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3-4σ deviation
possibly an evidence of new physics

Introduction
Mibe-San’s talk 
(See also Saito-san’s talk)



is comparable to the electroweak contribution

If this anomaly is due to new physics, .....
The size of anomaly

�aµ = (26.1± 8.0)� 10�10

aEW
µ = (15.4± 0.1)� 10�10

we expect new particles with EW scale mass
strong constraints from EW precision data
good target at near future experiments

We may be able to discover the new physics before new experiment or/
and new (improved) calculation for muon g-2 are done. 

So, we should study it NOW!



Effective operator for the muon g-2

★ muon chirality has to be flipped

S. Kanemitsu and K. Tobe PRD86, 095025 (2012)

L =
yhHi
⇤2

µ̄R�
µ⌫µLFµ⌫ + h.c.

If there is a large chirality flipping, the muon g-2 can 
be enhanced and  the new physics scale can be 
larger and hence the EW constraints are avoided.



We find that the muon g-2 anomaly can be explained 
by the μ-τflavor-violating Higgs couplings  
in general two Higgs doublet model

The μーτ flavor-violating coupling 
can enhance the muon g-2

h ! µ⌧

muon g-2

General 2HDM can explain both anomalies.

motivated by the CMS excess
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General two Higgs doublet model (2HDM) 
(both Higgs doublets couple to all fermions)
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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. ⇢ijf 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
⇢ijf 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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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

A basis where one Higgs doublet has vev

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

(“Higgs basis”)

In fermion mass eigenbasis (lepton sector)

A basis where one Higgs doublet has vev

Abstract :  
 A two Higgs doublet model (2HDM) is one of the 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 interaction. Recently the CMS collaboration has reported an excess of the  lepton-flavor-violating Higgs decay in               channel with 
a significance of 2.5 σ.  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               predict the sizable rate of               , which is within the reach of future B factory.

!!!!!!!!Lepton-flavor-violating Higgs decay  
and muon anomalous magnetic moment  

in a general two Higgs doublet model 
Kazuhiro Tobe ( Nagoya University & KMI) 
in collaboration with Yuji Omura and Eibun Senaha 

[Refs: arXiv:1502.07824 (to be published in JHEP) and work in progress]

[II] General 2HDM

[Ⅰ] Introduction

[III] Any predictions? 

h ! µ⌧

h ! µ⌧

h ! µ⌧ ⌧ ! µ�

 CMS excess in  

Lepton-flavor-violating Higgs decay h ! µ⌧ and muon anomalous magnetic moment
in a general two Higgs doublet model

Yuji Omura,1 Eibun Senaha,1 and Kazuhiro Tobe1, 2

1Department of Physics, Nagoya University, Nagoya, 464-8602, Japan
2Kobayashi-Maskawa Institute for the Origin of Particles and the Universe, Nagoya University, Nagoya, 464-8602, Japan

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 d

j
R

� Q̄i
LV

ij
CKMH̃1y

j
uu

j
R � Q̄i

LV
ij
CKMH̃2⇢

jk
u uk

R

� L̄i
LH1y

i
ee

i
R � L̄i

LH2⇢
ij
e e

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

are expressed as
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†
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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. ⇢ijf 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
⇢ijf 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
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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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⇢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 =

 
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. ⇢ijf 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
⇢ijf 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
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†
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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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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. ⇢ijf 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
⇢ijf 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. ⇢ijf 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
⇢ijf 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. ⇢ijf 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
⇢ijf 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 =
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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. ⇢ijf 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
⇢ijf 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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, (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. ⇢ijf 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
⇢ijf 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 =
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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. ⇢ijf 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
⇢ijf 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;
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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. ⇢ijf 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
⇢ijf 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)
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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].

(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. ⇢ijf 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
⇢ijf 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)
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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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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
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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. ⇢ijf 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
⇢ijf 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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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. ⇢ijf 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
⇢ijf 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
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(“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;

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. ⇢ijf 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
⇢ijf 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)
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where
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f

v
s�↵�ij +

⇢ijfp
2
c�↵, yHij =

mi
f

v
c�↵�ij �

⇢ijfp
2
s�↵,

yAij = �
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(for f = u),
i⇢ijfp
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
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. ⇢ijf 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
⇢ijf 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
†
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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;

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. ⇢ijf 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
⇢ijf 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 +

⇢ijfp
2
c�↵, yHij =

mi
f

v
c�↵�ij �

⇢ijfp
2
s�↵,

yAij = �
i⇢ijfp
2

(for f = u),
i⇢ijfp
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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General 2HDM predicts

Flavor-changing phenomena mediated 
by neutral Higgs bosons

This may be a problem if we do not observe 
any flavor-changing phenomena beyond the 

standard model.

But, now....

Bjorken and Weinberg, PRL 38, 622 (1977)



CMS collaboration has reported an excess in h ! µ⌧

CMS: arXiv: 1502.07400

Higgs Status26 May 2015 15

LFV: H  → τμ

● Search using gg  H, vector boson fusion production (select by # jets)→

● Look for H  → τμ, τ  eνν or τ  hadrons→ →

● Very good constraints compared to rare τ decays (e.g. τ  μγ)→

● Slight excess of events

– B(H  μτ) < 1.51%→  @95% CL, best Lt 0.84%

arxiv:1502.07400, sub. to PLB

Talk by P. Onyisi  
@FPCP 2015

CMS best fit:

2.4σ excess

BR(h ! µ⌧) = (0.84+0.39
�0.37)%



ATLAS
BR(h ! µ⌧) = (0.77± 0.62)%

ATLAS: arXiv: 1508.03372

consistent with CMS

CMS best fit:

2.4σ excess

Hint for new physics!
ATLAS: arXiv: 1508.03372

BR(h ! µ⌧) = (0.84+0.39
�0.37)%



h →μτ and muon g-2 in general 2HDM
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Lepton-flavor-violating Higgs decay h → µτ and muon anomalous magnetic moment
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A two Higgs doublet model (2HDM) is one of the 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 → µτ channel with a significance of 2.5 σ. 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 → µτ
predict the sizable rate of τ → µγ, 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 differences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h → µτ 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 − τ 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

)

, H2 =

(
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φ2+iA√
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 φ1

and φ2 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),
(

φ1

φ2

)

=

(

cos θβα sin θβα
− sin θβα cos θβα

)(

H
h

)

. (2)

Here θβα 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

LH2ρ
ij
d d

j
R

− Q̄i
LV

ij
CKMH̃1y

j
uu

j
R − Q̄i

LV
ij
CKMH̃2ρ

jk
u uk

R

− L̄i
LH1y

i
ee

i
R − L̄i

LH2ρ
ij
e e

j
R, (3)

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

VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ν) are mass eigenstates. ρijf are general
3-by-3 complex matrices and can be sources of the Higgs-
mediated Flavor Changing Neutral Currents (FCNC)
processes. In the following discussions, we do not adopt
the so-called Cheng-Sher ansatz [9] for ρijf in order to
explore wider parameter space.
In the mass eigenstate of Higgs bosons, the interactions

are expressed as

L = −
∑

φ=h,H,A

yφij f̄LiφfRj − ν̄Li(V
†
MNSρe)

ijH+eRj

− ūi(VCKMρdPR − ρ†uVCKMPL)
ijH+dj + h.c., (4)

where

yhij =
mi

f

v
sβαδij +

ρijf√
2
cβα, (5)

yHij =
mi

f

v
cβαδij −

ρijf√
2
sβα, (6)

yAij =

⎧

⎨

⎩

− iρij
f√
2
, (f = u),

iρ
ij
f√
2
, (f = d, e),

(7)

h μ
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h ! µ⌧

2

and sβα = sin θβα and cβα = cos θβα are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when cβα 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
Higgs coupling measurements and search for flavor vio-
lation suggest the smallness of the mixing parameter cβα
in this framework.
On the other hand, the CMS collaboration reports that

there is an excess in h → µτ process [3];

BR(h → µτ) = (0.89+0.40
−0.37)%, (8)

where the final state is a sum of µ+τ− and µ−τ+. This
might be an evidence of FCNCs involving SM-like neutral
Higgs, and, in fact, the flavor-violating coupling ρe can
accommodate the CMS result in our general 2HDM;

BR(h → µτ) =
c2βα(|ρµτe |2 + |ρτµe |2)mh

16πΓh
, (9)

where Γh is a total decay width of Higgs boson h and we
adopt Γh = 4.1 MeV in this paper. In order to explain
the excess, the size of the flavor mixing should be as
follows;

ρ̄µτ ≡
√

|ρµτe |2 + |ρτµe |2
2

≃ 0.27

(

0.01

cβα

)

√

BR(h → µτ)

0.89× 10−2
. (10)

Even if the Higgs mixing is small (cβα = 0.01), the O(1)
flavor-violating coupling ρ̄µτ can achieve the CMS excess.
The next question is what kind of prediction we have,

if such a flavor-violating Yukawa coupling exists. One in-
teresting observable predicted by the FCNC is the muon
g-2, where the discrepancy between the experimental re-
sult and the SM prediction is reported. The CMS ex-
cess requires the sizable µ − τ flavor violation, so that
it would be possible for the large FCNC to contribute
to the muon g-2 through the one-loop diagram involving
neutral scalars (h, H, A), as we see Fig. 1. The extra

contributions from ρµτ (τµ)
e induce the deviation from the

SM prediction;

δaµ ≃
mµmτρµτe ρτµe

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

⎤

⎦ , (11)

assuming that ρµτe ρτµe is real, for simplicity. 3 Here we

3 If ρµτe ρτµe is complex, the electric dipole moment (EDM) of the
muon would be induced. The current limit of the muon EDM is
|dµ| < 1.8 × 10−19 e cm [10], which is expected to be improved
up to 1× 10−24 e cm in the future experiments [11, 12].

µL τR τL µR

mτ

h, H, A

γ

ρµτe ρτµe

FIG. 1: A Feynman diagram for neutral Higgs boson contri-
butions to the muon g-2. A photon is attached somewhere in
the charged lepton line.
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FIG. 2: The neutral Higgs contributions to the muon g-2
(δaµ) induced by the lepton-flavor-violating couplings ρµτ(τµ)e

as functions of |sβα| and mH − mA. Here we assume ρ̄µτ =
ρµτe = ±ρτµe where the sign of the ρτµe is fixed to induce the
positive contribution to δaµ and the value of ρ̄µτ is determined
to explain the CMS excess of BR(h → µτ ). We have taken
mA = mH+ = 300 GeV. The cyan (light blue) region is the
one within |1σ| (|2σ|) range for the muon g-2 anomaly with the
1σ uncertainty of the CMS h → µτ excess. The dashed is −3σ
line. The thick dashed lines correspond to ρµτ = 0.1, 0.05 and
0.03 with BR(h → µτ )=0.89%, respectively.

only consider the dominant contributions that are pro-
portional to τ mass mτ .4 We note that the Yukawa cou-

plings ρµτ (τµ)
e generate an enhancement of O(mτ/mµ)

in the δaµ, where the mτ dependence comes from the
internal τ lepton propagator in one loop diagram shown
in Fig. 1. To maximize a size of the δaµ, while keeping a
value of BR(h → µτ), |ρµτe | ∼ |ρτµe | is preferred.
Fig. 2 shows the numerical result of δaµ induced by the

lepton-flavor-violating couplings ρµτ (τµ)
e as functions of

|sβα| and a mass difference between H and A, mH −mA.

4 In general, the other Yukawa couplings ρe might contribute to
the muon g-2. Here we have simply assumed that the others are
negligible.
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Both anomalies in the muon g-2 and 
can be accommodated in the general 2HDM 

h ! µ⌧
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FIG. 2: Numerical result for �aµ as a function of c�↵ and BR(h ! µ⌧) for mA = 250

GeV (upper figure) and 350 GeV (lower figure). Regions where the muon g-2 anomaly in

Eq. (13) is explained within ±1�, ±2� and ±3� are shown. Here we determine the mass

spectrum of heavy Higgs bosons assuming �
4

= �
5

= 0.5 in Eq. (10). We have assumed

⇢µ⌧e ⇢⌧µe < 0 with ⇢µ⌧e = �⇢⌧µe to obtain the positive contribution to �aµ.

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 (�aµ)

as a function of c�↵ and BR(h ! µ⌧) for mA = 250 GeV (upper figure) and 350
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BR(h ! µ⌧) = 0.84%
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FIG. 3: Numerical result for �aµ as a function of mA and c�↵ assuming BR(h ! µ⌧) =

0.84%. Regions which explain the muon g-2 anomaly in Eq. (13) within ±1�, ±2� and ±3�

are shown. Here we determine the mass spectrum of heavy Higgs bosons as a function

of mA assuming �
4

= �
5

= 0.5 in Eq. (10). We have assumed ⇢µ⌧e = �⇢⌧µe to obtain

the positive contribution to �aµ and the Yukawa couplings ⇢
µ⌧(⌧µ)
e are fixed to realize

BR(h ! µ⌧) = 0.84%.

multaneously. The parameter regions with |c�↵| ⇠ 0.01 and mA ⇠ O(100) GeV are

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

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

A. ⌧ ! µ�

The first process we would like to discuss is ⌧ ! µ�. The µ � ⌧ flavor violating

Yukawa couplings induce the flavor violating phenomena ⌧ ! µ�, as shown, for

example, in Fig. 5. We parametrize the decay amplitude (T⌧!µ�) as follows:

T⌧!µ� = e✏↵⇤(q)ūµ(p � q)m⌧ i�↵�q
�(ALPL + ARPR)u⌧ (p), (16)

where PR, L(= (1 ± �
5

)/2) are chirality projection operators, and e, ✏↵, q, p and

uf are the electric charge, a photon polarization vector, a photon momentum, a ⌧

momentum, and a spinor of the fermion f , respectively. The branching ratio is given

11
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1-loop contributions

y�⌧⌧

� = h, H, A

⌧L ⌧R ⌧L µL

⇢⌧µe
(L $ R)

2-loop contributions

� = h, H, A

�

�

t, b, ⌧ W

(L $ R)

⌧L µR µR⇢⌧µe

y�ff

Chang, Hou, Keung, PRD48, 217 (1993) 

�, Z

⌧ ! µ�



BR(⌧ ! µ�)
exp. < 4.4⇥ 10�8

For a case with ⇢⌧⌧e = ⇢ttu = 0

the future experimental constraint would be significant for this scenario. Therefore,

the ⌧ ! µ� process would be important to probe the scenario.
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FIG. 6: Numerical result for BR(⌧ ! µ�) as a function of c�↵ and BR(h ! µ⌧) in the

same parameter set of Fig. 2. Lines for BR(⌧ ! µ�)/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 ⇢f other than ⇢
µ⌧ (⌧µ)
e are negligible.

B. µ ! e�, ⌧ ! e�, and electron g-2

The µ� ⌧ flavor violating Yukawa couplings themselves do not generate µ ! e�.

However, together with e�µ or e�⌧ flavor-violation, µ ! e� is induced. Since there

is a strong constraint from this process, e � µ and e � ⌧ flavor violating couplings
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FIG. 2: Numerical result for �aµ as a function of c�↵ and BR(h ! µ⌧) for mA = 250

GeV (upper figure) and 350 GeV (lower figure). Regions where the muon g-2 anomaly in

Eq. (13) is explained within ±1�, ±2� and ±3� are shown. Here we determine the mass

spectrum of heavy Higgs bosons assuming �
4

= �
5

= 0.5 in Eq. (10). We have assumed

⇢µ⌧e ⇢⌧µe < 0 with ⇢µ⌧e = �⇢⌧µe to obtain the positive contribution to �aµ.

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 (�aµ)

as a function of c�↵ and BR(h ! µ⌧) for mA = 250 GeV (upper figure) and 350
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mA = 350 GeV with �
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= �
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= 0.5, c�↵ = �0.007 and BR(h ! µ⌧) = 0.84 % with

⇢µ⌧e = �⇢⌧µe . We note that for this parameter set, �aµ = 2.2 ⇥ 10�9 which explains the

muon g-2 anomaly within the 1�.

are strongly constrained.

Similar to ⌧ ! µ�, we parametrize the decay amplitude (Tµ!e�) as

Tµ!e� = e✏↵⇤ūemµi�↵�q
�(ALPL + ARPR)uµ, (28)

and the branching ratio is given by

BR(µ ! e�) =
48⇡3↵(|AL|2 + |AR|2)

G2

F

. (29)

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

given by
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�

, (31)

where the Yukawa couplings ye
� ij are defined in Eq. (7). Here we neglect an electron
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are strongly constrained.

Similar to ⌧ ! µ�, we parametrize the decay amplitude (Tµ!e�) as

Tµ!e� = e✏↵⇤ūemµi�↵�q
�(ALPL + ARPR)uµ, (28)

and the branching ratio is given by

BR(µ ! e�) =
48⇡3↵(|AL|2 + |AR|2)
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. (29)

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

given by
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where the Yukawa couplings ye
� ij are defined in Eq. (7). Here we neglect an electron
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are strongly constrained.

Similar to ⌧ ! µ�, we parametrize the decay amplitude (Tµ!e�) as

Tµ!e� = e✏↵⇤ūemµi�↵�q
�(ALPL + ARPR)uµ, (28)

and the branching ratio is given by

BR(µ ! e�) =
48⇡3↵(|AL|2 + |AR|2)

G2

F

. (29)

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

given by
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where the Yukawa couplings ye
� ij are defined in Eq. (7). Here we neglect an electron

17

For a case with ⇢⌧⌧e 6= 0, ⇢ttu 6= 0

The size of the rate can be within the reach of the 
future B-factory



⌧
µ⇢µ⌧e

⇢⌧µeH�

⌫µ

⌫̄⌧

Correction to ⌧ ! µ⌫⌫̄ decay

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|⇢⌧µe |2

32G2
Fm

4
H+

. (2)

2 ⌧� ! µ�µ+µ�

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

BR(⌧ ! 3µ)

BR(⌧ ! µ⌫⌫̄)
=

X

�, �0=h, H, A

I(�, �0)

64G2
Fm

2
�m

2
�0
,

I(�, �0) = (y�µ⌧y
⇤
�0µ⌧ + y⇤�⌧µy�0⌧µ)(y�µµy

⇤
�0µµ + y⇤�µµy�0µµ). (3)
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FIG. 10: Numerical result for a correction to ⌧ ! µ⌫⌫̄, � given in Eq. (39) as a function

of c�↵ and BR(h ! µ⌧) in the same parameter set of Fig. 2. Black solid lines for � =

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 1� (light green) and 2� (light blue). Here we have assumed

that the extra Yukawa couplings ⇢f other than ⇢
µ⌧(⌧µ)
e are negligible.
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Note: BABAR collaboration
lepton universality measurement

PRL 105, 051602 (2010)

sistent with and of comparable precision as the world
averages [3], whereas the K measurement is consistent
with but twice as precise as the world average [3].

Tests of !! e universality can be expressed as

!
g!
ge

"
2

"
¼ Bð"! ! !! !#!#"Þ

Bð"! ! e! !#e#"Þ
fðm2

e=m
2
"Þ

fðm2
!=m

2
"Þ
;

where fðxÞ ¼ 1! 8xþ 8x3 ! x4 ! 12x2 logx, assuming
that the neutrino masses are negligible [21]. This gives
ðg!ge Þ" ¼ 1:0036& 0:0020, yielding a new world average of

1:0018& 0:0014, which is consistent with the SM and the
value of 1:0021& 0:0015 from pion decays [3,22].

Tau-muon universality is tested with

!
g"
g!

"
2

h
¼ Bð" ! h#"Þ

Bðh ! !#!Þ
2mhm

2
!"h

ð1þ $hÞm3
"""

!
1!m2

!=m
2
h

1!m2
h=m

2
"

"
2
;

where the radiative corrections are $% ¼ ð0:16& 0:14Þ%
and $K ¼ ð0:90& 0:22Þ% [23]. Using the world averaged
mass and lifetime values and meson decay rates [3], we
determine ðg"g!Þ%ðKÞ ¼ 0:9856& 0:0057 (0:9827& 0:0086)

and ðg"g!Þh ¼ 0:9850& 0:0054 when combining these re-

sults; this is 2:8& below the SM expectation and within
2& of the world average.

We use the kaon decay constant fK ¼ 157& 2 MeV
[11], and our value of

B ð"! ! K!#"Þ ¼
G2

Ff
2
KjVusj2m3

"""
16%@ !

1!m2
K

m2
"

"
2
SEW;

where SEW ¼ 1:0201& 0:0003 [24], to determine jVusj ¼
0:2193& 0:0032. This measurement is within 2& of the
value of 0:2255& 0:0010 predicted by CKM unitarity and
is also consistent with the value of jVusj ¼ 0:2165&
0:0027 derived from the inclusive sum of strange " de-
cays [9].

Both of our measured jVusj values depend on absolute
strange decay rates. Our value of RK=% ¼ ð0:06531&
0:00056& 0:00093Þ, however, provides a jVusj value
driven by the ratio between strange and nonstrange decays.
We use fK=f% ¼ 1:189& 0:007 [11], jVudj [5], and the
long-distance correction $LD ¼ ð0:03& 0:44Þ% estimated
[25] using corrections to " ! h# and h ! !# [23,26] in

RK=% ¼ f2KjVusj2
f2%jVudj2

ð1! m2
K

m2
"
Þ2

ð1! m2
%

m2
"
Þ2
ð1þ $LDÞ;

to obtain jVusj ¼ 0:2255& 0:0024 where short-distance
electro-weak corrections cancel in this ratio. This value
is consistent with CKM unitarity [5] and 2:5& higher than
jVusj from the inclusive sum of strange " decays.
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Paris6, Université Denis Diderot-Paris7, F-75252 Paris,
France.

**Also with Università di Sassari, Sassari, Italy.
[1] N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963); M.

Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652
(1973).

[2] A. Pich, Nucl. Phys. B, Proc. Suppl. 181–182, 300 (2008).
[3] C. Amsler et al. (Particle Data Group), Phys. Lett. B 667, 1

(2008); B. Aubert et al. (BABAR Collaboration), Phys.
Rev. Lett. 100, 011801 (2008).

[4] F. Ambrosino et al. (KLOE Collaboration), J. High Energy
Phys. 04 (2008) 059, jVusj ¼ 0:2237& 0:0013; M.
Antonelli et al. (FlaviaNet Kaon Group), Nucl. Phys. B,
Proc. Suppl. 181–182, 83 (2008).

[5] J. C. Hardy and I. S. Towner, Phys. Rev. C 79, 055502
(2009), jVudj ¼ 0:974 25& 0:000 22.

[6] H. E. Logan and D. MacLennan, Phys. Rev. D 79, 115022
(2009); M. Krawczyk and D. Temes, Eur. Phys. J. C 44,
435 (2005).

[7] I. Dorsner, S. Fajfer, J. F. Kamenik, and N. Kosnik, Phys.
Lett. B 682, 67 (2009).

[8] W. Loinaz, N. Okamura, T. Takeuchi, and L. C. R.
Wijewardhana, Phys. Rev. D 67, 073012 (2003); A.
Czarnecki, W. J. Marciano, and A. Sirlin, Phys. Rev. D
70, 093006 (2004); W. J. Marciano, Proc. Sci. KAON
(2008) 003.

[9] E. Gamiz, M. Jamin, A. Pich, J. Prades, and F. Schwab,
Proc. Sci. KAON (2008) 008; K. Maltman, C. E. Wolfe, S.
Banerjee, I. Nugent, and J.M. Roney, Int. J. Mod. Phys. A
23, 3191 (2008).

[10] Charge conjugate " decays are implied throughout.
[11] E. Follana, C. T. H. Davies, G. P. Lepage, and J.

Shigemitsu, Phys. Rev. Lett. 100, 062002 (2008).
[12] S. Banerjee, B. Pietrzyk, J.M. Roney, and Z. Was, Phys.

Rev. D 77, 054012 (2008).

PRL 105, 051602 (2010) P HY S I CA L R EV I EW LE T T E R S
week ending
30 JULY 2010

051602-7

✓
gµ
ge

◆
= 1.0036± 0.0020 (BaBar)

= 1 +

1

2

� (our model)

The precise measurement may be important.
Belle’s result will be very interesting.



✦ Summary
★ General 2HDM predicts the flavor-violating 
phenomena, mediated by neutral Higgs bosons

★ The CMS excess in             decay can be 
explained by the general 2HDM.

★ We have found that the flavor-violating interactions 
relevant to the CMS excess enhance the neutral 
Higgs contributions to the muon g-2 and it can 
resolve the muon g-2 anomaly.

h ! µ⌧

★　　　　　and　　　　   are interesting ⌧ ! µ�

More data from LHC will be important.

⌧ ! µ⌫⌫̄

in this scenario



Process typical value observability

muon g-2 �aµ = (2.6 ± 0.8) ⇥ 10�9 (input)

⌧ ! µ� BR  10�9 �

⌧ ! e� small ⇥

⌧ ! µl+l� (l = e, µ) depends on ⇢µµe and ⇢eee (�)

⌧� ! e�l+l�, e�µ+e�, µ�e+µ� small ⇥

⌧ ! µ⌘ depends on ⇢ssd (�)

⌧ ! µ⌫⌫̄ �  10�3, lepton non-universality 4

⌧ ! e⌫⌫̄ small, lepton non-universality 4

µ ! e� depends on ⇢
⌧e(e⌧)
e and ⇢

µe(eµ)
e (�)

µ � e conversion depends on ⇢
µe(eµ)
e and ⇢ijd,u (�)

µ ! 3e BR  10�13 (�)

muon EDM |�dµ|  10�22e · cm (�)

electron g-2 small ⇥

LFV Higgs decay mode BR

h ! µ⌧ BR = (0.84+0.39
�0.37)% (input)

h ! e⌧ small ⇥

h ! eµ small ⇥

TABLE I: Observalilities in various processes are summarized. If there is an observability

in the planning experiments without introducing unknown Yukawa couplings ⇢f other

than ⇢
µ⌧ (⌧µ)
e , the circle mark “�” is shown. If there is an observability, but it depends

on unknown Yukawa couplings (other than ⇢
µ⌧ (⌧µ)
e ), “(�)” is indicated. If there is an

observability when the (currently unknown) experimental improvement is achieved, the

triangle mark “4” is shown. If the event rate is expected to be too small to be observed,

“⇥” is shown.
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★ interplay between LHC and flavor physics is important

★ Flavor physics in quark sector should be interesting
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CMS collaboration has reported an excess in h ! µ⌧

CMS: arXiv: 1502.07400

10 7 Results

used in the fit have a statistical uncertainty in each mass bin that is included as an uncertainty
which is uncorrelated between the bins.

Potential uncertainties in the shape of the misidentified lepton backgrounds have also been
considered. In the H ! µte channel the misidentified lepton rates fµ, fe are measured and
applied in bins of lepton pT and h. These rates are all adjusted up or down by one standard
deviation (s) and the differences in the shape of the resultant Mcol distributions are then used as
nuisance parameters in the fit. In the H ! µth channel the t misidentification rate ft is found
to be approximately flat in pT and h. To estimate the systematic uncertainty the pT distribution
of ft is fit with a linear function and the rate recomputed from the fitted slope and intercept.
The modified Mcol distribution that results from the recomputed background is then used to
evaluate the systematic uncertainty.

7 Results
The Mcol distributions after fitting for signal and background are shown in Fig. 3 and the event
yields in the mass range 100 < Mcol < 150 GeV are shown in Table 6. The different channels
and categories are used to set a 95% CL upper limit on the branching fraction of LFV H decay
in the µt channel, B(H ! µt).

Table 6: Event yields in the signal region, 100 < Mcol < 150 GeV after fitting for signal
and background. The expected contributions are normalized to an integrated luminosity of
19.7 fb�1. The LFV Higgs boson signal is the expected yield for B(H ! µt) = 0.84% with the
SM Higgs boson cross section.

Sample H ! µth H ! µte
0-Jet 1-Jet 2-Jets 0-Jet 1-Jet 2-Jets

misidentified leptons 1770 ± 530 377 ± 114 1.8 ± 1.0 42 ± 17 16 ± 7 1.1 ± 0.7
Z ! tt 187 ± 10 59 ± 4 0.4 ± 0.2 65 ± 3 39 ± 2 1.3 ± 0.2
ZZ, WW 46 ± 8 15 ± 3 0.2 ± 0.2 41 ± 7 22 ± 4 0.7 ± 0.2
Wg — — — 2 ± 2 2 ± 2 —
Z ! ee or µµ 110 ± 23 20 ± 7 0.1 ± 0.1 1.6 ± 0.7 1.8 ± 0.8 —
tt 2.2 ± 0.6 24 ± 3 0.9 ± 0.5 4.8 ± 0.7 30 ± 3 1.8 ± 0.4
tt 2.2 ± 1.1 13 ± 3 0.5 ± 0.5 1.9 ± 0.2 6.8 ± 0.8 0.2 ± 0.1
SM H background 7.1 ± 1.3 5.3 ± 0.8 1.6 ± 0.5 1.9 ± 0.3 1.6 ± 0.2 0.6 ± 0.1
sum of backgrounds 2125 ± 530 513 ± 114 5.4 ± 1.4 160 ± 19 118 ± 9 5.6 ± 0.9
LFV Higgs boson signal 66 ± 18 30 ± 8 2.9 ± 1.1 23 ± 6 13 ± 3 1.2 ± 0.3
data 2147 511 10 180 128 6

The observed and the median expected 95% CL upper limits for the H mass at 125 GeV are
given for each category in Table 7. Combining all the channels, an expected upper limit of
B(H ! µt) < (0.75 ± 0.38)% is obtained. The observed upper limit is B(H ! µt) < 1.51%
which is above the expected limit due to an excess of the observed number of events above
the background prediction. The fit can then be used to estimate the branching fraction if this
excess were to be interpreted as a signal. The best fit values for the branching fractions are
given in Table 7. The limits and best fit branching fractions are also summarized graphically in
Fig. 4. The combined categories give a best fit of B(H ! µt) = (0.84+0.39

�0.37)%. The combined
excess is 2.4 standard deviations which corresponds to a p-value of 0.010 at MH = 125 GeV. The
observed and expected Mcol distributions combined for all channels and categories are shown
in Fig. 5. The distributions are weighted in each channel and category by the S/(S + B) ratio,

BR(h ! µ⌧) = (0.84+0.39
�0.37)%a best fit:

2.4σ excess



neutral Higgs mass spectrum from tree level potential

potential

relations among Higgs masses

where

yf
h ij =

mi
f

v
s�↵�ij +

⇢ij
fp
2
c�↵,

yf
H ij =

mi
f

v
c�↵�ij �

⇢ij
fp
2
s�↵,

yf
A ij =

8

<

:

� i⇢ij
fp
2

(for f = u),
i⇢ij

fp
2

(for f = d, e)
(7)

are defined with c�↵ ⌘ cos ✓�↵ and s�↵ ⌘ sin ✓�↵. 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 e↵ective theory, the left-handed

neutrinos have a 3 ⇥ 3 Majorana mass matrix. Note that when c�↵ is small, the

Yukawa interactions of h are almost equal to those of the SM Higgs boson, however,

there are small flavor-violating interactions ⇢ij
f which are suppressed by c�↵. On the

other hand, the Yukawa interactions of heavy Higgs bosons (H, A, and H+) mainly

come from the ⇢ij
f 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
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In the basis shown in Eq. (3), the Higgs boson masses can be described by the

dimensionless parameters and M
22

using the stationary conditions for the Higgs

5

doublets:
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6
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H �m2
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. (9)

Especially, when c�↵ is close to zero (that is, �
6

⇠ 0), we obtain the following simple

expressions for the Higgs boson masses:

m2

h ' �
1

v2,

m2

H ' m2

A + �
5

v2,

m2

H+ = m2

A �
�

4
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22

+
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3

+ �
4

� �
5

2
v2. (10)

Note that fixing the couplings, �
3

, �
4

and �
5

, 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 [37] 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 c�↵. Therefore,

we set �
4

= �
5

in our analysis, which corresponds to mA = mH+ .

III. SOLUTION TO THE CMS EXCESS IN h! µ⌧ AND THE MUON G-2

ANOMALY

The CMS collaboration has reported an excess in a Higgs boson decay mode

h! µ⌧ . 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.

6
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be taken into account, so that we assume that it is suppressed by the degeneracy
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we set �
4

= �
5

in our analysis, which corresponds to mA = mH+ .
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The CMS collaboration has reported an excess in a Higgs boson decay mode

h! µ⌧ . 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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GeV (lower figure). Regions where the muon g-2 anomaly in Eq. (13) is explained

within ±1�, ±2� and ±3� are shown. Here we have fixed the mass spectrum of

heavy Higgs bosons assuming �
4

= �
5

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

⇢µ⌧
e ⇢⌧µ

e < 0 with ⇢µ⌧
e = �⇢⌧µ

e to obtain the positive contribution to �aµ. We only

discuss the case with c�↵ < 0, however, the predictions of �aµ and BR(h ! µ⌧) do

not change even if the sign of c�↵ is flipped (c�↵ ! �c�↵). One can see that there

are regions where both anomalies of the muon g-2 and h! µ⌧ can be explained in

the 2HDM. We note that although larger BR(h! µ⌧) is preferred by the muon g-2

anomaly, the regions where BR(h ! µ⌧) is smaller than the one suggested by the

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

In Fig. 3, the numerical result for the �aµ is shown as a function of mA and c�↵

fixing that BR(h ! µ⌧) = 0.84%. Regions that explain the muon g-2 anomaly

in Eq. (13) within ±1�, ±2� and ±3� are shown. Here we take �
4

= �
5

= 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 ⇢⌧µ
e and ⇢µ⌧

e are determined to realize

BR(h ! µ⌧) = 0.84% with ⇢µ⌧
e = �⇢⌧µ

e . When |c�↵| gets smaller, �aµ increases

because the Yukawa couplings ⇢µ⌧(⌧µ)

e become larger with the fixed BR(h ! µ⌧).

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

g-2 and h ! µ⌧ when |c�↵| is small (|c�↵| ⇠ 0.01) for mA = 200 � 500 GeV. We

note that the small mixing |c�↵| 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 �aµ is shown as a function of

mA and �
5

fixing that BR(h! µ⌧) = 0.84 % and c�↵ = �0.008. We have assumed

that ⇢⌧µ
e = �⇢µ⌧

e and �
4

= �
5

. As �
5

gets larger, the �aµ becomes larger because the

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

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

and h! µ⌧ .

IV. ⌧- AND µ-PHYSICS IN THIS SCENARIO

So far, we have seen that the general 2HDM with the µ � ⌧ flavor violation

accommodates the muon g-2 anomaly and the CMS excess in h ! µ⌧ decay, si-
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and sβα = sin θβα and cβα = cos θβα are defined. Note
that the SM-like Higgs couplings yhff approach to the
SM ones when cβα 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
Higgs coupling measurements and search for flavor vio-
lation suggest the smallness of the mixing parameter cβα
in this framework.
On the other hand, the CMS collaboration reports that

there is an excess in h → µτ process [3];

BR(h → µτ) = (0.89+0.40
−0.37)%, (8)

where the final state is a sum of µ+τ− and µ−τ+. This
might be an evidence of FCNCs involving SM-like neutral
Higgs, and, in fact, the flavor-violating coupling ρe can
accommodate the CMS result in our general 2HDM;

BR(h → µτ) =
c2βα(|ρµτe |2 + |ρτµe |2)mh

16πΓh
, (9)

where Γh is a total decay width of Higgs boson h and we
adopt Γh = 4.1 MeV in this paper. In order to explain
the excess, the size of the flavor mixing should be as
follows;

ρ̄µτ ≡
√

|ρµτe |2 + |ρτµe |2
2

≃ 0.27

(

0.01

cβα

)

√

BR(h → µτ)

0.89× 10−2
. (10)

Even if the Higgs mixing is small (cβα = 0.01), the O(1)
flavor-violating coupling ρ̄µτ can achieve the CMS excess.
The next question is what kind of prediction we have,

if such a flavor-violating Yukawa coupling exists. One in-
teresting observable predicted by the FCNC is the muon
g-2, where the discrepancy between the experimental re-
sult and the SM prediction is reported. The CMS ex-
cess requires the sizable µ − τ flavor violation, so that
it would be possible for the large FCNC to contribute
to the muon g-2 through the one-loop diagram involving
neutral scalars (h, H, A), as we see Fig. 1. The extra

contributions from ρµτ (τµ)
e induce the deviation from the

SM prediction;

δaµ ≃
mµmτρµτe ρτµe

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

⎤

⎦ , (11)

assuming that ρµτe ρτµe is real, for simplicity. 3 Here we

3 If ρµτe ρτµe is complex, the electric dipole moment (EDM) of the
muon would be induced. The current limit of the muon EDM is
|dµ| < 1.8 × 10−19 e cm [10], which is expected to be improved
up to 1× 10−24 e cm in the future experiments [11, 12].

µL τR τL µR

mτ

h, H, A

γ

ρµτe ρτµe

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

!h"4.1MeV
mh"126GeV
mA"300GeV
mA"mH#

$
3Σ$
2Σ$
1Σ

1Σ
ΡΜΤ"0.1

ΡΜΤ"0.03

ΡΜΤ"0.05

$200 $100 0 100 200
0.995

0.996

0.997

0.998

0.999

1.000

mH$mA!GeV"

#s
Β
Α
#

FIG. 2: The neutral Higgs contributions to the muon g-2
(δaµ) induced by the lepton-flavor-violating couplings ρµτ(τµ)e

as functions of |sβα| and mH − mA. Here we assume ρ̄µτ =
ρµτe = ±ρτµe where the sign of the ρτµe is fixed to induce the
positive contribution to δaµ and the value of ρ̄µτ is determined
to explain the CMS excess of BR(h → µτ ). We have taken
mA = mH+ = 300 GeV. The cyan (light blue) region is the
one within |1σ| (|2σ|) range for the muon g-2 anomaly with the
1σ uncertainty of the CMS h → µτ excess. The dashed is −3σ
line. The thick dashed lines correspond to ρµτ = 0.1, 0.05 and
0.03 with BR(h → µτ )=0.89%, respectively.

only consider the dominant contributions that are pro-
portional to τ mass mτ .4 We note that the Yukawa cou-

plings ρµτ (τµ)
e generate an enhancement of O(mτ/mµ)

in the δaµ, where the mτ dependence comes from the
internal τ lepton propagator in one loop diagram shown
in Fig. 1. To maximize a size of the δaµ, while keeping a
value of BR(h → µτ), |ρµτe | ∼ |ρτµe | is preferred.
Fig. 2 shows the numerical result of δaµ induced by the

lepton-flavor-violating couplings ρµτ (τµ)
e as functions of

|sβα| and a mass difference between H and A, mH −mA.

4 In general, the other Yukawa couplings ρe might contribute to
the muon g-2. Here we have simply assumed that the others are
negligible.

Note:

If all neutral Higgs bosons are degenerate, 
the new contributions are suppressed
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FIG. 4: Numerical result for �aµ as a function of mA and �
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assuming BR(h ! µ⌧) =

0.84% with the fixed c�↵ (= �0.008). Here we have assumed �
4

= �
5

and ⇢µ⌧e = �⇢⌧µe .

by

BR(⌧ ! µ�)

BR(⌧ ! µ⌫̄µ⌫⌧ )
=

48⇡3↵ (|AL|2 + |AR|2)
G2

F

, (17)

where ↵ and GF are the fine structure constant and the Fermi constant, respectively.

The lepton flavor violating Higgs contributions to AL and AR via ye
� ⌧⌧ (� = h, H, A)

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

AL, R =
X

�=h, H, A, H�

A�
L, R, (18)

A�
L =

ye⇤
� ⌧µ

16⇡2m2

�



ye⇤
� ⌧⌧

✓

log
m2

�

m2

⌧

� 3

2

◆

+
ye
� ⌧⌧

6

�

, (� = h, H, A)

A�
R = A�

L|ye⇤� ⌧µ!ye� µ⌧ , ye� ⌧⌧$ye⇤� ⌧⌧
, (� = h, H, A),

AH�

L = � (⇢†
e⇢e)µ⌧

192⇡2m2

H�
, AH�

R = 0, (19)

where A�
L, R (� = h, H, A, H�) are the � contributions at the one loop level. The

Yukawa couplings ye
� ⌧⌧ (� = h, H, A) are given in Eq. (7). Here we have neglected

2 Yukawa couplings ye
� µµ also contribute to ⌧ ! µ�. However, the SM part of ye

� µµ is smaller

than the one of ye
� ⌧⌧ , and ⇢µµ

e is strongly constrained by ⌧ ! 3µ process as discussed later.

Therefore we have neglected the contributions from ye
� µµ.
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Even if  other ⇢f (other than ⇢µ⌧(⌧µ)e ) are negligible,
non-zero rate of               is predicted⌧ ! 3µ

but it is very small O(10�13 � 10�12)

(since muon Yukawa is very small)

BR(⌧ ! 3µ)
exp. < 2.1⇥ 10�8

yµ =

p
2mµ

v
⇠ 6⇥ 10�4
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FIG. 11: BR(⌧ ! 3µ) (above) and BR(⌧ ! µee) (below) as a function of ⇢lle (l = µ for

⌧ ! 3µ and l = e for ⌧ ! µee). Here we have assumed that c�↵ = �0.007, mA = 350

GeV with �
4

= �
5

= 0.5 and BR(h ! µ⌧) = 0.84% with ⇢µ⌧e = �⇢⌧µe .
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Other lepton flavor violating Yukawa couplings 
(e-τ, e-μ couplings) are strongly constrained 

from  μ→eγ process

Here we consider whether the extra contributions induced by the µ�⌧ flavor violating

interactions can accommodate the muon g-2 anomaly. The e↵ective operator for the

muon g-2 is expressed by

L =
v

⇤2

µ̄L�µ⌫µRFµ⌫ + 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�⌧ flavor violating Yukawa couplings,

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

µL ⌧R ⌧L µR

m⌧

h, H, A

�

⇢µ⌧
e ⇢⌧µ

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 ⌧ lepton in the diagram. Therefore, it induces the O(m⌧/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�⌧ flavor violating interaction

is essential to obtain such an enhancement. Note that both couplings ⇢µ⌧
e and ⇢⌧µ

e

should be nonzero to get the chirality flip in the internal ⌧ lepton line. The expression

of the enhanced extra contribution �aµ is given by

�aµ =
mµm⌧⇢µ⌧

e ⇢⌧µ
e

16⇡2

2

4

c2�↵(log
m2

h

m2
⌧
� 3

2

)

m2

h

+
s2�↵(log

m2
H

m2
⌧
� 3

2

)

m2

H

�
log

m2
A

m2
⌧
� 3

2

m2

A

3

5 , (15)

where we have assumed that ⇢µ⌧
e ⇢⌧µ

e is real, for simplicity. We will discuss the e↵ect

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

8

e-τ flavor violation

eR⇢⌧ee

large enhancement



τ

−5
/10τe

eρ

−1.0 0.50 1.0 1.5−1.5

0

5.7
1.0

0.1
0.01−0.5

−1.0
−1.5

0.5
1.0
1.5

−0.5
ρ /10 −5

e
e

−13µ eγBR(              ) [10     ]

FIG. 8: Numerical result for BR(µ ! e�) as a function of ⇢⌧ee and ⇢e⌧e . Lines for BR(µ !

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

mA = 350 GeV with �
4

= �
5

= 0.5, c�↵ = �0.007 and BR(h ! µ⌧) = 0.84% with

⇢µ⌧e = �⇢⌧µe , and extra Yukawa couplings ⇢f other than ⇢
µ⌧(⌧µ)
e and ⇢

⌧e(e⌧)
e are negligible.

We note that for this parameter set, �aµ = 2.2 ⇥ 10�9.

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

Higgs contribution to AL, R is

AH�

L = � (⇢̄†
e⇢e)eµ

192⇡2m2

H�
, AH�

R = 0. (32)

For nonzero ye
� 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 ⌧ ! µ� case shown

in Eq. (20) except that the flavor violating Yukawa couplings ye(⇤)
� ⌧µ (µ⌧) should be

replaced by ye(⇤)
� µe (eµ), and the ⌧ mass (m⌧ ) should be replaced by the µ mass (mµ).

The total AL, R is a sum of all contributions;

AL, R =
X

�=h,H,A,H�

A�
L, R + ABZ

L, R. (33)

Similar to the muon g-2, the contributions from the µ�⌧ flavor violating Yukawa

interactions together with the e � ⌧ flavor violation have O(m⌧/mµ) enhancement,

and induce significant contributions to µ ! e�. In Fig. 8, we show numerical results

5 The Yukawa coupling ⇢ee
e is strongly constrained by ⌧ ! µe+e� process, as studied later.

Therefore, our assumption will be justified.
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similar to τ→μγ, 2-loop contributions are important

e

e
−4/ 10µ

−4

4
2
0

−4
−2

−4 −2 0 2 4

ρ   1.0
5.7

0.1
0.01

µ e γ

/ 10ρ   µe

e

BR(              ) [10    ]−13

FIG. 9: Numerical result for BR(µ ! e�) as a function of ⇢µee and ⇢eµe . Lines for BR(µ !

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

mA = 350 GeV with �
4

= �
5

= 0.5, c�↵ = �0.007, and extra Yukawa couplings ⇢f other

than ⇢
µ⌧(⌧µ)
e and ⇢

µe(eµ)
e are negligible.

for BR(µ ! e�) as a function of ⇢⌧e
e and ⇢e⌧

e . Here we have taken mA = 350 GeV

with �
4

= �
5

= 0.5, c�↵ = �0.07 and BR(h ! µ⌧) = 0.84 % with ⇢µ⌧
e = �⇢⌧µ

e .

We have assumed that extra Yukawa couplings ⇢ij
f other than ⇢µ⌧(⌧µ)

e and ⇢⌧e(e⌧)
e

are negligible. This parameter set corresponds to �aµ = 2.2 ⇥ 10�9. One can see

that the current limit on BR(µ ! e�) strongly constrains the e � ⌧ flavor violating

couplings ⇢⌧e(e⌧)
e if the CMS excess of BR(h ! µ⌧) is true. If we change the value

of BR(h ! µ⌧) in Fig. 8, the experimental bound of ⇢⌧e(e⌧)
e is relaxed by the factor,

q

0.84%
BR(h!µ⌧)

when ⇢⌧e
e = ⇢e⌧

e is assumed.

If Yukawa couplings ⇢⌧e(e⌧)
e are negligible but ⇢µe(eµ)

e are not, the Barr-Zee type

two loop contributions are dominant.6 We show numerical results for BR(µ ! e�)

as a function of ⇢µe
e and ⇢eµ

e . Here we have assumed that mA = 350 GeV with

�
4

= �
5

= 0.5, c�↵ = �0.007 and extra Yukawa couplings ⇢ij
f other than ⇢µ⌧(⌧µ)

e

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

e couplings are also

severely constrained by the µ ! e� bound. Note that the prediction of µ ! e� for

6 If ⇢µµ
e is also nonzero, there are also one-loop contributions as shown in Eq. (31). However, the

coupling ⇢µµ
e is strongly constrained by the ⌧ ! 3µ bound, as discussed later. Therefore, the

e↵ect from ⇢µµ
e is negligible and we neglect it in our numerical analysis.
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Muon electric dipole moment 
 (muon EDM)

µL τR τL µR
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ρµτe ρτµe



this case does not depend on the value of BR(h ! µ⌧). The future improvement of

BR(µ ! e�) at the level of 10�14 as proposed by the MEG II experiment [45] would

significantly probe the flavor structure of this scenario.

The e↵ective operator for µ ! e� also generate µ�e conversion process in nuclei.

Besides, the extra Yukawa couplings, ⇢µe
e and ⇢eµ

e , 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� ⌧ and e�µ

flavor-violations. Unlike the µ� ⌧ flavor violation, the e� ⌧ flavor violating Yukawa

couplings in this scenario is strongly constrained as we have seen above. Therefore,

the prediction of BR(⌧ ! e�) is expected to be small. Similarly, because of the

smallness of the e� ⌧ 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�⌧ flavor violating

Yukawa couplings are real. If the µ�⌧ Yukawa couplings are complex, the couplings

⇢µ⌧
e ⇢⌧µ

e in Eq. (15) should be replaced by Re(⇢µ⌧
e ⇢⌧µ

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

e↵ective operators for the muon g-2 (�aµ) and the muon EDM (�dµ) are expressed

by

L = µ̄�µ⌫

✓

e

4mµ

�aµ �
i

2
�dµ�5

◆

µFµ⌫ . (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:

⇢µ⌧
e ⇢⌧µ

e = |⇢µ⌧
e ⇢⌧µ

e |ei�, (35)

the relation between the muon g-2 (�aµ) and the muon EDM (�dµ) induced by the

µ � ⌧ flavor-violating Yukawa couplings is given by

�dµ

�aµ

= �e tan�

2mµ

. (36)

Therefore, the predicted muon EDM is

�dµ = �3⇥ 10�22 e · cm ⇥
✓

tan�

1.0

◆✓

�aµ

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. ⌧ ! µ⌫⌫̄

The Yukawa couplings ⇢µ⌧(⌧µ)
e induce a correction to ⌧ ! µ⌫⌫̄ 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 � is given as follows;

�(⌧ ! µ⌫⌫̄) =
m5

⌧G
2

F

192⇡3

(1 + �),

� =
|⇢µ⌧

e |2|⇢⌧µ
e |2

32G2

Fm4

H+

. (39)

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

of c�↵ and BR(h ! µ⌧) in the same parameter set of Fig. 2. One can see that as

8 In general, the unknown Yukawa couplings ⇢i⌧
e and ⇢iµ

e (i = e, µ, ⌧) generate the extra corrections

to �. However, the Yukawa couplings ⇢
e⌧ (eµ)
e and ⇢µµ

e are strongly constrained by µ ! e� and

⌧� ! µ�µ+µ�, respectively. Therefore, the contributions from these couplings are negligible.

The unknown Yukawa coupling ⇢⌧⌧
e can be sizable, and hence it can increase the prediction of

the �. Thus our result of � induced from ⇢
µ⌧ (⌧µ)
e is viewed as a conservative estimate.
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the relation between the muon g-2 (�aµ) and the muon EDM (�dµ) induced by the

µ � ⌧ flavor-violating Yukawa couplings is given by
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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. ⌧ ! µ⌫⌫̄

The Yukawa couplings ⇢µ⌧(⌧µ)
e induce a correction to ⌧ ! µ⌫⌫̄ 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 � is given as follows;

�(⌧ ! µ⌫⌫̄) =
m5

⌧G
2

F

192⇡3

(1 + �),

� =
|⇢µ⌧

e |2|⇢⌧µ
e |2

32G2

Fm4

H+

. (39)

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

of c�↵ and BR(h ! µ⌧) in the same parameter set of Fig. 2. One can see that as

8 In general, the unknown Yukawa couplings ⇢i⌧
e and ⇢iµ

e (i = e, µ, ⌧) generate the extra corrections

to �. However, the Yukawa couplings ⇢
e⌧ (eµ)
e and ⇢µµ

e are strongly constrained by µ ! e� and

⌧� ! µ�µ+µ�, respectively. Therefore, the contributions from these couplings are negligible.

The unknown Yukawa coupling ⇢⌧⌧
e can be sizable, and hence it can increase the prediction of

the �. Thus our result of � induced from ⇢
µ⌧ (⌧µ)
e is viewed as a conservative estimate.
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imaginary parts of the Yukawas induce the muon EDM

A relation between �aµ and �dµ



If we parametrize the complex Yukawa couplings as follows:

⇢µ⌧
e ⇢⌧µ

e = |⇢µ⌧
e ⇢⌧µ

e |ei�, (35)

the relation between the muon g-2 (�aµ) and the muon EDM (�dµ) induced by the

µ � ⌧ flavor-violating Yukawa couplings is given by

�dµ

�aµ

= �e tan�

2mµ

. (36)

Therefore, the predicted muon EDM is

�dµ = �3⇥ 10�22 e · cm ⇥
✓

tan�

1.0

◆✓

�aµ

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.
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The Yukawa couplings ⇢µ⌧(⌧µ)
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In Fig. 10, numerical results for the correction � given above are shown as a function

of c�↵ and BR(h ! µ⌧) in the same parameter set of Fig. 2. One can see that as

8 In general, the unknown Yukawa couplings ⇢i⌧
e and ⇢iµ

e (i = e, µ, ⌧) generate the extra corrections

to �. However, the Yukawa couplings ⇢
e⌧ (eµ)
e and ⇢µµ

e are strongly constrained by µ ! e� and

⌧� ! µ�µ+µ�, respectively. Therefore, the contributions from these couplings are negligible.

The unknown Yukawa coupling ⇢⌧⌧
e can be sizable, and hence it can increase the prediction of

the �. Thus our result of � induced from ⇢
µ⌧ (⌧µ)
e is viewed as a conservative estimate.
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Prediction

Current limit
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Future (J-PARC)

dµ ⇠ 10�24 e · cm

future J-PARC experiment may have a sensitivity
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Future Mu3e experiment (                 ) may have 
a sensitivity

BR ⇠ 10�16



Productions via gauge interaction are more predictive
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FIG. 1: The LO (dotted lines) and NLO QCD (solid lines) cross sections of the AH+ and AH−

pairs as a function of MA at the Tevatron (a 1.96 TeV pp̄ collider), and the LHC (a 14 TeV pp

collider). The cross sections for AH+ and AH− pair productions coincide at the Tevatron for

being a pp̄ collider.

Monte Carlo analysis for studying the sensitivity of the LHC to the detection of the signal

event. We show that all the dominant SM backgrounds can be effectively suppressed by

making use of the polarization of τ±. Sec. IV contains our conclusions.

II. PRODUCTION CROSS SECTION OF SIGNAL

At hadron colliders, the Born level process for the production of a AH± pair is qq̄′ →

W±∗ → AH±. The coupling of W∓-A-H± is induced from the gauge invariant kinetic term

of the Higgs sector [1]:

Lint =
g

2
W+

µ (A∂µH− − H−∂µA) + h.c. , (2)

and its strength is determined by the weak gauge coupling g. Hence, the Born level cross

section σ(pp̄, pp → AH±) depends only on the masses of A and H±. Its squared amplitude,

5

qq̄0 ! W±⇤ ! AH±⇤

Q.-H. Cao, S. Kanemura, C.-P. Yuan, PRD 69, 075008 (2004)

14 TeV
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