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Il. SKA Science Drivers

* Focus on cosmology

Cosmic Dawn
(First Stars and Galaxies)

*  Preliminary results from

General Relativity
e, Gravitational Waves)

pr‘ecu PSO r‘s D haoes. ergeres SFR, cold ga mass

HI from cold gas mass

Galaxy Evolution

(Normal Galaxies 22-3)
Cradle of Life .
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— tkMatter, Large Scale Struc!t’ne)"
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Exploration of the Unknown

*
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'V astronomy

As the world's largest radio-frequency interferometer, SKA will establish itself as the radio astronomy
component of a suite of major fadilities spanning the electromagnetic spectrum, on the ground and in space.
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| - The SKA Concept

Emission of
Cosmic Background

Radiation Dark '
Ages First

S First
tars  sypernovae
and Protogalaxy

Black Holes ~ Mergers  n1odern Galaxies

Original SKA Concept
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 Science Framework

SKA Science Drivers

* The Cradle of Life & Astrobiology
— How do planets form? Are we alone?

* Strong-field Tests of Gravity with Pulsars and Black Holes
— Was Einstein right with General Relativity?

* The Origin and Evolution of Cosmic Magnetism

— What is the role of magnetism in galaxy evolution and the
structure of the cosmic web?

* Galaxy Evolution probed by Neutral Hydrogen
— How do normal galaxies form and grow?
* The Transient Radio Sky
— What are Fast Radio Bursts? What haven’t we discovered?
e Galaxy Evolution probed in the Radio Continuum
— What is the star-formation history of normal galaxies?
e Cosmology & Dark Energy

— What is dark matter? What is the large-scale structure of the
Universe?

* Cosmic Dawn and the Epoch of Reionization
— How and when did the first stars and galaxies form?

Cosmic Dawn & Reionizition P Cosmology & rs Cosmic Magnetism
. - » = Galaxy Evolutien

- -

sad

Cradle of Life

MHz 100 MHz 1 GHz

Credit: SKAO

Broad science applicability through a combination of radio-continuum, polarization, Hl and time domain surveys
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| - The SKA Observatory in a nutshell

Credit: SKAO

SKA-LOW SKA-MID

THE SKA'S LOW-FREQUENCY TELESCOPE : THE SKA'S MID FHEOUENCY TELESCOPE .

“ AORTRALA | 1 &SUITH AFRICA

SKA in numbers FREQUENCY RANGE:

£1282
BILLION

CONSTRUCTION
COST (2020 €)

€0.704
BILLION

FIRST 10 YEARS
OF OPERATIONS
COST (2020 €)

WITH A GOAL OF 24 GHz

URGOARHITE 197 D DSHES
] A TENN AS (INCLUDING 64 MEERKAT DISHES)

AD ACROSS 512 STATIONS

AXIMUM BASELINE: - - ., 203 maovmsasene:

50km . -

512 stations
X 256 antennas

SKA-Low Site, Murchison,

Western Australia
SKA-Mid Site,
Karoo, South Africa MWA ASKAP
tl

MeerKAT

Il SKAO Partnership - includes SKAO Member States* and SKAO Observers (as of June 2022) I African Partner Countries

=7 . N N [ | — &Im ——E -_E/V.
. I*I-I l i. I ® —’) '# ] S — - — ‘
* * * * * *

SKAO Full members (Updated June 2023): Aus, China, ITA, NIL, Portugal, RSA, Spain, Switzerland, UK
Accession stage: Canada, France, Germany
Negotiations: India, Sweden - Early stages: Japan, South Corea
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| - SKAO: A Multi-frequency Survey Infrastructure

=5mm]

Survey Speed [m*/K? deg® PWV

b
o
=)

—-
o
©

S a B
& W N

-
o

5w
o'\) %

&
o..

Credit: SKAO - Figure Adapted

0.05

Survey speed:
SKA Pathfinders

SKAO

0.1

02 03

1
Frequency [GHz]

Telescope Band Frequency Range (MHz)

SKA1-Mid

SKA1-Low N/A

1

2

5a

5b

50 - 350

350 - 1050
950 - 1760
1650 - 3050
2800 - 5180
4600 - 8500
8300 - 15300

~15000 - ~24000 (tbd)

50 MHz < Frequency range > 15(24) GHz
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| - SKAQO: A Multi-resolution Survey Infrastructure

Angular resolution:
SKA Pathfinders

SKA precursors

A multi-scale view of the radio Universe

Physical scale at z =1 (kpc)
8200.0 820.0 82.0 0.82 0.082

[n development Global VLBI
B Commissioning / Early science VLBA
LBA

= (perational
EVN
eMERLIN-EVN
eMERLIN

ASKAP
MeerKAT

SKA1-MID t Global VLBI

10? 10" 10° 10!
Angular resolution at 1.5 GHz (arcsec)

Credit: Jack Radcliffe and Cristina Garcia-Miro - Figure Adapted

1000 arcsec € Angular resolution - 0.01 arcsec
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| - SKAQO: Operational Model

A network of

2 Telescopes Reaional Cent
Credit: SKAO - Figure Adapted egional Lentres
. Large-area Perth cormslated /
SKA-Low T, response data e conditioned b rg’gb% =
A single 3 ) streams - - - - signals
9 _ ‘-.;'!-aa 2
. -: ‘_»‘ g 4 (& .V ' s Y 2 Pois TEThis

Observatory/-- :

B ska_ VI
SKAO Regional @
T Beamformed data steams Centres
(focused on sky patch)
| |
M CSP H
20 This 1 M B9 This
Cape Town
Velocity

Volume
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 the user community
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| - SKAQO: Construction Timeline

The ramp-up to full sensitivity

I\\Illll |||||\|1 T I\I\I\II T ||||||||

T \IIIII]

1 l\llllll

L1l

AA2 - 2026
AA1 -2025 |

1 I\I\I\II Il 11 |

Il IIIJHIl

0.1 1 10 100
Frequency (GHz)

Construction strategy: Staged delivery

INFRA + Staged antenna deployment
9 Array Assembly (AA]) phases

AAQD.5: demonstration of architecture &
supply chain

AAT, AA2

AA* [formerly AA3]) most sensitive array in
the world

AA4: full array

Target: baseline design
(see SKA Construction Proposal, 2021)

Milestone Event (earliest)

SKA-Mid (date)

Credit: SKAO

SKA-Low (date)

| AADS pgir 2024 Dec 2024 Aug
! 6 siations
AA1 S 2025 Nov 2025 Oct
18 statons
64 dishas
AA2 64 shalions 2026 Oct 2026 Sept
: 144 dishes
AA | 307 stations 2027 Aug 2028 Jan
Operations Readiness Review 2027 Nav 2028 Apr
End of Staged Delivery Programme 2028 Jul 2028 Jul
197 dishes TBO
AM 512 stations TeD
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| - SKAQO: Scientific Timeline

Credit: SKAO
Telescope ACCESS' Key Science Projects (KSPs)

= Large programs (>500 h 7) performed over multiple cycles
= Pl & leadership team from SKA-member countries; co-Is
from any country (latter may be limited)

Science driven , Principal Investigator (Pl) Projects Pl-led
+ Small programs (<500 h 7) performed within a single cycle (..30_50%)
b ase d on Director-General's Discretionary Time KSPs

CcOo ntr\i bUtion |eve| + Time allocated by the D-G outside of the normal TAC (._50_70%)

process

International time - fraction TBD

2024 2026 2026/27 2026/29 2028 2029
Start of Start of First Data Key Science Start of PHed Start of KSPs

Science Science Release to Projects (KSP) programmes
Commissioning Verification Community planning &

proposals
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Science Drivers

Il - Science with the SKAO

Cosmic Dawn and the
epoch of reionisation
'WHERE DID IT ALL BEGIN?

HOW AND WHEN DID THE FIRST

STARS, GALAXIES AND BLACK HOLES
FORM?

Cosmology and
dark energy

CAN WE UNCOVER THE MYSTERIOUS
NATURE OF DARK ENERGY?

Forming stars
through cosmic time

HOW AND WHEN WERE THE FIRST
STARS BORN?

HOW AND WHY HAS IT BECOME THE
MAJOR PLAYER IN OUR UNIVERSE?

The SKA will uniquely enable the
measurement of a complete time sequence

The SKA will fundamentally advance our
understanding of the mysterious dark

HOW HAS THE RATE OF STAR
FORMATION CHANGED OVER TIME,
AND WHY?

There is evidence that star formation

Focus today: Cosmology

Galaxy evolution

WHAT IS THE LIFE-CYCLE OF A
GALAXY?

DO THEY GO

WHERE DO THEY COME FROM, WHERE
?

WHAT ARE THE PROPERTIES OF THE
MYSTERIOUS DARK ENERGY?

Cosmic magnetism

HOW DID THE UNIVERSE BECOME
MAGNETIC?

WHERE AND WHEN DID MAGNETISM

ORIGINATE?

The bursting sky

WHAT ARE THE COUNTERPARTS OF
THE FAST AND FURIOUS BURSTS OF
RADIO WAVES?

WHAT CAN THEY TELL US ABOUT
OF THE

HOW HAS IT EVOLVED?

UNIVERSE?

The cradle of life

HOW DO YOU MAKE A PLANET
FROM SPACE PEBBLES?

ARE WE ALONE IN THE UNIVERSE?

The SKA will have sufficient resolution to
watch the assembly of planets in Earth.
like orbits about their parent stars.

Challenging Einstein:
gravitational waves

WAS EINSTEIN RIGHT ABOUT
GRAVITY?

CAN WE FIND AND UNDERSTAND
WHERE GRAVITATIONAL WAVES
COME FROM?

The SKA will use our entire galaxy to

Credit: SKAO
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Il - 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?

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

50 100 500 MHz
EoR v A I | L AL

1 50

Cosmic N ]
Dawn | -4 0
el
3
Dark 505
Ages B
-100

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

HI emission from the DA, CD & EoR traces evolving “movie” of baryonic and DM structure formation at

tuniv<10° years

Redshifted 21cm signal:

» Astrophysics regulating formation of first stars, galaxies & AGN

» underlying fundamental physics & cosmological parameters

12=14

Ciardi+ 2012

log(HI fraction)

b0 -7.00 -5.83 -4.67 -3.50 -2.33 ~=1.17 0.00

‘
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Il - 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?

From Bull+2018

For more recent results

see Li+2019; kolopanis+20189;
Mertens+2020,
Garsden+2021, HERA caoll.
2022, Keller+2023

e L e
By e
et < S

SKA objectives:

1) Statistical Detection (Power spectrum vs z)

2) Imaging of IGM transition vs z [Tomography)

A?(k) [mK?]

10°

104 .

103 -

102 -

101 .

100

PAPER

Parsons (2014)
@® Jacobs (2015)

MWA

W Dillon (2015)
B Beardsley (2016)

GMRT

* Paciga (2013)

LOFAR

® Patil (2017)

VT :
! ?
r vt 3 ?
S
/// Negligible heatin\g\q
Fiducial model
6 7 8 9 10
Redshift z

11
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Il - Cosmology

Science Drivers

The SKA will uni

mesremento] COSMology and
dark energy

CAN WE UNCOVER THE MYSTERIOUS

NATURE OF DARK ENERGY? SKA1 Continuum

LSST
SPHEREX
DES

HOW AND WHY HAS IT BECOME THE
MAJOR PLAYER IN OUR UNIVERSE?

T~ ¢

HETDEX
WEFIRST
Euclid

DESI
Cosmology surveys SKA2 HI GRS

(Bacon et al. 2018]) BOSS

SKA1-MID Band 2 HI GRS

SKA1-LOW

HIRAX
CHIME
GBT-IM
SKA1-MID Band 1 IM
_BINGO
SKA1-MID Band 2 IM
. Parkes-IM |

0 1 2 3 4

Bacon et al 2018: Cosmology with SKA1 - Red Book
Bull et al. 2018: Fundamental Physics with the SKA
Sprenger et al. 2019: Cosmology in the era of Euclid and the SKA

Continuum surveys:

weak lensing, galaxy clustering,

Integrated SW Effect, Cosmic
Dipole, etc.

Redshift surveys:
BAO, RSD, Voids, DM, etc.

HI Intensity Mapping:
HI Power Spectrum; BAO, RDS,
Primordial non-Gaussianity,

Neutrino masses, Nature of
Dark Matter

l. Prandoni - September 2023



Science Drivers

Cosmic ¥ ¢
epoch of | =

WHERE DID IT

HOW AND WHI
STARS, GALAX]|
FORM?
The SKA will uni

measurement of

Cosmology and
dark energy

CAN WE UNCOVER THE MYSTERIOUS
NATURE OF DARK ENERGY?

HOW AND WHY HAS IT BECOME THE
MAJOR PLAYER IN OUR UNIVERSE?

Il - Cosmology

HI Redshift surveys:
z<1 - low-z complement to Euclid
surveys

[ A B

Frequency

IM HI Redshift surveys:
1<z<2 - joint analysis with Euclid to beat
systematics

e F

HI 21 cm

Adapted from Boogaard (ngVLA

10
redshift

SKA conference)

b T

Obreschkow+
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Science Drivers

Il - Galaxy Formation & Evolution

RC surveys

mmmmmm

Forming stars
through cosmic time

HI surveys

Galaxy evolution

WHAT IS 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

HOW AND WHEN WERE THE FIRST
STARS BORN?

WHAT IS THE LIFE-CYCLE OF A
GALAXY?

HOW HAS THE RATE OF STAR
FORMATION CHANGED OVER TIME,
AND WHY?

WHERE DO THEY COME FROM, WHERE
DO THEY GO?

There is evidence that star formation

WHAT ARE THE PROPERTIES OF THE
MYSTERIOUS DARK ENERGY?

Radio band:

Reliable SFR
HI

SKA:

Cosmic noon and
beyond

[HI] emission  Stacking

absorption

0 1 2
Redshift

Adapted from Boogaard [ngVLA/SKA conference)

Cosmic age (Gyr)

10 5 3 2
~ SKA _d-lzi—
LA ‘t;=T-
§_10 ] _'_ |I
Fl:_
> i

o) _r'l'
2 Nl
§ /
s
10—2 4
b 1 2 3

SKA I i

108 | ‘H‘ =

L el
s

©

=

I

Q

107 4 Atomic Gas (HI)
(0]

2
Redshift

Pstars (Mo MpC_3)

P12 (Mo Mpc—3)

10°

10’

=
o
©

107 ]

Cosmic age (Gyr)
10 5 3 2

L L I L

JWST, ELT, Rubin,
uclid, Roman...

Stellar Mass

Rt

| Molecular Gas ]

o 4

T T T

2
Redshift

Madau & Dickinson 2014, Neelaman+2016, Walter+2020
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Il - Magnetogenesis

Science Drivers

Magnetic fields permeate the Universe, but poorly
constrained
Cot How they grow and propagate (amplification

The cradle of life Chall_eng_ing Einstein:
vevs:: mEChanismS, r‘Ole Of CRS]? HOW DO YOU MAKE A PLANET S:Sa:l:::::::ll::lo:jes
E H O FROM SPACE PEBBLES? WVITY?
= How they affect affect galaxy evolution® =] Cosmic magnetism L e o
mmmmm A-Primordial Scenario: G N B

Turbulent amplification and compression of weak cosmological WHERE AND WHEN DID MAGNETISM
ﬁEIdS [SEEd ,IO_9 G] \ HOW HAS IT EVOLVED?

. . Courtesy O.Sullivan
B-Astrophysical Scenario: y )
Magnetization by galactic winds and outflows powered by star 1 r *

; 11 , .
formation feedback, SN, AGN (seed 107" G) Brimoeidlhl
Magnetic fields in filaments should carry memory of the o 0.01f p '
initial field = Astrophysical
A °
@ 107
Upper limits from CMB temperature anisotropies: "
B < few nG on Mpc scales 10-8 ) ) o
Voids Filaments  Clusters  Galaxies
Lower limits from TeV y-ray observations: 0.1 1 10 100 1000 10% 10°5

B>10-7nG on Mpe scale Cosmic Overdensity p/<p>
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Il - Magnetogenesis

Science Drivers

Magnetic fields permeate the Universe, but poorly
constrained
How they grow and propagate (amplification

Cos . The cradle of life Challenging Einstein:
epa mEChanlsmS, role of CRS]O ’ . gravitational waves
v How they affect affect galaxy evolution? = . — % e e T Sy o o AsouT
g&% Cosmic magnetism i ARE WE ALONE IN THE UNIVERSE? 5&!;‘{’;‘&23&%‘#’1‘3?322‘”
mmmmm A-Pr‘lmor‘dlal Scenar‘lo' - HOW DID THE UNIVERSE BECOME [ e shost e e e—
e . . . MAGNETIC?
Turbulent amplification and compression of weak cosmological T
fields (seed 10° G) \J G
. . 6y <160
B-Astrophysical Scenario: i
Magnetization by galactic winds and outflows powered by star o +§— primordial stochastic A
. 1 - rimordial uniform 4
formation feedback, SN, AGN (seed 10" G) 3 Z armo et
y 7
& ¥+ astroph 7
Magnetic fields in filaments and voids should carry memory € 61 % primordial+astroph #
- mgw - © 3
of the initial field & | 3+ LoTss P
< (/’ LoTSS
S . i =~ 41 z -

All-sky RM/ pol. surveys provide information on magnetic - _+  Carretti+2023

- - m .

fields (B, and B | ) for all environments 3

(MW, Galaxies/AGN, Clusters, Cosmic Web)

Precursos are providing first constraints on magnetic field

evolution in filaments!

60 sources / redshift bin
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Il - Magnetogenesis

Science Drivers

mmmmm

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
FROM SPACE PEBBLES? WVITY?

ARE WE ALONE IN THE UNIVERSE? CAN WE FIND AND UNDERSTAND
WHERE GRAVITATIONAL WAVES
The SKA will h onto COME FROM?

watch the

The SKA will use our entire galaxy to

A-Primordial Scenario:

Turbulent amplification and compression of weak cos ojggjgajﬂon,-n'et al. (2004)
fields [Seed 1 D'Q G] ~ 1000 extragalactic RMs

B-Astrophysical Scenario:

of the initial field

All-sky RM/ pol. surveys provide information on magnetic
fields (B, and B | ) for all environments
(MW, Galaxies/AGN, Clusters, Cosmic Web)

~ 7 — 14 million extragalactic RMs

Key requwementz . =230-450 sources / deg? ?
Dense RM grid = better statistics ®
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Il - Magnetogenesis

Science Drivers

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

== A-Primordial Scenario:

Turbulent amplification and compression of weak cosmological
fields (seed 10° G)

B-Astrophysical Scenario:
Magnetization by galactic winds and outflows powered by star
formation feedback, SN, AGN (seed 10" G)

Magnetic fields in filaments should carry memory of the
initial field

Diffuse synchrotron radio emission from shocked WHIM can

illuminate the cosmic web
Direct detection of “radio” filaments
Govoni+2019 (Science): radio ridge

connecting two galaxy clusters in a
filament of the Cosmic Web

Cosmic magnetism

HOW DID THE UNIVERSE BECOME
MAGNETIC?

'WHERE AND WHEN DID MAGNETISM
ORIGINATE?

HOW HAS IT EVOLVED?

PRIMORDIAL

The cradle of life

HOW DO YOU MAKE A PLANET
FROM SPACE PEBBLES?

ARE WE ALONE IN THE UNIVERSE?

Vazza etal. 2015

Challenging Einstein:
gravitational waves

WAS EINSTEIN RIGHT ABOUT
GRAVITY?

CAN WE FIND AND UNDERSTAND
WHERE GRAVITATIONAL WAVES
COME FROM?

The SKA will use our entire galaxy to

¢ ASTROPHY‘SEAL -

NG 4

& -

10g10 B[muG]

¥
3
£
3
s
B
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Il - Cosmology with Fast Radio Bursts

Science Drivers

ASKAP - Macquart+2020 (Nature)

1000
—— DMcosmic(2) [Planckl5]
Cos = FRB180924 Challenging Einstein:
epa FRB181112 gravitational waves
WHER 800 m FRB190102 WAS EINSTEIN RIGHT ABOUT
i) = FRB190608 A GRAVITYY)
HOW ?
Fom = ® FRB190711 wureavmed The bursting sky — VR CRAVTATIONAL WAVES
Tnhcc :: IE FRBI121102 SR 'E‘m The SKA will use our entire galaxy to
3 600 FRB190523 ’
o
2 FRB190611 THE FAST AND FURIOUS BURSTS OF
~ RADIO WAVES?
©
.é u WHAT CAN THEY TELL US ABOUT
g 400 THE CONSTITUENTS OF THE
o UNIVERSE?
z B
[ ]
200 . -
9.0 0.1 0.2 0.3 0.4 05 0.6 0.7 James+2022
ZFRB

Ho= 73 *'2 g km/s/Mpc

Extragalactic Dispersion Measure - redshift (Macquart) relation

Indipendent meaurement of baryon content for localized FRBs - consistent with CMB and Big Bang
Nucleosynthesis values
DM measures the electron column density along each sight line and accounts for every ionised baryon

Next step: improve statistics at localized FRBs at low redshift
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2x10*

1.5x10*

104

DM [pc cm™8]

5000

Il - Cosmology with Fast Radio Bursts

Science Drivers

loka 2003

(o2 S T~ ]
-:l T T T I ~._l I T T l T T T T 3000 00 § B\ \_E

M "-__'0‘5><DMh'“:.{(z) 3 ©® ASKAP

L 1 -0.5 ]

- - 2400 | =

L ) _ollws: te¥® -

————————————— [)) -

r = B 1800

i DM,¢p . Zrelon 17 7 i E

- - - 2

RN A ] a I.IJ> -

i /’é_reionizatiofi'sj 1200

e B e ] s

r T 6001

i 0. 1XDMpat(z) ] 5

1 i | 1 1 I 1 1 1 | l 1 1 1 1
0 10 20 30
Z z z
. Ryder+2023: Discovery of FRB . .

Next step: . . y y Need sensitive interferometers like the SKA
Extend Macquart relation to higher z atz=1.016 %= 0.002

(lower fluence values + localization)

Prospects for fundamental contributions to cosmology with large samples [~ 1000] of
spectroscopically identified FRBs out to z~2 and beyond

l. Prandoni - September 2023



Il - Cosmology with Gravitational Waves

Science Drivers

The big picture of gravitational wave astronomy

= h ELF
wesa CMB
105 | et

,,,,,,, .

*Primordial gravitational

—10
10 waves

VLF LF

Pulsar Timing

Space-based
interferometers

>

*Supermassive Black
Hole Binaries
*Cosmic strings

*Stellar mass compact
binaries
*Massive black hole mergers

HF

Ground-based
interferometers

*Neutron star binaries
*Black hole binaries

eInflation
g
10 —20
10729
10~ 16

PTA: search for the effects of GW passing near the Earth, looking for signature of GW in the

107° 10~
Frequency [Hz|

residuals when fitting timing model

PTAs are sensitive to nHz GW from coalescing SMBH Binaries (complementary to CMB and

interferometres)

102

The c

: HOW DO
F FROM sPA

ARE WE Al

The SKA i

ike orbits

Challenging Einstein:
wehhed gravitational waves

'WAS EINSTEIN RIGHT ABOUT
GRAVITY?

CAN WE FIND AND UNDERSTAND
WHERE GRAVITATIONAL WAVES
COME FROM?

The SKA will use our entire galaxy to

Finstein:
waves

ABOUT

NDERSTAND
AL WAVES

| SN

Pulsar Timing Arrays (PTA)

ultra precision (sub-microsec) pulsar timing from
systematic monitoring of msec pulsars around the

sky

D.Champion
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Il - Cosmology with Gravitational Waves

Science Drivers

The big picture of gravitational wave astronomy

cos " ELF VLF LF HF
e CMB
e 10-5 |yt

,,,,,,, : = Pulsar Timing

—10 Primordial gravitational
1 O waves
«Inflation Space-based
interferometers

>

—-15
1077 Ground-based

*Supermassive Black interferometers

Hole Binaries

*Cosmic strings
—20 4
10
*Stellar mass compact
binaries

—25 *Massive black hole mergers  «Neutron star binaries
10 *Black hole binaries

1071 107° 10~ 10
Frequency [Hz|

Main goal: measure amplitude of stochastic GVW background, caused
by SMBH mergers. Amplitudes can describe the history of how
galaxies were formed.

First tentative evidence of GW background announced on June 29*,
2023 - (NANOGrav, EPTA, PPTA, InPTA); See also CPTA
(CPTA ([FAST=500m): 4.606 after 41 months)

The c Finstein:

waves

HOW DO

: ABOUT
F FROM sPA

ARE WE Al NDERSTAND

-] Challenging Einstein: [ waves
_ wnned gravitational waves

ire galaxy to
ike orbits

'WAS EINSTEIN RIGHT ABOUT
GRAVITY?

CAN WE FIND AND UNDERSTAND
WHERE GRAVITATIONAL WAVES
COME FROM?

The SKA will use our entire galaxy to

= 0.80

W T NANQOGrav 2023

- -

o O'Goiredicte”d 30 after 15 years

© - °

© 040 R To7@ .

= 020 L N3] 1T ? LA
g 020 LTV e TTTT | 2741

2 0.00 Nl o0 0 7

8 " No GWB NEEXYZ!

S5-0.20 LT

© L

£ -0.40

8 0° 30° 60° 90° 120° 150° 180°

Angular separation between pulsars, &ab
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Il - Cosmology with Gravitational Waves

Science Drivers

The big picture of gravitational wave astronomy

h ELF VLF LF HF

Cosi CMB The c Finstein:
epot N waves
WHERE 1075 Tl / g How o) ABOUT
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Take Home Message

Adapted from: SKAO Image

7

%

~130,000 antennas ~200 dishes

2048 anten

2a000 . IKA In behind the corner and SKA precursors are
already producingtransformational results

30 dishes

Time to get engaged /s now!

27 dishes ) MO\ 66 dishes

350 MHz 15(24) GHz 100GHz 1 THz

frequency

present

l. Prandoni - September 2023



