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The SKAO




The SKA Observatory

Building and operating the largest telescopes in the world
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Born February 2021

One Observatory

Two Telescopes
Three Continents
SKAO Global HQ, Jodrell Bank, UK
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Baselines

Murchison, Western Australia Karoo, South Africa

) g <
Googleé Earth

SKA-Low. SKA-Mid
74 kmn max baseline 150 km max baseline
(11" @ 110 MHZ2) (0.22" @ 1.7 GHz; 34 mas @ 15 GH2)




A global collaboration

Full membership:
Australia, China, Italy,
Netherlands, Portugal,
South Africa, Spain,
Switzerland, United
Kingdom.

SKAO Global HQ,
Jodrell Bank, UK (MMM

Accession stage:
Canada, France, Germany

Awaiting government ’
decisions: o
India, Sweden, South
/O
KO rea SKA-Low Site, Murchison, f/
Western Australia
SKA-Mid Site, Lo
Karoo, South Africa ¥
Early stages:
Japan, South Korea.
Hll SKAO Partnership - includes SKAO Member States* and SKAO Observers (as of April 2023) B African Partner Countries
SEIVIEEE I e —E= o ImIENSE =ooEE =N
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SKAQO’s mission is to build and operate
cutting-edge radio telescopes to transform
our understanding of the Universe and to
deliver benefits to society through global
collaboration and innovation.




one observatory | t escopes | three continents

SKAO partnership as a
science diplomacy tool

eBuild international connections

eEncouraging government-level
Interaction

eA vehicle for collaboration
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SKAO Science Capabilities
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Years after the Big Bang

Credit: NAQOJ]

The Big Bang
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Born from an ambition to explore the Cosmic Dawn...



...bullt to answer all kinds of questions

Galaxy evolution, cosmology and dark energy

Testing gravity using pulsars

Origin and evolution of cosmic magnetism

Transient Radio Sky
Cradle of life: planets, molecules, SETI ‘ _ '
Our Galaxy, the Milky Way

Exploration of the unknown



When/Where do Earth-like Planets form in Disks

« Formation of cm+ sized grains is a crucial step on the road to terrestrial planet formation
- Where and how does grain growth proceed?

HL Tau: ALMA @ 233GHz 1 t = 1000 hr t = 1000 hr — 2.0
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SKA-Mid wavelength range will enable study of cm-size grains

- Simulations clearly show deep SKA observations will be able to observe pebbles in
disks, and gaps/ring structure due to forming planets

(Band 5 simulation - Ilee et al. 2020MNRAS.498.51161)
* :
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Pre-biotic molecules in star-forming regions

Building blocks for life on Earth may have arrived from space (panspermia hypothesis)

Detection of key pre-biotic molecules (e.g. amino acids, complex sugars) in interstellar space is a
“holy grail” of Cradle of Life studies -

. - - - i - - - - -
s o T T
> —0.2 F 7
> CHOCHOHCH,OH & : :
GALACTIC §e - = 0.4 - Glyceraldehyde 1
C}ENIER 7 R S -
g ot 0L T T :
~0.05 £ -
CH,OHCOCH,OH  —o1©
—0.15 ¢ Dihydroxyacetone_;
S S B B
1+t 1ttt 1
0 ;— MW _
G+0.6930027 \" @ & ., - | C4Hg0, ~0.005 ¢ -
~molecular cloud - ' 3 —0.01 | Erythrulose
IS EE————————————————————
o 10 15
SKA Band 5 Frequency (GHz)

Detection of hydroxylamme (NHZOH) Predicted spectrum of key large sugars toward G+0693.

key precursor to RNA Detection of the brightest (i.e. deepest) lines requires 10s of
(IRAM 30-m: Rivilla et al. 2020) hours integration with SKA (Jimenez-Serra et al. 2022)
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Fast Radio Bursts (FRBs)

Bright: (~1 Jy), Short period: (1-6 msec),
Extragalactic: DM = 100 - 2500 cm= pc
Hundreds of FRBs now detected

Estimated event rate: 1x10% sky' day”

3.5

W
o

Galactic latitude
log;0(DM [pccm™3])

1.5

® FAST (4) ® VLA-realfast (1) ® VLITE-Fast (1)
® UTMOST (15) e DSA-10(1) ® Apertif (1) « ATNF pulsar
e CRAFT (38)

e CHIMEFRB (526) ® PALFA (3)

@ Parkes (30)
® GBNCC (2)

credit: Laura Driessen

Frequency (MHz)

1500b N R R 1494 MHz -

O RN

N\
Agu y A...A‘l
W v

\/

1450R02E Samnint i o
R v e B 1369 MHz -

[
S
o
o

e R et 5 NI

1219 MHz -

. FluxDensity (y)

-
W
Ul
o

7--—24-16 -8 0 8 16 24 32
1300t iU s A e Tlme(mS) e

FRB 110220 Thornton+ 2013
1200f i;-. DI\/I 944 pc ch= 7 o 8

0 ' ~400 600 800 1000 1200
Time (ms)

Probe Baryon content
along line-of-sight:
Missing Baryon Question
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Test General Relativity in strong field regime  Pulsar (Neutron Star) Binary
Orbital Decay - Obs. v Theory

Tests of GR in strong field regime via:
« Pulsar - White Dwarf binaries | .
 Pulsar — Neutron Star binaries Observations
« Pulsar - Pulsar binaries
 Pulsars around Galactic Centre
« Pulsar - Black Hole binaries

Credit: MPIfR -
| | GR Prediction

Cumulative period shift (s)

1975 1980 1985 1990 1995 2000 2005

Year
99.99% agreement with GR
* : (e.g., Kramer+ 2021 Phy. Rev. X)
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Gravitational Waves with Pulsars

(Multi-messenger Physics)

The big picture of gravitational wave astronomy

4 ELF VLF LF HF
CMB
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;. ~ . Pulsar Timing

*Primordial gravitational
waves
eInflation

10—10

Space-based
interferometers

—15
1077 Ground-based

interferometers

*Supermassive Black
Hole Binaries
* Cosmic strings

SKA

10—20

*Stellar mass compact
binaries
*Massive black hole mergers

eNeutron star binaries
eBlack hole binaries
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Galaxy evolution

« How do galaxies accrete and grow from the Cosmic
Web’ ?

» Observations miss the low-density IGM e
« SKA will provide resolved observations out to z ~ 0.8

 Measure angular momentum build-up (rotation curves

out to large radius)

« SKA will probe low column density HI in nearby Universe
(Ny; < 1018 cm?)

Neutrol hydrogen

observed simulated

. l 2 Images courtesy of Tom Oosterloo (SKA HI science working group)
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The Epoch of Reionisation

SKA-Low will observe the evolution of HI emission to
make a movie of the Universe from its Dawn until the
formation of the first modern galaxies

ﬁmmDmDngmmnmnmgmgﬂgggc Qﬁﬁﬁmﬁﬁgpmﬁﬂmuﬁjifﬁf'”'”'”;"“;
|

p . ” » ' :';'_'.,A. ~

uJuJ@ﬁﬁQuuuﬁﬁuuuuDGE@Dlygi“f.

CMB snapshot at ~400,000 yrs

Emission of
Cosmic %(kground

Radiation Dark

Ages Fikst Figrst
Stars  gypernovae i
and Protogalaxy

Black Holes ~ Mergers  nodern ;Galaxies



Extragalactic Continuum

Science Workin

The Square Kilometre Array (SKA) is a global e
in terms of the volume of data it will generate.
and managed from the SKA Organisation head
The science case for the SKA has the potential
range of areas of physics, cosmology and astrd
have been set up to further evolve the SKA scid
and the astronomical community. This banner
Continuum science with the SKA explores our |
examining structure formation and evolution ¢

Star Formation History

Understanding when, where and how stars fot
measure the star formation rate density at diff
{powered by shocks from supernovae) & also i
dominated not by powerful jets from black hol
formation history as a function of many param

——

Active Galactic Nucleii

AGN feedback processes have become a stand
ingredient in models of galaxy evolution, but a
understanding of these complex processes an
role in shaping galaxy evolution remains elush
What s the relative importance of radiative wil
jet-driven feedback as a function of galaxy ma:
epoch? Which role is played by the environme:
What drives these processes?

Sensitive SKAT surveys up to -2 GHz will probe

of the AGN population over a wide range of rer

environments and luminosities. At the same til
surveys will be sensitive to the onset and earfi
of the radio-Joud AGN phenomenon in the Uni

into the epoch of formation of the earfiest AGH,

SKA-LOW and MID multi-frequency surveys wil
the needed combination of spatial resolutions
coverage for spectro-morphological AGN studi
a better understanding of their physics and lifs

Galaxy Clusters

Galaxy clusters are the most massive objects it
collapse under the influence of their own gravi
reside in dark matter. A hot and diffuse gas, p¢
dorminates the baryonic component. Massive ¢
due to the presence of non-thermal componer
ray electrons in the ICM, giving rise to Mpe-sca
that this radiation is assodiated with dynamica
acceleration mechanisms related to turbulent
the ICM during the merging phase. SKAT obse,
iffuse emission in clusters and to investigate
larger scales, from the outskirts of galaxy clust

Strong Gravitational Lensing

Gravitational lensing produces multiple image
lensing galaxy to be modelied, whilst providing
angular resolution of <0.5 arcsec, which is idea
a simulation (left and middle) of a gravitationa
1 mjy, when observed with SKA-MID (McKean |
gravitationally lensed radio sources (at least 3
1.65-3.05 GHz, which will be used to test model
high redshift object when observed at =500 M1
preferentially boosts part of the HI rotation dis

Our Galaxy

Science Working

The Square Kilomatre Array (SKA) is a global enty
terms of the volume of data it will generate. Col
managed from the SKA Organisation headquart
science case for the SKA has the potential to apg
of areas of physics, cosmology and astrophysi
been set up to further evolve the SKA scence ca
astronomical community.

This banner provides a summary of the Our Gali.,
v

Agach ofthe Galacsc Pane a1 woer st 913 W

.7§..v .

The main sclentific aim of the Our Gakaxy SWG is ..

differant components of our Galaxy (the Milky W
replenishmant of the ISM with matter and energ

be unvelled by using different radio diagnostics | -

template to understand how galaxies work, The §

Physics thanks to its transformative ability inwic . = -

measurements in line and continuum

”

Stars and their neighbourhoot

During their life, stars interact moderately with (4

the radio band. These are the cases of stellar coi”

interaction between star and orbiting planets ars * +

a negligible fraction of their total luminasity in t
important physical parameters. The SKA will pro’s
the entire Milky Way and their radio properties v
magnetic field, chemnical composition and evolul

From Stars to the ISM

The chemical evolution of the galaxies is mainly
the final stellar evolutionary stages, when stars
of their matter and kinetic energy to the ISM. Th
this process in the Milky Way is of great importa;
comprehension of the enrichmant of the Univer
in this context, radio observations of stellar ejec

Main Sequence evolution, are of fundamental in "

the comprehension of the origin and the full chi
of mass-loss, since evolved stars constitute thet *
contributors of processed material (gas and dus
energy (ejecta from massive stars) to the ISM.

14 Science Working Groups cover the science areas that will be
addressed with the SKA telescopes

Extragalactic Spectral Lines

Science Wor

The Square Kilometre Array (SKA) is @ global es
of data it wil generate. Consisting of two telesd
headquarters in the UK, the SKA promises to 1
well beyand the radio astrenomy community.
and Focus Groups (FGs) covering al these ar
Organisation science team and the astronomic

v S

The Extragalactic Spectral Lines sclence worki
astrophysicaly important lines besides the
the study of redshifted lines from distant galax
allowing us to trace material and various emin
1n a pan-chromatic multhmessenger astronom
alang with ather existing facilities such as ALM
their angular resolution in the low frequency d
The science case for extragalactic spectral lines
toward high frequencies (>15 GHz, SKAT upgra
The main science drivers are:
« the study of molecular gas, of primary impor
Universe,
+ unique diagnostics from masers and radio re
+ absorption along the fine of sight to backgro

Masers as tracers of AGN, *

AL Sub-pe scale around AGN, waler masers are
(e.9. NGC 4258, Greenhil et al. 1996; UGC 3789,
with SKA-MId, providing & wealth of new H20n *
have been deected in Starbursts (e.9. Dariing | +
the survey at all redshift up to 2«5 will aliow to
OH masers in the Galaxy trace regions where n
Group galaxies (e.g., Etoka et al 2015)

High Energy Cosmic Particles

Focus Group

Somewhere in the Universe, particles are being accelerat
accelerators like the Large Hadron Collider, These particie|
physics that are atherwise beyond our reach, When they
the Moon, thay produce cascades of secondary particles t!
High Energy Cosmic Partices Focus Group will use the S|
and the mystery of their origin.

The cosmic-ray spectrum

Cosmology
Science Working

The SKA Project is a global enterprise to build the i
of data it will generate, Consisting of two telescope

Cosmic rays are composed of the same stuff as il
mostly protons and atemic nuclei. Their spectrum (see figu
extends over a huge energy range. We think that cosmic ra
with lower energies, up to perhaps 10'7 eV, are being produ
something in our own Galaxy: the remnants of supernovae
supermassive black hole at the Galactic Centre. At higher e/
only extragalactic objects, such as active galactic nuclei (AG
gamma-ray bursts (GRBs), could be the culprits.

When they impact Earth’s atmosphere or the Moon, they pi

ol y (SKAO) headqu in the UK, the S

The science case for the SKA has the potential to apj
range of areas of physics, cosmology, and astrophys
have been set up to further evoive the SKA science |
and the astronomical community. This banner provii

cascades of trillions of y particles, The ferit |
of these colisions extend beyond those that can be studied
the Large Hadron Colider,

Ultimate precision - EAS

To study Extensive Air Showers (EAS), the High
Energy Cosmic Particles group will install an
array of hundreds of particie detectors in the
SKA1-low core. These will detect secondary
particles from cosmic-ray interactions in the
atmosphere, and capture voltage data at
maximum time resolution from each antenna.
Each event will beé visible to thousands of
antennas, measuring the unique radiation
pattem of each cascade with ultimate precision,
and allowing predse reconstruction of the
properties of the cosmic rays and neutrins.

Extreme energies - lunar
Cosmic rays at the very highest energies
(above 107 eV) will produce pulses of
radiation 5o strong as to be visible from

the distance of the Moon. The High Energy
Cosmic Particles group aims to use the entire
visible surface of the Moon as a 20,000,000
km? particle detector to catch these rare ultra-
high-energy events. Observations with SKA1-
low will cover the Moon with phased-array
beams to search for nanosecond-scale pulses.

Absorption lines in intervi » A Solenc'e Goals

SKA Wil give access to a plethora of bright bl
extremely sensiive and mokecules can be used
(€9, complex organic malecules, isatopologue
excitation (measurement of the CMB temperat
by nascleasynthesis products aver Cosmic times

of the fundamental constants (.9, p

revsem of an 020
e
Mder ot 212010

Galactic cosmic rays
Measuring radiation patterns with High-
the SKA will allow the cosmic-ray partic
composition - protons, helium etc. up
1o iron - to be resolved. This encodes
critical information about how Galactic
accelerators run out of power, and the
transition to extragalactic sources.

The extre
collisions
physics a
the Larg¢
patterns
searched
beyond t

(Gravitational Waves SWG
poster coming soon)

The SKAO will enable pioneering cosmological surve

gths. This will be done by observing emissio
position in the radio sky of million of galaxies, and ir
the Universe, which can reveal the form and growth
intervening matter, thus creating small shape distor
from the otherwise invisible component of dark mat
history, including the faint imprints of the primordia
energy, and the nature of gravity, which all concur t
parameters by the SKAO will be instrumental in miti(
rate, which currently exist between different cosmol

Proposed SKA1 C logy Surve
) Medium-Deep Survay of 5,000 deg® at 0.95-1.4 G
+ HI galaxy redshift survey with 3.5 milion objes
+ Weak Lensing shape measurements with ~50
+ Continuum galaxy survey with 60 million obj

b) Wide Survey of 20,000 deg® at 0,35-1.05 GHz for
+ Continuum galaxy survay with ~100 million ob
*+ Hl intensity maps for 0.35<z<3

) Deep Survey 100 deg® at 200-350 MHz for
*+ Hl intensity maps for 3<z<6

Cosmology Science Goals

DARK MATTER: Probe the nature of dark matter thro
DARK ENERGY: Investigate the nature of dark energ)
MODIFIED GRAVITY: Test for deviations from genera
NON-GAUSSIANITY: Detect imprints of inflationary p
COSMOLOGICAL PRINCIPLE: Test by measuring our |
HI EVOLUTION: Constrain the evolution of the abunt

Weak Lensing

A statistical measurement of the shapes of millions (
as a function of sky position and redshift enables us
measure the gravitational lensing effect of all matte)
and baryonic - along the line of sight between us an
galaxies, This allows us to track the abundance of th.
structures and how they have grown. The combinati
optical and radio weak lensing measurements will bl
for the control of systematics within the data,

Pioneering work with the e-MERLIN SKAO Pathfinde/
the tightest constraints on the weak lensing signal fi
0.2 galaxy super cluster.

DARK MATTER - DARK ENERGY- MODIFIED GRAVITY

Over densty of
202

Radio continuum survey

The positions of mary millions of distant radio galax
southern sky will be used to measure the largest str)
in the Universe, which act as cosmic fossils, first laid
during the Big Bang. We will also measure our motk
to the universal testing the |

VLBI with the SKA

Science Working Group

The Square Kilometre Array will bring together {
to monitor the radio sky in unprecedented deta)
participate in global Vary Long Baseline Interfer

The VLEI science working group represents the
capabilities in the development of the SKA, as
some of the high priority sclence objectives of ti

Croch: Jack Axckcte wnd Crisas Garcia M

Active Galactic Nuclei
(AGN)

Recent VLBI observations of a
gravitationally lensed radio-guiet quasar
revealed two sub-microly, sub-parsec
scale jets on either side of an optical core.
The lensed pattern betrays the possible
presence of dark matter substructure

in the lensing galaxy, manifesting as
astrometric perturbations with respect

to a smooth galaxy model. SKA-VLBI will
provide access to many more such objects
in order to pin down the role of radio-quiet
quasars in galaxy evolution and to make
direct tests of the COM paradigm.

With the Event Horizon Telescope, the Centaury
mapped on sub-lightday scales, which can be lin
radio lobe structure of the source

VLBI resoives the transverse structure of the jet
black hole, The strong edge-brightening is likely
structure.

Extrasolar space weather
and exoplanet

One key question that astronomy is
attempting to answer is whether there are
habitable planets around stars other than
our Sun. While we have entered an era
where identifying nearby exoplanets has
become standard, discerning whather the

that is assumed in standard analyses.

DARK ENERGY - MODIFIED GRAVITY - COSMOLOGIC
PRINCIPLE

e memsared pireiated
ity e of the Raped

Vesegy
Iheaugh the integeated Sachs
ste e

dictated by the
host stars are suitable for life has proved
far more elusive. The detection of radio
emission from a star or an exoplanet
provides a direct probe of extrasolar space
weather and the planet's magnetic fieid
information crucial for assessing the
potential habitability of the planet. With next
generation VLBI in the SKA-era, we will be
able to trace the motion of plasma ejected
from a star and the orbit of an exoplanet,
providing a probe of magnetosphere of
stars and exoplanetary magnetic fields.

The Quest for Ultra-High Preci;

-
The next-generation of methods with a reduced level of
have been developed. The figure Shows the Matching &+

of systematics from MultiView (red solid line) and Sourc
{pink said line),, and for the SKA-VLBI raw sensitivity (g
systematics from in-beam Phase Referencing (brown s
Tenit, and would, therefore, limit the performance
Next-generation methods and multi-beam technology !
for SKA-VLBI astrometry: 1) an order of magnitude ina
range of frequencies over which astrometry can be per
s astrometric surveys. Shown are possible science go
orbital motion of jupiter-ike planets, testing formation®
masers o derive 3-0 mations of the LMC 1 reveal whe
otherwise, to our Galaxy, with SKA-Mid

SKAO

HI Galaxy Science

Science Worki

The Square Kilomaetre Array (SKA) is a global e
terms of the volume of data it will generate. Cd
managed from the SKA Organisation headqua

of areas of physics, cosmology and astrophysid
been set up to further evolve the SKA science d
the astronomical community. This banner pro

The H Science Working Group is focused on st
neutral atomic hydrogen (HI) in absorption an
Using SKA we will conduct deep HI observation
structure and dynamics of cold gas in and aroy
gas, as well as map large-scale galaxy structurt
avolution are:

How do galaxies replenish
their gas?

Current models of galaxy evolution predict tha:
are embedded in an extended Cosmic Web of {
filaments. For galaxies to continue forming sta
2 Hubble time, they must continue to accrate n
to form stars, With its high sensitivity and resol
the SKA will enable for the first time the study |
very low density gas to allow us to detect and ||
gaseous interface batween galaxies and the su
intergalactic medium,

NOCER) i the cheset ghs-rich dwaet
d s 2 combination ¢
{ilancer et al, 20101 ¢

How is the HI in galaxies link:
AGN activity?

Assaciated HI absorption around a radio soure
galaxy can tell us about the structure of the cei
and feeding and feedback of AGN. The SKA wil
to probe HI in absorption in AGN out to >3 any
neutral gas outllows over cosmic time to inves!
role of AGN feedback in galaxy evolution.

Cosmic Magnetism
Science Working Group

The Cosmic Magnetism Science Working Group is focused on defining the role of magnetic fields in
the physical processes that determine the structure and evolution of the Universe. SKA observations
will establish the origin and evolution of magnetic fields throughout the cosmos.

Magnetic fields are a major agent of energetic processes in various cosmic objects, from star forming regions and stellar remnants,
through galaxies, indluding our own Milky Way, to the large-scale structure of the Universe. Magnetism has long been recognized as a
crudial element in these processes, but new technology is required to make the observational progress needed for a full understanding of
how they unfold in practice.

Radio astronomy provides the most effective probes of cosmic magnetism, The SKA's revolutionary capability promises to take our study
of magnetic fields to a new level of precision, and expand our horizon to distant objects that are inaccessible in sufficent detail today.
Specifically, its unrivalled sensitivity and resolving power, combined with wide frequency coverage, makes the SKA ideal for probing
magnetism across the Universe through the study of polarized synchrotron emission and its Faraday rotation, and Zeeman splitting tfor
more details see Heald et al. 2020).

A dense Faraday Rotation Measure (RM) Grid

The SKA will produce a Faraday RM Grid, comprising

polarimetric detections of 2-3 million radio galaxies, a factor

two better than POSSUM. In addition to understanding the

nature of the polarized sources themselves, the SKA's RM Grid

will be used to probe a wide range of extended, intervening

foreground sources, including:

*  Milky Way and sources within (HII regions, SNRs, HVCs,
masers, ...)

*  Magellanic Clouds

*  Nearby galaxies

*  Galaxy Clusters

*  Radio Galaxies

+  Cosmic Web

The extremely high density of background RMs will enable the

study of individual objects as well as statistical investigations

of source classes. SKA1-LOW will complement the SKA1-MID

RM Grid. Despite the low density of polarized sources detected

to date at low with respect to mid frequencies, the 100X better

precision in RM will permit very high-accuracy magnetic field

measurements in some sources

e sewres Horm POOS 577, Mseley ot ol 203 avd
Ouven et al nprepd

Transients
Science Working

The SKA Science Working Group on The Transien!
us about topics ranging from stellar evolution an
the most extreme phenomena in our Universe: e
black holes. They giveus unique insight into fund
to probe the intervening lonized and magnetized|
astrophysical transients that the SKA will study...

Fast radio bursts

Discoverad only a decade
ago, fast radio bursts

(FRBs) are a fascinating
astrophysical puzzle. We
have good reason to believe
that they originate in distant
galaxies, but we have still
not identified their physical
origins, Dozens of theories
have been proposed to
explain these short but
staggeringly luminous
flashes of radio light. Are the
FRBs that are seen to repeat
created by exceptionally
young, ultra-magnetized
neutron stars? Some FRBs
appear to be one-off events,
whose apparent lack of
repatition suggests that thay
are created in cataclysmic
explosions.

AL G ot B Y e sars, e N GRS W

e credt

e e %
— —
Right: EBHIS HI 21cm brightness temperature (blue)
with LOFAR H8A Faraday tomographic data {orange) and What s the role of
Planck magnetic-eld orfentitions at 353 GHz (drapery magnetic fields in the
pattern) of a 64 deg2 field at mid Galactic latitude. evolution of cosmic
i ts?

This figure highlights the visual correspondence of

morphological structures that also correlate with the p O
plane-of-the-sky orlentation of the magnetic field (Bracco
0 al 2020), The unmatched surface brightness
sensitivity and angular resolution of the
SKA will permilt the imaging and detailed
study of the diffuse magnetized media
in the Milky Way and in nearby galaxies.
This will allow us to uncover the role of
magnetic fields in the star formation
process. Combined with the detailed
view of the magnetized medium in
galaxy clusters and in the cosmic web,
the SKA will probe magnetic fields

from the smallest to largest scales and
determine the mechanisms that shaped
and amplified magnetic fieids.

Long gamma-ray bursts &
superluminous supernovae

After exhausting their nuclear fuel, massive
stars end their Bves in supernovae and
leave behind a neutron star or black hole.
Long gamma-ray bursts and superiuminous
supernovae may be associated with

even more extreme progenitor stars

and explosions. Their relativistic jets and
afterglows are well studied in radio, which
can trace &.g. the evolution of the outflow
and its magnetization.

What is the structure of the Universe on
the largest scales?

Our standard cosmology predicts that the majority of baryonic
matter in the Universe exists as a cosmic web of diffuse, magnetized
plasma. However, the distribution and properties of this extremely
diffuse material are not yet well understood. Recent low frequency
observations of SKA precursors and pathfinders, as LOFAR and MWA,
proved to be very useful in detecting and constraining magnetic
fields in the large-scale structure of the Universe, both through
diffuse synchrotron emission and Faraday rotation of background
radio sources. Umersmndmg the cosmic web will allow us to
address longstanding questions of modern astrophysics such as the
thermal and dynamical evolution of galaxy dusters, the origin of the -
ultra-high energy cosmic rays, magneto-genesis and evolution of sh0wd be posstre The simulation s
magnetic fields, and the inflationary theory of cosmelogy. Supercomy

How do active ,galaxies influence their
environments?

RRadio galaxies are the ubiquitous background sources

that are the backbone of the RM Grid, and they are also
interesting to study as individual objects. The interface
between radio galaxy lobes and their surrounding medium is
a unique laboratory for varicus physical effects, and imparts
complex structure on the observed polarization from the
radio galaxies. The SKA will provide an unprecedented view
of the complicated radio galaxy lobe structure, and allow

the study of foreground sources through their effect on the
radio galaxy emission.

dopclariznd wrucsre i the westarn b o Ferras A doe

The SKA as a transients discove

The SKA will provide unprecedented sensitivity fo
sky monitors spanning the electromagnetic spect
like IceCube, At the same time, the SKA will discoy
survays, Critical to success is the ability to search
and triggering of follow-up observations will also
questions related to the origins and physics of kn
discover astrophysical radio transients unlike any

Cradle of Life

Science Working

The Square Kilometre Array Observatory (SKAQ) is a glob)
scale and in terms of the volume of data it will generate.
Africa and managed from the SKAO headquarters in the
science case for the SKAO has the potential to appeal to
range of areas of physics, cosmology and astrophysics.
have been set up to further evolve the SKA science case,
astronoemical community. This banner provides a summa

Science Working Gro

The Sun is a surprisingly hard radio source to study - it has struct
emissions from different mechanisms differs between them by
vary rapid time and frequency scales, Radio observations of the §
fields and coronal processes not accessible by any other means.
solar radio sclence.

1. Understand Planet Formation

Coagulation of ym-sized particles in circumstellar discs is
the first step to planet formation. Crossing the 'cm barrie
is a challenge for theoretical models. Both the frequency
coverage and resolution of SKA is required to observe
om-sized grains at solar system scales and in the p!anﬂ-
forming midplane of discs

— Solar explosions and
SKA1-MID solar energetic particles
Much of the time, the Sun shines steadily, as is our usual
experience with the visible Sun, but occasionally it is home
to extremely energetic burst-like phenomenon. These
explosions, called flares, take place in the atmosphere of
the Sun, Corana, and are usually associated with expulsions
of large amounts of energetic plasma and accomparying
magnetic field called coronal mass ejections (CMEs). These
explosions are powered by the energy stored in the solar
Forming magnetic fields, and unleash a large range of exciting and
— dramatic phenomena seen as intense emissions spanning
all the way from X-rays to low radio frequencies. These
CMES carry the solar influence to terrestrial neighbourhood
and can have significant impacts on the Earth, which we
now know as Space Weather.

Simulated SKA-MID observations (Band 5b, 67 masjof ap
disc host to three giant planets (left), with a representatio
Solar System on the same scale (right). Credit: John D. llee
Leeds (Tlee et al. 2020, MNRAS, 498, 5116).

= mey

Coronal heating

The solar corona is at the temperature of a few million K, while th
principles of thermodynamics has been known since early 1940s
and imaging fidelity, the SKA will explore the role and efficacy of |
wave based heating mechanisms,

2. Detect and characterize |

Orgarvc building blocks relevant in cosmachemistr
are found in primordial meteorites and analogs
mm wavelengths suffer from line blending and

additionally, dust emission is optically thin, r

Turbulence and radio wave scattering

Y
¥y L\I. Though much of the radio emission from the active Sun
- /; ¥ is born deep inside the corona, it is heavily distorted and
"4

W/ smeared as it gates out of the very
3. Direct detection and characterizal &/ &&  and turbulent solar corona. On the one hand, it makes &
h 5 1 oW ¢ to gle the pr of the source of
b pheres: L br, "“* propagation effects, but on the other hand, it also provides
planet interactions i a very useful probe of this otherwise very hard to study

medium, SKA’s snapshat spectroscopic imaging capability
will help us dis-entangle the propagation effects from
intrinsic variations in the properties of radio sources.

L
Tmage credit: Sijie Yu & Edu ar
NASAJSDO, LOFAR, Glasgow Universey

Magnetized planets such as the Earth and the giant plane|
as northern/southern lights or aurora borealis/australis)
d by bright radio . The
a wealth of information on the planetary interior, where U
and its magnaetosphere, which shiekds the planet from th
ejected by the Sun, the so-called solar wind. This shielding
habitability as it prevents the atmosphere from being bloy
low level of surface radiation. By analogy, planets around
young stars and brown dwarves (failed” stars) may also e
us understand their interiors and possibly whether some
hundreds of planetary systems within 50 light years of the,
able to observe, The signal detected from these systems v
magnetospheres and how exoplanets interact with their h "" J

. ’

SKA and Solar and Heliospheric Science

The SKA will provide the highest fidelity radio images of the Sun
with very high time and frequency resolution - exactly what is
needed to simultaneously track the detais of solar emission acrc
time, frequency and morphalogy. The SKA will be able to image |
tenuous solar corona and the weak radio emission from the CME

5. Understand our Solar System and

The SKA will be especially relevant for characterizing com
Neptunian objects (TNOs), and centaurs, the “primordial |
from which the Solar System was formed, it will be possil
some kay species in cometary atmospheres, such as OH i
complex molecules in exceptionally active comets. The pt
and compositional properties of TNOs and centaurs will i
with SKA. The radiation belts of jupiter and Saturn will be
obtain information about their interiors, It will also be po
and monitor lightning activity in the atmospheres of all s
and some moons,

making remarkable new contributions to Space Weather studies,
potentially enabling prediction of Space Weather events. SKA pre
instruments are deeply engaged in pursuing solar and heliosphe
physics to pave the way for SKA science.

Solar and Heliospheric Physics

Epoch of Reionization

Science Workind

The Square Kilometre Array (SKA) is a global enterp|
terms of the volume of data it will generate, Consis!
managed from the SKA Organisation headquarters
science case for the SKA has the potential to appeal
of areas of physics, cosmalogy and astrophysics. S|
been set up to further evolve the SKA science case,

astronomical communiity. This banner provides a s

When did the first generations of galaxies form? W
of the intergalactic medium during the first billion |
The footprint of these processes is imprinted in the
by observations of its hyperfine spectral line transit
deepest observations of the diffuse neutral Hydrog
epoch when the very first luminous structure were

Cosmic Reionization:

Persistent star formation eventually
generates a background of UV
radiation that escapes the host
galaxies and begins to lonize the
surrounding medium. As these first
galaxies form and evolve.

Deep observations with the SKA will measure the @
allowing us to learn, amongst the rest, the nature ¢
Universe and the properties of the sources that we

unprecedented detall and out to large distances in the heliosphe

Image tomography of cosmic re

Cosrnic reionization is a complex physical process v
shown in the figure on the right shows the matter
population highlighted (white circles, their size is p
most massive, actively star forming galaxies are loc
around them.

SKA observations will map the contrast between ne
structure of rejonization. Together with near infran
interplay between the intergalactic medium and th
redshift sources, but also about the underlying dar

Simulations
of the
intergalactic
medium and
the galaxy
population at
=76 (credit;
Mutch & Gedl)

Pulsars
Science Working Group

The Square Kilometre Array (SKA) is a global enterprise to build the largest scientific instrument on Earth, both in
physical scale and in terms of the volume of data it will generate. Consisting of two telescope arrays located respectively
in Australia and South Africa and managed from the SKA Organisation headquarters in the UK, the SKA promises to
revolutionise our understanding of the universe. The science case for the SKA has the potential to appeal to users well
beyond the radio astronomy community, spanning across a wide range of areas of physics, cosmology and astrophysics.
Science working groups (SWGs) and Focus Groups (FGs) covering all these areas have been set up to further evolve the
SKA science case, providing a conduit for interaction between the SKA Organisation science team and the astronomical
community. This banner provides a summary of the Pulsars Science Working Group.

The SKA Science Working Group on Fundamental Physics with Pulsars aims to ensure that the SKA will address some of
the major unsolved problems of modern physics by tackling fundamental questions in ways that cannot be matched by
any other experiment:

+ Is General Relativity the ultimate theory of gravitation and, if not, what theory will replace it?
* What is the equation of state of matter beyond nuclear densities?
* How do super-massive black hole binary systems merge?

Strong-field Tests of Gravity

The SKA will discover new pulsars in highly
relativistic binary systems that will yield
unprecedented tests of gravity in the strong field
regime, including tests of fundamental principles
such as the strong equivalence principle, the
existence of gravitational dipole radiation or
extra field components. The discoveries will likely
include at least one pulsar in orbit around a

black hole, providing the ultimate laboratory for
exploring and studying the physics of black holes,
their space-time metrics and the no-hair theorem.
Such observations would likely provide critical
pointers toward a quantum theory of gravitation.

Artstic depktion of a pubsar in eetit around a black ho'e
t: SKA Organisation/ Swisburne Astrenosy Pred

Dense Matter Equation of State

Neutron stars provide unique laboratories to study
the physics of matter at densities greater than

that of atomic nuclei. The SKA will yield an order of
magnitude increase in the number of neutron star
mass determinations and high g i

can determine their radii. Valuable independent
estimates of radii will also be determined
measuring moments of inertia of the most relativistic
binary systems. Such constraints on the mass-
radius relationship of neutron stars, especially those
provided by the fastest spinning and highest mass
pulsars, directly constrain the equation of state

of cold dense matter. Furthermore, the SKA will
improve our understanding of neutron superfluidity
by enabling detailed study of rotational irregularities
in a wide range of pulsars.

Gravitational Waves

By regularly observing an array of millisecond
pulsars, the SKA will be transformed into an

unique observatory for low-frequency (nanohertz)
gravitational waves, such as the stochastic
background generated by the cosmic merger
history of supermassive black hole binary systems.
Depending on the strength of the stochastic
background, the SKA may be able to characterize the
shape of the strain spectrum and tell us about how
supermassive black holes merge and galaxies evolve.
The SKA may also enable studies of cosmic structure
imprinted on anisotropies in the background and
unique tests of gravitational theories in the radiative
regime by investigating the polarization states of
gravitational waves.

Pulscx Timing Arrays complement Earth- and space-based detectars.
Image credit: Moore et of. Class. Quantum. Geav 32, 015014 (2015).

Designed for Pulsar Astrophysics

To address all of the above questions requires significant increases in both the number of discovered pulsars and the
precision with which they are studied. Therefore, the SKA has been designed to undertake an ambitious pulsar survey
of unprecedented scale and to regularly observe an array of pulsars with unsurpassed fidelity. By exploiting the latest
advances in multiprocessor technologies, the SKA will achieve the enormous computational task of searching for highly
relativistic pulsars over a large volume of the Galaxy in real-time. The remaining technical challenges revolve around
semi-autonomous operation of the survey, including schedule optimization, differentiating the pulsar needles from the
overwhelming radio frequency interference haystack, and optimally searching orbital parameter space to produce
phase-connected timing solutions for confirmed binary pulsar discoveries.

-

www . skao.int
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SKAO Science Working Groups (SWGs)

« Are the best way to receive up-to-date information

To join a SWG

Cosmology

Provide a forum for discussion on possible SKAO © ©
science projects

Will facilitate Key Science Project (KSP) collaborations

Extragalactic Gravitational

regarding the road to science and operations e it gves

Send a request via email to the relevant SWG co-
chairs

Magnetism

Contact details of the co-chairs available on the g

website

www.skao.int/en/science-users/science-working-
groups-focus-groups

Transients

©,

Epoch Of Extragalactic
Reionization Continuum

High Energy HI Galaxy.
Cosmic Particles Science

©,

e

'-";‘?fs Solarsas.
Heliospiiasit
lonospheric
Physics

O,
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SKA Science Case

(2015 snapshot ; continuous evolution) https://pos.sissa.it/cgi-bin/reader/conf.cqi?confid=215
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Capabilities & performance estimates

Nominal frequency 110 MHz 300 MHz 770 MHz 1.4 GHz 6.7 GHz 12.5 GHz
Range [GHZ] 0.05-0.35 0.05-0.35 0.35-1.05 0.95-1.76 4.6-8.5 8.3-154
Telescope Low Low Mid Mid Mid Mid
FoV [arcmin] 327 120 109 60 12.5 6.7
Max. Resolution [arcsec] 10 3.5 0.55 0.3 0.06 0.03
Max. Bandwidth [MHZz] 300 300 700 810 3900 2 x 2500
Cont. rms, 1hr [uJy/beam] @ 26 14 4.4 2 1.3 1.2
Line rms, 1hr [u)Jy/beam] P 1850 800 300 140 90 85
Resolution range for Cont. & Line rms. [arcsec] ¢ 12-600 6-300 1-145 0.6-78 0.13-17 0.07-9
Channel width [kHZ] 5.4 5.4 13.4 13.4 80.6 80.6
Spectral zoom windoE/vNTI_)rz]narrowest bandwidth 4%3.9 439 4x 31 Ax 31 4x 31 4x 3.1
Finest zoom channel width [HZ] 226 226 210 210 210 210

One hour integrations
Table Notes:

(a) Line sensitivity assumes fractional bandwidth per channel of Av/v = 104 (>10° will be possible)

(b) Continuum sensitivity assumes fractional bandwidth per channel of Av/v =0.3

(c) The sensitivity numbers apply to the range of beam sizes given by Min. and Max. beam sizes

Anticipated Science Performance: https://arxiv.org/abs/1912.12699
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Non-imaging (Pulsars, Fast Radio Bursts, VLBI, ...)

beams

\\\",‘“‘Il';.l',,'

R V.

T h I L L ST T vd Y ) [
PEAATAATAYA P A ATATATATASS P A AT AP ATATATATASS RN AVA AP ATATATATA A

. Bandwidth
Search Timing (Max)
Telescope Beams Subarrays Beams Prec_:|S|on
(1 sigma)
SKA1-Mid 1500 up to 16 16 (8 on BS) 5ns 300 MHz
SKA1l-Low 500 up to 16 16 10 ns 300 MHz
P OSS | b | es | Mmau |ta Neous Iy: Single element: Incoherent Coherent Incoherently
AA station or dish combination compl_r.\.atlon combined subarrays
* Imaging N v Q

» VLBI

» pulsar search
. . l":">bpéamys
« pulsar timing v
| |/ sub- ) S 4
via commensal / sub-arrays > ¢
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Project

Use Cepheids to impr‘ové Value of HO

{

Key project

F

“Hubble (Lallo: arXiv:1 203.0002-; Norris AASKA14)

Highly Nobel

- ?
Planned? Nat. Geo. top ten? cited? prize?

Study mtefgalactlc medlum with
uv spectroscopy

Medlum-deeap survey

8—=)

Image quasar host galaxies g

. )

Measure S%BH masses

. Exoplanet atmospheres .

'Planetary Nebulae

D|scover-D_ark Energy

Comet Shoemaker-Levy

Deep fields (HDF, HDFS, UDF, FF, etc)

Proplyds in Orion P
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Science Access
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SKA Regional Centres:

_ Telescope
SKAO data processing stages boundary
l
I
I
- C lated
relé?aigrmesg rcleaata Perth cggrdeit?cgﬁec{ I Prgdaaacts
streams signals | ~700 PB/yr
- I
- M CsP F . .
2 Pb/s 8.9 Tb/s . /7.8 Tb/s
SKA
Regional
Centre
Beamformed data streams Netwo I"k

(focused on sky patch)

20 Tb/s




Telescope Access, based on contribution level

Key Science Projects (KSPs)
« Large programs (>500 h ?) performed over multiple cycles
« PI & leadership team from SKA-member countries; co-Is from any

country (latter may be limited) PI-led
Principal Investigator (PI) Projects (~30-50%)
« Small programs (<500 h ?) performed within a single cycle KSPs
Director-General’s Discretionary Time (~50-70%)

« Time allocated by the D-G outside of the normal TAC process

g °-Uc629 B  ooos BB oopo
Key Science @& Y

e Commencement , # Commerjcement [
o g R of Pl-led e of KEPs
P J EAEE programmes  GrEEe

o024 BE 2026

2021 Start of &5 Start of

J  Startof & £® Project (KSP) gB®
PGS COnstruction

science - science

B commissioning B verification  pEeh |
_ : proposals |
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Telescope Access

o -led
Commensal Science (~§5-50%) KSPs

- Different observing projects utilizing the same telescope time (pointing (~50-70%)
direction); may use same or different observing mode (i.e., continuum
imaging, spectral line imaging, pulsar/transient search)

e Maximizes the use of SKA resources

« Commensal science is not "free”, will be counted against member
share

Members (and Associate Members)

« (Can lead any program (KSP, PI)
e (Can be part of KSP leadership teams
» Access in proportion to member share

Member Access

Non-Members s
« (Canlead PI programs
« (Can be team members of KSPs, but not part of leadership team
» Access capped at 5% ("Open Time"”; TBC by Council)

« Access to any individual non-member entity may be capped
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Telescope access

+ No time has been allocated for any project (~50.50%
+ Science Working Groups are not proto-KSPs (~50.70%)
» High Priority Science Objectives are not KSPs

» There are no guaranteed KSPs

« Time allocation will be based on
SCIENTIFIC MERIT

and technical feasibility through a common
proposal review process

Member Access

2027-29 ==

2024 2027 Ve 2028 357 2030 |
- ey Science B L i
_ Start of 3 Start of Start of Bl y e Commencement @SSl Commencement
G 2 SRR : S - - i Project (KSP) g PGS P
: e construction science : science : : Y of Pl-led ) of KSPs
N aBS e e 2 " P e planning & gl gt
activities ST commissioning B  verification e programmes (e

proposals

BB (shared risk) [N
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Construction Strateqy

(Staged Delivery - Target: Design Baseline)

AAOQ.5 4 dishes
. 2025 Q1 2024 Q4
Array Assem blies (AA) (test array) 6 stations
""""""""""""""""""""""""""""""" 8 dish
AAT o et 2026 Q1 2025 Q4
« (Capable as acting as an end-to-end telescope
system with pre-defined functionality o 64 dishes 20270 2026 04
- Used to commission the telescopes, and 64 stations
verify against requirements
. L. . . Science Verification begins 2027+ 2027+
- Different objectives for different assemblies J
« Science commissioning: on-sky observations 144 dishes (80+64 MK)
. . *
for testing and debugging the system AA 307 stations 2027.Q4 2028 Q1
« Science verification: observations to ensure | | |
the system meets the needs of the science Operations Readiness Review 2028 Q1 2028 Q2
users (e.qg., test observing modes, verity
science requirements) End of Staged Delivery Programme 2028 Q3 2028 Q3
 AA 0.5 - test array for interferometry, using
prototype dishes and (in some cases) Early Operations begin (shared risk) 2029+ 2029+
receivers; discover system level issues and
develop procedures (pointing, tracking, AAZ 197 dishes TBD TRD
holography) 512 stations

* : Updated August 2023
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Construction Strateqgy
(Staged Delivery - Target: Design Baseline)

e @Goal - SKA-Mid with 197 dishes & SKA-Low
with 512 stations

« Not all funding yet secured, therefore
following Staged Delivery Plan (AA*)

* Roll out the array in stages (Array Assemblies
- AAS)

« Maintain a continuously working and
expanding facility that demonstrates the full
performance capabilities of the SKA Design.

« AA2 - Start science verification: observations
to ensure the system meets the needs of the
science users (e.q., test observing modes,
verify science requirements)

First data release to community after AA2 in
2026/27 time-frame
(similar to ALMA SV model)

Milestone Event (earliest) (S ch_;At‘_el\)/“d (S ch_;At‘_eL)OW

2024 Q4

AAQO.5 4 dishes
(test array) 6 stations
8 dishes
AAT ,
18 stations
64 dishes
AA2 ,
64 stations

Science Verification begins

144 dishes (80+64 MK)

AA*
307 stations

Operations Readiness Review

End of Staged Delivery Programme

Early Operations begin (shared risk)

197 dishes

A 512 stations

2025 Q1

2026 Q1

2027 Q1

2027+

2027 Q4

2028 Q1

2028 Q3

2029+

TBD

2025 Q4

2026 Q4

2027+

2028 Q1

2028 Q2

2028 Q3

2029+

TBD

Updated August 2023
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Evolution of Performance

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

1
100 E LOFAR-NL@200MHz | Afff//t_._

10 ' LOFAR-NLO70MHZ — — — =— —

SKA-MID I I I =
1000 I =
MK@1400MHz | «
WLAGBGHE o e L i mi e e o mssmnds a5 T o at  t
uGMRT@700MHz | | :
100
10 Band 2
Band §
X Band 1 Q . 64 . .80 ¢ . 133 SKA Dishes
Around the end of 2026 SKAO becomes the most powerful radlo observatory on Earth
SKA- LOW I I
1000 | N -5
< =
| 1
I
I
I

Credit: Mark Sargent 1 200 MHz ]
70 MHz = i E

0.1E %’IB H g'“ 3| 807 §|5128tations

* ‘- 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
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SKAO Science Timeline

construction science science shared risk / Key Science
start commissioning verification Pl programs Projects

Science data challenges

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
Array asssemblies (AAs) 2 AA0.5 AA2 AA* - AA4

Scientifically competitive facilities
> mid-2026 (= AA2):
— Calibrated science data demonstrating

capabilities will be publicly released
— Call for community “ideas” by “mid 2025

Shared-risk observations (“cycle 0”)
in early 2028 (= AA¥):

- Full proposal solicitation/allocation process WU TR N R
= Call for proposals in by “mid 2027 b.L.4 The scalable nature of interferometers [EgiSsi
—> Key Science Projects planning starts in 2026 provides ﬂex'b'“t-"

— -




SKA Science Data Challenges (SDCs)

“The purpose of SDCs is to prepare the astronomical community, and SKAQO itsell, for the novel, yet challenging, nature of
SKA data”

v SDC 1 - Radio Continuum Emission

v/ SDC 2 - Neutral Hydrogen Spectral Line Emission

v SDC 3a - EoR Foreground Removal ("Foregrounds”)

V SDC 3b - Extraction of Cosmological Parameters (“Inference”)
VvV SDC4 - Magnetised continuum (Rotation Measure ...)

125.0 MHz

-26° p—m—m——p——r—1—r—r—r—7— H 0.05
‘ z=10
[ SDC 3b 1 | }Fo.00 SDC1, Bonaldi et al., 2021
= -28°
S -0.05
N
c -0.10 ¥
S -30 =
c -0.15
2
T, -0.20
4 —0.25 Growing repository of sky
. : , models and simulation code
o"10m 00™ 23P50M —0.30 for community re-use
R.A. [J2000]

SDC2, Hartley et al., 2023

https://www.skao.int/en/science-users/160/skao-data-challenges Slide / 36



SKAO Science Data Challen

MARTGOESWE R EDAWID ESR ARTTICTE AT OGN

UKSRC, UKSRC (JBO /
IRIS-CAM - Manchester,
Cambridge, IRIS-STFC)

UK j Manchester,
] L
P S

" GENCI/IDRIS ASTRON / SURF
Orsay, - Amsterdam,
France Netherlands

Swiss National
Supercomputing
Center / CSCS

Coimbra, ' L}Jga no,
Portugal e _ Switzerland

INAF
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Teams analysing
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of simulated telescope registered supercomputing W U G 5 - Teams are analysing data which simulates observations of the Epoch of

data and a corresponding participants in centres providing ST T MEERSRTSIMl  Reionisation signal (left; bright areas are neutral hydrogen, and dark

resources globally iy e ) patches are ionised gas). It is obscured by foreground emission (right;

e e e i -, orange dots are galaxies, and the ribbon-like shape is diffuse gas in our

6 0 G B A L g i — - galaxy). While the features of each image appear equally bright here, in the

of image cubes representing o ST e - ; data cube the background is millions of times fainter than the foreground.
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Upcoming SKA-related Science Meetings

» Science at Low Frequencies (SALF) IX, 11-15 Dec 2023 - Amsterdam, NL

https.//salfconference.org/2020-9th-annual-science-at-low-frequencies-salf-conference

* MeerKAT @ 5, 20-23 February 2024 - Stellenbosch, RSA
» Interstellar Frontiers: Bridging SETI, Astrobiology, and the SKA, 11-15 March 2024, Perth, AU
» Cosmology in the Alps, 18 - 22 March 2024, Les Diablerets, CH

https://indico.skatelescope.org/event/1098/
* SPARCS (SKA Pathfinder Radio Continuum Surveys) XII, May 6-10 2024, Bologna, IT

» Cosmic Magnetism in the Pre-SKA Era, 27-31 May 2024 - Japan
http://ska-jp.org/ws/SKAJP MAGWS2024/

» AU GA, August 2024, Cape Town, various SKA Science events planned and related sessions

» SKAO Science Conference, Summer 2025, Germany, planning underway
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SKAO construction update
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onstruction Commmencement Ceremonies

Consecutive ceremonies took place at the telescope sites in Australia and South Africa on 5t
December 2022

Slide /



SKA-Mid foundations




Packing and shipping the first SKA-Mid pedestal

Two pieces

Shipping from the China Electronics Technology Group Corporation (CETC)




Testing the dish lift

bTﬁZﬁEsA )

5] N )

ol ‘A‘dm?‘f.

Slide / 43



Environmental inspections at the SKA-Mid site
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Roadbed preparation at the SKA-Mid site




SKA-Low trenching has begun
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And here are all the cables
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Path to Array Assembly 0.5 (AAO0.5): S these AAVS siides
Aperture Array Verification System

AAVS1

e Pre-Critical Design Review, 1st-gen digitiser,

'SKALA2' antenna

e 'SKALA4'" antenna and Engineering Development Array 2
(EDA2) with Murchison Widefield Array (MWA) antennas

e Upgrades and improvements (heatsinking, network, firmware,
antenna power and control)

‘sJojedqasuowap

e Incorporating final design revisions, full power control and sensing
(Power And Signal Distribution), Tile Processing Modules, Monitor
Control Calibration System
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Why AAVS3? e
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e AAVS2: bandpass resonances PoX e N

(55, 78 MHz) and embedded
element pattern variability.

Y (m)
o

Ve QQ' S ' 1
- &

e ‘VVogel’ maximally non-redundant spiral
pattern. Larger minimum antenna 20 Frepe
separation (~2m cf. ~1.5-2m).

e \Vogel configuration may offer better overall
performance.

e Comparison of AAVS2 and AAVS3 data will inform a decision on the station
antenna configuration for AA0.5 onwards.

e AAVS3 is the first instrument owned, operated and maintained by SKAO
staff in Australia! Ensuring continuity for product development teams
and mitigating risk for the delivery of the construction phase.
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AAVS3 station rollout
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~ Snapshot taken mid-assembl
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AAVS3 XX 160MHz: 20231115T022051

AAVS3 first light i

400

300
Hercules A 200
NPS —\Virgo A 100
3C 353 Sun 0O 100 200 300 400 500
Milky Way o § Above: All-sky image movie with light CLEANing.
Sl Credit: Asayama et al.
PKS 1610-60 Vela SNR Below_: PSR J1752—280_6. 137 MHz, 75-MHz bandwidth,
260-s integration. Credit: Serylak, Sobey et al.
First light: all-sky image at 159 MHz. 7 e BT i 280 s

800-kHz bandwidth, 5-min integration,
calibrated with the Sun, CLEANed.
Credit: Caiazzo, Wayth et al.
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e Currently in the engineering commissioning | -
phase. Science commissioning to begin soon! °W_WWWWNHWW‘ WWWIW
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Thank you!

We recognise and acknowledge the
Indigenous peoples and cultures that have
traditionally lived on the lands on which
our facilities are located.

KA o
- WWW.Skao.int



http://www.skao.int
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Missing Baryon Question with FRBs " Dl Planck1s cosmalogy
- 800] = FRB 190102
»Most (3/4) baryons difficult to detect R a3
. _ - | * FRB 121102
»Small fraction directly observed, rest are g | = Fl oo
“invisible” § 400, :
>FRBs sensitive to total electron column density, ) :
o o 200 ; il .
and hence the ionized baryon content
: : : Macquart+ 2020
»FRBs lie at cosmological distances E Y ey e——
»Use FRB DM to infer baryon content ——
»(DM has MW+IGM+host+FRB: IGM dominant) 1000 || g pap ) OF 95% confidence reglon

® FRB 210117

FRB localisation is difficult to date, due to £
small number of solid associations g e

ZQ

)

Early results are consistent with CMB and
Big Bang Nucleosynthesis

200 A

Yang+ 2022

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

* : redshift
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Angular Resolution (without vLBI)

Wavelength
10 m 1m 10 cm 1cm 1 mm 100 ym 10 ym 1 um

Angular Resolution of Radio, Millimetre/Submillimetre, and Optical/Infrared Facilities

0.01

Angular Resolution [arcsec]
O

10

30 MHz 300 MHz 3 GHz 30 GHz 300 GHz 3 THz 30 THz 300 THz
Frequency
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Image resample to SKA resolution

~1" @ 1.4 GHz

SKA-Mid, 8h track
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Imaging Performance

Input Model Image
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Imaging Performance
SKA-Low

Image resample to SKA resolution
10" @ 140 MHz

Input Model Image
(noi§eless) SKA-Low, 4h track
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The Road to Science - Proposal Types

Key Science Projects (KSPs) PLled

« Large programs performed over multiple cycles, requiring significant (~30-50%)
resources (e.g., observing time, computing) A

(~50-70%)
« Leadership team from SKA-member countries; co-Is from any country (latter
may be limited)

« Expected to provide added-value data products and tools back to SKAO
« Regqular reviews to track progress toward goals

Principal Investigator (PI) Projects
« Small programs typically performed within a single cycle (1 year)

Member Access

Access is proportional to member share
* e.g., UK's share currently ~15%

Project (KSP] Commencement H Commencement s
. ES.:  ofPlled @8N  of KSPs
planning & - G programmes S fr B2
proposals ; Wshar‘ed e ’ : il Open Time

o021 @@ 2024 BN 2027

A ¥t Start of P  Startof ' Start of

UEEEEESEE Construction SR science A science

N - b, daile e - : . B « po .
activities ARl commissioning el verification
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Spectral resolution

Nominal Frequency 110 MHz 300 MHz 770 MHz 1.4 GHz 6.7 GHz 12.5 GHz
Range [GHZ] 0.05-0.35 0.05-0.35 0.35-1.05 0.95-1.76 4.6-8.5 8.3-15.3
Channel width (uniform resolution

4 4 13.4 13.4 : :
across max. bandwidth) [kHz] > > 3 3 L Sl

Channel width (uniform resolution

across max. bandwidth) [km/s]

Spectral zoom windows X
narrowest bandwidth [MHZz]

4X3.9

4X3.9

4 X 3.1

4 X 3.1

4 X 3.1

4 X 3.1

Ineést zoom cnanneil wic [Z

Finest zoom channel width [km/s]

Anticipated Science Performance: https://arxiv.org/abs/1912.12699
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Characterisation of exoplanets via direct detection

» Low frequency radio emissions from planetary aurora are very bright and highly polarized

» LOFAR detecting Brown Dwarfs - higher mass proxy (mass ~13-80 M,) for exoplanets (<13 M))
» SKA-Low will enable direct detection of exoplanets (host star not polarized so not detected)

> Provides information on (i) internal structure, (ii) rotation rate, (iii) B field
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Circularly polarised images (Stokes V; 30s) of radio bursts from th
Brown Dwarf WISEPA J101905.63+652954.2
Aurora on Jupiter (credit: NASA) observed with LOFAR at 144 MHz (LoTSS)

(Vedantham, Callingham, Zarka et al. submitted)
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