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• Germany makes outstanding contributions to astronomical research 
(Nobel Prize)

• European Southern Observatory (ESO) and European Space Agency (ESA) 
state treaties allow German astrophysics to play leading roles.

• For future large international astrophysics projects 
the situation is different.

• The Square Kilometre Array (SKA) radio observatory planned jointly by 
various nations, the Einstein Telescope, the Vera Rubin Observatory, and 
the European Solar Telescope all require new national structures that are 
not existing in Germany today.

• SKA is calling for regional data centres. The Einstein Telescope is looking 
for partners in Europe to set up large test and development centres for 
gravitational wave interferometers.

• The possibilities for German industry to participate in such tenders 
require institutional commitment.
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Enßlin

Future telescopes are global in nature and need large international cooperation.

The German astrophysics community is well positioned but it needs a national center to participate 
institutionally in these endeavors, to drive scientific, technological, and digitization development. 

Radioastronomy with SKA Gravitational wave astrophysics with the Einstein Telescope
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• Synergies in science but also in technology: radio 
and gravitational wave astronomy

• Both fields have exciting new developments and 
instruments that provide huge opportunities, 
especially in opening innovation potential and 
collaboration with industry.

• Especially radio astronomy will produce (among) 
the largest rate and volume of data in any kind of 
science, pre-empting future requirements across 
society and science, feeding into a seemingly 
endless stream of data to research.

Our research mission has large societal impact!
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SKAO

Smart CityGenomics

DZA concept : 3 pillars
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Astronomy

Square Kilometre Array 
Observatory (SKAO)

Einstein Telescope
(Low Seismic Lab)

Data Intensive 
Computing

Processing huge amounts 
of astrophysics data from 

all over the world

Innovative AI based and 
Smart Green Computing

Instruments

Developments for future 
astronomical experiments

Strong participation of 
Saxon industry

Interlocking of pillars  unique synergies

27.03.24Multi Messenger Astrophysics
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https://www.deutscheszentrumastrophysik.de/de/news/aktuelle-stellenausschreibungen-des-dza

Head of Personnel

Head Communication

Head of Finances

Head of Procurement

We have filled/are filling

, Karl Leo

Head of Transformation

Torsten Enßlin tbc

Digitization and advances in computing create 
opportunities and in turn drive innovation – what 
happened with WiFi is about to happen again on the 
data side

• Large number of new upcoming word-class facilities:
 The Square Kilometre Array Observatory (SKAO) 
 MeerKAT and MeerKAT+ 
 LOFAR 2.0, DSA2000, ngEHT, ngVLA

• Instrumentation and ability to detect and process signals gives 
the edge: strategy for DZA!

• DZA will build on German researchers & institutions in leading 
positions and can start immediately. 

• SKAO as fundamental pillar of modern astrophysics –
German community 3rd-largest contributor to science case

• Institutional commitment underlines the need for DZA
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Galactic Center observed with Meerkat

The Square Kilometer Array Observatory
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First MeerKAT Plus Antenna – Prototype for SKA
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Festive inauguration ceremony 
of the first MPG antenna in the 
Karoo region in South Africa on 
February 21. 2024

Under the presence of SARAO, 
MPIfR, DZA and OHB.

This is the first working antenna 
of the SKA Mid design!

DZA will receive two antennas of 
the same kind.

Signature of MoU between DZA and Botswana University BIUST
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For the first leg of an African VLBI Network (AVN) in Botswana, on February 27, 2024
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Astrophysics Data from all over the world 
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Rubin Observatory
SKA-Mid SKA-Low

H.E.S.S.

MeerKAT

ALMA

In operation

Einstein telescope (possible locations)

Under construction
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Dynamic Filtering (TUD, SpiNNaker, FZJ)

• Extract information from  huge data streams in real-time 

• Make sensors smart (machine learning, novel processors)

Dynamic Archiving and Analytics (DZA, TUD, HZDR)

• Feedback from archives to sensors in (quasi-) real-time

Scaling

• Online: massive parallelization of analysis workflows

• Offline: novel computing architectures (⇒ Huge Data 
Objects)

Reproducibility

• Reconstruction how decisions were taken 

• Simulations (essential for validation and understanding)
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Dyn. 
Filtering

Distributed
SMART Sensors

Regional
Computing 

ARCHIVES

Central
Computing 

DATA PRODUCTS

Dyn. 
Archiving Scaling Workflows

HUGE DATA OBJECTS
SKA: up to ∼ 1 Petabyte / 3D cube

Genomics/biomedicine: complex long time series

... DRIVEN BY ASTRONOMY

27.03.24Multi Messenger Astrophysics
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Smart Green Computing

Innovative AI based Methods

• Improved detection methods (knowledge graphs, ML)

• Filtering and archiving fundamental issues

• Data and Computational Science will drive success

Smart Green Computing

• Warm Water cooling

• Energy-efficient hardware

• In 2030, ∼ 20 % of worldwide electricity consumption due to IT 
[Nature, 2018] 

• Reducing Data Irreversibility (online + offline)      

 Contributions to limit the energy hunger of IT 
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Basic Services

106

Brontobyte
IoT raw data

Zettabyte
SKA raw data

Petabyte
SKA Catalog

Gigabyte

Megabyte

Terabyte

Exabyte

Yottabyte
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OGLE/GAIA/HST events

… the plot thickens!
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J0529–4351: Wolf 
et al, 2024. z=4 at 
1010.3 M

Black Hole

Li, Hernquist, et al. 2007

z=6.54

z=9.17

z=12.75

20 kpc

Archibald et al., 2001

105 M

Seed BH

We need massive seed black holes (105-7 M) in the early universe!

How can the earliest black holes grow so fast?

●

109 M

known QSOz=7.64
z = 7.54.  7.642
8x108 M 1.6x109 M

ULAS J1342+0928
(Bañados et al. 2018)

J0313-1806
(Wang et al. 2021)

Larson et al. 2023 & Goulding 
et al. 2023: JWST discoveries of 
most distant BHs at z=9&10.1  
at 107-8 M

●

●

27.03.24
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Indications for heavy seed black holes get stronger

Pacucci et al., arXiv:2308.12331v1

UHZ-1

UHZ-1: Goulding et al., 2023
CEERS_1019: Larson et al., 2023

CEERS_1019

J0529–4351: 
Wolf et al, 2024

27.03.24
Multi Messenger Astrophysics16
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Direct collapse of massive BH (DCBH). Are those the seeds? 

NASA/CXC/M. Weiss

Requires primordial gas without metals 
(only hydrogen and helium) & sufficient 
number of nearby young stars, which 
through ultraviolet Lyman–Werner 
radiation can destroy hydrogen 
molecules, which could efficiently cool 
and fragment the gas.

Chon, Hosokawa & Omukai, 
2020

27.03.24
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/ LISA

JCMT Stray & ALMA IMBH

Multi-Messenger Quest for the first Black Holes

Euclid

Athena & 
eROSITA

GRB EP

GW: LIGO

JWST

27.03.24Multi Messenger Astrophysics18
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PBH mass spectrum assumed for our work

IMBH & 
SMBH in GC

Bernard Carr, Juan García-Bellido et al. are 
working on a new version of their PBH mass 
spectrum, which assumes a rolling index of the 
primordial power spectrum and thus has a 
steeper decline at large PBH masses. This is now 
fully consistent with all observational constraints.

This is, what we use to estimate the PBH 
contribution to the extragalactic backgrounds.

CXB

Hasinger 2020

Growth of Large-Scale Structure at z=10

Without 
PBH

All Dark Matter 
from PBH

D. Inman and Y. Ali-Haımoud, Early structure formation in primordial black hole cosmologies, Phys. Rev. D 100, 083528 (2019), arXiv:1907.08129
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Primordial Black Holes

First stars

Black Holes everywhere!

First galaxies

10-3 DM

10-5 DM

10-7 DM

SMBH

30% DM

?

Sensitivity to BH-BH 
Mergers 

So far, all of these 
“fingerprints” are tantalizing, 
but only circumstantial 
evidence. 

However, future 
Gravitational Wave 
observations can uniquely 
discriminate between 
astrophysical and primordial 
black holes!

27.03.24Multi Messenger Astrophysics22
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Sensitivity of the next generation ground-based GW detectors

Einstein Telescope (EU)

Cosmic Explorer (USA)

27.03.24Multi Messenger Astrophysics23

250 m
180 m
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Seismic studies in 250m Depth

A unique, almost monolithic and smooth block of 
granite with a diameter of about 20 km with a 
homogeneous damping and seismic isolation layer! 

27.03.24

DZA Masterarbeit an Bergakademie Freiberg

In 180m TiefeOberflächenmessungBohrkerne

Multi Messenger Astrophysics25

10 km Triangle

27.03.24Multi Messenger Astrophysics26

Test Drills in
Cunnewitz

Surface Seismometers
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6.3.2024

Low-Seismic 
Lab in 
einem 
seismischen 
KäfigInnovation platform of approx. (40 x 30 x 30) m3

size at 200 m depth in Lusatia granite with square-
kilometer 3D seismometer sensor array

Metrological validation of advanced full-scale 
seismic isolation concepts

• Technology development for gravitational wave 
astronomy

• Adaptive seismic noise cancellation

• Sub-nanometer microscopy and photolithography 

• Quantum computing experiments

• Accelerator-based astrophysics

Dresden Concept Board Sitzung

• detector technology through 2050 & wide field-
of-view optics

• science-grade CMOS with low read noise
(possible applications in fast microlensing
surveys)

• curved detectors

• integrated optics (astrophotonics)

• optics for next-generation interferometry, laser
frequency combs

• NIR array detectors (e.g. for GAIA-NIR)

28 27.03.24Multi Messenger Astrophysics
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Projects

• Purchasing 2 additional MeerKAT+ antennas as in-kind contribution towards MeerKAT+ and later
SKAO and development of the African VLBI leg. Telescope control station in Görlitz (OHB).

• Data sciences at TU Dresden, focusing on large (<1 PB) data objects and real-time algorithms for
noise suppression and data compression.

• Cryogenic silicon mirrors and high reflectvity coatings for the Einstein Telescope.

• Development of fast NIR array detectors, possibly from organic materials and characterization of
CMOS detectors for astronomy; radio receivers for MeerKAT+, cooperation with OHB

Academic Appointments at TU Dresden and creation of a technical astrophysics master program

• Three astrophysics professorships (radio astronomy, cosmology, astro technology)

• One informatics and data science professorship

• One data intensive microelectronics/semsoric professorship

• Possibly one additional astrophysics professor jointly appointed with Univ. Wroclav (and Prag?)
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• National lighthouse with international appeal and societal impact.

• Unique combination of research and development in digitization, sensor 
technology and materials research. 

• Jobs with a long-term future in many areas. 

• Magnet for business and institutions, support for start-ups and spin-offs, transfer. 

• Education from day care through vocational training to university. 

• Prospects for young people in the region, securing the need for skilled workers. 
We attract people and prevent brain drain. 

• Our strength: leading competence from research and development through 
planning to the implementation of major projects and operation. 

• We do not have to build national and international networks. We will bring them 
with us.

12.3.2024DPG Spring Meeting Gießen30


