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Introduction
• Muon anomalous magnetic moment (muon g-2)
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New!

New physics hints

• 2HDM
• MSSM
• U(1) extension
• …

ü CP conserving process

Muon g-2 collab., PRL126(2021)141801

1-loop diagrams

https://inspirehep.net/literature/1856627


Introduction
• The same diagrams will have contributions to CP 

violating processes à electric dipole moment (EDM)

• EDM (dμ): same type of operator as g-2
if model has CP violating source, EDM is predicted!

• Lepton EDMs constrain models with CPV
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Introduction
• Experimental status of EDMs

electron muon

• Indirect bounds
- Minimal flavor violation

- EDM of heavy atoms
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de < 1.1⇥ 10�29 e cm (90%C.L.)
ACME collab., Nature 562 (2018) 355
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dµ < 1.8⇥ 10�19 e cm (95%C.L.)
Muon (g-2) collab., PRD80(2009)052008

Severe!
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|dµ| =
����
mµ

me
de

���� < 2.3⇥ 10�27 e cm

NPB292(1987)93, PRL65(1990)2939,
PLB500(2001)161, NPB645(2002)155, JHEP08(2014)019

PRL128(2022)131803, arXiv:2207.01679

à Severe constraint for MFV models

à One order smaller than direct bound
<latexit sha1_base64="2BgWeMaNR15W6yw0HXuuatqBegc="></latexit>

|dµ| < 1.7⇥ 10�20 e cm

https://inspirehep.net/literature/1699116
https://inspirehep.net/literature/801891
https://inspirehep.net/literature/249869
https://inspirehep.net/literature/297233
https://inspirehep.net/literature/529914
https://inspirehep.net/literature/589708
https://inspirehep.net/literature/1291128
https://inspirehep.net/literature/1904061
https://inspirehep.net/literature/2106016
https://arxiv.org/abs/2207.01679


Introduction
• Future prospects
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[1] EPJ Web Conf. 118 (2016) 01005
[2] PTEP2019(2019)5, 053C02
[3] 2102.08838 [hep-ex]
[4] 2201.06561 [hep-ex]
[5] PoS NuFact2021 (2022) 136
[6] PRL93(2004)052001
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|dµ| [e cm] Ref.
Fermilab (g � 2) exp. 10�21 [1]

J-PARC O(10�21) [2]
PSI 6⇥ 10�23 [3-5]

J-PARC (dedicated exp.) 10�24 [6]

Muon EDM is also important obs. for NP search!

Note: similar contributions to muon g-2 and EDM predict
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|dµ| ⇠
e
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https://inspirehep.net/literature/2011844
https://inspirehep.net/literature/2015643
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Introduction
• What kind of models can approach muon EDM?

- flavor off-diagonal CPV

- flavor diagonal CPV (free from LFV!)
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PRD82(2010)093015, PRD94(2016)055019,
JHEP06(2019)142, JHEP01(2022)092

ü No muon mass suppression, large dμ will be predicted

ü muon EDM is not unique probe of the model

It may suffer from severe LFV constraints…

ü dμ will be small, may not have enough sensitivity…

There is interesting discussion on g-2 and EDM of muon
e.g.) PRD98(2018)113002

This is our main focus!
Note: still, no simple model without ad hoc assumptions

https://inspirehep.net/literature/866568
https://inspirehep.net/literature/1407135
https://inspirehep.net/literature/1731096
https://inspirehep.net/literature/1924376
https://inspirehep.net/literature/1684485


Introduction
• We give a complete benchmark model for muon EDM

muon specific two Higgs doublet model (2HDM)

• CP violation à scalar potential

• This model can suppress electron EDM, but give 
contributions to muon EDM

à enough size of muon EDM!
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complex parameters

Abe, Sato, Yagyu, JHEP07(2017)012
Ø One of the solutions of the muon g-2 anomaly

Relative phase is physical
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|dµ| ⇠ O(10�23) e cm

https://inspirehep.net/literature/1598051


Model Setup
• Muon specific 2HDM

Z4 sym.: only muon couples to Φ1

• Yukawa couplings:
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qaL ua
R daR `eL `⌧L `µL eR ⌧R µR �1 �2

SU(3)C 3 3 3 1 1 1 1 1 1 1 1
SU(2)L 2 1 1 2 2 2 1 1 1 2 2
U(1)Y 1/6 2/3 �1/3 �1/2 �1/2 �1/2 �1 �1 �1 1/2 1/2
Z4 1 1 1 1 1 i 1 1 i �1 1

Ref: Abe, Sato, Yagyu, JHEP07(2017)012
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Model Setup
• Scalar potential:

• Potential analysis is 2HDM with CP violation
minimization conditions:
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In this model, we can take
large tanβ (〜 O(1000)!)



Model Setup
• Mass matrix for neutral scalar (1 NG mode)

diagonalize

• (Physical) Charged Higgs mass
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Model Setup
• Higgs quartic couplings à related to theoretical conditions

parameterize 
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θ: related to CP violating parameter
θ = 0 à CP conserving limit

Independent parameters of the model:



Model Setup
• Muon physics à dominated by heavy neutral scalars, H1,2

• Both enhance large tanβ and ΔmH
2

• But different dependence of θ
θ → 0 (or π/2): Δaμ⤴, dμ⤵ (CP conserving limit)
θ → π/4:            Δaμ⤵, dμ⤴ (maximal CP violation)
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g-2 EDM

θ → π/8 (sθ → 0.35) will be important both for Δaμ and dμ



Model Setup
• Parameter scan strategy – we have 7 parameters

• We focus on mH ≧ 650 GeV to avoid LHC constraint

• Find parameter space for (sθ, ΔmH) and (sθ, tanβ) planes
we assume Λcutoff ≧ 10 TeV is viable parameter space
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We can optimize these:

Sub-dominant for Δaμ, we can fix it as 

Higher cutoff Λcutoff can be obtained!

satisfy all perturbative unitarity and 
vacuum stability conditions at this scale

Abe, Sato, Yagyu, JHEP07(2017)012

https://inspirehep.net/literature/1598051


Results: tanβ = 3500
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Interesting parameter space: sθ〜 0.35, ΔmH〜 320 GeV
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Results: ΔmH = 300 GeV
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Interesting parameter space: sθ〜 0.35, tanβ 〜 3700
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Conclusion and discussion
• We focus on flavor-diagonal CP violation of the muon

one benchmark: muon specific 2HDM

• We find viable parameter space for Δaμ with large dμ

• LHC can also explore our viable parameter space:

• Δaμ will be small (due to Lattice HVP), 
and more heavy mH is allowed:

we can choose sθ〜 0.7 to suppress Δaμ which enhances dμ!
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�mH ⇠ 320GeV, t� ⇠ 3700, s✓ ⇠ 0.35 for mH = 650GeV
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mH ' 760GeV

S. Borsanyi, et. al., Nature 593 (2021) 51

The muon EDM may have important key for the NP!
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Back up



Potential analysis for 2HDM with CPV

• Mass matrix elements of neutral scalars:
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ÃÃ
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Potential analysis for 2HDM with CPV

• We consider M2 > δ 〜 v2

mass matrix is approximately diagonalized:
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/M2 0 1 0
0 0 0 1

1

CCA , R3 =

0

BB@

1 0 0 0
0 c✓ s✓ 0
0 �s✓ c✓ 0
0 0 0 1

1

CCA

<latexit sha1_base64="xVuR9/whyPuBk9i+GZKkEQY9CLI="></latexit>

R ⌘ R2R3à diagonalizing matrix:

<latexit sha1_base64="HsfUZPA+GZsypNExFsefilNDxbU=">AAAEEHicrVG7btRAFL1r8wjLI7vQINGMWCUKIixjKyIICWkXmm0QebBJpDixxrOT2IpfsmdXCpZ/gJKGggokhIAfoEOIBtFT5BMQZZBoKLh+BEiWZCkYy547555zfGbGCl0nlpTuVBT12PETJ8dOVU+fOXtuvFY/vxQH/YiLLg/cIFqxWCxcxxdd6UhXrISRYJ7limVr627WXx6IKHYC/4HcDsWaxzZ9Z8PhTCJk1iuvPdNe18nkbWL0hCuZmRjScXuC2GSvSMlVYnhM2py5yf10Srt+b12/QoxpMk0Mo+qZScfU0twEGxl5v1Nnz6mTEp6htpAs418j+qHcdkriX9w/ZMP2 7b9KiiAjUutFajIy9gHf/x2b/0vspllr0CbNBxkutLJoQDnmgtpLMKAHAXDogwcCfJBYu8AgxmcVNKAQIrYGCWIRVk7eF5BCFbV9ZAlkMES38LuJq9US9XGdeca5muNfXHwjVBKYoJ/pK7pLP9I39Av9cahXkntkWbZxtgqtCM3xRxcXv49UeThLsH+rjswsYQNu5lkdzB7mSLYLXugHD5/sLt5amEgm6XP6FfM/ozv0A+7AH3zjL+bFwlOo4gVoB497uFjSm9qN5sz8TKN1p7yKMbgEl2EKz3sWWtCBOegCV+rKrNJS2upj9a36Tn1fUJVKqbkA+4b66SfAjRn9</latexit>

m2
h
= �

h̃h̃
+O(1/M2) ,

m2
H1

= M2 + �
H̃H̃

c2
✓
� 2�

H̃Ã
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Mass eigenvalues:



Potential analysis for 2HDM with CPV

• Expressions for λi in M2 > δ and large tanβ limit
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Potential analysis for 2HDM with CPV

• Theoretical conditions
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Potential analysis for 2HDM with CPV
• 1-loop RGEs for dimensionless couplings

à relevant couplings: gi, λi, yt, yμ

• We have large yμ :
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1-loop integrals for Δaμ and dμ
• Neutral scalar contribution

Δaμ:

dμ :

• Charged scalar contribution

Δaμ:
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2-loop contribution to dμ
• Dominant one: Barr-Zee type diagram with muon loop

loop integral:

• Facts:
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T-parameter
• ρ-parameter: (= 1 in the SM)

• NP contributions deviate it from 1: 
experimental status (PDG):

• In 2HDM, mass differences among H1,2 and H+ are crucial

• In our model, ΔmH is enough small to satisfy
e.g.) mH = 650 GeV with ΔmH = 320 GeV and sθ = 0.35

à T = -0.03
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hà μ+μ- decay
• Yukawa interaction in mass basis for scalars:

• Large tan limit, h-μ-μ coupling may be large
current experimental status (95% C.L.):
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Lattice results on HVP
• Result: 
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Lattice results on HVP
• Result: 
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