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A study on the relationship between NO column density and high-energy electrons

based on the mm-wave observation at Tromsoe
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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 (69.8039.83E) in Antarctica since 2012 to study the effects of energetic
particle precipitation into the polar regions induced by the solar activity. In addition, similar steady observation is about to
start at Tromsoe, Norway (69.34, 19.14E) in the Arctic region to obtain further understanding of the differences between
the two polar regions (Nakajima et al., SGEPSS, 2021).

In this presentation, we will present the results of short-term test observation of NO at Tromsoe, Norway over 17 days from
January 23 to February 4 and February 17 to February 20, 2019. Then we will report the results of correlation study between
the observed NO column density and proxies of geomagnetic activities and energetic particle precipitations. To calculate the
NO column density, two emission lines of F = 5/2-3/2 (250.815594 GHz) and F = 3/2-1/2 (250.816954 GHz) of the hyperfine
structure lineg I1 1/2J = 5/2-3/2 were used. F = 7/2-5/250.796436 GHx emission line used for the analysis of NO at
Syowa Station (Isono et al. 2014) was not used in this analysis due to outside interference. The atmospheric temperature in
the region where NO is present was assumed to be a constant 200 K as well as the previous research. The average error in the
column density estimated from the random noise in the data isl@8 cm~2. During this period, there were two increases
in column density for about three days, with peaks on January 27 and February 240%6.5m~2 and 9.7+10'* cm~2,
respectively.

In comparison with the Dst index, there was a sharp decrease in the Dst index from January 31 to February 1, before the
peak of the NO column density on February 2, suggesting that NO may have increased due to electrons accelerated by the
geomagnetic disturbance. Next, we compared the NO column density with the electron flux data obtained by the MEPED 0
telescope in the six 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 Tromsoe. As a result, it was found that the NO column
density increased after the increase in electron flux observed by the satellite. Furthermore, the electron fluxes at energies of
>40 keV,>130 keV,>287 keV, and>612 keV were analyzed for correlation with the NO column density, and the correlation
coefficients were found to be 0.5, 0.4, 0.6, and -0.1, respectively, indicating #&t keV has the highest correlation. This
suggests that the range 287 keV has the most influence on the variation of the NO column density.
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