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➤ Study the Universe by means of electromagnetic radiation at 
frequencies between 10 MHz and 1 THz 

➤ Broad range of science questions:  
from first stars and black holes to cradle of life,  
from exoplanets to largest cosmic structures,  
from fast radio bursts to gravitational waves,  
from the laws of gravity to cosmic magnetism, and more

RADIO ASTRONOMY
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➤ The largest radio telescope of the world

International LOFAR Telescope ILT: NL, DE, PL, FR, IR, IT, LAT, SW, UK 



WHAT IS LOFAR?
LOFAR Superterp, NL 



WHAT IS LOFAR?

International LOFAR Station DE609, Norderstedt 



MEERKAT = MEER KAROO ARRAY TELESCOPE



SQUARE KILOMETRE ARRAY (SKA)
SKA-Low: ~130,000 antennas 
                   across 65km  
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Anti-clockwise from top left, the SKA precursor facilities: 
MWA and ASKAP in Australia; MeerKAT and HERA in 
South Africa. Credits: MWA – Pete Wheeler (ICRAR); 
ASKAP – Alex Cherney; MeerKAT and HERA – SARAO

Built on the shoulders of giants
In the lead up to the SKA, many new 
groundbreaking radio astronomy facilities 
have sprung up around the world in the 
past 15 years. These facilities, known as SKA 
pathfinder and precursor telescopes, are 
part of a global effort to design and build 
ever-more sensitive instruments to provide 
further insights into the radio sky and grow 
new scientific and technical communities.

These telescopes are allowing astronomers 
to develop improved techniques and 
explore new phenomena, as exemplified 
recently by exciting discoveries they’ve 
enabled. This includes the sharp rise in the 
detection – and, in some cases, localisation 
– of fast radio bursts using ASKAP, CHIME, 
FAST, e-MERLIN and other pathfinders; the 
solving of the mystery around X-shaped 
galaxies by MeerKAT; the detection of 
the biggest explosion since the Big Bang 
using MWA; a new way to study exoplanet 
environments thanks to LOFAR; the 
detection of atomic hydrogen content of 
galaxies seen as they were eight billion years 
ago (the earliest epoch in the Universe for 
which there is such a measurement) using 
upgraded GMRT; to list just a few examples 
of ground-breaking science undertaken 
by such facilities. At the same time, these 
telescopes allow engineers to develop new 
technical and innovative solutions. 

Overall, these facilities are also playing a 
key role in training a new and more diverse 
generation of astronomers, engineers and 
technicians who will be ideally placed to 
make use of the SKA but also contribute to 
building a knowledge society.

The knowledge and experience gained by 
the precursor and pathfinder telescopes 
will guide SKAO through construction and 
operation, and will be at the heart of a 
productive and groundbreaking use of the 
SKA telescopes in the years to come.

SKAO will consist of one observatory, 
operating two telescopes, across three 
continents, for a global scientific community.

A truly global enterprise 
SKAO is achieved through the committed 
collaboration of its participating Member 
States and institutions. Only through this 
combined capacity in resources, knowledge, 
and experience (industrial, technical, scientific 
and at policy level) will the SKA be realised. 

SKAO is being established as an inter-
governmental organisation. It will undertake 
the construction, operation and maintenance 
of the SKA telescopes. The Observatory 
has a global footprint and will consist of the 
SKA Global Headquarters in the UK, the two 
SKA telescopes at radio-quiet sites in South 
Africa and Australia, and the associated data 
processing facilities. 

SKA Partners are 
located on five 
continents and in both 
hemispheres under a 
unique partnership  
of nations.

SKA-Mid Site, 
Karoo, South Africa

SKA-Low Site, Murchison, 
Western Australia

SKA Global HQ, 
Jodrell Bank, UK

1  
SKAO - the SKA 
Observatory

   SKA Partners– includes current Members of the SKA Organisation and current SKAO Member States and Observers 
(as of February 2021)

  African Partner Countries

* * * * * *

*
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SKAO PROSPECTUS 2020 SKAO PROSPECTUS 2020

SKA Observatory est. 2021



➤  

SQUARE KILOMETRE ARRAY (SKA)

SKA-Mid: 200 15-m dishes 
                 across 150 km 

SKA-Low: ~130,000 antennas 
                   across 65km  



LOFAR RESOURCE ALLOCATION

➤ LOFAR operates in cycles (1 semester), currently cycle 15 

➤ Cycle Proposal and Long Term Proposal (4 cycles) calls 

➤ Proposals are open world wide 

➤ National consortia have reserved share of access 

➤ Proposals include requests for observing time, computing 
time, data volume, and user support 

➤ Programme committee (PC) ranks proposals and  
allocates resources together with observatory 

➤ ILT board endorses PC decisions



LOFAR DATA POLICY
➤ Categories of data: ILT data and station owner data  

➤ All ILT data become public, all ILT observing and standard 
pipeline processing data remain ILT property 

➤ Station owner data (10% of observing time) remain at discretion 
of station owners 

➤ Derived data are property of scientists,  
e.g. LOFAR survey catalogues are released by Key Science 
Projects 

➤ Proprietary data period for proposer is one year 

➤ The PC can change data rights and scope for each ILT project  

➤ All ILT data are stored in the LOFAR Long Term Archive 



LONG TERM ARCHIVE (LTA)

➤ Total data volume > 50 PB 

➤ Growth 7 PB/a 

➤ LTA mostly tapes 

➤ Requires HPC facilities at LTA site (PUNCH4NFDI TA2 – 4)  



LONG TERM ARCHIVE (LTA)



LOFAR — PUBLICATIONS

1800 publications from or on LOFAR  
(ADS, Feb 2021) 



CITIZEN SCIENCE: RADIO GALAXY ZOO



MEERKAT
➤ Large Science Projects (co-)led by SA PIs,  

German participation based on individual or institutional 
contribution in many of them 

➤ Neither access nor data are open 

➤ MeerKAT offers small fraction of Open Time:  
open to world wide community (so far only two calls) 

➤ No archive like LOFAR LTA  

➤ Data are moved to compute centre in Cape Town, from where 
the Projects have to retrieve it within a certain time frame 

➤ Huge data volumes, if low level data are needed,  
shipping discs is often still the best option 



SQUARE KILOMETRE ARRAY

➤ Main data challenges 

➤ Data irreversibility (online reduction in near-realtime) 
[PUNCH4NFDI TA5] 

➤ raw data: ~1 Petabit per sec 

➤ archive: ~ 300 Petabyte per yr 

➤ Data monsters: up to ~1 Petabyte per single 3D image 

➤ SKA Regional Centre Steering Committee 

➤ Open Data in the classical sense will be impossible 

➤ Open Data must be restricted to higher level data products



SKA „DATA MONSTERS“

Das Bild kann nicht angezeigt werden. Dieser Computer verfügt möglicherweise über zu wenig Arbeitsspeicher, um das 
Bild zu öffnen, oder das Bild ist beschädigt. Starten Sie den Computer neu, und öffnen Sie dann erneut die Datei. Wenn 
weiterhin das rote x angezeigt wird, müssen Sie das Bild möglicherweise löschen und dann erneut einfügen.

Automated detection and calculation  
of galaxy rotation curves in HI surveys 

ASKAP HI Cube  (Jurek et al. 2010,  
3D visualization: Hassan et al.)  

3D images: up to 1 Petabyte per cube

- Outstanding resolution: 36.600 x 36.600 x 250.000 voxel



CONCLUSIONS

➤ Open Data is not the world wide standard in radio astronomy 

➤ Openness can be in conflict with resource allocation, granting 
rules or missions of organisations 

➤ Commitment is typically rewarded by privileged access to data 

➤ Various levels of openness are realised 

➤ Open Data does not automatically imply FAIR Data  

➤ Access and reproducibility are challenging due to enormous 
data rates and volumes (PUNCH4NFDI TA2-4) 

➤ Problem of data irreversibility (PUNCH4NFDI TA5)


