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ASKAP 
Australian SKA Pathfinder 

• A$170M (=€120m) project now under construction in  
Western Australia 

• First shared-risk science (with 12 antennas) ~ mid-2015 
• Completion 2016-7? 
• 36*12m antennas 
• Antennas have a 192-pixel phased array feed (PAF) 
• 30 sq. deg FOV! 



Antennas 

Antennas built 
by CETC54  
(China) 
 
Delivered and 
assembled on 
site 
 
D=12m 
f/D=0.5 
rms~0.5mm 
3-axis mount 



ASKAP 188-element Phased Array Feed  

Patches Transmission lines 

Ground plane 

 
Digital beamformer 

 

Low-noise 
amplification 
and 
conversion 

Weighted sum of inputs 

Currents 

•  Connected checkerboard array  
•  Self-complementary screen (Wide band - Babinet’s principle)  
•   Operating range defined by electromagnetics and LNA  

•  1800-700MHz 
•  LNA - High-impedance, differential 



Total bandwidth = 2.1THz per antenna 



ASKAP PAF footprint 
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ASKAP1 14-Jun-11
ASKAP1 16-Jun-11
5x4 (skunkworks)
Single LNA matched to 300 Ω

ASKAP PAF Aperture Beamformed Receiver Temp 

MK1 PAF measurement is measured 

Mk2 PAF measurement  is estimated 

Mk1 PAF (BETA) 

Mk2 PAF (ADE) 



ASKAP Computing CDR March 2010 

ASKAP data flow 
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PAF filterbank 
samples

Beamformed 
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ASKAP FPGA-based signal processing chain

MRO

T. Cornwell, Feb 22 2010

SSP Processing Value-added catalogue 



 

Science Imaging Modes 
• Continuum & Polarisation 

•  300 MHz, full stokes, 1MHz channels, DR 105, 1400MHz, 5 sec, 
10”, 30 deg2, clean/image the whole sky 

•  Spectral sidelobes <20dB, poln purity (post-calib) < 25dB 

• Spectral Line (basic) 
•  BW 300 MHz, 18 kHz channels, 30 deg2 at 700-1450MHz, image 

the whole sky, postage stamps of interesting regions 

• Spectral Line (zoom) 
•  Tuned to 1543MHz, BW 300MHz, 4x~6MHz sub- bands, 30 deg2 

imaging of the Galactic plane and MCs 

• Slow Transients 
•  300MHz, 10MHz channels, 10”, 5 sec, 30 deg2 , whole sky every 

day plus piggybacking 

 Science cases translated into science functional requirements (May 2009), formalised 
and prioritised following the selection of the survey science projects in Sept 2009. 



ASKAP Opening October 2012 



First multi-beam image from ASKAP 

The image uses the three-
antenna "BETA-1" system, 
with three separate PAF 
beams and shows the trio 
of Southern sources PKS 
1547-795, 1549-790, 
1610-771 (with 
separations .45/2.2/2.6 
degs, 20cm fluxes=4.0 5.8 
4.6Jy). Those are the 
three brightest spots in the 
image. Two additional 
"serendipitous" sources 
(PKS 1606-772 and 
1637-771) also show up. 
The red contour shows 
50% sensitivity region. 



ADE = ASKAP Design Enhancement 

Goals: 
•  Fix receiver Tsys variation 
•  Simplify 
•  ‘reduce cost 
•  Reduce power consumption 

Implementation 
•  Tsys ~ 50K across ASKAP band 
•  Faster/lower power FPGA used throughout 
•  RF over fibre cost now comparable to coax 

•  Simplified maintenance, cooling, access 
•  Together with better RFI shielding and lower 

weight at focus 
•  Direct sampling  

•  Removes downconversion system 



ASKAP Timeline 

•  Late 2013: First ADE PAFs installed at Boolardy 

•  July 2014: 12 ADE PAFs installed with full correlator  

•  2.4km max baseline 

•  Additional PAFs continue to be installed while science 
commissioning starts 

•  March 2015: shared risk science starts at night/weekends 

•  2016?????? Full ASKAP-36 available ?????? 

•  Funding currently in hand for 24 ADE PAF’s – more expected 



ASKAP Science 
38 proposals submitted 
to ASKAP 
 
2 selected as being 
highest priority 
 
 
 
8 others at a slightly 
lower priority 

•  EMU all-sky continuum 
   (PI Norris) 

•  WALLABY all-sky HI 
(PI Koribalski & Staveley-Smith) 
 
•  COAST pulsars etc 
•  CRAFT fast variability 
•  DINGO deep HI 
•  FLASH HI absorption 
•  GASKAP Galactic 
•  POSSUM polarisation 
•  VAST slow variability 
•  VLBI 



• Deep radio image of 75% of the sky (to declination +30°) 
• Frequency range: 1100-1400 MHz 
• 40 x deeper than NVSS  

• 10 µJy rms across the sky 
• 5 x better resolution than  NVSS (10 arcsec) 
• Better sensitivity to extended structures than NVSS 
• Will detect and image ~70 million galaxies at 20cm 
• All data to be processed in pipeline 
•  Images, catalogues, cross-IDs, to be placed in public 

domain 
• Survey starts  2014(?) 
• Total integration time: ~1.5 years ? 



1) Evolution of SF from z=2 to the present day, 
•   using a wavelength unbiased by dust or molecular emission. 

2) Evolution of massive black holes  
•  how come they arrived so early? How do binary MBH merge? 
•  what is their relationship to star-formation? 

3) Explore the large-scale structure and cosmological 
parameters of the Universe. 

•  E.g, Independent tests of dark energy models 
4) Explore an uncharted region of observational parameter 

space 
•  almost certainly finding new classes of object. 

5) Explore Clusters & Diffuse low-surface-brightness radio 
objects  

6) Generate an Atlas of the Galactic Plane 
7) Create a legacy for surveys at all 

wavelengths (Herschel, JWST, ALMA, etc) 

Science Goals 



1)  It takes radio surveys across a threshold into a new 
regime where they are dominated by normal galaxies 
rather than the rare radio-loud galaxies 
 

2)  We currently know of ~2.5 million radio sources 
1)  EMU increases that by a factor of 30 
2)  we will have many samples of every stage of evolution – even 

very brief and rare transition stages 
 

3)  Can  (potentially) measure SFR very accurately 
 

4)  Can do large statistical studies,  & enormous stacking & 
data-mining experiments 

•  e.g. “what is the SFR of this particular subtype of galaxy, and 
how does it change over cosmic time?” 
 

Why will EMU make a difference? 



�����

Current major 20cm surveys 

Increasing sensitivity 

Increasing area 

LH-Condon 

NVSS 
75% of sky 
rms=450µJy 
2 million 
galaxies 

EMU 
75% of sky 
rms=10µJy 
70 million galaxies 
(would take  
~600 years with 
VLA, or 7 years 
with EVLA) 



Redshift distribution of EMU sources 

Based on SKADS (Wilman et al; 2006, 2008) 

<z>=1.1 for SF/SB 
<z>=1.9 for AGN 



SFR measurable (5σ) by EMU 
Arp220 
z=2 

M82 
z=0.4 

Milky Way 
z=0.1 

HyperLIRG 
z=4 

Measured radio SFR 
does not need any 
extinction correction 

Arp220 
z=2 

M82 
z>10 

Milky Way 
Z=2 

HyperLIRG 
z=4 

We will directly measure 
SFR of ~ 45 million 
individual SF galaxies, 
and can stack on existing 
IR/optical surveys to go 
even fainter 



Activities in EMU 2012-2013 

Important developments in several areas (=working 
groups) 
•  Data Challenge  
•  Value-added catalogue 
•  Galactic Plane  
•  WTF (previous EMU talk) 
•  Redshifts 
•  Cosmology 
•  Radio Zoo 
•  Clusters 
•  ATLAS DR3 release 

• ASKAP-12 



To trace the evolution of the dominant star-forming galaxies from z=5 to 
the present day, using a wavelength unbiased by dust or molecular 
emission. 

Science Goal 1: 
measure SFR, unbiased by dust 

•  Will detect 
about  
45 million 
SF galaxies 
to z~2 

•  Can stack 
much higher 

•  Can measure 
SFR 
unbiased by 
extinction 



Challenge: difficult to get redshifts, or even 
optical/IR photometry 



The EMU Redshift WG 

• Only ~1% of EMU sources will have 
spectroscopic redshifts (most from 
WALLABY) 

• Generating photometric redshifts for AGNs is 
notoriously unreliable 

• EMU redshift group (Seymour, Salvato, Zinn, 
et al) exploring a number of different 
approaches: 

• conventional template fitting 
• kNN algorithms 
• SoM algorithms 
• etc 



kNN does remarkably well! 



Another alternative approach: 
Statistical Redshifts 

Philosophy: Obtain the redshift distribution without 
necessarily measuring individual z’s 
 

1)  Polarisation 
•  mean redshift of polarised sources ~1.9  
•  mean redshift of unpolarised sources ~1.1  

2) Spectral index 
•  Steep spectrum sources have a higher redshift than moderate 

spectrum sources 
3) Radio-k relation 

•  High values of S20cm/S2.2µm have high z
•  even a non-detection is useful

Combining all the above indicators (+others)
•  Use a Bayesian approach to assign a probabilistic redshift 

distribution (=> statistical redshifts)  


Using incomplete redshift data to test hypotheses



Clusters WG 
ASKAP short spacings means that EMU will detect diffuse radio 
emission from clusters: 
•  Head-tail galaxies 
•  Relics 
•  Radio haloes 
EMU may detect ~10^5 clusters (comparable to eRosita) 
 
 
 
N272: Evolutionary Map of the Universe: Tracing Clusters to High 
Redshift 
Ray P. Norris , 2011, Journal of Astrophysics and Astronomy, 32, 599 (arXiv1111.6317) 

N291: Radio Halos in future surveys in the radio continuum, R. 
Cassano, G. Brunetti, M. Johnston-Hollitt, R. P. Norris, H. J. A. Rottgering, M. Trasatti, 2013, A&A, in 
press, 2012arXiv1210.1020C 



The discovery of pulsars 

Jocelyn Bell: 
• explored a new area of observational phase space 
• knew the instrument sufficiently well to distinguish 
interference from signal 

• observant enough to recognise a sidereal signature 
• open minded – prepared for discovery 
• within a supportive environment 
• persistent  

28 
See Bell-Burnell (2009) PoS(sps5)014 for a personal perspective 



Discovering the Unexpected? 

• Certainly we’re sampling new parameter space 
• But our data volumes will be huge 
• Nobody will have sufficient familiarity with the data 
or with the instrument to be a “Jocelyn Bell” 

• Instead we will find (or not find) what we are 
looking for. 

• We won’t find things we are not looking for  
(the “unknown unknowns”) 

• Can we mine data for the unexpected, by rejecting 
the expected? 



 
Science Goal 4: Discovering the 
Unexpected 
 

WTF?  

 
WTF = Widefield ouTlier Finder 



Mining large data sets for the unexpected 

•  WTF will work by searching the n-dimensional (large n) phase 
space of observables, using techniques such as 

•  Decision tree approach 

•  Zoo approach 

•  Cluster analysis 

•  k-nearest-neighbours 

•  self-organised maps 

•  Bayesian approach 

•   
 
 

•  A simulation encapsulating our knowledge of the universe 
enables us to simulate an observation of an ideal Universe, 
setting  up a training set for the algorithms, distinguishing things 
we expect from those we don’t expect 

Quasars 

Spiral galaxies 

WTF? 

Instrumental errors 



Western Australia 



We acknowledge the Wajarri Yamatji people as 
the traditional owners of the Observatory site. 


