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The Many-Electron Problem in Quantum Chemistry
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The time-independent Schrödinger equation of a chemical system with n electrons，

where the Hamiltonian is,

Under the Born-Oppenheimer (BO) approximation,



Variational Principle and Fermi–Dirac Statistics
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Since the many-electron Schrödinger equation cannot be solved analytically, the variational
principle enables numerical approximation of the ground-state wave function,

where the X = (x1, …, xn).The trial wave function must obey Fermi-Dirac statistics, i.e.,

The Slater determinant provides the simplest way to construct an antisymmetric wave function.



Wave Function Ansatz

Phys. Rev. Research, 2025, 2, 033429

5



Two Key Observations of FermiNet
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1. Artificial neural networks are very flexible and effective function approximators
Ø perhaps deep neural networks can be used to represent 𝜓(x1, …, xn)

2. Nothing requires the single-electron wave functions (orbitals) in a Slater determinant. The only 
requirement is that exchanging any two input variables, xi and xj, exchanges two columns
Ø this allows for the replacement of single-electron orbitals 𝜙𝑖(xj) with multi-electron functions

Ø and the many-electron wave function remains antisymmetric
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The construction of these permutation-
equivariant functions with a neural network 

is the main innovation of FermiNet



Ferminonic Neural Network Architecture
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Output Layer of FermiNet
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Wave Function Optimization
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1. Optimization Objective

2. The Metropolis-Hastings Markov Chain Monte Carlo (MCMC) is used to sample the 
configuration based on the probability distribution, X ~ |𝜓%(X)|2. The local energy is,

3. Evaluate the energy expectation from

4. Then the Kronecker-factored approximate curvature (KFAC) is used to update parameter 𝜃, until
the energy converges



Results – Slater-Jastrow versus FermiNet Ansatz
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Results – Nitrogen Molecule and Hydrogen Chain 
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Conclusion
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1. The many-electron Schrödinger equation is intractable due to electron–electron interactions.

2. Traditional wave function methods rely on Slater determinants and approximate correlation via 
expansion or correction.

3. FermiNet introduces a new paradigm by directly parameterizing the wavefunction with a neural 
network, while preserving antisymmetric via determinant structure.

4. It achieves chemical accuracy for atoms and small molecules using only a single determinant, 
outperforming traditional variational quantum Monte Carlo methods.

5. This work bridges quantum chemistry and deep learning, opening a scalable path to ab initio 
solutions using modern ML techniques.
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