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h→ µτ and muon g-2 in a general two Higgs double model Kazuhiro Tobe

1. Introduction

Since the standard model (SM) well-describes phenomena up to the electroweak scale, it is
considered to be a very successful theory for elementary particles. The Higgs boson discovery
further strengthens the success of the SM. On the other hand, there are a few phenomena which
are not explained by the current understanding of the SM. One of them is the anomalous magnetic
moment of muon (muon g-2). A discrepancy between the measured value (aExp

µ ) and the SM pre-
diction (aSM

µ ) of the muon g-2 has been reported [2]. For example, see [3], δaµ = aExp
µ − aSM

µ =

(26.1±8.0)×10−10, and so far no clear understanding of this anomaly has been established. An-
other one is the event excess of the Higgs boson decay h→ µτ , reported by the CMS collaboration
at the Large Hadron Collider (LHC) experiment [4], BR(h→ µτ) = (0.84+0.39

−0.37)%, which never
occurs in the SM. These phenomena would be good hints for the physics beyond the SM. In this
presentation, we show that these two anomalies in the muon g-2 and h→ µτ can be explained by
the µ− τ flavor-violating interactions in a general two Higgs doublet model (2HDM), and we also
discuss the prediction of the scenario.

2. General two Higgs doublet model

In a general two Higgs doublet model (2HDM), both Higgs doublets can couple to all fermions
and hence the Yukawa interactions are given by

L =−L̄i
LH1yi

eei
R− L̄i

LH2ρ
i j
e e j

R +h.c., (2.1)

where LL = (VMNSνL,eL)
T, where VMNS is the Maki-Nakagawa-Sakata matrix. Here we take a basis

where only Higgs doublet H1 gets a vacuum expectation value (vev),

H1 =

(
G+

v+φ1+iG√
2

)
, H2 =

(
H+

φ2+iA√
2

)
,

(
φ1

φ2

)
=

(
cosθβα sinθβα

−sinθβα cosθβα

)(
H
h

)
, (2.2)

where G+ and G are Nambu-Goldstone bosons and H± and A are charged and CP-odd Higgs
bosons, respectively. Thus the Yukawa interactions shown above are written in the fermion mass
eigenstates.1 The CP-even neutral Higgs bosons φ1,2 can mix and form the mass eigenstates h and
H where h is a SM-like Higgs boson. For small |cβα | (cβα = cosθβα ), φ1 ' h. Note that the
Yukawa couplings ρe are flavor-violating interactions in general. The mass spectrum of neutral
Higgs bosons in this model are expressed as

m2
H+ = m2

A +
λ5−λ4

2
v2, m2

H ' m2
A +λ5v2, (2.3)

where λ4,5 are Higgs quartic couplings (H†
1 H2)(H

†
2 H1) and (H†

1 H2)
2/2, respectively, in the tree-

level Higgs potential.

1The Yukawa couplings in quark sector can also be written similarly.
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Figure 1: (Left) A Feynman diagram for neutral Higgs boson contributions to the muon g-2 via the µ − τ

flavor-violating Yukawa couplings ρ
µτ (τµ)
e . A photon is attached somewhere in the charged lepton line.

(Right) Neutral Higgs contributions to the muon g-2 (δµ) as a function of BR(h→ µτ) [%] and cβα (=

cosθβα). The lines where the muon g-2 anomaly is explained within ±1σ , ±2σ and ±3σ are shown. Here
we have assumed that mA = 350 GeV, λ4 = λ5 = 1 and ρ

τµ
e =−ρ

µτ
e .

3. h→ µτ and muon g-2

The flavor-violating Yukawa couplings ρ
µτ (τµ)
e can easily explain the CMS event excess in

h→ µτ if the size of the Yukawa couplings satisfies the following condition,

ρ̄
µτ ≡

√
|ρµτ

e |2 + |ρτµ
e |2

2
' 0.26

(
0.01
|cβα |

)√
BR(h→ µτ)

0.84×10−2 . (3.1)

These µ−τ flavor-violating Yukawa couplings ρ
µτ (τµ)
e can induce extra contributions to the muon

g-2, mediated by neutral Higgs bosons, as shown in Fig. 1 (Left). Note that the extra-contributions
to the muon g-2 are proportional to the τ mass, which is necessary to flip the chirality of the
muon and induces the O(mτ/mµ) enhancement in the muon g-2, compared to one induced by
the flavor diagonal Yukawa coupling. Therefore, the µ − τ flavor violation is essential to have
the large extra-contributions to the muon g-2. Assuming that mA = 350 GeV, λ4 = λ5 = 1 and
ρ

τµ
e =−ρ

µτ
e , the numerical values of extra contributions to muon g-2 (δaµ) are shown as a function

of BR(h→ µτ) [%] and cβα (= cosθβα) in Fig. 1(Right). The lines where the muon g-2 anomaly
is explained within ±1σ , ±2σ and ±3σ are displayed. One can see that the both anomalies in
h→ µτ and the muon g-2 can be explained by the µ−τ flavor-violating interactions in the general
2HDM when |cβα | is small.

4. τ → µγ

The large µ − τ flavor violation also generates τ → µγ . Feynman diagrams of the dominant
one-loop and (Barr-Zee type) two-loop contributions are depicted in Fig. 2. It is known that the
Barr-Zee type two-loop contribution can be dominant because of the large top Yukawa coupling [5].
We find that even if unknown Yukawa couplings ρ f ( f = e,u,d) other than ρ

µτ (τµ)
e are negligibly

small, the predicted branching ratio of τ → µγ can be as large as 10−9, which might be within
the reach of the future B-factory. If extra-Yukawa couplings, such as ρ tt

u and ρττ
e , are non-zero,

3
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A basis where one Higgs doublet has vev
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =

 
G+

v+�1+iGp
2

!
, H2 =

 
H+

�2+iAp
2

!
, (1)

where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].

(mH > mh),
✓

�1

�2

◆
=

✓
cos ✓�↵ sin ✓�↵
� sin ✓�↵ cos ✓�↵

◆✓
H
h

◆
. (2)

Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;

L = �Q̄i
LH1y

i
dd

i
R � Q̄i

LH2⇢
ij
d dj

R

� Q̄i
LV ij

CKMH̃1y
j
uuj

R � Q̄i
LV ij

CKMH̃2⇢
jk
u uk

R

� L̄i
LH1y

i
ee

i
R � L̄i

LH2⇢
ij
e ej

R, (3)

where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as

L = �
X

�=h,H,A

y�ij f̄Li�fRj � ⌫̄Li(V
†
MNS⇢e)

ijH+eRj

� ūi(VCKM⇢dPR � ⇢†
uVCKMPL)ijH+dj + h.c., (4)

where

yhij =
mi

f

v
s�↵�ij +

⇢ij
fp
2
c�↵, yHij =

mi
f

v
c�↵�ij �

⇢ij
fp
2
s�↵,

yAij = �
i⇢ij

fp
2

(for f = u),
i⇢ij

fp
2

(for f = d, e), (5)

and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
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eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
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and hence it can explain the long-standing anomaly of
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In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =
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, (1)

where G+ and G are Nambu-Goldstone bosons, and H+
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and �2 can mix and form mass eigenstates, h and H
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;

L = �Q̄i
LH1y

i
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as

L = �
X

�=h,H,A
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(for f = d, e), (5)

and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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� ūi(VCKM⇢dPR � ⇢†
uVCKMPL)ijH+dj + h.c., (4)

where

yhij =
mi

f

v
s�↵�ij +

⇢ij
fp
2
c�↵, yHij =

mi
f

v
c�↵�ij �

⇢ij
fp
2
s�↵,

yAij = �
i⇢ij

fp
2

(for f = u),
i⇢ij

fp
2

(for f = d, e), (5)

and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC

Q =

✓
V †

CKMuL

dL

◆
L =

✓
VMNS⌫L

eL

◆

In fermion mass eigenbasis

⇢f (f = d, u, e) : flavor violating Yukawa couplings

This model predicts extra-flavor violating sources in 
Higgs interactions

(In this talk, I assume that      is real.)⇢f
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =

 
G+

v+�1+iGp
2

!
, H2 =

 
H+

�2+iAp
2

!
, (1)

where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =

 
G+

v+�1+iGp
2

!
, H2 =

 
H+

�2+iAp
2

!
, (1)

where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;

L = �Q̄i
LH1y
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as

L = �
X

�=h,H,A

y�ij f̄Li�fRj � ⌫̄Li(V
†
MNS⇢e)

ijH+eRj
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uVCKMPL)ijH+dj + h.c., (4)

where
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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⇢f (f = d, u, e) : flavor violating Yukawa couplings

This model predicts extra-flavor violating sources in 
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =

 
G+

v+�1+iGp
2

!
, H2 =

 
H+

�2+iAp
2

!
, (1)

where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;

L = �Q̄i
LH1y
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as
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�=h,H,A
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =
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, (1)

where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC

scalar mixing

A basis where one Higgs doublet has vev

G+, G : Nambu-Goldstone bosons
H+, A : charged and CP-odd Higgs bosons

mass eigenstates
s�↵ = sin ✓�↵, c�↵ = cos ✓�↵

(both Higgs doublets couple to all fermions)

(“Higgs basis”)
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;
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where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;
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where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =
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�2+iAp
2
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, (1)

where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =
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where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;
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boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =

 
G+

v+�1+iGp
2

!
, H2 =

 
H+

�2+iAp
2

!
, (1)

where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as
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X

�=h,H,A

y�ij f̄Li�fRj � ⌫̄Li(V
†
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =
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v+�1+iGp
2

!
, H2 =

 
H+

�2+iAp
2

!
, (1)

where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as
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where
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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⇢f (f = d, u, e) : flavor violating Yukawa couplings
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =
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, H2 =
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�2+iAp
2
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, (1)

where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;
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where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].

(mH > mh),
✓

�1

�2

◆
=

✓
cos ✓�↵ sin ✓�↵
� sin ✓�↵ cos ✓�↵

◆✓
H
h

◆
. (2)

Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions
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and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC

scalar mixing

A basis where one Higgs doublet has vev
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
excess can enhance the neutral Higgs contributions to the muon anomalous magnetic moment, and
can resolve the discrepancy between the measured value and the SM prediction. We also find that
the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;

H1 =

 
G+

v+�1+iGp
2

!
, H2 =

 
H+

�2+iAp
2

!
, (1)

where G+ and G are Nambu-Goldstone bosons, and H+

and A are a charged Higgs boson and a CP-odd Higgs
boson, respectively. CP-even neutral Higgs bosons �1

and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
2 Multi-Higgs doublet model has been also considered [7].
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Here ✓�↵ is the mixing angle. In mass eigenbasis for
the fermions, the Yukawa interactions are expressed as
follows;
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where Q = (V †
CKMuL, dL)T , L = (VMNS⌫L, eL)T ,

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij

f are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
⇢ij

f in order to explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as
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� ūi(VCKM⇢dPR � ⇢†
uVCKMPL)ijH+dj + h.c., (4)

where

yhij =
mi

f

v
s�↵�ij +

⇢ij
fp
2
c�↵, yHij =

mi
f

v
c�↵�ij �

⇢ij
fp
2
s�↵,

yAij = �
i⇢ij

fp
2

(for f = u),
i⇢ij

fp
2

(for f = d, e), (5)

and s�↵ = sin ✓�↵ and c�↵ = cos ✓�↵ are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
violating phenomena mediated by the SM-like Higgs bo-
son can be suppressed in this limit. The current LHC
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A two Higgs doublet model (2HDM) is one of minimal extensions of the Standard Model (SM),
and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
neutral Higgs interactions. Recently the CMS collaboration has reported an excess of the lepton-
flavor-violating Higgs decay in h ! µ⌧ channel with a significance of 2.5 �. We investigate the CMS
excess in a general 2HDM with tree-level Flavor Changing Neutral Currents (FCNCs), and discuss
its impact on the other physical observations. Especially, we see that the FCNCs relevant to the
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While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].

In the general 2HDM, we can always take a basis where
only one Higgs doublet gets a vacuum expectation value
(VEV), so that we can parametrize the Higgs doublets
as follows;
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and A are a charged Higgs boson and a CP-odd Higgs
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and �2 can mix and form mass eigenstates, h and H

1 Sometimes, it is called the Type III two Higgs doublet model.
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VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢ij
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that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
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son can be suppressed in this limit. The current LHC

scalar mixing

A basis where one Higgs doublet has vev

G+, G : Nambu-Goldstone bosons
H+, A : charged and CP-odd Higgs bosons

mass eigenstates
s�↵ = sin ✓�↵, c�↵ = cos ✓�↵

(both Higgs doublets couple to all fermions)

(“Higgs basis”)

mass eigenstates

0.6

[%
]

µ

µ
τ

h
B

R
(  

   
   

   
  )

0.4
a

0.2
−0.015 −0.01 −0.005

1.0

cβα

−3σ

1σ 3σ

2σ

−2σ

−1σ

0.8

δ

m   = 350 GeVA

-0.005

neutral Higgs mass spectrum from tree level potential

potential
V = M2

11H
†
1H1 + M2

22H
†
2H2 �

⇣
M2

12H
†
1H2 + h.c.

⌘

+
⇤1

2
(H†

1H1)
2 +

⇤2

2
(H†

2H2)
2 + ⇤3(H

†
1H1)(H

†
2H2) + ⇤4(H

†
1H2)(H

†
2H1)

+
⇤5

2
(H†

1H2)
2 +

n
⇤6(H

†
1H1) + ⇤7(H

†
2H2)

o
(H†

1H2) + h.c.,

m2
H+ = M2

22 +
v2

2
⇤3

m2
A � m2

H+ = �v2

2
(⇤5 � ⇤4)

relations among Higgs masses

m2
H + m2

h � m2
A = v2(⇤1 + ⇤5)

(m2
H � m2

h)2 =
�
m2

A + (⇤5 � ⇤1)v
2
 2

+ 4⇤2
6v

4

sin 2✓�↵ = � 2⇤6v
2

m2
H � m2

h

for |c�↵| ⌧ 1 (|⇤6| ⌧ 1)

�aµ vs. BR(h ! µ⌧)

Both anomalies can be explained in general 2HDM 
when |c�↵| ⌧ 1

Now, c�↵ ⌧ 1 ⇤6 ⌧ 1

m2
H+ = m2

A +
⇤5 � ⇤4

2
v2

m2
H ' m2

A + ⇤5v
2

Here, we mainly consider a case with ⇤4 = ⇤5 = 1

Note: correction to Peskin-Takeuchi T parameter
When mA ' mH+ ,

the small       suppresses the correctionc�↵
(      are Higgs quartic couplings)⇤i

 tau LFV decay; ⌧ ! µ�

y�⌧⌧

⌧L ⌧R ⌧L µL

⇢⌧µ
e

� = h, H, A

�

� = h, H, A

�

�

t, b, ⌧ W

⌧L µR µR⇢⌧µ
e

y�ff

c�↵ = �0.008

⇤4 = ⇤5 = 1

⇤4 = ⇤5 = 1

 Even if ⇢tt
u = ⇢⌧⌧e = 0, BR ' 10�9

The future search at the B-factory would be very important

 tau LFV decay; ⌧ ! 3µ

⌧

µ

µ

µ

⇢µ⌧(⌧µ)
e

� = h, H, A y�µµ

⇢µµ
e < 7 ⇥ 10�3

 Correction to ⌧ ! µ⌫⌫̄

⌧
µ⇢µ⌧

e

⇢⌧µ
eH�

⌫µ

⌫̄⌧

March 10, 2015

Note

1 ⌧ ! µ⌫⌫̄

The Yukawa couplings ⇢
µ⌧(⌧µ)
e induce a correction to ⌧ ! µ⌫⌫̄, where the final (anti-) neutrino

states are summed up, via a charged Higgs mediation.

�(⌧ ! µ⌫⌫̄) =
m5

⌧G
2
F

192⇡3
(1 + �), (1)

� =
|⇢µ⌧

e |2|⇢⌧µ
e |2

32G2
F m4

H+

. (2)

2 ⌧� ! µ�µ+µ�

The Yukawa couplings ⇢
µ⌧(⌧µ)
e also generate a process ⌧ ! 3µ. The ⌧ ! 3µ process strongly

depends on ⇢µµ
e .

BR(⌧ ! 3µ)

BR(⌧ ! µ⌫⌫̄)
=

X

�, �0=h, H, A

I(�, �0)
64G2

F m2
�m2

�0
,

I(�, �0) = (y�µ⌧y
⇤
�0µ⌧ + y⇤

�⌧µy�0⌧µ)(y�µµy⇤
�0µµ + y⇤

�µµy�0µµ). (3)

1

[IV] Discussions

� < 10�3

lepton universality measurement 
in                will be important⌧ ! l⌫⌫̄
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in the interesting region
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Figure 2: Feynman diagrams for the dominant one-loop and (Barr-Zee type) two-loop contributions to
τ → µγ .

they can enhance the rate of τ → µγ . In Fig. 3, the branching ratio of τ → µγ is shown as a
function of ρττ

e and ρ tt
u . Here, we have assumed that mA = 350 GeV, λ4 = λ5 = 1, cβα = −0.008

and BR(h→ µτ) = 0.84% with ρ
τµ
e = −ρ

µτ
e . For this parameter set, δaµ is 2.9× 10−9, which

explains the muon g-2 anomaly within 1σ . In Fig. 3, lines of BR(τ → µγ) for 4.4×10−8 (current
experimental limit) and 10−9 are shown. As one can see from Fig. 3, the future improvement of the
branching ratio at the 10−9 level would have the great impact on proving this scenario. For further
detail of the phenomenological analysis for this model, see Ref. [6].
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Figure 3: Branching ratio of τ → µγ is shown as a function of ρττ
e and ρ tt

u . Here lines of BR(τ → µγ) for
4.4× 10−8 (current limit) and 10−9 are depicted. We have assumed that mA = 350 GeV and λ4 = λ5 = 1,
cβα = −0.008 and BR(h→ µτ) = 0.84% with ρ

τµ
e = −ρ

µτ
e . We note that for this parameter set, δaµ =

2.9×10−9, which can explain the muon g-2 anomaly within 1σ .
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