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            Abstract
The electronic Schrödinger equation can only be solved analytically for the hydrogen atom, and the numerically exact full configuration-interaction method is exponentially expensive in the number of electrons. Quantum Monte Carlo methods are a possible way out: they scale well for large molecules, they can be parallelized and their accuracy has, as yet, been only limited by the flexibility of the wavefunction ansatz used. Here we propose PauliNet, a deep-learning wavefunction ansatz that achieves nearly exact solutions of the electronic Schrödinger equation for molecules with up to 30 electrons. PauliNet has a multireference Hartree–Fock solution built in as a baseline, incorporates the physics of valid wavefunctions and is trained using variational quantum Monte Carlo. PauliNet outperforms previous state-of-the-art variational ansatzes for atoms, diatomic molecules and a strongly correlated linear H10, and matches the accuracy of highly specialized quantum chemistry methods on the transition-state energy of cyclobutadiene, while being computationally efficient.
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                    Fig. 1: Combinatorial explosion of the number of Slater determinants in quantum chemistry.[image: ]


Fig. 2: Architecture of the newly developed PauliNet wavefunction ansatz.[image: ]


Fig. 3: Performance of PauliNet with one and six determinants on atoms and diatomic molecules.[image: ]


Fig. 4: Roles of backflow and multiple determinants in training of PauliNet ansatz.[image: ]


Fig. 5: Convergence of PauliNet with the number of determinants.[image: ]


Fig. 6: PauliNet captures strong correlation in H10 along the dissociation curve.[image: ]


Fig. 7: Calculating the transition barrier of cyclobutadiene automerization.[image: ]
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                Data availability

              
              All raw data were generated with the accompanying code and are available in Figshare (https://doi.org/10.6084/m9.figshare.12720569.v2)51. Processed data used to generate figures are both included with the code and provided with this paper as source data.

            

Code availability

              
              All computer code developed in this work is released either in the general DeepQMC package available on Zenodo (https://doi.org/10.5281/zenodo.3960827)52 and developed on Github (https://github.com/deepqmc/deepqmc), or in the project-specific repository (https://doi.org/10.6084/m9.figshare.12720833.v1)53, both under the MIT license.
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