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BEAUTY PHOTOPRODUCTION�Monia TuratoOn behalf of the ZEUS CollaborationDipartimento di Fisia dell'Università and INFNvia Marzolo 8, Padova, Italy(Reeived June 24, 2002)Beauty photoprodution in ep ollisions has been studied with theZEUS detetor at HERA, at a enter-of-mass energy of 300 GeV. Beautyquarks are tagged via their semi-leptoni deay into a muon or an ele-tron. Events are seleted by requiring the presene of two high-transverseenergy jets and one high-pT lepton in the �nal state. The disriminationbetween beauty and bakground events is done by a �t to the prelT variable,the transverse momentum of the lepton with respet to the jet axis. Totaland di�erential ross setions are presented and ompared to leading orderMonte Carlo simulations and next-to-leading order QCD preditions.PACS numbers: 13.60.�r, 13.60.Le1. IntrodutionThe study of heavy quark prodution in positron�proton sattering pro-vides an important testing ground for QCD, and lari�es the struture ofthe proton and the photon. At the ep ollider, HERA, with a enter-of-massenergy, ps = 300 GeV, heavy quarks are produed predominantly in olli-sions between a photon, emitted by the inoming positron, and the proton.The main ontribution to the ross setion omes from the exhange of analmost real photon (photoprodution, PHP), i.e. when the four-momentumsquared, Q2, of the exhanged photon is � 10�3 GeV2, with an upper limitof 1 GeV2.Two types of Leading Order (LO) proesses an ontribute to heavyquarks photoprodution: in diret proesses, the photon ats as a point-like partile, oupling diretly to a parton in the proton, while in resolved� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(3195)



3196 M. Turatoproesses the photon �utuates into a system of quarks and gluons, withone of these partons partiipating in the hard interation. Resolved photonproesses also inlude �avour exitation, where a heavy quark is extrateddiretly from the photon or the proton, and are expeted to give a moresizeable ontribution in the forward region.Here, the ross setions measured by the ZEUS Collaboration in beautyphotoprodution, tagged via b semi-leptoni deay into a muon or an ele-tron, are reported. The results are ompared to LO parton shower MonteCarlo simulations and next-to-leading order QCD preditions. The MonteCarlo models used in the analyses are Pythia [1℄ and Herwig [2℄, whihboth implement diret and resolved photon proesses, and Casade [3℄,whih uses kT-fatorisation and implements CCFM [4℄ gluon evolution inthe proton; only the diret photon�gluon fusion proess is implemented.The NLO alulation [5℄ was performed in a �xed-order approah in whih bquarks are not onsidered to be ative partons in the proton and the photon,but are produed dynamially in the hard subproesses. This approah isvalid for pT � mQ, where pT is the transverse momentum and mQ the massof the heavy quark. 2. Eletron analysisThe ZEUS Collaboration has published [6℄ the results of an analysis onbeauty photoprodution with events tagged by its semi-leptoni deay intoeletrons, using L = 38:5 pb�1 of data olleted in 1996�97. The events wereseleted by requiring: Q2 < 1 GeV2; 0:2 < y < 0:8 (where y is the frationof the positron beam energy transferred to the proton in its rest frame); thepresene of at least two jets with Ejet1(2)T > 7(6) GeV and �jet1(2) < 2:4(reonstruted with the kT-algorithm [7℄), and at least one eletron withpe�T > 1:6 GeV and j �e� j< 1:1.An experimental separation of diret and resolved photon proesses isobtained from the xOBS variable, de�ned in terms of the transverse energyET and pseudorapidity � of the two highest transverse energy jets in theevent: xOBS = 2Xi=1 EJetiT e��Jeti2yEe ; (1)where Ee is the inoming positron energy. The variable xOBS is an approx-imation to the fration of the  momentum involved in the hard subpro-ess, so for diret photon proesses xOBS ' 1, while resolved proesses havexOBS < 1.



Beauty Photoprodution 3197The xOBS distribution for the seleted data sample was �tted with diretand resolved Herwig MC omponents in order to give an estimation ofthe diret and resolved photon ontributions. From the �t the fration ofresolved proesses was fres = (28 � 5)%, to be ompared to the Herwigpredition of 35%.The beauty ross setion was extrated by �tting the prelT distribution ofthe data to the sum of ontributions from beauty and harm. The frationof beauty was fb = (14:7 � 3:8)%, in good agreement with the preditionsby Herwig (16%) and Pythia (19%). By using that value of fb, the rosssetion for beauty prodution in the kinemati region previously de�ned was:�b!e�(e+p! e+ dijet e� X) = 24:9 � 6:4+4:2�7:3 pb : (2)The LO Monte Carlo preditions are 8 pb (Herwig) and 18 pb (Pythiaand Casade).This ross setion was then extrapolated to the parton level in a restritedrange of the transverse momentum and pseudorapidity of the quark usingHerwig and Pythia Monte Carlo simulations. The ross setion for pbT >pminT = 5 GeV, j �b j< 2, Q2 < 1 GeV2 and 0:2 < y < 0:8 was:�ext(ep! e+bX) = 1:6 � 0:4(stat:)+0:3�0:5(syst:)+0:2�0:4(ext:) nb ; (3)where the entral value was alulated by using Herwig to extrapolateand the value obtained with Pythia was inluded in the extrapolation sys-temati unertainty. The omparison between the measured ross setionand the NLO alulation [5℄ is shown in �gure 1. The NLO predition of
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mb = 5.00 GeV, µ = 2mTFig. 1. The extrapolated b ross-setion at �xed pminT value ompared with theoret-ial preditions plotted as a funtion of pminT . The inner error bars represent thestatistial error and the outer bars statistial, systemati and extrapolation errorsadded in quadrature. The urves show the preditions from NLO QCD for varyingb-quark mass and varying fatorisation and renormalisation salemT =pm2b + p2T.



3198 M. Turato(0:64+0:14�0:10) nb is somewhat below the measured value, whereas Casadepredition of 0.88 nb agrees with the measurement within errors.3. Muon analysisPreliminary results on beauty photoprodution measured with eventstagged by the semi-leptoni deay into muons [8℄ have been presented.Events were required to have at least two jets reonstruted by the kT-algorithm with one of them ontaining a muon, assoiated with it by the jetalgorithm.The kinemati region was Q2 < 1 GeV2, 0:2 < y < 0:8, Ejet1(2)T >7(6) GeV, �jet1(2) < 2:5, p� > 3 GeV and �1:75 < �� < 2:3. The di�erenebetween this and the eletron analysis is that more forward-going leptonsare now inluded, so that resolved photon proesses are expeted to give amore sizeable ontribution. To quantify the di�erent proesses ontributingin the two regions, the xOBS distribution was analysed. In Fig. 2(left) thisdistribution is reported for events in the barrel region (�1:75 < �� < 1:3);a peak for high values an be observed, sine diret photon dominates. Thesame distribution is reported for the forward region (1:3 < �� < 2:3) inFig. 2(right): here the shape is di�erent, with a signi�ant peak at lowxOBS , indiating the dominant ontribution from resolved photon proesses.The xOBS distributions in the two regions were �tted with Pythia diretand resolved omponents in order to estimate the two ontributions. Whilein the barrel region a signi�ant but not dominant (45%) resolved fration isneeded in order to desribe the data shape, this fration beomes the moreimportant (64%) in the forward region. The measured beauty ross setion
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Fig. 2. Distribution of the number of events in xOBS in the barrel and rear (left)and forward (right) region. The experimental data is ompared to Pythia MC(open histogram) (with a mixture of beauty and harm plus light quarks ompo-nents aording to the perentage given by the �t). The ontributions from diretproesses (vertially hathed area) and from resolved proesses (diagonally hathedarea) are shown separately.



Beauty Photoprodution 3199was extrapolated to the eletron analysis kinemati region and agreed withthat measurement. Di�erential ross setions as funtions of the transversemomentum and pseudorapidity of the muon are presented in Fig. 3. Themeasured values are ompared to the preditions of Pythia and CasadeMC simulations. The Pythia preditions are in reasonable agreement withthe measured ross setions but have a tendeny to be too low in the mostforward (proton) region. The same behaviour is observed for Casade,whih slightly underestimates the data in the forward region (high � andlow pT).
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2 3 4 5 6 7 8 9 10Fig. 3. Di�erential beauty ross setions as funtions of the muon transverse mo-mentum p�T (left) and pseudorapidity �� (right), for events with two jets and amuon, ompared to the absolute preditions from Pythia and Casade MonteCarlo simulations. 4. ConlusionBeauty photoprodution has been observed at HERA, in the photopro-dution regime. In the eletron analysis the measured beauty photopro-dution ross setion lies somewhat above the �xed-order NLO preditionsand agrees with Casade preditions within errors. The muon analysis hasbeen extended to inlude a more forward region, where resolved proessesare expeted to be dominant. Di�erential ross setions as funtions of p�Tand �� were alulated and ompared to Pythia and Casade preditions,and found to be slightly higher than the Monte Carlo, partiularly in themost forward region.
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