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From the experimental observation of neutri-
no oscillations, lepton flavor violation (LFV) in the
neutrino sector has been observed. However, that
violation has not yet been observed in the charged-
lepton sector and it is not quite certain where it
is most likely to be observed first. After discovery
of Higgs boson it is pertinent to ask if there could
be a connection or mixing between the Higgs sector
and the mechanism responsible for the nonconser-
vation of lepton number, and to find out whether
some remnant effect could show up in Higgs decays,
which may be detectable at present or future colli-
ders. We are interested in studying the decays of the
Higgs boson H → `1`2 as a possible signal of LFV.
The CMS and ATLAS Collaborations have reported
current upper limits on the branching ratios of the
Higgs decay to two leptons [1, 2]. The second run of
the LHC, at a center of mass energy

√
s = 13 TeV

will provide an important probe of flavour changing
couplings of the Higgs boson.

We consider a two-Higgs-doublet extension of
the Standard Model (SM), with three right-handed
neutrino singlets and the seesaw mechanism. Is
assumed that the lepton flavours are conserved in
the Yukawa couplings and broken only in the Ma-
jorana mass terms of the right-handed neutrinos;
this assumption is field-theoretically consistent be-
cause those mass terms have dimension three while
the Yukawa couplings have dimension four. The-
refore all the Yukawa coupling matrices are lepton
flavour-diagonal and LFV originates solely in the
non-flavour-diagonal Majorana mass matrix of the
right-handed neutrinos [3].

We compute the process H (p̄1 + p2) →
`1 (p̄1) `2 (p2). Here, H is supposed to be the ob-
served neutral scalar with mass mH ≈ 125 GeV. In
a two-Higgs-doublet model in the Higgs basis,

Φ1 =

(
G+(

v +X1 + iG0
) /√

2

)
,

Φ2 =

(
C+

(X2 + iX3)
/√

2

)
, (1)

where v ≈ 246 GeV is real and X1,2,3 (and G0) are
real fields. The field G+ ≡ S+

1 is the charged Golds-
tone boson; C+ ≡ S+

2 is a physical charged scalar

with mass mC . The amplitude is of the form

T = uµ (p2) (lγL + rγR) vτ (p̄1) , (2)

where T has mass dimension while l and r are di-
mensionless. Therefore, summing over the spins of
the final fermions `1 and `2,

|T |2 =
(
m2
H −m`1 −m`2

) (
|l|2 + |r|2

)
− 4m`1m`2 <(lr∗). (3)

The partial decay width is

Γpartial = |T |2
√
λ (mH ,m`1 ,m`2)

16πm3
H

, (4)

where λ (x, y, z).
There are four diagrams generating l =

∑4
i=1 li

and r =
∑4
i=1 ri. The first two are self-energy dia-

grams. The third amplitude arises from diagrams
in which the external H couples to gauge bosons
and/or charged scalars. In the fourth amplitude, H
couples to two (either distinct or identical) neutri-
nos; the other intermediate particle may be either
W±/G± or C±.

We have computed the branching ratios of the
Higgs decay in to two charged leptons in the case of
a two-Higgs-doublet model assuming that the obser-
ved particle with mass 125 GeV is 90% equal to the
Higgs of the SM and has a 10% contribution from
a second Higgs doublet. Also, we have employed se-
veral simplifying assumptions in order to reduce the
parameter space of the model and demonstrate that
is possible to find a region in the parameter space
where the branching ratios are close to their experi-
mental limits.

Reikšminiai žodžiai: flavour violation, Higgs boson
decay, two-Higgs-doublet, seesaw mechanism

Literatūra
[1] V. Khachatryan et al., Search for Lepton-Flavour-

Violating Decays of the Higgs Boson, Phys. Lett, B 749,
337–362, (2015). [arXiv:hep-ex/1502.07400].

[2] G. Aad et al., Search for lepton-flavour-violating H → µτ
decays of the Higgs boson with the ATLAS detector,
JHEP, vol. 11, p. 211, (2015). [arXiv:hep-ex/1508.03372].

[3] W. Grimus and L. Lavoura, Soft lepton-flavor violation
in a multi-Higgs-doublet seesaw model, Phys. Rev. D 66
(2002) 014016 [hep-ph/0204070].


