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AbstratThe prodution of D�� mesons in deep inelasti ep sattering has been meas-ured for exhanged photon virtualities 5 < Q2 < 1000GeV2, using an integratedluminosity of 363 pb�1 with the ZEUS detetor at HERA. Di�erential rosssetions have been measured and ompared to next-to-leading-order QCD al-ulations. The ross-setions are used to extrat the harm ontribution to theproton struture funtions, expressed in terms of the redued harm ross se-tion, ��red. Theoretial alulations based on �ts to inlusive HERA data areompared to the results.
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1 IntrodutionThe measurement of harm prodution in deep inelasti ep sattering (DIS) is a powerfultool to study quantum hromodynamis (QCD) and the proton struture. In leading-orderQCD, harm prodution ours through the boson{gluon fusion (BGF) proess �g ! �,whih is diretly sensitive to the gluon ontent of the proton. Di�erent approahes tothe alulation of the heavy-quark ontribution to the proton struture funtions areurrently used in global analyses of parton density funtions (PDFs) [1{4℄. Comparisonsto measurements of harm prodution in DIS provide diret tests of these approahes [5℄.It has also been shown reently that a ombined analysis of harm prodution and inlusiveDIS data an provide a ompetitive determination of the harm-quark mass [5{7℄.Several measurements of harm prodution in DIS have been performed at HERA, exploit-ing reonstruted D0 [8℄, D� [8{10℄ and D�� [11{17℄ mesons, semi-leptoni deays [18℄,and inlusive lifetime methods [19, 20℄ to tag harm. In this paper, a new high-statistismeasurement of D�� prodution via the reatione(k) p(P ) ! e0(k0)D��(pD�)Xis presented. The symbols in parenthesis represent the four-momenta of the inoming(k) and outgoing eletron (k0), of the inoming proton (P ), and of the produed D��(pD�). The measurement is performed for photon virtualities, Q2 � �q2 = �(k0 � k)2,in the range 5 < Q2 < 1000 GeV2 and for inelastiities, y � (P � q)=(P � k), in the range0:02 < y < 0:7.The D�+ mesons1 were reonstruted through the deay D�+ ! D0�+ with D0 ! K��+.Di�erential ross setions are presented as a funtion of Q2, y, the Bjorken-x variable,and of the fration of the exhanged-photon energy transferred to the D�+ meson in theproton rest frame, zD� � (P � pD�)=(P � q), as well as of the D�+ pseudorapidity, �D�, andthe transverse momentum, pD�T , in the laboratory frame 2.Double-di�erential ross setions in Q2 and y are presented and used to extrat the harmontribution to the proton struture funtions in the form of the redued harm rosssetion, ��red. Previous measurements and theoretial alulations are ompared to theresults.1 Hereafter the harge onjugated states are implied.2 The ZEUS oordinate system is a right-handed Cartesian system, with the Z axis pointing in theproton beam diretion, referred to as the \forward diretion", and the X axis pointing towards theentre of HERA. The oordinate origin is at the nominal interation point. The pseudorapidity isde�ned as � = � ln �tan �2�, where the polar angle, �, is measured with respet to the proton beamdiretion. 1



2 Experimental set-upThe measurement was based on e�p ollisions olleted with the ZEUS detetor at HERAin the period 2004{2007 with an eletron3 beam energy, Ee, of 27:5GeV and a protonbeam energy, Ep, of 920GeV, orresponding to a entre-of-mass energy ps = 318GeV.The orresponding integrated luminosity, L = 363�7 pb�1, is four times larger than thatused for the previous ZEUS measurement [11℄.A detailed desription of the ZEUS detetor an be found elsewhere [21℄. In the kinematirange of the analysis, harged partiles were traked in the entral traking detetor(CTD) [22℄ and in the mirovertex detetor (MVD) [23℄. These omponents operatedin a magneti �eld of 1:43T provided by a thin superonduting solenoid. The CTDonsisted of 72 ylindrial drift hamber layers, organised in nine superlayers overing thepolar-angle region 15Æ < � < 164Æ. The MVD onsisted of a barrel (BMVD) and a forward(FMVD) setion with three ylindrial layers and four vertial planes of single-sided silionstrip sensors in the BMVD and FMVD respetively. The BMVD provided polar-angleoverage for traks rossing the three layers from 30Æ to 150Æ. The FMVD extended thepolar-angle overage in the forward region down to 7Æ. For CTD{MVD traks that passthrough all nine CTD superlayers, the momentum resolution was �(pT )=pT = 0:0029pT �0:0081� 0:0012=pT , with pT in GeV.The high-resolution uranium{sintillator alorimeter (CAL) [24℄ onsisted of three parts:the forward, the barrel, and the rear (RCAL) alorimeters. Under test-beam onditions,the CAL single-partile relative energy resolutions were �(E)=E = 0:18=pE for eletronsand �(E)=E = 0:35=pE for hadrons, with E in GeV. The energy of eletrons hittingthe RCAL was orreted for the presene of dead material using the rear presamplerdetetor [25℄ and the small angle rear traking detetor (SRTD) [26℄.The luminosity was measured using the Bethe{Heitler reation ep! ep by a luminositydetetor whih onsisted of two independent systems: a lead{sintillator alorimeter [27℄and a magneti spetrometer [28℄.3 QCD alulationsCross setions for heavy-quark prodution in DIS were alulated at next-to-leading or-der (NLO), i.e. O(�2s), in the �xed-avour-number sheme (FFNS), in whih only lightavours and gluons are present as partons in the proton and heavy quarks are produed3 Hereafter \eletron" refers to both eletrons and positrons unless otherwise stated.2



in the hard interation [29℄. The program Hvqdis [30, 31℄ was used to ompute single-and double-di�erential D�+ ross setions.The parameters used as input to Hvqdis are listed below, together with the variationsused to evaluate the unertainty on the theoretial predition:� harm-quark pole mass: m = 1:50� 0:15GeV;� renormalisation (�R) and fatorisation (�F ) sales: �R = �F = pQ2 + 4m2 , variedindependently up and down by a fator two;� strong oupling onstant in the three-avour FFNS: �nf=3s (MZ) = 0:105� 0:002;� the PDFs and their unertainties, taken from a FFNS variant [5℄ of theHERAPDF1.0�t [32℄. The entral PDF set was obtained from a �t performed using the same valuesof m, �R, �F and �s as used in the Hvqdis program. For eah variation of theseparameters in Hvqdis, a di�erent PDF set was used, in whih the parameters werevaried onsistently.The NLO alulation provided di�erential ross setions for harm quarks. The fragment-ation model desribed in a previous publiation [5℄ was used to ompare to the measuredD�+ ross setions. This model is based on the fragmentation funtion of Kartvelishvili etal. [33℄, ontrolled by the parameter �K, to desribe the fration of the harm momentumtransferred to the D�+ mesons. It also implements a transverse fragmentation omponentby assigning to the D�+ meson a transverse momentum, kT , with respet to the harm-quark diretion. The unertainty on the fragmentation model was estimated by varying�K and the average kT aording to the original presription [5℄. The fration of harmquarks hadronising into D�+ mesons was set to f(! D�+) = 0:2287� 0:0056 [34℄.For the inlusive ross setion, theoretial preditions were also obtained in the generalised-mass variable-avour-number sheme (GM-VFNS). In this sheme, harm quarks aretreated as massive partiles for Q2 � m2 and as massless partons for Q2 � m2, in-terpolating in the intermediate region [35{37℄. The alulation was performed using theRoberts{Thorne (RT) \standard" [38,39℄ variant of the GM-VFNS at NLO, orrespond-ing to O(�2s) for the Q2 � m2 part and to O(�s) for the Q2 � m2 part. PDFs obtainedfrom the HERAPDF1.5 [40℄ �t to inlusive HERA data were used. The entral preditionwas obtained for m = 1:5 GeV. To evaluate the theoretial unertainty, the alulationwas repeated varying the PDF set and its parameters aording to the systemati vari-ations assoiated with the HERAPDF1.5 �t. The dominant soure of unertainty was theharm-quark mass, whih was varied in the range 1:35 < m < 1:65GeV.3



4 Monte Carlo samplesMonte Carlo (MC) samples were used to alulate the experimental aeptane and toestimate the bakground ontamination. MC samples of harm and beauty DIS eventswere generated using Rapgap 3.00 [41℄. The main sample onsisted of events generatedaording to the LO BGF proess. Radiative QED orretions to the BGF proess wereinluded through Herales 4.6 [42℄. Additional Rapgap samples were generated fordi�rative harm prodution and for the resolved-photon proesses gg! � and g ! g,in whih one of the inoming partons originates from the exhanged photon. Charmphotoprodution was simulated using Pythia 6.2 [43℄.Both Rapgap and Pythia use parton showers to simulate higher-order QCD e�ets anduse the Pythia/Jetset hadronisation model [43℄. All samples were generated usingthe CTEQ5L [44℄ proton PDFs and, for resolved-photon proesses, the GRV-G LO [45℄photon PDFs. The di�rative samples were generated using the \H1 �t 2" [46℄ di�rativePDFs. The heavy-quark masses were set to m = 1:5GeV and mb = 4:75GeV. Masses,widths and lifetimes of harmed mesons were taken from PDG2010 [47℄.The MC samples orrespond to about four times the luminosity of the data and werepassed through a full simulation of the ZEUS detetor based on Geant 3.21 [48℄. Theywere then subjeted to the same trigger riteria and reonstruted with the same programsas used for the data.5 Event seletion and signal extration5.1 DIS event seletionA three-level trigger system was used to selet DIS events online [21, 49, 50℄ by requiringeletromagneti energy deposits in the CAL at the �rst level and applying loose DISseletion riteria at the seond and third levels.O�ine, the hadroni system was reonstruted using energy-ow objets (EFOs) [51℄whih ombine traking and alorimeter information. The eletron was identi�ed us-ing a neural-network algorithm [52℄. The kinematial variables Q2, y, and x were re-onstruted using the � method [53℄. The variable zD� was reonstruted aording tozD� = (ED��pD�Z )=(2EeyJB), where yJB is the inelastiity reonstruted with the Jaquet-Blondel method [54℄ and ED� and pD�Z are the D�+ energy and longitudinal momentum,respetively.The following riteria were applied to selet DIS events [55℄:4



� Ee0 > 10GeV, where Ee0 is the energy of the sattered eletron;� ye < 0:7, yJB > 0:02, where ye is the inelastiity reonstruted from the satteredeletron;� 40 <E�PZ< 70GeV, where E�PZ is the global di�erene of energy and longitudinalmomentum, obtained by summing the eletron and the hadroni �nal state, whih isexpeted to be 2Ee = 55GeV for fully ontained events;� the Z position of the primary vertex, Zvtx, was required to be in the range jZvtxj <30 m;� the impat point of the sattered eletron on the RCAL was required to lie outside asquare region around the beam-pipe hole: jXej > 15 m or jYej > 15 m;� 5 < Q2 < 1000 GeV2, where Q2 is reonstruted with the � method.5.2 Seletion of D�+ andidates and signal extrationThe D�+ mesons were identi�ed using the deay hannel D�+ ! D0�+s with the sub-sequent deay D0 ! K��+, where �+s refers to a low-momentum (\slow") pion aom-panying the D0.Traks from the D�+ deay produts were required to have at least one hit in the MVDor in the inner superlayer of the CTD and to reah at least the third superlayer. Trakswith opposite harge and with transverse momentum pK;�T > 0:4GeV were ombined inpairs to form D0 andidates. The trak parameters were improved by �tting the twotraks to a ommon vertex. Pairs inompatible with oming from the same deay wereremoved by requiring a distane of losest approah of the two traks of less than 1 mm,and the �2 of the two-trak vertex �t smaller than 20 for one degree of freedom. Thetraks were alternately assigned the kaon and pion mass and the invariant mass of thepair, M(K�), was alulated. Eah additional trak, with harge opposite to that of thekaon trak and a transverse momentum p�sT > 0:12GeV, was assigned the pion mass andombined with the D0 andidate to form a D�+ andidate. The �s trak was then �ttedto the primary vertex of the event, obtained exploiting the other traks reonstruted inthe event and the onstraint from the average position of the interation point [8℄. Themass di�erene �M � M(K��s)�M(K�) was used to extrat the D�+ signal. The D�+andidates were required to have 1:80 < M(K�) < 1:92GeV, 143:2 < �M < 147:7MeV,1:5 < pD�T < 20GeV and j�D�j < 1:5.The distribution of M(K�) for D�+ andidates, without the requirement on M(K�), isshown in Fig. 1. Also shown is the distribution of wrong-sign (WS) andidates, obtainedby ombining two traks with the same harge. The WS distribution provides an estimate5



of ombinatorial bakgrounds. A lear peak at the D0 mass is visible in the orret-sign(CS) distribution. The exess of CS andidates at masses below the D0 peak is due topartly-reonstruted D0 deays, mostly D0 ! K��+�0.The distribution of �M for D�+ andidates, without the requirement on �M , is shownin Fig. 2. A lear D�+ peak is seen. The D�+ signal was extrated by subtrating thebakground estimate from the number of andidates in the signal window 143:2 < �M <147:7MeV. The bakground estimate was obtained by �tting simultaneously the CS andWS distributions to the parametrisationWS : fws(�) = A�B e�C� ;CS : fs(�) = D fws(�);where A, B, C, D are free parameters of the �t [56℄ and � = �M � m�+. The �t wasperformed in the region �M < 168MeV. The region with a possible signal ontribution,140 < �M < 150MeV, was removed from the �t to the CS distribution. The parameterD, whih represents the normalisation of the CS bakground with respet to the WSdistribution, is slightly larger than unity, D = 1:021 � 0:005. This is onsistent withthe MC estimation of the additional ombinatorial bakground omponent in the CSdistribution due to real D0 ! K� deays assoiated with a random trak to form a CSD�+ andidate. The total signal is ND��data = 12893� 185.The amount of signal lost due to the tails of the D0 mass peak leaking outside theM(K�)window was estimated by enlarging the mass window to 1:7 < M(K�) < 2:0GeV. Thefration of additional D�+ found within the enlarged window was 13%, inluding theontribution from partly reonstruted D0. This fration, as well as its dependene on pD�Tand �D� and on the width of theM(K�) window, was found to be well reprodued by MC.The signal in the tails of the D�+ peak outside the �M window was estimated similarly,enlarging the signal window to 140 < �M < 150MeV. The fration of additional D�+was 6% on average, with a dependene on the transverse momentum of the slow pion,due to the momentum and angular resolution degrading at low p�ST . This e�et is notompletely reprodued by the MC. An aeptane orretion [55℄ dependent on p�sT wasthen applied, ranging from � 10% at p�sT = 0:12GeV to � 1% at large p�sT .6 Cross-setion extrationThe di�erential ross setions, d�vis=d�, for produing a D�+ in the \visible" phase spae1:5 < pD�T < 20GeV, j�D�j < 1:5, 5 < Q2 < 1000GeV2 and 0:02 < y < 0:7 was obtainedas d�visd� = ND�data �ND�p�� � A � BR � L � Cr;6



where ND�data is the signal extrated in a bin of a given variable �, ND�p is the pho-toprodution bakground, �� is the bin size, A is the aeptane, BR = B(D�+ !D0�+) � B(D0 ! K��+) = 0:0263 � 0:0004 [57℄ is the branhing ratio, L is the integ-rated luminosity and Cr is the QED radiative orretion.The bakground from harm photoprodution (Q2 < 1:5 GeV2) was evaluated usingthe photoprodution MC sample, normalised to the luminosity using the ross setionspreviously measured by ZEUS [58℄.The aeptane, A, was alulated as the ratio between the number of reonstrutedand generated D�+ in the bin, using a signal MC based on a mix of harm and beautyprodution. The beauty MC was normalised to 1.6 times the ross setion given byRapgap, onsistent with ZEUS measurements [18,59{61℄. The harm MC ontained non-di�rative and di�rative omponents, summed aording to the relative ross setions asgiven by Rapgap. The normalisation of the harm MC was adjusted suh that the sumof all the MC omponents reprodued the number of D�+ mesons in the data. Resolved-photon proesses were not inluded. They were only used for systemati heks. The �D�and pD�T distributions of the harm MC were reweighted [55℄ to improve the agreementwith data, with the pD�T weights dependent on Q2.The aeptane as determined by the MC was orreted to aount for imperfetions inthe simulation of the trigger and trak-reonstrution eÆienies. One of the main souresof trak-reonstrution ineÆieny for harged pions and kaons were hadroni interationsin the material between the interation point and the CTD. This e�et was studied usingspeial traks from ep ! e�0 with �0 ! �+�� events, reonstruted from MVD hitinformation alone [62℄. For these traks, an extension into the CTD was searhed for.In addition, the pT dependene of the traking eÆieny was studied by exploiting theisotropi angular distribution of pions from K0S deays. The studies showed that the MCslightly underestimated the e�et of nulear interations. For entral pions with pT �1GeV, the trak-reonstrution ineÆieny due to hadroni interations was measured tobe (7� 1)% while the MC predited 5%. The trak-eÆieny orretion was applied as afuntion of � and pT of eah trak. For pT > 1:5GeV, no orretion was neessary.The aeptane ranges from A � 10% in the lowest pD�T and Q2 bins to A � 45% in thehighest pD�T and Q2 bins. Fig. 3 shows ND�data=�� for � = pD�T ; �D� ; Q2; y and zD� . Thesum of the di�erent MC samples is ompared to the data. The agreement is satisfatory.The ross setions were orreted to the QED Born level, using a running oupling on-stant �em(Q2), suh that they an be ompared diretly to the QCD preditions fromthe Hvqdis program. The radiative orretions were obtained as Cr = �Bornvis =�radvis , where�Bornvis is the Rapgap ross setion with the QED orretions turned o� but keeping �emrunning and �radvis is the Rapgap ross setion with the full QED orretions, as in the7



standard MC samples.7 Systemati unertaintiesThe experimental systemati unertainties are listed below [55℄, with their typial e�eton the measured ross setions is given in parenthesis:Æ1 energy-sale unertainty on the hadroni system of �2% (�1%, up to �10% at lowy);Æ2 eletron energy-sale unertainty of �1% [63℄ (�1%, up to �7% at low y);Æ3 alignment unertainty on the eletron impat point on the RCAL, estimated by varyingthe ut on the eletron position in the MC by �2 mm separately for the Xe and Yeoordinates [63℄ (�7% at low Q2 and low y, negligible at large Q2);Æ4 unertainty on the position of the eletron impat point on the RCAL due to imperfe-tions in the simulation of the shower shape and of the detetor resolution, estimatedby loosening the ut on the eletron position by 1 m (jXej > 14 m or jYej > 14 m)both in data and in MC (up to �10% at low y and low Q2, negligible at large Q2);Æ5 unertainty on the bakground shape in �M , estimated by replaing the funtionfs(�) by f 0s(�) = A� 23 +B� + C� 12 (+0:3%);Æ6 a further unertainty on the bakground shape, evaluated by reduing the �t rangefrom �M < 168MeV to �M < 165MeV (+0:5%);Æ7 unertainty on the amount of signal outside the �M window, evaluated by varyingthe p�ST -dependent orretion by its unertainty (�1:5%, up to �3% at low pT );Æ8 unertainty on the amount of signal outside the M(K�) window, estimated by om-paring data and MC in an enlarged mass range (+2%);Æ9 unertainty on the trak-eÆieny, evaluated by varying the trak eÆieny orretionapplied to MC by the assoiated unertainty (�2%);Æ10 unertainty on the trigger eÆieny, evaluated using independent triggers (�0:5%);Æ11 statistial unertainty on the alulation of the aeptane (�1%);Æ12 unertainty on the normalisation of the beauty MC of �50% to over the range allowedby ZEUS measurements [59, 61℄ (�0:3%);Æ13 unertainty on the normalisation of the photoprodution MC of �100% (up to �3%at high y, but negligible elsewhere); 8



Æ14 unertainty on the normalisation of the di�rative harm MC of �50% to over therange allowed by data{MC omparison and by previous ZEUS results [64℄ (up to�4:5% at low y, but negligible elsewhere);Æ15 unertainty due to the resolved-photon omponent, evaluated by adding the resolved-photon samples to the harm MC normalised aording to the generator ross setion(+2%);Æ16 unertainty on the MC reweighting as a funtion of pD�T and Q2, whih was varied by�50% (�2%);Æ17 unertainty on the MC reweighting as a funtion of �D� whih was replaed by a MCreweighting as a funtion of y (from �2% to +3%, depending on y);Æ18 unertainty on the integrated luminosity of �1:9%;Æ19 unertainty on the branhing ratio BR of �1:5%.All the systemati unertainties, exept the overall normalisations Æ18 and Æ19, were addedin quadrature to the statistial unertainties to obtain the total error bars in the �gures.8 ResultsSingle- and double-di�erential ross setions have been measured in the phase spae5 < Q2 < 1000GeV2; 0:02 < y < 0:7; 1:5 < pD�T < 20GeV; j�D�j < 1:5:Di�erential ross setions in pD�T , �D� and zD� are reported in Tables 1{3 and in Fig. 4.The ross setion dereases steeply with pD�T and is almost onstant in �D�. The NLOalulations based on Hvqdis and the RapgapMC implementing the leading-order BGFproess are ompared to the data. As the Rapgap MC is based on leading-order matrixelements, it is not expeted to estimate the normalisation orretly. Therefore the Rap-gap predition was normalised to the data, saling it by 1.1, to allow a diret omparisonof the shapes. The data are well desribed by the NLO alulation and by Rapgap withthe exeption of the shape in zD� , whih is not well reprodued by the NLO alulation,suggesting possible imperfetions in the fragmentation model.Di�erential ross setions in Q2, y and x are reported in Tables 4{6 and in Fig. 5. Theresults are reasonably well desribed by the NLO alulation. The MC preditions repro-due the shapes of the data, exept for the high-Q2 tail, where the MC predition is toohigh, and for d�=dy, where the predition is too low at low y and too high at large y.These imperfetions in the MC are to be expeted in the absene of higher-order termsin Rapgap. 9



Visible ross setions in two-dimensional bins of Q2 and y, �vis, are given in Table 7.The orresponding bin-averaged double-di�erential ross setions are shown in Figs. 6and 7. The values of the individual systemati unertainties on the double-di�erentialross setions are given in Table 8. Measurements performed in the same phase spaeby the H1 Collaboration [16, 17℄, whih are the most preise previous measurement ofD�+ prodution in DIS, are ompared to the present results. The two data sets arein agreement and have similar preision. The double-di�erential ross setions are welldesribed by the NLO alulation.In a previous ZEUS measurement [11℄, a possible exess in the D�+ yield in e�p ollisionswas observed with respet to e+p ollisions. The ratio of observed rates, inreasing withQ2, was re�p=re+p = 1:67 � 0:21(stat:) for 40 < Q2 < 1000GeV2. The measurementwas based on a luminosity of 17 (65) pb�1 of e�p (e+p) ollisions. The present meas-urement is based on an independent data set, onsisting of 187 (174) pb�1 of e�p (e+p)ollisions. Fig. 8 shows the ross-setion ratio as a funtion of Q2. Only statistial uner-tainties are shown sine systemati e�ets mostly anel in the ratio. No deviation fromunity is observed, on�rming the original interpretation of the e�p exess as a statistialutuation.9 Charm redued ross setionsThe redued ross setion for harm, ��red, and the harm ontribution to the protonstruture funtions, F �2 and F �L , are de�ned as:d2��dx dQ2 = 2��2emxQ4 Y+ ��red(x;Q2; s);��red(x;Q2; s) = F �2 (x;Q2)� y2Y+F �L (x;Q2);where Y+ = 1 + (1� y)2.The Hvqdis program was used to extrapolate the measured visible D�+ ross setions inbins of y and Q2, �vis, to the full phase spae:��red(x;Q2) = ��vis � �beautyvis ����red;Hvqdis(x;Q2)�vis;Hvqdis � ;where �beautyvis is the beauty ontribution as predited by the Rapgap MC, normalised asdisussed in Setion 6, and ��red;Hvqdis, �vis;Hvqdis are the harm redued and the visibleD�+ ross setions, respetively, as given by Hvqdis. The referene values of x and Q2were hosen lose to the average x and Q2 of the bins. The kinemati aeptane of the10



visible phase spae, de�ned as Aps = �vis=(�� � 2 f( ! D�+)), where �� is the harmprodution total ross setion in the y and Q2 bin, ranges from 17% to 64%, dependingon the bin.Following the method used in the previously published ombination of ZEUS and H1results [5℄, the Hvqdis and fragmentation variations desribed in Setion 3 were used todetermine the theoretial unertainty on the extration of ��red. The sales �R and �Fwere varied simultaneously rather than independently as in the theoretial unertaintyfor the di�erential ross setions. An additional unertainty originates from the subtra-ted beauty omponent that was varied by �50%. The theoretial unertainties due theextrapolation on ��red(x;Q2) are given in Table 9. The experimental part of the unertain-ties on ��red(x;Q2) is de�ned as the quadrati sum of the statistial and the experimentalsystemati unertainties desribed in Setion 7.The results are reported in Table 10 and are shown in Fig. 9. The ombined result basedon previous H1 and ZEUS harm measurements [5℄ and a reent ZEUS measurementwith D+ mesons [9℄, not inluded in the ombined results, are also shown. All threemeasurements are in good agreement. The D� measurement has a preision lose to thatof the ombined result in some parts of the phase spae. The GM-VFNS alulation,based on the HERAPDF1.5 parton-density �t to inlusive HERA data, is ompared tothe present measurement and shown in Fig. 10. The unertainty on the predition isdominated by the harm-quark mass. The predition is in good agreement with the data.10 ConlusionsDi�erential ross setions for the prodution of D�� mesons in DIS have been measuredwith the ZEUS detetor in the kinemati range5 < Q2 < 1000GeV2; 0:02 < y < 0:7; 1:5 < pD�T < 20GeV; j�D�j < 1:5;using data from an integrated luminosity of 363 pb�1. The new data represents one of themost preise measurements of harm prodution in DIS obtained to date. The data arereasonably well desribed by NLO QCD alulations and are in agreement with previouslypublished results.The measurements have been used to extrat the redued ross setions for harm ��red.A GM-VFNS alulation based on a PDF �t to inlusive DIS HERA data agrees wellwith the results. This demonstrates a onsistent desription of harm and inlusive datawithin the NLO QCD framework. 11
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pD�T d�dpD�T Æstat Æsyst Cr(GeV) (nb/GeV) (%) (%)1.50 : 1.88 2.16 9.9 +7:0�5:5 1.031.88 : 2.28 2.30 5.8 +5:4�5:8 1.042.28 : 2.68 1.95 4.4 +5:0�4:4 1.032.68 : 3.08 1.63 4.0 +4:7�4:0 1.033.08 : 3.50 1.22 3.8 +4:9�4:2 1.043.50 : 4.00 9.71�10�1 3.4 +4:4�3:7 1.034.00 : 4.75 6.26�10�1 3.2 +4:2�3:5 1.054.75 : 6.00 3.32�10�1 3.0 +4:3�3:7 1.016.00 : 8.00 1.21�10�1 4.1 +4:1�3:8 1.068.00 : 11.00 3.31�10�2 6.0 +4:4�3:7 1.1111.00 : 20.00 3.60�10�3 12 +5:3�6:1 1.11Table 1: Di�erential ross setion for D�� prodution in pD�T , in the kinematirange 5 < Q2 < 1000GeV 2, 0:02 < y < 0:7, 1:5 < pD�T < 20GeV , j�D�j < 1:5. Theolumns list the bin range, the bin-averaged di�erential ross setion, the statistial,Æstat, and systemati, Æsyst, unertainties, and the QED orretion fators, Cr. Theoverall normalization unertainties from the luminosity (�1:9%) and branhingratio of the D�� deay hannel (�1:5%) are not inluded.
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�D� d�d�D� Æstat Æsyst Cr(nb) (%) (%)�1:50 : �1:25 1.48 7.5 +6:8�6:7 1.06�1:25 : �1:00 1.66 5.4 +5:6�5:3 1.05�1:00 : �0:75 1.61 4.9 +6:1�4:4 1.05�0:75 : �0:50 1.85 4.2 +4:6�3:8 1.03�0:50 : �0:25 1.94 4.2 +4:3�3:5 1.03�0:25 : 0:00 2.02 4.0 +4:3�3:7 1.040:00 : 0:25 1.90 4.4 +4:2�3:4 1.040:25 : 0:50 1.97 4.4 +4:3�3:3 1.050:50 : 0:75 1.96 4.7 +4:5�3:6 1.030:75 : 1:00 2.02 4.9 +4:8�4:2 1.021:00 : 1:25 2.00 5.8 +5:3�5:1 1.011:25 : 1:50 1.84 7.7 +7:4�5:6 1.01Table 2: Di�erential ross setion of D�� prodution in �D�. See Table 1 forother details.
zD� d�dzD� Æstat Æsyst Cr(nb) (%) (%)0.000 : 0.100 3.02 12 +8:6�7:1 1.000.100 : 0.200 6.83 6.1 +6:1�5:0 1.010.200 : 0.325 8.18 3.5 +5:5�4:9 1.020.325 : 0.450 9.20 2.5 +4:6�3:8 1.030.450 : 0.575 9.14 2.3 +4:6�4:0 1.050.575 : 0.800 5.12 2.4 +6:5�5:1 1.070.800 : 1.000 0.063 9.1 +9:9�8:5 1.07Table 3: Di�erential ross setion of D�� prodution in zD�. See Table 1 forother details.
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Q2 d�dQ2 Æstat Æsyst Cr(GeV2) (nb/GeV2) (%) (%)5.0 : 8.0 0.499 3.9 +6:7�6:1 1.038.0 : 10.0 0.307 4.3 +6:0�5:2 1.0310.0 : 13.0 0.222 4.0 +4:9�4:1 1.0213.0 : 19.0 0.125 3.5 +5:6�5:0 1.0319.0 : 27.5 0.752�10�1 3.7 +4:9�4:0 1.0427.5 : 40.0 0.415�10�1 3.9 +4:8�3:8 1.0440.0 : 60.0 0.169�10�1 4.7 +5:6�5:6 1.0560.0 : 100.0 0.747�10�2 5.0 +7:1�5:1 1.06100.0 : 200.0 0.171�10�2 7.8 +6:6�4:4 1.07200.0 : 1000.0 0.140�10�3 13 +6:1�5:2 1.14Table 4: Di�erential ross setion of D�� prodution in Q2. See Table 1 for otherdetails.
y d�dy Æstat Æsyst Cr(nb) (%) (%)0.02 : 0.05 1.20 �101 7.9 +16�12 1.070.05 : 0.09 2.07 �101 3.4 +6:7�6:5 1.050.09 : 0.13 1.79 �101 3.4 +4:5�4:0 1.040.13 : 0.18 1.37 �101 3.6 +4:6�4:8 1.040.18 : 0.26 1.13 �101 3.3 +4:8�3:7 1.040.26 : 0.36 8.03 3.7 +4:8�4:0 1.030.36 : 0.50 5.09 4.2 +5:2�4:5 1.020.50 : 0.70 2.90 6.0 +9:3�7:1 1.01Table 5: Di�erential ross setion of D�� prodution in y. See Table 1 for otherdetails.
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x d�dx Æstat Æsyst Cr(nb) (%) (%)(0.8 : 4.0) �10�4 0.475 �104 3.5 +6:0�5:3 1.06(0.4 : 1.6) �10�3 0.198 �104 2.1 +4:8�3:9 1.03(1.6 : 5.0) �10�3 0.357 �103 2.6 +4:9�3:9 1.02(0.5 : 1.0) �10�2 0.553 �102 5.7 +6:3�5:1 0.99(0.1 : 1.0) �10�1 0.159 �101 10.7 +9:2�8:4 1.08Table 6: Di�erential ross setion of D�� prodution in x. See Table 1 for otherdetails.
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Q2 y �vis Æstat Æsyst �beautyvis Cr(GeV2) (pb) (%) (%) (pb)5 : 9 0.020 : 0.050 120 23 +19�20 0.0 1.040.050 : 0.090 279 10 +11�11 1.5 1.040.090 : 0.160 421 6.0 +6:8�7:0 5.2 1.040.160 : 0.320 550 5.3 +6:5�5:8 11.0 1.030.320 : 0.700 456 6.8 +6:3�5:5 18.2 1.029 : 14 0.020 : 0.050 108 14 +17�12 0.1 1.050.050 : 0.090 178 6.5 +7:0�6:0 1.2 1.040.090 : 0.160 220 5.8 +4:7�4:6 2.9 1.030.160 : 0.320 352 5.1 +4:5�3:7 8.1 1.020.320 : 0.700 307 7.2 +6:6�5:0 12.5 1.0014 : 23 0.020 : 0.050 65.1 15 +16�12 0.2 1.070.050 : 0.090 160 6.4 +6:2�7:2 1.2 1.040.090 : 0.160 205 5.6 +4:7�4:7 3.1 1.030.160 : 0.320 267 5.9 +4:9�4:4 9.0 1.030.320 : 0.700 250 7.4 +5:7�6:7 13.5 1.0123 : 45 0.020 : 0.050 37.1 29 +18�18 0.1 1.080.050 : 0.090 134 7.0 +7:5�7:8 0.9 1.060.090 : 0.160 196 5.3 +4:4�4:3 3.6 1.050.160 : 0.320 275 5.1 +4:1�3:4 10.2 1.030.320 : 0.700 284 6.1 +6:4�4:5 14.7 1.0245 : 100 0.020 : 0.050 14.2 38 +35�18 0.0 1.250.050 : 0.090 72.1 9.6 +8:0�7:2 1.2 1.070.090 : 0.160 87.0 8.4 +4:9�4:6 3.9 1.040.160 : 0.320 182 5.7 +5:3�3:9 9.4 1.040.320 : 0.700 175 7.6 +6:6�5:6 14.0 1.02100 : 158 0.020 : 0.350 80.2 11 +7:6�4:2 5.8 1.10.350 : 0.700 45.1 16 +7:6�7:8 5.0 0.99158 : 251 0.020 : 0.300 59.8 14 +4:8�6:3 3.5 1.160.300 : 0.700 37.3 17 +6:6�4:9 4.3 1.04251 : 1000 0.020 : 0.275 28.4 24 +8:2�10 2.4 1.260.275 : 0.700 46.7 21 +8:7�5:1 6.9 1.07Table 7: Visible ross setions, �vis, for D�� prodution in bins of Q2 and y. Theseond but last olumn reports the estimated ontribution from beauty deays, basedon the Rapgap beauty MC resaled to ZEUS data. See Table 1 for other details.20



Q2 (GeV2) y Æ1 Æ2 Æ3 Æ4 Æ5 Æ6 Æ7 Æ9 Æ11 Æ12 Æ13 Æ14 Æ15 Æ16 Æ17(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)5 : 9 0.020 : 0.050 +11�12 +1:8+0:6 +7:4�2:7 +9:0�9:0 -7.0 -3.4 +2:5�2:4 +2:5�2:5 +8:8�8:8 +0:0�0:0 +0:0+0:0 �4:2+4:2 +1.8 +0:1�0:1 +2.20.050 : 0.090 +3:5�4:0 +5:1�4:8 +2:3�3:0 +6:6�6:6 +0.7 -1.9 +2:4�2:2 +2:1�2:1 +3:4�3:4 �0:1+0:1 +0:0+0:0 �1:9+2:3 +3.0 �0:7+0:8 -1.60.090 : 0.160 +1:5�3:4 +3:3�4:0 +2:6�1:5 +1:1�1:1 +1.0 +0.5 +2:3�2:2 +1:8�1:8 +2:3�2:3 +0:1�0:1 +0:0+0:0 +0:6�0:8 +1.8 �1:4+1:5 -2.00.160 : 0.320 +0:9+0:1 +2:9�2:7 +1:1�0:8 +3:5�3:5 +0.6 +0.3 +2:2�2:1 +1:8�1:8 +1:6�1:6 �0:0�0:0 +0:3�0:5 +0:7�0:9 -0.5 �1:7+1:8 +0.70.320 : 0.700 �1:5+1:7 +1:9�0:7 +0:5�0:6 +1:9�1:9 +0.2 -1.5 +2:0�1:9 +1:9�1:9 +1:7�1:7 �0:0�0:0 +1:4�2:8 +0:3�0:4 -0.6 �1:4+1:5 +3.19 : 14 0.020 : 0.050 +11�6:9 �4:8+7:3 +1:5�2:5 �2:5+2:5 -0.1 -2.1 +2:2�2:1 +2:4�2:4 +6:1�6:1 +0:1�0:1 +0:0+0:0 �4:5+4:7 +3.0 �0:7+0:7 +1.40.050 : 0.090 +3:1�3:2 +0:2+1:9 +1:0�1:3 +2:1�2:1 +0.6 +0.1 +2:2�2:1 +2:0�2:0 +2:4�2:4 +0:0�0:0 +0:0�0:0 �1:2+1:5 +2.7 �1:2+1:2 -1.60.090 : 0.160 +0:5�0:6 �0:1+0:3 +1:2�0:6 +1:6�1:6 +0.5 -0.3 +2:1�2:0 +1:7�1:7 +1:7�1:7 �0:2+0:2 �0:0+0:0 �0:1+0:1 +0.8 �1:6+1:7 -2.00.160 : 0.320 +0:0+0:5 +0:2+0:5 +0:3�0:7 �0:5+0:5 +0.3 +0.5 +2:1�2:0 +1:8�1:8 +1:5�1:5 �0:1+0:1 +0:1�0:1 +0:6�0:7 +1.1 �1:8+1:9 +0.40.320 : 0.700 �2:8+3:8 +1:1�0:7 +0:1�0:1 �0:4+0:4 +0.4 -0.2 +1:9�1:9 +1:8�1:8 +1:9�1:9 +0:2�0:3 +0:8�1:6 +0:4�0:5 +0.2 �1:8+2:0 +2.814 : 23 0.020 : 0.050 +12�8:8 �3:8+6:4 +0:4�0:2 �0:0+0:0 +0.3 +2.5 +2:1�2:0 +2:4�2:4 +6:0�6:0 +0:2�0:2 +0:0+0:0 �2:7+2:4 +4.1 �0:8+0:8 +1.70.050 : 0.090 +2:5�3:9 �3:8+1:5 +0:3�0:3 �0:9+0:9 +0.2 +1.0 +2:1�2:0 +2:0�2:0 +2:3�2:3 +0:1�0:1 +0:0+0:0 �0:9+1:1 +2.3 �1:9+1:8 -1.70.090 : 0.160 +1:3+0:4 �0:4+0:8 +0:2�0:3 �0:3+0:3 -1.0 -1.6 +2:0�1:9 +1:7�1:7 +1:6�1:6 �0:1+0:1 +0:0�0:0 +0:3�0:4 +0.7 �2:3+2:2 -2.00.160 : 0.320 �0:9+0:5 �0:6�0:2 +0:0�0:0 +0:6�0:6 -0.9 +1.7 +1:9�1:9 +1:7�1:7 +1:4�1:4 +0:1�0:2 +0:2�0:3 +1:0�1:3 +0.4 �2:6+2:6 +0.40.320 : 0.700 �2:9+1:3 �0:3�1:7 +0:0�0:0 +0:1�0:1 -0.3 -3.1 +1:9�1:8 +1:8�1:8 +1:8�1:8 +0:2�0:3 +1:0�1:9 +0:3�0:4 -1.5 �2:7+2:7 +2.923 : 45 0.020 : 0.050 +9:5�8:4 �6:7+12 +0:0�0:0 �0:0+0:0 +1.3 -13 +1:9�1:8 +2:2�2:2 +7:0�7:0 �0:3+0:3 +0:0+0:0 �2:3+2:4 +3.7 �0:6+0:6 +1.70.050 : 0.090 +4:3�4:6 �4:8+4:3 +0:0�0:0 �0:0+0:0 -0.3 -0.2 +1:8�1:7 +1:9�1:9 +2:3�2:3 +0:0�0:0 +0:0+0:0 �0:4+0:5 +0.1 �1:5+1:6 -1.40.090 : 0.160 +0:9�1:1 �1:4+1:8 +0:0�0:0 �0:0+0:0 +0.3 -0.1 +1:8�1:7 +1:6�1:6 +1:5�1:5 +0:2�0:3 �0:0+0:0 �0:3+0:3 +0.0 �1:7+1:7 -2.10.160 : 0.320 �1:0+1:2 �0:3�0:4 +0:0�0:0 �0:0+0:0 +0.2 +0.1 +1:8�1:7 +1:6�1:6 +1:3�1:3 +0:1�0:2 +0:1�0:2 +0:0�0:1 +0.7 �1:8+1:8 +0.40.320 : 0.700 �2:6+3:5 +0:0+1:1 +0:0�0:0 �0:0+0:0 +1.0 +0.0 +1:8�1:7 +1:8�1:8 +1:5�1:5 �0:2+0:1 +0:6�1:3 +0:2�0:2 +2.1 �1:7+1:7 +2.445 : 100 0.020 : 0.050 +26�6:4 �9:7+18 +0:0�0:0 �0:0+0:0 -0.1 +2.3 +1:5�1:4 +2:0�2:0 +13�13 +0:0+0:0 +0:0+0:0 �2:6+3:4 +5.0 �2:2+2:0 +3.50.050 : 0.090 +4:2�3:5 �4:0+3:7 +0:0�0:0 �0:0+0:0 -2.0 -0.1 +1:5�1:5 +1:8�1:8 +3:1�3:1 +0:1�0:1 +0:0+0:0 �0:2+0:0 +3.3 �1:4+1:3 -1.60.090 : 0.160 +1:1�0:7 �2:0+2:4 +0:0�0:0 �0:0+0:0 -0.8 -0.3 +1:5�1:4 +1:5�1:5 +1:7�1:7 +0:3�0:4 +0:0�0:0 �0:0+0:0 +1.5 �1:9+1:7 -2.10.160 : 0.320 �0:7�0:1 �1:5+1:9 +0:0�0:0 �0:0+0:0 +0.3 +0.5 +1:6�1:5 +1:5�1:5 +1:4�1:4 +0:6�0:7 +0:0�0:0 �0:0+0:0 +3.0 �2:3+2:1 +0.20.320 : 0.700 �2:8+3:2 �0:8�0:3 +0:0�0:0 �0:0+0:0 -0.6 -2.4 +1:7�1:6 +1:6�1:6 +1:6�1:6 +0:5�0:7 +0:4�0:9 �0:6+0:7 +2.4 �2:7+2:5 +2.9100 : 158 0.020 : 0.350 +1:7�0:6 �1:3+4:4 +0:0�0:0 �0:0+0:0 -2.2 +4.4 +1:3�1:3 +1:4�1:4 +1:8�1:8 +0:9�1:1 +0:0�0:0 �0:2+0:2 +1.3 �1:3+1:2 -0.20.350 : 0.700 �5:3+0:8 �2:5�0:9 +0:0�0:0 �0:0+0:0 +1.8 +4.4 +1:4�1:4 +1:5�1:5 +2:9�2:9 +2:6�3:2 +0:5�1:1 +0:1�0:4 -0.2 �1:3+1:1 +2.9158 : 251 0.020 : 0.300 +0:3�0:8 �4:3+2:0 +0:0�0:0 �0:0+0:0 -1.9 -0.3 +1:2�1:2 +1:3�1:3 +3:0�3:0 +0:8�1:0 +0:1�0:1 +0:4�0:6 -1.3 �0:9+0:8 +0.10.300 : 0.700 �2:6+2:6 �0:2+0:6 +0:0�0:0 �0:0+0:0 +1.8 +1.7 +1:4�1:3 +1:4�1:4 +3:0�3:0 +0:1�0:7 +0:5�1:0 +0:3�0:5 +1.1 �1:0+0:9 +3.0251 : 1000 0.020 : 0.275 �0:6�2:2 �5:8+5:9 +0:0�0:0 �0:0+0:0 -4.6 -0.0 +1:2�1:2 +1:3�1:3 +4:6�4:6 +0:8�1:3 +0:0+0:0 �1:0+0:9 -3.3 +0:1�0:1 -0.30.275 : 0.700 �0:8+4:3 �1:7+3:8 +0:0�0:0 �0:0+0:0 +2.5 +3.5 +1:4�1:3 +1:4�1:4 +3:6�3:6 �0:1�0:1 +0:7�1:4 �0:5+0:4 -1.4 �1:0+0:9 +0.9Table 8: Individual systematial unertainties as de�ned in Setion 7 for thedouble-di�erential ross setions in bins of Q2 and y. The unertainty Æ8 andÆ10 are not reported as Æ8 is onstant (+2%) and Æ10 was found to be negligible.The overall normalisation unertanties Æ18 = �1:9% and Æ19 = �1:5% are also notlisted.
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Q2 x Æm Æ� Æ�s Æ�K ÆkT Æb(GeV2) (%) (%) (%) (%) (%) (%)0.00160 +8:3�5:6 �6:5+14 +0:6+0:2 �4:5+7:5 �0:2+0:6 �0:00.00080 +0:3+1:0 �3:9+7:8 �0:3+0:6 �3:5+6:1 �1:3+1:3 �0:37 0.00050 �1:3+2:0 �3:2+5:0 +0:1+0:8 �2:9+6:5 �1:3+1:8 �0:60.00030 �3:2+3:3 �1:4+0:2 �0:9+1:2 �2:6+5:9 �2:5+2:2 �1:00.00013 �3:7+5:7 +4:7�6:3 �1:6+2:5 �2:4+5:9 �4:0+4:2 �2:20.00300 +9:5�6:2 �6:5+15 +1:4+0:0 �3:6+8:0 +1:6+0:1 �0:00.00150 +0:1�1:1 �5:4+7:8 �0:1�0:6 �3:3+5:3 �0:7�0:1 �0:312 0.00080 �0:6+0:8 �3:8+5:7 �0:1+0:1 �2:5+5:5 �0:9+1:0 �0:70.00050 �2:5+2:2 �2:5+2:0 �0:5+0:0 �2:4+5:0 �1:9+1:2 �1:20.00022 �3:2+3:9 +3:1�4:4 �1:6+1:7 �2:2+5:4 �3:1+1:8 �2:20.00450 +8:8�6:1 �6:5+13 +0:9+0:7 �3:2+6:2 +1:1�1:0 �0:10.00250 +0:3�0:9 �5:7+7:0 +0:4�0:6 �3:2+3:7 �0:3�0:6 �0:418 0.00135 �0:4+0:8 �4:4+6:1 +0:6+0:1 �2:4+4:8 �0:5+0:6 �0:80.00080 �1:5+1:0 �4:0+3:2 +0:3+0:3 �1:9+4:4 �0:9+0:7 �1:80.00035 �3:0+2:7 +1:8�3:7 �1:0+1:0 �2:5+4:5 �2:9+1:4 �3:00.00800 +8:4�7:3 �7:0+11 +0:6�0:5 �3:5+5:1 +0:3�1:7 �0:10.00550 +1:3�0:0 �5:8+8:4 +0:5�0:3 �1:9+3:2 +0:3�0:3 �0:332 0.00240 +0:5+0:5 �3:6+6:4 �0:1+0:3 �1:7+3:9 �0:2+0:0 �0:90.00140 �0:5+1:3 �3:5+4:6 +0:2+0:1 �1:6+3:9 �0:4+0:6 �2:00.00080 �2:9+3:0 �0:4�1:6 �0:8+0:5 �2:2+3:6 �2:2+1:1 �2:90.01500 +9:3�6:5 �5:2+10 +0:6+0:4 �1:8+6:2 +1:6+0:4 �0:00.00800 +0:6�1:7 �4:8+6:0 �0:3�0:7 �1:9+2:3 �0:1�0:6 �0:960 0.00500 �0:2+0:8 �3:9+5:2 +0:1�0:0 �1:4+2:7 �0:3+0:3 �2:40.00320 �0:9+1:4 �3:7+5:0 �0:1�0:2 �1:6+2:8 �0:4+0:0 �2:90.00140 �2:4+1:8 �1:5+1:3 �0:1�0:0 �1:8+2:8 �1:3+0:6 �4:80.01000 +0:2+0:8 �4:6+5:3 +0:4+0:1 �1:5+2:3 +0:0+0:3 �4:2120 0.00200 �0:8+1:3 �2:0+2:3 +0:4�0:5 �1:3+1:9 �1:0+0:8 �7:20.01300 �0:1�0:1 �3:7+3:8 +0:4�0:1 �0:9+1:4 +0:1+0:0 �4:1200 0.00500 �1:9+1:3 �3:8+3:8 �0:3�0:6 �1:5+1:2 �0:1+0:1 �7:50.02500 �0:5+0:4 �3:8+3:4 �0:4�0:0 �0:7+1:2 +0:4�0:4 �5:1350 0.01000 �0:2+1:3 �2:8+3:7 +0:0+0:3 �0:6+0:9 +0:0+0:1 �10:6Table 9: Breakdown of the theoretial unertainty on ��red(x;Q2), showing theunertainty from the variation of harm mass (Æm), of the renormalisation andfatorisation sales (Æ�), of �S (Æ�s), of the fragmentation funtion (Æ�K ), of thetransverse fragmentation (ÆkT ), and of the expeted beauty omponent (Æb). Theupper (lower) value gives the e�et of a positive (negative) variation of the para-meter.
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Q2 x ��red Æstat: Æsyst: Ætheo: Aps(GeV2) (%) (%) (%) (%)0.00160 0.057 23 +19�20 +18�9:7 0.2270.00080 0.124 10 +11�11 +10�5:4 0.3777 0.00050 0.164 6.2 +6:8�7:1 +8:7�4:7 0.4400.00030 0.187 5.5 +6:7�6:0 +7:3�5:2 0.4400.00013 0.248 7.4 +6:6�5:7 +11�9:0 0.2990.00300 0.098 14 +17�12 +19�9:7 0.2560.00150 0.152 6.6 +7:1�6:0 +9:4�6:5 0.42312 0.00080 0.175 6.0 +4:7�4:6 +8:1�4:7 0.4900.00050 0.239 5.4 +4:6�3:8 +6:0�4:9 0.4920.00022 0.335 7.8 +6:9�5:3 +8:1�7:2 0.3320.00450 0.081 15 +16�12 +17�9:5 0.2620.00250 0.168 6.5 +6:2�7:2 +8:0�6:7 0.45618 0.00135 0.199 5.8 +4:7�4:8 +7:9�5:1 0.5290.00080 0.216 6.3 +5:1�4:6 +5:9�5:0 0.5440.00035 0.324 8.3 +6:1�7:1 +6:5�6:8 0.3700.00800 0.068 29 +18�19 +15�11 0.2360.00550 0.159 7.1 +7:5�7:9 +9:1�6:2 0.47832 0.00240 0.234 5.5 +4:5�4:4 +7:6�4:1 0.5600.00140 0.266 5.5 +4:3�3:6 +6:5�4:4 0.5940.00080 0.390 6.8 +6:8�4:7 +5:7�5:5 0.4300.01500 0.068 38 +35�18 +15�8:6 0.1660.00800 0.173 9.9 +8:1�7:3 +6:6�5:6 0.46560 0.00500 0.161 9.2 +5:2�4:9 +6:4�4:8 0.5700.00320 0.258 6.4 +5:6�4:1 +6:6�5:1 0.6240.00140 0.327 9.0 +7:2�6:2 +6:0�6:0 0.5160.01000 0.130 12 +8:2�4:6 +7:2�6:4 0.491120 0.00200 0.287 21 +8:7�8:9 +7:9�7:7 0.5830.01300 0.176 17 +5:2�6:8 +5:8�5:6 0.465200 0.00500 0.239 22 +7:6�5:6 +8:6�8:8 0.6240.02500 0.103 29 +9:0�11 +6:2�6:4 0.433350 0.01000 0.193 29 +11�6:2 +11�11 0.636Table 10: The redued ross-setion ��red(x;Q2) with statistial, systemati andtheoretial unertainties. The last olumn shows the kinematial aeptane.23
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Figure 6: Double-di�erential D�� ross setions as a funtion of Q2 and y for5 < Q2 < 100 GeV 2 (�lled irles). The measurements from the H1 ollaboration(empty squares) are also shown [17℄. Other details as in Fig. 4.
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Figure 7: Double-di�erential D�� ross setions as a funtion of Q2 and y for100 < Q2 < 1000 GeV 2 (�lled irles). The measurements from the H1 ollabora-tion (empty triangles) are also shown [16℄. Other details as in Fig. 4.
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