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Abstract

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 non-universality 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 → µl+l− (l = e, µ), τ → µη, µ → eγ, µ → 3e, and muon EDM can be accessible,

depending on the unknown Yukawa couplings. On the other hand, the processes like

τ → eγ and τ → el+l− (l = e, µ) 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 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) of the elementary particles describes particle physics

phenomena 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 have not 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 simple extensions of the Higgs sector in the SM is a two Higgs doublet

model (2HDM) where additional Higgs doublet is introduced and both Higgs dou-

blets 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 supports for the

anomalous flavor-violating phenomena [4–7].

However, the CMS collaboration has recently reported an event excess in a flavor-

violating Higgs decay h → µτ [8], and it suggests that the best fit value of the

branching ratio is

BR(h→ µτ) = (0.84+0.39
−0.37) %, (1)

where the final state is a sum of µ+τ− and µ−τ+, and the deviation from the SM pre-

diction is 2.4σ. In addition, the result of the ATLAS experiment has also appeared

recently [9], and it is shown as

BR(h→ µτ) = (0.77± 0.62) %, (2)

which is consistent with the CMS result within 1σ. Although these results have not

been conclusive yet, these become strong motivations to study the flavor violating

phenomena predicted by the Beyond Standard Models [10–32]. 1

In Ref. [14], 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

1 The lepton flavor violating Higgs decays have been investigated before the CMS excess has been

reported[33–39].
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the anomaly of muon anomalous magnetic moment (muon g-2) [40]. 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.

The paper is organized as follows. In section II, we present a general 2HDM where

both Higgs doublets couple to all fermions. We discuss the Yukawa interactions and

Higgs mass spectrum in the model. In section III, we consider a solution where the

CMS excess in h → µτ decay as well as 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 are explained. In section 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−l+l− (l = e, µ), µ+ → e+e−e+, and τ → µη. The prediction of τ → µγ can

be within the reach of the Belle II experiment, which will start near future. The

extra Higgs boson correction to τ → µνν̄ can be as large as 10−3−10−4, but it is not

large in τ → eνν̄ mode. The future improvement of measurement on lepton flavor

universality in τ → µ(e)νν̄ 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 since the constraint from the µ→ eγ

is strong. Therefore, the processes related to e − τ and e − µ flavor violations are

suppressed. In section V, we also discuss an implication to Higgs physics. Since

e− τ and e− µ flavor violating Yukawa couplings are strongly suppressed, h→ eτ

and h → eµ Higgs decay modes will not be observed in this scenario, contrary to

h→ µτ mode. In section VI, we summarize our results.

II. GENERAL TWO HIGGS DOUBLET MODEL

In a general two Higgs doublet model, there are no symmetry 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 Higgs sector. In
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general, when the Higgs potential is minimized in the SM-like vacuum, both neutral

components of Higgs doublets develop nonzero vacuum expectation values (vevs).

Taking a certain linear combination, we can define the basis where only one of the

Higgs doublets obtains the nonzero vev as follows:

H1 =

 G+

v+φ1+iG√
2

 , H2 =

 H+

φ2+iA√
2

 , (3)

where G+ and G are Nambu-Goldstone bosons, and H+ and A are a charged Higgs

boson and a CP-odd Higgs boson, respectively. Then H+ 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

 =

 cos θβα sin θβα

− sin θβα cos θβα

 H

h

 . (4)

Here θβα is the mixing angle and fixed by the Higgs potential analysis. Note that

when cos θβα → 0 (sin θβα → 1), the interactions of φ1 approach to those of the SM

Higgs boson.

A. Yukawa interactions

In mass eigenbasis for the fermions, the Yukawa interactions are expressed by

L = −Q̄i
LH1y

i
dd
i
R − Q̄i

LH2ρ
ij
d d

j
R − Q̄

i
L(V †CKM)ijH̃1y

j
uu

j
R − Q̄

i
L(V †CKM)ijH̃2ρ

jk
u u

k
R

−L̄iLH1y
i
ee
i
R − L̄iLH2ρ

ij
e e

j
R, (5)

where i and j represent flavor indices, and Q = (V †CKMuL, dL)T , L = (VMNSνL, eL)T

are defined. VCKM is the Cabbibo-Kobayashi-Maskawa (CKM) matrix and VMNS is

the Maki-Nakagawa-Sakata (MNS) matrix. Fermions (fL, fR) (f = u, d, e, ν) are

mass eigenstates. Here we have assumed that the tiny neutrino masses are achieved

by the seesaw mechanism introducing super-heavy 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 constants ρijf are general 3×3 complex matrices

and can be sources of the Higgs-mediated flavor changing processes.
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In mass eigenstates of Higgs bosons, the Yukawa interactions are given by

L = −
∑

f=u,d,e

∑
φ=h,H,A

yfφij f̄LiφfRj + h.c.

− ν̄Li(V †MNSρe)
ijH+eRj − ūi(VCKMρdPR − ρ†uVCKMPL)ijH+dj + h.c., (6)

where

yfh ij =
mi
f

v
sβαδij +

ρijf√
2
cβα,

yfH ij =
mi
f

v
cβαδij −

ρijf√
2
sβα,

yfA ij =

 −
iρijf√

2
(for f = u),

iρijf√
2

(for f = d, e)
(7)

are defined with cβα ≡ cos θβα and sβα ≡ sin θβα. Note that when cβα is small, the

Yukawa interactions of h are 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 H+) 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 = M2
11H

†
1H1 +M2

22H
†
2H2 −

(
M2

12H
†
1H2 + h.c.

)
+
λ1
2

(H†1H1)
2 +

λ2
2

(H†2H2)
2 + λ3(H

†
1H1)(H

†
2H2) + λ4(H

†
1H2)(H

†
2H1)

+
λ5
2

(H†1H2)
2 +

{
λ6(H

†
1H1) + λ7(H

†
2H2)

}
(H†1H2) + h.c.. (8)

In the basis shown in Eq. (3), the Higgs boson masses can be described by the

dimensionless parameters and M22 using the stationary conditions for the Higgs
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doublets:

m2
H+ = M2

22 +
v2

2
λ3,

m2
A −m2

H+ = −v
2

2
(λ5 − λ4),

(m2
H −m2

h)
2 =

{
m2
A + (λ5 − λ1)v2

}2
+ 4λ26v

4,

sin 2θβα = − 2λ6v
2

m2
H −m2

h

. (9)

Especially, when cβα is close to zero (that is, λ6 ∼ 0), we obtain the following simple

expressions for the Higgs boson masses:

m2
h ' λ1v

2,

m2
H ' m2

A + λ5v
2,

m2
H+ = m2

A −
λ4 − λ5

2
v2,

m2
A = M2

22 +
λ3 + λ4 − λ5

2
v2. (10)

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 [41] should

be taken into account, so that we assume that it is suppressed by the degeneracy

between mA and mH+ as well as the small Higgs mixing parameter cβα. Therefore,

we set λ4 = λ5 in our analysis, which corresponds to mA = mH+ .

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). The 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 investigate

the parameter space where both anomalies can be explained.
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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 BR(h → µτ) = (0.84+0.39
−0.37)% [8]. As

discussed in the Introduction, the ATLAS collaboration has also shown the result,

BR(h→ µτ) = (0.77± 0.62)% [9], which is consistent with the CMS one. It would

be an indication of new physics because the SM can not accommodate the excess.

Since in the general 2HDM the SM-like Higgs boson has flavor violating Yukawa

interactions as discussed in the previous section, the excess can be easily explained.

The expression of the branching ratio of the h→ µτ process is given by

BR(h→ µτ) =
Γ(h→ µ+τ−) + Γ(h→ µ−τ+)

Γh

=
c2βα(|ρµτe |2 + |ρτµe |2)mh

16πΓh
, (11)

where Γh is a total decay width of Higgs boson h and we adopt Γh = 4.1 MeV in

this paper. In order to accommodate the CMS excess, the µ − τ flavor violating

Yukawa couplings need to satisfy the following condition:

ρ̄µτ ≡
√
|ρµτe |2 + |ρτµe |2

2

' 0.26

(
0.01

|cβα|

)√
BR(h→ µτ)

0.84× 10−2
. (12)

It is interesting to note that even in the small Higgs mixing (|cβα| ' 0.01), the µ− τ

flavor violating Yukawa couplings with the order of 0.1 can achieve the CMS excess.

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 extra

contributions to the muon anomalous magnetic moment (muon g-2) generated by

the µ− τ flavor violating Yukawa couplings.

A discrepancy between the measured value (aExpµ ) and the standard model pre-

diction (aSMµ ) of the muon g-2 has been reported [40]. For example, Ref. [42] shows

the following result:

aExpµ − aSMµ = (26.1± 8.0)× 10−10. (13)
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Here we consider whether the extra contributions induced by the µ−τ flavor violating

interactions can accommodate the muon g-2 anomaly. The effective operator for the

muon g-2 is expressed by

L =
v

Λ2
µ̄Lσ

µνµRFµν + h.c.. (14)

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 [43]. A Feynman diagram for the extra contributions of the neutral

Higgs bosons to the muon g-2, induced by the µ−τ flavor violating Yukawa couplings,

is shown in Fig. 1. As shown in Fig. 1, the chirality flip occurs in the internal line

µL τR τL µR

mτ

h, H, A

γ

ρµτ
e ρτµ

e

FIG. 1: A Feynman diagram for neutral Higgs boson contributions to the muon g-2. A

photon is attached somewhere in the charged lepton line.

of τ lepton in the diagram. Therefore, it induces the O(mτ/mµ) 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 get the chirality flip in the internal τ lepton line. The expression

of the enhanced extra contribution δaµ is given by

δaµ =
mµmτρ

µτ
e ρ

τµ
e

16π2

c2βα(log
m2
h

m2
τ
− 3

2
)

m2
h

+
s2βα(log

m2
H

m2
τ
− 3

2
)

m2
H

−
log

m2
A

m2
τ
− 3

2

m2
A

 , (15)

where we have assumed that ρµτe ρ
τµ
e is real, for simplicity. We will discuss the effect

of an imaginary part of these Yukawa couplings later. We note that a degeneracy of
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c

3σ

µa

2σ1σ−1σ

−2σ

−3σ

βα

−0.02 −0.016 −0.012 −0.008 −0.004

1
0.8

0.4
0.6

0.2B
R(

 h
   

   
   

  )
[%

]
µ
τ

δ

Am   = 250 GeV

−2σ

BR
(  

   
   

   
)[%

]

µδa

A

2σ

µ
τ

3σ

1σ
1

0.8
0.6
0.4
0.2

−0.002−0.006−0.01

cβα

−1σ

−3σ

h

m   = 350 GeV

FIG. 2: Numerical result for δaµ as a function of cβα and BR(h → µτ) for mA = 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 = λ5 = 0.5 in Eq. (10). We have assumed

ρµτe ρτµe < 0 with ρµτe = −ρτµe to obtain the positive contribution to δaµ.

all neutral Higgs bosons suppresses the extra contribution to the muon g-2, as seen

in Eq. (15).

In Fig. 2, we show numerical results for the extra contribution to muon g-2 (δaµ)

as a function of cβα and BR(h → µτ) for mA = 250 GeV (upper figure) and 350

9
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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 = λ5 = 0.5 in Eq. (10). We have assumed that

ρµτe ρ
τµ
e < 0 with ρµτe = −ρτµe to obtain the positive contribution to δaµ. We only

discuss the case with cβα < 0, however, the predictions of δaµ and BR(h→ µτ) 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. We note that although larger BR(h→ µτ) is preferred by the muon g-2

anomaly, the regions where BR(h → µτ) is smaller than the one suggested by the

CMS result are also allowed by the muon g-2 anomaly if |cβα| is small.

In Fig. 3, the numerical result for the δaµ is shown as a function of mA and cβα

fixing that BR(h → µτ) = 0.84%. Regions that explain the muon g-2 anomaly

in Eq. (13) within ±1σ, ±2σ and ±3σ are shown. Here we take λ4 = λ5 = 0.5 to

determine the mass spectrum of heavy Higgs bosons (shown in Eq. (10)) as a function

of mA. We assume that the Yukawa couplings ρτµe and ρµτe are determined to realize

BR(h → µτ) = 0.84% with ρµτe = −ρτµe . When |cβα| gets smaller, δaµ increases

because the Yukawa couplings ρ
µτ(τµ)
e become larger with the fixed BR(h → µτ).

It is interesting to see that the 2HDM can explain both anomalies of the muon

g-2 and h → µτ when |cβα| is small (|cβα| ∼ 0.01) for mA = 200 − 500 GeV. We

note that the small mixing |cβα| 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 BR(h→ µτ) = 0.84 % and cβα = −0.008. We have assumed

that ρτµe = −ρµτe and λ4 = λ5. As λ5 gets larger, the δaµ becomes larger because the

non-degeneracy between H and A increases and it enhances the δaµ. Figs. 2, 3 and

4 show the typical interesting regions which explain both anomalies of the muon g-2

and h→ µτ .

IV. τ- AND µ-PHYSICS IN THIS SCENARIO

So far, 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, si-
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m   [GeV]

aδ

2σ

µ

3σ

1σ
−1σ

−3σ

Α

200 300 400 500

−0.01

0

−0.02

−0.03

cβα

−2σ

λ   = λ   = 0.554

FIG. 3: Numerical result for δaµ as a function of mA and cβα assuming BR(h → µτ) =

0.84%. Regions which 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 = λ5 = 0.5 in Eq. (10). We have assumed ρµτe = −ρτµe to obtain

the positive contribution to δaµ and the Yukawa couplings ρ
µτ(τµ)
e are fixed to realize

BR(h→ µτ) = 0.84%.

multaneously. The parameter regions with |cβα| ∼ 0.01 and mA ∼ O(100) GeV are

typically interesting. In this section, we investigate what kinds of predictions and/or

constraints in τ - and µ-physics we have in this scenario.

A. τ → µγ

The first process we would like to discuss is 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 = eεα∗(q)ūµ(p− q)mτ iσαβq
β(ALPL + ARPR)uτ (p), (16)

where PR, L(= (1 ± γ5)/2) 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
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a
1σ

3σ

−3σ

−2σ

−1σ

µ
2σ

δ

200 300 400 500
0.2

0.6

1.0

1.4

m   [GeV]A

5λ

= −0.008cβα

FIG. 4: Numerical result for δaµ as a function of mA and λ5 assuming BR(h → µτ) =

0.84% with the fixed cβα (= −0.008). Here we have assumed λ4 = λ5 and ρµτe = −ρτµe .

by

BR(τ → µγ)

BR(τ → µν̄µντ )
=

48π3α (|AL|2 + |AR|2)
G2
F

, (17)

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 yeφ ττ (φ = h, H, A)

Yukawa interactions at one-loop level (left figure in Fig. 5) are given by 2

AL, R =
∑

φ=h, H, A, H−

AφL, R, (18)

AφL =
ye∗φ τµ

16π2m2
φ

[
ye∗φ ττ

(
log

m2
φ

m2
τ

− 3

2

)
+
yeφ ττ

6

]
, (φ = h, H, A)

AφR = AφL|ye∗φ τµ→yeφ µτ , yeφ ττ↔y
e∗
φ ττ

, (φ = h, H, A),

AH
−

L = − (ρ†eρe)
µτ

192π2m2
H−

, AH
−

R = 0, (19)

where AφL, R (φ = h, H, A, H−) are the φ contributions at the one loop level. The

Yukawa couplings yeφ ττ (φ = h, H, A) are given in Eq. (7). Here we have neglected

2 Yukawa couplings yeφ µµ also contribute to τ → µγ. However, the SM part of yeφ µµ is smaller

than the one of yeφ ττ , and ρµµe is strongly constrained by τ → 3µ process as discussed later.

Therefore we have neglected the contributions from yeφ µµ.

12



� = h, H, A

⌧L ⌧R ⌧L µL

⇢⌧µ
e

� = h, H, A

�

�

�

⌧L µR µR⇢⌧µ
e

ye
�⌧⌧

yf
�33

t, b, ⌧

� = h, H, A

�

⌧L µR µR⇢⌧µ
e

yf
�33

t, b, ⌧

�, Z

FIG. 5: Some of Feynman diagrams which contribute to τ → µγ processes at one-loop

level (left figure) which are induced by yeφ ττ (φ = h, H, A) Yukawa couplings and at

two-loop level (right figure) which are Barr-Zee type contributions and induced by the

third generation fermions via yfφ 33 (f = u, d, e) Yukawa couplings. Diagrams where the

fermion chiralities are flipped also contribute. We also have a Barr-Zee type two-loop

contribution induced by W-loop, which is not shown here.

the O(mµ/mτ ) 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 cases. The third generation fermion

contributions via yfφ 33 (f = u, d, e) Yukawa couplings3 (shown in the right figure

3 In our notation, yuφ 33 = yuφ tt, y
d
φ 33 = ydφ bb, y

e
φ 33 = yeφ ττ .
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in Fig. 5) and the W-boson contribution (not shown in Fig. 5) are given by 4

ABZ
L = −

∑
φ=h,H,A;f=u,d,e

NCQfα

8π3

ye∗φ τµ
mτmf3

[
Qf

{
Re(yfφ 33)FH (xfφ)− iIm(yfφ 33)FA (xfφ)

}
+

(1− 4s2W )(2T3f − 4Qfs
2
W )

16s2W c
2
W

{
Re(yfφ 33)F̃H (xfφ, xfZ)− iIm(yfφ 33)F̃A (xfφ, xfZ)

}]
+
∑
φ=h,H

α

16π3

gφWWy
e∗
φ τµ

mτv

[
3FH (xWφ) +

23

4
FA (xWφ)

+
3

4
G (xWφ) +

m2
φ

2m2
W

{FH (xWφ)− FA (xWφ)}

+
1− 4s2W

8s2W

{(
5− t2W +

1− t2W
2xWφ

)
F̃H(xWφ, xWZ)

+

(
7− 3t2W −

1− t2W
2xWφ

)
F̃A(xWφ, xWZ) +

3

2
{FA(xWφ) +G(xWφ)}

}]
, (20)

ABZ
R = ABZ

L (ye∗φ τµ → yeφ µτ , i→ −i), (21)

where xfφ = m2
f3
/m2

φ, xfZ = m2
f3
/m2

Z (f3 = t, b, τ for f = u, d, e), xWφ = m2
W/m

2
φ

and xWZ = m2
W/m

2
Z , and s2W = sin θ2W , c

2
W = cos θ2W and t2W = tan θ2W . T3f denotes

the isospin of the fermion. Here the couplings gφWW = sβα (cβα) for φ = h (φ = H).

Functions FH, A, G and F̃H, A are defined by

FH(z) =
z

2

∫ 1

0

dx
1− 2x(1− x)

x(1− x)− z
log

x(1− x)

z
, (22)

FA(z) =
z

2

∫ 1

0

dx
1

x(1− x)− z
log

x(1− x)

z
, (23)

G(z) = −z
2

∫ 1

0

dx
1

x(1− x)− z

[
1− z

x(1− x)− z
log

x(1− x)

z

]
, (24)

F̃H(x, y) =
xFH(y)− yFH(x)

x− y
, (25)

F̃A(x, y) =
xFA(y)− yFA(x)

x− y
. (26)

Note if the Yukawa couplings ρijf are real, Im(yfφ 33) = 0 for f = h and H, and

Re(yfφ 33) = 0 for f = A are satisfied, 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)

4 The Barr-Zee contributions to µ→ eγ have been studied in Ref. [44]. The application to τ → µγ

is apparent and we adopt their results for τ → µγ.
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induced by the third generation fermion loop, and the one in the third and the forth

lines (the fifth and sixth lines) originates from the effective φγγ vertex (φZγ vertex)

generated by the W-boson loop. In the analysis of τ → µγ in Ref. [14], we have not

included the Barr-Zee type contributions induced by the effective φγZ vertex since

they are sub-dominant 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 =
∑

φ=h,H,A,H−

AφL, R + ABZ
L, R. (27)

In Fig. 6, numerical results for BR(τ → µγ) as a function of cβα and BR(h → µτ)

are shown. Here the same parameter set as the one in Fig. 2 is taken. We have

assumed that the extra Yukawa couplings ρijf other than ρ
µτ(τµ)
e are negligible. Lines

for BR(τ → µγ)/10−9 = 0.4, 0.7, 1.0 and 1.3 (upper figure) and for BR(τ →

µγ)/10−9 = 0.5, 1.0 and 1.5 (lower figure) are shown for mA = 250 GeV and 350

GeV, respectively. As one can see, if BR(h→ µτ) = 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 BR(τ → µγ) almost does not depend on the Higgs mixing parameter

cβα when BR(h→ µτ) is fixed and cβα is small. We also note that the cancellation

between the one-loop and two-loop Barr-Zee type contributions happens, and hence

the branching ratio BR(τ → µγ) is not simply suppressed by the heavy Higgs boson

masses.

If the extra Yukawa couplings other than ρ
µτ(τµ)
e are not negligible, the branching

ratio BR(τ → µγ) 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 BR(τ → µγ) are shown as a function of ρττe and ρttu . Lines

for BR(τ → µγ)/10−8 = 0.1 and 4.4 (current experimental limit) are shown. Here

we have assumed mA = 350 GeV with λ4 = λ5 = 0.5, cβα = −0.007 and BR(h →

µτ) = 0.84 % with ρµτe = −ρτµe . This parameter set can enhance the muon g-2 as

δaµ = 2.2×10−9 which is within the 1σ. At present, the extra Yukawa couplings ρττe

and ρttu can be still larger than, for example, O(0.1) with some correlation, however,
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the future experimental constraint would be significant for this scenario. Therefore,

the τ → µγ process would be important to probe the scenario.

1.3
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FIG. 6: Numerical result for BR(τ → µγ) as a function of cβα and BR(h → µτ) in the

same parameter set of Fig. 2. Lines for BR(τ → µγ)/10−9 = 0.4, 0.7, 1.0 and 1.3 (0.5, 1.0

and 1.5) are shown for mA = 250 GeV (mA = 350 GeV). Here we have assumed that the

extra Yukawa couplings ρf other than ρ
µτ (τµ)
e are negligible.

B. µ→ eγ, τ → eγ, and electron g-2

The µ− τ flavor violating Yukawa couplings themselves do not generate µ→ eγ.

However, together with e−µ or e−τ flavor-violation, µ→ eγ is induced. Since there

is a strong constraint from this process, e − µ and e − τ flavor violating couplings
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FIG. 7: Numerical result for BR(τ → µγ) as a function of ρττe and ρttu . Lines for BR(τ →

µγ)/10−8 = 0.1 and 4.4 (current experimental limit) are shown. Here we have assumed

mA = 350 GeV with λ4 = λ5 = 0.5, cβα = −0.007 and BR(h → µτ) = 0.84 % with

ρµτe = −ρτµe . We note that for this parameter set, δaµ = 2.2 × 10−9 which explains the

muon g-2 anomaly within the 1σ.

are strongly constrained.

Similar to τ → µγ, we parametrize the decay amplitude (Tµ→eγ) as

Tµ→eγ = eεα∗ūemµiσαβq
β(ALPL + ARPR)uµ, (28)

and the branching ratio is given by

BR(µ→ eγ) =
48π3α(|AL|2 + |AR|2)

G2
F

. (29)

The neutral Higgs contributions AφL, R (φ = h, H, A) to AL, R at the one-loop are

given by

AφL =
1

16π2

∑
i=µ,τ

ye∗φ ie
m2
φ

[
mi

mµ

ye∗φ µi

(
log

m2
φ

m2
i

− 3

2

)
+
yeφ iµ

6

]
, (30)

AφR =
1

16π2

∑
i=µ,τ

yeφ ei
m2
φ

[
mi

mµ

yeφ iµ

(
log

m2
φ

m2
i

− 3

2

)
+
ye∗φ µi

6

]
, (31)

where the Yukawa couplings yeφ ij are defined in Eq. (7). Here we neglect an electron
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FIG. 8: Numerical result for BR(µ→ eγ) as a function of ρτee and ρeτe . Lines for BR(µ→

eγ)/10−13 = 5.7 (current limit), 1.0, 0.1 and 0.01 are shown. Here we have assumed that

mA = 350 GeV with λ4 = λ5 = 0.5, cβα = −0.007 and BR(h → µτ) = 0.84% with

ρµτe = −ρτµe , and extra Yukawa couplings ρf other than ρ
µτ(τµ)
e and ρ

τe(eτ)
e are negligible.

We note that for this parameter set, δaµ = 2.2× 10−9.

mass and we assume that the Yukawa coupling yeφ ee is negligible. 5 The charged

Higgs contribution to AL, R is

AH
−

L = − (ρ̄†eρe)eµ
192π2m2

H−
, AH

−

R = 0. (32)

For nonzero yeφ µe (eµ), the Barr-Zee type contributions (ABZ
L,R) at two-loop level are

significant. The expression of ABZ
L, R is the same as one for τ → µγ case shown

in Eq. (20) except that the flavor violating Yukawa couplings y
e(∗)
φ τµ (µτ) should be

replaced by y
e(∗)
φ µe (eµ), 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 =
∑

φ=h,H,A,H−

AφL, R + ABZ
L, R. (33)

Similar to the muon g-2, the contributions from the µ−τ flavor violating Yukawa

interactions together with the e− τ flavor violation have O(mτ/mµ) enhancement,

and induce significant contributions to µ→ eγ. In Fig. 8, we show numerical results

5 The Yukawa coupling ρeee is strongly constrained by τ → µe+e− process, as studied later.

Therefore, our assumption will be justified.
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FIG. 9: Numerical result for BR(µ→ eγ) as a function of ρµee and ρeµe . Lines for BR(µ→

eγ)/10−13 = 5.7 (current limit), 1.0, 0.1 and 0.01 are shown. Here we have assumed that

mA = 350 GeV with λ4 = λ5 = 0.5, cβα = −0.007, and extra Yukawa couplings ρf other

than ρ
µτ(τµ)
e and ρ

µe(eµ)
e are negligible.

for BR(µ → eγ) as a function of ρτee and ρeτe . Here we have taken mA = 350 GeV

with λ4 = λ5 = 0.5, cβα = −0.07 and BR(h → µτ) = 0.84 % with ρµτe = −ρτµe .

We have assumed that extra Yukawa couplings ρijf other than ρ
µτ(τµ)
e and ρ

τe(eτ)
e

are negligible. This parameter set corresponds to δaµ = 2.2 × 10−9. One can see

that the current limit on BR(µ→ eγ) strongly constrains the e− τ flavor violating

couplings ρ
τe(eτ)
e if the CMS excess of BR(h → µτ) is true. If we change the value

of BR(h→ µτ) in Fig. 8, the experimental bound of ρ
τe(eτ)
e is relaxed by the factor,√

0.84%
BR(h→µτ) when ρτee = ρeτe is assumed.

If Yukawa couplings ρ
τe(eτ)
e are negligible but ρ

µe(eµ)
e are not, the Barr-Zee type

two loop contributions are dominant.6 We show numerical results for BR(µ → eγ)

as a function of ρµee and ρeµe . Here we have assumed that mA = 350 GeV with

λ4 = λ5 = 0.5, cβα = −0.007 and extra Yukawa couplings ρijf other than ρ
µτ(τµ)
e

and ρ
µe(eµ)
e are negligible. As one can see from the figure, ρ

µe(eµ)
e couplings are also

severely constrained by the µ→ eγ bound. Note that the prediction of µ→ eγ for

6 If 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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this case does not depend on the value of BR(h→ µτ). The future improvement of

BR(µ→ eγ) at the level of 10−14 as proposed by the MEG II experiment [45] would

significantly probe the flavor structure of this scenario.

The effective operator for µ→ eγ also generate 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 be also

tested by the experiments [46–49], although our prediction is vague because of the

ambiguity of the Yukawa couplings.7

We comment on the consequence of the strong constraints 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 is strongly constrained as we have seen above. Therefore,

the prediction of BR(τ → eγ) 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 have 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 Re(ρµτe ρ

τµ
e ). In addition, the imaginary parts

of the Yukawa couplings generate an electric dipole moment (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 (δaµ) and the muon EDM (δdµ) are expressed

by

L = µ̄σµν
(

e

4mµ

δaµ −
i

2
δdµγ5

)
µFµν . (34)

7 The study on the tree-level flavor changing couplings of quarks is beyond our scope.
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If we parametrize the complex Yukawa couplings as follows:

ρµτe ρ
τµ
e = |ρµτe ρτµe |eiφ, (35)

the relation between the muon g-2 (δaµ) and the muon EDM (δdµ) induced by the

µ− τ flavor-violating Yukawa couplings is given by

δdµ
δaµ

= −e tanφ

2mµ

. (36)

Therefore, the predicted muon EDM is

δdµ = −3× 10−22 e · cm ×
(

tanφ

1.0

)(
δaµ

3× 10−9

)
. (37)

The current limit [50] is

|dµ| < 1.9× 10−19 e · cm (95% C.L.), (38)

and hence it is not sensitive to this scenario at present. However, the future im-

provement at the level of 10−24 e ·cm [51] would be significant to probe the scenario.

D. τ → µνν̄

The Yukawa couplings ρ
µτ(τµ)
e induce a correction to τ → µνν̄ via a charged Higgs

mediation, where the flavor of final neutrino and anti-neutrino states is summed up

since it is not detected.8

The correction δ is given as follows;

Γ(τ → µνν̄) =
m5
τG

2
F

192π3
(1 + δ),

δ =
|ρµτe |2|ρτµe |2

32G2
Fm

4
H+

. (39)

In Fig. 10, numerical results for the correction δ given above are shown as a function

of cβα and BR(h → µτ) in the same parameter set of Fig. 2. One can see that as

8 In general, the unknown Yukawa couplings ρiτe and ρiµe (i = e, µ, τ) generate the extra corrections

to δ. However, the Yukawa couplings ρ
eτ (eµ)
e and ρµµe are strongly constrained by µ → eγ and

τ− → µ−µ+µ−, 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 ρ
µτ (τµ)
e is viewed as a conservative estimate.
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the correction to the muon g-2 (δaµ) gets larger, the size of δ also becomes larger,

and they are correlated each other, independent of BR(h → µτ). The interesting

regions which explain the muon g-2 anomaly within 1σ predict δ ≤ 10−4-10−3. The

current precision of the measurement of the decay rate Γ(τ → µνν̄) is at the level of

10−3 [40]. 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 [52], given by(
gµ
ge

)2

=
BR(τ− → µ−νν̄)

BR(τ− → e−νν̄)

f(m2
e/m

2
τ )

f(m2
µ/m

2
τ )
, (40)

where f(x) = 1 − 8x + 8x3 − x4 − 12x2 log x, which is a phase space factor. The

universality of the gauge interaction in the SM predicts ge = gµ and the current

experimental results are(
gµ
ge

)
= 1.0036± 0.0020 (BaBar),

= 1.0018± 0.0014 (world average). (41)

In our scenario, we expect the correction to τ → eνν̄ would be small because of

the strong constraint on e− τ flavor violation from 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

= 1 + δ. (42)

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−l+l−, τ− → e−l+l− (l = e, µ), µ+ → e+e−e+ and others

The nonzero Yukawa couplings ρ
µτ(τµ)
e also generate processes τ− → µ−µ+µ− and

τ− → µ−e+e− (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
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for these processes9. The branching ratios for τ → 3µ and τ → µee are given by [53]

BR(τ → 3µ)

BR(τ → µνν̄)
=

∑
φ, φ′=h, H, A

I(φ, φ′)

64G2
F

,

I(φ, φ′) = 2

(
yeφµτy

e∗
φµµ

m2
φ

)(
ye∗φ′µτy

e
φ′µµ

m2
φ′

)
+ 2

(
yeφτµy

e∗
φµµ

m2
φ

)(
ye∗φ′τµy

e
φ′µµ

m2
φ′

)

+

(
yeφµτy

e
φµµ

m2
φ

)(
ye∗φ′µτy

e∗
φ′µµ

m2
φ′

)
+

(
yeφτµy

e
φµµ

m2
φ

)(
ye∗φ′τµy

e∗
φ′µµ

m2
φ′

)
, (43)

BR(τ → µee)

BR(τ → µνν̄)
=

∑
φ, φ′=h, H, A

J(φ, φ′)

32G2
F

,

J(φ, φ′) =

(
yeφµτy

e∗
φee

m2
φ

)(
ye∗φ′µτy

e
φ′ee

m2
φ′

)
+

(
yeφτµy

e∗
φee

m2
φ

)(
ye∗φ′τµy

e
φ′ee

m2
φ′

)

+

(
yeφµτy

e
φee

m2
φ

)(
ye∗φ′µτy

e∗
φ′ee

m2
φ′

)
+

(
yeφτµy

e
φee

m2
φ

)(
ye∗φ′τµy

e∗
φ′ee

m2
φ′

)
. (44)

Fig. 11 shows BR(τ → 3µ) and BR(τ → µee) as a function of ρlle (l = µ for τ → 3µ

and l = e for τ → µee). It is assumed that cβα = −0.007, mA = 350 GeV with

λ4 = λ5 = 0.5 and BR(h → µτ) = 0.84% with ρµτe = −ρτµe in Fig. 11. One can see

that the current experimental bounds,

BR(τ → 3µ) < 2.1× 10−8, BR(τ → µee) < 1.8× 10−8 (45)

set the strong constraints on the ρlle Yukawa couplings. For example, the parameter

set shown in Fig. 11, requires ρlle < 0.006 (l = 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 =
√
2mµ
v
∼ 6× 10−4).

Contrary to τ− → µ−l+l−, the τ− → e−l+l− (l = e, µ) process is suppressed in

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

process. Furthermore, since the constraints on ρ
eµ (µe)
e are stronger than those on

ρ
µµ(ee)
e , τ− → µ−e+µ− is expected to be smaller than τ− → µ−l+l−. (Needless to

say, τ− → e−µ+e− is much suppressed.) Therefore, we expect that the τ− → e−l+l−

and τ− → µ−e+µ− processes will be small.

9 Nonzero ρ
τe(eτ)
e and ρ

µe(eµ)
e couplings also induce the τ → µee process. However, these Yukawa

couplings are strongly constrained by µ → eγ process as discussed in previous sections. There-

fore, we neglect these effects.
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We also study µ+ → e+e−e+ (µ → 3e in short) which depends on the µ − e

flavor violating Yukawa couplings ρ
eµ (µe)
e and the flavor diagonal element ρeee . As

we have seen, the µ − e flavor violating Yukawa couplings ρ
eµ(µe)
e are constrained

by the µ → eγ process and the ρeee coupling is restricted by the τ → µee process.

From Fig. 9 and Fig. 11, the current limits on ρ
µe(eµ)
e and ρeee are ρµee < 2 × 10−4

for ρµee = ρeµe and ρeee < 6 × 10−3, respectively, assuming mA = 350 GeV with

λ4 = λ5 = 0.5 and cβα = −0.007. Under these constraints, it will be interesting

to see how large branching ratio of µ → 3e is expected. In Fig. 12, we show the

BR(µ → 3e) 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 [40]

BR(µ→ 3e) < 1.0× 10−12. (46)

The improvement of the branching ratio at the level of 10−16 [54] which has been

proposed by the Mu3e experiment would have a significant impact on this scenario

together with the improvement of µ→ eγ [45] and µ−e conversion in nuclei [46–49].

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 the tree level. The expression for the branching ratio

of τ → µη is given by [55, 56]

BR(τ → µη) =
3|ρssd |2(ρ̄µτ )2

32π

mτF
2
η

m4
AΓτ

(
m2
η

mu +md + 4ms

)2(
1−

m2
η

m2
τ

)2

, (47)

where mη and Fη are the mass and the decay constant of η. For Fη = 150 MeV and

mη = 548 MeV, we obtain a constraint on ρssd ;

|ρssd | < 0.007

(
0.3

ρ̄µτ

)( mA

350 GeV

)2
. (48)

We have a strong constraint although it is still larger than the SM value of the

strange quark Yukawa coupling (ys =
√
2ms
v
∼ 5× 10−4).

The other hadronic τ -lepton decays have been studied in Ref. [57]. They poten-

tially provide constraints on the other extra Yukawa couplings ρf in quark sector.

For details, see Ref. [57].
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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 non-observation of these

decays is one of interesting predictions of this scenario.

VI. SUMMARY

The anomalous event in h → µτ has been observed by the CMS collaboration.

The discrepancy of the muon g-2 is also one of the longstanding issues in the particle

physics. These anomalous phenomena may be a hint of physics beyond the Standard

Model. At glance, these anomalies are not related each others. However, we have

found that the 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 parameter 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.

One of the interesting processes in the presence of the µ−τ flavor violation is τ →

µγ. The µ−τ flavor violation suggested 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 experiment 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 be also within the planning 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 τ → µνν̄ and τ → eνν̄. The
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improvement of their precisions would be interesting. The tree-level τ decays such as

τ− → µ−l+l− (l = e, µ) and τ → µη are also interesting because the extra Yukawa

couplings ρ
ee (µµ)
e 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 µ → eγ process. Because of these constraints, phenomena

such as τ → eγ, τ− → e−l+l− (l,= e, µ), e−µ+e−, µ−e+µ− and extra contributions

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 observation of h → µτ

and non-observation 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 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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FIG. 10: Numerical result for a correction to τ → µνν̄, δ given in Eq. (39) as a function

of cβα and BR(h → µτ) in the same parameter set of Fig. 2. Black solid lines for δ =

10−5, 10−4, 10−3, 10−2 (from left to right) are shown for mA = 250 GeV (upper figure)

and mA = 350 GeV (lower figure). Here we also show the region where the muon g-2

anomaly is explained within 1σ (light green) and 2σ (light blue). Here we have assumed

that the extra Yukawa couplings ρf other than ρ
µτ(τµ)
e are negligible.
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