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SKA ConceptsSKA Concepts
Small parabolic mirrors Small parabolic mirrors 
(India, USA, Australia)(India, USA, Australia)

Large cylindrical mirrors Large cylindrical mirrors (Australia)(Australia)

Large spherical mirrors (Large spherical mirrors (““KARSTKARST””) ) 
(China)(China)

Large flat spherical mirrors + aerostat Large flat spherical mirrors + aerostat --
supported receiver cabin (supported receiver cabin (““LARLAR””) ) 
(Canada)(Canada)

Aperture array Aperture array (Netherlands / Europe)(Netherlands / Europe)



SKA ConceptsSKA Concepts
China: KARST

Canada: LAR

USA: ATA

Europe:
Phased Array





Proposed SKA SitesProposed SKA Sites

Western AustraliaWestern Australia
South Africa (+ Mozambique + South Africa (+ Mozambique + …… ))
China (China (KarstKarst region)region)
Argentina (+ Brazil )Argentina (+ Brazil )
New MexicoNew Mexico



SKA Key ScienceSKA Key Science
TestingTesting Theories of GravitationTheories of Gravitation (using pulsars) (using pulsars) 
((νν ~ 0.5~ 0.5--15 GHz)15 GHz)

The Dark AgesThe Dark Ages :  :  Epoch of reEpoch of re--ionisation, first black ionisation, first black 
holesholes (using:(using: HI and CO at high HI and CO at high redshiftsredshifts, VLBI)  , VLBI)  
((νν ~ 0.1~ 0.1--20 GHz)20 GHz)

Cosmic MagnetismCosmic Magnetism : Primordial, intergalactic & galactic : Primordial, intergalactic & galactic 
fields fields (Polarisation,(Polarisation, Faraday rotation, Zeeman effect) Faraday rotation, Zeeman effect) 
((νν ~ 0.3~ 0.3--20 GHz)20 GHz)

The Cradle of LifeThe Cradle of Life :  :  ProtoplanetsProtoplanets, , biomoleculesbiomolecules, SETI, SETI
(thermal emission, molecular lines, VLBI)  (thermal emission, molecular lines, VLBI)  ((νν ~ 20~ 20--30 GHz)30 GHz)

Evolution & LargeEvolution & Large--scale Structurescale Structure :: Galaxies, Galaxies, 
Hubble Flow & Dark Energy (Hubble Flow & Dark Energy (HI surveys)  HI surveys)  ((νν ~ 0.3~ 0.3--1.4 GHz)1.4 GHz)

Exploring the UnknownExploring the Unknown ((νν ~ 0 ~ 0 -- ∞∞ Hz)Hz)



Astronomy with the SKA, LeidenAstronomy with the SKA, Leiden

•• 100100’’s of s of protoproto--
planetary disksplanetary disks

•• BiomoleculesBiomolecules

KSP I: The Cradle of LifeKSP I: The Cradle of Life
SHEPHERDS: LAZIO & WERTHEIMER (USA)SHEPHERDS: LAZIO & WERTHEIMER (USA)



|  Project Phoenix                                   |        SKA

PEIRP of analogs PT x GT
Range r 

in ly # of stars within range Range r in 
ly # of stars within range

Cell phones: 1 W 1W x 1 3x10-4 0 3x10-3 0

FM radio: 10-100 KW
2 kW x 5
20 kW x 5 0.03  0.1 0

0
0.3

1
0
0

TV: 300 KW 60 kW x 5 0.2 0 2 0

1 MW
100 kW 

x 
10

0.33 0 3.3 ~1

Airport Radars: ~ 108 W
35 kW 

x 
2200

3.3 ~1
(Proxima Centauri is 4.3 ly) 33 310

Ionospheric Radars: 2x1011 W
150 kW 

x 
1x106

150 ~3.5x105 1500 ~5x108

Arecibo Radar: 2x1013 W 1 MW
x 

2 x 107

1500 ~5x108 15000 ~5x1010

Are We Alone?Are We Alone?



KSP II: Pulsars and General RelativityKSP II: Pulsars and General Relativity
SHEPHERDS: CORDES (USA) & KRAMER (UK)SHEPHERDS: CORDES (USA) & KRAMER (UK)

• Blind survey for pulsarsBlind survey for pulsars
•• Time discovered binary and millisecond pulsars Time discovered binary and millisecond pulsars 
to very high precision:to very high precision:

• ““Find them!Find them!””
•• ““Time them!Time them!””
•• ““VLBI them!VLBI them!””

Benefiting from SKA twice:Benefiting from SKA twice:
•• Survey sensitivity: many pulsars, Survey sensitivity: many pulsars, ~10,000~10,000--20,00020,000
( including ( including ~1000 ~1000 MSPsMSPs and pulsar/BH systems ? )and pulsar/BH systems ? )

•• Unique timing precision and multiple beams !Unique timing precision and multiple beams !

FUNDAMENTAL PHYSICS: e.g. NoFUNDAMENTAL PHYSICS: e.g. No--Hair theorem, Cosmic Censorship Hair theorem, Cosmic Censorship 
conjecture.conjecture.



Cosmological Gravitational Wave Cosmological Gravitational Wave 
BackgroundBackground

• Millisecond pulsars act as arms of huge detector:Millisecond pulsars act as arms of huge detector:

Pulsar Timing Array:
Look for global spatial 
pattern in timing residuals!

Pulsar Timing Array:Pulsar Timing Array:
Look for global spatial Look for global spatial 
pattern in timing residualspattern in timing residuals!!

LISAPulsars Advanced
LIGO

• Complementary in Frequency!Complementary in Frequency!



AllAll--sky survey of Faraday sky survey of Faraday 
rotation measuresrotation measures
HighHigh--resolution RM + polarization resolution RM + polarization 
mapping of the mapping of the Milky Way, nearby Milky Way, nearby 
galaxies & clustersgalaxies & clusters
RM mapping of RM mapping of distant intervening distant intervening 
galaxiesgalaxies
Search for magnetic fields in the Search for magnetic fields in the 
first galaxies and clustersfirst galaxies and clusters
Search for magnetic fields in the Search for magnetic fields in the 
intergalactic mediumintergalactic medium
Faraday rotation of the CMB ?Faraday rotation of the CMB ?

KSP III: The Magnetic UniverseKSP III: The Magnetic Universe
SHEPHERDS: BECK (Germany) & GAENSLER (USA)SHEPHERDS: BECK (Germany) & GAENSLER (USA)



KSP IV: Galaxy Evolution & KSP IV: Galaxy Evolution & 
CosmologyCosmology

SHEPHERDS: RAWLINGS (UK) & VAN DER HULST (Netherlands)SHEPHERDS: RAWLINGS (UK) & VAN DER HULST (Netherlands)

(from Wayne 
Hu’s superb web 
page)

Comoving
scale ~ 

(1+1000) cS t 
~ 100 Mpc



Dark Energy: What is it?Dark Energy: What is it?

(See Peebles & (See Peebles & RatraRatra 2003)2003)

• Vacuum energy (cosmological constant) Vacuum energy (cosmological constant) 

with w=with w=--1  ?1  ?

•• Quintessence with Quintessence with --1/3 > w > 1/3 > w > --11 ??

•• Phantom with w < Phantom with w < --1 ?1 ?

•• Or, in a nutshell, Physics beyond GR!Or, in a nutshell, Physics beyond GR!
Progress needs MEASUREMENTS of w and its time Progress needs MEASUREMENTS of w and its time 
evolution.evolution.

The Dark Energy Measuring machine will yield Nobel The Dark Energy Measuring machine will yield Nobel 
Prizes!Prizes!



KSP V: Epoch of KSP V: Epoch of ReionizationReionization
SHEPHERDS: CARILLI (USA) & BRIGGS (Australia)SHEPHERDS: CARILLI (USA) & BRIGGS (Australia)
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SKA ScheduleSKA Schedule

2005: Deadline for site proposals2005: Deadline for site proposals
2006: Selection of site2006: Selection of site
2007: Deadline for design proposals2007: Deadline for design proposals
2009: Selection of design 2009: Selection of design 
20122012--15: Construction of Phase 115: Construction of Phase 1

(10% of full array)(10% of full array)
20152015--20: Construction of full array20: Construction of full array



SKA PrototypesSKA Prototypes
Europe: Europe: LOFARLOFAR (30(30--240 MHz),240 MHz),
SKA Design StudySKA Design Study (SKADS)(SKADS), with, with
Electronic MultiElectronic Multi--Beam Radio AstronomyBeam Radio Astronomy
ConceptConcept (EMBRACE)(EMBRACE) (0.6(0.6--1.7 GHz)1.7 GHz)
Australia: Australia: Extended New TechnologyExtended New Technology
DemonstratorDemonstrator ((xNTDxNTD) ) (0.7(0.7--1.5 GHz)1.5 GHz)
China: China: Five hundred meter ApertureFive hundred meter Aperture
Spherical TelescopeSpherical Telescope (FAST) (FAST) (0.3(0.3--2 GHz)2 GHz)
South Africa: South Africa: Karoo Array TelescopeKaroo Array Telescope
(KAT)(KAT) (0.7(0.7--1.75 GHz)1.75 GHz)
USA: USA: Long Wavelength ArrayLong Wavelength Array (LWA)(LWA)
(20(20--80 MHz), 80 MHz), 
Alan Telescope ArrayAlan Telescope Array (ATA) (ATA) (1(1--10 GHz)10 GHz)



German ContributionsGerman Contributions

Science input:Science input:
EoREoR modelling,modelling, clusters, halosclusters, halos,, magneticmagnetic
fields, surveys, fields, surveys, AGNsAGNs
(see German LOFAR White Paper)(see German LOFAR White Paper)

Technology input:Technology input:
Contribution to European prototypeContribution to European prototype
(SKADS), low(SKADS), low--cost antenna design,cost antenna design,
data grids, supercomputersdata grids, supercomputers

Experience with German LOFAR Experience with German LOFAR 
stations is essential !stations is essential !
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