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• How? Rayleigh-Ritz variational principle

• Goal: Solve for the wave function of a nucleus, 𝜓
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Neural Quantum States
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NQS (𝜓 𝟏, 𝜓 𝟐, … , 𝜓 𝜓 )
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• NQS Ansatz:
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Optimisation:
A Big Challenge in NQS
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• Learning rate: How big the steps are

• Gradient: In which direction we move

The Optimisation Step
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The Metric Tensor
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The Metric Tensor

Modern 
Literature
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The Metric Tensor

Modern 
Literature

Costly to compute

Very precise
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The Metric Tensor

Modern 
Literature

Costly to compute

Very precise

Cheap to compute

Quite good



The Learning Rate
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A Common Problem…

• N=20 particles
• QGT
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is too small is too large



Can we do better?
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Decisional Gradient Descent
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A new proposal
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• QGT: based on the Hilbert distance between states,

• DGD: based on the Hamiltonian distance between states,



A new proposal
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• QGT: based on the Hilbert distance between states,

• DGD: based on the Hamiltonian distance between states,

Similar to the Hessian 



Results: Fermions on the continuum

33



DGD vs. QGT
• System: chain of 1D spinless fermions

• Comparison: Natural Gradient Descent vs. Decisional Gradient Descent
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Results: Fermions on a lattice
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DGD for lattice systems
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• Transverse-Field Ising Model:

• J1-J2 Heisenberg:



DGD vs. QGT: Ising
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N=8,  Ansatz=Jastrow, V=0.5, LR=0.01 N =8,  Ansatz=Jastrow, V=0.5, LR=1.0
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N=16 (4x4),  Ansatz=Jastrow, J2=0.5, LR=0.01 N=16 (4x4),  Ansatz=Jastrow, J2=0.5, LR=1.0

DGD vs. QGT: J1-J2



Final Thoughts

42



Takeaway



Thank you
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