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Abstract. High fidelity solar imaging at low radio frequencies remains a
challenge. Solar emission is characterized by its large angular size, com-
plex and dynamic morphological features spanning a large range of angu-
lar sizes, emission mechanisms spanning a wide range in brightness tem-
peratures, and temporal and spectral variability of the emission over large
ranges in time and frequency. Capturing the solar emission processes with
high fidelity and in sufficient detail hence requires a capability to simulta-
neously track the emission in time, frequency and morphology over a large
bandwidth. Traditional interferometers rely on time and frequency syn-
thesis to produce high fidelity and dynamic range imaging, and are hence
intrinsically poorly suited to the task of instantaneous imaging over narrow
spectral spans.

With the emergence of a new generation of large-N interferometers,
the situation has improved in a very significant manner. Of these instru-
ments, the Murchison Widefield Array (MWA), located at the site chosen
for the SKA in Western Australia, is the one most suited for solar observa-
tions at low radio frequencies. The MWA has recently commenced routine
observing. Here we illustrate the diversity of features seen in solar emis-
sion using the MWA data to substantiate its suitability for solar studies.

Keywords : Sun: corona; Sun: activity; instrumentation: intereferometers

1. Introduction

The Murchison Widefield Array (MWA) operates in the 80–300 MHz range and
comprises 128 elements, where each element is a collection of 16 dual-polarisation
dipoles. The details of the MWA design and hardware capabilities are available in
Tingay et al. (2013). The MWA design has been tuned to a few specific science
targets, including solar imaging. The comprehensive MWA science case has been de-
scribed in Bowman et al. (2013) and the solar and heliospheric science case, with
greater emphasis on heliospheric science, in Oberoi and Benkevitch (2010). The
MWA has recently become available for routine observing and follows an "Open
Skies" policy. Details of proposing and observing with the MWA are available at
http://mwatelescope.org.

2. Some examples of solar observations with the MWA

The MWA solar images currently represent the state-of-the-art in high dynamic range
and high fidelity imaging at low radio frequencies. This is made possible by having a
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Figure 1. The top left panel shows a MWA radio image of the Sun at 153.9 MHz, corresponding
to a time and frequency averaging of 1 s and 640 kHz, respectively, using data taken on May 16,
2013 04:15:02 UT. The dynamic range of this image is ∼1400. The bottom left panel shows an
X-ray image of the Sun close to the same time from the XRT instrument, onboard the Hinode
spacecraft. The X-ray image has been rotated to align it with the orientation of the radio image.
The panels on the right show the light curves corresponding to the features in the boxes marked
1 through 4 in the top left panel and 153.9 MHz (top) and 139.5 MHz (bottom). The light
curves span a duration of ∼300 s with a time resolution of 1 s. These boxes have been chosen
to pick sites of progressively weaker emission.

large number of elements disributed in a rather compact configuration, which leads to
a much denser instantaneous sampling of the uv-plane in every spectral slice Oberoi et
al. (2011). The other key strengths of MWA are its wideband imaging capability, good
time and frequency resolution and full polarimetric imaging. We show a few examples
to illustrate some of these aspects. Figure 1 shows the light curves from a few different
regions during a quiet period. The observed variations in the strength of emission
from different regions vary from ∼600% to a percent. In addition, the light curves
at frequencies ∼15 MHz apart (∼10% fractional bandwidth) appear quite different
qualitatively, highlighting the narrow band nature of these non-thermal emissions.
Figure 2 highlights the dramatic change in the observed visbilities between the quiet
Sun and a more active time slice a minute apart. We note that both these examples
come from periods of low solar activity. These data were analysed using the Common
Astronomy Software Applications (CASA) package.
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Figure 2. The left panel shows the amplitudes of the observed visibilities as a function of the
length of the baseline in λ for a single spectral slice 40 kHz wide and centered at 232.26 MHz
for data taken on September 3, 2013. The panel shows data for two different 0.5 s time slices
about a minute apart. The lower observed values correspond to the quiescent solar emission,
and the signature of the extended disc of the Sun is clearly evident in the visibilities dropping
rapidly with increasing baseline length. The higher observed values correspond to a 0.5 s time
slice when the Sun was more active. This emission is dominated by a partially resolved source.
The right panels show the images for the quiescent Sun (top) and the active Sun (bottom). The
brightest point in the active Sun image is a factor of ∼40 brighter than the corresponding point
in the quiescent Sun image. The dynamic range of the active Sun image is insufficient to show
the disc of quiescent thermal solar radio emission in presence of the very bright non-thermal
emission.
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