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Variational approach
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Neural Quantum State as the ansatz

* Universal approximation theorem
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G. Cybenko. Mathematics of Control, Signals,
and Systems, 2(4):303-314, 1989.

* NN as the variational ansatz
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Variational Monte Carlo
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From a signal-to-noise to an optimization

problem
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When the ansatz is an eigenstate of the
Hamiltonian...
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Local energy evolution
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Wavefunction evolution
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© Generalized to any field theory

w®, @

' QCD is a 3+1 field theory

2 real outputs
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:‘ ( ‘—l— 3) Nyiq hidden nodes

M. Rovira, R. Perry, A. Parrefio. Proceedings of Science 214 real inputs




Summary & future outlook

Q

VMC approach in the Hamiltonian perspective provides an alternative without a signal
to noise problem.

One can study the stationary system and then its evolution (just one point in time).
The problem is now an optimization problem.
Can we obtain the low-lying energy spectrum of heavy nuclei?

(e.g. lead, uranium) with some systematic errors.

Drawbacks
0 Generate samples efficiently.
0 Some ansatz will suffer from strong autocorrelation.

0 In high -dimensional theories, tune the NN ansatz (N,4) So that it does not scale
rapidly with the volume.
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Thank you



Heatbath algorithm
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Metropolis - Hastings
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Monte Carlo
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Uncertainties
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Bootstrap
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Signal-to-noise Lepage, 1989
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Argument given by Lepage: for a system with N valence quarks lines (2 for mesons and 3 for
baryons) the errors are controlled by the square of the correlator, which has 2N lines
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Signal-to-noise Lepage, 1989
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Signal-to-noise Lepage, 1989
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Signal-to-noise Lepage, 1989
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Signal-to-noise problem in baryon systems Lepage, 1989
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Signal-to-noise problem in baryon systems Lepage, 1989
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Signal-to-noise problem in baryon systems Lepage, 1989

nucleons Important issue when working with baryons: NOISE!

1 %(C)= <CCT> " \<C>|2 exponential grow of noise

NPLQCD, arXiv:1104.4101 [hep-lat]
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Signal-to-noise problem in baryon systems

more severe degradation for A nucleons

Expectation is that for A nucleons:
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G.P. Lepage, Boulder TASI (1989)
M.L. Wagman, M.J. Savage, Phys.Rev.D 96 (2017)
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Signal-to-noise problem in baryon systems

more severe degradation for A nucleons

Expectation is that for A nucleons: G. Parisi, Phys.Rept. 103 (1984)
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