R009-24
Zoom meeting D :11/2 AM1 (9:00-10:30)
09:30-09:45

#E )0 VPRSP R B DB IR VR Th DY SEm TEs Y
DBIER - B - HEERPPBE P SCIC KR - BREE

MAVEN/IUVS observation of the Martian ozone layer during solar energetic particle events
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Solar Energetic Particles (SEP) consist of protons, electrons and heavy ions in the energy range between a few tens of
keV and GeV, which are originated from solar flares in the low corona, shock waves driven by coronal mass ejections
(CME), planetary magnetospheres, and bow shock. SEPs are well known to damage not only spacecraft and detectors
but also human body. For future international space explorations in the 2020s, the human activity is going to expand
to the Moon and Mars. Thus, the impact of SEP on future explorations on Mars needs to be addressed. However, the
effect of SEP on the Martian atmosphere and surface environment is not well understood. In addition, SEP penetrates
into Earth's atmosphere down to tens of kilometers at high geomagnetic latitudes, which affects the composition in the
middle atmosphere. During the large solar flare in October 2003, SEP caused NO; enhancement of several hundred
percent and tens of percent ozone depletion between 36 and 60 km altitudes (e.g., Seppala et al., 2004; Rohen et al.,
2005). In contrast, the vertical distribution of ozone on Mars was extensively observed by SPICAM onboard Mars
Express from 2004 to 2014. Results of previous studies show that the ozone layer was located around 50 km altitude in
the southern polar winter, and around 30-40 km altitude in low to middle latitudes in both hemispheres at aphelion
season (Montmessin et al., 2013, Maattanen et al., 2019).

Mars has a thin atmosphere, less than 1% of that on Earth. The surface and atmosphere are heavily affected by energetic
photons and particles that easily penetrate it owing to insufficient magnetospheric and atmospheric shielding. The
Imaging UltraViolet Spectrograph (IUVS) spectroscopy onboard Mars Atmosphere and Volatile EvolutioN(MAVEN)
detected diffuse aurora, suggesting widespread occurrences with increased SEPs (Schneider et al., 2015; Schneider et
al., 2018). Schneider et al. (2018) reported the low-altitude, "diffuse" aurora spanning across Mars' nightside
hemisphere, coincident with a SEP outburst. The emission extended down to an altitude of ~60 km. Deep precipitation
in the middle atmosphere requires extremely energetic electron fluxes up to 100 keV. This fact suggests that SEP may
have additional effects on global atmospheric structures in the Martian atmosphere. Incident particles ionize and
dissociate atmospheric species deeply, as well as heat the target atmosphere.

The purpose of this study is to investigate the effects of SEP on the Martian atmosphere, especially on ozone, which
will help us to understand the study of astrobiology and the greenhouse effect of the early Martian atmosphere.

In this study, we use vertical profiles of ozone, carbon dioxide, and oxygen number densities observed by stellar
occultation measurements by Imaging UltraViolet Spectrograph (IUVS) on board Mars Atmosphere and Volatile
EvolutioN (MAVEN), and the energy fluxes of electrons and ions by Solar Energetic Particles onboard MAVEN
(MAVEN/SEP). Since March 2015, MAVEN/IUVS has generally conducted stellar occultation campaign for 1-2 days
on average for every 2-3 months. MAVEN/TUVS observations cover whole longitudinal area, and wide range of latitudes
from 80° S to 75° N. MAVEN/SEP detects an energy spectrum of electrons from 30 keV to 1 MeV and ions from 30
keV to 12 MeV up to 10-10° eV/[cm? s st eV].

The distribution of ozone observed by MAVEN/IUVS confirms the seasonal, latitudinal and altitudinal characteristics
of the ozone distribution observed by MEX/SPICAM. MAVEN/IUVS observations show the peak number density of
ozone to be the order of 108 /cc at the southern polar winter and the order of 10°/cc for both hemispheres at aphelion
season. These peak number densities are generally well in agreement with the SPICAM observation, but some data are
not quantitatively consistent in detail.

Using the MAVEN/SEP, we analyzed the energy fluxes of solar energetic particles observed between March 2014 and
January 2020 in order to identify the periods of strong solar energetic particle arrival events, related to the IUVS
observations. Here, we focus on two events; One occurred in 25-26th March 2015 for 39 hours before and after the
arrival of electrons of SEP, with 20 occultation profiles, and the other occurred in 3-4th November 2015 for 27 hours
after the arrival of electrons to the arrival of ions, with 34 profiles. The effect of SEP on the atmosphere is addressed by
comparing with 26 profiles in 8-9 October 2017 during the quiet period.
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