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Content

1. ML DFT

2. ML the derivate discontinuity of  DFT

3. ML 1-RDMFT
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ML for DFT

 Hohenberg-Kohn map

Kohn-Sham equations:
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ML approaches to DFT

Learning strong non-local functionals

Learn the exchange correlation potential

Learning the non-interacting kinetic energy functional 
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ML the physical non-local xc functional of DFT 
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J Schmidt, CLBR, and MAL Marques, JCPL 2019
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Locality
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Data and loss function

● Exact calculations with 2 electrons in randomized 1D-external potentials

● Inversion of the Kohn-Sham system leads to Exc and vxc which is used for 
training

loss function
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H2 dissociation
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Inserting exact conditions

ML-DFT functionals are mostly trained in Hilbert spaces with  integer N 

unable to reproduce the derivative discontinuity of the xc functional  
(crucial to describe electronic bandgaps or charge-transfer excitations).
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Training with fractional number of electrons
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ML the derivative discontinuity of DFT
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J Gedeon, J Schmidt, M Hodgson, J Wetherell, CLBR, and MAL Marques, MLST 2022
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ML the derivative discontinuity of Helium
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J Gedeon, J Schmidt, M Hodgson, J Wetherell, CLBR, and MAL Marques, MLST 2022
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Bose-Hubbard model
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Universal bosonic functionals
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J Schmidt, M Fadel, and CLBR, PRR  2021
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Universal bosonic functionals
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N-1 particle states

J Schmidt, M Fadel, and CLBR, PRR  2021
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Bose-Hubbard model M = N = 40                  dim =1022
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J Schmidt, M Fadel, and CLBR, PRR  2021
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Outlook

machine learning universal 1-RDMFT functionals
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