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Current Status and Future Plans of MM-wave Multi-line Observation at Syowa
to Understand the Effect of EPP on the Atmosphere
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It is well-known that energetic particle precipitation into the polar regions induced by the solar activity ionizes atmospheric
molecules, and the subsequent ion chemistry produces NO,, and HO,, leading to depletion of ozone.

We have been conducting long-term monitoring using a millimeter-wave spectrometer in two spectral lines of nitric
oxide (NO) and ozone (O3) above Syowa Station since 2012 to clarify the atmospheric response to the energetic particle
precipitation. However, we could not observe both lines simultaneously due to the limitation of the instantaneous bandwidth
of the millimeter-wave spectrometer, the two lines were observed alternately by switching the frequency setting of the
receiver system. To overcome this situation, a multi-frequency millimeter-wave spectrometer using a waveguide-type
frequency multiplexer was developed and installed at Syowa Station in 2020. Simultaneous observation of multiple emission
lines in the 230-250 GHz band, including CO additionally, was realized for the first time in the ground-based millimeter-wave
observations. But the originally planned performance was not achieved, due to some problems with damages of parts and an
incomplete cooling system setup. In 2022, we made a quick overhaul of the observing system, such as expansion of the FFT
spectrometer bandwidth from 2.0 GHz to 2.5 GHz, improvement of the IF circuit design, and reassemble the cooling system.
And finally, the spectrometer achieved originally planned performance.

Frequency switching method was used for the observations, which is less sensitive to sky inhomogeneities due to cloudlets
etc. because the same elevation angle is always observed and able to reduce dead time caused by rotational motion of the
switching mirror to change the elevation angles. CO in the 230 GHz band, two ozone spectra (J=71 7-6¢ ¢ and J=105 g-107 g)
and six NO spectra (F=7/2-5/2, 5/2-3/2, 3/2-1/2 with J=5/2-3/2 for each p,;=-— + and + — -) in the 250 GHz band were
detected significantly, while NOs in the 247 GHz band and HO.in the 250 GHz band were not detected so far.

Comparison of time series data of daily averaged NO column density with the flux of high-energy electrons (0-degree
telescope data of POES/METOP satellites) between August to the end of October 2022 shows that NO enhancement occurred
five times corresponding to the electron precipitations. The decay time of the NO column density after the steep increase by
the electron precipitation tends to shorten as the daylight hours increase from winter to spring, suggesting that the length of
decay time of NO column density reflects the photodissociation process.

The ozone data is currently being analyzed in collaboration with the Tohoku University group. Since the current retrieval
program was optimized to derive the stratospheric ozone amount, development of new analytical algorithms to improve the
accuracy of deriving ozone column densities above the mesosphere is a key issue.

In this presentation, we will report the current performance as a remote sensing instrument, problems that have become
apparent after one-year operation of routine observations, issues in future data analysis, and plans for future observations in
the Arctic polar cap region using the same type of mm-wave spectrometer system.
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