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MATERIALS’ DEVELOPMENT STILL EDISONIAN:
INTUITION, SEARCHES, AND SERENDIPITY

e Edison tested 3000 materials for his filament — settling on
burned sewing thread.

e Haber—Bosch ammonia synthesis used osmium as catalyst.
Mittasch (BASF) tested more than 22,000 materials to
identify the iron-based catalyst which is still used today.
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THEORY — MATERIAL PROPERTIES

Structure Property
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e Many possible approaches: multiscale modelling
e Electronic, magnetic, atomic properties of solids, surfaces, interfaces
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KOHN SHAM -
DENSITY FUNCTIONAL THEORY

e Standard Model in many Fields:
Physics, Chemistry, Material Science, Biology, ...

e Basic idea:
Y hi+ Y Uy | V(A ...7v) = EV(A, ...7\)
I I,J

e Mapping of the many-electron system on a system of non-
interacting electrons described by an effective single-particle

Hamiltonian hwi(F) _ Giwi('_}) )
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METHOD DEVELOPMENT

All-electron DFT:
leur KKRnano
* No element-specific

juRS j § DFT pseudopotential
] KKRimp « Complex electronic structure
JuNoLo KKRsusc « Complex magnetism

Topological states of matter
« Transport

juTiBi  juSpinX

Atomic structure Electronic structure Charge density
Total energies Bandgaps Surface states
Forces ‘
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PREDICTIVE POWER OF DFT
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Most simple example:
e Si bulk

e Correct volume, structure,
transitions

e First-principles simulations
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MAIN CHALLENGES

How to ensure data-quality:
e Different approximations for different properties
e Different approximations for different structures
e Different accuracy needed for different properties/structures

Data provenance:
e More important to store ‘recipe’ rather than final result
e Qur data can easily be recreated
Managing workflows is of key importance
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WHAT IS A WORKFLOW?

Technical:
A (Python) script defining, submitting
and postprocessing DF T-computations

Workflows facilitate:

« Determination of complex materials properties from
simple input of structures

« Key part of any high-throughput scheme

« Simple workflows act as building blocks for more
sophisticated and larger workflows

« Way of providing expert knowledge to users

« Evolution of DFT codes into tools useable by non-

expert users 9 JULICH
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THE WORKFLOW ENVIRONMENT

Requirements: We need to store:

« Job management

« Data handling « Structures

« Data processing  Parameters
 Codes, Computers

« Extendable « Calculations

* Open source * Results

¢sAlIDA

Automated Interactive Infrastructure and
Database for Computational Science

Main developers @EPFL.:

G. Pizzi, et al. Comp. Mat. Sci. 111, 218-230 (‘16)
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NODE GRAPH OF CONVERGENCE WF
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STRUCTURED DATABASE
AiiDA:
 Not a simple
structure - property table Full Database::'

« Python tools for data analytics -
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SIMULATION OF XPS DATA

Experiments (FZJ-IEK4):
o XPS investigation of Beryllides
e Unclear details of spectrum Be,,Ti

e Three peaks?
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XPS DATABASE

Simulation of XPS spectra for all

Be-Ti alloys:

» Binding energies of core-states

o Symmetry information for relative

weights of peaks

e Superposition with peak-width

Pure Be24Ti2 XPS spectrum theory
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Nothing really fits!
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XPS DATABASE

* A mixture provides perfect fit:
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APP FOR CORE-LEVEL SHIFT

Z Jupyter

1 Visualization for Core-level spectra

Welcome! Here you can plot theoretical core-level spectra from the data in the database. This GUI just wraps some functionalities of the method

'plot_methods.plot_fleur_aiida.plot_spectra'. You can export the data or save the plot. Enjoy! Created @ PGI-1 by Jens Broeder
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DRIVING
THE EXASCALE
MATERIALS AT THE EXASCALE TRANS|T|ON

A EUROPEAN CENTER OF EXCELLENCE IN HPC
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Joint Lab Virtual Materials Design

Herangehensweise

= Helmholtz-Infrastruktur fur die
Digitalisierung von Materialien

= Entwicklung skalenuberbrickender
und multiphysikalischer Methoden
(P2/P3)

= HPC Code-Scaling, Performance
Engineering und Weiterentwicklung
fur komplexe Rechnersysteme
(Post-PetaScale) (P1)

= Effiziente Nutzung von kunstlicher
Intelligenz fUr materialspezifische
Fragestellungen (P3/P1)

= Integration experimenteller Daten in
den Modellbildungsprozesse

(Topics P2/P3, JL Charakterisierung)

Methoden
Software

HPC

Projekt Workflow

Programme / Topics
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FUTURE PLANS

Scientific/Technical
Challenges:

e Pushing the applicability
and accuracy of DFT

e Code/Calculation
stability

e Exascale computing

Mitglied der Helmholtz-Gemeinschaft

Workflows:

e Magnetic properties

e Model parameters

e Specific experimental
accessible properties

Databases/Interfaces:

e Tailor made datasets for
specific tasks

* Interfaces usable by
non-experts

e Interfaces to Data
Analytics Toolkits
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SUMMARY

DFT to calculate materials
properties

leur KKRnano

jurs JUDFT
; KKRimp
JuNoLo ykRsusc
juTiBi  juSpinX

Example XPS spectra
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e \Workflow technology

e AiiDA, Python

e Creation of high quality DFT
data

Stefan
Blugel
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