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Council of German Observatories (RDS)

•Who are we?
•What are our special characteristics?
•What are our needs?
•Where do we see interfaces with NFDI & ErUM-Data?
•What are our plans?



Council of German Observatories (RDS)

• Executive committee of Astronomische Gesellschaft (AG)

• About 2700 researchers in the area of astronomy and astrophysics 
in Germany including about 700 PhD students*

• About 40 university and non-university institutions 
(Max-Planck, Leibniz, Helmholtz)

• Few big centres, many smaller institutions 

• Tightly linked to international and intergovernmental 
organization and facilities (e.g. ESO, SKA, CTA, EST – see also EU 
ASTRONET Roadmap)

• For comprehensive description of status and goals see 
”Denkschrift 2017”

• Representing about 20% of ERUM-Data Community**

*as in Denkschrift (2017)      

**as in Recommedations of the ErUM Committees (2019)

Perspektiven der Astrophysik in 
Deutschland 2017-2030
Von den Anfängen des Kosmos bis zu Lebensspuren 
auf extrasolaren Planeten

Matthias Steinmetz, Marcus Brüggen, Andreas Burkert, Eva Schinnerer, Jürgen Stutzki, 
Linda Tacconi, Joachim Wambsganß, Jörn Wilms (Redaktionskomitee des Rats deutscher Sternwarten)
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Heterogeneous, distributed, diverse… in many aspects 
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Abb 2.2: Standorte der 38 Mitgliedseinrichtungen des Rats deutscher Sternwarten.

2.3 Astronomie und Astrophysik in den Einrichtungen des RDS 

Astronomische und astrophysikalische For-
schung findet in Deutschland vor allem an den 
38 Mitgliedseinrichtungen des Rats deutscher 
Sternwarten statt. Der RDS ist in den vergange-
nen zwölf Jahren um fünf Institute gewachsen 
und umfasst nun 38 Mitgliedseinrichtungen.10 

Darunter sind 25 universitäre Einrichtungen, sie-
ben Max-Planck-Institute, zwei Einrichtungen der 
Leibniz-Gemeinschaft, zwei Helmholtz-Zentren, 
ein Landesinstitut und eine private Einrichtung. 

Die Forschungsgegenstände der RDS-Institute 
umfassen die Sonne, die Sterne und ihre Plane-
tensysteme (17 Einrichtungen), den kosmischen 
Materiekreislauf (16 Einrichtungen), die Milch-
straße und andere Galaxiensysteme (16 Einrich-
tungen), die Kosmologie und die Erforschung des 
jungen Universums (12 Einrichtungen) sowie die 
Extremzustände des Kosmos und die fundamen-
tale Astrophysik (13 Einrichtungen). Dabei kom-
men in den Einrichtungen zahlreiche Methoden 
zur Anwendung: Die UV-, optische und Infrarot- 
astronomie (16 Einrichtungen), die Ferninfrarot-, 
Submillimeter-, Millimeter- und Radioastronomie 
(13 Einrichtungen), die Röntgenastronomie und 
Gammaastrophysik (14 Einrichtungen), die Labor- 
astrophysik (6 Einrichtungen) und das Höchstleis-
tungsrechnen (15 Einrichtungen). 

14 Einrichtungen beteiligen sich am Bau von astro- 
nomischer Instrumentierung, 11 im Bereich der 
Weltraummissionen. Leider sind in der Astrophysik 
diese technologisch orientierten Forschungsvor-
haben nach wie vor an universitären Instituten un-
terrepräsentiert, gerade im Vergleich zu anderen 
Bereichen der Physik, zum Beispiel der Elementar- 
teilchenphysik.

Viele Einrichtungen arbeiten in mehreren Un-
tergebieten, im Multi-Wellenlängenbereich und 
sind stark vernetzt, – deutliche Tendenzen in der 
Astronomie und Astrophysik. Häufig gibt es Be-
rührungspunkte zu benachbarten Forschungs-
gebieten, vor allem zur Astroteilchen- und Gra-
vitationswellenphysik (14 Einrichtungen) und zur 
Planetenforschung (3 Einrichtungen). Anhang B 
und C bieten eine Übersicht der RDS-Institute und 
ihrer Fachgebiete. 

10  Neu hinzugekommen sind das Deutsche SOFIA Institut (DSI), das Deutsche Elektronen-Synchrotron DESY-Zeuthen (DESY), 

die Humboldt-Universität zu Berlin, die Universität Bielefeld und die Technische Universität Braunschweig.
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Abb 5.1: Weltkarte mit den Standorten 

wesentlicher erdgebundener Observa-

torien sowie weltraumgestützter Ob-

servatorien mit deutscher Beteiligung. 

Erdgebundene Observatorien:

1. Daniel K. Inouye Solar  

Telescope (DKIST), USA

2. Large Binocular Telescope (LBT), USA

3. Hobby-Eberly Telescope (HET), USA

4. Low Frequency Array (LOFAR), 

Niederlande

5. 100-m-Radioteleskop, Deutschland 

6. AJT, Karl-Schwarzschild-

Observatorium, Deutschland

7. 2-m-Teleskop „Fraunhofer“, 

Deutschland 

8. IRAM, Plateau de Bure 

Interferometer, jetzt NOEMA, Frankreich 

9. IRAM, 30-m-Millimeter-Teleskop, 

Spanien

10. Calar Alto (CAHA), Spanien

11. GREGOR Sonnenteleskop, Teneriffa

12. La-Silla-Observatorium und 2,2-m-

Teleskop der MPG, Chile

13. Very Large Telescope (VLT), Chile

14. Extremely Large Telescope (ELT), 

Chile

15. Atacama Large Millimeter 

Array (ALMA), Chile

16. Southern African Large 

Telescope (SALT), Südafrika

17. MeerKAT, Südafrika 

Weltraumgestützte Observatorien:

a) eROSITA b) SOFIA 

c) SOHO d) Gaia 

e) XMM-Newton f) Euclid 

g) PLATO h) INTEGRAL

 i) LISA j) Solar Orbiter

k) JWST l) Athena 
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• From ground to air & space
• Single telescopes & networks 
• Multi-messenger science with and without triggers
• Exploiting EM spectrum and beyond
• Probing timescales from nanoseconds to centuries
• Involving professionals, amateurs, citizen scientists

Denkschrift (2017)
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Our Data …
• From cosmic laboratories and experiments that 

cannot be controlled or repeated!
Optimal data exploitation is essential

• Diverse in nature and multi-use
• Electromagnetic (radio, submm, Optical/IR, UV, X-ray, Gamma-ray)
• Gravitational Waves, particles and particle showers
• Time Domain, Imaging, Spectroscopy, Polarization etc.
• Computer Simulations
• Laboratory Astrophysics (Astrochemistry, Astrobiology)

• Large data volumes (hitting technological boundaries)
• Large scale surveys and dedicated experiments
• Distributed & dynamic, non-conservative compression
• Deep learning methods for archive coherence and fast & flexible interoperation
• Problem of information loss and data irreversibility

• Particular features of our data
• Mostly open data (except proprietary periods of ~1 year)
• Lots (but far from all) accessible via virtual observatories
• Huge amounts with increasingly grueling data rates  (e.g. 150TB/s)

20 PB/week

20 TB/night

40 TB/night 5 EB/day



Astrophysics is a Data and Discovery Science

• FAIR: Findable, Accessible, Interoperable and Reusable is key!

• Historically:
• Copernican revolution (long term observations)
• Halley’s comet (inference from different records)
• Neptune’s discovery (combining theoretical predictions & excellent maps)
• Mercury perihelion advance leading to first test of general relativity

• Some examples:
• Hubble Deep Fields (from exoplanets to cosmology)
• 50% of publications utilizing Hubble Telescope data based on archival work
• Gravitational Waves by merger of two neutron stars (multi-messenger approach)

• Future:
• “Data Avalanche” (archiving Exabytes/yr) by large surveys and next generation of 

telescopes & simulations. But this has already started! (e.g. EHT, MeerKAT, LSST)
• Data mining and deep learning – not only on isolated data sets but connected across instruments 

and archives 

Optical RadioGamma-ray



Needs to be addressed within PUNCH4NFDI
• Building sustainable competence centers for (astronomical) data 

• Data management (curation, provenance, publication) & Data publication software
• Solutions for ‚last dirty mile‘ (small data collections)
• Well defined, internationally compatible interfaces to big projects

• Extension of FAIR data policies in our discipline
• Interoperable, interdisciplinary  standards und metadata, DOI 

• Code to the Data
• Deep learning 
• Distributed data processing and Data Mining

• Scientific Software Curation
• supporting generic Open Source Software (e.g. astropy, gammapy, psrchive) 
• managing data and connected software as units

• Dynamical Archives
• Resolving lossy data problems and managing avalanche of online-data
• Data irreversibility and information loss 
• Especially in the presence of unpredictable background noise

Proposal for a consortium in the DFG’s Nationale Forschungsdaten-Infrastruktur

PUNCH4NFDI Consortium Proposal

The PUNCH4NFDI Consortium —
Particles, Universe, NuClei & Hadrons for the NFDI

Applicant:
Deutsches Elektronen-Synchrotron

Co-applicants:
Forschungszentrum Jülich, Frankfurt Institute for Advanced Studies, Georg-August-Universität
Göttingen, GSI Helmholtzzentrum für Schwerionenforschung GmbH, Hochschule für Technik
und Wirtschaft Berlin, Johannes-Gutenberg-Universität Mainz, Karlsruher Institut für
Technologie, Leibniz-Institut für Astrophysik, Ludwig-Maximilians-Universität München,
Max-Planck-Institut für Radioastronomie, Max-Planck-Institut für Kernphysik, Rheinische
Friedrich-Wilhelms-Universität Bonn, Ruprecht-Karls-Universität Heidelberg, Thüringer
Landessternwarte, Technische Universität Dresden, Technische Universität Dortmund,
Universität Bielefeld, Universität Hamburg, Universität Regensburg

Participants:
Albert-Ludwigs-Universität Freiburg, Europäisches Kernforschungszentrum CERN, Deutsches
Luft- und Raumfahrtzentrum, Deutsche Physikalische Gesellschaft, Helmholtz-Zentrum
Dresden-Rossendorf, Hochschule Darmstadt, Humboldt-Universität Berlin, Johann Wolfgang
Goethe-Universität Frankfurt, Leibniz-Institut für Sonnenphysik, Leibniz-Rechenzentrum, Max
Planck Computing and Data Facility, Physikalisch-Technische Bundesanstalt, Ruhr-Universität
Bochum, RWTH Aachen University, Technische Informationsbibliothek - Leibniz Information
Centre for Science and Technology, Technische Universität Darmstadt, Technische Universität
München, Universität Potsdam, Universität Siegen, Universität zu Köln, Verein für
datenintensive Radioastronomie e.V., Westfälische Wilhelms-Universität Münster

4. RESEARCH DATA MANAGEMENT STRATEGY

Figure 3: Visualisation of the degree of FAIRness in PUNCH today. See the text for details.

satellite) data, the FITS format (with a limited and controlled metadata vocabulary) has been
established as a ubiquitous data storage format in all astronomy. The TIFF image format, widely
used in public life, is an immediate offspring of FITS. With bigger data collections, the online
selection on the one hand side (using databases and SQL) and the notion of a ”multi-wavelength
view” on the other started the Virtual Observatory initative (2002), whose goal has been to
develop standards and protocols for the exchange and re-use of digital data collections.
Many astronomy specific standards include or extend common metadata systems (e.g. OAI-
PMH). Its focus has been the service paradigm, and one of its main achievements has been
the specification of a data access layer with protocols and standards. Especially in optical
astronomy, newly generated data collections use at least partially VO recommendations for
metadata or data access protocols even with non-public data. Also, the development of open-
source tools such as astropy and pyVO have boosted the use of VO protocols. Often, public
access to data is restricted only for a short limited period, but the curation of data collections
(organised as ”data releases”) often extends over years.

The degree of implementation of the FAIR principles to astroparticle physics data lies in be-
tween those from particle physics and astronomy. Lower data levels and the associated soft-
ware packages are findable and accessible for researchers inside the corresponding collab-
orations. Notable exceptions are e.g. the open KCDC providing public access to raw data
and software tools. Final data products in reusable data formats (e.g. FITS) are often con-
nected to the publication through the ADS service and accessible through the collaboration’s
websites. The gamma-ray community is in the process of moving towards the usage of open

PUNCH4NFDI Consortium Proposal 33



Needs to be addressed by ErUM-Data
Depending on NFDI funding and implemented measures, we will have to (re)visit:
• Research data management
• Digital infrastructure (see below):

- large amounts of compute power, sustainable storage, data lakes, dynamical archives & cloud computing
• Novel software & autonomous algorithms empowered by deep learning (see below)
• Knowledge transfer & cross-fertilization:

- within community, with other communities and especially with industry
- nationally and also internationally

• Education & Training:
- workshops and schools, especially for the analysis of Big Data, cross-cutting technology & code, etc.

• Publicizing efforts & results:
- utilising large existing network of planetariums and public observatories
- building on experience in citizen science and public outreach



Important need for digital infrastructure
• Powerful compute infrastructure required also near instruments during data taking

• Sustained wide-bandwidth data transport capabilities (nationally and globally)

• Evolution of data lakes in combination with archives in suitable Tier-structure

- dynamical, redundant and flexible
- required by our heterogeneous and distributed data

• Challenge to guarantee sustainability of archives in landscape of international experiments

- Global (or at least EU-) distribution of the data with access to cross-multi-messenger archives
- Different approaches by different partners (e.g. ESO, ESA)
- Even within organisations like ESO heterogeneous set of approaches (e.g. ALMA, APEX, VLT)
- Financing & sustainability, incl. that of software, workflows & pipelines (e.g. many astronomers  

already use tools provided/financed internationally, e.g. AWS):  national solution?

• General and important problem:  certain urgency vs timeline of corresponding ErUM-Data call

5

Global Networking



First call of ErUM-Data: Software & Algorithms with focus on machine learning

Astronomy is a discovery science (e.g. CMB,  pulsars, GBRs, FRBs etc.) in special requirements for 
AIs. Many applications needed during, after and even before measurements, e.g.:

• AI working on different hardware with real-time and off-line analysis

• Ability to spot and identify outlier, unusual and unexpected data items and patterns in huge data

• Ability to mine data autonomously and attach errors and uncertainties to AI results

• Ability to understand and exploit data with different properties simultaneously, including 
information from different domains (time, frequency, imaging etc.)

• Ability to utilise multi-messenger information

• Ability to utilise AI methods for simulations and synthetic observations 

• Ability to access, combine and utilise archive data in combination or even planning of new data

• Ability to plan and organise multi-messenger observing campaigns (decide on telescopes to use, 
which information to obtain and which set-up to use, watch also weather, satellites etc.)

• Ability to provide dynamical, flexible survey strategy orchestrated between different telescopes 
and in response to triggers



Conclusions

• Large range of challenges that astro community expects to address with ErUM-Data

given the increasing resource gap, especially for university groups

• Lots of opportunities to share knowledge & technology with other communities

• With ErUM-Data fewer discoveries will be missed, especially thanks to Deep Learning

• Important additional way to exploit investment in our infrastructures

• The next logical step in mankind’s oldest science


