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“It is also important to look for electron or neutron electric dipole 
moments, which may give a new physical signal, and under the 
energy scales we have already observed”

— Edward Witten: Where is the New Physics Lurking? (cern courier 2022)



Nucleon EDM and CP-Violation
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Nucleon EDM (NEDM) is a sensitive probe of 
CP violation (CPV).

The contribution to the NEDM from the weak 
CP-violating phase is 5 orders of magnitude 
smaller than the current experimental limit. 

Strong CPV ( ) and/or BSM physics?GμνG̃μν
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Nucleon EDM from Lattice QCD
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Watershed: F3 = F̃3 + 2α1F2

T. Bhattacharya et al., PRD103:114507 (2021)



Chiral Symmetry on the Lattice
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{γ5, D} = aDγ5DGinsparg-Wilson relation:

Dov =
1
a

[1 + γ5sgn(H)] sgn(H) =
H

H2
H(ρ) = γ5Dw(ρ) = γ5[Dw(m = 0) − ρ]

Massless overlap Dirac operator: ρDov(ρ)

Massive overlap Dirac operator: Dov(ρ, m) = ρDov(ρ) + m (1 −
Dov(ρ)

2 )

Effective propagator: D−1 =
1 − 1

2 Dov(ρ)

Dov(ρ, m)
=

1
ρDov(ρ)

1 − 1
2 Dov(ρ)

+ m
≡

1
Dc + m

 is continuum-like.Dc

{γ5, Dc} = 0



NEDM from Overlap Fermions
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1. Well defined chiral 
limit at finite lattice 
spacing

2. Improved algorithms 
& High statistics

3. CDER

4. Topological charge 
defined from the 
overlap operator

The anomalous Ward identity holds for 
overlap fermions, and it guarantees that 

 when  even at finite lattice 
spacings.
dn → 0 mq → 0

P. Hasenfratz, et. al., NPB643:280 (2002)
J. Liang et. al., PRD98:074505 (2018)

D. Guadagnoli, et. al., JHEP 0304, 019 (2003)

3 ensembles with lattice spacing ~0.11 fm

Y. Aoki et al. PRD83:074508 (2011)



NEDM from Overlap Fermions

7

Multiple coherent grid sources + inversion with 
deflation  + Stochastic Sandwich method + LMS

Y.-B. Yang et al., PRD93():034503 (2016)

3 ensembles with lattice spacing ~0.11 fm

Y. Aoki et al. PRD83:074508 (2011)

1. Well defined chiral 
limit at finite lattice 
spacing

2. Improved algorithms 
& High statistics

3. CDER

4. Topological charge 
defined from the 
overlap operator



NEDM from Overlap Fermions

8

Liu, Liang and Yang, PRD97:034507 (2018)

The cluster decomposition error reduction

Q → ∑
x

q(x)

1. Well defined chiral 
limit at finite lattice 
spacing

2. Improved algorithms 
& High statistics

3. CDER

4. Topological charge 
defined from the 
overlap operator



NEDM from Overlap Fermions
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 q(x) =
1
2

Tr[γ5Dov]

1. Well defined chiral 
limit at finite lattice 
spacing

2. Improved algorithms 
& High statistics

3. CDER

4. Topological charge 
defined from the 
overlap operator



Systematic Uncertainties
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The total systematic uncertainty is found to be 22%, which comes from the two-state fits (18%), the 
momentum extrapolation (4%), the CDER technique (12%) and the chiral extrapolation (3%).



“Partially Quenched” Chiral Extrapolation and Results
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“Partially Quenched” Chiral Extrapolation and Results
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Summary and Outlook
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Using overlap fermions, we are having very clear signal for 
nucleon EDM.

Study with lighter pion masses and more lattice spacings is 
on going.

Thank you



CP-violating Operators
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quark Chromo-EDM 

glue Chromo-EDM (Weinberg term)

theta term

4-quark operators?

f abcG̃a ν
μ Ga ρ

ν Ga μ
ρ

iGμνG̃μν

iψ̄[G̃μνσμν]ψ

ψ̄γ5ψψ̄ψ

dim-4

dim-6

dim-6

dim-5

quark EDM iψ̄[F̃μνσμν]ψ dim-5

Problematic due to 
renormalization and mixing


