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A search for excited electrons is performed using the full e± p data sample collected by the H1
experiment at HERA, corresponding to a total luminosity of 475 pb−1. The electroweak decays of excited
electrons e∗ → eγ , e∗ → e Z and e∗→νW with subsequent hadronic or leptonic decays of the W and Z
bosons are considered. No evidence for excited electron production is found. Mass dependent exclusion
limits on e∗ production cross sections and on the ratio f /Λ 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. The e∗ production via contact interactions is also addressed for the first time
in ep collisions.
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1. Introduction

The three-family structure and mass hierarchy of the known
fermions is one of the most puzzling characteristics of the Standard
Model (SM) of particle physics. Attractive explanations are pro-
vided by models assuming composite quarks and leptons [1]. The
existence of excited states of leptons and quarks is a natural con-
sequence of these models and their discovery would provide con-
vincing evidence of a new scale of matter. Electron22–proton in-
teractions 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
γ or a Z boson in the t-channel.
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22 In this Letter the term “electron” refers to both electron and positrons, if not

otherwise stated.
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In this Letter a search for excited electrons using the complete
e±p HERA collider data of the H1 experiment is presented. Elec-
troweak decays into a SM lepton (e, νe) and a SM gauge boson (γ ,
W and Z ) are considered and hadronic as well as leptonic decays
of the W and Z are analysed.

The data are recorded at electron beam energy of 27.6 GeV and
proton beam energies of 820 GeV and 920 GeV, corresponding to
centre-of-mass energies

√
s of 301 GeV and 319 GeV, respectively.

The total integrated luminosity of the data is 475 pb−1. The data
comprise 184 pb−1 recorded in e−p collisions and 291 pb−1 in
e+p collisions, of which 35 pb−1 were recorded at

√
s = 301 GeV.

With a four-fold increase in statistics, this analysis supersedes the
result of the previous H1 search for excited electrons [2]. It com-
plements the search for excited neutrinos [3].

2. Excited electron models

In the present study a model [4–6] is considered in which ex-
cited fermions are assumed to have spin 1/2 and isospin 1/2. The
left-handed and right-handed components of the excited fermions
form weak iso-doublets F ∗

L and F ∗
R .

Interactions between excited and ordinary fermions may be
mediated by gauge bosons, as described by the effective Lagrangian
[5,6]:

LGM = 1

2Λ
F̄ ∗

Rσμν

[
g f

τ a

2
W a

μν + g′ f ′ Y

2
Bμν + gs fs

λa

2
Ga

μν

]
F L + h.c.

(1)

Only the right-handed component of the excited fermion F ∗
R

is allowed to couple to light fermions, in order to protect the light
leptons from radiatively acquiring a large anomalous magnetic mo-
ment [7,8]. The matrix σμν is the covariant bilinear tensor, W a

μν ,
Bμν and Ga

μν are the field-strength tensors of the SU(2), U(1)
and SU(3)C gauge fields, τ a , Y and λa are the Pauli matrices, the
weak hypercharge operator and the Gell-Mann matrices, respec-
tively. The standard electroweak and strong gauge couplings are
denoted by g , g′ and gs , respectively. The parameter Λ has units
of energy and can be regarded as the compositeness scale which
reflects the range of the new confinement force. The constants f ,
f ′ and f s are coupling parameters associated to the three gauge
groups and are determined by the yet unknown composite dynam-
ics.

Following this model of gauge mediated (GM) interactions, sin-
gle e∗ production in ep collisions may result from the t-channel
exchange of a γ or Z boson. Since the e∗ is expected not to have
strong interactions, the present search is insensitive to f s . The
produced e∗ may decay into a lepton and an electroweak gauge
boson via e∗→eγ , e∗→νW and e∗→e Z . For a given e∗ mass value
Me∗ and assuming a numerical relation between f and f ′ , the
e∗ branching ratios are fixed and the production cross section de-
pends only on f /Λ. In most analyses the assumption is made that
the coupling parameters f and f ′ are of comparable strength and
only the relationships f = − f ′ and f = + f ′ are considered. In the
case f = − f ′ , the excited electron does not couple to the pho-
ton and therefore the e∗ production cross section at HERA is small.
Therefore, only the case f = + f ′ is considered in this analysis.

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

LCI = 4π

2Λ2
jμ jμ, (2)

where Λ is assumed to be the same parameter as in the La-
grangian (1) and jμ is the fermion current
jμ = ηL F̄ ∗
L γμ F L + η′

L F̄ Lγμ F L + η′′
L F̄ ∗

L γμ F ∗
L + h.c. + (L → R). (3)

Conventionally, the η 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 → e X .
Searches for deviations from the SM cross section at the highest
squared momentum transfers Q 2 in NC DIS processes have ex-
cluded values of Λ between 1.6 TeV and 5.5 TeV, depending on
the chiral structure considered [9]. Contact interactions may also
mediate the resonant production of excited electrons in ep colli-
sions as well as their decays into an electron and a pair of SM
fermions. The e∗ production and decay by both gauge and contact
interactions is also considered in this analysis. In this case the total
e∗ production cross section σGM+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 inter-
actions are fixed by setting the parameters f and f ′ of the gauge
interaction to one. The ratio of the GM + CI and GM cross sec-
tions σGM+CI/σGM then depends only on Λ and on the e∗ mass.
For Me∗ = 150 GeV and Λ = 1 TeV, σGM+CI/σGM is equal to 8.4,
but reduces to 1.3 for Λ = 4 TeV. Relative branching ratios of GM
and CI decays are determined by the e∗ partial widths in each de-
cay channel [5]. In the sensitive domain of the present analysis
(Λ � 4 TeV and 100 GeV < Me∗ < 200 GeV), more than 95% of e∗
decays are gauge mediated. Therefore, only GM decay channels are
used for the present search.

3. Simulation of signal and background processes

The Monte Carlo (MC) event generator COMPOS [11] is used for
the calculation of the e∗ production cross section and to deter-
mine the signal detection efficiencies. It is based on the cross sec-
tion formulae for gauge mediated interactions [4,5]. Cross section
formulae for contact interaction production and for the interfer-
ence between contact and gauge interactions [10] have also been
incorporated into COMPOS. Only e∗ decays via gauge mediated in-
teractions 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√

Q 2. The parton shower approach [14] is applied in order to sim-
ulate Quantum Chromodynamics (QCD) corrections in the initial
and final states. Hadronisation is performed using Lund string frag-
mentation as implemented 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 the e∗ decay. The NWA is valid
for e∗ masses below 290 GeV and the couplings f /Λ relevant to
this analysis, as the total e∗ width is less than 10% of the e∗ mass.

The Standard Model (SM) processes which may mimic the e∗
signal are QED Compton scattering, neutral current and charged
current (CC) deep-inelastic scattering and to a lesser extent photo-
production, lepton pair production and real W boson production.
All SM processes are generated with at least 10 times the inte-
grated luminosity of the data sample.

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 and outgoing elec-
trons 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 ra-
diative QED corrections. In RAPGAP and PYTHIA, jet production
from higher order QCD radiation is simulated using leading log-



134 H1 Collaboration / Physics Letters B 666 (2008) 131–139
arithmic parton showers and hadronisation is modelled with Lund
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 of 1.2 to account for miss-
ing 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 QED radiative correc-
tions based on HERACLES. The production of two or more jets in
DJANGO is accounted for using the colour-dipole model [18]. Con-
tributions from elastic and quasi-elastic QED Compton scattering
are simulated with the WABGEN [21] generator. Contributions aris-
ing from the production of W 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 apparatus, which takes into account the ac-
tual running conditions of the data taking, and are reconstructed
and analysed using the same program chain as for the data.

4. Experimental conditions

A detailed description of the H1 experiment can be found in
[25]. Only the detector components relevant to the present analysis
are briefly described here. The origin of the H1 coordinate system
is the nominal ep interaction point, with the direction of the pro-
ton beam defining the positive z-axis (forward region). Transverse
momentum (P T ) is measured in the xy plane. The pseudorapidity
η is related to the polar angle θ by η = −ln tan(θ/2). The Liquid
Argon (LAr) calorimeter [26] is used to measure electrons, pho-
tons and hadrons. It covers the polar angle range 4◦ < θ < 154◦
with full azimuthal acceptance. Electromagnetic shower energies
are measured with a precision of σ(E)/E = 12%/

√
E/GeV ⊕ 1% and

hadronic energies with σ(E)/E = 50%/
√

E/GeV ⊕ 2%, as measured
in test beams [27,28]. In the backward region, energy measure-
ments are provided by a lead/scintillating-fiber (SpaCal) calorime-
ter [29] covering the angular range 155◦ < θ < 178◦ . The central
(20◦ < θ < 160◦) and forward (7◦ < θ < 25◦) tracking detectors
are used to measure charged particle trajectories, to reconstruct
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 of 1.16 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 (4◦ < θ < 171◦). In the forward region of the detector
(3◦ < θ < 17◦) a set of drift chambers detects muons and mea-
sures their momenta using an iron toroidal magnet. The luminosity
is determined from the rate of the Bethe–Heitler process ep→epγ ,
measured using a photon detector located close to the beam pipe
at z = −103 m, in the backward direction.

5. Data analysis

The triggers employed for collecting the data used in this anal-
ysis are based on the detection of electromagnetic deposits or
missing transverse energy in the LAr calorimeter [30]. The trig-
ger efficiency is ∼ 90% for events with missing transverse energy
of 20 GeV, and increases above 95% for missing transverse energy
above 30 GeV. Events containing an electromagnetic deposit (elec-
tron or photon) with an energy greater than 10 GeV are triggered
with an efficiency close to 100%.

In order to remove background events induced by cosmic show-
ers and other non-ep sources, the event vertex is required to be
reconstructed within 35 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 mea-
surement of a compact and isolated electromagnetic shower in
the LAr calorimeter. The hadronic energy within a distance in
the pseudorapidity–azimuth (η–φ) plane R = √

�η2 + �φ2 < 0.5
around the electron (photon) is required to be below 3% of the
electron (photon) energy. Furthermore, each electron (photon) can-
didate must be isolated from jets by a minimum distance in
pseudorapidity–azimuth of R > 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 required to have no more
than 5 GeV deposited in a cylinder, centred on the muon track
direction, of radius 25 cm and 50 cm in the electromagnetic and
hadronic sections of the LAr calorimeter, respectively. Additionally,
the muon candidate is required to be separated from the clos-
est jet and from any track by R > 1 and R > 0.5, respectively.
Calorimeter energy deposits and tracks not previously identified
as electron, photon or muon candidates are used to form com-
bined cluster-track objects, from which the hadronic energy is re-
constructed [32,33]. Jets are reconstructed from these combined
cluster-track objects using an inclusive kT algorithm [34,35] with
a minimum transverse momentum of 2.5 GeV. The missing trans-
verse momentum P miss

T of the event is derived from all detected
particles and energy deposits in the event. In events with large
P miss

T , the only non-detected particle in the event is assumed to
be a neutrino. The four-vector of this neutrino candidate is re-
constructed assuming transverse momentum conservation and the
relation

∑
i(Ei − P i

z)+(Eν − Pν
z ) = 2E0

e = 55.2 GeV, where the sum
runs over all detected particles, P z is the momentum along the
proton beam axis and E0

e is the electron beam energy.
Specific selection criteria applied in each decay channel are pre-

sented in the following subsections. A detailed description of the
analysis can be found in [36].

5.1. eγ resonance search

The signature of the e∗ → eγ decay channel consists of two
high P T isolated electromagnetic clusters. SM background arises
mainly from elastic and inelastic QED Compton events. Two iso-
lated electromagnetic clusters are required, each with transverse
momentum P T > 15 GeV and polar angle 5◦ < θ < 130◦ . No ex-
plicit electron and photon identification based on tracking condi-
tions is performed in order to retain a high selection efficiency.
To reduce contributions from QED Compton processes, the sum of
the energies of the two electromagnetic clusters is required to be
greater than 110 GeV and the sum of their total transverse mo-
menta has to be larger than 75 GeV.

After this selection, the SM background from elastic QED Comp-
ton events is smaller than that from inelastic QED Compton pro-
cesses. Since about half of the e∗ production cross section is ex-
pected from elastic e∗ production [4], the analysis is separated
into two parts. Events with a total hadronic energy Eh < 5 GeV are
used to search for elastic e∗ production, whereas the other events
are attributed to possible inelastic e∗ production.

In the elastic channel 42 events are selected in the data com-
pared to a SM expectation of 48 ± 4. In the inelastic channel 65
events are found for 65 ± 8 expected. The errors on the SM predic-
tion include model and experimental systematic errors added in
quadrature (see Section 5.5). The invariant mass of the e∗ candi-
date is calculated from the four-vectors of the electron and photon
candidates. The invariant mass distribution of the e∗ candidates
and the SM background expectations are presented in Fig. 1(a) and
(b) for the elastic and inelastic channels, respectively. The selec-
tion efficiency is 60% for Me∗ = 120 GeV, increasing to 70% for
Me∗ = 260 GeV. From Monte Carlo studies, the experimental res-
olution on the reconstructed e∗ mass distribution is 3 GeV for a
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(a) (b)

(c) (d)

Fig. 1. Invariant mass distribution of the e∗ candidates in the elastic e∗ → eγ (a), inelastic e∗ → eγ (b), e∗ → νW → νqq̄ (c), and e∗ → e Z → eqq̄ (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 with an arbitrary normalisation the reconstructed mass distribution of e∗
events with Me∗ = 240 GeV.
generated e∗ mass of 120 GeV, increasing to 6 GeV for an e∗ mass
of 260 GeV.

5.2. νqq̄ resonance search

The signature of the e∗ → νW → νqq̄ decay channel consists
of two high transverse momentum jets in events with large P miss

T .
The SM background is dominated by multi-jet CC DIS events and
contains moderate contributions from NC DIS and photoproduc-
tion. Events with missing transverse momentum P miss

T > 20 GeV
are selected. In each event at least two jets with transverse mo-
menta larger than 20 and 15 GeV, respectively, are required in the
polar angle range 5◦ < θ < 130◦ .

The ratio Vap/V p of transverse energy flow anti-parallel and
parallel to the hadronic final state [37] is used to suppress pho-
toproduction events. Events with Vap/V p > 0.3 are rejected. Pho-
toproduction and NC DIS backgrounds typically have low values
of xh , the Bjorken scaling variable calculated from the hadronic
system using the Jacquet–Blondel method [37,38], and are thus
suppressed by requiring xh > 0.04. In each event, a W candidate is
reconstructed from the combination of those two jets with invari-
ant mass closest to the nominal W boson mass. The reconstructed
W candidate is required to have an invariant mass above 60 GeV.
In order to further reduce the background from CC DIS, the in-
variant mass of all jets and hadrons in the event not associated
to the decay of the W boson candidate is required to be below
15 GeV.

After this selection, 129 events are found compared to a SM ex-
pectation of 133 ± 32 events which is dominated by CC DIS events.
The CC DIS cross section is smaller in e+p collisions than in e−p,
in contrast to the e∗ cross section which is comparable in both
collision modes. Therefore, e+p data have a larger sensitivity to
a potential e∗ signal in this channel than e−p data. In the e+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 in e+p nor in e−p data. The invariant mass of the e∗ candi-
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date is calculated from the neutrino and W candidate four-vectors.
For this calculation, the W candidate four-vector is scaled such
that its mass is set to the nominal W boson mass. The invariant
mass distributions of the e∗ candidates and the SM background
are presented in Fig. 1(c). The selection efficiency in this channel
is 20% for Me∗ = 120 GeV, increasing to 55% for Me∗ = 260 GeV.
From Monte Carlo studies, the experimental resolution on the re-
constructed e∗ mass distribution is 9 GeV for a generated e∗ mass
of 120 GeV, increasing to ∼ 20 GeV for an e∗ mass of 260 GeV.

5.3. eqq̄ resonance search

The signature of the e∗ → e Z → eqq̄ decay channel consists of
one electron and two high P T jets. Multi-jet NC DIS events consti-
tute the main background contribution from SM processes. Events
are selected with an isolated electron in the LAr calorimeter in the
polar angle range 5◦ < θe < 90◦ . The electron should have either
a transverse momentum P e

T greater than 25 GeV or the variable23

ξ e = Ee cos2 (θe/2) above 23 GeV. These conditions remove a large
part of the NC DIS contribution. The events are required to have
at least two jets in the polar angle range 5◦ < θ jet < 130◦ with
transverse momenta larger than 20 and 15 GeV, respectively. In
each event, a Z candidate is reconstructed from the combination
of those two jets with invariant mass closest to the nominal Z bo-
son mass. The reconstructed mass of the Z candidate is required
to be larger than 70 GeV. To further reduce the NC DIS background
the polar angle of the jet with the highest P T associated to the
Z candidate is required to be less than 80◦ . The polar angle of
the second jet is required to be greater than 10◦ in events with
P jet2

T < 25 GeV.
After this selection, 286 events are observed while 277 ± 62 are

expected from the SM. The invariant mass of the e∗ candidate is
calculated from the electron and Z candidate four-vectors. For this
calculation, the Z candidate four-vector is scaled such that its mass
is set to the nominal Z boson mass. The invariant mass distribu-
tions of the e∗ candidates and the SM background are presented
in Fig. 1(d). The selection efficiency in this channel is 20% for
Me∗ = 120 GeV, increasing to 55% for Me∗ = 260 GeV. From Monte
Carlo studies, the experimental resolution on the reconstructed e∗
mass distribution is 2 GeV for a generated e∗ mass of 120 GeV,
increasing to 8 GeV for an e∗ mass of 260 GeV.

5.4. eee, eμμ and eνν resonance searches

In the search for e∗ → e Z → eee, events with three electrons of
high transverse momenta are selected. The electrons must be de-
tected in the polar angle range 5◦ < θe < 150◦ and have transverse
momenta larger than 25, 20 and 15 GeV, respectively. To reduce
the background from QED Compton processes, each electron in the
central region (θe > 35◦) must be associated to a charged track.
A Z candidate is reconstructed from the combination of the two
electrons with an invariant mass closest to the nominal Z boson
mass. The reconstructed mass of the Z candidate is required be
compatible with the nominal Z boson mass within 7 GeV. After
this selection no data event remains, while 0.72 ± 0.06 SM back-
ground events are expected. The selection efficiency for e∗ with
masses above 120 GeV is ∼ 60%.

In the search for e∗ → e Z → eμμ, events are selected with one
electron with transverse momentum above 20 GeV and two muons
with transverse momenta above 15 and 10 GeV, respectively. The
electron and the muons must be detected in the polar angle ranges
5◦ < θe < 150◦ and 10◦ < θμ < 160◦ , respectively. A Z candidate

23 For NC DIS events, this variable is proportional to the four-momentum transfer
squared Q 2.
is reconstructed from the combination of the two muons and its
reconstructed mass is required to be larger than 60 GeV. After
this selection no data event remains, while 0.52 ± 0.05 SM back-
ground events are expected. The selection efficiency in this channel
is ∼ 40% for Me∗ = 120 GeV, decreasing to 15% for Me∗ = 260 GeV.

The signatures of the e∗ → νW → νeν and e∗ → e Z → eνν
channels are similar and consist of one high P T electron in events
with large missing transverse momentum. Events with P miss

T >

25 GeV and one electron with P T > 20 GeV are selected. The elec-
tron is detected in the polar angle range 5◦ < θe < 100◦ and
is required to be isolated from jets by a minimum distance of
R > 1. To reduce the background from radiative CC DIS processes,
a track must be associated to the electron in the central region
(θe > 35◦). Events from photoproduction are suppressed by re-
quiring Vap/V p < 0.1. Remaining NC DIS events are removed by
requiring that the longitudinal momentum balance of the event
be

∑
i(Ei − P z,i) < 45 GeV, where the sum runs over all visi-

ble particles. In order to remove background arising from SM W
production, the hadron system is required to have a total trans-
verse momentum P h

T < 20 GeV and to exhibit a polar angle γh ,
as defined in [37], below 80◦ . 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 invari-
ant mass of the e∗ candidate in the eνν final state is therefore
estimated from the four-vectors of the neutrino candidate and the
electron candidate. To further remove background from W pro-
duction, only events in which the reconstructed e∗ mass is above
90 GeV are considered. After this selection four data events remain,
while 4.5 ± 0.7 SM background events are expected. The selection
efficiency for the e∗ → νW → νeν (e∗ → e Z → eνν) signature is
∼ 60% (∼ 35%) for e∗ with masses above 120 GeV.

5.5. Systematic uncertainties

The following experimental systematic uncertainties are consid-
ered:

• The uncertainty on the electromagnetic energy scale varies be-
tween 0.7% and 2% depending on the polar angle. The polar
angle measurement uncertainty is 3 mrad for electromagnetic
clusters.

• The scale uncertainty on the transverse momentum of high P T

muons amounts to 2.5%. The uncertainty on the reconstruction
of the muon polar angle is 3 mrad.

• The hadronic energy scale is known within 2%. The uncertainty
on the jet polar angle determination is 10 mrad.

• The uncertainty on the trigger efficiency is 3%.
• The luminosity measurement has an uncertainty of 3%.

The effect of the above systematic uncertainties on the SM ex-
pectation and the signal efficiency are determined by varying the
experimental quantities by ±1 standard deviation in the MC sam-
ples and propagating these variations through the whole analysis
chain.

Additional model systematic uncertainties are attributed to the
SM background MC generators described in Section 3. An error of
20% on the normalisation of NC DIS, CC DIS and photoproduction
processes with at least two high P T jets is considered to account
for the uncertainty on higher order QCD corrections. The error on
the elastic and quasi-elastic QED Compton cross sections is con-
servatively estimated to be 5%. The error on the inelastic QED
Compton cross section is 10%. The errors attributed to lepton pair
and W production are 3% and 15%, respectively. The total error on
the SM background prediction is determined by adding the effects
of all model and experimental systematic uncertainties in quadra-
ture.
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Table 1
Observed and predicted event yields for the studied e∗ decay channels. The anal-
ysed data sample corresponds to an integrated luminosity of 475 pb−1. The errors
on the SM predictions include model and experimental systematic errors added in
quadrature. Typical selection efficiencies for e∗ masses ranging from 120 to 260 GeV
are also indicated

Channel Data SM Signal efficiency [%]

e∗ → eγ (ela.) 42 48 ± 4 60–70
e∗ → eγ (inel.) 65 65 ± 8 60–70
e∗ → νW → νqq̄ 129 133 ± 32 20–55
e∗ → νW → νeν

4 4.5 ± 0.7
60

e∗ → e Z → eνν 35
e∗ → e Z → eqq̄ 286 277 ± 62 20–55
e∗ → e Z → eee 0 0.72 ± 0.06 60
e∗ → e Z → eμμ 0 0.52 ± 0.05 40–15

The theoretical uncertainty on the e∗ production cross section
is dominated by the uncertainty on the scale at which the proton
parton densities are evaluated. It is estimated by varying this scale
from

√
Q 2/2 to 2

√
Q 2. The resulting uncertainty depends on the

e∗ mass and is 10% at Me∗ = 100 GeV, increasing to 15% at Me∗ =
300 GeV.

6. Interpretation

The event yields observed in all decay channels are in agree-
ment with the corresponding SM expectations and are summarised
in Table 1. The SM predictions are dominated by QED Compton for
the eγ resonance search, by CC DIS in the νqq̄ resonance search
and by NC DIS processes for the eqq̄ resonance search. The distri-
butions of the invariant mass of the data events are in agreement
with those of the expected SM background as shown in Fig. 1. Few
or no data events are observed in channels corresponding to lep-
tonic decays of the W or Z bosons, in agreement with the low SM
expectations.

Since no evidence for the production of excited electrons is ob-
served, upper limits on the e∗ production cross section and on
the model parameters are derived as a function of the mass of
the excited electron. Limits are presented at the 95% confidence
level (CL) and are obtained from the mass spectra using a modified
frequentist approach which takes statistical and systematic uncer-
tainties into account [39].

Upper limits on the product of the e∗ production cross section
and of the e∗ decay branching ratio are shown in Fig. 2. The anal-
ysed decay channels of the W and Z gauge bosons are combined.
Considering pure gauge interactions, the resulting limit on f /Λ af-
ter combination of all decay channels is displayed as a function of
the e∗ mass in Fig. 3, for the conventional assumption f = + f ′ .
The total fraction of all possible e∗ gauge decay channels covered
in this analysis is ∼ 88%. The limit extends up to e∗ masses of
290 GeV. Considering the assumption f /Λ = 1/Me∗ excited elec-
trons with masses up to 272 GeV are excluded. The relative contri-
butions of the e∗ decay channels to the combined limit are shown
in Fig. 3(a). At low mass, the combined limit on f /Λ is dominated
by the e∗ → eγ channel, while the e∗ → νW channel starts to
contribute to the limit for masses above 200 GeV. These new re-
sults extend the previously published limits by H1 [2] and ZEUS
[40] by more than a factor of two in f /Λ. Fig. 3(b) shows direct
and indirect limits on e∗ production obtained in e+e− collisions
at LEP by the OPAL Collaboration [41] and DELPHI Collaboration
[42], respectively. The result of the most recent search for e∗ pro-
duction within gauge mediated models obtained at the Tevatron
by the CDF Collaboration is also indicated [43]. The limit from the
present analysis extends at high mass beyond the kinematic reach
of LEP searches and to lower f /Λ values than are reached by Teva-
tron searches.
Fig. 2. Upper limits at 95% CL on the product of the e∗ cross section and decay
branching ratio, σ × BR, in the three e∗ decay channels as a function of the excited
electron mass. The decay channels of the W and Z gauge bosons are combined. The
limits correspond to e± p collision data with an effective

√
s = 318 GeV and relative

fractions of e+ p and e− p data of 61% and 39%, respectively. Areas above the curves
are excluded.

If e∗ production is considered via gauge and contact interac-
tions together, an upper limit on 1/Λ is also obtained, under the
assumption f = f ′ = 1. Possible e∗ decays by either gauge or con-
tact interactions are taken into account and the efficiency of the
analysis to e∗ CI decays is conservatively assumed to be zero. The
limit on 1/Λ as a function of the e∗ mass is displayed in Fig. 4. For
e∗ masses below 250 GeV, the additional contribution of CI to e∗
production changes the limit on Λ by a factor of 1.15 to 1.2. A limit
on Λ as a function of the e∗ mass is also obtained at the Tevatron
by considering single e∗ production via contact interactions only,
followed by its gauge decay into an electron and a photon [44].

7. Conclusion

Using the full e±p data sample collected by the H1 experi-
ment at HERA with an integrated luminosity of 475 pb−1 a search
for the production of excited electrons is performed. The excited
electron decay channels e∗ → eγ , e∗ → e Z and e∗ → νW with
subsequent hadronic or leptonic decays of the W and Z 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 coupling
f /Λ as a function of the excited electron mass is established for
the specific relation f = + f ′ between the couplings. Assuming
f = + f ′ and f /Λ = 1/Me∗ excited electrons with a mass lower
than 272 GeV are excluded at 95% confidence level. For the first
time in ep collisions, gauge and four-fermion contact interactions
are also considered together for e∗ production and decays. In this
scenario and assuming the same Λ parameter in contact and gauge
interactions as well as f = + f ′ = 1, ηL = 1 and ηR = 0, the limit
on 1/Λ improves only slightly, demonstrating that the gauge in-
teraction mechanism is dominant for excited electron processes at
HERA. The results presented in this Letter extend previously ex-
cluded domain at HERA, LEP or Tevatron.
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