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Searh for events with an isolated leptonand missing transverse momentum and ameasurement of W prodution at HERA

ZEUS Collaboration
AbstratA searh for events with an isolated high-energy lepton and large missing trans-verse momentum has been performed with the ZEUS detetor at HERA us-ing a total integrated luminosity of 504 pb�1. The results agree well withStandard Model preditions. The ross setion for prodution of single Wbosons in eletron-proton ollisions with unpolarised eletrons is measured tobe 0:89+0:25�0:22 (stat.)�0:10 (syst.) pb.
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1 IntrodutionThe prodution of W bosons in eletron1-proton (ep) ollisions is an interesting StandardModel (SM) proess with a small ross setion. This proess, with subsequent leptonideay of the W boson, also onstitutes one of the most important SM bakgrounds to manynew physis searhes [1, 2℄, for whih high-energy leptons and large missing transversemomentum, PmissT , are ommon signatures. Suh searhes have been performed previouslyby both the H1 [2{4℄ and ZEUS [1,5,6℄ ollaborations. The H1 ollaboration observed anexess of eletron or muon events with large hadroni transverse momentum, PXT , overthe SM preditions. Previous ZEUS results have not on�rmed this exess.This paper presents a new searh and a measurement of the ross setion for W produtionat HERA. The study was performed by seleting events ontaining isolated eletrons ormuons with high transverse momentum, P lT , in events with large PmissT . The data usedwere taken from 1994 to 2007. The total integrated luminosity analysed was 504 pb�1, afour-fold inrease ompared to previous ZEUS searhes [1, 6℄.2 Standard Model expetationsThe SM predits the prodution of single W and Z bosons in ep ollisions at HERA. Theevent topology studied here is large PmissT and an isolated lepton with large P lT .Wprodution: ep! eWX or ep! �WXNeutral urrent W prodution, ep ! eWX, with subsequent leptoni deay, W!l�,is the dominant SM proess that produes events mathing the desired topology.Charged urrent W prodution, ep ! �WX, with subsequent leptoni deay alsoprodues suh events.The SM prodution ross setion, obtained from a alulation inluding QuantumChromodynamis (QCD) orretions at next-to-leading-order (NLO) [7, 8℄, is 1.1 pband 1.3 pb for the relevant entre-of-mass energies, ps, of 300 GeV and 318 GeV re-spetively. The estimated unertainty on this alulation is 15%. Monte Carlo (MC)events have been generated with the leading-order Epve generator [9℄ and weightedby a fator dependent on the transverse momentum and rapidity of the W , suh thatthe resulting ross setions orrespond to the NLO alulation [10℄. The Epve MCis also used to generate ep ! �eWX events. The ontribution of ep ! �eWX to thetotal W prodution ross setion is approximately 7%.1 In this paper \eletron" refers both to eletrons and positrons unless stated otherwise.1



Z prodution: ep! eZ(! ���)XThe proess ep! eZ(! ���)X an produe high-energy sattered eletrons and largePmissT . The visible ross setion for this proess as alulated by Epve is less than3% of the predited W prodution ross setion. It was negleted in this analysis.Several SM proesses an produe events with large PmissT and high-energy leptons as aresult of mismeasurements.Neutral urrent deep inelasti sattering (NC DIS): ep! eXGenuine isolated high-energy eletrons are produed in NC DIS. Together with a fakePmissT signal from mismeasurement, they form the dominant fake signal in searhesfor isolated eletrons at high PXT . Neutral urrent DIS events were simulated usingthe generator Django6 [11℄, an interfae to the MC programs Herales 4.5 [12℄and Lepto 6.5 [13℄. Leading-order eletroweak radiative orretions were inludedand higher-order QCD e�ets were simulated using the olour-dipole model of Ari-adne 4.08 [14℄. Hadronisation of the partoni �nal state was performed by Jet-set [15℄.Charged urrent deep inelasti sattering (CC DIS): ep! �XA CC DIS event an mimi the seleted topology if it ontains a fake eletron as thereis real PmissT due to the esaping neutrino. Charged urrent DIS events were simulatedusing the generator Django6 as desribed for the NC DIS events.Lepton pair prodution: ep! el+l�XLepton pair prodution an mimi the seleted topology if one lepton esapes detetionor measurement errors ause apparent missing momentum. Lepton pair produtionis the dominant fake signal in searhes for isolated high-PT muons. This proess wassimulated using the Grape [16℄ dilepton generator.Photoprodution of jets: p! XHard photoprodution proesses an also ontribute to the fake signal rate. This mayour when a partile from the hadroni �nal state is interpreted as an isolated leptontogether with a fake PmissT signal arising from mismeasurement. Photoprodutionproesses as simulated with Herwig 6.1 [17℄ make a negligible ontribution to the SMexpetation.3 The ZEUS detetorA detailed desription of the ZEUS detetor an be found elsewhere [18℄. Charged partileswere traked in the entral traking detetor (CTD) [19℄ whih operated in a magneti�eld of 1:43 T provided by a thin superonduting solenoid. Before the 2003{2007 running2



period, the ZEUS traking system was upgraded with a silion miro vertex detetor(MVD) [20℄. The high-resolution uranium{sintillator alorimeter (CAL) [21℄ onsistedof three parts: the forward, the barrel and the rear alorimeters. The smallest subdivisionof the CAL was alled a ell. A three-level trigger was used to selet events online [22℄requiring large PmissT or well isolated eletromagneti deposits in the CAL.4 Event reonstrutionEletrons were identi�ed by an algorithm that selets andidate eletromagneti lustersin the CAL and ombines them with traking information. The algorithm was opti-mised for maximum eletron-�nding eÆieny and eletron-hadron separation for NCDIS events [23℄. Eletromagneti lusters were lassi�ed as isolated eletron andidateswhen the energy not assoiated with the luster in an f�; �g one of radius 0.8 aroundthe eletron diretion was less than 5 GeV and less than 5% of the eletromagneti lusterenergy measured with the alorimeter, where � = � log(tan(�=2)).Muons were identi�ed through their signature as minimum ionising partiles (MIPs).Their energy depositions an be spread over several alorimeter lusters. Therefore,neighbouring lusters were grouped together into larger-sale objets whih, providedthey passed topologial and energy uts, were lassi�ed as CAL MIPs. In this analysisa muon andidate was seleted if a CAL MIP mathed an extrapolated CTD trak fromthe primary vertex to within 20 m.The missing transverse momentum was determined from alorimetri and traking infor-mation. The magnitude of the missing transverse momentum measured with the CALwas de�ned as PCALT = vuut Xi pCALX;i !2 + Xi pCALY;i !2;where pCALX;i = Ei sin �i os �i and pCALY;i = Ei sin �i sin�i were alulated from individualenergy deposits, Ei, in lusters of CAL ells orreted [24℄ for energy loss in inative ma-terial. In W ! e� events, PCALT as de�ned above is an estimate of the missing transversemomentum arried by the neutrino, P �T . In W ! �� events, the muon deposits very littleenergy in the alorimeter and therefore a better estimate of P �T an be obtained if themomentum of the muon is alulated from its trak measured in the CTD (p�;trak). Com-bination with the above estimate of the total transverse momentum from the alorimeter3



leads to PmissT = vuut Xi pCALX;i + p�;trakX !2 + Xi pCALY;i + p�;trakY !2:The hadroni transverse momentum, PXT , was de�ned as the sum over those alorimeterells that are not assigned to lepton-andidate lusters.The harged-lepton transverse momentum, P lT , was alulated from the alorimeter lusterfor l = e and from the trak momentum for l = �. The transverse mass for W bosonsdeaying via W ! l� is de�ned as:MT = q2P lTP �T (1� os�l�);where �l� is the azimuthal separation of the lepton and P �T vetors.The following event properties were used to suppress bakgrounds from mismeasured largePmissT and fake high-energy leptons. Seletion uts on these event properties will be brieydesribed in Setion 5.The quantity �2e was de�ned as �2e = 2E 0eEe(1 + os �e);where E 0e is the energy of the �nal-state eletron, Ee = 27:5 GeV is the eletron beamenergy and �e is the polar angle of the eletron measured in the alorimeter. For NC DISevents, where the sattered eletron is identi�ed as the isolated lepton, �2e orresponds tothe virtuality of the exhanged boson, Q2. Neutral urrent DIS events generally have lowvalues of �2e whilst eletrons from W deay will generally have high values of �2e .The aoplanarity angle, �aop, is the azimuthal separation in the fX; Y g plane of theoutgoing lepton and the vetor that balanes the hadroni transverse momentum vetor.For well measured NC DIS events, �aop is lose to zero.The quantity VapVp is de�ned as the ratio of anti-parallel to parallel omponents of themeasured alorimeter transverse momentum with respet to its diretion. It is a measureof the azimuthal balane of the event: events with one or more high-PT partiles that donot deposit energy in the alorimeter normally have low values of VapVp .The quantity Æ was de�ned as: Æ = Xi Ei(1� os �i);where the sum runs over energy deposits as with PCALT . Due to longitudinal momentumonservation, Æ peaks at twie the eletron beam energy for fully ontained events. Valuesof Æ muh larger than 2Ee = 55 GeV are usually aused by the superposition of a NC DISevent with additional energy deposits in the rear alorimeter not related to ep ollisions.4



5 Event seletionThe data samples used in this analysis, the beam on�gurations and integrated luminosi-ties, L, are given in Table 1. From 2003 onwards, the eletron beam was longitudinallypolarised with average polarisation of approximately �30%. The amount of data withleft- and right-handed eletrons was approximately equal.O�ine, PCALT and PmissT were required to be greater than 12 GeV. The value of PCALTalulated exluding the inner ring of alorimeter ells around the forward beam-pipehole also had to be greater than 9 GeV. These uts were more stringent than the orre-sponding online trigger thresholds. Other preseletion uts were the requirement that theZ-oordinate of the traking vertex be reonstruted within 50 m (30 m) of the nominalinteration point for 1994{2000 (2003{2007) data and that there was a trak from thisvertex assoiated with the lepton. Cuts on the alorimeter timing and algorithms basedon the pattern of traks were used to rejet beam-gas, osmi-ray and halo-muon events.After these preseletion riteria were applied, events with isolated eletrons and muonswere seleted separately using the riteria listed in Table 2. These riteria are desribedbelow.In the searh for isolated high-energy eletrons, eletromagneti lusters were seleted asdesribed in Setion 4. The distane of losest approah of the trak assoiated with theeletromagneti luster was required to be less than 10 m. Sine most fake eletrons aremisidenti�ed hadrons lose to jets, the fake signal was further redued by requiring thatthe eletron trak be separated by a distane, Dtrak, of at least 0.5 units in f�; �g spaefrom other \good" traks in the event. A trak was labelled good if it had momentumlarger than 0.2 GeV, was assoiated with the event vertex and lay within 15Æ < � < 164Æ.To maintain eÆieny in the forward region, this trak isolation ut was not used for�e < 45Æ. Requiring that the mathing eletron trak have transverse momentum greaterthan 5 GeV also removed fake eletrons. The isolated eletrons were required to haveP eT > 10 GeV and lie within the region 15Æ < �e < 120Æ. The fake signal rate fromNC DIS was strongly suppressed by requiring 5 < Æ < 50 GeV and further suppressedby requiring that �aop > 20Æ for events that have a well de�ned PXT , i.e. larger than1 GeV (otherwise no aoplanarity angle ut was applied). In addition, for low values ofPCALT (< 25 GeV), where NC DIS events dominate, �2e was required to be greater than5000 GeV2. A P eT -dependent ut on VapVp was applied.In the searh for isolated muons, the muon andidate was required to be isolated by adistane, Djet, of at least one unit in f�; �g spae from any jet with EjetT > 5 GeV and�3 < �jet < 3. The fake signal rate was redued by requiring that Dtrak be at least0.5. Events ontaining suh isolated muon andidates with P �T > 1 GeV were exludedfrom the isolated-eletron searh. Events in whih more than one isolated muon with5



P �T > 1 GeV were found were rejeted. The ut Æ < 70 GeV removed superpositions ofNC DIS events with non-ep energy deposits in the RCAL . The muon was required to liein the phase spae P �T > 10 GeV and 15Æ < �� < 120Æ. Cuts on �aop and VapVp were appliedto redue the fake signal rate from dilepton prodution. The quantity PXT was requiredto be greater than 12 GeV.6 Systemati unertaintiesThe major experimental soures of systemati unertainty on the number of events ex-peted from SM proesses originated from the luminosity measurement, the alorimeterenergy sale and the simulation of proesses in the extremities of phase spae. Uner-tainties on the expetation for the observed rate of W prodution arising from leptonidenti�ation were negligible for the eletron searh and �5% for the muon searh.The unertainties on the luminosity measurements gave an overall unertainty of approx-imately �2:9% (�3:4%) on the expeted SM event rate for e+p (e�p) data.The unertainty on the CAL energy sale was investigated by globally saling energy asmeasured in the eletromagneti setion of the alorimeter (EMC) by �2%. The shifts inthe expetations in the di�erent PXT bins were �(0:5{3:5)% in the eletron searh whilethey were negligible for the muon searh. The hadroni energy-sale unertainty wasvaried by globally saling energy as measured in the hadroni setion of the alorimeterby �3%. The e�et on the SM predition was �(2{5)% in both the eletron and muonsearhes.Alternative event samples were used to verify that the fake signal rates were well sim-ulated by the MC. The ontribution of NC DIS to the eletron searh was studied byseleting a sample of isolated eletrons in the phase spae �e < 120Æ, P eT > 10 GeV andPCALT > 12 GeV. The fration of the sample arising from NC DIS was enhaned by ap-plying in addition the requirement that Æ > 30 GeV and that �aop < 17Æ. A systematiunertainty of �15% on the fake signal rate from NC was determined from the level ofagreement between data and MC for this seletion. The e�et of this unertainty on theSM predition was �(1{4)% for the eletron searh and was negligible in the muon searh.The ontribution from CC DIS to the eletron searh arises mainly from fake isolatedeletron andidates originating from the hadroni system. To assess the ability of theMC to reprodue these events, a sample of NC DIS andidates with additional eletronandidates other than the sattered DIS eletron was seleted. The additional eletronswere required to be isolated aording to the same isolation riteria as used in the isolated-lepton searh. The phase spae of the additional eletron was �e < 120Æ and P eT >10 GeV. From the agreement between data and MC, a systemati unertainty of �25%6



was determined for the fake signal rate from CC. The e�et of this unertainty on the SMpredition was �(2{8)% for the eletron searh and was negligible in the muon searh.Dilepton events produe a signi�ant fake signal rate in the isolated muon searh. Adimuon enrihed sample was seleted in the phase spae PCALT > 12 GeV, P �T > 10 GeVand 5Æ < �� < 120Æ. The dimuon omponent was enhaned by requiring that �aop < 20Æand VapVp < 0:2. An unertainty of �25% on the dilepton fake signal rate was determinedfrom the level of agreement between data and MC. The e�et of this unertainty on theSM predition was �(4{6)% for the muon searh and was negligible in the eletron searh.The theoretial unertainty of �15% on the W prodution ross setion gave the largestunertainty on the total SM predition in both searhes, being approximately �12% inthe muon searh and �(8{12)% for the eletron searh.The total systemati unertainty on the SM predition was obtained by summing all ofthe individual e�ets in quadrature. It was �(11{13)% for the various PXT bins in theeletron searh and was �(14{15%) in the muon searh.
7 Isolated-lepton searh resultsDistributions of �e, P eT , MT , �aop, PXT and PCALT for the isolated eletron sample areompared to the expetation from the MC simulation normalised to the luminosity inFig. 1. The data are well desribed by the SM Monte Carlo preditions. This is alsothe ase when the data are separated into e+p ollision and e�p ollision samples. Theexpetation from the SM and the fration arising from W prodution, in bins of PXT forthe eletron searh are given in Table 3. No signi�ant exess over the SM preditions isobserved.Distributions of ��, P �T , �aop and PXT for the isolated muon sample are ompared to theexpetation from the MC simulation normalised to the luminosity in Fig. 2. The data arewell desribed by the SM Monte Carlo preditions. This is also the ase when the dataare separated into e+p ollision and e�p ollision samples. The expetation from the SMand the fration arising from W prodution, in bins of PXT , are given in Table 4.The muon and eletron searh results are ombined in Table 5. No exess over the SMpreditions is observed. The good agreement between the SM preditions and observeddata makes it possible to extrat the W prodution ross setion.7



8 Extration of W prodution ross setionIn order to enhane the fration of events from W prodution in the eletron searh, anadditional requirement of �e < 90Æ was applied to the sample of Setion 5. For e�p (e+p)ollisions, this ut removed 3 (3) events from data ompared to an SM expetation of2:6 (2:5). This �nal sample and the � sample from Setion 5 were used to measure theross setion for the proess ep ! lWX assuming a branhing fration, BR (W ! l�l),of 10.8 % [25℄ per lepton. The Epve MC reweighted as desribed in Setion 2 was usedin the unfolding proess to alulate aeptanes.In the W ! e�e hannel, the measured phase spae is 15Æ < �e < 90Æ, P eT > 10 GeV andPmissT > 12 GeV. In the W ! ��� hannel, the measured phase spae is 15Æ < �� < 120Æ,P �T > 10 GeV, PmissT > 12 GeV and PXT > 12 GeV. The eÆieny in the measured phasespae in the W ! e�e (W ! ���) hannel is 55% (40%). The total aeptane, Ai, foreah hannel is given by an extrapolation fator from the measured phase spae to thefull ep! lWX phase spae multiplied by the eÆieny for reonstruting an event withinthe measured phase spae. The aeptane for the W ! e�e (W ! ���) hannel was33% (11%). The small ontribution from W ! ��� deays was taken into aount.The ross setion was determined from the likelihood for observing ni events in eah searhhannel, de�ned by: L(�) = Yi 0��i 1Z0 dxGi(x)e(�x)xni(ni!) 1A ;where the produt runs over all samples being ombined and Gi(x) is a Gaussian funtionentred on mi with width Æi; mi = bi(x) + AiBRiL�, where bi is the number of eventsexpeted from the bakground and BRi is the branhing ratio for the hannel. The quan-tity Æi is the statistial unertainty on the bakground predition and �i = (1R0 dxGi(x))�1.The measured value of the ross-setion, �meas, is that whih minimises � lnL(�). Theupper and lower bounds on �meas are the values at whih � lnL(�) = � lnL(�meas) + 0:5.Cross setions for the exlusive W ! e�e and W ! ��� deay hannels were evaluatedby ombining e+p and e�p samples in the same manner.Systemati unertainties on the extrated ross setion were evaluated by onsidering thee�ets disussed in Setion 6. In addition, the extrapolation fator for the muon hannel issensitive to the PXT distribution. In order to take this into aount, the ross setion in thePXT < 12 GeV region was varied by the theoretial unertainty on the total ross setion,�15%, leading to variations in the extrapolation fator of �9%. The variation observedon the ombined ross setion from this hange was �3%. The systemati unertaintiesfrom individual e�ets were added in quadrature. The dominant ontribution to the total8



systemati unertainty ame from the unertainty on the fake signal rate from CC DIS;this ontributed unertainties of about �11% (�5%) to the ross setion for e�p (e+p)ollisions.The ross setions are given in Table 6. The ross setion is given at the luminosity-weighted mean of ps for the data samples used. The mean polarisation of the eletronbeam in the e�p and e+p data sets is less than 3%. The e�et of suh levels of polarisationon the inlusive ross setion, �ep!lWX, is predited by Epve to be less than 1% and wasnegleted. The ross setion is therefore quoted for a mean polarisation of 0. When e+pand e�p data are ombined the ross setion is quoted for the luminosity-weighted meanof the e+p and e�p ross setions. The measured ross setions are onsistent with theSM preditions. The statistial signi�ane of the �ep!lWX measurement was evaluatedby onsidering the probability of measuring an equal or larger ross setion in data fora predition ontaining no W prodution. When the sytemati unertainties were (werenot) taken into aount this probability was 1:1 � 10�6 (1:1 � 10�7), orresponding toa signi�ane of 4:7� (5:2�). The full likelihood urve inluding both systemati andstatistial unertainties is available in Appendix A and from the ZEUS web page [26℄.9 SummaryA searh was made for isolated high-energy eletrons and muons in events with large PmissT ,ompatible with single W prodution with subsequent deay W ! e�e or W ! ��� inep ollisions at a entre-of-mass energy of about 320 GeV. A data sample with a totalintegrated luminosity of 504 pb�1 was used. The rate of prodution of suh events at highhadroni transverse momentum was found to be onsistent with the SM preditions. Theexess in these types of events observed by the H1 ollaboration is not on�rmed. Thetotal ross setion for single W prodution was measured to be�ep!lWX = 0:89+0:25�0:22 (stat:) � 0:10(syst:) pb;onsistent with SM preditions. The measurement represents a four-fold improvement inpreision relative to the previously published ZEUS value. This measurement onstitutesstrong evidene for W prodution in ep ollisions at HERA with a signi�ane of 4:7�.AknowledgementsWe are grateful to the DESY diretorate for their strong support and enouragement. Wethank the HERA mahine group whose outstanding e�orts were essential for the suessful9
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Eletron energy Proton energy ps LPeriod Beams (GeV) (GeV) (GeV) (pb�1)1994{1997 e+p 27:5 820 300 48:21998{1999 e�p 27:5 920 318 16:71999{2000 e+p 27:5 920 318 65:12003{2004 e+p 27:5 920 318 40:82004{2006 e�p 27:5 920 318 190:92006{2007 e+p 27:5 920 318 142:4Table 1: Details of the di�erent data subsamples over the 1994{2007 runningperiod. From 2003 onwards the eletron beam was longitudinally polarised.
Variable Eletron MuonPCALT > 12 GeV > 12 GeVPmissT > 12 GeV > 12 GeVDtrak > 0:5 for �e > 45Æ > 0:5P lT > 10 GeV > 10 GeV�l 15Æ < �e < 120Æ 15Æ < �� < 120ÆÆ 5 < Æ < 50 GeV < 70 GeV�aop > 20Æ > 10Æ�2l > 5000 GeV2 for PT < 25 GeV |VapVp < 0:5 (< 0:15 for P eT < 25 GeV) < 0:5 (< 0:15 for PCALT < 25 GeV)Djet impliit > 1:0# isolated � 0 1PXT | > 12 GeVTable 2: Seletion riteria for the isolated eletron and muon searhes.
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Isolated eCandidates PXT < 12 GeV 12 < PXT < 25 GeV PXT > 25 GeVe�p 208 pb�1 9=11:3� 1:5 (54%) 5=3:4� 0:5 (62%) 3=3:2� 0:5 (69%)e+p 296 pb�1 7=12:6� 1:7 (68%) 5=3:9� 0:6 (72%) 3=4:0� 0:6 (77%)e�p 504 pb�1 16=23:9� 3:1 (61%) 10=7:4� 1:0 (67%) 6=7:3� 1:0 (73%)Table 3: Results of the searh for events with isolated eletrons and missingtransverse momentum. The number of observed events is ompared to the SMpredition (observed/expeted). The fration of the SM expetation arising fromW prodution is given as a perentage in parentheses. The quoted errors ontainstatistial and systemati unertainties added in quadrature.
Isolated �Candidates 12 < PXT < 25 GeV PXT > 25 GeVe�p 208 pb�1 1=1:6� 0:3 (77%) 2=2:3� 0:4 (85%)e+p 296 pb�1 2=2:2� 0:3 (82%) 3=3:4� 0:5 (81%)e�p 504 pb�1 3=3:8� 0:6 (80%) 5=5:7� 0:8 (83%)Table 4: Results of the searh for events with isolated muons and missing trans-verse momentum. Other details as in the aption to Table 3.

Isolated LeptonCandidates PXT < 12 GeV 12 < PXT < 25 GeV PXT > 25 GeVe�p 208 pb�1 9=11:3� 1:5 (54%) 6=5:1� 0:7 (67%) 5=5:5� 0:8 (75%)e+p 296 pb�1 7=12:6� 1:7 (68%) 7=6:2� 0:9 (75%) 6=7:4� 1:0 (79%)e�p 504 pb�1 16=23:9� 3:1 (61%) 13=11:2� 1:5 (71%) 11=12:9� 1:7 (77%)Table 5: Results of the searh for events with isolated eletrons or muons andmissing transverse momentum. Other details as in the aption to Table 3.
13



Proess PXT > (GeV) hpsi (GeV) � (pb) �SM (pb)ep! lWXW ! e�e 0 316 0:090+0:032�0:028 (stat:) +0:013�0:013 (syst:) 0.13ep! lWXW ! ��� 12 316 0:044+0:022�0:018 (stat:) +0:006�0:006 (syst:) 0.05e+p! lWX 0 315 0:82+0:31�0:26 (stat:) +0:08�0:08 (syst:) 1.2e�p! lWX 0 318 1:03+0:45�0:38 (stat:) +0:16�0:16 (syst:) 1.3ep! lWX 0 316 0:89+0:25�0:22 (stat:) +0:10�0:10 (syst:) 1.2Table 6: Extrated W prodution ross setions. The predited SM ross setion,�SM, is given in the last olumn and has an estimated unertainty of �15%.
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Figure 1: Distributions of the isolated eletron events (points) ompared to theSM expetation for the e�p ollision data. The light-shaded histogram representsthe Standard Model MC predition, the dark shaded area being the predition forevents not arising from ep ! lWX. The error bars on the data points orrespondto pN where N is the number of events. The variables shown are desribed indetail in the text.
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Figure 2: Isolated muon data (points) ompared to the SM expetation for the e�pollision data. For P �T > 50 GeV the resolution of traking used beomes signi�antompared to the bin width, suh events have been grouped together in the overowbin in this �gure. Other details as in the aption to Fig. 1.
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A Full likelihood distribution
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Figure 3: Full likelihood distribution, inluding systemati unertainties, for�ep!lWX. The dotted line indiates the entral value of the ross setion, the dashedlines indiate the upper and lower bounds on the ross setion.
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