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Topic 5: Materials Information Discovery

Mission and Goals 

What were the goals of the topic? 

Programme 3 ïMaterials Systems Engineering

ÅDevelopment of digital and correlative characterization 

platforms which will act as key enablers for future materials 

engineering

ÅA generic concept covering in situ and operando measurements 

and in-system combinations of methods will be developed

ÅBroad range of competences in methods and physical/life 

science applications

ÅBased on unique infrastructures:

Ernst Ruska-Centre (ER-C) at FZJ

Karlsruhe Nano and Micro Facility (KNMF), HiT-NMR, CORREL



HiT-NMR: high throughput screening

Accelerated sample 

handling

Increased sample throughput

Intelligent calibration and 

sample preparation

Metabolomics Drug Discovery Improved Catalysts

Screening ApplicationsThroughput 

improved x50

Becker, M. et al., Sci. Rep. 13 (2023) 17983.

Nassar, O. et al., Microsys. Nanoeng. 7 (2021).

Flow 
sampling

Automation

Detector 
Parallelization

Machine 
assisted 
learning

Closed-loop 
screening 
platform
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Evolution of the magnetisation with chiral tensor
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1. Magnetisation in the 

initial state

2. RF E2 perturbation 

[17,18,19]

3. Magnetisation relaxation

4. Intensity/phase 

difference [19]

Chiral NMR experiment:
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[17]: Buckingham, Chem. Phys. Lett., 2004

[19]: Garbacz et. al., Phys. Chem. Chem. Phys., 2015

[19] S Wadhwa, D Buyens, JG Korvink, Advanced Materials, 2024
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Chiral drugs are ubiquitous and ordered by enantiomer

Enantiomer Eutomer (Good) Distomer (Bad)

Thalidomide [5] Sedative Teratogenic

Ethambutol [6] Tuberculosis Blindness

Penicillamin [7] Antiarthritic Mutagen

Ketamin [8] Anesthatic Hallucinogen

Thalidomide

Ketamin

Ethambutol

Penicillamin

[5]: Vargesson, Birth Defects Res C Embryo Today, 2015. 

[6]: Song et. al., Medicine, 2017. 

[7]: Yang et. al., Analytic Chimica Acta, 2021. 

[8]: Andrade C. The Journal of clinical psychiatry, 2017.
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Thalidomide (Contergan) scandal

20221962 1971
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Methodology

4D-STEM Diffraction Mapping

pixelated 

detector

Condenser

System

Objective

Lens

Projection

System

512x512 pixel, 4500 fps Diffraction Array

diffraction patterns

scanned 

e--beam

magnetic & 

electric field

strain field, density 

& pair distribution

phase & crystal 

orientation

Large scale data processing

ÁStatistical methods

ÁMachine learning
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Methodology

4D-STEM ïSimultaneous Structure & Function Analysis
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A. Kobler et al., 

Ultramicroscopy, 2013, 128, 68-81

S. Kang et al., 

Acta Materialia, 2024, 263, 119495 S. Kang et al., Advanced Materials, 2023, 35, 2212086

D. Jennings et al., 

Acta Materialia, 2024, 273, 119941S. Kang et al., 2024, in preparationS. Kang et al., 2024, in preparation

Residual strain fields in a 

deformed metallic glass

Mapping local atomic structure 

of metallic glass 

Crystallographic texture of 

Nanocrystalline Pd

GB in ferroelectric ceramicFerromagnetic amorphous alloy GB in BTOGB in ferroelectric ceramic

Density variations in a 

deformed metallic glass
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Structure and Segregation at Grain Boundaries

D. Jennings et al., Acta Mat., 2024, 273, 119941
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Anisotropic Segregation at Grain Boundary Sr1-xFexTiO3

Di Wang
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Space Charge Layer at Grain Boundary

S. Kang et al., 2024, in preparation

20 nm

20 nm

20 nm

Yang et al. Nano Lett., 21, 9138ï9145 (2021)

Potential, E field, Charges at Grain Boundary Ba1-xFexTiO3

S. Kang

Direct imaging of space charge layer (SCL) at grain boundary

theoretically predicted SCL



LiberTEM project 
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Live and interactive 4D STEM with 

1 mio scan points per second 

using the event-based CheeTah T3 

camera by Amsterdam Scientific 

Instruments, LiberTEM-live and 

CEOSõ Panta Rhei.

ÅApply computationally intensive methods like

AI to live data and large offline data

ÅFastopen source stream-oriented processing

ÅInteractive live processing with some of the

fastest detectors currently available

ÅDecouples data source, user-defined

implementation of an algorithm, execution

engine and display of results

ÅInteroperability and re-use in different contexts

ÅSuccessfulcollaboration with many vendors

Åhttps://libertem .github .io/ for more information

https://libertem.github.io/


Data management 
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¸ https://er-c-data.fz-juelich.de

¸ Use at CEA (Matthew Bryan)

¸ Versatile, modular, performant data 
management

¸ Standards-based interfaces

¸ User-friendly, familiar

¸ Easy collaboration

¸ Link storage with compute, metadata

- AI!

¸ Pilot in production use

¸ EU project EOSC Data Commons

Acquisition

Processing

Publication

Archival 

Storage

https://er-c-data.fz-juelich.de/


Magnetic hopfions

Magnetic hopfions in solids

F N Rybakov, N S Kiselev, A B Borisov, L Döring, C Melcher, S Blügel

APL Materials 10 (2022), 111113.

Hopfions can be considered as closed twisted skyrmion strings

that take the shape of a ring in the simplest case.

The complexity of the hopfion shape and size

increases with the Hopf index H.



Magnetic hopfions

Coupled states of skyrmion strings and hopfions in FeGe plates

of thickness 180 nm at 95 K

Hopfion rings in a cubic chiral magnet

F Zheng, N S Kiselev, F N Rybakov, L Yang, W Shi, S Blügel and R E Dunin-Borkowski

Nature 623 (2023), 718-723.
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Hopfion rings in a cubic chiral magnet

F Zheng, N S Kiselev, F N Rybakov, L Yang, W Shi, S Blügel and R E Dunin-Borkowski

Nature 623 (2023), 718-723.
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Hopfion rings in a cubic chiral magnet

F Zheng, N S Kiselev, F N Rybakov, L Yang, W Shi, S Blügel and R E Dunin-Borkowski

Nature 623 (2023), 718-723.

Simulations of mz = 0 isosurfaces for hopfion rings with Q = ī11 and ī1. 

Left: hopfion ring alone. Right: semitransparent isosurfaces.










