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Fundamental questions in physics and
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“What are the basic properties of the fundamental particles and forces?”

Neutrinos, Magnetic Fields, Gravity, Gravitational Waves, Dark Energy

“What constitutes the missing mass of the Universe?”
Cold Dark Matter (e.g. via lensing), Dark Energy, Hot Dark Matter (neutrinos)

“What is the origin of the Universe and the observed structure and how did it
evolve?”

Atomic hydrogen, epoch of reionization, magnetic fields, star-formation history......
“How do planetary systems form and evolve?”
Movies of Planet Formation, Astrobiology, Radio flares from exo-planets......
“Has life existed elsewhere in the Universe, and does it exist elsewhere now?”

SETI

CORNERSTONE OBSERVATORIES: ALMA, JWST, SKA, AND ELT



Top priorities for a new generation radio

telescope
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m Detect and image neutral hydrogen in the |l
very early phases of the universe when the [ pieion
first stars and galaxies appeared SO
— “epoch of re-ionisation” B

m Locate 1 billion galaxies via their neutral tydrogen e G
signature and measure their distribution in spa-e o e o st
— “dark energy”

m  Find clues to the origin and evolution of cosmic magnetic
fl e I d S > The Cosmic Renaissance

. . The Dark Ages end
— “the magnetic universe”

+Reionization complete,
the Universe becomes

m  Time pulsars to test description of gravity in the strong T
field case (pulsar-Black Hole binaries) L e
- detect gravitational waves s, Pl g . Glotes ouhe

= 3 billion
The Solar System forms

m Planet formation - image Earth-sized gaps in proto-
planetary disks

~ 13 bllion T N Pt Today: Astronomers
7 figure it all out!

8.G. Djorgovski et al. & Digital Media Center, Caltech




Top priorities for a new generation radio

telescope
I D D D N e e O | oo
m Detect and image neutral hydrogen in the very
early phases of the universe when the first stars
and galaxies appeared
— “epoch of re-ionisation”

m Locate 1 billion galaxies via their neutral
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distribution in space
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m Planet formation - image Earth-sized gaps in
proto-planetary disks
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m Detect and image neutral hydrogen in the
very early phases of the universe when the
first stars and galaxies appeared
- “epoch of re-ionisation”

m Locate 1 billion galaxies via their neutral
hydrogen signature and measure their
distribution in space

— “dark energy”

m Origin and evolution of cosmic magnetic
fields

— “the magnetic universe”

m Time pulsars - test gravity in the
strong field case (pulsar - Black Hole
binaries)

- detect gravitational waves

BLACK HOLE
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m Detect and image neutral hydrogen in the very
early phases of the universe when the first stars
and galaxies appeared

— “epoch of re-ionisation”

m Locate 1 billion galaxies via their neutral hydrogen
signature and measure their distribution in space
— “dark energy”

m Origin and evolution of cosmic magnetic fields
— “the magnetic universe”

m Time pulsars to test description of gravity in the
strong field case (pulsar-Black Hole binaries)

- detect gravitational waves

m Planet formation — image Earth-sized gaps
INn proto-planetary disks




What sort of instrument do we need?
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A radio telescope with

sensitivity to detect and image atomic hydrogen at the edge
of the universe = very large collecting area

fast surveying capability over the whole sky > very /arge
angle field of view

capability for detailed imaging of the structures of the
planetary gaps and how they change 2> large physical
extent

a wide frequency range to handle the science priorities

SQUARE KILOMETRE ARRAY




Square Kilometre Array
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= —1 kmZ2 collecting area in an interferometer array

sensitivity ~50 x EVLA (current largest radio array)
survey speed >10000 x faster than EVLA

m wide frequency range: 0.1 — 25 GHz

m configuration: longest baselines >=3000 km; 5026
collecting area <5kmdiameter

m wide field of view: 50 sq. degree at <1 GHz (250 x moon)

mtotal construction cost €1B; operating costs €70M/year



Reference Design

Wide-angle radio camera
+

radio “fish-eye lens”




1% SKA Pathfinders — proving SKA
technology
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Radio camera: small dishes+smart feeds
— SKA Design Study (Europe)

— Karoo Array Telescope (South Africa)
— ASKAP (Australia)
— Allen Telescope Array (USA)

Radio fish-eye lens: aperture array tiles
— SKA Design Study (Europe)

- LOFAR (Netherlands)

SKADS — study of end-to-end design

EC-FP6, European countries, Australia, South
Africa, Canada



S, KA

SQUARE KILOMETRE

Current SKA governance

I D DN DN B e B | oo

SKA was “born global”; >50 institutes in 17 countries actively involved

International International
Science Advisory International SKA Engineering
Committee Steering Committee Advisory
Committee
Executive
Committee International Site

International

Selection Advisory

e

Collaboration Committee
Working Group
International SKA
Project Office
Engineering Site Science Simulations Outreach Operations
Working Evaluation Working Working Committee Working
Group Working Group Group Group
Group

8 task forces 2 task forces| | 6 task forces| | 1 task force




Initial concept

First SKA ISSC

Working MOAS
Group

SKA timeline

Science
Case

Inter-
governmental
discussions
Site Site
ranking Selection
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Feasibility Concept Optimise  Define SKA Phase 1 Full array
study exposition Reference System Build Build
Design 10% SKA  100% SKA

Construct 1% SKA
“pathfinders”




Timeline to site decision
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Dec 2005 - site proposals due from Argentina+Brazil,
Australia+NZ, China, South Africa+6
countries

Mar 2006 - Radio Frequency Interference reports due
July 2006 - International Advisory Committee report due
Aug 2006 - Ranking of sites by Steering Committee

2007-8 - Final decision on site following inter-
governmental discussion



summary
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Strong science case;

Reference Design identified;

Coherent portfolio of technologies under development
through funding of SKA pathfinder telescopes;

Site selection in progress;

Inter-governmental discussion foreseen in 2007-8:

- select site ;

— agree cost-sharing and procurement guidelines for SKA construction
starting in 2011;

— establish governance structure;
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