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At the origin of the SKA concept  (80’s and 90’s)
The ”Hydrogen Array”
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A Golden Age for Radioastronomy

LOFAR
Europe
30-80 MHz + 
110-240 MHz

APERTIF
The Netherlands
1 – 1.750 GHz

ASKAP
Australia
700 - 1800 MHz

MWA
Australia
80 - 300 MHz

MeerKAT
South Africa
0.580 – 14 GHz

HERA
South Africa
50 - 250 MHz

SKA

MID & LOW
South Africa & 
Australia
50 MHz – 24 GHz

NenuFAR
France
10-85 MHz

EVLA
USA
1- 50 GHz

CHIME
Canada
400-800 MHz

And 10 more (in Europe, America, 
Japan, India, Australia)  

SKA 
Pathfinders

SKA 
Precursors



A MeerKAT view of the Milky Way central region

Image courtesy:
SARAO



A MeerKAT view of the Milky Way central region

Heywood et al., Nature, 2019
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Changing our understanding
of the Universe with the SKA
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Planck
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Cosmic magnetism

Courtesy: Gendler
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Pulsars and the SKA Michael Kramer
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Figure 1: Pulsar-related discoveries as a function of time. The time of the first SKA Science Book is marked
and some important (selected) discoveries since are marked. The right panel puts the current numbers into
perspective with those expected for the SKA.

2. Science enabled by the discovery & study of pulsars and radio emitting neutron
stars with the SKA

The pulsar key science described in the first SKA Science Book had a number of related
components, which were summarised under the theme of “Testing Gravity”. With pulsars being
strongly self-gravitating bodies and precision clocks at the same time, timing observations of bi-
nary and isolated millisecond pulsars allow unprecedented strong-field experiments. These include
testing general relativity and alternative theories of gravity using binary pulsars and (the yet to be
discovered) pulsar-black hole systems as well as the direct detection of gravitational waves using
a “Pulsar Timing Array” (PTA) experiment. Given the advances in recent years, prospects are now
described in two separate chapters by Shao et al. (2015) and Janssen et al. (2015), respectively.
In addition to those, we provide here a summary of the rich and varied science goals for the SKA
described in the appropriate chapters:

Chapter 37 — Gravitational wave astronomy with the SKA — Janssen et al. (2015) A
Pulsar Timing Array (PTA) is used as a cosmic gravitational wave (GW) detector. As described
in the chapter by Janssen et al. (2015), Phase I essentially guarantees the direct detection of a
GW signal. This may appear as a stochastic background from binary super-massive black holes in
the process of early galaxy evolution, or it may be bright individual source(s) of this kind. Exotic
phenomena like cosmic strings may also be expected to produce measurable GW signals, should
they exist. The last ten years have seen a much better understanding of the source population, the
detection procedures and the use of a PTA for fundamental physics (such as graviton properties,
e.g. Lee et al. 2010) or single source localisation capabilities (e.g. Lee et al. 2011), all of which is
described in the corresponding chapter.

Chapter 38 — Understanding pulsar magnetospheres with the SKA — Karastergiou et
al. (2015) Considerable progress has been made with our understanding of the pulsar emission
mechanism in the last decade. However, the wide bandwidth and exceptional sensitivity of the
SKA will revolutionise our understanding of radio emission from all types of radio emitting neu-

3

Kramer & Stappers 2015



Changing our understanding 
of  the Universe with the SKA

 X

Vazza et al. 15

Courtesy: Zarka

Courtesy: Calçada

Courtesy: Vazza

Cradle of  life

Cosmology

Cosmic dawn &  
Epoch of  Reionisation

Galaxy evolution

Cosmic magnetism

Fundamental physics

Transient sky



SKA Science 
Cosmology

• HI intensity mapping surveys:    

• ∼30,000 deg2 out to z∼3 in SKA1. Even 

though individual galaxies are not detected, 
the resolution is more than adequate to 
measure the fluctuations needed for BAO


• Radio continuum surveys:           

• ∼30,000 deg2 out to z∼6, detecting ∼108 

galaxies in SKA1 

• ∼109 galaxies in SKA2


• HI galaxy redshift surveys: 

• ∼5,000 deg2 out to z∼0.7, detecting ∼107 

galaxies (SKA1) 

• ∼30,000 deg2 out to z∼2, detecting ∼109 

galaxies (SKA2 – the billion galaxy survey)

• Weak lensing surveys:  
• ∼5,000deg2 survey on SKA1 


• ∼30,000 deg2 survey in SKA2

Marteens+ 15

Mario&Santos&(UWC),&ICTP,&Trieste&2015&

Intensity(mapping?(

•  Look(at(the(total(intensity(for(a(given(emission(line(in(a(large(
3d(pixel((angle(and(frequency)((

•  Pixel(will(have(joint(emission(from(mulGple(galaxies(

galaxies( Intensity(map(

Mario&Santos&(UWC),&ICTP,&Trieste&2015&

Intensity(mapping?(

•  Look(at(the(total(intensity(for(a(given(emission(line(in(a(large(
3d(pixel((angle(and(frequency)((

•  Pixel(will(have(joint(emission(from(mulGple(galaxies(

galaxies( Intensity(map(

Cosmology with the SKA
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the expansion history and geometry of 
the Universe

➡ ‘standard ruler’ imprinted in the 
correlation function by the BAO 

the growth of structure
➡ power spectrum of the observed 

density contrast 
➡ weak lensing survey

Marteens+ 15
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An exquisite instrument for surveying the sky

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



Journée SKA au LAM 

Why with the SKA
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SKA1

50 MHz 25 GHz

2-3 millions 250 x 60 m 2500 x 15 m

JVLA
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Appendix A. Incoherent (phase-insensitive) combination
sums the detected signals (powers) from antennas pointing
in the same direction. Coherent combination of antennas
forms a phased or tied array beam – voltages measured at
each antenna are aligned in phase towards a specific
direction on the sky, in a manner similar to station beam-
forming. Smaller groups of antennas – subarrays – can be
incoherently combined and each subarray pointed in a
different direction. The extreme of this is the so-called fly’s
eye, where every antenna is pointed in a different direction.

Event localisation and the spatial discrimination of
astronomical signals from radio frequency interference
(RFI) is possible for coherent combination and, using
buffered voltages, for incoherent combination and sub-
arrays of three or more incoherently combined antennas.
Multiple beams (incoherently or coherently combined)
can be used to discriminate RFI, where a candidate event
in most or all beams indicates the presence of RFI.

Dedispersion processing The signals pass through a
cosmic medium of unknown dispersion measure (DM).
Thismeans that the detection needs to be trialled for many
DMs, each of which has a computational cost. The DM
range to be trialled depends on the location on the sky.
Clarke et al. (2011) discusses dedispersion for SKA1 in
detail.

Event detection An event-detection algorithm
needs to be applied to the signal from each trial DM,
where optimal detection is achieved with an appropriate
matched filter (Cordes & McLaughlin 2003).

Store in rolling buffer The digitised voltages from
the dishes or stations are stored in a circular memory
(rolling) buffer. In the case of a candidate event, the data
from the buffer can be saved to another location (dumped)
and processed off-line. The amount of memory required in
the buffer depends on the sampling rate, sample size and
the expected maximum (dispersed) pulse duration. The
maximum pulse duration is a function of the range of
frequencies to be captured and varies linearly with the
maximum DM to be trialled. For a maximum DM of

3000 pc cm!3 and a bandwidth of a few hundred MHz, a
buffer of order tens of seconds is required for dish frequen-
cies and possibly tens of minutes for lower frequencies.

Buffer dump and off-line processing On receipt of
a trigger, the buffer will dump the original voltage data to
storage for off-line processing, which could include RFI
filtering, analysis of the candidate detection and correla-
tion of the dish or station beams for source localisation
and imaging.

Commensal and targeted surveys A commensal
survey greatly increases observation time by conducting
the survey in parallel with normal telescope operations. It
is passive; it uses dish or station beam signals from the
primary user observation, placing little extra demand on
the telescope. Such a survey is suitable for extragalactic
searches, given the information about the population of
such fast transients is not known a priori; hence one
direction on the sky is as good as another. To observe
specific areas of the sky, such as the Galactic plane and
nearby galaxies, a targeted transients survey (which is
the primary user observation) may be required (e.g. van
Leeuwen & Stappers 2010).

Data spigot A data spigot to the dish and station
beam signals is useful for transients surveys, especially
those which are commensal. If the signal chain is consid-
ered to be the signal path from the antennas of a radio
telescope array to the correlator, a spigot defines a point in
the signal chain where users can tap off data via a well-
defined interface. The spigot for fast transient searches
may output either coherent (phase-preserved) data at high
rates or, alternatively, incoherent data where the dish or
station beam voltages are squared and integrated to a time
resolution of order milliseconds to reduce the data rate
and subsequent dedispersion processing load. The latter
approach is being taken by CRAFT to access beams from
the ASKAP beamformer (Macquart et al. 2010a). Simi-
larly, searching the integrated signals from the dish or
station beams which have been incoherently combined is
a low-cost option for commensal surveys with SKA1.

Figure 2 Signal combination modes, resultant beam patterns, and beam terminology for dishes and aperture array (AA) stations (beam sizes
not to scale).

302 T. M. Colegate and N. Clarke

SKA Observatory data products – data rates 

•  Image cubes (2 spatial dimensions, plus 
radio spectral frequency, polarization) 
–  Each can be huge, typically minutes-to-

hours integrated together 
–  High speed image plane searches 

•  Deep-cube: per 6 hours integration, O(50k x 50k) pixels, 50k channels, 
4 polarisations: 5 Petabytes. 1.85 Tbits/s (20 x 100gbit/s links) 

•  Image plane searching: per 1 second, O(5k x 5k) pixels, 10 channels, 1 
polarisation: each cube 25 Gbytes, 200 gbit/s 

Aperture*Synthesis*

V(u,v)*can*be*measured*on*a*discrete*number*of*points.*A*good*image*quality*
requires*a*good*coverage*of*the*uv*plane.*We*can*use*the*earth*rotaHon*to*
increase*the*uv*coverage*

Andrea*Isella***::****CASA*Radio*Analysis*Workshop****::****Caltech,**January*19,*2012*

Observing modes
Non-imaging (Tide Array Beams)

Pulsar Search & Timing 

• Forms hundreds of beams within the dish/station beam 
• Time resolution ~ 60-100 μs
• Data rate ~ 800 GB/s
• Archival ~ PB

Imaging

Most of the other Key Science Topics

• 4D images (RA, Dec, Frequency, Polarization)
• Output image size ~ 1 PB
• Archival ~ 120 PB
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Raie à 21 cm de l’hydrogène neutre (HI)

Émission radio cohérente

Émission radio incohérente

Rotation de Faraday
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Governance

Technology

Science

Development of the SKA project
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2014
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2017
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SKA Phase 1 (SKA1)

SKA1-LOW (AUS) 
130,000 log periodic 
antennas

50 MHz 350 MHz 15 GHz

SKA1-MID (SA) 
197 dishes (15m)
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2012

2013
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2016

2015

KSP

2018

2018

SKAO

Elements 
CDR

Initialling &
signature of 

IGO 
convention

2019

Ratification of convention by >= 5 Countries: 
IGO "entry into force”

2021

Ratification of convention by all 
participating countries

2020

SKA 
Observatory 
operational

2019

System CDR  and submission of 
construction/operation proposal

2020 2021

Construction (AA1, AA2, AA3, AA4)

2028

2019

First
“Major 
Science 

Meeting”

2020

Major Science Meetings

2023

KSP Workshops KSP Proposals

20292025

Data Challenges

Science Commissioning
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20282026

Shared Risk P.
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Timeline of the SKA project in France
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2010 2012 2015 2016 20182011 20152010 2016

Revision of the national roadmap

2017 2020
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The French SKA White Book

26

178 authors from
40 French research institutes

6 private companies 
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ASKAP (AUS) MeerKAT (SA)

JVLA (US) GMRT (IN)

LOFAR (EU) 
NenuFAR (FR)

VLBI

French radio-astronomers are involved in the 
SKA scientific preparation

users of national et international radio-
telescopes

all SKA Science Working Groups have French 
participants

SKA: the radiotelescope of the XXIst century
SKA: a unique instrument
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Planck

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

A wider and wider community
SKA: an interdisciplinary instrument
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SKA1-MID

~2 Pb/s

8.8 Tb/s

7.2 Tb/s

50 PFLOPS

250 PFLOPS

2 x 5 Tb/s

The SKA: an “exascale telescope”
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SKA1-LOW 350 PB/telescope/yr
(could be a lot, lot, lot more) 

Beam-forming

Imaging &
Science

Pulsar search & Correlation
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February 2018: Maison SKA France

• A MoU between research organisations and their industry 
partners 

• A science and technology roadmap

• A forum to develop fundamental research and R&D 
projects 

30
July 2018: CNRS new member 
of SKA Organisation

May 2018: SKA as TGIR project 
within national roadmap
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February 2018: Maison SKA France

• A MoU between research organisations and their industry 
partners 

• A science and technology roadmap

• A forum to develop fundamental research and R&D 
projects 

31
July 2018: CNRS new member 
of SKA Organisation

May 2018: SKA as TGIR project 
within national roadmap

2020/2021: Next revision of the French roadmap
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