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Y. Shigekami A Large Muon EDM from Dark Matter

Introduction
• Anomalous magnetic moment of the muon is one of the 
well-studied observable — both theoretically and experimentally 

• Large room for new physics (until yesterday…?)
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Introduction
• Lots of NP models for explanation of muon g-2: 

Two Higgs doublet model, Lμ-Lτ model, leptoquarks, SUSY, … 

• But, how about muon electric dipole moment (μEDM)??? 
NP models generally have additional (and physical) CP phases
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Introduction
• Lots of NP models for explanation of muon g-2: 

Two Higgs doublet model, Lμ-Lτ model, leptoquarks, SUSY, … 

• But, how about muon electric dipole moment (μEDM)??? 
NP models generally have additional (and physical) CP phases 

• g-2 and EDM are originated from same diagrams: 

• If similar contributions to g-2 and EDM, we have
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Introduction
• Current bounds and future prospects: 

• Large μEDM is interesting, but naive extension is severely 
constrained by electron EDM… (|de| < 4.1x10-30 e cm!)
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Introduction
• Current bounds and future prospects: 

• Large μEDM is interesting, but naive extension is severely 
constrained by electron EDM… (|de| < 4.1x10-30 e cm!) 

e.g., μ-specific 2HDM, μ-LQ model, radiative muon mass model, …
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Introduction
• Radiative muon mass model (mμ-rad. model) 

Exotic particles only couple to the muon (and Higgs) 

• Essence:
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Introduction
• Radiative muon mass model (mμ-rad. model) 

Exotic particles only couple to the muon (and Higgs) 

• Essence: 

• Comparison with other models
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Model examples: 
→ 2HDM, SUSY 

→ Lμ-Lτ, LQ model 

→ This model

Even when MNP = O(TeV), our model can predict large μEDM!
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mμ-rad. model
• Model details
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DM stability
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mμ-rad. model
• Model details 

• g-2 and μEDM are predicted by 
also, rad. muon mass w/o photon

5

<latexit sha1_base64="9TQ2bFI7fQfOGygporFiQoXE3xY="></latexit>

L
µ
L µR H ωL ωR ε ϑ

SU(2)L 2 1 2 1 1 2 1
Y → 1

2 →1 1
2 0 0 1

2 1
Lµ → → + + + → →
X + + + → → → →
Sa + → + + + + →

Exotic particles

physical CP phase:
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• Dark matter candidate:     … totally singlet under GSM 

we check the DM relic density via micrOMEGAs 

• Other constraints on the model 
✓ h → μ+μ- decay 

✓ Z → μ+μ- decay 

✓ Perturbative unitarity of scalar couplings 

✓ Collider searches … exotic particles should be enough heavy 

• We explore a viable parameter space for large μEDM, 
together with prediction of the muon g-2

mμ-rad. model
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mμ-rad. model
• Result
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yε = 1.2, M2
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Relevant parameters:

✓ Large μEDM 

✓ Proper g-2 
✓DM relic

dμ > 10-21 is also predicted
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mμ-rad. model
• Result
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{
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Relevant parameters:

✓ Large μEDM 

✓ Proper g-2 
✓DM relic

dμ > 10-21 is also predicted

mLL = mRR region, 
which results in dμ = 0

Correct DM relic 
with coannihilation
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mμ-rad. model
• Result, w/ WP25

7

<latexit sha1_base64="LMK6SztlTOnvHPmufRwHKpzckR0="></latexit>

(540GeV)2 → M2
ω → (1000GeV)2, 320GeV → mLL → 1200GeV

with

{
yε = 1.2, M2

ε = (1000GeV)2, a = 900GeV,

mD = 700GeV, mRR = 1000GeV, ωphys = 1.0

Relevant parameters:

0.
12
0
0.
5
1.
0

30

40

50

60 70 80 90 P
ro
sp
ec
tsm ψ 1

= m
φ 1
+

κμ = 1.004

κ μ
=
0.
99
6

550 600 650 700 750 800 850

550

600

650

700

750

800

850

mψ1 [GeV]

m
φ 1+

[G
eV

]

dμ [10-23 e cm] (θphys = 1.)

✓ Large μEDM 

✓ Proper g-2 
✓DM relic

2505.21476

https://inspirehep.net/literature/2925594


Y. Shigekami A Large Muon EDM from Dark Matter

Summary
• We explore prediction of μEDM in mμ-rad. model 

• Exotic particles play roles of: 
✓ muon mass generation 
✓ muon g-2 and EDM contribution 
✓ DM candidate (Majorana fermion DM)  

• We found large μEDM (~ O(10-22) e.cm!) with 
★ consistent with g-2 deviation 
★ explain current DM relic density 

• Our model can be tested at future experiments! 
PSI, Fermilab, J-PARC, …
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mμ-rad. model
• Radiative muon mass 

• Dipole operators change as
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)
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mμ-rad. model
• Radiative muon mass 

• Coefficients of dipole operators (with q2 = 0)
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mμ-rad. model
• Mass eigenstates for exotic particles 
‣ Charged scalars (all elements are real and positive) 

‣ Majorana fermions (mLL, mRR and mD are real and positive parameters) 

• More detailed calculation for Majorana fermion sector 
off-diagonal element gives
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mμ-rad. model — constraints
• Effective muon Yukawa coupling: 

• Partial decay width, h → μ+μ- 

• Experiments constrain the size of ratio of Γ:
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ATLAS: |! µ | < 1.47, CMS: 0.61 < |! µ | < 1.44exp. constraints:
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mμ-rad. model — constraints
• Z → μ+μ- decay: 

• Ratio of partial decay width 

• LO contributions from mμ-rad. model
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