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Abstract:

A search for direct production of new leptons in the mass range from 10 GeV up
to 225 GeV is presented by the H1 experiment at HERA. The data were obtained
during 1993 and correspond to an integrated luminosity of 528 nb™'. The search
includes heavy lepton decays to final states e(v)vy and e(v) W, e(v)Z with the
subsequent decay of the W and Z bosons into jets or lepton pairs. No evidence was
found for the production of new massive electrons or neutrinos in any of the decay
channels. Rejection limits for excited electrons and neutrinos are derived.
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1 Introduction

At the present time, there is no clear experimental evidence for particle physics phenomena
beyond the Standard Model (SM). The discovery of new heavy particle states would change this
completely. A search for such particles has thus high priority at any new collider.

At the electron(e)-proton(p) collider HERA new heavy leptons could be produced as single
intermediate states formed between the incoming electron and a gauge boson radiated off the
proton. Particular examples of heavy leptons are excited electrons (e*) and excited neutrinos
(v*), which are a natural ingredient of composite models [1]. If found, they would constitute
a proof for the existence of substructure in the fermion sector. In any case most extensions of
the SM predict heavy particles. Right handed neutrinos [2] are another example of new heavy
leptons which can be produced through charged current processes in ep scattering experiments.
They appear, e.g., in unified theories based on the group SO(10), in left-right symmetric theories,
and in models with mirror fermions [3].

The search for heavy leptons at HERA has some advantages compared to current et e~
or pp machines. Larger masses are accessible for single heavy lepton production by virtue of
the available energy compared with et e~. In addition, incident leptons are present at HERA,
lacking in pp colliders, and a violation of lepton number conservation in the decays of some
heavy neutrinos could be discovered by detecting the resulting positively charged lepton.

Generally the ep cross section for the production of a heavy state L decaying into a specific
final state with a branching ratio B is given by

472

oletp—L+X) = (@74 1)1 Bl (M)

where J, M are the angular momentum and the mass of L, and +/s is the centre of mass energy.
This equation is valid in the narrow-width approximation and to lowest order (Born term). Here,
fi/p(x) dx is the number of gauge bosons with momentum fraction x radiated off the proton.
The widths I' and the branching ratios B depend on specific models for the coupling to these
new particles.

In this paper we present a search for the production of new heavy leptons based on an
integrated luminosity of £ = 528 £ 27 nb™" collected during 1993 at /s = 296 GeV. First
results with 1992 data (£ about 25 nb™") can be found elsewhere [5, 6].

2 Experimental Method

Heavy charged leptons would be produced dominantly by the exchange of low-Q? photons
whereas heavy neutral leptons would be formed in a wider range of Q? through W boson ex-
change. Here, —Q? is the four-momentum squared of the gauge boson. The current maximum
available centre of mass energy for the direct production of states L at HERA is 296 GeV. This
allows the exploration of a mass range where L may decay via a heavy gauge boson (W or 7).
If L is the lightest new lepton produced, it may decay into Iy, [ Z, or [W where [ stands for
e or v, respectively. The heavy gauge boson from the L decay will itself decay either into a
quark(q)-antiquark(q’) pair, giving two final state jets, or into a lepton pair. Generally these
decay products will have high transverse energies, F;, and will reconstruct to the mass of the
W or Z. An excess of events around these masses is a good signature for the production and
decay of new states.

As far as possible, we have carried out the search for new heavy leptons in a model indepen-
dent way. The ingredients of our analysis methods to investigate the different final states are:
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searches for large F; isolated electromagnetic (e.m.) clusters (localized energy deposit), large
missing transverse energy, E™**, and pairs of jets with high transverse energy. The analysis is
based on the following combinations of these signatures:

1. Two isolated e.m. clusters, exclusively,

2. Two or more isolated e.m. clusters, inclusively, or one or more isolated e.m. clusters and
large missing transverse energy,

3. Two or more jets with or without additional e.m. clusters.

The association of these search methods with specific decay modes are shown in Table 1.

Final State Decay Search Methods
L—ey ey 1/2
—eZ Z —eelvi/qq 2/2/3
—vW W —ev/qd 2/3
— vy vy 2
—vZ Z —eelqq 2/3
—eW W —ev/qd 2/3

Table 1: Decay modes of heavy leptons L considered in this analysis.

Final states with only leptons and/or photons have a clean signature and a high detection
efficiency. W or Z boson decays to g §' pairs are more difficult to detect and have comparatively
more background.

Several background processes contribute to the various heavy lepton decay channels. In most
cases the background arises from standard physics and is concentrated at low invariant masses
(X 60 GeV). The events with low invariant mass systems constitute a good control sample for
our search methods of high mass heavy leptons. Hence we select the events in a mass region
starting at 10 GeV for all the different final states and compare our data with the prediction
from standard physics processes. If agreement is found at low masses, we take the expectation
at higher masses to be the background estimator, B, of the number of measured events, INV.
In absence of any signal, upper limits on couplings can be determined from N and B with a
confidence level (CL) taking into account detection efficiencies and luminosity.

3 Experimental Set-up

A detailed description of the H1 detector can be found elsewhere [7]. Here we describe briefly
the components which are relevant for this analysis. The interaction region is surrounded by
a drift and proportional chamber tracking system, split into central barrel and forward parts
and covering the angular range 7° < # < 176° . The tracking system is placed inside a finely
segmented liquid argon (LAr) calorimeter covering the range 4° < § < 153°. The electromagnetic
section, between 20 and 30 radiation lengths (X,) deep, is used to identify electrons and photons.
Hadrons also deposit energy in the outer layer (hadronic section) of the LAr calorimeter. The
total thickness of the LAr components varies between 4.5 and 8 interaction lengths. For the LAr
calorimeter energy resolutions of o(E)/E ~ 12 %/+/E (GeV)®1% for electrons and photons and

!The forward direction (positive z-coordinate) from which the polar angle, 8, is measured is the incident proton
beam direction.



o(E)/E ~ 50 %/\/E (GeV) & 2% for hadrons have been obtained in test beam measurements.
A 22 X, deep lead-scintillator e.m. calorimeter (BEMC) is located in the backward region
(151° < @ < 176°) of the H1 detector. The resolution is determined to be o(E)/E =~ 10

%//E(GeV) @ 2%.

The tracking system and calorimeters are surrounded by a superconducting solenoid produc-
ing a uniform field of 1.15 T in the z-direction. The luminosity detectors, which measure the
Bethe-Heitler reaction ep — eyp and electrons from photoproduction processes, are placed at
the positions z = —33 m (electron tagger) and at z = —103 m (photon tagger), with respect to
the nominal interaction point.

4 Event Selection

4.1 Exclusive Electromagnetic Cluster Analysis

Events with two e.m. clusters only (see Table 1, search method 1) are candidates for charged
heavy lepton decays, but also for the Wide-Angle Bremsstrahlung (WAB) background process
ep — eyp(X) with a well separated e~y pair. Most of the WAB events are expected to have
an e~y system of low invariant mass (< 20 GeV) with high momentum in the direction of the
incoming electron. Hence the outgoing electron and photon can be detected in the backward
part of the calorimeters.

In most cases the hadronic system, p(X), has a small transverse momentum and escapes
detection. For elastic WAB events the final hadronic state consists of only a proton, while
for the quasielastic and inelastic process the proton fragments. By our definition, the latter
two processes are separated by regions in Q?, where for Q*> < 5 GeV? the process is called
quasielastic, else it is inelastic.

The first step is the selection of events with two isolated e.m. clusters only, which are expected
to be dominated by the background of elastic and quasielastic WAB processes. The cuts to select
e~y pairs are shown in Table 2 and define search method 1.

In total an accumulated luminosity of 528 nb™' was analysed in this part. The events are
required to have satisfied the BEMC or LAr energy triggers. The trigger efficiency for e.m.
clusters with energies above 20 GeV in the BEMC and LAr is &~ 100%. This was checked by
studying deep inelastic scattering (DIS) electrons in the BEMC and in the LAr calorimeter and
by using the e.m. showers produced by photons radiated off cosmic or beam halo muons.

We define an e.m. cluster to have at least 90 % of its energy deposited in the e.m. part of
the calorimeters and to be isolated, based on a geometric cone about the e.m. cluster in terms
of azimuthal angle (A¢) and pseudorapidity (An) differences with respect to the cluster centre.
If less than 10% additional energy is within R = \/A@? + An? < 0.5, the cluster is defined as
isolated. Requirement 2 takes into account that for most elastic and quasielastic WAB events
at low ey masses the summed energy of the two clusters is given by the energy, E, of the
initial electron. Requirement 3 rejects events with other particles in the final state, where F;.;q;
is the energy deposit in the LAr and BEMC. Requirements 4 and 5 rely on the fact that for
exclusive L (— e+y) production as well as for the elastic and quasielastic WAB background the
kinematics of the process is overconstrained. The same physical quantity, e.g. the energy F;
of the outgoing electron or photon, or the mass m of the e~y system, can be determined by
two methods. First, the measured four vectors with the energies £, and E., of the outgoing
electron and photon are used to calculate m and second, only the polar angles 0., 6, are used to
calculate m?(0,,0.,) = 4E*(1 + )/(1 — ), with 8 =sin(f. + 6,)/(sinf, + sinf.) and similarly

ey Yy
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Search method 1

> 2 isolated e.m. clusters E; > 2 GeV for i = e,y
E, + E, > 20 GeV

Eita — E. — E, < 5GeV

|m(6., 0,) —m| < 2m

|Ei(0., 6,) — E;| < E;

10° < 6. < 160° or 10° < 6., < 160°

20 GeV < (E — p.)totar < 80 GeV

m > 10 GeV

Visual scan

—

© 0N o oW

Table 2: Selection requirements for elastic and quasielastic WA B events. Here m is the invariant
mass of the e~y system. The other quantities are explained in the text. If more than two isolated
e.m. clusters are found, the two clusters fulfilling requirements 1 and 2 with the largest polar
angles 0; are used.

E..(0.,0,) = 2E(/(1 — f)sinb, ./sin(f. + 6,). Requirements 6 and 7 suppress background
from DIS and ~ p events, respectively.

The 288 events above m = 10 GeV are visually scanned and events which have tracks un-
correlated with the e.m. clusters (82 events) are rejected. These events are not due to WAB
processes as was checked by scanning WAB Monte Carlo events. In addition cosmic (59 events)
and beam halo muons (62 events), which can have complicated topologies, are identified and
removed at this stage. The remaining 85 events are compared to the WAB event simulation [8]
which predicts 86 events above m = 10 GeV. The generated events, corresponding to a lu-
minosity of 6 pb™', are fed into the H1 detector simulation program and are subject to the
same reconstruction and analysis chain as the real data. The absolute number and the shapes
of the distributions for the energies and angles of the e.m. clusters (not shown) as well as
the e~y mass spectrum (Figure 1) are reproduced well by the WAB simulation. Applying the
Kolmogorov-Smirnov test the probability is 28% that both follow the same distribution. The
highest measured mass is at 45 GeV. In total 0.6 events are expected from the WAB process for
masses above 60 GeV.

4.2 Inclusive Electromagnetic Cluster Analysis

Candidates for more general event topologies from heavy lepton decays with one or more e.m.
clusters as well as other particles in the final state must fulfill the selection criteria shown in
Table 3, defining search method 2. The analysis is based on an integrated luminosity of 434 nb™",
because more stringent data quality criteria are applied. The same triggers are used as in the
previous analysis.

The selections in Table 3 are motivated by Monte Carlo studies and give a high signal
detection efficiency whilst rejecting wrongly identified events like those from cosmic muons. 13
events remain after all requirements. The final classification is done visually. Three inelastic
WAB events with an expectation of 2.1 are found with invariant masses of the e system at
26 GeV, 38 GeV, and 57 GeV. The number of DIS candidates (10 events) in this sample is
compared with the LEPTO Monte Carlo event simulation [9] which predicts 11 events in total.
Four of the DIS events have an E**** > 12 GeV. Under the assumption that a neutrino escapes
detection, the invariant mass of the heavy electron and the heavy neutrino can be calculated.
All masses are below 50 GeV and therefore these events are not considered to be candidates for
heavy leptons decaying into the W or Z boson.

7



100 w w

| |
é - e [H1 Data 1
I 1 MC
=) | i
g 10 # =
= B ]
~ i 1
Z L B
= L
L " _

°
5

’—I

°

°

T

—_

|

0.1 | | L
6

0 20 40 0

m (GeV)

Figure 1: Mass spectrum of the selected e~y pairs above 10 GeV. The histogram shows the
absolute prediction based on the WAB Monte Carlo simulation.

Search method 2

1. > 2 isolated e.m. clusters, E;; > 20 GeV and F;; > 12 GeV or

> 1 isolated e.m. cluster with E,; > 20 GeV and E™*° > 12 GeV
2. Cosmic and beam halo muon-filter
3. Visual classification

Table 3: Selection criteria of heavy lepton states. Ey and E are the transverse energies of the
first and second cluster.

In summary, after imposing the Table 3 selection requirements, no candidates are left with
a mass above 60 GeV in final states which include e.m. clusters.

4.3 Jet Analysis

Events with two or more jets with a high invariant mass in the final state are candidates for
decays of the heavy gauge bosons W and Z. Background is to be expected from photoproduction
processes. The requirement for detecting two or more jets includes both the modes with an
additional e or v and also ensures that the detection efficiency remains high for new heavy
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leptons just above the W or Z mass, where the electron is difficult to detect or E/™** is small.
The subsequent cuts for the data selection with this final state topology are given in Table 4,
defining search method 3.

This part of the analysis is based on an integrated luminosity of 320 nb™". For this luminosity
the electron tagger could be used to control the background from photoproduction by identifying
the tagged electron in the extreme backward direction.

Search method 3

1. > 2 jets, By, > 8 GeV, with i = 1,2

2. A6 > 60° or mys > 50 GeV

3. Requirements on tracks

4. By > 7 GeV (set 1) or

5. Eiuy <7 GeV (set 2)
5.1 reject events with an electron: (set 2a)
5.2 select events with an electron: (set 2b)

0. < 160°
6. Visual verification

Table 4: Selection criteria for the jet analysis. If more than two jets are found, the two jets
with highest transverse energies Ey; are used. Ey,, s the energy deposited in the electron tagger.
Electrons are defined by E, > 10 GeV and 6, > 10° (see also teat).

For the definition of the jets we use a cone algorithm with radius R = 1 in the 5-¢-plane
according to the Snowmass approach [10]. The opening angle Af between the jets from W
or Z decays is in general large. For low invariant masses of the two jets (m;» < 50 GeV) the
requirement Af > 60° gives a clean sample of candidate events, since the main background
contribution from beam (p)-gas interaction is at small angular separation. For larger two jet
masses, however, the Af# cut is not applied because for new, very heavy (2 150 GeV) leptons
decaying into massive gauge bosons, the W or Z is strongly boosted in the direction of the
incident proton and small angles between the two jets become possible. For further suppression
of beam-gas or beam-wall events we demand at least five tracks with p; > 0.2 GeV in the central
track chambers or less than 40 tracks without p, requirement. No candidates from heavy lepton
decays are expected with electrons above 6, = 160°, where most of the background from DIS is
anticipated.

We distinguish between events depositing more than 7 GeV energy in the electron luminosity
detector (tagged events, set 1) and events where no electron is detected (untagged sample, set
2). Set 1 consists of photoproduction events, which are obviously not candidates for new heavy
lepton production. This is a good control sample for the data without an electron tag (set 2)
which are expected to contain mainly photoproduction and DIS events.

The events of set 1 have to be triggered by the electron tagger. In the untagged sample (set
2) and for invariant masses of the two jets above 60 GeV, events are required to be triggered
either by the central tracking system or by the LAr calorimeter. For lower masses only triggers
of the central tracker are required. The track-trigger efficiency for set 2 is determined from
photoproduction data (set 1) monitored by the electron tagger, and the LAr trigger efficiency is
calculated using the central track triggers as monitor. Both efficiencies are folded into the event
simulation.

We compare our data with predictions based on the Monte Carlo generator PYTHIA [11]
and take into account resolved and direct photoproduction of light and heavy quarks. The Lund
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string model [12] is used for fragmentation and decay. The generated events with simulated H1
detector response, including the triggers, are reconstructed exactly the same way as real data.

First the tagged data sample ep — e;,,X (set 1) is compared with the photoproduction
Monte Carlo simulation. With the cuts chosen, we find good agreement between the data and
the expectation for the absolute number of events and the shapes of various distributions, e.g.
the energy in the electron tagger, the transverse energies, the pseudorapidities, and the invariant
mass of the jets. Next the sample with no electron detected in the final state, defined as set 2a
in Table 4, is considered. Good agreement of the z-vertex distribution (mostly within £20 cm)
is found between data and Monte Carlo expectation, using a vertex simulation based on data
from DIS events, indicating that the beam-gas background contamination in the event sample
is negligible. The distributions of jet transverse energies, E;;, and pseudorapidities, in the 823
events of set 2a agree well with the photoproduction event simulation which predicts 802 events.
Most of the events have jets at low E;; as expected from photoproduction processes, extending
up to 42 GeV, the region where decay products of heavy leptons might be found. The jet
pseudorapidities vary between —2 and 2.5.

Figure 2 displays the invariant mass spectrum of the two jets for events of set 2a, together
with the expectation. These event topologies cover the decay modes v ¢’ and eq g where the
electron is not observed (see Table 1). The distributions agree both in shape and absolute
normalization. Applying the Kolmogorov-Smirnov test in the mass range above 25 GeV the
probability that both follow the same distribution is 32%. Due to our jet-jet mass resolution of
about 10 GeV, candidates of W or Z decays are expected at measured invariant masses above
60 GeV. For events with large missing E; (neutrino in the final state), the effective mass can
still be calculated, using the missing transverse energy E™** and (E — p.)iotal-

A spectacular two jet event with a reconstructed mass of 80 GeV is shown in Figure 3. The
event conserves transverse momentum and is hence a candidate for W decay. The number of
expected events from electroproduction of W bosons is around 0.3, according to the Monte Carlo
generator EPEWAX [13].

With an additional requirement of at least two jets with E;; > 15 GeV, designed to further
optimise signal to background ratio, the number of events with invariant masses of the two
jets above 60 GeV is 28 and the expectation from PYTHIA is 34. For masses above 80 GeV
we observe 11 events where 5 are expected, corresponding to a probability of 5.8% taking into
account the uncertainty of the expectation. The highest invariant mass found is at 101 GeV.
We conclude that there is no evidence of any new heavy lepton signal in the whole mass interval.

Finally, we search for topologies with an extra electron (set 2b), covering the decay modes
e qq . For high invariant masses of e+jets the electron requirement gives an additional constraint
and ensures a better background suppression. The natural background in these channels comes
from DIS events. After all selection requirements have been applied, one event with the topology
e+jets remains, compatible with the expectation, and it has a reconstructed e+jets mass of
117 GeV.

In summary, after imposing selection requirements for the presence of heavy gauge bosous,
no excess of events is found in any of the channels under study. Where candidates still survive
the cuts, their number is compatible with expectations from the specific background processes.

5 Efficiency using a Specific Model

During the search for new heavy leptons no specific model has been assumed in order to be as
sensitive as possible to a wide range of new particle states. To calculate limits on cross sections
and couplings specific assumptions are required.
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Figure 2: Jet-jet mass spectrum above 10 GeV for final states with jets. The histogram shows
the absolute prediction for photoproduction based on the PYTHIA Monte Carlo simulation cor-
responding to an integrated luminosity of 300 nb™".

The theory for production of excited lepton states has been discussed extensively in the
literature [14]. Here we use a model based on an effective SU(2)®U (1) invariant Lagrangian [15]
for spin 1/2 excited states. In this model the magnetic transition couplings of an ordinary
lepton (1) and an excited lepton (I*) to a vector boson (V) with four momentum ¢ are given by
—i%0,, 9" (1 —7s)c,,.,- Here, e is the electric charge, A is the compositeness scale, and c,,,,, are
different coupling constants. In ep collisions the production of the excited leptons depends mainly
on the couplings c, .. and cw - . while for the decay of the excited states the other couplings
have to be considered, too. The width I" is approximately given by I' = a M®¢?  /A?. The

branching ratios, calculated in refs. [4, 16], are a priori unknown because they depend on the

unknown couplings c,,,.,.

For detailed studies the Monte Carlo event generator COMPOS [17] is used, which is based on
the cross section calculated in ref. [15]. We employ the Lund string model for fragmentation and
decays and all the results presented here have been obtained using the MRS D— parametrisation
of the parton densities. The generated events are passed through the full H1 detector simulation
and are reconstructed like real data. The total efficiency for a new excited lepton to survive
the selection steps is then derived from this Monte Carlo simulation including also the trigger
efficiencies. These total detection efficiencies are shown in Figure 4 for the different final states
as a function of the mass of the heavy lepton for values above 75 GeV. The average detection
efficiency for e* events with masses between 25 GeV and 75 GeV is 60%. For channels with
electrons and photons the efficiencies are between 60% and 95% whilst for final states with jets
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Figure 3: A two jet event in two projections of the H1 apparatus and the energy flow as measured
in the calorimeter. The two jets have transverse energies of 42 GeV and 38 GeV. The invariant
mass is determined to be 80 GeV.

the typical efficiencies are around 50%.

The rejection limits are derived by adapting the procedure recommended by the Particle
Data Group [18]. In the channel e* — e~y for masses below 75 GeV a luminosity of 528 nb™"
is used. For masses above 75 GeV and for all other channels without jets the relevant value is
434 nb™'. For final states with jets a luminosity corresponding to 320 nb™' is analysed. The
uncertainties for calculating limits are due to the errors in the luminosity (5%), knowledge of the
total efficiency (7%), the parton densities (6%), and the background estimator B (< 17%). The
errors on the total efficiencies are determined by varying the thresholds of our main selection
criteria within reasonable bounds. The dependence on the parton density functions has been
studied by employing various parametrisations. We estimate that the combination of these
uncertainties for various decay channels yields an effective 7% uncertainty on the values of the
coupling limits. Possible dependencies of the limits on the hadronisation model employed have
been neglected.

6 Results

Using only the accumulated luminosity and the computed efficiencies, cross sections above
O(10 pb) for the production of new heavy leptons are ruled out with 95% CL, depending on
the decay channel. These limits are almost independent of the nature of the heavy state.

The experiment can set limits on the product of the coupling constant c,,., with the square
root of the branching ratio B of the excited leptons divided by the compositeness scale parameter
A. The 95% CL upper limits are shown in Figures 5 and 6 for each of the three different
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Figure 4: Total detection efficiencies for specific decay channels of the excited leptons. In a)
the efficiencies for detecting an excited electron and in b) the efficiencies for finding an excited
neutrino are shown for the different final states investigated in this analysis.

decay channels as functions of the mass of the excited states. The detection efficiency of the
excited electron decreases rapidly for masses below 25 GeV. In principle coupling limits could
be calculated up to the total centre of mass energy. However, in this analysis the calculations
are limited to masses and coupling values where the decay width is well below the corresponding
mass of the heavy lepton. For excited electrons and a special choice of the coupling cze*e =1/16
the total decay width is 28(210) GeV at M = 225(250) GeV, taking into account the limits for
A obtained from our analyses. If ¢> = 1/4 is chosen, the width of the excited neutrino is
52(132) GeV for M = 165(180) GeV.

The results improve the limits from earlier H1 detector data [5] by a factor of &~ 4 in this
newly accessible mass region. Searches for e* and v* have been pursued at LEP mainly, using the
decay channels with a photon in the final state. The current rejection limits for the direct single
production of leptons exclude masses < 90 GeV, almost independently of the compositeness
scale A for A < 2.5 TeV [19].

The best limits for e* production in the HERA mass range are obtained in the e~y final
state due to the high detection efficiency. The sensitivity for the v* is suppressed by the W
propagator as opposed to the photon propagator in the case of e* production. For a typical
value cf = 1/4 and at a mass around 100 GeV, we currently rule out compositeness scale
parameters A < 300 GeV. The rejection limits for final states with a W or Z boson are similar,
the main difference occuring because of Z decays into v .

Finally, we would like to comment on Majorana neutrinos v;;. At HERA, the production of
vy with masses m > 100 GeV and a mixing of 0.01 is possible and would give a cross section
O(0.1 pb) at 100 GeV [20]. We have used models that predict these types of neutrinos and
our detection efficiencies only change marginally compared to the excited lepton efficiencies.
The data presented in this paper limits the accessible mixing to about 0.8. Only when the
accumulated luminosity at HERA reaches O(50 pb™") will the HERA detectors be able to reduce
the mixing limits significantly.
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Figure 5: Rejection limits with a CL of 95% for the e*. Regions above the curves are excluded.
In the channel e* — e~y the WAB events have been used to calculate limits. For final states with
jets the limits are derived using data set 2 with Ey; > 15 GeV, i = 1,2 and then combined with
the results from other decay modes of the Z and W .

7 Conclusions

The H1 detector has been used to search for direct production of heavy leptons L in a mass
range from 10 GeV up to 225 GeV. This mass range is directly accessible only at the ep collider
HERA. The available centre of mass energy allows a mass range to be explored where L can
decay into final states including W and Z bosons. Therefore the analyses presented here include
an investigation of several final state topologies. No evidence was found for the production of
heavy leptons. Cross sections above O(10 pb) are ruled out with 95% CL, depending on the
final state considered. For the direct search of the excited states e* and v*, limits on couplings
have been presented.
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