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Fundamental questions
on cosmic magnetic fields

ÁWhen and how were the first fields generated ?

ÁDid significant fields exist before galaxies formed ?

ÁHow and how fast were fields amplified in galaxies and 
galaxy clusters?

ÁHow did fields affect the evolution of galaxies and clusters?

Á Is intergalactic space magnetic ?



© 2011 SKA 

The adventures of the SKANIMALS no.1



Future magnetic fields observations with
radio telescopes

Á Low frequencies :

Higher accuracy to detect small rotation measures

(LOFAR, LWA, MWA, SKA )

Á High frequencies :

Higher resolution and / or higher survey speed

(EVLA, ASKAP, APERTIF, MeerKAT , SKA )

Á New analysis method :

Faraday spectrum allows Faraday tomography

(Radio continuum spectro -polarimetry , "RM Synthesis ")



ALMA

SKA 20cm

SKA Specifications

ÅSensitivity (A/ Tsys ): 4000 ï12000 m 2 K-1

ÅField of view (FoV): 1 ï200 deg 2

ÅÓ8 independent beams

ÅResolution: Ò1"

ÅFrequency range : 70 MHz ï10 (35) GHz

ÅDynamic range: Ò10 6

ÅPolarization purity: ï30 dB over FoV

HST

SKA 6cm



SKA Reference Design

1. Array of å15m parabolic dishes (Phase 1)

å0.45-3 GHz:

Wide -band single -pixel feeds, FoV Ò10 deg2 , or:

Focal -plane phased arrays, FoV 10 -50 deg 2 (ñradio cameraò)

2. Sparse low - frequency aperture array (Phase 1)

å0.07-0.45 GHz: Dipoles, FoV å200 deg2

3. Dense medium - frequency aperture array (Phase 2)

å0.5-1 GHz: Tiles, independent multiple fields

4. High frequencies (Phase 2)

Upgrade of systems for dishes to 10 GHz

5. High frequencies (Phase 3)

Upgrade of dishes to å35 GHz



SKA Project Office
+ Swinburne Astr . Prod .

Phase 1: SKA dishes (450 MHz ï3 (10) GHz)
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Phase 1: SKA sparse aperture array (70 -450 MHz)
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Phase 2: SKA dense aperture array (500 -1000 MHz)



SKA Phase 2 central site
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SKA technology developments



SKA technology development

ÁNovel dish antenna construction

ÁAperture arrays

ÁLarge field of view

ÁWide -band feeds

ÁCheap ( uncooled ) receiving systems

ÁFocal plane arrays

ÁFast signal transmission

ÁProcessing and data management

Á"Green " energy supply



ÁData rates: PetaBytes /s

ÁData volume: ExaBytes

ÁProcessing requirements: ExaFlops /s

ÁPower: 100 MW

Challenges



Radio interference

large city

small city

SKA cite



Candidate site:
Australia & New Zealand



Candidate site: South Africa



Pre-construction phase governance

Â Interim Founding Board created on 2 April 2011

Â Nine signatories at government or funding agency level:

Australia, China, France, Germany, Italy, Netherlands, New Zealand,

South Africa, UK     (+ observers: Canada, India, Japan, Korea)

Tasks :

1. Establish a legal entity for the SKA organisation

2. Decide location of the SKA Project Office
(done: Jodrell Bank Observatory in the UK)

3. Agree on a resourced Project Execution Plan
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SKA timeline

Site decision: 29 Feb. 2012
(by Board of Directors)



SKA Key Science Projects

Phase 1:

Â History and role of neutral hydrogen -
from dark ages ( EoR) to the present day

Â Testing theories of gravitation & discover gravitational waves
with pulsar timing

Phase 2:

Â Measuring Dark Energy (HI line)

Â Cosmic magnetism (polarization)

Â The Cradle of Life ( protoplanetary systems, biomolecules )

Â Exploration of the Unknown



SKA Key Science Project:

Origin and evolution of magnetic fields

TRACE



The large -scale Galactic magnetic field
from pulsar RM data

(Han et al. 2006, Brown et al. 2007, 2010, Noutsoset al. 2008)

Á Local field is clockwise

ÁField in Sagittarius arm is
counter -clockwise

Reversal between arms

(nothing similar is observed in
external galaxies so far)

© Jo-Anne Brown



69 AUGER UHECR events (> 5.5 10 19 eV)

Localizing the UHECR sources requires
detailed knowledge about the Milky Way s magnetic field

- but the existing field models are insufficient

Abreuet al. 2010

Blue: 318 AGNs
within 75 Mpc


