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Electron EDM (eEDM)

eEDM is attractive observable to probe BSM!

Experimentally Excluded

JILA (2023)

dequiv
e ≃ 1.0 × 10−35e cm

M. Pospelov, A. Ritz, Phys.Rev.D 89 (2014) 5, 056006

Y. Ema, T. Gao, M. Pospelov,Phys.Rev.Lett. 129 (2022) 23, 231801

https://cfp.physics.northwestern.edu/gabrielse-group/acme-electron-edm.html

Prediction in SM

BSM

R. Alarcon et al. “Electric dipole moments and the search for new physics” in Snowmass,(2021),(2022)

|de |
e

< 8.7 × 10−29 cm

ACME (2013)
|de |

e
< 1.1 × 10−29 cm

ACMEⅡ(2018)

JILA (2023)
|de |

e
< 4.1 × 10−30 cm

 T. S. Roussy et al. Science 381 (2023)

eEDM has improved sensitivity 
by about 20 times in 10 years.

“The Electric Dipole Moment of electron induced by Electroweak Multiplets at full Three-loop”, Kiyoto Ogawa,KEK-ph 2026(2/18)

Parity(P) & Time reversal(T =CP) symmetries are violated

Electric Dipole Moment (EDM)

Progress of electron EDM (eEDM)
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In the future eEDM experiments,
TeV-scale BSM that induces the eEDM at 3-loop can be probed!

order estimate on the eEDM (n-loop)
n : loop order
 : coupling constantsλ  : CP phasesin ϕCP

 : BSM scaleΛ

constraints to BSM scale

|de |
e

< O(10−32) cm

sensitive to TeV scale at 3-loop level

Λ ≳ 3 TeV (n = 3)

Future Experiments
|de |

e
< 4.1 × 10−30 cm

Current

 (SU(2)  gauge coupling)λ ≃ g L

sin ϕCP = O(1)

Λ ≳ 4 TeV (n = 2)

|de |
e

< O(10−31) cm Λ ≳ 1 TeV (n = 3)

Electron EDM (eEDM)
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Λ ≳ 80 TeV (n = 1)



BSM(TeV)

Set Up

M. Cirelli and A. Strumia, New J. Phys. 11(2009) 105005

・The neutral component is DM candidate.

・The motivation of the  multipletsSU(2)L
Minimal Dark Matter model

・mass   ( Relic abundance )∼ O(TeV)

・quintuplet fermion is favor ( DM stability )

SM

CP violating Yukawa interaction
・  multiplets :  (fermion), S (scalar)SU(2)L ψA, ψB

(  : complex number )s, a
(  : coefficients that depend on representation )XB̄AS, XĀBS̄

CP ※assumption:  multiplets couple to electron only through SU(2)L W
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BSM(TeV)

Our Work：Evaluate the eEDM in this model

The 3-loop contribution is Leading Order(LO)!
Can this model de probed in the future experiment?

SM

CP violating Yukawa interaction
・  multiplets :  (fermion), S (scalar)SU(2)L ψA, ψB

(  : complex number )s, a
(  : coefficients that depend representation )XB̄AS, XĀBS̄

CP ※assumption:  multiplets couple to electron only through SU(2)L W

Set Up
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BSM(TeV)

SM

Electroweak-Weinberg Operator

Set Up

CP violating Yukawa interaction

・  multiplets :  (fermion), S (scalar)SU(2)L ψA, ψB

<latexit sha1_base64="uPmj8hpE2T7klCbzmu+iQWCC76M="></latexit>
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de

Integrating out
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 A/B , S

Integrating out <latexit sha1_base64="81PQ/UaS2/1vd9Fi4JBI/db3GGI="></latexit>mW 1-loop

3-loop

threshold-correction in SMEFT
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BSM(TeV)

SM

Electroweak-Weinberg Operator

Previous Study

CP violating Yukawa interaction

・  multiplets :  (fermion), S (scalar)SU(2)L ψA, ψB
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Integrating out
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 A/B , S
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3-loop
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e

m2
W

◆
Matching condition to eEDM

・No Log-enhancement   
   because anomalous-dim = 0
This result is composed of the 
threshold-correction in LEFT!

W. Dekens and P. Stoffer, JHEP 10 (2019) 197

K. Ogawa et al., JHEP 02 (2025) 082
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BSM(TeV)

SM

Electroweak-Weinberg Operator

This Study

CP violating Yukawa interaction

・  multiplets :  (fermion), S (scalar)SU(2)L ψA, ψB
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Integrating out
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 A/B , S

Integrating out <latexit sha1_base64="81PQ/UaS2/1vd9Fi4JBI/db3GGI="></latexit>mW 1-loop

3-loop

threshold-correction in SMEFT

Threshold correction in SMEFT 
would contribute at the same order
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BSM(TeV)

SM

This Study

CP violating Yukawa interaction

・  multiplets :  (fermion), S (scalar)SU(2)L ψA, ψB

<latexit sha1_base64="cmOCQj/+DyPz679DUD4i86HAa+4="></latexit>

de

3-loop

Threshold-correction 
in SMEFT

We evaluate Full 3-loop eEDM directly
This Study

<latexit sha1_base64="5M9TMk6eyffQDZkjeegM2HCqIBg="></latexit>

dFulle = dCW
e + dthe

Have already 
evaluated
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Full Calculation
Result of calculation

(A, B, S) = (r, r,1)

Rephasing-invariant factor

Combination of 3-loop vacuum integrals

・  can be evaluated analytically in the case of <latexit sha1_base64="MuoO4YPz9IrQDhmUvaMzCvAuiLE="></latexit>mA = mB

・  obtains rephasing invariance under the field redefinition
<latexit sha1_base64="1zVDVM69jJQXSZmMwgf0kW8/ID8="></latexit>

Re(sa⇤)A     - part also composes of 
<latexit sha1_base64="zyaPu708gNkkBW+valQLvhXaY40="></latexit>�5 Loop-integral = 0 !

can be picked up by Chirality-flips in each fermions<latexit sha1_base64="RFhaPmgeXYXJp0lxOE7iIg/ldZc="></latexit>mA,mB

T. Banno et al., JHEP 02 (2024) 195,  JHEP 09 (2025) 135
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Result
Comparison of        and  
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(mA = mB = mS)

electron EDM through the electroweak-Weinberg operator

electron EDM in the full theory
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Result
Comparison of        and  

electron EDM through the electroweak-Weinberg operator
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(mA = mB = mS)

electron EDM in the full theory
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Result

Im(sa*) = 0.25
<latexit sha1_base64="UVvbBw0U5R588efYgfwdAKArmAo="></latexit>

Exp

<latexit sha1_base64="0AwkrUkpRbkpWzCt7m2eAgwILgs="></latexit>

SM

Prospects for the future experiments

・This scenario can be tested in the future eEDM! 

・In the case of large , eEDM is enhancedr
<latexit sha1_base64="o2aXIISElMWbqdxns7RIJVHhT8I="></latexit>
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Result
Prospects for the future experiments

・5-plet fermion case is favored as Minimal DM
<latexit sha1_base64="JOdIPoPPs24Dt7bQ/SBsWLJ/i9k="></latexit>
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(mA = mB →= mS)
Im(sa*) = 0.25
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・DM candidate would be probed by improvement  
   of two order of magnitudes



Conclusion
TeV-scale BSM that induces the eEDM at 3-loop can be probed!

We evaluate the contribution of the eEDM in the full 3-loop diagram 

Result1

Result2
This scenario would be tested in the future eEDM! 

/1615
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dFulle = dCW
e + dthe → 3dCW

e

Threshold-correction 
in SMEFT

Give large contribution
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Back Up



Electric Dipole Moment(EDM)

Neutron EDM (2018)
The most recently results

Electron EDM (2023)

|dn | < 1.8 × 10−26ecm C. Abel, et al., Phys. Rev. Lett. 124 (2020) 081803

|de | < 4.1 × 10−30ecm  T. S. Roussy et al. Science 381 (2023)

EDM has many observables (nucleon, pala-magnetic atom, etc)

Mercury EDM (2023)
|dHg | < 7.4 × 10−30ecm B. Graner et al., Phys. Rev. Lett. 116 (2016) 161601



Future Experiment in eEDM
・ACMEⅢ
The aim is to improve sensitivity by a factor of 30 over previous( ACMEⅡ) results.

・JILA
HfF＋→ThF＋

Aim for sensitivity improvements of 
more than one order of magnitude.

A.Hiramoto et al., Nucl. Instrum. Meth. A 1045 (2023) 167513

R. Alarcon et al. “Electric dipole moments and the search for new physics” in Snowmass,(2021),(2022)
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ACMEⅡ(2018)

JILA (2023)
|de |

e
< 4.1 × 10−30 cm

 T. S. Roussy et al. Science 381 (2023)

eEDM has improved sensitivity 
by about 20 times in 10 years.



Equivalent EDM

Equivalent EDM is defined as the eEDM including nuclei effect 

dequiv
e = de + CS × X(molcule depend) e cm

ℒ = − i
de

2
ēσμνγ5eFμν +

GF

2
CSēiγ5eN̄N

 (  )X = 0.9 × 10−20 HfF+

 (  )X = 1.5 × 10−20 ThO

・Effective Lagrangian

N = (p
n)

M. Pospelov and A. Ritz, Annals Phys. 318 (2005) 119 [hep-ph/0504231]

e.g.)

In theoretically, We have to discuss eEDM  including nuclei effect



dequiv
e = de + CS × 1.5 × 10−20e cm

M. Pospelov, A. Ritz, Phys.Rev.D 89 (2014) 5, 056006

de ∼ 𝒪(10−44)ecm

Y. Ema, T. Gao, M. Pospelov,Phys.Rev.Lett. 129 (2022) 23, 231801

CS ≃ 6.9 × 10−16

dequiv
e ≃ 1.0 × 10−35ecm

・In ThO case

In the SM,  contribution is dominant!Cs

Equivalent EDM predicted by Standard Model

Equivalent EDM induced by SM

≃ 1.0 × 10−35ecm



Minimal Dark Matter Model
M. Cirelli, A. Strumia, and M. Tamburini, Nucl. Phys. B 787 (2007) 152‒175.

The constraints to  SU(2)L triplets by LHC
mr=3 ≥ 660GeV

ATLAS,Aad et al, 2201.02472,CERN-EP-2021-209,Eur.Phys.J.C,(2022)

・Representation

・Direct Detection

・Collider search
Mass splitting

Mχ± − Mχ = ΔM = O(100) MeV



Yukawa interaction→ QCD Weinberg Operator

・We derive the EW-Weinberg Operator with 2 changes.

SU(3) SU(N)

Numerical Analytic

Yukawa interaction → EW-Weinberg Operator

JHEP 03 (2018) 175 Our Work
①

② S.P.Martin,Phys.Rev.D.65 (2002) 116003

T. Abe, J. Hisano, and R. Nagai, JHEP 03 (2018) 175

N＝2

W c

W bWa

S

A

B



(A,B,S) Group factors



How to derive EW-Weinberg Operator
・The Wilson coefficient for EW-Weinberg operator

: group factor

loop functions
I(x1; x2; x3) = ∫ ddk∫ ddq

1
(k2 − x1)(q2 − x2)[(k − q)2 − x3]

= Ī(x1; x2; x3) + Idiv(x1; x2; x3)

Master Integral

S.P.Martin,Phys.Rev.D.65 (2002) 116003
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⌫
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W� q
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Wb Wc

Lagrangian 4-dim → d-dim
・Evaluate 1-loop diagram in DR

Treatment for γ5 & Levi-Chivita symbol
Bollini-Méndez-Holeman-Veltman(BMHV) Scheme

・γ5 & Levi-Chivita symbol are defined as 4-dimensional objects

G. ’t Hooft and M. J. G. Veltman, Nucl. Phys. B 44 (1972) 189–213.

※ bars and hats conventionally represent 4 and (d - 4)-dim.

EW-Weinberg Operator → eEDM

・give up anticommutation property

EW-Weinberg Operator in d-dim

Evanescent operator is added



e e

�

p+ q p+ `

⌫

p

W� q

Wa

Wb Wc We separately evaluate the 4- & (d-4)-dim contributions.

EW-Weinberg Operator → eEDM
・Evaluate 1-loop diagram in DR

 do not contribute because  has (d-4)-dimensional momentum or polarization.Ô2 Fμ̄ ̂ν



e e
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p

W� q

Wa

Wb Wc

EW-Weinberg Operator → eEDM
・Evaluate 1-loop diagram in DR
EW-Weinberg Operator in d-dim

In  case, this result is consistent to the Naive Dimensional Regularization.C(4)
W = C(d−4)

W
W. Dekens and P. Stoffer, JHEP 10 (2019) 197

We separately evaluate the 4- & (d-4)-dim contributions.

de

e
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α2
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W +
α2

2

9
meC(d−4)

W



2-loop level 3-loop level

Barr-Zee diagram(LO) Barr-Zee diagram(NLO)

EW-Weinberg

RG effect for CP violating operator at 
1-loop level

ω ω

H H
†

C̃s/t

H H†

χ χ̄

W. Kuramoto, T. Kuwahara, and R. Nagai, Phys. Rev. D99 (2019) 095024

γ

γ h
e e

χ

vC̃s/t

N. Nagata and S. Shirai, JHEP 01 (2015)

CP violating operator

χ = ψA/B

vs

 : SM coupling　  : casimir operatorα2/αY /αt /λ′￼ C2(r)

In the case of S = SM Higgs
(A, B, S) = (3,2,2H)



EW-Weinberg  Barr-Zee diagram(NLO)≪

In the Yukawa interaction with Higgs, EW-Weinberg contribution can be neglected!

(A, B, S) = (3,2,2H)
Barr-Zee diagram(NLO) vs EW-Weinberg

BZ (LO+NLO)

BZ (NLO)

EW=Weinberg

(mH ≪ mA < mB)
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(mH ≪ mB < mA)
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EW-Weinberg

In the case of S = SM Higgs



Cancelation of U(1)  dependence Y

We can write clockwise flow diagrams and counterclockwise flow diagrams

Fermion trace is same up to sign



How to calculate three-loop integrals
Expand for W-boson



How to calculate three-loop integrals
We use the Integration-by-Parts (IBP) method

Complex Integral The combination of Simplified(Master) Integral

Reduce

We reduce the complex integral by public code “Kira” P. Maierhöfe et al., Comput. Phys. Commun. 230 (2018) 99–112 

<latexit sha1_base64="MuoO4YPz9IrQDhmUvaMzCvAuiLE="></latexit>mA = mB case,
Reduce

1loop-integral  3×

1loop-integral  2-loop integral×

3-loop integral

These integrals have already known analytical solutions

S. P. Martin and D. G. Robertson, Phys. Rev. D 95 (2017) 016008

S. P. Martin, Phys. Rev. D 65 (2002) 116003



Result
Comparison of        and  

electron EDM in the full theory

electron EDM through the electroweak-Weinberg operator
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