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ADb Initio calculations with NN forces

Many two-nucleon (/VNV) interactions, applied to nonrelativistic ab initio calculations,
provide insufficient binding for light nuclei.

NN forces SH and 4He
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Taken from Ishii et al., PRL 99, 022001 (2007)




ADb initio calculations with NN+3N forces

® 3N-force models fitting to

» A = 3 binding energy / beta decay

» pd/nd scattering
> ...

Light nuclel
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Lonardoni et al., PRL 120, 122502 (2018)
LENPIC Collaboration, PRC 103, 054001 (2021)
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Drischler et al., PRL 122, 042501(2019)

PRC 58, 1804 (1998); Sammarruca et al., PRC 91, 054311 (2015)
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Possible solutions ...

Accurate ab initio explanations of medium-mass nuclei ?

® Including many-body forces (4N-, 5N-, ..., density-dependent)

> fit to medium-mass and heavy nuclei tractable & non-ab initio.

» density functional theory

® Adjust 3N and/or 2N forces to medium-mass nucleli

» may sacrifice the accuracy for free-space scattering data controversial

» possible inconsistent 3N/2N forces

® Improving nuclear forces by going for higher order

» N4LO inducing new operator structures of 3N forces

: intractable & ab initio.
> but complicated ...

Our strategy: going for a relativistic ab initio framework




Relativistic effects

The relativity brings high-order effects ..

Bridge the Rel. and Nonrel. DFTs Rel. and Nonrel. VMC with LO forces
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Editors’ Suggestion Yang and PWZ, PLB 835, 137587 (2022)




CSB and CIB of NN scattering
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Cirigliano, Dekens, de Vries, Hoferichter, and Mereghetti, PRL 126, 172002 (2021)




Relativistic EFT for neutrinonless ff decay
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Carlson et al., Rev. Mod. Phys. 87, 1067 (2015)
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Number of states

Devising a polynomial scaling and accurate trial wave function ?




Artificial Neural Networks
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Universal Approximation Theorem: existence / limit theorem

A single-hidden-layer neural network can approximate any continuous function.
George Cybenko (1989); Kurt Hornik (1991)

output = a(z) = a [( ixi X w,-) + b]
i=1

Hidden
layer 2
Hidden
layer 1




ANN for quantum many-body problem

Carleo and Troyer, Science, 355, 602 (2017)

RESEARCH

RESEARCH ARTICLE

MANY-BODY PHYSICS

Solving the quantum many-body
problem with artificial
neural networks

Giuseppe Carleo'* and Matthias Troyer"?>

The challenge posed by the many-body problem in quantum physics originates from the
difficulty of describing the nontrivial correlations encoded in the exponential complexity

of the many-body wave function. Here we demonstrate that systematic machine learning of
the wave function can reduce this complexity to a tractable computational form for some
notable cases of physical interest. We introduce a variational representation of quantum
states based on artificial neural networks with a variable number of hidden neurons.

A reinforcement-learning scheme we demonstrate is capable of both finding the ground
state and describing the unitary time evolution of complex interacting quantum systems.
Our approach achieves high accuracy in describing prototypical interacting spins models in
one and two dimensions.
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“FeynmanNet achieves high accuracy while remaining
robust and efficient”
— Lovato, Carleo et al. arXiv: 2602.13826
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Relativistic results improve the underbinding of light nuclei without 3N forces.
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From light nuclel to nuclear matter

Yang, PWZ* CPL, 42 051201 (2025) “Express Letter”
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From light nuclel to nuclear matter
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[F] Pea. > 1.2 pemp. Saturation density too large
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Summary
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FeynmanNetfdN B : Zemach F12R4 Li-Puzzle
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Nuclear polarizability: the dominant source for solving the puzzle

Yang, Epelbaum, Ji, PWZ, submitted




FeynmanNetfgN FH: Zemach 31289 Li-Puzzle
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Nuclear polarizability: the dominant source for solving the puzzle

Yang, Epelbaum, Ji, PWZ, submitted




FeynmanNetfdN B : Zemach F12R4 Li-Puzzle
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Nuclear polarizability: the dominant source for solving the puzzle

Yang, Epelbaum, Ji, PWZ, submitted




Where do the next ten years take us?
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