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Polarisation Challenges
• Dipoles are only orthogonal and of apparent equal 

length for source at zenith.

• Projection effects elsewhere

• Sky rotates

• Large field-of-view

• Significant fractional bandwidth

• Polarised calibrators?

• Ionosphere
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Real Time System (RTS) Processing

• Optimised processing

• Parallel + GPU

• Parallel + CPU

• CPU

• Full polarisation calibration for dipoles

• Ionospheric corrections (128T)

• Deconvolution with Forward Modelling (as add-on)

 ! Calibrator Measurement Loop (peeling) ! 

 ! Wide-field Calibration ! 

k++

To 
Database

Primary beam fits

Ionospheric refraction
phase screen fits over FOV

To 
Database

Measure ionospheric
offsets (inter-node 
communication)

Measure 
gain matrices

Initialise and subtract 
sky model and (set k=0)

! OR !
Update sky model and 

adjust subtraction

Resample images
remove ionospheric &
wide-field distortions.

FFT imaging
4 polarizations

40 kHz channels 8s cadence

Phase to calibrator k
& average in time and freq || by frequency

|| by sub-band

Grid visibilities
apply cal. (PB kernels),
small w-projection?

Processing on GPUs
Visibility integrator

Integrate to 2-8 sec; 40 kHz,
RFI detection & flagging, etc.

Transfer 
via CPUs?

 ! Imaging Pipeline ! 

Correlator X

Correlator F

RTS Data flow
(full 128T system)

Transient front-end

EoR front-end

GEG front-end

SHI front-end

Memory 
buffer

Transfer 
to CPUs

Transfer 
to GPUs

File 
System
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MWA 32T Experience **

** Bernardi et al. A 2400 SQUARE DEGREE SURVEY AT 188 MHZ: BRIGHT SOURCES, FOREGROUNDS AND POLARIZATION

6

Fig. 4.— Survey image. The maximum pixel value is 3 Jy and the minimum is -1 Jy.

• Drift scan pointing at zenith over ~8 hours

• 2400 sq. deg at 188.8 MHz

• Forward modelling used to reach confusion limit

• Total intensity confusion limit at 200 mJy beam-1

• 137 sources brighter than 4 Jy
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MWA 32T Experience**
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“The” polarisation calibrator (PMN J0351-2744).
• I=27±1.5 Jy (170-200 MHz)
• P=320±15 mJy
• RM ~34 rad m-2

** Bernardi et al. A 2400 SQUARE DEGREE SURVEY AT 188 MHZ: BRIGHT SOURCES, FOREGROUNDS AND POLARIZATION

MWA 188.8 MHz
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Diffuse Polarisation

• Probe of interstellar medium.

• Possible contamination of EoR measurements.

• Understanding of the global properties of the 
polarised ISM at low frequencies is limited by the 
available data.
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Fig. 11.— Polarized intensity images at Faraday depths ! = 0, +2 and +4 rad m!2 at the top, middle and bottom panels respectively.
The representation is in Galactic coordinates. The maximum pixel value is 0.2 Jy beam!1 RMSF!1 and the minimum pixel value is zero.
The conversion factor is 1 Jy beam!1 RMSF!1 = 44.4 K RMSF!1. Because the Stokes Q and U point source contribution was subtracted,
we do not expect to see polarized point sources at ! = 0 rad m!2 which is normally dominated by the instrumental polarization. If
point sources are su!ciently polarized they will appear at their RM value (see Figure 12, bottom panel). The bright structure centred at
(l, b) ! (20","60") is an example of filamentary features with no total intensity counterpart.

at that frequency) and then taking a three dimensional
Fourier transform. We used the following definitions
(Morales & Hewitt 2004):

k!=
2!u

DM (z)
(8)

k"=
2!H#fHI

c (1 + z)2
!

!M (1 + z)3 + !!
(9)

where u is the baseline length in wavelengths. We have
assumed a flat Universe !k = 0 and the transverse co-
moving distance DM (z) as:

DM (z) =
(1 + z) c

H#

" z

0

dz$
!

!M (1 + z$)3 + !!
(10)

In Equation 9 and 10, H# is the Hubble constant, fHI =
1421 MHz is the rest frequency of the 21 cm line, !M and
!! are the matter and dark energy content respectively.
While the EoR signal is expected to be spherically sym-

metric in k space, the astrophysical sources have a very

di"erent geometry because they are expected to be spec-
trally smooth (Zaldarriaga, Furlanetto & Hernquist 2004;
Morales & Hewitt 2004). The di"erence in these geome-
tries is most easily seen by averaging in circular shells
in the kx and ky directions to produce two dimensional
plots of power in k! vs k" space (Figure 13). These
plots are a useful representation because the spectrally
smooth foregrounds appear predominantly in the lowest
k" bin. A fraction of the observed power is scattered up
by the chromatic response of the instrument into higher
bins in a characteristic “wedge” (Datta, Bowman & Car-
illi 2010; Vedantham, Udaya Shankar & Subrahmanyan
2012; Morales et al. 2012; Trott, Wayth & Tingay 2012).
This wedge leaves open an “EoR window” that is rela-
tively free of contamination (above and to the left of the
dashed line in Figure 13).
We computed the power spectrum from a 20#!20# sky

patch centred at " = 4h, which was previously indicated
by Bowman, Morales & Hewitt (2009) as an area with
low Galactic foreground emission. This patch has an rms
of 11.5 K in the frequency averaged image (Figure 3).
2D power spectra with 0.64 MHz frequency resolution

ϕ=0

ϕ=2

ϕ=4

Diffuse Polarisation**

** Bernardi et al.
MWA 188.8 MHz, 20° strip, b<−20°
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ϕ=6

ϕ=8

ϕ=10

Diffuse Polarisation**
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Fig. 12.— As Figure 11 but for Faraday depths ! = +6, +8, +10 and +34 rad m!2 from top to bottom panels respectively. Significant
polarization structure is seen around the south Galactic pole. The bottom panel shows the polarized intensity from PMN J0351-2744 in
an otherwise empty Faraday depth slice.

are shown in Figure 13 before and after the deconvolu-
tion of bright point sources, where the ratio between the
Stokes I and Q rms per frequency channels is approxi-
mately a factor of five.
The decrease in power at large k! is due to the drop

o! in the number of baselines at those scales, since the
cubes have not been weighted to remove this e!ect. Com-
paring the two spectra in Figure 13 we can see that the
deconvolution of the brightest point sources removed a
significant amount of power at all k scales but primarily
in the wedge (below and to the right of the dashed line)
and did not contaminate the EoR window.
The deconvolution removed all the bright point sources

down to 5 Jy, leaving residuals that are expected to be
dominated by confusion-level astrophysical sources and
di!use emission, both with fairly smooth spectra. To
investigate the spectral properties of these residuals, we
used a principal component analysis (PCA) on the decon-
volved image cube, following the approach of de Oliveira-
Costa et al. (2008) and Liu & Tegmark (2011). The
method determines the eigenvalues and eigenvectors as-
sociated with the frequency correlation matrix C of the
observed signal. If the observed pixel temperatures at
each frequency i are grouped in a vector x, the correla-
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** Bernardi et al.
MWA 188.8 MHz, 20° strip, b<−20°
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• Q/U not calibrated for absolute position angle (no 
calibrator available at these wavelengths).

• Short baselines weighted down.

• Sensitive to scales < 4 deg.

• Polarised emission weak at these wavelengths (depolarised).

• Brightest peaks at ~13 K RMSF-1 at |ϕ|<20 rad m-2.

• Faint (~2 K RMSF-1), patchy emission exists up to |ϕ|<20 rad m-2.

Diffuse Polarisation
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• Observed lack of correlation with total intensity 
(foreground ISM rotates smooth polarised background).

• Emission most likely from foreground ISM (very local origin 
< 120 pc). Anything further out is depolarised - “polarisation 
horizon” (Landecker et al. 2001)

• Depolarisation may be due to resolved large-scale polarised 
background, depth and bandwidth depolarisation.

Diffuse Polarisation
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Polarisation Commissioning

• Drift scans (σ<20 mJy/beam in polarisation)

• δ=-27°, -47° (number of interesting fields e.g. A-Team sources, 
J0444-2809 and the EoR 1 field)

• δ=-27° scan includes existing polarisation calibrator.

• Repeated observations for different configurations.

• EoR scans (include Pol. Cal.)

• Sky survey

• Multi-band coverage

• Wider λ2 space helpful for RM synthesis.
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• Test detection of polarised point source.

• Test effectiveness of polarisation calibration with different 
beam-former settings.

• Polarisation leakage across field containing a bright 
calibrator source (now have Stokes V).

• Diffuse polarisation tests.

• Repeat for different bands and different configurations 
(tests for depolarisation).

• ... search for additional polarised point sources.

Critical Acceptance Tests

Friday, 23 November 12
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Latest results using RTS

νc=189 MHz32T

νc=141 MHzDelta

νc=141 MHzGamma

2 minute scan ⇒10 σ !!

P=~200±20 mJy

RM ~34 rad m-2

Integrated + Clean

Dirty

Dirty
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Latest results using RTS

νc=141 MHzDelta

νc=141 MHzGamma

Epsilon νc=141 MHz

Dirty

Dirty

Dirty
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Latest results using RTS

Epsilon

νc=141 MHzGamma

νc=141 MHz

Epsilon
(Offset)

νc=141 MHz

Dirty

Dirty

Dirty
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MWA Alpha - Fornax A?

Frames in RM space -10 to 10
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The Beginning ...

Stay tuned for more
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