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Motivation: Hartree-Fock and Mean Field Approximation
• Characterization of ground states in Moiré systems and other materials.
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Chatterjee, S., Wang, T., Berg, E. et al. Nat Commun 13, 6013 (2022).
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Can generative models help?



Variational Principle and NQS
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Carleo G. &  Troyer. Science 355, 602-606 (2017) | Medvidović, M. & Moreno, J.R. Eur. Phys. J. Plus 139, 631 (2024). | Hannah Lange et al. arXiv:2402.09402 (2024)

Efficient (and parallel) sampling
Sharir, Levine et al. Phys. Rev. Lett. 124, 020503 (2020)

Bounded by  
NN representational 

 power
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NN parameters

e.g., |10101⟩

Viteritti, Rende & Becca. Phys. Rev. Lett. 130, 236401 (2023)

Transformer quantum states



Modification to Variational Framework
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Reference state
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HF-basis

1. E( ⃗θ, α) = α2ERS + (1 − α2) 𝔼 ⃗s∼q ⃗θ [Ĥ′ loc(s)] + α 1 − α22Re (𝔼 ⃗s∼q ⃗θ [Ĥ′ RS
loc ( ⃗s)]) . Calculate energy 

 functional

2. ∇ ⃗θ⟨Ĥ′ ⟩ = 2Re (𝔼s∼q ⃗θ [Ĥloc ( ⃗s, α) ⋅ ∇ ⃗θ log ψ*⃗
θ ( ⃗s)]), Optimize NN parameters

3. ∇α0
E( ⃗θ, α) = 2α∇α0

α [ERS − E ⃗s ⃗s′ 
+

E ⃗sRS (1 − 2α2)
2α 1 − α2 ], α = (1 + tanh α0)/2Optimize



Overview
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Get EHF and 𝒰k

Repeat for N epochs

Barrett, Malyshev and Leovsky  et al.  
Nat. Mach. Intell. vol. 4, p 351–358 (2022)

𝔼 ⃗s∼q ⃗θ [Ĥ′ loc(s)] ≈ ∑
s∈𝒰≠RS

Ĥ′ loc(s)
n(s)
Ns

.

Relative frequency



Ĥ =
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Example: Toy model with metal-insulator transition
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t/U = 10

Metal

11…000…11⟩

ρq = ∑
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Interacting 
 term

Insulator

t/U = 0.13

ChiralBand



Comparison in different bases
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Ne = 10 RS⟩ = 11…1111⟩



Comparison in different bases
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Scalability
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Hidden representations for different bases
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Conclusions & Outlook
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HF-basis can induce TQS to find a more efficient (and naturally interpretable) GS representation; 

What about other Hamiltonians in strongly correlated systems? 

Thanks for the attention :) 

Future: 

• Influence of stochastic reconfiguration on training; 

• Role of symmetries; 

• Scalability;

And to Michael and Mathias for the collaboration! 

Chen & Heyl. Nat. Physics 20, 1476-1481 (2024)

Malyshev et al. arXiv:2408.07625 (2024)

Pescia et al. Phys. Rev. B 110, 035108 (2024) | Shuai-Tin Bao et al arXiv:2407.20065 
(2024)



Extra Slides
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Example: Toy model with metal-insulator transition
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Other observables
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⃗𝒩 k = 𝒰†
k ⃗σ𝒰k

⃗σ = (σx, σy, σz)



Scalability
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NU = 4 × 103 ≪ 2Ne = 220



Soap vs ADAM
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Influence of            
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demb, Nenc, and Nh


