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✓ T violating (CP violating)

✓ Standard Model contributions suppressed

✓ good sensitivity to CP violation in new physics

T

H = �d ~s · ~E
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de ∼ 10−38 ecm

e.g.) neutron EDM

de ≤ 1.1 × 10−29 ecm

dn ≤ 3.0 × 10−26 ecm

(dn)SM ∼ 10−32 ecm ≪ (dn)exp = 3.0 × 10−26 ecm

dp ≤ 7.9 × 10−25 ecm

Electric Dipole Moments (EDMs)



de ≤ 1.1 × 10−29 ecm
(ACME collaboration, V. Andreev et al., 2018) de ∼ 10−38 ecm

SM value

Sensitivity of electron EDM to new physics



de ≤ 1.1 × 10−29 ecm
(ACME collaboration, V. Andreev et al., 2018)

How good is this measurement ?
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Sensitivity of electron EDM to new physics

de ∼ 10−38 ecm

e−

γ

 sensitive up to ~70TeV scale new physics⇒

CP violation ∼ 𝒪(1) typical couplings ∼ 𝒪(1)

SM value

e−



Electron EDM as a probe of dark sectors

If a nonzero electron EDM is observed near future, it would point to the 

existence of new physics below ~100TeV

but is that new physics surely charged under the SM gauge groups?

In this work, we examine if a large electron EDM can be induced from 

SM gauge singlet new physics

= Dark Sectors



✓ SM gauge singlet fields
✓ CP violation

mediators

Dark sector with renormalizable portals

F′ : dark photon
S : singlet scalar
N : heavy neutral lepton

Standard Model Dark Sector

Kinetic mixing Higgs portal Neutrino portal
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Lportal = ✏B
µ⌫
F

0
µ⌫ � (AS + �S

2)H†
H � YNLHN
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Ldark
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LNP = Lportal + Ldark



Neutrino portal

Vector and scalar portal

electron EDM induced via “dark EDM”
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Electron EDM from dark sectors

Le Dall, Pospelov, Ritz (2015)

de . 10�33 e · cm
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(ψ : dark fermion)

Archambault, Czarnecki, Pospelov (2004); Ng, Ng (1995)

ℒNP = − YNLHN − MNNcN

ℒNP = ϵBμνF′ μν − AS |H |2 − YS S ψiγ5ψ

ēσμνγ5eF′ μν → ēσμνγ5e
□ Fμν

m2
A′ 
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new!

[SO, Pospelov and Ritz, 1905.05219]
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�LNP = ASH
†
H + YNLHN + �NSNi�5N



Consider Dirac neutrino

- no seesaw relation

- sizable neutrino mixing is allowed

Naive estimate

ν

h
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e eN ν
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θh

θνθν

New contribution (singlet portal)

θh ≃
Av

m2
S − m2

h
: Higgs − singlet mixing

θν ≃
YNv
mN

: neutrino mixing

de ∼
e3

(16π2)2
⋅ θhθ2

ν ⋅
me

m2
NP

⋅ λN ∼ 4 × 10−29 e cm ⋅ ( θhθ2
ν

10−2 ) ( 100 GeV
mNP )

2

( λN

1 )
close to the current sensitivity
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�LNP = ASH
†
H + YNLHN

+ �NSNi�5N +mNNN

CP violating



Size of the induced electron EDM

mild or non-decoupling behavior as 

significant suppressions for  in both cases

resonant behavior at  for a massive scalar

mN → ∞

mN ≪ mW

mS = mh

θhθ2
ν = 10−2, λN = 1 (maximum CP violation)

mS<<mW

mS=mN

0.1 0.5 1 5 10
10-31

10-30

10-29

10-28

mN /mW

d e
[e
cm

]

mS ≪ mW

mS = mN

de ≤ 1.1 × 10−29 ecm
(ACME collaboration, V. Andreev et al., 2018)
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Sensitivity plots

maximum CP violation assumed

    

limit on neutrino mixing

- CHARM:   from D meson decay

- DELPHI:  

- ALEPH:  

- Electroweak precision data

limit on scalar mixing

- L3:   

N

Z → Nν

e+e− → Nν → 2ℓ2ν

e+e− → Z*S

The EDM measurement at the ACME 

already provides the best sensitivity 

to neutrino mixing for large mN

de ≤ 1.1 × 10−29 ecm (ACME)
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mS ≪ mW

mS = mN
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Summary and Conclusion

examine electron EDMs induced from dark sectors

several mediation channels

@ 2-loop level or more

largest contribution = singlet portal

singlet portal contribution

a combined mediation by a heavy neutrino and a singlet scalar

never considered so far 

a maximum value:  

a good sensitivity to neutrino mixing for large singlet masses

de ∼ 10−29 e ⋅ cm

Thanks a lot for your attention!!



Back up



EDM via neutrino portal γ

e e

WW

ni nje

a minimal seesaw model

Majorana neutrino

mass matrix for

If we allow considerable tuning, it reaches a maximum value

[Archambault, Czarnecki and Pospelov, 0406089;  Le Dall, 
Pospelov and Ritz, 1505.01865;  Ng and Ng, 9510306]

mDi
: Dirac masses, Mi : Majorana massesM =

0

@
0 mD1 mD2

mD1 M1 ✏
mD2 ✏ M2

1

A
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LIR = YDiL̄HNi �M
ij
N̄

c
i Nj + h.c.
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(ν, N1, N2)

mDi
, ϵ ≪ M1,2

mν ≃
m2

D1
− m2

D2

M
M = (M1 + M2)/2

θν ≃ mDi
/M

de ∼ 10−33 e ⋅ cm



EDM “radius”

the effective EDM radius translates to eEDM by

1. identifying the corresponding scale with a K-shell radius: 

2. ,  ,   and 

□ → (Zαme)2

mA′ ≳ (Zαme) qψ = 1 α′ = α YS = 1

Dark Barr-Zee mechanism (vector&scalar portal)
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“dark EDM” operator

r2d ' |e|↵0YS

16⇡3vm m2
A0

⇥ ✏2✓h ln(m
2
 /m

2
S)
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 ̄�µ⌫�5 F
0
µ⌫ !  ̄�µ⌫�5 

⇤Fµ⌫

m2
A0
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(mA′ : dark photon mass)

[Le Dall, Pospelov and Ritz, 1505.01865]

Le↵ = r2d
i

2
 ̄�µ⌫�5 ⇤Fµ⌫
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(mA′ ≪ mS ≪ mψ)
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Calculation procedure

k

q − k/2q + k/2

P − q − k/2 P − q + k/2

P P

1. calculate the electron self-energy in a 
general EM background field

2. expand its CP-violating part in terms of a 
electron covariant derivative

P 2 = /P /P +
1

2
e(F · �)
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[Pµ, P⌫ ] = ieFµ⌫
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M = � i

2
dscalee  ̄e(F · �)�5 e ⇥

Z
d4kd4q

⇡4
f(k, q)
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de = dscalee ⇥
Z

d4kd4q

⇡4
f(k, q)
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Pµ = pµ + eAµ
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M =  ̄e⌃(P ) e
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/P e(P ) = me e(P )
<latexit sha1_base64="3ViaD7ThJR1eZvcHE185by06WJQ="></latexit>

In the end, we obtain

3. extract the EDM contributions using the following relations:


