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INTRINSIC POLARIZED STRANGENESSAND �0 POLARIZATION IN DEEP-INELASTICPRODUCTION� ��Dmitry V. NaumovJoint Institute for Nulear Researh, Dubna, Russia(Reeived June 5, 2002)We propose a model for the longitudinal polarization of �0 baryonsprodued in deep-inelasti lepton sattering at any xF, based on statiSU(6) quark-diquark wave funtions and polarized intrinsi strangeness inthe nuleon assoiated with individual valene quarks. Free parametersof the model are �xed by �tting the NOMAD data on the longitudinalpolarization of �0 hyperons in neutrino interations. Our model orretlyreprodues the observed dependenes of �0 polarization on the kinemativariables. Within the ontext of our model, the NOMAD data imply thatthe intrinsi strangeness assoiated with a valene quark has antiorrelatedpolarization. We also ompare our model preditions with results from theHERMES and E665 experiments using harged leptons. Preditions of ourmodel for the COMPASS experiment are also presented.PACS numbers: 13.10.+q, 13.15.+g, 13.60.�r, 13.60.Rj1. IntrodutionMeasurements of the longitudinal polarization of �0 hyperons in leptonnuleon deep inelasti sattering (DIS) proesses provide aess to the po-larization of intrinsi strangeness of the nuleon [2℄ and to the polarizedquark spin transfer funtion [3℄: C�q (z) � �D�q (z)=D�q (z), where D�q (z)and �D�q (z) are unpolarized and polarized fragmentation funtions for thequark q to yield a � hyperon with the fration z of the quark energy. Severalexperimental measurements of �0 polarization have been made in neutrinoand anti-neutrino DIS. Longitudinal polarization of �0 hyperons was �rstobserved in bubble hamber (anti) neutrino experiments [4�6℄. The NOMADCollaboration has reently published new and interesting results on �0 and� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.�� This artile is a short version of a more detailed paper [1℄.(3803)



3804 D.V. Naumov��0 polarization with muh larger statistis [7℄. There are also reent resultson longitudinal polarization of �0 hyperons from polarized harged leptonnuleon DIS proesses from the E665 [8℄ and HERMES [9℄ experiments. Akey assumption, adopted widely in theoretial analyzes of these data, is thatthe struk quark fragmentation an be disentangled from the nuleon rem-nant fragmentation by imposing a ut: xF > 0. As we show in Se. 2.3 thisassumption fails at moderate beam energies [4�10℄. A method of alulationof the longitudinal polarization of �0 hyperons is presented in Se. 2, andour model preditions are ompared to the available data in Se. 3.2. Calulational methodThere are di�erent mehanisms whereby strange hadrons an be pro-dued in DIS proesses. They an be produed by fragmentation of thestruk quark or the nuleon remnant diquark, or in olor string fragmenta-tion. We assume that strange hadrons an be polarized only in the (di)quarkfragmentation. �0 hyperons an be produed promptly or as a deay produtof heavier strange baryons (�0, �, �?). Therefore, to predit the polariza-tion of �0 hyperons in a given kinemati domain one needs to know therelative yields of �0 's produed in di�erent hannels and their polariza-tion. We take into aount all these e�ets expliitly traing the �0 originpredited by the fragmentation model adopted (Se. 2.3) and assigning thepolarization predited by the polarized intrinsi strangeness model (Se. 2.1)in the diquark fragmentation and by SU(6) and Burhardt�Ja�e [3℄ modelsfor the quark fragmentation (Se. 2.2). We take into aount a di�erene inobserved yields of heavier strange hyperons [11℄.2.1. Polarized intrinsi strangeness modelThe main idea of the polarized intrinsi strangeness model applied tosemi-inlusive DIS is that the polarization of s quarks and �s antiquarks inthe hidden strangeness omponent of the nuleon wave funtion should be(anti)orrelated with that of the struk quark. This orrelation is desribedby the spin orrelation oe�ients Csq: Ps = CsqPq, where Pq and Ps arethe polarizations of the initial struk (anti)quark and remnant s quark. Inpriniple, Csq an be di�erent for the valene and sea quarks. We leave Csqvaland Csqsea as free parameters, that are �xed in a �t to the NOMAD data [7℄.2.2. Polarization of strange hadrons in (di)quark fragmentationWe de�ne the quantization axis along the three-momentum vetor of theexhanged boson. To alulate the polarization of �0 hyperons produed inthe diquark fragmentation we assume the ombination of a non-relativisti



Intrinsi Polarized Strangeness and �0 Polarization . . . 3805SU(6) quark-diquark wave funtion and the polarized intrinsi strangenessmodel desribed above. The polarization of �0 hyperons produed in thequark fragmentation via a strange baryon (Y ) is alulated as: P q�0(Y ) =�C�0q (Y )Pq, where C�0q (Y ) is the orresponding spin transfer oe�ient,Pq is the struk quark polarization whih depends on the proess. We useSU(6) and BJ models to ompute C�0q (Y ).2.3. Fragmentation modelTo desribe �0 prodution and polarization in the full xF interval, we usethe LUND string fragmentation model, as inorporated into the JETSET7.4program [12℄. We use the LEPTO6.5.1 [13℄ Monte Carlo event generatorto simulate harged-lepton and (anti)neutrino DIS proesses. We introduetwo rank ounters: Rqq and Rq whih orrespond to the partile rank fromthe diquark and quark ends of the string, orrespondingly. A hadron withRqq = 1 or Rq = 1 would ontain the diquark or the quark from one of theends of the string. However, one should perhaps not rely too heavily on thetagging spei�ed in the LUND model. Therefore, we onsider the followingtwo variant fragmentation models:Model A: The hyperon ontains the stuk quark (the remnant diquark)only if Rq = 1 (Rqq = 1).Model B: The hyperon ontains the stuk quark (the remnant diquark)if Rq � 1 and Rqq 6= 1 (Rqq � 1 and Rq 6= 1).Clearly, Model B weakens the Lund tagging riterion by averaging overthe string, whilst retaining information on the end of the string where thehadron originated.In the framework of JETSET, it is possible to trae the partiles' parent-age. We use this information to hek the origins of the strange hyperonsprodued in di�erent kinemati domains, espeially at various xF. Aord-ing to the LEPTO and JETSET event generators, the xF distribution of thediquark to �0 fragmentation is weighted towards large negative xF. How-ever, its tail in the xF > 0 region overwhelms the quark to �0 xF distributionat these beam energies. In Fig. 1, we show the xF distributions of �0 hyper-ons produed in diquark and quark fragmentation, as well as the �nal xFdistributions. These distributions are shown for �� CC DIS at the NOMADmean neutrino energy E� = 43:8 GeV, and for �+ DIS at the COMPASSmuon beam energy E� = 160 GeV. The relatively small fration of the �0hyperons produed by quark fragmentation in the region xF > 0 is related tothe relatively small entre-of-mass energies � about 3.6 GeV for HERMES,about 4.5 GeV for NOMAD, about 8.7 GeV for COMPASS, and about 15GeV for the E665 experiment � whih orrespond to low W .
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Fig. 1. Preditions for the xF distributions of all �0 hyperons (solid line), of thoseoriginating from diquark fragmentation and of those originating from quark frag-mentation, for the two model variants A and B, as explained in the legend on theplots. The left panel is for �� CC DIS with E� = 43:8 GeV, and the right panelfor �+ DIS with E� = 160 GeV.We vary the two orrelation oe�ients Csqval and Csqsea in �tting ModelsA and B to the following 4 NOMAD points:(1) �p: P�x = �0:26 � 0:05(stat),(2) �n: P�x = �0:09� 0:04(stat),(3) W 2 < 15 GeV2: P�x (W 2 < 15) = �0:34 � 0:06(stat),(4) W 2 > 15 GeV2: P�x (W 2 > 15) = �0:06 � 0:04(stat).We �nd from these �ts similar values for both the SU(6) and BJ models:Csqval = �0:35�0:05, Csqsea = �0:95�0:05 (model A) and Csqval = �0:25�0:05, Csqsea = 0:15� 0:05 (model B).3. ResultsIn Figs. 2, 3, 4 we show our model preditions ompared to the availabledata from the NOMAD [7℄, HERMES [9℄ and E665 [8℄ experiments. One anonlude that our model quite well desribes all the available experimentaldata. The NOMAD Collaboration has measured separately the polarizationof �0 hyperons produed o� proton and neutron targets. We observe goodagreement, within the statistial errors, between the model B desriptionand the NOMAD data, whilst model A, although reprodues quite wellthe polarization of �0 hyperons produed from an isosalar target, fails todesribe target nuleon e�ets. We provide many possibilities for furtherheks of our approah for future data (for details, see [1℄).
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