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HIGH-PT MULTI-ELECTRON PRODUCTIONAT HERA�Claude Valléeon behalf of the H1 CollaborationCentre de Physique des Partiules de Marseille163 Avenue de Luminy, ase 907, 13288 Marseille Cedex 9, Franee-mail: vallee�ppm.in2p3.fr(Reeived June 26, 2002)Multi-eletron prodution has been measured at high transverse mo-mentum in 115 pb�1 of positron- and eletron�proton ollisions olletedby the H1 experiment at HERA. A good overall agreement is found withthe Standard Model preditions, dominated by photon�photon interations.Six events are observed with a di-eletron mass above 100 GeV, a domainwhere the Standard Model predition is low.PACS numbers: 13.90.+i1. Standard model proesses for multi-eletron produtionAt HERA, the dominant ontribution to multi-eletron prodution is theinteration of two photons [1℄ radiated from the inident eletron and proton.In omparison, the ontribution of the Cabibbo�Parisi proess, involvingthe interation of the inident eletron with a seond eletron issued froma photon radiated from the proton, is one order of magnitude lower. Drell�Yan ontributions are negligible [2℄.Multi-eletron prodution is simulated with the GRAPE generator [3℄,based on the symboli graphs alulation system GRACE [4℄, and interfaedto a simulation of the H1 detetor. GRAPE inludes the full 2 ! 4 ele-troweak matrix elements at tree level, exept for the negligible Drell�Yanontribution, for prodution of 3 leptons plus hadrons in the �nal state. Itwas heked that the GRAPE predition agrees with that from the LPAIRgenerator [5℄ at the perent level for the dominant two-photon proess.� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(2903)



2904 C. ValléeThe main experimental bakgrounds to multi-eletron prodution areNeutral Current (NC�DIS) and elasti Compton interations where, in ad-dition to the true eletron, fake eletrons may be misidenti�ed from �nalstate hadrons or photons. These proesses are simulated with the DJANGOand WABGEN generators, respetively.The Monte Carlo preditions of all proesses are attributed theoreti-al and experimental errors added in quadrature, re�eting the auray atwhih the generator inputs and the experimental e�ets are ontrolled.2. Multi-eletron event seletionThe eletron identi�ation is designed to minimize the ontributions offake eletrons, while keeping a high e�ieny for true eletrons and a reli-able ontrol of the overall seletion performane. It inludes a alorimetriidenti�ation of isolated eletromagneti lusters in the polar angular range5Æ < � < 175Æ, omplemented in the region of overlap between the entraltraker and the liquid argon alorimeter (20Æ < � < 150Æ) by tight require-ments on the eletron trak. The trak assoiation e�ieny is desribedby the simulation with an auray ranging from 3% in the entral region,to 15% at the edges of the angular aeptane of the entral traker. Fakeeletron bakground is understood within 20%.The seletion of the multi-eletron events requires two entral eletronandidates (20Æ < � < 150Æ) with transverse momenta PT above 10 and5GeV, respetively. Additional eletron andidates are identi�ed in the for-ward, entral or bakward regions (5Æ < � < 175Æ) with no expliit PT ut.The seleted events are lassi�ed as di-eletrons (�2e�) in the ase whereonly the two entral eletrons are visible, and tri-eletrons (�3e�) in the asewhere exatly one additional eletron is identi�ed. No event is observed withmore than one additional eletron. In order to measure the photon�photonross-setion in a well de�ned phase spae with low bakground, a subsam-ple of the �2e� sample, labeled ��, is seleted requiring two eletrons ofopposite harges and a signi�ant de�it, ompared to the initial state, inthe di�erene E � Pz between the visible total energy and longitudinal mo-mentum. This ensures that the inident eletron is lost in the beam pipeafter radiating a quasi-real photon.3. ResultsThe observed event yields (Table I) and distributions of global event vari-ables (Fig. 1) are in agreement with the Standard Model (SM) expetations.The �3e� events show the expeted aumulation at E � Pz values equal totwie the inident eletron energy, whereas �2e� events show a tail at lower



High-PT Multi-Eletron Prodution at HERA 2905TABLE IObserved and predited multi-eletron event rates for the samples desribed inthe text.H1 Preliminary 115 pb�1 Multi-eletron analysisSeletion DATA SM GRAPE NC�DIS + ComptonVisible 2e 105 118:2� 12:8 93:3� 11:5 25:0� 5:5Visible 3e 16 21:6� 3:0 21:5� 3:0 0:1� 0:1Visible 4e or more 0 0:1� 0:0 0:1� 0:0 0:0� 0:0 ! e+e� 41 48:3� 6:1 46:4� 6:1 1:9� 0:9(subsample)E � Pz, orresponding to the  topology desribed above. All events arebalaned in transverse momentum PmissT within resolution. The hadronitransverse momentum P hadronsT is also well desribed 1.
H1 Preliminary                                          Multi-electron Analysis

0

20

40

60

0 50

2e
H1 Data 115 pb-1

GRAPE

NC-DIS
+Compton

E-Pz (GeV)

E
ve

nt
s

10
-2

10
-1

1

10

10 2

0 20

2e

P
T

miss (GeV)

E
ve

nt
s

10
-1

1

10

10 2

0 20 40

2e

P
T

hadrons (GeV)

E
ve

nt
s

0

10

20

0 50

3e

E-Pz (GeV)

E
ve

nt
s

10
-2

10
-1

1

10

0 20

3e

P
T

miss (GeV)

E
ve

nt
s

10
-1

1

10

0 20 40

3e

P
T

hadrons (GeV)

E
ve

nt
s

Fig. 1. Gloabal event variable distributions (see text) for events lassi�ed as di-eletrons(top) and tri-eletrons (bottom).1 This on�rms our understanding of the SM expetation for the exess of events witha high PT lepton and missing transverse momentum PmissT observed at high P hadronsTby H1 in a separate analysis [6℄.



2906 C. ValléeThe distributions of the mass M12 of the 2 highest-PT eletrons (Fig. 2left) are in agreement with the SM at low M12. However three �2e� eventsand three �3e� events are observed withM12 above 100 GeV, a domain wherethe SM predition is low (Table II). Five out of these six high mass eventsTABLE IIObserved and predited multi-eletron event rates for masses M12 > 100 GeV.H1 Preliminary 115 pb�1 Multi-eletron analysisSeletion DATA SM GRAPE NC�DIS + ComptonVisible 2e M12>100GeV 3 0:25� 0:05 0:21� 0:04 0:04� 0:03Visible 3e M12>100GeV 3 0:23� 0:04 0:23� 0:04 0:00� 0:00have a on�guration of ativity in the detetor harateristi of an elastiallysattered proton (Fig. 3). The �2e� and �3e� events have di�erent topologies,with the highest mass pairs made of either two entral high-PT eletrons(�gure 2 top right) or one forward and one entral eletron of intermediatePT's (�gure 2 bottom right).Finally, the two-photon di�erential ross-setions measured with the ��sample in a restrited kinematial domain agree with the SM.
H1 Preliminary                        Multi-electron Analysis
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Fig. 2. Distribution of the invariant mass M12 of the two highest PT eletrons (left) andits orrelation with the sum of the eletron PT's (right), for events lassi�ed as di-eletrons(top) and tri-eletrons (bottom).
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Fig. 3. Example event display of a high M12 event lassi�ed as �2e�.4. ConlusionHigh-PT multi-eletron prodution has been measured for the �rst timein ep sattering at HERA, and found to be in general agreement with theStandard Model expetation. For masses of the highest PT eletron pairabove 100 GeV, three events lassi�ed as di-eletrons, and three events las-si�ed as tri-eletrons are seen, ompared to SM expetations of 0:25 � 0:05and 0:23 � 0:04, respetively. This observation needs on�rmation with in-dependent data samples. REFERENCES[1℄ J.A.M. Vermaseren, Nul. Phys. B229, 347 (1983).[2℄ N. Artega-Romero, C. Carimalo, P. Kessler, Z. Phys. C52, 289 (1991).[3℄ T. Abe, Comput. Phys. Commun. 136, 126 (2001).[4℄ T. Ishikawa et al., KEK preprint, 92-19, (1993).[5℄ S. Baranov, O. Dünger, H. Shooshtari, J.A.M. Vermaseren, Proeedings of theworkshop Physis at HERA, Vol. 3 Monte Carlo Generators, eds. W. Buh-müller, G. Ingelmann, 1991.[6℄ C. Adlo� et al., [H1 Collaboration℄, Eur. Phys. J. C5, 575 (1998).


