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Motivated by the recent CMS excess in a flavor violating Higgs decay h → μτ as well as the anomaly of
muon anomalous magnetic moment (muon g − 2), we consider a scenario where both the excess in h → μτ
and the anomaly of muon g − 2 are explained by the μ − τ flavor violation in a general two Higgs doublet
model. We study various processes involving μ and τ, and then discuss the typical predictions and
constraints in this scenario. Especially, we find that the prediction of τ → μγ can be within the reach of the
Belle II experiment. We also show that the lepton nonuniversality between τ → μνν̄ and τ → eνν̄ can be
sizable, and hence the analysis of the current Belle data and the future experimental improvement would
have an impact on this model. Besides, processes such as τ → μlþl− ðl ¼ e; μÞ, τ → μη, μ → eγ, μ → 3e,
and the muon electric dipole moment can be accessible, depending on the unknown Yukawa couplings. On
the other hand, the processes like τ → eγ and τ → elþl− ðl ¼ e; μÞ could not be sizable to observe because
of the current strong constraints on the e − μ and e − τ flavor violations. Then we also conclude that
contrary to the h → μτ decay mode, the lepton flavor violating Higgs boson decay modes h → eμ and
h → eτ are strongly suppressed, and hence it will be difficult to observe these modes at the LHC
experiment.
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I. INTRODUCTION

The Standard Model (SM) describes particle physics
remarkably well up to the electroweak scale. In addition,
the recent discovery of a Higgs boson at the LHC [1,2]
strengthens the success of the SM. On the other hand,
the detailed measurements of the Higgs boson properties
have just started, and the whole structure of the Higgs
sector may not have been unveiled. Therefore, theoretical
and experimental studies of the extended Higgs sector
would be important to understand the nature of the Higgs
sector.
One of the simple extensions of the Higgs sector in the

SM is a two Higgs doublet model (2HDM) where an
additional Higgs doublet is introduced and both Higgs
doublets can couple to all fermions. As a result, flavor
violating phenomena mediated by the Higgs bosons are
predicted [3]. In most cases, such a flavor violation has
been considered to be avoided because of lack of the
experimental support for the anomalous flavor violating
phenomena [4–7].
However, the CMS Collaboration has recently reported

an excess in a flavor violating Higgs decay h → μτ [8],
and it suggests that the best fit value of the branching
ratio is

BRðh → μτÞ ¼ ð0.84þ0.39
−0.37Þ%; ð1Þ

where the final state is a sum of μþτ− and μ−τþ, and the
deviation from the SM prediction is 2.4σ. In addition, the
result of the ATLAS experiment has also appeared recently
[9], and it is shown as

BRðh → μτÞ ¼ ð0.77� 0.62Þ%; ð2Þ

which is consistent with the CMS result within 1σ.
Although these results have not been conclusive yet, they
become strong motivations to study the flavor violating
phenomena predicted by the beyond Standard Models
[10–36].1
In Ref. [16], we pointed out a possibility that the μ − τ

flavor violation in general 2HDM can explain not only the
CMS excess in the Higgs decay h → μτ, but also the
anomaly of muon anomalous magnetic moment (muon
g − 2) [48]. This possibility is interesting because two
unexplained phenomena can be accommodated in the
2HDM, and hence it is worth further investigating this
possibility. In this paper, we study phenomena related to μ
and τ lepton physics in the scenario to see whether there are
any interesting predictions and constraints caused by the
μ − τ flavor violation.

1The lepton flavor violating Higgs decays have been inves-
tigated before the CMS excess was reported [37–47].
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The paper is organized as follows. In Sec. II, we present a
general 2HDM where both Higgs doublets couple to all
fermions. We introduce the Yukawa interactions and Higgs
mass spectrum in the model. In Sec. III, we consider a
solution where the CMS excess in h → μτ decay as well as
the muon g − 2 anomaly can be explained by the μ − τ
flavor violating Yukawa interactions in the model. We show
the typical parameter space where both anomalies can be
achieved. In Sec. IV, we discuss τ- and μ-physics in the
interesting region studied in the previous section.
Especially, we study τ → μγ, μ → eγ, muon electric dipole
moment (muon EDM), τ → μνν̄, τ− → μ−lþl− (l ¼ e, μ),
μþ → eþe−eþ, and τ → μη. The prediction of τ → μγ can
be within the reach of the Belle II experiment, which will
start in the near future. The extra Higgs boson correction to
τ → μνν̄ can be as large as 10−3–10−4, but it is not so large
in the τ → eνν̄ mode. The future improvement of meas-
urement on lepton flavor universality in τ → μðeÞνν̄ decay
will be important in the scenario. We also find that unlike
the μ − τ flavor violation suggested by the CMS result, the
e − τ and e − μ flavor violations are severely constrained
by the μ → eγ process. Then, the processes involving e − τ
and e − μ flavor violations become suppressed. In Sec. V,
we also discuss the implication to Higgs physics. Since
e − τ and e − μ flavor violating Yukawa couplings should
be small, h → eτ and h → eμ Higgs decay modes will not
be observed in this scenario, contrary to the h → μτ mode.
In Sec. VI, we summarize our results.

II. GENERAL TWO HIGGS DOUBLET MODEL

In a general two Higgs doublet model, there are no
symmetries to distinguish the two different Higgs doublets.
Thus, both the Higgs doublets can couple to all fermions,
and hence there are flavor violating interactions in the Higgs
sector. In general, when the Higgs potential is minimized in
the SM-like vacuum, both neutral components of Higgs
doublets develop nonzero vacuum expectation values
(VEVs). Note that all parameters in the Higgs potential
are assumed to be real in our analysis, and then CP is not
spontaneously broken by the VEVs. Taking a certain linear
combination, we can define the basis where only one Higgs
doublet obtains the nonzero VEV as follows:

H1 ¼
� Gþ

vþϕ1þiGffiffi
2

p

�
; H2 ¼

� Hþ
ϕ2þiAffiffi

2
p

�
; ð3Þ

whereGþ andG are Nambu-Goldstone bosons, andHþ and
A are a charged Higgs boson and a CP-odd Higgs boson,
respectively.2 Then Hþ and A are in the mass eigenstates.
The CP-even neutral Higgs bosons ϕ1 and ϕ2 can mix and
form mass eigenstates, h and H (mH > mh); in general,

�
ϕ1

ϕ2

�
¼

�
cos θβα sin θβα
− sin θβα cos θβα

��
H

h

�
: ð4Þ

Here θβα is the mixing angle and is fixed by the Higgs
potential analysis. Note that when cos θβα → 0

(sin θβα → 1), the interactions of ϕ1 approach those of the
SM Higgs boson.

A. Yukawa interactions

In mass eigenbasis for the fermions, the Yukawa inter-
actions are expressed by [55]

L ¼ −Q̄i
LH1yidd

i
R − Q̄i

LH2ρ
ij
d d

j
R − Q̄i

LðV†
CKMÞij ~H1y

j
uu

j
R

− Q̄i
LðV†

CKMÞij ~H2ρ
jk
u ukR − L̄i

LH1yieeiR − L̄i
LH2ρ

ij
e e

j
R;

ð5Þ

where i and j represent flavor indices, and Q ¼
ðV†

CKMuL; dLÞT and L ¼ ðVMNSνL; eLÞT are defined.
VCKM is the Cabibbo-Kobayashi-Maskawa (CKM) matrix
and VMNS is the Maki-Nakagawa-Sakata (MNS) matrix.
Fermions ðfL; fRÞ (f ¼ u, d, e, ν) are mass eigenstates, and
yjf ¼ ffiffiffi

2
p

mi
f=v, where mi

f denote the fermion masses, are
defined. Here we have assumed that the tiny neutrino
masses are achieved by the seesaw mechanism introducing
superheavy right-handed neutrinos, so that in the low-
energy effective theory, the left-handed neutrinos have a
3 × 3 Majorana mass matrix. The Yukawa coupling con-
stants ρijf are general 3 × 3 complex matrices and can be
sources of the Higgs-mediated flavor changing processes.
In mass eigenstates of Higgs bosons, the Yukawa

interactions are given by

L ¼ −
X

f¼u;d;e

X
ϕ¼h;H;A

yfϕijf̄LiϕfRj þ H:c:

− ν̄LiðV†
MNSρeÞijHþeRj

− ūiðVCKMρdPR − ρ†uVCKMPLÞijHþdj þ H:c:; ð6Þ

where

yfhij ¼
mi

f

v
sβαδij þ

ρijfffiffiffi
2

p cβα;

yfHij ¼
mi

f

v
cβαδij −

ρijfffiffiffi
2

p sβα;

yfAij ¼

8>><
>>:

−
iρijfffiffi
2

p ðfor f ¼ uÞ;
iρijfffiffi
2

p ðfor f ¼ d; eÞ
ð7Þ

are defined with cβα ≡ cos θβα and sβα ≡ sin θβα [55]. Note
that when cβα is small, the Yukawa interactions of h are2This base is the so-called Higgs (Georgi) basis [49–55].
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almost equal to those of the SM Higgs boson; however,
there are small flavor violating interactions ρijf which are
suppressed by cβα. On the other hand, the Yukawa
interactions of heavy Higgs bosons (H, A, and Hþ) mainly
come from the ρijf couplings.

B. Higgs mass spectrum

Let us comment on the relation between the Higgs
masses and the parameters in the Higgs potential. The
renormalizable Higgs potential in the general 2HDM is
given by

V ¼ M2
11H

†
1H1 þM2

22H
†
2H2 − ðM2

12H
†
1H2 þ H:c:Þ

þ λ1
2
ðH†

1H1Þ2 þ
λ2
2
ðH†

2H2Þ2 þ λ3ðH†
1H1ÞðH†

2H2Þ

þ λ4ðH†
1H2ÞðH†

2H1Þ þ
λ5
2
ðH†

1H2Þ2

þ fλ6ðH†
1H1Þ þ λ7ðH†

2H2ÞgðH†
1H2Þ þ H:c: ð8Þ

M2
12, λ5, λ6, and λ7 can be complex, but they are assumed to

be real parameters to avoid the CP breaking. In the basis
shown in Eq. (3), the Higgs boson masses can be described
by the dimensionless parameters and M22 using the sta-
tionary conditions for the Higgs doublets [55],

m2
Hþ ¼ M2

22 þ
v2

2
λ3;

m2
A −m2

Hþ ¼ −
v2

2
ðλ5 − λ4Þ;

ðm2
H −m2

hÞ2 ¼ fm2
A þ ðλ5 − λ1Þv2g2 þ 4λ26v

4;

sin 2θβα ¼ −
2λ6v2

m2
H −m2

h

: ð9Þ

Especially, when cβα is close to zero (that is, λ6 ∼ 0), we
obtain the following simple expressions for the Higgs
boson masses:

m2
h ≃ λ1v2;

m2
H ≃m2

A þ λ5v2;

m2
Hþ ¼ m2

A −
λ4 − λ5

2
v2;

m2
A ¼ M2

22 þ
λ3 þ λ4 − λ5

2
v2: ð10Þ

Note that fixing the couplings, λ3, λ4, and λ5, the heavy
Higgs boson masses are expressed by the CP-odd Higgs
boson mass mA, which we treat as a free parameter of
the model. The contribution to the Peskin-Takeuchi T-
parameter [56] should be taken into account, so that we
assume that it is suppressed by the degeneracy between mA
and mHþ as well as the small Higgs mixing parameter cβα.
Therefore, we set λ4 ¼ λ5 in our analysis, which

corresponds to mA ¼ mHþ . The S-parameter may be
relevant to our model depending on the mass spectrum.
It is approximately evaluated as S ≈ λ5v2=ð24πm2

AÞ in the
limit that sβα → 1, mA ¼ mHþ , and mA ≫ λ5v2. The
deviation of S is small enough to evade the experimental
constraint (jΔSj≲ 0.1) as long as λ5 is not extremely large.

III. SOLUTION TO THE CMS EXCESS IN
h → μτ AND THE MUON g − 2 ANOMALY

The CMS Collaboration has reported an excess in a
Higgs boson decay mode h → μτ. Furthermore, it is known
that there is a discrepancy between the measured value and
the SM prediction of the muon anomalous magnetic
moment (muon g − 2). Both anomalies cannot be explained
by the SM, and hence they might be an indication of
physics beyond the SM. In this section, we discuss whether
the general 2HDM can accommodate both anomalies
simultaneously, and we investigate the parameter space
where both anomalies can be achieved simultaneously.

A. h → μτ

An excess in h → μτ decay mode has been reported by
the CMS Collaboration: the best fit value of the branching
ratio is BRðh → μτÞ ¼ ð0.84þ0.39

−0.37Þ% [8]. As discussed in
the Introduction, the ATLAS Collaboration has also shown
the result, BRðh → μτÞ ¼ ð0.77� 0.62Þ% [9], which is
consistent with the CMS one. If the excesses are confirmed
with better significance, it would indicate new physics
because the SM cannot accommodate the flavor violation.
Since in the general 2HDM the SM-like Higgs boson has
flavor violating Yukawa interactions as discussed in the
previous section, the excess can easily be explained. The
expression of the branching ratio of the h → μτ process is
given by

BRðh → μτÞ ¼ Γðh → μþτ−Þ þ Γðh → μ−τþÞ
Γh

¼ c2βαðjρμτe j2 þ jρτμe j2Þmh

16πΓh
; ð11Þ

where Γh is a total decay width of Higgs boson h and we
adopt Γh ¼ 4.1 MeV in this paper. To accommodate the
CMS excess, the μ − τ flavor violating Yukawa couplings
need to satisfy the following condition:

ρ̄μτ ≡
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jρμτe j2 þ jρτμe j2

2

r

≃ 0.26

�
0.01
jcβαj

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
BRðh → μτÞ
0.84 × 10−2

r
: ð12Þ

It is interesting to note that even in the small Higgs mixing
ðjcβαj≃ 0.01Þ, the μ − τ flavor violating Yukawa couplings
with the order of 0.1 can achieve the CMS excess.

τ- AND μ-PHYSICS IN A GENERAL TWO HIGGS … PHYSICAL REVIEW D 94, 055019 (2016)

055019-3



B. The muon anomalous magnetic
moment (muon g − 2)

We have shown that the μ − τ flavor violating Yukawa
couplings in the general 2HDM explain the CMS excess in
the h → μτ decay mode. Here we consider the contribution
of the μ − τ flavor violating interaction to the muon
anomalous magnetic moment (muon g − 2).
The discrepancy between the measured value (aExpμ ) and

the standard model prediction (aSMμ ) of the muon g − 2 has
been reported in Ref. [48]. For example, Ref. [57] suggests
the following result:

aExpμ − aSMμ ¼ ð26.1� 8.0Þ × 10−10: ð13Þ

Here we consider whether the extra contributions induced
by the μ − τ flavor violating interactions can accommodate
this muon g − 2 anomaly. The effective operator for the
muon g − 2 is expressed by

L ¼ v
Λ2

μ̄Lσ
μνμRFμν þ H:c: ð14Þ

We note that the chirality of muon is flipped in the operator.
Therefore, if there is a large chirality flip induced by the
new physics, it can enhance the extra contributions to the
muon g − 2 [58]. Feynman diagrams for the one-loop
corrections involving the neutral Higgs bosons and the μ −
τ flavor violating Yukawa couplings are described in Fig. 1.
As shown in Fig. 1, the chirality is flipped in the internal
line of τ lepton in the diagram. Therefore, it induces the
Oðmτ=mμÞ enhancement in the extra contributions to the
muon g − 2, compared with the one generated by the
flavor-diagonal Yukawa coupling. We stress that the μ −
τ flavor violating interaction is essential to obtain such an
enhancement. Note that both couplings ρμτe and ρτμe should
be nonzero to flip the chirality in the internal τ lepton line.
Finally, the expression of the enhanced extra contribution
δaμ is given by

δaμ ¼
mμmτρ

μτ
e ρ

τμ
e

16π2

×

�c2βαðlog m2
h

m2
τ
− 3

2
Þ

m2
h

þ
s2βαðlog m2

H
m2

τ
− 3

2
Þ

m2
H

−
log m2

A
m2

τ
− 3

2

m2
A

�
;

ð15Þ

where we have assumed that ρμτe ρτμe is real, for simplicity.
We will discuss the effect of an imaginary part of these
Yukawa couplings later. We note that a degeneracy of all
neutral Higgs bosons suppresses the extra contribution to
the muon g − 2, as seen in Eq. (15).
The so-called Barr-Zee–type two-loop diagrams can

contribute to the muon g − 2 if diagonal elements of ρf
are nonzero. In the parameter space we are considering
here, such contributions are always subdominant and
numerically unimportant. In the cases of the flavor-
changing muon or tau decays, however, they can compete
with the one-loop contributions and can play a significant
role. Details will be discussed below.
In Fig. 2, we show numerical results for the extra

contribution to muon g − 2 (δaμ) as a function of cβα

FIG. 1. A Feynman diagram for neutral Higgs boson contri-
butions to the muon g − 2. A photon is attached somewhere in the
charged lepton line.

FIG. 2. Numerical result for δaμ as a function of cβα and
BRðh → μτÞ for mA ¼ 250 GeV (upper figure) and 350 GeV
(lower figure). Regions where the muon g − 2 anomaly in
Eq. (13) is explained within �1σ, �2σ, and �3σ are shown.
Here we determine the mass spectrum of heavy Higgs bosons
assuming λ4 ¼ λ5 ¼ 0.5 in Eq. (10). We have assumed ρμτe ρτμe <
0 with ρμτe ¼ −ρτμe to obtain the positive contribution to δaμ.
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and BRðh → μτÞ for mA ¼ 250 GeV (upper figure) and
350 GeV (lower figure). Regions where the muon g − 2
anomaly in Eq. (13) is explained within �1σ, �2σ, and
�3σ are shown. Here we have fixed the mass spectrum of
heavy Higgs bosons assuming λ4 ¼ λ5 ¼ 0.5 in Eq. (10).
We have assumed that ρμτe ρτμe < 0with ρμτe ¼ −ρτμe to obtain
the positive contribution to δaμ. We only discuss the case
with cβα < 0; however, the predictions of δaμ and BRðh →
μτÞ do not change even if the sign of cβα is flipped
(cβα → −cβα). One can see that there are regions where
both anomalies of the muon g − 2 and h → μτ can be
explained in the 2HDM. Although larger BRðh → μτÞ is
preferred by the muon g − 2 anomaly, the regions where
BRðh → μτÞ is smaller than the CMS result are also
allowed by the muon g − 2 anomaly as long as jcβαj
is small.
In Fig. 3, the numerical result for the δaμ is depicted as a

function of mA and cβα fixing BRðh → μτÞ ¼ 0.84%.
Regions that explain the muon g − 2 anomaly in
Eq. (13) within �1σ, �2σ, and �3σ are shown. In this
plot, we take λ4 ¼ λ5 ¼ 0.5 to determine the mass spectrum
of heavy Higgs bosons as a function of mA [see Eq. (10)].
We assume that the Yukawa couplings ρτμe and ρμτe are
chosen to realize BRðh → μτÞ ¼ 0.84% with ρμτe ¼ −ρτμe .
When jcβαj gets smaller, δaμ increases because the Yukawa

couplings ρμτðτμÞe become larger with the fixed BRðh → μτÞ.
It is interesting to see that the 2HDM can explain both
anomalies of the muon g − 2 and h → μτ when jcβαj is
small (jcβαj ∼ 0.01) and mA is mA ¼ 200–500 GeV. We
note that the small mixing jcβαj is consistent with the
current results of the Higgs coupling measurements as
well as the constraints from the electroweak observables.
In Fig. 4, similar to Fig. 3, the numerical result for the
δaμ is shown as a function of mA and λ5 fixing that

BRðh→ μτÞ¼ 0.84% and cβα ¼ −0.008. We have assumed
that ρτμe ¼ −ρμτe and λ4 ¼ λ5. As λ5 gets larger, the δaμ
becomes larger because the nondegeneracy between H and
A increases and it enhances the δaμ. Figures 2, 3, and 4
show the typical interesting regions which explain both
anomalies of the muon g − 2 and h → μτ.
In the general 2HDM, the small mixing jcβαj and small

Yukawa couplings, ρije , could be achieved by the small
breaking of an extra symmetry such as Z2 symmetry in
type-I 2HDM. However, the typical interesting regions for
both anomalies we study here require the small mixing but
relatively large μ − τ flavor violating Yukawa couplings.
Therefore, the realization of the parameter regions may not
be easy to understand without an understanding of the more
fundamental theory. The theoretical understanding of the
parameter regions we study here is beyond the scope of this
paper. We think that our study together with the exper-
imental studies would be important to unveil the more
fundamental theory.

IV. τ- AND μ-PHYSICS IN THIS SCENARIO

We have seen that the general 2HDM with the μ − τ
flavor violation accommodates the muon g − 2 anomaly
and the CMS excess in h → μτ decay, simultaneously. The
parameter regions with jcβαj ∼ 0.01 andmA ∼Oð100Þ GeV
are typically interesting. In this section, we investigate what
kinds of predictions and/or constraints in τ- and μ-physics
are given in this scenario.

A. τ → μγ

First, we discuss the process, τ → μγ. The μ − τ flavor
violating Yukawa couplings induce the flavor violating
phenomena τ → μγ, as shown, for example, in Fig. 5. We
parametrize the decay amplitude (Tτ→μγ) as follows:

Tτ→μγ ¼ eϵα�ðqÞūμðp − qÞmτiσαβqβðALPL þ ARPRÞuτðpÞ;
ð16Þ

FIG. 4. Numerical result for δaμ as a function of mA and λ5
assuming BRðh → μτÞ ¼ 0.84% with the fixed cβαð¼ −0.008Þ.
Here we have assumed λ4 ¼ λ5 and ρμτe ¼ −ρτμe .

FIG. 3. Numerical result for δaμ as a function of mA and cβα
assuming BRðh → μτÞ ¼ 0.84%. Regions that explain the muon
g − 2 anomaly in Eq. (13) within �1σ, �2σ, and �3σ are shown.
Here we determine the mass spectrum of heavy Higgs bosons
as a function of mA assuming λ4 ¼ λ5 ¼ 0.5 in Eq. (10). We
have assumed ρμτe ¼ −ρτμe to obtain the positive contribution to

δaμ, and the Yukawa couplings ρμτðτμÞe are fixed to realize
BRðh → μτÞ ¼ 0.84%.
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where PR;Lð¼ ð1� γ5Þ=2Þ are chirality projection
operators, and e; ϵα; q; p, and uf are the electric
charge, a photon polarization vector, a photon
momentum, a τ momentum, and a spinor of the
fermion f, respectively. The branching ratio is given
by

BRðτ → μγÞ
BRðτ → μν̄μντÞ

¼ 48π3αðjALj2 þ jARj2Þ
G2

F
; ð17Þ

where α and GF are the fine structure constant and
the Fermi constant, respectively. The lepton flavor
violating Higgs contributions to AL and AR via
yeϕττðϕ ¼ h;H; AÞ Yukawa interactions at the one-loop
level (left figure in Fig. 5) are given by3

AL;R ¼
X

ϕ¼h;H;A;H−

Aϕ
L;R; ð18Þ

Aϕ
L ¼ ye�ϕτμ

16π2m2
ϕ

�
ye�ϕττ

�
log

m2
ϕ

m2
τ
−
3

2

�
þ yeϕττ

6

�
ðϕ ¼ h;H; AÞ;

Aϕ
R ¼ Aϕ

Ljye�ϕτμ→yeϕμτ;y
e
ϕττ↔ye�ϕττ

ðϕ ¼ h;H; AÞ;

AH−

L ¼ −
ðρ†eρeÞμτ
192π2m2

H−
; AH−

R ¼ 0; ð19Þ

where Aϕ
L;Rðϕ ¼ h;H; A;H−Þ are the ϕ contributions

at the one-loop level. The Yukawa couplings yeϕττðϕ ¼
h;H; AÞ are given in Eq. (7). Here we have neglected
the Oðmμ=mτÞ contributions.
We also find that the Barr-Zee–type contributions (ABZ

L;R)
at the two-loop level are important and dominant in the
most of the cases. The third generation fermion contribu-
tions via yfϕ33ðf ¼ u; d; eÞ Yukawa couplings4 (shown in
the right figure in Fig. 5) and theW-boson contribution (not
shown in Fig. 5) are given by5

ABZ
L ¼ −

X
ϕ¼h;H;A;f¼u;d;e

NCQfα

8π3
ye�ϕτμ
mτmf3

�
QffReðyfϕ33ÞFHðxfϕÞ − iImðyfϕ33ÞFAðxfϕÞg

þ ð1 − 4s2WÞð2T3f − 4Qfs2WÞ
16s2Wc

2
W

fReðyfϕ33Þ ~FHðxfϕ; xfZÞ − iImðyfϕ33Þ ~FAðxfϕ; xfZÞg
�

þ
X
ϕ¼h;H

α

16π3
gϕWWye�ϕτμ

mτv

�
3FHðxWϕÞ þ

23

4
FAðxWϕÞ þ

3

4
GðxWϕÞ þ

m2
ϕ

2m2
W
fFHðxWϕÞ − FAðxWϕÞg

þ 1 − 4s2W
8s2W

��
5 − t2W þ 1 − t2W

2xWϕ

�
~FHðxWϕ; xWZÞþ

�
7 − 3t2W −

1 − t2W
2xWϕ

�
~FAðxWϕ; xWZÞ þ

3

2
fFAðxWϕÞ þ GðxWϕÞg

��
;

ð20Þ

FIG. 5. Some of the Feynman diagrams that contribute to τ → μγ processes at the one-loop level (left figure) which are induced by
yeϕττðϕ ¼ h;H; AÞ Yukawa couplings and at the two-loop level (right figure) which are Barr-Zee–type contributions and induced by the
third generation fermions via yfϕ33ðf ¼ u; d; eÞ Yukawa couplings. Diagrams where the fermion chiralities are flipped also contribute.
We also have a Barr-Zee–type two-loop contribution involving the W-loop, which is not shown here.

5The Barr-Zee contributions to μ → eγ have been studied in Ref. [59]. The application to τ → μγ is apparent, and we adopt their
results for τ → μγ.

4In our notation, yuϕ33 ¼ yuϕtt, y
d
ϕ33 ¼ ydϕbb, y

e
ϕ33 ¼ yeϕττ.

3Yukawa couplings yeϕμμ also contribute to τ → μγ. However, the SM part of yeϕμμ is smaller than the one of yeϕττ, and ρμμe is strongly
constrained by the τ → 3μ process as discussed later. Therefore, we have neglected the contributions from yeϕμμ.
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ABZ
R ¼ ABZ

L ðye�ϕτμ → yeϕμτ; i → −iÞ; ð21Þ

where xfϕ ¼ m2
f3
=m2

ϕ, xfZ ¼ m2
f3
=m2

Zðf3 ¼ t; b; τ for
f ¼ u; d; eÞ, xWϕ ¼ m2

W=m
2
ϕ and xWZ ¼ m2

W=m
2
Z, and

s2W ¼ sin θ2W , c
2
W ¼ cos θ2W , and t2W ¼ tan θ2W . T3f denotes

the isospin of the fermion. Here the couplings gϕWW ¼
sβαðcβαÞ for ϕ ¼ h (ϕ ¼ H). Functions FH;A, G, and ~FH;A

are defined by

FHðzÞ ¼
z
2

Z
1

0

dx
1 − 2xð1 − xÞ
xð1 − xÞ − z

log
xð1 − xÞ

z
; ð22Þ

FAðzÞ ¼
z
2

Z
1

0

dx
1

xð1 − xÞ − z
log

xð1 − xÞ
z

; ð23Þ

GðzÞ ¼ −
z
2

Z
1

0

dx
1

xð1 − xÞ − z

×

�
1 −

z
xð1 − xÞ − z

log
xð1 − xÞ

z

�
; ð24Þ

~FHðx; yÞ ¼
xFHðyÞ − yFHðxÞ

x − y
; ð25Þ

~FAðx; yÞ ¼
xFAðyÞ − yFAðxÞ

x − y
: ð26Þ

Note Imðyfϕ33Þ ¼ 0 for f ¼ h and H and Reðyfϕ33Þ ¼ 0

for f ¼ A are satisfied, if the Yukawa couplings ρijf are real,

as shown in Eq. (7). For simplicity, we assume that all ρijf
are real in the calculation of τ → μγ. The contribution in the
first line (the second line) of Eq. (20) comes from the
effective ϕγγ vertex (ϕZγ vertex) induced by the third
generation fermion loop, and the one in the third and the
fourth lines (the fifth and the sixth lines) originates from the
effective ϕγγ vertex (ϕZγ vertex) generated by the W-
boson loop. In the analysis of τ → μγ in Ref. [16], we have
not included the Barr-Zee–type contributions induced by
the effective ϕγZ vertex since they are subdominant
contributions. Here we include them and find they change
the results by about 10%.
The total amplitude AL;R is a sum of all contributions,

AL;R ¼
X

ϕ¼h;H;A;H−

Aϕ
L;R þ ABZ

L;R: ð27Þ

In Fig. 6, numerical results for BRðτ → μγÞ as a function of
BRðh → μτÞ are shown. The red and green lines corre-
spond to the cases with cβα ¼ −0.012 (mA ¼ 250 GeV)
and cβα ¼ −0.007 (mA ¼ 350 GeV), respectively. As one
can see, if BRðh → μτÞ ¼ 0.84% as suggested by the CMS
experiment, the branching ratio for τ → μγ can be larger
than 10−9, which might be within the reach of the future

B-factory experiment, the Belle II. Note that the branching
ratio BRðτ → μγÞ does not strongly depend on the Higgs
mixing parameter cβα when cβα is small. We note that the
cancellation between the one-loop and two-loop Barr-
Zee–type contributions happens, and hence the branching
ratio BRðτ → μγÞ is not simply suppressed by the heavy
Higgs boson masses.
If the extra Yukawa couplings other than ρμτðτμÞe are not

negligible, the branching ratio BRðτ → μγÞ could be further
enhanced. For example, the extra Yukawa coupling ρττe can
contribute at the one-loop level, and on the other hand,
ρttu can affect the branching ratio via the Barr-Zee–type
two-loop contribution. In Fig. 7, numerical results for
BRðτ → μγÞ are shown as a function of ρττe and ρttu .
Lines for BRðτ → μγÞ=10−8 ¼ 0.1 and 4.4 (current exper-
imental limit) are shown. Here we have assumed
mA ¼ 350 GeV with λ4 ¼ λ5 ¼ 0.5, cβα ¼ −0.007, and
BRðh → μτÞ ¼ 0.84% with ρμτe ¼ −ρτμe . This parameter

FIG. 6. BRðh → μτÞ vs BRðτ → μγÞ. The red and green lines
correspond to the cases with cβα ¼ −0.012 (mA ¼ 250 GeV) and
cβα ¼ −0.007 (mA ¼ 350 GeV), respectively.

FIG. 7. Numerical result for BRðτ → μγÞ as a function of ρττe
and ρttu . Lines for BRðτ → μγÞ=10−8 ¼ 0.1 and 4.4 (current
experimental limit) are shown. Here we have assumed mA ¼
350 GeV with λ4 ¼ λ5 ¼ 0.5, cβα ¼ −0.007, and BRðh → μτÞ ¼
0.84% with ρμτe ¼ −ρτμe . We note that for this parameter set,
δaμ ¼ 2.2 × 10−9, which explains the muon g − 2 anomaly
within the 1σ.
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set can enhance the muon g − 2 as δaμ ¼ 2.2 × 10−9 which
is within the 1σ. At present, the extra Yukawa couplings ρττe
and ρttu can still be larger than, for example, Oð0.1Þ with
some correlation; however, the future experimental con-
straint would be significant for this scenario. Therefore, the
τ → μγ process would be important to probe the scenario.

B. μ → eγ, τ → eγ, and electron g − 2

The process μ → eγ cannot be induced by the only μ − τ
flavor violating Yukawa couplings. However, if e − μ or
e − τ flavor-violation Yukawa couplings are not vanishing,
μ → eγ is easily enhanced. Since there is a strong constraint
from this process, e − μ and e − τ flavor violating cou-
plings are strongly constrained.
Similar to τ → μγ, we parametrize the decay amplitude

ðTμ→eγÞ as

Tμ→eγ ¼ eϵα�ūemμiσαβqβðALPL þ ARPRÞuμ; ð28Þ

and the branching ratio is given by

BRðμ → eγÞ ¼ 48π3αðjALj2 þ jARj2Þ
G2

F
: ð29Þ

The neutral Higgs contributions Aϕ
L;R (ϕ ¼ h,H, A) to AL;R

at the one loop are given by

Aϕ
L ¼ 1

16π2
X
i¼μ;τ

ye�ϕie
m2

ϕ

�
mi

mμ
ye�ϕμi

�
log

m2
ϕ

m2
i
−
3

2

�
þ yeϕiμ

6

�
; ð30Þ

Aϕ
R ¼ 1

16π2
X
i¼μ;τ

yeϕei
m2

ϕ

�
mi

mμ
yeϕiμ

�
log

m2
ϕ

m2
i
−
3

2

�
þ ye�ϕμi

6

�
; ð31Þ

where the Yukawa couplings yeϕij are defined in Eq. (7).
Here we neglect an electron mass, and we assume that the
Yukawa coupling yeϕee is negligible.6 The charged Higgs
contribution to AL;R is

AH−

L ¼ −
ðρ̄†eρeÞeμ
192π2m2

H−
; AH−

R ¼ 0: ð32Þ

For nonzero yeϕμeðeμÞ, the Barr-Zee–type contributions

(ABZ
L;R) at the two-loop level are significant. The expression

of ABZ
L;R is the same as the one for the τ → μγ case shown in

Eq. (20) except that the flavor violating Yukawa couplings

yeð�ÞϕτμðμτÞ should be replaced by yeð�ÞϕμeðeμÞ and the τ mass (mτ)

should be replaced by the μ mass (mμ). The total AL;R is a
sum of all contributions,

AL;R ¼
X

ϕ¼h;H;A;H−

Aϕ
L;R þ ABZ

L;R: ð33Þ

Similar to the muon g − 2, the contributions from the
μ − τ flavor violating Yukawa interactions together with the
e − τ flavor violation have Oðmτ=mμÞ enhancement and
induce significant contributions to μ → eγ. In Fig. 8, we
show numerical results for BRðμ → eγÞ as a function of ρτee
and ρeτe . Here we have taken mA ¼ 350 GeV with
λ4 ¼ λ5 ¼ 0.5, cβα ¼ −0.07, and BRðh → μτÞ ¼ 0.84%
with ρμτe ¼ −ρτμe . We have assumed that extra Yukawa

couplings ρijf other than ρμτðτμÞe and ρτeðeτÞe are negligible.
This parameter set corresponds to δaμ ¼ 2.2 × 10−9. One
can see that the current limit on BRðμ → eγÞ strongly

constrains the e − τ flavor violating couplings ρτeðeτÞe if the
CMS excess of BRðh → μτÞ is true. If we change the value
of BRðh → μτÞ in Fig. 8, the experimental bound of ρτeðeτÞe

is relaxed by the factor
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0.84%

BRðh→μτÞ
q

when ρτee ¼ ρeτe is

assumed.
If Yukawa couplings ρτeðeτÞe are negligible but ρμeðeμÞe are

not, the Barr-Zee–type two-loop contributions are domi-
nant.7 We show numerical results for BRðμ → eγÞ as a
function of ρμee and ρeμe . Here we have assumed that mA ¼
350 GeV with λ4 ¼ λ5 ¼ 0.5, cβα ¼ −0.007, and extra

Yukawa couplings ρijf other than ρμτðτμÞe and ρμeðeμÞe are

negligible. As one can see from Fig. 9, ρμeðeμÞe couplings are

FIG. 8. Numerical result for BRðμ → eγÞ as a function of ρτee
and ρeτe . Lines for BRðμ → eγÞ=10−13 ¼ 5.7 (current limit), 1.0,
0.1, and 0.01 are shown. Here we have assumed that mA ¼
350 GeV with λ4 ¼ λ5 ¼ 0.5, cβα ¼ −0.007, and BRðh → μτÞ ¼
0.84% with ρμτe ¼ −ρτμe , and extra Yukawa couplings ρf other

than ρμτðτμÞe and ρτeðeτÞe are negligible. We note that for this
parameter set, δaμ ¼ 2.2 × 10−9.

6The Yukawa coupling ρeee is strongly constrained by the τ →
μeþe− process, as studied later. Therefore, our assumption will be
justified.

7If ρμμe is also nonzero, there are also one-loop contributions as
shown in Eq. (31). However, the coupling ρμμe is strongly
constrained by the τ → 3μ bound, as discussed later. Therefore,
the effect from ρμμe is negligible, and we neglect it in our
numerical analysis.
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also severely constrained by the μ → eγ bound. Note that
the prediction of μ → eγ for this case does not depend on
the value of BRðh → μτÞ. The future improvement of
BRðμ → eγÞ at the level of 10−14 as proposed by the
MEG II experiment [60] would significantly probe the
flavor structure of this scenario.
The effective operator for μ → eγ also generates the μ −

e conversion process in nuclei. Besides, the extra Yukawa
couplings, ρμee and ρeμe , may enhance the μ − e conversion
through the tree-level Higgs exchanging. The contribution
depends on the extra Yukawa couplings in the quark sector
as well, and then our model may also be tested by the
experiments [61–64], although our prediction is vague
because of the ambiguity of the Yukawa couplings.8

We comment on the consequence of the strong con-
straints on the e − τ and e − μ flavor violations. Unlike the
μ − τ flavor violation, the e − τ flavor violating Yukawa
couplings in this scenario are strongly constrained as we
have seen above. Therefore, the prediction of BRðτ → eγÞ
is expected to be small. Similarly, because of the smallness
of the e − τ and e − μ flavor violation, we also expect that
the new physics contributions to the anomalous magnetic
moment of electron (electron g − 2) should be small.

C. Muon electric dipole moment (muon EDM)

When we discussed the muon g − 2, we assumed that the
μ − τ flavor violating Yukawa couplings are real. If the μ −
τ Yukawa couplings are complex, the couplings ρμτe ρ

τμ
e in

Eq. (15) should be replaced by Reðρμτe ρτμe Þ. In addition, the
imaginary parts of the Yukawa couplings generate an EDM
of muon. Since the muon g − 2 and the muon EDM are
induced by the same Feynman diagram shown in Fig. 1,

these quantities are correlated via the unknown CP-
violating phase. The effective operators for the muon
g − 2 ðδaμÞ and the muon EDM ðδdμÞ are expressed by

L ¼ μ̄σμν
�

e
4mμ

δaμ −
i
2
δdμγ5

�
μFμν: ð34Þ

If we parametrize the complex Yukawa couplings as
follows:

ρμτe ρ
τμ
e ¼ jρμτe ρτμe jeiϕ; ð35Þ

the relation between the muon g − 2 (δaμ) and the muon
EDM (δdμ) induced by the μ − τ flavor violating Yukawa
couplings is given by9

δdμ
δaμ

¼ −
e tanϕ
2mμ

: ð36Þ

Therefore, the predicted muon EDM is

δdμ ¼ −3 × 10−22e · cm ×

�
tanϕ
1.0

��
δaμ

3 × 10−9

�
: ð37Þ

The current limit [65] is

jdμj < 1.9 × 10−19e · cmð95%C:L:Þ; ð38Þ

and hence it is not sensitive to this scenario at present.
However, the future improvement at the level of 10−24e ·
cm [66] would be significant to probe the scenario.

D. τ → μνν̄

The Yukawa couplings ρμτðτμÞe induce a correction to τ →
μνν̄ via a charged Higgs mediation, where the flavor of final
neutrino and antineutrino states is summed up since it is not
detected.10

The correction δ is given as follows:

Γðτ → μνν̄Þ ¼ m5
τG2

F

192π3
ð1þ δÞ;

δ ¼ jρμτe j2jρτμe j2
32G2

Fm
4
Hþ

: ð39Þ

In Fig. 10, numerical results for the correction δ given
above are shown as a function of cβα and BRðh → μτÞ in

FIG. 9. Numerical result for BRðμ → eγÞ as a function of ρμee
and ρeμe . Lines for BRðμ → eγÞ=10−13 ¼ 5.7 (current limit), 1.0,
0.1, and 0.01 are shown. Here we have assumed that mA ¼
350 GeV with λ4 ¼ λ5 ¼ 0.5, cβα ¼ −0.007, and extra Yukawa

couplings ρf other than ρμτðτμÞe and ρμeðeμÞe are negligible.

8The study on the tree-level flavor changing couplings of
quarks is beyond our scope.

9Here, we assume that Higgs potential is CP conserving.
10In general, the unknown Yukawa couplings ρiτe and ρiμe ði ¼

e; μ; τÞ generate the extra corrections to δ. However, the Yukawa
couplings ρeτðeμÞe and ρμμe are strongly constrained by μ → eγ and
τ− → μ−μþμ−, respectively. Therefore, the contributions from
these couplings are negligible. The unknown Yukawa coupling
ρττe can be sizable, and hence it can increase the prediction of the
δ. Thus our result of δ induced from ρμτðτμÞe is viewed as a
conservative estimate.
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the same parameter set of Fig. 2. One can see that as the
correction to the muon g − 2 (δaμ) gets larger, the size of δ
also becomes larger, and they are correlated with each
other, independent of BRðh → μτÞ. The interesting regions
that explain the muon g − 2 anomaly within 1σ predict
δ ≤ 10−4 − 10−3. The current precision of the measurement
of the decay rate Γðτ → μνν̄Þ is at the level of 10−3 [48].
Therefore, the further improvement of the precision would

be important for this scenario. In addition, from the τ decay,
the BABAR Collaboration has reported a measurement of
the charged current lepton universality [67], given by

�
gμ
ge

�
2

¼ BRðτ− → μ−νν̄Þ
BRðτ− → e−νν̄Þ

fðm2
e=m2

τÞ
fðm2

μ=m2
τÞ
; ð40Þ

where fðxÞ ¼ 1 − 8xþ 8x3 − x4 − 12x2 log x, which is a
phase space factor. The universality of the gauge interaction
in the SM predicts ge ¼ gμ, and the current experimental
results are

�
gμ
ge

�
¼ 1.0036� 0.0020ðBABARÞ;

¼ 1.0018� 0.0014ðworld averageÞ: ð41Þ

In our scenario, we expect the correction to τ → eνν̄ would
be small because of the strong constraint on the e − τ flavor
violation from the μ → eγ process. Therefore, the charged
Higgs contribution to τ → μνν̄ with μ − τ flavor violating
Yukawa couplings induces the significant correction to the
violation of the lepton universality above,

�
gμ
ge

�
2

¼ 1þ δ: ð42Þ

The result from the Belle Collaboration and the further
improvement of the precision of the lepton universality
would have an important impact on our scenario.

E. τ− → μ−lþl−, τ− → e−lþl− (l = e, μ),
μþ → eþe−eþ and others

The nonzero Yukawa couplings ρμτðτμÞe also generate
processes τ− → μ−μþμ− and τ− → μ−eþe− (τ → 3μ and
τ → μee for short, respectively) at the tree level. They are
induced without unknown ρμμe and ρeee Yukawa couplings.
The branching ratios, however, are too small to be
observed. Therefore, nonzero ρμμe and ρeee are important
for these processes.11 The branching ratios for τ → 3μ and
τ → μee are given by [68]

BRðτ → 3μÞ
BRðτ → μνν̄Þ ¼

X
ϕ;ϕ0¼h;H;A

Iðϕ;ϕ0Þ
64G2

F
;

Iðϕ;ϕ0Þ ¼ 2

�
yeϕμτy

e�
ϕμμ

m2
ϕ

��ye�ϕ0μτy
e
ϕ0μμ

m2
ϕ0

�
þ 2

�
yeϕτμy

e�
ϕμμ

m2
ϕ

��ye�ϕ0τμy
e
ϕ0μμ

m2
ϕ0

�

þ
�
yeϕμτy

e
ϕμμ

m2
ϕ

��ye�ϕ0μτy
e�
ϕ0μμ

m2
ϕ0

�
þ
�
yeϕτμy

e
ϕμμ

m2
ϕ

��ye�ϕ0τμy
e�
ϕ0μμ

m2
ϕ0

�
; ð43Þ

FIG. 10. Numerical result for a correction to τ → μνν̄, δ given
in Eq. (39) as a function of cβα and BRðh → μτÞ in the same
parameter set of Fig. 2. Black solid lines for δ ¼
10−5; 10−4; 10−3; 10−2 (from left to right) are shown for mA ¼
250 GeV (upper figure) and mA ¼ 350 GeV (lower figure). Here
we also show the region where the muon g − 2 anomaly is
explained within 1σ (light green area) and 2σ (light blue areas).
Here we have assumed that the extra Yukawa couplings ρf other

than ρμτðτμÞe are negligible.

11Nonzero ρτeðeτÞe and ρμeðeμÞe couplings also induce the τ → μee process. However, these Yukawa couplings are strongly constrained
by the μ → eγ process as discussed in previous sections. Therefore, we neglect these effects.
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BRðτ → μeeÞ
BRðτ → μνν̄Þ ¼

X
ϕ;ϕ0¼h;H;A

Jðϕ;ϕ0Þ
32G2

F
;

Jðϕ;ϕ0Þ ¼
�
yeϕμτy

e�
ϕee

m2
ϕ

��ye�ϕ0μτy
e
ϕ0ee

m2
ϕ0

�
þ
�
yeϕτμy

e�
ϕee

m2
ϕ

��ye�ϕ0τμy
e
ϕ0ee

m2
ϕ0

�

þ
�
yeϕμτy

e
ϕee

m2
ϕ

��ye�ϕ0μτy
e�
ϕ0ee

m2
ϕ0

�
þ
�
yeϕτμy

e
ϕee

m2
ϕ

��ye�ϕ0τμy
e�
ϕ0ee

m2
ϕ0

�
: ð44Þ

Figure 11 shows BRðτ → 3μÞ (red curve) and BRðτ→μeeÞ
(green curve) as a function of ρlle (l ¼ μ for τ → 3μ and
l ¼ e for τ → μee). It is assumed that cβα ¼ −0.007, mA ¼
350 GeV with λ4 ¼ λ5 ¼ 0.5 and BRðh → μτÞ ¼ 0.84%
with ρμτe ¼ −ρτμe in Fig. 11. One can see that the current
experimental bounds,

BRðτ → 3μÞ < 2.1 × 10−8; BRðτ → μeeÞ < 1.8 × 10−8;

ð45Þ

set the strong constraints on the ρlle Yukawa couplings. For
example, the parameter set shown in Fig. 11 requires ρlle <
0.006 (l ¼ μ, e). We note that the constraint on the ρμμe is
still larger than the value of the muon Yukawa coupling in

the SM (yμ ¼
ffiffi
2

p
mμ

v ∼ 6 × 10−4).
Contrary to τ− → μ−lþl−, the τ− → e−lþl− (l ¼ e, μ)

process is suppressed in this scenario because the τ − e
flavor violation is strongly constrained by the μ → eγ

process. Furthermore, since the constraints on ρeμðμeÞe are

stronger than those on ρμμðeeÞe , τ− → μ−eþμ− is expected to
be smaller than τ− → μ−lþl−. (Needless to say, τ− →
e−μþe− is much suppressed.) Therefore, we expect that
the τ− → e−lþl− and τ− → μ−eþμ− processes will
be small.

We also study μþ → eþe−eþ (μ → 3e in short), which
depends on the μ − e flavor violating Yukawa couplings

ρeμðμeÞe and the flavor diagonal element ρeee . As we have

seen, the μ − e flavor violating Yukawa couplings ρeμðμeÞe

are constrained by the μ → eγ process and the ρeee coupling
is restricted by the τ → μee process. From Figs. 9 and 11,

the current limits on ρμeðeμÞe and ρeee are ρμee < 2 × 10−4 for
ρμee ¼ ρeμe and ρeee < 6 × 10−3, respectively, assuming
mA ¼ 350 GeV with λ4 ¼ λ5 ¼ 0.5 and cβα ¼ −0.007.
Under these constraints, it will be interesting to see how
a large branching ratio of μ → 3e is expected. In Fig. 12,
we show the BRðμ → 3eÞ as a function of ρeee and ρμee . In
the parameter region where the constraints from μ → eγ
and τ → μee are satisfied, the branching ratio can be as
large as about 10−13. This is consistent with the current
limit [48]

BRðμ → 3eÞ < 1.0 × 10−12: ð46Þ

The improvement of the branching ratio at the level of
10−16 [69] which has been proposed by the Mu3e experi-
ment would have a significant impact on this scenario
together with the improvement of μ → eγ [60] and μ − e
conversion in nuclei [61–64].

F. τ → μη

The τ → μη is also generated by the extra ρssd Yukawa
coupling via the mediation of the CP-odd Higgs boson at

FIG. 12. BRðμ → 3eÞ as a function of ρeee and ρμee . Here we
have assumed that ρμee ¼ ρeμe , cβα ¼ −0.007, and mA ¼ 350 GeV
with λ4 ¼ λ5 ¼ 0.5.

FIG. 11. BRðτ → 3μÞ (red curve) and BRðτ → μeeÞ (green
curve) as a function of ρlle (l ¼ μ for τ → 3μ and l ¼ e for
τ → μee). Here we have assumed that cβα ¼ −0.007, mA ¼
350 GeV with λ4 ¼ λ5 ¼ 0.5 and BRðh → μτÞ ¼ 0.84% with
ρμτe ¼ −ρτμe .
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the tree level. The expression for the branching ratio of
τ → μη is given by [70,71]

BRðτ → μηÞ ¼ 3jρssd j2ðρ̄μτÞ2
32π

mτF2
η

m4
AΓτ

�
m2

η

mu þmd þ 4ms

�
2

×

�
1 −

m2
η

m2
τ

�
2

; ð47Þ

where mη and Fη are the mass and the decay constant of η.
For Fη ¼ 150 MeV and mη ¼ 548 MeV, we obtain a
constraint on ρssd ,

jρssd j < 0.007

�
0.3
ρ̄μτ

��
mA

350 GeV

�
2

: ð48Þ

We have a strong constraint although it is still larger than
the SM value of the strange quark Yukawa coupling

(ys ¼
ffiffi
2

p
ms
v ∼ 5 × 10−4).

The other hadronic τ-lepton decays have been studied in
Ref. [72]. They potentially provide constraints on the other
extra Yukawa couplings ρf in the quark sector. For details,
see Ref. [72].

G. RðDð�ÞÞ and B → τν

Finally, let us briefly discuss the impact of the tree-level
flavor changing neutral currents on B physics. In our
model, the extra scalar exchanging may contribute to the
B physics as well, if H2 couple with the SM quarks. Many
channels in the B decay have been measured by the Belle
and BABAR experiments, and are consistent with the SM
predictions, although some processes still have large
uncertainties. Recently, the BABAR experiment has
announced that there are some excesses in B → Dð�Þτν
decays: RðDÞ ¼ 0.440� 0.072 and RðD�Þ ¼ 0.332�
0.030 [73]. RðDÞ and RðD�Þ denote the ratios between
BRðB → Dð�Þτν) and BRðB → Dð�Þlν) (l ¼ e, μ), and
the deviations from the SM prediction are about 3σ [73].
The Belle and the LHCb experiments have analyzed the
products, and their results are closer to the SM prediction
[74,75]. Then, we still cannot conclude that the excesses
really come from new physics, although it would be
worthwhile to investigate the possibility of the new physics.
On the other hand, the deviation of BRðB → τνÞ is one

of the long-standing issues as well. This rare process will
also strictly constrain our model. The latest results on the
rare decay are given by the BABAR [76] and Belle [77]
Collaborations. The combined result is BRðB → τνÞ ¼
1.06ð20Þ × 10−4 [78]. There are still large uncertainties
in both the experimental side and the theoretical side
because of the ambiguity of the CKM matrix. The
Belle2 experiment will measure it with higher accuracy
and fix the (u, b) element of the CKM matrix.

In our model, those processes are enhanced/suppressed
by the charged Higgs exchanging at the tree level. Now, let
us assume that ρμτe is only sizable to enhance BRðh → μτ).
Then, the interference between the W boson and the
charged Higgs contributions is absent because the flavor
of the neutrino in the final state is different in each
contribution. Eventually, the deviation from the SM pre-
diction is suppressed by m4

Hþ, and it is too small as long as
ρττe is not large.12

V. IMPLICATION TO HIGGS PHYSICS

We have seen that the CMS excess in h → μτ is
consistent with the anomaly of muon g − 2 as well as
the other experimental constraints. It will be interesting to
note whether other lepton flavor violating Higgs boson
decays would be possible. As we have already seen, the
e − μ and e − τ flavor violating Yukawa couplings are
strongly constrained mainly by the μ → eγ constraint. As a
consequence, the lepton flavor violating Higgs boson
decays h → eμ and h → eτ are strongly suppressed so
that the near future experiments such as the ones at the LHC
could not observe these decay modes, contrary to the h →
μτ mode. Therefore, the nonobservation of these decays is
one of the interesting predictions of this scenario.

VI. SUMMARY

The excess in h → μτ has been reported by the CMS
Collaboration. The discrepancy of the muon g − 2 is also
one of the long-standing issues in the particle physics.
These anomalous phenomena may be a hint of physics
beyond the Standard Model. At a glance, these anomalies
are not related to each other. However, we have found that
both anomalies are related and accommodated by the μ − τ
flavor violating Yukawa interactions in a general two Higgs
doublet model, and hence this motivates further studies to
see whether there are any interesting predictions and
indications in the scenario. We have identified the param-
eter space where the CMS excess in h → μτ and the muon
g − 2 anomaly are both explained, and especially we have
studied τ- and μ-physics in this interesting parameter space.
Oneof the interesting processes in the presence of theμ − τ

flavor violation is τ → μγ. The μ − τ flavor violation sug-
gested by the CMS excess in h → μτ and the muon g − 2
anomaly induces the large branching ratio, and it can be as
large as 10−9, which is within the reach of the future experi-
ment at the SuperKEKB. The imaginary parts of the μ − τ
flavor violating Yukawa couplings also induce the extra
contributions to the muon EDM, which may also be within
the planned future experiments. The necessary μ − τ flavor
violation also generates the correction to τ → μνν̄ decay
and also induces a violation of lepton universality between

12Even if ρττe is sizable, large Yukawa couplings are required to
explain the excesses [73].
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τ → μνν̄ and τ → eνν̄. The improvement of their precisions
would be interesting. The tree-level τ decays such as τ− →
μ−lþl−ðl ¼ e; μÞ and τ → μη are also interesting because the

extra Yukawa couplings ρeeðμμÞe and ρssd could also induce
the observable effects. On the other hand, we have found that
the e − μ and e − τ flavor violating Yukawa couplings are
severely constrained by mainly the μ → eγ process. Because
of these constraints, phenomena such as τ → eγ,
τ− → e−lþl−ðl;¼ e; μÞ, e−μþe−, μ−eþμ−, and extra con-
tributions to the electron g − 2 would not be accessible in
the near future experiments. Although there are many
unknown Yukawa couplings in a general 2HDM, there are
many interesting indications to τ- and μ-physics.
We have also commented on an implication to Higgs

physics. Contrary to the μ − τ flavor violation suggested by
the CMS result, the e − μ and e − τ flavor violations in the

Higgs coupling are strongly limited. Therefore, the obser-
vation of h → μτ and nonobservation of h → eμ and h →
eτ would be the important implication of the scenario.
We summarize our findings in Table I. If the CMS excess

in h → μτ is justified in the coming LHC run, these
phenomena in τ- and μ-physics would be key to reveal
the physics beyond the Standard Model.
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