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Motivating Questions…

• Developed at a time before there was clear evidence for dark matter or neutrino mass, 
and now there are even more questions…

Sakharov’s criteria for generating a baryon asymmetry are over 50 years old!
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⇒ Common theme - CP violation required in one sector or another

Sakharov’s criteria for generating a baryon asymmetry are over 50 years old!

Motivating Questions…



EDMs as precision probes

H = �d �E ·
�S

S

EDMs are powerful (amplitude-level) probes for new CP/T violation

Paramagnetic EDMs Diamagnetic EDMs Neutron EDM

Harvard/Yale (ThO) 
[Andreev et al. ’18]

Imperial (YbF) 
[Hudson et al. ’11]

U Washington (Hg) 
[Graner et al ’16]

U Michigan (Xe) 
[Rosenberry & Chupp ’01]

(+ many experiments in development around the world, including at TRIUMF)

Argonne (Ra)                            
[Bishof et al ’16]

JILA, NIST (HfF+)                   
[Cairncross et al. ’17]

Sussex/RAL/ILL 
[Baker et al. ’06, 
Pendlebury et al ‘15]

|dHg| < 7.4⇥ 10�30 ecm |dn| < 3⇥ 10�26ecm|dequive | < 1.1⇥ 10�29 ecm



Looking back ~ 35 years
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Limited EDM sensitivity through para- 
and diamagnetic atoms circa 1985…



Looking back ~ 15-20 years
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Multiple probes (e.g. of SUSY) with 
complementary sensitivity in the LEP era…



Looking back ~ 0 years
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Comparison with direct mass limits on new 
(strongly-interacting) particles [Moriond ’19]



Looking back ~ 0 years
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• The electron EDM is now one of few probes of PeV 
scale SUSY 

• Also probes certain CP-odd Higgs couplings at %-level

[McKeen, Pospelov & AR ’13; 
Altmannshofer et al ’13; Fuyuto et al ’13]

[McKeen, Pospelov & AR ’12; 
Harnik et al ’12; Fan & Reece ’13] 

ThO



dCKM
n � Cqq(J)

� JG2
F

dCKM
Hg � Cqq(J)

� JG2
F

dCKM
e�equiv � rCS(J)

� rJG2
F
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[Khriplovich & 
Zhitnitsky ’82;      

McKellar et al ’87;        
Mannel & Uraltsev ’12]

EDMs in the Standard Model (CKM phase)

J � Im(V V V V )
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New physics in a dark/hidden sector
Empirical evidence for new physics (e.g. neutrino mass, dark matter) arguably 
points to a hidden/dark sector, but not directly to a specific mass scale

May contain light states, if 
sufficiently weakly coupled

mediators
Standard Model

Hidden Sector 
- dark matter 
- neutrino mass

➠ a huge parameter space a priori, so what theoretical guidance is there?
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Visibility Frontier

Direct 
searches

UV Physics 
• Neutrino mass - (HL)(HL)/ΛUV 
• DM - WIMPs etc

IR Physics 
• Neutrino mass - light (RH) singlets 
• DM - axions, sterile neutrinos, etc

Discoverability frontier



Easier to be systematic if we focus 
first on the mediation channels...

mediators
Standard Model

Hidden Sector 
- dark matter 
- neutrino mass

Substantial research effort over the past decade….

Given a very large ‘model-space’ a priori, its useful to develop an EFT 
expansion, assuming the hidden sector is SM-neutral

New physics in a dark/hidden sector

[See review talk at CAP by D. McKeen]



EFT for a (neutral) hidden sector

Standard Model  Dark Sector
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mediators

Many more UV-sensitive interactions at dim ≥ 5

[Okun; Galison & 
Manohar; Holdom; 
Foot et al]

[Patt & Wilczek]
Vector portal Higgs portal Neutrino portal
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Generic interactions are irrelevant (dimension > 4), but there are three UV-complete 
relevant or marginal “portals” to a neutral hidden sector, unsuppressed by the 

(possibly large) NP scale Λ
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mediators

(+ gravity)
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Naturally incorporates minimal models of neutrino mass, and leptogenesis

Vector portal Higgs portal Neutrino portal



EFT for a (neutral) hidden sector - IR mediation

Generic interactions are irrelevant (dimension > 4), but there are three UV-complete 
relevant or marginal “portals” to a neutral hidden sector, unsuppressed by the 

(possibly large) NP scale Λ

Standard Model  Dark Sector
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mediators

Vector portal Higgs portal Neutrino portal
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Universal couplings to EM/scalar currents at low energy, so hidden sector 
models have correlated observable effects 
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Some experimental signatures

Standard Model  Dark Sector
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• Precision corrections 
• Rare (visible) decays 
• Astrophys/cosmology

• Rare (invisible) decays/Emiss 
• Anomalous NC-like scattering 
• Astrophys/cosmology

“Visible” and “hidden” signatures

Significant complementarity 
between precision & intensity



Standard Model  Dark Sector
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(vector) 
mediators

[Pospelov ‘08]
aVl =

↵2

2⇡
⇥

⇢
1 ml � mV

2m2
l /(3m

2
V ) ml ⌧ mV

E.g. precision corrections (vector portal)



Standard Model  Dark Sector

(vector) 
mediators

E.g. precision corrections (vector portal)

[Ilten et al ‘18]
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• Precision corrections 
- e.g. EDMs

What about sources of CP-violation 
within this framework?

Standard Model  Dark Sector

“Visible” and “hidden” signatures



EDMs from dark sectors
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• Vector portal

If the electroweak sector is fully decoupled, only the 
vector portal remains, and for a single dark photon, 
the leading CP-odd operator is of dimension 8, 
leading to a suppressed 3-loop EDM 

[Okawa, Pospelov & AR ’19]

{L = LSM + Lportals(O3,O4) + Lhid

Standard Model  Dark Sector



EDMs from dark sectors

!21
EDM suppressed by limit on 1-loop (“dark photon”) correction to (g-2)e

Requires at least 2 singlet fermions



EDM via the “singlet portal”

!22[Okawa, Pospelov & AR ’19]

Overall EDM scale:

This is quite close to the current bound, motivating a full computation of the 
relevant 2-loop diagrams… 

{L = LSM + Lportals(O3,O4) + Lhid

Standard Model  Dark Sector



Scaling of the induced electron EDM
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Note the weak decoupling for large mN, similar to FCNCs 



Sensitivity to portal couplings
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Assuming a maximal dark 
sector CP phase, existing 
EDM experiments (e.g. ACME) 
already have significant (and 
complementary) sensitivity to 
portal couplings for masses of 
~ GeV and above 



Summary/Outlook
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• The problem of matter-genesis now goes beyond baryogenesis, but the Sakharov 
criteria, e.g. CP violation (and thus precision tests such as EDMs), remain central. 

• Dark sectors, motivated by the need for dark matter and the generation of neutrino 
mass, may be probed in a manner that is complementary to colliders and fixed target 
experiments using precision experiments, e.g. EDMs 
➡ Highlighted a sizeable 2-loop contribution to the electron EDM that is generic in 

the presence of the neutrino and Higgs (singlet) portals

[Symmetry ’18, Artwork by Sandbox Studio] 


