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ISOLATED LEPTONS, W AND SINGLE TOPAT HERA�Nik MaldenyShuster Laboratory, Manhester UniversityBrunswik Street, Manhester M13 9PL, UK(Reeived August 2, 2002)Standard ModelW prodution in ep ollisions is haraterised by a highpT isolated lepton and missing overall pT in the leptoni deay hannel andthree high pT jets in the hadroni deay hannel. These topologies are alsothe �nal state of single top prodution via a FCNC �tu vertex. Results ofsearhes for these topologies are presented and onsequent upper limits onthe �tu oupling are derived.PACS numbers: 13.60.Hb, 14.65.Ha, 14.70.Fm1. IntrodutionEah of the HERA ep ollision experiments have now olleted over100 pb�1 of data, at entre of mass energies in exess of 300 GeV. Thisgives aess to the prodution of rare heavy partiles, suh as the W boson(within known Standard Model (SM) proesses) or the top quark t (via aFlavour Changing Neutral Current (FCNC) vertex), as illustrated in �g-ure 1. Both proesses have the same �nal state topology � an isolated highpT lepton with missing overall pT for the leptoni deay hannel of the W ,and three high pT jets for the hadroni deay hannel of the W . In thease of t prodution, the jet originating from the beauty quark b will havepartiularly large pT.

� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.y Send any remarks to malden�mail.desy.de(3911)
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Jet(a) (b)Fig. 1. (a) SM W prodution and (b) single top via FCNC ktu vertex.2. Isolated leptons from SM W produtionW prodution with subsequent leptoni deay is the only known SMproess whih an produe a �nal state topology ontain an isolated highpT lepton, overall missing pT and a hadroni jet. However, other StandardModel proesses may produe a similar signal in the detetor through mea-surement �utuations. Given that at leading order (LO) the Standard Modelpredits a W prodution ross setion in ep ollisions of only � 1 pb, arefulseletion riteria must be employed to isolate this proess. The predominantbakgrounds are Neutral Current proesses where missing pT arises from ameasurement �utuation, Charged Current proesses where a partile in theurrent jet is mis-identi�ed as an isolated lepton, or inelasti lepton pair pro-dution where one lepton is not identi�ed and a measurement �utuationprodues signi�ant missing pT.The seletion riteria used by eah experiment are detailed more fullyin [1, 2℄ and [3℄. However, both experiments base their seletion on uts onthe measured alorimetri pT, the polar angle and pT of the isolated lepton,the aoplanarity1 of the event, and the distane of the isolated trak fromthe nearest other trak or jet. 3. ResultsZEUS observe event rates in good agreement with the SM expetation.H1 observe more events than expeted, intriguingly at high pXT (see �gure 2).H1 observe no events in the low luminosity (13.6 pb�1) e�p data samplein agreement with 1.46 � 0.30 (e) and 0.32 � 0.09 (�) expeted.1 The angle by whih the isolated lepton-jet system di�ers from a bak-to-bak on�g-uration.



Isolated Leptons, W and Single Top at HERA 3913ZEUS preliminary Eletrons Muons1994-2000 Obs'd / expeted (W ) Obs'd / expeted (W )e+p 114 pb�1 7 / 9.9 � 1.6 (2.4) 7 / 4.6 � 0.6 (1.1)e�p 16 pb�1 3 / 1.1 � 0.4 (0.3) 0 / 0.8 � 0.1 (0.2)Total 130 pb�1 10 / 11.0 � 1.6 (2.7) 7 / 5.4 � 0.7 (1.3)ZEUS preliminary Eletrons Muons1994-2000 e�p Obs'd / expeted (W ) Obs'd / expeted (W )pXT > 25 GeV 1 / 1.14 � 0.06 (1.10) 1 / 1.29 � 0.16 (0.95)pXT > 40 GeV 0 / 0.46 � 0.03 (0.46) 0 / 0.50 � 0.08 (0.41)Eletron and H1 Prel. SM W Other SMMuon events e+p Data expetation proessespXT > 0 GeV 18 10.48 � 2.53 8.19 � 2.46 2.29 � 0.59pXT > 12 GeV 13 5.14 � 1.31 4.22 � 1.27 0.92 � 0.33pXT > 25 GeV 10 2.82 � 0.73 2.34 � 0.70 0.48 � 0.18pXT > 40 GeV 6 0.99 � 0.28 0.93 � 0.28 0.06 � 0.04
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Fig. 2. The H1 events as a funtion of transverse mass and pXT .4. Standard Model W prodution at NLOAt leading order (LO) in QCD, SM W prodution is dominated by dia-grams suh as that shown in �gure 1(a). However at Next-to-Leading Order(NLO), virtual (loop) and real (radiative) orretions must be onsidered.Muh of this work is now omplete [4℄. The alulation splits the phasespae into a photo-prodution and DIS part. Only the QCD orretions to



3914 N. Maldenthe (smaller) DIS part remain unknown. The NLO orretions to the LOross setion are of the order of 30% at low pT and of the order of 10% athigh pT. Signi�antly, the NLO orretions are shown to greatly redue thefatorisation sale dependeny. This is illustrated in �gure 3. These resultsare yet to be inluded in the results of Setion 3, yet lend on�dene to theSM predition, and they do not signi�antly a�et the data/SM omparison.

Fig. 3. The fatorisation sale dependene of LO and NLO alulations [4℄.5. Single top produtionBoth H1 and ZEUS have searhed for evidene for single top produtionin both the hadroni and leptoni deay hannels. The leptoni deay ofa singly produed top quark has the same �nal state as W prodution.Furthermore, the deay of the heavy b quark will result in a hadroni jetwith high transverse momentum (high pXT ). Seeing no andidate eventswith this topology (see Setion 3), ZEUS orrespondingly set an upper limit(at 95% C.L.) for the oupling at the FCNC vertex of ktu < 0.257 (leptonideays only). H1 re�ne their sample requiring pJetT > 25 GeV, M l�T > 10GeV and only positively harged leptons. This selets 3 (2) events in theeletron (muon) hannel ompared with a SM expetation of 0.75 � 0.18(0.77 � 0.21). This orresponds to ktu < 0.32.In the hadroni deay hannel of a single top quark, 3 high energy jetsare expeted. ZEUS (H1) require the jets to have 40, 25 and 14 (20) GeVrespetively. The reonstruted mass of two of the jets is required to be



Isolated Leptons, W and Single Top at HERA 3915ompatible with the W mass, and that of all three jets to be ompatiblewith the top mass. H1 also ut on the angle between the W deay jets.In this way H1 (ZEUS) selet 14 (19) events ompared to an expetationof 19.6 � 7.8 (20.0) expeted. Finally, these rates ombined with those in theleptoni deay hannel, give upper limits (95% C.L.) on ktu of 0.22 for H1and 0.19 for ZEUS. These results are shown in �gure 4, where the vertialsale represents the FCNC oupling at a tuZ vertex to whih the HERAexperiments have no sensitivity. The limit for H1 from leptoni deays aloneis also illustrated, indiating the e�et of the observed isolated lepton eventsby H1.

Fig. 4. Exlusion limits for FCNC ouplings from H1, ZEUS, CDF and LEP.6. ConlusionThe HERA ep ollision experiments have both ompared the preditionsof the SM for real W prodution with their observations. Whilst thesepreditions agree well with ZEUS's observations, H1 observe notably moreevents in the leptoni deay hannel, partiularly at higher pXT . Reentextensions of the SM predition to NLO are well ontrolled and on�rm thisdisrepany. Identi�ation of suh events as single top prodution allowsupper limits to be set on the FCNC oupling ktu .
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