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What is the SKA?

* The Square Kilometre Array (SKA) is
— Worldwide effort

- to build world's largest radio telescope,

— with square kilometre (one million square metres)
collecting area (150 football pitches).

Huge leap forward for radio astronomy

One of largest scientific endeavours in
history

Detailed design well under way - critical
design reviews due 2018-2019

Exploring the Universe with the world’s largest radio telescope



No radio astronomy project has
ever been conceived on this scale
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The SKA Concept

SOUARE KILOMETRE ARRAY

* A large radio telescope for transformational
science:

— Up to 1 million m2 antenna collecting area distributed
over 3000+ km;

— Operating from <50 MHz (wavelength > 3 m) to >14GHz
(< 3 cm) - two or more detector technologies;

— Connected to signal processor and high performance
computing system by a massive optical fibre network.
* Providing
— 50 x sensitivity of current world's best radio
interferometers,
— Up to 1 million x survey speed

Exploring the Universe with the world’s largest radio telescope



Realising the Vision

Problem:
How to produce a telescope which is...

- Low-cost,

- Large Field of View,

- Wide frequency range,
- Reliable,

- Easy maintained

A massive inter-related R&D, detailed design
and system engineering task |

Exploring the Universe with the world’s largest radio telescope
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Dishes

SKA will build ~133 15m dishes in South Africa in Phase 1:
* Phase 2 will see 2500 dishes across Africa

SOUARE KILOMETRE ARRAY



SKA1 MID - the SKAs mid-frequency instrument

The Square Kilometre Array (SKA) will be the warld's largest radio telescope, revolutionising
our understanding of the Universe. The SKA 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

Frequency range: @@@

350 MHz
o ‘ “ |~200 dishes
Location: \ 14 GHZ (including B4 MearKAT dishes)

South Africa 0

Total
collecting
area:

33,000m?

Y@

Maximum distance
126 between dishes:

e | 150km

Total raw data output:

@ 2 terabytes

per second

;| 62 exabytes

per year

SKA1 MID

-L? 340,000

! average laptops with
= content every day

Compared to the JVLA, the current best
similar instrument in the world:

4x 5x 60x

the more the survey

?? resolution sensitive speed
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MeerKAT as it looks today




MeerKAT'’s first image
The central regions of our galaxy with a wealth of never before
seen features, as well as a clearer view of previously known
supernova remnants, star-forming regions, and radio filaments.
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1,000,000 in Phase 2.
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Low frequency Array:

Phase 1.




SKA1 LOW - the SKAs low-freguency instrument

The Square Kilometre Array [SKA) will be the world's largest radio telescope, revolutionising
our understanding of the Universe. The SKA 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.
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50 MHz . | 130,000
350 MHz | ==

Location: Australia '

Total
collecting
area:
Maximum distance
between stations:

65km

A S L
S0 L e -t

Total raw data output:

-Gg“:‘-lidir- 1 .;- : | 3 = : \
- 157 terabytes

Aot oA e Sl i A
' ] NE per second

i {55 ' : b
BT =) g B (ST S SRR
Y A =Ry = 4.9 zettabytes

&

ARR%
Tk

i

i
]
47 'ﬂ" P
e e O
P

)

Enough to fill up the estimated
global internet

35,000 DVDs i o0

[source; Cisco)

every second

Compared to LOFAR Netherlands, the current
best similar instrument in the world
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Dense Aperture arrays:

In South Africa in Phase 2d
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New SKAO Headquarters




International Design team

* Project Management and System Engineering Team
at Jodrell Bank Observatory, Manchester, UK

* ~400 engineers (institutes and industry) in 12
Member countries

* 10 International design consortia

* €120M committed for 5-year design programme;
underway right now.

* €650M+inflation for 10% Stage 1 (SKA1)

* SKA will be built by industry
 Too large for universities and research institutes.



How did we choose the sites?
Consider the expanding universe...

SOUARE KILOMETRE ARRAY .

Higher energy Spin
state

1420 MHz ZLL
L=21cm )

Digital TV/ ..



How did we choose the site?

Exploring the Universe with the world’s largest radio telescope



How did we choose the site?

SOUARE KILOMETRE ARRAY

-100
120
-140
-160
-180
-200 ' —

Sydney:
population 4 million

dBWm™ Hz")

-100
120
-140
-160
180
-200

Narrabri:
population 4000

dBWm™ Hz')

Mean Flux Density

-100

120
140k 1 Mileura:

population 4

'r
1

180 & -

.Eanw J | i
_21}1:' & - a - i i i P |

10 10 elescope
Frequency [Hz]

dBwWm™= Hz')




MANCH ll\ IIEI{

28 | Ve

ase N

}_5 SAUARE KILOMETRE ARRAY -

== :

o©

=

I-ELE‘ SIGNAL AND DATA TRANSPORT

-

Marthern
: Territony,
o
b ™ Ausiralia
Tal ¥
hika
[ m e
> S SOt

ustralia "

s

)
-

T T - ,I_.I-'l-.r'“'-l....r.l' !_... .-;-._" Lt
':i:.-'. . -‘i;; -r‘ 11‘};#{%-—{:—:‘??“. 'h:ﬁﬁ:ﬂ‘k:{':ffﬁ',# l:‘ "\.-\ A

- ; T
: e & 1 "an
- o« g

P ; L . .

SKA-Mid SKA-Low

~200 dishes 131,000 element AA
Incorporating MeerKAT



aroo Radio Astronomy R

SOUARE KILOMETRE ARRAY

Legend

® SKA_Configuration_SPDO_Dish_Full
«AA1_SPDO_Version1

e AA2 SPDO_Version2

[kcanai

Population (per sq km)
Value

[Jo-4

[ 000000001 - 14
[ll14.00000001 - 29
[29.00000001 - 47
[le7.00000001 - 68
[Jee.00000001 - g1
[ Jo1.00000001 - 116
[116.0000001 - 142
[l142.0000001 - 169
[1s9.0000001 - 197
Wie7 0000001 - 225
[J225.0000001 - 255

Contact: ; '

Dr Adrian Tiplady in

SKA South Afica 3

17 Baker Street =

Rosebank i od

2196 3

South Africa SKA SouTH ATRICH

Tel: +27 11 442 2434 e

N N I ilometers Fep +27 11 442 2454
0 145 290 580 870 1,160 Email atiplacy@ska.ac 22




Murchison Radio Astronomy Observatory

Shire of Murchison:

» 50,000 km? ; size of the Netherlands
» 0 gazetted towns

» 29 sheep/cattle stations

* 110 population =>0.002 km

SOUARE KILOMETRE ARRAY .




2 Get the timing signals to. the receptors (very

% accurately) 6

Get the data from the receptors to the computers
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Karoo Array Processor building
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Is to be
a) perfect
b) low cost

c) totally
transparent!







National
Research
RF Foundation
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Tallering Station

Yuin Station 63
Murgoo Station 150
Pia Wadjarri Community 178
Boolardy Station 197
Nookawarra Station 291
Beringarra Station 326

Warning: No Fuel or Service on this Road
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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 antannas, the SKA will provide

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

WATH THE SxA

WWITH CURRENT RADID TELEEDDPES

SKA1 LOW 1(1.2
ska1 vip X4 ...

RESOLUTION

Thanks to its size, the SKA will see

smaller details, making radio images

less blurry, like reading glasses help
distinguish smaller letters.

wranw skatelescope.org Square Kilometre Array [ @5KA_telescope  §§ YelfE) The Square Kilometre Array

LOFAR

Matherlands

JVLA

Karl B, Jansky

-"'"-_—__"“"-._ Vary Large Array. LSS

SKA1 MID

South Africa

SKA1 LOW

Australia

SKA1 LOW )(135
SKA1 MID )(60 _

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.

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

WITH THE BXA

WATH CURRENT RADID TELESDOPES

sKA1 LOWXS8 ...
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, wa use an optical image of the Milky Way to illustrate the concapts of increased sensitvity and resolution.




- Funfacts about the SKA
£5 e

SIGNAL AND DATA TRANSPORT I

Did you know?
fHALLILITY

-+  The SKA will be so sensitive that it

will be able to detect an airport
radar on a planet 50 light years away.
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Interesting facts

ne dishes of the SKA will produce 10 times the
obal internet traffic.

KA central computer will have processing
ower of ~ one hundred million PCs.

* Data collected by SKA in a single day would take

N

early two million years to playback on an ipod.

* The SKA will use enough optical fibre to wrap
twice around the Earth!




10x number of
antennas/stations

At least 10x data rates

Installing Phase 2
infrastructure over Phase
1?

Long distances (~3000 km)
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Timeline

SOUARE KILOMETRE ARRAY .

« 2005-2009 Technology research

« 2006 Short listing of sites(Australia OR South Africa)
- 2008-2012 Technology development
- 2011 Site selection (South Africa AND Australia)

« 2013 - 2016: Pre-construction, detailed design
« 2014 - 2016: Partners seek SKA1 funding

« 2016-2019: Construction approved

« 2019-2022: Tssue construction contracts

« 2022-2027: Construction of SKA1

- 2024/2025:  Early science begins

« 2019-2027: Design of full SKA

- 2027-2032: Construction of full SKA?

« SKA operational for 50 years.

Exploring the Universe with the world’s largest radio telescope















* First MeerKAT dish




MeerK AT __
South Afrlccm SKA PrecurSor




Visionary projects take a long time....

Science with the
Square Kilometre Arra

Editors: Christopher Car{i, Steve Rawlings
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"A volume of the 'Encyclopaedia of the Universe® is
written in 21 cm typescript. Unfortunately the printing
is rather faint and we need a large ‘lens’ to read the
text! wilkinson 1991:

Radio Interferometry: Theory, Techniques and Applications
1 AU Coll. 131, ASP Conference Series, Vol. 19, 1991
T.J. Cornwell and R.A. Perley (eds.)

THE HYDROGEN ARRAY

P. N. WILKINSON
University of Manchester, Nuffield Radio Astronomy Laboratories, Jodrell Bank,
Macclesfield, Cheshire SK11 9DL, United Kingdom

ABSTRACT The time is ripe for planning an array with a collecting area of 1 km? (14 times
larger than Arecibo and 75 times larger than the VLA). In view of its major astronomical
target I have dubbed this concept 'The Hydrogen Array', although 1uJy continuum sources
will also be reliably detected. I present some initial thoughts about the issues involved.







Why is as’rronomy in The radio band
important?
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