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Quantum materials have enormous potential for low-energy, neuromorphic and quantum computing. The all-electron JUDFT (judft.de)
electronic structure codes uniquely provide the high-end accuracy needed to resolve and engineer their properties [1]. Atomistic machine
learning techniques can accelerate these simulations from the nano- toward device-relevant scales. This PhD project integrates our codes
with hybrid physics-Al workflows via the high-throughput computing engine and database ¢>AiiDA (aiida.net). This integrated system
represents a significant step toward accurate datasets and foundational models of quantum materials.
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Equivariant neural networks explicitly predict exchange interaction tensors from
first principles JUKKRH to arbitrary order.

Grid-based, systematic cluster expansion of the full, converged JuKKR electron
potential AV/(r) with the Jacobi-Legendre (JL) framework [2].

Training database: 10k impurity embeddings, 60 chemical elements. Training database: 3d transition metal co-doping of BiyTe;, N = 10k [3]. (2-site)
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/ Systematic expansion of higher-order exchange interactions.
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Conversion to Cartesian gnd W. adaptive samp“ng_ Extraction of exchange tensors from KKR Green function.
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ML: Equivariant graph edge features (Q € O(3), D Wigner matrix, R atom pos.).

ML: JL cluster expansion = small Iinear models.
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