
Ellipse of Muon Dipole Moments
Radovan Dermisek, Keith Hermanek, Navin McGinnis, Sangsik Yoon

Accepted in PRL, arxiv:2205.14243 [hep-ph]

PIKIMO 13, University of Cincinnati, Nov.12, 2022



Outline
• Muon g-2 is one of the longest standing anomalies that needs to be explained


• There are many models that explain the anomaly. Examples include vectorlike leptons, SUSY, 
2HDM, leptoquarks, … 


• In models with chiral enhancement, New Physics scale can be as large as 50 TeV while 
explaining muon g-2 anomaly


• The same New Physics modifies the muon Yukawa coupling through higher dimensional 
operators, thus  rate deviates from the SM value


• Furthermore, if all couplings are complex in general, then we expect EDM


• We emphasize that, as we will show, since three observables, , , and EDM are 
highly correlated, complex couplings are not optional

h → μ+μ−

μ

Δaμ h → μ+μ− μ



Intuitive picture

loop model

tree model
e.g. SM+VL
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Effective Lagrangian

L � �yµ l̄LµRH � CµH l̄LµRH
�
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†
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�
� Cµ� l̄L�
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µRHF⇢� + h.c.,
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Δaμ dμh → μ+μ−

Real Imaginary



dimension-6 mass operator

CµH l̄LµRH(H†
H)
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mµ = (yµv + CµHv3)e�i�mµ
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µµ
= (yµ + 3CµHv2)e�i�mµ
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*3 appearing due to different combinations

*  can be complexλh
μμ

Inserting 3 vevs

Inserting 2 vevs



Modification of  rateh → μ+μ−

Rh!µ+µ� ⌘ BR(h ! µ+µ�)

BR(h ! µ+µ�)SM
=
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◆2 ���h
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��2
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The combinatorics lead to modifications of h → μ+μ−

�h

µµ
= (yµ + 3CµHv2)e�i�mµ

<latexit sha1_base64="MVdV/DnhrT5qJceK6ffxSUWL/8s="></latexit>

where



Complex couplings

• All couplings are in general complex


• Note that the same combination of phases appear both in  and 


•  and  are related by a real factor 


•  is not only correlated to  but also highly to EDM


• If  is not modified, then sizable EDM is generated in many models

Cμγ CμH

Cμγ CμH k

Rh→μ+μ− Δaμ μ

h → μ+μ− μ

CµH =
k

e
Cµ�
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The muon ellipse
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where ! = m2
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Example: SM+Vectorlike Leptons

k =
64⇡2

Q
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 for different representations

For VL with same representations 

as SM ones,


𝒬

𝒬 = 1

excluded by LHC 



SM+VL, 𝒬 = 1,𝒬 = 3,𝒬 = 5
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The sensitivity at Paul Scherrer Institute (PSI): |dμ | ∼ 6 × 10−23 ecm
arXiv:2102.08838 [hep-ex] 



Many models
E.g., SM+VL, 2HDM, MSSM, 

leptoquarks, …

Many models will be 
tested in near future 

measurements
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0Δaμ = 2.51 × 10−9
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Any model that explains g-2 with 
chiral enhancement can be 

mapped to the plane 

Current experimental limit:  , arXiv:0811.1207 [hep-ex]

Expected reach at Fermilab: , EPJ Web Conf. 118 (2016) 01005


Expected reach at PSI: , arXiv:2102.08838 [hep-ex] 

|dμ | ∼ 1.8 × 10−19 ecm
|dμ | ∼ 1 × 10−21 ecm

|dμ | ∼ 6 × 10−23 ecm



Summary
• Three observables, , , and EDM are highly correlated


• If  is not modified, then sizable EDM is necessarily generated 
in many models


• Near future measurements of  will carve an ellipse, and 
together with EDM, many models will be tested


Thank you for listening!

Δaμ h → μ+μ− μ

h → μ+μ− μ

h → μ+μ−

μ


