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SKA at a glance

 Aglobal collaboration to design, build and
operate the next generation radio
astronomy observatory

e Anew Inter-Governmental Organisation for
astronomy and fundamental physics with
50+ year lifetime

aEl-IEm i==__ ll_-ﬂb—_.- %?

SKA Partner Countries
*Host Countries
* *SKA Observatory founding members

—== ==

. African Partner Countries

Courtesy: SKAQ,
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SKA at a glance

 Aglobal collaboration to design, build and
operate the next generation radio
astronomy observatory

e Anew Inter-Governmental Organisation for
astronomy and fundamental physics with
50+ year lifetime

e |t will consist of:

An array of ~200 dishes in ZA

An array of ~131000 antennas in AU

Aglobal HQin UK

Two data computing centres in ZA & AU + A world-
wide network of SKA regional centres (SRC)

©, OV e ©

Courtesy: SKAQ,
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s, l,; 130,000 log periodic
'~ antennas

SKA Phase 1 (SKA1)

SKA1-LOW (AUS)

350 MHz

IAP Seminar - 04/12/20

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

15 GHz—>»
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SKA at a glance

 Aglobal collaboration to design, build and
operate the next generation radio
astronomy observatory

e Anew Inter-Governmental Organisation for
astronomy and fundamental physics with
50+ year lifetime

e |t will consist of:

An array of ~200 dishes in ZA

An array of ~131000 antennas in AU

Aglobal HQin UK

Two data computing centres in ZA & AU + A world-
wide network of SKA regional centres (SRC)

“This is the culmination of many years of work by

©, OV e ©

hundreds of people, whose talents and dedication are
the driving force behind the SKA. That collective effort,
e SKAis now: guided with skill and efficiency by the safe hands of

o 04/2020: 1GO exists the SKA Office, has brought us to this point.

o Q2/2021: construction activity begins Dr Catherine Cesarsky
Courtesy: SKAO, Chair of the SKA Board of Directors

IAP Seminar - 04/12/20 H2020 AENEAS




Development of the SKA project

2012 2016 2019—2020—2027 >

L,_Mlﬁ

A New oBservaTord Is sorn

160 EXPLOR

Key Science s oz
Workshop #1 NEW SCIENCE
M Mg 20 . NEW TECHNIQUES )
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SKA-Low SKA-Mid

Start of construction (T0) Tst July 2021 Tst July 2021

Earliest start of major contracts (CO) August 2021 August 2021

Array Assembly 0.5 finish (AAQ.5)
SKA-Low = é-station array February 2024 March 2024
SKA-Mid = 4 stations

Array Assembly 1 finish (AA1)
SKA-Low = 18-station array February 2025 February 2025
SKA-Mid = 8 stations

Array Assembly 2 finish (AA2)
SKA-Low = 64 stations February 2026 December 2025
SKA-Mid = 64 stations, baselines mostly <20km

Array Assembly 3 finish (AA3)
SKA-Low = 256-station array, including long baselines January 2027 September 2026
SKA-Mid = 128-station array, including long baselines

Array Assembly 4 finish (AA4)
SKA-Low = full Low array November 2027 June 2027
SKA-Mid = full Mid array, including MeerKAT dishes

Operational Readiness Review (ORR) January 2028 December 2027

End of construction July 2029 July 2029

IAP Seminar - 04/12/20



Development of the SKA project

2012 2016 2019—2020—2027 >

> el . W_u»—

A New oBservaTord Is sorn
T EXPLOR > ; NIVE 3

2024 2025 2026

Science Commissioning

; Data Challenges
Key Science
Workshop #1 Earlv Science _ Shared Risk PI Proposals

2827 Auget 2005 &
sochhots, Swshn

KSP Workshops KSP Proposals

Major Science Meetings



A Golden Age for Radio Astronomy

Some of the SKA Pathfinders

: NenuFAR

France
10-85 MHz

B [OFAR

Europe
30-80 MHz + 110-240 MHz

' CHIME

Canada

£2 400-800 MHz

APERTIF
The Netherlands
1-1.750 GHz

' JVLA
N US

S 150 GH:

IAP Seminar - 04/12/20

SKA Precursors

F

1 MWA
Australia
80 - 300 MHz

ASKAP
Australia
700- 1800 MHz

- HERA
MESE South Africa
50-250 MHz

MeerKAT
South Africa
0.580- 14 GHz

SKA1-LOW
Australia
4 50 MHz- 350 MHz

SKA1-MID
South Africa
7 350 MHz - 15.4 GHz
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Diffuse emission and filaments at different scales

Heywood etal., Nature, 2019

IAP Seminar - 04/12/20

The galaxy clusters pair A0399 - A0401

N .. 3 »\ . ?' | 'Govoniétal.'2019£cience '

- ? 1
. : .
» ..
. "
0401 g .A
» ; .
B
-
% .
* X -
-
< .
» ’ - o .
- ’
A0399

*A radio ridge connecting two galaxy clusters in a filament of the cosmic web", FGovoni et al. 2019, Science.
Optical: DSS and Pan-STARRS1 {insets) - Red, X-rays: XMM-Newton - Yellow, y-parameter: PLANCK satellite - Blue, radio 140 MHz: LOFAR
Image credits: M.Murgia - INAF
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Radio continuum surveys

Mauch etal., AJ, 2020

-2,

IAP Seminar - 04/12/20

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

Survey (MHz) (MHz) (arcsec) (deg?)
VLSSr 73.8 3.12 75 30793
GLEAM 87,118, 154, 30.72 120 27691
185,215
150

RACS®

SUMSS

+MGPS-2

NVSS 1346,1435
VLASS 3000

9 RACS full survey capability.
b RACS first data release.

Sensitivity Nsources

(mJybeam™) Polarization  (x10°)

100 ! 0.93
LQ UV 0.33

McConnell et al., ASA, 2020
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Circular radio objects

Similar features

o Strong circular symmetry with ~1 arcmin diameter

o Steep spectral index (a~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 =™ ™ = J." 7

before | Jone i R
Bent-tail radio galaxies? No: no host galaxy; no cluster/ICM : [ s
Lobe from radio galaxies? No: no companions/central galaxy; too big (ORC4) a0 ;* 3
Cluster halos? No: no clusters/too regular morphology 6 : L . ‘_'. : 5

=}

I ey

.  Noris etal.. PASA, 2020

- SN

Einstein ring? Very unlikely: too big/regular

......... "



Fast Radio Bursts (FRB)

First FRB discovered in 2007 in Parkes data of 2001 (Lorimer etal. 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 etal. 2017) - low mass, low-metallicity dwarf galaxy at redshift z =
0.193 (Tendulkar etal. 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)

Marcote et al. 2000

CHIME/FRB Coll. 2020




FRBs: powerful cosmological tools

Courtesy: ESO

e 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)

1000

—— DMcosmic(2z) [Planck15]
m FRBI180924
I‘:RBISII]Z
e Direct measurement of the baryon content of | % Freos
the Universe using the dispersion of a T |7 oo
. . S 600 FRB190523
sample of localized fast radio bursts (FRBs): £ FRBI0D
cosmic baryon density consistent with ™ -
Cosmic Microwave Background and Big 2
Bang Nucleosynthesis (Macquart etal. 2020) 200 . .

ZFRB
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Why bulldmg the SKA?
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JVLA!
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0.1 1 10
Frequency (GHz)

SurveySpeed (m*/K? deg?) @ B,
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Why building the SKA?

IAP Seminar - 04/12/20

Area (deg?)

10*

10°

100

—
o

0.1

Prandoni & Seymour 2015

. AllSky 3
W pMU u |
ATCA asky F viass-Y Nvss g
VLA/JVLA N /[ vasse , SUMSS
w |
SET " Mroonan st 3
SUMSS (843 MHz] S, , ]
ATCA-CABB [13 GHz] , , ]
JVLA [3 GHz]- Y GHTEE-1 ) .
A . Wide / /9
Apertif <C> /- S =
ASKAP S, ) é E
MeerKAT: / /R ]
; / / i
SKA, , b
3 / /M@ spss-82 =
/ / E
Deep @ MIGHTEE-2 / ATESP E
/ XKL-Sg W /ngp .
g- . / / B
@ /’ VIASS-3 o ATLag BOOTES
; / ;™ N 1BDs

LH
Ll Ll 1 ul Ll Ll Ll

, Jvm-cosngé
CosMbsy

107 0.001 °0.01 0.1 1 10

S ym (mly) [50, 1.4 GHz]
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SKA observing modes

N 1750

PSR B2217+47 2000
Imaging ; S

o Continuum imaging: images of areas of the sky over a broad bandwidth

1500
&

1250

1000

Declination Offset [deg]

o Spectral line/Zoom window imaging: higher spectral resolution images
(hundreds of Hz)

Pulsar Transient/Search:periodic/non-periodic pulses over a range of N § X
possible dispersion measure values (buffer for transients) B

750

500

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




Exploring the cosmos with
the SKA

Braun etal. 2015

IAP Seminar - 04/12/20

Cosmic dawn &
Epoch of Reionisation

Cosmology

Galaxy evolution

Cosmic magnetism

Fundamental physics

Transient sky

Cradle of life

Solar, Heliospheric and
lonospheric Physics
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Exploring the cosmos with
the SKA

Braun etal. 2015

IAP Seminar - 04/12/20

Cosmic dawn &
Epoch of Reionisation

Galaxy evolution

Cosmic magnetism

Fundamental physics
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log SFRD (Mg yr~' Mpc™®)

Galaxy evolution

Redshift
0.00 0.08 0.13 0.24 0.45 1.00 10.0

0.0F ’ " ¥ ; y ]
[ Hopkins & Beacom 2008 ]
=0.5 Cucciati et al. 2012 =
-1.0F "5"5 23 4‘_
: ""’FJ—' ¥
-15F L //"7—_5_‘ 7
ZO:H‘—‘/ 1 Zafaretal.2013 3

NGC2403 . Osterloo etal. 2017

Accretion of cold gas from the
| environment

Duc & Renaud 2014

Galaxy interactions

.| Kenney etal. 2004

Environmental effects on gas
{ content




log SFRD (Mg yr~' Mpc™®)

Galaxy evolution

Redshift NGC 2403 - Osterloo etal. 2017
0.00 0.08 0.13 0.24 0.45 1.00 10.0 . ;
0.0F 4 . y Y y =
[ Hopkins & Beacom 2008 .
=05 Cucciati et al. 2012 = Accretion of cold gas from the
- W ,; - | environment
-1.0 = \J
-15F | T i = LE
i I Zafaretal.2013 3
- - Duc & Renaud 2014
10000.0F "gona’s (10 GHz)  ....-~7
1000.0 r /,_,-"’ l\/Iulrphy etal. 2015 Galaxy interactions
— ‘T i =TT 50% SKAL
L + o g BT 18y aacenmiil
5. 100.0 — SKA1-MID
E F
< 10.0f 5
n .| Kenney etal. 2004
1.0 Herschel 100um --=-=-=-~- ¥ |
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0.1 i 1 1 1 1 L : ] content
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Galaxy evolution

10"02m23¢ 10" 00"‘23s
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S soessf . ] 800~ 0 %?09 _______ 0187 g 2001 % :
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E +2250"f " 4 : ‘ °v,:" %4—25 55
‘§ +2245" ¢ < @ 5 ° o +25'50"F
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1 1
10%022086° 06.0° 075"
Right Ascension (J2000)

+2°18'50"

Declination (J2000)

+40"]

+30"

+20"

+107

2=0.029 M= 1.2x10° Mo

20076

M=6.6x10°; 64
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Right Ascension (J2000)
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10"01"'13 o' 15.0°
Right Ascension (J2000)

50h avec le JVLA
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Right Ascension (J2000)

Fernandez etal. 2013

21



Galaxy evolution
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0 0.2 0.4 0.6 0.8 1
Redshift, z
With SKA1
400 deg?
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1.2

Survey Q Freg- Resol- N <z> Nu
ency’ ution? () 107
deg® MHz em 2
Galaxy/M$ 400  1418-1422 5" 4,000
(absorption)
Extragalactic 1000  350-1050 2% 5,000 1(3)
(absorption) 1000 200-350° 107 ? 4(6)
Galaxy/MS 600  1418-1422 10"-1' 2
Medium wide 400  950-1420 10" 34,000 0.1 2
(0.3)
Medium deep 20 950-1420 5" 25,000 0.2 0.6
(0.5)
Deep 1 600-1050 2" 2,600 0.5 04
(1)
Targeted - 1400-1420  3"-1' 50 0.002 0.5
(0.01)

Staveley-Smith & Oosterloo 2015



Epoch of Reionisation and Cosmic Dawn

Years after the Big Bang

400 thousand 0.1 billion 1 billion

The Big Bang ,s

o

-

?'t
i

UoneuIguIOSay
seby yeq eyl
L
$199Iqo [edlWouoy)se
"1S1y 8t} JO uoNeULIOY " ;

. / . . ,
Relonisation

»

Fully ionised @M Neutral Fully ionised

1000 10
Courtoisie: NAOJ Redshift

T—T 1 -1 Fundamental I A=21cm
q— AT state |
8T, < 28mK (1+ f>),x.-,,,.j(**_w)(1+— —) i
TY H ar e’ pr
astro COsmo




Brightness [mK]

Epoch of Reionisation and Cosmic Dawn

Time after 110 million 1OP million 259 million 5()‘0 million
Big Bang
[Years]

1 billion
L

Redshift=160 80 40
50 ¥ T T - - . . -
0 :— ___________________________ 7 _Rél(;nl_Z:"._YIOﬂ beg_m_s_ T e eSS SIS _\:»ﬁe_iamﬂoﬁzn_dg______i
- / . * .
50 -4l v o
B ; Dark Ages | \ =
100 E’{" \ \ —
-\ Heating begins Cosmic time \\ -]
150\ \ . .
% N
0o \ 20 I 40 60 80 100 120 140 N\ 160 180 200
-
t es Teto T. Frequency [MHz] R " T i
i I | nly si ! |
3 £ "N
/ ELuminous sources heat IGM
Density too low for collisions, (shocks and X-rays from AGN/SNRs).
so Tg starts to follow Topg |Ts increases with Tigy, until Ts >> Teyp

Adapted: Pritchard & Loeb



Epoch of Reionisation and Cosmic Dawn

Courtesy: B. Semelin

SKA:
2’ resolution

Power—spectrum, z= 8.95 Power-spectrum, z=15.98 Power-spectrum, z=25.25
Power-Spectrum ¢ || == Power-Spectrum 4 || = Power-Spectrum
Total Error 10" || e Total Error 10" || s Total Error
5 || === Thermal-Noise == Thermal-Noise = Thermal-Noise
10 Sample Variance 10° Sample Variance 10 Sample Variance
o 10°
X
E
o
10°
107 Koopmans+ 15
107" 10° 10" 10’
-1 -1
k (Mpc™) k(Mpc™)

IAP Seminar - 04/12/20



Cosmic magnetism

SYNCHROTRON
E EMISSION

Total intensity and polarisation of
v synchrotron radiation

X

SYNCHROTRON
E EMISSION
FARADAY

ROTATION
2% source

Faraday Rotation

QB.L

Faraday Tomography

Credit: Marijke Haverkorn
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Cosmic magnetism

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

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

~ 7 — 14 million extragalactic RMs

?




Cosmic magnetism

Coma-like cluster
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Pulsars

e Strongly self-gravitating compact bodies

e \Very stable clocks

Test of gravitation
theories

Astrophysics

IAP Seminar - 04/12/20



" NANOGrav

The spectrum of gravitational wave astronomy

h

, Cosmic Microwave

Background All three experiments measure
_ changes in light travel times
-5 we1% Pulsar Timin 4
10 g between objects due to GWs.
L Arrays
10~ 10 «Primordial gravitational
waves Space-based
Interferometers
—15 €

10 > Ground-based
sSupermassive black
e el Interferom eters

. mergers

1 0_ 20 *Primondial gravitational

waves
 Stellar mass compact
binaries
1 0 925 *Supermassive black hole sNeutron star mergers
y mergers eBlack hole mergers =
216 -8 14 2 "
1 10 10 10

Frequency [Hz|

characteristic amplitude

L N s 7 B e R R e B R
F 74 IPTA — — — inflation 3
104 g \g :
E AxMBHB ]
10- »" slationary e e
‘ SOL.IIQSS E
-1e | Ived
1070 | Xka W sariaeived, E
10717 N ' E
E N E
10-18 . N\ g E
0w N 1
3 A 3
1070 E
1o ]
10-2 |- AN .
sy, E
jo-s | Janssenetal. 2015 "% _ ]
10-° 10-® 10-7 10 10-% 104 102 0.01 0.1 1 10 10% 10% 104
observed frequency [Hz]
I T T ]
09— — Allpulsars B
F — Millisecond Pulsars (P<30ms) SKA 1
08l [
c07— |
S
s} ]
Zo6f N
B | R
a
20T ]
Soal E
E L ]
3
Oo03f —
[ Today! ]
02| E
- Kramer & Stappers 15 ™~ 1
0.1 E
PR T T N S | | ! ]

. | . . PR
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 202f
Year



IAP Seminar - 04/12/20

ALMA (& NOEMA)

Synergies
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The French SKA White Book

arXiv:1712.06950

The richest synergy chapter ever published about SKA vs. other

178 co-authors from , , ,
projects, including:

o /40 research institutes | .
e instruments covering the whole electromagnetic spectrum

® { private companies L
® gravitational wave detectors
IAP Seminar - 04/12/20 33



SKA-France miiestonés
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French SKA White Book / e

The French community towards t=e Square Kliometre Array P

October 16, 2017

First SKA-France Day
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Maison SKA-France

" SKAsFran

g i 0
e FRANCGE | @

“BORDEAUX SGUARE KILOMETRE ARRAY ENIM

.ﬂ @airtiquide Bull

French SKA White Book

Callisto,

universite
*BORDEAUX



., Callisto_
Sy’ fom=-  &NIM Tech l10|09y THALES

Imaginer et Agir

AirLiquide . Pulsar search & Correlatlon
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.......
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v v

250 PFLOPS
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SKA contribution to a knowledge society

J Tl South African
el glelxdon HYDROGEN

Friday
16 October

e SKA offers challenge and opportunities in terms of energy needs:
o Reduction of the environmental impact associated with energy consumption of

Hydrogen research,

computing centre L & s
o Broader driver for the collaboration between Africa and Europe in the development Onjine workshop

Begater At

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

o Alively collaboration between academia, society, research =8 £ Bl
. . 100FB 180FB
infrastructures and industry: /00PB

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
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SKA contribution to a knowledge society

Open Science

ESCARE

‘ SKA Global Network of Regional Centers® =

eusable

Eﬂabie Accessmle nteroperable
EUROPEAN OPEN

1 R
“3 * SCIENCE CLOUD O % 50 ':

Human capital development

IAP Seminar - 04/12/20




l‘ W—% rﬁ \\\ g A *ﬂ '! Convention

4\

1
~Initial signatories of the

SKA Observatory

Human Capital
Programmes

|
", T'_HE GLUBALGUALS

16 Sewcacaroms | 17 Foeweoous
SKA Session in Science
Digital @UNGA75

42



