
al, and the bandsat the bottom represent the systemati
 un
ertainties.where KLL is a kinemati
 fa
tor, andAK�k;d (x) d2NK(x)dx dQ2 = KLL(x;Q2)���Q(x)Z DKQ (z)dz +�S(x)Z DKS (z)dz� : (5)Eqs. (4,5) permit the simultaneous extra
tion of the he-li
ity distribution �Q(x) = �u(x) + �u(x) + �d(x) +�d(x) and the strange heli
ity distribution �S(x) =�s(x) + �s(x). The nonstrange integrated fragmenta-tion fun
tion needed for a LO extra
tion of �S(x) wasextra
ted from the multipli
ity analysis of the same data.The semi-in
lusive asymmetriesAKk;d were derived fromthe kaon spe
tra measured for ea
h target polarization.The target polarization was 
orre
ted for the D-wave ad-mixture in the deuteron wave fun
tion by applying the
orre
tion term (1 � 1:5!D) where ! = 0:05� 0:01 [32℄.The 
orre
ted asymmetries are shown in Fig. 4. The in-
lusive asymmetries Ak;d(x) were 
orre
ted for e�e
ts ofQED radiation and instrumental smearing with the samepro
edures des
ribed above for the spin dependent kaonmultipli
ities. Contributions to the systemati
 un
ertain-ties in the asymmetries in
lude those from the beam andtarget polarizations, and the negle
t of the transversespin stru
ture fun
tion g2(x) � 0 [33℄, and for AKk;d fromthose of RICH kaon identi�
ation.The quark heli
ity distributions were extra
ted fromthe measured spin asymmetries Ak;d(x) and AKk;d(x) in ananalysis based on Eqs. (4,5). The value of R DKS (z)dz =1:27� 0:13 was used to extra
t �S(x). The results arepresented in Fig. 5. The strange heli
ity distribution alsoagrees well with the less pre
ise results of [20℄, and is
onsistent with zero over the measured range.The �rst moments of the heli
ity densities in themeasured region are presented in Tab. I. The resultfor �Q over the measured range is 
onsistent with thevalue 0:381 � 0:010(stat:) � 0:027(sys:) for the full mo-ment previously extra
ted from Hermes g1;d data [19℄.The value of �S measured here is not in serious dis-agreement with �0:0435� 0:010(stat:) � 0:004(sys:) ex-
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FIG. 5: Nonstrange and strange quark heli
ity distributionsat Q20 = 2:5GeV2, as a fun
tion of Bjorken x. The errorbars are statisti
al, and the bands at the bottom representthe systemati
 un
ertainties. The 
urves are the LO resultsof Leader et al.[38℄ from their analysis of world data.tra
ted from the in
lusive Hermes measurements. Thevalue for the partial moment of the o
tet 
ombination�q8(x) = �Q(x) � 2�S(x), in
luded in Tab. I, is sub-stantially less than the value of the axial 
harge a8 ��q8 = R 10 �q8(x)dx = 0:586 � 0:031 extra
ted fromthe hyperon de
ay 
onstants by assuming SU(3) sym-metry [34℄. Possible explanations for the de�
it observedfor �q8 in
lude violation of SU(3) symmetry or missingo
tet strength at values of x below the measured range.The substantial deviation observed in the shape of S(x)from that of the light sea quarks is a 
lear manifestationof violation of SU(3) symmetry [35, 36, 37℄ in the strangequark se
tor.In 
on
lusion, in
lusive and semi-in
lusive-
harged-kaon spin asymmetries for a longitudinally polarizeddeuteron target have been analyzed to extra
t the LOparton distributions of the strange sea in the proton. Thepartial moment of the nonstrange fragmentation fun
-tion needed for the LO analysis has been extra
ted di-re
tly from the same data. The values for the PDFs pre-sented in this paper are available at the Hermes web site(http://www-hermes.desy.de). The momentum densitiesare softer than previously assumed. The heli
ity densi-ties are 
onsistent with zero and the partial moment ofthe o
tet axial 
ombination is observed to be substan-tially less than the axial 
harge extra
ted from hyperonde
ays under the assumption of SU(3) symmetry.TABLE I: First moments of various heli
ity distributions inthe Bjorken x range 0.02{0.6 at a s
ale of Q20 = 2:5 GeV2.Moments in measured range�Q 0:359 � 0:026(stat:)� 0:018(sys:)�S 0:037 � 0:019(stat:)� 0:027(sys:)�q8 0:285 � 0:046(stat:)� 0:057(sys:)
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