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Plasma bubble in the radio astronomical image observed with the MWA
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1 Extended Abstract

A radio interferometer, which consists of multiple individual antennas, measures the correlation of received volt-
ages. The correlated signal, known as visibility, is used to create high-resolution images with a large field of view.
The positional information of radio sources is encoded in the phase of the visibility. However, Earth’s ionosphere
introduces significant delays in incoming low frequency signals at each antenna, causing phase error that shift
apparent position of radio sources.

The Murchison Widefield Array, a radio interferometer located in Western Australia, has been observing low
frequency radio signals for various scientific studies [1]. By comparing the apparent positions of radio sources
with their catalogued positions, the distribution of ionospheric distortions has been investigated (e.g. [2]).

Global Navigation Satellite Systems (GNSS) provide measurements of the global total electron content (TEC).
The Rate Of TEC change Index (ROTI) is used to detect ionospheric density irregularity. On December 1, 2023, a
region with high ROTI propagated from equatorial region to Western Australia. This indicates that the generation
and propagation of a plasma bubble which is a localized depletion of electron density in the ionosphere during
the magnetic storm on that date [3]. At the time, the MWA was in operation, measuring the redshifted 21-cm line
emitted by neutral hydrogen atoms in the distant universe. In [4], we investigated the GNSS and MWA data to
study the ionospheric distortion in the radio images.

As the MWA has a wide field of view (approximately 20 x 20 degrees), a lots of radio sources are available for
simultaneously measuring the position offset. When the high ROTI region reached the MWA site, we observed a
propagating duct-like region where radio sources were wiped out. This duct-like structure had an estimated size of
approximately 50 km x more than 100 km and a velocity of ∼ 100 m/s. We also found that a bright radio source
appeared to split into multiple components within the duct-like structure. These split components exhibited high
time variation in the flux and position. This scintillation may have been caused by small scale structure in the
ionosphere. The size, velocity and small scale features of the duct-like structure suggest that it was associated with
a plasma bubble.
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