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Variations in the ozone concentration in the mesosphere at Syowa station associ-

ated with energetic particles precipitation
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We report variations in ozone concentration in the mesosphere above Syowa station, Antarctica, caused by energetic
particle precipitation (EPP) associated with a major magnetic storm that occurred from May 10th to 11th, 2024. The goal of
this study is to clarify the decrease in O3 concentration in the mesosphere associated with EPP during night.

In polar regions, EPP are associated with solar proton events and magnetic storms. The higher the energy of these parti-
cles, the lower the altitude of the precipitate. If an electron has an energy of approximately 300 keV or higher, it precipitates
at an altitude below 70 km. The ionization of atmospheric molecules induced by the EPP produces nitrogen oxide(NOx) and
hydrogen oxide in the mesosphere, which could cause O3 destruction. In addition to the direct effect of EPP, EPP may have
an indirect effect on O3 in the lower atmosphere through the transport effects. NOx produced in the lower thermosphere can
reach the upper stratosphere via polar winter descent, where it can participate in catalytic reactions that destroy Os. Since O3
is a significant component distributed across a wide range of altitudes and has a crucial impact on climate, it is necessary to
investigate the effects of EPP.

We used a millimeter-wave spectroradiometer installed by Nagoya University at Syowa station in Antarctica. Long-
term observations of the spectral lines of nitric oxide (NO) and O3 began in 2012. In 2022, simultaneous observations of two
O3 emission lines in the 250 GHz band carbon monoxide (CO) emission lines in the 230 GHz band, and six NO emission
lines in the 250 GHz band were started. The spectrum observed by the millimeter-wave spectroradiometer on the ground
is an integration of the O3 radiation over altitudes from the surface to the lower thermosphere. We retrieved the altitude
distribution of the O3 volume mixing ratio (VMR) from the radiation spectra to quantitatively estimate the O3 concentration
in the mesosphere. The observed spectra used for the retrieval are integrated over one hour. When the optical depth varies
significantly with time due to weather conditions, the data are excluded from the analysis. Thus, up to 24 O3 VMR profile data
are obtained per hour per observation day. The retrieval tool uses the O3 height distribution obtained by the MLS satellite
as an a-priori distribution and estimates the vertical distribution of O3VMR from the model spectrum that best matches the
observed spectrum, using the NASA-JPL molecular spectroscopy catalog and the meteorological vertical profile data from
MERRAZ2. Since the altitude distribution of O3 is affected by sunlight, a-priori distributions for daytime and nighttime are
switched at times of sunset and sunrise.

We have analyzed the data from May 1st to 23rd. From May 10th to 11th, an increase in the flux of protons with
energies above 100 MeV was confirmed from GOES satellite data. No clear increase was observed in the EPP flux data
over Syowa station from the POES satellite. The riometer installed at Syowa station confirmed an increase in precipitating
electrons between 17:00 UT and 18:30 UT on May 10th. We found a decrease in the mesospheric (60 — 70 km) O3 column
amount during the night from May 10th to 11th. The decrease in the average Oz column amount during that night with
the previous night was approximately 0.035 D.U., which represents the largest change in the daily mesospheric O3 column
amount during the analysis period. When examining the hourly changes in the mesospheric O3 concentration profiles from
15:00 on May 10th (LT18:00 at Syowa station) to 3:00 on May 11th (LT6:00), a decrease was observed from around LT19:00
to LT22:00. This was followed by an increase LT22:00 to LT23:00 and another decrease from LT23:00 to LT06:00. This
pattern differs from the typical diurnal variation in Oz column amounts. In addition to the major magnetic storm from May
10th to 11th, moderate magnetic storms ranging from -50 to -100nT occurred in May 2024, leading to increased proton and
electron precipitation. In this presentation, we will report variations in the O3 concentration in the mesosphere over Syowa
station associated with EPP during May 2024.
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