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MWA Collaboration

MIT Haystack Observatory
« MIT Kavli Institute

« Harvard-Smithsonian Center for
Astrophysics

« University of Melbourne
 Curtin University

« Australian National University

« ATNF

« University of Tasmania

« University of Western Australia
« University of Sydney

« Swinburne University

« Raman Research Institute

« Victoria University of Wellington

50-60 active participants
over three countries
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The Murchison Widefield Array




Murchison Widefield Array

e 128 16-antennatiles

« 80—300 MHz receliving band

* Primary beam FWHM ~ 45—20°

e Synthesised beam FWHM ~ 15—2°

e 1.28 MHz spectral resolution

e Baselines of 4—2000 m

 Measures two orthogonal polarizations

» Testbed for real-time correlation and imaging systems
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Murchison Widefield Array

e 128 16-antennatiles

« 80—300 MHz receliving band

* Primary beam FWHM ~ 45—20°

e Synthesised beam FWHM ~ 2—15'

e 1.28 MHz spectral resolution

e Baselines of 4—2000 m

 Measures two orthogonal polarizations

» Testbed for real-time correlation and imaging systems

32-element prototype active 2009-2011;
128-element full array now under construction



Science Goals

Epoch of Relonisation

Transient radio sources

Solar, Heliospheric and lonospheric Science
Galactic and Extra-Galactic Science




Epoch of Reionisation
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Transient radio sources

 Compare snapshot

Images for bright
events:

e GRBs

e X-ray binaries

e Pulsars

e RRATS

e etc...!

Integrated snapshots of Pictor A: Dr Nadia Kudryavtseva, ICRAR



Transient radio sources

0 10 20 30 40 60 ?ID
Variability [%]

 Compare snapshot

Images for bright
events:

e GRBs

e X-ray binaries

e Pulsars

« RRATS

e etc...!

| * No events - upper

limit on variability

Integrated snapshots of Pictorus A: Dr Nadia Kudryavtseva, ICRAR



Solar Science

Huge S/N even at
subsecond intervals

High resolution compared
to disc of sun

Wide-spectrum
observations: 3S0MHz
Instantaneous bandwidth

Monitor for flare events



Solar Science

Dr Divya Oberoi, NCRA, Pune, India

Huge S/N even at
subsecond intervals

High resolution compared
to disc of sun

Wide-spectrum
observations: 3S0MHz
Instantaneous bandwidth

Monitor for flare events



Galactic Latitude

Galactic and Extragalactic Science

+10°

10°

... everything else!
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*SNR survey \
*Diffuse polarised emission™

*Mapping the LMC & GMC
*Steep-spectrum point
sources

- eGalactic centre

*Clusters and relics

-

Galactic Longitude
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Data Flow
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Dave Pallot, ICRAR

Data flow
__) Sky Data

Tiles
and BFs

<>
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FPGA based Polyphase Filter Bank

F-Stage of Correlator




Dave Pallot, ICRAR

/ GPU based X-Stage of Correlator + RTS

_} Sky Data 4
) ) Rocket I/O
Tiles S to
and BFs Receivers x16 . 10 GbE Convertors
—  —
Control e — =
FPGA based Polyphase Filter Bank

F-Stage of Correlator

VSIB over fibre A Visibilities,
RTS Data,
Processed

Ny Ny Sky Data

- -
_)

10 GbE Corner-turn Switch

Transportable

Storage
Pawsey Centre

: |
10 GbE fibre to
Pawsey Centre




Dave Pallot, ICRAR
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Dave Pallot, ICRAR
Data flow
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Dave Pallot, ICRAR
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Calibration: Real-Time System

— Calibrator Measurement Loop (peeling) —

File Phase to calibrator k ;
System /| &average in time and freq || by frequency
4 ) : || by sub-band
Initialise and subtract ; ! gressa P """"""""" G PU """" :
sky model and (set k=0) Measure ionospheric ' 8 = f:f_s_s_i_n:g__?_r! _______ =
: \ﬁslbilllg EEQT{?LH —0OR— offsets (inter-node -
ntegrate to 2-8 sec; z, e
: i Update sky model and communication)
RFI detection & flagging, etc. padjustsﬂbtmtbn e
. lonospheric refraction
- % phase screen fits over FOV
Transfer Jeb N Measure
via CPUs? gain matrices
Correlator X ” — Wide-field Calibration —
Primary beam fits ot e >
.. To
Transfer Database
| to GPUs
/ To
Correlator F e
_~— Imaging Pipeline — R “( : _~ Transient front-end
. Transfer - :
Grid visibilities FFT imaging Resample images | (o CPUs M L: EoR front-end
apply cal. (PB kernels), 4 polarizations ~| remove ionospheric & > bt::;lfﬂl'Y ~Z Mk
small w-projection? 40 kHz channels 8s cadence wide-field distortions. er . - GEG front-end

SHI front-end

Dr Dan Mitchell, CAASTRO, Melbourne University



Intermediate Calibration: CASA

Full capabilities of RTS requires high sensitivity:
100+ elements

CASA is workable with the 32-element prototype:
*only” ~24,000 visibilities per second

Can use standard CASA tasks:
e Setjy / input sky model

e Bandpass

 Clean

e Plus various bolt-on modules:
* Flagging

* Primary beam correction



Calibration Challenges

* Wide-field instrument: multiple-component sky models

* Lower resolution than other southern sky surveys

» Different structure from different length baselines

* lonosphere important at MHz frequencies, km baselines
e Polarisation calibration non-trivial

 Complicated, polarised primary beams



Calibration Challenges

Wide-field instrument: multiple-component sky models
Lower resolution than other southern sky surveys
Different structure from different length baselines

lonosphere important at MHz frequencies, km baselines
Polarisation calibration non-trivial
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A wide-field instrument...

Galactic Latitude

20° 10
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Multi-component sky models
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Generating the Sky Model

» EXisting catalogues  FT image and sample
 Molongolo: 843MHz, appropriate components
>1Jy, 1' resolution  What are 'appropriate'?
» Culgoora: « Resolution effects
- 80 MHz, >4 Jy, 1.85' * source spectra

- 160 MHz, >2 Jy, 3.70'

e Parkes: 4.85GHz,
>30mJy, 5'

* |n development:

« MWA
* PAPER

 variability
 What are the effects of
using the wrong model?

36



Calibration Challenges

* Wide-field instrument: multiple-component sky models

* Lower resolution than other southern sky surveys

« Different structure from different length baselines

e lonosphere important at MHz frequencies, km baselines
e Polarisation calibration non-trivial

 Complicated, polarised primary beams



Generating the Sky Model

 FT image and sample
appropriate components
 What are 'appropriate'?
e Resolution effects
¢ source spectra
 variability




Calibration Challenges

Wide-field instrument: multiple-component sky models
Lower resolution than other southern sky surveys
Different structure from different length baselines

lonosphere important at MHz frequencies, km baselines
Polarisation calibration non-trivial
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Sky structure: baseline response

Amp vs. UVdist
300

250 —
1 Galactic plane plus
general sky emission
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Short baselines = Large angular scales Long baselines = Small angular scales



Sky structure: baseline response

Amp vs. UVdist
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Sky structure: all baselines

0
“
(Lbag A

on
)
-
O
C
L
I
(i
(]
(]
(]
o
=

[
L
()

&)

JZ2000 Right Ascension




Sky structure: short baselines tapered
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Choosing our baselines for 128T

e Recelvers commissioned
In groups of four

— Four different MWASs
commissioned over the
coming months




Calibration Challenges

e Wide-field instrument: multiple-component sky models

e Lower resolution than other southern sky surveys

« Different structure from different length baselines

e |lonosphere important at MHz frequencies, km baselines
e Polarisation calibration non-trivial

 Complicated, polarised primary beams



Calibration Challenges

Wide-field instrument: multiple-component sky models
Lower resolution than other southern sky surveys
Different structure from different length baselines

lonosphere important at MHz frequencies, km baselines
Polarisation calibration non-trivial
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Polarisation calibration

* |Instrumental polarisation ('XX', 'YY') easy to recover as tiles
are all aligned North-South
e Recovering 'true’ polarisation requires a polarised source

o

120

~ RM=27 rad m?2

(o)

Dr Gianni Bernardi, CfA, Harvard

 Complex Galactic polarisation revealed

e Team currently investigating the possibility of using a highly
off-axis unpolarised source for calibration



Primary Beams

Not like a dish primary beam!

One for each instrumental polarisation
More complex at higher frequencies
Difficult to model:

Real hardware with cables and struts
Differing dielectric ground plane
Mutual coupling between dipoles
Cross coupling across tiles

Short-dipole approximation wrong at low

elevation (large zenith angles)

 |nspired us to try a new way of
measuring them...
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Summary

* Trenches dug

 Recelvers and tiles to be placed in June

o 14 of the array to be commissioned every subsequent month
» Full array first light ~end of 2012

e Science papers from 32-element prototype coming out now
« MWA will test many of the issues to be faced by SKA-low...
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Summary

* Trenches dug

 Recelvers and tiles to be placed in June

o 14 of the array to be commissioned every subsequent month
« Full array first light ~end of 2012

e Science papers from 32-element prototype coming out now
« MWA will test many of the issues to be faced by SKA-low...
* And produce astounding science!

Dr MWAnNhAattan
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