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Search for Lepton Flavour Violation at HERA

H1 Collaboration

Abstract

A search for the lepton flavour violating processes ep → µX and ep → τX is performed
with the H1 experiment at HERA. Final states with a muon or tau lepton and a hadronic
jet are searched for in an H1 e±p data sample corresponding to an integrated luminosity
of 410 pb−1. No evidence for lepton flavour violation is found. Limits are derived on the
mass and the couplings of leptoquarks inducing lepton flavour violation in an extension
of the Buchmüller–Rückl–Wyler effective model, assuming λeq = λµq and λeq = λτq

for the second and third generations respectively. For the third generation limits, muonic
and 1–prong hadronic tau decays are considered. Leptoquarks produced in e±p collisions
with a coupling strength of λ = 0.3 and decaying with the same coupling strength to a
muon–quark pair or a tau–quark pair are excluded at 95% confidence level up to masses of
530 GeV and 440 GeV, respectively.



F = 2 Prod./Decay β` F = 0 Prod./Decay β`

Scalar Leptoquarks
S0,L e−LuL → `−u 1/2 S1/2,L e+

RuR → `+u 1

→ ν` d 1/2

S0,R e−RuR → `−u 1 S1/2,R e+
LuL → `+u 1

S̃0,R e−RdR → `−d 1 e+
LdL → `+d 1

S1,L e−LdL → `−d 1 S̃1/2,L e+
RdR → `+d 1

e−LuL → `−u 1/2

→ ν` d 1/2

Vector Leptoquarks
V1/2,R e−RdL → `−d 1 V0,R e+

LdR → `+d 1

e−RuL → `−u 1 V0,L e+
RdL → `+d 1/2

→ ν` u 1/2

V1/2,L e−LdR → `−d 1 Ṽ0,R e+
LuR → `+u 1

Ṽ1/2,L e−LuR → `−u 1 V1,L e+
RuL → `+u 1

e+
RdL → `+d 1/2

→ ν` u 1/2

Table 1: Leptoquark isospin families in the Buchmüller-Rückl-Wyler model. For each lepto-
quark, the subscript denotes its weak isospin and the chirality of the incoming lepton, which
could mediate their production in e±p collisions. Leptoquarks that couple to a left–handed lep-
ton doublet and can decay into a neutrino-quark pair, have a charged lepton decay branching
ratio of β` = Γ`q/(Γ`q + Γν`q) = 1/2
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Figure 1: The reconstructed leptoquark mass in the search for (a) ep → µX and (b) ep → τX
events. The data are the points and the total uncertainty on the SM expectation (open histogram)
is given by the shaded band. The dashed histogram indicates the LQ signal with arbitrary
normalisation for a leptoquark mass of 150 GeV.

2



Search for Second Generation Leptoquarks
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Figure 2: Exclusion limits on the coupling constants λµq = λeq as a function of the leptoquark
mass MLQ for (a) scalar LQs with F = 0, (b) vector LQs with F = 0, (c) scalar LQs with F = 2
and (d) vector LQs with F = 2. Regions above the lines are excluded at 95% CL.
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Search for Third Generation Leptoquarks
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Figure 3: Exclusion limits on the coupling constants λτq = λeq as a function of the leptoquark
mass MLQ for (a) scalar LQs with F = 0, (b) vector LQs with F = 0, (c) scalar LQs with F = 2
and (d) vector LQs with F = 2. Regions above the lines are excluded at 95% CL.
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H1 Candidate Event in the Search for Second Generation Leptoquarks
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Figure 4: Display of the H1 ep → µX candidate data event observed in the search for second
generation leptoquarks.
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H1 Candidate Event in the Search for Third Generation Leptoquarks
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Figure 5: Display of an H1 ep → τX candidate data event observed in the search for third
generation leptoquarks.
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