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Measurement of harged urrent deepinelasti sattering ross setions with alongitudinally polarised eletron beam atHERA

ZEUS Collaboration
AbstratMeasurements of the ross setions for harged urrent deep inelasti satter-ing in e�p ollisions with longitudinally polarised eletron beams are presented.The measurements are based on a data sample with an integrated luminosity of175 pb�1 olleted with the ZEUS detetor at HERA at a entre-of-mass energy of318 GeV. The total ross setion is given for positively and negatively polarisedeletron beams. The di�erential ross-setions d�=dQ2, d�=dx and d�=dy arepresented for Q2 > 200 GeV2. The double-di�erential ross-setion d2�=dxdQ2 ispresented in the kinemati range 280 < Q2 < 30 000 GeV2 and 0:015 < x < 0:65.The measured ross setions are ompared with the preditions of the StandardModel.
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1 IntrodutionDeep inelasti sattering (DIS) of leptons o� nuleons has proved to be a key proess inthe understanding of the struture of the proton and testing of the Standard Model (SM).Neutral urrent (NC) DIS is mediated by photons and Z bosons and is sensitive to allquark avours. However, at leading order only up-type quarks and down-type antiquarksontribute to e�p harged urrent (CC) DIS. Thus this proess is a powerful probe ofavour-spei� parton distribution funtions (PDFs). Due to the hiral nature of theweak interation, the SM predits a linear dependene of the CC ross setion on thedegree of longitudinal polarisation of the eletron beam. The ross setion is expeted tobe zero for a right-handed eletron beam.The HERA ep ollider allowed the exploration of CC DIS [1{12℄ up to muh higherQ2 than previously possible in �xed-target experiments [13{16℄. This paper presentsmeasurements of the ross setions for e�p CC DIS with longitudinally polarised eletronbeams. The measured ross setions are ompared to SM preditions and previous ZEUSmeasurements of e+p CC DIS with longitudinally polarised positron beams [17℄. Similarresults in e+p CC DIS have been published by the H1 Collaboration [18℄.2 Kinemati variables and ross setionsDeep inelasti lepton-proton sattering an be desribed in terms of the kinemati vari-ables x, y and Q2. The variable Q2 is de�ned as Q2 = �q2 = �(k � k0)2 where k andk0 are the four-momenta of the inoming and sattered lepton, respetively. Bjorken x isde�ned by x = Q2=2P � q where P is the four-momentum of the inoming proton. Thevariable y is de�ned by y = P �q=P �k. The variables x, y and Q2 are related by Q2 = sxy,where s = 4EeEp is the square of the lepton-proton entre-of-mass energy (negleting themasses of the inoming partiles) and Ee and Ep are the energies of the inoming eletronand proton, respetively.The longitudinal polarisation of the eletron beam, Pe, is de�ned asPe = NR �NLNR + NL ;where NR and NL are the numbers of right- and left-handed eletrons in the beam. Theeletroweak Born-level ross setion for the CC reation, e�p! �eX, with longitudinallypolarised eletron beams, an be expressed as [19℄d2�CC(e�p)dxdQ2 = (1�Pe) G2F4�x� M2WM2W + Q2�2�Y+FCC2 (x;Q2)+Y�xFCC3 (x;Q2)�y2FL(x;Q2)�;1



where GF is the Fermi onstant, MW is the mass of the W boson and Y� = 1� (1� y)2.The longitudinal struture funtion gives a negligible ontribution to the ross setion,exept at values of y lose to 1. Within the framework of the quark-parton model, thestruture funtions FCC2 and xFCC3 for e�p ollisions an be written in terms of sums anddi�erenes of quark and anti-quark PDFs as follows:FCC2 = x[u(x;Q2) + (x;Q2) + �d(x;Q2) + �s(x;Q2)℄;xFCC3 = x[u(x;Q2) + (x;Q2)� �d(x;Q2)� �s(x;Q2)℄;where, for example, the PDF u(x;Q2) gives the number density of up quarks withmomentum-fration x at a given Q2. Sine the top-quark mass is large and the o�-diagonalelements of the CKM matrix are small [20℄, the ontribution from third-generation quarksmay be ignored [21℄.3 Experimental apparatusA detailed desription of the ZEUS detetor an be found elsewhere [22℄. A brief outlineof the omponents most relevant for this analysis is given below.Charged partiles were traked in the entral traking detetor (CTD) [23℄, whih operatedin a magneti �eld of 1:43 T provided by a thin superonduting solenoid. The CTDonsisted of 72 ylindrial drift hamber layers, organised in nine superlayers overingthe polar-angle1 region 15Æ < � < 164Æ. A silion mirovertex detetor (MVD) [24℄ wasinstalled between the beampipe and the inner radius of the CTD. The MVD was organisedinto a barrel with three ylindrial layers and a forward setion with four planar layersperpendiular to the HERA beam diretion. Charged-partile traks were reonstrutedusing information from the CTD and MVD.The high-resolution uranium{sintillator alorimeter (CAL) [25℄ onsisted of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) alorimeter, overing 99.7%of the solid angle around the nominal interation point. Eah part was subdivided trans-versely into towers and longitudinally into one eletromagneti setion (EMC) and eitherone (in RCAL) or two (in BCAL and FCAL) hadroni setions (HAC). The smallestsubdivision of the alorimeter was alled a ell. The CAL relative energy resolutions,as measured under test-beam onditions, were �(E)=E = 0:18=pE for eletrons and1 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 left towardsthe entre of HERA. The polar angle, �, is measured with respet to the proton beam diretion. Theoordinate origin is at the nominal interation point.2



�(E)=E = 0:35=pE for hadrons, with E in GeV. The timing resolution of the CAL wasbetter than 1 ns for energy deposits exeeding 4.5 GeV.An iron struture that surrounded the CAL was instrumented as a baking alorimeter(BAC) [26℄ to measure energy leakage from the CAL. Muon hambers in the forward,barrel and rear [27℄ regions were used in this analysis to veto bakground events induedby osmi-ray or beam-halo muons.The luminosity was measured using the Bethe-Heitler reation ep ! ep with the lumi-nosity detetor whih onsisted of two independent systems, a photon alorimeter and amagneti sperometer.The lepton beam in HERA beame naturally transversely polarised through the Sokolov-Ternov e�et [28, 29℄. The harateristi build-up time for the HERA aelerator wasapproximately 40 minutes. Spin rotators on either side of the ZEUS detetor hangedthe transverse polarisation of the beam into longitudinal polarisation and bak again.The eletron beam polarisation was measured using two independent polarimeters, thetransverse polarimeter (TPOL) [30℄ and the longitudinal polarimeter (LPOL) [31℄. Bothdevies exploited the spin-dependent ross setion for Compton sattering of irularlypolarised photons o� eletrons to measure the beam polarisation. The luminosity andpolarisation measurements were made over times that were muh shorter than the polar-isation build-up time.The measurements are based on data samples olleted with the ZEUS detetor from 2004to 2006 when HERA ollided protons of energy 920 GeV with eletrons of energy 27:5 GeV,yielding ollisions at a entre-of-mass energy of 318 GeV. The integrated luminosities ofthe data samples were 104 pb�1 and 71 pb�1 at mean luminosity weighted polarisationsof �0:27 and +0:30, respetively. Figure 1 shows the luminosity olleted as a funtionof the longitudinal polarisation of the eletron beam.4 Monte Carlo simulationMonte Carlo (MC) simulations were used to determine the eÆieny for seleting eventsand the auray of kinemati reonstrution, to estimate the bakground rates from epproesses other than CC DIS and to extrat ross setions for the full kinemati region.A suÆient number of events was generated to ensure that the statistial unertaintiesarising from the MC simulation were negligible ompared to those of the data. The MCsamples were normalised to the total integrated luminosity of the data.Charged urrent DIS events, inluding eletroweak radiative e�ets, were simulated us-ing the herales 4.6.3 [32℄ program with the djangoh 1.3 [33℄ interfae to the MC3



generators that provide the hadronisation. Initial-state radiation, vertex and propagatororretions and two-boson exhange are inluded in herales. The parameters of theSM were set to the PDG [20℄ values. The events were generated using the CTEQ5D [34℄PDFs. The olour-dipole model of ariadne 4.10 [35℄ was used to simulate O(�S) plusleading-logarithmi orretions to the result of the quark-parton model. This programuses the Lund string model of jetset 7.4 [36℄ for the hadronisation. A set of NC DISevents generated with djangoh was used to estimate the NC ontamination in the CCsample. Photoprodution bakground was estimated using events simulated with herwig5.9 [37℄. The bakground from W prodution was estimated using the epve 1.0 [38℄ gen-erator, and the bakground from prodution of harged-lepton pairs was generated withthe grape 1.1 [39℄ program.The vertex distribution in data is a ruial input to the MC simulation for the orretevaluation of the event-seletion eÆieny. Therefore, the Z-vertex distribution used inthe MC simulation was determined from a sample of NC DIS events in whih the event-seletion eÆieny was independent of Z.The ZEUS detetor response was simulated with a program based on geant 3.21 [40℄.The simulated events were subjeted to the same trigger requirements as the data, andproessed by the same reonstrution programs.5 Reonstrution of kinemati variablesThe prinipal signature of CC DIS at HERA is large missing transverse momentum,PT;miss, arising from the energeti �nal-state neutrino whih esapes detetion. PT;miss isrelated to the total hadroni momentum, PT , by P 2T;miss = (��!P T )2, where(�!P T )2 =  Xi Ei sin �i os�i!2 + Xi Ei sin �i sin�i!2 :The sums run over all CAL energy deposits, Ei and �i and �i are the polar and azimuthalangles. The alorimeter energy deposits are lustered ell energies orreted for energy lossin inative material and reonstrution de�ienies [41℄. The polar angle of the hadronisystem, h, is de�ned by os h = ((�!P T )2 � Æ2)=((�!P T )2 + Æ2);where Æ = Pi Ei(1 � os �i) = Pi (E � PZ)i. In the naive quark-parton model, h isthe angle of the sattered quark. Finally, the total transverse energy, ET , is given byET = Pi Ei sin �i. 4



The ratio of the parallel, VP , and anti-parallel, VAP , omponents of the hadroni transversemomentum an be used to distinguish CC DIS from photoprodution events. Thesevariables are de�ned asVP = Xi �!P T;i � �!n PT for �!P T;i � �!n PT > 0;VAP = �Xi �!P T;i � �!n PT for �!P T;i � �!n PT < 0;where the sums are performed over all alorimeter ells and �!n PT = �!P T=PT .The kinemati variables were reonstruted using the Jaquet-Blondel method [42℄. Theestimators of y, Q2 and x are: yJB = Æ=(2Ee), Q2JB = P 2T=(1�yJB), and xJB = Q2JB=(syJB).The resolution in Q2 is about 20%. The resolution in x improves from about 20% atx = 0:01 to about 5% at x = 0:5. The resolution in y ranges from about 14% at y = 0:05to about 8% at y = 0:83.6 Event seletionCharged urrent DIS andidates were seleted by requiring a large PT;miss. The mainsoures of bakground ame from NC DIS and high-ET photoprodution in whih the�nite energy resolution of the CAL or energy that esapes detetion an lead to signi�antmeasured missing transverse momentum. Non-ep events suh as beam-gas interations,beam-halo muons or osmi rays an also ause substantial imbalane in the measuredtransverse momentum and onstitute additional soures of bakground. The seletionriteria desribed below were imposed to separate CC events from all bakgrounds.6.1 Trigger seletionZEUS had a three-level trigger system [22,43,44℄. At the �rst level, only oarse alorimeterand traking information was available. Events were seleted using riteria based on theenergy, transverse energy and missing transverse momentum measured in the alorimeter.Generally, events were triggered with low thresholds on these quantities if a oinidenewith CTD traks from the event vertex ourred, while higher thresholds were requiredfor events with no CTD traks.At the seond level, timing information from the alorimeter was used to rejet eventsinonsistent with the bunh-rossing time. In addition, the topology of the CAL energydeposits was used to rejet bakground events. In partiular, a tighter ut was made5



on missing transverse momentum, sine the resolution in this variable was better at theseond level than at the �rst level.At the third level, full trak reonstrution and vertex �nding were performed and usedto rejet andidate events with a vertex inonsistent with an ep interation. Cuts wereapplied to alorimeter quantities and reonstruted traks to further redue beam-gasontamination.6.2 O�ine seletionWhen h is large, harged-partile traks an be used to reonstrut the event vertex,strongly suppressing non-ep bakgrounds. For CC events with small h, the harged par-tiles of the hadroni �nal state are often outside the aeptane of the traking detetors.Suh events populate the high-x region of the kinemati plane. The events were lassi�edaording to 0, the value of h measured with respet to the nominal interation point.For events with large 0 the kinemati quantities were realulated using the Z-oordinateof the event vertex (Zvtx) determined from harged-partile traks.In events with 0 > 0:4 rad a reonstruted vertex was required. Additional requirementsfor event seletion are given below.� seletion of CC events:{ jZvtxj < 50 m;{ PT;miss > 12 GeV;� rejetion of beam-gas events:{ P 0T;miss > 10 GeV and P 00T;miss > 8 GeV where P 0T;miss is the missing transversemomentum alulated exluding the ring of FCAL towers losest to the beampipe and P 00T;miss is the orresponding quantity alulated exluding the two ringsof FCAL towers losest to the beam pipe. These requirements strongly suppressbeam-gas events while maintaining high eÆieny for CC events;{ traks assoiated with the event vertex with transverse momentum in exess of0:2 GeV and a polar angle in the range 15Æ to 164Æ were de�ned as \good" traks.In order to remove beam-gas bakground, at least one suh trak was required anda ut was also applied in two dimensions on the number of good traks versus thetotal number of traks. This ut was NGoodTrks > 0:3_(NTrks � 20);� rejetion of photoprodution:{ VAP=VP < 0:4 was required for events with PT;miss < 30 GeV. For events withPT;miss < 20 GeV this ut was tightened to VAP=VP < 0:23. This seleted eventswith a ollimated energy ow, as expeted from a single sattered quark;6



{ for harged urrent events, there is a orrelation between the diretion of the PT;missvetor alulated using traks and that obtained using the CAL. The di�erene be-tween these quantities was required to be less than 0.5 radians for PT;miss < 45 GeV.As less bakground is expeted for high PT;miss this requirement was loosened toless than 1.0 radian for PT;miss � 45 GeV;� rejetion of NC DIS: NC DIS events in whih the energies of the sattered eletronor the jet are poorly measured an have a onsiderable apparent missing transversemomentum. To identify suh events, a searh for andidate eletrons was made usingisolated eletromagneti lusters in the CAL [45℄ for events with PT;miss < 30 GeV.Candidate eletron lusters within the traking aeptane were required to have anenergy above 4 GeV and a mathing trak. Clusters with � > 164Æ were requiredto have a transverse momentum exeeding 2 GeV. Events with a andidate eletronsatisfying the above riteria and Æ > 30 GeV were rejeted, sine for fully ontainedNC events, Æ peaks at 2Ee = 55 GeV;� rejetion of non-ep bakground: muon-�nding algorithms based on CAL energy de-posits or muon-hamber signals were used to rejet events produed by osmi rays ormuons in the beam halo.In events with 0 < 0:4 rad some requirements were tightened to ompensate for therelaxation of the trak requirements. Additional requirements for event seletion aregiven below.� missing transverse momentum: events were required to satisfy PT;miss > 14 GeV andP 0T;miss > 12 GeV;� rejetion of non-ep bakground: A lass of bakground events arose from beam-halomuons that produed a shower inside the FCAL. To redue this bakground, in ad-dition to the muon-rejetion uts desribed above, topologial uts on the transverseand longitudinal shower shape were imposed. These uts rejeted events in whih theenergy deposits were more ollimated than for typial hadroni jets.The kinemati region was restrited to Q2JB > 200 GeV2 and yJB < 0:9 to ensure goodresolution.A total of 7198 events satis�ed these riteria. A bakground ontamination from epproesses of 0.5%, dominated by the photoprodution omponent, is predited. Figure 2ompares the distributions of data events entering the �nal CC sample with the MCexpetation for the sum of the CC signal and ep bakground events. The MC simulationsgive a reasonable desription of the data. 7



7 Cross-setion determination and systematiunertaintiesThe measured ross setion in a partiular kinemati bin, for example for d2�=dxdQ2, wasdetermined from d2�dxdQ2 = Ndata �NbgNMC � d2�SMBorndxdQ2 ;where Ndata is the number of data events, Nbg is the number of bakground events esti-mated from the MC simulation and NMC is the number of signal MC events. The ross-setion d2�SMBorndxdQ2 is the Standard Model predition evaluated in the on-shell sheme [46℄using the PDG values for the eletroweak parameters and the CTEQ5D PDFs [34℄. Asimilar proedure was used for d�=dQ2, d�=dx and d�=dy. Consequently, the aeptane,as well as the bin-entring and radiative orretions were all taken from the MC simula-tion. The ross-setions d�=dQ2 and d�=dx were extrapolated to the full y range usingthe SM preditions alulated with the CTEQ5D PDFs.The systemati unertainties in the measured ross setions were determined by hangingthe analysis proedure in turn and repeating the extration of the ross setions.� alorimeter energy sale: the relative unertainty of the hadroni energy sale was 2%.Varying the energy sale of the alorimeter by this amount in the detetor simula-tion indues small shifts of the Jaquet-Blondel estimators of the kinemati variables.The variation of the energy sale for eah of the alorimeters simultaneously up ordown by this amount gave the systemati unertainty on the total measured energy inthe alorimeter. The resulting systemati shifts in the measured ross setions weretypially within �5%, but inreased to �(20� 30)% in the highest Q2 and x bins ofthe single-di�erential ross setions and reahed �45% in the double-di�erential rosssetion;� reonstrution: an alternative analysis [47℄ was performed using jets to reonstrutthe kinemati quantities and rejet bakground. The di�erene between the nominaland jet analyses was taken as an estimate of the systemati unertainity on the reon-strution and bakground rejetion. The di�erene was found to be typially within�10%, but inreased up to �(20 � 25)% in the highest Q2 and x bins of the rosssetions;� bakground subtration: the unertainty in the small ontribution from photopro-dution was estimated by varying the normalisation by �60%, resulting [48, 49℄ inmodi�ations of the ross setions within �2%;8



� seletion riteria: in order to estimate the bias introdued into the measurementsfrom an imperfet desription of the data by the MC simulation, the eÆienies foreah of the seletion riteria were measured using the hadroni �nal state in NC DISdata. Using the measured eÆienies to extrat the ross setions instead of the CCMC gave hanges in the ross setions that were typially within �2%, exept for thetwo-dimensional traking ut whih gave an e�et of 10% at high Q2;� the unertainties assoiated with the trigger, hoie of PDFs in the MC and themeasurement of the vertex positions were negligible.The individual unertainties were added in quadrature separately for the positive andnegative deviations from the nominal ross-setion values to obtain the total systematiunertainties. The O(�) eletroweak orretions to CC DIS have been disussed by severalauthors [50,51℄. Various theoretial approximations and omputer odes gave di�erenesin the CC ross setions of typially �(1�2)% or less. However, the di�erenes an be aslarge as �(3� 8)% at high x and high y. No unertainty was inluded in the measuredross setions from this soure.The relative unertainty in the measured polarisation was 3:6% using the LPOL and 4:2%using the TPOL. The hoie of polarimeter measurement was made on a run-by-run basis.The LPOL measurement was used when available, otherwise the TPOL measurement wasused. The unertainty of 2:6% on the measured total luminosity was not inluded in thedi�erential ross-setion �gures or the tables.8 ResultsThe total ross setion, orreted to the Born level of the eletroweak interation, for e�pCC DIS in the kinemati region Q2 > 200 GeV2 was measured to be�CC(Pe = +0:30� 0:01) = 47:1� 1:1(stat:)� 2:2(syst:) pb;�CC(Pe = �0:27� 0:01) = 83:1� 1:2(stat:)� 3:3(syst:) pb:The unertainty in the measured luminosity is inluded in the systemati unertainty.The total ross setion is shown as a funtion of the longitudinal polarisation of thelepton beam in Fig. 3, inluding previous ZEUS measurements from both e�p and e+pdata [11,12,17℄. Figure 4 shows only the e�p data, with a �ner binning to emphasise thedependene on the lepton beam polarisation. The ross-setion values are tabulated inTable 1. The data are ompared to the SM preditions evaluated at next-to-leading-orderin QCD using the ZEUS-JETS [52℄, CTEQ6D [53℄ and MRST04 [54℄ PDFs whih desribethe data well. 9



The single-di�erential ross-setions d�=dQ2, d�=dx and d�=dy for CC DIS are shownin Figs. 5, 6 and 7 and given in Tables 2, 3 and 4. The measurements for positive andnegative longitudinal polarisation di�er by a onstant fator whih is independent of thekinemati variables. The e�ets are well desribed by the SM evaluated using the ZEUS-JETS, CTEQ6D and MRST04 PDFs. The preision of the data is omparable to theunertainties in the SM preditions, therefore these data have the potential to furtheronstrain the PDFs.The redued double-di�erential ross setion, ~�, is de�ned as~� = 24 G2F2�x M2WM2W + Q2!235�1 d2�dx dQ2 :At leading order in QCD, ~�(e�p! �eX) depends on the quark momentum distributionsas follows: ~�(e�p! �eX) = x �u+  + (1� y)2( �d+ �s)� :The redued ross setion was measured in the kinemati range 280 < Q2 < 30 000 GeV2and 0:015 < x < 0:65 and is shown as a funtion of x, at �xed values of Q2 in Fig. 8 andtabulated in Tables 5, 6 and 7. The data points were orreted to Pe = 0 using the SMpredition. The preditions of the SM evaluated using the ZEUS-JETS, CTEQ6D andMRST04 PDFs give a good desription of the data. The ontributions from the PDFombinations (u + ) and ( �d + �s), obtained in the MS sheme from the ZEUS-JETS �t,are shown separately.The W boson ouples only to left-handed fermions and right-handed anti-fermions. There-fore, the angular distribution of the sattered quark in e�q CC DIS will be at in theeletron-quark entre-of-mass sattering angle, ��, while it will exhibit a (1 + os ��)2 dis-tribution in e��q sattering. Sine (1 � y)2 / (1 + os ��)2, the heliity struture of CCinterations an be illustrated by plotting the redued double-di�erential ross setionversus (1� y)2 in bins of x. This is shown in Fig. 9. In the region of approximate saling,i.e. x � 0:1, this yields a straight line. At leading order in QCD, the interept of this linegives the (u + ) ontribution, while the slope gives the ( �d + �s) ontribution.9 SummaryThe ross setions for harged urrent deep inelasti sattering in e�p ollisions withlongitudinally polarised eletron beams have been measured. The measurements are basedon a data sample with an integrated luminosity of 175 pb�1 olleted with the ZEUSdetetor at HERA at a entre-of-mass energy of 318 GeV. The total ross setion is given10



for positive and negative values of the longitudinal polarisation of the eletron beam. Inaddition, the di�erential ross-setions d�=dQ2, d�=dx and d�=dy for Q2 > 200 GeV2 andd2�=dxdQ2 are presented in the kinemati range 280 < Q2 < 30 000 GeV2 and 0:015 <x < 0:65. Overall the measured ross setions are well desribed by the preditions of theStandard Model.AknowledgementsWe appreiate the ontributions to the onstrution and maintenane of the ZEUS de-tetor of many people who are not listed as authors. The HERA mahine group and theDESY omputing sta� are espeially aknowledged for their suess in providing exel-lent operation of the ollider and the data-analysis environment. We thank the DESYdiretorate for their strong support and enouragement. It is also a pleasure to thank H.Spiesberger and W. Hollik for helpful disussions.
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Pe �CC (pb)�0:32� 0:01 89:7� 2:9� 3:6�0:29� 0:01 81:9� 2:9� 3:3�0:27� 0:01 82:0� 2:9� 3:3�0:23� 0:01 78:2� 2:5� 3:1�0:16� 0:01 72:5� 2:6� 2:9+0:15� 0:01 58:7� 2:6� 2:7+0:25� 0:01 48:4� 2:3� 2:3+0:32� 0:01 47:1� 2:3� 2:2+0:36� 0:01 38:7� 2:3� 1:8Table 1: Values of the total ross setion with statistial and systemati uner-tainties.
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Q2 range ( GeV2) Q2 ( GeV2) d�=dQ2 (pb/ GeV2)Pe = +0:30 Pe = �0:27200� 400 280 (3:00� 0:25� 0:21) � 10�2 (5:13� 0:27 +0:37�0:36) � 10�2400� 711 530 (1:93� 0:13� 0:08) � 10�2 (3:57� 0:15� 0:15) � 10�2711� 1265 950 (1:40� 0:08� 0:05) � 10�2 (2:30� 0:08� 0:09) � 10�21265� 2249 1700 (8:86� 0:44 +0:31�0:29) � 10�3 (1:49� 0:05 +0:05�0:04) � 10�22249� 4000 3000 (4:19� 0:22� 0:27) � 10�3 (8:14� 0:26� 0:24) � 10�34000� 7113 5300 (1:99� 0:12 +0:10�0:09) � 10�3 (3:46� 0:13� 0:17) � 10�37113� 12469 9500 (6:74� 0:53 +0:61�0:58) � 10�4 (1:34� 0:06� 0:12) � 10�312469� 22494 17000 (1:65� 0:19 +0:25�0:21) � 10�4 (2:88� 0:21 +0:43�0:36) � 10�422494� 60000 30000 (3:47� 0:67 +1:36�1:20) � 10�5 (5:50� 0:71 +1:85�1:54) � 10�5x range x d�=dx (pb)Pe = +0:30 Pe = �0:270:01� 0:021 0:015 424:6� 33:4 +24:3�23:4 730:1� 36:3 +50:6�49:30:021� 0:046 0:032 302:2� 16:2 +21:7�21:4 573:9� 18:6 +36:1�35:60:046� 0:1 0:068 210:5� 9:2 +7:7�7:6 352:1� 9:9 +12:5�12:30:1� 0:178 0:13 119:5� 5:9� 4:4 202:9� 6:4� 7:80:237� 0:316 0:24 53:0� 3:0 +2:8�2:7 104:4� 3:5 +5:1�4:90:316� 0:562 0:42 18:8� 1:5 +1:9�1:7 32:0� 1:6 +3:1�2:80:562� 1 0:65 1:69+0:78�0:56 +0:49�0:42 5:33� 0:84 +1:75�1:56y range y d�=dy (pb)Pe = +0:30 Pe = �0:270:0� 0:1 0:05 118:6� 6:4� 5:4 210:2� 7:1 +10:3�10:20:1� 0:2 0:15 80:2� 3:9� 2:3 137:9� 4:3� 2:70:2� 0:34 0:27 57:0� 2:8� 2:1 101:5� 3:1� 3:70:34� 0:48 0:41 41:9� 2:5� 1:9 73:7� 2:7� 3:80:48� 0:62 0:55 36:4� 2:4� 2:2 62:5� 2:6� 4:20:62� 0:76 0:69 27:3� 2:2 +1:4�1:3 55:6� 2:6 +2:8�2:70:76� 0:9 0:83 24:5� 2:4 +2:2�2:1 44:6� 2:6 +4:9�4:7Table 2: Values of the di�erential ross-setions d�=dQ2, d�=dx and d�=dy forPe = +0:30� 0:01 and Pe = �0:27� 0:01. The following quantities are given: therange of the measurement; the value at whih the ross setion is quoted and themeasured ross setion, with statistial and systemati unertainties.
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d�=dQ2Q2 ( GeV2) d�=dQ2 (pb/ GeV2) Æstat (%) Æsyst (%) Æun (%) Æes (%)280 3:00 � 10�2 �8:5 +7:1�6:9 +5:4�5:4 +4:6�4:2530 1:93 � 10�2 �7:0 +4:2�4:2 +2:0�2:0 +3:7�3:7950 1:40 � 10�2 �5:6 +3:4�3:5 +2:1�2:1 +2:6�2:81700 8:86 � 10�3 �5:0 +3:5�3:3 +3:0�3:0 +1:7�1:33000 4:19 � 10�3 �5:4 +6:4�6:4 +6:4�6:4 �0:1+0:25300 1:99 � 10�3 �5:9 +4:8�4:7 +4:2�4:2 �1:9+2:39500 6:74 � 10�4 �7:8 +9:0�8:5 +7:0�7:0 �4:9+5:717000 1:65 � 10�4 �11:8 +15:2�12:6 +8:1�8:1 �9:7+12:930000 3:47 � 10�5 �19:4 +39:3�34:5 +27:6�27:6 �20:6+27:9d�=dxx d�=dx (pb) Æstat (%) Æsyst (%) Æun (%) Æes (%)0.015 424.6 �7:9 +5:7�5:5 +3:9�3:9 +4:2�3:90.032 302.2 �5:4 +7:2�7:1 +6:6�6:6 +2:7�2:50.068 210.5 �4:4 +3:6�3:6 +3:5�3:5 +1:2�1:00.13 119.5 �4:9 +3:7�3:7 +3:6�3:6 �0:2+0:40.24 53.0 �5:6 +5:2�5:1 +4:2�4:2 �2:8+3:10.42 18.8 �7:9 +9:9�8:9 +5:2�5:2 �7:3+8:50.65 1.69 +46:1�33:0 +29:2�25:0 +13:9�13:9 �20:8+25:7d�=dyy d�=dy (pb) Æstat (%) Æsyst (%) Æun (%) Æes (%)0.05 118.6 �5:4 +4:6�4:5 +4:3�4:3 +1:5�1:40.15 80.2 �4:9 +2:9�2:9 +2:8�2:8 +0:6�0:70.27 57.0 �4:9 +3:7�3:7 +3:6�3:6 +0:4�0:40.41 41.9 �5:9 +4:6�4:6 +4:6�4:6 +0:3+0:00.55 36.4 �6:5 +6:0�6:1 +6:0�6:0 �0:8+0:40.69 27.3 �7:9 +5:0�4:7 +4:5�4:5 �1:3+2:00.83 24.5 �9:6 +9:0�8:4 +6:5�6:5 �5:3+6:2Table 3: Values of the di�erential ross-setions d�=dQ2, d�=dx and d�=dy forPe = +0:30� 0:01. The following quantities are given: the value at whih the rosssetion is quoted; the measured ross setion; the statistial unertainty; the totalsystemati unertainty; the unorrelated systemati unertainty and the alorime-ter energy-sale unertainty (Æes), whih has signi�ant orrelations between ross-setion bins. 17



d�=dQ2Q2 ( GeV2) d�=dQ2 (pb/ GeV2) Æstat (%) Æsyst (%) Æun (%) Æes (%)280 5:13 � 10�2 �5:4 +7:2�6:9 +5:5�5:5 +4:6�4:2530 3:57 � 10�2 �4:3 +4:1�4:2 +1:9�1:9 +3:7�3:7950 2:30 � 10�2 �3:6 +4:0�4:0 +2:9�2:9 +2:6�2:81700 1:49 � 10�2 �3:2 +3:2�3:0 +2:6�2:6 +1:7�1:33000 8:14 � 10�3 �3:2 +3:0�3:0 +3:0�3:0 �0:1+0:25300 3:46 � 10�3 �3:7 +5:0�4:8 +4:4�4:4 �1:9+2:39500 1:34 � 10�3 �4:6 +9:2�8:7 +7:2�7:2 �4:9+5:717000 2:88 � 10�4 �7:4 +15:1�12:5 +7:8�7:8 �9:7+12:930000 5:50 � 10�5 �12:8 +33:6�27:9 +18:8�18:8 �20:6+27:9d�=dxx d�=dx (pb) Æstat (%) Æsyst (%) Æun (%) Æes (%)0.015 730.1 �5:0 +6:9�6:7 +5:5�5:5 +4:2�3:90.032 573.9 �3:2 +6:3�6:2 +5:7�5:7 +2:7�2:50.068 352.1 �2:8 +3:6�3:5 +3:4�3:4 +1:2�1:00.13 202.9 �3:1 +3:9�3:8 +3:8�3:8 �0:2+0:40.24 104.4 �3:3 +4:9�4:7 +3:8�3:8 �2:8+3:10.42 32.0 �5:0 +9:8�8:8 +4:9�4:9 �7:3+8:50.65 5.33 �15:8 +32:9�29:2 +20:6�20:6 �20:8+25:7d�=dyy d�=dy (pb) Æstat (%) Æsyst (%) Æun (%) Æes (%)0.05 210.2 �3:4 +4:9�4:9 +4:6�4:6 +1:5�1:40.15 137.9 �3:1 +1:9�1:9 +1:8�1:8 +0:6�0:70.27 101.5 �3:1 +3:6�3:6 +3:6�3:6 +0:4�0:40.41 73.7 �3:7 +5:2�5:2 +5:2�5:2 +0:3+0:00.55 62.5 �4:1 +6:7�6:8 +6:7�6:7 �0:8+0:40.69 55.6 �4:6 +5:1�4:9 +4:7�4:7 �1:3+2:00.83 44.6 �5:9 +11:0�10:6 +9:1�9:1 �5:3+6:2Table 4: Values of the di�erential ross-setions d�=dQ2, d�=dx and d�=dy forPe = �0:27�0:01. The following quantities are given: the value at whih the rosssetion is quoted; the measured ross setion; the statistial unertainty; the totalsystemati unertainty; the unorrelated systemati unertainty and the alorime-ter energy-sale unertainty (Æes), whih has signi�ant orrelations between ross-setion bins. 18



Q2 (GeV2) x ~�Pe = �0:27 Pe = +0:30 Pe = 0280 0.015 1:39� 0:14� 0:11 1:03� 0:15� 0:07 1:17� 0:10� 0:08280 0.032 1:54� 0:14 +0:12�0:11 0:65� 0:11� 0:05 1:11� 0:09 +0:09�0:08280 0.068 1:54� 0:17 +0:10�0:11 0:91� 0:16 +0:05�0:06 1:21� 0:12 +0:07�0:08280 0.13 0:68+0:29�0:21 +0:05�0:03 0:69+0:37�0:26 +0:05�0:03 0:65� 0:17 +0:04�0:03530 0.015 1:46� 0:12 +0:10�0:09 0:61� 0:09� 0:03 1:05� 0:08� 0:05530 0.032 1:28� 0:10� 0:08 0:67� 0:09� 0:05 0:97� 0:07� 0:07530 0.068 1:04� 0:10� 0:04 0:69� 0:10 +0:03�0:02 0:84� 0:07 +0:04�0:03530 0.13 1:11� 0:12 +0:04�0:05 0:69� 0:12 +0:02�0:03 0:88� 0:09 +0:03�0:04950 0.015 1:14� 0:10 +0:08�0:09 0:74� 0:10� 0:04 0:92� 0:07� 0:05950 0.032 1:15� 0:07� 0:08 0:62� 0:06� 0:04 0:88� 0:05� 0:06950 0.068 0:92� 0:07� 0:04 0:59� 0:07� 0:02 0:74� 0:05� 0:03950 0.13 0:88� 0:08� 0:03 0:59� 0:08 +0:01�0:02 0:72� 0:05� 0:02950 0.24 0:68� 0:08� 0:02 0:40� 0:08� 0:01 0:53� 0:06� 0:021700 0.032 1:00� 0:06� 0:06 0:60� 0:06� 0:04 0:79� 0:04� 0:051700 0.068 0:94� 0:05� 0:04 0:60� 0:05� 0:03 0:76� 0:04� 0:031700 0.13 0:83� 0:06� 0:03 0:47� 0:06 +0:02�0:01 0:64� 0:04� 0:021700 0.24 0:68� 0:06� 0:02 0:38� 0:05� 0:01 0:53� 0:04� 0:011700 0.42 0:41� 0:07� 0:02 0:19� 0:05� 0:01 0:30� 0:05 +0:02�0:013000 0.032 0:96� 0:08� 0:07 0:44� 0:07� 0:04 0:70� 0:06� 0:063000 0.068 0:84� 0:05� 0:03 0:46� 0:04� 0:03 0:64� 0:03� 0:033000 0.13 0:72� 0:05� 0:03 0:45� 0:05� 0:03 0:58� 0:04� 0:033000 0.24 0:68� 0:05� 0:02 0:31� 0:04� 0:02 0:50� 0:03� 0:023000 0.42 0:33� 0:04� 0:02 0:12� 0:03� 0:01 0:23� 0:02 +0:02�0:015300 0.068 0:80� 0:05� 0:04 0:45� 0:05� 0:02 0:62� 0:04� 0:035300 0.13 0:59� 0:04� 0:04 0:34� 0:04� 0:02 0:46� 0:03� 0:035300 0.24 0:55� 0:04� 0:03 0:29� 0:04� 0:02 0:42� 0:03� 0:025300 0.42 0:30� 0:03� 0:02 0:22� 0:03� 0:02 0:25� 0:02� 0:025300 0.65 0:11� 0:03� 0:03 0:07� 0:02 +0:01�0:029500 0.13 0:81� 0:06� 0:07 0:37� 0:05� 0:03 0:59� 0:04� 0:059500 0.24 0:53� 0:04 +0:06�0:05 0:27� 0:04� 0:03 0:40� 0:03� 0:049500 0.42 0:26� 0:03 +0:03�0:02 0:14� 0:03� 0:01 0:20� 0:02� 0:029500 0.65 0:03+0:02�0:01 � 0:01 0:03+0:03�0:02 � 0:01 0:03+0:02�0:01 � 0:0117000 0.24 0:52� 0:05� 0:07 0:25� 0:04 +0:04�0:03 0:39� 0:03� 0:0517000 0.42 0:20� 0:03� 0:03 0:14� 0:03� 0:02 0:17� 0:02 +0:03�0:0217000 0.65 0:05+0:03�0:02 +0:02�0:01 0:03+0:02�0:01 � 0:0130000 0.42 0:26� 0:04 +0:09�0:07 0:21� 0:04 +0:08�0:07 0:23� 0:03 +0:08�0:0730000 0.65 0:05� 0:02 +0:03�0:02 0:03+0:02�0:01 +0:02�0:01Table 5: Values of the redued ross setions. The following quantities are given:the values of Q2 and x at whih the ross setion is quoted and the measured rosssetion, with statistial and systemati unertainties. Three bins in the Pe = +0:30ross setion were judged to be too statistially impreise to be quoted without om-bination with the Pe = �0:27 data and are therefore omitted from the table.19



Q2 (GeV2) x ~� Æstat (%) Æsyst (%) Æun (%) Æes (%)280 0.015 1.03 �14:7 +7:2�7:1 +5:7�5:7 +4:3�4:1280 0.032 0.65 �16:7 +8:3�7:7 +7:3�7:3 +4:0�2:4280 0.068 0.91 �17:2 +5:9�6:9 +3:7�3:7 +4:6�5:8280 0.13 0.69 +54:0�37:1 +6:5�3:9 +3:5�3:5 +5:5�1:9530 0.015 0.61 �15:4 +5:2�4:8 +2:9�2:9 +4:3�3:8530 0.032 0.67 �12:6 +7:4�7:5 +6:5�6:5 +3:4�3:7530 0.068 0.69 �14:1 +4:4�3:6 +2:1�2:1 +3:9�2:9530 0.13 0.69 �16:8 +3:1�4:2 +1:1�1:1 +2:9�4:0950 0.015 0.74 �12:9 +5:2�5:9 +4:2�4:2 +3:1�4:2950 0.032 0.62 �10:4 +7:2�7:3 +6:6�6:6 +2:9�3:1950 0.068 0.59 �11:0 +4:1�4:0 +3:0�3:0 +2:8�2:7950 0.13 0.59 �12:9 +2:0�3:0 +1:1�1:1 +1:7�2:8950 0.24 0.40 �19:4 +3:5�2:9 +2:3�2:9 +1:7+1:01700 0.032 0.60 �9:3 +7:1�7:1 +6:9�6:9 +1:8�1:71700 0.068 0.60 �8:7 +4:4�4:2 +4:1�4:1 +1:7�1:11700 0.13 0.47 �12:2 +3:8�3:2 +2:6�2:6 +2:8�1:81700 0.24 0.38 �12:9 +3:4�3:5 +3:4�3:3 �0:3�0:91700 0.42 0.19 �29:0 +5:7�5:3 +5:0�5:0 �2:0+2:83000 0.032 0.44 �15:6 +9:7�9:6 +9:4�9:4 +2:5�1:73000 0.068 0.46 �8:8 +7:0�7:0 +7:0�7:0 +0:0�0:63000 0.13 0.45 �10:6 +7:2�7:2 +7:2�7:2 +0:2+0:63000 0.24 0.31 �12:2 +6:4�6:4 +6:3�6:3 �0:9+0:53000 0.42 0.12 �21:4 +8:9�7:8 +7:3�7:3 �2:8+5:25300 0.068 0.45 �10:6 +5:0�4:7 +4:6�4:6 �1:0+2:05300 0.13 0.34 �11:0 +6:1�6:0 +6:0�6:0 �0:8+1:35300 0.24 0.29 �12:6 +5:3�5:3 +4:7�4:7 �2:6+2:65300 0.42 0.22 �13:9 +7:2�7:6 +5:0�5:0 �5:7+5:29500 0.13 0.37 �12:2 +8:3�8:6 +7:2�7:2 �4:6+4:19500 0.24 0.27 �13:4 +11:1�10:2 +9:5�9:5 �3:9+5:89500 0.42 0.14 �18:3 +10:4�9:6 +6:6�6:6 �7:0+8:19500 0.650 0.03 +97:4�54:6 +26:4�21:3 +14:5�14:5 �15:7+22:117000 0.24 0.25 �15:9 +14:2�12:9 +8:9�8:9 �9:3+11:117000 0.42 0.14 �21:4 +16:8�14:0 +10:0�10:0 �9:8+13:530000 0.42 0.21 �20:9 +38:3�34:4 +28:4�28:4 �19:5+25:7Table 6: Values of the redued ross setion for Pe = +0:30�0:01. The followingquantities are given: the values of Q2 and x at whih the ross setion is quoted;the measured ross setion; the statistial unertainty; the total systemati uner-tainty; the unorrelated systemati unertainty and the alorimeter energy-saleunertainty (Æes), whih has signi�ant orrelations between ross-setion bins.
20



Q2 (GeV2) x ~� Æstat (%) Æsyst (%) Æun (%) Æes (%)280 0.015 1.39 �10:4 +8:2�8:1 +7:0�7:0 +4:3�4:1280 0.032 1.54 �8:9 +7:8�7:1 +6:7�6:7 +4:0�2:4280 0.068 1.54 �11:0 +6:3�7:2 +4:2�4:2 +4:6�5:8280 0.13 0.68 +42:9�31:3 +7:0�4:7 +4:3�4:3 +5:5�1:9530 0.015 1.46 �8:3 +6:7�6:4 +5:1�5:1 +4:3�3:8530 0.032 1.28 �7:6 +6:5�6:7 +5:5�5:5 +3:4�3:7530 0.068 1.04 �9:6 +4:3�3:4 +1:8�1:8 +3:9�2:9530 0.13 1.11 �11:1 +3:3�4:3 +1:6�1:6 +2:9�4:0950 0.015 1.14 �8:7 +6:9�7:5 +6:2�6:2 +3:1�4:2950 0.032 1.15 �6:3 +6:7�6:7 +6:0�6:0 +2:9�3:1950 0.068 0.92 �7:4 +4:5�4:5 +3:6�3:6 +2:8�2:7950 0.13 0.88 �8:8 +3:1�3:9 +2:6�2:6 +1:7�2:8950 0.24 0.68 �12:4 +3:7�3:1 +2:5�3:1 +1:7+1:01700 0.032 1.00 �6:0 +6:1�6:1 +5:8�5:8 +1:8�1:71700 0.068 0.94 �5:8 +4:1�3:9 +3:7�3:7 +1:7�1:11700 0.13 0.82 �7:7 +3:7�3:1 +2:5�2:5 +2:8�1:81700 0.24 0.68 �8:0 +2:5�2:7 +2:5�2:4 �0:3�0:91700 0.42 0.41 �16:4 +5:2�4:8 +4:4�4:4 �2:0+2:83000 0.032 0.96 �8:7 +7:2�6:9 +6:7�6:7 +2:5�1:73000 0.068 0.84 �5:4 +4:0�4:1 +4:0�4:0 +0:0�0:63000 0.13 0.72 �7:0 +4:7�4:6 +4:6�4:6 +0:2+0:63000 0.24 0.68 �6:9 +2:3�2:5 +2:3�2:3 �0:9+0:53000 0.42 0.33 �10:7 +6:7�5:1 +4:3�4:3 �2:8+5:25300 0.068 0.80 �6:6 +5:1�4:8 +4:7�4:7 �1:0+2:05300 0.13 0.59 �7:0 +6:3�6:3 +6:2�6:2 �0:8+1:35300 0.24 0.55 �7:6 +5:1�5:1 +4:4�4:4 �2:6+2:65300 0.42 0.30 �10:0 +7:1�7:5 +4:8�4:8 �5:7+5:25300 0.65 0.11 �27:3 +24:1�25:1 +20:5�20:5 �14:5+12:79500 0.13 0.81 �6:9 +8:6�8:8 +7:5�7:5 �4:6+4:19500 0.24 0.53 �8:1 +11:1�10:2 +9:4�9:4 �3:9+5:89500 0.42 0.26 �11:3 +10:4�9:6 +6:6�6:6 �7:0+8:19500 0.65 0.03 +67:8�43:4 +30:5�26:2 +21:0�21:0 �15:7+22:117000 0.24 0.52 �9:3 +14:0�12:6 +8:5�8:5 �9:3+11:117000 0.42 0.20 �14:5 +16:6�13:8 +9:6�9:6 �9:8+13:517000 0.65 0.05 +54:1�37:2 +31:6�28:9 +20:6�20:6 �20:3+23:930000 0.42 0.26 �15:5 +32:4�27:8 +19:8�19:8 �19:5+25:730000 0.65 0.05 +50:1�35:2 +52:5�40:8 +27:7�27:7 �30:0+44:6Table 7: Values of the redued ross setion for Pe = �0:27�0:01. The followingquantities are given: the values of Q2 and x at whih the ross setion is quoted;the measured ross setion; the statistial unertainty; the total systemati uner-tainty; the unorrelated systemati unertainty and the alorimeter energy-saleunertainty (Æes), whih has signi�ant orrelations between ross-setion bins.21
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Figure 1: The integrated luminosity olleted as a funtion of the longitudinalpolarisation of the eletron beam.
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Figure 2: Comparison of the e�p CC data sample with the expetations of the MCsimulation as desribed in Setion 4 of the text. The distributions of (a) PT;miss,(b) Q2JB, () xJB, (d) yJB, (e) VAP=VP and (f) Zvtx are shown.
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Figure 4: The total ross setions for e�p CC DIS as a funtion of the longitudinalpolarisation of the eletron beam. The lines show the preditions of the SM evaluatedusing the ZEUS-JETS, CTEQ6D and MRST04 PDFs. The shaded band shows theexperimental unertainty from the ZEUS-JETS �t.
25



310 410
-610

-510

-410

-310

-210

-110
)-1p (104 pb-ZEUS CC e

)-1p (71 pb-ZEUS CC e

SM (ZEUS-JETS)

=-0.27
e

p P-e
=+0.30

e
p P-e

310 410

0.8

1

1.2

1.4

1.6

1.8

310 410

0.8

1

1.2

1.4

1.6

1.8
SM (ZEUS-JETS)
SM (CTEQ6D)
SM (MRST04)

)2 (GeV2Q

)2 (GeV2Q

)2
 (

pb
/G

eV
2

/d
Q

σd
D

A
T

A
 / 

S
M

 (
Z

E
U

S
-J

E
T

S
)

(a)

(b)

ZEUS
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Figure 7: (a) The e�p CC DIS ross-setion d�=dy for data and the StandardModel expetation evaluated using the ZEUS-JETS PDFs. The postive (negative)polarisation data are shown as the �lled (open) points, the statistial unertantiesare indiated by the inner error bars (delimited by horizontal lines) and the full errorbars show the total unertainty obtained by adding the statistial and systemationtributions in quadrature. (b) The ratio of the measured ross setion, d�=dy,to the Standard Model expetation evaluated using the ZEUS-JETS �t. The shadedband shows the experimental unertainty from the ZEUS-JETS �t.
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Figure 9: The e�p CC DIS redued ross setion plotted as a funtion of (1�y)2for �xed x. The irles represent the data points and the urves show the preditionsof the SM evaluated using the ZEUS-JETS, CTEQ6D and MRST04 PDFs. Thedashed lines show the ontributions of the PDF ombination x(u+) and the shadedband shows the experimental unertainty from the ZEUS-JETS �t.
30


	Introduction
	Kinematic variables and cross sections
	Experimental apparatus
	Monte Carlo simulation
	Reconstruction of kinematic variables
	Event selection
	Trigger selection
	Offline selection

	Cross-section determination and systematic  uncertainties
	Results
	Summary

