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| Scaling Problem
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Neural Quantum States

* Goal: Solve for the wave function of a nucleus, )

‘ L 19)

* How? Rayleigh-Ritz variational principle
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* NQS Ansatz: wNQs(mp Lo, ..., LN; 9)



NQS for Nuclei
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NQS for Nuclei
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Optimisation:
A Big Challenge in NQS



The Optimisation Step
0,.,=0,—aVE®,)

* Learning rate: How big the steps are

* Gradient: In which direction we move
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The Optimisation Step

0,.,=0,—aGVE®,)

* Learning rate: How big should the step be?
* Gradient: In which direction do we move?

* Metric tensor: What is the geometry of the energy landscape?
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The Optimisation Step

Qn—l—l — Un — G_1VE(977,)

* Learning rate: How big should the step be?
* Gradient: In which direction do we move?

* Metric tensor: What is the geometry of the energy landscape?
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The Metric Tensor



The Metric Tensor 0,.,=0,—aG'VE®,)

G(0,) = QGT(6,)

Modern
Literature
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G(0,) = QGT(6,)

Modern
Literature

Very precise
a =1
X Costly to compute



The Metric Tensor

Very precise
a=1
X Costly to compute

Modern
Literature

Quite good
X o<1

Cheap to compute
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The Learning Rate



A Common Problem...
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Can we do better?



Decisional Gradient Descent



A new proposal

* QGT: based on the Hilbert distance between states, < ¢, \gbj >

QGT(Q)Qin = Exp, [(891 In 1y (X) — Exp, [819i In 1)y (X)])* (89j In 1y (X) — Ly p, laej In 1, (X)] )]

« DGD: based on the Hamiltonian distance between states, < ¢, |H\qﬁj >
A

1
GVMC(9)9 0; = 4 ZEXNp@ [86) Oz, Inpg(X) a(f»‘jaﬂfk h’lpg(X)}
k=1
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A new proposal

* QGT: based on the Hilbert distance between states, < ¢, \gbj >

QGT(Q)Qin - [EXNPQ [(aei In 1), (X) — [EXNp9 [891 In 1, (Xﬂ )* (89j In 1, (X) — [EXNpg [365 In 1), (X)] )]

« DGD: based on the Hamiltonian distance between states, < ¢, |H\qﬁj >
A

1
GVMC(9)9 0; = 4 ZEXNp@ [86) Oz, Inpg(X) a(f»‘jaﬂfk h’lpg(X)}
k=1

b Similar to the Hessian )
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Results: Fermions on the continuum
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DGD vs. QGT
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« Comparison: Natural Gradient Descent vs. Decisional Gradient Descent
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DGD vs. QG
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Results: Fermions on a lattice



DGD for lattice systems

* Transverse-Field Ising Model:
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DGD vs. QGT: Ising H= Y 0P 4 VY o
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Final Thoughts



Takeaway




Thank you
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