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Mercury’s dynamic magnetosphere: updates from the BepiColombo cruise obser-
vations
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(nstitute of Space and Astronautical Science, Japan Aerospace Exploration Agency, ?ESA

Mercury is the innermost planet in the Solar System and has a unique space environment. Mercury possesses a weak global
magnetic field and is subject to the intense solar wind due to its proximity to the Sun (0.31-0.47 AU). In such conditions,
Mercury formed a small but highly dynamic magnetosphere. Because of its small size and its proximity to the Sun, Mercury
was unable to retain the bulk of its atmosphere and ionosphere. These conditions make Mercury’s space environment unique
and an excellent science target for comparative study with Earth. The first Mercury orbiter, MESSENGER (MErcury Sur-
face, Space ENvironment, GEochemistry, and Ranging), explored this innermost region of the Solar System during 2011 —
2015 and provided a number of new findings. For example, Mercury’s magnetosphere is much more dynamic than had been
predicted. Magnetic field measurements indicated Dungey cycles on Mercury with a period of a few minutes. MESSEN-
GER detected many energetic electron events with periodicities of a few minutes and electron precipitations at the nightside.
These outstanding discoveries still remain as open issues due to some limitations of instruments onboard MESSENGER and
its extended elliptical orbit with apherm in southern hemisphere. 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), commissioning 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. Even before arrival, we already obtained fruitful science data from Mercury during three Mercury fly-
bys completed on 1 October 2021, 23 June 2022, and 19 June 2023. We performed science observations with almost all
the instruments onboard Mio and successfully obtained comprehensive data of Mercury’s magnetosphere such as magnetic
fields, plasma particles, and waves. 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 Ions and Electrons in Mercury’s Magnetosphere: Initial Reports of
Mio’s Third Flyby
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We report on the initial analyses of low-energy ion and electron data obtained during Mio’s third Mercury flyby. The first
and second flybys demonstrated the highly variable nature of Mercury’s magnetosphere in response to varying upstream
solar wind conditions. Specifically, magnetospheric ions measured during the second flyby are characterized by a factor of
>10 higher energies near the closest approach than those of the first flyby, and cold dense ions detected around midnight
during the first flyby were completely absent during the second flyby. Dynamic electron signatures were observed during
both flybys and characteristic ”inverted-V” electrons were identified in the second flyby data. We will discuss the latest
third flyby results in comparison to the past two flybys with a particular focus on low-energy ion and electron signatures in
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
#Tomohiro Kitano'), Tomoki Kimura®) ,Misako Otsuki'),Ryo Hoshino®, Yusuke Nakauchi?
(ITokyo University of Science, ?Ritsumeikan Univ.

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 suggested that there is water ice in the
polar permanent shadowed regions of Mercury based on the neutron spectroscopies onboard the MESSENGER spacecraft
(Lawrence et al., 2013) and of Moon based on the near-infrared spectrometer onboard the Chandrayaan-1 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 on Mercury’s surface with the real solar wind condition has not yet
been directly confirmed by either the observations or experiment. This study demonstrates the water creation on Mercury’s
surface 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+14-1e+15cm—2s~! and fluence of le+18-1e+19cm~2. Temporally stable water vapor release was confirmed for a long
time (approximately le+4s) only during the hydrogen ion irradiation. The yield of water molecules by the hydrogen ion
irradiation was estimated after removing the adhering water from the sample surface to be 0.37-0.38/incident ion. For the
electron irradiation after the hydrogen irradiation, it was found that the electron irradiation enhance degassing of the water
vapor, which was created by the hydrogen irradiation. If we assume that the water molecules are released from Mercury’s
cusp region, the experimentally estimated yield corresponds to a water creation rate of 2.6-2.8e+6kg/year. With the rate of
ice accumulation on the surface to the water creation from the surface estimated by the water transfer simulation by Jones et
al.(2020), the total amount of ice accumulated on Mercury’s surface through 3 billion years was estimated to be 7.8-8.3e+13kg
from our experiment. This is a significant amount compared to the total ice estimation of le+14-1e+15kg by the previous
radar  observations (Eke et al., 2017; Deutsch et al., 2018; Susorney et al., 2019). This result suggests that the water created
by solar wind irradiation is a possibly essential source of the polar ice on Mercury. We are going to conduct the deuterium
irradiation experiment to demonstrate the water creation and removing effects of the water adhering to the sample surface.
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Comparison of exospheric Mg distributions observed by BepiColombo/PHEBUS
during the 2nd and 3rd Mercury swing-bys
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Mercury’s exospheric atoms are mainly ejected from the surface through several processes such as thermal input, UV
irradiation, solar wind particle sputtering, and micro-meteoroid impact. Observations by the MESSENGER spacecraft have
shown that Mercury magnesium (Mg) exosphere is related to its surface abundance. Additionally, Mg is an interesting species
as its surface abundance reflects the non-uniformity of magma compositions. However, spatial distribution (especially in
the latitude direction) and seasonal variability of Mg exosphere is not well understood due to its dark brightness and the
geometry of MESSENGER.

BepiColombo, the Mercury orbiting mission led by ESA and JAXA, is on its way to the planet. The 2nd and 3rd
Mercury swing-bys were conducted on 22/06/2022 and 19/06/2023 (UTC), respectively, and many instruments observed the
Mercury environments then. In this study, we analyzed Mg exosphere data from PHEBUS, the UV spectrometer onboard
BepiColombo, to deduce temperature and production rate of Mg exosphere during each swing-by.

As a result, similar signals were obtained through both swing-bys. Season, local time, and longitude of Mercury during
both observations were similar, but boresights of PHEBUS were different (2nd: northward, 3rd: southward). These results
show that Mg production rates have little year-to-year variability, which is consistent with the fact that Mg is mainly ejected
by micro-meteoroid impact. Besides, these results mean that dust impact flux has little north-south asymmetry.

In this talk, we introduce the results obtained by observations of the spectrometer onboard BepiColombo, PHEBUS,
during the 2nd and 3rd swing-bys.
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Mapping the dayside lunar surface potential in the magnetotail lobes: A prelimi-
nary analysis of Kaguya and ARTEMIS observations
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Kyushu University, ®Earthquake Research Institute, University of Tokyo, ®Space Sciences Laboratory, University of Califor-
nia, Berkeley, US,(7Department of Physics and Astronomy, University of Iowa, US

Since the Moon does not have a dense atmosphere, the lunar surface is exposed to the ambient plasma and interacts with
the charged particles directly. Surface charging is one of the phenomena caused by the interaction. Although the study of
lunar surface charging has been conducted for a long time, the global spatial distribution of the lunar surface potential has not
been fully characterized. In this study, we compare the energy spectra model of photoelectrons from the lunar surface that we
developed recently with observations obtained in the terrestrial magnetotail lobes by Acceleration, Reconnection, Turbulence
and Electrodynamics of the Moon’s Interaction with the Sun (ARTEMIS) and Kaguya. We aim to map the dayside lunar
surface potential by analyzing the electrostatic acceleration and deceleration of lunar photoelectrons between the spacecraft
and the lunar surface. We report the preliminary results of the analysis.
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Ion scattering by localized surface charging of solar wind plasma-driven lunar
microcavities
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Space plasma such as solar wind plasma and sunlight directly fall on the surface of solid celestial bodies such as the Moon,
which have a thin atmosphere and no intrinsic magnetic field, creating an electrostatic environment near the surface with
the accumulation of electric charge on the celestial body surface due to colliding plasma and photoelectron generation by
the photoelectric effect. Orbital observations by lunar explorers have suggested that the lunar dayside 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 cavities ranging from topographic features such as craters,
vertical holes, and boulders to rock and regolith layers. Several simulation results have shown that these cavities restrict free
plasma motion in space and create a unique electrostatic environment due to the surface topography.

We have conducted simulations of a cavity with an aperture equal to or smaller than the Debye length on the lunar surface,
with solar wind plasma pouring down from the sky. We 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 solar wind ion particles, as the width-depth ratio of the cavity increases. This result suggests the formation
of localized positive potentials in microcavities formed by the deposition of rocks and regolith particles on the diurnal lunar
surface where solar wind plasma is blown. The KAGUYA satellite observations also suggest that some solar wind ions are
reflected and scattered by the lunar surface on the diurnal side of the Moon. It has been reported that most of these scattered
ions are composed of protons. We report here on the relationship between the solar wind ions reflected by the local positive
potential inside the microcavity and the scattered ions observed by the satellite.
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Development of Absorption Cell Filters for D/H Observations in Cometary

Comae

#Ashita Yamazakil), Yudai Suzuki2) ,Makoto Taguchi?’) JMasaki Kuwabara?) Kazuo Yoshioka®

(1University of Tokyo, 2Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency,®Department of
Physics, College of Science, Rikkyo University, *Rikkyo University,®Graduate School of Frontier Sciences, The University
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The deuterium to hydrogen abundance ratio (D/H ratio) within hydrogen corona of planets and small celestial bodies is
essential for understanding their formation processes and atmospheric escape processes. We conducted experiments aimed at
improving the measurement accuracy and lifetime of absorption cell filters; these are developed for spectroscopic observations
of hydrogen coronae from spacecrafts.

The absorption cell is a filter that absorbs the hydrogen Lyman-alpha line (H Ly- a ) emitted by hydrogen atoms through
resonant scattering. It is a cylindrical glass cell of which both bottom surfaces are made of MgFs, and hydrogen gas is filled
within. When tungsten filaments that are attached in the cell are tuned on, the hydrogen gas thermally dissociates into atoms,
which resonantly scatter H Ly- a that enters the cell; the resonant scattering results in the absorption of H Ly-a in the line
of sight. Since there is a 33 pm difference in wavelengths of H and D Ly- a, H and D cells selectively absorb these emissions
respectively. This allows separate measurement of hydrogen and deuterium densities in the corona.

However, there are mainly two issues with the absorption cell: 1) absorption of H Ly- a by the D cell, and 2) instability
in absorption due to filament lifetime. Regarding 1), a small contamination of Hy gas mixing into the D cell causes apparent
increase in the brightness of D Ly- a . Filament oxidation due to introduction of water and oxygen into the cell causes 2). The
oxidation would also lead to an increase in filament resistance; therefore, the temperature rises, giving the need to consider
its impact on the dissociation rate of hydrogen molecules.

To address these issues, we developed a system using getters and cold traps to ensure the enclosure of pure Hy and Do
gases within the cells. Getters were introduced to remove Hy gas from the vacuum line before enclosing D2 gas, as a measure
against 1). Cold traps, on the other hand, were introduced to remove water and oxygen from the vacuum line, as a preventive
measure against 2). Species dependence of these adsorption effects was quantitatively evaluated in an experiment using a
quadrupole mass spectrometer.

The absorption cell filter will be integrated into an ultraviolet spectroscopic imaging device; this will be installed on the
Comet Interceptor spacecraft to observe cometary coma of a long-period comet. Numerical evaluations were conducted to
determine the conditions for ensuring the measurement accuracy of D/H observations that will be necessary for achieving
mission objectives: specifically, the upper limit of the abundance ratio of Hy gas relative to Do gas enclosed within the D cell.
Furthermore, the filament lifetime was evaluated through an experiment by varying power supplied to the filament to ensure
fulfillment of the mission purposes. Additionally, the absorptance of H Ly- a by the D cell will be measured to quantitatively
discuss the achievable accuracy of D/H observations.
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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®) ,Shuya Tan®)
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Jupiter’s icy moon Europa potentially has an interior water ocean with a 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
exchanged between the ocean and the surface. Europa’s surface materials are continuously irradiated with Jovian plasmas,
UV, and micrometeorites from space. The irradiated energy drives the space weathering process. In particular, Jovian
plasmas are dominant energy sources of space weathering at Europa. Europa’s materials are sputtered from the surface by
plasma irradiation, creating a tenuous atmosphere. The residual un-sputtered surface material may change in the elemental
and molecular compositions by irradiation. However, since this process comprises complex physics and chemistries that are
difficult to be theoretically estimated, 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 irradiates a potential surface material NaCl with energetic Ho™, O, ions,
and electrons under the same condition (10 keV particle energy with a fluence of 5e+18 /cm?) to simultaneously model
Europa’s surface material alteration and atmospheric sputtering. 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?2/s, while that by the electron irradiation is to be 2.7e+5 /cm?2/s. We also found
that the yield of CI (8.7e-1 /incident particle) is greater than that of Na (2.8e-2 /incident particle). These results suggest that
the surface NaCl is decomposed predominantly by electron irradiation and forms the resultant tenuous atmosphere, while on
Europa’s surface, Na is concentrated more effectively than CI because of the small volatility of Na.

We numerically modeled the 3-dimensional structure of the Na tenuous atmosphere, subject to constraints from experi-
mental Na yields. The total mass of the Na tenuous atmosphere is estimated to be about 700 kg, which is comparable to
estimates obtained from previous ground-based telescope observations [Brown and Hill 1996]. The NaCl sample used in
the irradiation experiment was found to have a concentration of 85%, consistent with telescope observations, indicating the
possibility of a high concentration of NaCl on Europa’s surface. This observation suggests that NaCl originating from the
subsurface ocean may have been concentrated on the surface by the upwelling process from the subsurface ocean to the
surface or by space weathering after the eruption.

In the future, we plan to conduct similar irradiation experiments and modeling on saltwater ice to further constrain the
surface concentration and to more realistically reproduce Europa’s surface environment.
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LB T1872 Na @ yield ZHlf5&FE L U7z 3 RotmiE K& ET U > 2 [Leblanc et al., 2002] 217\, T B SE D
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The reflectance and heat resistance of SiC/Mo/Si multilayer mirrors at 30.4 nm
#Shunichiro Teramoto?) ,Kazuki Inoue?) ,Kazuo Yoshioka! ) Ichiro Yoshikawal-2)
(I The University of Tokyo,?Graduate School of Frontier Sciences, The University of Tokyo

In planetary science missions such as Nozomi [1], Kaguya, and EQQULEUS [2], a technology using periodic multilayers
in the EUV wavelength range for normal incidence optics developed. Grazing incidence optics can’t have a large numerical
aperture and have significant limitations in resolution due to diffraction. Therefore, normal incidence optics are necessary
to understand the distribution of plasma. However, the problem is that normal incidence optics has low reflectance. We can
solve this problem by using multilayer mirrors.

Multilayer mirrors can dramatically improve reflectance due to the interference of reflected light at each interface. In par-
ticular, the development of high-reflectance multilayer mirrors for He II radiation at 30.4 nm is progressing. A Mo/Si mirror
is widely used due to its high stability. However, the low reflectivity of around 15-20% is a challenge.

Previously, we demonstrated the performance of a new multilayer mirror consisting of 40 pairs of Mg and SiC, achieving
a maximum reflectivity of over 30%. However, it was found that the Mg/SiC mirror had a critical flaw. The reflectivity
decreases in high-temperature and high-humidity environments. In actual observations, multilayer mirrors are exposed to
high-temperature and humid environments before launch and extremely cold environments in space. Therefore, it is neces-
sary to develop observation equipment that is resistant to such environmental changes.

Since a combination of Mo/Si is stable [L.Yunpeng et al., 2014], we designed a new multilayer mirror (SiC/Mo/Si). The
new mirror is manufactured by depositing the three different materials periodically. To evaluate its resistance to high-
temperature environments, we conducted a heat environment test in a constant-temperature oven (50 degrees Celsius for
24 hours) and compared the reflectances of the mirrors before and after heating. We irradiated EUV light onto multilayer
mirrors and evaluated its wavelength dependence.

In this presentation, we discuss the reflectivity and thermal stability of SiC/Mo/Si mirrors. Additionally, we will also share
the measurement results of reflectances for other new multilayer mirrors, B4C/Mg2Si and SiC/Mg2Si mirrors. We will dis-
cuss the requirements for the mirrors that should be integrated into the next-generation artificial satellite.

[1] I. Yoshikawa, et al., Telescope of extreme ultraviolet (TEX) onboard SELENE, Earth Planets Space, 60, 2008, 407 —
416.
[2] M. Kuwabara, et al., JAXA Research and Development Report, 2019.

DFAEE [11. EQQULEUS [2] ¥ DA I v ¥ 3 »Tld. EUV HEBOBEAFHEZERICEBIEL F W 2 525
&Nz, RIASHEERZFEOEEEZ KX TEF, EITC L 2BEHOHREIRE WV, koT, I X~z itk
T 3720121E,. BEASEERPDETH 20, BKHRIMEEE 22, ZOMEEFRRT 22912, ZBENSHZ W
%, ZEEHIZ. FRECTKHT 2L THIT2II2ED, KERERLETZ2 22 TE %, K2, 30.4nm @ He Il
DERIHIE L2 B WK R 2R OZEEM N EOREIEA TWVWS, FICHEMDNL TS Mo/Si KR E
EVAS, TR 15~20% BE LKW Z E BHETH 5.

PER, bhbdF —2lX 40 D Mg & SiC 22572 2% L WEEIEK SR OMRER 31l L. RS 30% M -
B LD, 20 Mg/SiC R EICIIB 72 RIEH D 2 Z e AL 72, SR - ST OREE FCRKFRMETT 3
CWOHOMETH 2, ZREBERNGEIZITS ETROEESERESLTFH COMERRICISINE, ZOkED, 25 LR
BEICHRWENZEE 2R T 208 R D 5,

DEoMES» O LW ERKSEE (SiC/Mo/Si) ZHHFE Lz, ZOFLWEEIX, 3 DD HER 2k BN 2%
B hEEINTW3, EEBRBEICNT 2ttt 2 M5 5 7-0, EEM (50 °C. 24 i) CTRBERBEZITV. InE
AIBROBEDO KGR E LI L7z, EUV X2 Z BRI U, IRRMRIF % 5 U 72,

AFEFTIX, SiC/Mo/Si SRDKHR L HEMEIC DWW TR T %0 T2 10 DOH LW BRI GETH % B4C/Mg2Si.
SiC/Mg2Si 2B 5 2 KPR DOREREFIC S S, KA TEHEICHER T 2XREFEDOEFICOVTHERMT %0

[1] I. Yoshikawa, et al., Telescope of extreme ultraviolet (TEX) onboard SELENE, Earth Planets Space, 60, 2008, 407 —
416.
[2] M. Kuwabara, et al., JAXA Research and Development Report, 2019.
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Feasibility study of ionospheric explorations at Jupiter’s icy moons using Faraday
rotation effect

#Rikuto Yasuda®) , Tomoki Kimura®) ,Hiroaki Misawa'),Fuminori Tsuchiya®),Shinnosuke Satoh!), Yasumasa Kasaba'),Shotaro
Sakai'),Atsushi Kumamoto®

(1Planetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku Univeristy, ?Tokyo University of
Science, ®Department of Geophysics, Graduate School of Science, Tohoku University, *Planetary Plasma and Atmospheric
Research Center, Graduate School of Science, Tohoku University, ®Tohoku University, ©Planetary Plasma and Atmospheric
Research Center (PPARC), Graduate School of Science, Tohoku University,(”Department of Geophysics/Planetary Plasma
and Atmospheric Research Center, Graduate School of Science, Tohoku University, ®Department of Geophysics, Graduate
School of Science, Tohoku University

Jupiter’s icy moons such as Europa, Ganymede, and Callisto may harbor subsurface liquid water oceans. While only Earth
has oceans on the surface in the current solar system, multiple icy bodies like the icy moons of giant planets potentially have
oceans under the icy crust. These icy bodies are candidates for more universal habitable bodies than Earth-type bodies. For
keeping habitability, energy supplies to the bodies are necessary. Ionospheres of icy moons are formed by external energy
supplies. The ionospheres therefore contain essential information for understanding the habitability of each icy moon. The
ionospheric electron density distribution is key for narrowing down the candidates of dominant ionospheric formation pro-
cesses driven by the energy supplies, e.g., photoionization, electron impact ionization, sputtering, and sublimation. However,
the density distribution is still unclear because previous observation methods, radio science and in-situ observations using
upper hybrid resonance emissions, were limited in the spatial range of observations.

Propagating paths of Jovian radio emissions across the icy moons’ ionosphere have information on the ionospheric
electron density distribution. We have developed a numerical calculation tool that simulates the propagating paths based on
ray tracing and estimates occultation timing. In Yasuda et al., in prep., we compared this simulation with the occultation
observed with the Galileo PWS and estimated the maximum electron density at the surface. However, we couldn’t restrict
the ionospheric scale height because the propagation paths with some different input parameters degenerated, which led to
the difficulty in resolving the ionospheric scale height.

In addition to the propagation paths of Jovian radio emissions, changes in the polarization angle associated with the
Faraday rotation effect also have information on the electron densities along the ray path. We conducted a feasibility study
of electron density distribution estimation from the rotation angle measurement. With ionospheric models constrained by
Yasuda et al., in prep., we found that the polarization of Jupiter’s hectometric radiation in the MHz range rotates at least 2
1. For Jupiter’s decametric radiation, we found the polarization angle rotation to be at most about 5 degrees at 10 MHz.
We are going to examine the integration time and resolution required for reliable detection of polarization angle rotation by
simulating upcoming JUICE/RPWI data in its orbit around Jupiter. Combining these simulations with the RPWI data, we
will uncover the energy supply system to the icy moons to understand the habitability of the icy moons.
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Statistical study of Jupiter dispersed pulses observed by Juno

#Masafumi Imai®) ,William S. Kurth?)  Ivana Kolmasova®),Ondrej Santolik® ,Michael H. Wong*®),Shannon T. Brown®) ,George
B. Hospodarsky?),Scott J. Bolton”),Steven M. Levin®

(INational Institute of Technology, Niihama College,?University of Towa,(®The Czech Academy of Sciences,(*SETI
Institute,°Center for Integrative Planetary Science, University of California, Berkeley,©Jet Propulsion Laboratory, Califor-
nia Institute of Technology,(7Southwest Research Institute, San Antonio

Jupiter’s lightning produces strong pulses at radio wavelengths. One type of lightning-induced electromagnetic waves
are dispersed millisecond pulses called Jupiter dispersed pulses (JDPs) found at frequencies below 150 kHz. During the
polar perijove passes of Juno through 33 orbits, we found over three thousand 16-ms burst snapshots that included one or
more JDPs observed 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 take the form of ionospheric holes with densities below 250 cm™3.
By taking account of the group delay of L-O mode waves, we estimate the length of these irregularities from a fraction of
a km to a few times 10° km. Also, we compare the JDP locations with the cloud features captured by the Hubble Space
Telescope. In this presentation, we show the statistical characteristics of JDPs and the related ionospheric holes using Juno
data.
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Radio & Plasma Wave Investigation (RPWI) aboard JUICE: The first half year
of the long travel to Jupiter and Icy Moons

#Yasumasa Kasabal),Fuminori Tsuchiyal),Hiroaki Misawal), Yuto Katohl),Hajime Kita?) , Tomoki Kimura®),Atsushi
Kumamoto!) Rikuto Yasudal),Shinnosuke Satohl),Shotaro Sakail),Yoshizumi Miyoshi4),Yoshiya Kasahara5),Shoya
Matsuda® ,Satoshi Yagitani5),Mitsunori OzakiS),Hirotsugu KojimaG),Satoshi Kurita® ,Cecconi Baptiste7) ,Wahlund Jan-
Erik®) ,JUICE RPWI team")

(1Graduate School of Science, Tohoku University,*Tohoku Institute of Technology, ®Tokyo University of Science, “ISEE,
Nagoya University, (®Kanazawa University, CRISH, Kyoto University,("LESIA, Obs de Paris, France, ®IRF Uppsala, Sweden

JUpiter ICy moons Explorer (JUICE), ESA’s first L-class mission, was launched in 14 April 2023 and started the long
travel toward Jupiter and Icy Moons. This talk provides the initial operation results of last half year as a view of Radio &
Plasma Wave Investigation (RPWI), especially the view from Japanese contributors.

RPWI provides a unique and first opportunity in this huge mission. The RPWI will investigate electromagnetic fields and
plasma environment around Jupiter and icy moons with passive and active soundings by 4 Langmuir probes (LP-PWI) and a
search coil magnetometer (SCM) + a tri-dipole antenna (RWI) on the long MAG-Boom with JMAG.

For lower frequency side (LP and LF), RPWI enables to investigate electric field and electromagnetic interactions
governing Jupiter - moon systems, cold plasmas in the ionospheres of icy moons for investigations of surfaces and salty
conductive sub-surface oceans., and cold micrometeorite impacts. The high frequency part (HF), i.e., Preamp of RWI and
its High Frequency Receiver HF is procured by the RPWI Japan team, with the colleagues in Austria, France, Poland, and
Sweden. This part will enable the characterization of Jovian radio emissions (including gonio-polarimetry), passive radio
sounding of the ionospheric densities of icy moons, and passive sub-surface radar measurements.

April, May, and June was Near Earth Commission Period, and JUICE initially executed the deployment operations. We
saw some troubles, but 10.7-m MAG-Boom was deployed within 1-week from the launch, and the deployment of 3-dipole
antennas of RWI on the MAG Boom also succeeded during the JpGU meeting in May. Now (June 2023) we are checking the
performance of whole RPWI system including its high frequency part. This talk will provide a summary of this result. This
talk will also show planned activities in commissioning and cruise phases, and the full observations around Jupiter and icy
moon system.

Potentially, the HF part of RPWI has an enough capability to detect 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. RPWI with other instruments covers the survey of harsh environment
around Jupiter, environments and interaction with icy moons, and their surface and subsurface characteristics.

The most key parts of the HF part is the sensing of the ionospheres, surface, and subsurface of icy moons during the flybys
and on the orbit around Ganymede. We will 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 subsurface
are more challenging. We try 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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First light of a near-infrared imager TOPICS at the Nayoro Observatory

#Takeshi Sakanoi'),Kazuya Nagata'),Aya Otomo!),Masato Kagitani':?) Ryota Kinoshita®),Yasuhiro Hirahara®) Hiroaki
Saito®),Seiko Takagi®) ,Hiroyuki Naito®)

“Planetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku University,(QGraduate School of
Environmental Studies, Nagoya University,®Graduate School of Science, Hokkaido University,(*Naoyoro Observatory

We are developing a near-infrared imager TOPICS (Tohoku Planetary near-Infrared Camera System) for continuous
monitoring of planetary atmospheric emission in the near-infrared range, such as Jupiter’s H3+ aurora and Io volcanic
eruption. In this presentation, we report on the recent development and validation of TOPICS, and the results of the first light
at the 1.6m Pirka telescope of Hokkaido University.

For the development of TOPICS, we fabricated the driving electrics and improved the vacuum cooling system for safe
operation of the infrared detector and for remote operation from Japan during future observation at Haleakala, Hawaii
(Kambara, 2020, Nagata, 2022). Details are as follows. (1) Current measurement circuit: We developed the current
measurement circuit for each of the bias and clock voltages driving the detector. This enabled the remote monitoring of
nominal operation of the detector. (2) Power-on voltage control circuit: We developed a power-on voltage control circuit
with a logic IC and an analog switch for each of bias and clock lines. As a result of an electrical test, we found an unexpected
undershoot when the bias voltage was turned on. Thus, we improved the feedback section of the voltage follower circuit. (3)
Vacuum cooling system: In the previous experiment, the detector temperature was about 20K higher than the optimum value
(30-35K). We succeeded to cool the detector temperature down to 29.8 K by improving the thermal path, and obtained the
small thermal noise (1.9 e/s/pix). (4) Calibration using a blackbody: We verified the fullwell (161800 e/pix) and the quantum
efficiency (0.89), as expected, by experiments with a blackbody. On the other hand, the readout noise was found to be about
870 e-rms, indicating that further improvement of electronics is necessary to obtain a better S/N.

Since the performance of TOPICS was verified from the indoor experiment, we visited Nayoro Observatory from February
14 to 27, 2023, installed TOPICS at the Nasmyth focus of the 1.6-m Pirka Telescope of Hokkaido University to observe
Jupiter and Venus. During this period, Jupiter and Venus were limited to low elevations of the western sky in the evening
time, and the weather was not stable. However, we carried out first light of TOPICS by observing the Moon on February
23, and succeeded to obtain 883 images on consecutive four nights until February 26. On the evening of February 26, the
K-band (2.2 4 mand 2.3 ¢ m) and L-band (3.4 ¢ m and 3.9 p m) images of Venus (Vmag = -3.9) and Jupiter (Vmag =
-2.0) were observed. As a result, Jupiter and Europa were imaged in the K-band, and the counts of Venus were saturated,
as estimated, at the shortest exposure time (0.6s) of TOPICS. On the other hand, sky background emission was high in the
L-band (about 6,000 counts with a 10-second exposure of TOPICS 3.4 1 m narrow-band filter observation). Therefore,
although Betelgeuse imaging (exposure time of 0.7-1 s) was successful, we could not obtain Jupiter’s H3+ auroral emission
from the image data integrating for 10 minutes. In addition, oblique noise in the image, which was not seen in the Tohoku
University laboratory, appeared, suggesting that noise countermeasures are necessary.

We now plan to conduct observation using TOPICS with the Pirka telescope in the summer of 2023 to observe Jupiter’s
infrared aurora, and install it on the T60 telescope in Haleakala, Hawaii, in the winter of 2023. In parallel, we develop a
near-infrared spectrograph ESPRIT (R™20,000) which adopts a common detector and driving electronics. We expect new
results from combined infrared and visible observations with the Haleakala telescope dedicated to monitoring of planetary
atmosphere, such as Jupiter’s H3+ aurora, Io volcanic activity and gasses originated from Io.
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Ion and magnetic field observations planned by Martian Moons eXploration
(MMX)
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Martian Moons eXploration (MMX) is a sample return mission planned by JAXA, targeting the Martian moons (Kuramoto
et al., 2022). The MMX spacecraft is scheduled to be launched in 2024, inserted into Mars orbit in 2025, carry out close-up
observations of Phobos and multiple flybys of Deimos, collect samples from Phobos, and return to the Earth in 2029. In
addition, during the 3-year Mars orbiting phase, MMX will perform remote observations of the Martian atmosphere and in
situ measurements of ions escaping from Mars (Ogohara et al., 2022).

Mass Spectrum Analyzer (MSA) (Yokota et al., 2021) aboard MMX will perform in situ measurements of ions and
magnetic fields around the Martian moons to investigate the origin of the two moons as well as the evolutionary processes of
both moons and the Martian surface environment. MSA consists of an ion energy mass spectrometer and two magnetometers,
which will measure mass/charge and velocity distributions of low-energy ions and magnetic field vectors, respectively. To
achieve a high mass resolution of m/dm >100, the TOF chamber of MSA for MMX is designed to be longer than previous
analyzers such as IMA for Kaguya and MSA for BepiColombo/MIO.

MSA observations correspond to three of the six medium objectives of MMX: (MO1.1) Reveal whether Phobos originated
as a captured asteroid or resulted from a giant impact, (MO2.1) obtain a basic description of the elementary processes of
surface evolution for moons in the circum-Martian environment, and (MO2.2) add new findings and constraints on the history
of changes in the Martian surface. To accomplish these medium objectives, MSA has four observation targets: For MO1.1,
(1) measure refractory ions (Si+, Ca+, Fe+, etc.) emitted from the Phobos surface and (2) measure water-related ions (O+,
OH+, H20+, etc.) originating from inside Phobos (if they exist); for MO2.1, (3) measure incident ions to Phobos (H+ and
He++ of the solar wind and O+ and O2+, etc. of the escaping ions from the Martian atmosphere), scattered ions, and emitted
ions with monitoring the surrounding magnetic field; and for MO2.2, (4) measure O+, C+, N+, Ar+, and their key isotopes
in the escaping ions from the Martian atmosphere. In this presentation, these planned observations will be explained, along
with possible collaborations with other MMX instruments, sample analyses, and plasma observations by MAVEN, MEXx, and
ESCAPADE.
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Kelvin - Helmholtz Instability at Mars by a Newly-developed Multifluid Model
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Shear-driven Kelvin-Helmholtz (K-H) instability can form along the boundary of the solar wind interaction with non-
magnetic planets (such as Mars and Venus) and detach the plasma clouds to contribute the ion escape process. Previous
studies reported partially and fully developed K-H vortices at Martian ionopause. In this work, we develop a new multifluid
model, which solves the continuity, momentum and energy equations for four species (H™+, O™+, O_2"+, CO_2"+) separately,
to study the K-H instability at Mars. The simulation results show that the K-H instability prominently occurs in the — E
hemisphere, due to the effect of convective electric field. The K-H instability is generated in the region with a solar zenith
angle of "45 degrees, and propagates downstream along the boundary with a period of 1-2 minutes. The hemispherical
asymmetry and period are well consistent with the observations.
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Statistical Study of Processes of Upstream PCW Driving ULF Waves in the Mar-
tian Ionosphere: MAVEN and MEX Multi-Point Observations
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Proton cyclotron waves (PCWs) generated upstream of the Martian Bow shock (BS) have been studied in detail in terms of
Mars-solar wind interactions since the first observation by Phobos-2 (Riedler et al., 1989; Russell et al., 1990, 1992) because
they could have a significant impact on the ionosphere. In the presence of newborn pickup protons resulting from Mars’
hydrogen corona extended beyond the BS and solar wind protons, the resultant proton velocity distribution function is often
unstable to drive the electromagnetic ion/ion right-hand (RH) and left-hand (LH) resonant instabilities (Gary, 1991, 1993;
Romeo et al., 2021). The dominant mode of the two depends on the angle between the solar wind velocity and the inter-
planetary magnetic field (cone angle), among other plasma parameters. For instance, the LH (RH) instability is predominant
for large (small to moderate) cone angles (Gary, 1991). When the excited waves are observed in the spacecraft reference
frame, their frequencies are Doppler-shifted due to the relative motion between the spacecraft and the solar wind, and these
waves resulting from both instabilities are left-hand and elliptically polarized with a frequency close to the local proton gy-
rofrequency (Romanelli et al., 2013; Romeo et al., 2021). Case studies based on Mars Atmosphere and Volatile EvolutioN
(MAVEN) revealed that the PCWs are advected back to the BS by the solar wind flow, and ring” the induced magnetosphere
as the associated pressure pulses drive compressive magnetosonic waves in the ionosphere at an ultralow frequency (ULF)
similar to that of the upstream PCW (Collinson et al, 2018; Fowler et al., 2018, 2021). Furthermore, if the waves propagate
to altitudes at which planetary heavy ions (mainly OF, O, ™) are dominant components, the waves are thought to be capable
of heating these ions via wave-particle interactions (Andersson et al., 2010; Ergun et al., 2006). Indeed, Fowler et al. (2018,
2021) reported some events in which MAVEN presumably observed wave-heated ions.

However, since there have been few analyses based on multi-point observations of the upstream of the BS and the iono-
sphere, the probability at which the upstream PCWs drive the new ULF magnetosonic waves in the ionosphere (defined as
ringing probability in this study) has not been derived yet. Accordingly, it has been also unclear how much the ringing process
contributes to long-term Mars’ atmospheric loss.

In this study, we estimate the ringing probability by analyzing multi-point observations of local magnetic fields based on
MAVEN and Mars Express (MEX) obtained between October 2014 and December 2018. First, we identify a number of
events in which the Mars Advanced Radar for Subsurface and Ionosphere Sounding (MARSIS) instrument on board MEX
operated in the ionosphere while MAVEN confirmed the PCWs with its magnetometers in the upstream region. Then, we
estimate the local magnetic field magnitude at MEX for each event from ionograms obtained by MARSIS (Akalin et al.,
2010; Gurnett et al., 2005), and automatically identify whether compressional fluctuations were detected in the ionosphere at
frequencies close to those of the upstream PCWs, thereby estimating the ringing probability.

As of this writing, we have completed analyses for 99 orbits of MEX and the results show that the ringing probability is
about 30% on the dayside (SZA <80 [degree]) and about 23% just above 200 — 300 km on the dayside, at which the ULF
waves can heat planetary ions (Ergun et al., 2006; Fowler et al., 2018). In this presentation, we will report the results of the
analysis with an increase in the number of orbits to about 130. In addition, we will discuss the global ion escape rate possibly
driven by the ringing process in the context of previous studies such as Andersson et al. (2010), Ergun et al. (2006), Fowler
et al. (2018, 2021), and Romeo et al. (2021).

KEDONT Y ay 7 ERTERETZTa b4 70 ba U E# (PCW) 1k, XEEBHEICEF THELrEZ>52eh
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Comparison study of two global multispecies MHD models of Mars
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Atmospheric escape to space has played a key role in atmospheric evolution and climate change on Mars. As direct and
global interactions occur between the solar wind and the upper atmosphere due to lack of a global intrinsic magnetic field,
the global configuration of the plasma environment around Mars is required for understanding of atmospheric escape. The
spacecraft observations in recent decades have revealed the plasma dynamics significantly, but the global picture cannot
be fully captured by only in-situ observations due to temporal and spatial limitations. The global simulation is another
important tool to study the solar-wind Mars interactions. Various plasma phenomena have been investigated based on
numerical simulations. However, there are still discrepancies not only between simulations and observations, but also among
different simulation models. In a comparative study of several numerical models for Mars, the simulation results showed
large differences in plasma distributions and ion escape rates, although the models used the same upstream inputs and
the neutral atmosphere (Brain et al., 2010). The differences can arise from various factors. The extent to which physical
processes are taken into account is a model-dependent issue. Simulations can also be affected by model assumptions (e.g.,
magnetohydrodynamics, MHD, or hybrid) and numerical implementations (e.g., numerical scheme and grid system).

The purpose of this study is to understand how numerical simulation can be affected by considered physical processes
and numerical implementations. We compared two global multispecies MHD models: the “Sun model” based on the
BATS-R-US (Sun et al., 2023) and the “Sakata model” based on a newly developed multifluid model (Sakata et al., in prep).
Both models consider five ion species (planetary HT, OF, O5™, CO,™, and solar wind HT). We used the typical upstream
conditions and neutral atmosphere on present Mars and adopted the same chemical reactions, collision frequencies, and
inner boundary conditions. Crustal magnetic fields were not included. In addition to the comparison, we also surveyed the
effects of two physical processes: electric resistivity and photoelectron heating. Two types of simulation were performed for
the effects of resistivity: simulations with resistivity and those without resistivity. For photoelectron heating, we assumed
three heating rates: 0.3 eV, 1 eV, and 5 eV per photoelectron. The baseline case includes the resistivity and assumed 1 eV
photoelectron heating.

In the baseline case, the simulation results show good agreement between the two models. The 1D profiles along the
subsolar line are nearly identical, including the shock location, the magnetic pileup, and the ionospheric composition,
indicating the consistency of the two models. However, there are some discrepancies in the trans-terminator and nightside
dynamics. The escape rates of planetary ions are also in good agreement. Both resistivity and photoelectron heating affect
the ionosphere. The inclusion of resistivity changes the magnetic configuration in the ionosphere via magnetic diffusion.
Photoelectron heating is an important energy source and increases the plasma temperature. These effects change the escape
rates of molecular ions largely. We will report the detailed analysis on the differences between the two models’ results and
the effects of resistivity and photoelectron heating.
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Effects of stellar XUV spectra on atmospheric escape from a Mars-like planet
orbiting inactive low-mass stars
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Atmospheric evolution is one of the key parameters in answering the question of how Earth was able to maintain a
thick atmosphere and yield a habitable environment. A universal understanding of atmospheric evolution, including that of
exoplanetary systems, is essential to explain how planets have evolved to their current state. In particular, atmospheric escape
is strongly linked to atmospheric evolution. It is dependent on the planetary size, the existence of an intrinsic magnetic field,
its intensity, the stellar activity, and stellar wind conditions. The variation in stellar activity affects both thermal escape and
nonthermal escape. Ancient Mars, when the solar activity was more active than at present, had a very high atmospheric
escape rate, the magnitude of the X-ray and extreme ultraviolet (XUV) irradiance being one of the parameters to determine
the ion escape rate.

Many exoplanets have been discovered in recent years, and among them, M and K dwarfs are of particular interest because
they might have habitable environments. The habitable zones of these stars are located very close to the main stars within 0.1
AU. Exoplanets in the habitable zones of these stars must therefore be exposed to intense XUV radiation and stellar winds.
Numerical simulations suggested that the ion escape rate from Proxima Centauri b, orbiting at 0.049 AU, is three orders
of magnitude greater than at the present Mars, with a value of “10%7 s~! (Dong et al., 2017). The previous study assumed
an XUV intensity several tens of times that of the Sun to determine the ion escape rate, but in fact, the shape of the XUV
spectrum determines the thermospheric profile, controlling the ion escape rate.

The XUV spectrum is quite important in determining the thermospheric profile, controlling the ion escape as well as
the ionospheric distribution. The current study focuses on the stellar XUV spectrum, and after investigating thermospheric
profiles under various XUV spectra using a thermosphere model, the impact of the stellar XUV spectrum on ion escape
is presented using a multispecies magnetohydrodynamic model (REPPU-Planets). The target stellar systems are Sun,
HD85512, and GJ581. Note that these stars are somewhat inactive XUV environments compared to Proxima Centauri. The
planets are of Mars type and located at 1.52, 0.622, and 0.174 AU, respectively, in order to keep the same irradiance as
that of the Martian orbit in the present solar system. Mars under 10 times XUV irradiance at 1.52 AU is also investigated
to understand the effects of the shape of the XUV spectrum on ion escape. According to the thermosphere model, the
thermosphere of the HD85512 system is the most extended, followed by the GJ581 system. The ion escape rates are
estimated by REPPU-Planets simulations using these thermospheric profiles as input. Ion escape is also the most intense
for the HD85512 system, followed by the GJ581 system. The XUV irradiances between 40 and 100 nm are one of the
most important parameters to determine the atomic ion escape rate. The O, escape rate is smaller in the high XUV
environments because of the larger dissociative recombination, associated with decreasing the O™ density. The C* escape
rate, meanwhile, is higher in high XUV environments due to greater photodissociation of CO2 and CO, and the associated
charge exchange.
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Validation of the geocorona model in comparison with the HISAKI satellite
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The Earth’s exosphere is dominated by hydrogen and helium atoms, and the density of oxygen atoms is also large at
altitudes of 500-1000 km, where many space telescopes orbit. Since these atoms emit light due to solar resonance scattering,
they are one of the major obstacles to astronomical observations by space telescopes and need to be quantitatively evaluated.
On the other hand, it is important to evaluate the atomic density distribution in the lower part of the exosphere to understand
the dissipation process of the Earth’s atmosphere. We are promoting the LAPYUTA (Life-environmentology, Astronomy,
and PlanetarY Ultraviolet Telescope Assembly) project and are developing a model of the geocorona necessary to study the
observations of Jupiter’s satellites and other celestial bodies. In this presentation, we will report the progress of the model
development and its validation using sky observations by the HISAKI satellite from December 2013 to February 2014.

The HISAKI satellite was launched in 2013 and has been performing UV spectroscopic observations of solar-system
objects while orbiting at an altitude of 950-1050 km. For altitudes above 1000 km, we extrapolated the above model for O
atoms and used Kameda et al. (2017) for H atoms, normalized to connect with the above model. To match the conditions of
the model and the observations as much as possible, the parameters of the database used for the model were set to 18h for
Local time and 90 for F10.7, the index of solar radio strength. For each angle between the line of sight and the zenith (zenith
angle), the column density and surface brightness in the line of sight direction were calculated. On the other hand, only the
data from the HISAKI satellite with a local time of 17-19:00 were extracted, and the data were sorted by the zenith angle of
30.

The analysis of the observed data shows that the surface brightness at HI 121.6 nm and OI 130.4 nm is 7.5 k Raleighs (R)
and 2.5 R when the zenith angle in the line of sight is 0-30 degrees, and 12.2 kR and 6.3 R for 60-90 degrees, respectively.
The HI 121.6 nm observations are a fraction of the model calculations. One of the reasons for this is the multiple scattering
of H atoms. We will add this factor to our future calculations. On the other hand, the observed value of OI 130.4 nm is
several times larger than the model calculation. Since the density profile of OI 130.4 nm is expected to change significantly
at altitudes between 950 and 1050 km, it is necessary to analyze the dependence of the actual observed results on altitude,
latitude, and longitude.
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Obliquity-Driven Early Mars Climate Evolution and Valley Network Formation
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We have studied the evolution of surface water environment on early Mars (Kamada et al. 2021 and 2022). Two opposing
theories have been proposed to explain these fluvial landforms such as valley networks (VNs) formed 3.8 - 3.6 billion years
ago. We evaluated two scenarios, “warm and wet” and “cold and icy”. The “warm and wet” hypothesis proposes that
Mars once had a thick atmosphere that caused a global warming enough for liquid water to exist. Conversely, the “cold and
icy” hypothesis posits that Mars has always been as cold as it is today.

The long-term variation in obliquity can affect significant influence to both scenarios, as eccentricity and orbital inclination.
Changes in obliquity shifted the distribution of solar insolation on early Mars, which critically affected climate dynamics and
surface water cycling. Although the evolution of Martian obliquity is characterized by chaotic behaviour, making it difficult
to accurately predict the obliquity of early Mars, it’s statistically likely that the obliquity was about 37.62 degrees & 13.82
degrees.

Here, we applied possible obliquity cycles to the GCM simulations with full couplings of atmosphere, hydrosphere,
and cryosphere. The complicated obliquity variation of early Mars was simply assumed based on a Fourier series with a
mean obliquity value of 40 degrees, and long-term oscillation periods of “10° years. We assumed a CO2/HO/H, mixed
atmosphere with surface pressures of between 1 bar and 2 bar, Hy mixing ratios of between 0% and 6%, and geothermal heat
flux of 55 mW/m?2. We assumed the existence of a northern ocean and lakes in our model with the amount corresponding
to a 500 m Global Equivalent Layer (GEL) in the initial state and implemented a pre-True Polar Wander topography to
investigate the global water cycle of early Mars before the late Tharsis formation.

We found that long-term variations in the obliquity of Mars have significantly affected the thermal structure of the
atmosphere, thereby influencing its climate and the formation of VNs. When the H, mixing ratio was lower, periods of
higher obliquity led to the formation of ice sheets at lower latitudes. Conversely, during periods of lower obliquity, equatorial
ice sheets would melt, and the meltwater would flow into rivers. This pattern of freeze-thaw cycles would have created
a dynamic water cycle on early Mars, with changing obliquity driving repeated cycles of ice accumulation and melting,
potentially contributing to the formation of the VNs. On the other hand, a higher H, mixing ratio in the atmosphere led to a
warm, precipitation-dominated climate. The resulting rainfall would have created river systems that formed near the equator
during periods of higher obliquity and at higher latitudes during periods of lower obliquity. This constant movement of water
would have been a significant driver of erosion, contributing to the formation and development of the VNs. Furthermore,
this study has shown that about 50% of the VNs could be attributed to snowmelt streams at a 3% Hy mixing ratio, while
about 70% of the VNs could be explained by rain-fed rivers at a 6% Hs mixing ratio. These proportions are higher than
the estimates made assuming fixed obliquity, indicating that long-term obliquity variations play a significant role in the
formation of VNs.
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Isotope ratios of C and O in CO and CO; on Mars observed by ExoMars-
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Carbon and oxygen isotope ratios in the Martian atmosphere are important tracers to constrain the atmospheric evolutionary
history and origin of organics at the surface of Mars (Jakosky et al., 1994; House et al., 2021). The carbon isotopic ratio can
be fractionated by degassing, atmospheric escape to space (e.g., Lammer et al, 2020), and recent photochemical research
shows that it is also strongly affected by isotope fractionation effects via photodissociation of CO5. Theoretical calculations
by Schmidt et al. (2013) suggest that the absorption cross-section via CO4 photodissociation is 200 per mil smaller for CO.
Our Mars atmospheric photochemical calculations, which are based on these results, also show that the & 3C of CO is
significantly depleted by about -170 per mil compared to CO2 (Yoshida et al., 2023). In addition, Schmidt et al. (2013) also
showed that oxygen, as well as carbon, is fractionated -100 per mil during the photodissociation of CO2, and the derivation
of oxygen isotope ratio is also expected to be an indicator of photodissociation. The previous observations of carbon isotope
ratios are limited to COy (8 '3C = 46+/-4 per mil, § 80 = 48+/-5 per mil, at the surface; Webster et al.,2013; § '3C =
-3+/-37 per mil, 6 180 = -29+/38 per mil, 70-90 km; Alday et al.,2021), and until recently, the observation of CO isotopic
ratios had not been achieved. ExoMars Trace Gas Orbiter (TGO), which started science operations in 2018, has multiple
high-spectral resolution spectrometers that carry out solar occultation measurements, which allows us to perform a sensitive
measurement of isotopic ratios for CO as well as CO, on Mars.

The Atmospheric Chemistry Suite (ACS) on board the TGO observed & 3C = -160+/-90 per mil and & ¥0 = -20+/-110
per mil for Martian Year 34 Ls 166-349 ° and Martian Year 35 Ls = 141-366 °, and altitude range is 10-50 km, respectively
(Alday et al., 2023). In Aoki et al. 2023, which is also an initial result of our study, the Nadir and Occultation for MArs
Discovery (NOMAD) on board TGO observed a very strong negative carbon isotope fractionation with § 13C = -263+/-132
per mil for Martian Year 36 Ls = 182-205 ° and altitudes 30-50 km. In this study, we extended the data period of Aoki et
al.,2023 to 36 Martian years Ls = 182-359 ° (2022/3/1 ~ 2022/12/24), and also attempted to derive oxygen isotopes as well
as carbon.

Furthermore, not only for CO, but we start to derive the oxygen isotope ratios (& 70, § '®0) in CO,, which serves
as a reference for discussion of the fractionation process via photodissociation, targeting the middle and lower atmosphere
below 50km. The analysis of this altitude range is very important for the validation of isotope fractionation by COq
photodissociation, since, 180 at the surface is not consistent with the values above 70 km according to previous studies,
and the oxygen isotope ratios in the altitude range between them have not yet been determined. The altitude range and
observable period for CO, analysis overlap with those for our CO analysis, and there are no examples in previous studies
where simultaneous analyses for CO2 and CO isotope ratio have been conducted at the same altitude. Therefore, the
derivation of the COs isotope ratio in this study and the comparison with CO isotope ratios are expected to provide the first
observational evidence of CO isotope fractionation in COs photodissociation in the middle and lower atmosphere.

To summarize above, in this study, by using infrared spectral data observed by NOMAD on board TGO, we attempt these
two things; 1) to derive the carbon and oxygen isotopic ratios for CO in middle and lower atmosphere and to validate the
CO isotope fractionation process suggested by the model, and 2) to derive oxygen isotope ratios for COy in middle and
lower atmosphere and to validate the fractionation process of photodissociation observationally by comparison with the CO
observation. About 2), we plan to report the initial results in this presentation.



We perform the retrievals within the following spectral ranges: order183-186, full spectral range, (4112-4213 cm™1) for
CO, and order117 (2629-2650 cm™1!), order132 (2966-2990 cm~!), and order141 (3168-3194 cm™!) for CO,. For the
retrieval, we use a radiative transfer and inversion code, ASIMUT (Vandaele et al., 2006), which uses Optimal Estimation
Method (OEM) (Rodgers, 2000) to find the best parameters to fit the data. A-priori profiles of pressure and CO5 volume
mixing ratio in the Martian atmosphere for radiative transfer calculations are obtained from the theoretical predictions by
GEM-Mars model (Daerden et al., 2019). For temperature profiles, we used observations from simultaneously obtained CO5
absorption lines (Trompet et al., 2023) for CO, and the value of GEM-Mars model for COs.

We consider the total amount of 12C160, 13C16Q, 12C!80 for CO, 10'2C160, 1602C17Q, and 902 C80 for CO,
volume mixing ratio along the line of sight as the free parameters and perform the retrievals for each altitude independently.

The following are the data selection conditions and results for CO. For the retrieval value obtained at altitudes of 30-50
km, we did not use values for CO volume mixing ratios below 1000 ppm, whose reliability is under verification, and we
only selected the results with a confidence level of at least 3-sigma. About the retrieved isotope ratios, when we take the
weighted average from 30 to 50 km in all orbits, the averaged value and the standard derivation are § 3C = -286+/-175
per mil, § 80 = -188+/-240 per mil. X[X| In addition to the theoretical predictions, the NOMAD data also show strong
negative isotope fractionation. Although the standard deviation is large because of uncertainties in the assumed atmospheric
temperature, even if we take into account those errors, >C depletion is suggested, and for § 80, the weighted mean over
this altitude range is negative. For these reasons, we think that the results provide observational evidence that CO isotope
fractionation is due to CO» photodissociation in this altitude range, as predicted by the model. This result is consistent with
the trend observed by the ACS, the CO4 photolysis is a more reliable process of isotope fractionation in isotope analysis with
large uncertainties.

On the other hand, as for CO5, we are doing a test analysis on 1 orbit. It has been determined that the 10'2C*60 retrievals
are not accurate at this time, and we think this is because the temperature was not accurately defined. We plan to proceed
with our analysis with a view to simultaneous temperature retrievals to minimize uncertainties caused by temperature in the
future.
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Long-term variations of oxygen and hydrogen airglow in the upper atmosphere of
Venus as observed by Hisaki
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Previous observations have shown that dust storms on Mars transport materials such as water vapor to the upper atmosphere
and affect the hydrogen and oxygen escape from the Martian upper atmosphere (e.g., Chaffin et al., 2021, Masunaga et al.,
2022). On the other hand, although the atmospheric escape such as hydrogen and oxygen from the upper atmosphere to space
has been observed on Venus, the understanding of how materials are transported from the lower atmosphere to the upper
atmosphere is not well understood.

Recent observations by the Hisaki telescope have revealed that the total amount of oxygen atoms in the upper atmosphere
of Venus fluctuates by several percent with a period of about 4 days (Masunaga et al., 2015, 2017). In particular, model cal-
culations show that on the morning side of Venus, atmospheric gravity waves propagate periodically to the upper atmosphere,
inducing periodic transport of oxygen atoms (Nara et al., 2020), suggesting that the 4-day circulating middle atmosphere and
the upper atmosphere dominated by day-night convection are coupled through atmospheric waves. In the Venusian middle
atmosphere, Akatsuki and other spacecraft have observationally shown that wind speeds and mixing ratios in the Venusian
cloud layer show long-term variations on long time scales of hundreds of days to decades (Kouyama et al., 2013, Marcq et al.,
2013, Lee et al., 2019 ). Such long-term variations in the middle atmosphere which is coupled to the upper atmosphere would
suggest that similar time-scale variations exist in the upper atmosphere, but long-term variations in the upper atmosphere of
Venus on the scale of hundreds of days to years have not yet been investigated.

In this study, we analyzed the long-term dataset of OI 130.4 nm and HI Ly- 3 airglow of Venus obtained by the Hisaki
space telescope for about 10 years. The results suggest that these airglow emissions not only vary with the solar activity
but also have its own long-term cycle. We show that the total amount of oxygen and hydrogen atoms in the Venusian upper
atmosphere fluctuates over a long period of time, and discuss the mechanisms driving this periodic variation based on past
observations of the lower atmosphere.
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Global effects of regolith properties on the subsurface ice distribution on Mars
using a General Circulation Model
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The distribution and abundance of subsurface ice on present-day Mars are essential for understanding the environmental
evolution of the hydrosphere. Exposed ice following meteorite impacts has been found in recent decades, suggesting the
presence of subsurface ice in the shallow layers (Byrne et al., 2009; Dundas et al., 2008, 2014, 2023). Several numerical
simulations have investigated the subsurface ice distribution, calculating the water vapor exchange between the shallow
subsurface and the atmosphere. Previous studies have shown that surface albedo, thermal inertia, weather variables
(e.g., atmospheric water vapor column abundance and atmospheric dustiness), and orbital parameters (e.g., obliquity and
eccentricity) play important roles in the subsurface ice distribution (Mellon and Jakosky, 1993; Tokano, 2003; Schorghofer
and Forget, 2012; Steele et al., 2017). However, soil properties (e.g., porosity, pore size, and specific surface area of the
regolith for adsorption) have received less attention.

Here, we investigated the effects of soil properties on the simulated distribution and abundance of subsurface ice using
our Mars General Circulation Model (Kuroda et al., 2005, 2013), coupled with a regolith scheme that has been developed
based on Zent et al. (1993), Steele et al. (2017), and Jakosky et al. (1997). The regolith scheme considers the water
vapor exchange between the regolith and the atmosphere and phase changes, including adsorption and condensation.
Calculations were performed under different conditions of pore size (with globally uniform values of 10 and 100 um, and a
globally inhomogeneous distribution diagnosed from thermal conductivity referring to Presley and Christensen, 1971), and
porosity (with globally uniform values of 30, 40 and 50%, and a globally inhomogeneous distribution which has defined
corresponding to grain size) for 30 years, starting from the initial condition of 3-5wt% of subsurface ice.

First, we found that the globally inhomogeneous pore size distribution increased the contrast of the subsurface ice
distribution. The subsurface ice distribution is influenced by ground temperature and geothermal gradient, but also water
vapor flux, which is controlled by the Knudsen diffusion coefficient. Pore size, one of the parameters determining the
diffusion coefficient, is highly correlated with thermal conductivity. Therefore, the effects of thermal conductivity and pore
size tend to overlap. When grain size is taken into account, the range of diffusion coefficients increases by up to an order of
magnitude or more. Our results suggest that the setting of a globally uniform pore size of 10 um, which is used by previous
studies (Bottger et al., 2005; Steele et al., 2017), would underestimate the amount of subsurface ice in the northern equatorial
to mid-latitudes below several meters.

Second, the higher porosity accelerated the convergence of the calculations globally, and subsurface ice decreased in the
northern hemisphere but increased in the southern hemisphere. This suggests that the southern hemisphere has a greater
potential for subsurface ice accumulations than the northern hemisphere. However, it will adversely affect the amount of
atmospheric water vapor if the porosity is inadequate. With a globally uniform porosity of 50%, the atmosphere became too
wet. Our results suggest that 35-40% is suitable for near-surface porosity in terms of reproducing the water cycle on Mars.

This study suggests the possible significant influence of soil properties on the subsurface ice distribution. However, the
long-term orbital climate forcing should be considered for quantitative discussion of subsurface ice distribution.
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A study of the Venusian cloud structure and condensational gas distribution using
a 1-D cloud microphysics model
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Venus is completely shrouded by thick sulfuric acid clouds. The clouds significantly influence the distribution of conden-
sational gas species, including H20 and H2SO4. The distributions of these gases are determined by a delicate balance among
the efficiency of condensation into droplets, eddy transport, and chemical production/loss. It is important to understand the
distribution of H20 vapor through these cloud-mediated processes because the H20 vapor abundance beneath the homopause
regulates the diffusion-limited escape rate of hydrogen (Catling and Kasting, 2017), hence the history of water on Venus. Fur-
thermore, H2SO4 vapor distribution is important for atmospheric chemistry above 80 km altitude, as suggested by Zhang et
al. (2010). They argued that sulfur species, including SO, SO2, and SO3, could be generated from H2SO4 vapor provided
by the upper haze layer. However, the transport process of these gaseous species and their interaction with the clouds are not
well understood above the cloud top altitude.

To investigate Venusian cloud microphysics and its interaction with the background atmosphere, we developed a 1-D mi-
crophysics model based on Imamura and Hashimoto (2001). The model takes into account cloud microphysics and vertical
transport of gaseous species (H2SO4 and H20) as well as those of cloud particles. On top of the previous work, we extended
the model top altitude from 70 km to 100 km. As a result of this enhancement, the model can now simulate the structure
of the upper haze and the distribution of gaseous species above the main cloud layer. We also updated the sulfuric acid pro-
duction rate profile in accordance with recent photochemical studies (Krasnopolsky, 2013), whose production peak altitude
is located 5 km higher (766 km) compared to the previous work. Finally, we conducted cloud microphysics simulation using
the abovementioned settings under different eddy diffusion profiles above the cloud top altitude (“70 km).

The resulting cloud structure and the H2SO4 distribution around the cloud deck align closely with previous observations
(e.g., Knollenberg and Hunten, 1980; Oschlisniok et al., 2021). The H20 profile above the cloud top agrees well with the past
observation (e.g., Fedorova et al., 2009) within an observed range of eddy diffusion profiles. The updated H2SO4 production
rate profile improved the H20 profile by altering the time scale of H20 loss due to chemical reactions and condensation. We
also found that H20 abundance above the cloud top is highly sensitive to the eddy diffusion profile. Higher eddy diffusion
results in an increased H20 abundance above the cloud top, as eddy transport becomes more efficient in supplying H20
compared to losses through chemical reactions and condensation. Furthermore, we observed an increasing concentration of
H2S04 with altitudes above 80 km within a wide range of eddy diffusion profiles, although it remains inadequate to account
for the elevated SO2 concentration, as shown by Zhang et al. (2010). In our upcoming presentation, we aim to provide a more
detailed investigation to gain a better understanding of the mechanisms that dictate the cloud structure and the distribution of
gaseous species.
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Long-time integration of thermal convection of anelastic fluid in a rapidly rotating
spherical shell
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The banded structures composed of alternating zonal jets observed in the surface atmospheres of Jupiter and Saturn have
attracted many researchers in planetary atmospheric sciences. However, their satisfactory physical understandings have not
been obtained yet. In this study, we perform massive parallel numerical experiments treating both small scale convection
and planetary scale flows simultaneously, reveal fine structures of turbulent motions which have not yet been resolved by the
previous numerical models so far, and try to illustrate dynamical origin of global scale structures of surface flows of Jovian
planets.

One of the model categories explaining the surface patterns of the gas giant plants is so called “deep” model, where the
concerned fluid motion is assumed as thermal convection in a rapidly rotating spherical shell whose thickness is comparable
to the radius of the planet. The early models of this category could produce equatorial prograde flows rather easily, while
they were unable to generate alternating jets in mid- and high-latitudes. Heimpel and Aurnou (2007) tried to solve this
difficulty by considering a thinner spherical shell model than those used in the previous studies, and argued that the equatorial
prograde zonal jets and alternating zonal jets in mid- and high-latitudes can be produced simultaneously when the Rayleigh
number is sufficiently large and convection becomes active even inside the tangent cylinder. Since then, substituting the
Boussinesq system of Heimpel and Aurnou (2007) with the more realistic anelastic system, several successive studies have
been performed to explain the banded structure of the gas giants.

However, in Heimpel and Aurnou (2007) and the succeeding studies, longitudinal symmetries were assumed to reduce the
computational domains to be not the whole but some sectorial regions of the spherical shells. Moreover, they introduced
hyper viscosity in order to save the numerical resources and to compensate for the model resolutions. Although such an
artificial dissipation process may influence the structures of the global flow field, the effects of hyper viscosity have not been
examined so far. We have therefore performed, with the Boussinesq system, long-time numerical simulations of thermal
convection in a thin rotating spherical shell in the full global domain. As a result, we found that multiple zonal jets in mid-
and high-latitudes in each hemisphere merged into a single prograde jet with time, and the banded structure in mid- and
high-latitudes disappeared.

We expect the same long-time evolution as that of the Boussinesq system may occur in the anelastic system. Therefore,
in this study, we perform long-time numerical simulations of thermal convection in a thin rotating spherical shell in the full
global domain with the anelastic system by following the set up of Heimpel et al. (2015), which is the most realistic and
highest-resolution simulation of Jovian-type atmospheric circulation using the anelastic system. We focus on whether the
banded structure disappears after a long time due to the merger of multiple jets in mid- and high-latitudes. For comparison,
we also perform the numerical calculation with the 4-fold longitudinal symmetry, which is adopted in Heimpel et al. (2015).
Our results show that a trend toward the merger of alternating jets in the mid- and high-latitudes can be observed, and the
kinetic energy is still increasing and has not yet reached a statistical equilibrium. Since the integration time is still 1000
rotations, which is about a half of that of our numerical experiments with the Boussinesq system where disappearance of
banded structure was observed, we will continue to carry out time integration and observe the transitions and properties of
the banded structure.
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Development of mid-IR heterodyne spectrometer with fibers and a fiber coupler
for the observation of planetary atmospheres
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Matsuura® ,Atsushi Yamazaki”

“Planetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku University,(QDepartment of
Geophysics, Graduate School of Science, Tohoku University, *Department of Environmental Studies, Graduate School of
Environmental Studies, Tohoku University, *Faculty of Engineering, University of Toyama,®Graduate School of Environ-
mental Studies, Nagoya University,(®Graduate School of Biomedical Engineering, Tohoku University,("The Institute of
Space and Astronautical Science, Japan Aerospace Exploration Agency

Fiber optics enables significant improvements of optical instruments to reduce their size and mass achieving higher
efficiency and stability. It also enables the simultaneous measurement of multiple targets that can only be accessed through
fibers. All of these are essential for onboard instruments for planetary orbiters, landers, rovers, aircraft, etc. This technology
has been widely applied in visible and is beginning to be adopted in near-IR. In mid-IR which also has rich spectral
information, the progress was limited by transmission materials for fibers. Recent hollow fiber technology enables to achieve
higher transmission efficiency. We have applied this hollow fibers to mid-IR laser heterodyne spectrometer.

Mid-IR laser heterodyne spectroscopy is a method in which the light from the target is mixed with the light from a local
oscillator (LO). Its frequency is down-converted to the intermediate frequency. This method can achieve a high wavelength
resolution of A/d A >1,000,000 around 10 y m (in frequency, df <30 MHz around 30 THz). This has enabled to resolve
planetary wind velocities with a resolution of several 10 m/s and achieved unique results such as the wind changes associated
with global dust storms on Mars and the super-rotation of Venus and Titan. However, precise convention of two optical paths
is needed, so high-precision optical-axis adjustment with many mirrors makes the spectrometer large and complex., so ilt
was unsuitable for instruments aboard spacecraft. We have tried to solve this problem by utilizing a hollow fiber that has
high transmittance in the mid-IR region.

In this presentation, we report the feasibility test results of a laser heterodyne spectrometer in the mid-IR region using
a hollow fiber and a fiber coupler. (1) For the hollow fiber, transmission efficiencies of >85%/m were achieved for both
CO2 lasers and quantum cascade lasers, and transmission efficiency of 89.6%/m was achieved for sunlight, i.e., incoherent
natural light. It was also confirmed that heterodyne spectroscopy of lights from black body and CO2 laser through fibers
using a beam splitter can achieve the same sensitivity as that without fibers (Nakagawa et al., Applied Optics, 2023). (2)
For hollow fiber couplers, we have demonstrated that heterodyne spectroscopy of CO2 lasers and quantum cascade lasers
with a fiber coupler is as sensitive as the system with a beam splitter (Nakagawa et al., Applied Optics, 2023). In addition,
the heterodyne spectrometer using a CO2 laser as the LO showed system noise temperature was the same as the quantum
noise limit. System noise temperature was calculated by the Y-factor method, which uses the ratio of spectral power of black
bodies that has two different temperatures 673 K and 293 K.

With these results, we have shown for the first time that it is possible to construct the heterodyne spectrometer using
fibers and a hollow fiber coupler. Although these results were obtained with a laboratory system, we are now assembling a
portable heterodyne spectrometer attached to a telescope. This system will be used for the test observations of the Venusian
atmosphere using the Hitomi telescope at Sendai astronomical observatory in July 2023. The observation targets CO2
absorption around 10.3 | m at limb and calculates mesospheric wind velocity in the Venusian atmosphere by Doppler shift.
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Remote sensing of near infrared spectral maps on Phobos, Deimos, and Mars by
an imaging spectrometer MIRS onboard MMX
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Martian Moon eXploration (MMX) is the first sample return mission from the Martian moon, Phobos, planned by JAXA
(Kuramoto et al., 2022). The MMX will be launched in 2024, and stay at circum-Mars orbits for 3 years (2025-2028),
bringing back samples (>>10 g) from Phobos return to Earth in 2029. The MMX infrared spectrometer (MIRS) is an imaging
spectrometer onboard MMX, developed by LESIA-Paris Observatory in collaboration with four other French laboratories,
collaboration and financial support of CNES and close collaboration with JAXA and Japanese colleagues. MIRS will
remotely provide near-infrared (0.9-3.6 micron) spectral maps of Phobos and Deimos containing compositional diagnostic
spectral features (Barucci et al., 2021). The derived spectra will be used to analyze the surface composition and to support
the landing site selection.

One of the major mission goals is to understand the origin of the two moons, which will provide important constrains
on planetary formation and on the material transport in the region connecting the inner and outer solar system. MIRS will
acquire spectra of Phobos at a spatial resolution of about 20 m during the Medium altitude survey (at altitude around 60 km)
and of Deimos at spatial resolution of 100 m (at a distance of 300 km during the multi-flybys). The high signal to noise
ratio (>100 up to 3.2 micron) and the unprecedented spatial resolution achieved by MIRS will contribute to characterize
the detailed surface composition material of Phobos and Deimos to investigate the local heterogeneity associated with the
different surface morphology. The similarity to carbonaceous chondrites with the possible presence of hydrous minerals
(features at 2.7-2.8 micron, water (ice)) and/or organic matter (3.3-3.5 micron) would imply a capture origin, while the
presence, even if partially, of high-temperature phase materials representing a mixture from crust and mantle of Martian
silicates would indicate a giant impact origin.

Thanks to its unique orbit near the equatorial plane on the quasi satellite orbit (QSOs), MIRS can also offer the first
opportunity to probe the atmospheric processes of mesoscale to synoptic scale in the Martian atmosphere, such as horizontal
water transport including surface-atmosphere interaction, clouds formation, and dust storm evolution etc. The MMX will
have a 7-hr orbit around Mars, allowing to complete a global coverage. The well-controlled scanner system of MIRS enables
the wide spatial coverage at low-mid-latitudes by combining with the spacecraft slewing maneuvers in hourly time-scale.
These spectra provide the atmospheric species (CO2, H20, CO) and aerosols (dust and clouds) to reveal the rapid transport
processes with relatively high spatial resolution (typically 2-5 km) over a wide coverage. Owing to the unprecedented
high-frequent and multi-spectral maps by MIRS on Mars, thousands to million spectra in a single orbit will be obtained, and
need to be retrieved in an appropriate time manner.

In this paper, these planned observations, current status of data pipelines, Japanese contributions will be presented, with
possible collaborations with other MMX instruments, sample analysis, and with other missions by MAVEN, MEx, and
EMM.
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Seasonal variation of surface pressure distribution on Mars in MY27-29 observed
by OMEGA/Mars Express
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On Mars, dust heats the atmosphere, driving various meteorological phenomena such as thermal tides and global dust
storms, but the mechanisms of these phenomena are not understood. Surface pressure is an important physical parameter to
understand these meteorological phenomena, however, our current understanding of the global distribution of surface pres-
sure on Mars is limited to specific locations sampled by landers and a few remote sensing observations from orbiters. Unlike
single-point lander observations, remote sensing observations can retrieve the spatial distribution of surface pressure and its
variability over a wide area. Forget et al. (2007) and Spiga et al. (2007) retrieved surface pressure distribution from the ini-
tial observations of the Mars Express (MEX) onboard near-infrared imaging spectrometer OMEGA, conducted from January
2004 to November 2005, and detected fluctuations that were thought to originate from atmospheric gravity waves. Since then,
retrievals of surface pressure distribution by remote sensing observations have not been reported, and OMEGA has over three
years of analyzable data. Therefore, we aim to retrieve surface pressure from long-term remote sensing observations over
the planet and to investigate the generation of thermal tidal waves, atmospheric gravity waves, and global dust storms from
surface pressure fluctuations. For that, we first developed a fast and accurate surface pressure retrieval tool from orbiter. We
then used the retrieval tool to analyze orbiter data from multiple Martian years to investigate the seasonal variation of surface
pressure. In this presentation, we summarize the evaluation of the retrieval tool and report on the seasonal variation of surface
pressure distribution during Mars years 27-29.

We used data observed by OMEGA/MEXx from January 2004 to March 2010; short wave infrared (SWIR) channel has a
wavelength range of 0.93-2.65 |1 m and a wavelength resolution of 13 nm, covering three Mars years 27-29 (March 2004 to
October 2009).

There are more than tens of thousands of observation points in one orbit, and retrieval of surface pressure requires both
high speed and high accuracy. This study uses a fast retrieval method by using a look up table (LUT) (Forget et al., 2007).
Two methods were attempted for retrieval: a new method that compares the equivalent width of the CO2 absorption band
between the observed and LUT spectra (equivalent width method), and a fitting method that uses all 25 observed spectra
within 1.8-2.2 | m, including the CO2 absorption band (fitting method).

Absolute and relative values of the retrieved surface pressure were evaluated from these two methods. Absolute values
were evaluated by comparing them with the surface pressure retrieval results of a previous study (Forget et al., 2007) at three
specific sites (Hellas Basin, Cruse Plain, and Terra Meridiani). Absolute differences ranged from -1.2% to +2.7% for the
equivalent width method and from -2.3% to -0.1% for the fitting method, both within the error range ("5%) and in agreement
with observations from previous studies. Relative values were evaluated by comparing surface pressures in the same area
obtained at close intervals (3 days). The relative accuracy (3 o) between locations was “+ 20 Pa (£ 2.5%) for the equivalent
width method and "+ 15 Pa (£ 2.0%) for the fitting method, both of which were sufficient for the analysis of meteorological
phenomena (e.g., fluctuation of thermal tidal wave is expected to be "5% at surface pressure), which was the objective of this
study.

Therefore, we applied the faster equivalent width method (more than 400 times faster than the fitting method) to about
4300 OMEGA orbits data during Mars years 27-29 and retrieved the seasonal variation of the surface pressure. It was con-
firmed that in each year, surface pressure increased in the northern hemisphere spring and fall and decreased in the northern
hemisphere summer and winter. This is caused by seasonal condensation and sublimation of CO2 into the polar cap and is
consistent with observations from multiple landers (Zurek et al., 1992).

Using these data, we are attempting to detect thermal tidal waves by referring to the Mars climate database version 6.1
(Forget et al., 1999; Millour et al., 2018) and separating seasonal and local time variability.

MMX (Martian Moons eXploration), scheduled for launch in FY2024, will be equipped with a near-infrared spectroscopic
imager MIRS (Barucci et al., 2021) , which has the same wavelength range and resolution as OMEGA and can observe a
wide area at once ("20x40 deg, more than 80 times the field of view of OMEGA) with time resolution of less than 1 hour. By



applying our retrieval tools to MIRS, we expect to be the first in the world to visualize global surface pressure distribution
and variation (Ogohara et al., 2022) .
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Temporal Evolution of Mesoscale Structures seen at the Venusian Cloud Top
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Venusian cloud images show mesoscale cellular structures at the cloud tops. AKATSUKI’s Ultraviolet Imager (UVI) and
the 2- 1 m camera (IR2) take a series of images every two hours, allowing us to see the temporal evolution of the cellular
structure. The 365-nm channel of UVI provides the spatial distribution of the unidentified UV absorbers, and the 2.02- p
m channel of IR2 provides the cloud top altitude. The purpose of this study is to investigate the origin and mechanism of
mesoscale atmospheric dynamics at the cloud tops by analyzing the temporal evolution of cellular structures using 365nm
and 2.02 1 m images. We extracted 6 sets of continuous observations composed of 8 pairs of 365-nm and 2.02- 1 m images,
and classified them into two groups; one is for cellular structures developing over time and the other for no development.
For each data set, we applied a high-pass filter to each image in order to pick out mesoscale structures, and then calculated
the correlation coefficient between each 365-nm image and the corresponding 2.02- 1 m image taken at approximately the
same time to evaluate the growth and decay of cloud morphology common to these wavelengths. Correlation coefficients
were also calculated between each 365 nm image and the 2.02 p m image taken 2-4 hours before or 2-4 hours after. The
results showed that, when the cellular structures are evolving, the correlation coefficients between each 365-nm image and
the 2.02 p m image taken 2-4 hours later tend to be higher than those between the pairs taken at the same time. On the
other hand, when the cellular structures do not evolve with time, there is no significant difference between the correlation
coefficients. This can be interpreted as: the morphology of the unidentified UV absorber observed at 365 nm appears first,
and then a similar morphology of the cloud top altitude observed at 2.02 p© m develops. We can propose a hypothesis
that the spatial distribution of the unidentified UV absorbers causes an inhomogeneous solar heating, which results in an
inhomogeneous temperature distribution, and then mesoscale atmospheric motions are caused to create a morphology of the
cloud top altitude.
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Variations in mean temperature and thermal tides in upper cloud layer of Venus
obtained from LIR long-term observation
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Imamura?)

(INational Institute of Advanced Industrial Science and Technology,(*The University of Tokyo,®Department of Physics,
College of Science, Rikkyo University,(*Toho University, ®Hokkaido University, ®Japan Aerospace Exploration Agency

Recently, there have been several observational evidence of long-term Venusian climate change. For instance, Lee et al
(2019) indicated significant variations in UV albedo (more than twice, 20 % to 40 %) and zonal wind speed (more than 30
m s-1) with decadal scale, and Lee et al. (2020) also suggested a 630-day variation in UV albedo. Khatuntsev et al (2023)
suggested 12-year variation in zonal wind speed. Since these variations have huge amplitudes and are global scale, they
should be worth to be considered for understanding global-scale dynamic momentum/material transportation in Venusian
atmosphere.

In this study, we focused on long-term temperature data obtained by Longwave Infrared camera (LIR) onboard Akatsuki,
which has observed Venus for more than 7 years, because such variations should exist in temperature of Venusian atmosphere
which is a fundamental atmospheric parameter. We divided LIR data into specific emission angle ranges to obtain a vertical
profile of temperature by utilizing LIR’s sensing altitude dependence on emission angle, then we conducted a sliding window
analysis by averaging one Venusian-year LIR data in terms of local time and latitude with a short interval to obtain temporal
variations in both mean temperature and thermal-tide structure. From the result, there was a clear quasi-periodical variation
in diurnal tide-amplitude in mid-high latitudes whose time scale was 600 — 800 days, while a similar time-scale variation
was also confirmed in mean temperature in low-mid latitudes although the amplitude was faint (Iess than 1 K). Because of
the time-scale similarity, the UV albedo variation with a time scale for 630 days might relate these variations.
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Characteristics of Venusian gravity waves inferred from thermal infrared cloud
images

#Zhuan Guo'), Takeshi Imamura?),Makoto Taguchi®) ,Toru Kouyama*), Takao M Sato®

(1Graduate School of Science, The University of Tokyo,(®?Graduate School of Frontier Sciences, The University of
Tokyo, ®Department of Physics, College of Science, Rikkyo University, *National Institute of Advanced Industrial Science
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Although Venus is a terrestrial planet sharing similar size and mass with the Earth, the atmospheric circulation of Venus is
yet to be fully understood. Above the surface, the sulfuric acid clouds are located at about 48-70 km altitudes, covering the
entire surface. At the cloud-top level, the global zonal wind shows predominantly westward with a maximum speed of about
100 m s~*, namely superrotation, which is about 60 times faster than the rotation of Venus. Gravity waves are thought to
play crucial roles in the momentum balance of the superrotation.

However, the details of the gravity waves on Venus remain unknown. In this study, we are developing an algorithm
to retrieve the amplitude of gravity waves based on the observation from the Longwave Infrared Camera (LIR) on board
Akatsuki. Infrared radiation and other physical quantities will be characterized in the presence of gravity waves. Comparing
to the analysis of short-vertical wavelength gravity waves using radio occultation data, we anticipate providing a new
perspective for studying the gravity waves with longer vertical wavelengths.

In this study, the infrared radiance was calculated based on line-by-line radiative transfer codes following Sato et al.[!].
We adopted temperature and pressure profiles for equatorial regions (<30°) from The International Venus Reference
Atmosphere?! and the cloud particle density model from Haus et al.l®l. The extinction cross-section of cloud particles was
calculated by the Mie Scattering model with parameters corresponding to 75% HySO,4 aerosol particles. Gaseous absorption
includes H.O, CO4, CO, SO,, HE, and OCS. Their vertical profiles were taken from Marcq et al.[4], and spectral line data
was taken from the HITRAN2020 database!®.

Responses of the atmosphere to gravity waves were described by the linear theory [0, The influence of gravity waves on
the infrared radiance includes perturbations of temperature and particle density. Given the equatorial regions being studied,
perturbations of temperature and particle density were calculated following the linear theory in the absence of the Coriolis
force.

LIR observation data containing large-scale stationary waves on Aug. 3rd, 2016, was analyzed. We applied high-pass
filtering to the brightness temperature data to highlight the horizontal structure of stationary waves. Using our model, we
managed to retrieve the amplitude of the gravity wave and derive the perturbation of other physical quantities associated with
the gravity waves.

However, this model still needs to be polished. More precise models simulating processes including radiative damping,
eddy diffusion, etc. are needed. The 3D gravity wave structure should be constructed to estimate the meridional energy
propagation of gravity waves. Eventually, we aim to estimate the angular moment transported by gravity waves and evaluate
the contribution of gravity waves to the global circulation.

Reference:

[1] Sato, T. M., Sagawa, H., et al. (2014). Cloud top structure of Venus revealed by Subaru/COMICS mid-infrared images.
Icarus, 243, 386-399.

[2] Seiff, A., Schofield, J. T., et al. (1985). Models of the structure of the atmosphere of Venus from the surface to 100
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[3] Haus, R., Kappel, D., Arnold, G. (2013). Self-consistent retrieval of temperature profiles and cloud structure in the
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[4] Marcq, E., Bezard, B., et al. (2005). Latitudinal variations of CO and OCS in the lower atmosphere of Venus from
near-infrared nightside spectro-imaging. Icarus, 179, 375-386.

[5] LE. Gordon, L.S. Rothman, et al. (2022). The HITRAN2020 molecular spectroscopic database. Journal of Quantitative
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Local time dependence of Venusian cloud-top sulfur dioxide obtained from Akat-
suki UV images
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The distribution of sulfuric acid clouds in the Venusian atmosphere is an important factor that influences the solar energy
absorbed by Venus. Understanding how sulfur dioxide, the precursor of sulfuric acid, is transported from the lower layers to
the cloud top, where the cloud particles are formed from sulfur dioxide photochemistry, is essential for understanding the
climate system of Venus.

The 283-nm channel of the UV imager (UVI) onboard Akatsuki takes images from the orbit around Venus to observe the
spatial and temporal distribution of sulfur dioxide. Retrieval of sulfur dioxide distribution from these data sets is important
for understanding not only planetary scale but also finer temporal and spatial scale transport of sulfur dioxide. The 283-nm
images reflect the amount of sulfur dioxide as an absorber at first, but they also include the effects of sulfuric acid aerosols,
unidentified UV absorbers, and carbon dioxide, which is the main component of the atmosphere. That makes quantitative
discussions difficult.

In this study, we estimated the volume mixing ratio of sulfur dioxide at the cloud top from 283-nm images taken by UVI
using a newly developed radiative transfer code, assuming that all absorption is due to sulfur dioxide. We have retrieved the
mixing ratio of sulfur dioxide from about 13000 images in total, spanning the period from 2016 to 2021. The analysis is
limited to low latitudes (<40 degrees) to use the same atmospheric model.

From the retrieved maps of sulfur dioxide, we obtained the mean distribution of sulfur dioxide on the local time-latitude
coordinates. The mean value of the volume mixing ratio of sulfur dioxide is from 100 to 200 ppb at the cloud top on the
dayside, which is consistent with the previous study (Belyaev et al., 2012). We found that the local time variation of sulfur
dioxide has a single peak in the afternoon, which is inconsistent with that of Venus Express nadir observation (Marcq et
al., 2020) with two peaks both in the morning and afternoon. We examined the influence of unidentified UV absorbers by
retrieving the distribution of sulfur dioxide, taking into account the local time-latitude distribution of the imaginary part of
the refractive index of cloud particles obtained by Marcq et al. (2022), which represents the contribution of the unidentified
absorbers. However, the major structure remained unchanged and still did not agree with their results. On the other hand,
our results are qualitatively consistent with the result of a Venus GCM with photochemistry (Stolzenbach et al., 2023). The
enhancement of sulfur dioxide in the afternoon is attributed to the vertical transport of sulfur dioxide induced by thermal
tides based on the wave structures reproduced by the Venus GCM by Takagi et al. (2018).
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LAPYUTA (Life-environmentology, Astronomy, and PlanetarY Ultraviolet Tele-
scope Assembly) mission: Current status
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The LAPYUTA (Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope Assembly) mission is an
ultraviolet space telescope scheduled for launch in the early 2030s as an ISAS M-class mission. We will accomplish the
following four objectives, which are related to two scientific goals: understanding the “habitable environment” and the
“origin of structure and matter” in the universe. The first objective focuses on the subsurface ocean environment of Jupiter’s
icy moons and the atmospheric evolution of terrestrial planets. In the second objective, we will characterize the atmospheres
of exoplanets in the habitable zone by detecting their exospheric atmospheres and estimating the surface environments of the
planets. In cosmology and astronomy, we will test whether the structures of present-day galaxies contain ubiquitous Ly a
halos and reveal the physical origins of Ly a halos (Objective 3), and elucidate the heavy element synthesis process from
observations of ultraviolet radiation from hot gas immediately after neutron star mergers (Objective 4).

In April 2023, the LAPYUTA mission was selected as a candidate for the 6th JAXA M-class mission candidate. Currently,
scientific and feasibility studies are underway for a pre-project candidate review scheduled for the fall of 2023. For Solar
System objects, in addition to the feasibility study of the water plume ejected from the surface of Jupiter’s moon Europa, we
are studying the role of magnetospheric plasmas, which are necessary to understand space weathering of satellite surfaces
and dissipation of surface materials. For Venus and Mars, ionospheric imaging studies using carbon ion observations and
D/H observations are underway. For exoplanets, in addition to observations of oxygen atoms and carbon ions, we are
investigating the runaway water vapor greenhouse that is thought to be common to planets at the inner edge of the habitable
zone with surface oceans. Based on conceptual studies of system design and key technologies conducted in 2022, we are
updating the design of the telescope and focal plane instruments (spectrometer, imager, and guide cameras). Two major
updates are the change of the telescope design from F60 to F32 to meet a field of view requirement of the guide camera,
and the implementation of a high dispersion section in the UV spectrograph. The high dispersion section will use an Echelle
grating to achieve a spectral dispersion 3 to 5 times higher than that of the medium dispersion section (resolution of 0.02
nm) studied so far. The high dispersion section allows to resolve the absorption line profile of exoplanet atmospheres and to
detect exoplanet atmospheres with a shorter integration time. LAPYUTA'’s orbit was initially designed as an elliptical orbit
with an apogee of 7,500 km and a perigee of 500 km to avoid the influence of the geocorona when observing oxygen and
hydrogen atoms, but it has been modified to an apogee of 2,000 km and a perigee of 1,000 km to avoid the influence of the
Earth’s radiation belt (especially high energy protons).
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Low-frequency VLBI observation with litate and Zao observatories
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The detection and measurement of exoplanet magnetic fields greatly advances our understanding of planets. Planets with
atmospheres and magnetic fields, such as Earth and Jupiter, have auroras, which emit radio waves originating from charged
particles accelerated in the polar regions. From the information on auroral radio waves, not only the existence of intrinsic
magnetic fields can be determined, but also rotation period, surface magnetic flux density, and magnetic moment can be de-
rived, and planetary dynamo numerical experiments can provide insight into the internal structure of the planet. Furthermore,
by clarifying various characteristic quantities of different planets, it will be possible to derive scaling laws, such as for the
planetary magnetic field or radio emission power. Although there have been many observations of exoplanets using large
radio telescopes, only one or two have been detected so far. We have also made observations using GMRT, but no detection
has been made.

In previous studies, all circularly polarized components from planetary systems are assumed to be auroral radio waves from
planets, but circularly polarized components are also emitted from the main star. VLBI is widely used in the GHz band, but
VLBI observations in the MHz band have been not yet established as a stable method due to ionospheric fluctuations. VLBI
is also effective for detecting exoplanet radio waves because the sensitivity can be improved by combining a large number
of telescopes. Since the frequency of auroral radio waves is proportional to the strength of a planetary surface magnetic
field, lower frequencies (several hundred MHz band) are suitable for observing more candidate planets. However, difficulties
for observations in the MHz band are ionospheric fluctuations. The amount of delay in the ionosphere is larger at lower
frequencies, and the phase rotates significantly in a few minutes, resulting in reduced sensitivity when integrated over a long
period of time. Therefore, it is necessary to establish a method to compensate for the electron density fluctuations between
the source and the antenna.

To evaluate the instrumental stability and ionospheric variability for future international VLBI observations, we conducted
VLBI observations using the litate Planetary Radio Telescope (IPRT) at Tohoku University and the radio telescope at the
Zao observatory. The baseline length between Zao and Iitate is 44.5 km, and the observation frequency is 325 MHz. Zao
is equipped with a dual orthogonal polarization system, and IPRT is equipped with two systems of dual orthogonal polar-
ization components. K5/VSSP sampler was used for data acquisition, and the correlation analyses were performed after the
observations. The target was 3C48 passing near the zenith, and a drift scan was performed. 3C48 has an intensity of 42 Jy
at P-band and can be regarded as a point source from the VLA calibrator manual. Since the baseline length between Zao
and litate is approximately the maximum baseline length of the VLA A-configuration, it is also considered as a point source
in this observation. The polarization of 3C48 is known to be close to zero above 1 GHz, and is assumed to have the same
characteristics below 1 GHz.

The observations were made on September 29, 2021, using K5/VSSP32 sampler with 32 MHz, 8 bit, 1 channel. We suc-
cessfully detected the fringe from this data. The fringe phase changed slowly during the 100 sec period. Both phase and
group delays were examined, and the trends were consistent, indicating that the phase change found here is not of ionospheric
origin. In the observation on December 21, 2022, all channels were measured at 32 MHz and 4 bits using K5/VSSP64 sam-
pler. Fringes were also successfully detected except for some channels with no signal. We also conducted three consecutive
days of observation from February 8 to 10 in 2023 using K5/VSSP64. From these data, we will investigate the relationship
between the fringe phase and the ionospheric electron density.



R009-P02
RXZ—2 :9/25 AMI/AM2 (9:00-12:30)

RNABREDAKEHIZORIEICAT - —OFERT — X B FEDRHEIL

#IREF PEEE D, KM B D Philippe  Zarka®) Laurent Lamy?,db st %), #H KF Y, LB Sfd ©) Member of
NenuFAR Exoplanet & Stars(LT02) ~ Key Program?

(SRR, o) R, G RUb LA, BN R A,C BULK - - RE T A RKR, O HUbk - 8 - X275
X RE&

Development of data analysis method for auroral radio of exoplanets toward
demonstration of their atmospheres and magnetic fields
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Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku University

Planetary auroras are generated by the collision of electrons in the magnetosphere accelerated along the magnetic field
with the atmosphere. If we detect the auroras from the exoplanets, we can demonstrate their magnetic fields and atmospheres,
which contribute to understanding the habitability of exoplanets. Auroral radio emissions are circularly polarized waves
effectively excited by the precipitating auroral electrons (Wu & Lee et al, 1979). Therefore they are distinguishable from the
stellar radio emissions that are generally not circularly polarized. Detection of auroral radio emissions is a promising way
to demonstrate the exoplanetary magnetic fields and atmospheres. Since the frequency of auroral radio emissions depends
on the magnetic flux density in the source region (Farrell et al, 1999), it is possible to quantify the exoplanetary intrinsic
magnetic field from the auroral radio spectrum. The quantified intrinsic magnetic field may constrain the internal convective
structure based on the magnetic dynamo theories. The emitted power of auroral radio emission is dependent on the total
energy input of the stellar wind to the planetary magnetosphere(Zarka et al., A&A 2018). The auroral radio intensity tells
us about the kinetic energy of the stellar wind and its time variability. The exoplanets have been observed using existing
radio telescopes. These observation results reported that circularly polarized radio emissions were detected.(e.g., Turner et al,
2021;Vedantham et al. & Callingham et al,2020). However, we have not been able to determine that they are auroral radio
emissions from planetary sources, and further observation, analysis, and detection methods need to be improved. In this
study, we attempt to detect exoplanet auroral radio emissions by applying the analysis method of existing radio telescopes
used in Turner et al (2021) to NenuFAR (New Extension in Nancay Upgrading LOFAR), a next-generation low-frequency
radio telescope currently under construction and performance evaluation. We applied Turner’s data analysis method to Jupiter
observation data to evaluate whether the analysis method is valid for NenuFAR. As a result, Jupiter’s radio emissions could
not be detected significantly due to RFI noise. We developed a data analysis method to suppress RFI noise by improving
frequency and time integration methods and estimating weak frequency bands of RFI noise through statistical analysis. This
has enabled us to suppress the degree of dispersion of the intensity of RFI noise by up to approximately 50%. In the future,
we plan to apply this suppression method to the observed data in advance and analyze it using the method of Turner et al
(2021) to remove RFI noise and detect Jupiter radio emissions.After the data analysis method is established, we plan to apply
it to the observation data of exoplanets.
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RIx—rarviEEoo, RANKEOHIG KK EFILTI2ELERAIERTH D, A —u 7 BHOE T, KEDHE
ﬁ’&i%gﬁﬁ?kﬁﬁf@"é 7z (Farrell et al, 1999). RAXEOEEHIGOERLL. ZIUTHED  WHENTRAE S HEE HA]
HETH 2, A—n 7 EBEREX, REMKEICANSINZEERO = 3 LX —RE L HHBEHRIS % (Zarka etal., A&A
2018) 7o, BIGEED SHEHEROEH T AL X -2 ORMEHOEHRET 2 HT e TE %, 5% T, BFOBEHR
FEFreHWT, RARBZERH A TETED, AMCOBRZRH Lz FikT 2MEIHME S N7 (e.g., Turner et
al, 2021;Vedantham et al. & Callingham et al, 2020), L2*L. REFOA —m 7E K THILWMET LI N TETES
3. X SR BEHAICWNT - MHETTIEOBEDPRLETH S, 22 'CZISEHjL’C W, BFERELGE & MERERTIlIE T, ALK
I = NenuFAR(New Extension in Nancay Upgrading LOFAR) DR REFM 7 — &2, Turner et al (2021) THW
SN EBEFEEROMNFEEZICH L, RARES —n B ROME 2iA %, ARETE. AENFEEZ, TR
BF— XA LU NenuFAR I X 2 RN EKE A — 0 SEIROMHE T IEOZ Y OB EITo 72, ZOFR, ANTEKIC K
374k, REBRZEBRICBRHE T3 TELRh o7z, ZO0, JEE - BEES FEOWER, Wt
12X 2 NTEROFIOEREHOHE 2TV, ANLEBEFEEZIHT 27— X MWEFEERFE L, Zuck b, ATEKD



HEDIES D EERRAN 50% MHF 2 2 e B TER, 5%I1EZ OMFHIGEEENCEN T — X 2@ L, Turner et al
(2021) DfFEFTEITS 2 T, ANLEBRZREL TREBEMHZITS TETH 5, MHEFIEIHEL L 12%. RIAKED
BHFT—XICHEALTWL FETH 3,



R009-P03
RXZ—2 :9/25 AMI/AM2 (9:00-12:30)

#EERE FC D AR ORY BE WFRCY), R AR 4O, IR fisE DR BEARDIE MY kE ER

1,5)

(7, (2 BOROR, 3 RBROK, (4 BERRRF, . 5UKHE, (SCPE Bl oefil &

Development Status of the TRITON: Triple-Reflection Compact Time-Of-Flight
Neutral Mass Spectrometer for Lunar Polar Exploration

#Yoshifumi Saito!),Satoshi Kasahara?),Shoichiro Yokota®),Naoaki Saito*®),Kazushi Asamura'),Masaki N Nishino!),Oya
Kawashimal) , Masahiro Yonedal:?)

(1ISAS/JAXA,?The University of Tokyo,®Osaka University,(* AIST,(®Graduate School of Science, Kyoto University, *CPE

For the purpose of investigating the presence (and amount) of the water (ice) molecules in the regolith 1 to 1.5 m below the
lunar surface, a compact neutral particle mass spectrometer is under development. This neutral particle mass spectrometer
TRITON (Triple-reflection Reflectron) is designed to be installed on the LUPEX (Lunar Polar Exploration) Moon rover as
part of an onboard instrument REIWA(Resource Investigation Water Analyzer). TRITON will perform mass analysis of the
neutral gas generated by LTGA(Lunar Thermogravimetric Analyzer) that is also a part of REIWA.

TRITON not only aims to measure the amount of water molecules included in the lunar regolith but also identify the atoms,
molecules and their isotopes up to mass number 200 with mass resolution as high as 120. TRITON is a reflectron that is a
Time-Of-Flight mass spectrometer. In order to increase the mass resolution as much as possible within the allocated volume,
we have decided to modify the standard reflectron by adding a second reflector that enables triple reflections and doubles the
flight length. This newly designed triple-reflection TOF mass spectrometer also has an additional function to select the mass
range of the measured particles by changing the temporal pattern of the pulsed high voltage applied to the first and second
reflectors. This function is useful, for example, to measure minor target gas by reducing the interference from the major gas.
The triple-reflection TOF mass spectrometer can be operated also as a standard reflectron by changing the voltage applied to
the analyzer. Triple-reflection mode is suitable for high mass resolution measurement and standard single reflection mode is
suitable for high sensitivity measurement.

Based on the test results of the Test Model (TM) analyzer, designing Engineering Model (EM) has been mostly completed
and fabrication of EM is underway. The testing of EM is scheduled for later this year.
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Method to explore the lunar surface and subsurface structure by passive radar
using AKR observed by Kaguya/LLRS
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Passive radar is an exploration technique using echoes of strong natural radio emissions such as planetary auroral radio
waves phenomena that are reflected at the solid surface and the ionosphere of target bodies. The passive radar has been
studied for observations of the subsurface structure of Jupiter’s icy moons with the JUICE spacecraft [Kumamoto et al.
2016], and applied to auroral kilometric radiation (AKR) to search the lunar ionosphere [Goto et al.,2011]. This study
investigates a method to explore the lunar regolith layer and the subsurface structure using AKR observed by the Lunar Radar
Sounder (LRS) onboard the lunar orbiter Kaguya. The LRS consists of three subsystems: the sounder transmitter/receiver
(SDR), the HF natural wave receiver (NPW), and the VLF waveform receiver (WFC). The LRS-NPW is capable of natural
wave observation in the frequency range of 20 kHz to 30 MHz, and the AKR observed by the NPW is used in this study.
This study has two purposes. The first one is to explore the subsurface structure of the Moon from dynamic spectra of
AKR observed by the LRS-NPW. To detect the lunar subsurface structure, we will use the interference patterns between
direct waves of AKR propagating from the Earth and those reflected from the lunar surface and subsurface structures. Since
the frequency of AKR (several 10 to several 100 kHz) is lower than active radar sounders (LRS-SDR, 4-6 MHz), it has
the potential to explore deeper subsurface structures than active radar sounders. In this study, the dynamic spectrum was
modeled by calculating the interference fringes on the radio spectrum at the position of Kaguya. The second purpose is
global exploration of the physical properties of the lunar regolith layers, which will allow estimation of the permittivity of
lunar surface materials from the surface echo intensity, since the longer wavelength of AKR (the order of 1 km) could reduce
the effect of lunar surface irregularities on the surface echo intensity. Therefore, the dielectric constant of lunar surface
materials could be estimated from the surface echo intensity. Since the dielectric permittivity obtained from return samples of
the Apollo program depends on local characteristics of the Lunar surface, the remote sensing technique will enable to obtain
a global survey of the regolith layer material of Moon. For these purposes, a two-layer subsurface structure was assumed,
with a relative permittivity of 4.0 for the first layer from the lunar surface, 8.0 for the second layer, and the thickness of
the first layer of 1 km. To consider the attenuation of radio waves in the first layer, the loss tangents of 0.01 and 0.003 are
assumed. Under the above assumptions, the interference fringes at the position of Kaguya were calculated, and the frequency
interval and amplitude of the interference fringes were derived. When the incident angle of AKR to the Lunar surface is 0
degrees, the frequency interval and amplitude of the interference fringes caused by direct and surface-reflected waves are 1.5
kHz and 6.0 dB, respectively. The frequency interval of the interference fringes between the surface and subsurface reflected
waves was 75 kHz, and the amplitude was about 0.5 dB for a loss tangent of 0.01 and about 0.8 dB for a loss tangent of
0.003. Since the frequency resolution of LRS-NPW is 6 kHz, interference fringes due to direct-directed and surface-reflected
waves cannot be observed if the incident angle is small. The interval of interference fringes increases as the incident angle
increases [Kumamoto et al., 2016], and simulation results show that interference fringes can be observed with the LRS-NPW
frequency resolution if the incident angle is larger than 79.2degree. Based on these studies, we have completed development
of a tool to simulate interference fringes at arbitrary position of Kaguya. We will identify areas on the lunar surface where
interference fringes are observed and investigate the subsurface structure of the lunar surface and the permittivity of materials
in the regolith layer.
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Characterization of charged particles and electromagnetic fields in lunar mini-
magnetospheres based on Kaguya low-altitude data
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Although the Moon does not have a global magnetic field like the Earth, crustal remanent magnetizations (lunar magnetic
anomalies, hereafter LM As) are nonuniformly distributed over the lunar surface. The interaction between the solar wind and
LMAs leads to the formation of mini-magnetospheres. Since the spatial scales of lunar mini-magnetospheres are very small,
below several tens of kilometers, direct observations of the lunar mini-magnetospheres are challenging from a typical altitude
of lunar orbiters ("100 km). As a result, the plasma environment and electromagnetic field structure in the solar wind-LMA
interaction region have not been fully understood. Saito et al. (2012) first reported simultaneous observations of ions and
electrons below 30 km altitude based on a single low-altitude path obtained by ‘Kaguya’. In this study, we extensively
analyze low-altitude data of ions, electrons, magnetic fields, and wave electric fields obtained by Kaguya. By analyzing
multiple orbits over a variety of LMAs, we comprehensively characterize the plasma environment and electromagnetic fields
in the solar wind-LMA interaction region. Based on the knowledge and questions derived from the currently available
low-altitude data, we discuss implications for future low-orbiting or lander missions.
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A Conceptual Study on Meter-wave Radio Interferometer: Lunar Astronomical
Observatory
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Since high-precision observation in the lower frequency range below 10 MHz has not yet been realized, this frequency
range is notable as one of the last frontiers for astronomy. This is because the terrestrial ionosphere prevents ground-based
observations of radio waves below the ionospheric cutoff. While spacecraft have been used to observe radio waves below 10
MHz, low-frequency radio waves require longer antenna elements, making it difficult to increase the aperture size of radio
antennas mounted on a spacecraft. It is also difficult to observe the faint radio waves from planets and celestial objects even
in Earth orbit because of interference from solar flares, artificial radio broadcasts, and terrestrial auroral radio emissions. The
far side of the Moon is a suitable location for such low-frequency astronomical observations because radio waves from the
Earth can always be avoided and radio waves from the Sun can be shielded during the lunar night. One of the major goals of
astronomy on the far side of the Moon is the first detection of the 21 cm neutral hydrogen absorption line from the Dark Ages
of the universe. Another goal is the radio emission from the central stars with habitable planets and the radio emission from
exoplanets, which would provide us with space weather environments of exoplanets and intrinsic parameters of exoplanets
such as magnetic field strength, rotation rate, and so on. We report the progress of a conceptual study on a lunar astronomical
observatory consisting of a meter-wave radio interferometer on the far side of the Moon. This observatory aims at more than
100 antennas extended to a maximum baseline of more than 100 km, providing a spatial resolution of about 1 arcmin at 10
MHz. We will report on the feasibility study of the first stage pilot probe with three antenna units and scientific observations
with the pilot probe including the lunar environment.
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The temporal variation and the solar wind response of dawn-dusk asymmetry of
IPT observed by HISAKI and Haleakala T60
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In Jupiter’s magnetosphere, since the strength of a dipole magnetosphere is stronger and the rotating speed is faster, the
co-rotation electric field is dominant in the inner magnetosphere, including in Io’s orbit. The convective electric field is also
known to exist in Jupiter’s inner magnetosphere (a few percent of the co-rotating electric field), and the origin of convective
electric fields has been discussed so far (Nakamura et al., 2023; Murakami et al., 2016; Barbosa & Kivelson; 1983, Ip &
Goertz, 1983).

In Jupiter’s inner magnetosphere, there are regions consisted of dense plasma from Io’s volcanos, forming the Io-plasma
torus (IPT). In the region slightly inside the Io orbit, there is a structure called “ribbon” in which Io-originated plasma
spreads in the north-south direction along the magnetic field lines. The presence of a convection electric field causes the
ribbon position to shift to the dawn side, providing a direct observation of the strength of the convective electric field. Due
to the adiabatic change in electron temperature caused by the change in the drift orbit, the temperature is higher in dusk side
than in dawn side. If the efficiency of ion excitation by electron collisions depends on the electron temperature, the strength
of the convective electric field can be estimated indirectly from the difference in emission intensity between dawn and dusk
sides of the IPT.

Schneider et al. (1995) reported a temporal variation of ribbon’s radial position using 80 images at 673.1 nm observed
by the Catalina telescope. The position fluctuational was asymmetry between the dawn and dusk sides, suggesting the non-
uniformity of the electric field structure.

In this study, we analyzed the relationship between temporal variation of the ribbon’s radial position in the IPT and the solar
wind dynamic pressure to investigate temporal variation and inhomogeneity of the electric field in Jupiter’s magnetosphere
associated with the solar wind response. We used sulfur ion emission lines (SII, SIII, and SIV in 64.0-77.0 nm) observed
by the HISAKI/ EXtreme ultraviolet spectrosCope for ExosphEric Dynamics (EXCEED) and sulfur ion visible images (SII
673.1 nm) obtained by the Visible Imager and SPectrograph with coronagraphy (VISP) with the 60cm aperture telescope
(T60) at the Haleakala observatory of Tohoku University. The MHD simulation of the dynamic pressure of solar wind were
introduced in Tao et al. (2005).

We analyzed the T60/VISP data observed in December 2014 — May 2017. We define the position of ribbon at a location
where the brightest emission at 673.1 nm appears in the IPT. The 1,427 ribbon images are classified into two groups in terms
of the dynamic pressure of the solar wind; those during quiet solar wind (<0.1 nPa) or disturbed solar wind (>0.1 nPa). We
investigate the System III longitude dependence of the ribbon’s position in the dawn and dusk sides and fit the result with
sinusoidal functions. When the solar wind dynamic pressure was quiet, the ribbon’s position is fitted with 5.761 = 0.042
cos (A-133 [deg]) [Rj] in the dawn side and 5.587 % 0.047 cos ( A -130 [deg]) Rj on the dusk side (A : System III longitude
[deg]; Rj: Jupiter’s radius 71,492 [km]). When it disturbed, it is fitted with 5.786 =+ 0.042 cos ( A -147 [deg]) [Rj] in the dawn
side and 5.558 & 0.049 cos (A -123 [deg]) [R]j] in the dusk side. The results indicate that there is a dawn-ward shift both in
the dawn and dusk sides when the dynamic pressure increases: the shift is derived at 0.025 Rj and 0.029 Rj in the dawn side
and the dusk side, respectively. To Estimate the convection electric field strength from this shift, we found that it averaged 2
[mV/m] during quiet, and tended to be larger when solar wind disturbed, which is consistent with the convection electric field
strength derived by the HISAKI data: the strength is estimated at 3.8 [mV/m] on average and 8.6 [mV/m)] for the particularly
stronger solar wind(Murakami et al., 2016).

Next, we investigated the change of the solar wind dynamic pressure and the shift in the ribbon’s radial position. We



focused on events in which the solar wind pressure was continuously quiet (<0.05 nPa) for several days and then increased
to more than 0.1 nPa. We derive the shift of the ribbon’s position in response to the increasing dynamic pressure at every
10 [deg] of the central meridian longitude (CML). The results showed that when solar wind dynamic pressure increases, the
ribbon’s position tends to shift toward the dawn side in more than 90% of the events in the dawn side, whereas in dusk side,
the variation of the ribbon’s position were divided into cases where it shifted to the dawn side and the dusk side. This indicates
that the response of the convection electric field induced by solar wind dynamic pressure was asymmetric between the dawn
and dusk sides of the IPT, during the events. It was also shown that the convection electric field may have a non-uniformity.
may have a non-uniformity.
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A search for emission lines in the atmosphere of Europa with ground-based tele-
scope
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For the Jovian icy moon Europa, telescopic observations have confirmed the existence of atomic sodium and potassium in
its tenuous atmosphere [Brown and Chaffee, 1974; Brown, 2001]. Such components are considered to be originated from
the surface materials. Spectrographic evidence on the surface acquired from the Galileo spacecraft suggests that hydrated
salt minerals, such as magnesium and sodium sulfates, sodium carbonate and their mixtures, are concentrated at the linear
features and in the chaotic terrains [e.g., McCord et al., 1999]. Furthermore, recent visible spectroscopic observations by the
Hubble Space Telescope suggests the presence of sodium chloride on the surface [e.g., Trumbo et al., 2019]. The following
mechanisms have been proposed as the origin of Europa’s tenuous atmosphere: (1) sputtering of materials from the surface by
energetic particles in the Jupiter’s magnetosphere, (2) the impact supply from meteorites and dusts, (3) contamination due to
volcanism from nearby Io. However, sodium-to-potassium for the Europa’s atmosphere does not simply agree with chemical
model of the Europa’s ocean and with meteoritic origin. In addition, no positive signal from magnesium and calcium atoms
has been reported despite their expected presence [Horst and Brown, 2013]. The search for such materials is crucial not
only to understand the chemical information in the present Galilean moons, but also to evaluate the primordial environment,
formation process and evolution of the moon.

In this study, we searched for emission lines (400-930 nm) in the atmospheres of Europa from 2018 to 2021 using the
spectral imager Multi Spectral Imager [Watanabe et al. 2012] on board the Pirka telescope (the primary mirror is 1.6 m in
diameter) of Hokkaido University. Here we will report the investigation.
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Development of the infrared echelle spectrograph ESPRIT and initial results of
the first light of TOPICS
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(I Tohoku Univercity,(?Nagoya Univercity,®Hokkaido Univercity,(*Nayoro Observatory

We report on the first light of the near-infrared imaging system TOPICS (Tohoku Planetary near-Infrared Camera
System) using the Pirka telescope at Astronomical Observatory, Faculty of Science, Hokkaido University, and the current
status of development of the near-infrared echelle spectrograph ESPRIT (Echelle Spectrometer for Planetary Research In
Tohoku University). TOPICS and ESPRIT are being developed to be installed on the telescopes dedicated to planetary
observation at the Haleakala summit(3055m), Hawaii. Concerning Jupiter, the largest giant planet in the solar system, plasma
originating from Io volcanoes is dominant and accelerated in the co-rotating magnetosphere which causes auroral emission
at high-latitudes through ionosphere-thermosphere coupling processes. Therefore, understanding the relationship between
Jupiter’s aurora, plasma supplied from Io, and plasma transport in the magnetosphere is essential for understanding Jupiter’s
magnetospheric variability.

TOPICS is a monochromatic imager with an InSb 256 x 256 array detector sensitive to 1-5 |1 m, and its development was
almost completed at the end of FY2022. The first-light observation was carried out from February 14 to 27, 2023 (Sakanoi et
al., see presentation at this conference). On the evening of 26th, K-band (2.2 4 m and 2.3 p m) and L-band (3.4 1 m and
3.9 1 m) observations of Venus (Vmag=-3.9) and Jupiter (Vmag=-2.0) were successfully made, and Jupiter and Europa were
imaged in K-band, indicating that they can be observed well even in Japan. On the other hand, in the L-band, the TOPICS 3.4
K m narrow-band filter observation had a strong background sky emission of about 6,000 counts in a 10-second exposure.
Therefore, the Jupiter’s H3+ aurora was not detected from the data analysis of images with an exposure of about 10 minutes.
In addition, oblique noise pattern in the image, which was not seen in the laboratory tests, was confirmed, suggesting that
noise countermeasures for the driving circuit system are necessary. We plan to perform another observation with TOPICS
and the Pirka telescope in the summer of 2023, and we will install TOPICS on the T60 telescope at Haleakala in the winter
of 2023. Since the sky background is low at Haleakala even in the L-band, observations of Jupiter’s H3+ aurora and thermal
radiation from Io volcano are expected to be obtained. We also make simultaneous visible observations (S+673nm and
Na589nm) to monitor the gas transport in the vicinity of Io to the magnetosphere.

In parallel, we are developing the near-infrared spectrograph ESPRIT (R™20,000) covering a wide wavelength range
of 1-4 p m. This adopts a common detector and driver circuit system with TOPICS. Mounting on the Haleakala T60
telescope (F12), the plate scale is 0.3”/pixel and the slit length is 50”. With this long slit and wavelength resolution, the
entire Jupiter will be captured to derive the Doppler velocity of the H3+ auroral emission lines simultaneously in the
northern and southern hemispheres. The echelle grating is Newport #53%453 (braze angle 71 degrees, groove 31.6/mm,
effective size W=130mm x D=23mm). The vacuum chamber consists of an InSb detector (30-35 K), collimator-camera
mirrors, and several mechanisms, such as, a two-stage filter turret mechanism (16 positions, including order sorters), a slit
exchange mechanism, an image-spectral exchange mechanism, and a grating angle adjustment mechanism. The picomotor
of grating angle adjustment mechanism is installed outside the radiation shield because of its specifications. This adjustment
mechanism can change the angle of echelle grating with respect to the incident light from 60 to 75 degrees. The required
accuracy is an absolute repeatability of less than 0.4 degrees and a stability of less than 1 arcsec/5 minutes (the physical
length in the push/pull direction is 0.65 © m, corresponding to a plate scale of 1/10 pixel, and the Doppler shift of the mission
line is 0.5 km/s). A slit viewer camera, a gas lamp for wavelength calibration, and a blackbody for intensity calibration will
be mounted outside the vacuum chamber. The dimensions are “800x500x400 mm and it weighs about 150 kg.

Currently, the optical system of ESPRIT has been completed and its performance has been demonstrated using visible laser
light. The cooling system has also been completed by Kambara (2020) et al. using oxygen-free copper mesh (wire diameter
¢ 0.23 mm, density 50 mesh/inch), and both the radiation shield (90 K) and detector box (30 K) have been confirmed to be
sufficiently cooled. We will carry out tests to verify the operation of the mechanisms mentioned above in the air and cooled
vacuum conditions. Further, we plan to perform electrical tests with the InSb detector, and then transfer it to the Haleakala
telescope.
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Magnetic field experiment at Jupiter icy moons (JUICE J-MAG) and in-flight sen-
sor alignment calibration
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The magnetometer (J-MAG) is one of the core instruments on the JUICE spacecraft and is critical for examining prime
scientific objectives of the mission. Firstly, we are expecting to gain an understanding of the interior structure of the icy
moons of Jupiter, specifically those of Ganymede, Callisto and Europa. We will be able to obtain the knowledge of the depth
at which the liquid oceans reside beneath their icy surfaces. We are also interested in the configuration of internal magnetic
fields and the induced magnetic fields arising within these oceans. Secondary, the magnetic field drives the plasma processes
within the Jupiter system. Magnetic field observations allow for a better interpretation of dynamical plasma processes, auroral
phenomena and various current systems within the Jovian magnetosphere.

Defined J-MAG science targets result in a requirement to determine accurate knowledge of the sensing orientation by two
fluxgate sensors, MAGIBS and MAGOB, on the spacecraft. Due to the long MAG boom it is not possible to meet J-MAG’s
alignment requirement by mechanical stability alone. To evaluate the alignment error of the sensing direction, the spacecraft
includes two orthogonal coils mounted around its body. The coils can be driven with a current which produces a measurable
magnetic field vector at the fluxgate sensors. This signal can then be used by the fluxgates to track the variation in the sensor
alignment. In the presentation we show the results of an analysis using an alignment recovery technique that was developed
for the Kaguya mission, applied to the specific case of JUICE, considering the relative positions of the fluxgate sensors with
respect to JACS.

We derived equations to calculate the directions of the measurement axes in the frame fixed to the spacecraft, namely
alignment angles, from the measurement results of reference magnetic fields generated by JACS. The errors of the alignment
angle estimation and their dependence on measurement noise as well as inaccuracy of the coil current intensity are examined.
Based on the quantitative results, the requirements to the JACS design and operation to satisfy the requests to the alignment
accuracy are determined.
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Analyzing Brightness of Europa’s Auroral Footprint with the HST/STIS Dataset
Taken in 2014 and 2022
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Satellite auroral footprints at Jupiter’s upper atmosphere are the signature of the electromagnetic interaction between the
Galilean moons and the Jovian magnetosphere. Wannawician et al. (2010) revealed that brightness of the Io footprint (IFP)
aurora at far-ultraviolet (FUV) wavelength depends on the System IIT longitudes (A ;77) of To, yet the same variation has
not been found at the Europa, Ganymede, and Callisto footprints (EFP, GFP, and CFP, respectively) (e.g., Clark et al., 2002;
Bonfond et al., 2013a; Bonfond et al., 2017a, Bhattacharyya et al., 2018). Our study aims to confirm if the brightness of the
EFP auroras changes with the System III longitude of Europa as previously found at the IFPs.

Power generated through the moon-plasma interaction depends on the plasma density and magnetic field at the moon and
propagates as the Alfven waves along the field lines into Jupiter’s ionosphere to accelerate electrons. Hess et al. (2010)
estimated the power generated at Io and found that it peaks twice when Io crosses the plasma torus equator at A ;;; “110
[deg] (the first peak) and 290 [deg] (the second peak), which corresponds to the peak brightness of the IFP auroras observed
at the same longitudes (Wannawichian et al., 2010). This model would also be applicable to the EFPs, but the small number
of detected EFP auroras and the low signal-to-noise ratio prevented further discussion of the longitudinal dependence.

We have investigated the variation of the EFP auroral brightness using FUV images taken in 2014 and 2022 by the Space
Telescope Imaging Spectrograph (STIS) on the Hubble Space Telescope (HST) with the F25SRF2 filter (130 - 174 nm).
In the northern hemisphere, we found that the first peak brightness of the EFP auroras appears when Europa is at A jry
“135 [deg], which is longitudinally shifted from the expected longitude A ;;; “110 [deg], although this longitudinal shift
is not notable in the IFP auroras according to the analysis by Wannawichian et al. (2010). On the other hand, we have not
confirmed the second peak at A ;;; 7290 [deg] so far, even though the EFP aurora at A ;7; 290 [deg] is expected to be
brighter than the local minima at A ;;; 20 [deg] and 200 [deg] according to the power generation model at Europa as an
application of Hess et al. (2010)’s model. The EFP auroras are detected in a range of 82 < A j;; <198 [deg] in the northern
hemisphere, although the dataset we use covers wider A ry; ranges (82 < A j;r <278 [deg]) and includes the instantaneous
footprints expected by the JRM33 magnetic field model (Connerney et al., 2022) inside the HST’s field of view. We have not
identified what controls the detectability of the EFP auroras.

As a future work, we will try to reveal (a) why the first peak of the EFP aurora is longitudinally shifted from the model
estimation and (b) why the second peak is not detectable in the dataset we use. We expect that comparing satellite footprint
auroras of Io, Europa, Ganymede, and Callisto will provide a great opportunity to gain universal understandings of the
electromagnetic interaction between the Galilean moons and the Jovian magnetosphere.
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Estimations of the atmospheric transport velocity of Uranus using telescope ob-
servations.
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Uranus is a planet that orbits at an inclination of 98 degrees to its orbital plane. As of June 2023, the only close observations
of Uranus were made during the flyby observation by Voyager-2 in 1986. Apart from that, ground based observations have
been ongoing using telescopes. In 2007, Uranus passed through the vernal equinox, and since 2014, a polar cap resulting from
methane condensation has been observed in the northern polar region[Toledo et al., 2018]. Also, in observations conducted
at the H-band (1.6 1 m), bright localized cloud regions have been identified on Uranus, which appear brighter than other
areas[Sromovsky et al., 2015].
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An adaptive optics system of Tohoku 60cm telescope at Haleakala observatory for
daytime monitoring of Mercury’s sodium exosphere
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We report on the development of a visible adaptive optics (AO) instrument for Tohoku 60cm telescope (T60) at Haleakala
Observatory in Hawaii. The current goal is to join the ground-based support observation for the ESA-JAXA joint Mercury
mission BepiColombo on the orbit in 202572028.

The summit of Haleakala on Maui island (3,040 m) is one of the suitable site for monitoring the variable solar-system bodies
due to clear sky and good seeing. T60 is equipped with a fiber-field-integrating instrument and a visible high-dispersion
spectrograph with a wavelength resolution of 50,000, and contributes to continuous observations of solar-system objects
mainly by remote control. Mercury, one of the targets of this development, has an exospheric atmosphere due to alkali metals.
The resonant scattering emission of sodium D-lines (589.0 nm and 589.6 nm) is particularly bright and its distribution and
velocity field can be observed from the ground by high dispersion spectroscopy. In the Mercury’s magnetosphere the typical
time scale of the variability expected from the interaction with the solar wind is as short as a few minutes. Ground-based
observations have shown that the north-south ratio of the Na exospheric emission has a time scale of several tens of minutes,
which is consistent with the time scale of the emission response due to the sputtering of magnetospheric particles, one of the
factors that generate the Na exospheric atmosphere. There are also several global-scale emission patterns in the Na exosphere,
but with previous observations using a slit scanning technique, it takes about an hour of scan data is required to create a global
Mercury emission distribution. Therefore, observations that capture spatial variations on the scale of several tens of minutes
have not been performed. Therefore, we are aiming to obtain global areal spectroscopic data with an integration time of about
5 minutes by using the high-resolution spectrograph (R=50,000) with an integral fiber unit installed on T60. However, for
Mercury, which is an inner most planet with a maximum separation angle of only about 20 degrees from the Sum, we can
only observe Mercury from the ground after sunset or before sunrise for a maximum of about one hour. In order to capture
spatial-temporal variations of a few tens of minute time-scale, we need stable continuous observations that can resolve the disk
not only at low altitudes just after sunset and just before sunrise, but also during the daytime when atmospheric fluctuations
near the ground surface are large (seeing 2”75”) due to surface heating caused by solar radiation, although at high altitude.
Continuous observation is needed to enable disk decomposition even during the daytime.

Our visible AO system for T60 consists of a 12x12 140-element MEMS deformable mirror (Boston Micromachine) and a
Shack-Hartmann wavefront sensor (TIS DMK33UX287 and Thorlabs MLLA300-7AR). The size of each AO element is 12 cm
on the primary mirror, which divide the primary mirror into 5x5. The test system has been installed at the Cassegrain focus of
T60 in March 2022, and we developed and evaluated the AO control software remotely from Japan. The method for wavefront
compensation calculation is mode-specific control by expanding the wavefront into Zernike modes. In this method, stable
closed-loop AO control at 900 Hz was achieved for natural stars up to 4.4 mag. In a nighttime test observation of a 1.0-mag
star, an FWHM of 1.4 “ was achieved under natural seeing of 2.9 “. In a daytime test observation of a 1.0-mag star, an FWHM
of 3.2 “ was achieved under natural seeing of 4.3 “. In order to achieve a spatial resolution of 1, the wavefront sensor will
be refurbished to increase the number of specular divisions for the purpose of sensing wavefront errors on a smaller spatial
scale in June 2023.

In this presentation, we will report on the results, evaluation, and prospects of these test observations, including those after
the refurbishment.
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Investigation of Characteristics and Long-Term Trends of ULF Waves in the Mar-
tian Ionosphere: MGS Observations

#Kaworu Imadal), Yuki Harada®)

(1Graduate School of Science, Kyoto University, ?Graduate School of Science, Kyoto University

The solar wind directly interacts with the low-altitude plasma environment of Mars because the planet lacks a global in-
trinsic magnetic field. Waves that are left-hand polarized with a frequency similar to the local proton cyclotron frequency
in the spacecraft reference frame are called proton cyclotron waves (PCWs), and they could have a long-term impact on the
Martian ionosphere. For instance, several events have been reported in which the Mars Atmosphere and volatile EvolutioN
(MAVEN) spacecraft observed upstream PCWs driving (“ringing”) new compressive magnetosonic waves in the ionosphere
with an ultralow frequency (ULF) close to upstream proton gyrofrequency (Collinson et al., 2018; Fowler et al., 2018, 2021).
In particular, the event reported by Fowler et al. (2018) strongly suggests that PCWs-driven waves in the ionosphere heat
planetary heavy ions such as O% and O, %, contributing to ion escape to space. Romeo et al. (2021) determined the PCW
occurrence rate based on the MAVEN spacecraft observations over almost three Martian years, and the results show that it
is about 20% during the southern summer (L, [degree]=[215, 315]). In addition, Fowler et al. (2021) visually identified the
presence of compressive magnetosonic waves with a frequency below 0.1 Hz at altitudes below 1,000 km for 101 orbits of
the MAVEN spacecraft from August 7, 2020 to August 22, 2020 (L, [degree]=[253, 263]), and in 28% of the total orbits
the waves were present. Considering these previous studies, the occurrence of upstream PCWs and the resultant ringing pro-
cess are not uncommon, and its long-term impact on planetary ion heating and ionospheric dynamics may not be negligible.
However, no statistical characterization has been made for the properties and spatial distribution of PCW-driven waves in the
ionosphere.

In this study, we characterize them based on magnetic field data from April 1999 to November 2006 obtained by the magne-
tometer on board the Mars Global Surveyor (MGS) spacecraft. The MGS spacecraft was placed into Mars orbit in September
1997 and by March 1999 its orbit had transferred through aerobraking to a sun-synchronous orbit with an orbital inclination
of 92.96 degrees and an average altitude of 378 km (Albee et al., 2001). The MGS spacecraft possesses an onboard mag-
netometer that provides vector magnetic field measurements with a sampling frequency of up to 16 Hz (Acuna et al., 1992,
1998), and therefore the PCW-driven waves in the ionosphere at an ultralow frequency can be detected. We calculate power
spectral densities (PSD) based on magnetic field data observed at a quasi-constant altitude for about eight years and develop
an algorithm that can automatically detect ULF waves from PSD at each time. Based on the results of the automatic detection
of ULF waves, we investigate periodicities and long-term trends corresponding to the solar rotation period, solar cycle, and
Martian year in the occurrence rate of the waves, statistical characteristics of the wave amplitude, and spatial distributions of
the wave occurrence attributed to crustal magnetic field magnitude.
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Abiotic synthesis of peptides from amino acids driven by the SEPs in early Mar-
tian and terrestrial atmospheres

#Yuki Sakurai®), Tomoki Kimura®),Kensei Kobayashi?),Hidetaka Torigoe!) ,Naoki Terada®

(ITokyo University of Science,(?Yokohama National University, ®Department of Geophysics, Graduate School of Science,
Tohoku University

The origin of amino acids, peptides, proteins, and their precursors is the most important issue for elucidating the origin and
evolution of life on planets with the atmosphere and ocean. It has been theoretically predicted that these prebiotic substances
are synthesized abiotically from atmospheric molecules by any energy injections: e.g., lightning discharge, solar ultraviolet
photon, and Solar Energetic Particles (SEPs). Many laboratory experiments have been conducted for the abiotic synthesis of
prebiotic substances from the atmosphere by various energy injections [e.g., Miller, 1953]. Most of these laboratory experi-
ments have used mildly reduced (CO or CO2, H30, N3) and strongly reduced (CHy, H2O, NH3) atmospheres as early Mars
and Earth atmospheres. Proton irradiation experiment simulated the solar energetic particle (SEP) injections produced amino
acids and their bound macromolecules called tholins [Sagan and Khare, 1979] from both the mildly and strongly reduced
atmospheric molecules [Kobayashi et al., 1989]. Although only the amino acids and tholins were synthesized in the previous
studies, the creation of peptides through the amino acid joining and abiotic evolution to synthesize the protein have not been
evaluated yet.

Here we focus on the sulfur dioxide gas, which is abundant around the volcanoes on ancient Mars and Earth and highly
reactive for the chemical process in the atmosphere. With the assumption that the sulfur-containing amino acids as well as
the non-sulfur-containing amino acids were abiotically synthesized from the volcanic atmosphere, we evaluated the abiotic
synthesis of peptides from these mother substances based on the laboratory plasma irradiation experiment. We irradiated a
powder sample of non-sulfur-containing amino acids composed of 74.6% glycine, 19.9% alanine, and 5.49% serine, and a
sample with sulfur-containing amino acids (cysteine) composed of 73.3% glycine, 19.6% alanine, 5.39% serine, and 1.77%
cysteine by hydrogen ions at 10 keV with a beam current of 7 i A. By the high-performance liquid chromatographic anal-
yses, we detected macromolecular organic compounds only from the sulfur-containing amino acid sample. The N-terminal
amino acid sequence analyses of the macromolecular compounds showed that the detected macromolecules contained mul-
tiple peptide bonds, indicating that the peptide-like compound was synthesized in the sample. These results suggested that
the peptides were abiotically synthesized in the atmosphere around the volcanoes on ancient Mars and Earth. We are just
ongoing to extend the structural analyses of the peptide-like compounds and the abiotic syntheses of peptides and proteins by
the plasma irradiation of atmospheric molecules containing sulfur.

Kobayashi, K, Tsuchiya, M., Oshima, T., and Yanagawa, H.: 1990, Origins of Life and Evolution of the Biosphere 20,
99-109.

Miller, S. L.: 1953, Science 117, 528.

Sagan, C. and Khare, B. N.: 1971, Science 173,417.

Sekine, Y.:2012, Jour. Geol. Soc. Japan, Vol 118, No.10, 650-663.
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Mid-latitude disturbances in the Martian atmosphere studied with MRO MCS
data

#Nozomi Kakinuma®) , Takeshi Imamura®),Shohei Aoki'),Katsuyuki Noguchi?),Armin Kleinboehl?)
(I The University of Tokyo,(*Nara Women’s University, *NASA

Similarly to the Earth, baroclinic waves are thought to play a significant role also on Mars in determining the climate at
mid-to high-latitudes. It is known that baroclinic waves with zonal wavenumber1,2, and 3 are dominant and they become
the strongest from autumn to winter in the northern hemisphere (Barnes, 1981). In addition, baroclinic waves are thought
to have a connection with the meridional transport of substances in the Martian atmosphere, such as dust and water ice
particles. Images taken by Mars Orbiter Camera onboard Mars Global Surveyor (MGS) revealed the possible relations
between baroclinic waves and the transport of dust (Wang et al., 2005). However, previous studies considered the behavior
of the waves below the 18Pa level with low vertical resolution ("10km) data set (Banfield et al., 2004). The propagation at
higher altitudes has not been investigated yet. Also, the relations between baroclinic waves and the transport processes of
dust and water ice particles have not been studied quantitatively.

To characterize the behavior of baroclinic waves in high altitudes, we have investigated the meridional distribution of the
amplitude of the baroclinic waves and how it changes with a time resolution of 1 Martian day by using Mars Reconnaissance
Orbiter (MRO) Mars Climate Sounder (MCS) limb observation data. This has a higher vertical resolution ("Skm) than the data
used in previous studies of baroclinic waves. To clarify how baroclinic waves have an influence on the transport processes
of dust and water ice particles, we examined how the zonal distributions of dust and water ice particles vary with time and
latitude and their correlations to the propagation of traveling waves seen in the temperature distribution. The retrieved data
of temperature, dust opacity, and water ice opacity in MY30 within a pressure range from 200 to 1 Pa, corresponding to the
altitude range from about 10 to 55 km above surface, are used in our survey. After dividing the data into time intervals with
a length of 1 Martian day and subtracting the seasonal trend, fluctuations of temperature, dust opacity, and water ice opacity
are analyzed. Then, we computed the amplitudes of zonal wavenumber 1-3 for each pressure surface. To examine the way
of the propagation of dust and water ice particle distributions, Hovmoller diagrams were made for each substance, and we
compared them with the propagation of the traveling waves.

Our results show that waves with zonal wavenumber 1 become dominant at mid-to high-northern latitudes during the
perihelion season in high altitudes. Large amplitudes of zonal wavenumber 2 were also seen on several days. The region
where a large amplitude appears was consistent with the region of a large temperature gradient. This result indicates that the
large amplitude of traveling waves in high altitudes occurs due to baroclinic instability. Also, some zonal propagations of
water ice particle distributions were seen at the same region during the same season as the propagation of traveling waves.
The correlation coefficients between the zonal distributions of temperature and water ice opacity were found to be negative
in most days. This result denotes a possible connection between baroclinic waves and transport of water ice particles.
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Strong bulk plasma acceleration in the Martian magnetosheath under low Alfven
Mach number solar wind
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(1Japan Aerospace Exploration Agency,?Graduate School of Science, Kyoto University, ®Department of Earth and Planetary
Science, Graduate School of Science, University of Tokyo,(4University of Towa,>NASA

The magnetosheath environment around Mars is a key for understanding interactions between the solar wind, the iono-
sphere, and the induced magnetosphere. The dependence of the magnetosheath plasma on the solar wind Alfven Mach
number (M 4) has been studied statistically, while no detailed study of very low M 4 events at Mars has been conducted yet.
Here we report MAVEN observations of strong bulk plasma acceleration in the magnetosheath near the ionopause around the
terminator under the low M 4 solar wind condition (M 472-3). In these events, the solar wind speed was about 400 km/s and
decelerated to 250 km/s at the bow shock, while the speed of the accelerated flows in the magnetosheath was as high as 550
km/s. The interplanetary magnetic field was of the Parker spiral configuration, and the accelerated flows were detected in the
-E hemisphere and almost perpendicular to the local magnetosheath magnetic fields. The accelerated flows around the Mar-
tian ionopause may be a counterpart of those found in the terrestrial magnetosheath under the low M 4 solar wind condition;
that is, the strong acceleration may be attributed to both magnetic pressure gradient and tension force. We will discuss the
possible effect of the low M 4 solar wind on the Martian atmospheric escape in the -E hemisphere, where snowplows can play
a substantial role under the typical M 4 values.



R009-P18
RXZ—2 :9/25 AMI/AM2 (9:00-12:30)

#E RIE D, SR WD, 20 B
(RO, 2 R, G MILEE

Numerical modeling of mesoscale dynamics around enormous mountains on
Mars
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The Tharsis Montes on Mars is a vast volcanic plateau, boasting four enormous volcanoes, named Ascraecus Mons,
Pvconis Mons, Arsia Mons, and Olympus Mons. On the western flank of Arsia Mons, an elongated, luminous cloud of
water ice extending over 1500 kilometers was observed by Mars Express orbiter using its Visual Monitoring Camera (VMC).
This spectacular weather event underscores the complexity of the atmospheric circulation in this region, where mesoscale
phenomena induced by the massive mountainous terrain are thought to be key contributors.

As exploratory research, we started by revisiting observations and numerical simulations of these mesoscale phenomena
in the Tharsis Montes region, as documented in prior studies. This review allows us to succinctly outline the characteristic
atmospheric circulation in this area. Following this, we utilized numerical simulations to predict the role of these enormous
mountains in influencing atmospheric circulation from an idealized experimental perspective. Next, we delve into simulating
with real topography. The insights gleaned from this approach will not only advance our understanding of Mars’s atmospheric
dynamics but also offer valuable context for future explorations of this region.
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Development of a photochemical model for the impacts of solar energetic particles

on prebiotic chemistry on early Mars
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of Science, Tohoku University,(*Department of Geophysics, Graduate School of Science, Tohoku University

Understanding the effects of solar energetic particles (SEPs) on the atmospheric chemistry on early Mars is of astrobiologi-
cal interest, because the precipitation of SEPs into the early Martian atmosphere could have facilitated the prebiotic chemistry.
The flare observations of solar-type G stars by Kepler mission suggested that our Sun should have been much more active,
and intense SEP events could have hit the planetary atmospheres repeatedly 4 billion years ago (e.g., Lingam et al., 2018).
Such recurrent SEP events in the past and high efficiency in the production of amino acids suggested by previous laboratory
experiments (Kobayashi et al., 2023). SEPs are therefore considered as one of the key energy sources for prebiotic chemistry
on early Mars.

In this study, we developed a photochemical model on the early Martian atmosphere to investigate the contribution of SEPs
to production of HCN and H2CO, which are known as the precursors of amino acids and ribose. To take into account the
production of hydrogen atom via water cluster ion chemistry properly, we have investigated the dependence of hydrogen atom
production rate as a function of the ionization rate. We found that the production rate of hydrogen atoms per one ion pair
production reaches unity below the hygropause altitude in CO2-dominated Martian atmosphere, which falls sharply above the
hygropause. Application of the parameterization of the production of hydrogen atoms during SEP events to the early Martian
neutral atmospheric chemistry will also be presented.

References:
Lingam, M., Dong, C., Fang, X., Jakosky, B., and Loeb, A. (2018). The Propitious Role of Solar Energetic Particles in the
Origin of Life, The Astrophysical Journal, 853:10, doi:10.3847/1538-4357/aa%fef.

Kobayashi, K., Ise, J.-i., Aoki, R., Kinoshita, M., Naito, K., Udo, T., Kunwar, B., Takahashi, J.-i., Shibata, H., Mita, H., et
al. (2023). Formation of Amino Acids and Carboxylic Acids in Weakly Reducing Planetary Atmospheres by Solar Energetic
Particles from the Young Sun, Life, 13, 1103, doi:10.3390/1ife13051103
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Atmospheric Species Behavior in the Martian Upper Atmosphere (Ionosphere) :
MAVEN NGIMS Observations
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The current extremely thin Martian atmosphere is primarily caused by atmospheric escapes into space. Understanding the
process of atmospheric escape is important to get insights both of the current and the past Martian atmosphere.

The causes of atmospheric escape are broadly categorized into internal (e.g., dust storms, atmospheric gravity waves) and
external (e.g., solar winds, coronal mass ejections) forcing. The ionosphere, which we focus on in this study, is an ionized
layer due to photoionization within the thermosphere starting from an altitude of 120 km. Due to its charged nature, the iono-
sphere plays an important role in understanding of atmospheric escape. Unlike neutral particles, ionized particles, namely
ions, cannot be explained only by simple physical processes. It is required to consider the impacts of external forces due to
their charged signatures.

Several previous studies have primarily focused on neutral species in the Martian thermosphere, and it leads a limited
understanding of ions in the ionosphere. Therefore, in this study, we examine the difference in the behavior of atmospheric
species in the Martian upper atmosphere by analyzing observational data from NGIMS (Neutral Gas and Ion Mass Spec-
trometer) onboard MAVEN (Mars Atmospheric and Volatile EvolutioN) spacecraft. Specifically, we compare the behavior of
ions in the ionosphere with the previous studies, e.g. England et al. (2017), which mainly focused on neutral species in the
thermosphere.

In the future study, we aim to extend the discussion into the effects of the Martian locally crustal magnetic fields and exter-
nal forcing on ions in the ionosphere, and atmospheric escape.
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Probing sources of the tailward ion escape based on the multiple spacecraft obser-
vations

#Naoyuki Takeuchi® , Yuki Harada?

(IKyoto University,?Graduate School of Science, Kyoto University

It is thought that Mars had a warm climate and liquid water on its surface about 4 billion years ago while at present its
surface is far colder and drier. Such an environmental change requires the removal of greenhouse gasses such as carbon
dioxide, and the loss of the Martian atmosphere can be partially explained by the ion escape from Mars. Since the tailward
ion escape accounts for the majority of the ion escape from Mars, identifying the sources of the escaping ions can provide us
with clues to understand the mechanism of the ion escape and, ultimately, the environmental change Mars had experienced.

In this study, we focus on the nightside ionosphere as a candidate for the main source of the tailward ion escape, and
investigate how the density of the nightside ionosphere affects the tailward ion escape rate. Since it is difficult to simultane-
ously observe two distant regions by a single spacecraft, we use two spacecraft: Mars Atmosphere and Volatile EvolutioN
(MAVEN) and Mars Express (MEX). We analyze data from the Mars Advanced Radar for Subsurface and Ionosphere Sound-
ing (MARSIS) of MEX and the Suprathermal and Thermal Ion Composition (STATIC) of MAVEN when they observe the
nightside ionosphere and the tail region, respectively, roughly at the same time, thereby deriving the density of the nightside
ionosphere and the tailward ion flux.
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Stability and variability of Venusian cloud top altitude from the complete set of

dayside images taken by Akatsuki IR2

#Takao Sato!)  Takehiko Satoh2:3) ,Shinya Murakami?)

(IHokkaido Information University,®Institute of Space and Astronautical Science, Japan Aerospace Exploration
Agency,®The Graduate University for Advanced Studies, SOKENDAI

Venus is completely shrouded by optically thick clouds of sulfuric acid that are located between "47 and 70 km. The
clouds play significant roles in the chemistry, dynamics, and energy balance of the atmosphere. The cloud tops have been
investigated through imaging, spectroscopy, and polarimetry in a broad range of wavelengths, from UV to mid-infrared,
as well as in-situ measurements. For example, Ignatiev et al. (2009) studied the cloud top altitude from the depth of CO;
absorption band at 1.6 micron acquired by VIRTIS onboard Venus Express. They found that the cloud tops decreased
poleward of 50 deg and this depression coincided with the eye of the polar vortex.

Sato et al. (2020) described the dayside cloud top structure of Venus as retrieved from 93 images acquired at a wide
variety of solar phase angles (0-120 deg) using the 2.02-micron channel of the 2-micron camera (IR2) onboard the Venus
orbiter, Akatsuki, from April 4 to May 25, 2016. Since the 2.02-micron channel is located in a CO, absorption band, the
sunlight reflected from Venus allowed us to determine the cloud top altitude corresponding to a unit aerosol optical depth at
2.02 micron. First, the observed solar phase angle dependence and the center-to-limb variation of the reflected sunlight in
the region equatorward of 30 deg were used to construct a spatially averaged cloud top structure characterized by cloud top
altitude z., Mode 2 modal radius 1, », and cloud scale height H, which were 70.4 km, 1.06 micron, and 5.3 km, respectively
(Hereafter, this retrieval process is referred to as Step I). Second, cloud top altitudes at individual locations were retrieved
on a pixel-by-pixel basis with an assumption that ry 2 and H were uniform for the entire planet (Step II). The latitudinal
structure of the cloud top altitude was symmetric with respect to the equator. The average cloud top altitude was 70.5 km in
the equatorial region and showed a gradual decrease of "2 km by the 45 deg latitude. It rapidly dropped at latitudes of 50-60
deg and reached 61 km in latitudes of 70-75 deg. The average cloud top altitude in the region equatorward of 30 deg showed
negligible local time dependence, with changes up to 1 km at most.

In this study, we applied the method described above to the complete set of 2.02-micron images (a total of 374 images
taken from December 11, 2015, to October 29, 2016) to better understand the latitudinal, local time, and temporal variations
in cloud top altitude of Venus. After the publication of Sato et al. (2020), parameters to represent the sensitivity of radiance
to the detector temperature was revised and a method for identifying saturated pixels of IR2 image was updated. In addition,
the spectroscopic line parameters used for radiative transfer model were also replaced by the latest HITRAN2020 database.
In the retrieval process, the complete set of 2.02-micron images was grouped into a few subsets allocated on the basis of
the solar phase angle dependence. Then, Step I was applied to each subset. The cloud top structure derived from a subset
including the images used in Sato et al. (2020) was found to be robust to these updates. In this presentation, we present
initial results of this follow-up analysis regarding the cloud top altitude of Venus using IR2 images.
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Aerosol properties in the ”’enormous cloud cover” of Venus as inferred from

photometrically improved IR2 night-side data

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

(nstitute of Space and Astronautical Science, Japan Aerospace Exploration Agency, ?Hokkaido Information University, ®Graduate
School of Frontier Sciences, The University of Tokyo

A very abrupt change of cloud opacity seen in the night-side disk of Venus, which we call Enormous Cloud Cover or
ECC for short, was imaged by Akatsuki/IR2 and Venus Express/VIRTIS-M (Peralta et al., 2020). Similar phenomena
were repeatedly recorded also by the ground-based instruments since the beginning of the night-side observations (Allen
and Crawford, 1984), suggesting this phenomenon is not uncommon in the Venus atmosphere and may include essential
dynamical implication. We perform radiative transfer (RT) analyses of ECC with comparison to Background Cloud (BC) to
understand how aerosol properties change from BC to ECC.

To improve the photometric accuracy, needed especially for the extremely-low radiance region (ECC), an alternative
method to clean the IR2 1.735- and 2.26-um data has been developed (named RSS202). The new method uses an over-
exposed (12.97 s) 2.02-um image, recorded between the 2.26- and 2.32-um images, to cancel the contamination from the
dayside. Acquisition of the 2.02-um image was introduced when the observing program suite was updated in June 2016 after
which ECC was observed with IR2 in five occasions. The RSS202-processed data are validated against those processed with
the original RSS method (Satoh et al., 2021). The correlation plot of the RSS radiance and the RSS202 radiance appears
linear, indicating good consistency between two methods and the robustness of results with the data.

We will present the results of RT analyses and discuss the variation of BC-to-ECC changes for different occasions. The
variability will give us clues to understand the mechanism of this prominent phenomena in the Venus clouds.
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Role of a Kelvin wave in the formation of Venusian lower clouds
#Takeshi Imamura?)
(1Graduate School of Frontier Sciences, The University of Tokyo

Venus is completely shrouded by sulfuric acid clouds, which are thought to play major roles in the climate system of the
planet. The main cloud deck extends from about 48 km up to ~ 70 km, and can be subdivided in three layers according to
the extinction coefficient and the particle population. The upper cloud, which is located in the stably-stratified atmosphere
around 58-70 km altitudes, is thought to be mostly photochemical origin. The middle cloud located around 50-58 km will be
maintained by the condensation of H2SO4 vapor transported from below by convection. The lower cloud, which is located
around 47-50 km and is highly variable, is not well understood in terms of the origin and the microphysical properties. Using
near-infrared window wavelengths, large opacity variations have been observed, and those variations are thought to occur
mostly in the lower part of the cloud layer. A notable feature is a planetary-scale dark cloud propagating with a period of 4.9-
5.5 days, which was first discovered by ground-based observations (Crisp et al. 1991). The IR2 camera onboard the Venus
orbiter Akatsuki observed this phenomenon more in detail, and found that a planetary-scale cloud discontinuity that spans in
the north-south direction characterizes the propagating structure (Satoh et al. 2017; Peralta et al. 2020). The relatively large
amplitude near the equator and the zonal propagation faster than the background atmosphere indicate that the cloud opacity
variation is basically induced by a Kelvin wave. A Venus GCM reproduced a 5.5-day periodicity in the thickness of the
lower cloud driven by a Kelvin wave with a zonal wavenumber of unity (Ando et al. 2021). Nevertheless, the observed sharp
discontinuity was not reproduced in the previous models. In this study, the nucleation of cloud droplets in oscillating winds
associated with a Kelvin wave is studied using a simplified microphysical model, and the role of the wave in the formation of
the lower cloud and the conditions for the appearance of the sharp discontinuity are discussed.
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Image analysis of the polar vortices of Venus observed by Akatsuki/LIR

#Temma Sugawa®) ,Makoto Taguchi®)

(IDepartment of Physics, College of Science, Rikkyo University, Department of Physics, College of Science, Rikkyo Uni-
versity

Atmospheric temperature at the cloud tops of Venus around an altitude of 65 km decreases with latitude, but it is known
that there are high-temperature regions near the poles and cooler regions around them. The high-temperature regions rotate
around the poles, and called as the polar vortices, where zonal wavenumber 0, 1 and 2 shapes of the temperature distribution
predominate [Garate-Lopez et al., 2013; Sato et al., 2014]. Previous studies have derived a rotation period of about -2.8 to
-3.2 days and about -2.2 to -2.5 days for the northern and southern polar vortices, respectively, but the cause of the difference
in the rotation periods of the northern and southern polar vortices is unknown [Schofield et al., 1983; Garate-Lopez et al.,
2013]. There are also few observational investigations of the relationship between the atmospheric dynamics in mid- and
low-latitudes and the thermal structure of the polar regions. A long-term variation of the polar phenomena has not yet been
investigated.

The Venus orbiter Akatsuki has been orbiting around Venus since December 2015. Longwave Infrared Camera (LIR) is
one of the cameras onboard Akatsuki, still obtaining images of brightness temperature around the cloud-top altitudes every
day as of June 2023. Since Akatsuki is orbiting in an almost equatorial plane, LIR can capture both northern and southern
polar vortices from a far distance in the elongated elliptical orbit. In this study, the dynamics of the polar vortices is studied
by analyzing LIR data obtained from December 7, 2015 to June 17, 2023. Periods and center positions of the rotation of
the polar vortices were derived. The derived values may contain biases due to lack of brightness temperature distributions
in the region where LIR cannot observe. The errors in the derivation were evaluated by simulation in which an image data
that simulate the brightness temperature distribution obtained by LIR was created from an infrared image data obtained by
VEx/VIRTIS and analyzed using the same method. The results were compared with the periods and center positions derived
from the full images of the polar vortex. Comparison of the periods and center positions of northern and southern polar
vortices and their long-term variation are discussed.
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Vertical structure of the thermal tides in the equatorial region shown by Akatsuki

radio occultation

#Hiroki Ando" Katsuyuki Noguchi®) , Takeshi Imamura® ,Masahiro Takagi'),Norihiko Sugimoto®, Yoshihisa Matsuda®
(IKyoto Sangyo University,(?Nara Women’s University, ®The University of Tokyo,(*Keio University,®Tokyo Gakugei Uni-
versity

It is thought that the angular momentum transport due to the thermal tides is one of the most likely mechanisms how the
Venusian atmospheric super-rotation is generated and maintained. Recently, Akatsuki LIR measurements clarified the hori-
zontal structure of the thermal tides at the cloud top level. Akatsuki UVI measurements quantified the angular momentum
transport due to the thermal tides in the latitudinal direction at the cloud top level from the local time distribution of the
horizontal wind and indicated that the super-rotation is maintained by the accumulation of the angular momentum due to
the thermal tides in the equatorial region. However, the vertical structures of the thermal tides have not been investigated
observationally. Thus, it is difficult for us to examine the validity of the theoretical studies about the thermal tides. One of the
most useful methods to investigate the vertical propagation characteristics of the thermal tides is radio occultation technique
because it enables us to retrieve a vertical temperature profile with high measurement accuracy of 0.1 K and high vertical
resolution of "1 km.

We analyzed the Akatsuki radio occultation data and focused on the vertical structures of the thermal tides in low-latitudes
because the orbit of Akatsuki is equatorial one. The number of temperature profiles at the latitudes of 0 — 30 degrees is 45,
and the local time-height distribution of the temperature deviation from zonal mean was obtained. And then, we detected
zonal wavenumber-1 and -2 components from it. As a result, the phase of the diurnal tide little varies in the vertical direction,
implying that the non-propagating mode is dominant. On the other hand, the phase of the semi-diurnal tide tilts toward the
earlier local times above (below) the altitudes of 50 — 55 km with increasing (decreasing) altitude. This implies that the semi-
diurnal tide propagates upward (downward) direction from these altitudes. In addition, the amplitude of the semi-diurnal tide
has a small maximum around 45 km. These features shown by the radio occultation measurements are qualitatively consis-
tent with the Venus GCM. In this presentation, we are going to show the results obtained by the Akatsuki radio occultation
measurements and discuss the impacts of the thermal tides on the Venusian atmospheric super-rotation quantitatively.
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Statistical study on the cloud-level convection and the atmospheric gravity wave
on Venus

#MlIyu Sugiura'), Takeshi Imamura® ,Hiroki Ando®)

(1The University of Tokyo, >The University of Tokyo, ®Kyoto Sangyo University

On Venus at 50-70km altitude, there is a thick cloud layer composed of H,SO4 and H2O. Around the cloud base, the clouds
absorb infrared radiation from the lower atmosphere and then the atmosphere is heated. On the other hand, the atmosphere
near the cloud top is cooled by the emission of infrared radiation to space. This drives convection in the middle cloud layer.
Then, by convection, atmospheric gravity waves are generated in the stable layer. Atmospheric gravity waves propagate
vertically and transport momentum between distant altitude regions, so they play important roles in atmospheric dynamics.

In previous studies, the latitudinal and the local-time dependence of the convective layer thickness and the gravity wave
activity were suggested. Unlike Earth, observations of Venus Express and Akatsuki radio occultation showed that the con-
vective layer is thicker at higher latitudes (Tellmann et al. 2009; Ando et al. 2020). As the solar heating in the upper cloud
layer decrease, convection will be enhanced at high latitudes(Imamura et al. 2014). Similarly, convection is expected to be
stronger on the night side than on the dayside. Then, larger amplitude gravity waves are expected to be generated.

In this study, we analyze the Akatsuki and Venus Express radio occultation data by using FSI (Full Spectrum Inversion),
which has a higher vertical resolution than GO(Geometrical Optics) and can solve the multiple pass problem, to study statis-
tically the correlation between the convective layer thickness, stability in the stable layer, and amplitude of gravity waves.
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