FEANEH T D I U 5 SEBLR OFITHIRRR

AREpFE Y BRSO RWEEA L RERI L R L PR EE] 2 IR 2
PRAESL 20 RIS LR 2, A S L —
VBT KRR
2 [E] SRR

Initial results of mm-wave spectroscopic observation at Syowa Station
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In the 52-th Japanese Antarctic Research Expedition, a joint group of Solar-Terrestrial Environment Laboratory of Nagoya
University and National Institute of Polar Research installed a millimeter-wave spectroscopic radiometer at Syowa station.

We can obtain the vertical profile of volume mixing ratio of minor molecules such as ozone (O3), NO,, CIO, CO, etc. by
observing spectral lines around 230 — 260 GHz with the radiometer in an altitude range of ~ 20 — 70 km. The major
advantage of the millimeter-wave spectroscopy is to be observable all day and night continuously, and this means that we can
observe the molecular vertical profiles both polar nights and white nights in the polar regions.

The main aim of this project is to study the influence of the energetic particle precipitation (EPP) on the molecular composition
in the middle atmosphere. To date, several observational examples of such energetic particle precipitation (EPP) effects have
been reported, for example, as ozone depletion in the mesosphere coincident with a strong solar proton event (e.g., Jackman et
al, 2001) and as descending NOx-rich and Ozone-poor air formed by auroral electrons in the vortex during the polar nights
(e.g., Seppéla et al. 2007). Most of those observations were carried out by satellite instruments, and the observing position
moves from hour to hour in spite of the short timescale of the EPP effect by solar proton event lasting only a few days. In
contrast, ground-based observations can trace the continuous time variation from a fixed location with shorter time resolution
if the observing instrument has appropriate sensitivity.

The radiometer is equipped with a very low noise SIS (superconductor—insulator -superconductor) receiver operating around
250GHz and a digital spectrometer with 1GHz bandwidth and 60kHz resolution. The SIS receiver is cooled down to ultralow
temperature by using a cryogenic refrigerator that required large electric power, but the capacity of power generator in Syowa
station is limited and almost saturated. Therefore we newly developed a power-saving cryogenic receiver system, and we
succeeded to reduce the power consumption by factor of 3.  The receiver noise temperature is ~80K (DSB), we can obtain
ozone vertical profiles every 30 min — 1 hour from ground under condition of atmospheric optical depth of ~ 0.2.

We started steady observation in March in 2011. We observed mainly two frequency windows, one is for ozone and the other
is for NO,. As of the middle of August, we observed ~1350 hours and ~670 hours for O; and NO, corresponding observation
efficiencies of ~33% and ~17%, respectively. The observed data are transferred to Japan through the internet, but the
frequency resolution is reduced by factor of 6 because of the data-size problem. The full-resolution data will be brought to
Japan in the next March by return trip of Shirase. We started preliminary data analysis for the coarse frequency resolution
data. Typical ozone line profile and a sample of retrieval result are shown in Figure 1 and 2, respectively. The retrieved
values converge well for the higher altitude above 35 km, but they oscillate in the lower altitude part below 35 km. We
consider that the main causes for the oscillation are insufficient spectral baseline subtraction of sky background continuum and
standing-wave components arising in the receiver system, and we are now improving the baseline fitting algorithm and
optimizing the weighted parameters in the retrieval program.

In my talk, I will present the summary of operational status of the first half-year run of the millimeter-wave radiometer and the
further results of data reduction of the ozone and NO, data.
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Figure 1. Ozone line profile obtained on Figure 2. Retrieved vertical profiles Figure 3. Observed line profile and
5 May, 2011. of ozone mixing ratio. expected line profile calculated from the

retrieved mixing ratio (upper) and the
difference between them (lower).
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