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Abstract. The Murchison Widefield Array (MWA) is a new generation
low-frequency radio (80–300 MHz) array. The MWA design exploits recent advances in digital hardware capabilities and affordability of computational capacity to meet the needs of low-frequency radio astronomy. Solar
and coronal imaging and studies of the heliosphere and the ionosphere via
their propagation effects on low-frequency radio waves comprise one of
the four key science goals of the MWA. Here we present some early solar science results to highlight the exceptional imaging dynamic range and
fidelity of the MWA and its high time and frequency resolution, ahead of
commencement of the regular observing scheduled for mid 2013.
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1.

Introduction

The Murchison Widefield Array (MWA) is a radio frequency array with an innovative design, operating in the 80–300 MHz range. Its location at the Western Australian site chosen for the Square Kilometer Array (SKA) gives it the unique status
of a low-frequency SKA precursor. A prototype array, comprising 32 elements, was
constructed and operated on site for a period of about 3 years, with the objective of
refining and verifying the engineering design, achieving end-to-end system integration, obtaining useful field operations experience, and doing some early science. The
MWA has now reached the point of practical completion and formal observing cycles
are scheduled to commence from mid 2013. The details of MWA design and hardware
capabilities are available in Tingay et al. (2013a), the complete science case is presented in detail in Bowman et al. (2012) and the solar and heliospheric science case,
with greater emphasis on heliospheric science, is presented in Oberoi & Benkevitch
(2010). The MWA will follow an "Open Skies" policy and the details about proposing
and observing with the MWA are available on http://www.mwatelescope.org.
Here, we briefly discuss the suitability of the MWA for solar and coronal science and
present some early results.

2. Solar and coronal science with the MWA
Solar radio emission is characterised by complex morphology with structures spanning a large range of angular sizes, rapid temporal evolution, spectral features at a
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Figure 1. A set of solar images from the MWA Prototype using data taken on 25 Sep. 2011. The
black circle on the first panel represents the optical disc of the Sun, and the red concentric circle
marks 2 solar radii. Astronomical north is to the top and the red dashed line marks the solar
axis of rotation. These images have integration times of 1 s, consecutive frames are arranged
row wise and span the time range 04:12:10.6 UT to 04:12:22.6 UT. Evolution from one frame
to the next is readily evident. The central frequency is 152.3 MHz and the bandwidth is 80 kHz.
A log colour scale has been chosen to highlight the off disc emission which is at a few percent
level of the peak and the dynamic range is greater than 1100. The variable emission feature in
the southwest comes from the location of a recent Coronal Mass Ejection (CME) liftoff (Fig.
2). The variable emission feature in the northwest is coincident with a helmet streamer present
at that location. A few different physical phenomenon can give rise to the dynamic off-limb
emission seen here. Possible iterpretations include emission from the often seen noise-storms;
streamer interactions; and the locations of the CME footpoints, as expected for a loop model
for a CME. A more detailed analysis is currently underway to distinguish between possible
interpretations.

fractional bandwidth of order a percent, and emission features spanning many orders
of magnitude (&5) in their intrinsic brightness temperatures. High dynamic range
high fidelity imaging of the Sun, spanning a broad spectral range, but with a short
cadence (.1 s), and good spectral and angular resolution, is therefore needed to simultaneously track the spatial and spectral evolution of solar emission. This is quite
a challenge for radio interferometers, which usually rely on techniques like time and
frequency synthesis to achieve high dynamic range imaging.
The MWA is exceptionally well-suited to meet the challenges of solar imaging.
Its 128 interferometer elements, distributed over a comparatively small area (3 km
diameter), lead to a dense instantaneous sampling of the Fourier components in every
spectral channel enabling high fidelity, high dynamic range imaging with every tem-
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Figure 2. The left panel shows the running difference image from the white light LASCO C2
coronagraph taken at 25 Sep. 2011, 04:12 UT. Each C2 image represents an integration over
at least 19 s, while the images shown in Fig. 1 span only 12 s. The steady streamer alluded
to in Fig. 1 caption is not seen in the running difference image. The right panel shows the
radio dynamic spectrum (auto-correlation), spanning the range 140.19 MHz – 170.91 MHz on
the x axis and 10 min on the y axis. The small red box approximately marks the part of these
data used for making the images shown in Fig. 1. The ubiquitous presence of short lived and
comparatively narrow band features are signatures of non-thermal emission processes.

poral and spectral slice of the data. Its digital design can provide time and spectral
resolution of up to 0.5 s and 10 kHz, respectively.
The MWA prototype, when it existed, represented the state-of-the art in many
aspects of solar imaging Oberoi et al. (2011). Figs 1 and 2 show an example of solar
imaging from the MWA prototype derived from data taken on 25 September 2011. A
more recent example showing a higher resolution image from data taken during the
MWA commissioning phase is available in Tingay et al. (2013b).
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