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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 Q4/2020: IGO exists 
o Q2/2021: construction activity begins

Courtesy: SKAO,  
H2020 AENEAS
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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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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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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
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SKA1-MID

South Africa

350 MHz – 15.4 GHz

SKA

SKA1-LOW

Australia

50 MHz - 350 MHz
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Heywood et al., Nature, 2019 
Govoni et al. 2019, Science

Diffuse emission and filaments at different scales
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McConnell et al., ASA, 2020 

Mauch et al., AJ, 2020 

Radio continuum surveys

16 D. McConnell et al.

Figure 17. RACS, NVSS, and SUMSS images of the same region. In the RACS image, the PSF has dimensions 16× 11 arcsec, and the image noise is 200µJy beam–1.

by software tools for accessing the database and include pro-
cedures for performing the flux density corrections mentioned
above.

Additional items will be added to the CASDA release in future:

1. Additional, lower-quality images of the fields withmultiple
observations; these may be useful for variability studies.

2. Images of 6.3◦ extent, but with full sensitivity to the image
boundaries. These will be prepared by linear combination
with adjacent tiles.

Observations for RACS will continue, specifically to sample
other parts of the spectrum accessible to ASKAP. Images from
those future observations will be added to the RACS archive on
CASDA.

5. Summary

We have introduced the RACS and the publication of its first
total intensity images covering the whole sky south of declination

+41◦. In Section 3, we have characterised the performance of
ASKAP during the RACS observations and have presented the
corresponding properties of the survey data products. These we
summarise in Table 4.

Over most of the surveyed area, the RACS images are of high
quality. The low spatial frequencies in bright extended sources
have been difficult to represent well, partly for lack of rotational
synthesis. Data quality improved through the course of the RACS
observations (2019 April to 2020 June); management of the PAFs
has improved, and improved scheduling has led to more compact
image PSFs.

The RACS dataset has enabled a thorough analysis of the
ASKAP flux density calibration and will inform future changes
to standard telescope operating procedures. Beams shapes will be
measured routinely, and the results used by mosaicing software to
produce images with flat flux density scale across their extent.

The images we release will provide a useful reference image of
the radio sky in the 30-cm band, bridging the spectrum between
low-frequency surveys such as TGSS and GLEAM and NVSS at
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Table 1. Summary of RACS parameters with those of other comparable surveys. The tabulated data allow
comparison with RACS; for detailed information consult the reference papers mentioned in Section 1.

Frequency Bandwidth Resolution Sky coverage Sensitivity Nsources
Survey (MHz) (MHz) (arcsec) (deg2) (mJy beam–1) Polarization (×106)
VLSSr 73.8 3.12 75 30 793 100 I 0.93

GLEAM 87, 118, 154, 30.72 120 27 691 6–10 I, Q, U, V 0.33

185, 215

TGSS 150 16.7 25 36 900 2–5 I 0.62

RACS a 887.5 288 15 36 656 ∼0.25 I, Q, U, V 4

1 295.5

1 655.5

RACS b 887.5 288 15–25 34 240 0.2–0.4 I 2.8

SUMSS 843 3 45 10 300 1.5 RC 0.2

+MGPS-2
NVSS 1 346, 1 435 42 45 33 800 0.45 I, Q, U 2

VLASS 3 000 2 000 2.5 33 885 0.07 I, Q, U 5.3
a RACS full survey capability.
b RACS first data release.

descriptions of the PAFs, beam formation, and telescope operation
exist in Hotan et al. (2014) and McConnell et al. (2016).

The data gathering capacity of ASKAP, equal to 36 simul-
taneous 630-baseline synthesis arrays, presented a software
development challenge: how to develop calibration and imaging
software that could run in less time than the time taken to
make the observations. In addition to the use of highly parallel
supercomputers, the solution relied upon the availability of a
model of the sky that could provide the properties of all the major
sources in any field being observed (Cornwell et al. 2011b). The
aim was to construct this model [the Global Sky Model (GSM)]
from short observations made with ASKAP itself, and that all
subsequent observations would contribute to its improvement.
Although the early operation of ASKAPmakes no attempt to form
images in real time, the availability of a sky model will assist data
calibration and reduce reliance on time-consuming observations
of calibration sources. The survey we describe here will allow the
initialisation of the GSM.

RACS will be a valuable resource and will complement other
all-sky radio surveys. Table 1 gives a comparison of the RACS
survey parameters with other comparable radio surveys with sub-
stantial Southern-sky coverage in themetric and decimetric bands:
Very Large Array Low-frequency Sky Survey Redux (VLSSr;
Lane et al. 2014), Galactic and Extragalactic All-sky Murchison
Widefield Array survey (GLEAM; Wayth et al. 2015; Hurley-
Walker et al. 2017; Lenc et al. 2018), TIFR GMRT Sky Survey
(TGSS-ADR1; Intema et al. 2017), NRAOVLA Sky Survey (NVSS;
Condon et al. 1998), Sydney University Molonglo Sky Survey
(SUMSS; Mauch et al. 2003), Molonglo Galactic Plane Survey
(MGPS-2; Murphy et al. 2007), and the VLA Sky Survey (VLASS;
Lacy et al. 2020). Together, NVSS in the north and SUMSS and
MGPS-2 in the south cover the whole sky and have been the
primary reference for radio sources at gigahertz frequencies. It
is clear from Table 1 that RACS fills a critical niche connecting
low-frequency surveys at metre wavelength to existing and forth-
coming decimetric surveys. Sensitive wideband coverage in this
intermediate regime strengthens efforts to understand the broad-
band spectra of the radio source population (e.g., Callingham et al.
2017; de Gasperin, Intema, & Frail 2018). RACS also establishes

a solid reference catalogue against which to assess radio source
variability and transient candidates as future surveys emerge from
ASKAP, MeerKAT, and the SKA.

This paper is a companion to the first RACS data release of 903
images made at a centre frequency of 887.5 MHz and covering the
sky south of δ = +41◦ (83% of the celestial sphere). We outline the
survey design in Section 2 and how it uses the established capabili-
ties of the telescope. In Section 3, we describe the specific approach
taken with the first epoch of observations and present their results.
We discuss image quality and describe some extra steps taken to
optimise the scientific utility of the RACS data products. Section 4
lists the products to be released and gives some examples of RACS
images. In Section 5, we summarise the the current state of the
survey and our plans for its future.

2. Survey design

RACS observations cover the whole accessible sky over representa-
tive portions of ASKAP’s operating frequency range. Each obser-
vation is made with the telescope’s full instantaneous bandwidth
of 288 MHz, divided into 288 contiguous frequency channels. To
reach the RACS point-source detection sensitivity goal of approx-
imately 1 mJy, an integration time of ∼1 000 s per pointing is
needed. All four polarisation products (XX, XY, YX, and YY) are
recorded to allow images to be made in Stokes parameters I, Q,
U, and V . The data are processed on the facilities of the Pawsey
Supercomputing Centre using the ASKAPsoft software package
(Cornwell et al. 2011a), and images are made available on the
CSIRO ASKAP Science Data Archiveb (CASDA; Chapman et al.
2017).

A catalogue of total intensity source components identified in
RACS images is being constructed and will be described in the
second paper, ‘paper II’ (Hale et al. in preparation) and will be
released on CASDA. The calibrated RACS data are also being used
to prepare frequency-resolved images in linear polarisation that
will yield a catalogue of rotation measures across the survey area
(Thomson et al. in preparation).

bhttps://research.csiro.au/casda/.
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Circular radio objects
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Unexpected Circular Radio Objects 5

Figure 1. ASKAP radio continuum images at 944 MHz of ORCs 1–3 from the EMU Pilot Survey (Norris et al., 2020), and at 325 MHz
of ORC 4 from GMRT archival data. On the left are greyscale images, with the synthesized beam shown in the bottom left corner, and
radio contours overlaid onto DES optical images on the right, as described in the text. The contour levels for ORC 1 and ORC 2 are 45,
90, 135, 180, 225, and 270 µJy beam≠1, and contour levels for ORC 4 are 150, 250, 400, 600, and 800 µJy beam≠1. Sources of interest
are labelled (see Tables 3 & 4).

• Similar features 
o Strong circular symmetry with ~1 arcmin diameter 
o Steep spectral index (⍺~1) 
o Located at high galactic latitude & Two of them are very close together 

• Imaging artefacts? No: detected by more than one telescope and with different software 
• SNR? Very unlikely: very unlikely position, except if new class of high-latitude SNR 
• Planetary Nebulae?  No: very unlikely density at ORC galactic latitudes; too steep 

spectrum 
• Ring around Wolf-Rayet star? No: too big; too steep spectrum 
• Face-on SF or ring galaxy? No: no associated optical emission  
• Galactic wind termination shock? Possible??? Size/energetics OK; never observed 

before 
• Bent-tail radio galaxies? No: no host galaxy; no cluster/ICM  
• Lobe from radio galaxies? No: no companions/central galaxy; too big (ORC4) 
• Cluster halos? No: no clusters/too regular morphology 
• Einstein ring? Very unlikely: too big/regular

Norris et al., PASA, 2020 
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Fast Radio Bursts (FRB)

14

• First FRB discovered in 2007 in Parkes data of 2001 (Lorimer et al. 2007) 
• After a low detection rate (few dozens until 2017), hundreds of FRBs known 

today, repeaters or non-repeaters - Big impact from CHIME and ASKAP 

• First repeater detected in 2012 at Arecibo, host galaxy identified in 2017 
(Chatterjee et al. 2017) - low mass, low-metallicity dwarf galaxy at redshift z = 
0.193 (Tendulkar et al. 2017) 

• Non repeaters discovered later on in higher-z more massive, less SF active 
galaxies (e.g. Bannister et al. 2019, Ravi et al. 2019) : different physical origin? 

• But: repeating FRBs seems to have a wide range of luminosities, and 
originate from diverse host galaxies and local environments   

• In 2020, first likely FRB - repeating - associated to a galactic magnetar 
(CHIME/FRB Coll. 2020, Bochenek et al. 2020, Kirsten et al. 2020) 

• Recent analysis of archival radio and X-ray data of another galactic source 
suggests that there exists a continuum of magnetar radio burst energies, 
sometimes looking like FRB (Israel et al. 2020) 

2007: THE LORIMER BURST

 First case of detection of an extragalactic (?) dispersed radio burst 
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Lorimer et al. 2007

CHIME/FRB Coll. 2020 

Bannister et al., 2019 

Adapted from  
Chatterjee et al. 2017

Marcote et al. 2000

CHIME/FRB Coll. 2019 
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FRBs: powerful cosmological tools

15

• FRB traversing the halo of a galaxy with 
surprisingly low density and weak magnetic 
field : new and transformative technique for 
exploring the nature of galaxy halos 
(Prochaska et al. 2019) 
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Figure 2: The DM-redshift relation for localized FRBs. Points are estimations of the

cosmic dispersion measure DMcosmic vs. FRB redshift zFRB for all current arcsecond- and

subarcsecond-localized FRBs. The DMcosmic values are derived by correcting the observed

dispersion measure DMFRB for the estimated contributions from our Galaxy and the FRB host

galaxy (the latter assumed here to be 50(1 + z)�1 pc cm�3; see text for details). Coloured

points represent the ‘gold standard sample’ upon which our primary analysis is based. The

solid line denotes the expected relation between DMcosmic and redshift for a universe based on

the Plank15 cosmology (i.e. ⌦b = 0.0486 and H0 = 67.74 km s�1 Mpc�1). The shaded region

encompasses 90% of the DMcosmic values from a model for ejective feedback in Galactic halos

that is motivated by some simulations (with F = 0.2 in Equation 4 in Methods), illustrating that

the observed scatter is largely consistent with the scatter from the intergalactic medium.14

• Direct measurement of the baryon content of 
the Universe using the dispersion of a 
sample of localized fast radio bursts (FRBs): 
cosmic baryon density consistent with 
Cosmic Microwave Background and Big 
Bang Nucleosynthesis (Macquart et al. 2020) 

Courtesy: ESO
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Why building the SKA?
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Why building the SKA?
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SKA1

JVLA

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.

7

Prandoni & Seymour 2015
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SKA observing modes
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• Imaging 
o Continuum imaging: images of areas of the sky over a broad bandwidth  
o Spectral line/Zoom window imaging: higher spectral resolution images 

(hundreds of Hz) 
• Pulsar Transient/Search:periodic/non-periodic pulses over a range of 

possible dispersion measure values (buffer for transients) 
• Pulsar Timing: Converts tied-array voltage beams into folded integrated pulse 

profiles of pulsars to accurately measure the time-of-arrival (ToA)  
• Flow-through: Record raw tied-array beam data for offline analysis  
• Dynamic Spectrum: generic, high time-resolution, dynamic spectrum (time-

versus-frequency distribution of intensity) that may be used for a broad range of 
scientific applications 

• Very-Long Baseline Interferometry: tied-array beams to participate in VLBI 
observations, with other radio astronomy observatories located around the globe

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 
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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
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Courtoisie: NAOJ

Epoch of Reionisation and Cosmic Dawn
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Epoch of Reionisation and Cosmic Dawn

Adapted: Pritchard & Loeb
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Epoch of Reionisation and Cosmic Dawn
Courtesy: B. Semelin

Koopmans+ 15
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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 ~300x higher!
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Using Rotation Measures to Reveal the Mysteries of the Magnetised Universe Melanie Johnston-Hollitt

Figure 2: Schematic of a nearby galaxy cluster showing X-ray emission in purple, an extended radio source
in pink, and unresolved radio sources in white if unpolarised and gold if polarised. Different path lengths
to polarised sources are marked including unresolved background radio galaxies (dashed lines), unresolved
embedded sources (dot-dashed lines) and extended embedded sources such as large tailed radio galaxies, the
lobes of which are polarised and can be used as screen to examine the cluster magnetic field (solid lines).
The wealth of sources located at different locations within the ICM will allow the first Faraday tomography
of the magnetic field in galaxy clusters.

cluster out to a redshift of 0.5, this is important to understand the way magnetic fields grow in the
intracluster medium (ICM). The vast increase in the number of RMs available in the outskirts of
clusters will also allow measurements through magnetic fields in the cluster relics that are thought
to be generated by shocks. Observations have shown relics to have highly aligned magnetic fields
running perpendicular to the direction of shock propagation. To date only observations through the
NW relic in A3667 have shown an increase in RM (Johnston-Hollitt 2004), but simulations pre-
dict such enhancements will be readily detectable, particularly with SKA2 (Bonafede et al. 2015).
Observations of relic RMs combined with RMs of sources seen in projection through relics will
greatly assist in disentangling the shock geometry and allow the first statistical samples of the mag-
netic fields in shocks to be constructed. Figure 1 provides a schematic to illustrate the improvement
in background RMs seen through cluster magnetic fields commencing in 2000 and going through
to the expected SKA levels in 2020. By allowing detailed measurements of the magnetic field
strength and distribution of individual galaxy clusters, the door is opened to examine changes in
the magnetic field as a function of other cluster properties such as X-ray luminosity/mass, dynami-
cal state and importantly will allow us to determine the radial profile of the field and its connection
to the gas density.

5

Today 
With SKA1

MCluster ~ 7 x1014 MSun

PoS(AASKA14)095
SKA: Magnetic fields in galaxy clusters and beyond Annalisa Bonafede
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Figure 1: SKA1-SUR predictions for the RM for Coma-like clusters. Left panel: Average profile of the RM
(continuous line) and 5s dispersion (dotted lines) obtained for the BM15_4.7 model. Diamonds represent
the sources that the SKA1-SUR will detect in the background of the cluster. Red asterisks mark the sources
whose RM is in the range to be detected by the SKA1-SUR. Blue points refer to the observations presented
in Bonafede et al. (2010). Right Panel: lines and symbols are like in the left panel, shown in different colours
for three different models as indicated in the inset.
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Figure 2: SKA1-SUR predictions for clusters with M = 1013M� (left panel), and M = 1014M� (right panel).
Lines and symbols are like in Figure 1.

by Vazza et al. (2010).

3.1 b -model profiles

Our b -model clusters are meant to illustrate the big step forward allowed by the SKA in
studying the magnetic field properties of galaxy clusters, compared to what has been achieved
today with pointed observations of individual radiogalaxies.
The magnetic field in the Coma cluster is among the best constrained, and as such, it is a good
starting point to investigate the capabilities of the SKA compared to the present facilities.
We have considered a cluster gas density profile that follows the b -model (Cavaliere & Fusco-

4

MCluster ~ 1014 MSun MCluster ~ 1013 MSun
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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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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
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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
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SKA1-MID
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7.2 Tb/s

50 PFLOPS

250 PFLOPS

2 x 5 Tb/s

350 PB/telescope/yr 
(could be a lot, lot, lot more) 
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• SKA offers challenge and opportunities in terms of energy needs: 
o Reduction of the environmental impact associated with energy consumption of 

computing centre 
o Broader driver for the collaboration between Africa and Europe in the development 

of carbon-free energy system 

• One of the “big science” Big Data projects driving the development of: 
o Open Science practices with much wider impact  
o Artificial Intelligence / Machine Learning-optimized exascale platforms  
o Networking and communication 

• A lively collaboration between academia, society, research 
infrastructures and industry: 
o Acquired expertise in critical elements of the innovation sector (electricity supply, 

connectivity, IT, …) 
o Adaptability and capacity to produce novel solutions in emerging challenges

SKA contribution to a knowledge society 
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Open Science Human capital development 

Courtesy: MPIfR/Gundolf Wieching

SKA contribution to a knowledge society 
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