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Abstract

A search for excited electrons is performed using the fulle�p data sample collected
by the H1 experiment at HERA, corresponding to a total luminosity of 475 pb�1. The
electroweak decays of excited electronse� ! e, e� ! eZ ande�!�W with subsequent
hadronic or leptonic decays of theW andZ bosons are considered. No evidence for ex-
cited electron production is found. Mass dependent exclusion limits one� production cross
sections and on the ratiof=� of the coupling to the compositeness scale are derived within
gauge mediated models. These limits extend the excluded region compared to previous
excited electron searches. Thee� production via contact interactions is also addressed for
the first time inep collisions.
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A. Zhelezov24, A. Zhokin24, Y.C. Zhu11, T. Zimmermann40, H. Zohrabyan38, and F. Zomer27

1



1 I. Physikalisches Institut der RWTH, Aachen, Germanya2 Vinca Institute of Nuclear Sciences, Belgrade, Serbia3 School of Physics and Astronomy, University of Birmingham,Birmingham, UKb4 Inter-University Institute for High Energies ULB-VUB, Brussels; Universiteit Antwerpen,
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1 Introduction

The three-family structure and mass hierarchy of the known fermions is one of the most puz-
zling characteristics of the Standard Model (SM) of particle physics. Attractive explanations
are provided by models assuming composite quarks and leptons [1]. The existence of excited
states of leptons and quarks is a natural consequence of these models and their discovery would
provide convincing evidence of a new scale of matter. Electron1-proton interactions at very high
energies provide good conditions to search for excited states of first generation fermions. For
instance, excited electrons (e�) could be singly produced through the exchange of a or aZ
boson in thet-channel.

In this letter a search for excited electrons using the completee�p HERA collider data of
the H1 experiment is presented. Electroweak decays into a SMlepton (e, �e) and a SM gauge
boson (, W andZ) are considered and hadronic as well as leptonic decays of theW andZ are
analysed.

The data are recorded at electron beam energy of27:6 GeV and proton beam energies of820 GeV and920 GeV, corresponding to centre-of-mass energies
ps of 301 GeV and319 GeV,

respectively. The total integrated luminosity of the data is 475 pb�1. The data comprise184 pb�1 recorded ine�p collisions and291 pb�1 in e+p collisions, of which35 pb�1 were
recorded at

ps = 301 GeV. With a four-fold increase in statistics, this analysissupercedes the
result of the previous H1 search for excited electrons [2]. It complements the search for excited
neutrinos [3].

2 Excited Electron Models

In the present study a model [4–6] is considered in which excited fermions are assumed to have
spin1=2 and isospin1=2. The left-handed and right-handed components of the excited fermions
form weak iso-doubletsF �L andF �R.

Interactions between excited and ordinary fermions may be mediated by gauge bosons, as
described by the effective Lagrangian [5,6]:LGM = 12� �F �R ��� �gf �a2 W a�� + g0f 0Y2 B�� + gsfs�a2 Ga���FL + h:: : (1)

Only the right-handed component of the excited fermionF �R is allowed to couple to light
fermions, in order to protect the light leptons from radiatively acquiring a large anomalous mag-
netic moment [7, 8]. The matrix��� is the covariant bilinear tensor,W a�� , B�� andGa�� are the
field-strength tensors of the SU(2), U(1) and SU(3)C gauge fields,�a, Y and�a are the Pauli ma-
trices, the weak hypercharge operator and the Gell-Mann matrices, respectively. The standard
electroweak and strong gauge couplings are denoted byg, g0 andgs, respectively. The parameter� has units of energy and can be regarded as the compositeness scale which reflects the range

1In this letter the term “electron” refers to both electron and positrons, if not otherwise stated.
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of the new confinement force. The constantsf , f 0 andfs are coupling parameters associated to
the three gauge groups and are determined by the yet unknown composite dynamics.

Following this model of gauge mediated (GM) interactions, single e� production inep col-
lisions may result from thet-channel exchange of a or Z boson. Since thee� is expected not
to have strong interactions, the present search is insensitive to fs. The producede� may decay
into a lepton and an electroweak gauge boson viae�!e, e�!�W ande�!eZ. For a givene�
mass valueMe� and assuming a numerical relation betweenf andf 0, thee� branching ratios are
fixed and the production cross section depends only onf=�. In most analyses the assumption
is made that the coupling parametersf andf 0 are of comparable strength and only the relation-
shipsf = �f 0 andf = +f 0 are considered. In the casef = �f 0, the excited electron does not
couple to the photon and therefore thee� production cross section at HERA is small. Therefore,
only the casef = +f 0 is considered in this analysis.

In addition to GM interactions, novel composite dynamics may be visible as contact inter-
actions (CI) between excited fermions and SM quarks and leptons. Such interactions can be
described by the effective four-fermion Lagrangian [5]:LCI = 4 �2�2 j�j� ; (2)

where� is assumed to be the same parameter as in the Lagrangian (1) and j� is the fermion
current j� = �L �F �L�FL + �0L �FL�FL + �00L �F �L�F �L + h::+ (L! R) : (3)

Conventionally, the� factors are set to one for the left-handed and to zero for the right-
handed current.

Contact interactions may induce changes in the cross section of neutral current (NC) deep-
inelastic scattering (DIS)ep ! eX. Searches for deviations from the SM cross section at
the highest squared momentum transfersQ2 in NC DIS processes have excluded values of� between1:6 TeV and5:5 TeV, depending on the chiral structure considered [9]. Contact
interactions may also mediate the resonant production of excited electrons inep collisions as
well as their decays into an electron and a pair of SM fermions. Thee� production and decay
by both gauge and contact interactions is also considered inthis analysis. In this case the totale� production cross section�GM+CI is the sum of pure GM and CI cross sections and of the
interference between the two processes [10]. For simplicity, the relative strength of gauge and
contact interactions are fixed by setting the parametersf and f 0 of the gauge interaction to
one. The ratio of the GM+CI and GM cross sections�GM+CI=�GM then depends only on�
and on thee� mass. ForMe� = 150 GeV and� = 1 TeV, �GM+CI=�GM is equal to8:4, but
reduces to1:3 for � = 4 TeV. Relative branching ratios of GM and CI decays are determined by
thee� partial widths in each decay channel [5]. In the sensitive domain of the present analysis
(� ' 4 TeV and100 GeV< Me� < 200 GeV), more than95% of e� decays are gauge mediated.
Therefore, only GM decay channels are used for the present search.
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3 Simulation of Signal and Background Processes

The Monte Carlo (MC) event generator COMPOS [11] is used for the calculation of thee�
production cross section and to determine the signal detection efficiencies. It is based on the
cross section formulae for gauge mediated interactions [4,5]. Cross section formulae for con-
tact interaction production and for the interference between contact and gauge interactions [10]
have also been incorporated into COMPOS. Onlye� decays via gauge mediated interactions
are simulated. Initial state radiation of a photon from the incident electron is included using
the Weizsäcker–Williams approximation [12]. The proton parton densities are taken from the
CTEQ5L [13] parametrisation and are evaluated at the scale

pQ2. The parton shower ap-
proach [14] is applied in order to simulate Quantum Chromodynamics (QCD) corrections in
the initial and final states. Hadronisation is performed using Lund string fragmentation as im-
plemented in PYTHIA [14]. The COMPOS generator uses the narrow width approximation
(NWA) for the calculation of the production cross section and takes into account the natural
width of the excited electron for thee� decay. The NWA is valid fore� masses below290 GeV
and the couplingsf=� relevant to this analysis, as the totale� width is less than10% of thee�
mass.

The Standard Model (SM) processes which may mimic thee� signal are QED Compton
scattering, neutral current and charged current (CC) deep-inelastic scattering and to a lesser
extent photoproduction, lepton pair production and realW boson production.

The RAPGAP [15] event generator, which implements the Born,QCD Compton and Boson
Gluon Fusion matrix elements, is used to model NC DIS events.The QED radiative effects
arising from real photon emission from both the incoming andoutgoing electrons are simulated
using the HERACLES [16] program. Direct and resolved photoproduction of jets and prompt
photon production are simulated using the PYTHIA event generator. The simulation is based
on Born level hard scattering matrix elements with radiative QED corrections. In RAPGAP
and PYTHIA, jet production from higher order QCD radiation is simulated using leading log-
arithmic parton showers and hadronisation is modelled withLund string fragmentation. The
leading order MC prediction of NC DIS and photoproduction processes with two or more high
transverse momentum jets is scaled by a factor of1:2 to account for missing higher order QCD
contributions in the MC generators [19,20]. Charged current DIS events are simulated using the
DJANGO [17] program, which includes first order leptonic QEDradiative corrections based on
HERACLES. The production of two or more jets in DJANGO is accounted for using the colour-
dipole-model [18]. Contributions from elastic and quasi-elastic QED Compton scattering are
simulated with the WABGEN [21] generator. Contributions arising from the production ofW
bosons and multi-lepton events are modelled using the EPVEC[22] and GRAPE [23] event
generators, respectively.

Generated events are passed through the full GEANT [24] based simulation of the H1 ap-
paratus, which takes into account the actual running conditions of the data taking, and are
reconstructed and analysed using the same program chain as for the data.
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4 Experimental Conditions

A detailed description of the H1 experiment can be found in [25]. Only the detector compo-
nents relevant to the present analysis are briefly describedhere. The origin of the H1 coordinate
system is the nominalep interaction point, with the direction of the proton beam defining the
positivez-axis (forward region). Transverse momentum (PT ) is measured in thexy plane. The
pseudorapidity� is related to the polar angle� by � = � ln tan(�=2). The Liquid Argon (LAr)
calorimeter [26] is used to measure electrons, photons and hadrons. It covers the polar angle
range4Æ < � < 154Æ with full azimuthal acceptance. Electromagnetic shower energies are
measured with a precision of�(E)=E = 12%=pE=GeV� 1% and hadronic energies with�(E)=E = 50%=pE=GeV� 2%, as measured in test beams [27, 28]. In the backward re-
gion, energy measurements are provided by a lead/scintillating-fiber (SpaCal) calorimeter [29]
covering the angular range155Æ < � < 178Æ. The central (20Æ < � < 160Æ) and forward
(7Æ < � < 25Æ) tracking detectors are used to measure charged particle trajectories, to re-
construct the interaction vertex and to complement the measurement of hadronic energy. The
LAr and inner tracking detectors are enclosed in a super-conducting magnetic coil with a field
strength of1:16 T. The return yoke of the coil is the outermost part of the detector and is
equipped with streamer tubes forming the central muon detector (4Æ < � < 171Æ). In the for-
ward region of the detector (3Æ < � < 17Æ) a set of drift chambers detects muons and measures
their momenta using an iron toroidal magnet. The luminosityis determined from the rate of
the Bethe-Heitler processep!ep, measured using a photon detector located close to the beam
pipe atz = �103 m, in the backward direction.

5 Data Analysis

The triggers employed for collecting the data used in this analysis are based on the detection of
electromagnetic deposits or missing transverse energy in the LAr calorimeter [30]. The trigger
efficiency is� 90% for events with missing transverse energy of20 GeV, and increases above95% for missing transverse energy above30 GeV. Events containing an electromagnetic deposit
(electron or photon) with an energy greater than10 GeV are triggered with an efficiency close
to 100%.

In order to remove background events induced by cosmic showers and other non-ep sources,
the event vertex is required to be reconstructed within35 cm in z of the nominal interaction
point. In addition, topological filters and timing vetoes are applied.

The identification of electrons or photons relies on the measurement of a compact and iso-
lated electromagnetic shower in the LAr calorimeter. The hadronic energy within a distance
in the pseudorapidity-azimuth(� � �) planeR = p��2 +��2 < 0:5 around the electron
(photon) is required to be below3% of the electron (photon) energy. Furthermore, each elec-
tron (photon) candidate must be isolated from jets by a minimum distance in pseudorapidity-
azimuth ofR > 0:5 to any jet axis. The electron and photon energy and angular direction are
measured by the calorimeters. Muon identification is based on a track measured in the inner
tracking systems associated with signals in the muon detectors [31]. A muon candidate is re-
quired to have no more than5 GeV deposited in a cylinder, centred on the muon track direction,
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of radius25 cm and50 cm in the electromagnetic and hadronic sections of the LAr calorimeter,
respectively. Additionally, the muon candidate is required to be separated from the closest jet
and from any track byR > 1 andR > 0:5, respectively. Calorimeter energy deposits and tracks
not previously identified as electron, photon or muon candidates are used to form combined
cluster-track objects, from which the hadronic energy is reconstructed [32, 33]. Jets are recon-
structed from these combined cluster-track objects using an inclusivekT algorithm [34,35] with
a minimum transverse momentum of2:5 GeV. The missing transverse momentumPmissT of the
event is derived from all detected particles and energy deposits in the event. In events with largePmissT , the only non-detected particle in the event is assumed to bea neutrino. The four-vector of
this neutrino candidate is reconstructed assuming transverse momentum conservation and the
relation

Pi(Ei � P iz) + (E� � P �z ) = 2E0e = 55:2 GeV, where the sum runs over all detected
particles,Pz is the momentum along the proton beam axis andE0e is the electron beam energy.

Specific selection criteria applied in each decay channel are presented in the following sub-
sections. A detailed description of the analysis can be found in [36].

5.1 e Resonance Search

The signature of thee�!e decay channel consists of two highPT isolated electromagnetic
clusters. SM background arises mainly from elastic and inelastic QED Compton events. Two
isolated electromagnetic clusters are required, each withtransverse momentumPT > 15 GeV
and polar angle5Æ < � < 130Æ. No explicit electron and photon identification based on tracking
conditions is performed in order to retain a high selection efficiency. To reduce contributions
from QED Compton processes, the sum of the energies of the twoelectromagnetic clusters is
required to be greater than110 GeV and the sum of their total transverse momenta has to be
larger than75 GeV.

After this selection, the SM background from elastic QED Compton events is smaller than
that from inelastic QED Compton processes. Since about halfof thee� production cross section
is expected from elastice� production [4], the analysis is separated into two parts. Events with
a total hadronic energyEh < 5 GeV are used to search for elastice� production, whereas the
other events are attributed to possible inelastice� production.

In the elastic channel42 events are selected in the data compared to a SM expectation of48 � 4. In the inelastic channel65 events are found for65 � 8 expected. The errors on the SM
prediction include model and experimental systematic errors added in quadrature (see section
5.5). The invariant mass of thee� candidate is calculated from the four-vectors of the elec-
tron and photon candidates. The invariant mass distribution of thee� candidates and the SM
background expectations are presented in figure 1(a) and (b)for the elastic and inelastic chan-
nels, respectively. The selection efficiency is60% for Me� = 120 GeV, increasing to70% forMe� = 260 GeV. From Monte Carlo studies, the experimental resolutionon the reconstructede� mass distribution is3 GeV for a generatede� mass of120 GeV, increasing to6 GeV for ane� mass of260 GeV.
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5.2 �q�q Resonance Search

The signature of thee�!�W!�q�q decay channel consists of two high transverse momentum
jets in events with largePmissT . The SM background is dominated by multi-jet CC DIS events
and contains moderate contributions from NC DIS and photoproduction. Events with missing
transverse momentumPmissT > 20 GeV are selected. In each event at least two jets with trans-
verse momenta larger than20 and15 GeV, respectively, are required in the polar angle range5Æ < � < 130Æ.

The ratioVap=Vp of transverse energy flow anti-parallel and parallel to the hadronic final
state [37] is used to suppress photoproduction events. Events with Vap=Vp > 0:3 are rejected.
Photoproduction and NC DIS backgrounds typically have low values ofxh, the Bjorken scaling
variable calculated from the hadronic system using the Jacquet-Blondel method [37, 38], and
are thus suppressed by requiringxh > 0:04. In each event, aW candidate is reconstructed from
the combination of those two jets with invariant mass closest to the nominalW boson mass.
The reconstructedW candidate is required to have an invariant mass above60 GeV. In order to
further reduce the background from CC DIS, the invariant mass of all jets and hadrons in the
event not associated to the decay of theW boson candidate is required to be below15 GeV.

After this selection,129 events are found compared to a SM expectation of133� 32 events
which is dominated by CC DIS events. The CC DIS cross section is smaller ine+p collisions
than ine�p, in contrast to thee� cross section which is comparable in both collision modes.
Therefore,e+p data have a larger sensitivity to a potentiale� signal in this channel thane�p
data. In thee+p (e�p) data sample,33 (96) events are observed compared to a SM expectation
of 51�13 (82�19). A significant excess is observed neither ine+p nor ine�p data. The invari-
ant mass of thee� candidate is calculated from the neutrino andW candidate four-vectors. For
this calculation, theW candidate four-vector is scaled such that its mass is set to the nominalW boson mass. The invariant mass distribution of thee� candidates and the SM background is
presented in figure 1(c). The selection efficiency in this channel is20% forMe� = 120 GeV, in-
creasing to55% forMe� = 260 GeV. From Monte Carlo studies, the experimental resolutionon
the reconstructede� mass distribution is9 GeV for a generatede� mass of120 GeV, increasing
to� 20 GeV for ane� mass of260 GeV.

5.3 eq�q Resonance Search

The signature of thee�!eZ!eq�q decay channel consists of one electron and two highPT
jets. Multi-jet NC DIS events constitute the main background contribution from SM processes.
Events are selected with an isolated electron in the LAr calorimeter in the polar angle range5Æ < �e < 90Æ. The electron should have either a transverse momentumP eT greater than25GeV
or the variable2 �e = Ee os2 (�e=2) above23 GeV. These conditions remove a large part of the
NC DIS contribution. The events are required to have at leasttwo jets in the polar angle range5Æ < �jet < 130Æ with transverse momenta larger than20 and15 GeV, respectively. In each
event, aZ candidate is reconstructed from the combination of those two jets with invariant mass
closest to the nominalZ boson mass. The reconstructed mass of theZ candidate is required to

2For NC DIS events, this variable is proportional to the four-momentum transfer squaredQ2.
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be larger than70 GeV. To further reduce the NC DIS background the polar angle of the jet with
the highestPT associated to theZ candidate is required to be less than80Æ. The polar angle of
the second jet is required to be greater than10Æ in events withP jet2T < 25 GeV.

After this selection,286 events are observed while277 � 62 are expected from the SM.
The invariant mass of thee� candidate is calculated from the electron andZ candidate four-
vectors. For this calculation, theZ candidate four-vector is scaled such that its mass is set
to the nominalZ boson mass. The invariant mass distribution of thee� candidates and the
SM background is presented in figure 1(d). The selection efficiency in this channel is20%
for Me� = 120 GeV, increasing to55% for Me� = 260 GeV. From Monte Carlo studies, the
experimental resolution on the reconstructede� mass distribution is2 GeV for a generatede�
mass of120 GeV, increasing to8 GeV for ane� mass of260 GeV.

5.4 eee, e�� and e�� Resonance Searches

In the search fore�!eZ!eee, events with three electrons of high transverse momenta are
selected. The electrons must be detected in the polar angle range5Æ < �e < 150Æ and have
transverse momenta larger than25, 20 and15 GeV, respectively. To reduce the background
from QED Compton processes, each electron in the central region (�e > 35Æ) must be associated
to a charged track. AZ candidate is reconstructed from the combination of the two electrons
with an invariant mass closest to the nominalZ boson mass. The reconstructed mass of theZ
candidate is required be compatible with the nominalZ boson mass within7 GeV. After this
selection no data event remains, while0:72 � 0:06 SM background events are expected. The
selection efficiency fore� with masses above120 GeV is� 60%.

In the search fore�!eZ!e��, events are selected with one electron with transverse mo-
mentum above20 GeV and two muons with transverse momenta above15 and10 GeV, respec-
tively. The electron and the muons must be detected in the polar angle ranges5Æ < �e < 150Æ
and10Æ < �� < 160Æ, respectively. AZ candidate is reconstructed from the combination of the
two muons and its reconstructed mass is required to be largerthan60 GeV. After this selection
no data event remains, while0:52 � 0:05 SM background events are expected. The selection
efficiency in this channel is� 40% forMe� = 120 GeV, decreasing to15% forMe� = 260 GeV.

The signatures of thee�!�W!�e� and e�!eZ!e�� channels are similar and consist
of one highPT electron in events with large missing transverse momentum.Events withPmissT > 25 GeV and one electron withPT > 20 GeV are selected. The electron is detected
in the polar angle range5Æ < �e < 100Æ and is required to be isolated from jets by a minimum
distance ofR > 1. To reduce the background from radiative CC DIS processes, atrack must
be associated to the electron in the central region (�e > 35Æ). Events from photoproduction are
suppressed by requiringVap=Vp < 0:1. Remaining NC DIS events are removed by requiring that
the longitudinal momentum balance of the event be

Pi(Ei � Pz;i) < 45 GeV, where the sum
runs over all visible particles. In order to remove background arising from SMW production,
the hadron system is required to have a total transverse momentumP hT < 20 GeV and to exhibit
a polar angleh, as defined in [37], below80Æ. In each event, only one neutrino candidate can
be reconstructed, from the total missing transverse momentum, as explained at the beginning of
section 5. The invariant mass of thee� candidate in thee�� final state is therefore estimated from
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the four-vectors of the neutrino candidate and the electroncandidate. To further remove back-
ground fromW production, only events in which the reconstructede� mass is above90 GeV
are considered. After this selection four data events remain, while 4:5 � 0:7 SM background
events are expected. The selection efficiency for thee�!�W!�e� (e�!eZ!e��) signature
is� 60% (� 35%) for e� with masses above120 GeV.

5.5 Systematic Uncertainties

The following experimental systematic uncertainties are considered:� The uncertainty on the electromagnetic energy scale variesbetween0:7% and2% de-
pending on the polar angle. The polar angle measurement uncertainty is3 mrad for elec-
tromagnetic clusters.� The scale uncertainty on the transverse momentum of highPT muons amounts to2:5%.
The uncertainty on the reconstruction of the muon polar angle is3 mrad.� The hadronic energy scale is known within2%. The uncertainty on the jet polar angle
determination is10 mrad.� The uncertainty on the trigger efficiency is3%.� The luminosity measurement has an uncertainty of3%.

The effect of the above systematic uncertainties on the SM expectation and the signal effi-
ciency are determined by varying the experimental quantities by�1 standard deviation in the
MC samples and propagating these variations through the whole analysis chain.

Additional model systematic uncertainties are attributedto the SM background MC gener-
ators described in section3. An error of20% on the normalisation of NC DIS, CC DIS and
photoproduction processes with at least two highPT jets is considered to account for the un-
certainty on higher order QCD corrections. The error on the elastic and quasi-elastic QED
Compton cross sections is conservatively estimated to be5%. The error on the inelastic QED
Compton cross section is10%. The errors attributed to lepton pair andW production are3% and15%, respectively. The total error on the SM background prediction is determined by adding
the effects of all model and experimental systematic uncertainties in quadrature.

The theoretical uncertainty on thee� production cross section is dominated by the uncer-
tainty on the scale at which the proton parton densities are evaluated. It is estimated by varying
this scale from

pQ2=2 to 2pQ2. The resulting uncertainty depends on thee� mass and is10%
atMe� = 100 GeV, increasing to15% atMe� = 300 GeV.
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6 Interpretation

The event yields observed in all decay channels are in agreement with the corresponding SM ex-
pectations and are summarised in table 1. The SM predictionsare dominated by QED Compton
for thee resonance search, by CC DIS in the�q�q resonance search and by NC DIS processes
for theeq�q resonance search. The distributions of the invariant mass of the data events are in
agreement with those of the expected SM background as shown in figure 1. Few or no data
events are observed in channels corresponding to leptonic decays of theW or Z bosons, in
agreement with the low SM expectations.

Since no evidence for the production of excited electrons isobserved, upper limits on thee�
production cross section and on the model parameters are derived as a function of the mass of the
excited electron. Limits are presented at the95% confidence level (CL) and are obtained from
the mass spectra using a modified frequentist approach whichtakes statistical and systematic
uncertainties into account [39].

Upper limits on the product of thee� production cross section and of thee� decay branching
ratio are shown in figure 2. The analysed decay channels of theW andZ gauge bosons are
combined. Considering pure gauge interactions, the resulting limit on f=� after combination
of all decay channels is displayed as a function of thee� mass in figure 3, for the conventional
assumptionf = +f 0. The total fraction of all possiblee� gauge decay channels covered in this
analysis is� 88%. The limit extends up toe� masses of290 GeV. Considering the assumptionf=� = 1=Me� excited electrons with masses up to272 GeV are excluded. The relative contribu-
tions of thee� decay channels to the combined limit are shown in figure 3(a).At low mass, the
combined limit onf=� is dominated by thee�!e channel, while thee� ! �W channel starts
to contribute to the limit for masses above200 GeV. These new results extend the previously
published limits by H1 [2] and ZEUS [40] by more than a factor of two in f=�. Figure 3(b)
shows direct and indirect limits one� production obtained ine+e� collisions at LEP by the
OPAL Collaboration [41] and DELPHI Collaboration [42], respectively. The result of the most
recent search fore� production within gauge mediated models obtained at the Tevatron by the
CDF Collaboration is also indicated [43]. The limit from thepresent analysis extends at high
mass beyond the kinematic reach of LEP searches and to lowerf=� values than are reached by
Tevatron searches.

If e� production is considered via gauge and contact interactions together, an upper limit on1=� is also obtained, under the assumptionf = f 0 = 1. Possiblee� decays by either gauge or
contact interactions are taken into account and the efficiency of the analysis toe� CI decays is
conservatively assumed to be zero. The limit on1=� as a function of thee� mass is displayed
in figure 4. Fore� masses below250 GeV, the additional contribution of CI toe� production
changes the limit on� by a factor of1:15 to 1:2. A limit on � as a function of thee� mass is
also obtained at the Tevatron by considering singlee� production via contact interactions only,
followed by its gauge decay into an electron and a photon [44].

7 Conclusion

Using the fulle�p data sample collected by the H1 experiment at HERA with an integrated
luminosity of 475 pb�1 a search for the production of excited electrons is performed. The
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excited electron decay channelse�!e, e�!eZ and e�!�W with subsequent hadronic or
leptonic decays of theW andZ bosons are considered and no indication of a signal is found.
New limits on the production cross section of excited electrons are obtained. Within gauge
mediated models, an upper limit on the couplingf=� as a function of the excited electron mass
is established for the specific relationf = +f 0 between the couplings. Assumingf = +f 0
andf=� = 1=Me� excited electrons with a mass lower than272 GeV are excluded at95%
confidence level. For the first time inep collisions, gauge and four-fermion contact interactions
are also considered together fore� production and decays. In this scenario and assuming the
same� parameter in contact and gauge interactions as well asf = +f 0 = 1, �L = 1 and�R = 0,
the limit on 1=� improves only slightly, demonstrating that the gauge interaction mechanism
is dominant for excited electron processes at HERA. The results presented in this paper extend
previously excluded domain at HERA, LEP or Tevatron.
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Search for e� at HERA (475 pb�1)
Channel Data SM Signal Efficiency [%]e�!e (ela.) 42 48� 4 60–70e�!e (inel.) 65 65� 8 60–70e�!�W!�q�q 129 133� 32 20–55e�!�W!�e�e�!eZ!e�� 4 4:5� 0:7 6035e�!eZ!eq�q 286 277� 62 20–55e�!eZ!eee 0 0:72� 0:06 60e�!eZ!e�� 0 0:52� 0:05 40–15

Table 1: Observed and predicted event yields for the studiede� decay channels. The analysed
data sample corresponds to an integrated luminosity of475 pb�1. The errors on the SM predic-
tions include model and experimental systematic errors added in quadrature. Typical selection
efficiencies fore� masses ranging from120 to 260 GeV are also indicated.
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Figure 1: Invariant mass distribution of thee� candidates in the elastice�!e (a), inelastice�!e (b), e�!�W!�q�q (c), ande�!eZ!eq�q (d) search channels. The points correspond
to the observed data events and the histograms to the SM expectation after the final selections.
The error bands on the SM prediction include model uncertainties and experimental systematic
errors added in quadrature. The dashed line represents withan arbitrary normalisation the
reconstructed mass distribution ofe� events withMe� = 240 GeV.
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Figure 2: Upper limits at95% CL on the product of thee� cross section and decay branching ra-
tio, �� BR, in the threee� decay channels as a function of the excited electron mass. The decay
channels of theW andZ gauge bosons are combined. Areas above the curves are excluded.
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Figure 3: Exclusion limits at95% CL on the couplingf=� as a function of the mass of the
excited electron considering gauge mediated interactionsonly, with the assumptionf = +f 0.
The separate contributions of the differente� decay channels are presented in (a). Values of
the couplings above the curves are excluded. The excluded domain based on all H1e�p data
is represented in (b) by the shaded area. It is compared to thedirect (dashed line) and indi-
rect (dotted line) exclusion limits obtained at LEP by the OPAL Collaboration [41] and by the
DELPHI Collaboration [42], respectively. The result from the Tevatron obtained by the CDF
experiment [43] is also shown (dashed-dotted line). The curvef=� = 1=Me� is indicated in (b).
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Figure 4: Exclusion limits at95% CL on the inverse of the compositeness scale1=� as a
function of the mass of the excited electron. The excluded domain obtained by consideringe� production via gauge mediated interactions only and under the assumptionf = +f 0 = 1 is
represented by the shaded area. The hatched area corresponds to the additional domain excluded
if gauge mediated and contact interactions are considered together fore� production. Areas
above the curves are excluded.
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