
ASKAP	
  /	
  BETA	
  Overview
SPARCS	
  2015

ASTRONOMY	
  &	
  SPACE	
  SCIENCE

Joshua	
  Marvil	
  	
  
1	
  July	
  2015



The	
  Australian	
  SKA	
  Pathfinder	
  (ASKAP)	
  

!

	
   The	
  Boolardy	
  Test	
  Array	
  (BETA)	
  

!

	
   	
   The	
  ASKAP	
  Early	
  Science	
  Program



MURCHISON SHIRE!
AREA: 1 NL!
POPULATION: 114!
DENSITY: 2.7 mPeople km-2





ASKAP	
  
36x	
  12-­‐meter	
  antennas	
  
304	
  MHz	
  instantaneous	
  bandwidth	
  
Frequency	
  range:	
  700	
  –	
  1800	
  MHz	
  
Spectral	
  resolu[on:	
  18.4	
  kHz	
  
Tsys	
  /	
  efficiency:	
  ∼85	
  K	
  
Baseline	
  lengths:	
  23m	
  –	
  6km	
  
Up	
  to	
  36	
  electronically	
  formed	
  beams	
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ASKAP’s Phased Array Feed (PAF)

The array is a complementary screen sitting above a 
groundplane with differential feed points at the 
groundplane between where the diamonds corners 
almost meet.  The sensitivity of this array has been 
calculated for ASKAP [5] which has prime focus 
12m dishes with an F/D of 0.5.  This is shown in 
Figure 2.  Each polarisation is a 9x10 array of feeds 
spaced on a 9cm grid.  Figure 2 is the envelop of 
maximum sensitivity of a dense grid of beams.  Thus 
for a beam centred at any location the figure gives the 
maximum sensitivity of that beam.   Considering 
Figure 2 as the sensitivity in equation (2) gives a 
maximum possible effective field of view which in 
this case is 32 deg2. 
 

 

Figure 2 Maximum sensitivity (5% contours) 

4  SENSITIVITY WITH LIMITED BEAMS 

The sensitivity shown in Figure 2 can be achieved if 
the beams are separated by at most λ/(2D) and the 
beam powers summed with optimum weighting 
factors.  For the system described above more than 
100 beams are required to recover all the available 
energy.  For a rectangular array of beams the 
effective field of view varies as shown in Figure 3. 
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Figure 3 Effective field of view as a function of 
number of beams and beam separation at 1.4GHz 

 If the beams are too closely spaced then the full area 
of high sensitivity is not used.  As the beam 
separation increase the beams eventually fill the 6o by 
6o of high sensitivity area in Figure 2.  Then as the 
beam centres leave this area the effective field of 
view decreases.  For ASKAP, 36 beams have been 
implemented and a beam separation of λ/D has been 
chosen.  This allows 68% of the available survey 
speed to be recovered.  To recover the last 32% of 
survey speed about three times as many beams would 
need to be generated and processed.  The resulting 
sensitivity for 36 beams is shown in Figure 4.  This is 
the sensitivity for a single polarisation. For 
astronomy applications the total intensity or Stokes 
parameter I is required.  Adding the orthogonal 
polarisation gives the result on right. 
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Figure 4 Sensitivity with 36 beams spaced at λ/D (left) 
and with the orthogonal polarisation to give Stokes I 

(right). Axis units are degrees. (5% contours) 

5 FLATTENING THE SENSITIVITY 

 It is seen that the sensitivity in Figure 4 is far from 
flat. It has variations on the scale of 6o and also the 
beam separation ~1o.  To remove the 1o variation four 
observations are needed that are on a 0.5o grid. For 
maximum sensitivity this is achieved by repointing 
the dish for each observation.  In astronomy the use 
of multiple overlapping observations to flatten the 

degrees

Sensitivity	
  (5%	
  contours)

Instantaneous	
  30	
  deg2	
  FOV

(Bunton & Hay, ICEAA, 2010)

36	
  beams



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#

ASKAP’s Phased Array Feed (PAF)

degrees

Sensitivity	
  (5%	
  contours)

sensitivity is called mosaicing [6] and is normally 
done on a hexagonal grid. Here a rectangular grid is 
used because the maximum sensitivity is 
approximately square.  
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Figure 5 Sensitivity after mosaicing on four point 0.5 
degree grid. Axis units are degrees. (5% contours) 

  Figure 5 shows the sensitivity after mosaicing on a 
four point 0.5 degree grid.  If a beam spacing of 
greater than λ/D had been chosen then the resulting 
sensitivity would have been smooth as shown in 
Figure 5.   

The last step in completing the survey is form a 
pointing mosaic with the field shown in Figure 5 at a 
spacing of 3.07o.  For a suitably chosen mosaicing 
grid, the variation in sensitivity is 2% assuming 
identical LNAs at all feed points of the chequerboard 
array.   
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Figure 6 Cut through observation with a 6x 6 grid 
mosaic at 3.07o for the second stage of mosaicing 

6  CONCLUSION  

The sensitivity of a chequerboard phased array on a 
12m dish has been analysed.  The results have been 
used to develop a technique for obtaining surveys 
with uniform sensitivity.  To achieve this multiple 
beams on a rectangular grid are used and the spacing 
of this grid is found by using a measure of effective 
field of view.  The resulting 36 beam observation is 
then mosaiced in two steps, first to remove interbeam 

variations and then to remove variations due to the 
response of the phased array feed.  The resulting 
sensitivity for wide-field surveys is uniform to within 
2%. 
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36	
  beams	
  +	
  4x	
  interleaving

(Bunton & Hay, ICEAA, 2010)



ASKAP’s	
  3-­‐axis	
  Antenna



ASKAP Data Rates



ASKAP Processing
Cray XC30 Series Supercomputer!
!
472 Compute Nodes:!
 - 2 x 3.0 GHz Intel Xeon CPUs!
 - 10 Cores per CPU!
 - 64 GB DDR3-1866!
 - Cray Aries Interconnect!
 - Cray Dragonfly Topology!
 - 200 TeraFLOPS!
!
1.4 Petabytes Lustre Data Storage!
!
ASKAPsoft Data Pipelines

Pawsey	
  Supercomputing	
  Center

ASKAP	
  Processing	
  Platform



!
• EMU (Norris) — All sky continuum to 10 uJy rms 
• WALLABY (Koribalski/Staveley-Smith) — All sky HI survey to z~0.2 
!

• GASKAP (Dickey/McClure-Griffiths) — Galactic & Magellanic HI/OH 
• VAST (Murphy/Chatterjee) — Transients and variables (>5 sec) 
• CRAFT (Hall) — Fast transients (<5 sec) 
• FLASH (Sadler) — HI absorption to z~1 
• POSSUM (Gaensler/Landecker/Taylor) — Polarization / RM grid 
• DINGO (Meyer) — Deep HI emission survey 
!

• COAST (Stairs) — Pulsar timing and searching 
• VLBI (Tingay) — ASKAP as part of the LBA

ASKAP	
  Survey	
  Science	
  Projects

Open	
  access	
  call	
  for	
  proposals.	
  10	
  Large	
  Projects	
  chosen.	
  Some	
  
350	
  co-­‐authors.	
  Data	
  to	
  be	
  made	
  immediately	
  public.



BETA	
  
6x	
  12-­‐meter	
  antennas	
  
304	
  MHz	
  instantaneous	
  bandwidth	
  
Frequency	
  range:	
  700	
  –	
  1800	
  MHz	
  
Spectral	
  resoluSon:	
  18.4	
  kHz	
  
Baseline	
  lengths:	
  36m	
  –	
  916m	
  
Tsys	
  /	
  efficiency:	
  75-­‐200	
  K	
  
Up	
  to	
  9	
  electronically	
  formed	
  beams	
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BETA	
  commissioning	
  projects	
  include:
Pointing	
  calibration	
  
Polarimetric	
  characterization	
  
Beam	
  forming	
  methods	
  
Beam	
  stability	
  investigations	
  

Beam	
  shape	
  measurements	
  
Sensitivity	
  &	
  efficiency	
  
RFI	
  environment	
  
Reduction	
  pipelines



BETA

Wide-field Continuum Imaging Examples

by Ian Heywood



FLEXIBLE FOOTPRINTS

Trapezoid

Line

Square

Rhombus

Diamond

Spirograph
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2. CORRELATED NOISE IN FORMED BEAMS

Octagon (“Spirograph”) beams

1°

Spirograph



Blah

Blah	
  
Blah

SIX MONTHS OF PROGRESS

BETA observation of the Apus test field (August 2014)

1°

Rhombus



1°

INTERLEAVING AND WIDE FIELD CONTINUUM IMAGING

“Square” beam pattern, 1.46° pitch
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INTERLEAVING AND WIDE FIELD CONTINUUM IMAGING
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INTERLEAVING AND WIDE FIELD CONTINUUM IMAGING
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INTERLEAVING AND WIDE FIELD CONTINUUM IMAGING



1°

INTERLEAVING AND WIDE FIELD CONTINUUM IMAGING



TUCANA ‘WIDE’

1 SB • 12 pointings • 150 sq. deg. • 12 hours • <1 mJy RMS • ~2,000 sources >5σ

SB 1206



TUCANA ‘WIDE’

Same SB executed on three different nights • excellent stability • VAST analysis underway

SB 1206

02 / 12 / 14

SB 1229

07 / 12 / 14

SB 1231

08 / 12 / 14



GALACTIC PLANE OBSERVATIONS / AN INTERMITTENT 
PULSAR

Hobbs et al. (MNRAS, submitted)
1°



GALACTIC PLANE OBSERVATIONS / AN INTERMITTENT 
PULSAR

Hobbs et al. (MNRAS, submitted)
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PKS	
  B1740-­‐517	
  –	
  first	
  blind	
  detection	
  of	
  HI	
  
•	
  711.5	
  -­‐	
  1015.5	
  MHz	
  Band	
  à	
  z	
  =	
  0.4	
  -­‐	
  1	
  
•	
  16,416	
  x	
  18.5	
  kHz	
  (~5	
  km/s)	
  channels	
  
!
!
!
!
!
!
!
!
!
!
!
!
!

8Jy	
  compact	
  radio	
  source,	
  redshift	
  unknown,	
  close	
  
to	
  the	
  galactic	
  plane	
  and	
  centre	
  	
  

(Allison	
  et	
  al.,	
  MNRAS,	
  accepted)



NEUTRAL HYDROGEN IN EMISSION

HI in the galaxy group IC 1459 (Serra et al., MNRAS, accepted)



ASKAP-12 Early Science (2016-17)

Wide area continuum observations in full stokes.  
 700 -1800 MHz with 6 - 12 hrs integration per field.   
 1000+ deg2 to 40 uJy at 30”. 
!
Targeted spectral line observations over 1150-1450 MHz 

towards ∼10 fields, with 50-60 hours per field.  
!
All-sky shallow continuum survey to construct an initial sky 

model for the ASKAPsoft calibration pipeline. 



Science	
  topics	
  include:

Radio	
  Statistics	
  

Cosmology	
  

Star-­‐Forming	
  Galaxies	
  

Discovering	
  the	
  Unknown	
  

Variables	
  &	
  Slow	
  Transients	
  

Fast	
  Transients

AGN	
  Luminosity	
  

AGN	
  Kinematics	
  

Galaxy	
  Clusters	
  

Local	
  Galaxies	
  

Deep	
  HI	
  observations	
  

EOR	
  Foregrounds	
  



Possible	
  fields	
  include:

SPT	
  

CDFS	
  

GAMA	
  

ELAIS-­‐S1	
  

COSMOS	
  

Stripe	
  82	
  

Scorpio	
  

Shapley	
  

SPARCS-­‐N	
  

SMC	
  &	
  LMC
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CSIRO acknowledges the Wajarri Yamatji people as the  
traditional owners of the land on which the observatory lies 


