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Australian%SKA%Pathfinder%
• 36>antenna&multi>beam&interferometer&in&a&radio>quiet&zone&

• Frequency&range:&700&MHz&–&1.8&GHz,&300&MHz&bandwidth&

• Baselines:&23m&to&6km,&compact&2km&core&

• Survey&instrument&–&wide&instantaneous&field&of&view&&

• Phased>array&feed&(PAF)&+&flexible&beamformer&&

• 3>axis&mount&(whole&antenna&can&rotate)&&

• (Quasi)&real>time&processing&

• Service&observing,&science&ready&data&products&

• Early&science&with&12>antenna&array&is&ongoing



ASKAP%
36#12&meter#antennas#
300#MHz#instantaneous#bandwidth#
Frequency#range:#700#–#1800#MHz#
Spectral#resoluEon:#18.5#kHz#
Baseline#lengths:#23m#–#6km#
Up#to#36#electronically#formed#beams#Sampler

Amplifier

Coarse filter

x94&per&pol

x36&per&pol

Beamformer
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Evolutionary%Map%of%the%Universe

Observe&75%&of&the&sky&(to&dec&+30)&

Frequency&range:&1130>1430&MHz&

10&uJy&bm>1&thermal&noise,&&&105&dynamic&range&

10&arcsec&resolu]on,&&&>10&arcmin&LAS&

Will&detect&and&image&70%million%galaxies&at&20&cm



SUMSS NVSS EMU

Frequency%(MHz) 843 1400 1280

Sensitivity%(uJy) 1000 450 10

Resolution%(“) 43/cos%δ 45 10

Declination%( <%Z30 >%Z40 <%+30

Area%(deg 8,100 34,000 31,000

#%of%Sources 2E+05 2E+06 7E+07



StarZforming%Galaxies

FR%I%Radio%Galaxies
FR%II%Radio%Galaxies

EMU%
detection%limit

NVSS%
detection%limit



Redshift distribution of EMU sources 

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

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

Redshift%distribution%of%EMU%sources

Lookback%time%
10%billion%years

(Norris+2011)
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The%EMU%Survey



EMU%Key%Science%Projects

How%do%galaxies%form%and%evolve?



Active%Galaxies

These KSPs are dedicated to                                                                   
radio galaxies and AGN:  

Assemble RLFs and KLFs and determine how they evolve
Over time, with host galaxy properties, with BH accretion state 

Investigate duty cycles, triggering and lifetimes and feedback 

Identify RQ-AGN and study the origin of their radio emission

Study the highest redshift AGN and their role in the EOR 

Discover new candidate binary black holes



Star%formation

This KSP will measure the SFR                                                            
of galaxies over cosmic time:  

Combine radio data with UV to FIR star formation indicators

Improve SFR calibrations and SF-AGN classifications
Photometric colors, spectroscopic diagnostics, radio properties 

Derive the cosmic SFH and growth of stellar mass

Test the dependence on mass, environment, color, etc.



Galactic%plane

These KSPs will explore continuum                                                                  
radio emission from our Galaxy:

Create an atlas of discrete radio continuum sources
Supernova remnants, pulsars and PWNe, HII regions, PNe, 

 flare stars, CSE, active binaries, ultra-cool dwarfs, LBV, WR 

Cross match with stellar catalogs to discover new radio stars

Assemble an evolutionary sequence of HII regions

Detect the youngest and most compact SNRs



Local%galaxies

These KSPs will focus on nearby                                                          
galaxies and the Magellanic Clouds:

Resolve large angular size spiral disk galaxies
Distribution of SFR tracers, radio spectral index, FRC 

 Correlate with optical, IR morphology, HI kinematics 

Search for extended continuum emission in edge-on galaxies

Build multi-wavelength SED templates

Complete sample of SNR, HII regions, PNe in MCs

Probe MC’s ISM, B-field using background sources



Large%scale%structure

These KSPs will investigate galaxy                                                       
clusters and the synchrotron cosmic web:

Direct search, stacking and cross-correlation of radio emission
Diffuse synchrotron, accretion shocks, dark matter annihilation 

SFR vs redshift, merger state, richness of environment
Study halo generation, turbulence, B-field, X-ray luminosity 

RLF of early and late type cluster members and radio relics

Distortion of radio galaxy tails by IGM weather



Cosmology

This KSP will place constraints                                                          
on cosmological observables:

Cosmic Magnification of high-redshift EMU galaxies              
by low-redshift optical foreground galaxies

Cross correlation of EMU and (e.g. Skymapper or TAIPAN) sample

Cosmic Magnification of CMB by EMU galaxies
 Cross-correlation between EMU density and CMB on small scales

Integrated Sachs-Wolfe effect
Cross-correlation between EMU density and CMB on large scales 

Angular correlation function of EMU galaxies



Unknown%Unknowns

This KSP will search for rare                                                               
and unusual types of objects: 
What fraction of discoveries in astronomy 
were �Popperian�? 

Serendipity:10 
Predicted: 7 
From%Ekers%(2009)%PoS(sps5)007%
See%also:%
•  Harwit(1981),%Cosmic%Discovery%
•  Kellermann(2009)%PoS(sps5), 44%%
•  Wilkinson%et%al.(2004),%New%Astr.%
Rev.,%48,%1551%45%

•  Wilkinson(2007)%the%Modern%Radio%
Universe,%144%%

•  Wilkinson(%2015)%(AASKA14),%65%%
%
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&&&&&&&&&&&&&&&&&Figure&by&Ray&Norris



EMU%Collaboration%Projects

%MultiZwavelength%connections



EMU%Collaboration%projects

Image&Credits:&Max&Planck&Institute&for&Extraterrestrial&Physics



EMU%Collaboration%projects



EMU%Collaboration%projects

Image&Credits:&Australian&Astronomical&Observatory



EMU%Collaboration%projects



EMU%Development%Projects

%%NextZgeneration%techniques



Observing%strategy

Figure 4: Variation of W̄ with beam pitch, relative to the value obtained
from the fictitious case of no beam-to-beam noise correlation (dashed line).
The survey speed obtained from both the correlated and uncorrelated foot-
prints decline as the beams move to the outer parts of the field-of-view. For
the realistic case with correlated noise, sensitivity improves as the beam
overlap decreases until te edge of the PAF field-of-view is reached.

• The closepacked and rectangular footprints have much lower ripple
than the square footprints. The rectangular footprint (rectangle 6x6)
is an invention of Josh Marvil’s; in one direction its pitch is smaller byp
3/2 and with its three interleaving o↵sets has a resulting hexagonal

pattern in the mosaic of the four pointings.
• For the 36-beam footprints, frequency is the main determinant of
equivalent area.

• The results here are critically influenced by the form of the apodizing
function. Our current knowledge of this is “preliminary”.
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Observing%strategy

Choice of footprint

Recent Early Science footprint This would be better

(Bunton&&&Hay&2010)
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ASKAPsoft
Purpose>built&data&reduction&package&

Highly&scalable&in&HPC&environments&

Preconditioned&image&weights&

OTF&calibration&via&global&sky&model&



CASDA
• Science>ready&data&products&
• GUI>driven&access&portal&&
• VO&services&(TAP,&ADQL)&&
• Upload&value>added&products



Source%Extraction
Generate&simulated&datasets&

Compare&algorithms&

• Completeness&

• Reliability&
• Extended&sources&

(Hopkins+2015,&PASA)

(Butler>Yeoman+2016,&

ADASS&XXV)



SelfZ%and%CrossZidentifications
Expert&manual&cross>ID&

Radio&Galaxy&Zoo&

Likelihood&ratio&

Machine&learning&

Bayesian&techniques

Image&credit:&

Larry&Rudnick



Redshifts

(Salvato,&Zinn+,&&in&preparation)

�&2%&&&spectroscopic>z&

&&

�%70%&&photometric>z&

Want&to&use&non>detections&

together&with&other&data&

& &statistical>z&

Coarse&bins&often&suffice&

&&&&e.g.,&<0.5,&&0.5>2,&&>2&



Data%Science
Neural&networks&

k&nearest&neighbors&

Self>organized&maps&

Support&vector&machine&

Random&forest

Image&credit:&&

Kai&Polsterer,&&

Enno&Middelberg



ASKAP%Continuum%%
% % % % Early%Science



ASKAP%Z%Current%Status%
36x%12Zmeter%antennas%
30%receivers%installed%Z%final%6%EOY%
Full%beamforming%capabilihes%(36%dual%pol)%
18%antennas%accepted%into%main%array%
Hardware%for%up%to%240%MHz%bandwidth%
System%equivalent%flux%density%≲%2000%Jy%



ASKAP%Z%Commissioning%Achvihes%
FPGA%firmware%/%digital%hardware%
Antenna%drives%and%poinhng%
Refinement%of%antenna%locahons%
Primary%beam%measurements%
Improved%beamforming%algorithms%
OnZdish%PAF%calibrahon%system%
Phase%tracking%/%fringe%rotahon%



ASKAP%Z%Commissioning%Achvihes%
Support%for%higher%data%rates%
Polarizahon%calibrahon%
Astrometric%validahon%
ASKAPsoj%teshng%and%verificahon%
EndZtoZend%sojware%pipelines%
Interface%with%the%data%archive%



Priorities%for%ASKAP%early%science:

• Demonstrating&the&unique&capabilities&of&ASKAP&

• Providing&data&sets&to&the&astronomy&community&to&facilitate&

the&development&of&analysis&and&interpretation&techniques&

• Providing&a&mechanism&for&feedback&to&CASS&on&the&

performance&and&characteristics&of&the&system&and&

opportunities&for&improvement&

• Achieving&high&scientific&impact



ASKAP%12( Early%Science%Array:%

12&antennas&

Baselines:&60&m&>&2.3&km&

Up&to&36&formed&beams&

Phase&tracking&per&field&

Data&rate&limita]ons&



Early%Science%Observations

•Broadband&&(700>1800&MHz),&&sensi]ve&(40&uJy)

600%hours%on%selected%highZimpact%fields%

Narrow>band&&(800>1100&MHz),&&shallow&(100&uJy)

200%hours%on%a%large%contiguous%area%%



Early%science%fields%include:

GAMAZ23%

SCORPIO%

SMC%

ELAISZS1%

SPT%

SPARCS&

COSMOS%

CDFS&



NGC%7232%group Image%by%Ian%Heywood

Data%available%at%casda.csiro.au%

http://casda.csiro.au


Thanks%for%your%attention!

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


