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All-electron DFT for quantum materials

Only a handful of solid-state DFT
codes are all-electron, full-potential,
fully relativistic for data generation?.

@Talirz, Ghiringhelli, and Smit 2021.

The jJuDFT.de codes are a “gold standard” for
accuracy and HT-ready with &>AiiDA integration.
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Discrepancy of the equilibrium volume Vg across popular DFT codes?

2Bosoni et al. 2024,


http://judft.de

High-throughput data generation

with perfectly labeled data

¢5AlDA
Automated Interactive

Infrastructure and Database
for Computational Science
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https://aiida.net

Vision: Electronic structure learning

as integrated, high-level multiscale workflows

i SADA HTC & AL |

Atomic Features First-Principles Simulator Primary Output
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Smart “initial guess”
for fast SCF convergence
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Secondary Emulator Multiscale simulator
Magnetic properties @ S5AiiDA-Spirit

Magnetic property prediction
for spin dynamics simulation
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Data generation
for this project, with AiiDA-KKR

Data 10’000 impurity embeddings into elemental
crystals

Target Electron potential difference A Vimp(F)

Green function G(E) = (E —H) !
Perturbed system # = H° + AV

not converged

aiterance to startpo, scale_factor 10
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TXJRF>GEL,

Spherical impurity potentials in first Voronoi cell of Hg:X embeddings,

Dataset map. Rows: Element of host crystal, columns: impurity VI, |V VO\

) left upper to bottom right: V, V—V?°,
atom, color: num. calculations.



The Jacobi-Legendre framework’

for electronic structure representation

Body order: 2B

Constrained dlstancea expansion:
Pn" B (cos(x))

Grid centered representation
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Angular expansion:
Pi(cos(6)

"Domina 2024.
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KKR potential conversion

from Voronoi decomposition to Cartesian grid

Space-filling Voronoi
decomposition
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Convolution with non-trivial shape
functions ©(r) outside MT sphere?

aStefanou, Akai, and Zeller 1990.

Conversion

Full potential convolution with
shape functions

Vi (r) = 2200 G Vi (1)

Conversion to real-space grid

V() =32 Vi(r)Yu(6,9)



Conversion example

Cu fcc host crystal

15
0
5
o
-5
©
"
20
29
A5
A0 2
5 s
2
) ~ o
; o
S o
© ; s X
» ¢

A Vhost NON-periodic

0.25

0.15

0.5)

0.05

Electron potential (a.u.)
(power norm) (gamma

Wz

Y4

Vhost Mapped to unit cell

Poteke

220

200

190

180

170



Community resources Contents

Best of atomistic machine learning * Active learning 5 projects

Biomolecules 2 projects

« Community resources 27 projects
Datasets 35 projects

Data Structures 4 projects

JuDFTteam/best-of- )
atomistic-machine-... JUDFT

Density functional theory (ML-DFT) 25 projects

Educational Resources 24 projects
¢ Explainable Artificial intelligence (XAl) 4 projects

L A ranked list of awesome atomistic machine
learning projects EJ % 9.

Electronic structure methods (ML-ESM) 3 projects

General Tools 22 projects

Generative Models 17 projects

A5 © 83 w271 % 19 . . .
p— \ssies S ok O o Interatomic Potentials (ML-IAP) 65 projects
GitHub - JuDFTteam/best-of-atomistic-machine-learning: ¥ A ranked list of a... o Language Models 17 projects
¢ Materials Discovery 9 projects
Largest list of atomistic ML tools on the web + Mathematical tools 71 projects

Molecular Dynamics 10 projects

¢ Reinforcement Learning 2 projects

* Representation Engineering 23 projects
Representation Learning 54 projects

g O fZJ . d e/ba m I ¢ Unsupervised Learning 7 projects

e Visualization 3 projects

(400+), auto-ranked, regular updates?

aWasmer et al. 2023. Wavefunction methods (ML-WFT) 4 projects

Others 2 projects


https://go.fzj.de/best-of-aml

Discussion slides
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