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AbstratA searh for stop prodution in R-parity-violating supersymmetry has been per-formed in e+p interations with the ZEUS detetor at HERA, using an integratedluminosity of 65 pb�1. At HERA, the R-parity-violating oupling �0 allows res-onant squark prodution, e+d ! ~q. Sine the lowest-mass squark state in mostsupersymmetry models is the light stop, ~t, this searh onentrated on produ-tion of ~t, followed either by a diret R-parity-violating deay, or by the gaugedeay to b~�+1 . No evidene for stop prodution was found and limits were seton �0131 as a funtion of the stop mass in the framework of the Minimal Super-symmetri Standard Model. The results have also been interpreted in terms ofonstraints on the parameters of the minimal Supergravity model.
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1 IntrodutionMany extensions of the Standard Model (SM) require a new fundamental symmetry be-tween bosons and fermions, known as supersymmetry (SUSY) [1℄. This symmetry, hy-pothesizing the existene of supersymmetri partners of the SM partiles, with similarproperties but with spin hanged by one half, ontrols the divergent higher-order looporretions to the Higgs-boson mass. Despite numerous searhes for suh new parti-les, no evidene has been observed, indiating that supersymmetry, if it exists, beomesmanifest at sales beyond the present experimental limit. Sine SUSY involves so manyparameters, di�erent experimental tehniques omplement eah other.One important quantum number in supersymmetry models is R-parity (Rp). Its onser-vation ensures the onservation of both lepton and baryon number. Most of the searhesperformed at olliders drew onlusions under the assumption of Rp onservation. Never-theless, the most general supersymmetri extension of the SM Lagrangian ontains termswhih violate Rp and some of the possible Rp-violating (=Rp) senarios are ompatible withthe present experimental onstraints.One of the most interesting onsequenes of =Rp senarios is the possibility of produingsingle SUSY partiles (spartiles) at olliders. Eletron-proton ollisions at HERA arewell suited to the searh for squarks, the salar supersymmetri partners of quarks, sinesuh states an be produed by an appropriate oupling of the inoming lepton and aquark in the proton.In most of the SUSY senarios, the squarks of the third generation are the lightest; thepresent analysis is aimed of searhing for the stop, ~t, the supersymmetri partner of the topquark. At HERA, the stop an be produed resonantly via e+d! ~t, up to the ep entre-of-mass energy ps ' 320 GeV. The stop deay an lead to distintive topologies witha high-energy positron or neutrino and hadroni jets, whih an be eÆiently separatedfrom the SM bakground.Diret searhes for stop prodution have been already performed at HERA [2℄, LEP [3{5℄and Tevatron [6℄.2 Stop phenomenologyThe R-parity, de�ned as Rp = (�1)3B+L+2S , is a multipliative quantum number whih is1 for partiles and �1 for spartiles (B, L and S denote baryon number, lepton numberand spin, respetively). R-parity onservation would imply that supersymmetri partilesare always pair produed and the lightest supersymmetri partile (LSP) is stable, a goodandidate for old dark matter. 1



If R-parity is violated, it is possible to reate single spartiles that deay to SM parti-les [7℄. The =Rp terms in the SUSY superpotential are given by:W=Rp = �ijkLiLjEk + �0ijkLiQjDk + �00ijkUiDjDk; (1)where the subsripts i,j,k are the generation indies, Li denotes the SU(2) doublet leptonsuper�eld, Ei the SU(2) singlet lepton super�eld, Qi the SU(2) doublet quark super�eldand Di and Ui the SU(2) singlet down- and up-type quark super�elds. The dimensionlessYukawa ouplings �ijk, �0ijk, �00ijk are free parameters of the model.In the ase of stop prodution in ep ollisions, the only terms involved are those param-eterized by the Yukawa oupling �0131. The partners of the left- and right-handed top, ~tLand ~tR, an mix together in two mass eigenstates, ~t1 and ~t2, whih, beause of the largetop mass, are usually strongly non-degenerate. Due to the hiral properties of the SUSYsuperpotential (Eq. 1) only the ~tL state ontributes to the stop prodution ross setion.In the regime of narrow-width approximation (NWA), the prodution ross setion forthe lighter state ~t1 is hene:�(e+p! ~t1) = �4s (os �~t � �0131)2 d(M2~t1=s;M2~t1); (2)where d(x;Q2)� is the parton density of the d quark in the proton and �~t is the mixingangle between ~t1 and ~t2. In this paper only the lighter stop, ~t1, denoted hereafter as~t, has been onsidered sine ontributions from ~t2 are negligible for all the onsideredsenarios. The e�ets of the initial state photon radiation dereases the stop produtionross setion of � 5% (20%) for a stop mass of 150 (280) GeV and have been taken intoaount using the Weisz�aker-Williams approah [8℄. The NLO QCD orretions havebeen also inluded [9℄, they inrease the LO ross setion of � 20� 25%.The ~t deays onsidered in this study are the Rp-violating hannel ~t ! e+d and the Rp-onserving deay ~t! ~�+1 b, where ~�+1 is the lightest harginoy. These two hannels providea suÆiently large total branhing ratio over all of the onsidered SUSY parameter spae.The hannel ~t! ~�01t, where ~�01 is the lightest neutralinoz, ontributes only at the higheststop masses, and even then it is below 10%. Branhing ratios involving a heavier harginoor neutralino are small in most of the onsidered parameter spae.� The variables x, Q2 and y, whih is used later on in the paper, are the three Lorentz-invariant quantitiesharaterizing the DIS proesses. Q2 is the negative of the four-momentum-transfer squared, x thefration of the proton momentum arried by the struk quark and y the inelastiity.y The superpartners of the harged SU(2) gauge bosons and of the harged Higgs bosons mix togetherin two mass eigenstates named harginos.z The superpartners of the neutral SU(2) gauge bosons and of the neutral Higgs bosons mix togetherin four mass eigenstates named neutralinos. 2



The onsidered deays, inluding the asade from the ~�+1 , are illustrated in Fig. 1. Inthe present paper only the hadroni W deays are onsidered, hene �nal states involvingone positron with one jet (e-J), or more than one jets (e-MJ), and one neutrino andmultiple-jets (�-MJ) are studied.The results have been interpreted in the ontext of two di�erent SUSY senarios: theMinimal Supersymmetri Standard Model (MSSM) and the minimal Supergravity model(mSUGRA).In the unonstrained =Rp MSSM [10℄, the branhing ratios for stop deay as well as themasses of the neutralinos, harginos and gluinosx are determined by the following MSSMparameters: the mass term �, whih mixes the Higgs super�elds; the soft SUSY-breakingparameters M1, M2 and M3 for the U(1), SU(2) and SU(3) gauginos, respetively; tan�,the ratio of the vauum expetation values of the two neutral salar Higgs �elds; andthe =Rp Yukawa ouplings. The searh for the stop was performed in the mass range100� 280 GeV. In order to redue the number of free parameters, the assumptions listedbelow were made:� no mixing between ~tL and ~tR (�~t = 0);� only the Yukawa oupling �0131 was assumed to be non-zero;� SUSY senarios in whih the lightest neutralino ~�01 is not the LSP or is lighter than30 GeV, already exluded by LEP result [11℄, were not onsidered;� the GUT relations [12℄ for the gaugino mass terms M1, M2 and M3:M1 = 53tan2�W �M2;M3 = �S�EM sin2�W �M2were assumed. As a onsequene, the gluino is always heavier than ~t, so that the deay~t! t ~g is kinematially forbidden;� all the other sfermions (apart from the lighter stop) were assumed to have large massesthat were �xed at 1 TeV.The total branhing ratio due to the onsidered deay hannels is & 70% for the range ofparameters j�j < 300 GeV and M2 between 100 and 300 GeV that was onsidered in thisanalysis.Figure 2 shows the branhing ratios for four representative points in the �-M2 planeinvolving very di�erent masses for ~�01 and ~�+1 and for �0131 values equal to the limit givenin Setion 6.2. The shaded band indiates the sum of the three onsidered hannels forx Supersymmetri partners of gluons. 3



2 < tan � < 50. The total branhing ratio and the ontribution of the three hannels areshown for the value tan � = 6. When the ~�+1 mass is larger than the stop mass, the =Rpdeay (e-J) is the dominant hannel; in the other ases the �-MJ hannel is generally themost relevant.In the mSUGRA [13℄, the number of free parameters is further redued by assumingtwo universal mass parameters at the GUT sale, m0 and m1=2, for all the sfermionsand for all the gauginos, respetively. Radiative orretions are assumed to drive theeletroweak symmetry breaking (REWSB), leading to onsisteny relations that allow theomplete model to be �xed, based only on m0, m1=2, the sign of �, tan �, and the ommontrilinear oupling A0. In the range of parameters used in this analysis, m1=2 < 180 GeVand m0 < 300 GeV, the total branhing ratio of the onsidered hannels is in the range0:4 � 0:8 for m0 < 200 GeV. For larger values of m0 it dereases rapidly, sine deayhannels involving the heavier hargino, whih are not onsidered in this study, beomeimportant.3 Data sample and experimental set-upThe data used in this analysis were olleted in the years 1999-2000. The total integratedluminosity was 65:1� 1:5 pb�1 of e+p ollisions. The proton and positron energies wereEbeamp = 920 GeV and Ebeame = 27:5 GeV, respetively, leading to a entre-of-mass energyof 318 GeV.A detailed desription of the ZEUS detetor an be found elsewhere [14℄. A brief outlineof the omponents that are most relevant for this analysis is given below.Charged partiles are traked in the entral traking detetor (CTD) [15℄, whih oper-ates in a magneti �eld of 1:43 T provided by a thin superonduting oil. The CTDonsists of 72 ylindrial drift hamber layers, organized in 9 superlayers overing thepolar-angle{ region 15Æ < � < 164Æ. The transverse-momentum resolution for full-lengthtraks is �(pT )=pT = 0:0058pT � 0:0065� 0:0014=pT , with pT in GeV.The high-resolution uranium{sintillator alorimeter (CAL) [16℄ onsists of three parts:the forward (FCAL), the barrel (BCAL) and the rear (RCAL) alorimeters. Eah partis subdivided transversely into towers and longitudinally into one eletromagneti se-tion (EMC) and either one (in RCAL) or two (in BCAL and FCAL) hadroni setions{ 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 oordinate origin is at the nominal interation point.4



(HAC). The smallest subdivision of the alorimeter is alled a ell. The CAL energy res-olutions, as measured under test-beam onditions, are �(E)=E = 0:18=pE for eletronsand �(E)=E = 0:35=pE for hadrons, with E in GeV.The luminosity was measured using the bremsstrahlung proess ep! ep. The resultingsmall-angle energeti photons were measured by the luminosity monitor [17℄, a lead-sintillator alorimeter plaed in the HERA tunnel at Z = �107 m.4 Monte Carlo simulationThe signal proesses were simulated with the Monte Carlo (MC) event generator Susy-gen 3 [18℄. It uses the exat matrix element for the prodution and for the deaysof spartiles, inludes initial- and �nal-state radiative orretions and is interfaed toPythia 6.2 [19℄ for the hadronization of the �nal state. The program Suspet 2.1 [20℄was used to solve the REWSB onsisteny relations that determine the spartile massspetrum at the eletroweak sale in the mSUGRA model.The dominant bakground proess to the e-J and e-MJ hannels is neutral urrent deepinelasti sattering (NC DIS). For the e-J hannel, the bakground is due to 2 ! 2 sattersbetween high-x quarks and the positron. Bakgrounds to the e-MJ hannel our in NCDIS events where multi-jet �nal states result from higher-order QCD e�ets.The primary bakground to the �-MJ hannel omes from harged urrent deep inelastisattering (CC DIS) with multiple jets from QCD radiation. An additional bakgroundsoure involves photoprodution events for whih the measured transverse momentum islarge due to energy mismeasurement.The NC and CC events were simulated using the Herales 4.6.1 [21℄ program with theDjangoh 1.1 [22℄ interfae to the hadronization program and using the CTEQ5D [23℄set of parton distribution funtions (PDFs). In Herales, orretions for initial-stateand �nal-state eletroweak radiation, vertex and propagator orretions, and two-bosonexhange are inluded. The olour-dipole model ofAriadne 4.10 [24℄ was used to simulatethe order �S plus leading-logarithmi orretions to the quark-parton model. The MEPSmodel of Lepto 6.5 [25℄ was used as a systemati hek. Both programs use the Lundstring model of Jetset 7.4 [26℄ for the hadronization.Photoprodution events were simulated using the Herwig 6.100 [27℄ generator, using theCTEQ4L [28℄ proton PDFs. Both diret and resolved photoprodution were onsidered.In the diret ase, all of the photon energy partiipates in the hard sattering, whereas,for the resolved proess, only a fration of the photon energy, assoiated with a partononstituent of the photon, partiipates in the hard subproess. For the simulation of theresolved subproess, the GRV-G [29℄ photon PDFs were used.5



5 Event seletionThe signal events are haraterized by a high-energy lepton in the �nal state. In the aseof a positron in the �nal state (e-J and e-MJ hannels), the trigger seletion was basedon a standard neutral urrent trigger, whih required a sattered positron, as used insearhes for resonane states deaying to eq [30℄ and in ZEUS NC DIS studies [31℄. Forthe neutrino ase (�-MJ hannel), a trigger seletion based on a missing-PT requirementand already employed in the ZEUS CC DIS analysis [32℄ was used.The o�ine signal-searh proedure was performed in two steps [33℄. Initially, a preseletionwas applied to selet NC or CC events. Finally, more restritive seletions, optimized toget the best limits in the ase of no signal, were applied.5.1 Preseletion for e+ �nal statesThe following onditions, some of whih were also used at the trigger level with a lowerthreshold, were designed to selet a sample of high-Q2 NC events:� Z-oordinate of the event vertex ompatible with an ep interation, jZvtxj < 50 m;� a high-energy positron reonstruted from alorimeter and traking information [34℄.A positron energy Ee > 8 GeV was required. This ut was inreased to PT;e > 20 GeV(PT;e is the transverse momentum of the positron measured by the alorimeter) forvery forward positrons (�e < 0:3, where �e is the positron polar angle) whih areoutside the aeptane of the CTD;� 45 < E � PZ < 70 GeV, where E and PZ are the total energy and the Z-omponentof the total momentum of the �nal state. For NC DIS events, where only partiles inthe very forward diretion esape detetion, E � PZ � 2Ebeame = 55 GeV;� Q2DA > 1000 GeV2 and 0:2 < yDA < 0:98, where Q2DA and yDA are the DIS kinemativariables reonstruted using the double angle method [35℄. The above onditionswere imposed in order to restrit the searh to a region where the signal is enhanedwith respet to NC DIS and the reonstrution of the kinemati variables is reliable;� MeX > 100 GeV, where MeX is the invariant mass of the positron and the hadroni sys-tem evaluated using the following relation that exploits the onservation of momentumand E � PZ : M2eX = 2Ebeame Xi (E + PZ)i: (3)The sum runs over the �nal-state positron and all other energy deposits with a polarangle > 0:1, to exlude ontributions from the proton remnant.6



The bias and resolution of the reonstruted mass were evaluated using the signal MC.On average, the mass was slightly overestimated at low masses (3% at 100 GeV), whilethe agreement improved towards high masses (< 1% above 150 GeV). The resolutionvaried between 5% and 1:5% in the mass range 100 � 280 GeV. After the preseletionuts, 2368 events remained, in good agreement with the expetation of the SM MC of2430+90�252 events, where the error is dominated by the systemati unertainties desribedin Setion 6.1. The SM predition is dominated by the NC DIS ontribution.Figure 3 shows the distributions of PT;e, yDA, log10(Q2DA) and PT;antipar=PT;par for data andMC; reasonable agreement is seen for all variables. The quantities PT;par and PT;antipar arethe parallel and antiparallel omponents of the hadroni transverse momentum (~PT;had)de�ned as: PT;par = 1j~PT;hadj � X~PT;i�~PT;had>0 ~PT;i � ~PT;had;PT;antipar = 1j~PT;hadj � X~PT;i�~PT;had<0 ~PT;i � ~PT;had;where the sums are over alorimeter deposits with polar angle � > 0:1, exluding theidenti�ed positron. The ratio PT;antipar=PT;par is used in the �nal seletion to separateone-jet events (PT;antipar=PT;par � 0) from multi-jet events (PT;antipar=PT;par > 0).5.2 Preseletion for � �nal stateEvents with a neutrino in the �nal state have a topology similar to CC DIS. The followingseletion uts were applied in order to selet a sample of high-Q2 CC events and suppressthe non-ep ontribution:� Z-oordinate of the event vertex ompatible with an ep interation, jZvtxj < 50 m;� no reonstruted positron satisfying the same riteria used in e+ �nal-state presele-tion;� high missing transverse momentum, PT;miss > 20 GeV, where PT;miss is the missingtransverse momentum as measured by the CAL;� 0:2 < yJB < 0:95, where yJB is reonstruted using the Jaquet-Blondel method [36℄.The analogue of Eq. 3 for the invariant mass of the �-hadroni system was derived as-suming that the missing PT and E � PZ resulted from a single neutrino:M2�X = 2Ebeame  Xi (E + PZ)i + P 2T;miss2Ebeame � (1� yJB)! :7



The mass resolution varied between 10% and 3% in the mass range 100� 280 GeV. Onaverage, the mass was slightly underestimated at high masses (1:5% at 280 GeV), while theagreement improved towards low masses (< 1% above 120 GeV). After the CC preseletionuts 265 events survived, in good agreement with the expetation of the SM MC of 277+18�21.The SM predition is dominated by CC DIS events, with a small ontribution oming fromphotoprodution proesses.Figure 4 shows the distributions of PT;miss, yJB, log10(Q2JB), where the Q2JB is reon-struted using the Jaquet-Blondel method, and PT;antipar=PT;par for data and MC; rea-sonable agreement is observed for all the variables.5.3 Final seletion for e+ �nal stateThe �nal seletion for the hannels with a �nal-state positron was designed to reduefurther the ontamination from NC DIS by requiring high-Q2 and high-y events. Thefollowing uts were applied:� Q2DA > 3000 GeV2;� yDA > yut, where yut was optimized as a funtion of the reonstruted mass using theSM MC and ranges between 0:7 and 0:4 for masses between 100 and 280 GeV. Thisut exploits the di�erent y-dependene of NC DIS, steeply dereasing as y�2, and ofa salar resonane, whih has a substantial ontribution from large y.Finally, a ut on PT;antipar=PT;par was used to produe two samples enrihed with eitherone-jet or multi-jet events. The e-J (e-MJ) �nal sample was de�ned requiring:� Pt;antipar=Pt;par < (>) 0:05.Signal eÆienies were evaluated by generating samples of signal events using Susygenfor di�erent values of the MSSM or mSUGRA parameters. For the e-J hannel, theeÆienies ranged between 10 and 45% in the mass range 100 � 260 GeV, dereasing to20% at 280 GeV. For the MSSM senario, the eÆienies for the e-MJ hannel were in therange 5�25% for stop masses between 200 and 280 GeV, depending mainly on the massesof stop and �+1 ; the eÆieny dereased towards lower and higher stop masses. For themSUGRA senario, the eÆienies for the e-MJ hannel were in the range 5�15% in mostof the parameter spae. Table 1 shows good agreement between the number of seletedevents and SM expetation. Figures 5a and 5b show reonstruted mass distributionsof data and SM MC for the e-J and e-MJ preseletion and �nal samples. The datadistributions are well desribed by the SM simulation.8



5.4 Final seletion for � �nal stateIn order to enhane stop sensitivity and redue further the ontribution of CC DIS, the�nal seletion required:� yJB > 0:6;� Pt;antipar=Pt;par > 0:1.For the MSSM senario, the eÆienies were in the range 15 � 35% for stop massesbetween 180 and 280 GeV, depending mainly on the masses of the stop and ~�01; theeÆieny dereased towards lower and higher stop masses. For the mSUGRA senario, theeÆienies were in the range 5� 20% in most of the onsidered parameter spae. Table 1shows good agreement between the number of seleted events and the SM expetation.Figure 5 shows reonstruted mass distributions of data and SM MC for the �-MJ pre-seletion and �nal samples. The MC simulation also in this ase desribes the datareasonably well.6 ResultsSine no evidene for stop prodution was found, limits at 95% CL were set using aBayesian approah. The limits were set for two di�erent SUSY senarios: the unon-strained MSSM model and the mSUGRA model (see Setion 2).6.1 Systemati unertaintiesIn the alulation of the upper limit on �0131, several soures of systemati unertaintieswere onsidered. The following systemati unertainties on the SM bakground expeta-tion were evaluated:� the unertainty from the proton PDFs, evaluated using the proedure suggested bythe CTEQ group [37℄, was �4% for �-MJ and �2% for e-MJ and e-J;� the unertainty on the alorimeter energy sale of �1% (�2%) for the eletromagneti(hadroni) setion led to an unertainty on the SM event rate of �5% for �-MJ and+1%�3% for e-MJ and e-J;� the use of MEPS instead of Ariadne to simulate the QCD asade led to an uner-tainty of �3% for �-MJ and �6% for e-MJ and e-J;� the unertainty in the integrated luminosity measurement was �2:25%.In addition, the following unertainties related to the signal simulation were onsidered:9



� the unertainties in the signal eÆieny due to interpolation between di�erent SUSYsenarios was �15%;� the theoretial unertainty on the signal ross setion due to the unertainty in the d-quark parton density [37℄ in the proton varied from �3% to �80% for masses between100 and 280 GeV.6.2 Limits for the MSSM modelAssuming the MSSM model, the upper limits on �0131 were evaluated as a funtion of thestop mass. A san of the mass spetrum in 1 GeV steps was performed using a slidingwindow of �2�M~t for M`X < 250 GeV (` = e or �), where �M~t is the stop mass resolution.For masses larger than 250 GeV, where the SM bakground is smaller and the expetedsignal width larger, the ondition M`X > M~t � 2�M~t was applied.At eah stop mass, the 95% CL limit on �0131 was evaluated using, for eah hannel,the data events, the SM preditions and the signal expetation for the orrespondingmass window. The signal ross setion was alulated in the NWA (Eq. 2), inludinginitial-state radiation for the inoming positron [8℄ and the next-to-leading-order QCD [9℄orretions, using the CTEQ6 [37℄ set of parton densities, while the branhing ratios forthe di�erent hannels and MSSM senarios were taken from the Susygen simulation. Thetotal likelihood was evaluated as the produt of the Poissonian likelihoods of eah hannel.The systemati unertainties desribed in Setion 6.1 were inluded in the likelihoodfuntion assuming Gaussian probability densities. A Bayesian approah assuming a atprior for the signal ross setion was then used to produe the limits.Figure 6 shows the 95% CL limit on �0131 as a funtion of the stop mass for the range�300 < � < 300 GeV, 100 < M2 < 300 GeV and 2 < tan� < 50. The limits for masses upto 250 GeV improve on the low-energy onstraints from atomi parity-violation (APV) [38℄measurements (dashed line) and do not depend strongly on the di�erent SUSY senarios.The H1 ollaboration obtained similar onstraints [2℄ using similar SUSY senarios.6.3 Limits for the mSUGRA modelFor �xed values of �0131, onstraints on the mSUGRA parameters an be set in the plane(m0,m1=2), when tan�, A0 and the sign of � are �xed. The parameter A0 enters onlymarginally at the eletroweak sale and was set to zero. Limits at 95% CL were evaluatedusing a san of the reonstruted mass spetrum and the same Bayesian approah as inthe MSSM ase. 10



Figure 7 shows the 95% CL exluded area in the plane (m0,m1=2) for �0131=0.3, tan � = 6and � < 0 (hathed area). The dark region orresponds to values of parameters where noREWSB solution is possible, while the light region orresponds to neutralino masses lessthan 30 GeV, already exluded by LEP [11℄. The dashed lines indiate urves of onstantstop mass lose to the border of the exluded area. Stop masses an be exluded up to250 GeV for m0 smaller than 240 GeV. The e�ets of the SUSY radiative orretions onthe spartile mass spetrum is inluded in SUSPECT and have been taken into aount.Suh e�ets inrease the stop mass and onsequently worsen the limits espeially at largem0. For example the point m0 = 200 GeV, m1=2 = 110 GeV is at the boundary of theZEUS exlusion region and orresponds to M~t = 256 GeV. The same point, if SUSYradiative orretions are negleted, orresponds to M~t = 243 GeV and would be wellinside the ZEUS exluded region.A san towards large tan � was performed assuming M = m0 = m1=2. Figure 8 showsthe limits on M as a funtion of tan � for �0131=0.3 and � < 0. The limit on M slightlyinreases from 130 to 140 GeV in the range 6 < tan � < 40. For larger values, it dropsbeause the large mixing in the ~� setor results in a light ~�1 state into whih the ~t andeay. The eÆieny for deteting suh deay is low. The e�et of the SUSY radiativeorretions is to slightly derease the overall limit and to shift towards larger tan� thepoint where the stau branhing ratio opens up; negleting radiative orretions the limitdrops at tan� ' 37. The H1 ollaboration obtained omparable onstraints [2℄ using thesame mSUGRA senarios.6.4 Comparison to results from other ollidersStudies on stop in =Rp SUSY senarios have been performed both at LEP [3{5℄ and theTevatron [6℄, looking for the prodution of stop pairs. LEP mass limits for the stop, inthe ase of �0 > 0, were obtained by the OPAL [3℄ and ALEPH [4℄ ollaborations and arein the range 85 � 98 GeV. The CDF ollaboration [6℄ set a stop mass limit at 122 GeVassuming �033k > 0 and a branhing ratio B(~t! b�) = 1.A more interesting omparison between HERA and Tevatron sensitivities an be doneby looking at Tevatron results for leptoquark (LQ) prodution. The D0 ollaborationpublished limits on leptoquark masses as a funtion of the branhing ratio B(LQ !eq) [39℄. Sine leptoquarks and squarks have analogous prodution mehanisms, suhlimits an be onverted into limits on the stop mass as a funtion of �0131 [40, 41℄ anddiretly ompared with the results of this analysis. In the ase of the MSSM senarios,D0 limits are ompetitive with those of HERA only for the largest values of M2 and j�j,where the =Rp deay ~t ! eq dominates due to the large hargino mass. For lower valuesof M2 or j�j, the gauge stop deays are relevant and the ZEUS limits improve over those11



from D0 for masses larger than 150 GeV. Figure 9 shows the omparison between ZEUSand D0 limits for three di�erent regions of the unonstrained MSSM parameter spae. Inthe mSUGRA senarios onsidered here, the gauge stop deays are always relevant andthus the ZEUS limits are more stringent than those from D0.7 ConlusionsA searh for stop prodution in e+p ollisions at HERA was performed using an integratedluminosity of 65 pb�1. No evidene was found for resonanes in the deay hannels withjet(s) and one high-PT positron or neutrino. The results have been interpreted in theframework of the R-parity-violating MSSM, setting limits on the Yukawa oupling �0131as a funtion of the stop mass. These limits exhibit a weak dependene on the MSSMparameters �, M2 and tan� and improve on limits from Tevatron in a large part ofthe onsidered parameter spae, and on limits from low-energy atomi parity-violationmeasurements for stop masses lower than 250 GeV. Diret limits on the stop mass havealso been derived within the mSUGRA model. In this model only �ve free parametersdetermine the full supersymmetri mass spetrum. In this ase, for �0131 = 0:3, tan� = 6,� < 0 and A0 = 0, stop with masses as high as 260 GeV are exluded for a large part ofthe parameter spae.AknowledgementsIt is a pleasure to thank the DESY Diretorate for their strong support and enourage-ment. The remarkable ahievements of the HERA mahine group were essential for thesuessful ompletion of this work and are greatly appreiated. The design, onstrutionand installation of the ZEUS detetor has been made possible by the e�orts of manypeople who are not listed as authors.Referenes[1℄ Y.A. Golfand and E.P. Likhttman, JETP Lett. 13, 323 (1971);D.V. Volkov and V.P. Akulov, JETP Lett. 16, 438 (1972);D.V. Volkov and V.P. Akulov, Phys. Lett. B 46, 109 (1973);J. Wess and B. Zumino, Nul. Phys. B 70, 39 (1974).[2℄ H1 Coll., A. Aktas et al., Eur. Phys. J. C 36, 425 (2004);H1 Coll., A. Aktas et al., Phys. Lett. B 599, 159 (2004).12
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Channel Q2DA (GeV2) yut(M~t) PT;antipar=PT;par Data SM E�. MSSMe-J > 3000 0:4� 0:7 < 0:05 85 74:5+3:5�6:0 0.3e-MJ > 3000 0:4� 0:7 > 0:05 63 58:8+3:0�5:0 0.15-0.2�-MJ � 0:6 > 0:1 19 20:9+1:5�1:6 0.15-0.35Table 1: Summary of �nal seletion uts, number of observed and expeted eventsfor the SM and signal eÆienies for MSSM (M~t = 220 GeV) for the di�erenthannels disussed in the text.
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Figure 1: Considered deay modes of the stop squark: the e-J hannel (a), thee-MJ hannel (b) and the �-MJ hannel ().
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Figure 6: Exlusion limits on �0131 as a funtion of the stop mass for the MSSMmodel. The light (dark) region is exluded in all (part of) the onsidered SUSYparameter spae. The region above the dashed line is exluded by low-energy atomiparity-violation (APV) measurements.
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