DESY 94-248 ISSN 0418-9833
December 1994

Observation of an e^+p ! μ^+X Event with High Transverse Momenta at HERA

H1 Collaboration

Abstract

At the HERA electron-proton collider an event has been observed in the H1 detector which shows an isolated muon recoiling against a hadronic system, both of high transverse momentum. The event was registered in a total integrated luminosity of 4 pb�^1.

T. Ahmed^3, S. Aid^{13}, V. Andreev^{24}, B. Andrieu^{28}, R.-D. Appuhn^{11}, M. Arpagaus^{36}, A. Babaev^{26}, J. Baehr^{35}, J. Bán^{17}, P. Baranov^{24}, E. Barrelet^{29}, W. Bartel^{11}, M. Barth^4, U. Bassler^{29}, H.P. Beck^{37}, H.-J. Behrend^{11}, A. Belousov^{24}, Ch. Berger^1, H. Bergstein^1, G. Bernardi^{29}, R. Bernet^{36}, G. Bertrand-Coremans^4, M. Besançon^9, R. Beyer^{11}, P. Biddulph^{22} , J.C. Bizot^{27}, V. Blobel^{13}, K. Borras^8, F. Botterweck^4, V. Boudry^{28}, A. Braemer^{14}, F. Brasse^{11}, W. Braunschweig^1, V. Brisson^{27}, D. Bruncko^{17}, C. Brune^{15}, R.Buchholz^{11}, L. Büngener^{13}, J. Bürger^{11}, F.W. Büsser^{13}, A. Buniatian^{11,39}, S. Burke^{18}, G. Buschhorn^{26}, A.J. Campbell^{11}, T. Carli^{26}, F. Charles^{11}, D. Clarke^5, A.B. Clegg^{18}, B. Clerbaux^4, M. Colombo^8, J.G. Contreras^8, C. Cormack^{19}, J.A. Coughlan^5, A. Courau^{27}, Ch. Coutures^9, G. Cozzika^9, L. Criegee^{11}, D.G. Cussans^5, J. Cvach^{30}, S. Dagoret^{29}, J.B. Dainton^{19}, W.D. Dau^{16}, K. Daum^{34}, M. David^9, E. Deffur^{11}, B. Delcourt^{27}, L. Del Buono^{29}, A. De Roeck^{11}, E.A. De Wolf^4, P. Di Nezza^{32}, C. Dollfus^{37}, J.D. Dowell^3, H.B. Dreis^2, A. Droutskoi^{23}, J. Duboc^{29}, D. Düllmann^{13}, O. Dünger^{13}, H. Duhm^{12}, J. Ebert^{34}, T.R. Ebert^{19}, G. Eckerlin^{11}, V. Efremenko^{23}, S. Egli^{37}, H. Ehrlichmann^{35}, S. Eichenberger^{37}, R. Eichler^{36}, F. Eisele^{14}, E. Eisenhandler^{20}, R.J. Ellison^{22}, E. Elsen^{11}, M. Erdmann^{14}, W. Erdmann^{36}, E. Evrard^4, L. Favart^4, A. Fedotov^{23}, D. Feeken^{13}, R. Felst^{11}, J. Feltesse^9, J. Ferencei^{15}, F. Ferrarotto^{32}, K. Flamm^{11}, M. Fleischer^{11}, M. Flieser^{26}, G. Flügge^2, A. Fomenko^{24}, M. Forbush^7, J. Formánek^{31}, J.M. Foster^{22}, G. Franke^{11}, E. Fretwurst^{12}, E. Gabathuler^{19}, K. Gabathuler^{33}, K. Gamerdinger^{26}, J. Garvey^3, J. Gayler^{11}, M. Gebauer^8, A. Gellrich^{11}, H. Genzel^1, R. Gerhards^{11}, U. Goerlach^{11}, L. Goerlich^6, N. Gogitidze^{24}, M. Goldberg^{29}, D. Goldner^8, B. Gonzalez-Pineiro^{29}, I. Gorelov^{23}, P. Goritchev^{23}, C. Grab^{36}, H. Grässler^2, R. Grässler^2, T. Greenshaw^{19}, G. Grindhammer^{26}, A. Gruber^{26}, C. Gruber^{16}, J. Haack^{35}, D. Haidt^{11}, L. Hajduk^6, O. Hamon^{29}, M. Hampel^1, E.M. Hanlon^{18}, M. Hapke^{11}, W.J. Haynes^5, J. Heatherington^{20}, G. Heinzelmann^{13}, R.C.W. Henderson^{18}, H. Henschel^{35}, R. Herma^1, I. Herynek^{30}, M.F. Hess^{26}, W. Hildesheim^{11}, P. Hill^5 , K.H. Hiller^{35} , C.D. Hilton^{22}, J. Hladký^{30}, K.C. Hoeger^{22}, M. Höppner^8, R. Horisberger^{33}, V.L. Hudgson^3, Ph. Huet^4, M. Hütte^8, H. Hufnagel^{14}, M. Ibbotson^{22}, H. Itterbeck^1, M.-A. Jabiol^9, A. Jacholkowska^{27}, C. Jacobsson^{21}, M. Jaffre^{27}, J. Janoth^{15}, T. Jansen^{11}, L. Jönsson^{21}, K. Johannsen^{13}, D.P. Johnson^4, L. Johnson^{18}, H. Jung^{29}, P.I.P. Kalmus^{20}, D. Kant^{20}, R. Kaschowitz^2, P. Kasselmann^{12}, U. Kathage^{16}, J. Katzy^{14}, H.H. Kaufmann^{35}, S. Kazarian^{11}, I.R. Kenyon^3, S. Kermiche^{25}, C. Keuker^1, C. Kiesling^{26}, M. Klein^{35} , C. Kleinwort^{13}, G. Knies^{11}, W. Ko^7, T. Köhler^1, J. Köhne^{26}, H. Kolanoski^8, F. Kole^7, S.D. Kolya^{22}, V. Korbel^{11}, M. Korn^8, P. Kostka^{35}, S.K. Kotelnikov^{24}, T. Krämerkämper^8, M.W. Krasny^{6,29}, H. Krehbiel^{11}, D. Krücker^2, U. Krüger^{11}, U. Krüner-Marquis^{11}, J.P. Kubenka^{26}, H. Küster^2, M. Kuhlen^{26}, T. Kurča^{17}, J. Kurzhöfer^8, B. Kuznik^{34}, D. Lacour^{29}, F. Lamarche^{28}, R. Lander^7, M.P.J. Landon^{20}, W. Lange^{35}, P. Lanius^{26}, J.-F. Laporte^9, A. Lebedev^{24}, C. Leverenz^{11}, S. Levonian^{24}, Ch. Ley^2, A. Lindner^8 , G. Lindström^{12}, F. Linsel^{11}, J. Lipinski^{13} , B. List^{11}, P. Loch^{27}, H. Lohmander^{21}, G.C. Lopez^{20}, V. Lubimov^{23}, D. Lüke^{8,11}, N. Magnussen^{34}, E. Malinovski^{24}, S. Mani^7, R. Maraček^{17}, P. Marage^4, J. Marks^{25}, R. Marshall^{22}, J. Martens^{34}, R. Martin^{11}, H.-U. Martyn^1, J. Martyniak^6, S. Masson^2, T. Mavroidis^{20}, S.J. Maxfield^{19}, S.J. McMahon^{19}, A. Mehta^{22}, K. Meier^{15}, D. Mercer^{22}, T. Merz^{11}, C.A. Meyer^{37}, H. Meyer^{34}, J. Meyer^{11}, S. Mikocki^6, D. Milstead^{19}, F. Moreau^{28}, J.V. Morris^5, E. Mroczko^6, G. Müller^{11}, K. Müller^{37}, P. Murín^{17}, V. Nagovizin^{23}, R. Nahnhauer^{35}, B. Naroska^{13}, Th. Naumann^{35}, P.R. Newman^3, D. Newton^{18}, D. Neyret^{29}, H.K. Nguyen^{29}, T.C. Nicholls^3 , F. Niebergall^{13}, C. Niebuhr^{11}, R. Nisius^1, G. Nowak^6, G.W. Noyes^5, M. Nyberg-Werther^{21}, M. Oakden^{19}, H. Oberlack^{26}, U. Obrock^8, J.E. Olsson^{11}, D. Ozerov^{23}, E. Panaro^{12}, A. Panitch^4, C. Pascaud^{27}, G.D. Patel^{19}, E. Peppel^{35}, E. Perez^9, J.P. Phillips^{22} , Ch. Pichler^{12}, D. Pitzl^{36}, G. Pope^7, S. Prell^{11}, R. Prosi^{11}, G. Rädel^{11}, F. Raupach^1, P. Reimer^{30}, S. Reinshagen^{11}, P. Ribarics^{26}, H.Rick^8, V. Riech^{12}, J. Riedlberger^{36} , S. Riess^{13}, M. Rietz^2, E. Rizvi^{20} , S.M. Robertson^3, P. Robmann^{37}, H.E. Roloff^{35}, R. Roosen^4, K. Rosenbauer^1 A. Rostovtsev^{23}, F. Rouse^7, C. Royon^9, K. Rüter^{26}, S. Rusakov^{24}, K. Rybicki^6 , R. Rylko^{20}, N. Sahlmann^2, E. Sanchez^{26}, D.P.C. Sankey^5, P. Schacht^{26}, S. Schiek^{11}, P. Schleper^{14}, W. von Schlippe^{20} , C. Schmidt^{11}, D. Schmidt^{34}, G. Schmidt^{13}, A. Schöning^{11}, V. Schröder^{11}, E. Schuhmann^{26},

B. Schwab^{14}, A. Schwind^{35}, U. Seehausen^{13}, F. Sefkow^{11}, M. Seidel^{12}, R. Sell^{11}, A. Semenov^{23}, V. Shekelyan^{11}, I. Sheviakov^{24}, H. Shooshtari^{26}, L.N. Shtarkov^{24}, G. Siegmon^{16}, U. Siewert^{16}, Y. Sirois^{28}, I.O. Skillicorn^{10} , P. Smirnov^{24}, J.R. Smith^7, V. Solochenko^{23}, Y. Soloviev^{24}, J. Spiekermann^8, H. Spitzer^{13}, R. Starosta^1, M. Steenbock^{13}, P. Steffen^{11}, R. Steinberg^2, B. Stella^{32}, K. Stephens^{22}, J. Stier^{11}, J. Stiewe^{15}, U. Stösslein^{35}, K. Stolze^{35}, J. Strachota^{30}, U. Straumann^{37}, W. Struczinski^2, J.P. Sutton^3, S. Tapprogge^{15}, R.E. Taylor^{38,27}, V. Tchernyshov^{23}, C. Thiebaux^{28}, G. Thompson^{20}, P. Truöl^{37}, J. Turnau^6, J. Tutas^{14}, P. Uelkes^2, A. Usik^{24}, S. Valkár^{31}, A. Valkárová^{31}, C. Vallée^{25}, P. Van Esch^4, P. Van Mechelen^4, A. Vartapetian^{11,39}, Y. Vazdik^{24}, P. Verrecchia^9, G. Villet^9, K. Wacker^8, A. Wagener^2, M. Wagener^{33}, I.W. Walker^{18}, A. Walther^8, G. Weber^{13}, M. Weber^{11}, D. Wegener^8, A. Wegner^{11}, H.P. Wellisch^{26}, L.R. West^3, S. Willard^7, M. Winde^{35}, G.-G. Winter^{11}, A.E. Wright^{22}, E. Wünsch^{11}, N. Wulff^{11}, T.P. Yiou^{29}, J. Žáček^{31}, D. Zarbock^{12}, Z. Zhang^{27}, A. Zhokin^{23}, M. Zimmer^{11}, W. Zimmermann^{11}, F. Zomer^{27} and K. Zuber^{15}

1 I. Physikalisches Institut der RWTH, Aachen, Germany^a 2 III. Physikalisches Institut der RWTH, Aachen, Germany^a 3 School of Physics and Space Research, University of Birmingham, Birmingham, UK^b 4 Inter-University Institute for High Energies ULB-VUB, Brussels; Universitaire Instelling Antwerpen, Wilrijk, Belgium^c 5 Rutherford Appleton Laboratory, Chilton, Didcot, UK^b 6 Institute for Nuclear Physics, Cracow, Poland^d 7 Physics Department and IIRPA, University of California, Davis, California, USA^e 8 Institut für Physik, Universität Dortmund, Dortmund, Germany^a 9 CEA, DSM/DAPNIA, CE-Saclay, Gif-sur-Yvette, France 10 Department of Physics and Astronomy, University of Glasgow, Glasgow, UK^b 11 DESY, Hamburg, Germany^a 12 I. Institut für Experimentalphysik, Universität Hamburg, Hamburg, Germany^a 13 II. Institut für Experimentalphysik, Universität Hamburg, Hamburg, Germany^a 14 Physikalisches Institut, Universität Heidelberg, Heidelberg, Germany^a 15 Institut für Hochenergiephysik, Universität Heidelberg, Heidelberg, Germany^a 16 Institut für Reine und Angewandte Kernphysik, Universität Kiel, Kiel, Germany^a 17 Institute of Experimental Physics, Slovak Academy of Sciences, Košice, Slovak Republic^f 18 School of Physics and Materials, University of Lancaster, Lancaster, UK^b 19 Department of Physics, University of Liverpool, Liverpool, UK^b 20 Queen Mary and Westfield College, London, UK^b 21 Physics Department, University of Lund, Lund, Sweden^g 22 Physics Department, University of Manchester, Manchester, UK^b 23 Institute for Theoretical and Experimental Physics, Moscow, Russia 24 Lebedev Physical Institute, Moscow, Russia^f 25 CPPM, Université d’Aix-Marseille II, IN2P3-CNRS, Marseille, France 26 Max-Planck-Institut für Physik, München, Germany^a 27 LAL, Université de Paris-Sud, IN2P3-CNRS, Orsay, France 28 LPNHE, Ecole Polytechnique, IN2P3-CNRS, Palaiseau, France 29 LPNHE, Universités Paris VI and VII, IN2P3-CNRS, Paris, France 30 Institute of Physics, Czech Academy of Sciences, Praha, Czech Republic^{f,h} 31 Nuclear Center, Charles University, Praha, Czech Republic^{f,h} 32 INFN Roma and Dipartimento di Fisica, Universita ”La Sapienza”, Roma, Italy 33 Paul Scherrer Institut, Villigen, Switzerland 34 Fachbereich Physik, Bergische Universität Gesamthochschule Wuppertal, Wuppertal, Germany^a 35 DESY, Institut für Hochenergiephysik, Zeuthen, Germany^a

36 Institut für Teilchenphysik, ETH, Zürich, Switzerland^i 37 Physik-Institut der Universität Zürich, Zürich, Switzerland^i 38 Stanford Linear Accelerator Center, Stanford California, USA 39 Visitor from Yerevan Phys.Inst., Armenia

a Supported by the Bundesministerium für Forschung und Technologie, FRG under contract numbers 6AC17P, 6AC47P, 6DO57I, 6HH17P, 6HH27I, 6HD17I, 6HD27I, 6KI17P, 6MP17I, and 6WT87P b Supported by the UK Particle Physics and Astronomy Research Council, and formerly by the UK Science and Engineering Research Council c Supported by FNRS-NFWO, IISN-IIKW d Supported by the Polish State Committee for Scientific Research, grant No. 204209101 e Supported in part by USDOE grant DE F603 91ER40674 f Supported by the Deutsche Forschungsgemeinschaft g Supported by the Swedish Natural Science Research Council h Supported by GA ČR, grant no. 202/93/2423 and by GA AV ČR, grant no. 19095 i Supported by the Swiss National Science Foundation

1 Introduction

An event of unusual topology and signature has been observed in the H1 detector [1] at the HERA electron-proton storage ring. The event was recorded when HERA was colliding positrons with protons. The total data sample analysed corresponds to an accumulated luminosity of 3.2 pb�^1 in positron (27.5 GeV) - proton (820 GeV) collisions and of 0.8 pb�^1 in electron-proton collisions. Figs. 1a) and 1b) show the event as seen in views perpendicular (R − ϕ) to and along (R − z) the direction of the beams. It exhibits an isolated penetrating track recoiling against a hadronic system. There is no scattered positron visible in the event.

c) ϕ η a) b)

Instrumented Iron

Calorimeter e^+ → ←p

Figure 1: Event display : a) R − z view b) R − ϕ view and c) transverse calorimetric energy

2 Data Selection

The event was found in a selection using criteria similar to those applied in the determination of the charged current cross section at HERA [2]. The main condition is the requirement that the event shows an imbalance of P^{calo}_t ≥ 25 GeV in the transverse (with respect to the beam directions) momentum measured by the calorimeters. 4

Apart from the event under consideration none of the other events fulfilling the selection criteria contain an isolated penetrating track.

3 Event Properties

The isolated track

The isolated track is measured in the central track detector, the barrel liquid argon (LAr) calorimeter and in the muon chambers of the instrumented iron return yoke. Details on the detector components are given in ref. [1].

The track parameters as determined by the central jet chamber (CJC) are given in Table 1. The track has a positive charge and a transverse momentum of 23.4 ± 2.4^{+7}�_5 GeV, where the first error quoted is of statistical nature and the second errors are conservative estimates of boundaries allowed by systematic effects. The relatively large systematic uncertainty arises because a contiguous group of CJC hits associated with the track is affected by cross talk in the readout electronics. The track as reconstructed in the CJC was extrapolated through the calorimeter and the coil up to the instrumented iron system. Taking into account the magnetic field traversed and the expected multiple scattering and energy loss in the material along the path, the track could be successfully linked to a track reconstructed in the muon chambers. This confirms the momentum and charge measurement in the CJC and provides first evidence that the track is a muon.

The specific ionization dE/dx is measured in the CJC as 1.14 times that of a minimum ionizing particle. This is, given the dE/dx resolution of 10%, consistent with the interpretation that a single minimum ionizing track penetrates the chamber. The energy deposition in the liquid argon calorimeter (7.5 absorption lengths (λ_{abs})) is compatible with that expected from a minimum ionizing particle, although an extra energy deposition of up to 1 GeV cannot be excluded. The signal in the instrumented iron (6.3 λ_{abs}) is as expected for a single penetrating particle.

In conclusion, the signals seen in the central track detector, the calorimeter and the instrumented iron system strongly support the interpretation that the isolated track is a muon. A primary muon signature can however be simulated by a pion. In order to produce the signature of a muon in the LAr calorimeter and in the instrumented iron system, the pion has either to decay undetected in the CJC before reaching the calorimeter or pass through the calorimeter and the iron system without obvious showering. The probability for a decay before reaching the calorimeter is 5 · 10�^4. This figure assumes a pion of 60 GeV momentum, which balances the transverse momentum of the hadronic system. The probability that a pion traverses the 14 λ_{abs} and leaves signals compatible with those of a muon (energy deposition, track extrapolation match, hit multiplicity) is smaller than 10�^4 [3]. The probability to observe an isolated high momentum particle is discussed below.

The hadronic final state

The event shows a large energy deposition in the forward calorimeter (+z denotes the incident proton beam direction) which can be associated with 14 charged tracks reconstructed in the tracking system. The spatial distribution of the energy is in accord with the expectation for a shower of hadronic origin. The transverse energy is distributed mainly between two clusters as seen in Fig. 1c) where the transverse energy measured in the calorimeter is shown as a function of azimuthal angle ϕ and pseudo-rapidity η = − ln(tan(θ/2)), θ being the polar angle with respect to the incident proton direction. Applying a jet algorithm the two clusters would be combined into a single cone with radius less than 1 (in the η −ϕ plane). An energy deposition of 22 GeV is visible at very small angles (’protonremnant region’, η > 3) contributing only 0.4 GeV to the total transverse momentum of the hadronic final state. No energy was detected in the small angle calorimeters (the forward plug calorimeter, the backward electron tagger and the backward photon tagger [1]). The kinematic parameters of the hadronic system are given in Table 1.

The kinematic event balance

The momentum balance has been calculated from the muon momentum and the total hadronic energy deposition.

The total missing transverse momentum amounts to P^{miss}_t = | ⃗P^μ_t + ⃗P^{had}_t | = 18.7 ± 4.8^{+5}�_7 GeV. This suggests that particles carrying transverse momentum have escaped detection. There is also a deficit seen in the value of δ = P E(1 − cos θ), where E and θ denote the energy and angle of any detected particle. For an event where only longitudinal momentum along the proton direction (’proton-remnant region’) is undetected one would expect δ = 2E_e, with E_e being the energy of the incident positron. The event shows a value of δ = 19.2 ± 1.6^{+3.0}�_{2.1} GeV.

The detector resolutions in P^{miss}_t and δ have been determined from a sample of candidates fulfilling a neutral current preselection where the transverse momentum of the scattered positron exceeds 25 GeV. In this case the positron and the recoiling hadronic shower are measured in the detector. These events are intrinsically balanced in P^{miss}_t and δ assumes a value of 2E_e for non-radiative events. In Fig. 2 a) the P^{miss}_t spectrum is shown while Fig. 2 b) gives the δ spectrum for these candidates.

a)

P^{miss}_t [ GeV] b)

δ [ GeV] events

events

Figure 2: Candidates from a neutral current preselection a) missing transverse momentum b) δ =

P_{E(1 − cos θ)}

In general, small values of δ suggest a particle leaving undetected in the direction of the incident positron beam without affecting the P_t balance. This particle could be a photon radiated from the incident positron (initial state radiation) generating the tail towards smaller values of δ as seen for the neutral current events in Fig 2 b). It could on the other hand also be the primary positron in the case of the event having a low Q^2 photoproduction origin. It has been verified that events in Fig. 2 with δ < 40 GeV can be attributed to photoproduction background or to neutral current events with large initial state radiation.

In the transverse plane the muon and the direction of the hadronic system, as derived from the calorimeter measurement, are back-to-back; the difference in azimuthal angle is Δϕ = 183 ± 1ffi, where the error does not account for particles lost in the beam pipe. The imbalance in the transverse momenta shows an apparent significance of more than two standard deviations, which is, however, dominated by systematic effects.

The isolated track :

Charge Positive Transverse momentum 23.4 ± 2.4^{+7}�_5 GeV Polar angle 46.2 ± 1.3ffi Azimuthal angle 57.4 ± 0.1ffi

The total hadronic system :

Transverse momentum 42.1 ± 4.2 GeV Average azimuthal angle 240 ± 1ffi

Hadronic cluster 1:

Transverse momentum 25.3 ± 3.0 GeV Polar angle 22.3 ± 0.5ffi Azimuthal angle 227 ± 1ffi

Hadronic cluster 2 :

Transverse momentum 15.2 ± 1.9 GeV Polar angle 16.5 ± 0.5ffi Azimuthal angle 270 ± 1ffi

Global event properties :

Missing transverse momentum 18.7 ± 4.8^{+5}�_7 GeV

δ = P_{E(1 − cos θ) 19.2 ± 1.6+3.0�2.1 GeV}

Δϕ muon-hadronic system 183 ± 1ffi

Table 1: Event kinematics

4 Interpretation of the Event

In the following we discuss some hypotheses concerning the origin of the event:

• Production of two high P_t jets, where one jet consists of only a single particle (pion) which fakes the signature of a primary muon. This category includes heavy quark pair (charm or bottom) production with the subsequent semileptonic decay of one of the quarks.

• Production of a W -boson which decays leptonically.

• A flavour changing neutral current process e^+ + p → μ^+ + X. This process is topologically identical to the production of a leptoquark decaying into a muon and a quark.

• A background event produced by a halo muon accompanying the proton beam.

Production of high P_t jets

To evaluate the probability that the event is a high P^{jet}_t event, where one jet appears as a single muon, we use data measured by H1.

We consider the following aspects :

• Cross section for e + p → jet + X for P^{jet}_t ≥ 40 GeV

The cross section for jet production in tagged photoproduction processes has been measured by H1 [4]. The data taken in 1994 extend the measured region to P^{jet}_t = 35 GeV. Using the slope determined for dσ/dP^{jet}_t in the region 20 < P^{jet}_t < 35 GeV for extrapolation one obtains a total (untagged) inclusive jet cross section σ(P^{jet}_t ≥ 40 GeV) < 10 pb.

• Probability that one jet fluctuates into a single charged particle We use a sample of events where at least one jet has P^{jet}_t ≥ 20 GeV. Jets with P^{jet}_t ≥ 20 GeV show a mean charged particle multiplicity of 8.7, the actual distribution of the multiplicity being well described by a Poisson distribution. This leads to a probability of 0.15 % that a jet consists of only a single charged particle. This probability value is an upper limit for the actual event since there is another suppression factor due to the fact that along the track no electromagnetic energy deposition (photons from π^0 decays) has been seen, which is not taken into consideration here.

Combining the jet production cross section, the probabilities for a fluctuation into a single pion and for the pion to fake a primary muon signature results in an expected cross section for this event topology of σ < 2 · 10�^2 fb, thus rendering this interpretation unlikely.

• Heavy quark production and semileptonic decay

The inclusive muon cross section measured by H1 [5] up to a P^μ_t = 10 GeV is in agreement with the yield expected from a simulation of heavy quark (charm and bottom) production. The cross sections for these processes decrease strongly with increasing P^μ_t and missing transverse momentum P^{miss}_t . From a semileptonic heavy quark decay one would expect hadronic energy around the muon. In the event no hadrons are visible in a cone of radius one around the muon. To estimate the probability that the event is due to a semileptonic heavy quark decay a simulation of heavy quark production with the program PYTHIA [6] has been performed. Demanding P^μ_t > 15 GeV, P^{miss}_t > 10 GeV and a muon isolation criterion (no charged particle with P_t > 0.5 GeV within a cone radius

q_{Δϕ2 + Δη2 =0.7 around the muon) the accepted cross section for charm}

and bottom production is found to be less than 0.1 fb.

In summary we conclude that the probability for the event being due to the production of two high P_t jets, where one jet shows the signature of a muon, is smaller than 10�^3.

W Production and leptonic decay

This process was investigated using a Monte Carlo calculation based on the standard model cross section of reference [7]. Since the process is dominated by low Q^2 photoproduction the e^+ is in general not detected in the apparatus, thus resulting small values of δ for the event. The undetected neutrino causes the P^{miss}_t . The total cross section for the process e^+p → e^+W^+X → e^+μ^+νX is expected to be ≈ 40 fb.

The cross section is dominated by low transverse momenta of the W and thus also of the recoiling hadronic system. In the event, however, the hadronic system has a P_t = 42 GeV. The Monte Carlo calculation shows that for P_t > 40 GeV the cross section is reduced to 7 fb. With one event seen in 4 pb�^1 we are left with a 3% probability for this interpretation of the event. Note that this figure assumes full acceptance.

In general the muon from the W decay has no strong correlation in azimuth with the recoiling hadronic system. However, for a W of high P_t the decay muon is expected to be oriented predominantly opposite to the jet in ϕ due to the transverse Lorentz boost (in the event it is back-to-back). If this hypothesis is applied to the event the final state is completely determined. A scattered positron of 17.8 GeV escapes detection in the small angle electron tagger, for which the corresponding acceptance amounts to 55%. The decay neutrino of several hundred GeV is emitted under very small angles in the proton direction.

Flavour changing processes Events of this origin (FCNC or leptoquark production) would show topologies like neutral current deep inelastic events, but with the final state positron replaced by a muon. Kinematically the events would thus be within the resolutions (see Fig. 2), balanced in P_t and a value of δ = 2E_e would be expected. The fact that less than 1% of neutral current events show a value of δ < 20 GeV disfavours this interpretation.

Background processes The event cannot be explained by the interaction of a halo muon (originating from proton interactions far downstream from the interaction point) on a residual gas nucleon since the transverse energy of the event exceeds by more than a factor of 2 the center of mass energy available in such a process. Other backgrounds not associated with the colliding beams are negligible.

5 Conclusion

In positron-proton collisions an event has been observed consisting of a muon recoiling with high transverse momentum against a hadronic system back-to-back in azimuth. The event kinematics is compatible with W production. The cross section estimate within the standard model yields an expectation of 0.03 events of this type in the data sample available. This small probability leaves room for further speculations on the origin of the event.

Acknowledgements

We are grateful to the HERA machine group whose outstanding efforts made this experiment possible. We appreciate the immense contributions of the engineers and technicians who constructed and maintain the detector. We thank the funding agencies for financial support. We acknowledge the support of the DESY technical staff. We also wish to thank the DESY directorate for the hospitality extended to the non-DESY members of the H1 Collaboration.

References

[1] H1 Collaboration, I. Abt et al., The H1 Detector at HERA, DESY preprint 93-103 (1993)

[2] H1 Collaboration, T. Ahmed et al., Phys. Lett. 324B (1994) 241

[3] H. Fesefeldt, Th. Hamacher, J. Schug, Nucl. Instr. and Methods A292 (1990) 279

[4] H1 Collaboration, I. Abt et al., Phys. Lett. 314B (1993) 436,

ZEUS Collaboration, M. Derrick et al., Inclusive Jet Differential Cross Section in Photoproduction at HERA, DESY preprint DESY 94-176 (1994)

[5] C. Kleinwort, Proceedings of the 27th International Conference on High Energy Physics, Glasgow, July 1994, see also V. Brisson et al., New Results from HERA on Deep Inelastic Scattering at Low x, the Proton Structure Function, Jets in Photoproduction, Heavy Flavour Production and Searches for New Particles, DESY preprint DESY 94-187 (1994)

[6] T. Sjöstrand and M. Bengtsson, Comp. Phys. Comm. 43 (1987) 367

H.U. Bengtsson and T. Sjöstrand, Comp. Phys. Comm. 46 (1987) 43

[7] U.Baur, J.A.M. Vermaseren, D. Zeppenfeld, Nucl. Phys. B375 (1992) 3