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Research
Mission

« We discover new particles yielding deep insights into
the fundamental laws of physics

« Observe and explore distant galaxies, stars and new
planets

 |nvestigate the structure and function of proteins
drugs and viruses

 Discover new materials

« Observe chemical reactions in real-time
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Objective: Accelerate Scientific Discoveries in

Research on Universe & Matter

Forscherdrang:

New Results on Universe & Matter

Scientists with a PhD

Forschung mit Synchrotronstrahlung

Forschung mit Neutronen

Rat Deutscher Sternwarten

Hadronen- und Kernphysik
Elementarteilchenphysik

Astroteilchenphysik

Beschleunigerphysik

Forschung mit nuklearen Sonden und lonenstrahlen

20.000 = PhD scientists plus Students

KFS 2.300
KFN 1.600
RDS 1.500
KHuK 1.500
KET 1.300
KAT 500
KfB 200
KFSI 100

/

\_

Modern methods
digitization:
means to an end




Common understanding of terminology (?)

Artificial intelligence: overarching field of research that
includes machine learning (also deep learning)

Machine learning: mathematical model with parameters
optimized (trained) on data

Deep learning: machine learning with deep neural networks

Large language models: deep neural networks trained to search for the
next most likely word (transformer-type networks such as ChatGPT)
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Competition of Algorithms

Rule-based Classification error rate Connectivity

Systems 1.2 million natural images with methods
if.. then... numerous aspects as criteria

Human 'Y M ”
5o, Intelligence” by structure,
° not through content
5 O. Russakovsky et al, arXiv:1409.0575; K. He, X. Zhang, S. Ren, J. Sunar, arXiv:1512.03385

WMW Jie Hu, Li Shen (Oxford), Gang Sun, 2017 R. Kurzweil, Die nachste Stufe der Evolution, 2024



Innovation: Domain Knowledge and Al

Relevant

Science domain knowledge: science

question

Innovation
Potential

Adapt Computer Science
Methoden, e.g. Deep Learning

Digitization
Methods

e Fully connected
 Convolutional

e Graph

e Recurrent
 Autoencoder
 Generative Adversarial
 Normalizing Flows
o Diffusion

« Reinforcement

e Transformer
 Kolmogorov-Arnold
e Lorentz Boost

Know-how modern methods:



Structure for Digital Transformation

Community Self-Organization BMBF Funding

Komitee _ _

KAT Astroteilchenphysik ErUM-Pro ErUM-Data

KET Elementarteilchenphysik Project funding 120 M€ /10 years

KfB Beschleunigerphysik . s .
KEN Forschung mit Neutronen for Experiments Digital Transformation
KFS Forschung mit Synchrotronstrahlung

KFSI Forschung nuklearen Sonden & lonenstrahlen

KHuK Hadronen- und Kernphysik

RDS Rat Deutscher Sternwarten




Time Line Digital Transformation

2018 £Y 2019 £Y 2020 EY 2021 £Y 2022 BY 2023 EY 2024 B4 202> EX 2026 »-

BMBF

Workshop ErUM-Data: BMBF Funded Projects

in Bonn

ErUM-Data

120 M€
for 10 years [

[

Excerpt from BMBF presentation 12-Dez-2022




ErUM-Data Software & Algorithms

Hamburg/DESY Workshop 23.-24. Feb. 2023

17.5 M€

ErUM-Data-Hub
2,5M<€ / 5 years



Sustainability

4-day Workshop May 23

— Awareness in daily research: balance knowledge gain with resource usage

Portfolio of measures

Short term
Medium term

Longer term

https://doi.org/10.1140/epjs/s11734-024-01436-4
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Messages

 Research on Universe & Matter - Digital Transformation
* |Innovation: Combine science domain knowledge with Al

o Structured approach: Community strategies and BMBF
funding

 TRANSFER ?!
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