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Updated status of BepiColombo and initial reports on Mercury flyby observations
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The ESA-JAXA joint mission BepiColombo is now on the track to Mercury. After the successful launch of the two
spacecraft for BepiColombo, Mio (Mercury Magnetospheric Orbiter: MMO) and Mercury Planetary Orbiter (MPO), com-
missioning operations of the spacecraft and their science payloads were completed. BepiColombo will arrive at Mercury
in the end of 2025, and it has 7-years cruise with the heliocentric distance range of 0.3-1.2 AU. The long cruise phase also
includes 9 planetary flybys: once at the Earth, twice at Venus, and 6 times at Mercury. The first and second Mercury flybys
were completed on 1 October 2021 and 23 June 2022, respectively. In both flybys the closest approach altitudes were “200km
at the southern hemisphere. We performed science observations with almost all the instruments onboard Mio for about +-24
h from the closest approach. Especially the MPPE instrument successfully observed low energy ions and electrons simulta-
neously in the Mercury’s magnetosphere first time ever. Here we present the updated status of BepiColombo mission, initial
results of the science observations during the Mercury flybys, and the upcoming observation plans.
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Low-energy plasmas observed by MEA and MIA onboard Mio/BepiColombo dur-
ing its second Mercury flyby
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BepiColombo was launched in October 2018 and is currently en route to Mercury. Although its orbit insertion is planned
for December 2025, BepiColombo will acquire new measurements during planetary flybys. During the cruise and planetary
flyby phase, the two spacecraft are docked together with Mio being protected behind the MOSIF sun shield. Thus, only partial
observations of plasma distribution functions can be obtained by the Mercury Plasma Particle Experiment (MPPE) onboard
Mio. However, the Mercury Electron Analyzer (MEA) and the Mercury Ion Analyzer (MIA) of MPPE will provide us with
new and unique measurements of low-energy plasma. Combining two instruments, we will present the observations obtained
by MEA and MIA onboard Mio/BepiColombo during its second Mercury flyby that happened on the 23rd of June, 2022. In
particular, we will focus on the properties of the low-energy plasma populations and inverted-V structures observed during
its crossing of Mercury’s magnetosphere.
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Water molecule creation by the solar wind on Mercury’s surface modeled by the
hydrogen irradiation to the anhydrous mineral
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At Mercury and Moon, water molecules are created from surface minerals through the thermal and non-thermal chemical
processes driven by the solar photon and solar wind irradiations. Recent studies suggest that the water ice in the polar
regions at Mercury based on the neutron spectroscopies onboard spacecraft (Lawrence et al., 2013) and at Moon based on
the infrared spectroscopies onboard spacecraft (Li et al., 2018). Although the source of polar ice is still unknown, the recent
numerical simulations of water transport on Mercury(Jones et al., 2020) suggested the water creation process by the solar
wind hydrogen irradiation to the surface material as a potential source of polar ice. However, the water creation process
on the surface by the solar wind hydrogen irradiation has not yet been directly demonstrated by neither the observations
nor experiment. This study demonstrates the water creation from Mercury’s surface material by the solar wind based on
the hydrogen ion and electron irradiation experiments to an anhydrous silicate mineral, Enstatite, which is a candidate for
Mercury’s surface material. The hydrogen ion and electron were irradiated with a flux of le+14-le+15/cm2/s for about
le+4s, corresponding to a fluence of le+18-1e+19/cm2. Temporally stable water vapor release was confirmed only during
the hydrogen ion irradiation. Reflectance spectrum of the irradiated sample suggests that water vapor was more efficiently
released from the sample when electrons were irradiated after hydrogens. Yield of water molecules by the hydrogen ion
irradiation after removing the water originally adsorbed on the sample is estimated to be 0.14-0.16/incident ion. If we
assume that the water molecules are uniformly released from Mercury’s day-side hemisphere, the estimated yield of 0.14-
0.16/incident ion corresponds to a water creation rate of 5.2-5.6e+6 kg/year. With the rate of the ice accumulation to the
surface water creation from the surface estimated by the water transfer simulation in the Jones et al. (2020), the total amount
of ice accumulated on Mercury surface through 3 billion years is estimated to be 1.6-1.7e+14kg from our experiment. This is
a significant amount compared to the estimation of le+14-1e+15 kg by the radar observations in the previous studies (Eke et
al., 2017; Deutsch et al., 2018; Susorney et al., 2019), which suggests that the water creation by the solar wind irradiation is
an essential source process of the polar ice on Mercury surface.
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Mercury Flybys of BepiColombo/Mio PWI and Prelaunch of JUICE RPWI:
Collaborations with Europe
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In electromagnetic waves and electron sensing, we are now running two major collaborations with Europe. The first is
Plasma Wave Investigation (PWI) aboard the Mio spacecraft in BepiColombo, ESA-JAXA joint mission to Mercury, which
was launched in 2018 and will observe Mercury on the orbit from the end of 2025. The second is Radio and Plasma Wave
Investigations (RPWI) aboard ESA JUpiter ICy moons Explorer (JUICE) mission to Jupiter, which will be launched in 2024
(next year) and will observe Jovian system on the orbit from 2032. In both Japan and Europe, main players are overlapped
and collaborating strongly in both missions and beyond.

In this presentation, we show (1) the latest status of BepiColombo/Mio PWI, focusing to recent two Mercury flybys, and
(2) the prelaunch status of JUICE RPWI, focusing to the feasibility studies and the calibration plans. Other collaborations
may also be introduced if those proposals will go on the track.

The PWI aboard the BepiColombo Mio will enable the first observations of electric fields, plasma waves, and radio waves
in and around the Hermean magnetosphere and exosphere. After full deployment of all sensors following insertion into
Mercury orbit at the end of 2025, the PWI will start its real measurements in the electric field from DC to 10 MHz along
the spin plane and in the magnetic field from 0.3 Hz to 20 kHz in three-axis and from 2.5 kHz to 640 kHz in one-axis, with
similar performance of Arase PWE which is now investigating Geospace.

During the cruising phase, unfortunately, long wire antennas (15-m x 4) for electric fields and the solid boom (4.5-m) for
magnetic fields are not yet deployed. In this restricted configuration, we observed Hermean electromagnetic waves during
the 1st fly-by in October 2021 and the 2nd fly-by in June 2022. In both flybys, we saw (1) the magnetic turbulences in several
kHz in the dawn side magnetosphere after the closest approach, and (2) electric turbulences around the electron plasma
density. For next flyby planned in June 2023, we are investigating our capability and try to detect better data including the
waveforms.

The RPWI abord JUICE will provide an elaborate suite for electromagnetic fields and plasma environment around Jupiter
and icy moons, with 4 Langmuir probes (LP-PWI; 3-axis E-field -1.6 MHz, and cold plasmas), a search coil magnetometer
(SCM; 3-axis B-field -20 kHz), and a tri-dipole antenna system (RWI; 3-axis E-field 0.08-45 MHz, 2.5-m tip-to-tip length).
RPWI Japan team mainly contributes to the high frequency part of this system, i.e., Preamp of RWI and its High Frequency
Receiver (HF).

We will show the performance and operation concepts with their feasibilities, including the test and emulation results on
the ground, planned activities in commissioning and cruise phases, and the full observations around Jupiter and icy moon
system. It has been confirmed that this system has high sensitivity reaching close to the galactic background enough for the
detection of Jovian radio emissions from magnetosphere (aurora etc.), atmosphere (lightning), and icy moons. Direction and
polarization capabilities are first enabled in the Jovian system, to identify their source locations and characteristics.

The most key parts is the sensing of the ionospheres, surface, and subsurface of icy moons during the flybys and on the
orbit around Ganymede. Our "High frequency part of RPWI’ can do unique remote observations of the ionospheres below
the spacecraft orbit by the radio occultation and reflection of Jovian radio signals, It has a capability to detect the ionospheric
density not only in usual status but also episodic plume ejections triggered by expected crustal activities. The sensing of
surface and subsurfaces are more challenging topics, based on the passive subsurface radar (PSSR) concept which sounds
the icy crusts of Galilean satellites by the reflections of penetrated Jovian radio emissions (HOM/DAM).
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Development of detector for ion analyzer to be installed in Comet Interceptor
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Comet explorations have been conducted in the past, but there has been no direct exploration of any long-period comet.
Long-period comets are thought to have originated in Oort’s cloud and are likely to retain primordial features from the
early stages of solar system formation. Understanding these are expected to provide important clues to the origin of the
solar system. The Comet Interceptor Mission, jointly planned by ESA and JAXA, is a mission to directly explore long-
period comets or interstellar objects. The Comet Interceptor is scheduled to be launched in 2029 with the scientific goals of
characterizing the surface composition, shape, composition of comets, and composition of coma. A breadboard model of the
ion analyzer, one of the observation instruments to be installed in the Comet Interceptor, was tested for its performance. The
ion analyzer consists of an electrostatic energy analyzer in the front and an ion mass analyzer in the back. Ions and electrons
that pass through the analyzer are finally multiplied by the microchannel plates at the bottom and detected at the anode. Since
the signal generated during detection is subject to noise, it is important that the signal pulse heights should be high relative
to the noises. In this study, two types of substrates were prepared: (1) a substrate with a ground pattern on the backside of
the anode, mainly to shield external noises, and (2) a substrate without a ground pattern in the center corresponding to the
detection location on the backside of the anode, mainly to prevent attenuation of the signal pulse heights, and were compared
through ion measurements in a laboratory vacuum chamber. As a result, it was found that both substrates were able to detect
the signals as required, and that the signal pulse heights tended to be higher for the substrate (2), while there was not much
change in the noise level. Specifically, the sensitivity to detect the signal pulse heights greater than 10 mV was increased by
up to 30% for (2). For this reason, we decided to adopt (2) as the nominal substrate for the Comet Interceptor mission.
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Contribution of interatomic collisions and multiple scattering to the distribution
of Lyman alpha emission in comets’ comae

#Yudai Suzuki®), Kazuo Yoshioka®), Kei Masunaga®), Hideyo Kawakita®), Yoshiharu Shinnaka®), Go Murakami?), Tomoki
Kimura®, Fuminori Tsuchiya®), Atsushi Yamazaki?, Ichiro Yoshikawa®

(IThe University of Tokyo, 2JAXA/ISAS,®Kyoto Sangyo University,(*Tokyo University of Science,® Tohoku University

Comets are important in understanding the material balance of current and past planets.

Water production rate from comets’ nuclei has been evaluated using a variety of instruments including Hisaki, a Japanese
satellite. In case of observations using ultraviolet light, water production rate is generally evaluated through the compar-
ison of the observations of the distribution of Lyman- a emission and kinetic model of hydrogen atoms generated by the
photo-dissociation of water molecules in comae. However, dynamics of hydrogen atoms in comae near nuclei has not been
understood well especially for long period comets with large water production rate.

In this study, we obtained the spatial distribution of Lyman- a emission through the analysis of spectroscopic data of long
period comets such as C/2013 US;, (Catalina) observed by Hisaki. Model of Lyman- a emission distribution considering in-
teratomic collisions and photons’ multiple scattering was also constructed. Comparing them revealed following three results.

(1) Without considering interatomic collisions and multiple scattering, model and observations are inconsistent below the
altitude of about 10* — 10° km.

(2) In case of water production rate similar to that of Comet Catalina ("102° /s), interatomic collisions have little impact on
the density distribution of hydrogen at higher altitude.

(3) In case of water production rate similar to that of Comet Catalina ("102° /s), multiple scattering suppresses radiance of
Lyman- a emission below the altitude of about 10* km.

Based on these results, in the evaluation of water production rate from observations of Lyman- a emission, multiple scat-
tering is necessary to be considered for comets with larger water production rate such as Comet Catalina. Besides, multiple
scattering possibly enhances apparent D/H ratio around nuclei since deuterium’s Lyman- a is optically thin even if hydro-
gen’s Lyman- a is optically thick.

In this talk, we discuss the contribution of interatomic collisions and multiple scattering in comets’ comae through the
comparison of observations by Hisaki satellite and model calculation on the distribution of Lyman- a emission in comae.
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Development of an emission model of photoelectrons and Auger electrons from the

lunar surface
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Since the Moon does not possess its intrinsic and global magnetic field and dense atmosphere, charged particles directly
interact with the lunar surface. On the dayside of the Moon, photoelectrons and Auger electrons are emitted from the surface
by solar irradiation. The emitted electrons travel along the magnetic field line. Therefore, the photoelectrons and the Auger
electrons are both thought to be observed above the lunar surface and were indeed reported from ARTEMIS observations by
Xu et al. (2021).

The Auger electrons have intrinsic energies characteristic of the emitting element, suggesting that detailed measurements
of their energy distributions could provide valuable information on the composition and electrostatic potential of the lunar
surface. However, we cannot investigate their energy distributions in detail from present observations because the energy
resolutions of Electrostatic Analyzer (ESA) onboard ARTEMIS are not sufficiently high to capture the spectral shapes and
energy shifts of the Auger electrons. To properly interpret the limited observations, we develop a simple model of lunar
photoelectrons and Auger electrons energy spectra based on the flux of solar irradiation, the chemical composition of the
lunar surface, and photoionization cross sections of the elements derived from theoretical formula. We report a present state
of model development and comparison between our model and ARTEMIS observations near the sunlit lunar surface.
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Plasma Particle Simulations on the Unconventional Surface Charging Associated
with Lunar Surface Irregularities
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On the surface of a solid celestial body with a thin atmosphere, such as the Moon, space plasma such as solar wind and
sunlight fall directly on the surface, creating an electrostatic environment near the surface along with the accumulation of
electric charge on the celestial body surface due to colliding plasma and the generation of photoelectrons by the photoelectric
effect. Orbital observations by lunar explorers have suggested that the lunar diurnal surface is positively charged. In general,
space plasma has the ability to negatively charge solid surfaces, and it has been believed that electron emission processes
such as the photoelectric effect are essential to maintain the lunar surface at a positive floating potential. On the other hand,
the lunar surface has various spatial-scale irregularities ranging from topographic features such as craters, vertical holes, and
boulders to rock and regolith layers. Several simulation results have shown that these irregularities limit free plasma motion in
space and create a specific electrostatic environment depending on the surface topography. Similar to these topographic-scale
surface features, microcavities formed by rocks and regolith particles at smaller scales are also interesting targets in terms of
mass transport by electrostatic energy. At such spatial scales, the inadequate ability of Debye shielding generates a stronger
electrostatic field, which is considered to be one of the key factors in the mobilization and suspension of charged regolith
particles.

In this study, a simulation was conducted assuming a situation in which solar wind plasma pours down from the sky onto
the lunar surface, which has a cavity of equal or smaller size than the Debye length, and the effects of the stenosis and
expansion of the cavity interior on the electrostatic environment, including variations in the electric potential distribution and
charged particle flux distribution, were analyzed. As a result, it was found that the solar wind plasma flow forms a positive
potential in a simple rectangular cavity and can positively charge the cavity up to several hundred volts, which is equivalent
to the kinetic energy of ion particles, as the width-depth ratio of the cavity increases. The present study was conducted to
quantitatively evaluate the effect of a more detailed cavity geometry that takes into account the curvature of the cavity interior
on the charging process.

In this presentation, we will mainly report on the changes in the electrostatic environment due to the cavity interior geometry
and the formation of a current path for the relaxation of the cavity interior potential by photoelectrons generated by the
photoelectric effect, which were obtained from the above simulation results. After that, we will report on the future prospects
of this study, including the applicability of the results of this study to a small spatial scale model of the Moon and the
numerical method that we are currently working on in order to perform simulation analysis for the small model.
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Verification of the endogenic hypothesis for Europa’s surface materials by the oxy-
gen ion and electron irradiation experiment
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Kimura®
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Jupiter’s icy moon Europa likely has the interior water ocean beneath the icy shell. The chemical composition of the interior
ocean is the most important problem to be solved for assessing the interior ocean’s habitability. Sulfur is one of the possible
major constituent elements of Europa’s surface materials. Two hypotheses have been proposed for the source of sulfur: the
sulfates plumed from the interior ocean [Kargel et al., 2000], or the sulfur ion originating from the volcanic gasses plumed
from the moon Io [Alvarellos et al., 2008]. The surface materials are suggested to be chemically altered continuously by
irradiation of high-energy plasma from Jupiter’s magnetosphere, which drives the radiolytic cycles between several sulfur
compounds [Carlson et al., 2002]. Because such cycles prohibit understanding the source of surface sulfur, neither the endo-
genic nor exogenic hypotheses have been demonstrated yet. This study verifies the endogenic hypothesis for Europa’s surface
sulfur by modeling the radiolytic sulfur cycles based on the laboratory experiment. Oxygen ions and electrons were irradiated
to the magnesium sulfate (MgSQO,4) sample, which is a possible candidate for the constituents of the surface and interior ocean
of Europa. We confirmed that some sulfur compounds such as octasulfur (Sg), sulfur dioxide (SO3) and hydrogen sulfide
(HsS) were newly synthesized from MgSO,. This result successfully demonstrates the radiolytic sulfur cycle on Europa’s
surface. Numerical simulation for time variation of surface chemical composition was made with the production rates of each
sulfur compound estimated by our experiments. The depletion time of MgSO4 was found to be 3.3e+05 years for the oxygen
irradiation and 3.3e+03 years for the electron irradiation. Assuming the simultaneous irradiation of oxygen ions and electrons
to model the actual Europa’s surface environment, the total depletion time of MgSOy is estimated to be 8.8e+02 years, and the
total amount of Sg, SO9, and HyS produced in the depletion time to be 17.0%, 42.7% and 40.3% respectively of the original
MgSO,. The lifetime of “1.0e+03 years is sufficiently shorter than Europa’s average surface age of “1e+07 years estimated
by the creator chronology. Therefore, the endogenic sulfate is suggested to be depleted by the plasma irradiation before it is
turned over by the geological processes. In the previous studies, the infrared observations suggested the sulfate and sulfuric
acid hydrate in the geological units that likely have active plumes [Carlson et al., 2009]. If the sulfate is present in the units,
it suggests that the seawater from the interior ocean containing the endogenic sulfate was supplied to Europa’s surface within
the last 1e+03 years, and the supplied sulfate has survived without depletion while been involved in the radiolytic sulfur
cycles. We are going to conduct the irradiation experiment for sulfur allotrope and H5O icy samples to verify the endogenic
and exogenic hypotheses.
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Examination of the origin of NaCl on the surface of Jupiter’s moon Europa by
telescope observation and laboratory experiments

#Kizuku Hamada®), Seiko Takagi®), Mitsuteru SATOY), Yukihiro Takahashi®)
(IFaculty of Science,Hokkaido Univ.,(?Hokkaido Univ., 3Faculty of Science,Hokkaido Univ.,(*Hokkaido Univ.,

The Hubble Space Telescope (HST) observed a geyser due to a mantle plume on Jupiter’s moon Europa [Roth et al.,
2014]. Hypothetically, geysers contain material from the inner sea that is suggested to exist under Europa’s ice shell,If the
materials ejected by geysers are deposited on the ground surface, it is possible to estimate the composition of the internal sea
materials from the survey of the surface material composition. So far, HST observations have shown absorption of light with
a wavelength of 460 nm due to lattice defects (color centers) that occur on the Europa surface when NaCl receives radiation.
The presence of NaCl at the ground surface was suggested [Trumbo et al., 2019]. However, absorption near 720 nm, which
is the absorption wavelength of other color centers, has not been confirmed. In addition, observations by HST are limited to
four times in four months, and long-term time variations of uptake on an annual basis that indicate new NaCl deposition have
not been investigated. Therefore, the sedimentary age for examining the origin of NaCl is unknown. In this study, using the
spectral imager MSI mounted on the Pirka telescope with a primary mirror diameter of 1.6 m owned by Hokkaido University,
continuous broadband (up to 400-1,100 nm) observations were carried out on an annual basis and the reflection of Europa
was observed. By investigating the temporal variation of the spectrum, we will clarify the age of NaCl deposition on Europa’s
surface. The method uses the results of electron beam irradiation experiments on NaCl in an environment that reproduces
the surface of Europa [Poston et al., 2017], and uses the observed time variations in absorption at 460 nm and 720 nm to
determine how long it has been since NaCl was irradiated with electron beams.

In this study, observation of Europa started in August 2020, and the band width between 400-550 nm and 650-800 nm is
3.90-10.2 nm, and 650-800 nm is 4.17-7.62 nm. , a total of 18 images were taken at intervals of 10 nm between the center
wavelengths. Absorbance was confirmed at 430 nm and 520 nm when the absorption dip was evaluated. Also, no absorption
was confirmed near 720 nm.

To interpret this result, a high-energy electron beam irradiation experiment was conducted at Hokkaido University LINAC
on February 14, 2022, about 1000 times higher than the previous research. As a result, absorption was confirmed at 460
nm, but the attenuation of absorption that occurs after irradiation, which has been confirmed in previous studies, was not
confirmed.

These results suggest that the results observed this time are not the absorption of the NaCl color center, but the Sun’s
Fraunhofer lines, and further analysis is required.
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Europa’s surface composition uncovered by the plasma irradiation experiment for
NaCl samples

#Ryo Hoshino!), Tomoki Kimura®), Misako Otsuki®), Tomohiro Kitano"), Yusuke Nakauchi*), Fuminori Tsuchiya?), Jun
Kimura®
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Jupiter’s icy moon Europa potentially has the interior water ocean with the habitable environment for life. Elemental and
molecular compositions of Europa’s surface materials tell us that of the interior ocean because the materials may be trans-
ported between the ocean and surface. Europa’s surface materials are continuously irradiated with Jovian plasmas, UV, and
micrometeorites from the space. The irradiated energy drives the space weathering process. In particular, Jovian plasmas are
dominant energy sources of the space weathering at Europa. Europa’s materials are sputtered from the surface by the plasma
irradiation and create the tenuous atmosphere. The residual unsputtered surface material may change in the elemental and
molecular compositions by the irradiation. However, since this process comprises complex physics and chemistries that are
hard to theoretically estimate, it has been a big unsolved problem to quantitatively associate the tenuous atmosphere with the
surface compositions accompanying the space weathering.

Here we present the laboratory experiment that quantitatively associates the tenuous atmospheric sputtering with the sur-
face composition at Europa for the first time. We also measured the number of the sputtered Na and Cl particles by the mass
spectrometer during the irradiation experiment. We irradiated energetic H2+,02+ ions and electrons at 10 keV with a fluence
of 5e+18 /cm? to NaCl samples to model the sputtering by Jupiter’s plasma irradiation to Europa’s surface materials. We
found that the electron more efficiently sputters Europa’s surface than the ions under Europa’s environment. For example,
the total Na production rate by the hydrogen and oxygen ion irradiations is estimated to be 1.1e+6 /cm?/s, while that by the
electron irradiation is to be 2.7e+5 /cm?/s. We also found that the yield of Cl (8.7e-1 ejected particles/incident particle) is
greater than that of Na (2.8e-2 ejected particles/incident particle). These results suggest that the surface NaCl is decomposed
predominantly by the electron irradiation and forms the resultant tenuous atmosphere, while on Europa’s surface Na is con-
centrated more effectively than CI because of the small volatility of Na.

We estimated the column density of Europa’s Na atmosphere by our 0-dimensional atmospheric model with constraints on
the sputtering yield obtained by our irradiation experiment. The estimated column density is found to be comparable with
that estimated by the ground-based telescope observation of Na atmosphere (Brown and Hill 1996), which corresponds to the
total Na atmospheric mass of 770 kg.

Our Na atmospheric model assumed 100% NaCl on Europa’s surface. The estimated column density is consistent with the
ground-based observational one, which suggests a high concentration of NaCl on Europa’s surface. The interior ocean brain
is likely concentrated during the upwelling process or by the space weathering after geysering to the surface.

We are going to conduct the experiment of Hy™, O™, Ar™ ions and electron irradiations to the icy sample that comprises
NaCl and H5O at about 100 K to model a more realistic surface environment at Europa. Our irradiated samples will be
compared with the previous spacecraft and telescope observations to uncover the surface and interior ocean compositions.
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Numerical radar simulation for the explorations of the ionospheres of Jupiter’s
icy moons
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Jupiter’s icy moons such as Europa and Ganymede may harbor subsurface liquid water oceans. While only Earth has
the ocean on the surface in the current solar system, multiple icy bodies like the icy moons of giant planets have oceans
in their subsurface under the icy crust. So, the icy bodies are potentially more universal habitable environment than the
Earth-type bodies. The icy bodies’ ionospheres include essential information for understanding the habitable environments
because the ionospheres are formed as a result of the crusts’ weathering and putative water plumes from the subsurface
oceans. Especially, the ionospheric structures and time variability reflect the activity of the crusts and oceans. However,
the structures are still unclear because the ionospheric radio occultation and other effective explorations have difficulties
of limited observing opportunities. So, we have been trying to uncover the structures by radar exploration, which will be
connected to the explorations with the Radio & Plasma Wave Investigation (RPWI) and the Radar for Icy Moon Exploration
(RIME) onboard the Jupiter ICy moons Explorer (JUICE). For future investigations of radio wave sounding with RPWI and
RIME ranging in tens KHz to tens MHz, we have developed a numerical simulation code that models the propagation of
electromagnetic (EM) waves and emulated occultation of the Jovian radio waves by the icy moon’s ionosphere during the
flybys of the Galileo spacecraft to Jupiter’s icy moons. Here, we show the vertical ionospheric profiles using our numerical
simulation code. We found that the maximum electron density is estimated at “50 /cc in lower latitudes of Ganymede’s
trailing hemisphere and ~150 /cc in higher latitudes of the leading hemisphere. We argue that these results reflect surface
weathering due to magnetospheric particle bombardment. In this presentation, we will also indicate the ionospheric profiles
of Europa and Callisto and discuss the generation processes of the profiles. As the next step, we plan to simulate the
reflection and transmission of the EM waves in the icy crust and underlying ocean. By combining this new simulation with
our current one for the ionospheres, the icy moon’s ionospheric and subsurface structures are expected to be elucidated.
These simulations would also give constraints on the pressure and temperature of the subsurface, which finally lead to deep
understandings of the icy moon’s habitability.
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Global distribution of Jovian ionospheric holes associated with Jupiter lightning
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The polar perijove passes of Juno provide a unique opportunity to monitor Jovian lightning. One of the lightning-induced
electromagnetic waves is a group of dispersed millisecond pulses called Jupiter dispersed pulses (JDPs), observed at
frequencies below 150 kHz. During the course of Juno perijoves through 33 orbits, we collected over four thousand
snapshots including one or more JDPs recorded by the radio and plasma wave (Waves) instrument. Assuming that JDPs
propagate in the free left-hand ordinary (L-O) mode, we proposed an O mode propagation model in which low-density
plasma irregularities are located between Juno and lightning strokes. These irregularities directly connect to ionospheric
holes with densities below 250 cm~3. Hence, observing JDPs gives a useful tool to identify low density holes in the Jovian
ionosphere. Also, we compare the JDP locations with the cloud features captured by the Hubble Space Telescope. In this
presentation, we show the global distribution of ionospheric holes estimated from JDPs.
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LAPYUTA (Life-environmentology, Astronomy, and PlanetarY Ultraviolet Tele-
scope Assembly) mission
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Ultraviolet observation technique is one of the most powerful tools to cover wide science fields, from planetary science
to astronomy. Here we propose a UV space telescope, LAPYUTA (Life-environmentology, Astronomy, and PlanetarY
Ultraviolet Telescope Assembly), as a Japanese-leading mission, by using heritages of UV instruments for planetary science
(e.g., Hisaki) and space telescope techniques for astronomy. We will accomplish the following four goals: (1) dynamics
of our solar system planets and moons as the most quantifiable archetypes of extraterrestrial habitable environments in the
universe, (2) transit spectroscopy of exoplanetary atmosphere, especially hydrogen and oxygen exospheres, to observe on-
going atmospheric escaping predicted to occur on Earth-like exoplanets in the habitable zone of low temperature star system,
(3) the unique UV map of the gaseous large-scale structures (LSSs) to test the structure formation scenario of the A cold
dark matter (CDM) model and to unveil galaxy growth and feedback processes in the LSSs, and (4) the time-domain survey
for transient sky in the UV wavelength to witness the first moments of high-energy events such as compact-object mergers
and supernovae with a great synergy of the growing facilities of multi-messenger astronomy including gravitational-wave
observatories.
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Global simulation of valley network formation by rivers and ice sheets in early
Mars for various surface pressure and H2 amount

#Arihiro Kamadal), Takeshi Kurodal), Takanori Kodama?), Yasumasa Kasaba®), Naoki Terada®)

(1Graduate School of Science, Tohoku University,(?Graduate School of Arts and Science, University of Tokyo

Valley networks are dendritic feature on Mars and they are considered as evidence of prolonged water existence during
the late Noachian and the early Hesperian (3.85-3.6 Ga). Early Mars at that time is thought to have had a CO, atmosphere
of 1-2 bar in surface pressure from the constraint of the past geological studies, and a strong infrared absorption such as a
collision-induced absorption of CO2 and Hy should be needed to warm enough to make fluvial activities. We have explained
the formations of valley networks by coupling simulations between global climate model (PMGCM), global river model
(CRIS), and global ice sheet model (ALICE), and suggested the possibilities of two opposite scenarios. One is that valley
network was formed by rainfall-fed rivers (warm early Mars, Kamada et al., 2021), and the other is that valley network was
formed by subglacial meltwater-fed rivers from ice sheets (cool early Mars, Kamada et al., 2022).

In this study, to explore the best climate scenario of early Mars, we performed a series of climate simulation of early
Mars for a long timescale of over 10° Mars years, as an extension of our previous studies. We assumed a COo/H,0O/H;
atmosphere with surface pressures of between 1 and 2 bar, Hy mixing ratios of between 0% and 6%, obliquity of 40 degree,
and geothermal heat flux of 55 mW m~2. We defined an ancient northern ocean and lakes in our model with the amount of
500 m global equivalent layer (GEL) at the initial state, and implemented a pre-True Polar Wander topography to investigate
the global water cycle of early Mars before late Tharsis formation. We iterated the runs of ALICE and coupled PMGCM-
CRIS several times over the course of 10° Mars years to explore the long-term evolution states for each condition of surface
pressure and Hs mixing ratio.

We found that climate on early Mars should be divided mainly into 3 types. First, with high surface pressure and Ho
mixing ratio, climate on early Mars was “warm and semi-arid”, characterized by global mean temperature of above 273 K and
prolonged rainfall-fed river systems carving valleys on southern highlands where the most of valley networks are observed.
These valleys were formed within a relatively short geological timescale ("10* Mars years), which agrees with previous
geological studies of valley network formation timescale (10*-10° Mars years). Second, with middle surface pressure and
H, mixing ratio, climate on early Mars was “cool and wet”, characterized by global mean temperature slightly below 273
K and widespread temperate-based ice sheets. Subglacial meltwater-fed river systems carved valleys on southern highlands
with a relatively longer geological timescale ("10° Mars years) than “warm and semi-arid” case. Third, with low surface
pressure and Hy mixing ratio, climate on early Mars was “cold and icy”, characterized by global mean temperature much
below 273 K and widespread cold-based ice sheets, preventing ice sheet from melting. In both cases of "warm and semi-arid”
and “cool and wet” scenarios, our river model CRIS produced widespread valleys which are consistent with more than half
of the observed ones, indicating that many of river systems in the southern highlands are likely to have been formed by either
rainfall or subglacial meltwater. However, in case of “cold and icy” scenario, there was almost no apparent surface liquid
water activity, which is contradictory to observations. Even though with the scenario, there is a possibility that several valleys
were produced by short-lived climatic warming, possibly through an increase of atmospheric greenhouse gas by volcanism
and meteorite events.
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Development of a radiative transfer tool for surface pressure retrievals on Mars

for Mars Expresss§OMEGA and MMX/MIRS

#Akira Kazama®l), Yasumasa Kasaba?), Shohei Aoki®), Hiromu Nakagawa4), Takao M Sato®, Shinnosuke Satoh®, Nao
Yoshida”

(ITohoku University,(QTohoku UniV.,(?’University of Tokyo,(4Dep. Geophysics, Grad. Sch. Sci., Tohoku Univ.,®HIU,®Tohoku
University,”Geophysics, Tohoku Univ.

To understand atmospheric variability on Mars, the distribution of surface pressure is important. Since Mars has a large
orbital eccentricity, solar radiation fluctuates by more than 30% per year. As a result, large global and mesoscale variations
are caused by the condensation and sublimation of CO2 and H20 and the local and seasonal variations of dust. On Earth, the
distribution of surface pressure can be obtained by many observation points on the ground. However Mars only has a few
numbers of landers at specific locations, so the horizontal distribution of the surface pressure has been poorly understood.
global surface pressure distribution of Mars can only be delivered from the orbiter data.

Forget et al. (2007) and Spiga et al. (2007) are the only examples of the successful derivation of mesoscale surface
pressure distribution. In this trial, the surface pressure was retrieved from the near-infrared CO2 absorptions at 2 um taken
by OMEGA onboard Mars Express (MEx) during its initial observation (2004-2005). The CO2 mixing ratio in the lower
Martian atmosphere (well known as 0.9532 in early summer obtained by the Viking Lander mass spectrometer) can be
assumed as uniform in altitude, and we can assume that the surface pressure is in proportion to the CO2 column density
when the atmosphere is hydrostatic.

In this previous case, only ideal data (e.g., no aerosol scattering, etc.) were used, and only about 0.7% of the total data (29
out of about 4,000 nadir observations) were utilized. From those limited data sets, the pressure distribution over 95 x 150
km (2.5 deg in longitude, 4 deg in latitude) could be derived and succeeded to show the pressure gradients and atmospheric
waves.

The near-infrared spectrometer MIRS onboard the Martian Moons eXploration (MMX) mission, which is scheduled for
launch in 2024, will be able to observe a wide area in the mid-to low-latitudes in one-hour intervals by using the scanner
mirror of the instrument and the maneuver operation of the spacecraft. Continuous observations of the mid-and low-latitude
Martian atmosphere are planned from its orbit around Phobos. We have tried to make use of this capability to retrieve a
wide-area surface pressure distribution.

We first retrieve the mesoscale surface pressure from the entire period of MEx/OMEGA observations (2004-2010) in
its SWIR (near-infrared) channel 1.8-2.2 um (25 points, wavelength resolution 20 nm). Following the method adopted
in Forget et al. (2007) and Spiga et al. (2007), the CO2 column density is used for the estimation of the surface pressure
with surface altitude correction. Eight physical parameters (atmospheric pressure, temperature, surface albedo, dust opacity,
water ice, solar zenith angle, solar viewing angle, and phase azimuth angle) can affect the observed spectra. Therefore, at
first, we prepared ~3,640,000 cases of calculated spectra based on the HITRAN2020 database, calculated with the radiative
transfer code ARS (Ignatiev et al, 2005). Using this spectral table, surface pressure could be quickly retrieved by matching
the calculated spectra and the observed one, by the maximum likelihood estimation method. In this presentation, we will
report the status of and results from our surface pressure derivation system adopted for MEx/OMEGA. In addition, we will
also discuss the potential issues requested for the global pressure derivation system to be adopted by MMX/MIRS. We will
work to fully make the most of the wide-field spectroscopic imaging capability of MMX (19.8x40 deg field of view, about 80
times larger than OMEGA/MEX). For this application, the treatment of real atmospheric conditions with aerosol scattering is
a challenging point.
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Study of variation mechanisms of the Martian diffuse aurora
#Taishin Okiyamal), Kanako Sekil), Robert J. Lillis?), Davin E. Larson?), Gina DiBraccio®), Shannon Curryz)
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The diffuse aurora at Mars (e.g., Schneider et al. 2015) is considered to be caused by solar energetic particles (SEPs)
penetrating into the Martian atmosphere along the interplanetary magnetic field lines draped around the planet. The diffuse
aurora emission consists of significant CO2 ™ ultraviolet doublet emission and having peak below 100 km altitude. Schneider
et al. (2018) showed that the time variation of the auroral emission does not always correlate with the variation of the SEP
electron flux. The emission correlates also with SEP protons in some events. The cause of the time variations of the auroral
emission is far from understood. The horizontal induced magnetic field is developed when interplanetary magnetic field is
draped around the Mars, and the structure of the magnetic field will change the flux of the penetrating SEPs. Therefore,
one of the candidate mechanisms to cause the auroral variations is the change in the magnetic field orientation around Mars
by affecting the vertical auroral emission profile. The purpose of this study is to investigate effects of magnetic field on the
vertical emission profile of Martian diffuse aurora based on a Monte Carlo simulation and MAVEN observations.

We have developed a Monte Carlo model that calculates the vertical emission profile of CO,+ UVD, which is a typical
emission line of the diffuse aurora. Our model used similar methods to the model by Bhardwaj & Jain (2009), which
calculates the energy degradation of electrons below 1000 eV through collisions between CO5 and electrons. The energy
range of our models is expanded up to hundreds of keV by including the cross sections for collisional reactions between
electrons and neutral atmosphere used in the model by Gerard et al. (2017), which reproduces vertical emission profiles of
Martian diffuse aurora. A difference of our model from the previous models is to trace the trajectory of each electron in
the given magnetic field structure including its cyclotron motion to investigate the effect of the draped magnetic field. We
use MAVEN observational data, such as electron flux and magnetic fields, during the diffuse auroral event as inputs to our
model. The results showed that the peak altitude of the emission intensity decreases with increasing dip angle of the magnetic
field from the horizontal direction. Effects of the magnetic field strength are smaller than those of the dip angle. The result
suggests that the magnetic field orientation in the vicinity of the planet is one of the important factors to cause variations of
the vertical emission profile of the Martian diffuse aurora.
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Variations of hot oxygen corona of Mars during a comet approach
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Univ., ®Kyoto Univ.,(°SSL, UC Berkeley

Ton pickup by the solar wind is a ubiquitous feature in space plasma. Because pickup ions are originally generated by
ionization of the exospheric neutral atmosphere, their measurements contain information on the exospheric number densities.
Here we establish a method to retrieve exospheric number densities, by analyzing ion velocity distribution functions of
pickup ions measured by the SupraThermal And Thermal Ion Composition (STATIC) instrument on Mars Atmosphere and
Volatile EvolutioN (MAVEN) spacecraft. We successfully reproduced exospheric oxygen density distributions from “500 to
10,000 km altitudes of Mars.

Using the retrieval method of exospheric number density, we examined variations of hot oxygen corona during a period
when the comet Siding Spring approached Mars in October in 2014. We examined variations of O number density profiles
every MAVEN orbit and found that number density of hot oxygen corona above 2000 km increased by a factor of a few after
the comet approach. However, a Coronal Mass Ejection (CME) hit Mars "2 days before the comet approach, and a regional
dust storm started to expand ~2 days after that, and these events could have also affected the upper atmosphere of Mars. Thus,
it was not straightforward to identify the cause of the change in hot oxygen corona and careful data analysis was necessary
to understand effects of the comet approach.

In this presentation, we will show variations of the retrieved O number density profile before and after the CME, comet
approach, and dust storm events, and discuss their time scales to discuss possibilities of direct cometary water transportation,
sputtering by cometary pickup ions, and the Martian atmospheric heating effects by cometary atmosphere. We also discuss
the CME and dust storm effects on the hot oxygen corona based on their onset timings and variation time scales.
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CO distributions and climatology in the Martian mesosphere and lower thermo-
sphere retrieved from TGO NOMAD solar occultation

#Nao Yoshida®), Shohei Aoki?), Frank Daerden®, Justin Erwin®), Hiromu Nakagawa4), Ann Carine Vandaele®), Ian
Thomas®, Loic Trompet3), Isao Murata®, Naoki Terada®, Lori Neary?’), Miguel Angel L0pez-Va1verde7), Ashimananda
Modak?, Villanueva Geronimo®, Liuzzi Giuliano®), Yasumasa Kasaba®, Manish Patel!?), Bojan Ristic®), Giancarlo
Belluccill, Jose Juan Lopez Moreno”)

(1Geophysics, Tohoku Univ.,(*The University of Tokyo, ®BIRA-IASB,*Dep. Geophysics, Grad. Sch. Sci., Tohoku
Univ., ®Environmental Studies, Tohoku UniV.,(6Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.,"Instituto de Astrofisica de
Andalucia (IAA/CSIC),(sNASA Goddard Space Flight Center,(®Tohoku Univ.,(1%School of Physical Sciences, The Open
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Carbon monoxide (CO) is one of the tracers which can see the dynamics in the Martian atmosphere because the lifetime
of CO is longer than the timescale of dynamics. CO is produced by the photodissociation of CO, and recycled to CO4 by
the catalytic cycle by odd hydrogen [e.g., McErloy & Donahue, 1972]. CO volume mixing ratio (VMR) is well mixed in
the lower atmosphere, but it increases with altitude above “60 km. The further enhancement of CO VMR is simulated in
the polar regions due to the meridional circulation from the thermosphere using the 3D GCM models [Daerden et al., 2019;
Holmes et al., 2019]. The vertical distribution of CO VMR has been observed for the first time by the ExoMars Trace Gas
Orbiter (TGO) mission [Olsen et al., 2021; Modak et al., submitted; Yoshida et al., 2022]. Olsen et al. (2021) focused on the
distribution in MY34 L, = 160 — 240, which includes the onset of the global dust storm event. Modak et al. (submitted)
investigated the CO VMR in MY34. Yoshida et al. (2022) discussed the CO/CO, ratio with a subset of the data taken in
MY35, and the altitude range was limited above 70 km due to the retrieval method. The retrieved CO VMR in Olsen et
al. (2021) and Modak et al. (submitted) are qualitatively similar to the GCM model (Forget et al., 1999; Lefevre et al.,
2004). However, they mentioned the quantitative disagreement with simulations. In this study, we report the CO distribution
from MY34 L, = 160 to MY35 L, = 100 retrieved from the solar occultation (SO) channel of Nadir and Occultation for
MArs Discovery (NOMAD) instrument aboard TGO [Vandaele et al., 2018]. We aim to show the CO climatology and the
interannual variation and interpret its distribution using the GEM-Mars model [Daerden et al., 2019; 2022].

NOMAD is a spectrometer measuring between 0.2 and 4.3 1 m aboard the ExoMars TGO [Vandaele et al., 2018]. Solar
Occultation channel (SO) of NOMAD measures infrared between 2.3 and 4.3 p m (between 2320 and 4350 cm™!) with a
high spectral resolution, R "17000, thanks to the combination of an Acousto Optical Tunable Filter (AOTF) and an echelle
grating [Neefs et al., 2015; Thomas et al., 2016; Vandaele et al., 2018]. The AOTF instantaneously selects diffraction orders
("20 — 25 cm™1), which enables us to measure 5 to 6 orders simultaneously during the same orbit. The spectral features of
CO 2-0 bands (3970.72 - 4360.10 cm™!) are recorded in order 186 — 192. The strongest line in the CO 2-0 bands, 4291.5
cm™!, is included in order 190. The line intensities of the CO 2-0 bands in orders 186 and 192 are weaker by one order
than that in order 190. Here, we analyze the transmittance spectrum observed in orders 190 and 186 because these are more
frequently observed. The retrieval of CO is performed with the radiative transfer code, named ASIMUT [Vandaele et al.,
2006], and the optimal estimation method (OEM) [Rodgers, 2006]. The atmospheric temperature and pressure profiles are
inputted from the GEM-Mars simulation [Daerden et al., 2019; Neary & Daerden, 2018], whose model takes into account
the effects of the dust storm events in MY34 [Neary et al., 2020]. The fitting is conducted for continuum and CO absorption
features. The continuum is assumed to be the 4th polynomial function. The retrieval is calculated for each spectrum at each
tangential altitude independently [e.g., Aoki et al., 2019].

The CO VMR is retrieved from the near-surface to 120 km altitude. We have validated the results in the altitude range
between “50 and 110 km. The increase of CO VMR typically above 60 km is obtained as same as Olsen et al. (2021) and
Modak et al. (2022). Our observation showed that the CO VMR is generally higher in the morning terminator than in the
evening terminator. However, such a local time variation disappears in Ly = 120-126 and L; = 277-283 in MY35, and L =
59-65 in MY36. The latitudinal-altitudinal distribution is symmetric near the equinox, but it is asymmetric near the solstice,
which is the same result predicted by the GEM-Mars simulation presented in Daerden et al. (2019). A decrease in CO
VMR in the upper atmosphere during the global dust storm event is measured, whose phenomena are observed by ACS as



described in Olsen et al. (2021). We find that the interannual variation of CO distribution showed that the decrease in CO
VMR during the global dust storm is restricted in the middle-latitude to the polar region. In the lower latitude, the CO VMR
in MY34 is the same and/or large compared to that in MY35. At the presentation, we will show those variabilities in more
detail and interpret the CO climatology using the GEM-Mars model [Daerden et al., 2019; 2022].
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Identifying atmospheric waves and solar wind impacts in the Martian atmosphere
and ionosphere
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Atmospheric gravity waves (GW) are ubiquitous features of planetary atmospheres. They act as “conduits” to transport
energy and momentum between different regions, and they affect a variety of atmospheric processes from mixing of minor
species to momentum balance, thermal balance, and dynamic circulation. These waves achieve far larger amplitudes in the
Martian thermosphere than are typically observed at Earth. Thus, at Mars such waves may play an even more important role
than they do at Earth. Without a strong magnetic field, observations of ions at Mars also commonly reveal features of GW
that frequently track those in the neutral atmosphere. However, the solar wind (SW) is also capable of producing fluctuations
or irregularities in the ions that may have wavelengths similar to GW and can confuse such an analysis unless data from both
ions and neutrals are used simultaneously.

Here we identify characteristics of both atmospheric waves and SW induced fluctuations seen in MAVEN observations of
the Martian thermosphere and ionosphere. We applied the Neutral Gas and Ion Mass Spectrometer (NGIMS) aboard MAVEN
measures both neutral and ion densities during the period from 2015 to 2020 for five years. The wavelike fluctuations of
neutrals, CO2, No, O, and ions, O2F, CO,™", O™, are identified by the polynomial fit to the individual profile altitudes from
160 and 240 km. The two-fluid model has been used to identify properties of GW and acoustic waves (AW). For each
set of NGIMS observations orbit by orbit to both the neutrals and ions, we search through the range of possible GW/AW
frequencies, wavelengths and see if they can fit the observed density fluctuation amplitudes and phases.

Based on the analysis of 68 characteristic cases, we demonstrate that atmospheric waves do not explain the fluctuations
attributed to impacts of the SW. In at least some cases, this transition is consistent with the increasing gyro/collision
frequency ratio along the height. We then present the occurrence rates of these SW impacts, their relationship to the solar
wind itself, and spatial distribution across the planet. In a wide survey, we see currently unexplained behavior both at night,
and especially near dusk over the stronger crustal magnetic field features. Although the basic process might be understood by
analogy in the Earth with a stronger intrinsic magnetic field, we would like to deepen our consideration from a comparative
planetary perspective.

KRBENIE, BERGHICEBINCEELTED, TR LY —MlBR T Bk 2 5 EHEBRE T 2788 2 LT
B, WEBERDTDES, EFE - BANS U2, KROMERETHA BRGS0 RICHELZRIFT, Zh o KRKIEFHELL
WK EBE TR T RINCBII XN 2 X D B EOICKERIRENBR N TN D, E-oT, KETIFHIERED X5
WCEEREE ZH o TWAAHENED D 2, HMOBHEATEE LW E T, AR PERR e X BIERilE R
FTIEMRBWN, —HT, PRV LICED, FHEL2LDOKGEPEZ AL —RTHPEZARICHEIES I
TEHAROES TPTHAMEEZERL S 2, 207D, KEBHETIITEL S 250D 5 DM H & OB EHE
WA > TEFMHRENTE D, ZOMEMNNREEECYID 5B EEERED /- DIFEETH 5,

AHZE TR, KK EEEHRE MAVEN I & 2 K EREEREBN T — X 2 VT RED 5 ORKIEE) & FiHd 65Dk
RIS & 2450 &5 ORBEH S 2012 %5, MAVEN I8 & N7zt - 4 4V EE9Hes NGIMS % W 2015 4
5 2020 £ 5 FEMICEBIE N 7=AME COaN.,0 & 4 4> 0,7,C0,T,0F OBEBELR D 2N T 2, 2h2h0
BELE 2 1E. S 160~240 km O 4 DBLETH LN ZEESMICH L TEZENX 7 4 v M2k i35, BRlcH S
NFEELR I LT, SHRABIEE S AR KRS 2 2 2 T, KKENE - BROREZRET 5, BHlX - BELE)
DIRIE & (AH % FiRARTRE 2 KGR ORI SE M A2 #iPH CHIAC & 2 R i3 %,

AR 72 68 Bl 7 — X &R L 72558 H 6. KEFEUCEER 3 2 BELK 2 I ZTMIKE 7V % v 72 K&RIRE) CLlEEE D
OPRENWI ERFIHTEIENTER, ZOBE. - 442 e OFERBEARIZICE S v 4 AR XD ERT
BIGE. BBV AV h Y TU Ik D, BEERKTICA SN EELIP AR UL KK IEE Tt
HT2ZeMWTE, —HTY v A nABERDPERT 28551, BHEASKIFEOEILALNS Z D, PO
DD —ATHERTEIENTEZ, RICEDZBLDTFT—XEHWT, KEEEEr OBR, ZR91HP SZA Ik7EFEH: 72
AR RIS 2T L, ZOREE, K. FICEWHIERIGHE G 4 B, KRKIEEI TSI D 22 2 WiR
BZENNALND IR bh oz, X DEVEGRGE R OHIRICE T2 7 e TEANR o RI3HEFETE S L
EZTWDBD, HEREZMNCEZRED TOE N,



R009-21
B&E 1 11/7 AM2 (10:45-12:30)
11:00~11:15

#HICR HEYD, FE MBS, SFH O E Y, I R Y
VRUR - B - HERARE, 2 mUk - B G FUk - B - i, (4 Sk - B - Bk

Simultaneous observations of ionospheric irregularities at Mars by Mars Express
MARSIS topside sounder and MAVEN

#Hina Bando"), Yuki Harada?), Naoki Terada®), Hiromu Nakagawa®)

(IKyoto Univ.,(?Kyoto Univ.,(®Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.,*Dep. Geophysics, Grad. Sch. Sci., Tohoku
Univ.,

Since Mars has no intrinsic magnetic field, the solar wind directly interacts with the Martian ionosphere, leading to iono-
spheric disturbances driven by the solar wind. Meanwhile, observations in the dayside ionosphere by Mars Atmosphere and
Volatile EvolutioN (MAVEN) indicate that there is a strong correlation between ion and neutral density profiles structure,
suggesting an ion-neutral coupling in the upper atmosphere (Mayyasi et al., 2019). Gurnett et al. (2008) reported that diffuse
echoes sometimes appear on the ionogram obtained by the Mars advanced radar for subsurface and ionospheric sounding
(MARSIS) on Mars Express. These echoes are presumed to be caused by irregularities in the ionosphere. However, no stud-
ies have yet compared echoes from remote observations with in-situ electron density perturbations, and the detailed properties
of ionospheric irregularities that cause diffuse echoes are still unknown. Here, we surveyed conjunction events in which Mars
Express and MAVEN observed the ionosphere quasi-simultaneously. We then, for each event, determined whether the in-situ
electron density perturbations were driven by solar wind forcing or neutral atmospheric waves by examining the ratio of gyro
frequency to collision frequency and the correlation between neutral density fluctuations and ion density fluctuations. The
case analysis revealed that the spatial scale of the in-situ electron density perturbations is approximately 120 -400 km. In
some cases, high solar wind dynamic pressure appeared to be the driving source of electron density perturbations that are
specific only to ionized atmospheres. Additionally, the statistical analysis results show that the in-situ electron density pertur-
bations create diffuse echoes on the ionogram. In this presentation, we discuss the frequency and wavelength characteristics
of the in-situ electron density perturbations that cause diffuse echoes based on the observations, and what parameters they
depend on.
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Multifluid MHD simulation of the effects of a dipole field on ion escape at ancient
Mars
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Escape of the ionized atmosphere, ion escape, played an important role in atmospheric loss and climate change at ancient
Mars due to intense solar X-ray and EUV (XUV) radiation and solar wind from the young Sun. The distribution of the crustal
magnetic field on the surface indicates that ancient Mars once had an intrinsic magnetic field. In addition to the solar XUV
and solar wind conditions, the presence of an intrinsic magnetic field affects ion escape. Our previous studies (Sakata et al.,
2020; Sakata et al., 2022) investigated the effects of the dipole field on ion escape processes and rates under the ancient solar
XUV and solar wind conditions based on global multispecies magnetohydrodynamics (MHD) simulations. They revealed
that the ion escape rates depend on the ratio of the dipole field’s magnetic pressure at the equatorial surface to the solar
wind dynamic pressure. The effects are more pronounced on the escape of molecular ions (02", and CO, ™) by ionospheric
outflow. However, the multispecies MHD model neglects kinetic effects and different dynamics among ion species. The
outflow from the ionosphere often occurs in a region where the solar wind H™ inflow and the planetary ion outflow coexist.
The multispecies MHD simulations may therefore underestimate the ionospheric outflow.

We developed a new 3D global multifluid MHD model with the cubed sphere grid. It solves the continuity, momentum,
and energy equations for five ion species (solar wind H, planetary H, O", O, and CO5 ™), the induction equation for the
magnetic field, and the electron pressure equation. It considers the ionization processes, chemical reactions, and collisions
which are important in the ionosphere. In this study, we assumed the ancient solar XUV and solar wind conditions used in
Sakata et al. (2022). The solar wind density and velocity were 700 cm ™~ and 1400 km s, respectively. The interplanetary
magnetic field was 20 nT in the away-sector of the Parker spiral. The solar XUV radiation was 50 times higher than the
current value. The two simulation cases were conducted: the case with no dipole field and the case with a weak dipole field
with the strength of 100 nT at the equatorial surface. We also conducted the multispecies MHD simulations on the same grid
system for comparison.

The multifluid MHD simulation results show that the asymmetric flux distribution of heavy ions (O*, O2 T, and CO5 ™) due
to the convectional electric field of the solar wind, which is not seen in the multispecies MHD simulations. We will focus on
the difference in the escape processes and rates and its implication for the effects of an intrinsic magnetic field on ion escape.
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Birthplace of energetic ions around the Phobos’ orbit at midnight: Implications
for future MSA observations onboard MMX
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Mars has experienced drastic climate changes over the past 4.6 Gyr due to a significant atmospheric escape. How much
carbon dioxide (CO2), which is a major component of the Martian atmosphere, has escaped into space is important for
understanding the climate change on Mars. The isotope ratio is particularly one of the key parameters in revealing the
Martian atmospheric evolution. Jakosky et al. (2017) suggested that more than 1 bar of oxygen (O) was lost to space from
measurements of argon isotope ratios based on observations by the Mars Atmosphere and Volatile EvolutioN (MAVEN)
spacecraft, assuming that the all lost O primarily originated from CO2, but these estimations were not derived from direct
observations of CO2. The evolution of O and carbon (C) isotope ratios between the surface and upper atmosphere is relevant
to understanding the CO2 loss process, but there have been no observational constraints on these isotope ratios in the upper
atmosphere. Note that Curiosity identified the isotope ratios of 160/180 “476 and 12C/13C "85 near the surface (e.g., Mahaffy
et al., 2013), and the Atmospheric Chemistry Suite onboard Trace Gas Orbiter (TGO) found the isotope ratio of 160/180
"420 in the middle atmosphere below 60 km altitude (Alday et al., 2019). Japanese future sample return mission ’Martian
Moons eXploration (MMX)” is a candidate for this observation.

One of the MMX mission is to determine the total amount of atmospheric escape that Mars has experienced in its history,
based on the isotope ratios of the ions observed around Phobos. This study aims to classify the characteristics of ions around
Phobos with a focus on their energies and velocities. We particularly investigate the birthplace of ions around the Phobos orbit
on the midnight side, where the electromagnetic field environment is more complex, by means of test particle simulations.
Simulations are performed with four cases of interplanetary magnetic field (IMF) clock angles. The difference in IMF clock
angle has little effect on the birthplace of ions detected around the Phobos orbit on the midnight side. Ions with energies of a
few keV are supplied from the magnetosheath, while those with energies greater than “10 keV are supplied by the solar wind.
The ions coming from the magnetosheath have three sources that are (1) in the flank region of the induced magnetosphere, (2)
around the terminator, and (3) on the dayside, which are determined by the electric field and potential in the magnetosheath.
The dependence of ion birthplaces on IMF intensity is also studied, suggesting that a larger IMF produces higher energy
ions in the magnetosheath and solar wind, resulting in closer ion birthplaces. This study would be useful for retrieval of the
exospheric atmosphere from future MMX observations on the nightside under the complicated electromagnetic environment.
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MAVEN and MEX Quasi-Simultaneous Multipoint Observations of Propagation
of Solar Wind-Driven ULF Waves into the Martian Ionosphere
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Electromagnetic waves generated upstream of bow shocks of unmagnetized planets such as Mars are important since the
waves could have a significant impact on the planetary plasma by propagating through the magnetosheath into the ionosphere
(Fowler et al., 2018, 21).

At Mars, it has been reported that so-called “Proton Cyclotron Waves” (PCW) are driven by cyclotron resonant interaction
with newborn pickup protons in the upstream solar wind region (Russell et al., 1990,92; Barabash et al., 1991; Brain
et al., 2002; Romeo et al., 2020). The waves are then advected downstream to the magnetic pileup boundary and drive
compressional magnetosonic ultralow frequency (ULF) waves within the ionosphere at a similar frequency (Collinson et
al., 2018; Fowler et al., 2018, 21). These compressional magnetosonic waves inject energy into the ionosphere and heat
planetary ions via wave-particle interactions, possibly leading to ion escape to space (Fowler et al., 2018, 21). This series of
processes have been actively studied as one of the mechanisms of ion escape from Mars, because the ion escape may play an
important role in the long-term climate evolution of unmagnetized bodies.

However, previous studies of the solar wind-driven ULF waves at Mars have been based almost exclusively on single-
spacecraft observations. Because of the orbital constraints of single spacecraft, it has been challenging to characterize the
likelihood of the upstream waves propagating into the ionosphere.

In this study, we investigated the ULF wave propagation rate from upstream of the bow shock into the ionosphere of
Mars with quasi-simultaneous multipoint observations of local magnetic fields. We identified 120 events in which Mars
Atmosphere and Volatile EvolutioN (MAVEN) observed the PCWs with its magnetometers in the upstream region, while
Mars Express (MEX) observed compressional fluctuations at a similar frequency in the ionosphere by measuring the local
magnetic field magnitude from electron cyclotron echoes recorded by MARSIS (we utilized the method established by
Akalin et al., 2010). We define these events as “wave propagation events” and investigate the dependence of the wave
propagation rate on various parameters such as MEX’s location and upstream drivers.

The results suggest that wave propagation into the ionosphere could be not an uncommon phenomenon on the dayside of
Mars and the propagation rate was found to be highly dependent on SZA and the upstream solar wind dynamic pressure. It
was also found that the rate depends on altitude and crustal magnetic field magnitude, although not as much as the former
two.
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Effects of planetary intrinsic magnetic fields on the atmospheric ion escape from
exoplanet TOI-700 d

#Tomoaki Nishioka®), Kanako Seki'), Ryoya Sakata!), Kazuhiro Yamamoto®), Shotaro Sakai®), Naoki Terada?®), Hiroyuki
Shinagawa®), Akifumi Nakayama®)

(IDept. Earth & Planetary Sci., Science, Univ. Tokyo, ?Dept. Geophys., Science, Tohoku Univ., ®NICT,*College of Science,
Rikkyo University,

The atmospheric escape from a planet can be greatly affected by existence of a planetary intrinsic magnetic field. For
example, a strong dipole intrinsic magnetic field of ancient Mars may have reduced the atmospheric ion escape rate (Sakata
et al., JGR, 2020, 2022). There have been many studies which focus on atmospheric escape from planets in our solar system.
However, space environments around exoplanets can be very different from those around Earth because of differences in the
stellar X-ray and EUV (XUV) radiation, stellar wind, and strength of the planetary intrinsic magnetic field. In this study, we
investigated how the space environment affects the atmospheric escape from a terrestrial exoplanet in the habitable zone of a
M dwarf star with a focus on the effects of the intrinsic magnetic field.

We focused here on exoplanet TOI 700 d, which is the first Earth-sized planet in the habitable zone (HZ) discovered by
the Transiting Exoplanet Survey Satellite (TESS) (Gilbert et al., AJ, 2020; Rodriguez et al., AJ, 2020). The host star is a M
dwarf star, which has lower surface temperature, thus closer HZ to the host star, and stronger XUV radiation in HZ than the
solar system around a G-type star. Another important difference is that direction of the interplanetary magnetic field (IMF)
around the planet may be dominated by the radial component because of the proximity to the host star and planet. The IMF
orientation can change the atmospheric escape rate from the exoplanet. In this study, we simulated the atmospheric ion escape
from TOI-700 d.

To model the space environment around TOI-700 d, we used the REPPU-Planets multi-species MHD simulations (e.g.,
Terada et al., JGR, 2009; Sakata et al., JGR, 2022). Our model solved three-dimensional multispecies MHD equations
including continuity equations for 11 ion species (O, O2™, CO,*, NO*, CO*, No*, N*, C*, He™, H*, Ar™) from
the bottom of the ionosphere to the inter-planetary space where a constant stellar wind is assumed. The model includes
photoionization, electron impact ionization, charge exchange, ion-neutral reactions, dissociative recombination, collisions
(ion-electron, ion-neutral, electron-neutral). As stellar wind conditions, number density, velocity, and temperature were set
to 450 cm—3, 470 km s~ !, and 1.3 x 10% K, respectively, by referring to previous studies (Cohen et al., ApJ, 2020; Dong
et al., ApJL, 2020). IMF was assumed to be a Parker spiral with an angle of 4° or 45 ° degrees and a magnitude of 12 nT.
Also, the stellar XUV flux was set between 1 and 50 times of the current Earth value. We assumed a Venus-like atmospheric
composition that depends on the stellar XUV flux as the input neutral atmosphere based on Kulikov et al. (SSR, 2007). Since
there is no information on the intrinsic magnetic fields of TOI-700 d, we assumed a global dipole magnetic field and direction
of the dipole moment is perpendicular to the ecliptic plane of the stellar system. To investigate the dependence on the strength
of the intrinsic magnetic field, the equatorial surface strength of the dipole magnetic field was set between O nT to 1000 nT. In
the 1000 nT case, it is strong enough to deflect the stellar wind and expected to reduce the atmospheric ion escape rate (Sakata
et al., JGR, 2022). When the exoplanet does not possess the intrinsic magnetic field (0 nT case), the high XUV condition
results in the large ion escape rate to remove the atmosphere within a few billion years. The existence of the strong magnetic
field reduces the escape rate. In the presentation, effects of the global planetary magnetic field on the ion escape mechanisms
will be also reported in detail.
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Study of plasmasphere formation at terrestrial exoplanets around M-Dwarf stars

and its detectability
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Many terrestrial exoplanets or super-Earth have been found around low mass stars such as M dwarfs. A red dwarf (M
type star) has comparatively narrow habitable zone, which is very close to the host star, and exoplanets are considered to be
exposed to extreme levels of X-ray and ultraviolet (UV) radiation [e.g., France+, 2016]. Classic equilibrium tide theories
predicts that K or M-type stars induce strong tidal effects on potentially habitable exoplanets, and tidal locking is possible for
most planets in the habitable zones of K and M dwarf stars [e.g., Barnes, 2017]. When a planet has dipole magnetic field and
rapid rotation, superposition of the stellar wind induced and corotation electric fields results in the tear-drop-shaped region
of the closed drift, where planetary ionized atmosphere can fill the magnetic flux tubes along the field lines. The region is
characterized with cold dense planetary plasma and called as the plasmasphere. In this study, a simple estimation method of
the size of terrestrial exoplanetary plasmasphere is shown based on the knowledge of the solar system planets.

First, we considered the role of rapid rotation of the atmosphere (superrotation) in the formation of the plasmasphere of
tidally-locked exoplanets. Many GCMs of exoplanets show that the circulations of typical tidally locked terrestrial exoplanets
can become superrotation [e.g., Showman+, 2013]. However, the horizontal circulation in the thermosphere is far from under-
stood [e.g., Machado+, 2017]. As for the planetary atmosphere, we assumed the Venus-like composition and thermospheric
and ionospheric density altitude profiles of various species are estimated based on newly developed 1-D thermosphere model
[Nakayama and Seki, in preparation]. As a representative stellar radiation input of M dwarf stars, we used XUV radiation
of the Proxima Centauri (PC) [France+, 2016]. As a result, the model estimates ionospheric densities for CO2+, CO+, O2+,
N2+, O+. N+, and C+ for imaginary exoplanets with the intrinsic dipole strength as strong as that of Earth and Venus-like
atmospheric composition with two planetary mass cases, i.e., Venusian mass or 2 times of Earth mass.

The results indicate that the main ion species in the ionosphere and plasmasphere is C+, and it is different from current
Venusian ionosphere whose main ion species is O+. The results of plasmasphere estimation show that Earth/Venus-like mag-
netized exoplanet can have a plasmasphere with a size of 4-6 times of the planetary radius. The size of the plasmasphere
depends on the superrotation speed of the thermosphere, ionospheric conductance, stellar wind dynamic pressure, and IMF
cone angle. Estimation of the transit depth of C+ line around 1334-1336 Angstrom indicates that the FUV absorption of plas-
maspheric C+ ions can cause a few to several percent of the transit depth depending on the planetary size and plasmaspheric
C+ density, which might be observable by space telescopes. Since the plasmasphere formation requires the existence of both
the thick atmosphere and global intrinsic magnetic field, the observation of plasmasphere can provide possible evidence and
clues of the exoplanetary atmosphere and intrinsic magnetic field.
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Two-band simultaneous observation for planetary lightning by using the photo-
multiplier tubes mounted on a ground-based telescope
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The activity and distribution of lightning can be used to understand the mechanism of atmospheric dynamics on the other
planets. The moist convection is a source of generating lightning, which is important to transfer the energy in the atmosphere.
The spacecraft has detected lightning on Jupiter through night-side optical imaging and radio wave observation. From the
existence of cumulonimbus near the observed lightning region, moist convection is expected to be correlated with the jovian
lightning distribution, like on Earth. Previous studies (Gierash et al., 2000; Ingersoll et al., 2000) suggested that the many
small-scale eddies, receiving their energy from the moist convection, drive the zonal jet. We can obtain information about the
convection by monitoring jovian lightning. About Venus, LAC onboard AKATSUKI recorded a possible optical signal from
Venusian lightning on March 1, 2020 (Takahashi et al., 2020). If the lightning discharge originates the signal, the occurrence
rate is equal to 2.7x10712 s~'km~?2 estimated by Hansell et al., 1995. If we can monitor global Venusian lightning activity
and distribution, it could be helpful to understand the Venusian atmospheric dynamics.

We have developed the Planetary lightning Detector (PLD) to observe the optical Jovian and Venusian lightning flashes
and be mounted on a 1.6-m Pirka ground-based telescope. The PLD is a high-speed photon-counting sensor using the
photomultiplier tube to obtain the light curve of lightning optical flashes. PLD observes the background level simultaneously
with a second photomultiplier tube with a broadband filter to ensure the light detected at the lightning emission line is well
over the noise level and background variation. We use a beamsplitter to separate the incident light from the telescope into
two photomultiplier tubes. The first photomultiplier tube observes the wavelength of Jovian or Venusian lightning. The PLD
has narrowband filters of 777 nm (FWHM = Inm) for Venusian lightning and 656 nm (FWHM = 1nm) for Jovian lightning
(Borucki et al., 1996). The second photomultiplier tube observes the background variation with the broadband filter, 700
nm (FWHM = 10 nm). We have observed Venus and Jupiter since 2021. We analyze the data with wavelet denoising to
remove the pulses caused by cosmic rays and shot noise. We compare the light curve obtained by the first PMT and the
background variation observed by the second PMT. Suppose the first PMT recorded the waveform showing an increase in
value, unlike the second PMT, and the pulses have a larger count value above the trigger level estimated by the background
noise amplitude. In that case, the candidate pulses are considered to have been detected. Several possible pulses are found in
the case of Venus. We can’t rule out the possibility that all recorded light curves originate from noise. We discuss statistically
and precisely to conclude the lightning detection.
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Latitude-altitude distribution of gravity waves of Venus derived from temperature
profiles obtained by Akatsuki radio occultation
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Atmospheric gravity waves are thought to have a significant impact on the maintenance of the Venusian atmosphere through
the transport of energy and momentum. The elucidation of the generation, propagation and extinction of gravity waves is a
key to understand their roles.

Vertical propagation of gravity waves has been detected as wavelike structures in temperature profiles obtained by radio
occultations in ESA’s Venus Express and JAXA’s Akatsuki missions. Tellmann et al. (2012) obtained the amplitude of small-
scale temperature fluctuations as functions of the latitude and the altitude. Their analysis limited the wavelengths to of 1 -
4 km because of the use of the geometric optics method; however, gravity waves with vertical wavelengths shorter than 1
km have been detected in Earth’s atmosphere and are thought to play important roles in the development of the atmospheric
structure. In addition, the geometric optics method cannot account for multipath effects that deteriorate the retrieval. On the
other hand, a method called Full Spectrum Inversion (FSI) (Jensen et al. 2013), which is a type of radio holography, can
decipher the multipath and achieve a vertical resolution as high as "0.1 km. FSI has been applied to a limited number of radio
occultation data of Venusian atmosphere to obtain high-vertical resolution profiles (Imamura et al. 2018; Mori et al. 2021).

In this study, we analyze larger number of radio occultation data obtained by Akatsuki than the previous studies using FSI.
The high vertical resolution temperature profiles allow estimation of gravity wave amplitudes for different wavelength ranges
including those <1 km. The amplitude is evaluated for different altitudes and latitudes to identify the locations where the
waves are generated and attenuated.
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Simulation of Venus atmospheric circulation with a tilt of rotation axis
#Hiroki Kashimura®), Norihiko Sugimoto®), Masahiro Takagi®), Yoshi-Yuki Hayashi®)
(IPlanetology/CPS, Kobe Univ.,Physics, Keio Univ.,®Faculty of Science, Kyoto Sangyo University

The tilt of the rotation axis of Venus is very small (about 2.6 deg), so that its effect (seasonal variation) has not been studied
well. Seasonal variations are unlikely near the surface because the radiative relaxation time can be as long as tens of thousands
of Earth days. On the other hand, around altitudes of 60-70 km, the radiative relaxation time is from few tens to several Earth
days, not much different from that of the Earth atmosphere, and the effect of the rotation-axis tilt is not necessarily negligible.
Yamamoto and Takahashi (2007) numerically investigated the effect of the rotation-axis tilt on the Venusian atmospheric
circulation and found that the influence to the strength of the superrotation by a tilt of 2.6 deg was negligible. Based on
this result and also for simplicity of setup, the tilt of the rotation axis has been omitted in Venus atmospheric simulations
performed by many groups in the world. In recent decades, the Venus Express and Akatsuki have provided estimates of the
horizontal wind distribution at cloud-top altitudes (around 65 km). In addition, Venusian atmospheric simulations with high
resolution have enabled us to express circulation structures in details. In other words, it is now possible to discuss the spatial
structure of Venusian atmospheric circulation including superrotation.

In this study, we performed a Venusian atmospheric simulation including the tilt of the rotation axis. AFES-Venus (Sug-
imoto et al., 2014) was used for the numerical model. Although AFES-Venus is a dynamical model that uses simplified
radiative processes and omits cloud microphysics and topography, the introduction of a low-stability layer and the use of
high resolution lead us to represent observationally consistent structure such as the cold collar (Ando et al., 2016) and the
planetary-scale streak structure (Kashimura et al., 2019). In this study, we performed a time-integration for 6 Venus years
with a horizontal resolution of 1.4 deg x 1.4 deg (T85) and 120 layers (dz = 1 km) in vertical; the rotation-axis tilt is 2.6 deg
and an idealized superrotational flow is used for the initial state. Other (resolution-independent) settings are the same as those
in Kashimura et al. (2019).

The numerical results show significant seasonal variations above an altitude of 60 km. In particular, the mid-latitude zonal
wind jet was about 10 m/s stronger in the winter hemisphere than in the summer hemisphere. For the mean meridional cir-
culation, both a direct circulation in low-latitudes and an indirect circulation in the mid-latitudes are stronger in the winter
hemisphere. The enhancement of the indirect circulation suggests the enhancement of baroclinic instability. However, eddy
fluxes of the angular momentum are poleward from the jet’s core and work to weaken the jet. On the other hand, along the
direct circulation in low-latitudes, an isomomentum region extends poleward. This suggests that, like the subtropical jet in
the Earth atmosphere, the jet was enhanced as a result of increased angular momentum transport due to the enhanced and
expanded low-latitude direct circulation (Hadley circulation). Such a north-south asymmetry of about 10 m/s in zonal winds
is also suggested by the Akatsuki observations (Horinouchi et al., 2018). Thus, analyses considering Venusian seasons are
coming to be important both for observational and numerical studies.
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Long-term variation and vertical structures of planetary-scale waves of Venus ob-
served by Akatsuki LIR

#Hiroyuki Koyama®), Takeshi Imamura®), Makoto Taguchi?, Toru Kouyama
(I The University of Tokyo, >Rikkyo Univ.,(3AIST

3)

Venus is a planet with a very long rotation period, but it has a very fast cruising wind that can reach 100 m/s at an altitude
of 70 km (Schubert et al., 1980). This wind is called superrotation. Superrotation is predicted to be caused and maintained
by momentum transport by non-axisymmetric vortices(Gierasch, 1975; Rossow and Williams, 1979).

As one of the mechanisms for the excitation and maintenance of superrotation, the contribution of planetary-scale waves
such as Rossby waves, which are distributed at mid- and high latitudes and propagate slower than the period of superrota-
tion, and Kelvin waves, which are distributed at low latitudes and propagate faster than the period of superrotation, has been
suggested. As one of the excitation processes of these planetary-scale waves, it has been suggested that the Rossby-Kelvin
instability is responsible for equatorward momentum transport (Iga and Matsuda, 2005; Wang and Mitchell, 2014). Recent
GCM calculations have also suggested that Rossby and Kelvin waves appear simultaneously near cloud tops and can be ex-
cited by Rossby-Kelvin instability (Takagi et al., 2022).

In this study, we focus on the possible contribution of planetary-scale waves and aim to clarify the structure of planetary-
scale waves on Venus from Akatsuki’s observations. The existence of planetary-scale waves with a wavenumber of 1, such
as Kelvin waves with a period of "4 days and Rossby waves with a period of 75 days, has been confirmed so far by previous
Venus missions (Del Genio and Rossow, 1990; Kouyama et al., 2015; Imai et al., 2019; Kajiwara et al., 2021).

The amplitudes of these planetary-scale waves vary over time scales of several months, as revealed by an analysis of cloud-
tracked winds obtained by the Ultraviolet Imager onboard Akatsuki (Imai et al., 2019). Observations by Akatsuki’s Longwave
Infrared Camera (LIR) have also revealed that waves with different periods appear simultaneously at high latitudes (Kajiwara
et al., 2021). However, the long-term evolution of these planetary-scale waves and the structure of their vertical propagation
have not been revealed from observations until now. In this study, we improved the method of Kajiwara et al. (2021) and
used the LIR data to detect planetary-scale waves from brightness temperature changes. We compared the results for different
observation periods and tried to clarify the vertical structures of planetary-scale waves by using the fact that the observation
altitude depends on the emission angle.

These periodic analyses revealed the stable existence of periodic waves that appear to be Rossby waves, and that the am-
plitude of the planetary-scale waves differs depending on the time when the data was taken, and the angle of incidence used
in the analysis. These results may be related to variations in background wind velocity and may contribute to the elucidation
of the excitation mechanism.
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A new constraint on HCI abundance at the cloud top of Venus
#M Sato Takao'), Hideo Sagawa?)
(1HIU,®Kyoto Sangyo University

We provided a new constraint on HCI abundance at the cloud top of Venus by infrared spectroscopy using a cross-dispersed
high-resolution echelle spectrograph, iSHELL, mounted on the NASA Infrared Telescope Facility (IRTF). This study aimed
to investigate the inconsistency in HCl abundance reported by previous ground-based observations and solar occultation
measurements by Venus Express. Venusian dayside observations at a solar phase angle of “90 deg were conducted during
August 6-7, 2018 and August 18-20, 2020 (UT), when the Venusian afternoon and morning sides were visible, respectively.
The high spectral resolving power of "80,000 and large Doppler shift ("13 km/s) enabled us to measure the Venusian lines
with less contamination by terrestrial ones. We analyzed the H>Cl P(5) and H?"Cl P(6) lines at 2775.8 and 2750.1 cm™*,
respectively in the 1-0 band together with }02C'®0 P- and R-branch lines of the 20001-00001 band, which fell in the same
spectral orders as the HCI lines. The '02C®0 lines were used to derive the cloud top altitude, as the upper clouds had a
significant impact on retrieving HCl abundance. The cloud top had an equatorially symmetric structure. The average altitude
was 70.8 & 0.6 km in the region equatorward of 30 deg and decreased toward higher latitudes. HCI volume mixing ratio was
derived as 0.379 = 0.013 ppm at an effective altitude of 70.6 £ 1.1 km and showed no significant latitudinal dependence
over latitudes of == 70 deg. A small difference of “0.02 ppm between 2018 and 2020 would result mainly from a temporal
variation. The H?°CI/H3"Cl abundance ratio was 3.01 £ 0.16, with no prominent latitudinal dependence. The obtained
HCI volume mixing ratio agreed with the results of previous ground-based measurements, which were approximately one
order of magnitude larger than those derived from the solar occultation measurements by Venus Express. This significant
inconsistency cannot be explained by systematic uncertainties in our retrieval analysis. To solve this issue, the impact of
forward scattering by aerosols on the retrieval method for solar occultation measurements should be investigated further.
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Latitudinal distributions of the cloud-top temperature and UV albedo and their
long-term variations

#Mizuho Watanabe®), Takeshi Imamura®), Makoto Taguchi®, Toru Kouyama®), Atsushi Yamazaki®)

(I The University of Tokyo,?Rikkyo University,(®National Institute of Advanced Industrial Science and Technology,*Japan
Aerospace Exploration Agency,

Clouds have a large albedo and cooling effect on the planet as a whole. In addition, an unknown absorber near the cloud-top
of Venus has a broad absorption range from ultraviolet to visible wavelengths with a peak around 360 nm and is considered
to play an important role in the absorption of solar energy. Therefore, the sulfuric acid clouds that cover the entire surface of
Venus are important for considering the climate on Venus.

Previous observations have revealed that the albedo of Venus fluctuates on a multi-year scale, and it has been further
suggested that the fluctuations might be related to periodic solar activity (Lee et al., 2019). The following series of physical
processes can be considered as expected climatic feedback in Venus’s climate system. The atmospheric cell changes the
albedo as a result of the transport of chemicals and cloud particles in the cloud layer and changes the atmospheric temperature
by altering the radiation balance of the planet as a whole. This change in atmospheric temperature alters atmospheric cells.
However, it is still unclear what the latitudinal distributions in cloud-top height and cloud-top temperature reflect. The
possible feedbacks include cloud physics, radiative transport, and Hadley cell, but no combined observational data have
clarified them.

In this study, we aim to investigate the causal relationship between different physical processes occurring on Venus by
analyzing long-term data acquired by multiple instruments onboard AKATSUKI at the same time. We have derived the
interannual variations of the mean latitudinal distributions of the cloud-top temperature and the albedo, and the time-series
variation over 8 Venusian years at each latitude, by analyzing the long-term data consisting of images continuously taken
by the 10 1 m wavelength Longwave Infrared Camera (LIR) and the 365nm wavelength UltraViolet Imager (UVI) onboard
AKATSUKI. The results show that both mean latitudinal distributions are generally symmetric or asymmetric, and their
structures differ depending on the period averaged over 1 Venusian year. The time series of each latitude showed quasi-
periodic variations on the scale of a few years. In the future, we plan to examine the vertical profile of atmospheric temperature
obtained from radio occultation, which is complementary to the horizontal profile of LIR, to discuss the factors that contribute
to the latitudinal distribution of cloud-top temperature in the horizontal and vertical directions. In addition to the qualitative
discussion so far, in order to conduct quantitative analysis, we will derive the annual average of cloud-tracked winds using
LIR (Fukuya et al., 2021), which can observe cloud-top temperature day and night. We will also discuss how the wind speed
is related to the albedo and cloud-top temperature.
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Spectroscopic and imaging observation of Venus for identification of an unknown
absorber by a balloon-borne telescope FUJIN-2

#Makoto Taguchi'), Yasuhiro Shoji?), Toshihiko Nakano®, Masataka Imai®), Mitsuteru SATO®), Yukihiro Takahashi®),
Seiko Takagi® , Ko Hamamoto® , Tatsuharu Ohno®), Kyoko Tanaka'), Taro Nishide?), Naoki Kawasuji?), Daisuke Kohno!)
(IRikkyo Univ.,(*Kanazawa Univ.,(®Nit. Ohita,(*Kyoto Sangyo Univ.,(®Hokkaido Univ.,(®Faculty of Science,Hokkaido
UniV.,(7H0kkaido UniV.,(SCosmosciences, Hokkaido Univ.

Gaseous species that absorb solar light in the wavelength region of 280 — 500 nm exist in the Venusian atmosphere. It has
been known that SO2 absorbs light with wavelengths shorter than 320 nm, whereas it has not yet been identified what gas
species are responsible for absorption with wavelength longer than 320 nm. A recent study suggests S20 and OSSO are the
most plausible candidates as the unknown absorber [Perez-Hoyos et al., 2018].

A balloon-borne stratospheric telescope FUJIN-2 will obtain near-ultraviolet to visible spectra and images of Venus to
identify the unknown absorber. From the upper stratosphere at an altitude of “32 km where absorption by the ozone layer is
much weaker than the ground level Venus reflection spectra down to 290 nm can be measured. The reason why the unknown
absorber has not been identified for a long time is that the spectral resolution of the past spectral observations of Venus was
too low to resolve the characteristic absorption features by gaseous species. FUJIN-2 enables us to observe Venus in the near
ultraviolet region where observation is impossible from the ground, with a high spectral resolution at a far low cost compared
with an orbiter or a satellite telescope.

The gondola is 3.5 m high and weighs 1.23 t including the weight of ballast of 550 kg. The spectrometer onboard FUJIN-2
covers a spectral range of 200 — 550 nm with a spectral resolution of 0.5 nm, which is high enough to resolve characteristic
absorption features by the candidate molecules. A Cassegrain telescope with a clear aperture of 400 mm is mounted on the
gondola, of which attitude is stabilized with respect to the inertial space by an active decoupling mechanism and control
moment gyros. Geomagnetic sensors and GPS are used to determine attitude and position of the gondola. A target object
is found by wide and narrow star sensors and tracked by the telescope mount so that the object is always at the center
of field-of-view of the telescope. Guiding error is detected by a position sensitive PMT and corrected by a tip/tilt mirror
(TTM) installed between the secondary mirror and the main focus in real time. A power supply unit with Li-ion batteries,
onboard computers, a power supply for TTM, and an Iridium satellite communication receiver/transmitter are installed in a
pressurized chamber in which temperature and pressure are kept at a room condition.

The balloon experiment will be conducted in Alice Springs in Australia in March/April, 2023. An image of Venus at the
wavelength of 365 nm where the absorption contrast is the highest in the near ultraviolet and visible regions will be acquired
to distinguish dark and bright regions seen in the ultraviolet. During 4 hours of the expected level flight duration spectra
and images at low, middle and high latitudes of Venus will be obtained. From the spectra obtained by the experiment the
unknown absorber will be identified, and a solar heating rate in the cloud layer will be estimated with a chemical dynamical
atmospheric model.
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The Comet Interceptor mission: JAXA’s mission definition review and system re-
quirement review completed

#Satoshi Kasahara®), Kazuo Yoshioka?), Naoya Sakatani®), Shingo Kameda®), Ayako Matsuoka® , Naofumi Murata®, Yuki
Harada™, Ryu Funase®), Hideyo Kawakita®

(I The University of Tokyo,®The Univ. of Tokyo, ®*ISAS,*Rikkyo Univ.,®Kyoto University, ®JAXA,("Kyoto Univ., ®kyoto
Sangyo University

Comets are pristine small bodies and thus provide key information about the solar system evolution. Remote observations
by ground observatories have characterized various comets, while in-situ observations by spacecraft have brought much more
detailed information on several comets. However, the direct observations by spacecraft fly-by or rendezvous have been limited
to the short-period comets, which neared the sun many times in the past and thus lost some of their primitive characteristics.
The Comet Interceptor mission, led by ESA, aims at a long period comet or an interstellar object. JAXA will provide an
ultra-small (24 U) daughter spacecraft (probe B1), whose closest approach will be less than 1,000 km, allowing the first-ever
multi-spacecraft fly-by observations of a comet. In June 2022, ESA formally adopted Comet Interceptor as the first mission
of the Fast class. Subsequently in July 2022, JAXA completed mission definition review and system requirement review, and
the team is now referred to as a pre-project in JAXA. Meanwhile several advances have been made in hardware development,
and here we will report some details of them.
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Effect of the regolith-atmosphere water exchange on water vapor column simu-
lated by a Mars GCM
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The global distribution of atmospheric water on Mars is controlled by transportation of water vapor and ice clouds, gravita-
tional sedimentation and surface accumulation of water ice clouds, and sublimation of water ice on a surface with the primary
source from the northern polar cap. In addition to them, the absorption and desorption by surface regolith are also thought to
regulate the diurnal water cycle (e.g., Jakosky et al., 1997). For example, a recent mesoscale simulation (Steele et al., 2017)
with an active regolith reproduced the diurnal variations in relative humidity consistently with the measurements by the Rover
Environmental Monitoring Station (REMS) onboard Curiosity under the assumptions of several adsorption isotherms. As for
the study of global regolith-atmosphere water exchange using a Mars General Circulation Model (GCM), Bottger et al. (2005)
implied that regolith exchange only about 10% of the atmospheric water vapor column and cannot contribute to reproducing
the diurnal variations of water vapor column, which was a different claim from the studies using mesoscale models about the
importance of an active regolith. However, the sensitivity of adsorption isotherms has not been discussed well. We started to
study the regolith-atmosphere interaction using a GCM to clarify that. We have newly implemented a regolith scheme based
on Zent et al. (1993) and Bottger et al. (2005) into our Mars GCM with the water cycle (Kuroda, 2017). We performed two
kinds of simulations using two different adsorption isotherms, which are defined by Fanale and Cannon (1971) and Jakosky
et al. (1997) to check the sensitivity to them. The former has been used in previous GCM studies, and the latter has been
said to be the most appropriate in mesoscale models. We ran the GCM for a Mars year and showed that the adsorption likely
occurred in the areas with high water vapor and lower temperatures. Regolith adsorbed water vapor efficiently in the northern
summer (Ls "90 degrees), which is consistent with the previous study (Bottger et al., 2005). Also, the amount of water in
the subsurface can vary reasonably depending on the defined adsorption isotherms. When the adsorption isotherm with a
large temperature dependence of adsorption at low temperatures (Fanale and Cannon, 1971) was defined, the water vapor flux
on the surface became large, which indicated that previous GCM studies with an active regolith presumably overestimated
the amount of adsorbed water at night and early morning. Our results also suggested that the regolith less contributed to
the diurnal variation of water vapor column. In the presentation, we will discuss why the implications of the active regolith
contribution were not consistent between the GCM and mesoscale models.

KEIZBY 2 KAFHDIKD 5L, KELKRNOKEZEOHE, EVE & RER, a2 FE R MEHAIR e 32 HR T
DIKDFHEIZ X > THIFIIN T WD, ZNSHITMZA T, HIRL IV 22K 2085 - BiE S/KERO HNEEN RS LT
W3 EEZHNTWVS (e.g. Jakosky et al., 1997), Iz X, L 3V RA-KKEOREEZERB LAV A r—L¥ a2l —
¥ a v (Steele et al., 2017) TlE, WL D2 OWEFERBEZHVWT, F2 VA7 4 BHOR—N—REE=2V V7
77— a ¥ (REMS) I &K 2 HIEME  —3F 20N E 0 HREEHPHEHE I N, KEKERET LV (GCM) Z VW1 I
) Z- KR DK DOIFE T, Bottger et al. (2005) 25, L 2V I ARGKELHED 10 WREE L ZHiE 3, KER
H7 LEOHNZEOFRICIEFS LRI L ERBLTED, LY ROEBERIIOWT, XY AT —LETILICL
BMFLL IR B FRELTWVWS, LL, WESRBROBEECOVWTE, ChETHhEDEMINTIRIro7, TN
ZHOPIZT 27012, GCM ZHW2 L I3V A-KKMHEAIERH O 2 iR U7z, 4 1d Zent et al. (1993) & Bottger
etal. (2005) IZFEDL LTV ZZRF— 2%, KIEERZZEE L /2 KE GCM IZHi 72125225 U 7= (Kuroda, 2017), Fanale and
Cannon (1971) & Jakosky et al. (1997) TEFEI Nz 2 EOWAEFRBEEH VT I 2L —Y a Y27V, ZORE%:

BLz, BB INETOGCM MIETHVWOLNTELZDBDTHD, BEREXA VAT —LEFLZBVTRDEYTH
BYEDLNTERLDBDTHS, EFNLE | KEEDESLEZE 25, KELGHZ L, BEMRVEB TS Z - 720]
HEMEREWZ EARENTZ, LIV ZFILEERDE (Ls 790 X) 18hF & K AKFEKZ WS L. ZAUILLRTOWIZE (Bottger
etal., 2005) ¥ BAMTH o7z, F/2. HIFOKBIZERINEZBEFRRICE > THERRENLT S Zehbh ol K
IR T DO DIRERFEE R 2 VWIS SRR (Fanale and Cannon, 1971) 2/ E# T2 &, BEDKELK T 7 v 7 ABKE
{7h, LY ADTEHLZNETO GCM I3 TIREME» 5 R OB KENBAFMM X TWrEEE R H 5, £
72e LIV ZADIKERLG S 7 L BOHNEEFNCHE D FES L TVWARWI L RBINz, BETIE, BELITVY XDFESEN
GCM 2 XV RT =NV ETILDOBTEESLED 27200V THEAT 5.
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Derivation of vertical profiles of sulfur dioxide in the Venus cloud layer by the

Akatsuki radio occultation measurements
#Hinako Onuma®), Katsuyuki Noguchi®), Hiroki Ando?, Takeshi Imamura®), Hideo Sagawa?)
(INara Women’s Univ.,(?Kyoto Sangyo University, 3The University of Tokyo

On Venus, clouds exist at the altitudes from 45 to 70 km, covering the entire planet. This thick cloud layer plays a key role
in controlling the heat budget in Venus atmosphere. One of the missing information is the vertical distribution of the sulfur
dioxide (SO3) which is the main chemical compound in forming the sulfuric acid clouds.

The previous observations of SO vertical distribution in the cloud layer have been limited to the in-situ measurements of
the VEGA probes and the radio occultation (RO) measurements of the Venus Express. The former showed only two vertical
profiles of the SO, mixing ratio from the surface to 60 km. The latter derived the mean SOy mixing ratio at 51-54 km.

In the present study, we estimated the SO5 vertical profiles in the cloud layer (50-55 km) using the data obtained by the
RO measurements in the Japanese Venus climate orbiter mission, “Akatsuki”. Provided that sulfuric acid vapor cannot be
supersaturated in the cloud layer, we attributed any attenuations of radio waves that exceed the saturation curve of sulfuric acid
vapor to the attenuations by SO». We examined the SO5 errors by estimating the dependence of the sulfuric acid saturation
mixing ratio on the concentration of sulfuric acid in cloud particles and by considering the noise of the radio wave intensity.

The averaged profile showed the mixing ratio of about 200 ppm at 50 km and 50 ppm at 55 km, decreasing with increasing
altitude. Our results are consistent with the previous results of the VEGA probes and Venus Express RO measurements.
Additionally, we found a local time dependence of SO, mixing ratio that tends to decrease during the daytime in the cloud
layer, similar with previous observations conducted above the cloud layer. Long-term variations were not found in the present
analysis.

BEOEE 45-70 km [ZIIHEED SR 2 ENFIEL, RELURZE > TWVW5, ZOEDOFMETDH WA DERNIC
W BERRE (SO2) HARAIRTHH SOy ORFZERI NI T 2 HHRISEOEYM A MRS 2 L THEELX 52 5,

SO, DRI L TR, EE EZ22TIEZ < OBHNCE S WHEIIRITEMThbA T WA A, EENOBENIMD T
D7 <, VEGA 7u—7##llt Venus Express BFMHEINCIE 5 5, AiiEIE, HRETH SEE 60 km £ TD SO, B
AH:@:—JF? DHERLUED, FOBHBIX 2 KOATH 5, AiFE, e A 2R CHEIZITOEE 51-54 km 12

BIF 3 SO, IRELLDEGHEEEH Uiz, £72, ZBTETIX SO, BREHD B — Il 2 4 2MEEHSPSREZ#ER»ME AT

32— T, EE TN mDTHizn,

AW TIX. Venus Express IR CERA SN FERIIR L. H 20 X HIBREIN 7 — 25 5 5 & 50-55km
TD SO, DEESHEES 2 BikA S, BRBREINTIZ. KA FOERERINT 2 Z e 2FfHA LT, EEHKD»S
HIBRISER L7 BIROBEERD 5 Z O RKMHBROBE R EHTE 2, BHFEHRBINICHH A2 EREGTICEL T, 22
BV TEERINCE ST 256/ 1Z, COz. Na. SO, AR TH 5, Fio. BERBEOERICIE., KRS X 5 TIY
DODHINCHIEWD 7 > T F DIEMRERE., T4 7+ —h > Y 7uARBF N5, ZEHREORRIND» S, BED 2 ODFE
ERETLZIETRYOBERDP O RRUC L ZMUNELZHETE DB TEL, Z20%, COy & Ny ITX MUK EZEL
5 Z WAL SO, DIRALEEN T %, Venus Express BIFAEREHI 7 — & % f## L 7z Oschlisniok et al. (2021) Dfi#
T BERASEDN NS S BB XA TIRIIFEETE RV E X 5N 5 HEHEE (51-54km) TOFEIZET SO,
WERT 2 e RET 2 2 8T, EEICBIT 2 FMN7ZR SO2 IBEHZR TV, ARIFFETIERIEZA SRR Lk wvwe
RET ST, ERD SO, MEN OHEE % ik AT,

SOy BHIBEFRICB WV TIE. TREEEIANE S L O ERIREE R A O MAFIE 2 MET U 724558 98 % OTRBEEEE 2 51 REICH W %
Zee L7z, ¥/ BRATOZEHREDIXS DX EERIUND TN TOERER T 2RI AR L. Zhe /4
Y L THRBTPOZEEEICMA T LT S0, ZEH L2 24, ZOEIZ SOppm BRETH o7, ZD7=H, ZOERE
ERGUNDEI X 28E AT I Lz,

B X7z SO, IBRALEDEE 50 km 1281 2 FHMEIX 200 ppm FRETH D, SEN LA 2 ICONTRALIZED L
=& 55 km Ti& 50 ppm fRETH o 7z, RALLDEIX. Venus Express B EREIARE RO AT L BAWTH D, i
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EHD X 5 RAELRZENIR S zh o 7z,



R009-P04
RXH—2 111/5 AMI/AM2 (9:00-12:30)

TGO/NOMAD K EASER 7 —%2 % AL *CO/*CO LT DAIERFER

HER FEME D, B AEY, HE SR D P R Y, S OES D, AP BE D, NE Y, EHORR
1 AnnCarine  Vandaele®

(O gk k2%, @ sk, (3Royal Belgian institute for space aeronomy

Carbon isotope ratio in CO on Mars observed by TGO/NOMAD: Preliminary

results

#Kimie Shiobara'), Shohei Aoki?, Nao Yoshida'), Hiromu Nakagawa!), Naoki Terada'), Yasumasa Kasabal), Isao
Murata®), Tatsuya Yoshida®), Vandaele AnnCarine®)

(ITohoku University, ?Tokyo University, ®Royal Belgian institute for space aeronomy

It has been suggested that Mars once had a thick atmosphere with a surface pressure of more than about 0.5 bar around
4 Ga (e.g., Kurokawa et al., 2018). The isotopic compositions of atmospheric components have been used to constrain the
Martian atmospheric evolution. In particular, carbon isotope ratios are the important tracer to constrain the origin of the
organic on Mars. The isotopic ratio can be fractionated by degassing, condensation, photodissociation, molecular diffusion,
and atmospheric escape to space. However, the previous observations of carbon isotope ratios are limited to COs, the
main component of the Martian atmosphere. Schmidt et al. (2013) suggests that 13C/*2C (§ 13C) in '3CO theoretically
decreases by around 200 per mil through the isotopic fractionation by photodissociation of CO5 by the quantum mechanical
methodology. Thus, in order to fully understand the carbon isotopic cycle of the atmosphere, we also need observation
of the carbon isotope ratio in CO. ExoMars Trace Gas Orbiter (TGO), which started science operation in 2018, has two
high-spectral resolution spectrometers that carry out solar occultation measurements, which allows us to perform a sensitive
measurement of trace gas on Mars. The characterization of the isotopic ratios are one of the main science goals. In fact,
previous studies with TGO measurements have shown the isotopic ratios of carbon, oxygen, and hydrogen in CO5 from 70
to 100 km and in water vapor from surface to 50 km (Vandaele et al., 2018; Alday et al., 2020, 2021; Villanueva et al., 2021,
2022). In this study, we attempt to derive the carbon isotopic ratios in Martian CO for the first time, using infrared spectral
data observed by Nadir and Occultation for MArs Discovery (NOMAD) on board TGO. Moreover, we will investigate the
vertical profile of carbon isotopic ratios in CO to constrain how isotopic ratios in the lower atmosphere are transported
vertically to the upper atmosphere, where the atmosphere escapes into space.

Thanks to the solar occultation technique and high spectral resolution (R~17,000) achieved by simultaneous use of an
echelle grating and Acousto-Optic Tunable Filter (AOTF), NOMAD enables us to perform a high-precision remote sensing
analysis of atmospheric trace gas species and isotopic ratios. First, in this study, we have selected the best absorption lines
for derivation of the isotope ratios. In order to derive the isotope ratio accurately, we need to use a set of 12CO and '*CO
absorption lines that have similar weighting functions along the line of sight. There are many strong absorption lines of 12CO
and 13CO in 4100-4250 cm~! and we can observe a set of 12CO and '3CO absorption lines that have similar intensities
in 4157-4190 cm~!, which is echelle grating of NOMAD diffraction order 185. Furthermore, considering the temperature
dependence of the absorption lines and contamination of light from other diffraction orders, we chose 4180.28 cm™! for
12CO and 4180.86 cm ™! for 3CO to derive isotope ratios because these lines allow the smallest uncertainty.

Solar occultation observations by order 185 of NOMAD is a new observation mode, which started from February in 2022.
In this study, we have analyzed 13 orbits data from 2022/2/24 to 2022/4/8. For the retrieval, we use a radiative transfer and
inversion code, ASIMUT (Vandaele et al., 2006), which were used in the previous studies with the NOMAD data. This
code uses Optimal Estimation Method (OEM) (Rodgers, 2000) to find the best parameters to fit the data. Temperature and
pressure profiles in the Martian atmosphere for radiative transfer calculations are obtained from the theoretical predictions
by GEM-Mars GCM (Daerden et al., 2019). We use the total amount of *2CO and '3CO along the line of sight as free
parameters, and performed the retrievals for each altitude independently. We further selected the results retrieved in each
altitude by the two following criteria - (1) in order to distinguish between absorption and noise, we only selected data in
which the absorption features of *2CO and '3CO being 5 times larger than instrumental noise (i.e., SNR >5); (2) in order to
ensure the similar weighting functions along the line of sight, optical depth of absorption lines of *2CO and '3CO is smaller
than unity. As a result of these post-selections, we found that we can derive the *CO/*2CO from 20 km to 50 km. The
retrieved isotope ratios show a strong depletion of *CO, § '3C being between -300 and -800 per mil from 20 km to 50 km
in all of the 13 orbits. When we take the average in the altitude direction for all orbits, the averaged value of § '3C = -634
per mil and its standard derivation is 141 per mil. The degree of the depletion of 3C in CO evaluated by this preliminary
result is much stronger than the theoretical estimates of the photo-induced isotopic fractionation suggested by Schmidt et al.
(2013). We plan to evaluate the effects of temperature, instrumental calibration and retrieval method on these preliminary
results in order to verify the validity of our observation and consider the cause of the gap with theoretical research.
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Cold collar reproduced by a Venus GCM with the Akatsuki horizontal wind as-
similation
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The atmospheric thermal structure in the Venus upper polar region is reproduced by the assimilation of horizontal winds
derived from the Akatsuki ultra-violet images. The obtained structure is well consistent with infrared and radio occultation
measurements. In particular, the unique thermal structure in the Venus polar vortex such as cold collar and warm polar region
in our model is realistic: the level where the cold collar is located and the temperature difference between cold collar and
warm polar region are consistent with the measurements. The reasons why the thermal structure in the upper polar region
is realistic are that the zonal wind distribution around the cloud top level and the structure of the residual mean meridional
circulation induced by the thermal tide are improved. Our results also suggest that the thermal structure in the Venus upper
polar region is closely related to the atmospheric dynamics.
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A study of the temperature perturbations obtained from the radio occultation
measurements by the Venus Climate Orbiter Akatsuki
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Univ.,®Keio Univ.,("Faculty of Science, Kyoto Sangyo University

We analyzed the small-scale (vertical wavelengths of 4km or less) temperature perturbations between 45N and 45S in the
Venus atmosphere using the radio occultation measurements conducted by the Akatsuki spacecraft. We found a characteristic
structure in the local time-height distribution around 80 km altitude. The possible mechanisms generating such structures
includes the spontaneous gravity wave radiation (Sugimoto et al. [2021]) and thermal tidal waves themselves with small
vertical wavelengths that were suggested to exist at higher altitudes (Pechmann and Ingersoll [1984]).
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Periodic variations of ion density in the Martian ionosphere during dust storms
observed by MAVEN/STATIC

#Taiga Osanai®), Kei Masunaga®), Takuya Hara®), Naoki Terada'), Shotaro Sakai'), Nao Yoshida®)

(IDept. Geophys., Grad. Sch. Sci., Tohoku Univ.,2JAXA/ISAS,(®SSL, UC Berkeley,*Dept. Geophys., Science, Tohoku
Univ., ®Geophysics, Tohoku Univ.

Due to no intrinsic magnetic fields on Mars, a state of Martian upper atmosphere is highly controlled by the solar wind and
solar EUV flux. However, recent studies showed that the compoition of various atmospheric components in the Martian ther-
mosphere and exosphere fluctuates in response to Martian dust storms (e.g., Yoshida et al., 2021). Recently, HISAKI space
telescope observations during a major dust storm period have shown that the total amount of hydrogen and oxygen atoms in
the upper atmosphere varies periodically, likely imposed by the atmospheric waves in the lower atmosphere (Masunaga et al.,
submitted). However, it is unclear how the variations of thermospheric and exospheric abundances affect ion abundances in
the upper atmosphere during dust storms.

Using the SupraThermal And Thermal Ion Composition (STATIC) on the MAVEN spacecraft, we analyzed the variation
of the number density of two ion species (HT, O") observed, during a major dust storm that occurred in September 2016.

To remove the solar zenith angle effect on the density variations, we only used the data in which the solar zenith angle of
the MAVEN position was 100 degrees considering dependency on the solar flux. We studied diurnal variations of H* and
O™ number densities in the ionosphere and found that H' increase by a factor as the day passes and O™ fluctuate constantly.
Furthermore, periodicity in the density variations was determined using the Lomb-Scargle periodogram method. We found
that HT and O show characteristic periodic variations in the ionosphere (180-250 km).

In this presentation, we will discuss the periodic density variations of HT and O™ in the ionosphere observed by STATIC
and compare with those of H and O in the thermosphere found in previous studies.

EHES 2R R WKEICBWT, #BEERKOIREZLIZKRE RS KR EUV 7 7 v 7 ZOEENIRNTH 2 L&
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AFHETIZ, AP b—LTHAISNZEREE HT © O OFEMANEEZ(L L BITHEIC & > THRR I W -BE K
KO H & O OMZIICBI L THBzT v, EEtE & 2B OBIRICOW TR T 2.
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A photometric study of the Enormous Cloud Cover (ECC) seen in the Venus’
night-side disk

#Takehiko Satoh!), Takao M Sato?), Takeshi Horinouchi®), Takeshi Imamura®), George Hashimoto®

(1ISAS, JAXA,(?Hokkaido Information University,(?’Hokkaido University,(4The University of Tokyo,(50kayama Univ.

The 2-um infrared camera (IR2) onboard Akatsuki observed a remarkable cloud feature in the Venus’ night-side disk, a
sharp discontinuity of cloud opacity which subtends latitudinally to some thousands of km (Peralta et al., 2020). Though
obvious and seemingly common in the Venus’ atmosphere as similar features can be identified in imagery since the beginning
of the night-side observations (Allen and Crawford, 1984), the mechanism of this enormous cloud cover (ECC) has not yet
been explained.

To characterize this ECC (aerosol size parameters and column numbers), we have analyzed the Akatsuki/IR2 data, as well
as the Venus Express/VIRTIS data. Six sets of the Akatsuki/IR2 data (MM-DD = 03-27, 07-22, 08-09, 08-18, 08-27, and
09-06) are measurable with varying photometric uncertainties, due to contaminations from the intense day crescent. Seven
VEXx/VIRTIS data, as tabulated in Peralta et al. (2020), are also measured by the consistent method with that for IR2 data.
A reference region, which is just west of the discontinuity and is seemingly not affected by the ECC, is defined as the back-
ground cloud (BC) region. Radiances at the BC and the ECC regions are measured for two IR2 filter passbands (1.735 and
2.26 um). They are plotted in the correlation plot (radiance at 2.26 um in horizontal axis and radiance at 1.735 um in vertical
axis). The BC-to-ECC slope can be used to infer the aerosol size and abundance that changes the BC region to the ECC
region. Comparison of obtained characteristics of the ECC for different observing times will be presented and implication to
the possible mechanism of this large-scale phenomenon will be discussed.

B0 ZHERHRD 2-um FIMED X 7 IR2 IFBREOERENIZ, FEIAET km  DIAH D 2 b DEKRE D EGHE » 8
HIL 72 (Peralta et al., 2020), X CH FEAIZECHEON-HEGEZ RIET 2 ZN5DHICHFEBOBERKN A 54 (Allen
and Crawford, 1984). SR RKKOPTIEZOWELZE LR TWADIPDDH 23T, ZOX I =X LERFEHTDH %,
birbiudZz o R 2132 5 Enormous Cloud Cover (ECC) & £, Z4UTHE X Uk \ilH E5HI Background Cloud
(BC) HEl . DEW (BRFV A XRY) &, BOHEERE T AW cifi~Ni,

HH1roE IR WFEBHHBAB DR S TWT T — X% L 2w (2016 FED 3/27, 7/22, 8/9, 8/18, 8/27, 9/6) DT. Venus
Express/VIRTIS 7 — X b &hB TN T2 2 ¥ L7z, ECC OFEANCHEELZZITTWERWBCHEBEE D, 4D 2
HIYE (IR2 @ 1.735um & 2.26um 7 4 VX —) ZHM L7z, JFoNBEEEL 2 BOHEES 7 7ic7ay b (772U
BRI EERFEA) L, BC25 ECCANDELEFHHTIEET TN EMEL =, IR2 7 — X B X VIRTIS 7 — X £k
M3 %5 2 2T, BC— ECC OIEENRETAIPREB I, £722016 48 A 18 HIRRELMELZ RIHTHL L
b ah o7,
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Study of SO2 transport using UV images taken by Akatsuki and radiative transfer

calculation
#Tatsuro Iwanaka®), Takeshi Imamura?), Atsushi Yamazaki®), Yeon Joo Lee
(IThe University of Tokyo,(QThe University of Tokyo,(3JAXA/ISAS,(4Institute for Basic Science, South Korea,

3) 4)

The distribution of H2SO4 clouds in the Venus atmosphere is an important factor that influences the solar energy absorbed
by Venus. Understanding the sequence of process that SO2, the precursor of cloud, is transported from the lower layers to the
cloud top and photochemically changed to H2SO4 is essential for understanding the climate system of Venus.

To observe the spatial distribution of SO2, the Venus orbiter Akatsuki has been taking UV images of the Venus disk from
orbit, and because SO2 absorption is mainly around 280-300 nm, the bright and dark patterns in the 283 nm UV images taken
by Akatsuki are thought to reflect mainly the SO2 content. However, to quantify the SO2 content, retrievals considering the
scattering of solar ultraviolet radiation by H2SO4 aerosols and CO2, which is a major atmospheric constituent, are needed.

In this study, we developed a new method to estimate the SO2 mixing ratio at the cloud top from UV images using a newly
developed radiative transfer code under various conditions and estimated the SO2 mixing ratio during the period from 2016
to 2020. We compared the local time-latitude distribution of the SO2 mixing ratio with the atmospheric general circulation
model by Takagi et al. (2018), and the dependence of the SO2 mixing ratio on local time was consistent with that of the
vertical wind and vertical movement of air calculated by the GCM. The results show that the SO2 variations and the vertical
air movements caused by the thermal tidal waves are on the same scale. However, we need to consider the effect of unknown
UV absorber as well as SO2 at 283 nm in the future.

ERRKPOREL 7 0 VL THEREINZDOEDSHIE, SEPRINT 2 KB AN F I CEESTIHEELRERTDH
3. EOHIBYMETH S SO2 B FE» HETEHE THEX N, JEENCHEAZL T2 —HO o 2 2 MET 5 2k
1%, ®REOKES AT L2HRET 2 ETRAIRTH .

SO2 DZEMDH BT 272012, SEFARKS»OERZHELIOLEET 4+ A7 ORNEBRERE LT TV,
SO2 & 280-300nm 3T IR D HLE D=0, Hoo &2 L7z 283nm EAEGIC B &7 2 BB ORI FIC
SO2 DEDK/NERKMTZLEZLN2DHDD, SO2 DEED/-DIZIIMBL 7 a YL KRAFERTTHS CO2I12L?
KIGEANNDORELZERB L2V M) —NABRETH 5.

Z 2T, AWRTIX, DD EDRRA RBRMAESEED N TERE USRS, Fi MR L %X a— F2 A
WTETETO SO2 IS AHEE T2 FEZEFE L, 2016 025 2020 £ TOHIR O SO2 BALLZHEE L. SO2ES
e JRPR Y 7 BRE R A E 77 #i % Takagi et al. (2018) IC X 2 RGAAEIRET L LIz 25, SO BR&tkov—H1 X
A DK BIIEEE. GCM I X D EHE I NP EER LA DHMEREIC L 2 DD e FEEI R o7z, 72721, 283nm
121 SO2 721 TR S REE DENBINIE D ERD 2720, ZOMBEDSHERT IDEND 5.
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Science with Lunar Low-Frequency Radio Interferometry: Solar System and
Planetary Science

#Fuminori Tsuchiya'), Takahiro Iwata?), Toru Yamada?), Naoki Isobe?), Yutaro Sekimoto?), Yasuyuki Miyazaki?), Takanao
Saiki?), Osamu Mori?), Tetsuo Yoshimitsu?), Keitaro tTkahasi®), Satoru Iguchi®), Toshikazu Onishi®), Daisuke Yamauchi®
(ITohoku Univ., 2ISAS/JAXA,®Kumamoto Uiv.,(*NAOJ,®Osaka Prefecture Univ.,(*Kanagawa Univ.

Non-thermal radio emissions in the low-frequency range below several tens MHz provide a means of understanding the
magnetic activity in the stellar and planetary magnetosphere, as well as sensing the plasma density in the propagating media.
Because of shielding by the Earth’s ionosphere, spacecraft have been used to observe radio waves below 10 MHz. On the
other hand, low-frequency radio waves require longer antenna elements, making it difficult to increase the aperture size
of the radio antennas mounted on a spacecraft. For this reason, low-frequency radio telescopes on the lunar surface and
radio interferometry using formation flights of spacecraft have been considered as future tools of the low frequency radio
astronomy.

A feasibility study (FS) to realize a lunar low-frequency radio interferometer is currently underway. In this presentation,
we will describe the scientific objectives for solar system and planetary sciences which will be addressed by the future lunar
low-frequency radio interferometer.

The FS targets a prototype antenna to be carried on a lander and a prototype interferometer with several self-standing
antenna units. The main observation targets in the solar system are non-thermal radio sources from the Sun, Earth, and
Jupiter. These radio sources have been studied for many years, and the prototype antennas will be used to evaluate their
influence on weak radio wave observations from distant radio sources. On the other hand, the seamless frequency band
across 10 MHz and the long-baseline interferometer with Earth’s stations are expected to provide new insights on solar
and planetary radio emissions. The prototype interferometer will also enable observations of the structure and temporal
variation of the lunar ionosphere. The formation of the ionosphere is related to the interaction of the Moon with charged
dust and plasma and is expected to provide knowledge related to the lunar environment and science. When a high-sensitivity
interferometer with many antenna units is realized in the future, it will be possible to obtain information on lightning activity
in planetary atmospheres, auroral radio emissions of ice giant planets, the magnetic activity of stars with habitable planets,
and exoplanet radio emissions.

ARG OIERANEIR L, HE - REMSKBEOMSIEIZEET 2FETH 2 2 2 dic, HELEY» S ElER Lo 7
S X< BERNMTEE Y 725, 10MHz MU FOBRIZHIEROBEEEIC X DEkX 3720, ANTHRAEIEHEZH- T
- —H, REKETE 7 v 7 FREFHRLSRD, RARCHERT 27 > 7 FORBULAREIC KR 2. 20k, A”ND
KA B EEFEOERP, HREBOREIITIC X 2B R TP sh TE k.

BE, AEREFERTHHOERRZHET 74 PV T4 XX 5 4 (FS) D 5N TH Y, KRFEHTIE, KBRE
¥ MERIZOMIENRICOWT, HEERENER TSN E D BRI 2RZHEEL RS, A FS 1%, SREEICHERS
270 b4 T 7T Fe, BT TSy MERBICE ST R AL TSR ENRE LTWS. KIBRNOE
REBEINSRE, K, HER, REOIEBWER 2%, ZhALDEBERFERIEEOMEOEREDD, Tt xALTF7 0T
FTU, EH BRI O OMITERBIA OFEFME1T S .

—7, 10MHz %5 < > — 4 L AR BB HIBRE & O RFEBRTHEFHC L b, BlEAffifd o s B o 5 S BARF T
5. 7n b X4 TEFRTHI TR, HOBHEO#ESCREAZH OB IREL 725, ‘%Ewmﬁkiﬁﬁ&xb%7
A< HOMEFRDPBEFRLTE D, AHRESHORYEICHEE L -HROEE I S. Bk, 2HRO7 Y77
W55 EBEET R PEB LRI, REARKROBFTERSCHKED A —u SBPICIA, "X ITNVKEERFOER
DOHRKIEHOES, RAKEENZE L 2XEMGC BEENEROEEIHRETICAS.
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Next UV space telescope, LAPYUTA: instrument overview and technical develop-
ments

#Go Murakami), Fuminori TsuchiyaZ), Masato Kagitani?’), Atsushi Yamazakil), Kazuo Yoshioka?), Tomoki Kimura®,
Masaki Kuwabara®, Keigo Enya'), Shoya Matsuda”

(1JAXA/ISAS,Planet. Plasma Atmos. Res. Cent., Tohoku Univ.,(*PPARC, Tohoku Univ,*The Univ. of Tokyo,®Tokyo
University of Science,(GRIkkyo Univ.,("Kanazawa Univ., 8JAXA/ISAS,(Kanazawa Univ.

The Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope Assembly (LAPYUTA) mission aims to
carry out spectroscopy with a large effective area (>300 cm?2) and a high spatial resolution (0.1 arc-sec) and imaging with a
wide field of view in an ultraviolet spectral range (110-190 nm) from a space telescope. The main part of the science payload
is a Cassegrain-type telescope with a 60 cm-diameter primary mirror. Two main instruments are installed on the focal plane
of the telescope: a spectrometer and a UV slit imager. The spectrometer contains a movable slit with different slit width, a
holographic toroidal grating with 2000 lines/mm, and an MCP detector coupled with CMOS imaging sensors. Spectral reso-
lution of <0.01 nm and field-of-view of 100 arc-sec will be achieved. A UV slit imager consists of imaging optics, several
bandpass filters with a wheel, and a same type of UV detector as the one installed in the spectrometer. In order to achieve a
high spatial resolution of 0.1 arc-sec, we will install a target monitoring camera at Oth order position inside the spectrometer
and slit imager for both attitude control and image accumulation process. We are studying the concept of LAPYUTA and
preparing a proposal of it to JAXA’s M-class category. Here we present the updated LAPYUTA concept design, the overview
of the spacecraft and instruments, and the status of technical developments.
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Scientific feasibility study for planetary auroral observations for the LPYUTA
mission

#Tomoki Kimura®), Chihiro Tao%, Go Murakami®), Kazuo Yoshioka®), Fuminori Tsuchiya®, Atsushi Yamazaki® , Masato
Kagitani®), Koga Ryoichi®, Kei Masunaga®, Shotaro Sakai®)

(ITokyo University of Science,(*National Institute of Information and Communications Technology,®Japan Aerospace
and Exploration Agency,*University of Tokyo,(®Tohoku University,(®Nagoya University, "NICT,®ISAS/JAXA,®The
Univ. of Tokyo,(°Planet. Plasma Atmos. Res. Cent., Tohoku Univ.,("'JAXA/ISAS,('2PPARC, Tohoku Univ,(**Nagoya
Univ.,("*JAXA/ISAS,(*Dept. Geophys., Science, Tohoku Univ.

We made a feasibility study for observations of planetary auroras with the next generation planetary ultraviolet (UV)
space telescope LAPYUTA. Based on current dataset from the Hubble Space Telescope and the Hisaki satellite, simulations
for the LAPYUTA spectroscopy and imaging were made for Jupiter’s auroral emissions. It was confirmed that under the
current design of LAPYTUA telescope, both the spectroscopy and imaging have enough sensitivity for detections of Jupiter’s
auroral emissions. Now we are narrowing down the imaging filters specifications and planning the observation modes. In
this presentation, the current status of the above feasibility studies are presented.

RIREEAIMRFHERSE LAPYUTA ICK 2 KEF —n 505, R, BEBHO 7 4+ -V 74 2K 5 4 2 Ej
L7ze BEFEDONy TVFHERFPLOX EHEOBH T — X . LAPYUTA O#I#RRT T —RicEo &, KREA4—n
SONEE - |mEBBHIOY I 21 —Yar®iTok, ZOFR. BIKD LAPYUTA OEAFEHZB W T, 208,
BGERI e B2, RREHIBERD 72D IR BERERRBEEZF > TW\W3 2 ¥ BHERT & /2, BUEIXMLERR RGO
BT FOUERRICIANT 2 DERIRIR 7 4 VX RHEDZ D IAAR, BT — FOMGIEREIToT0wd, RFEKRTIE. LEito
T4 =Y VT 4 RART 4 DBEIREHRET %,
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Method to explore the lunar subsurface structure by passive radar using auroral
kilometric radiation with Kaguya/LLRS

#Emi Tanaka'), Fuminori Tsuchiya®), Atsushi Kumamoto'), Yasumasa Kasaba'), Hiroaki Misawa'), Rikuto Yasuda®), Ha-
jime Kita?)
(ITohoku University, ?Tohtech, ®Tohoku University,* Tohoku University, ®Tohoku University, ®Tohtech

The Lunar Radar Sounder (LRS) was installed on KAGUYA(SELENE). The purpose of the LRS is to perform radar
soundings of the lunar surface and subsurface structure to understand the evolution of the Moon. The LRS consists of three
subsystems: the sounder transmitter and receiver (SDR), the natural plasma wave receiver (NPW), and the VLF wave form
capture (WFC). LRS-NPW is capable of natural wave observations in the frequency range of 20kHz to 30MHz. With this
receiver, natural radio wave observations such as aurora kilometer radio waves (AKR) originating from the Earth’s auroral
latitudes and Jupiter radio waves in the hectometer band (HOM) have been successfully carried out [Kumamoto et al. 2016].
Recently, using echoes of these natural radio waves, investigations of the subsurface structure and ionosphere of Jupiter’s icy
satellites are being considered for implementation with the JUICE spacecraft. Such an observation technique is called a pas-
sive radar. Although there have been studies on the Moon applying AKR to ionospheric probes [Goto et al. 2011], there has
been no investigation of lunar subsurface structure using AKR. The objective of this study is to investigate a method to probe
the lunar subsurface structure from AKR data obtained by LRS-NPW. To probe the subsurface structure, we use interference
fringes between AKR direct waves propagating from the Earth and AKR reflections on the lunar surface and subsurface struc-
ture. In this presentation, we will show the preliminary results of the feasibility study. AKR is observed in a low frequency
range from several tens to several hundred kHz and has the potential to probe deeper subsurface structures than an active radar
sounder (LRS-SDR) which was operated in 4-6MHz. According to Ono et al.2010, interference fringes between direct waves
and surface reflected waves have already been observed in the LRS. To calculate the interference fringes produced on the
radio spectrum by the direct waves from the Earth and the reflected waves from lunar surface and subsurface, the following
assumption were made. In this preliminary study, for simplicity, the incident angle of AKR to the lunar surface is set to Odeg
and two-layer subsurface structure whose, relative permittivities are 4.0 for the first layer and 8.0 for the second layer. The
attenuation in the first layer is not considered. KAGUYA’s altitude from the lunar surface is set to 100 km and the thickness
of the first layer is set to 1 km. Based on the above assumptions, the frequency spacing [kHz] and amplitude [dB] were
determined for interference fringes due to direct and surface-reflected waves, and for those due to surface-reflected waves
and subsurface-reflected waves, respectively. As a result, the interval and amplitude of interference fringes due to direct and
surface-reflected waves were 1.5 kHz and 6.0 dB, respectively. The interference fringe interval between the surface-reflected
and subsurface-reflected waves was 75 kHz, and the amplitude was 8.3 dB. The interference fringes actually captured by
KAGUYA is a combination of direct, surface-reflected, and subsurface-reflected waves; the calculated interference fringes
of the three waves show that the frequency interval of the interference fringes between the surface and subsurface reflected
waves on the lunar surface is 75 kHz and their amplitude is 2 dB. Since the frequency resolution of LRS-NPW is 6 kHz,
interference fringes due to direct and surface reflected waves cannot be resolved in the region near (Odeg E, Odeg N), where
the incident angle is Odeg, but interference fringes between surface and subsurface reflected waves could be detectable. Since
a frequency spacing of interference fringes become wider as the AKR incident angle is larger [Kumamoto et al. 2016], it is
expected that the LRS-NPW will be able to capture the interference fringes due to the direct waves and the reflected waves. In
order to reproduce the fringe under more realistic conditions, it is necessary to add the attenuation term in the first layer, which
is currently not taken into account, and also to enable calculations at arbitrary angles of incidence, depending on KAGUYA'’s
latitude and longitude, for comparison with LRS-NPW observation data. In this presentation, I will discuss the progress of
the research and prospects for deep structure exploration of the Moon.

AHEE#ERE (2<% 123, HlL — & —¥% % > & — LRS(Lunar Radar Sounder) 23&# XT3, LRS O HIIZ. AF
HABLUOHMTHEEDL — X =BV 74 7270, AOEIIZOWTHET S22 TH 5, LRS 3V v X —E%Z(E
#B (SDR). HF i BB ZAEEE (NPW), VLF i EZ(EE8 (WFC) D 3 2D% 7Y A7 L 6 - TWwb, LRS-NPW
TlZ 20kHz~30MHz O & HEC T HARABEBEIAHETH 5, ZOZEKICI OHEROA —n SH2EEr T2 4 —n
ZF%Fn X —XEF (AKR) A7 b X — MLHOKREER (HOM) Fo HARBFEANZAKLY LT3 [Kumamoto et al.,
2016], MIE, ZDO LI RERB RO a—%HWT, REHER JUICE ToOEMEE L 72 AKEDKEZEDH N
SEMEREOMSFBITORTWS, ZOMRBITEE Sy 7L —&X— LR, HTlX AKR ZEHEEREKICEH
L72f%51dH 2 H DD [Goto et al.,2011], AKR % F\W7z A HH MGERE OMGHEIRZIThbATnizwn, Riffgto HY
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Analysis of electrostatic cyclotron harmonic waves observed by the ARTEMIS
satellite

#Koji Fujita?), Satoshi Kurita®, Yuki Harada?, Hirotsugu Kojima®)

(IKyoto Univ,(?Kyoto Univ.,®RISH, Kyoto Univ.

Electrostatic Cyclotron Harmonic (ECH) waves are a type of plasma wave, which is characterized by a harmonic structure
with a spectral peak between integer multiples of the electron cyclotron frequency. It has been confirmed that ECH waves
are excited under the electromagnetic environment around the Moon formed by the interaction between the Moon and space
plasma, which has no large-scale intrinsic magnetic field and no atmosphere.

In previous studies, ECH waves have been analyzed using data observed by the lunar orbiter KAGUYA, which orbits at an
altitude of about 100 km from the Moon, but research on ECH at even higher altitudes has not progressed.

The purpose of this study is to elucidate the relationship between ECH wave excitation and the plasma environment around
the Moon using data from the ARTEMIS satellite, which orbits the Moon in an elliptical orbit and observes a wider altitude
range than KAGUYA.

First, the region where ECH waves are observed was investigated based on plasma and wave data acquired by the ARTEMIS
satellite during the year 2021. We found that ECH waves are observed at the altitude of the ARTEMIS satellite only when
the moon is located within the magnetosphere.

The observed ECH waves can be classified into three types: those with a spectral peak near the UHR frequency (Type 1),
those with multiple spectral peaks between integer multiples of the cyclotron frequency (Type 2), and those with characteris-
tics of both Type 1 and Type 2 (Type 3).

The regions where the classified ECH waves appeared were examined by focusing on the satellite location relative to the
moon. The type 3 event is most frequently observed on the night side, although it was also observed on the dayside. The type
1 and 2 events are observed on both the lunar dayside and night side, but are less frequently observed compared to the type 3
event.

We also investigated the magnetic connectivity between ARTEMIS and the lunar surface during the onset of ECH waves,
by straight-line extrapolation of the measured magnetic field by ARTEMIS. We confirmed that ARTEMIS is magnetically
connected to the lunar surface in most cases of the ECH wave event. This strongly suggests that the observed ECH waves are
excited through moon-electron interactions.

Since the analysis of ECH waves with the KAGUYA datasets has revealed that the presence or absence of a magnetic
anomaly at the location of the connection of the external magnetic field with the Moon is important for the generation of ECH
waves, we plan to discuss the relationship between ECH excitation and the magnetic anomaly on the Moon in this study as
well.
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Examination of data from inboard magnetometer (MGF-I) on BepiColombo MIO
and interference by the spacecraft

#Ayako Matsuoka®) , MGF Team BepiColombo MIO?)

(IKyoto University,(?Japan-Europe International Team

By BepiColombo mission we aim to understand the essential properties of the Herman intrinsic magnetic field and physical
process occurring in the Herman magnetosphere. To achieve our aims, we installed dual magnetometers respectively on Mer-
cury Magnetospheric Orbiter (MMO, MIO) and Mercury Planetary Orbiter (MPO); namely four magnetometers in total are
implemented on BepiColombo. MIO spacecraft build in Japan has inboard (MGF-I) and outboard (MGF-O) magnetometers,
which are developed by Japanese and European groups, respectively. BepiColombo was launched in October 2018 and is
now cruising in the interplanetary space. It will be inserted into the orbit around Mercury in 2025 after swing-by with the
earth, Venus, and Mercury.

The MGF-I and MGF-O sensors are placed in the middle and on the top, respectively, of the Sm-length MAST of MIO
spacecraft. During the cruising to Mercury the MAST is stored in a container, and the two sensors are located nearby the
surface of the spacecraft. Although the magnetic noise radiated from the MIO spacecraft is well restrained, the sensors are
considerably interfered by the components on MIO. Moreover, since MIO, MPO (built by ESA) and a transfer module (MTM)
are stacked during the cruising, MGF sensors suffer strong magnetic noise from MPO and MTM as well. These magnetic
noise varies with wide-range timescale and is difficult to remove. Although we have chances to measure the interplanetary
field, draping fields around Venus and Mercury and Herman main fields, the interference noise degrades the accuracy of the
measured field.

All of four sets of magnetometers on MIO and MPO are interfered by the magnetic noise, while the magnitude depends on
the location and distance from the spacecraft. Comprehensive analysis of data from four magnetometers at different locations
nearby and around the BepiColombo module will enable the separation of the natural field from the noise, and improvement
of the measurement accuracy. MGF-I sensor is located just inside the surface of the MIO spacecraft. It suffers most strongly
the noise from BepiColombo module, and suitable to examine the magnetic interference precisely. We are investigating the
method to utilize MGF-I data to improve the accuracy of the magnetic field data obtained by BepiColombo comprehensively.
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Particle simulation on the dayside perturbation of the Hermean magnetosphere
#Yoshitaka Uemoto!), Hideyuki Usui®), Yohei Miyake'), Masaharu Matsumoto?
(1Kobe University Graduate School of System Infomatics, ?Fukushima University Information Technology Center

Satellite observations have shown that Mercury’s magnetosphere is smaller and more dynamically fluctuating than Earth’s
magnetosphere because Mercury’s intrinsic magnetic field is smaller and more affected by the stronger solar wind than
Earth. Since the inertial length and cyclotron radius of solar wind ions are not negligible to the size of each region of the
magnetosphere, we need to consider the plasma kinetic effect to investigate Mercury’s magnetosphere. In this study, we have
started particle simulations of Mercury’s magnetosphere, mainly focusing on the daytime side region. We will present some
of the simulation results obtained in this study.

We analyze Mercury’s magnetosphere using a three-dimensional hybrid simulation in which ions are treated mainly as
particles and electrons as fluids. First, we focus on the variation and cross-correlation of the current and magnetic field in the
magnetosheath. In the case of Earth’s magnetosheath, density and magnetic field variations due to mirror mode instability and
competitive excitation of ion cyclotron waves have been studied in detail by satellite observations and numerical simulations.
In Mercury’s magnetosheath, disturbances in density and magnetic field strength due to mirror mode instability have also been
studied. In the hybrid simulation of this study, we also found similar magnetic field strength and plasma density fluctuations
in the magnetosheath. In the current flow analysis, we found a complex structure consisting of multiple vortexes in the
equatorial plane. In three-dimensional space, we will investigate the relationship between magnetic field strength and current
in detail. We will also examine the dynamics of ion particles and check the growth conditions of mirror mode instability by
velocity distribution functions and particle trajectories. We also plan to study the ring current near the surface of Mercury’s
magnetosphere and the ion dynamics at the cusp region.
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Solar wind response of Titan’s atmospheric escape simulated with the 3D global

MHD code

#Minami Tokushigel), Tomoki Kimura?), Shotaro Sakai®), Naoki Terada®)

(ITokyo University of Science,*Tokyo University of Science, ®Dept. Geophys., Science, Tohoku Univ.,*Dept. Geophys.,
Grad. Sch. Sci., Tohoku Univ.,

Titan is a unique satellite with an environment close to the early Earth: liquid on the surface (methane and ethane), nitrogen-
dominated atmosphere, and tick atmospheric pressure around 1 atm on the surface. In order to unveil the atmospheric
evolution of the early Earth, it is very important to understand that of Titan, especially the escape of atmosphere to the
space. Titan’s atmosphere comprises 97% nitrogen, 2% methane and 1% hydrogen which have been observed by the in-situ
measurements with the Voyager and Cassini spacecraft (Sagan and Thompson,1984). Titan is blown in the solar wind for a
long period in its orbital motion around Saturn. The temporal variation in the solar wind may change Titan’s atmospheric
escape. However, the global spatiotemporal variations in Titan’s atmospheric escape have not been investigated quantitatively.
Here we investigate the global response of atmospheric escape to the solar wind by numerically modeling the global non-
thermal escape process of Titan’s atmosphere using a 3D multi species MHD simulation code. We applied the MHD code
for the atmospheric escape for Venus and Mars (Terada et al., 20092,2009b) to Titan. In a simplified case, we calculated the
escape rate from a nitrogen atmosphere in the altitude range of 100071400 km and estimated the escape rate to be 5.97e+23-
3.76e+24 /s when the dynamic pressure of the solar wind ranges from 1.2 to 6.8 nPa which is comparable with the present
value at Earth’s orbit. This result is comparable to the non-thermal escape rate of 2-3e+24 /s estimated by 1D Monte Carlo
simulations and other methods in the previous studies (Michael et al.,2005). For more realistic estimations, we are currently
evaluating the escape rates for the nitrogen and hydrogen atmospheres in the altitude range of 700-3000 km, which includes
the ionospheric electron density peak. The solar wind response of nitrogen and hydrogen escape rates will be presented in this
poster. We also plan to investigate the nitrogen and hydrogen escape rates when Titan is located in Saturn’s magnetosphere.
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Test particle simulation of electron - water molecule ionizations around Ence-

ladus: energy loss of 1keV electrons
#Hiroyasu Tadokoro!), Yuto Katoh?
(1Chiba Keizai University,?Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.

We have examined energy loss of 1 keV electrons through ionization around Enceladus by using a test particle simulation.
Saturn’s inner magnetosphere is dominated by water group neutrals (H20, OH, and O) originated from Enceladus. Previous
studies suggested that these neutrals are seems to contribute to loss processes of plasma in the inner magnetosphere. Ta-
dokoro and Katoh [2014] focused on the loss process of 1 keV electron through the elastic collision with neutral H20 around
Enceladus. With regard to above several hundred eV, ionization cross section for electron electron-H2O collision is greater
than elastic collision cross section. We focus on 1keV electron energy loss by the ionization with neutral H20 in this study.
Conducting one dimensional test-particle simulation, we calculate the electron ionization collision. We use a Monte Carlo
method to calculate collision. We show the preliminary result of the 1keV electron energy loss due to ionization process.
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A Test Particle Simulation of Jovian Magnetospheric Electrons Precipitating into
Europa’s Oxygen Atmosphere

#Shinnosuke Satoh!), Fuminori Tsuchiya?), Shotaro Sakai®), Rikuto Yasuda®), Yasumasa Kasaba®), Tomoki Kimura
(IPPARC, Tohoku Univ.,(>Planet. Plasma Atmos. Res. Cent., Tohoku Univ.,(®Dept. Geophys., Science, Tohoku
Univ.,(*PPARC, Tohoku Univ.,(®Tohoku Univ., 6 Tokyo University of Science

6)

Europa has a tenuous atmosphere composed mostly of molecular oxygen. Roth et al. [2016] found north-south asymmetric
morphology of the oxygen 135.6 nm emissions when Europa is far from the plasma sheet center. The observed north-south
brightness ratio is up to 5 on the trailing hemisphere and below 2 on the leading hemisphere. Since the main source of the
135.6 nm emissions is the electron impact dissociative excitation of O2, they concluded that the asymmetry is the result of
an inequality of electron energy flux from the Jovian magnetosphere into Europa’s atmosphere.

The electron energy flux into Europa’s atmosphere depends on (a) the bounce period of magnetospheric electrons moving
along a field line, (b) the velocity of the corotating plasma flow, and (c) the magnetic latitude of Europa. Retherford et al.
[2003] explained that when the corotating plasma flow slows down by the moon-plasma interaction, most electrons in an
intersecting flux tube collide with Io: the electrons above the moon precipitate into the northern hemisphere and those below
the moon precipitate into the southern hemisphere. This creates a pronounced asymmetric electron energy flux into the
atmosphere when the moon is far from the plasma sheet center. The theory, however, has never been evaluated for the case
of Europa quantitatively.

To derive the electron flux into Europa’s surface, we use a test particle simulation and trace the motion of magnetospheric
electrons around Europa. We assume that Jupiter has a tilted dipole magnetic field and a corotational electric field. The
motion of each electron is treated as a superposition of the cyclotron motion around a field line, the bounce motion
along the field line and the longitudinal convection in the Jovian magnetosphere. We don’t consider the field perturbation
around Europa, but electron’s longitudinal convection assumingly slows down from the corotating velocity (Ip [1996]).
We acknowledge that the applicability of dipole field and the decelerated plasma flow alone is limited. To reduce the
computational costs, we trace the trajectories backward in time (e.g., Cassidy et al. [2013]).

We calculate the spatial distribution of the electron number flux to Europa’s surface and evaluate the 135.6 nm brightness
excited by the derived electron flux. We found that the corotating velocity relative to Europa, 100km/s at Europa’s orbit, is
required to be decelerated to below Skm/s to create a north-south ratio of electron flux larger than 2. Under this condition, the
north-south brightness ratio is estimated at 2.82 on the trailing hemisphere, and 5.56 on the leading hemisphere. However,
the estimated north-south brightness ratio is inconsistent with the observation results: the ratio should be larger on the trailing
hemisphere than the leading hemisphere. This suggests that the simple dipole field cannot generate the exact morphology of
the 135.6 nm and we must consider the perturbed field around Europa and the induced field.

We’re now working on the test particle simulation with more realistic field scenarios. In this presentation, we will show
how the perturbed field and Europa’s induced field affect the trajectories of electrons and the distribution of electron flux and
the 135.6 nm brightness.
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High spatial resolution simulation of global Jovian magnetosphere for vortex con-
figuration

#Keiichiro Fukazawal), Yuto Katoh?), Takeshi Nanri3)

(1ACCMS, Kyoto Univ.,?Dept. Geophys., Grad. Sch. Sci., Tohoku Univ., *RIIT, Kyushu Univ.

For a number of years we have studied the magnetospheres of Jupiter, Saturn and Earth by using 3-dimensional mag-
netohydrodynamic (MHD) simulations. In the simulation of Saturn’s magnetosphere, we have obtained the clear vortex
configuration of plasma flow. Using the fastest supercomputer at that time (K-computer), we could represent the vortices in
the Terrestrial magnetosphere. However, we have not been able to get the vortex configuration along the magnetopause in the
Jovian magnetosphere due to the size of numerical simulation grid spacing. The size of Jovian magnetosphere is huge with
its strong intrinsic magnetic field so that the high spatial resolution numerical simulation of the magnetosphere becomes hard
to be performed since the requirement of computer memory and CPU is unrealistic.

Considering this situation, we have done the approach that the simulation with the supercomputer in Japan has been per-
formed for over three years to be obtained the time series variation of global magnetosphere. Form the simulation over years
we have obtained over 200 hours’ time evolution and found the vortex configuration in the Jovian magnetosphere with 0.15RJ
grid spacing and 1.5TB simulation data/sampling (totally using over 1PB disk storage). In this study, we will show the results
of high-resolution simulation and discuss the configuration vortices.
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Causalities of occurrence features of Io-related Jupiter’s radio emission : Exami-

nation of non-uniform energy supply from Io
#Hiroaki Misawa®), Atsushi Kumamoto?), Rikuto Yasudal)
(IPPARC, Tohoku Univ.,(®Planet. Plasma Atmos. Res. Cent., Tohoku Univ.

The following question; "How Jupiter’s auroral radio emissions are generated?’ has been long years of subjects. Especially
the Io-related auroral emission component called lo-DAM has shown mysterious nature of characteristic occurrence proba-
bility, that is, the occurrence strongly depends on both Io’s positional angle and Jupiter’s magnetic longitude to an observer.
We have investigated this subject based on numerical calculations with a 3D ray-tracing using several kinds of magnetic field
and plasma density models including a recently proposed magnetic field model based on the JUNO in-situ explorations near
Jupiter. The calculation results show that the new magnetic field model gives more natural explanations for the observed
occurrence probabilities, however a hypothesis of some special energy transportations, that is, non-uniform energy supply
from Io to the Io-DAM source region, is required to restrict radio emissions to be solely lo-DAM emissions. We have reex-
amined whether this hypothesis is really needed based on both further numerical calculations including the delay of energy
transportation from Io to the Io-DAM source regions and analyses of observation results for Io foot print auroras. In the pre-
sentation, we will introduce this numerical and observational approach precisely and discuss necessity of the ’special energy
transportation’.



