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1 Introduction

The search for the charged lepton flavour violating (CLFV) decays of the 125 GeV Higgs
boson such as h(125) → µ τ and e τ have been performed at LHC; e.g. ATLAS group has
obtained upper bounds of the corresponding branching ratios B(h(125) → µ τ) < 0.28%
and B(h(125) → e τ) < 0.47% at 95% CL [1], where B(h(125) → µ τ) = B(h(125) →
µ− τ+)+B(h(125) → µ+ τ−) and so on. As for the sensitivity of ILC250 to these branching
ratios, for example the study based on Delphes fast detector simulation gives an upper
limit B(h(125) → µ τ) < 0.023% [2] 1. The branching ratios B(h(125) → µ τ) and
B(h(125) → e τ) are exactly zero in the Standard Model (SM). On the other hand,
these CLFV branching ratios can be sizable in New Physics (NP) models beyond the
SM; e.g. they can be at the percent level in the Supersymmetric Inverse Seesaw Model
[4] despite the very strong constraints from CLFV processes such as τ → µ/e γ [5].
Hence, experimental measurement of these CLFV decay branching ratios can play a role
in searching for NP models and in distinguishing the models. In other words we can probe
the lepton flavour structure of NP by measuring these LFV decays of h(125).

1 As far as we know, there is no dedicated full detector simulation analysis for these CLFV decays at
ILC so far [3]. Hence, we would like to recommend to perform such a full simulation analysis for these
CLFV Higgs decays.



2 Proposal

In this letter we would like to point out the importance of the Quark Flavour Violating
(QFV) decay h(125) → b q̄ / b̄ q (q = d or s) which we denote as h(125) → b d/s in the
following. It is very difficult to detect this decay due to huge hadronic QCD backgrounds
at LHC. However, it is rather easy to detect this decay at lepton colliders such as ILC,
CLIC, CEPC and FCC-ee. For example, the sensitivity of ILC(250+500+1000GeV) to
this decay branching ratio could be about 0.1% level (at 4 σ significance) [3]. An anal-
ysis based on Delphes fast detector simulation [6] gives similar order of estimation for
the sensitivity of ILC500 to the guesstimate above. The corresponding branching ratio
B(h(125) → b d/s) is almost zero in the SM. However, it could be sizable in NP models
beyond the SM; e.g. B(h(125) → b s) can be as large as about 0.1% due to scharm-stop
and sstrange-sbottom mixings in the Minimal Supersymmetric Standard Model (MSSM)
with general QFV [7, 8] despite the very strong constraints from QFV processes such as
b→ s γ [5]. Hence, experimental measurement of this branching ratio B(h(125) → b d/s)
can play an important role in searching for NP models and in discriminating the models:
we can probe the quark flavour structure of NP by measuring these QFV decays of h(125).

On the other hand, to our knowledge, there is no experimental detailed full detector
simulation study on this QFV decay even at lepton colliders at this moment. Therefore,
we would like to recommend strongly for the lepton collider experimentalists to perform
a dedicated realistic full MC simulation analysis to measure the branching ratio of this
QFV decay h(125) → b d/s.

Furthermore, in extended Higgs models such as the Two Higgs Doublet Models (THDM),
there are also the heavier neutral Higgs bosons H0 and A0. In this case we can also study
the possibilities of the QFV decays H0 → b d/s and A0 → b d/s in various NP models.
Such studies in the MSSM with general QFV are performed in [9]. These QFV decays
could be detected at very high energy lepton collider such as CLIC and the muon col-
lider. In this case the measurement of the QFV branching ratios could also play a role in
searching for NP models and in distinguishing the models. Therefore, we would also like
to recommend the lepton collider experimentalists to perform a detailed MC simulation
analysis to detect these QFV decays for the measurement of the corresponding branching
ratios. We can probe the quark flavour structure of NP by measuring these QFV decay
branching ratios once the heavier Higgs bosons H0 and A0 are produced in the collider.

3 Summary

Experimental measurement of the branching ratios of the QFV decays h(125) → b d/s can
play an important role in searching for NP models and in discriminating the models: we
can probe the quark flavour structure of NP by measuring the branching ratios of these
QFV decays h(125) → b d/s. Therefore, we would like to recommend strongly the lepton
collider experimentalists to perform a realistic dedicated full detector simulation study
to measure the branching ratios of the QFV decays h(125) → b d/s. We hope that such
simulation study will be made during the course of the Snowmass process.
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