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Imaging Observation of Ionospheric Field Aligned Irregularities by the PANSY
radar at Antarctic Syowa Station
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Program of Antarctic Syowa MST/IS radar (PANSY radar) is the large atmospheric and VHF-band radar located at the
Antarctic Syowa Station. This radar has the capability of observing plasma quantities at altitudes of 100-500km using
the ionospheric incoherent scatter (IS). In 2015, the PANSY radar performed the first ionospheric IS observation in the
Antarctica.This radar also has a frequency of 47MHz, so it can observe the echoes of field aligned irregularities (FAIs) in
E-region. If FAIs have a space scale of half wavelength of radio waves, they are coherently backscattered, so the PANSY
radar observes the coherent echoes from 3-meter-scale FAIs in E-region. In order to suppress contamination from the FAI
echoes during the IS observation, Hashimoto et al.(2019) separated the FAI echoes from IS echoes by the multichannel signal
processing technique using the antenna array for observing FAIs ("FAI array”). On the other hand, if we utilize this method
to observe FAIs, we can resolve E-region FAIs in detail and measure their motion.

In this research, we conduct the experimental observation of E-region FAIs in 19th November 2021. In this experiment, we
transmitted the radio waves using the FAI array and received the FAI echoes using the meteor array installed for observing the
meteor. The FAI array has the degree of freedom only of azimuth angles, whereas the meteor array can observe FAIs three-
dimensionally because the five antennas of the meteor array are positioned areally. First, FAI imaging was performed using
the Capon method for FAIs observed in this experiment, but it was found that the Capon imaging cannot accurately measure
the spatial structures caused by the antenna pattern. FAI echoes are generally observed if the conditions that radio waves are
perpendicular to FAI are satisfied. The grating lobes, however, are generated because the distance of adjacent antenna are
wide, so it was considered that the “ghosts” were also mistakenly generated in the non-echoing region. Therefore, due to
remove their effects and provide the accurate spatial structure, we conducted deconvolution based on the CLEAN algorithm.
In this algorithm, we subtract the transmit pattern of the FAI array and receive pattern of the meteor array in each iteration.
This algorithm makes smaller the responses of the non-mainlobe region, such as grating lobes and sidelobes, because the
antenna pattern are subtracted, so we can suppress the ’ghosts” and conduct high-resolution FAI imaging observation.

In this presentation, we will introduce the result of application of imaging method based on the CLEAN algorithm which
can remove the effects of the antenna pattern and conduct accurate and high-resolution FAI observation. Also, we try to find
out physical processes of FAI generation and the spatial structure of FAIs.
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