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Why Neural Quantum States (NQS)?
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Neural networks are highly effective at pattern recognition and
information compression.

The information required to describe a generic quantum many-body
state grows exponentially with the size of the system.

G. Carleo and M. Troyer, Science 355, 602–606 (2017)

J. W. T. Keeble and A. Rios, Phys. Lett. B 809, 135743 (2020)

C. Adams, G. Carleo et al., Phys. Rev. Lett. 127, 022502 (2021)

I. López Gutiérrez and C. B. Mendl,Quantum 6, 627 (2022)



Neural Networks – NQS as Variational Ansätze
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The output of a specific hidden
layer ( ) is

Universal Approximation
Theorem:

We parametrize the NQS with
real-valued as

l

G. Cybenko,Math. Control Signals Syst. 2, 303–314 (1989)
A. Dawid, J. Arnold et al.,Machine Learning in Quantum Sciences, Cambridge University Press (2025).
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Variational Monte Carlo (VMC)

particles in 3D, grid points per coordinateA n n 3A curse of dimensionality

Expectation values can be estimated as ,

Energy in the NQS+VMC framework: Local Energy

Metropolis-Hastings
walkers

W. K. Hastings, Biometrika 57, 97–109 (1970)
F. Becca and S. Sorella,QuantumMonte Carlo Approaches for Correlated Systems, Cambridge University Press (2017)
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Stochastic Reconfiguration (SR)
Gradient descent, which assumes a Euclidean metric, is given by:

SR minimizes the energy by comparing
parameter updates with the same physical
size through the Quantum Geometric Tensor:

;

SR is a preconditioned gradient method:

S. Sorella, Phys. Rev. B 64, 024512 (2001)
C.-Y. Park and M. J. Kastoryano, Phys. Rev. Research 2, 023232 (2020)

A. Romero-Ros, J. Rozalén Sarmiento and A. Rios,
arXiv:2509.24865 (2025)
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Time-Dependent Variational Principle (TDVP)

A. Romero-Ros, J. Rozalén Sarmiento and A. Rios,
arXiv:2509.24865 (2025)

For a general initial state, the exact evolved state will not remain inside
the variational manifold.

McLachlan’s TDVP minimizes

A. D. McLachlan, Mol. Phys. 8, 39–44 (1964)
L. Hackl, T. Guaita et al., SciPost Phys. 9, 048 (2020)



Deuteron
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Deuteron: system

Leading-order effective field theory Hamiltonian:

Leading-order interaction:

S-wave component dominant

Spin-triplet

Isospin-singlet

J. Kirscher, N. Barnea et al., Phys. Rev. C 92, 054002 (2015)
A. Lovato, G. Carleo et al., arXiv:2602.13826 (2026)

Small monopolar expansion of the ground
state, inducing a breathing motion:
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Deuteron: Ground State Optimization

Deuteron matter radius: U. D. Jentschura, A. Matveev et al., Phys. Rev. A 83,
042505 (2011)

Deuteron matter radius:

U. D. Jentschura, A. Matveev et al., Phys. Rev. A 83, 042505 (2011)



8

Deuteron: Ground State Optimization

weakly bound spatially extended

Periodic boundary conditions to control the
long-distance behaviour of the ansatz.
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Deuteron Dynamics in a Periodic Box
We make the input to the neural network periodic:

6 periodic input 
variables

Periodic radial distance:

.                   

Largest absolute difference 
in        is                                      
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Deuteron Dynamics in a Periodic Box

Energy drift of                               (0.78%)       Final fidelity
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Conclusions and Outlook

Wavefunction parametrized through 2 real-valued neural networks.

Stochastic reconfiguration for ground state optimization and McLachlan’s
TDVP for time evolution.

Successful dynamics for the deuteron, with fidelity remaining above 0.9991.

Extend the method to longer times.

More realistic nuclear Hamiltonians.

Many-body systems.

Explore neural-network architectures
and ways of adapting it to the
physical problem of relevance. Refine
numerical aspects.



Thank you!

Miguel Fernández Suárez

Advisors: Arnau Rios Huguet, Javier Rozalén Sarmiento



Dependence with the Number of Walkers
QHO isotropic configuration. 5,000 (orange) vs 50,000 (red) walkers:

8 times lower energy drift. Final fidelity 0.9997 vs. 0.9986.



Numerical Methods for TDVP Time Evolution

RK4:

RK2:

0.9997

0.9987



Scaling with the Number of Particles



Entanglement in Neural Quantum States
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