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MM 43.1 Wed 15:45 C 243
The MALA Package - Transferable and Scalable Electronic
Structure Simulations Powered by Machine Learning —
eLLENz FIEDLER and ATTiLA CaNncl — Helmholtz-Zentrum Dresden-
Rossendorf / CASUS

Interactions between electrons and nuclei determine all materials prop-
erties, and modeling these interactions is of paramount importance to
pressing scientific questions. However, even with the most advanced
electronic structure tools, such as density functional theory (DFT),
electronic structure simulations are usually restricted to a few thou-
sand atoms.

Machine-learning DFT (ML-DFT) tackles this challenge by provid-
ing rapid access to observables of interest. Most current ML-DFT
methodologies focus on the mapping between ionic configurations and
scalar observables, rather than a full prediction of electronic structure.
The Materials Learning Algorithms (MALA) python package addresses
this gap, by providing a user-friendly framework to construct ML-DFT
models that give access to a range of electronic structure observables,
such as the electronic density, DOS and total free energy. The use-
fulness of these models across phase boundaries [1], multiple length
scales [2] and temperature ranges [3] has been amply demonstrated.
In this talk, a general introduction to the framework along with its
computational properties and capabilities is given.

[1] J. A. Ellis et. al, Phys. Rev. B, 2021, 104, 035120 ** [2] L. Fiedler
et. al, npj Comput. Mater., 2022, 9, 115

[3] L. Fiedler et. al, Phys. Rev. B, 2023, 108, 125146

MM 43.2 Wed 16:00 C 243
A robust, simple and efficient algorithm to converge GW
calculations — eMax GROssMANN, MALTE GRUNERT, and ERICH
RuNGE — Theoretische Physik I, TU Ilmenau, Germany

In the era of high-throughput computation for materials science and
machine learning, the demand for heuristics and efficient convergence
schemes in ab initio calculations has become essential to speed up com-
putational workflows. A prime example of computationally demand-
ing ab initio material-science calculations is the GW method, which
is crucial for accurate band gap predictions and the subsequent com-
putation of dielectric functions using TDDFT/BSE. The main hurdle
within GW calculations lies in the convergence of two interdependent
parameters in the dynamic screening W which must be optimized si-
multaneously. To overcome this obstacle we introduce a straightfor-
ward, "cheap first, expensive later" coordinate-search algorithm, which
is tested against a commonly used state-of-the-art method on a diverse
dataset of 50 semiconducting and insulating solids. Additionally, the
practical independence between the k-point grid and parameters in W
is checked using both algorithms on five different k-meshes of increas-
ing density for all investigated materials, starting at I'-only calcula-
tions. The results show how to converge GW calculation in a robust,
simple and efficient way.

MM 43.3 Wed 16:15 C 243
FAIR Data Management for Computational Materials Sci-
ence using NOMAD — eLuca M. GHIRINGHELLI', JosepH F.
Rupzinski2, José M. P1zarro2, NaTtHaN DaeLMan2, and SiL-
vaNA BoTTi® — !Department of Materials Science and Engineering,
Friedrich-Alexander-Universitit, Erlangen-Niirnberg — 2Institut fir
Physik und IRIS-Adlershof, Humboldt-Universitdt zu Berlin, Berlin —
3RC-FEMS and Faculty of Physics, Ruhr University Bochum, Bochum

NOMAD [nomad-lab.eu][1, 2] is an open-source data infrastructure for
materials science data. Originally built as a repository for DFT calcu-
lations, NOMAD has been extensively developed over the past 2 years
to support a wide range of both computational and experimental data.
Additionally, NOMAD now includes a general workflow support that
not only streamlines data provenance and analysis but also facilitates
the curation of Al-ready datasets. This talk will demonstrate how
these features, along with NOMAD’s adherence to the FAIR princi-
ples (Findability, Accessibility, Interoperability, Reusability), provide
a powerful framework for enhancing data utility and discovery. I will
highlight how this FAIR-compliant perspective distinguishes NOMAD
from other Big-Data infrastructures, e.g., allowing users to specify their
data quality needs. Finally, I will provide an outlook of NOMAD’s po-
tential for creating a cohesive, interconnected, and economical scientific

Location: C 243

data landscape.
[1] Scheidgen, M. et al., JOSS 8, 5388 (2023).
[2] Scheffler, M. et al., Nature 604, 635-642 (2022).

MM 43.4 Wed 16:30 C 243
A many-body framework for long-range interactions in atom-
istic machine learning — eKEVIN Kazukl HUGUENIN-DUMITTAN,
PuiLip RoBIN LocHE, and MicHELE CerioTTi — EPFL, Lausanne,
Switzerland

Many properties of matter, from chemical bonds to the band struc-
ture in solids, arise from the quantum nature of electrons. Accurate
atomistic modeling of such systems thus requires the use of quantum
approaches, which can computationally become prohibitively expen-
sive compared to their classical counterparts. Machine learning based
approaches have seen a surge in interest over the past decade to bridge
the gap between the two worlds by providing near-quantum accuracy
at a cost scaling similarly to classical methods. One systematic source
of error in most such models is the assumption of locality, which ne-
glects important long-range interactions ranging from electrostatics
to more complex effective interactions between macromolecules. In
this talk, we present a long-range framework that is a significant im-
provement over the previously introduced LODE descriptors, which
(1) scales effectively linearly with system size, (2) captures a broad
family of long-range interactions beyond the Coulomb potential, (3)
can systematically generate many-body features beyond just pair po-
tentials and (4) smoothly and fully integrates with preexisting machine
learning frameworks with little extra effort including the computation
of gradients or equivariant models for tensorial properties.

MM 43.5 Wed 16:45 C 243
Automated prediction of Fermi surfaces from first principles
— eNaTaLva PauLisu!, JuNFENG Q1ao?, and Grovannt Pizzi'? —
1Paul Scherrer Institut (PSI), Villigen, Switzerland — 2Ecole Poly-
technique Fédérale de Lausanne (EPFL), Lausanne, Switzerland

Knowing the shape of the Fermi surface (FS) and the energy disper-
sion in its vicinity is crucial to understand the electronic properties of
materials and identify materials relevant for applications. Experimen-
tal methods to measure FSs are very expensive and time-consuming,
and accurate theoretical predictions would help to get deeper insights
from the experimental data. Direct first-principles calculations of the
F'S, requiring very dense sampling in reciprocal space, are thus lim-
ited by the computational cost. To accelerate the calculations, we use
interpolation with Maximally Localized Wannier Functions (MLWFs),
powered by our new method that allows fully automated calculation
of MLWFs [1]. We first validate the numerical approach by compar-
ing our simulation results with literature data for de Haas-van Alphen
(dHvA) oscillation frequencies and investigate the main sources of nu-
merical errors. We then use our high-throughput setup, with our code
implemented as an AiiDA [2] workflow, to create a large database of
Fermi surfaces and dHvA oscillation frequencies of 3D inorganic met-
als, starting from high-symmetry systems.

[1] J. Qiao et al., npj Comput. Mater. 9, 208 (2023)

[2] S. P. Huber et al., Scientific Data, 7, 300 (2020)

15 min. break

MM 43.6 Wed 17:15 C 243
Accurate and Efficient Protocols for High-Throughput Com-
putational Materials Science — eGaBRIEL M. NasciMENTO!,
FLAVIANO JOSE DOS SANTOs2, MARNIK BERCxX?, DAVIDE GRASSANOL,
Grovannt Pizzi?, and GABRIEL DE MIRaNDA NasciMENTO!:?
1Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland
— 2Laboratory for Materials Simulations (LMS), Paul Scherrer Insiti-
tute, Villigen, Switzerland

Advances in simulation methods and workflow engines, and an ever-
increasing computational power have enabled the paradigm change in
computational materials science of high-throughput (HT) discovery. A
significant challenge in these efforts is to automate the choice of param-
eters in simulation codes, where a consistent balance of accuracy and
computational cost is required. We propose a rigorous methodology to
assess the quality and sensitivity of self-consistent density-functional
theory (DFT) calculations with respect to smearing and Brillouin zone



Berlin 2024 — MM

Wednesday

sampling of 2D and 3D crystalline compounds. Our results enable
the construction of unified protocols for the choice of parameters that
guarantee k-point sampling convergence and control of entropic sys-
tematic errors for calculations within most classes of materials, while
minimizing the required overall wall time. These protocols are inte-
grated into automated workflows for DFT calculations using QUAN-
TuM ESPRESSO, accessible through the open-source AiiDA frame-
work. This work streamlines access to state-of-the-art computational
frameworks, fostering HT research and supporting the development of
computational materials databases.

MM 43.7 Wed 17:30 C 243
Defect Phase Diagrams for Grain Boundaries in Mg: Au-
tomized workflows for chemical trends — ePRINCE MATHEWS!,
ReBEcca Janiscu?, JOrRG NEUGEBAUER!, and TiLmManN Hicker!:3
— IMax-Planck-Institut fiir Eisenforschung, Diisseldorf, Germany —
2ICAMS, Ruhr Universitit Bochum, Germany — 3Federal Institute

for Materials Research and Testing (BAM), Berlin, Germany

The design of lattice defects is a crucial component for processing tai-
lored materials as they control the mechanical properties and corrosion
behavior. In order to achieve this, the framework of defect phase di-
agrams is a powerful and knowledge-based design strategy, which can
be used to manipulate defect phases using defect-property relation-
ships. Defect phase diagrams use the chemical potential as the key
variable as it has the same value at the defect as well as in the adjacent
bulk. With pyiron, an integrated development environment for compu-
tational materials science, an automatic workflow has been developed
for calculating defect phase diagrams for binary systems using ab-initio
simulations. The workflow is used for the example of Ga and Ca seg-
regation to X7 [0001] 21.78° (sym. plane 12-30) Mg grain boundaries.
Chemical trends for the relative stability of different atomic configu-
rations at the grain boundaries are derived. Connecting the workflow

with experimental datasets, a good agreement has been confirmed.
The advantages of automized workflows for the defect phase diagrams
is then demonstrated for the extension of the considerations to finite
temperatures and free energies calculated within the quasi-harmonic
approximation.

MM 43.8 Wed 17:45 C 243

High-level hybrid workflow-based approach for characterizing
magnetocaloric materials: concurrent computational and ex-
perimental validation — eSiMoN BEKEMEIER!, ALisA CHIRKOVAL,
and CHRISTIAN ScHRODER!2 — 'Hochschule Bielefeld - University of

Applied Sciences and Arts — 2Faculty of Physics, Bielefeld University

Processing of expanding experimental and computational datasets of-
ten requires multiple tools applied in a sequence before the main result
is retrieved. Data treatment, its transfer between different tools and
sharing are key points in nowadays materials development and digi-
talization processes. A study of magnetocaloric materials produces a
moderate size dataset, from which certain values need to be calculated
(AS, magnetic entropy change). Obtaining it from first principles re-
quires several computational steps, with the output of the previous
step transferred to the next one. In this work, a workflow for the AS-
calculation from both experimental and theoretical data is developed.
The computational tools are accessed through the pyiron(©IDE that
includes atomistic simulations using density functional theory as well
as newly implemented CINOLA spin-dynamics and magnetic transi-
tion evaluation from thermodynamics. As a proof of concept, we show
results for Ni and Gd exhibiting a second-order magnetic phase tran-
sition and for representative model materials with a first-order phase
transition. Our approach has an advantage of the acceleration and au-
tomatization of the data transformation and treatment within a single
study; furthermore, it offers experimentalists a convenient option to
perform powerful simulations on their own.



