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6  CHALLENGES AND OPPORTUNITIES OF DIGITAL TRANSFORMATION IN FUNDAMENTAL RESEARCH 

evolution and to reach ErUM groups at all universities 
and research centers. 

As practically all fundamental research is today per-
formed in an international setting, any national eff ort 
needs to be considered in a global context. Also, as 
many of the research techniques have a strong link to 
computer science, information technology expertise, 
and mathematics, the measures to be taken will have 
to be linked to these disciplines in the form of close 
cooperations. Because Big Data and their analysis 
are global challenges, cooperations with the private/
economic sector and with small and medium-sized 
enterprises (SME) may also arise.

1.7 Workshop and report of the 
outcome

With the workshop ‘Challenges and Opportunities of 
Digital Transformation in Fundamental Research’ (4 
and 5 October 2018), the BMBF invited representatives 
of basic research from universe and matter (ErUM) to 
come together with representatives from computer 
science and business. 

The participants represented the diff erent fi elds of 
ErUM research. They were drawn from the eight stand-

ing committees in the respective ErUM research fi eld 
and joined forces to advance the required develop-
ments. Together, these eight research fi elds employ 
around 8,400 active scientists with a doctoral degree. 
The workshop participants are listed in Appendix B. A 
short list of the committees and the fi elds they repre-
sent can be found in Appendix A.

The ErUM programme has excellent potential not 
only to prepare for the changes triggered by modern 
digitization, but also to initiate key measures that will 
enable a healthy bottom-up development of the re-
search landscape in this era of digitization. This report 
summarizes our fi ndings and presents the portfolio of 
recommended measures. 

We will fi rst report about the discussions and results 
arising from the three working groups:

1. Working Group on Federated Infrastructures
2. Working Group on Big Data Analytics
3. Working Group on Research Data Management

We will then summarize the recommended measures 
together with estimations of the costs associated with 
the programme as a whole.

Figure 2: The ‘ErUM data life cycle’ describes all phases from data collection in experiments to data processing, analysis, storage, sharing and 
fi nding.
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ON UNIVERSE AND MATTER 5

tists work in teams, both within their own institution 
and with - usually international - partner institutions. 
Depending on the disciplines, the number of collabo-
rating researchers varies between a few partners and 
very large collaborations with up to several thousand 
colleagues.

What they all have in common is the need for straight-
forward access to smart research data, computing 
resources, methodologies, publications, expert 
knowledge and communication with research partners 
(Fig. 1). Modern digitization offers the opportunity to 
establish the necessary technology and to put it into 
action. 

1.5 Scientific computing in ErUM

Scientific research in ErUM spans a wide range of 
very different domains and the supporting scientific 
computing is powered by a large number of actors and 
institutions. 

Computing for synchrotron radiation and neutron 
research is essentially served by the universities and 
infrastructures where the instruments and accelerators 
are located and the experiments are conducted, e.g. at 
centers of the Helmholtz Association (HGF).

The typically large data analytics requirements in 
experimental particle and nuclear physics are handled 
by a distributed high throughput computing model 
in a concerted action of HGF computing centers, and 
centers at universities and the Max Planck Society 

(MPG). The astroparticle physics community leverages 
computing centers of the HGF, MPG, and the Leibniz 
Association. 

For most areas of experimental ErUM research, 
simulations are essential to understand the measure-
ments at the required depth. They are performed in all 
above-mentioned centers. Computing power further-
more plays an important role at the laboratory sites 
in accomplishing the acquisition of data. For theory 
and special simulations, high-performance computing 
resources are indispensable to perform cutting edge 
research: the corresponding infrastructures addition-
ally include the centers of the Gauß-Allianz. 

1.6 Survey of areas with development 
needs

The development of innovative algorithms and the 
coherent use of originally unconnected data have 
sparked a highly competitive international race. 
Far-reaching advancements in the German research 
landscape are indispensable in order to be prepared 
for the upcoming changes that will increasingly result 
from such data-driven methods and that will offer a 
multitude of new opportunities.

In order to handle the huge amounts of data and their 
exploitation (Fig. 2), a crucial factor is the infrastruc-
ture, which simultaneously enables the processing of 
data volumes up to the exabyte range with very high 
throughput and network requirements. Another chal-
lenging area is mastering multiple usages of experi-
mental data, cross-experiment and cross-disciplinary 
data exploitation which have the potential to generate 
new knowledge. Moreover, the creation of core compe-
tencies in dealing with the modern possibilities of Big 
Data Analytics will be indispensable. 

Scientist with in-depth domain knowledge of ErUM 
research will be needed to harness the infrastruc-
tures, interconnect their research data and develop 
algorithms for Big Data Analytics. All of this work is 
necessary to achieve the transition to increased use of 
data-driven research and to enable new insights into 
their own research questions and those of other sci-
entists. It will be essential to spread these scientists 
with their knowledge in order to cope with the digital 

Figure 1: In the 2020’s, the scientists’ research environment will look 
and feel like working in a local environment, allowing access to large-
scale data volumes and massive computing resources to process the 
data, as well as interconnecting with colleagues.
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Digitalisierung & Beschleunigerforschung

Heterogene Community: 

Strahlungsquellen (FELs, Synchrotrons, …) 
an Großforschungszentren 
Collider 
Beschleunigertestanlagen 
(SRF, RF, Plasma, Dielektrika) 
 
→ heterogene Anforderungen
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Föderierte Infrastrukturen 

Problemklasse a) Bsp. feedback loops, full start-to-end simulations, machine optimization 
Computing Modell: lokal – high throughput + high performance, high data rate (TB/s) 
Archivierung, Datenreduktion für User sind Big Data Challenges 
Spezialarchitekturen werden intensiv verwendet: GPUs + FPGAs in Kontrollsystemen
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J. Osterhoff

Problemklasse b) Bsp. Simulation von Plasmabeschleunigern 
Computing Modell: föderiert (z.B. JEWELS) und lokal, high performance computing, multi-
million core hour Einzelsimulationen mit reduzierten Modellen 
Verwendung von Spezialarchitekturen: GPUs, KNL, …



Föderierte Infrastrukturen 
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J. Osterhoff

Zukünftiger Bedarf im Vergleich zu heute 
Sowohl HTC Echtzeitanwendungen (machine feedback + optimization) als auch 
HPC Stapelverarbeitung (Start-to-end Simulationen, Plasma Wakefield) 
In Zukunft werden beide Anwendungsfälle kombiniert werden müssen 
Erfordert signifikantes Wachstum bei Rechenleistung, Datenvolumen und 
Netzwerkbandbreite (Zeitraum ~10 Jahre)

Nutzung von Cloud Technologien? 
HPC Science Cloud nützlich für Simulationen (auch in Verbindung mit Container), bisher nicht 
implementiert, bedarf F&E Support 
HTC Probleme scheinen ungeeignet 
Expertensupport für die Lösung zukünftiger Computing Probleme im Feld der 
Beschleunigerforschung muss gestärkt werden. 
Heterogene Problemstellungen bei Optimierung von Algorithmen, Methoden, 
Analysewerkzeugen etc. auf Multicore und Spezialarchitekturen



Big Data Analytics
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S. Appelt

Beispiel: ML @ p cyclotron



Forschungsdatenmanagement
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Metadaten: Auffindbarkeit  (Basis DOI/DataCite Kriterien) 
keine übergreifenden Definitionen in der Community -> KfB-Themenworkshop? 
aus dem JACOW-Prozess lernen?  -> internationale Bemühungen

Gemeinsames FDM 
Allgemein anerkannte Workflows? 

Es gibt Normen, z.B. für strahlenschutzrelevante Daten. 
Zunehmende Relevanz durch Verwendung von standardisierten Sensornetzwerken, 
"mutual interest data" in Simulationsdatensätzen  
internationale Zusammenarbeit ?! 

Datenreduktion 
(Noch) keine gemeinsame implementierte / akzeptierte Workflows zur Datenreduktion 

jedoch: Fortschritte in Simulation & Sensorik -> lernen aus Best-Practice-Beispielen



Community-übergreifende Vernetzung
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Universities and research centers can receive funding 
for a scientific leadership position with the endow-
ment of a scientist position for a period of six years if 
they ensure the structural prerequisites for continuing 
as a permanent leader. The programme should be 
open to all ErUM disciplines including physics, chem-
istry, biology, medicine, earth science and possibly 
more. 

Outstandingly qualified young scientists are already 
available for such a tenure-track programme today. In 
the past, these individuals often left the university/re-
search sector because of a lack of opportunities within 
the more traditional science programs at universities 
and better offers in industry. Sustainability of the 
digital research sector shall be ensured by introducing 
a digital pillar with new career paths in fundamental 
sciences. With this, research in the field of ErUM will 
be accelerated and subject-specific teaching about 
the new possibilities of digitization will be secured.

Responsibilities: The new scientific leaders will take 
responsibility in conducting frontier research in the 
areas of computing and data models and algorithm 
development, complementing the experimental and 
theoretical research in ErUM. Beyond their research 
they will modernize the curricula of natural sciences 
education in data-driven methods and teach corre-
spondingly. On the one hand, this would support 
young scientists in improving their training in the 
methods of Data Analytics, computing and data mod-
els; on the other hand, the knowledge and skills of 
these students would diffuse into practically all groups 

of institutes as part of their final theses. Thus, the 
Tenure-Track programme will advance data-driven re-
search and at the same time be a catalyst to distribute 
and deepen knowledge in digitization through ErUM.

Scientific headcount: In order to achieve such a 
structural change through the approximately 50 large 
universities and research centers nationwide and the 
various departments of basic research on the universe 
and matter, we propose a correspondingly extensive 
and broadly diversified Tenure-Track programme with 
100 scientific leadership positions, each supported by 
one research assistant.

5.7 Partnership for Innovative  
Digitization

We propose the establishment of a self-organized 
structure that will integrate scientists from the various 
disciplines associated with ErUM. This will accelerate 
scientific progress through the transfer of knowledge 
on modern digital methods and their applications to 
very different research questions.

Opportunities and challenges: The communities in 
ErUM work on very different scientific questions, but 
are facing similar problems regarding modern digitiza-
tion. Challenges and opportunities lie close together. 
Only the ErUM scientists themselves can define and 
develop ideas on how they can all be brought togeth-
er into a fruitful and efficient exchange. A minimum 

Figure 5: The Partnership for Innovative Digitization in ErUM constitutes the strategic measure across all common activities and interests of the 
participating scientists. It is based on self-organization and comprises the areas of federal infrastructures, the various activities for enabling 
modern digital methods, and the joint actions for preserving and transferring acquired knowledge.
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Description of the Committees 

Komitee für Astroteilchenphysik (KAT)
Astroparticle physics combines our knowledge of 
the largest structures in the universe with that of the 
smallest building blocks of matter and the forces 
between them. It is a fascinating field of science that 
lives at the interfaces of astronomy, astrophysics, 
cosmology, elementary particle physics and nuclear 
physics. Activities in this young research field have 
increased dramatically in the last two decades. Ast-
roparticle physics has become independent and has 
developed its own profile in many countries world-
wide. The Committee for Astroparticle Physics (KAT) 
represents German physicists working in the field of 
astroparticle physics at German universities, Helm-
holtz Centers and Max-Planck Institutes. The aim of 
KAT is to bring together the different research direc-
tions, discuss current developments and represent 
the interests of the scientific community. KAT seeks 
close contact with the community of German astropar-
ticle physicists with the aim of achieving the greatest 
possible consensus while at the same time including 
strategic aspects. KAT represents the common goals 
and interests of the global community.

Astroparticle physics is characterized by its globally 
distributed and diverse infrastructures. Information is 
obtained in particular by linking the data of different 

experiments (Multi-Messenger Astroparticle Physics), 
in which the digitalization of the research field plays 
an important role. The infrastructures currently funded 
by ErUM-pro are the Gamma-ray Astronomy Obser-
vatory CTA, the Cosmic Ray experiment Pierre Auger 
Observatory, the Neutrino Observatory IceCube, the 
Dark Matter Experiments CRESST, XENON, the neutrino 
mass experiment KATRIN, and the Double Beta Decay 
Experiment GERDA.
 
Komitee für Elementarteilchenphysik (KET)
The Committee for Elementary Particle Physics (KET) is 
the elected body representing 1300 particle physicists 
with a PhD degree from more than 20 universities, 
at the European research center CERN, at the Helm-
holtz Centre DESY, at two Max Planck institutes and 
at non-European particle research centers. In close 
collaboration with the particle physics community, KET 
formulates common goals and interests. Topics cov-
ered include support for young scientists and outreach 
to the public. KET moderates discussions about the 
future strategy of particle physics with German funding 
agencies and represents the German community on 
the international level. Particle physics research is 
characterized by its large international research facil-
ities like CERN in Geneva, Switzerland, or KEK in Japan.
The actual flagship projects are the experiments 
ATLAS, CMS and LHCb at the Large Hadron Collider 
(LHHC) at CERN and Belle II at KEKB accelerator in Ja-
pan. The experiments address fundamental questions 

Figure 8: The total number of scientists with a doctoral degree working on research within the Universe and Matter programme ErUM is approx. 8,400.

Appendix A Committees of research within the 
ErUM Programme
Committee for Scientists

with doctoral
degree

Forschung mit Synchrotronstrahlung KFS 2,300
Rat Deutscher Sternwarten RDS 1,500
Hadronen- und Kernphysik KHuK 1,500
Elementarteilchenphysik KET 1,300
Forschung mit Neutronen KFN 1,000
Astroteilchenphysik KAT 500
Beschleunigerphysik KfB 200
Forschung mit nuklearen Sonden und Ionenstrahlen KFSI 100

Total number of scientists with doctoral degree 8,400


