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Multi-lepton produ
tion at high transversemomentum at HERA
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Abstra
tA sear
h for events 
ontaining two or more high-transverse-momentum isolatedleptons has been performed in ep 
ollisions with the ZEUS dete
tor at HERAusing the full 
olle
ted data sample, 
orresponding to an integrated luminosity of480 pb�1. The number of observed events has been 
ompared with the predi
tionfrom the Standard Model, sear
hing for possible deviations, espe
ially for multi-lepton events with invariant mass larger than 100 GeV. Good agreement withthe Standard Model has been observed. Total and di�erential 
ross se
tions fordi-lepton produ
tion have been measured in a restri
ted phase spa
e dominatedby photon-photon 
ollisions.
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1 Introdu
tionThe produ
tion of multi-lepton �nal states in ele
tron-proton 
ollisions1 is predi
tedwithin the framework of the Standard Model (SM). At HERA energies, the produ
tion
ross se
tions are small for high transverse momenta, pT , of the produ
ed leptons and,along with the distributions of the kinemati
 quantities, 
an be 
al
ulated with high a

u-ra
y in the SM. Therefore 
ontributions from beyond the SM 
ould either be observed asan in
rease of the visible 
ross se
tions or as a deviation from the predi
ted distributions.Multi-lepton �nal states were sear
hed for by the H1 Collaboration [1℄ using a luminosityof 463 pb�1. The observed overall numbers of di- and tri-lepton events were in goodagreement with the SM predi
tions. However, some events with large transverse momentawere observed, ex
eeding SM predi
tions in this region.The analysis presented here is based on a luminosity of 480 pb�1 
olle
ted by the ZEUSexperiment. Events with two or more high-pT leptons (ele
trons or muons) were sear
hedfor and the total yields and distributions of kinemati
 variables were 
ompared to SMpredi
tions. In addition, the total visible and di�erential 
ross se
tions for di-leptonprodu
tion were measured in the photoprodu
tion regime, in whi
h the in
oming ele
tronhas small squared momentum transfer, Q2 < 1 GeV2.2 Experimental set-upThe analysed data were 
olle
ted between 1996 and 2007 at the ele
tron-proton 
ol-lider HERA using the ZEUS dete
tor. During this period HERA operated with an ele
-tron beam energy of 27:5 GeV and a proton beam energy of 820 GeV and, from 1998, of920 GeV, 
orresponding to 
entre-of-mass energies of 300 GeV and 318 GeV, respe
tively.A detailed des
ription of the ZEUS dete
tor 
an be found elsewhere [2℄. A brief outlineof the 
omponents that are most relevant for this analysis is given below.Charged parti
les were tra
ked in the 
entral tra
king dete
tor (CTD) [3℄, whi
h operatedin a magneti
 �eld of 1:43 T provided by a thin super
ondu
ting solenoid and 
overed thepolar-angle2 region 15Æ < � < 164Æ. Before the 2003{2007 running period, the ZEUS1 Here and in the following, the term \ele
tron" denotes generi
ally both the ele
tron (e�) and thepositron (e+).2 The ZEUS 
oordinate system is a right-handed Cartesian system, with the Z axis pointing in theproton beam dire
tion, the Y axis pointing up and the X axis pointing towards the 
entre of HERA.The polar angle, �, is measured with respe
t to the proton beam dire
tion. The 
oordinate origin isat the nominal intera
tion point. 1



tra
king system was upgraded with a sili
on mi
rovertex dete
tor (MVD) [4℄. The high-resolution uranium{s
intillator 
alorimeter (CAL) [5℄ 
onsisted of three parts: the forward(FCAL), the barrel (BCAL) and the rear (RCAL) 
alorimeters. The smallest subdivisionof the CAL was 
alled a 
ell. The muon system 
onsisted of rear, barrel (R/BMUON) [6℄and forward (FMUON) [2℄ tra
king dete
tors. The B/RMUON 
onsisted of limited-streamer (LS) tube 
hambers pla
ed behind the BCAL (RCAL), inside and outside amagnetised iron yoke surrounding the CAL. The barrel and rear muon 
hambers 
overedpolar angles from 34Æ to 135Æ and from 135Æ to 171Æ, respe
tively. The FMUON 
onsistedof six trigger planes of LS tubes and four planes of drift 
hambers 
overing the angularregion from 5Æ to 32Æ. The muon system exploited the magneti
 �eld of the iron yokeand, in the forward dire
tion, of two iron toroids magnetised to � 1:6 T to provide ameasurement of the muon momentum.The luminosity was measured using the Bethe-Heitler rea
tion ep ! e
p by a luminos-ity dete
tor whi
h 
onsisted of a lead{s
intillator [7{9℄ 
alorimeter and, in the 2003{07running period, an independent magneti
 spe
trometer [10℄. The fra
tional systemati
un
ertainty on the measured luminosity was 2.5%.The integrated luminosity of the samples 
orresponds to 480 pb�1 for events in whi
h asear
h of ele
trons but no muons was 
arried out (ele
tron 
hannel) and to 444 pb�1 forevents in whi
h a sear
h for either muons or ele
trons was 
arried out (muon 
hannel). Theslight di�eren
e in integrated luminosity is due to the requirement of a good performan
eof the dete
tor 
omponents involved in the sear
h.3 Standard Model pro
esses and Monte Carlo simu-lationTo evaluate the dete
tor a

eptan
e and to provide simulations of signal and ba
kgrounddistributions, Monte Carlo (MC) samples of signal and ba
kground events were generated.The SM predi
ts that isolated multi-lepton �nal states are predominantly produ
ed bytwo-photon intera
tions, 

 ! l+l�. The Grape MC event generator [11℄ was used tosimulate these pro
esses. It also in
ludes 
ontributions from 
Z and ZZ intera
tions,photon internal 
onversions and virtual and real Z produ
tion. It is based on the ele
-troweak matrix elements at tree level. At the proton vertex, three 
ontributions were
onsidered: elasti
, where the proton stays inta
t; quasi-elasti
, where a resonant stateis formed; and inelasti
, where the proton intera
ts via its quark 
onstituents. At theele
tron vertex, all values of Q2 were generated, from Q2 ' 0 GeV2 (photoprodu
tion)to the deep inelasti
 s
attering (DIS) regime. The un
ertainty on the Grape predi
tions2



was taken to be 3% [1℄.The Drell-Yan pro
ess from resolved photon events, in whi
h the photon 
u
tuates intoa q�q pair, and the lepton pair is produ
ed from the intera
tion between a quark in theproton and one of the quarks from the photon, is not in
luded. However this is expe
tedto be negligible in the investigated kinemati
 regime [12℄.The dominant SM ba
kground to topologies in whi
h at least one ele
tron is identi�ed
omes from neutral 
urrent (NC) DIS and QED Compton (QEDC) events. In NC (ep!eX) events, the s
attered ele
tron is identi�ed as one of the ele
trons of the pair andhadrons or photons in the hadroni
 system X are misidenti�ed as a further ele
tron. InQEDC events (ep ! e
X), the �nal-state photon may 
onvert into an e+e� pair in thedete
tor material in front of the CTD and typi
ally one of these two ele
trons is identi�edas the se
ond ele
tron of the pair.The NC DIS and QEDC events were simulated with the Djangoh [13℄ and Grape-Compton [11℄ MC programs, respe
tively. The absolute predi
tions of the Grape-Compton MC were s
aled by a fa
tor 1.13 in order to 
orre
t imperfe
tions in thesimulation of the dead material between the beampipe and the CTD. The un
ertainty onthis fa
tor was taken as a sour
e of systemati
 un
ertainty. For the �nal-state topologies inwhi
h an ele
tron and a muon were found, the ba
kground from SM di-tau pair produ
tionwas estimated using the Grape MC program.Standard Model pro
esses su
h as ve
tor-meson (�, 
harmonium) and open heavy-
avour(
harm and beauty) produ
tion were studied using the Diffvm [14℄ and Pythia [15℄ MCprograms and were found to be negligible.The generated events were passed through a full simulation of the ZEUS dete
tor basedon the GEANT [16℄ program versions 3.13 (1996{2000) and 3.21 (2003{07). They werethen subje
ted to the same trigger requirements and pro
essed by the same re
onstru
tionprogram as the data.4 Event sele
tion4.1 Online sele
tionEvents with two or more leptons in the �nal state were sele
ted using the ZEUS three-leveltrigger system [2, 17, 18℄.To sele
t ele
trons, a signi�
ant energy deposit was required in the ele
tromagneti

alorimeter and at least one good tra
k in the 
entral dete
tors had to be present. Inaddition, two other trigger 
hains were used: the �rst, dedi
ated to NC DIS sele
tion,3



requiring the dete
tion of an ele
tron with an energy E 0e > 4 GeV; the se
ond, dedi-
ated to the sele
tion of events with high transverse energy deposited in the 
alorimeter(ET > 25 GeV).To sele
t muons [19℄, a 
andidate was identi�ed as a 
entral tra
k measured in the CTDmat
hed to an energy deposit in the CAL and to a segment in the barrel or rear innermuon 
hambers.4.2 Ele
tron identi�
ationThe following 
riteria were imposed to sele
t ele
trons in the o�ine analysis:� ele
tron identi�
ation | an algorithm [20℄ whi
h 
ombined information from the en-ergy deposits in the 
alorimeter and, when available, tra
ks measured in the 
entraltra
king dete
tors was used to identify the ele
tron 
andidates. Ele
tron 
andidates inthe 
entral region (20Æ < �e < 150Æ) were required to have energy greater than 10 GeVand a tra
k mat
hed with the energy deposit in the 
alorimeter. The mat
hed tra
kwas required to be �tted to the primary vertex and to have a momentum of at least3 GeV and a distan
e of 
losest approa
h between the energy deposition and the tra
kof less than 8 
m. Forward ele
trons (5Æ < �e < 20Æ) were also required to have anenergy greater than 10 GeV while, for ele
trons in the rear region (150Æ < �e < 175Æ),the energy requirement was de
reased to 5 GeV;� isolation | to ensure high purity, ea
h ele
tron 
andidate was required to be isolatedsu
h that the total energy not asso
iated with the ele
tron in an ��� 
one of radius 0.8
entred on the ele
tron was less than 0:3 GeV. This requirement was 
omplemented,for ele
trons in the 
entral region, by the request that no tra
k with pT > 1 GeV, otherthan the mat
hing tra
k, was 
ontained in an � � � 
one of radius 0.4 
entred on theele
tron;� QEDC ba
kground redu
tion | for the data 
olle
ted in 2003{07, ea
h tra
k asso
i-ated with an ele
tron 
andidate was required to have at least two hits in the MVD.This requirement removed photon 
onversions in the material between the MVD andthe CTD.4.3 Muon identi�
ationThe following 
riteria were imposed to sele
t muons in the o�ine analysis:� muon identi�
ation | at least one muon 
andidate in the event was required to bere
onstru
ted by the rear, barrel or forward muon 
hambers, mat
hed to a tra
k and to4



an energy deposit in the 
alorimeter. In the 
ase when only one muon in the event wasre
onstru
ted by the muon 
hambers, additional muons were also sele
ted with looser
riteria, by requiring a tra
k pointing towards a 
alorimeter energy deposit 
ompatiblewith that from a minimum ionising parti
le (mip). Ea
h muon 
andidate was requiredto be asso
iated with a tra
k �tted to the primary vertex. The muon momentum wasre
onstru
ted using the 
entral tra
king devi
es, 
omplemented with the informationfrom the FMUON when available. The muon was required to have p�T > 2 GeV, andto lie in the angular region 20Æ < �� < 26Æ (FMUON), 35Æ < �� < 160Æ (B/RMUON),20Æ < �� < 160Æ (mip);� isolation | to ensure high purity, ea
h identi�ed muon was required to be isolatedsu
h that only the mat
hing tra
k was 
ontained in an ��� 
one of radius 1.0 
entredon the muon. This 
ut, harder than in the ele
tron sele
tion, was used to reje
tba
kground events in whi
h a muon was found very 
lose to a hadroni
 system, inparti
ular in the e� 
hannel;� 
osmi
-muon ba
kground redu
tion | the re
onstru
ted primary vertex had to be 
on-sistent with the HERA beam-spot position. If two muons were found, the a
ollinear-ity angle, 
, between the two muons had to satisfy 
os 
 > �0:995. For events with
os 
 < �0:990, additional CAL timing 
uts were applied.4.4 Event sele
tion and 
lassi�
ationThe �nal event sele
tion required the event vertex to be re
onstru
ted with jZVTXj <30 
m. At least two leptons, ele
trons or muons, had to be re
onstru
ted in the 
entralpart of the dete
tor (20Æ < �l < 150Æ). One of the leptons had to have pl1T > 10 GeV andthe other pl2T > 5 GeV. Additional leptons identi�ed as des
ribed in Se
tions 4.2 and 4.3
ould be present in the event. No expli
it requirement on the 
harge of the leptons wasimposed. A

ording to the number and the 
avour of the lepton 
andidates, the eventswere 
lassi�ed into mutually ex
lusive samples.For the measurement of the produ
tion 
ross se
tion of e+e� and �+�� pairs in thephotoprodu
tion regime, the 
ut (E � PZ) < 45 GeV was applied. This quantity wasre
onstru
ted in the ele
tron 
ase asE � PZ =Xi E
orri (1� 
os(�i)); (1)where the sum runs over the 
orre
ted energies, E
orri , of the CAL 
lusters and, in themuon 
ase, asE � PZ =Xi Ei(1� 
os(�i))�Xmip Emip(1� 
os(�mip)) +XmuonEmuon(1� 
os(�muon)); (2)5



where Ei is the energy of the ith CAL 
ell and the (E�PZ) of the CAL mip was repla
ed bythat of the muon tra
k. This requirement sele
ts events in whi
h the s
attered ele
tronwas lost in the beampipe and 
orresponds to a 
ut of Q2 < 1 GeV2 and on the eventinelasti
ity, y = (E � PZ)=2Ee < 0:82, where Ee is the ele
tron beam energy. Theba
kground from NC DIS and QEDC events is negligible in this sample, whi
h will bereferred to as the 

 sample in the following.
5 Systemati
 un
ertaintiesThe following sour
es of systemati
 un
ertainties were 
onsidered; the e�e
t on the totalvisible 
ross se
tion is given:� the muon a

eptan
e, in
luding the B/RMUON trigger, the re
onstru
tion and themuon identi�
ation eÆ
ien
ies, is known to about 7% from a study based on anindependent elasti
 di-muon sample [21℄, resulting in an un
ertainty of (+10%�8% ) formuons;� the un
ertainty on the eÆ
ien
y of the CTD part of the trigger 
hain was esti-mated from a study based on an independent sample of low-multipli
ity low-Q2 DISevents [22℄, resulting in an un
ertainty of +5% for ele
trons and �5% for muons;� the CAL energy s
ale was varied by its un
ertainty of 3%, resulting in an un
ertaintyof (+4%�3%) for ele
trons and negligible for muons;� the un
ertainty on the eÆ
ien
y of the CAL part of the muon trigger (�3%) and ofthe mip �nder (�2%) resulted in an un
ertainty of �4% for muons;� the un
ertainty on the measurement of the hadroni
 system was evaluated by using analternative re
onstru
tion of E�PZ , resulting in an un
ertainty of�1:8% for ele
trons;� the s
aling fa
tor of the QEDC MC was varied between 0.95 and 1.31, as allowed bythe 
omparison with a QEDC-enri
hed data sample, resulting in a negligible e�e
t forboth ele
trons and muons.The total systemati
 un
ertainty was obtained by adding the individual 
ontributionsin quadrature. A 2.5% overall normalisation un
ertainty asso
iated with the luminositymeasurement was in
luded only in the systemati
 un
ertainty of the total visible 
rossse
tion. 6



6 ResultsThe number of sele
ted events in the data are 
ompared to SM predi
tions in Table 1.The following di�erent di- and tri-lepton topologies are listed: ee, ��, e�, eee and e��.The observed number of events is in good agreement with the predi
tions of the SM,a

ording to whi
h the NC DIS and QEDC pro
esses give a sizeable 
ontribution to theee 
hannel. Most of the events 
ontributing to the e� topology are predi
ted to 
ome fromdi-muon produ
tion at high Q2, in whi
h the beam ele
tron is s
attered at large anglesand is therefore seen in the dete
tor, while one of the muons is outside the a

eptan
eregion. A small 
ontribution to this 
hannel (� 2 events) is predi
ted to 
ome from di-�produ
tion, while the NC DIS ba
kground 
onstitutes � 10% of the sample.Three four-lepton events, 2 in the ee�� and 1 in the eeee 
hannel, were observed, to be
ompared to a SM expe
tation of � 1. The 
ontributions from true four-lepton eventsare not in
luded in the SM predi
tions and are expe
ted to be small. Events with othermulti-lepton topologies were sear
hed for, but none was found.In Tables 1 and 2 the NC DIS and QEDC ba
kground 
ontributions are given as limitsat 95% 
on�den
e level (C.L.) when none or few events were sele
ted from the ba
k-ground MC samples. When this is done, the 
entral value of the total SM predi
tion isdetermined as the most probable value (mode) of the 
onvolution of the Gaussian signaldistribution with the poissonian ba
kground distributions, and the un
ertainty on thetotal SM predi
tion is determined by taking the 68% C.L. interval.Two events, one with three ele
trons in the �nal state and one with two muons and anele
tron, passing the three-lepton sele
tion 
uts, are shown in Fig. 1.6.1 Kinemati
 distributionsThe distributions of the mass of the two highest-pT leptons in the event, M12, and of thes
alar sum of the transverse momenta of all the identi�ed leptons in the event, P plT , areshown in Figs. 2 and 3 for all the observed di- and tri-lepton topologies, and are 
omparedto SM predi
tions. The SM gives a good des
ription of the data. In the mass regionbetween 80 and 100 GeV, whi
h is sensitive to Z0 produ
tion, 7 events were observed inthe data, 
ompatible with the predi
tions from the SM of � 9 events, in
luding � 1 eventfrom real Z0 produ
tion.The high-mass and high-P plT regions are parti
ularly sensitive to possible 
ontributionsfrom physi
s beyond the SM. The event yields for M12 > 100 GeV for all the observeddi- and tri-lepton 
hannels are summarised in Table 2. In the ele
tron 
hannels, 3 eventsat high masses are observed, to be 
ompared with a SM predi
tion of 2.5. Two of these7



events are observed in the eee topology, for whi
h the SM expe
tation is 0.7. No eventwith M12 > 100 GeV is seen in the muon 
hannels. The event yield forP plT > 100 GeV,
ombined for all the lepton topologies, is summarised in Table 3. Two events at high-P plTare observed, to be 
ompared with a SM predi
tion of � 1:6.The distributions of M12 andP plT , 
ombined for all the di- and tri-lepton topologies, areshown in Fig. 4. Also in this 
ase, the data are well des
ribed by the SM predi
tions.6.2 Cross se
tionsTotal visible and di�erential 
ross se
tions for di-ele
tron and di-muon produ
tion weredetermined in the kinemati
 region de�ned by:pl1T > 10 GeV, pl2T > 5 GeV, 20Æ < �l1;2 < 150Æ, Q2 < 1 GeV2, y < 0:82.The 
ross se
tions are given at ps = 318 GeV: the small (� 5%) 
orre
tion needed forthe 1996{97 data sample was extra
ted from the MC. The e�e
t of �nal-state radiationon the 
ross se
tion was 
he
ked and found to be negligible.The total visible 
ross se
tions, 
orre
ted for a

eptan
e, were measured to be�(

 ! e+e�) = 0:64� 0:05+0:04�0:03 pb (3)for the ele
tron 
hannel, and�(

 ! �+��) = 0:58� 0:07+0:07�0:06 pb (4)for the muon 
hannel.Sin
e the muon and ele
tron 
ross se
tions di�er only marginally, they were 
ombinedin a single measurement, evaluated as the weighted mean of the two [23℄, assuming thesystemati
 un
ertainties to be un
orrelated. The systemati
 un
ertainties of ea
h mea-surement were symmetrised before the 
ombination, by taking as systemati
 un
ertaintythe largest between the negative and the positive. The total visible 
ross se
tions areshown in Table 4, 
ompared with the SM predi
tions.Di�erential 
ross se
tions as a fun
tion of the invariant mass, M12, the transverse mo-mentum of the highest-pT lepton, pl1T , and the s
alar sum of the transverse momentumof the two leptons, P plT , are shown in Fig. 5, separately for ele
trons and muons. Thedi-ele
tron, di-muon and 
ombined 
ross se
tions are summarised in Table 5. The 
om-bination was done as des
ribed for the total visible 
ross se
tion. Good agreement isobserved between the data and the SM predi
tions.8



7 Con
lusionsEvents with two or more isolated leptons with high transverse momentum were observedusing the full data sample taken with the ZEUS dete
tor at HERA. The total numberof multi-lepton events for di�erent lepton 
on�gurations as well as their pT and massdistributions were studied. No signi�
ant deviations from the predi
tions of the SM wereobserved. In addition, the total visible and di�erential 
ross se
tions for the e+e� and�+�� signatures were measured in photoprodu
tion and were observed to be in goodagreement with the SM predi
tions.8 A
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ZEUS (L = 480 pb�1)Topology Data Total SM Multi-lepton Produ
tion NC DIS Comptonee 545 563+29�37 429+21�29 74� 5 60� 10�� 93 106�12 106�12 < 0:5 �e� 46 42�4 37+3�4 4.5�1.2 �eee 73 75+5�4 73+4�5 < 1 < 3e�� 47 48�5 48�5 < 0:5 �eeee 1 0:9+0:5�0:1 0.6�0.1 < 0:4 < 1ee�� 2 0:5+0:3�0:1 0.4�0.1 < 0:5 �All 4 leptons 3 1:4+0:7�0:1 1:0� 0:2 < 1:4ee (

 sample) 166 185+ 8�14 183+ 8�14 1.4�1.0 1:4� 0:6�� (

 sample) 72 85+ 9�10 85+ 9�10 < 0:5 �Table 1: The observed and predi
ted multi-lepton event yields for the ee, ��,e�, eee, e��, eeee and ee�� event topologies; the event yields for the ee and ��topologies in the 

 samples. The quoted un
ertainties 
onsist of model un
ertain-ties, MC statisti
al un
ertainties and systemati
 experimental un
ertainties addedin quadrature. Limits at 95% C.L. are given when none or few events were sele
tedfrom the ba
kground MC samples. The 
entral value and the un
ertainty on thetotal SM predi
tions are in these 
ases determined as explained in the text.ZEUS (L = 480 pb�1)Topology, Data Total SM Multi-lepton Produ
tion NC DIS ComptonM12 > 100 GeVee 1 1:7� 0:2 0:9� 0:1 0:2� 0:1 0:6� 0:1�� 0 0:4� 0:1 0:4� 0:1 < 0:01 �e� 0 0:06+0:03�0:01 0:05� 0:02 < 0:02 �eee 2 0:7� 0:1 0:7� 0:1 < 0:01 < 0:02e�� 0 0:18� 0:05 0:18� 0:05 < 0:01 �Table 2: The observed and predi
ted high-mass, M12 > 100GeV , multi-leptonevent yields. The invariant mass was 
al
ulated using the two highest-pT leptons.The quoted un
ertainties 
onsist of model un
ertainties, MC statisti
al un
ertain-ties and systemati
 experimental un
ertainties added in quadrature. Limits at 95%C.L. are given when none or few events were sele
ted from the ba
kground MCsamples. The 
entral value and the un
ertainty on the total SM predi
tions are inthese 
ases determined as explained in the text.12



ZEUS (L = 480 pb�1)P plT > 100 GeVData Total SM Multi-lepton Produ
tion NC DIS Compton2 1:56� 0:15 1:16� 0:13 0:05� 0:02 0:35� 0:06Table 3: The observed and predi
ted high-P plT multi-lepton event yields for alltopologies 
ombined, where P plT was 
al
ulated using all the leptons in the event.The quoted un
ertainties 
onsist of model un
ertainties, MC statisti
al un
ertain-ties and systemati
 experimental un
ertainties added in quadrature.

ZEUS (L = 480 pb�1)

 sample �96�07DATA (pb) �SM (pb)ee 0:64� 0:05+0:04�0:03 0:71� 0:02�� 0:59� 0:07+0:07�0:06 0:69� 0:02Combined 0:63� 0:04� 0:03 0:70� 0:02Table 4: Total 
ross se
tion for 

 ! ee and 

 ! �� samples, 
ombined asexplained in the text, 
ompared with the predi
tions from the Grape MC.
13



ZEUS (L = 480 pb�1)Bin ( GeV) �96�07DATA ( fb=GeV) �SMe+e� �+�� Combined ( fb/ GeV)15 < M12 < 25 23:0� 3:2 +1:6�1:2 32:7� 5:0 +3:7�3:2 25:4� 2:7� 1:5 30:4� 1:025 < M12 < 40 19:1� 2:0 +1:6�1:2 12:6� 2:6 +1:4�1:3 16:3� 1:6� 1:1 19:8� 0:740 < M12 < 60 3:8� 0:8 +0:3�0:4 2:5� 1:0 +0:3�0:3 3:3� 0:6� 0:3 3:0� 0:160 < M12 <100 0:15� 0:11 +0:04�0:03 0:21� 0:21 +0:03�0:02 0:17� 0:10� 0:03 0:26� 0:0210 < pl1T < 15 90:7� 8:4+6:1�2:5 94� 12+11�9 91:6� 6:9� 5:3 103:2� 3:315 < pl1T < 20 26:4� 4:3+2:2�1:8 10:7� 4:4+1:3�1:1 18:1� 3:1� 1:3 23:7� 0:920 < pl1T < 25 4:2� 1:7+0:8�0:5 8:9� 4:0+1:0�0:9 5:0� 1:6� 0:7 7:3� 0:425 < pl1T < 50 0:90� 0:37+0:08�0:11 0:70� 0:50+0:08�0:08 0:82� 0:29� 0:08 0:88� 0:0615 <P plT < 25 36:7� 4:0+2:4�1:3 38:4� 5:5+4:4�3:9 37:2� 3:2� 2:2 43:9� 1:425 <P plT < 40 15:8� 1:9+1:3�1:1 11:2� 2:6+1:3�1:1 14:0� 1:5� 0:9 14:6� 0:540 <P plT < 60 1:24� 0:44+0:21�0:17 1:32� 0:76+0:15�0:14 1:26� 0:38� 0:16 1:69� 0:1160 <P plT < 100 0:092� 0:092+0:021�0:024 0:18� 0:18+0:02�0:02 0:11� 0:08� 0:02 0:16� 0:02Table 5: Di�erential 
ross se
tion as a fun
tion of the invariant mass, M12, thetransverse momentum of the highest-pT lepton, pl1T , and the s
alar sum of the trans-verse momentum of the two leptons, P plT , for di-lepton events in the kinemati
region de�ned in the text, 
ompared with the predi
tions from the Grape MonteCarlo. The results are shown separately for the ee and �� samples, as well as forthe 
ombined sample.
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Figure 1: a) An event with three ele
tron 
andidates in the ZEUS dete
tor. Theinvariant mass of the two highest-pT ele
trons is M12 = 113GeV ; the 
orrespond-ing transverse momenta are given above. b) An event with two muons and anele
tron 
andidate in the ZEUS dete
tor. The invariant mass of the di-muon pairis 77:5GeV ; the 
orresponding transverse momenta are given above.15
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tion of (a) the invariant mass ofthe lepton pair, M12, (b) the transverse momentum pl1T of the highest-pT lepton,and (
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ross se
tions are shown as the open dots, while the full dotsare the di-ele
tron measurements, whi
h have been displa
ed for 
larity. The dataare 
ompared with the predi
tions of the Grape Monte Carlo. The full error barsare the quadrati
 sum of the statisti
al (inner part) and systemati
 un
ertainties.
19


	Introduction
	Experimental set-up
	Standard Model processes and Monte Carlo simulation
	Event selection
	Online selection
	Electron identification
	Muon identification
	Event selection and classification

	Systematic uncertainties
	Results
	Kinematic distributions
	Cross sections

	Conclusions
	Acknowledgements

