


Radio arrays
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Image: SKA/Meerkat (Radio); NRAO (Optical)
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ASKAP
(Western Australia)
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Huge 30 deg? field of view
Fast!

32 antennae

15500 km of optical fibre
1.9 Th/s

4000 m? collecting area

2 PB of science data so far
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ASKAP
(Western Australia)
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Small Magellanic Clou
(ASKAP) M usli s

P

. \ v
Image: ANU/CSIRO (Radio); David Malin, Anglo-Australian Obs./Royal Obs. Edinburgh (Optical) “ » . - - "‘ xf’."’
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Image: WPLG




T MeGHKAT
- (South Africa) |

64 antennae

~1 Th/s _ : e
9000 m? collecting area L N = ~
2” resolution ‘ |

Image: WPLG



The Galactic Centre
(MeerKAT)

Image: SARAO - , € A
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2048 antennae in 128 tiles Rl T
Low frequency @ S
Huge 2500 deg? field of view

Very fast!

2000 m? collecting area

~Image: SKA; Sky &' elesco‘p%
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e Galaxy evolution
e Cosmology
e Dark energy
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How do radio jets affect galaxy evolution?




How do radio jets affect galaxy evolution?
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Centaurus A, a radio galaxy 13 million light years
away.

Top: NASA/CXC/R.Kraft (CfA), et al.; NSF/VLA/M.Hardcastle (U Hertfordshire)
et al.; ESO/M.Rejkuba (ESO-Garching) et al.

Left: Ilana Feain, Tim Cornwell & Ron Ekers (CSIRO/ATNF); R. Morganti
(ASTRON); N. Junkes (MPIfR); Shaun Amy, CSIRO




Active Galactic Nuclel

~10%1-10%® W/Hz
~10°-10% M

Pretty big , ,
Fun and exciting jets N O /Narrow Line

» / Region

Broad Line
Region

Accretion
Disk

Obscuring
Torus

Image: Urry & Padovani (1995); ESA/NASA, the AVO project and Paolo Padovani




low power high power

BL Lac FSRQ

FR-I

radio-loud (RL) AGN

Seyfert 2

dusty absorber
accretion disc
electron plasma
black hole
broad line region
narrow line region

radio-quiet (RQ) AGN
»
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http://arxiv.org/pdf/1302.1397v1.pdf D






Radio galaxies are pretty big

Aits center,
“ blsck hote 1
on The Miky Way
L — O el it
i : 7 Too T Diameter about 100,000 LY
: WOmErgng ge Artist's impression (Nick Risin
» r Distance - 280000000 LY ¢ 9%
UCC 10214 - The Tadpale" f ‘ Diameter : 200000 LY
Disturbed spiral galaxy with a very long tal
Distance 1 420,000,000 LY M33 - Trangubum®
Total length : 390000 LY
# ' Smaller spralin our Leeal Group
Cstance : 2700000 LY
Cameter: 50000 LY
NGC 4921
NGG 1316 - Formax A Aspiral galaxy in the Coma Chuster. it has lost much
af its gas and can longer form marny new, biue stars,
Dusty el ptical galaxy gning it an unusually pale appesrance
Distence | 62000000LY Distance | 320000000 LY
Dizmeter : 220000LY Diameter = 230000 LY
¢
:‘:
o
M31 - ‘Andromeda’ w
Nearby spiralin our Local Group
About 33 Massive 55 the Milky Way
sy 1 for us | Coision in a0out 4 bilken years X
Distance : 2500000 LY 010
The main steltar disc is aboit the same 52 as the Milky Way .
butan exended, feinter disc spens sbout 220,000 LY Barred spiral galany in the Fornax Ohuster

Distance : 51,000,000 LY
Dismeter: 200000 LY

Image: Rhys Taylor
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UCC 10214 - “The Tadpale”

Disturbed spiral galaxy with a very long tal
Distance - 420,000,000 LY
Total length:3900C0 LY

NGC 1316 - Fomax A"

Dusty el ptical galaxy
Distance : 62,000.000LY
Diameter : 220,000 LY

NGC %08
- Hercules A
Giant eliptical gstaxy with powerul rad jets
Swrburstng galaxy with {shown n pink) powered by a supermessive”
disturoed spiral ams black hoie at the galaxy's center o
Distance 85000000 LY Distorce: 2100000000 LY ’ P 00
Diarmeter : 75000 LY Dismeter: 1500000 LY fets) g

" spiral gaiany in the Virgo Cluster
Distanoe : 56,000,000 LY
Diameter : 163000LY

\.l Hoag's Object

. .A Eliptical galaxy surounded by a ring of biue stars
~ Distance: €00,000,00C LY
Diameter : 120,000 LY (of outer ring)

o=

" NGC 6670
Two interscting galaxies seen ecige-on ™
Distance : 200,000,000 LY
Diameter 120,000 LY i
’ o
a e

MI-Ti
- Smaller s
- . Dstance
M104 - "Sombeero* Dionae
Spiral galaxy with & prominent
.~ bugesnd dustring
Cistance : 28000000 LY
Ciameser : S0000LY

£SO 360-40 - "Cartwhesl"

L) Everyone's favourite ring galaxy

£ Rl
- ‘ . § Diameter;150.000LY
§ W

.

Centaurus A

Sllitpical galaxy with 3 praminent dust 'sne
1t 8ls0 possesses radio jets (not shown) of &
‘simiar size to those of Hecules A
Digtance - 13,000,000 LY

Diameter 197,000 LY

A \: —

\.

Image: Rhys Tayior



Radio galaxies are pretty big

Radio Galaxy Zoo: discovery of a poor cluster

through a giant wide-angle tail radio galaxy
J. K. Banfield &, H. Andernach &, A. D. Kapinska, L. Rudnick, M. J. Hardcastle,
G. Cotter, S. Vaughan, T. W. Jones, |. Heywood, J. D. Wing, ... Show more

Monthly Notices of the Royal Astronomical Society, Volume 460, Issue 3, 11
August 2016, Pages 2376-2384, https://doi.org/10.1093/mnras/stw1067

Published: 05May 2016 Article history v

Image: Banfield+16



Cosmological alignment?

Radio Galaxy Zoo: cosmological alignment of

radio sources @
0. Contigiani ™, F. de Gasperin, G. K. Miley, L. Rudnick, H. Andernach,
J. K. Banfield, A. D. Kapinska, S. S. Shabala, O. |. Wong

Monthly Notices of the Royal Astronomical Society, Volume 472, Issue 1, 21
November 2017, Pages 636-646, https://doi.org/10.1093/mnras/stx1977
Published: 02 August2017 Article history v

Image: Millenium simulation
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Cosmological alignt
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DECLINATION (B1950)

But what about the magnetic fields?
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The SKA and Radio Galaxies

How will SKA1 be better

than today's best radio telescopes?

Astronomers assess a telescope’s performance by looking at
three factors - resolution, sensitivity, and survey speed. With

its sheer size and large number of antennas, the SKA will provide

a giant leap in all three compared to existing radio telescopes,
enabling it to revolutionise our understanding of the Universe.

WITH THE SKA WITH CURRENT RADIO TELESCOPES.

ska1 Low X1.2 .
ska1 miD X4...

RESOLUTION

Thanks to its size, the SKA will see

smaller details, making radio images

less blurry, like reading glasses help
distinguish smaller letters.

wwwskatelescope.org [K Square Kiometre Array [ @SKA telescope 3§ il The Square Kiometre Array

JVLA
Karl 5. Jansky
Very Large Array, USA

SKA1 LOW

Australia

‘ SKA1 MID
South Africa

ska1 Low X135......
ska1 mio X60...

SURVEY SPEED

Thanks to its sensitivity and ability to see a
larger area of the sky at once, the SKA will
be able to observe more of the sky in a
given time and so map the sky faster.

= I.Cl\

The Square Kilometre Array (SKA) will be the world's largest
radio telescope. It will be built in two phases - SKA1 and SKA2 -
starting in 2018, with SKA1 representing a fraction of the full
SKA. SKA1 will include two instruments - SKA1 MID and
SKA1 LOW -observing the Universe at different frequencies.

WITH THE SKA WITH CURRENT RADIO TELESCOPES.

SKA1 LOW X8 ...
SKA1 MID X5

SENSITIVITY

Thanks to its many antennas, the SKA
will see fainter details, like a
long-exposure photograph at night
reveals details the eye can't see.

As the SKA isn't operational yet, we use an optical image of the Milky Way to illustrate the concepts of increased sensitivicy and resolution.



