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SKA at a glance
• A global collaboration to design, build and 

operate the next generation radio 
astronomy observatory 

• A new Inter-Governmental Organisation for 
astronomy and fundamental physics with 
50+ year lifetime 

• It will consist of: 
o An array of ~200 dishes in ZA 
o An array of ~131000 antennas in AU 
o A global HQ in UK 
o Two data computing centres in ZA & AU +  A world-

wide network of SKA regional centres (SRC) 

• SKA is now: 
o February 3-4, 2021: First SKA Observatory Council 
o Q2/2021: construction activity begins

Courtesy: SKAO,  
H2020 AENEAS
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First SKAO Council 
(Feb. 3-4, 2021)
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Courtesy: B. Semelin

Second SKAO Council 
(Apr. 27-28, 2021)
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Development of the SKA project
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SKA Phase 1
SKA1-LOW (AUS) 

130,000 log periodic 
antennas 

50 MHz 350 MHz 15 GHz

SKA1-MID (SA) 

197 dishes (15m) 
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Three SKA key documents
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SKA Phase 1  
CONSTRUCTION PROPOSAL 
 

 
 

 
 
  

S K A O 

SKA OBSERVATORY 
ESTABLISHMENT  
AND DELIVERY PLAN

https://www.skatelescope.org/news/skao-publishes-construction-proposal/
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Development of the SKA project
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2726

SKAO Prospectus - 2020 SKAO Prospectus - 2020

7 Baseline budget

The graph on the right shows 
the expenditure over the 10-year 
period, outlining construction 
capital cost, construction support, 
operations and business enabling 
functions, and the Observatory 
Development Programme cost.

The construction of SKA1 is estimated to cost €1.282 billion (June 2020). A further €0.704 
billion (June 2020) will support the first 10 years of SKA Observatory operations.

8 Baseline schedule

The formal end of construction will be 
signi!ed by a successful Operations 
Readiness Review (ORR). This review 
will demonstrate the ability of the 
Observatory to execute a set of key 
observing modes, illustrated by end-
to-end tests of representative Science 
Veri!cation projects from proposal 
preparation to (public) data delivery. 
This process con!rms compliance to 
Level 0 requirements and the ability 
to execute high-priority science cases.

However, handover of the 
commissioned and veri!ed system 
for scheduled observing will 
be gradual. It is expected that 
speci!c modes will be released in 
sequence, starting with basic (and 
commonly used) modes, and allowing 
particularly dif!cult and more esoteric 
modes to be added over time.

Key project milestones
                                       

SKA-Low SKA-Mid

Start of construction (T0)

Earliest start of major contracts (C0)

Array Assembly 0.5 finish (AA0.5)
SKA-Low = 6-station array
SKA-Mid = 4 stations

Array Assembly 1 finish (AA1)
SKA-Low = 18-station array
SKA-Mid = 8 stations

Array Assembly 2 finish (AA2)
SKA-Low = 64 stations
SKA-Mid = 64 stations, baselines mostly <20km

Array Assembly 3 finish (AA3)
SKA-Low = 256-station array, including long baselines
SKA-Mid = 128-station array, including long baselines

Array Assembly 4 finish (AA4)
SKA-Low = full Low array
SKA-Mid = full Mid array, including MeerKAT dishes

Operational Readiness Review (ORR)

End of construction 

1st July 2021 1st July 2021

August 2021 August 2021 

February 2024 March 2024

February 2025 February 2025

February 2026 December 2025

January 2027 September 2026

November 2027 June 2027

January 2028 December 2027

July 2029 July 2029 

Construction of the SKA telescopes will take eight years (including 18 months contingency), 
planned to begin in July 2021 following approval by the SKAO Council.

SKA PHASE 1 (2021-2030) TOTAL COSTS (€M)
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x AA1 (18 LOW stations, 8 MID dishes): Basic continuum and spectral line imaging with some 
restrictions on total bandwidth and spectral sampling, CASA software. 

o Continuum and spectral line (below 2 GHz) imaging studies, for example, to characterise 
star formation and atomic hydrogen kinematics within nearby galaxies, to confirm basic 
telescope operation and calibration, but with non-competitive sensitivity. 

x AA2 (64 LOW stations, 64 MID dishes): As above plus wider bandwidths and pulsar timing with 
limited beams 

o Continuum and spectral line (partially equipped up to 15 GHz) imaging studies, for 
example, to provide imaging of complex galactic and extragalactic fields and wide-area 
surveys of the polarised continuum sky with competitive sensitivity. 

x AA3 (256 LOW stations, 128 MID dishes): As above plus full bandwidth, full pulsar timing, partial 
pulsar survey, partial transient capture and SDP software 

o Continuum and spectral line (half equipped up to 15 GHz) imaging studies, for example, 
to achieve statistical detection of the Epoch of Reionisation and obtain deep neutral 
hydrogen imaging of low redshift galaxies with state-of-the-art sensitivity. 

x AA4 (512 LOW stations, 197 dishes; 133 MID + 64 MeerKAT): As above plus full pulsar search, 
transient capture and VLBI 

o The complete science programme of the SKA is now accessible, including extremely fast 
and complete pulsar surveys, fast transient source localisation, direct imaging of Epoch of 
Reionisation structures and proto-planetary disks, etc. Sensitivity and survey speed are 
matched to delivery of an indicative core programme of scientific deliverables (the so-
called high priority science objectives) within a five-year timeframe. 

 

 
Figure 163. Sensitivity as a function of frequency for AA1 through AA4, contrasted with existing 
facilities. 
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Figure 164. Survey speed as a function of frequency for AA1 through AA4, contrasted with existing 
facilities. 
 

11.5.5  Contingency Management 
Contingency management is a formal process that provides the ability and flexibility to solve issues that 
may impact the project’s budget, schedule and technical performance, including activity-based and event-
based uncertainties. It is a part of the SKA1 change control process and risk management processes. 
 
As noted in 6.3, the programme will review risk exposure vs. contingency envelope on a monthly basis 
and recalculate the remaining risk exposure. The Euro value exposure of the 80% confidence level in risk 
is then compared to the project’s contingency pool and profile to ensure that the project maintains at 
least that level of success. 
 

11.5.6  Contingency at the End of Construction 
If the programme was completely accurate, all contingency funds will have been allocated to work 
package areas and spent. 
 
If the programme underestimated the risk exposure in realising the construction, the project will need to 
provide de-scopes to stay within the total project cost established by the committed cost cap funding plus 
the internal work package budget. 
 
If the programme overestimated the risk need, funds can be returned to the IGO and back to the member 
countries. 
 
 

SKA Phase 1 Construction Proposal

PoS(AASKA14)067

Continuum Surveys: Galaxies and Galaxy Clusters Isabella Prandoni

Figure 1: Top Panels: SKA1 reference surveys in comparison with existing > 2p steradian surveys and/or
surveys planned for the next future with SKA pathfinders and precursors. LOFAR, VLASS and SKA1
reference surveys are highlighted in blue, orange and red respectively. Different symbols refer to different
a survey coverage: all-sky (filled circles); wide tiers (filled triangles); deep tiers (asterisks); ultra deep tiers
(starred symbols). Left: Depth (5s flux limit) vs. frequency. Band 1 and/or 2 SKA surveys are all shown at
a reference frequency of 1.4 GHz. The red and blue dashed lines indicate a slope of ⇠ n�1 for different 1.4
GHz flux normalizations. Right: Depth (5s flux limit) vs. angular resolution. The black and brown lines
represent approximate estimates of the confusion limit at 120 MHz and 1 GHz respectively (see Appendix
for more details). Bottom panel: SKA1 reference surveys in comparison with existing or planned surveys.
Only surveys with observing frequencies in the range 1-3 GHz are shown. Area coverage vs depth (5s flux
limit); for 3 GHz VLA surveys the flux limit has been rescaled to 1.4 GHz.
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Prandoni & Seymour 2015
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Development of the SKA project
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A Golden Age for Radio Astronomy

LOFAR

Europe

30-80 MHz + 110-240 MHz

APERTIF

The Netherlands

1 – 1.750 GHz

NenuFAR

France

10-85 MHz

JVLA

US

1- 50 GHz

CHIME

Canada

400-800 MHz

Some of the SKA Pathfinders

ASKAP

Australia

700 - 1800 MHz

MWA

Australia

80 - 300 MHz

MeerKAT

South Africa

0.580 – 14 GHz

HERA

South Africa

50 - 250 MHz

SKA Precursors

14

SKA1-MID

South Africa

350 MHz – 15.4 GHz

SKA

SKA1-LOW 

Australia

50 MHz - 350 MHz
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Exploring the cosmos with  
the SKA

Cradle of  life

Cosmology

Cosmic dawn &  
Epoch of  Reionisation

Galaxy evolution

Cosmic magnetism

Fundamental physics

Transient sky

Solar, Heliospheric and 
Ionospheric Physics

Braun et al. 2015
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With the JVLA on 
a 0.25 deg2 field 

With SKA1 Staveley-Smith & Oosterloo 2015
400 deg2 

20 deg2 

1 deg2

Galaxy evolution
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Epoch of Reionisation and Cosmic Dawn
Courtesy: B. Semelin

Koopmans+ 15
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Cosmic magnetism
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PoS(AASKA14)092

Using Rotation Measures to Reveal the Mysteries of the Magnetised Universe Melanie Johnston-Hollitt

?

Johnston-Hollitt et al. (2004)
~ 1000 extragalactic RMs

Oppermann et al. (2012)
~ 40,000 extragalactic RMs

SKA 1 
~ 7 – 14 million extragalactic RMs

Figure 3: Top projection: The RM sky in Galactic coordinates as interpolated from ⇠1000 extragalactic
RMs over a decade ago (Johnston-Hollitt 2003; Johnston-Hollitt et al. 2004). Middle projection: The RM
Sky as determined from more sophisticated signal processing methods for ⇠40,000 extragalactic RMs (Op-
permann et al. 2012, 2015). Note that the large-scale features of the field are largely unchanged between
the top and middle panel, but the small scale information regarding the magnetic field of the Milky Way is
greatly improved with a higher density of RMs. The bottom panel denotes that an all sky RM survey on
SKA phase 1 with a sensitivity of 4 µJy/beam at 2" resolution should provide 7-14 million extragalactic
RMs with which to probe the RM sky. Red colour scales denote positive RMs and magnetic fields coming
out of the plane of the sky, whilst blue colours denote negative RMs and fields going into the plane of the
sky.

For further information see the following chapters in the 2015 SKA Science Case: Bonafede
et al. (2015); Cassano et al. (2015); Gaensler et al. (2015); Giovannini et al. (2015); Govoni et al.
(2015); Johnston-Hollitt et al. (2015a); Macquart et al. (2015); Taylor et al. (2015); Vacca et al.
(2015); Vazza et al. (2015).

2.2 Magnetic Field of the Milky Way

Mapping the magnetic field of the Milky Way has been steadily improving over the last decade.
The use of extragalactic background sources, embedded pulsars and observations of the diffuse
synchrotron emission in polarisation surveys (Reich et al. 2004; Haverkorn et al. 2006; Stutz et al.
2014) have all played important roles in examining the large-scale magnetic field of our Galaxy
(Stil et al. 2011; Oppermann et al. 2012). Such work continues to reveal surprising and previously
unknown features such as giant magnetised outflows (Carretti et al. 2013), and has permitted map-
ping of the magnetic field in a range of discrete Galactic objects (McClure-Griffiths et al. 2010;

7

SKA1 

Density of background sources for Faraday Rotation Measures:  

~300x higher!
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Pulsars
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• Strongly self-gravitating compact bodies 

• Very stable clocks

Test of gravitation theories 

Astrophysics 
PoS(AASKA14)036

Pulsars and the SKA Michael Kramer

Figure 2: Artistic impression demonstrating the wide range of physics and astrophysics that finds its appli-
cation when studying pulsars.

emission mechanism and magnetospheres, providing the ability to sufficiently sample the variations
in emission properties as a function of frequency. The ability to correct for the influence of the ISM
on high precision timing will be essential for all of the gravity studies and this is made possible
through measuring the ISM weather through the continuous frequency bands. This is even more
important if the highest frequency for pulsar timing in Phase 1 is around 1.8 GHz. Studies of the
ISM and the Galactic distribution of electrons and the structure of the magnetic fields also value the
combination of frequencies allowing measurements to be made nearby where the effects are best
seen at LOW frequencies, and further away using the higher frequency bands. In the case of the
pulsar wind nebulae the two instruments provide an ability to trace the energy deposition history
and the physics of the pulsar wind.

3.2 Synergies with other SKA science goals

The pulsar surveys and associated observing and processing infrastructure naturally lead to a
strong overlap with the fast transients goals (see Chapter 51). It is highly desirable therefore that the
infrastructure, including the beamformer, be made available for searching for short duration radio
bursts, be they from radio emitting neutron stars or from other radio transients, operate commen-
sally, ideally with all other observations with both SKA MID and LOW, but certainly as frequently
as possible. This will increase the yield for both the pulsar and radio emitting neutron star searches
but also for the fast transients. As discussed in Chapter 41 and others, pulsars are very useful for the
study of the ISM, providing full knowledge about the Milky Way, its constituents and its magnetic

8
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EuclidALMA (& NOEMA)

JWST LSST

Planck ELT

Epoch of Reionisation

The transient sky

Gravitational wave Science

Cosmology

Galaxy evolution as a function of redshift and environment
Star & Planet Formation

20

Synergies
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French SKA White Book
The French community towards the Square Kilometre Array

Editor in Chief:
C. Ferrari

Editors:
G. Lagache, J.-M. Martin, B. Semelin — Cosmology and Extra-galactic astronomy
M. Alves, K. Ferrière, M.-A. Miville-Deschenes, L. Montier — Galactic Astronomy
E. Josselin, N. Vilmer, P. Zarka — Planets, Sun, Stars and Civilizations
S. Corbel, S. Vergani — Transient Universe
S. Lambert, G. Theureau — Fundamental Physics
S. Bosse, A. Ferrari, S. Gau↵re — Technological Developments
G. Marquette — Industrial Perspectives and Solutions

arXiv:1712.06950

Euclid JWSTLSSTELT

4MOST DESI Athena CTA

LIGO & Virgo ALMAPost-Planck SVOM

The richest synergy chapter ever published about SKA vs. other 
projects, including: 

• instruments covering the whole electromagnetic spectrum 

• gravitational wave detectors

The French SKA White Book

178 co-authors from 

• 40 research institutes 

• 6 private companies
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October 16, 2017

First SKA-France Day

SKA-France milestones

July 1st, 2016

SKA-France 

Coordination



February 1st , 2018

Kick-off meeting of 

Maison SKA-France

SKA-France milestones
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Mai 17, 2018

MESRI publishes the French Large Research Infrastructure 

Roadmap 

SKA-France milestones



July 12, 2018

CNRS approved as new member of 

SKAO by the SKA Board of Directors

SKA-France milestones



SKA-France milestones

November 15, 2019

Two new academic partners of 

Maison SKA-France



The French Ministry of Higher Education, Research and Innovation has announced that 
France is now engaged in the process of applying for membership in SKA Observatory
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Main French involvements in SKA1
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CSP: Central Signal Processor

FPGAs in the ASKAP correlator

SDP: Science Data Processor

SDP prototype, Cambridge

SRC

SRC

SRC

SRC

SRC

SKA portal

SRC: SKA Regional Centre

Distributed facilities

KSPs

Science analysis

600 PB/yr
data persistence

5 Tb/s
data buffer of 2 weeks

5 + 9 Tb/s
data buffer of 2 minutes

User data 
products

SKA Data Flow 

Courtesy: P. Hartley (SKAO)

• Construction: 
o provision of high bandwidth digital electronics for 

SKA1-MID 
o provision of the SKAO Science Data Processor Hardware 

• SKA  challenge and opportunities in terms of 
energy needs: 
o innovative solutions for the generation, storage and 

management of energy with minimal environmental 
impact 

o energy efficient code and exascale data centres 

• SRCs: 
o conception of the worldwide network of SRCs 
o French (co-)leadership in 1/ definition of software 

federated computing and data software services, 2/ 
identification of users’ needs, 3/ collaborative efforts at 
European level

SKA1-MID element

SKAO/CERN/PRACE/GÉANT 

Collaboration Agreement

Courtesy: SKAO/CERN/PRACE/GÉANT
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SKA-LOW

SKA-MID 29

SKA is now! How to be involved /prepared? 
• Make the best use of pathfinders and precursors  

• Subscribe to SWGs: this allows  

✓ To be constantly informed about developments and possibilities opened by SKA in your research field(s) 

✓ To bring forward new ideas, collaborations and synergies 

✓ To be present when Key Science Projects will start to grow  

• SRC activities: different possibilities 

✓ Definition of scientific requirements 

✓ Participation to SRC specific Data Challenges 

✓ Technical contribution and expertise in conceiving the SRC network 

• SKA-France related activities: again, different possibilities  

✓ Work in close relation with AS SKA-LOFAR too to develop the community of users of low-frequency radio 
facilities 

✓  Active involvement in the SWG/SRC discussions to animate national workshops, project developments, 
multi-disciplinary collaborations 

✓ Involvement in the software/hardware co-design in collaboration with SKA-France partners


