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Introduction

“Flavor” in the standard model (SM)

★Fermion masses and mixings are free parameters

★No principle nor theory for flavor

If there is any principle or theory for flavor,     
it must be physics beyond the SM.

flavor is still a mystery in the SM



“Flavor” in the physics beyond the SM

★ there is additional origin of flavor violations
flavor violating squark/lepton masses 

in SUSY models
e.g.

extra Yukawa interactions in two Higgs doublet model

★No principle nor theory for flavor

Typically it is difficult to make any definite predictions 
in flavor violating processes

“Flavor” is difficult problem, but theoretical and 
experimental studies for flavor will be important to make a 

deeper understanding of flavor.



Why is Lepton Flavor Violation (LFV) interesting? 
★ neutrino oscillation results suggest tiny neutrino masses 

and large flavor mixings

•dimension 5 operator for neutrino masses

Ld=5 =
1

⇤
(LH)c(LH)

m⌫ =
hHi2

⇤

⇤ ⇠ 1015 GeV for m⌫ =

q
�m2

atm.

•each lepton flavor number is violated

very high scale!



In the standard model with tiny neutrino masses

W�

W�

�

µ e⌫i

m⌫i m⌫i

Charged lepton flavor violation, μ→eγ, is induced, 
but very tiny

BR(µ ! e�) ⇠ m4
⌫

m4
W

< 10�50



Is Charged LFV (CLFV) not interesting? 

★Various motivated new physics models

•Solutions to hierarchy problem

•WIMP dark matter

Supersymmetry, Little Higgs, extra dimension, etc
New physics scale ~ TeV

New physics scale ~ TeV

•Baryon asymmetry in the universe
New origin of CP violation

e.g. electroweak baryogenesis ~ TeV



★Hints from experimental data related to lepton flavor??

• Lepton flavor violating Higgs boson decay h→μτ
reported by CMS (2.4σ excess)



CMS collaboration has reported an excess in h ! µ⌧

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)%

CMS: arXiv: 1502.07400



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)%

Moriond EW, Mar 19, 2016 Experimental Summary

One word on lepton flavour violation in Higgs decays

Both experiments have finalised their Run-1 LFV analyses

While H → μe is severely constrained from flavour physics, H → τμ, τe are not 

(~10% limits)

CMS released early 2015 a H → τμ search finding a slight (2.4σ) excess

ATLAS has completed full analysis (including H → τe) for this conference 

Lidia Dell'Asta, Joachim Kopp

Meant to be examples 
of flavour violation?
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H → τμ:
ATLAS: 

BR = 0.53 ± 0.51% < 1.43% (95% CL)

CMS:

BR = 0.84         % < 1.51% (95% CL)

H → τe:

ATLAS: 

BR = –0.3 ± 0.6% < 1.04%(95% CL)

+0.39

–0.37

In Moriond EW 2016



12 8 Limits on lepton flavour violating couplings

), %τµ→95% CL Limit on Br(H
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1.20% (obs.)
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Observed
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 1 std deviation±

 2 std deviation±

8 TeV [Phys. Lett. B 749 (2015) 337]:

Observed

Expected

 (13 TeV)-12.3 fbCMSPreliminary

Figure 4: Observed and expected 95% CL upper limits on the B(H ! µt) for each individual
category and combined. The solid red and dashed black vertical lines correspond, respectively,
to the observed and expected 95% CL upper limits obtained at

p
s = 8 TeV [23].

New 13 TeV result from CMS CMS PAS HIG-16-005
No excess is observed

Need more data



• Lepton flavor violating Higgs boson decay h→μτ
reported by CMS (2.4σ excess)

• Lepton universality in B+ ! K+l+l� (l = e, µ)

★Hints from experimental data related to lepton flavor??



Lepton universality ~ gauge interactions ~

RK =
BR(B+ ! K+µ+µ�)

BR(B+ ! K+e+e�)

b s

u u

W

Z/�

l+

l�

hadronic uncertainties cancel in the ratio



LFU: electron vs. muon (Rk) 

Johannes Albrecht 

T. Blake

RK result
• In the run 1 dataset, LHCb 

determines:  

!

in the range 1 < q2 < 6 GeV2, 
which is consistent with the 
SM at 2.6!. 

• Take double ratio with  
B+ → J/ѱ K+  to cancel 
possible sources of 
systematic uncertainty. 

• Correct for migration of events 
in/out of the window due to 
Bremsstrahlung using MC 
(with PHOTOS).  
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RK = 0.745+0.090
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RK < 1 implies a deficit of 
muons w.r.t. electrons.
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RK result
• In the run 1 dataset, LHCb 

determines:  

!

in the range 1 < q2 < 6 GeV2, 
which is consistent with the 
SM at 2.6!. 

• Take double ratio with  
B+ → J/ѱ K+  to cancel 
possible sources of 
systematic uncertainty. 

• Correct for migration of events 
in/out of the window due to 
Bremsstrahlung using MC 
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RK = 0.745+0.090
�0.074

+0.036
�0.036

RK < 1 implies a deficit of 
muons w.r.t. electrons.

(SM: Rk=1.00, consistent at 2.6σ) 
 

LHCb measures with 3fb-1 

RK =
BR(B+ → K +µ+µ− )
BR(B+ → K +e+e− )

= 0.745 +0.090
−0.074

(stat)± 0.036(syst)
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• Lepton flavor violating Higgs boson decay h→μτ
reported by CMS (2.4σ excess)

• Lepton universality in B+ ! K+l+l� (l = e, µ)

• Lepton universality in B0 ! D(⇤)+l�⌫̄

★Hints from experimental data related to lepton flavor??



Lepton universality

b c

q q

W l�

⌫̄

hadronic uncertainties cancel in the ratio

RD(⇤) =
BR(B0 ! D(⇤)+⌧�⌫̄)

BR(B0 ! D(⇤)+l�⌫̄)



R(D) and R(D*) 

T. Blake

R(D) and R(D*)

• Combination is 3.9! from the SM expectation:
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HFAG

EPS 2015

) = 55%2χP(

HFAG
Prel. EPS2015

R(D⇤) = 0.293± 0.038± 0.015

R(D) = 0.440± 0.058± 0.042
R(D⇤) = 0.332± 0.024± 0.018

BaBar
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Belle

R(D⇤) = 0.336± 0.027± 0.030

LHCb

R(D⇤) = 0.252± 0.003R(D) = 0.297± 0.017

[Kamenik et al. Phys. Rev. D78 014003 (2008), S. Jajfer et al.  Phys. Rev. D85 094025 (2012)]
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,

RD* =
BR(B0 →D*+ τ −ν )
BR(B0 →D*+ µ−ν )

Summary for B→D
(*) τ ν

R (D) = 0.440 ± 0.058± 0.042

R (D*) = 0.332± 0.024 ± 0.018

R (D) = 0.375± 0.064 ± 0.026

R (D*) = 0.293± 0.038± 0.015

R (D*) = 0.336± 0.027 ± 0.030

R (D) = 0.391 ± 0.041 ± 0.028

R (D*) = 0.322 ± 0.018 ± 0.012

average

difference with SM predictions
is at 3.9σ level

R (D) = 0.297± 0.017, J.F.Kamenik et al, arXiv :0802.3790

R (D*) =0.252 ± 0.003, S. Jajfer et al , arXiv :1203.2654

BaBar

Belle

LHCb
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Comparison with other measurements
BELLE

Preliminary

Central value close to Belle hadronic tag result.

Precision improvement over Belle hadronic tag and LHCb results.

P. Goldenzweig B ! D(⇤)⌧⌫⌧ at Belle 7.2.2016 14 / 19



• Lepton flavor violating Higgs boson decay h→μτ
reported by CMS (2.4σ excess)

• Lepton universality in B+ ! K+l+l� (l = e, µ)

• Lepton universality in B0 ! D(⇤)+l�⌫̄

•muon anomalous magnetic moment (muon g-2)

★Hints from experimental data related to lepton flavor??



Introduction: Standard Model prediction for muon g − 2

QED contribution 11 658 471.808 (0.015) Kinoshita & Nio, Aoyama et al

EW contribution 15.4 (0.2) Czarnecki et al

Hadronic contributions

LO hadronic 694.9 (4.3) HLMNT11

NLO hadronic −9.8 (0.1) HLMNT11

light-by-light 10.5 (2.6) Prades, de Rafael & Vainshtein

Theory TOTAL 11 659 182.8 (4.9)

Experiment 11 659 208.9 (6.3) world avg

Exp − Theory 26.1 (8.0) 3.3 σ discrepancy

(in units of 10−10. Numbers taken from HLMNT11, arXiv:1105.3149)

n.b.: hadronic contributions:
. .

. .

had.

LO

µ

had.

NLO

µ

γ
had.

l-by-l

µ

D. Nomura (YITP) Indirect searches for new physics Nov. 28, 2013 61 / 86

Status of muon g-2 .895 (0.008): 5-loop calculation  (Aoyama et al ’12)

15.4 (0.1): Higgs mass fixed (Grendiger et al ’13)



aExp

µ [10�10] �aµ = aExp

µ � aSMµ [10�10]

26.1± 8.0 (3.3�)
31.6± 7.9 (4.0�)

11659208.9± 6.3 33.5± 8.2 (4.1�)
28.3± 8.7 (3.3�)
29.0± 9.0 (3.2�)
28.7± 8.0 (3.6�)

muon g-2 anomaly

Difference between the experimental value 
and the SM prediction

HLMNT11
THLMN10
BDDJ12
JS11
JN09
DHMZ12

(~0.54 ppm)

3-4σ deviation
possibly an evidence of new physics



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. 
So, we should study it NOW!



• Lepton flavor violating Higgs boson decay h→μτ
reported by CMS (2.4σ excess)

• Lepton universality in B+ ! K+l+l� (l = e, µ)

• Lepton universality in B0 ! D(⇤)+l�⌫̄

•muon anomalous magnetic moment (muon g-2)

• (750 GeV resonance in diphoton mode?? and more )
these are not conclusive yet, 

some of them may be hints for new physics and CLFV

weak~TeV scale new physics

★Hints from experimental data related to lepton flavor??



e.g. Kobayashi-Maskawa
Motivated from the observation of           
CP violation in Kaon system

Three generations in the standard model

Good experimental data lead us to 
the right answer!

Learn from the history………



• Lepton flavor violating Higgs boson decay h→μτ
reported by CMS (2.4σ excess)

• Lepton universality in B+ ! K+l+l� (l = e, µ)

• Lepton universality in B0 ! D(⇤)+l�⌫̄

•muon anomalous magnetic moment (muon g-2)

• (750 GeV resonance in diphoton mode?? and more) 

these are not conclusive yet, 
some of them may be hints for new physics

weak~TeV scale new physics

Interplay between LHC and flavor physics will be important

★Hints from experimental data related to lepton flavor??



If we have a new physics …

new physics  
(~TeV scale) LFV+

neutrino oscillation  
(+extra source of LFV)

Is CLFV interesting?



Model independent study for CLFV,  
 g-2 and EDM

muon g-2, muon EDM

μ μμ（τ） e（μ）

μ→eγ（τ→μγ）

sensitivity of new physics scale, flavor (CP) violation?

~ effective operator analysis ~



Model independent study for CLFV
Effective Lagrangian for μ→eγ

BR(µ� e⇥) = y2 3(4⌅)3�
G2

F �4

•If          , y � 1

•If                    , y =
g2

16⇥2
�µe

LLFV = y
emµ

�2
µ̄R⇥µ⇥eLFµ⇥ + h.c. + · · ·

(The LFV operator is induced at tree level.）

(The LFV operator is generated at loop level）

e.g.  SUSY

� : new physics scale

BR(µ ! e�)
exp

< 4.2⇥ 10�13 (90% C.L.)
MEG: arXiv: 1605.05081

BR(µ ! e�) = 3⇥ 10�13 ⇥
✓
1000 TeV

⇤

◆4 ⇣ y

1.0

⌘2

BR(µ ! e�) = 3⇥ 10�13 ⇥
✓
5 TeV

⇤

◆4 ✓ ✓µe
10�2

◆2

Current search for μ→eγ can be sensitive 
to TeV scale new physics



Effective Lagrangian for τ→μγ

LLFV = y
em⌧

⇤2
⌧̄R�

µ⌫µLFµ⌫

BR(⌧ ! µ�)
exp

< 4.4⇥ 10�8 (90% C.L.)

BaBar: 2010

BR(⌧ ! µ�) = 0.174⇥ y2
3(4⇡)3↵

G2
F⇤

4

•If          , y � 1 (The LFV operator is induced at tree level.）

•If                    , (The LFV operator is generated at loop level）

BR(⌧ ! µ�) = 4⇥ 10�8 ⇥
✓
35 TeV

⇤

◆4 ⇣ y

1.0

⌘2

BR(⌧ ! µ�) = 3⇥ 10�8 ⇥
✓
1 TeV

⇤

◆4 ✓✓⌧µ
0.3

◆2

y =
g2

16⇡2
✓⌧µ

Current search for τ→μγ can also be sensitive 
to TeV scale new physics



Effective Lagrangian for muon g-2

Lg�2 =
emµ

2

yg�2

⇤2
µ̄L�µ⌫µRF

µ⌫ + h.c.

�aµ = (2.6± 0.8)⇥ 10�9

Hagiwara et al, 2011�aµ =
2yg�2m2

µ

⇤2

•If                    , yg�2 =
g2

16⇡2 �aµ = 3⇥ 10�9 ⇥
✓
150 GeV

⇤

◆2

new physics scale needs to be close to weak scale

Note: muon chirality has to be flipped in muon g-2
If there is a mechanism to enhance the chirality flipping, 

the muon g-2 can get a large correction

SUSY

µL µLµR µR

�

�

�0

µ̃L µ̃R

h, H, A

⌧R ⌧L

tan� m⌧

2HDM with μ-τ mixing



Effective Lagrangian for muon g-2

Lg�2 =
emµ

2

yg�2

⇤2
µ̄L�µ⌫µRF

µ⌫ + h.c.

�aµ = (2.6± 0.8)⇥ 10�9

Hagiwara et al, 2011�aµ =
2yg�2m2

µ

⇤2

•If                    , yg�2 =
g2

16⇡2 �aµ = 3⇥ 10�9 ⇥
✓
150 GeV

⇤

◆2

new physics scale needs to be close to weak scale

muon g-2  vs.  μ→eγ

•If                          , yµ!e� = yg�2✓µe

BR(µ ! e�) =
3(4⇡)3↵

4G2
Fm

4
µ

(�aµ)
2✓2µe

' 3⇥ 10�13 ⇥
✓

�aµ
10�9

◆2 ✓ ✓µe
3⇥ 10�5

◆2

sensitive to very small flavor violation



Effective Lagrangian for muon g-2

Lg�2 =
emµ

2

yg�2

⇤2
µ̄L�µ⌫µRF

µ⌫ + h.c.

�aµ = (2.6± 0.8)⇥ 10�9

Hagiwara et al, 2011�aµ =
2yg�2m2

µ

⇤2

•If                    , yg�2 =
g2

16⇡2 �aµ = 3⇥ 10�9 ⇥
✓
150 GeV

⇤

◆2

new physics scale needs to be close to weak scale

muon g-2  vs.  τ→μγ

•If                          , 

If muon g-2 anomaly is due to new physics, CLFV search 
can be sensitive to very small lepton flavor violation

BR(⌧ ! µ�) = 4⇥ 10�8 ⇥
✓

�aµ
10�9

◆2 ✓ ✓µ⌧
2⇥ 10�2

◆2

y⌧!µ� = yg�2✓µ⌧



muon g-2  vs.  muon EDM

ŷ = yR + iyI

L =
emµ

2

ŷ

⇤2
µ̄R�µ⌫µLF

µ⌫ + h.c.

L =
emµ

2

yR
⇤2

µ̄�µ⌫µF
µ⌫ � iemµ

2

yI
⇤2

µ̄�µ⌫�5µF
µ⌫

�aµ = yR
2m2

µ

⇤2 �dµ = yI
emµ

�2

•If                  , yI = yR✓CP

dµ =
e✓CP

2mµ
�aµ = 3⇥ 10�22

✓
�aµ

3⇥ 10�9

◆✓
✓CP

1.0

◆

The future measurement at the level of                       
would be interesting

10�22



Is CLFV interesting?
Yes, the CLFV search will be sensitive to new physics around TeV. 
If muon g-2 anomaly is due to new physics, the search for CLFV 

will put strong constraints on the new physics model.

If we have a new physics …

new physics  
(~TeV scale) LFV+

neutrino oscillation  
(+extra source of LFV)



★SUSY
CLFV (EDM)

muon g-2

GUT: 
Gabbiani, Maniero, PLB209, 289 (1988); Hagelin, Kelley, Tanaka, 

NPB415, 293 (1994); Barbieri, Hall, PLB338, 212 (1994); 
Barbieri, Hall, Strumia, NPB445, 219 (1995) …

ν: Borzumati, Masiero, PRL57, 961 (1986); Hisano, Moroi, 
Tobe, Yamaguchi, Yanagida, PLB357, 579 (1995) …

Faye 1980, Grifols, Mendez 1982, Ellis, Hagelin, Nanopoulos 1982, Barbieri, Maiani 
1982, Kosower, Krauss, Sakai 1983, Yuan, Arnowitt, Chamseddine, Nath 1984, 

Romao, Barroso, Bento, Branco 1985,  Moroi 1996, …

incomplete list of Refs ……

CLFV

µL µR

�

�0

µ̃L µ̃R

tan�µ̃L

ẽL eLµR

�0

�

muon g-2

GUT, right-handed ν interactions can 
induce large LFV in slepton masses tanβ enhancement

µ̃R

tan�



★Little Higgs

CLFV, muon g-2
Chowdhury, Cornell, Deandrea, Gaur, Goyal PRD75, 055011 (2007); 

Blanke, Buras, Duling, Poschenrieder, Trantino, JHEP0705, 013 (2007); 
Agila, Illana, Jenkins JHEP0901, 080 (2009); Goto, Okada, Yamamoto 

PRD83, 053011 (2011), …
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Figure 3: Diagrams contributing to µ → eγ in the LHT model.
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we find, using (3.8),
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i H(yi) , (3.15)

with H defined in (3.7) and χ(µe)
i in (2.8).

The neutral gauge boson contributions can directly be deduced from (4.10) of [14].

Including a factor 3 that takes into account the difference between the electric charges

of quarks and leptons, we obtain from the last two terms in (4.10) of [14]
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Finally, adding the three contributions in (3.15)–(3.17), we find using (3.12)
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with χ(µe)
i defined in (2.8), yi in (3.13) and D′

0, E
′
0 given in Appendix B. The formulae

(3.18) and (3.19) represent the main result of this section.
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µ

g-2

no enhancement 
typically small

LFV interactions of Little Higgs 
partners induce CLFV

incomplete list of Refs ……



ratio LHT MSSM (dipole) MSSM (Higgs)

Br(µ−→e−e+e−)
Br(µ→eγ) 0.4. . . 2.5 ∼ 6 · 10−3 ∼ 6 · 10−3

Br(τ−→e−e+e−)
Br(τ→eγ) 0.4. . . 2.3 ∼ 1 · 10−2 ∼ 1 · 10−2

Br(τ−→µ−µ+µ−)
Br(τ→µγ) 0.4. . . 2.3 ∼ 2 · 10−3 0.06 . . . 0.1

Br(τ−→e−µ+µ−)
Br(τ→eγ) 0.3. . . 1.6 ∼ 2 · 10−3 0.02 . . . 0.04

Br(τ−→µ−e+e−)
Br(τ→µγ) 0.3. . . 1.6 ∼ 1 · 10−2 ∼ 1 · 10−2

Br(τ−→e−e+e−)
Br(τ−→e−µ+µ−) 1.3. . . 1.7 ∼ 5 0.3. . . 0.5

Br(τ−→µ−µ+µ−)
Br(τ−→µ−e+e−) 1.2. . . 1.6 ∼ 0.2 5. . . 10

R(µTi→eTi)
Br(µ→eγ) 10−2 . . . 102 ∼ 5 · 10−3 0.08 . . . 0.15

Table 3: Comparison of various ratios of branching ratios in the LHT model and in the

MSSM without and with significant Higgs contributions.

• The “inverted” pattern of the ratios in (13.6) is absent in the LHT model as

the ratios (13.18) and (13.19) are comparable in magnitude. Moreover they are

generally very different from the MSSM values.

• The last finding also implies that while the ratios (13.4) and (13.5) differ roughly

by a factor of 5 in the case of the MSSM, they are comparable in the LHT model,

as seen in (13.16) and (13.17).

In order to exhibit these different patterns in a transparent manner, let us define the

three ratios

R1 =
Br(τ− → e−e+e−)

Br(τ− → µ−µ+µ−)

Br(τ− → µ−e+e−)

Br(τ− → e−µ+µ−)
, (13.20)

R2 =
Br(τ− → e−e+e−)

Br(τ− → µ−µ+µ−)

Br(τ → µγ)

Br(τ → eγ)
, (13.21)

R3 =
Br(τ− → e−µ+µ−)

Br(τ− → µ−e+e−)

Br(τ → µγ)

Br(τ → eγ)
. (13.22)

Note that in the case of a µ ↔ e symmetry, these three ratios should be equal to unity.

This symmetry is clearly very strongly broken in the MSSM, due to the sensitivity of

the ratios in (13.1) and (13.2) to me and mµ, where one finds

R1 ≃ 20 , R2 ≃ 5 , R3 ≃ 0.2 (MSSM) . (13.23)
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CLFV searches are not only sensitive to these models, 
but also able to distinguish them.

Blanke et al., JHEP0705, 013 (2007) 



★ General (type-III) two Higgs doublet model

“muon g-2”+ “h→μτ” τ→μγ, tau decay, …

Y. Omura, E. Senaha, K. Tobe, 1511.08880, JHEP 1505, 028 (2015)

★ Lepton-specific  (type X) two Higgs doublet model
A. Crivellin, J. Heeck, P. Stoffer, PRL 116, 081801 (2016)

“muon g-2”+            (+“h→μτ”)R(D(⇤))

light H, t→Hc, (τ→μγ)…
★             modelLµ � L⌧

W. Altmannshoher, M. Carena, A. Crivellin, 1604.0822

“muon g-2”+ “h→μτ”+”        “RK τ→３μ, h→μμ, …
★ Leptoquark model

S. Baek, K. Nishiwaki, PRD93, 015002 (2016)

“muon g-2”+ “h→μτ” τ→μγ, …

Some models motivated by the exp. data 
(sorry for only incomplete list of Refs)



CLFV, muon g-2 and EDM in a 
general two Higgs doublet model

(both Higgs doublets couple to all fermions)

Refs: JHEP 1505, 028 (2015), arXiv: 1511.08880 
Omura, Senaha, Tobe 
+ work in progress
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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)
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

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
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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 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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, H2 =

 
H+

�2+iAp
2

!
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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
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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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that the SM-like Higgs couplings yhff approach to the
SM ones when c�↵ gets closer to zero, so that the flavor-
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son can be suppressed in this limit. The current LHC

scalar mixing

A basis where one Higgs doublet has vev

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

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

(both Higgs doublets couple to all fermions)

(“Higgs basis”)
Scalar mixing
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 Muon g-2 anomaly (e.g. Hagiwara et al, arXiv:1105.3149)

The best fit: BR(h ! µ⌧) = (0.84+0.39
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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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†
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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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In fermion mass eigenbasis

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

This model predicts extra-flavor violating sources in 
Higgs interactions
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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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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
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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;
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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 ,
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mediated FCNC processes. In the following discussions,
we do not adopt the so-called Cheng-Sher ansatz [9] for
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violating phenomena mediated by the SM-like Higgs bo-
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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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1 Sometimes, it is called the Type III two Higgs doublet model.
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VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢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.
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violating phenomena mediated by the SM-like Higgs bo-
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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].
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only one Higgs doublet gets a vacuum expectation value
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VCKM(VMNS) is the Cabbibo-Kobayashi-Maskawa (Maki-
Nakagawa-Sakata) matrix and the fermions (fL, fR)
(f = u, d, e, ⌫) are mass eigenstates. ⇢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.
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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-
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While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

A two Higgs doublet model (2HDM) is a simple ex-
tension of the minimal Higgs sector in the SM. In gen-
eral, both Higgs doublets couple to fermions, and hence
the flavor-changing Higgs interaction is predicted. This
is one of the main di↵erences from the SM. Recently
the CMS collaboration has reported an excess of lepton-
flavor-violating Higgs decay in h ! µ⌧ mode [3]. The SM
cannot accommodate such an excess, however, the gen-
eral 2HDM 1 can explain the excess, as pointed out in
Refs. [4–6]. 2 Therefore, it is worth studying it further,
and we find that the µ � ⌧ lepton-flavor-violating Higgs
interaction can enhance the neutral Higgs contributions
to an anomalous magnetic moment of muon (muon g-2),
and hence it can explain the long-standing anomaly of
the muon g-2 [8].
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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,
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While a Higgs boson has been discovered at the Large
Hadron Collider (LHC) experiment [1, 2], the whole
structure of the Higgs sector is still unknown. Theo-
retically there is no apparent reason why a Higgs sector
with one Higgs doublet is better than the one with more
Higgs doublets. Thus, only the experimental research
will reveal the true answer.

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

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

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

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

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

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

H1 =
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, H2 =
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2
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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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� 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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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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violating phenomena mediated by the SM-like Higgs bo-
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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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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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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

!
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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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and it is well-known that the general setup predicts the flavor-violating phenomena, mediated by
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the couplings to be consistent with the muon g-2 anomaly as well as the CMS excess in h ! µ⌧
predict the sizable rate of ⌧ ! µ�, which is within the reach of future B factory.

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

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

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

H1 =
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, H2 =
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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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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;
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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

are expressed as

L = �
X
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where
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(for f = u),
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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

scalar mixing

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

c�↵ ! 0
SM limit



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 SM.

But, now....

Bjorken and Weinberg, PRL 38, 622 (1977)

CMS result suggests

BR(h ! µ⌧) = (0.84+0.39
�0.37)%

h μ

τ

ar
X

iv
:1

50
2.

07
82

4v
1 

 [h
ep

-p
h]

  2
7 

Fe
b 

20
15

Lepton-flavor-violating Higgs decay h → µτ and muon anomalous magnetic moment
in a general two Higgs doublet model
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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 =

(

G+

v+φ1+iG√
2

)

, H2 =

(

H+

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;
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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 = −
∑
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†
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ijH+dj + h.c., (4)

where
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mi

f

v
sβαδij +

ρijf√
2
cβα, (5)
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2
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iρ
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2
, (f = d, e),

(7)



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.

CMS result

2HDM prediction 

result

BR(h ! µ⌧) = (0.84+0.39
�0.37)%
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General 2HDM can explain it easily
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Lima et al., 1501.06923, …
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muon g-2 
 induced by the μ-τ flavor violating coupling

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



For c�↵ ⌧ 1

Here, we mainly consider a case with

Note: correction to Peskin-Takeuchi T parameter

When mA ' mH+ ,

the small       suppresses the correctionc�↵

neutral Higgs mass spectrum from tree level potential

Higgs quartic couplings

m2
H+ = m2

A +
�5 � �4

2
v2

m2
H ' m2

A + �5v
2

�4,5;

�4 = �5 = 0.5



Both anomalies in the muon g-2 and 
can be accommodated in the general 2HDM 

h ! µ⌧

muon g-2
c

3σ

µa

2σ1σ−1σ

−2σ

−3σ

βα

−0.02 −0.016 −0.012 −0.008 −0.004

1
0.8

0.4
0.6

0.2BR
( h

   
   

   
  )

[%
]

µ
τ

δ

Am   = 250 GeV

−2σ

BR
(  

   
   

   
)[%

]

µδa

A

2σ
µ
τ

3σ

1σ
1

0.8
0.6
0.4
0.2

−0.002−0.006−0.01

cβα

−1σ

−3σ

h
m   = 350 GeV

FIG. 2: Numerical result for �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

9
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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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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

9

muon g-2



ττ

tt

−8

uρ

e

0.2
0.1

0

−0.1
−0.2

−0.2−0.4 0 0.2 0.4

4.4
0.1

4.4
m   = 350 GeV

τ µγ

A

h µτ

ρ

BR(                ) [10    ]

BR(              ) = 0.84%

FIG. 7: Numerical result for BR(⌧ ! µ�) as a function of ⇢⌧⌧e and ⇢ttu . Lines for BR(⌧ !
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mA = 350 GeV with �
4
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5

= 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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where the Yukawa couplings ye
� ij are defined in Eq. (7). Here we neglect an electron
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The neutral Higgs contributions A�
L, R (� = h, H, A) to AL, R at the one-loop are

given by

A�
L =

1

16⇡2

X

i=µ,⌧

ye⇤
� ie

m2

�



mi

mµ

ye⇤
� µi

✓

log
m2

�

m2

i

� 3

2

◆

+
ye
� iµ

6

�

, (30)

A�
R =

1

16⇡2

X

i=µ,⌧

ye
� ei

m2

�



mi

mµ

ye
� iµ

✓

log
m2

�

m2

i

� 3

2

◆

+
ye⇤
� µi

6

�

, (31)

where the Yukawa couplings ye
� ij are defined in Eq. (7). Here we neglect an electron
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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
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Correction to ⌧ ! µ⌫⌫̄ decay
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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 .
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X
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Michel parameters in τ decay
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If future B-factory can measure the Michel parameter, 
this will be very important for this scenario

|⇠|

There are interesting correlation between muon g-2 and ξ

muon g-2 is 
explained by ±1�



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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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.

21

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.

21

imaginary parts of the Yukawas induce the muon EDM

A relation between �aµ and �dµ
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“Prediction”

Future (J-PARC)
dµ ⇠ 10�24 e · cm

future J-PARC experiment may have a sensitivity



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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Summary
★ Experimental and theoretical studies for flavor are 
important to understand a mystery of flavor in the SM.
★ Searches for CLFV (EDM) will be sensitive to (well-

motivated) new physics models around TeV scale.  
★ In the LHC era, the interplay between LHC physics 

and flavor physics will be important since it provides 
interesting ideas for new physics sometimes.

★ General 2HDM with μ-τ flavor violation can explain 
both CMS excess in h→μτ and muon g-2 anomaly. 
The rate of τ→μγ can be within the reach of the 
future B factory. The precision measurement of τ 
decay will also provide a crucial test of this scenario. 
Furthermore, unknown flavor structure in this model 

will provide a rich flavor phenomenology.
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The observed limit on the branching ratio is slightly tighter than the B(H ! µt) < (1.51 ±
0.83)% limit obtained using the 19.7 fb�1 data sample at 8 TeV analyzed in [23].

Table 5: The observed and expected upper limits and the best-fit branching fractions for differ-
ent n-jet categories for the H ! µt process.

Expected limits
0-jet 1-jet 2-jets Combined
(%) (%) (%) (%)

µth <4.17 <4.89 <6.41 <2.98
µte <2.24 <4.36 <7.31 <1.96
µt <1.62 %

Observed limits
0-jet 1-jet 2-jets Combined
(%) (%) (%) (%)

µth <4.24 <6.35 <7.71 <3.81
µte <1.33 <3.04 <8.99 <1.15
µt <1.20 %

Best-fit branching fractions
0-jet 1-jet 2-jets Combined
(%) (%) (%) (%)

µth 0.12+2.02
�1.91 1.70+2.41

�2.52 1.54+3.12
�2.71 1.12+1.45

�1.40

µte �2.11+1.30
�1.89 �2.18+1.99

�2.05 2.04+2.96
�3.31 �1.81+1.07

�1.32

µt �0.76+0.81
�0.84%

8 Limits on lepton flavour violating couplings
The constraint on B(H ! µt) can be interpreted in terms of LFV Yukawa couplings [4]. The
LFV decays H ! eµ, et, µt arise at tree level from the assumed flavour violating Yukawa
interactions, Y`a`b where `a, `b denote the leptons, `a, `b = e, µ, t and `a 6= `b. The decay width
G(H ! `a`b) in terms of the Yukawa couplings is given by:

G(H ! `a`b) =
mH

8p

�|Y`b`a |2 + |Y`a`b |2�,

and the branching fraction by:

B(H ! `a`b) =
G(H ! `a`b)

G(H ! `a`b) + GSM
.

The SM H decay width is assumed to be GSM = 4.1 MeV [61] for MH = 125 GeV. The 95% CL
constraint on the Yukawa couplings derived from B(H ! µt) < 1.20% and the expression for
the branching fraction above is:

q
|Yµt|2 + |Ytµ|2 < 3.16 ⇥ 10�3.

Figure 5 compares this result to the constraints from previous indirect measurements.



★Extra dimension

CLFV, muon g-2 Faraggi, Pospelov, PLB458, 237 (1999); Kitano, PLB481, 39 (2000); 
Ioannisian, Pilaftsis, PRD62, 066001 (2001), Cheng, Li, PLB502, 152 
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The event rate can be sizable because of many 
contributions from the KK mode
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Other constraints (predictions) in 2HDM 
with μ-τ flavor violation



⌧ ! 3µ, µe+e�(               )



⌧

µ

µ

µ

⇢µ⌧(⌧µ)e

� = h, H, A y�µµ

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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µ

µ

µ

⇢µ⌧(⌧µ)e

� = h, H, A y�µµ

BR(⌧ ! 3µ)
exp. < 2.1⇥ 10�8
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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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µ ! e�



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
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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.

18

strongly constrained



e-μ flavor violation
similar to τ→μγ, 2-loop contributions are important

e
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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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The e-τ and e-μ flavor violating Yukawa 
couplings are already strongly constrained.



⌧ ! µ⌘

⌧

µ

⇢µ⌧(⌧µ)e
s

s

A ⇢ssd

BR(⌧ ! µ⌘)
exp. < 6.5⇥ 10�8

|⇢ssd | < 0.007

✓
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p
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FIG. 12: BR(µ ! 3e) as a function of ⇢eee and ⇢µee . Here we have assumed that ⇢µee = ⇢eµe ,

c�↵ = �0.007 and mA = 350 GeV with �
4

= �
5

= 0.5.
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Future Mu3e experiment (                 ) may have 
a sensitivity

BR ⇠ 10�16



Implication to Higgs physics

Is the CMS excess in h → μτ real？

If it is real, can other lepton flavor 
violating decay modes be observed? 

Because of the strong constraint of μ→eγ, 
h → eμ and h → eτ are strongly suppressed



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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LHC run2 data for h → μτ will be crucial 


