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STUDY OF � HYPERON PRODUCTIONIN THE HERMES EXPERIMENT�S. Belostotski, O. Grebenyuk and Yu. NaryshkinOn behalf of HERMES CollaborationPetersburg Nulear Physis Institute, Gathina, Leningrad 188350, Russia(Reeived September 11, 2002)Semi-inlusive � hyperon prodution has been studied in the HERMESexperiment using the Ee = 27:5 GeV polarized positron beam inident onpolarized or unpolarized internal gas target. The multipliity distributionover frational � energy z has been investigated and the fragmentationfuntion D�u (z) has been extrated. The D�u (z) found by HERMES iswell desribed with the help of the parametrization based on the experi-ments on � prodution in high energy proton�proton ollisions, but it issubstantially smaller then that dedued from the e+e� annihilation data.The distribution over � transverse momentum squared p2T has also beenanalyzed. The results show that at z > 0:2 the p2T distribution is domi-nated by the quark transverse motion in the fragmentation proess. Thelongitudinal spin transfer from the beam to the � has been measured.The systemati unertainty of the spin transfer has been redued by rever-sal of the beam polarization several times during the data taking period.The spin transfer oe�ient is found to be S� = 0:04�0:08(stat)�0:03(syst)at an average frational energy of the produed � hyperons of hzi = 0:45.The dependene of the longitudinal spin transfer on z is presented andompared with reent theoretial alulations.PACS numbers: 13.60.Rj1. Unpolarized � hyperon prodution1.1. Fragmentation funtionThe multipliity distribution nh(z) = (1=Ne)(dNh=dz) is a onvenientexperimental parameter to desribe a hadron yield in lepto-prodution. HereNe is the number of inlusive DIS events, dNh is the number of hadrons de-teted in a bin dz, z = Eh=�, Eh is the hadron energy, � is the energy of� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3785)



3786 S. Belostotski, O. Grebenyuk, Yu. Naryshkinvirtual photon. In the Quark Parton Model (QPM) the multipliity distri-bution nh(z) in urrent fragmentation region is given bynh(z) =Xf !fDhf � �Q2; z� : (1)Here !f is the frational ontribution of a quark with �avor f to the inlu-sive DIS ross setion (Pf !f = 1), Q2 is the momentum transfer squared.Monte Carlo (MC) simulations based on the Lund fragmentation model showthe dependene of fragmentation funtions on Q2 in the Deep Inelasti Sat-tering (DIS) regime: (Q2 > 1 Gev2) for the HERMES kinematis is veryweak, and one may assume that Dhf (Q2; z) ' Dhf ( �Q2; z), where �Q2 is averageover kinemati range value whih in � prodution ase is �Q2 = 2:5GeV2.It has also been shown that in HERMES kinematis � prodution is domi-nated by the u and d quarks. Moreover, due to the fat that � hyperon isisosinglet one has D�u = D�d . Therefore, one an rewrite Eq. (1) asn�(z) = (!u + !d)D�u (z)| {z }75% + Xf=s;�u; �d;�s!f D�f (z) : (2)This equation has been used to extrat D�u (z) fragmentation funtion usingthe experimentally measured multipliity distribution nexp� (z). The value of!u + !d and the sea quark ontribution have been found using MC. Thenormalization fator C has been taken equal to the ratio of normalized �yields: 1R0 nexp� (z)dz1R0 nMC� (z)dz ;where nMC� (z) is the multipliity distribution alulated with the help of MC.The proedure of � event seletion and orretion of the measured nexp� (z)for the spetrometer aeptane is desribed in [1℄.The aeptane orreted multipliity distribution and the extratedfragmentation funtion D�u (z) are shown in Fig. 1. The multipliity dis-tribution (Fig. 1, left) is in a good agreement with the EMC [2℄ and FNALE398 [3℄ data obtained at higher energy. The fragmentation funtion D�u (z)found with the help of Eq. (2) and the MC orretions are shown in Fig. 1 to-gether with the �raw� n�(z). One an see that MC orretions are typiallysmall. The experimentally found D�u (z) is ompared with the parametriza-tion based on � prodution data obtained in the high energy proton�proton
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0 0.2 0.4 0.6 0.8Fig. 1. Multipliity distribution n�(z) (left) and fragmentation funtion D�u (z)(right) extrated from the data of 1996�1997 years ( �Q2 = 2:55 GeV2).ollision experiments [4℄ and reent similar alulations [5℄. These alula-tions (in partiular the latter one) desribe well the HERMES result. Onthe other hand, a signi�ant deviation from the parameterization resultingfrom e+; e� annihilation [6℄ is apparent. This disrepany might be partlyrelated to an assumption that D�u = D�s whih has been used in the lat-ter analysis. This assumption ontradits the Lund fragmentation model inwhih, beause of strong suppression of the strange diquark, D�s is larger bya fator of � 2:5 than D�u .1.2. Transverse momentum distributionThe transverse momentum of a hadron produed in a semi-inlusive re-ation is de�ned as a the omponent of the hadron momentum perpendiularto the diretion of the virtual photon momentum. Aording to Ref. [7℄ onean write hp2Ti = hp2TiQCD + hp2TiFRAG + z2hk2Ti ;where hp2Ti is the mean of the transverse momentum squared of the produedhadron, hp2TiQCD, hp2TiFRAG, and hk2Ti are ontributions from the hard gluonemission proess, from quark and gluon fragmentation, and from the internalmotion of the quarks in the target, respetively. As one an see, the latterontribution is suppressed at low hadron frational energy z, that dominatesin semi-inlusive hadron prodution1. The hard gluon emission is importantonly at high (' 1:2 GeV) hpTi and at energies muh higher than those inthe HERMES ase.1 The ut z > 0:16 has been applied to the experimental data set.
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e+N → e+Λ+X
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0 0.2 0.4 0.6 0.8Fig. 2. p2T distribution for � events extrated from the data taken in 1996�1997.The aeptane orreted p2T distribution for � prodution is shownin Fig. 2. The experimental data are well �tted with a single Gaussian:A exp(�ap2T) thus on�rming that only one (fragmentation) proess dom-inates p2T distribution. The slope parameter is found to be a = 4:2 �0:1(stat) � 0:4(syst) GeV�2, whih is in agreement with the Cornell ex-periment result: a = 4:3� 0:3 GeV�2 [8℄. As has been demonstrated by theMonte Carlo simulation the deviation from the FNAL E665 experimentalresult (a = 2:72 � 0:64 GeV�2) [9℄ is aused by a substantial ontributionof the hard gluon emission at FNAL energies. The p2T distributions hasalso been reonstruted for semi-inlusive prodution of Ks; �+ and ��. Forthese events qhp2Ti=0:458; 0:515 and 0.509, respetively. For � produtionqhp2Ti = 0:462. These numbers orresponds to average transverse distanesfor the fragmentation proesses of typially � 0:4� 0:5 fm with a negligibledi�erene between the strange meson (Ks) and baryon (�) fragmentations.2. Spin transfer to the � hyperonAording to the Constituent Quark Model (CQM) the � spin is arriedby the s quark oupled to the spinless ud diquark: �s�=1, �u�=�d�=0,where �q� (q = u; d; s) is the �rst moment integral for a given �avor of thespin-dependent quark distribution funtion �q�(x), i.e. �q� = R 10 �q�(x).Using SU(3)f symmetry and the �rst moment integral for the proton mea-sured in inlusive DIS by Burkardt, Ja�e [10℄ predited for �: �u� = �d� =�0:23 � 0:06, �s� = 0:58 � 0:07.



Study of � Hyperon Prodution in . . . 3789Experimental information about the � spin struture an be obtained bymeasuring spin transfer S� from longitudinally polarized leptons to the �hyperon in the urrent fragmentation regime. The spin transfer is de�ned bythe equation P� = PBD(y)S�, where P� is the measured � polarization, PBis the beam polarization, D(y) is the virtual photon depolarization fator.One an show that due to u dominane S� ' �u�. The � polarizationhas been measured by HERMES using a polarized positron beam and anunpolarized target. With a DIS ut Q2 > 0:8 GeV2 applied, about 104 �events have been seleted for the analysis from the data set aumulatedin the years 1996�2000. The proedure of the spin transfer extration isdesribed in Refs. [11�14℄.The systemati unertainty of the measured S�related to the spetrometer aeptane has been redued by reversal of thebeam polarization, the latter being done several times during the data takingperiod. The extrated value of the spin transfer oe�ient at xf > 0 and atan average frational energy of aepted � hyperons hzi = 0:45 is found tobe S� = 0:04 � 0:08(stat)� 0:03(syst). Within the statistial unertainty ofthe experiment, this result is onsistent both with CQM and Burkardt andJa�e preditions, the latter being orreted for the s quark ontribution andfor � prodution via resonanes.In Fig. 3 the z dependene of the experimentally measured spin transferis ompared with the theoretial expetations. It is not possible to alulateS�(z) from the �rst priniples, however it an be estimated in the limit z ! 1using reiproity relations [15℄. Aording to the SU(6) based quark-diquarkmodel S�(z) inreases nearly up to 1 at x! 1 [16℄. Reent alulation doneusing SU(3)f symmetry shows a moderate inreasing of S�(z) at high z [17℄.The large positive limit as z ! 1 shown by the SU(6) quark-diquark modelis not onsistent with the HERMES data.
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