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What is the SKA?
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How did we choose the sites?
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How did we choose the sites?

(2 x 10-3 km-2)



SKA1-LOW, Murchison, Australia:
131,000 dipoles (>500 stations); 50–350 MHz ~65km 

baselines; large areal concentration in core



SKA1-MID, Karoo, South Africa:
133 SKA1 + 64 MeerKAT dishes. Max baseline ~150km

Bands: 2 (0.95–1.76 GHz), 5 (4.6–14(24) GHz), 1 (0.35–1.1 GHz) 



• SKA1–MID, –LOW: BMax = 156, 65 km

SKA1 Configurations 



• SKA: will be one of the great physics machines 

of 21st Century and, when complete, one of the 

world’s engineering marvels.

• Science goals:

– Fundamental physics: Gravity, Dark Energy, 

Cosmic Magnetism

– Astrophysics: Cosmic Dawn, First galaxies, galaxy 

assembly and evolution; proto-planetary discs, 

biomolecules, SETI + much more

– The unknown: transients; +…????

SKA Science



SKA Science Book: 

Science Director’s Report, BD-12-17



• Meeting Program based on advanced Chapter 

drafts

• 135 self-contained chapters with 1200 contributors

• Published electronically in PoS May 2015

• Printed Book ~2000 pages, in 2 volumes now out

– Weighs in at 8.8 kg!

SKA Science Book:



SKA Science Book 2015



Headline Science with SKA1 and SKA2

SKA1 SKA2
Proto-planetary disks; imaging inside the 
snow/ice line (@ < 100pc), Searches for 

amino acids. 

Proto-planetary disks;  sub-AU imaging (@ < 
150 pc), Studies of amino acids. 

Targeted SETI: airport radar 10^4 nearby 
stars.

Ultra-sensitive SETI: airport radar 10^5 nearby 
star, TV ~10 stars.

1st detection of nHz-stochastic gravitational 
wave background. 

Gravitational wave astronomy of  discrete 
sources: constraining galaxy evolution, 
cosmological GWs and cosmic strings.

Discover and use  NS-NS and PSR-BH 
binaries to provide the best tests of gravity 

theories and General Relativity.

Find all ~40,000 visible pulsars in the Galaxy, 
use the most relativistic systems to test 

cosmic censorship and the no-hair theorem.

The role of magnetism from sub-galactic to 
Cosmic Web scales, the RM-grid @ 300/deg2.

The origin and amplification of cosmic 
magnetic fields, the RM-grid @ 5000/deg2.

Faraday tomography of extended sources, 
100pc resolution at 14Mpc, 1 kpc @ z ≈ 0.04.

Faraday tomography of extended sources, 
100pc resolution at 50Mpc, 1 kpc @ z ≈ 0.13.

Gas properties of 10^7 galaxies, <z> ≈ 0.3, 
evolution to z ≈ 1, BAO complement to Euclid.

Gas properties of 10^9 galaxies, <z> ≈ 1, 
evolution to z ≈ 5, world-class precision 

cosmology.

Detailed interstellar medium of nearby 
galaxies (3 Mpc) at 50pc resolution, diffuse 

IGM down to N_H < 10^17 at 1 kpc.

Detailed interstellar medium of nearby 
galaxies (10 Mpc) at 50pc resolution, diffuse 

IGM down to N_H < 10^17 at 1 kpc.

The Cradle of Life & Astrobiology

Strong-field Tests of Gravity with 
Pulsars and Black Holes

The Origin and Evolution of Cosmic 
Magnetism

Galaxy Evolution probed by Neutral 
Hydrogen



Headline Science with SKA1 and SKA2

SKA1 SKA2

Use fast radio bursts to uncover the missing 
"normal" matter in the universe.

Fast radio bursts as unique probes of 
fundamental cosmological parameters and 

intergalactic magnetic fields.

Study feedback from the most energetic 
cosmic explosions and the disruption of stars 

by super-massive black holes.

Exploring the unknown: new exotic 
astrophysical phenomena in discovery phase 

space.

Star formation rates (10 M_Sun/yr  to z ~ 4). Star formation rates (10 M_Sun/yr to z ~ 10). 

Resolved star formation astrophysics (sub-kpc 
active regions at z ~ 1). 

 Resolved star formation astrophysics (sub-
kpc active regions at z ~ 6). 

Constraints on DE, modified gravity, the 
distribution & evolution of matter on super-

horizon scales: competitive to Euclid. 

Constraints on DE, modified gravity, the 
distribution & evolution of matter on super-

horizon scales: redefines state-of-art. 

Primordial non-Gaussianity and the matter 
dipole: 2x Euclid.

Primordial non-Gaussianity and the matter 
dipole: 10x Euclid.

Direct imaging of EoR structures (z = 6 - 12).
Direct imaging of Cosmic Dawn structures           

(z = 12 - 30).

Power spectra of Cosmic Dawn down to 
arcmin scales, possible imaging at 10 arcmin.

First glimpse of the Dark Ages (z > 30).

Cosmology & Dark Energy

Cosmic Dawn and the Epoch of 
Reionization

The Transient Radio Sky

Galaxy Evolution probed in the Radio 
Continuum



Sensitivity Comparison



Survey Speed Comparison



Resolution Comparison



A Package of High Priority Science Objectives

SWG	 Objective	

CD/EoR	 Physics	of	the	early	universe	IGM	-	I.	Imaging	

CD/EoR	 Physics	of	the	early	universe	IGM	-	II.	Power	spectrum	

Pulsars		 Reveal	pulsar	population	and	MSPs	for	gravity	tests	and	Gravitational	Wave	detection		

Pulsars		 High	precision	timing	for	testing	gravity	and	GW	detection	

HI	 Resolved	HI	kinematics	and	morphology	of	~10^10	M_sol	mass	galaxies	out	to	z~0.8	

HI	 High	spatial	resolution	studies	of	the	ISM	in	the	nearby	Universe. 	

HI	 Multi-resolution	mapping	studies	of	the	ISM	in	our	Galaxy	

Transients	 Solve	missing	baryon	problem	at	z~2	and	determine	the	Dark	Energy	Equation	of	State	

Cradle	of	Life	 Map	dust	grain	growth	in	the	terrestrial	planet	forming	zones	at	a	distance	of	100	pc	

Magnetism	 The	resolved	all-Sky	characterisation	of	the	interstellar	and	intergalactic	magnetic	fields	

Cosmology	 Constraints	on	primordial	non-Gaussianity	and	tests	of	gravity	on	super-horizon	scales.		

Cosmology	 Angular	correlation	functions	to	probe	non-Gaussianity	and	the	matter	dipole		

Continuum	 Star	formation	history	of	the	Universe	(SFHU)	–	I+II.	Non-thermal	+	Thermal	processes	

	
• Outcome of well-documented SKA1 science prioritisation process

• All objectives originate with the science community

• Review and strong endorsement by advisory bodies (SRP, SEAC)  

• Should be viewed as representative package of high-impact science 

deliverables for the first five years of science operations



Finding all the pulsars in the Milky Way…

• Timing precision is expected to increase by factor ~100

• Rare and exotic pulsars and binary systems: including PSR-BH systems!

• Testing cosmic censorship and no-hair theorem

• Current estimates are ~50% of population with SKA1, 100% with SKA2

- ~40,000 normal pulsars

- ~2,000 millisecond psrs

- ~100 relativistic binaries

- first pulsars in Galactic Centre

- first extragalactic pulsars

(Cordes et al. 2004, Kramer et al. 2004, Smits et al. 2008)



The Transient radio sky

• ~20 celestial “FRB” events now detected (after first “Lorimer” burst): 

S = 0.5 – 1.3 Jy, Δt = 1 – 6 msec, DM = 550 – 2000 cm-3 pc

• Estimated event rate: 3x103 sky-1 day-1

• Completely unknown origin, possibly/probably at cosmological distances 



Transients headline science:

Fast Radio Bursts as a cosmological probe

• Prospects for fundamental contributions to cosmology with 

large samples (~1000) of spectroscopically identified FRBs out 

to z ~ 2 with SKA1 and z ~ 5 with SKA2 

(Zhou et al. 2014)(Ioka 2003)



Cosmology with SKA: 
Integrated Sachs-Wolfe effect

• Constraining non-Gaussianity of primordial fluctuations with the 

Integrated Sachs-Wolfe effect: correlation of foreground source 

populations with CMB structures

– Uniquely probing the largest scales 

(Raccanelli et al. 2014)



(Bull et al 2014)

Cosmology with SKA: 
Baryon Acoustic Oscillations

• Constraining Dark Energy models with redshift-resolved BAO measurements

– Discrete detection is complementary with SKA1, cutting edge with SKA2

– Intensity mapping is higher risk but world-class, even with SKA1



(Bull et al 2014)

Cosmology with SKA: 
Baryon Acoustic Oscillations

• Constraining Dark Energy models with redshift-resolved BAO measurements

– Discrete detection is complementary with SKA1, cutting edge in SKA2

– Intensity mapping is higher risk but world-class, even with SKA1



HI surveys of the EoR, Cosmic-Dawn & Dark Ages

CMB displays a single 

moment 

of the Universe. Its initial 

conditions at ~400,000 yrs

HI emission from the Dark Ages, Cosmic Dawn 

& EoR traces an evolving “movie” of baryonic 

and DM structure formation at tuniv<109 years.



SKA1 surveys of the EoR

(& Cosmic-Dawn)

• Detecting EoR structures in imaging mode (as distinct from 

statistically) on 5 arcmin scales with 1 mK RMS

• Probing the Cosmic Dawn statistically

(Mesinger et al 2011)

EoR

CD



• Dec 2014: Portugal releases its national research infrastructure 
roadmap: SKA included

• Dec 2014: Italian government passes legislation, includes 
€30M for industrial astronomy – SKA/CTA

• Dec 2014: UK releases its 10-year S&T strategy – SKA 
prominent (UK construction funding  £100M (€130M) for SKA1 
construction already committed in March 2014)

• March 2015: SKA1 re-baselining

• April 2015: SKA HQ decision

• August 2015: First SKA1 KSP Workshop in Stockholm

• October 2015: India membership transferred to DAE

• October 2015: Formal IGO negotiations begin in Rome

• November 2015: 3rd SKA Engineering Consortium meeting in 
Penticton

• December 2015: Australia announces AU$293.7M for SKA

Key events in last 12 months



High-level SKA Schedule

20162015 2017 2018 2019 2020 2021 2022 20232014

High level design

Rebaselining submissions (RBS)

Preliminary Design Review (elements)

Detailed design

Prototype systems deployed

Critical Design Review

SKA1 construction approved

Procurement

SKA1 early science

SKA1 construction

SKA2 detailed design

Design consortia start

SKA2 procurement

SKA2 construction starts

SKA2 concept development

Board RBS approval 3-5 Mar 15

15-22 Sep 14

1 Nov 13

Pre-construction Stage 1

Pre-construction Stage 2

New SKA Organisation in place

Key Doc Set & Prospectus

Formal negotiations

Ratification of Agreements Organisation has minimum no. Members with Agreements ratified

Agreements in Key Doc Set signed

Andrea Casson, SKAO Project Controller, Sept 2014

System PDR

Integration testing on site

Advanced Instrumentation Prog.

KEY: Blue = SKA1 science & engineering; orange = policy; green = SKA2




