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Development of a millimeter-wave spectrometer for simultaneous observation of multi
middle atmospheric molecules in Syowa station
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Atmospheric environment on the Earth is changed by various factors. For example, in the polar regions, when energeti
particles precipitate into the atmosphere during solar proton events or geomagnetic storms, nitrogen oxipes(fd@se, and
the NOx destroys ozone through catalytic reaction. On the other hand, the i@hoto-dissociated by solar UV radiation,
and then the ozone depletion does not proceed further. But if thg @ansported downward, UV is absorbed in the upper
atmosphere, and that prolongs the photochemical lifetime of Nf@d keeps destroying ozone for a long time. Moreover,
ultraviolet ray has a direct impact not only on NCbut also on generation and destruction of ozone. As mentioned above,
atmospheric compositions are intricately changed by various physical and chemical factors. That is why we are monitoring
atmospheric molecules at Syowa station, Antarctica in order to understand that the change of atmospheric composition can |
dominantly caused on what condition by what physical or chemical interaction.

We are using millimeter-wave spectroscopy for monitoring. By this technique, the abundance of and vertical distribution of
atmospheric molecules can be derived by receiving and dispersing millimeter-wave spectrum, radiated by themselves because
rotation transition. In our conventional millimeter-wave spectrometer, the observation frequency band is only 1 GHz, so we have
observed @(237.146 GHz) and NO(250.796 GHz) by switching frequency. As described above, however, these two molecules
are important on understanding change of atmospheric composition by energetic particle precipitation and atmospheric molecul
are intricately interacting. That is why we are developing a new millimeter-wave spectrometer, which can observe five molecules
including CO, NQ, HO, in addition to Q and NO at the same time, in Syowa station since 2019.

In achieve that, we have been developing (1) frequency-independent beam transmission optical system which can efficientl
collect signals from atmospheric molecules over broad frequency band, (2) a multiplexer which can distribute signals from optica
system depending on observation frequency and lead to each detector and (3) Intermediate Frequency(IF) system which can le
signal from detectors to back-end digital Fourier transform spectrometer. As for (1), we designed the optical system which
aperture efficiency is 39.3(+-)1.7 % between 179-254 GHz, 71 GHz-band, by using beam transmission simulator(GRASP). A
for (2), we designed and produced the multiplexer which can distribute signal from 179-254 GHz to four channels by using
electromagnetic simulator(HFSS). And we checked frequency dependency almost same as designed by using vector netwa
analyzer in National Institute of Information and Communication Technology(NICT) (though we also checked 1-2 dB of insertion
loss in the lowest frequency band). As for (3), we designed the circuit which can obtain five molecules spectrum at the same tim
by distributing 2 GHz band of new digital Fourier transform spectrometer to three IF bands. Now we are assembling component
we have developed as an equipment and assessing phased performance.

In this presentation, we will report the details of development of this new millimeter-wave spectrometer, assembly condition
at this time, results of performance assessment and so on.
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