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Neutron electric dipole moment

e The electric dipole moment is a measure of the separation of positive and negative
charges within a system:
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The intrinsic nEDM is an important probe of CP violation!
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Lattice calculation of the theta EDM
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Challenges for lattice nEDM calculations:
1. Large noise from O,

2. Excited-state contamlnﬂ’%on caused by parity mixing.



Background electric field method

 The constant background field on a periodic lattice

W. Detmold, B. C. Tiburzi, A. Walker-Loud, PRD (2010)
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Deformed nucleon ground state

 The Euclidean electric dipole operator induced by the electric field
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(Parity odd, CP even, anti-Hermitian)
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e Deformed nucleon ground state to first order in the electric field
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Left eigenstate (N'OL\ = (Np| + i€, Z
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A positive parity projector by itself does not isolate the deformed nucleon ground state!
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Feynman-Hellmann theorem

e The nEDM from Feynman-Hellman theorem

2. Feynman-Hellman theorem 3. EDM from time-local qtop
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Deformed nucleon ground states Spectral interpretation
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V. Baluni. PRD 19 (1979)
The nEDM arises from the interplay between CP-even electric

dipole operator and the CP-odd topological charge operator.
/16



Non-Hermitian GEVP (variational method)

e Extraction of ground state nEDM using non-Hermitian GEVP

2. Build the 2x2 correlator
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3. Non-Hermitian GEVP Czppif;ﬁ( te)ug = e~ ™olts—to)y, pr«f*éT( to)vr

4. Construct the optimal operator 5. Calculate the nEDM
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Challenges for lattice nEDM calculatlons Our method:

“(1,7)Go, (T, T) Gy (7. V) G (@ 7))
1. Large noise from Qmp Z 2 W 1. Use time-local, spatially summed qtop ¢,,,(7) = Z 2 .

3272 = 3272
2. Excited-state contamlnatlon caused by parity mixing.

2. Solve a non-Hermitian GEVP to isolate the deformed ground state
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Outline

0 The calculations of EDM on lattice using background field method

ONumerical results Lattice size Lattice spacing Pion mass
245 % 64 0.1105fm 340MeV
243 x 64 0.1105fm 420MeV

0 Summary and outlook 24° X 64 0.1105fm 576MeV
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nEDM from different nucleon interpolating operators

eChiral covariant and non-covariant nucleon interpolating operators

U(I)A rotation qz —> 67’914 Y5 qz’ Y. Ema, T. Gao, M. Pospeloy, A. Ritz, PRD (2024)
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1. The result from the operator Op has larger excited state contamination
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2. The results from the non-covariant operator O, and the covariant operator O . are consistent




Energy spectrum

* Energy levels extracted using different interpolating operators
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The excited state with a mass around 1.7GeV physically exists; 0p

has insufficient overlap to isolate it as a separate GEVP eigenstate.
Therefore, GEVP method can not remove its contamination to the
ground state matrix element.
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* [he results with variational operators 2=
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Comparison between parity and variational operators
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nEDM from multi-operator GEVP

e Suppression of excited state contamination using a multi-operator GEVP
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Gradient flow

Gradient flow ———Bulter) = DuGu(ter),  Bu(0) = 4, smoothing radius 7 = (Stgf)l/2
GF
[M.Luscher, JHEP08:071; 1006.4518]
1 Global topology stabilizes 2. The extracted nEDM remains unchanged
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Summary of nEDM results

e Chiral extrapolation and summary of the nEDM result at the physical point

Chiral extrapolation nEDM results at the physical point
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Summary and outlook

- To obtain a statistically significant nEDM, we propose to use a local definition of the
topological charge on a single time-slice, motivated by the Feynman-Hellmannn
theorem.

- We use GEVP method to isolate the deformed ground nucleon state in the presence of
electric field, suppressing the excited state contamination and gradient flow
dependence.

- The nEDM calculated using different interpolating operators are consistent with each
other.

> Conventional systematic errors like discretisation, finite-volume effect and chiral
extrapolation effects will be addressed in the future work.

Thank you for your attention!
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Backup slides




Effective mass

» Effective masses of parity and variational operators

Effective masses of parity Effective masses of variational
operators operators
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All mode average and low mode average

T. Blum, T. lzubuchi and E. Shintani, PRD 88 (2013)
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