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NEURAL-NETWORK QUANTUM STATES

Quantum states of physical interest have distinctive features and intrinsic structures




NEURAL-NETWORK QUANTUM STATES
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ANTI-SYMMETRIC ANSATZ
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ANTI-SYMMETRIC ANSATZ
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ANTI-SYMMETRIC ANSATZ
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NEURAL BACKFLOW CORRELATIONS

The nodal structure is improved with neural back-flow transformations X; == yi(xi; Xj;éi)

9 G. Pescia, et al., Phys. Rev. B 110 (2024) 3, 035108




COLD FERMI GASES

Periodic-NQS to solve the two-components Fermi gas in the BCS- BEC crossover region

:“.~“ S~
o S s N \
" S L m=
’ . e =
. y ! - -

: s %

BCS Unitary BEC
< —t— > 1/kya
-1 0 1
\——

Crossover region

Credit: J. Kim 10




COLD FERMI GASES

Interactions of mediated by a Pdschl-Teller potential
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COLD FERMI GASES
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“ESSENTIAL"™ HAMILTONIAN

Input: Hamiltonian inspired by a LO pionless-EFT expansion
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“ESSENTIAL"™ HAMILTONIAN

Input: Hamiltonian inspired by a LO pionless-EFT expansion
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DEUTERON AGAIN
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SELF-EMERGING SHELLS
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REACHING NEON
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AND BEYOND
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MAGNETIC MOMENTS

The ground-state is generate in L;

OhNn;L,S)=> ¢ |L.L.; S, S.).
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MAGNETIC MOMENTS

The ground-state is generate in L; Remove this degeneracy by

CuniL,S) = % |L, L3 S, Sz). H— H—-B.L.
L.S,
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MAGNETIC MOMENTS

The ground-state is generate in L; Remove this degeneracy by

Oun;L,8) = > 7% |0, L2; S, Sz). H— H - B,L,
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MAGNETIC MOMENTS

The ground-state is generate in L; Remove this degeneracy by

Oun;L,8) = > 7% |0, L2; S, Sz). H— H - B,L,
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MAGNETIC MOMENTS

The ground-state is generate in L; Remove this degeneracy by
OhNn;L,S)=> ¢ |L.L.; S, S.). H—H—B.L.
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ull
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MAGNETIC MOMENTS
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MAGNETIC MOMENTS
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MAGNETIC MOMENTS

3 a b = Exp
[ | * R3=11fm
2_
—~ 1
i il ok -
3.
O_
-
—1-
-
2. X e

H 3H 3He SLi ‘Li ’Be N 130 170

A. Gnech, AL, et al., 2308.16266 26




NEUTRON STARS
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DILUTE NEUTRON MATTER
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DILUTE NUCLEONIC MATTER
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DILUTE NUCLEONIC MATTER
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DILUTE NUCLEONIC MATTER

14 Neutrons, 14 Protons @ p=0.01 fm-3
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DILUTE NUCLEONIC MATTER

14 Neutrons, 14 Protons @ p=0.01 fm-3
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DILUTE NUCLEONIC MATTER

24 Neutrons, 4 Protons @ p=0.01 fm-3
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DILUTE NUCLEONIC MATTER

24 Neutrons, 4 Protons @ p=0.01 fm-3
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HYPERNUCLEI
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HYPERNUCLEI
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CONCLUSIONS

NQS successfully applied to study:

= Ultra-cold Fermi gases, outperforming state-of-the-art continuum DMC;
= Dilute nucleonic matter, including the self-emergence of nuclei;

= Essential Elements of nuclear binding

Ongoing efforts:
= Medium-mass nuclei
= Excited states
= Chiral-EFT potentials

= Real-time dynamics
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NEURAL-NETWORK QUANTUM STATES
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WAVE FUNCTION OPTIMIZATION

ANN trained by performing an imaginary-time evolution in the variational manifold
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CONDENSED-MATTER DETOUR
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HOMOGENOUS ELECTRON GAS

We develop translation invariant NQS to study the Homogeneous Electron Gas.
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HOMOGENOUS ELECTRON GAS
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COLD FERMI GASES

Periodic-NQS to solve the two-components Fermi gas in the BCS- BEC crossover region
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COLD FERMI GASES

We model the 3D unpolarized gas of fermions with the Hamiltonian
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Modified Pdschl-Teller potential between
opposite-spin particles
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