The SKA Observatory
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A unique suite of astronomical facilities

21st century astronomy

‘st2maest radio-frequency interferometer, SKA will establish itself as the radio astronomy
ofmajor fadlities spanning the electromagnetic spectrum, on the ground and in space.

Adapted from SKAQO image
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The SKA Concept

Emission of
Cosmic Background
Radiation ‘
ol First

Supernovae
and Protogalaxy

Black Holes Mergers

Stars

Modern Galaxies

Tracing the history of the Universe and of its constituents through Hydrogen
Mapping Hydrogen through cosmic time and on a wide range of scales
Super-sensitivity over wide range of frequencies and spatial resolutions
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The SKA Observatory in a nutshell

Adapted from SKAQO image

SKA in n[meers

£1.082
BILLION

CONSTRUCTION
COST (2020 €)

€0.704
BILLION

FIRST 10 YEARS
OF OPERATIONS
COST (2020 €)

 THE SKA' MD-FREQU oPE .
iacimon:
; 1 SOUTH AFRICA

FREGUENCY RANGE:

I \ 350 MHz—
I 1 15.4 GHz

\WITH A GOAL OF 24 6z

- ot 197 DISHES
EEE A

B2-0F wmumeasene
50km

512 AA stations
x 256 log-periodic antennas

SKA-Low Site, Mur
Western Australia

SKA-MidSite,
Karoo, South Africa

MeerKAT

MWA, ASKAP

N African Partner Countries

=== ==

I SKAO Partnership - includes SKAO Member States* and SKAO Observers (as of Nov 2024)
alivIEl I==__1 1 ¢ B> o L= lIEE
Full members (Updated end 2025): Aus, Canada, China, Germany, India, ITA, NL, Portugal, RSA, Spain, Sweden, Switzerland, UK
France, Japan, South Korea on the path to join



_ _ SKAO
SKAQO: A Multi-Resolution Survey Infrastructure

1000 arcsec € Angular resolution - 0.01 arcsec

Credit: SKAO - Figure Adapted
Physical scale at z =1 (kpc)

8200.0 820.0 82.0 8.2 0.82 0.082

Survey speed:
SKA Pathfinders
SKAO
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SKA Pathfinders <:lnh\;§; ?;[(M
SKA precursors LBA
SKA-MID | —_ W

N eMERLIN-EVN

ngVLA MBRLIN

LOFAR ILT

AT vk > 1
SKA1-MID | + Global VLBI
ngVLA
10 10! 10° 107!
Angular resolution at 1.5 GHz (arcsec)

[Figure Adapted]

Survey Speed [m*/k? deg® PWV=5mm]
=)

Credit: Jack Radcliffe and Cristina Garcia-Miro
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_ SKAO
The SKAO Science Case

— Multi-purpose Facility

RC surveys HI sugveys
s & =,

Cosmic Dawn

Q {First Stars and Galaxies)
ing-General Relativity \ L

Strong Regime, Gravitational Waves)

{ Galaxy Evolution
(Normal Galaxies 2%2-3

Polarization Time Domaiq Cradle of Life

FRisurveys \ s G |angts, Molecules, SETI)
4 2 % y 8
"4 ) V Cosmology ™4

.,
;{/ .‘% er, Large Scale Structure)
Cosmic Magnetism .

(Origin, Evolution)

Exploration of the Unknown

Cosmic Dawn & Reionization ® Cosmology & Pulsar = Cosmic Magnetism Cradle of Life
. - ®. § Galaxy Evolutien %

Science
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SKAO
The SKAQO Science Case: IT Contribution

Several initiatives to engage Italian Community and build a SKA-oriented leadership

> 219 IT members (11.2%) distributed over 14 Science WGs

> 5 IT chairs (+5 ex-chairs) + 22 IT members with Coordination Roles in 11 SWG

» SKA Science Book 2015 - 135 chapters: 41% with IT co-authors [56] - 15% with IT first authors (20)]
» SKA Science Book 2026 - Italy first contributor: 20% of chapters with IT first authors

> RSN themes: very well represented

dle of Life
Crat se; e Pulsars & Gravity
— 44

Transients
44

Advancing First .
AStl’OphySics Authors oy
1]

Gravitational Waves

First Authors

Switzerland France
2.0% 7
Canada ——

2.4%

United States -

5.9%

Ireland
0.5%

Solar, Heliospheric & lonos]
2,2

VLBI
13,3

Cosmology
11,1

Australia

7.3%

Netherlands
2.4%

EoR & Cosmic Dawn

United Kingdom

11.7%
Germany ’

7.8% |
Spain y | India
|

Magnetism
6,7

Extragalactic line (no
22

HI in galaxies
2,2
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Continuum extra-galactic science
22,2




SKAO
The SKAQO Science Case: IT Contribution

Several initiatives to engage Italian Community and build a SKA-oriented leadership

> 219 IT members (11.2%] distributed over 14 Science WGs

> 5 IT chairs (+5 ex-chairs) + 22 IT members with Coordination Roles in 11 SWG

» SKA Science Book 2015 - 135 chapters: 41% with IT co-authors [56] - 15% with IT first authors (20)]
» SKA Science Book 2026 - Italy first contributor: 20% of chapters with IT first authors

> RSN themes: very well represented

Advancing

INAF involvement in LOFAR and MK

‘ Astrophysics
I1

: ' StIAdUthorS i + ltaly-led SKA precursors KSP/Pl-projects
ooa ‘ ‘ « ERGC/FIS grants to SKA-related projects

United States _4

Ireland

ERC (2015-2025]): 7 grants (all on RSN
themes)

Australia

Netherlands
2.49 United Kingdom

g FIS (2024-2025): 4 Grants (3 on RSN
,ép:?i,‘" £ India themeS]

2.4%
China
8.39

Germany
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SKAQ: Science Drivers SKAO

Science Drivers Credit: SKAO

Cosmic Dawn and the Cosmology and Forming stars Galaxy evolution Cosmic magnetism The bursting sky The cradle of life Challenging Einstein:
epoch of reionisation dark energy through cosmic time gravitational waves
WHERE DID IT AL BEGIN? ‘CAN WE UNCOVER THE MYSTERIOUS  HOW AND WHEN WERE THE FIRST WHAT IS THE LIFE-CYCLE OF A HOW DID THE UNIVERSE BECOME WHAT ARE THE COUNTERPARTS OF HOW DO YOU MAKE A PLANET WAS EINSTEIN RIGHT ABOUT
S NATURE OF DARK ENERGY? STARS BORN? GALAXY? MAGNETIC? THE FAST AND FURIOUS BURSTS OF  FROM SPACE PEBBLES? wiry?
HOW AND WHEN DID THE FIRST ?
STARS, GALAXIES AND BLACK HOLES  HOW AND WHY HAS ITBECOME THE  HOW HAS THE RATE OF STAR WHERE DO THEY COME FROM, WHERE WIERE AND WHEN DI MAGNETISM ARE WE ALONE IN THE UNIVERSE? ‘AN WE FIND AND UNDERSTAND

MAJOR PLAYER IN GUR UNIVERSE? FORMATION CHANGED OVER TIME, Go? ORIGINATEY WHAT CAN THEY TELL US ABOUT WHERE GRAVITATIONAL WAVES

AND WHY? — THE CONSTITUENTS OF THE COME FROM?
The SKA will fundamentally a WHAT ARE THE PROPERTIES OF THE UNIVERSE?
¢ Th MYSTERIOUS DARK ENERGY? O R The SKAw

understanding of the mysteri

I 2015

Relevant to RSN1 135 Chapters
2 Volumes

b ADVANCING
2026 ASTROPHYSICS

with the SQUARE KILOMETRE ARRAY'

See also reviews/talks on: .
- Galaxy clusters: Andrea Botteon; Francesca Loi Advancmg

«  Cosmology: Vincenzo Cardone; Massimo Meneghetti Astrophysics
- Hl role in galaxy assembly in nearby Universe: Antonino Marasco II

VOLUME 1
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Cosmic Dawn & Epoch of Reionization

Science Drivers

Cosmic Dawn and the
epoch of reionisation

WHERE DID IT ALL BEGIN?

HOW AND WHEN DID THE FIRST
STARS, GALAXIES AND BLACK HOLES
FORM?

Redshifted 21cm signal:
» Astrophysics regulating formation of first stars, galaxies & AGN

» underlying fundamental physics & cosmological parameters

Neutral Hydrogen 21 cm
spin-flip transition
provides probe of neutral
intergalactic medium
before and during
formation of first stars

Ciardi+ 2012

EoR

Cosmic
Dawn

Dark
Ages

= 1420 MHz/(1 + z)
A=21cm(1+2) 1+z

log(HI fra

on)

0 ~7.00 ~5.83 4.67 ~3.50 ~2.33 ~1.17 000

SKAO
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Cosmic Dawn & Epoch of Reionization

Science Drivers

H
ST
For

Cosmic Dawn and the
epoch of reionisation

WHERE DID IT ALL BEGIN?

HOW AND WHEN DID THE FIRST
STARS, GALAXIES AND BLACK HOLES
FORM?

SKA objectives (CD and EoR):
1) Statistical Detection (Power spectrum vs z] z=5.5-27

2] Imaging of IGM transition vs z [Tomography] z=5.5-15

Power Spectrum 95% Confidence Upper Limits [0.03 < k < 0.4 .\Ip(’_l]

5 [ ]
10°F ® g
[}
[] |
v ]
g v
1011_
<3 A\
T, KRR v "
X I 4
= 10 * # ¥ vy
o™ A
10-2 L s L i L L L L | L L L 1
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
¥ Barry+2019 (MWA) B Yoshiura+2021 (MWA) #  Gehlot+2020 (LOFAR) == Mesinger+2016 (k = 0.03) SKA FG-Avoid 1000 hr
*  Li+2019 (MWA) ¥ Kolopanis+2019 (PAPER) ¥ Paciga+2013 (GMRT) == Mesinger+2016 (k =0.1) = FG-Sub 100 hr
#  Trott42020 (MWA) ¥ Patil+2017 (LOFAR) ¥ HERA+2021 (HERA) = Mesinger+2016 (k = 0.4) === SKA FG-Sub 1000 hr
®  Ewall-Wice+2016 (MWA) % Mertens+2020 (LOFAR) ¥ Eastwood+2019 (LWA)  y  HERA Collaboration

SKAO

LUUI LEGOY LU & 11 ULL
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Galaxy Formation & Evolution

Science Drivers

RC surveys

Ee 2

Forming stars

through cosmic time

STARS BORN?

HOW AND WHEN WERE THE FIRST

HI ‘surveys

_@'

Galaxy evolution

WHAT 1S THE LIFE-CYCLE OF A
GALAXY?

WHERE DO THEY COME FROM, WHERE
DO THEY Go?

'WHAT ARE THE PROPERTIES OF THE
MYSTERIOUS DARK ENERGY?

Galaxy evolution

WHAT IS THE LIFE-CYCLE OF A
GALAXY?

HOW HAS THE RATE OF STAR

FORMATION CHANGED OVER TIME,
AND WHY?

There is evidence that star formation

WHERE DO THEY COME FROM, WHERE
DO THEY GO?

WHAT ARE THE PROPERTIES OF THE
MYSTERIOUS DARK ENERGY?

Based on MeerKAT and GMRT

8
16 Assuming Hy = 70 km s Mpc™t DIA
1
r%
i ¥
g
Z 10 HI
3 .
E Stacking
~
> 8
& HI 4\‘
z .
ae Stacking
& W HPASS Zwaant 05) W GMRT (Rheer 16) !
ALFALFA (Jones 18) 0 GMRT (Chowdhurys 20)
HI @ LADUVA (Kazemi-Moridani=25) i} GMRT Chonchury+ 2
2 GMRT (Lah+ 07) DLAs (Noterdaeme+ 12)
Emission W GVRT @erar 1) DLAs (Crightont 19)
4
°7g 1 2 3
Redshift (2)

Comoving Hi Mass Density (Pr1) vs Redshift

[HI] emission (  Stacking

absorption

pri (Mo Mpc3)

0 1

2
Redshift

Cosmic age (Gyr)
5 3 2

Cosmic age (Gyr)
5 3 2

10 10
! ! ! 1 109 L L 1 L
KA _J_H__L'_ JWST, ELT, Rubin,
o - ‘1:=T_ _ uclid, Roman...
310_1 1 H— —+ T !
= / I g
- : = —
5 ] ©10° 4 3
] . = e —
= 4 g EE v
£ & -~ 4
s Stellar Mass | =W\
107 1 T T T 107 . . : St
0 3 1 2 3 4
SKA gl ALMA, ngVLA
108 4| o 188 A F
L . 4 S
= = _'_7
=z s 4 —=
& &
107 ; 19797 F
Atomic Gas (HI) Molecular Gas
;) : T . : T . :
Redshift Redshift

HI role in galaxy assembly beyond local Universe

SKAO

Adapted from Walter+2020



SFRD & role of AGN Feedback in galaxy evolution SkAO

Delvecchio+2022 - JVLA COSMOS

Deep radio continuum surveys: 102 S SRl s R
» Complete and unbiased census of SFG & AGN populations down to RQ i _—
regime up to high redshifts (unaffected by dust/gas)
> Role of jetted AGN in galaxy evolution o 107 ~
o F
=
Is jet-induced feedback relevant in high-z SFG? 3 16
“ g 3
= 9.0<log(M/Mg<10.0 1
n«s; G © [ JAIl M. bins (only SF) e Ms100.
i B L O ]
- + ) S _—— molcic et al. T
2 o : —o— Avtmce T e o oo coenstssace WOSEMMoSI20 |
| ] 4 —O— Radio-excess AGN ¢ Hardcastleetal. (2019) ==~29| —-—.—.— Smolcic+17 PLE (SF+passive) |
T g ® - @ Best et al. (2014) 0 E—— Smolcic+17 PDE (SF+passive ]
1.0 T r T Kondapally+2023- Lofar Deep 0 1 2 3 4
I Best+2023 4

LoTSS-Deep O
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SKAO

Magnetogenesis

Science Drivers

Magnetic fields permeate the Universe, but poorly constrained
How they grow and propagate (amplification mechanisms, role of CRs)?
How they affect affect galaxy evolution?

The cradle of life Challenging Einstein:
gravitational waves

HOW DO YOU MAKE A PLANET WAS EINSTEIN RIGHT ABOUT
GRAVITY?

Cosmic magnetism

Magnetic fields in filaments should carry memory of the initial field s R

.
WHERE GRAVITATIONAL WAVES
comE

The SKA wi

<
g &
c| 2

HOW DID THE UNIVERSE BECOME
MAGNETIC?

WHERE AND WHEN DID MAGNETISM

SKA traces the magnetic fields through polarization / Rotation
Measure (RM] grid surveys N e
Key requirement: Dense RM grid - better statistics

SKA = 230-450 sources / deg?®

Courtesy 0.Sullivan
A-Primordial Scenario:

.. . . 1 r x Turbulent amplification and

Upper limits from CMB temperature anisotropies: Primordial compression of weak
i : -9
B < few nG on Mpc scales g 0.01 - cosmolagical fields (seed 107 G)
Astrophysical
D an-4 e B-Astrophysical Scenario:

.. . 10 o o

Lower limits from TeV y-ray observations: v Magnetization by galactic winds

. and outflows powered by star
107! Voids Filaments Clusters  Galaxies formation feedback, SN, AGN

-11
01 1 10 100 1000 10¢ 105 (seed107 Gl
Cosmic Overdensity p/<p>

B> 10-7 nG on Mpc scale
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SKAO

Magnetogenesis

Science Drivers

Magnetic fields permeate the Universe, but poorly constrained
How they grow and propagate (amplification mechanisms, role of CRs)?
How they affect affect galaxy evolution?

The cradle of life Challenging Einstein:

gravitational waves

HOW DO YOU MAKE A PLANET

Hor WAS EINSTEIN RIGHT ABOUT
OF  FROM SPACE PEBBLES? GRAVITY?

Magnetic fields in filaments should carry memory of the initial field

ARE WE ALON WE FIND AND UNDERSTAND

cAN
WHERE GRAVITATIONAL WAVES
COME FROM?

wenll Cosmic magnetism

The SKA wil use our entire galaxy to

— HOW DID THE UNIVERSE BECOME

SKA traces the magnetic fields through polarization / Rotation

WHERE AND WHEN DID MAGNETISM
ORIGINATE?

Measure (RM] grid surveys e s vt LoTSS
Key requirement: Dense RM grid - better statistics ; O'Sullivan+2023
N\ , .\ C4rretti+2023,2025
SKA ~ 230-450 sources / deg? ,° S RMs /deg2 - gg% S X =
&8 b :;E? 08y : \ , 6 < 160
° & SR %pgﬁ —3— primordial stochastic e o
8 81 —4— primordial uniform &
S Upper limits from CMB temperature anisotropies: - dynamo Pd
& -f-- astroph P |

> 1 e i i /
5 B < few nG on Mpc scales ui ° _i_ e )
2 = ~~ 60 sources /
% i 4 _/'/ . .
i Lower limits from TeV y-ray observations: = e redshift bin
)
= B> 10-7 nG on Mpc scale <
5
e}
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The SKAO Timeline

5mm)

Sensitivity (m2/K @ PWV

104

103

100 &

10

Construction Strategy: Staged Delivery
5 Array Assembly (AA) phases

AA4 - TBD
AA* - 2029/31

- 2 : |
' ,’ """" AA2 -2026/28 | :
1// : AA1 - 2026/27 P

1 1 1 \l I

LA
|

0.1 1 10 100
Frequency (GHz)

SKAO

Milestone Event (earliest) SKA-Mid SKA-Low
AO. 4 di
G gehes 2026 Q2 2025 Q3
4 stations
AA1 Sidishies 2027 Q1 2026 Q1
16 stations
64 dishes
AA2
68 stations 2029 Q1 2027 Q1
Science Verification begins 2029 Q2 2027 Q2
144 dishes
AA*
307 stations ArEver 2028 Q2
Operations Readiness Review 2030 Q3 2028-Q3
Science Verification AA* 2031 2029
Cycle 0 (Shared Risk) 2032 2030
AA4 (-Design 187 d|sh.es o TBD
Baseline) 512 stations
AA = Array Assembly Updated June 2025 (Construction Report)




: SKAO
The SKAQO Operational Model

A network of
2 Telescopes

Credit: SKAO - Figure Adapted Regional Centres
P Large-area Perth corelated/ Dat
oo I ws"fa':"gl’;“ Products
] L}
4 B
2 Pois —_— 897Th's ' M 78 Th's
SKAO | & SKA 2
A single KA F(%;e;g nlgggl 2
Beamformed data steams
Observatory {focused on sky patch)
] |
H CSP H
20 Tois - s BOTHS
Cape Town
Volume Velocity

Terabytes to Exabytes of data to process Streaming data requiring near real-time processing
and responses

Only SKA Regional Centres will provide data access, data analysis, data archive,
user support interfaces with user community

Italian node at Technopolo (Bologna)
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SKAO

Telescope Access

Key Science Projects (KSPs)
- Large programs (>500 h ?) performed over multiple cycles
* Pl & leadership team from SKA-member countries; co-Is
from any country (latter may be limited)

Principal Investigator (Pl) Projects

+ Small programs (<500 h ?) performed within a single cycle

Director-General's Discretionary Time
+ Time allocated by the D-G outside of the normal TAC

PI-led
(~30-50%)
KSPs
(~50-70%)

process

Credit: SKAO International time - fraction TBD
- -gn - - Cycle 0 Cycle 2
Scientific timeline .. cq risk: p1 and Standard Ops: PI
and DDT with

*Calls will include available modes and capabilities DDT with attributes:

Joint SKA, coordinated

projects (limited), ToO
(limited)

attributes: Joint SKA,
coordinated projects,
long term projects,

SV AA2 ToO

| & s | GRE
O——®& O —~—©—~®
;g;; 1 12032 1

22034
Planning and call*

for first KSPs

@) mid 2030
EY)mid 2032

Science driven, based on
contribution level

Cycle 1
Shared risk: PI and DDT
with attributes:
coordinated projects
(increased), ToO
(increased).
Standard Ops: PI and
DDT with attributes: Joint

Cycle 3
Standard Ops:
KSP, PI and DDT
with attributes:
Joint SKA,
coordinated
projects, long
term projects, ToO

Calls* for Science
Verification ideas and PI
proposals come 6
months ahead of
SV/each cycle
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|. Prandoni, 9 February 2026

SKAO

Take home messages:

* Radio future is bright! SKA in behind the corner and SKA precursors are
already transforming our understanding of the radio Universe

* SKA science drivers relevant to RSN1 - high degree of complementarity and
synergy with other wavebands

* [talian community - high level of engagement and leadership

* Important to maintain and increase scientific leaderships into SKA Era



