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• IT-NCSM

• MR-IMSRG

• VS-IMSRG

• CCSD

• 𝛬-CCSD

• ADC

• Lattice EFT
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The Solution: AI

dog



How can AI help us?
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• NQS Ansatz:

G. Carleo and M. Troyer, Science (2017)

• Variational Monte Carlo

“Local energy”

Find that minimises



Why Neural Networks?

• Space complexity: polynomial scaling of 
memory resources… possibly!

• NNs have “∞ power”: a neural network 
can approximate any continuous function.

E M Nordhagen et al, arXiv:2210.00365
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D. Pfau, J. S. Spencer et al, 2020, Phys. Rev. Res. 2.
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1. Neural Network Architecture



Convolution is all you needPhysical properties in NNs
• Particle exchange symmetry

• Spherical symmetry

• Time-reversal symmetry

.

.

.

𝑁



Convolution is all you needReflection Symmetry

.

.

.

𝑁 𝑁

𝑁 ± 𝑁 𝑁 𝑁 𝑁 ± 𝑁 (− 𝑁)

𝑁− 𝑁

±

.

.

.



Convolution is all you needParticle Exchange Symmetry

𝑁 NQS 𝑁1, 𝑁2, … , 𝑁𝑁 = 𝑁 EQUIV 𝑁det 𝑁GSM (𝑁1, 𝑁2, … , 𝑁𝑁 )

J.W.T Keeble, M. Drissi , A. Rojo-Francàs, B. Juliá-Díaz & A. Rios, Phys. Rev. A. 108 (2023)



Towards a universal recipe…
• Continous groups: what about Lie groups?  

• Mixed groups: what about product groups?
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2. Optimisation Strategy
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Second-order optimisation
𝑁 ?
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Decisional Gradient Descent
• System: chain of 1D spin-polarized fermions

• Quadratic term:

M. Drissi, J.W.T Keeble, J. Rozalén Sarmiento & A. Rios, Phil. Trans. R. Soc. A. 382 (2024)



DGD vs. ADAM

M. Drissi, J.W.T Keeble, J. Rozalén Sarmiento & A. Rios, Phil. Trans. R. Soc. A. 382 (2024)



Conclusions
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Thank you

J. Rozalén Sarmiento, A. Rios

javi.rozalen@icc.ub.edu
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