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Searching for new physics at low-energy scales

Open questions: matter–antimatter asymmetry, new CP violation,
Lepton-number violation, Majorana neutrino mass, etc
Low-energy scales probes: (atomic) EDMs, 0νββ decay, etc.
Physical intepretation: nuclear matrix elements as a ”bridge” connecting
measurements and new physics.
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Charge-parity violation and atomic EDMs

The sources of charge-parity
violation (CPV) within the SM
(the complex phase of the CKM
matrix in weak interactions and
the θ term in QCD) are not
sufficient to explain the observed
baryon asymmetry of the universe.
Hypothetical new sources of CPV
beyond standard model (BSM),
such as SUSY, multi-Higgs
models, and LR-symmetry models. T. Chupp, et al., Rev. Mod. Phys. 91, 015001 (2019); credit to Jaideep Singh.

Observation of any sizable EDMs of elementary or composite particles would indicate
new CP violation beyond the SM, potentially solving the baryon asymmetry problem.
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CP violation in chiral EFT

At low-energy scales, chiral Lagrangian
constrained by the symmtries of QCD

LQCD → LχEFT = LNN + LπNN + Lπ + · · ·
Systematic expansion in the power of

Q/Λχ ≃ mπ/Λχ

Each terms comes with an unknown LEC.

Extension to include CP-violating terms

LχEFT = LPCTC + LPVTV + · · ·

J. de Vries et al., arXiv:2001.09050 [nucl-th]
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CP violating operators at low-energy scales and EDMs

J.M. Yao (Chiral EFT-X@Nanjing, 2025) 6 / 20



CP-violating nuclear force and nuclear Schiff moments
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Nuclear Schiff moments in other candidates

J.M. Yao (Chiral EFT-X@Nanjing, 2025) 8 / 20



Multi-dimensional constraints with new measurements
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Lepton-number violation and 0νββ decay
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Theoretical studies of 0νββ decay and neutrino physics

The 0νββ decay rate in the standard mechanism:

⟨mββ⟩ ≡ |
3∑

j=1
U2

ejmj | =
[

m2
e

g4
AG0νT 0ν

1/2 |M0ν |2

]1/2

Whether or not the ton-scale experiments are able to cover the entire parameter
space for the IO case depends strongly on the accuracy of the NME.
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A strategy to enhance the sensitity of 0νββ decay
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A proposal to reduce the uncertainty of the NMEs
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The first-wave of ab initio studies of 0νββ decay in 48Ca
Multi-reference in-medium generator
coordinate method (IM-GCM)
JMY et al., PRL124, 232501 (2020)

Valence-space shell model+IMSRG
(VS-IMSRG)
A. Belley et al., PRL126, 042502 (2021)

Coupled-cluster with singlets, doublets, and
partial triplets (CCSDT1) .
S. Novario et al., PRL126, 182502 (2021)
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Promoting the contact transition operator to LO

A contact transition operator which could
either enhance or quench the 0νββ decay, is
needed to be promoted to LO to ensure
renormalizibility. V. Cirigliano et al., PRL120, 202001 (2018)

We determine the unknown LEC gNN
ν of the

contact operator, consistent with the
employed chiral interaction (EM1.8/2.0),
based on the synthetic data for the process
2n → 2p + 2e−. V. Cirigliano et al., PRL126, 172002 (2021)

The contact term turns out to enhance the
NME for 48Ca by 43(7)%, thus reducing the
half-life T 0ν

1/2 significantly.
R. Wirth, JMY, H. Hergert, PRL127, 242502 (2021)
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The error of EFT truncation on nuclear forces

The NME converges with respect to the chiral expansion order χ of nuclear forces
for candidate nuclei 48Ca and 76Ge.
The EFT truncation error is shrinking with the increase of χ expansion order ν.
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Quantification of the uncertainty in the NME of 76Ge

Our recommended value M0ν = 2.60+1.28
−1.36.

Together with the best half-life limit: > 1.8 × 1026 yr, it sets the upper limit
⟨mββ⟩ = 187+205

−62 meV, and the sensitivity of the next-generation experiment
⟨mββ⟩ = 22+24

−7 meV, covering almost the entire range of IO hierarchy.
A. Belley, JMY et al., PRL132, 182502 (2024)
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Extension to the 0νββ decay of 136Xe
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Summary and outlook

Nuclear physics plays an important role in the search for new
physics at low-energy scales.

Accurate nuclear matrix elements (NMEs) are crucial for designing and
interpreting the experiments, including the searches for atomic EDM, 0νββ decay,
etc.
We developed a novel nuclear ab initio framework which allows us to determine
the values of NMEs and their uncertainties using the operators derived
consistently within the chiral EFT.
We have successfully applied our method to compute the NMEs of 0νββ decay in
light candidate nuclei. Its application to nuclear Schiff moment is more
challenging, but it is on the way.

Outlook: extending nuclear ab initio methods for Schiff moments,
and reducing the uncertainty in the NMEs of 0νββ decay.
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