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Recent results of searches for leptoquarks with the H1 experiment at HERA are pre-
sented. A search for first generation leptoquarks is performed using e−p data with
longitudinally polarised electrons collected in the second phase of HERA running. A
search for lepton flavour violating processes ep → µX and ep → τX is performed us-
ing e+p and e−p data from the first phase of HERA running collected from 1998 to
2000. No evidence for direct or indirect production of leptoquarks has been found. The
results are interpreted in terms of limits on the Yukawa coupling of leptoquarks and
lepton flavour violating processes.

1 Introduction

Leptoquarks (LQs) are colour triplet bosons which appear in various unifying theories be-
yond the Standard Model (SM). At HERA, leptoquarks could be singly produced by the
fusion of the initial state electrona of energy 27.6 GeV with a quark from the incoming
proton of energy 920 GeV. The phenomenology of LQs is discussed in detail in [2]. This
note presents a search for LQs coupling to first generation fermions in scattering of longitu-
dinally polarised electrons on protons at a centre-of-mass energy of

√
s ≈ 320 GeV. For the

lefthanded running phase with an average polarisation of −27%, the integrated luminosity
amounts to 60 pb−1, whereas for righthanded running phase with an average polarisation
of 34%, 32 pb-1 of data are analysed.

The LQ concept can also be used to search for lepton flavour violation (LFV) processes in
electron-proton collisions. In ep collisions at HERA, LFV processes ep→ µX and ep→ τX
lead to final states with a muon or a tau and a hadronic system X. The search for LFV
phenomena is performed in ep collision data with unpolarised electrons recorded during
the years 1998-2000 by the H1 experiment, corresponding to an integrated luminosity of
66.5 pb−1 for e+p collisions and 13.7 pb−1 for e−p collisions at a centre-of-mass energy√
s = 319 GeV.

2 Search for Leptoquarks

Due to the more favourable quark-densities of quarks with respect to anti-quarks at high
x, the e−p data sets are mostly sensitive to LQs with fermion number F = |L + 3B| = 2.
The search reported here considers the decays LQ → eq and LQ→ νq where q represents
both quarks and anti-quarks. These LQ decays lead to final states similar to those of deep-
inelastic scattering (DIS) neutral current (NC) and charged current (CC) interactions at

aIn this note ”electron” refers generically to both electrons and positrons. Where distinction is required
the symbols e+ and e− are used.
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very high Q2, the negative four-momentum transfer squared. If the final state is of type eq,
the LQ mass is reconstructed from the measured kinematics of the scattered electron. If the
final state is of type νq, the LQ mass is reconstructed from the hadronic final state [2].
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Figure 1: Mass spectra for the neutral current (up) and
the charged current events (down).

This search is based on inclu-
sive NC and CC DIS data in the
kinematic domain Q2 > 500 GeV2

and 0.1 < y < 0.9, where the
inelasticity variable y is defined
as y = Q2/M2. The cuts on
y remove regions of poor recon-
struction, poor resolution, large
QED radiative effects and back-
ground from photoproduction pro-
cesses. The selection of NC-like
events requires an identified elec-
tron with transverse momentum
above 11 GeV. The selection of
CC-like events follows closely that
presented in [2, 3]. The missing
transverse momentum is required
to be greather than 12 GeV.

The mass spectra measured for NC-like and CC-like events in the left- and righthanded
data sets, shown in figure 1, are compared with the SM predictions, obtained using a Monte-
Carlo calculation [4] and the CTEQ5D parametrisation [5] for the parton densities. In all
cases the data are well described by the SM prediction.
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Figure 2: Exclusion limits for the 7 LQs with F = 2. The limits
are expressed at 95% CL on the coupling λ as a function of the
leptoquark mass. Domains above the curves are excluded.

Since no evidence for
LQ production is ob-
served in either the NC
or CC data samples, the
data are used to set con-
straints on LQs which
couple to first generation
fermions.

The resulting con-
straints for the four scalar
and the three vector LQs
with F = 2 are shown in
figure 2. The areas above the curves are excluded at 95% CL. The strongest constraints
on the coupling λ can be set for LQ masses below the kinematic limit of the s-channel. At
higher masses the production is no longer resonant, but rather contact interaction like and
the cross section scales approximately with (λ/MLQ)4. For a coupling of electromagnetic
strength (λ =

√
4παem = 0.3) this analysis rules out LQ masses below 276 to 304 GeV,

depending on the LQ type.
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3 Search for Lepton Flavour Violation

This analysis presents a search for LFV mediated by LQs with F = 0 and F = 2. For
convenience only one LFV transition is considered: either between the first and the second
generations ep→ LQ→ µX or between the first and the third generations ep→ LQ→ τX .

To determine the signal detection efficiencies, events with LQs are generated using the
LEGO [6] event generator with the CTEQ5L parametrisation of the parton distribution
functions (PDF) of the proton [7]. The LQ signal expectation is a function of the LQ type,
mass, coupling constant and branching ratio βLFV . The contributions from SM background
processes which may mimic the signal include NC and CC DIS, photoproduction, lepton
pair production and real W boson production.

LQs with couplings to the first and second generation leptons can be produced in ep colli-
sions and may decay to a muon and a quark. The signature is an isolated high PT muon back-
to-back to the hadronic system in the transverse plane. In general, a muon deposits a very
small fraction of its energy in the LAr calorimeter. The signal is therefore expected to exhibit
large P caloT , which is the net transverse momentum reconstructed from all clusters recorded
in the LAr calorimeter alone. A detailed description of selection criteria is presented in [8].
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Figure 3: Comparison of limits at 95% CL on the
coupling constants λlq assuming λµq = λeq (a,b) and
λτq = λeq (c,d) as a function of the LQ mass mLQ. The
areas above the lines represent the excluded regions.

Leptoquarks with couplings to
the first and the third lepton gen-
eration can be produced in ep col-
lisions and may decay to a tau and
a quark. Tau leptons are identified
using the electronic, muonic and
hadronic decays of the tau. The
final state resulting from the elec-
tronic tau decay, τ → eνeντ , leads
to an event topology that is very
similar to that of high Q2 NC DIS
events. The preselection follows
that presented in [2]. Muonic tau
decays τ → µνµντ result in similar
final states as the high PT muon
signatures of muonic LQ decay.
Therefore the same selection cuts
are applied here. The hadronic de-
cays of the high PT tau lead to a
typical signature of a high high PT
”pencil-like” jet. The signal topol-
ogy is a di-jet event with no lep-
tons. The final selection criteria
for all three tau decay channels are
given in [8].

No candidate is found in the fi-
nal data sample of the muon channel nor in the electronic and muonic tau decay channel. One
event is selected in hadronic tau decay channel which is in agreement with the SM expecta-
tion.
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Figure 4: Excluded regions at 95%
CL (filled) in λlq1 -λeq1 plane for four
different leptoquark masses. The
bounds deduced without the combi-
nation with first generation LQs are
shown as black curves corresponding
to the different LQ masses.

The results of the search are interpreted in terms
of exclusion limits on the mass and the coupling of
LQs that may mediate LFV. In order to cover the
full LQ decay width and to generalise the results of
LFV searches in ep collisions to an arbitrary weight
between the lepton flavour conservation (LFC) and
LFV decay channels, the searches for LFC decays
presented in [9] are combined with each of the LFV
search channels µX or τX of the present analysis.

Upper limits on the coupling λµq and λτq of all
14 LQ types to a muon-quark pair and a tau-quark
pair, respectively, are determined as a function of the
LQ mass. Assuming lepton universality the couplings
λµq and λτq are taken to be equal to λeq . Examples
of such a limits are shown in figure 3.

Figure 4 shows an example of excluded regions
for one LQ type in the λlq1 -λeq1 plane for the case of
an arbitrary decay rate between the LFC and LFV
decay channels, βLFV . For β � 0.05 (λlq � λeq) the
present analysis extends significantly the published
limits on λeq to lower values.

4 Conclusion

A search for LQs with fermion number F = 2 has been performed using the polarised e−p
data recorded by H1 in 2005. No signal has been observed and constraints on leptoquarks
have been set, which for F = 2 LQs extend beyond the domains excluded previously by H1.
For a coupling of electromagnetic strength, LQ masses below 276 - 304 GeV can be ruled
out, depending on the LQ type.

No signal for the LFV processes ep → µX or ep → τX is found. Constraints on
LFV LQ couplings are set combining the LFV search with the search for first generation
LQs. Assuming a coupling of electromagnetic strength, leptoquarks mediating lepton flavour
violating processes e→ µ and e→ τ can be ruled out up to masses of 459 GeV and 379 GeV,
respectively.
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