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CHARM FRAGMENTATIONAND DIJET ANGULAR DISTRIBUTIONS�Sanjay PadhiOn behalf of the ZEUS CollaborationDepartment of Physis, MGill University, MontrealQuebe, Canada, H3A 2T8e-mail: spadhi�mail.desy.de(Reeived July 5, 2002)Charm fragmentation and dijet angular distributions have been mea-sured inD� photoprodution at HERA. Charm fragmentation and its prop-erty of universality is evaluated in terms of measurement of Pv, the ratioof vetor/(vetor + pseudosalar) mesons. Angular distributions of di-jets, with at least one of the jets assoiated with a D�� meson, have beenmeasured for samples enrihed in diret or resolved photon events. The dif-ferential ross setion shows a steep rise for resolved events in the photondiretion, providing strong evidene that the bulk of the resolved photonross setion is due to the harm ontent of the photon. The shallowerrise for diret events as well as for resolved photon events in the protondiretion are onsistent with the quark exhange diagrams.PACS numbers: 13.60.Le, 14.65.Dw1. IntrodutionHeavy quark photoprodution and fragmentation at HERA o�ers a novelway of testing both perturbative and non-perturbative aspets of quantumhromodynamis (QCD). In this paper parton dynamis (in terms of angulardistributions) and fragmentation will be addressed based on reent ZEUSmeasurements.

� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3189)



3190 S. Padhi2. Charm fragmentationA non-perturbative aspet of QCD an be measured by onsidering thespin dependene in fragmentation, whih should in priniple be sensitive tonon-perturbative e�ets in the hadronisation proess. ZEUS reently mea-sured the fragmentation ratio P v, ratio of vetor/(vetor + pseudosalar).The value Pv an be alulated with respet to the ground-state harmmesons via the deay hannels D�+ ! D0�+s ! (K��+)�+s (+::) andD0 ! K��+(+::).In this paper, the analysis [1℄ is based on D�� and D0 events with analmost real photon (virtuality, Q2median � 3:10�4 GeV2) in a photon-protonenter-of-mass energy, W, in the range 130 < W < 295 GeV. Using 4M =M(D�) �M(D0) as a D� tag, the sample is then further divided into D0mesons arising from and not from D� mesons. After this division there were1180 � 39 events with a D0 meson from a D� and 5223 � 185 inlusive D0meson events and the resulting value for Pv in the full phase spae is:Pv = 0:546 � 0:045(stat:)+0:028�0:028(syst:) :This is in good agreement with the values of 0:57�0:05 and 0:595�0:045 [2℄measured in e+e� annihilation.3. Dijet in harm photoprodutionThe angular distribution of outgoing partons in a hard partoni pro-ess is an e�ient tool to study the parton dynamis of the underlyingsub-proesses. In leading order (LO) QCD these underlying sub-proesses(Fig. 1) an be divided into either diret photon or resolved photon proesses.In diret photon proesses the photon partiipates in the hard satter pre-dominantly via the boson-gluon fusion proess. This proess has a quarkas the propagator in the hard interation. In resolved photon proesses thephoton ats like a soure of inoming partons (quarks and gluons) and onlya fration of its momentum partiipates in the hard satter. In this aseboth quark and gluon propagators are possible.In order to probe the harm dynamis in these sub-proesses and in par-tiular to study the harm ontent of the photon, the following measurementshave been made.
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2 dis02 printed on August 9, 2002In this paper, the analysis [1℄ is based on D�� and D0 events with analmost real photon (virtuality, Q2median � 3:10�4 GeV2) in a photon-protonenter-of-mass energy, W, in the range 130 < W < 295 GeV. Using 4M= M(D*) - M(D0) as a D� tag, the sample is then further divided into D0mesons arising from and not from D� mesons. After this division there were1180 � 39 events with a D0 meson from a D� and 5223 � 185 inlusive D0meson events and the resulting value for Pv in the full phase spae is:Pv = 0.546 �0:045(stat)+0:028�0:028(syst).This is in good agreement with the values of 0:57�0:05 and 0:595�0:045 [2℄measured in e+e� annihilation.3. Dijet in harm photoprodutionThe angular distribution of outgoing partons in a hard partoni pro-ess is an eÆient tool to study the parton dynamis of the underlyingsub-proesses. In leading order (LO) QCD these underlying sub-proesses(Fig.1) an be divided into either diret photon or resolved photon proesses.In diret photon proesses the photon partiipates in the hard satter pre-dominantly via the boson-gluon fusion proess. This proess has a quarkas the propagator in the hard interation. In resolved photon proessesthe photon ats like a soure of inoming partons (quarks and gluons) andonly a fration of its momentum partiipates in the hard satter. In thisase both quark and gluon propagators are possible. In order to probe
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c(e) (a), (b), (), (d) : Resolved photon proesses(e) : Diret photon proessFig. 1. Various sub-proesses with harm, dominant in HERA region of phase spae.the harm dynamis in these sub-proesses and in partiular to study theharm ontent of the photon, the following measurements have been made.Fig. 1. Various sub-proesses with harm, dominant in HERA region of phase spae.3.1. Measurement of xobsThe variable xobs , related to the momentum fration of the parton fromthe photon, is de�ned as the fration of the photon's energy partiipating inthe prodution of the two highest transverse energy jets:xobs = Pjet1;2EjetT e��jet2yEe ; (1)where yEe is the initial photon energy. The normalised ross setion asa funtion of xobs is shown in Fig. 2(a) ompared with preditions fromPythia [3℄, Herwig [4℄ and Casade [5℄. As previously mentioned, thephoton ats as a point like objet for diret photon events, thus this mo-mentum fration (xobs ) is expeted to be populated around high xobs . Thesigni�ant ross setion at low xobs is onsistent with the presene of resolvedphoton proesses.3.2. Dijet angular distribution in D� photoprodutionThe high and low xobs region were studied in more details in terms ofdijet angular distribution, whih are sensitive to the spin of the propaga-tor. Fig. 2(b) shows the relative di�erential ross setion as a funtion ofj os ��j, where �� is the angle between the jet-jet axis and the beam di-retion in the dijet rest frame. The distributions are enrihed in diretphoton (xobs > 0:75) or resolved photon (xobs < 0:75) events. The mea-sured di�erential ross setion 1=�(all xobs ) d�=dj os ��j for both of these
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Charm Fragmentation and Dijet Angular Distributions 3193and resolved Pythia ontributions. The resolved enrihed events in thephoton hemisphere exhibit a strong rise towards large negative os �� values,onsistent with g�exhange diagrams as expeted from the matrix elementdistribution Fig. 3(a). The only g�exhange diagrams with this topologyome from g ! g and q ! q (Fig. 1(a), (b)), where  originates from thephoton. On the other hand, in the proton hemisphere, a mild rise towardslarge positive os �� is observed, whih is onsistent with the q-exhangediagrams (Fig. 1()). These observations provide lear evidene that thebulk of the resolved photon ontribution is due to the harm ontent of thephoton, rather than to the more onventional resolved proess gg ! .
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3194 S. Padhi4. ConlusionsThe measurement of Pv is onsistent with the universality of the harmfragmentation. Dijet angular distributions provide an important tool forunderstanding the heavy quark prodution and dynamis of underlying sub-proesses. The os �� distribution for dijet events with a D� shows a learsignature of gluon propagator for events with xobs < 0:75, suggesting strongevidene that they mainly originate from the harm ontent of the photon.REFERENCES[1℄ ZEUS Collaboration, Study of Inlusive D0 Photoprodution at HERA, paper501, EPS HEP01, Budapest, Hungary, July 12-18, 2001.[2℄ OPAL Collaboration, K. Akersta� et al., Eur. Phys. J. C5, 1 (1998); ALEPHColl., R. Barate et al, Eur. Phys. J. C16, 597 (2000).[3℄ T. Sjöstrand, Comput. Phys. Commun. 82, 74 (1994).[4℄ G. Marhesini et al., Comput. Phys. Commun. 67, 465 (1992).[5℄ H. Jung, Unintegrated parton densities applied to heavy quark prodution inthe CCFM approah, preprint hep-ph/0109146.


