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Outline of the talk

• The SKA Observatory
• Overview of the SKA science
• Some SKA technical challenges



SKAO at a glance
• A new Intergovernmental Organisation for astronomy and 

fundamental physics with 50+ year lifetime
• SKAO is now:
o February 3-4, 2021: first SKA Observatory Council
o July 1st, 2021: construction activity began
o December 5, 2022: SKAO Construction Commencement Ceremonies

• A mega-science facility of the 21st century to 
provide capabilities to transform our 
understanding of the Universe
o A very wide variety of science cases and associated 

science data products
o Diverse and complex workflows to run on Big Data



SKA Phase 1 50 MHz 350 MHz 15 GHz…

Image/Video courtesy: 
SKAO, H2020 AENEAS project

• SKA-LOW (50-350 MHz) : 131072 log 
periodic antennas, spread across 512 stations         
Maximum distance between stations: 74 km

• SKA-MID (350 MHz – 15.4 GHz) : 197 fully
steerable dishes, including the existing 64 
MeerKAT dishes
Maximum distance between dishes: 150 km

• SKA-HQ : SKAO headquarters located on the 
UNESCO World Heritage Site of Jodrell Bank

• SRC-Net (SKA Regional Center Network) : a 
world wide network of data/computing centers 
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Construction strategy

Credits: 
SKAO
Mark Sargent

• Target: build the SKA Baseline Design (AA4) 
• Not all funding yet secured, therefore following Staged 

Delivery Plan (AA*)
• Develop the earliest possible working demonstration of 

the architecture and supply chain (AA0.5)
• Then maintain a continuously working and expanding 

facility that demonstrates the full performance capabilities 
of the SKA Design

• At the end of 2026, SKAO becomes the most powerful 
radio observatory on Earth

Milestone Event (earliest) SKA-Mid (date) SKA-Low (date)

AA0.5
4 dishes

6 stations
2025 Nov 2024 Jul

AA1
8 dishes

18 stations
2027 Jan 2026 Jan

AA2
64 dishes

64 stations
2027 Dec 2026 Nov

AA*
144 dishes

307 stations
2028 Sep 2028 May

Operations Readiness Review 2029 Jan 2028 Jul

End of Staged Delivery Programme 2029 Mar 2029 Mar

AA4
197 dishes

512 stations
TBD TBD



14 SKA 
Science 
working 
groups

Courtesy Images: 
SKAO



The magnetised Cosmos
• Radio astronomy: uniquely suited to study 

cosmic magnetism
o Synchrotron emission
o Faraday rotation
o Faraday tomography
o Zeeman splitting

• Why we care about a proper knowledge of cosmic
magnetic fields?
o Astrophysics: huge impact on a variety of 

physical processes in galaxies and large-scale 
structures

o Cosmology: relevant for modelling of 
polarised Galactic foregrounds in the search 
for B-mode polarisation patterns associated to 
gravitational waves from inflation

Today

With SKA Phase 1

Johnston-Hollitt et al. 2015

Bonafede et al. 2015

Adapted from BICEP2/Keck and 
Planck Collaborations 2015

Courtesy: Miville-Deschenes



Galaxy formation and evolution

With the JVLA on a 
0.25 deg2 field

Fernàndez et al. 2013; Staveley-Smith & Oosterloo 2015; 
Oosterloo (HI Science Working Group)

1

2

SFH - non-thermal processes
& AGN/galaxy co-evolution
band 2/1, ≲0.5” resolution
duration: ~2 years

~1000 deg2

rms: 1 uJy
tpoint ~ 5 hr

~10 deg2

rms: 0.2 uJy
tpoint ~ 100 hr

~1 deg2; rms: 0.05 uJy; tpoint ~ 1700 hr

~0.1 deg2

rms: 0.04 uJy
tpoint ~ 650 hr

~1 deg2

rms: 0.3 uJy
tpoint ~ 12 hr 

SFH - thermal processes
& AGN/galaxy co-evolution
band 5 (~10 GHz), ~0.1” resolution
duration: ~6 months

Courtesy: Mark Sargent 
(co-chair Extragalactic Continuum SWG)

Madau & Dickinson 2014



The emergence of galaxies

Image credit: M. Bianco
Slide courtesy: SKAO

SKA-LOW



Janssen et al. 2015

Pulsar Timing Array (PTA)



Prandoni & Seymour 2015

Searching for the unknown



SKA-Low
Large-area 

response data 
streams

2 Pb/s 8.9 Tb/s

Correlated / 
conditioned 

signals

7.8 Tb/s

SKA-Mid
Beamformed data streams

(focused on sky patch)

20 Tb/s 8.9 Tb/s

Data 
Products

~700 PB/yr

SKA 
Regional 
Centre

Network

Perth

Cape Town

Telescope
boundary

Slide courtesy: SKAO

SKAO data processing stages



SKA project milestones & 
Dependencies for the SRC Net development

…



• To give SKA users access to SKA data, in compliance with the SKA data access policy

• To provide the computational and data management resources for the archiving of SKA data

• To provide SKA users with processing infrastructure to enable the scientific analysis of SKA data

• To form a federated environment which allows transparent data access across the SRC network, 
giving access to data products across the global science archive to all member of the SKA 
community

• To provide users with local user support

• Some regions may wish to provide additional, non-essential functions through their 
local SRC (e.g., regional point of contact; outreach and publicity; development 
activities). Such additional functions are optional and at the discretion of the regions

SRCNet essential functions



Towards the



• Contribute to the SRC Net at an 
appropriate level within the SKAO 
IGO

• Enable French scientists to 
lead/contribute to future SKA 
projects (KSP and PI)

• Meet the needs of the French 
(radio) astronomical community

• Provide to the French community 
the necessary access and support to 
SKA and pathfinders/precursors 
data

Objectives of the FR-SRC



• Synergies with:
- SKA Precursors/Pathfinders + Multi-messenger projects
- Unique services provided to the international community by 

CDS
• Federated, distributed resources building upon: 

- Regional sites (OSUs, regional data centres, …) 
- National infrastructures & GENCI 
- Dedicated communication network (RENATER)

• Human capital critically needed as well as collaborations with 
digital research and engineering communities, e.g.

- NumPEX (Le Numérique pour Exascale)
- ECLAT (Extreme Computing Lab for Astronomical Telescopes)

FR-SRC in the national landscape



Aladin Lite in the prototype SRCNet Science Gateway

Slide provided by 
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Vision, strategy and initiatives at European level
(A)

(B)

(C)
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spectrumproject.eu14/12/2023 | SPECTRUM PreKOM (online)
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Project Vision and Overall Objective

Data-intensive scientific collaborations have 
access to a European exabyte-scale research 

data federation and compute continuum

VISION

Deliver a Strategic Research, Innovation and Deployment Agenda (SRIDA)
which defines the vision, overall goals, main technical and non-technical 
priorities, investment areas and a research, innovation and deployment 

roadmap for data-intensive science and infrastructures

PROJECT OVERALL OBJECTIVE



https://cps.iau.org

Spectrum management & low-earth orbit mega-constellations

F. Di Vruno et al.: Unintended electromagnetic radiation from Starlink satellites detected with LOFAR

Fig. 6. Dynamic spectrum of tied-array beam 18, showing broad-band radio emission of three Starlink satellites (NORAD IDs 51993, 51988
and 51986) coincident with the predictions from satellite ephemerides. For NORAD ID 51993, the emission is visible from 115 to 130 MHz,
while objects 51988 and 51986 are more obvious from 140 to 175 MHz. The dynamic spectrum has been averaged by a factor four in time to
a time resolution of 41 ms, and a factor 16 in frequency to a frequency resolution of 0.195 MHz. To show the temporal and spectral structure
of the satellite emission, as well as that of other anthropogenic signals, the raw, uncalibrated dynamic spectrum is shown, without masking of
anthropogenic signals. The bars at the top of the dynamic spectrum indicate the predicted time ranges where the indicated satellite passed through
the LOFAR station beam (in grey), and the specific tied-array beam (in red). In the case of object 51988, the emission is about 0.33 s delayed
compared to the prediction. The histogram on the right shows the fraction of the dynamic spectra that would have been masked in frequency by
OAflagger (O↵ringa et al. 2012).

157 to 165 MHz. We focus our analysis on these two frequency
ranges, but also include the ITU-R RAS frequency band from
150.05 to 153 MHz.

Besides broad-band emission, narrow-band emission was
also detected in, and confined to, several individual 12.21 kHz
channels. The frequencies of these channels cover 124.994
to 125.006 MHz, 134.991 to 135.004 MHz, 143.048 to
143.060 MHz, 149.994 to 150.006 MHz and 174.994 to
175.006 MHz. We include these signals in our analysis, and will
refer to them as the narrow-band emission at 125, 135, 143.05,
150 and 175 MHz. As the maximum radial velocities of the Star-
link satellites in this observation are less than |vr| < 1 km s�1, any
Doppler shifts at these frequencies are less than ⇠ 600 Hz and
hence confined to individual spectral channels.

As shown in Fig. 7, the signal strength of these narrow-
band emission can vary significantly between frequencies as well
as satellites. In some cases, the narrow-band features were so
bright, that the satellite was detected passing through the side-
lobes of individual TABs. Furthermore, in many cases, espe-
cially at 125 MHz, the narrow-band signals were superposed
with terrestrial signals. This is also why the data processing strat-
egy had to be modified in order to extract the narrow-band sig-
nals properly. Instead of subtracting the average of all beams

from each spectrogram we subtracted a spectral baseline in a
small window around each narrow-band peak.

Finally, in some, but not all, of the lower altitude Starlink
satellites, a comb of narrow (within a 12.21 kHz channel) peaks
was seen in the frequency range above 155 MHz. The dynamic
spectra of satellite 51998 shown in Fig. 7 shows this comb for
frequencies between 170 and 176 MHz. Power spectra of the
emission between 157 to 165 MHz shows that these peaks are
spaced at 50 kHz o↵sets and is detectable in 17 of the 46 satel-
lites at lower altitudes, but none of the higher altitude satellites.
The satellites where this comb was detected are marked in Ta-
ble 3.

For all satellites which were detected through either broad-
band or narrow-band emission, we determined the time o↵set
between the observed and the predicted passage time through
the TABs by fitting a Gaussian profile to the temporal emission
profiles. These time o↵sets are listed in Table 3. We found that
the time o↵sets are less than 1 s for all but four satellites, and ex-
cluding those yields a median time o↵set of �̄t = �0.03±0.14 s.
The four satellites with the largest time o↵sets passed through
the beam pattern by as much as 6.4 s earlier, and others 1.3 s late
compared to predictions. We furthermore found that the tempo-
ral width of the Gaussian fits matches those from predictions,
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Di Vruno et al. 2023



Conclusions of the talk

• The SKA Observatory

o A new Inter-Governmental Organisation for ground-based astronomy
o Construction started in July 2021 and proceeding at pace
o At the end of 2026, SKAO will become the most powerful radio observatory on Earth 

• Overview of the SKA science

o After a 30-year journey since first conceptual ideas were floated, SKAO science is now clearly on the horizon
o Important preparatory activities of pathfinder and precursor telescopes
o SKAO will produce unique science 

• Some SKA technical challenges
o A mega-science facility of the 21st century with diverse and complex workflows (HDA, HPC, AI)
o Need of an end-to-end partnership for SRCs
o Spectrum management issues related to constellations of satellites

Than
ks!

chiara.ferrari@oca.eu


