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TRANSVERSE POLARIZATION OF � AND ��PRODUCED INCLUSIVELY IN eN SCATTERINGAT HERMES �Oleg GrebenyukOn behalf of HERMES CollaborationPetersburg Nulear Physis Institute, 188350 Gathina, Russiae-mail: olegreb�mail.desy.de(Reeived July 11, 2002)The transverse polarization of inlusively produed � and �� hyper-ons has been studied at HERMES using the 27.6 GeV positron beam ofHERA and an internal gas target. From the data taken in the years1996�2000, 386,000 � and 72,000 �� events have been reonstruted, al-lowing the measurement of the � and �� polarizations with high statistialauray. Averaged over the full kinemati range of the data, the transversepolarizations were measured to be P�n = 5:4� 0:5 (stat)� 1:5 (syst)% andP ��n = �4:0 � 1:3 (stat) � 1:2 (syst)%. The dependene of the polariza-tion on several transverse momentum pT and on the hyperons' light onemomentum fration � has been investigated.PACS numbers: 13.60.Rj, 13.88.+e1. IntrodutionIt was generally believed at the beginning of the Fermilab hyperon pro-gram [1℄ that spin e�ets in hadroni reations should be of little importaneat high energies. The hard sattering proesses, when alulated in pertur-bative QCD, do not give rise to large polarization e�ets. It was thereforesurprising that a signi�ant polarization was measured for high energy �'sprodued by 300 and 400 GeV unpolarized protons sattered from an unpo-larized Beryllium target [2℄. The � polarization was transverse and negative,direted opposite to the normal n̂ = p̂beam�p̂� to the prodution plane. Theabsolute value of the polarization inreased linearly with the transverse mo-mentum pT up to pT ' 1 GeV/.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3797)



3798 O. GrebenyukThis transverse �self-polarization� of �'s and other hyperons has nowbeen investigated in many sattering experiments with a wide variety ofhadroni beams [3℄. The polarization of �'s is almost always found to benegative, as in the original pN experiment. One notable exeption to thisrule is the positive polarization measured in the K�p interation, where thebeam partiles ontain valene s quarks. The polarization of �� is onsistenlyfound to be zero (provided the beam does not ontain any valene anti-quarks). As yet no model is able to explain the full body of data that hasbeen olleted.While hyperon polarization has been studied extensively in hadron�hadron reations, very little experimental information exists about the e�etin photo- and eletro-prodution. Transverse polarization in the inlusivephotoprodution of neutral strange partiles was investigated 20 years agoat CERN [4℄ and SLAC [5℄. However, the statistial quality of the publisheddata is rather poor. The CERN measurements, for inident tagged photonenergies between 25 and 70 GeV, resulted in an average transverse polariza-tion of 6� 4% for � and 5� 10% for ��. At SLAC the overall polarizationswere observed to be 9 � 7% for � and �4 � 4 % for ��, produed using a20 GeV photon beam.The HERMES experiment o�ers a good opportunity to measure the po-larization of � and �� hyperons produed inlusively and semi-inlusively,using the 27.6 GeV positron beam of HERA ollider and an internal gastarget with a storage ell. The analysis presented here is of transverse po-larization in the inlusive reation �N ! �"X, where the yields are muhhigher than in the semi-inlusive ase. The inlusive data ome mostly fromthe photoprodution peak in the ross-setion at Q2 � 0. In this regime thebeam positrons are sattered at very small angles and are not deteted bythe HERMES spetrometer.This analysis ombines the data olleted at HERMES in the years 1996-2000. The sample inludes data taken with both longitudinally polarizedand unpolarized targets (the latter being of muh higher density than theformer), while the positron beam was always longitudinally polarized. Thetarget speies inluded hydrogen, deuterium and a variety of heavier gases.After bakground suppression uts, the �nal data sample ontained 386,000� and 72,000 �� hyperons. 2. ResultsAveraged over the full kinemati range of the data, the transverse polar-ization of the � and �� hyperons was measured to be P�n = 5:4� 0:5 (stat)�1:5 (syst)% and P ��n = �4:0�1:3 (stat)�1:2 (syst)%. The systemati uner-tainty was estimated by measurements of the false �transverse polarization�of K0s mesons, and of hadron-hadron pairs whih did not originate from



Transverse Polarization of � and �� Produed Inlusively : : : 3799�( ��) deay. The average hyperon kinematis are hpTi = 0:56 GeV/ andhE�i = 6:3 GeV, where pT is the transverse momentum de�ned with respetto the eN system and E� is the energy of the �. To estimate the averagevirtual-photon kinematis, a Monte Carlo simulation of the proess was per-formed, using the PYTHIA 6.2 event generator and a GEANT model of thedetetor. An average virtual photon energy of h�i = 16 GeV was obtained.The good statistial quality of the full data set allows the dependeneof the � and �� polarization on ertain kinemati variables to be studied.Unfortunately, in the inlusive ase information on the virtual photon kine-matis is not available; onsequently, only kinemati variables related to theeN system may be studied.Quark reombination models [6�8℄ desribe inlusive hadron polarizationin the in�nite momentum frame of the projetile. To failitate omparisonwith these models, the HERMES measurements have been studied as afuntion of � � (E� + pz�)=(EB + pB), whih represents the light onemomentum fration of the beam positron arried by the outgoing � or ��.Here pz� is the z omponent of the � momentum, and EB, pB are theenergy and momentum of the beam. The � and �� polarizations are shownas a funtion of the � variable in Fig. 1(a). The � polarization is around 8%in the region � < 0:2, and around 3.5% at high �. The limited statistis ofthe �� measurement make it di�ult to ome to a strong onlusion as to itskinemati behavior, but it may be noted that the average negative value forP ��n originates from the data points at low �.
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3800 O. GrebenyukThe light one momentum fration � is an approximate measure ofwhether the hyperons were produed in the forward or bakward regionin the enter-of-mass frame of the �N reation. The natural variable touse to separate these kinemati regimes would be xF = p�k =pbeam, evalu-ated in the �N system, but this variable is not available in an inlusivemeasurement. Nevertheless, a simulation of the reation using the PYTHIAprogram reveals a reasonable orrelation between � in the eN system andxF in the �N system. In partiular, all events at � � 0:25 are produed inthe forward hemisphere xF > 0. As another indiation of this �watershed�,the ratio of � to �� yields observed in the data after bakground subtrationis displayed in Fig. 1(b). Above � = 0:25, a onstant ratio of 4.7 is seen. Atlower values the ratio inreases dramatially, likely indiating the in�ueneof the nuleon target remnant in � formation. It may thus be speulatedthat the di�erent behaviors of P�n and P ��n in the low and high � regionsare related to the di�erent hadron-formation mehanisms of the target- andurrent-quark fragmentation regions respetively.
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Transverse Polarization of � and �� Produed Inlusively : : : 38013. DisussionThe results presented here, a �rst measurement of non-zero transversepolarization in the �N ! �"X and �N ! ��"X reations at Q2 � 0 addsan interesting new piee to the long-standing puzzle of hyperon polarizationat high energies. In light of the negative values observed in almost all otherreations, the positive value of the transverse � polarization measured byHERMES is surprising. One may hose to speulate on the reason for thispositive value. The model of DeGrand and Miettinen [6℄ (DGM) is one of themore suessful proposed to date, and an at least aount for the relativesigns and magnitudes of the polarizations in numerous hadron-to-hyperontransitions. In the DGM piture of the p ! � transition, a fast valene(ud)0 diquark from the beam reombines with a sea s quark from the targetto form the �. The s quark is aelerated in this proess, and aquires apolarization in the �n̂ diretion due to the Thomas preession e�et. Thisnegative polarization is transferred to the �, whose spin is entirely arriedby the s quark (in the onstituent quark model). The positive � polariza-tion observed with K� beams is onversely indiative of the deeleration ofvalene strange quarks from the beam. The positive polarization observedin the HERMES photoprodution data might thus indiate that the  ! s�shadroni omponent of the beam is the dominant soure of inlusive � pro-dution. Further, quarks and anti-quarks in the photon beam are on anequal footing. If the polarization mehanism in the forward diretion is in-deed dominated by the valene quark ontent of the beam, the � and ��polarizations should beome similar at large �. This trend is qualitativelysupported by the data. Conversely, � and �� polarizations are seen to dif-fer in the target fragmentation region, where quarks and anti-quarks aredistinguished by the nulear target.REFERENCES[1℄ J. Lah, Nul. Phys. (Pro. Suppl.) B50, 216 (1996).[2℄ G. Bune et al., Phys. Rev. Lett. 36, 1113 (1976).[3℄ A.D. Panagiotou, Int. J. Mod. Phys. A5, 1197 (1990).[4℄ CERN-WA-004 Collaboration, D.Aston et al., Nul. Phys. 195, 189 (1982).[5℄ SLAC-BC-072 Collaboration, K.Abe et al., Phys. Rev. D29, 1877 (1984).[6℄ T.A. DeGrand, H.I. Miettinen, Phys. Rev. D24, 2419 (1981).[7℄ K.-I. Kubo, Y. Yamamoto, H.Toki, Prog. Theor. Phys. 98, 95 (1997).[8℄ H.Toki, N.Nakajima, K.Suzuki, K.-I.Kubo, hep-ph/9906451.


