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RECENT RESULTS ON THE HELICITY STRUCTUREOF THE NUCLEON FROM HERMES�M.C. SimaniFor the HERMES CollaborationVrije Universiteit/NIKHEF, Amsterdam, The Netherlands(Re
eived July 1, 2002)The HERMES experiment at DESY uses the HERA polarized positronbeam of 27.6 GeV in 
ombination with internal polarized gas targets inorder to investigate the spin stru
ture of the nu
leon via deep inelasti
s
attering. In
lusive and semi-in
lusive double-spin asymmetries from po-larized hydrogen and deuterium targets have been measured in the kine-mati
 range 0:023 < x < 0:6 and 1GeV2 < Q2 < 10GeV2. The installationof a Ring Imaging �erenkov (RICH) dete
tor in 1998 allowed for the �rsttime the measurement of 
harged kaon asymmetries. Based on the mea-sured set of hydrogen and deuterium asymmetries, the polarized quarkand anti-quark distributions in the proton were extra
ted in leading-orderpQCD as a fun
tion of x for all �avors separately. In parti
ular, the �rstmeasurement of the light-antiquark asymmetry ��u���d is presented.PACS numbers: 13.60.Hb, 13.88.+e, 16.65.�q1. Semi-in
lusive asymmetriesThe study of the spin stru
ture of the nu
leon has attra
ted great interestsin
e the EMC experiment [1℄ reported that only a small fra
tion of the spinof the proton is 
arried by the spins of the quarks. The HERMES experi-ment [2,3℄ at DESY employs the 27.6 GeV longitudinally polarized positronbeam of the HERA a

elerator and longitudinally polarized gas targets tomeasure in
lusive and semi-in
lusive spin dependent deep inelasti
 s
atter-ing observables. The 
entral goal of these measurements is to determine thepolarizations of the individual quark �avors within the proton.The study of the semi-in
lusive 
hannel, in whi
h a �nal state hadronis dete
ted in 
oin
iden
e with the s
attered lepton, is parti
ularly impor-tant in this endeavor as the identity of fast hadrons from the fragmentation� Presented at the X International Workshop on Deep Inelasti
 S
attering (DIS2002)Cra
ow, Poland, 30 April�4 May, 2002.(3731)
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ess is 
orrelated with the �avor of the stru
k quark. This ��avor-tagging�
orrelation 
an then be used to determine the polarization Parton Distribu-tion Fun
tions (PDF) for ea
h quark �avor. The polarized PDF's are writtenas follows: �qf(x;Q2) = q"f (x;Q2)� q#f (x;Q2) : (1)Here, q";(#)f is the number density for quarks of �avor f with spin aligned(anti-aligned) with the spin of the nu
leon. The PDF's depend on theBjorken s
aling variable x and the squared four-momentum of the virtualphoton Q2.Assuming fa
torization of the hard s
attering and fragmentationpro
esses, the photo-absorption spin asymmetry Ah1 for the produ
tion ofa hadron of type h is related to the polarized PDF's as followsAh1 �x; z;Q2� = CR Pf e2f�qf �x;Q2�Dhf �z;Q2�Pf e2fqf (x;Q2)Dhf (z;Q2) : (2)Here, CR = (1+R(x;Q2))=(1+
2) where R = �L=�T is the ratio of the lon-gitudinal (�L) and transverse (�T) virtual photon absorption 
ross-se
tions.The symbol ef denotes the 
harge of a quark of �avor f , and qf (x;Q2) arethe unpolarized quark distributions. The fragmentation fun
tions Dhf (z;Q2)represent the probability that a stru
k quark of �avor f fragments intoa hadron of type h with energy Eh and fra
tional energy z = Eh=�, where �is the energy of the virtual photon. The fragmentation fun
tions are assumedto be independent of the spin orientations of the beam and target.For the asymmetry analysis, DIS positrons were sele
ted by imposingthe kinemati
al 
onstraints Q2 > 1 GeV2, W 2 > 10 GeV2 and y < 0:85.The average Q2 of the data sample was 2.5 GeV2. To enhan
e the 
ontribu-tion of hadrons from the 
urrent fragmentation region, the sele
tion 
riteria0:2 < z < 0:8 and xF > 0:1 were applied. (The upper z 
ut suppresses
ontributions from ex
lusive events.) A Monte Carlo simulation was usedto 
orre
t the asymmetries for kinemati
 smearing in the variable x due toinstrumental resolution and QED radiative e�e
ts.In Fig. 1 the semi-in
lusive asymmetries are presented for 
harged hadr-ons and pions produ
ed from a hydrogen target (1996�1997 data taking).Pion identi�
ation was a

omplished for parti
les with momenta from 4.5 to13.5 GeV using a gas threshold �erenkov 
ounter. Compared to the previousHERMES publi
ation of these results [4℄, a new analysis of the target datawas performed yielding updated values for the proton target polarization:Pz = 0:75� 0:06 for 1996 and Pz = 0:85 � 0:05 for 1997.
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Fig. 1. Semi-in
lusive asymmetries for 
harged hadrons on a hydrogen target.Fig. 2 shows new results from the 1998�2000 data taking period: thesemi-in
lusive asymmetries for hadron produ
tion from a deuterium target.The dual-radiator ring imaging �erenkov dete
tor installed in 1998 permit-ted the separate identi�
ation of pions and kaons in this data set a
ross themomentum range 2 < p < 15GeV.
-0.1

0
0.1
0.2
0.3
0.4
0.5
0.6

-0.1
0

0.1
0.2
0.3
0.4
0.5
0.6

A
h+

1,d

HERMES prelim.
SMC

0.02 0.1 0.7
x

A
h-

1,d

HERMES prelim.
SMC

-0.1
0

0.1
0.2
0.3
0.4
0.5
0.6

-0.4

-0.2

0

0.2

0.4

0.6

A
π+
1,d

HERMES prelim.

0.02 0.1 0.7
x

A
π−
1,d

HERMES prelim.

-0.1
0

0.1
0.2
0.3
0.4
0.5
0.6

-0.4

-0.2

0

0.2

0.4

0.6

A
K+

1,d

HERMES prelim.

0.02 0.1 0.7
x

A
K-

1,d

HERMES prelim.

Fig. 2. Semi-in
lusive asymmetries for 
harged hadrons on a polarized deuteriumtarget. The error bars are statisti
al only, while the error bands indi
ate thesystemati
 un
ertainties. A 
omparison to results from SMC [5℄ is shown for thesemi-in
lusive hadron asymmetries.



3734 M.C. Simani2. Extra
tion of polarized quark distributionsIn order to derive polarized quark distributions from the measured asym-metries, the 
on
ept of purity P hf must be introdu
ed. The purity is de�nedas the probability that a hadron h with fra
tional energy z originates froman event where a quark of �avor f was stru
kP hf (x) � e2fqf (x) 0:8R0:2 Dhf (z) dzPf 0 e2f 0qf 0(x) 0:8R0:2 Dhf 0(z0) dz0 : (3)Using purities, the semi-in
lusive asymmetry Ah1(x) 
an be rewritten asAh1(x) =Xf P hf (x)�qf (x)qf (x) CR ; (4)where for ea
h x-bin an integration over Q2 was performed. The puritiesare purely unpolarized quantities and were determined from a Monte Carlosimulation based on the LUND string fragmentation model, with parameterstuned to the HERMES hadron multipli
ities. The CTEQ5L parametriza-tion [6℄ was used for the unpolarized quark distributions. The Monte Carlosimulation also involved a detailed model of the HERMES spe
trometer.It is important to note that the semi-in
lusive asymmetries presented inFigs. 1 and 2 are not 
orre
ted for the z-dependen
e of the experimentala

eptan
e; rather, the hadroni
 a

eptan
e was taken into a

ount in thepurity 
al
ulation.For ea
h value of x, Eq. (4) 
an be written in matrix form as~A(x) = P(x) ~Q(x) : (5)The elements of the ve
tor ~A(x) are themeasured in
lusive and semi-in
lusiveasymmetries extra
ted from the di�erent targets, and the matrix P 
ontainsthe integrated purities and CR fa
tor for the proton and deuteron targets.The ve
tor ~Q(x) 
ontains the quark and antiquark polarizations for ea
hquark �avor: ~Q(x) = ��uu ; �dd ; ��u�u ; ��d�d ; �ss = ��s�s �. Eq. (5) 
an be solved for~Q(x) by a least squares minimization te
hnique. In the �t pro
edure thepolarization of the sea quarks was set to zero for x > 0:3 to avoid largeun
ertainties from 
orrelations between the elements of ~Q(x).Fig. 3 shows the resulting polarized parton densities evolved toQ2 = 2:5 GeV2 and multiplied by x. The polarization of the up quarksis positive and the down quark polarization is negative. The light sea quark
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Q2 = 2.5 GeV2Fig. 3. Polarized quark distributions x�q(x) extra
ted from HERMES in
lusiveand semi-in
lusive asymmetries on polarized hydrogen and deuterium targets. Alldata are evolved to Q2 = 2:5 GeV2. The dashed 
urves 
orrespond to the GRSV00parametrizations from Glü
k et al. [9℄, while the dot-dashed 
urves represent theresults of a LO QCD analysis by Blümlein and Bött
her [8℄. The error bars andbands 
orrespond to the statisti
al and systemati
 un
ertainties, respe
tively.polarizations are 
onsistent with zero. The result for the strange quarks,however, favors a slightly positive polarization at small values of x. Usingthe same �tting formalism, the value of ��u���d was extra
ted as a fun
tionof x (see Fig. 4). No breaking of the �avor symmetry in the light sea quarkpolarization is observed at the present level of experimental a

ura
y.
-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

x
0.02 0.1 0.7

∆u
–
-∆d

–

HERMES preliminary
(1996-2000)

Q2 = 2.5 GeV2

Fig. 4. Result for ��u ���d as a fun
tion of x at Q2 = 2.5 GeV 2. The error bars
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