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A study on the relationship between NO column density and high-energy electrons
based on the mm-wave observation at Syowa station
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We have carried out millimeter-wave spectroscopic observation of minor constituents in the middle atmosphere, such as
nitric oxide (NO) and ozone, at Syowa Station (69.00° S, 39.85° E) in Antarctica since 2012 and at Tromsoe, Norway (69.35°
N, 19.14° E) in the Arctic since 2016 to study the effects of energetic particle precipitation into the polar regions induced
by the solar activity. We presented the results of short-term test observation of NO at Tromsoe, Norway, over 75 days
from December 26, 2018, to March 10, 2019 (Goto et al., SGEPSS 2021). In this report, we will present the results of the
analysis of the NO observation data over 10 days from March 22, 2023, to March 31, 2023, obtained by the multi-frequency
millimeter-wave spectrometer (Mizuno et al., SGEPSS 2023), which started routine observations at Syowa in July 2022.
Correlation studies between the NO column density, proxies of geomagnetic activities, and energetic particle precipitations
were performed using the same analysis method applied to the Tromsoe data.

The FFT spectrometer used in this observation has a bandwidth of 2.5 GHz, which is 2.5 times broader than that of the
spectrometer used in the Tromsoe observation, making it possible to simultaneously observe the spectra of six hyperfine
structure lines of NO at relatively nearby frequencies. Averaging the column densities derived from these hyperfine structure
lines is expected to improve the accuracy of determining column densities. Therefore, we derived NO column density at
Syowa using 12-hour integrated six spectra at 250.796436 GHz, 250.436848 GHz, 250.440659 GHz, 250.448530 GHz,
250.815594 GHz, and 250.816954 GHz. As at Tromsoe, the atmospheric temperature in the region where NO is present
was assumed to be a constant 200 K, and the NO emission lines were assumed to be optically thin. The average error in the
column density this time was 0.73 times that at Tromsoe, which means that the error in the column density could be reduced
while shortening the integration time, i.e., time resolution.

For the data analysis period, the Dst index decreased drastically from March 23 to March 24, 2023, peaking at about -150
nT. During the period, NO column density increased to 6.5%10'* cm~2 on March 24 and remained nearly constant before
increasing further at the end of March 25 to a peak of about 1.2%10'% cm™2. After that, it decreased to about the same level
as on March 24 and remained almost constant until March 28. This suggests that NO may have increased due to electrons
accelerated by the geomagnetic disturbance. Therefore, we compared NO column density with the electron flux data obtained
by the MEPED 0° telescope in the five POES/METOP satellites. For the comparison, we used the L-value and MLT of the
satellite observations to select the electron flux data that were most likely to precipitate onto Syowa. As a result, it was found
that the NO column density increased on March 24 and at the end of March 25 after the increase in electron flux observed by
the satellites on March 23 and March 25, respectively. On the other hand, a more significant increase in electron flux was also
observed on March 22, but there was no significant corresponding increase in NO column density. We will discuss the cause
of the increase by referring to other observation data and report the correlation between the NO column density and energetic
electrons.
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