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I propose a new model  

“Muon Specific two-Higgs doublet model” 

to solve the muon g-2 anomaly

2
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★ muon g-2 
★ why yet another model for muon g-2? 
!

2. preliminary result 
!
3. summary



Muon g-2

the property of muon as a magnet
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1 Introduction

The anomalous magnetic moment of the muon aµ ⌘ (g � 2)/2, so-called muon g � 2,

is a very precisely measured observable. The latest measurement of aµ by the E821

collaboration [1] gives

aexpµ = 11 659 208.0 (5.4)(3.3)⇥ 10�10. (1)

As it has been well known that there is a discrepancy between the experimental value

and the prediction of the standard model (SM). According to the calculation evaluated

in Refs. [2, 3]

aexpµ � aSMµ = (28.7± 8.0)⇥ 10�10, (Davier et. al.)

aexpµ � aSMµ = (26.1± 8.0)⇥ 10�10, (Hagiwara et. al.)

the discrepancy is more than the 3� level, which can be considered as an indirect evidence

of the existence of a new physics model. This discrepancy will be further probed at

Fermilab [4] and J-PARC [5] in the near future. Since the size of the deviation is the

same order as the electroweak contribution aEWµ = 15.4 ⇥ 10�10 [6], we expect that new

physics exists at the electroweak scale if the strength of new interactions is as large as

that of the weak interaction. In such a new physics scenario, new particles are expected

to be light enough to be directly discovered at the LHC. Therefore, it is quite interesting

to consider models beyond the SM as a solution of the muon g � 2 anomaly.

Among various models which can explain the anomaly (for a review, e.g., see Ref. [7]),

two Higgs doublet models (2HDMs) give simple solutions. In 2HDMs, there are extra

Higgs bosons (H, A, and H±) in addition to the SM-like Higgs boson (h), and they can

give new contributions to aµ. Usually, a softly-broken discrete Z2 symmetry is imposed [8]

to avoid flavor changing neutral current (FCNC) processes at the tree level. Under the Z2

symmetry, four independent types of Yukawa interactions are allowed depending on the

assignment of the Z2 charge to the SM fermion [9, 10], which are called as Type-I, Type-

II, Type-X (or lepton specific) and Type-Y (or flipped) [11]. In all the types of Yukawa

interactions, the lepton couplings to the extra Higgs bosons can be sizable enough to

explain aµ. In the Type-I and Type-Y 2HDMs, however, the top Yukawa coupling also
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BSM might be the origin of this large deviation



two-Higgs doublet model is a good candidate for the muon g-2!
★ simple extension from SM 
★ large coupling to leptons  (type-II and type-X (lepton specific))

Muon g-2 and two-Higgs doublet model
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up down lepton

type-I 1/tanβ 1/tanβ 1/tanβ no tanβ 
enhancement

type-II 1/tanβ tanβ tanβ
Bs → μμ  
and B → τν  

exclude g-2 region

type-X 
(lepton specific)

1/tanβ 1/tanβ tanβ
lepton universality 
gives severe 
constraints

type-Y 
(flipped)

1/tanβ tanβ 1/tanβ no tanβ 
enhancement

Broggio et.al. (ʼ14), Wang and Han (ʼ15), TA, Sato, Yagyu (ʼ15), and so on

For the aligned THDM: Han, Kang, Sayre (ʻ16)



type-X vs lepton flavor universality
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tanβ

H± changes τ→μνν, τ→eνν, and μ→eνν in a flavor dependent way
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Figure 6: Results in the Type-X 2HDM in the case of �hAA = 0 and �1 = 0.1. Dark
and light blue shaded regions can explain the muon g � 2 anomaly [3] at the 1� and 2�
levels, respectively. We take mH±(= mH) =200, 250, 300 and 350 GeV in the upper-left,
upper-right, lower-left and lower-right panels, respectively. The left region from the red
line is excluded by the measurement of Bs ! µµ. The above regions of green, black,
purple line are excluded by the ⌧ decay, the direct search at the LEP and the Z ! ⌧⌧
decay, respectively. All of the exclusions are given at the 95% C.L.
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lepton universality

mA = mH± = 250 GeV (type-X)

Effective coupling of τ→μνν becomes different from the other two processes



type-X vs lepton flavor universality
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H± changes τ→μνν, τ→eνν, and μ→eνν in a flavor dependent way

tanβ

Q: can we avoid to this strong bound?
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muon specific model
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up down e, τ μ

type-II 1/tanβ tanβ tanβ tanβ
Bs → μμ  
and B → τν  

exclude g-2 region

type-X 
(lepton specific)

1/tanβ 1/tanβ tanβ tanβ
lepton universality 
gives severe 
constraints

type-μ 
(muon specific)

1/tanβ 1/tanβ 1/tanβ tanβ new!

type-II :  qL H2 uR + qL H1 dR + LL
e H1 eR + LLτ H1 τR + LL

μ H1 μR 

type-X  :  qL H2 uR + qL H2 dR + LL
e H1 eR + LLτ H1 τR + LL

μ H1 μR 

type-μ   :  qL H2 uR + qL H2 dR + LL
e H2 eR + LLτ H2 τR + LL

μ H1 μR

• change tanβ into 1/tanβ in order to avoid constraints 
• Yukawa terms in each model



Z4 symmetry
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Note on the muon specific two-Higgs doublet model

Tomohiro Abe

We study the muon specific two-Higgs doublet model (µTHDM).

1 Motivation

In the previous version of the muon specific two-Higgs doublet model (µTHDM) is excluded by

3 lepton search at the LHC. To solve it, we need to open new decay mode for H± and A0. One way

is to add new particles that can be decay products of H± and A0. Another way is to make H± and

A0 much heavier than H0 so that H± and A0 can decay to H0 and the electroweak gauge bosons.

In our previous model, the decay with the electroweak gauge bosons were impossible because (i) the

electroweak precision constraints do not allow such a large mass difference and (ii) mA0 ≃ mH0 due

to an accidental U(1) global symmetry. The electroweak constrains can be weaker if the custodial

symmetry is enhanced by mH± ≃ mA0 . If we obtain the mass spectra mH± ≃ mA0 > mH0 +mW,Z ,

the model can be evade all the constraints from experiments. To achive that, we need non-zero λ5,

which was zero due to the Zn symmetry in our previouse model.

In this note, we constract µTHDM with non-zero λ5. We take care about the structure of

the neutrino mass mixing matrix (PMNS matrix), although we do not discuss details of neutrino

physics here. We show that we can save our previous model by adding an SU(2) triplet scalar.

2 Model

We assume softly broken Z4 symmetry. The matter fields and thier charge assignments are

summarized in Table . Since the second generation of the leptons transform differently from the

other fermions, we call this model “muon specific two-Higgs doublet model”.

Table I: The matter contents and the charge assignments. Here ω = exp(iπ/2) = i.

qjL uj
R djR ℓeL ℓτL ℓµL eR τR µR H1 H2

SU(3)c 3 3 3 1 1 1 1 1 1 1 1

SU(2)L 2 1 1 2 2 2 1 1 1 2 2

U(1)Y 1/6 2/3 -1/3 -1/2 -1/2 -1/2 -1 -1 -1 1/2 1/2

Z4 1 1 1 1 1 -ω 1 1 ω -1 1Under this charge assignments, the Yukawa interaction terms are given by

LYukawa =− q̄LH̃2YuuR − q̄LH2YddR − L̄LH1Yℓ1ER − L̄LH2Yℓ2ER + (h.c), (2.1)

where yu, yd, yℓ1, and yℓ2 are three by three matrices in generation space, and

L̄L =
(
ℓ̄eL, ℓ̄

τ
L, ℓ̄

µ
L

)
, ER =

⎛

⎜⎜⎜⎝

eR

τR

µR

⎞

⎟⎟⎟⎠
. (2.2)

The Z4 symmetry restricts the structure of the lepton Yukawa matrices as follows.

Yℓ1 =

⎛

⎜⎜⎜⎝

0 0 0

0 0 0

0 0 yµ

⎞

⎟⎟⎟⎠
, Yℓ2 =

⎛

⎜⎜⎜⎝

ye yeτ 0

yτe yτ 0

0 0 0

⎞

⎟⎟⎟⎠
. (2.3)

We can take yeτ = yτe = 0 by the field rotation without loss of generality. As we can see from the

structure of the Yukawa matrices, flavor changing Higgs couplings are absent in our setup as in the

conventional two-Higgs doublet model with softly broken Z2 symmetry.

The Higgs potential is the same as in the conventional THDM with the solfly broken Z2 sym-

metry, and given by

V =m2
1H

†
1H1 +m2

2H
†
2H2 −

(
m2

3H
†
1H2 + (h.c.)

)
(2.4)

+
1

2
λ1(H

†
1H1)

2 +
1

2
λ2(H

†
2H2)

2 + λ3(H
†
1H1)(H

†
2H2) + λ4(H

†
1H2)(H

†
2H1) (2.5)

+

(
1

2
λ5(H

†
1H2)

2 + (h.c.)

)
, (2.6)

where m2
1, m

2
2, λ1, λ2, λ3, and λ4 are real. In general, m2

3 and λ5 have CP phase, but we assume

the CP invariance in the Higgs potential in this paper for simplicity.

3 aa

Assume λ5 and m2
3 are real.
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★ muon is successfully separate 
★ yeτ = yτe = 0 without loose of generality 

★ no flavor changing Higgs couplings

! =exp(i⇡/2) = i

�! =!�1

!2
=� 1
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Figure 1: One-loop (left) and two-loop Barr-Zee (right) diagrams which give corrections
to the muon g � 2.

From the kinetic terms of the scalar fields, the ratios of the coupling constant among

the CP-even scalars and gauge bosons are extracted as

ghV V

ghV V,SM

= s��↵,
gHV V

ghV V,SM

= c��↵. (V = W,Z) (24)

As it is seen in Eqs. (22), (23) and (24), in the limit of sin(� � a) ! 1, both hff̄ and

hV V couplings become the same as those in the SM, so that we can call this limit as the

SM-like limit.

3 Constraints on the Type-X 2HDM

In the 2HDMs, the one-loop diagrams and the two-loop Barr-Zee type diagrams shown

in Fig. 1 give dominant contributions to the muon g � 2. It has been known that the

Barr-Zee type diagrams give a sizable positive contribution to aµ in the case of a large

A`+`� coupling and a small mA as pointed it out in Refs. [13,14]. In the Type-X 2HDMs,

a large A`+`� can be realized by taking tan� � 1 since ⇠` = � tan � as shown in Table 1.

Typically, when tan � & 40 and mA = O(10-100) GeV, the muon g � 2 anomaly can be

explained in the Type-X 2HDM [20]. In this section, we focus on the Type-X 2HDM

with the large tan � and small mA scenario to explain the g � 2 anomaly, and we discuss

important experimental constraints in this situation.
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tanβ tanβ

yμ = 1　

yμ = 0.6　

yμ = 0.3　

yμ = 0.06　

We can take very large tanβ, because only the muon Yukawa is drastically modified.

yµ =
mµ

v

q
1 + tan2 �, y⌧ =

m⌧

v

p
1 + tan2 �

tan�
, yb =

mb

v

p
1 + tan2 �

tan�



• We propose a muon specific two-Higgs doublet model 
★ muon coupling to new scalars are enhanced by tanβ 
★ other fermion couplings are suppressed by 1/tanβ 
!

• g-2 vs two-Higgs doublet models 
★ type-II           : cannot explain due to Bs → μμ 
★ lepton specific : deviation is within 2σ, but not within 1σ   
★ muon specific  : deviation can be within 1σ 
!

• under investigation… 
★ phenomenology at the LHC 
★ …

Summary

9



Backup slides
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exp. schedule

LHC

2016 2017 2018 2019 2020 2021

E989@FNAL

E34@JPARC

? ?

? ?

1512.07214

1512.07214
http://agenda.linearcollider.org/event/6772/contributions/33275/attachments/27394/41633/muon_g-2EDM_MS.pdf

Now is the time for g-2 
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neutrino mass and mixing
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Under this charge assignments, the Yukawa interaction terms are given by

LYukawa =− q̄LH̃2YuuR − q̄LH2YddR − L̄LH1Yℓ1ER − L̄LH2Yℓ2ER + (h.c), (2.1)

where yu, yd, yℓ1, and yℓ2 are three by three matrices in generation space, and

L̄L =
(
ℓ̄eL, ℓ̄

τ
L, ℓ̄

µ
L

)
, ER =

⎛

⎜⎜⎜⎝

eR

τR

µR

⎞

⎟⎟⎟⎠
. (2.2)

The Z4 symmetry restricts the structure of the lepton Yukawa matrices as follows.

Yℓ1 =

⎛

⎜⎜⎜⎝

0 0 0

0 0 0

0 0 yµ

⎞

⎟⎟⎟⎠
, Yℓ2 =

⎛

⎜⎜⎜⎝

ye yeτ 0

yτe yτ 0

0 0 0

⎞

⎟⎟⎟⎠
. (2.3)

We can take yeτ = yτe = 0 by the field rotation without loss of generality. As we can see from the

structure of the Yukawa matrices, flavor changing Higgs couplings are absent in our setup as in the

conventional two-Higgs doublet model with softly broken Z2 symmetry.

The Higgs potential is the same as in the conventional THDM with the solfly broken Z2 sym-

metry, and given by

V =m2
1H

†
1H1 +m2

2H
†
2H2 −

(
m2

3H
†
1H2 + (h.c.)

)
(2.4)

+
1

2
λ1(H

†
1H1)

2 +
1

2
λ2(H

†
2H2)

2 + λ3(H
†
1H1)(H

†
2H2) + λ4(H

†
1H2)(H

†
2H1) (2.5)

+

(
1

2
λ5(H

†
1H2)

2 + (h.c.)

)
, (2.6)

where m2
1, m

2
2, λ1, λ2, λ3, and λ4 are real. In general, m2

3 and λ5 have CP phase, but we assume

the CP invariance in the Higgs potential in this paper for simplicity.
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Assume λ5 and m2
3 are real.
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6where

c∆ =

⎛

⎜⎜⎜⎝

0 0 (c∆)eµ

0 0 (c∆)τµ

(c∆)µe (c∆)µτ 0

⎞

⎟⎟⎟⎠
. (A7)

Using Eqs. (A3) and (A7), we can obtain the neutrino mass matrix generated that does not contain

zero-components,

mν =

⎛

⎜⎜⎜⎝

(mν)ee (mν)eτ (mν)eµ

(mν)τe (mν)ττ (mν)τµ

(mν)µe (mν)µτ (mν)µµ

⎞

⎟⎟⎟⎠
. (A8)

It is possible to obtain realistic neutrino masses and the PMNS matrix from Eq. (A8). We do not

further discuss about the neutrino physics in this paper. As long as all the particles that arise from

∆ are much heavier than all the other particles, they do not contribute to low energy phenomena.

Therefore adding ∆ does not affect to our analysis in the main part of this paper.
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we can obtain 3x3 matrix without zero components
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Note on the muon specific two-Higgs doublet model

Tomohiro Abe

We study the muon specific two-Higgs doublet model (µTHDM).

1 Motivation

In the previous version of the muon specific two-Higgs doublet model (µTHDM) is excluded by

3 lepton search at the LHC. To solve it, we need to open new decay mode for H± and A0. One way

is to add new particles that can be decay products of H± and A0. Another way is to make H± and

A0 much heavier than H0 so that H± and A0 can decay to H0 and the electroweak gauge bosons.

In our previous model, the decay with the electroweak gauge bosons were impossible because (i) the

electroweak precision constraints do not allow such a large mass difference and (ii) mA0 ≃ mH0 due

to an accidental U(1) global symmetry. The electroweak constrains can be weaker if the custodial

symmetry is enhanced by mH± ≃ mA0 . If we obtain the mass spectra mH± ≃ mA0 > mH0 +mW,Z ,

the model can be evade all the constraints from experiments. To achive that, we need non-zero λ5,

which was zero due to the Zn symmetry in our previouse model.

In this note, we constract µTHDM with non-zero λ5. We take care about the structure of

the neutrino mass mixing matrix (PMNS matrix), although we do not discuss details of neutrino

physics here. We show that we can save our previous model by adding an SU(2) triplet scalar.

2 Model

We add an SU(2) triplet scalar with Y = −1 (∆) into the two-Higgs doublet model. We assume

softly broken Zn symmetry, where n is even number. The fiels transforms under this discrete

symmetry as

qiL →qiL, uiR → uiR, diR → diR, (2.1)

ℓ1,3L →ℓ1,3L , e1,3R → e1,3R , (2.2)

ℓ2L →− ωℓ2L, e2R → ωe2R, (2.3)

H1 →−H1, H2 → H2, ∆ → −ω∆, (2.4)
where VTHDM does not contain ∆ and thus is the same as the usual two-Higgs doublet models,

and V∆ contains ∆. VTHDM is give by

VTHDM =m2
1H

†
1H1 +m2

2H
†
2H2 −

(
m2

3H
†
1H2 + (h.c.)

)
(2.17)

+
1

2
λ1(H

†
1H1)

2 +
1

2
λ2(H

†
2H2)

2 + λ3(H
†
1H1)(H

†
2H2) + λ4(H

†
1H2)(H

†
2H1) (2.18)

+

(
1

2
λ5(H

†
1H2)

2 + (h.c.)

)
, (2.19)

where m2
1, m

2
2, λ1, λ2, λ3, and λ4 are real. V∆ contains the following terms,

V∆ ⊃+ κ11H
†
1∆H̃1 + κ12H

†
1∆H̃2 + κ21H

†
2∆H̃1 + κ22H

†
2∆H̃2 + (h.c). (2.20)

These terms break Zn symmetry softly. By taking κ’s large and/or by taking the VEV of ∆ small,

we can make the component fields of ∆ arbitrary large. We assume that all the components fields

of ∆ are very heavy and only give negligible effect to the phenomenology below TeV scale. We

thus ignore all the terms containing the triplet field in the following analysis. The reason why

we introduce the triplet field is to obtain the neutrino mass matrix given in Eq. (2.14) without

forbidding λ5 in the Higgs potential.

(memo) For c∆ ∼ O(1), ⟨∆⟩ ≃ mν ≃ O(10−6) GeV. If the masses of the new particles originated

from ∆ are O(10) TeV, then κ’s ≃ O(10−3) GeV.

3 aa

Assume λ5 and m2
3 are real.

λ1 =− M2

v2
t2β +

m2
h

v2
(tβcβ−α − sβ−α)

2 +
m2

H

v2
(cβ−α + tβsβ−α)

2, (3.1)

λ2 =− M2

v2
1

t2β
+

1

t2β

m2
h

v2
(cβ−α + tβsβ−α)

2 +
1

t2β

m2
H

v2
(tβcβ−α − sβ−α)

2, (3.2)

λ345 =
M2

v2
+

1

tβ

m2
H −m2

h

v2
(tβcβ−α − sβ−α)(cβ−α + tβsβ−α), (3.3)

λ4 =
M2 −m2

A − 2(m2
H± −m2

A)

v2
, (3.4)

λ5 =
M2 −m2

A

v2
. (3.5)

M2 ≡
1 + t2β
tβ

m2
3. (3.6)

4

soft Z4 breaking term

The Higgs potential is the same as in the Two-Higgs doublet models 
with a softly broken Z2 symmetry

H1 and H2 transform under Z4 as
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We cannot use the STU parameters fit  
due to the large vertex correction  
to the processes with muon

Table I: aaa

Quantity Value SM

mW [GeV] 80.385 ± 0.015 80.361 ± 0.006

ΓW [GeV] 2.085 ± 0.042 2.089 ± 0.001

ΓZ [GeV] 2.4952 ± 0.0023 2.4943 ± 0.0008

Γ(had)[GeV] 1.7444 ± 0.0020 1.7420 ± 0.0008

Γ(inv)[MeV] 499.0 ± 1.5 501.66 ± 0.05

Γ(ℓ+ℓ−)[MeV] 83.984 ± 0.086 83.995 ± 0.010

Γ(µµ)[MeV] 83.99 ± 0.18 83.995 ± 0.010

Re 20.804 ± 0.050 20.734 ± 0.010

Rµ 20.785 ± 0.033 20.734 ± 0.010

Rτ 20.764 ± 0.045 20.779 ± 0.010

Rb 0.21629 ± 0.00066 0.21579 ± 0.00003

Rc 0.1721 ± 0.0030 0.17221 ± 0.00003

A(0,e)
FB 0.0145 ± 0.0025 0.01622 ± 0.00009

A(0,µ)
FB 0.0169 ± 0.0013 0.01622 ± 0.00009

A(0,τ)
FB 0.0188 ± 0.0017 0.01622 ± 0.00009

A(0,b)
FB 0.0992 ± 0.0016 0.1031 ± 0.0003

A(0,c)
FB 0.0707 ± 0.0035 0.0736 ± 0.0002

A(0,s)
FB 0.0876 ± 0.0114 0.1032 ± 0.0003

Ae 0.1515 ± 0.0019 0.1470 ± 0.0004

Aµ 0.142 ± 0.015 0.1470 ± 0.0004

Aτ 0.143 ± 0.004 0.1470 ± 0.0004

Ab 0.923 ± 0.020 0.9347

Ac 0.670 ± 0.027 0.6678 ± 0.0002

As 0.90 ± 0.09 0.9356

where µ and σ are the central value and the error, and xBSM is the contribution from the BSM

sector.

We find that Γ(inv), Rµ, and Ae give strong constraints on this model. The reason why Ae

gives a strong constraint is due to the relatively large discrepancy in Ae between the SM prediction

and the observed value.

The constraints from Γ(inv) and Rµ are due to the large vertex corrections. There is another

reason for Γ(inv). The allowed region of ∆Γ(inv) at 90% C.L. is [-5.71, 0.41]. The negative region

is prefered. However, our model predicts positive ∆Γ(inv).
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We have to fit by ourselves
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W
⌧

⌫̄µ
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μ e + vertex + vacuum polarization
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�gµW
e
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� ⇧WW (0)
1
4
e2

s2 v
2

!

, where v2 = v21 + v22

★ vertex correction ~ tanβ2 
★ v2 appears in calculations of observables 
★ when we replace v2 by GF, tanβ2 enters to observables

mW −mSM
W ≃1

4

e∗(m2
Z)

s0

1√√
2GF

[
α

c2 − s2

(
−1

2
S + c2T +

c2 − s2

4s2
U

)

− s20
c20 − s20

(
δgµW

∣∣
BSM

gW
+

δgeW |BSM

gW

)]
, (5.4)

s2∗(m
2
Z)− s20 =s2 − scΠ′

Zγ(m
2
Z)− s20

=− s20c
2
0

c20 − s20

(
Π′

γγ(m
2
Z)−

ΠZZ(m2
Z)

m2
Z

+
ΠWW (0)

m2
W

−
δgµW
gW

)
− scΠ′

Zγ(m
2
Z)

=
α

c2 − s2

(
S

4
− s2c2T

)
+

s20c
2
0

c20 − s20

δgµW
gW

. (5.5)

∆Γff =
mZ

24
Nc

(
−2Q(j3 − 2s20Q)

α

c2 − s2

(
S

4
− s2c2T

)
+
(
(j3 − s20Q)2 + (−s20Q)2

)
αT

+ 2(j3 − s20Q)

(
δgLZ
gZ

)

BSM

− 2s20Q

(
δgRZ
gZ

)

BSM

−
((

(j3 − s20Q)2 + (−s20Q)2
)
+ 2Q(j3 − 2s20Q)

s20c
2
0

c20 − s20

)
δgµW
gW

+
(
(j3 − s20Q)2 + (−s20Q)2

) [
−ΠZZ(m2

Z)−ΠZZ(0)

m2
Z

+
dΠZZ

dq2
(m2

Z)

]

BSM

)
. (5.6)

∆Af =
4s20Q(j3 − s20Q)

[(j3 − s20Q)2 + (s20Q)2]2

[
−j3Q

α

c2 − s2

(
S

4
− s2c2T

)
− j3Q

s20c
2
0

c20 − s20

δgµW
gW

+
δgLZ
gZ

+
δgRZ
gZ

]

BSM

(5.7)

6 Numerical analysis

We use the values given by PDG [1]. Input parameters are

GF = 1.166378710−5 GeV−2, mZ = 91.1876 GeV, α−1(mZ) = 127.950 (6.1)

mµ = 0.1056583745 GeV, (6.2)

The SM predictions and the values to be fitted are given in Table I.

Following [2], we define 90% C.L. range as

2σexp. − σth. < µexp − (µSM + xBSM ) < 2σexp. + σth., (6.3)
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(example)

Z-vertex correctionthrough the Fermi constant



example in type-II

ta
nβ

mA [GeV]

type II 2HDM with mH = 600 GeV, mH+ = 600 GeV

 20

 30

 40

 50

 60

 70

 80

 90

 100

 20  40  60  80  100  120  140

ta
nβ

mA [GeV]

type II 2HDM with mH = 800 GeV, mH+ = 800 GeV

 20

 30

 40

 50

 60

 70

 80

 90

 100

 20  40  60  80  100  120  140

ta
nβ

mA [GeV]

type II 2HDM with mH = 1000 GeV, mH+ = 1000 GeV

 20

 30

 40

 50

 60

 70

 80

 90

 100

 20  40  60  80  100  120  140

Figure 2: Results for Type-II 2HDM. The region above green line is constrained by
B → τν, The region below the red line is constrained by Bs → µµ. In these figures, we
take λ3 + λ4 − λ5 = 0 to suppress Br(h → AA). We take λ1 = 0.1, but these figures are
almost independent on λ1.
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excluded by B  → τν

excluded (Bs → μμ)

g-2 favored regions

• type-II is excluded 
• only type-X can satisfy all the considered theoretical and 

experimental constraints.

1σ

２σ

16


