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The ESA-JAXA joint mission BepiColombo is still on the cruise to Mercury. The BepiColombo mission consists of two
spacecraft, Mio (Mercury Magnetospheric Orbiter: MMO) and Mercury Planetary Orbiter (MPO). The two orbiters will
arrive at Mercury in November 2026. The 8-years interplanetary cruise of BepiColombo covers the heliocentric distance
range of 0.3-1.2 AU and also includes 9 planetary flybys: once at the Earth, twice at Venus, and 6 times at Mercury. On
8 January 2025 we completed the last (6th) Mercury flyby successfully. Even before arrival, we already obtained fruitful
science data from Mercury during the Mercury flybys. 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 the BepiColombo mission and the overview of the results from
the science observations during the Mercury flybys.
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BepiColombo Mio will arrive at Mercury in November 2026, after nearly 8 years’ journey. To date, BepiColombo has
completed six Mercury flybys. The first, second, third, fourth and sixth Mercury flybys were on 1 October 2021, 23 June
2022, 19 June 2023, 4 September 2024, and 8 January 2025, respectively. During the 4th flyby, BepiColombo approached
Mercury’s magnetosphere from the dusk-side northern part of the magnetotail, crossed the low-altitude regions in the
dawn-side equatorial region with the closest approach altitude of about 165km and exited the magnetosphere at the dawn-side
southern hemisphere. During the 6th flyby, BepiColombo approached Mercury’s magnetosphere from the southern part of
the magnetotail, crossed the low-altitude regions almost along the noon-midnight meridian with the closest approach altitude
of about 295km and exited the magnetosphere at the dayside northern hemisphere.

The Mercury Plasma/Particle Experiment (MPPE) is a comprehensive instrument package on BepiColombo/Mio space-
craft for plasma, high-energy particle and energetic neutral atom measurements. It consists of 7 sensors: two Mercury
Electron Analyzers (MEA1 and MEA2), Mercury Ion Analyzer (MIA), Mass Spectrum Analyzer (MSA), High Energy
Particle instrument for electron (HEP-ele), High Energy Particle instrument for ion (HEP-ion), and Energetic Neutrals
Analyzer (ENA).

Although the MOSIF (MMO Sunshield and Interface Structure) blocked most of the MPPE sensor’s field of view
during cruising phase, the MPPE sensors except HEP-ion were turned on in order to observe Mercury’s magnetosphere
during the 4th and 6th Mercury flybys. During Mercury flyby #4, MIA observed heavy ion pickup-like signatures outside
magnetosphere both at inbound and outbound magnetopause. MSA observed asymmetric (north-south/dawn-dusk) ions
including cold and energetic heavy planetary ions. During Mercury flyby #6, MEA observed a lot of sub-structures above
the poles in  ‘auroral’ regions. MSA detected Heavy ion dispersion signatures in the central plasma sheet region. They
are interpreted as the consequence of sporadic proton injection and planetary ion injections leading to ion bouncing near
Mercury. ENA observed natural ENA following the first natural ENA observation during Mercury flyby #2.

The observation with full performance of MPPE will start after Mio’s arrival at Mercury in November 2026.
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In planetary magnetospheres, whistler-mode waves can be excited by free energy sources such as electron temperature
anisotropies. Propagation characteristics of planetary whistler-mode waves are thought to reflect the properties of the
background cold and cool plasmas. In this study, we focus on the propagation characteristics of Mercury’s whistler-mode
waves influenced by background electron temperature, proposing that such wave characteristics can serve as a remote-sensing
tool to complement in-situ observations for identifying the finite temperature.

We particularly examine wave observations from the fourth flyby of Mercury by BepiColombo Mio Spacecraft. During
the fourth flyby, the whistler-mode waves likely were detected with mid-latitude distribution. The Mio spacecraft’s unique
trajectory during the fourth flyby, which traversed along the north-south direction, provided a rare opportunity to study
long-distance propagation away from the magnetic equator. Our analysis suggests that the background electron temperature
significantly affects wave attenuation through Landau and cyclotron damping mechanisms. Numerical calculations show
that when the background electron temperature exceeds approximately 100 eV, whistler-mode waves at frequencies around
0.45fce experience strong attenuation and are unable to propagate effectively within Mercury’s magnetosphere, where fce is
the electron gyrofrequency.

By investigating the dependence of wave propagation on the density and temperature of background cold electrons,
we aim to assess whether such a cold and cool electron population can exist in Mercury’s magnetosphere, which lacks a
well-developed ionosphere due to its tenuous atmosphere. In this presentation, we utilizes wave data from the flyby phase
prior to Mercury orbit insertion and will discuss the potential presence of cold and cool background electrons in Mercury’s
magnetospheric environment.
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One of important characteristics of Mercury is the absence of a collisional thick atmosphere, and it exhibits a weak global
intrinsic magnetic field [e.g., Anderson et al., Science, 2011]. Consequently, the magnetosphere of Mercury is formed by the
interaction between the solar wind and the planetary magnetic field. As demonstrated in the works of Yagi et al. [JGR, 2010;
2017] and Zurbuchen et al. [Science, 2011], sodium ions originating from the solid planet constitute a significant plasma
source. Given that Mercury revolves around the Sun at a radial distance of 0.31-0.47 AU, the solar wind density (*50 1/cc on
average) and interplanetary magnetic field (IMF) strength (735 nT) at the Mercury’s orbit are considerably larger than those
at Earth. Previous studies have indicated that the configuration of the Mercury’s magnetosphere depends on the solar wind
conditions and the surface conductivity of the solid planet [e.g., Seki et al., JGR, 2013]. Changes in configuration can cause
variations in the location of the cusp in the magnetosphere. The cusp is the source region of exospheric N, which is produced
by sputtering from the surface of Mercury [e.g., Raines et al., JGR, 2022]. On the one hand, ground-based telescopes
have been utilized to observe the exospheric Na distribution. These observations indicate that the spatial distribution of
Na emission is subject to variation over time and can be categorized into eight distinct types. A comparison of in-situ
IMF observations by MAG/MESSENGER reveals that Na emission patterns depend on IMF [Mangano et al., PSS, 2015.
However, the mechanisms that cause the IMF dependence remain to be fully elucidated. Consequently, the investigation of
the solar wind and IMF effects on the cusp location is important to comprehend the planetary ion source in the Mercury’s
magnetosphere.

The objective of this study is to investigate how the cusp location changes with solar wind and IMF conditions based on
global MHD simulations.. The CIP-based divB-free MHD model, which solves the vector potential instead of the magnetic
flux [Yagi et al., JGR, 2017], is utilized for the simulations. A systematic simulation is conducted (24 cases) under Parker
spiral IMF configurations with some Bz components added, for three solar wind dynamic pressure conditions. The results
indicate that the locations of the high-pressure region in dayside (cusp-like region) systematically change with the IMF Bz
and solar wind dynamic pressure under background Parker spiral IMF conditions. The simulation results are categorized
into eight types of spatial distributions that were proposed by Mangano et al. [PSS, 2015]. The results indicate that 2P
patterns, including 2PN and 2PS, are the dominant patterns. Different By polarity causes opposite longitudinal twist of the
cusp location. As the solar wind dynamic pressure increases, the appearance of WP or EP patterns is particularly evident,
especially during periods of negative Bz conditions. The results of the study indicate that exospheric Na distribution can
systematically change in response to variations in the solar wind conditions.
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Assessment of Cosmic-Ray-Induced Space Weathering on Mercury’s Surface
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Understanding Mercury’s evolution requires disentangling the effects of space weathering from remote sensing obser-
vations of the planetary surface. Space weathering processes fall into two broad categories: (i) stochastic micrometeoroid
impacts and (ii) radiation effects from the solar wind and galactic cosmic rays (GCRs) (Mesick et al., 2018). This study
focuses on the latter and aims to quantitatively evaluate GCR-induced space weathering using Geant4 radiation transport
simulations (Allison et al., 2016).

GCRs consist mainly of protons with energies ranging from several hundred MeV to several GeV, originating from outside
the solar system and accelerated by supernova explosions (Simpson, 1983). Previous work by Gurtner et al. (2004) explored
GCR interactions with Mercury’s surface using Geant4, but relied heavily on assumptions due to limited observational data
from Mariner 10. With the advancements brought by MESSENGER and BepiColombo, a reassessment based on updated
environmental and surface composition data is now necessary.

This study addresses two main objectives: (1) characterization of the near-Mercury GCR environment based on models
and observations, and (2) simulation-based estimation of energy deposition by cosmic-ray protons into Mercury’s surface.
For (1), we assessed the effect of Mercury’s magnetosphere on GCR penetration using the KT17 magnetic field model (Korth
et al., 2017). We calculated Larmor radii and particle rigidity to estimate the shielding effect. We also analyzed high-energy
particle data from the “SPM” radiation housekeeping monitor (Kinoshita et al., 2025) onboard BepiColombo/MMO
(Murakami et al., 2020). The SPM continuously observes galactic cosmic rays (GCRs) during BepiColombo’s cruise
phase; in this study, we focus on measurements obtained during the Mercury swing-by. For (2), we constructed a model of
Mercury-analog material in Geant4 and simulated incident proton trajectories (see Fig. 1). We recorded parameters such as
incident energy, deposited energy, angle of incidence, and maximum penetration depth to examine their interdependencies.
These results provide key insights for interpreting upcoming observations of Mercury’s surface by X-ray, gamma-ray, and
neutron spectrometers following BepiColombo’s orbital insertion at the end of 2026.
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Mercury has a small magnetosphere owing to its weak intrinsic magnetic field and interactions with the solar wind. How-
ever, the dependence of global distributions of ions and magnetic fields in Mercury’s magnetotail on upstream interplanetary
magnetic field (IMF) directions remains unclear. A recent study has reported that proton number density sometimes shows a
clear north — south asymmetry controlled by the IMF Bx component (Zhong et al., 2024). In this study, we used MESSEN-
GER observations of magnetotail protons and interplanetary magnetic field directions, thereby analyzing the dependence of
spatial distributions of magnetotail protons and magnetic fields on the IMF directions. As a result, we identified a dependence
of cross-tail current sheet thickness on the IMF Bz component and a possible dependence of dawn-dusk asymmetry of proton
distributions on the IMF By component in MSO coordinates. Based on these results, we discuss transport and energization
processes of Mercury’s magnetotail protons.
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Small bodies without atmospheres (such as the moon, comets, and asteroids) are directly ex-posed to sunlight and solar
winds, causing them to emit neutral particles and charged particles (secondary particles). As a result, an exosphere forms
around these small bodies. Since particles in the exosphere may contain information about the surface composition, it is
conceivable that the mass of surface materials on small bodies could be analyzed using orbiting spacecraft without the need
for landers. However, since the emission of secondary particles depends on the element, a comprehensive understanding
of the emission mechanism is necessary. In this presentation, we will introduce a method for obtaining information on the
composition ratio of surface materials in orbit, taking into account the secondary particle emission mechanism from the
surface, using observation data from the mass spectrometer onboard the lunar orbiter “Kaguya.” Additionally, since the
Mars Moon Exploration Mission (MMX) will also observe secondary ions from Phobos using a mass spectrometer (MSA),
we will discuss the scientific outcomes of this mission as well.
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Understanding the formation and evolution of the Solar System relies critically on comet observations. In particular, long-
period comets are thought to originate from the Oort cloud at the outer edge of the Solar System and approach the Sun only
rarely, making them primordial bodies that have undergone minimal physical and chemical alteration. Directly investigating
the chemical composition of the gases and dust they contain provides essential insights into the properties of Solar System
progenitor materials.

Comet Interceptor is a comet exploration mission jointly developed by ESA and JAXA. After launch, it will wait near the
Sun - Earth L2 point and, upon selecting a target long-period comet, will perform a high-speed flyby to observe the comet’s
tenuous atmosphere, or coma. The onboard ion mass spectrometer CIMS measures the composition and dynamics of ions in
the cometary coma.

The mass resolution of CIMS is approximately m/A m = 45 for the LEF (Linear Electric Field) path and m/A m =
5 for the ST (Straight Through) path, as verified by ion irradiation experiments. This resolution was incorporated into the
simulated spectra as peak widths and used as a precondition for inverse analysis. In CIMS, ions pass through a carbon foil
after electrostatic energy analysis, which provides the start signal for time-of-flight measurement and induces phenomena
such as molecular ion dissociation into atomic ions and charge exchange at a certain probability. The post-foil charge state
determines detection via the LEF or ST paths, with LEF generally measuring dissociated atomic ions and ST measuring intact
molecular ions. Therefore, measurements in the high-resolution LEF path face the challenge that molecular ions are observed
only in their dissociated states.

In this study, we developed an analysis method to identify multiple ion species from CIMS mass spectra, considering this
detection mechanism and observational conditions. Simulated spectra were constructed using Gaussian functions reflecting
the CIMS resolution, with predefined abundance ratios for known ion species. Observations near a comet (maximum ion
density "100 cm~3) were simulated with Poisson statistical fluctuations. Considering an observation time of 110 s, energy
sweep (1/32), incidence angle sweep (1/8), carbon foil transmission (0.8), fraction of observable ions after passage (0.1),
charge exchange to cations (0.01), and MCP transmission (0.6), the expected counts were approximately 210 for the LEF
path and 6000 for the ST path.

Analysis was performed using both standard least squares and non-negative constrained least squares, under three data con-
figurations: (1) LEF only, (2) ST only, and (3) LEF and ST combined with counts normalized by inverse-square weighting.
Thus, each analysis generated six optimization results (2 methods X 3 data configurations). As LEF provides atomic ion
information and ST provides molecular ion information, combining both enhances estimation accuracy from both molecular
structure and atomic composition.

Optimization was conducted iteratively. For numerous random ion density patterns, the six analyses were applied, and
the combination of path and method minimizing the sum of squared differences between reconstructed and true values was
selected. Ion species with high reproducibility were then fixed in abundance for the next optimization step. However, for
molecular ions with overlapping m/q values in the ST path (e.g., HoO™ vs. NHs+, OH' vs. NH3*, CO* vs. HCNH™), ST
results were not directly used before their abundances were fixed. This procedure was repeated until the abundances of all
ion species were determined, suppressing misidentification while leveraging complementary information from LEF and ST,
thereby improving overall identification accuracy.

These results demonstrate that multiple overlapping ion species can be identified with high accuracy even under low reso-
lution and low count conditions, and that the complementary use of LEF and ST is effective. Future work will experimentally
evaluate ion-species-dependent dissociation efficiency and charge exchange probability at the carbon foil and refine the anal-
ysis method to incorporate noise characteristics, aiming for further improvements in accuracy.
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Spatial and temporal variability of low-energy lunar Ions: Insights from
Kaguya/IMA observations

#Kei Masunaga'), Yuki HARADA?), Shoichiro YOKOTA®), Naoki TERADA®), Kunihiro KEIKA®), Shotaro SAKAI®),
Ayako MATSUOKA?), Yoshifumi SAITO”), Daiba KATO®)

(1Yamagata University, (*Kyoto University, (*Osaka University, (*Tohoku University, (°University of Tokyo, (“Keio
University, (TJAXA, (*Hitach Ltd.

We analyzed "1 year of time-of-flight (TOF) data obtained from the Ion Mass Analyzer (IMA) on the Kaguya spacecraft
to investigate the spatial and temporal variations of low-energy ions originating from the lunar surface and exosphere. In
this study, we focused on the large-scale distribution and variability of ion fluxes of multiple species (He+, C+, O+, Na+,
Al+, K+, Ar+). We assumed the low-energy ions (<300 eV) were accelerated along the motional electric field of the solar
wind until the ions were detected by IMA. Mapping the observed fluxes at every footpoint of the motional electric field, we
found that low-energy ions were more abundant on the dawnside than on the duskside. In addition, we examined possible
drivers of temporal variations by categorizing the data according to meteor shower periods, solar wind flux levels, and solar
EUYV irradiance. We found that the low-energy ion fluxes during meteor shower periods increased compared to non-shower
periods, whereas variations correlated with solar wind fluxes and EUV irradiance were less significant. These results suggest
that micrometeoroid impacts are a major source of low-energy ions released from the lunar surface, while solar wind and
EUV effects play secondary roles. This study demonstrates that ion measurements provide valuable insights into both surface
composition and transient release processes, with implications for future observations by the Mass Spectrum Analyzer
(MSA) on the MMX mission to study the Phobos surface.
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Mechanisms of Ion-Driven Positive Charging in Lunar Cavities under Variable
Flow-to-Thermal Speed Conditions

#Jin Nakazono!), Yohei MIYAKE?), Wojciech J. Miloch®)

(1Graduate school of System Informatics, Kobe University, (*Kobe University, (*University of Oslo

The lunar surface, being almost entirely unshielded by an atmosphere, is directly exposed to the solar wind plasma and
is therefore known to undergo significant surface charging. Previous studies have mainly discussed positive charging due to
photoelectron emission under sunlight and negative charging caused by the dominant influx of electrons. However, the actual
lunar surface is characterized by complex topography, including numerous craters, boulders, cracks, and deep cavities, where
charging processes can differ significantly from those on flat surfaces.

In our earlier work, we reported an “ion-driven charging” mechanism, in which electrons are preferentially absorbed by
the cavity sidewalls while ions readily reach the cavity floor, leading to a positive potential of several hundred volts at the
bottom of deep cavities. In the present study, we aim to understand the general conditions under which such charging occurs
by performing three-dimensional Particle-In-Cell (PIC) simulations, focusing on the relative magnitudes of the solar wind
bulk flow velocity and the thermal velocities of ions and electrons.

Our analysis reveals that the potential at the cavity floor can be categorized into three regimes according to the flow-to-
thermal speed ratio: (1) a negative potential forms when the flow velocity is lower than the ion thermal speed, due to dominant
electron influx; (2) a pronounced positive potential develops when the flow velocity lies between the ion and electron thermal
speeds, as electrons are lost to the sidewalls while ions penetrate to the floor; and (3) when the flow velocity exceeds the
electron thermal speed, the enhanced electron supply drives the floor potential back toward near-zero values.

Furthermore, a semi-analytical free-fall model demonstrates that these charging characteristics, at spatial scales below the
Debye length, can be consistently interpreted in terms of the flow-to-thermal speed ratio. Applying the results to typical solar
wind conditions shows that, somewhat counterintuitively, positive charging is suppressed under fast-stream conditions and is
instead more effectively induced under slow-stream conditions.

These findings provide important insights into the electrostatic environment of deep cavities and narrow gaps around landers
or rocks on the lunar surface. They are also relevant to assessing charging risks for exploration hardware and predicting dust
transport processes, while offering a basis for understanding surface charging on other airless bodies such as asteroids and
Martian moons.

HAHEIERKICE2EWZIFE AERT T, KER TS X~ 0EENEEY Hét®\ﬁﬁﬁﬁﬁ%¥kibé’t
PHILNTWS, ERIFFZ TR, KEEGICEI B FRIENC X 2 IERES. BEFRAEBMIC X2 8HENFICHAINT
778, EBEOHHEIZZHO 7 L — & -5, B2 ﬂﬁk@%&m%%%ﬁbfkb\%®W%T@ He R
RDWEBHRMEZ V1§52,

ErlxzhFz iz, BOERFNFIICBOWTEFAMBIC RO T O—FTA A VDERHICEZE LR T K520,
JEHBEMPBE ARV MR CIEICHET 2 144 VB E] SiEeRE L T2k, AT, ZOREBEVPED ISR
ZMETEL 2% X Y EERNCHEES 2729, 3 KT Particle-In-Cell (PIC) ¥ I 2L —YaYyZHAWVWT. KEREDTHE
A F Yy BTFEEE DO KRNBERICE B LRI 21T - 72,

FRAT DRGSR, 22 EE O EIRBIITE L BHEDHIC X D Z 0D KA SN Z e B30 o7z, Thbb, (1)
TOERDA A BGEE X D ERWEA IR BETFRANTEN & 2 ) BEMEZIER L., (2) 4 4 B ¥ B EHGHE O RE
HTIEEFIEERCRINE NS —ITTA & Y DEEICERET 2 72D IEBMPEHEICHER L. Q) MENE FREE L HEZ
3 ER TR TR BTG A L, EEEMDE e fHrIcIeR Uz,

F7o. HEHERETUICED CERITRRFHIIC L D, KGR 7 =D 74 RUMTFO R — 1 To Z oHwER M
T BUREL ) Y WO X o TIR—INICHIATE 3 Z e BR L7z, X 512, BB KIGESEHFICED L 35
x &V/E/ﬁ%ﬁot,%fu BT HEER b Y — A TIRIEFEMIFHE . ©UARER MY — A5&MTB W0

ZeRE DOBEE R EH BB EINR TV EBHL N o 72,

AR, A HDEHER ﬂ@ﬁﬁ%ﬂ.@ﬁh%kﬁ?%”ﬁ HEMRST 2 ETHEETHD, HFEKOTHEY R
A= B AR D FHNCE T 27500 T, MRESKEHE Y Vo MR ARIKICEI) 2 BRIREOMRICHF
53 %,



R009-11
KI5 © 1124  PM2 (16:05-18:05)
16:35~16:50:00

A EEIEZLICHES AED S DAEBEFREDOESH
#hNk IEA 1) )?Bﬂ TV, Shaosui Xu?), Andrew R. Poppe?), Jasper S. Halekas®)
O R, C HY T4 V=T KREAN=Z L=, C 74 F 7K

Variations of photoelectron emission from the lunar surface with solar activity
#Masahisa Kato), Yuki HARADAD, Shaosui Xu?), Andrew R. Poppez), Jasper S. Halekas®
(1Graduate School of Science, Kyoto University, (?University of California, Berkeley, ®University of Towa

Since the Moon does not possess a dense atmosphere and a global magnetic field, the lunar surface directly interacts with
its ambient charged particles. The imbalance between incoming and outgoing charged particles leads to surface charging. The
lunar surface charging affects the motion of charged particles and the dust grains on the surface. Since the electrostatically
lofted dust can be a hazard to future exploration, it is essential to determine the temporal and spatial distributions of the lunar
surface potential. On the dayside lunar surface, photoelectron emission is dominant in interactions related to these charged
particles. The characteristics of photoelectron emission depend on solar irradiation, which in turn is influenced by solar
activity. However, it remains unclear how the energy spectra of photoelectrons vary with different levels of solar activity.
We use a numerical model of photoelectron energy spectra emitted from the lunar surface and electron observations near
the dayside lunar surface. First, we compare the model with ARTEMIS observations to constrain the free parameter in the
model. Then we present variations in photoelectron energy spectra during solar minimum, solar maximum, and flare events.
Our results show that larger fluxes of photoelectrons with higher energies are emitted from the surface under high solar
activity conditions. We also discuss the implications for variations in lunar surface potential depending on the solar activity.
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Status of ultraviolet space telescope LAPYUTA

#Fuminori Tsuchiya'), Go MURAKAMI?), Atsushi YAMAZAKI?, Shingo KAMEDA®), Masato KAGITANIY), Kazuo
YOSHIOKA®Y, Ryoichi KOGA®), Jun Kimura®, Tomoki KIMURA"), Chihiro TAO®, Kei MASUNAGA?), Shotaro
SAKAI'®, Yoji Nakayama®), Masahiro Tkoma'?), Norio Narita*), Masami Ouchi*'!), Masaomi Tanaka!), Masaki
Kuwabara®), Umi Enokidani?), Shin Toriumu?, 2, Kosuke Namekata'3)

(ITohoku University, (2JAXA, (®Rikkyo University, (*The University of Tokyo, (®Nagoya City University, (®Osaka Univer-
sity, (7Toky0 University of Science, (8NICT, (9Yamagata Univesity, (10Keio University, (11NAOJ, (2Colorado University,
(13Kyoto University

LAPYUTA is a ultraviolet (UV) space telescope mission, one of pre-project candidates for the JAXA M-class mission.
The mission is dedicated to addressing two fundamental scientific themes: (1) the environments for life in the universe,
and (2) the origin of structure and matter. To address the first goal, LAPYUTA will perform a comprehensive survey of
the exospheres and ionospheres of various solar system objects and exoplanets, thereby enhancing our understanding of
planetary systems and enabling the characterization of exoplanetary atmospheres. To address the second, the mission will
probe the structure of the circumgalactic medium to verify star formation via gas inflows as predicted by models of cosmic
structure formation. Furthermore, it will observe the high-temperature gas produced in the immediate aftermath of neutron
star mergers to unravel the processes of heavy element nucleosynthesis. The measurement of the physical states of common
elements such as hydrogen, oxygen, and carbon is central to these scientific objectives. As these elements are ubiquitous,
their measurement is fundamental to understanding the structure and evolution of cosmic phenomena at wide spatial scales,
from planetary atmospheres to stars and galaxies. LAPYUTA will leverage UV spectroscopy to pursue these scientific
inquiries.

By optimizing its technical specifications for its scientific objectives, LAPYUTA is designed to surpass its predecessor,
the Hisaki mission, by a factor of over 100 in sensitivity, spatial resolution, and spectral resolution, all within the constraints
of a small satellite platform. The mission’s goal is to achieve performance in the far-ultraviolet region that is comparable
to the Hubble Space Telescope (HST). Its payload features a 60 cm aperture Cassegrain telescope equipped with four focal
plane instruments: a Mid-Resolution Spectrograph (MRS, R=6,000), a High-Resolution Spectrograph (HRS, R=40,000), an
Ultraviolet Slit Imager (UVSI), and a Fine Guidance Sensor (FGS). In order to realize an effective area of 350cm? and a
spatial resolution of 0.1 arcseconds, a conceptual design study of the telescope is underway, in parallel with the development
of three key technologies: high-reflectivity UV mirror coatings, large-format and high-precision detectors, and a pointing
disturbance compensation system. These core UV observation technologies being developed for LAPYUTA are of global
importance and will establish a foundation for Japan’s contribution to the future flagship space telescope, the Habitable
Worlds Observatory (HWO).
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Development of High-Reflectivity Ultraviolet Mirrors for LAPYUTA

#Umi ENOKIDANI"), Go MURAKAMIY), Atsushi YAMAZAKIY), Ayaka TADOKORO!?), Shingo KAMEDA?®), Masato
KAGITANI?, Fuminori TSUCHIYA®

(1Japan Aerospace Exploration Agency, (?Tokyo University of Science, (®Rikkyo University, (*Tohoku University

We are developing high-reflectivity ultraviolet mirrors to improve the detection efficiency of the focal plane instruments
aboard the Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope Assembly (LAPYUTA). Conventionally,
ultraviolet mirrors are fabricated by vacuum-depositing aluminum (Al), which has high reflectivity in the UV range, onto
polished glass substrates, followed by a magnesium fluoride (MgFs) coating to prevent oxidation of the Al layer. In general,
mirror reflectivity in the vacuum ultraviolet region is lower than in the visible and infrared. For one of LAPYUTA’s primary
science targets, the atomic oxygen emission line at 130.4 nm, the reflectivity of Al + MgFs mirrors is typically limited to about
85%. With four reflections in the optical path, the total efficiency would be reduced by half. Reducing the number of mirrors
is an effective way to reduce this loss, but LAPYUTA requires three to five mirrors to achieve high imaging performance.
Therefore, improving the reflectivity of each mirror is essential. In this study, we are fabricating mirrors while systematically
varying deposition parameters—including the film thicknesses of Al and MgFs, the substrate temperature during deposition,
and the vacuum pressure—to determine the optimal conditions for maximizing reflectivity. Our current best process has
achieved a reflectivity of 87.6%.

We have also begun investigating a new coating process. A recent study (Quijada et al., 2024) reported that introducing a
small amount of xenon fluoride (XeF;) between the Al and MgF5 deposition steps allows Al to fluorinate before it oxidizes,
thereby preventing a decline in reflectivity. Mirrors fabricated with this process have demonstrated reflectivity exceeding
90%. The reflectivity in this process also depends on multiple deposition parameters. Therefore, we aim to identify the
optimal conditions and approach the theoretical maximum reflectivity of 95%. When this is realized, the overall efficiency
with four reflective surfaces would improve to 81%. This presentation will also report on the preparation status of this coating
process.
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Plasma properties from Io’s to Europa’s orbit estimated from the Hisaki observa-
tion

#Natsuko Matsushita’), Fuminori Tsuchiya!), Kazuo Yoshioka?), Yasumasa Kasaba®), Shinnosuke Satoh!®), Shotaro
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of Technology

Jupiter’s inner magnetosphere contains the Io plasma torus with dense sulfur and oxygen ions originating from SO
gases emitted through volcanic activities in Io (at 5.9R ; from Jupiter). Europa (at 9.4 R ;) has a tenuous molecular oxygen
atmosphere produced by magnetospheric plasma sputtering on its surface. It can also be a source of oxygen and hydrogen
ions in the Jovian magnetosphere. Understanding the production and loss of Europa’s atmosphere requires knowledge of
plasma parameters around the satellite. However, measurements of the plasma properties outside 8 R ; remain limited. This
study aims to estimate the electron density, electron temperature, and ion composition from Io’s to Europa’s orbit using
Hisaki satellite data.

The ions in the torus emit ultraviolet light through electron impact excitation. The extreme ultraviolet spectrograph
EXCEED aboard Hisaki, orbiting the Earth, measured the sulfur and oxygen ion emission lines in the wavelength range of 55
nm to 145 nm. In Europa’s orbit, as the brightness is much weaker than that of Io’s orbit, contamination from the terrestrial
radiation belt and foreground geocoronal emissions was carefully removed. The data were integrated from March 1st to May
14th, 2015, which includes Io’s volcanically active period (Hikida et al., 2020). We successfully identified sulfur and oxygen
ion emission lines in Europa’s orbit for the first time.

The intensity of emission lines is proportional to the local density of the torus ions and is affected by the electron density
and temperature. Plasma parameters were obtained using the plasma diagnosis based on the CHIANTI atomic database,
assuming exponential radial distributions of plasma parameters and fitting the observed spectra.

The estimated electron densities and core temperatures are consistent with Bagenal et al. (2015) and Yoshioka et al.
(2018), but the hot electron fraction is approximately 4 times larger in both Io’s and Europa’s orbits. Both the hot electron
fraction and the S3* fraction increase with the radial distance, while the ST fraction decreases. This indicates that electron
impact ionization of sulfur ions proceeds as the ions are transported outward. Compared with the Cassini observations (Steffl
etal., 2004), the S3T fraction in Europa’s orbit is approximately twice as large, likely reflecting an enhanced volcanic activity
in 2015. Using Hisaki data with continuous observations of the torus, we will investigate variations in plasma properties in
Europa’s orbit during Io’s volcanically quiet and active duration.
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Hydrodynamic numerical experiments on condensation-inhibited convection in
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1. Background and Objectives

The abundances and internal distributions of icy materials (hydrogen compounds of oxygen, nitrogen, carbon, sulfur, etc.)
in giant planets such as Jupiter provide key information for understanding the formation of gas giants and the evolution of
planetary systems. In the atmospheres of giant planets, these icy species condense to form clouds. When their abundance
exceeds a certain threshold, convection is inhibited because their molecular weight is larger than that of major components
(Guillot, 1995; Leconte et al, 2017). In such cases, convective energy transport is inhibited in the condensation layers, and
observational estimation of composition and temperature structures may become more difficult. However, previous studies
have mainly employed 1D vertical models, which cannot fully represent convective dynamics. Furthermore, the effects of
material transport due to the precipitation of condensates in cloud convection and the associated latent energy transport have
not been considered. On the other hand, employing a 2D cloud convection model for Jupiter that includes multiple condens-
able species and cloud microphysical processes, Sugiyama et al (2014) performed long-term integrations to investigate the
spatiotemporal evolution of convection and the mean atmospheric structure. However, they didn’t explore conditions where
the abundance of condensable species exceed the threshold values for convective inhibition. In this study, we employ their
2D cloud convection model, deepconv, to investigate dynamical and energy transport structures under convection-inhibited
conditions focusing on the role of precipitation processes.

2. Numerical Model

The 2D cloud convection model deepconv solves a set of equations based on Klemp and Wilhelmson (1978), coupled with
conservation equations for condensable species. Cloud microphysical processes are represented by the warm-rain parameteri-
zation of Kessler (1969), and turbulent mixing is parameterized following Klemp and Wilhelmson (1978). The computational
domain extends 512 km horizontally and 300 km vertically, with 2 km grid spacing. The bottom boundary is placed at pres-
sure of 30 bar. A radiative cooling of — 0.1 K/day, which is approximately one order of magnitude stronger than that for
Jupiter’s atmosphere, is imposed over the pressure range from 2 bar to 0.1 bar. The initial vertical temperature profile is adi-
abatic below 0.1 bar and isothermal above. For simplicity, we only consider water vapor as the condensable species, which
contributes most strongly to convection inhibition.

3. Preliminary Results

Simulations were performed with water vapor mixing ratios of 1 X, 10 X, and 40 X the solar composition (Grevesse et
al, 2007), each integrated for 1000 days. Fig.1 shows snapshots of vertical velocity, potential temperature deviation from
the initial state, cloud mixing ratio, and rain mixing ratio at an active convective phase in the 40 X abundance case. The
atmosphere is separated into moist and dry convective layers above and below the condensation level. The regions around
the condensation level become up to “20 K colder than the initial state. This cooling results from evaporation of raindrops
descending from the upper cloud layers, while upward convective heat transport is inhibited.

4. Future Work

The preliminary results suggest that cloud microphysical processes, neglected in conventional 1D models, can significantly
affect atmospheric dynamics and energy transport. We will perform longer integrations to reach statistically steady state. To
accelerate the approach to the statistically steady states, we plan to further enhance radiative cooling. Based on such extended
experiments, we aim to quantitatively evaluate the contribution of material and energy transport associated with cloud micro-
physics to the atmospheric structure. Ultimately, we intend to clarify atmospheric dynamics, energy transport, and material
cycles also under more realistic thermal forcing conditions.
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velocity, (b) potential temperature deviation from the initial state, (¢) cloud mixing ratio, and
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Europa, one of Jupiter’s moons, is thought to harbor an interior ocean beneath its icy crust and is considered one of the ce-
lestial bodies with potential for life. Near-infrared spectra obtained by the Galileo spacecraft (McCord et al., 2010) indicated
the presence of sulfate and chloride salts, and spectral comparisons in laboratory experiments on these near-infrared reflection
spectra (Poston et al., 2017; Trumbo et al., 2019) suggested that material from the interior ocean may have been transported
to the surface. Determining the chemical composition of surface materials provides indirect clues to the properties of the
interior ocean and its habitability (e.g., Carlson et al., 2001). Europa’s surface is continuously irradiated by high-energy
charged particles from Jupiter’s magnetosphere, inducing space weathering that alters the chemical composition of materials
through the ionization, dissociation, and recombination processes (Cooper et al., 2001). Consequently, the chemical state of
fresh surface material before the space weathering is difficult to estimate. Sulfates and chloride salts are considered potential
candidates for surface materials supplied from the interior ocean(e.g., Carlson et al. 2001). In a previous laboratory plasma
experiment involving electron, oxygen ion, and hydrogen ion irradiation of MgSO4—one of the sulfates— Otsuki (Master’s
thesis, Tokyo University of Science, 2024) proposed that sulfates may originate from Europa’s interior ocean. This study
simulated chemical cycling driven by space weathering and estimated the depletion time of MgSO, to be approximately 1.1
X 103 years. This value is significantly shorter than Europa’s average surface age ("1 X 107 years; Zahnle et al., 2003).
Regions where hydrated materials such as sulfates are observed correspond to areas where material transport from the interior
ocean to the surface is considered plausible (Carlson et al., 2009). Therefore, the experimental results suggest that MgSOy4
may be supplied from the interior ocean to the surface within 1.1 X 103 years, remaining present without complete deple-
tion. Meanwhile, Ligier et al. (2016) conducted model calculations combining near-infrared observations from ground-based
large telescopes with laboratory spectral data. Their results revealed spectral features consistent with chloride salts, including
MgCls, in regions where material transport from the interior ocean is expected. This suggests that MgCl, may also originate
from the interior ocean. However, no prior studies have reproduced the depletion processes of chloride salts under space
weathering conditions, and both the depletion time and mechanisms remain unclear. Consequently, the presence of chloride
salts on Europa’s surface has not yet been empirically demonstrated. As a result, the concentration of chloride salts in the
interior ocean and the surrounding environmental conditions relevant to potential habitability remain unresolved.

In this study, laboratory plasma irradiation experiments targeting magnesium chloride (MgCls) were conducted under con-
ditions like Otsuki (2024). Electron, oxygen ion, and hydrogen ion irradiations were performed at fluxes of 2.1 X 104, 1.9
X 10, and 5.3 X 10™ /cm?/s, respectively, over durations of 2.0 — 3.5 hours to simulate space weathering spanning 4.7 X
102 to 2.8 X 10* years in Europa. As a result, quadrupole mass spectrometry detected the release of gases such as Cl, Cls,
and HCI from chloride salt samples during irradiation. Based on the measured gas production rates, numerical simulations
were conducted to estimate the depletion time of MgCl, under each irradiation condition. The estimated depletion times were
5.1 X 102 years for electron irradiation, 3.6 X 10* years for oxygen ion irradiation, and 1.3 X 10* years for hydrogen ion
irradiation. Additionally, the depletion cross sections were estimated to be 2.4 X 10718, 4.8 X 107!8, and 1.2 X 107'® cm?,
respectively. Assuming Europa-like environmental conditions and applying these cross sections, the simulated depletion time
of MgCl, under simultaneous irradiation by electrons, oxygen ions, and hydrogen ions was calculated to be 4.8 X 10? years.
This depletion time is significantly shorter than Europa’s average surface age ("1 X 107 years; Zahnle et al., 2003), which is
inferred from crater chronology. Therefore, MgCls is likely to be depleted by space weathering before the surface is renewed
by geological processes. The model calculations by Ligier et al. (2016), which combined near-infrared observations with
laboratory spectral data, suggest the presence of chloride salts, including MgCl,, in chaos regions where material transport
from the interior ocean to the surface is expected. Assuming chloride salts are present in these regions, the results of this
study indicate that a continuous supply of material from the interior ocean within the estimated depletion time (4.8 X 102
years) could allow chloride salts to persist on the surface despite ongoing space weathering. Furthermore, when compared to
the depletion time of sulfates (1.1 X 102 years; Otsuki, Master’s thesis, Tokyo University of Science, 2024), chloride salts
appear to deplete more rapidly under space weathering conditions. This suggests that chloride salts may serve as a significant
tracer of more recent material supply from the interior ocean than sulfates.
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Habitable Worlds Observatory (HWO): Overview of the project and Japan’s
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The Habitable Worlds Observatory (HWO) is a proposed NASA’s space telescope planned to be realized in the 2040s as a
flagship space telescope following the James Webb Space Telescope and the Nancy Grace Roman Space Telescope, based on
recommendations from the U.S. Decadal Survey (Astro2020). HWO is designed to have a 6 m class aperture for observations
in the ultraviolet to near-infrared wavelength range.

HWO is planned to be equipped with a coronagraph instrument that will conduct direct observations of Earth-like planets
orbiting solar-type stars, studying their atmospheric and surface characteristics, and searching for signatures of life. It is also
planned to carry a high-resolution imager and an ultraviolet multi-object spectrograph, with other instruments also being
considered. A mission concept review for HWO is scheduled for 2029, and it is planned to improve the maturity of the
concept and technology by then. Japan’s contributions to HWO currently being considered are hardware for the coronagraph
and ultraviolet observation instruments, as well as participation in scientific study.

In December 2024, a task force was established at JAXA/ISAS with the aim of promoting Japan’s participa-tion in HWO.
The role of the ISAS HWO Task Force is to act as the point of contact with NASA, promote technology frontloading, and
collaborate with the community. The HWO Community Science & Instrument Team (CSIT) has been established in 2025,
with plans to send CSIT members from Japan in the future.

In the presentation, we will provide an overview of HWO (science, instruments, schedule, program status etc., and then an
overview of Japan’s participation plans.
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Conceptual study of UV Integral Field Spectrograph and High-Resolution Spec-
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Earth-like planets have been detected in the habitable zone of low-mass stars. However, no atmospheres of terrestrial exo-
planets have been detected at present possibly because transit spectroscopy requires extremely high accuracy to observe the
thin layer of lower atmosphere of a small terrestrial planet. On the other hand, strong XUV radiation of low-mass stars may
cause the far-extended upper atmospheres. We investigate the possibility of detecting the upper atmospheres of terrestrial
exoplanets by transit spectroscopy with future ultraviolet space telescopes, LAPYUTA and Habitable Worlds Observatory
(HWO). There are several atomic and ionic emission lines (H, C, N, and O) in the far UV spectral range which will be helpful
for understanding the surface environment of the exoplanet especially in case the lower atmosphere cannot be detected. In
addition, icy moons in the solar system have water plumes. H and O atoms are generated by dissociation and could be de-
tected by far UV imaging spectroscopy.

We performed a conceptual design study on a high-resolution spectrograph (HRS) and an integral field spectrograph (IFS)
for far UV as potential contribution to HWO by JAXA. We are developing a large-format high-efficiency funnel microchannel
plate (MCP) for photon counting for LAPYUTA mission, 60-cm FUV space telescope under study in JAXA. In design, HRS
is composed of a collimator mirror, an echelle grating, a cross disperser, and a large MCP detector. The spectral resolution of
HRS can be >120,000 with the spectral range of 100-180 nm, which covers H, C, N, and O atomic emission lines and C and
N ionic emission lines. IFS is composed of an image slicer, 80 gratings and 4 MCP detectors, which enables the field of view
is >1.6 arcsec x 3.6 arcsec with the spatial resolution of 0.01-0.02”/pix and R >5000 with the spectral range of 94-174 nm.

In this presentation, we introduce our study on exoplanets and solar system bodies, conceptual design study of IFS and
HRS for HWO, and current status of UV technology development.

Earth-like planets have been found around low-mass stars, but detecting their thin lower atmospheres via transit spec-
troscopy remains difficult. However, strong XUV radiation from these stars may expand the upper atmospheres, making
them more detectable. This study explores observing such upper atmospheres using future ultraviolet space telescopes like
LAPYUTA, a 60-cm Far UV telescope, and the Habitable Worlds Observatory (HWO). Far UV emission lines from H, C,
N, and O may provide key insights, even when lower atmospheres are undetectable. Similar techniques may also detect H
and O atoms from water plumes on icy moons. JAXA is studying a high-resolution spectrograph (HRS) and an integral field
spectrograph (IFS) as potential contributions to HWO, along with developing a high-efficiency funnel microchannel plate
(MCP) detector for LAPYUTA.
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Planetary auroral radio emissions are considered a promising tool for the direct detection of planetary magnetic fields and
atmospheres. Their circular polarization (Wu & Lee, 1979) allows them to be distinguished from other radio sources, and their
emission frequency is theoretically proportional to the magnetic flux density at the source region. Therefore, auroral radio
observations can directly constrain the magnetic field strengths without relying on complex model assumptions. However,
auroral radio emissions have not yet been observationally detected from any exoplanet, except for a marginal detection
(Turner et al., 2021). Previous modeling efforts have focused on magnetosphere-ionosphere (M-I) coupling (Nichols, 2011)
and star-planet interaction (SPI) mechanisms (Saur et al., 2013), but these models have not successfully explained emissions
across diverse exoplanetary systems simultaneously.

We present a newly developed simplified analytical model of the M-I coupling that predicts the auroral radio power across
various star-exoplanet systems, based on the pioneering exoplanetary M-I coupling model by Nichols (2011). The model uses
only magnetospheric velocity distribution, excluding parameters difficult to constrain observationally, such as flux function
and mass loading rate. Plasma velocity profiles are used to calculate the dynamo electric field and latitudinal currents, from
which total Joule heating is then estimated. Validation against Jupiter and Saturn shows that our model accurately estimates
the total auroral energy dissipated via Joule heating in their ionospheres—approximately 450 TW for Jupiter and 15 TW for
Saturn. These values agree with observational estimates within an uncertainty of one order of magnitude and are consistent
with previous modeling studies. Assuming a 0.01% conversion efficiency from auroral Joule heating to radio emission, our
model predicts radio powers of "10 GW for Jupiter and "1 GW for Saturn, consistent with observations (Cowley et al., 2004;
Zarka, 2007). When applied to ultracool dwarfs (UCDs), the model suggests that their observed radio emissions—up to "1 TW
(Hallinan et al., 2008; Kao et al., 2023)— indicate weak atmospheric ionization, with electric conductance estimated between
0.1 and 10 mho (cf. 0.5 mho at Jupiter; Nichols et al., 2016). We also applied our model to the tentative LOFAR detection of
the hot Jupiter Tau Boo b. According to our modeling, the magnetospheric size of Tau Bod b must be approximately 3 — 23
planetary radii to reproduce the observed signal of 10** - 10'® W (Turner et al., 2021). This is significantly more compressed
than Jupiter’s magnetosphere (extends from 42 planetary radii; Kivelson et al., 2006), which is plausible given Tau Bo6 b’s
close orbital distance of 0.0462 AU (Butler et al., 1997). These results support the validity of our model. We plan to apply it
to a broader range of UCDs and hot Jupiters, with the ultimate goal of extending it to Earth-like planets. Here, we summarize
the current status of our model development and validation.
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Ray Tracing for Titan’s Ionospheric Occultation of Saturn Radio Emissions: Im-
plications for JUICE Mission
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Titan possesses a highly variable and complex ionosphere influenced by both solar radiation and interactions with Saturn’s
magnetosphere. While previous estimates of Titan’s ionospheric electron density have been derived from radio occultation
and in situ measurements, photoionization by solar UV radiation is considered the dominant ionization mechanism. The ac-
cumulation of new observational data is expected to further advance our understanding of its detailed structure and temporal
variability.

Yasuda et al. (2024) proposed a new method for deriving ionospheric electron densities of planetary satellites using plan-
etary auroral radio emissions. This method was successfully applied to Galileo Plasma Wave Investigation (PWS) data of
Jovian radio emissions, providing new insights into the ionospheric structures of Ganymede and Callisto, both of which have
tenuous neutral atmospheres.

In this study, we extend this method to Titan, which has a dense atmosphere, by analyzing the occultation of Saturn Kilo-
metric Radiation (SKR) using data from the Cassini Radio and Plasma Wave Science (RPWS) instrument. The SKR emission
was modeled using Exoplanetary and Planetary Radio Emission Simulator (ExXPRES) developed at Paris Observatory, and
the propagation paths of the radio waves were computed with ray tracing simulations.

As a result, we successfully constrained both the peak electron density and the width of Titan’s ionosphere from data ac-
quired during the Cassini Titan-15 (T15) flyby. The peak densities were estimated to be 3200 cm~3 on the dayside and 1090
cm~? on the nightside, consistent with previously reported day-night asymmetries. Additionally, by comparing the frequency
range of the observed SKR with EXPRES model predictions, we provided a new constraint on the beaming angle of Saturn’s
radio emissions.

The polarization data from RPWS played a critical role in this analysis. It not only allowed us to constrain the beaming
angle, but also enabled us to determine whether the radio sources were located in Saturn’s northern or southern hemisphere.
This represents a major advancement over previous applications to Jovian satellites based on Galileo observations, which
lacked polarization measurements. Since the upcoming JUICE mission will carry the Radio & Plasma Wave Investigation
(RPWI) instrument with polarization capabilities, our methodology can be directly applied to future Jupiter Icy Moons Ex-
plorer (JUICE) observations.

We are currently extending this analysis to other Titan occultation events. This study highlights the potential of planetary
auroral radio emissions as a new diagnostic tool for probing the ionospheres of icy moons and contributes to the development
of observation strategies for the JUICE mission.
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Comparison of Titan’s atmospheric escape processes driven by the Kronian and
solar winds using 3D magnetohydrodynamic simulations
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Titan is the only body in our solar system moons with an abundant atmosphere, maintaining a pressure of 1 atm at its
surface. Titan’s atmospheric composition resembles that of the early Earth’s nitrogen-rich atmosphere before the rise of
oxygen produced by life (nitrogen: 94%, methane: 5%, hydrogen: 1%; Magee et al., 2009). Therefore, understanding the
evolutionary processes of Titan’s atmosphere is essential for elucidating the atmospheric evolution of early Earth. In the
upper atmosphere, the energy deposition to the atmosphere by Saturn’s magnetospheric plasma precipitation, responsible for
the non-thermal atmospheric ion pickup and sputtering, is likely more dominant than the solar EUV (Micheal et al., 2005),
which is important for elucidating atmospheric evolution.

Titan is typically located within Saturn’s magnetosphere, where it is exposed to plasma composed of O™ and H™ ions
originating from Enceladus’ subsurface ocean (hereafter, we refer to the plasma as the Kronian wind). However, solar
wind protons should significantly affect Titan’s atmosphere when Saturn’s magnetosphere shrinks as the solar wind dynamic
pressure increases, and Titan moves out of the magnetosphere (Bertucci et al., 2008). Because spacecraft in-situ observations
are insufficient to capture the global extent of non-thermal escape driven by the external plasma flows, such as the Saturn
and solar winds, numerical simulations have been employed alongside observations to understand it (Modolo et al., 2008;
Strobel, 2009; Gu et al., 2019). However, previous studies have not sufficiently addressed non-thermal escape processes for
hydrogen, which is the abundant atmospheric component in the upper atmosphere. Furthermore, because the Kronian and
solar winds have not been treated with the same method, there is no discussion of the differences in escape rates for the two
external plasma flows. Therefore, the differential impact of the Kronian and solar winds on Titan’s atmospheric evolution
remains unresolved.

In this study, we employed 3D multi-component ion magnetohydrodynamic (MHD) simulations (Terada et al., 2009) to
model the non-thermal escape of nitrogen and hydrogen globally, the primary constituents of Titan’s atmosphere, and to
compare escape rates induced by the solar and Kronian winds for the first time. The non-thermal atmospheric escape was
simulated under the Kronian wind conditions of O*:0.2[/cm?3] density, H*:0.1[/cm?] density, 120 [km/s] velocity and 7.0
[nT] magnetic flux density (Sittler et al., 2009), resulting in an escape rate of 4.2 X 1023 [/s] for nitrogen-associated ions
and 5.2 X 10%* [/s] for hydrogen-associated ions. Under the solar wind conditions of density: 0.35 [/cm?], velocity: 360
[km/s], magnetic field strength: 0.5 [nT] (Bertucci et al., 2015), the escape rates were estimated to be 2.3 X 1023 [/s] for
nitrogen-associated ions and 2.0 X 10%* [/s] for hydrogen-associated ions. These results suggest that the Kronian wind is
more effective than the solar wind in driving the escape for both nitrogen and hydrogen. An investigation of the spatial
structure of escape revealed that this difference in escape rate is due to the structure of the external plasma flow near Titan.
In the case of the Kronian wind, the ion escape region expanded in altitude because of no bow shock formation due to its
low velocity, while in the case of the solar wind, the bow shock was formed, which made the escape region shrink toward
lower altitudes compared to that of the Kronian wind. Therefore, the escape rate under Saturn wind conditions is considered
to exceed that under solar wind conditions.

We estimated the non-thermal escape rates for nitrogen- and hydrogen-based ions, which are the major components of
Titan’s atmosphere, by determining their sums, respectively. In future work, we plan to quantitatively evaluate the escape
rates and investigate the underlying mechanisms for each ion species individually. In this presentation, we report the current
status of our study.
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Non-thermal escape of hydrogen atmosphere on early Earth by a 3D multispecies

MHD simulation
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The presence of an atmosphere is crucial for a planet—such as Earth—to retain surface oceans. Part of Earth’s primordial
atmosphere, formed during its accretion, is believed to have originated from nebular gas composed mainly of hydrogen
and helium. Over time, this atmosphere evolved to its present form as a result of the balance between the supply of gas
from Earth’s interior and atmospheric loss to space. Previous studies have used global numerical simulations to estimate
the magnitude of thermal escape, which likely played a key role in the loss of hydrogen from the early atmosphere, while
nonthermal escape mechanisms—such as ion pickup—have been considered negligible for the atmospheric escape (Tian et al.,
2005; Johnson et al., 2013). In contrast, Lichtenegger et al. (2010) investigated the relationship between the exobase and
the magnetopause from 4.4 billion years ago to the present and proposed that strong solar XUV radiation may have made
the ancient atmosphere expand beyond the magnetopause. This suggests nonthermal escape could have been significant in
the past. However, no quantitative evaluation of nonthermal escape rates from the early hydrogen-rich atmosphere has been
conducted (Wang, Zhou, and Liu, 2022).

In this study, we assess the nonthermal escape of ionized atmospheric hydrogen using a multi-species ion MHD model
(Terada et al., 2009). We assume a hydrogen-rich atmosphere simulating early Earth’s composition (Yoshida and Kuramoto,
2021), which is heated by the solar XUV at a flux 100 times greater than today, extending at 1,000-185,000 km in altitude.
The model distinguishes between atmospheric-origin and solar wind-origin hydrogen, enabling separate evaluations of their
escape rates. We assume a non-magnetized Earth, as might occur during geomagnetic reversals, with solar wind parameters
with a velocity of 1,800 km/s, density of 2100/cm?, and IMF strength of 7 nT. Under these conditions, atmospheric escape
fluxes at 1000R,, downstream (where R,, is Earth’s radius) were estimated as 3.5 X 103!/s for H and 1.1 X 103!/s for
H,*. These values correspond to 5-19% of the thermal escape rate of 2.4 X 1032/s-9.2 X 1032/s estimated by Yoshida
and Kuramoto (2021) at <30R,,. This indicates that a part of the atmosphere heated by thermal processes reaches higher
altitudes, where it interacts with the solar wind and escapes via nonthermal mechanisms. Based on the ratio of nonthermal
to thermal escape rates, 5-19% of hydrogen may have escaped through solar wind interactions, while the remaining 81-95%
escaped thermally as neutral particles at altitudes greater than 30R,,. We are planning to evaluate the effects of IMF strength,
XUV flux variation, and solar wind dynamic pressure on these escape ratios. In this presentation, we report the current
progress on our study.
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MAVEN Observations of Collisional Effects on Magnetic Reconnection in the
Martian Ionosphere
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We study collisional effects on magnetic reconnection in the Martian ionosphere by analyzing MAVEN data. Although
much work has been done regarding collisional reconnection in solar and laboratory plasmas, few studies, if any, have
addressed collisional effects on magnetic reconnection with in-situ spacecraft measurements in space and planetary envi-
ronments. Our results show that current sheets with large magnetic shear are frequently observed even in the collisional
region of the Martian ionosphere, yet reconnection ion jets are rarely detected in the collisional regime. This suggests that
reconnection ion jets could be slowed down by ion-neutral friction effects with increasing collisionality. Based on in-situ
parameters measured by MAVEN, we propose that the Martian ionosphere allows us to explore multiple regimes of magnetic
reconnection, thereby offering a unique natural laboratory to study the transition of reconnection processes from collisionless
to collisional plasmas with in-situ spacecraft measurements.
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Eleven-ion multifluid simulation study on the effects of crustal magnetic fields at
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Mars lacks a global intrinsic magnetic field but has highly localized crustal magnetic fields, resulting in a unique configura-
tion of the magnetosphere. The crustal magnetic fields also have complicated influences on ion outflow and escape. Numerous
studies have investigated the effects of crustal magnetic fields, but they mainly focused on the dominant ion species in the
ionosphere (O™, Ox", CO>™). Some recent studies investigated distributions and outflows of minor ion species such as C*
and NO™. However, the detailed process of these ions’ escape and the effects of the crustal magnetic fields remain poorly
understood.

The purpose of this study is to investigate the escape of carbon- and nitrogen-bearing ions (CT, CO™, HCO™, NT, Ny,
NO™) and the effects of the crustal magnetic fields using a three-dimensional global multifluid MHD model, MAESTRO
(Sakata et al., 2024). We implemented photochemical and collisional processes for these ions, extending the original set of
five ions (HT, OT, Oy, CO,T, Hgy T) to eleven in total. We conducted eleven-ion multifluid simulations under typical
solar wind conditions (n =3 cm™3, V=400 km s~!, B = 2.5 nT), with both “away” and “toward” sectors of the Parker spiral
interplanetary magnetic field (IMF) considered. The strongest crustal magnetic field region at around 180-degree longitude
was placed at four local times (noon, dusk, midnight, dawn). A simulation without crustal magnetic fields was also conducted
for comparison.

The results show that the crustal magnetic fields reduce ion escape except for Oo ™, and the dependence on the crustal
field location is different among ion species. NO™, which is abundant in the nightside ionosphere, shows a unique trend
compared to other ions. The IMF polarity also influences the escape rate because it controls the direction of the solar wind
convection electric field. The effects are also seen in the magnetotail, as the current sheet twist significantly weakens under
specific conditions of the crustal field and IMF polarity. These results suggest a role of magnetic reconnection in regulating
the magnetospheric configuration and ion escape. On average, the six additional ions account for approximately 10% of the
total escape rate. Notably, the CT escape rate is about 70% higher than that of CO,™, implying that “minor” ion species
have a non-negligible contribution to atmospheric escape from Mars.

References
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From Ancient Mars Based on MAESTRO Multifluid MHD Simulations. Journal of Geophysical Research: Space Physics,
129(5).



R009-25
ARG 11125 AM2 (11:05-12:35)
11:35~11:50:00

#l AoD Y, B #ERF D, ikt B8 Y, Schneider Nicholas M.2), Jain Sonal K.2), Deighan Justin®), Gupta Sumedha?),
Lillis Robert J.3), Rahmati Ali®), Larson Davin E.?), Lee Christina O.%), Jolitz Rebecca D.?), Dunn Patrick A.3), DiBraccio
Gina A%, Curry Shannon?)

QO gpik, Cans RAERALE AL, G 1) 74 =7 KFAR—2 L —F, ANASA o X — RFHRITL Y & —

Effects of magnetic field structures on Martian diffuse auroras based on MAVEN

observations

#Taishin OKIYAMAY, Kanako SEKIY), Yuki NAKAMURADY, Nicholas M. Schneider?), Sonal K. Jain?), Justin Deighan?),
Sumedha Gupta2), Robert J. Lillis®), Ali Rahmati3), Davin E. Larson3), Christina O. Lee®), Rebecca D. Jolitz3), Patrick A.
Dunn®, Gina A. DiBraccio®), Shannon Curry2)

(1 The University of Tokyo, (*The University of Colorado at Boulder, (®The University of California, Berkeley, “NASA God-
dard Space Flight Center

Mars lacks a global intrinsic magnetic field, and crustal magnetic fields exist mainly in the southern hemisphere. In such
an environment, solar wind magnetic fields drape around Mars and form an induced magnetosphere, which is variable due
to the variation of solar wind conditions. The nightside structures of the draped magnetic fields during extreme solar events
are especially not well understood, despite the importance of these periods for understanding the ion loss from Mars. During
extreme solar events, global diffuse auroras are observed. The Martian diffuse auroras are global ultraviolet emissions includ-
ing CO, ™ ultraviolet doublet (UVD) on the nightside, caused by solar energetic particles (SEPs) consisting of electrons and
protons (Schneider et al., 2015; Schneider et al., 2018; Nakamura et al., 2022). The auroral emissions caused by the electrons
can vary with nightside magnetic fields around Mars, while those by protons are less affected by the magnetic fields due to
the larger Larmor radii than electrons. We investigated the relationship between the Martian diffuse auroral emissions and
magnetic fields based on the newly developed Monte Carlo model and the MAVEN observations (Okiyama et al, 2025). Our
model study indicates that the more horizontal magnetic fields lead to brighter mean auroral intensities for the higher altitude,
where the SEP electron contributions are dominant compared to the SEP protons, with the same incident electron flux in the
uniform magnetic field assumption. However, the effects of nightside magnetic fields on the electron-induced Martian diffuse
auroras were not confirmed by observations.

We investigated the dependence of diffuse auroral emissions on the nightside magnetic field structure with MAVEN obser-
vations. We selected the December 2014 SEP event because the diffuse auroras were observed in the northern hemisphere,
where the crustal magnetic field effects are relatively weak, and MAVEN observed upstream solar wind magnetic fields dur-
ing this event. The observed mean auroral intensities at 90-110 km altitude normalized by the SEP electron flux increased
as the angles from the current sheet on the Martian nightside increased. The MHD simulations indicate that the magnetic
fields tend to be more horizontal with the larger angles from the current sheet (Xu et al., 2018). Therefore, the observed
dependence of mean auroral intensities on the angle from the current sheet might be consistent with our model predictions.
Future missions will increase the proper observational conditions, where the solar wind magnetic fields and the precipitated
SEP fluxes will be observed at the same time as the auroras, which will help us to analyze more events to validate statistical
significance.
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The study of aurorae extends beyond Earth to other planets, including Mars, where the diffuse aurora emission is considered
to be driven by the precipitation of solar energetic particles (SEPs) into the Martian atmosphere (e.g. Schneider et al., 2015).
Jolitz et al. (2021) demonstrated that while SEP protons are minimally affected by magnetic fields, the precipitation of
SEP electrons is reduced by both the Martian intrinsic crustal and solar wind induced magnetic fields. Okiyama et al.
(2025) recently showed that the magnetic field orientation can alter the vertical profile of diffuse auroral emissions at 75-
100 km altitudes caused by the SEP electrons. However, the precipitation mechanism of SEP electrons into the Martian
atmosphere during interplanetary coronal mass ejection (ICME) events with disturbed induced magnetospheric conditions is
poorly understood. In our study, we combine the PTRIP test particle model (Nakamura et al., 2022) with the MAESTRO
Global MHD model for solar wind-Mars interaction (Sakata et al., 2024), employing a strategy of the back tracing of test
electrons.

This approach allows for the efficient simulation of the SEP electron precipitation with a good coverage in the phase
space. In our simulations, electrons with uniformly distributed initial pitch and phase angles, latitude, and longitude were
launched upward from an altitude of 300 km, simulating a September 2017 event (Schneider et al., 2018). The electrons
were traced under the influence of magnetic fields obtained from the MAESTRO global MHD simulations until they reached
upper or lower altitude boundaries. The results of the back tracings identified three main concequences: upstream escape,
tailward escape, and precipitation onto the surface. It implies that we can estimate the global distribution of incident SEP
electrons from the results by combination with upstream SEP observations. The estimated distribution of global SEP electron
precipitation patterns showed a qualitative match with aurora emission distribution observed by IUVS onboard MAVEN.
In the presentation, validation of these results by comparison with observations and estimation of incident SEP electron
distribution functions at 300 km altitude will be reported.
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Global trends of the martian nightside ionosphere and the effects of upstream

drivers and crustal fields based on MEX and MAVEN
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Understanding the behavior of the Martian plasma is essential for understanding magnetospheric dynamics and ion escape
processes. In particular, ion escape through the magnetotail is thought to be one of the main channels, but observations of the
nightside ionosphere remain limited, and its formation processes and variability are still poorly understood.

In this study, we derived a huge database of the Martian nightside ionosphere using observations from Mars Express (MEX)
and MAVEN spanning from October 2014 to November 2022. This enabled not only a global statistical investigation but also
detailed analyses of localized regions such as mini-magnetospheres. Furthermore, we performed a comprehensive survey that
combined upstream solar wind and interplanetary magnetic field (IMF) conditions with crustal magnetic field configurations,
which had not been sufficiently examined in previous studies.

Our results show that in regions of weak crustal fields, with few exceptions, the maximum electron density tends to be low
while the detection rate is high, and the solar wind dynamic pressure and the orientation of the solar wind electric field are
the primary controlling factors. In contrast, in regions of strong crustal fields, the maximum electron density is generally
high while the detection rate is low, and the relative orientation between the crustal field and the draped IMF plays a key
role. These tendencies are consistent with the recently highlighted characteristics of Martian “electron aurora,” supporting
the idea that electron precipitation is a primary production mechanism of the nightside ionosphere. Further constraints on its
formation processes are expected through analysis of ionospheric ion data from MAVEN.
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Statistical study of ion escape from Mars during CIR events based on MAVEN
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Mars, lacking a global intrinsic magnetic field, is directly exposed to the solar wind, making its atmosphere vulnerable
to escape. This study investigates ion escape driven by solar activity events such as Interplanetary Coronal Mass Ejections
(ICMEs) and Corotating Interaction Regions (CIRs), to better understand atmospheric evolution. Both ICMEs and CIRs
often facilitate high solar wind dynamic pressure condition and disturb the Martian induced magnetosphere and influence
atmospheric escape. MAVEN observations and their comparison with global MHD simulation results show that atmospheric
escape rates increased significantly during an ICME event in March 2015[1]. On the other hand, other results of statistical
analysis show that the ion escape rate from Mars does not have clear dependence on the solar wind dynamic pressure[2]. These
contradictory observations indicate the need for careful investigation of effects of ICMEs and CIRs on the ion loss from Mars.
Observationally there are two major escape channels for ions from Mars: polar plumes accelerated by the convective electric
field of the solar wind and the tailward escape, a bulk ion outflow through Martian magnetotail[2]. Statistical studies of the
polar plumes[3] and tailward escape[4] both indicate that the spatial distributions of the ion escape flux are highly localized in
terms of the MSE coordinates determined by the direction of the solar wind electric field. In this study, we aim to evaluate the
impact of solar wind on the ion escape from Mars especially during CIRs by carefully investigating the localization effects of
both ion escape channels.

Utilizing observations by SWIA and MAG onboard MAVEN from 2015 to 2023, we identified CIRs. The solar wind data
satisfying the following criteria were selected: (1) the difference in velocity over two days was greater than 100 km/s. (2)
Among the selected data, events where velocity increased following a density rise were classified as CIRs. As a result, we
found 131 CIRs over the nine-year period. Because the apoapsis of MAVEN’s orbit during the early period (2015 - 2019)
was higher than during the later period (2020 - 2023), the frequency of the solar wind observations and thus the number
of events were decreased during the later period. The “before” and “CIR” periods relative to CIR arrivals were defined as
follows: for each event, a quiet period was visually identified, and the “after” period was defined as 48 hours from the time
when the solar wind density first exceeded 1.5 times the average value during that quiet period. We also used median values
of all data when upstream solar wind observations were available from 2015 to 2021 as the “normal” dataset to compare with
“CIR”. Utilizing data from STATIC onboard MAVEN, distributions of heavy ion fluxes are separately examined both in the
Mars-Solar-Orbital (MSO) coordinates and the Mars-Solar-Electric field (MSE) coordinates to differentiate the effects of the
crustal magnetic field and acceleration by solar wind electric field. We then calculated the differences between the medians
of heavy fluxes during “normal” and “CIR” datasets, and ratio of the differences normalized by the median of the “normal”.
The results show that in the -Z,;5r hemisphere, the escaping flux in the optical wake region increased by approximately
50%. The structure of the polar plume tends to shift toward the nightside. Based on these statistical results, we will discuss
the effects of CIRs on the spatial distributions of the ion loss from Mars.
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Martian water loss to space driven by a rocket dust storm
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Mars almost certainly possessed substantial water in the past. During southern summer, warm and dusty conditions can
loft water vapor directly to high altitudes without condensation, promoting escape. In this study, we identify an additional,
off-season pathway: during northern summer, a strong local dust storm drove significant vertical transport, yielding
widespread increases in “50-km water vapor within a few days across northern high latitudes, followed by a rise in exobase
hydrogen. These observations show that water loss can occur whenever intense local dust activity is present, not only under
canonical southern-summer conditions, implying that cumulative loss may be larger than previously thought.
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Development of Hydrogen/Deuterium Absorption Cells Using Platinum Fila-
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Hydrogen/deuterium absorption cells were developed as a device for observing D/H in celestial atmospheres [Kawahara et
al., 1997]. The cell consists of a cylindrical glass container weighing several tens of grams and several centimeters in width,
containing hydrogen or deuterium gas and filaments, with both ends sealed by MgF, windows. In the case of the hydrogen
absorption cell, when the filament is heated, hydrogen molecules inside the cell dissociate and are adsorbed, then thermally
desorbed to form hydrogen atoms that cause resonance scattering with the hydrogen Lyman-alpha emission. This is referred
to as the selective absorption of the cell, because only the hydrogen Lyman-alpha emission cannot pass through the cell. The
same applies to deuterium.

The tungsten filaments currently used in the absorption cells have the highest melting point among metals but stability
issues due to filament degradation. Specifically, the lifetime of a single filament is at most several tens of hours. The
degradation is caused by the formation and sublimation of tungsten oxide due to the oxidation of tungsten. Therefore, in this
study, we aimed to develop an absorption cell with high durability and absorption efficiency by using a platinum filament
instead of tungsten, as platinum is a metal with high oxidation resistance. However, since pure platinum lacks the hardness
required to form filament shapes, a platinum alloy containing 10% rhodium or 10% iridium was used. Hydrogen at 300 Pa
was sealed in a stainless-steel cell, and filaments were applied electric power for a long time, recording the time until they
broke. During this process, voltage and current were continuously measured using a digital multimeter. We also measured
the absorption efficiency of the hydrogen Lyman-alpha emission by the filaments using a VUV experimental setup which
consists of a hydrogen Lyman-alpha light source, a VUV spectrometer and an MCP at the University of Tokyo, Kashiwa
Campus.

The results of durability tests show that the platinum-rhodium filaments feature durability longer than 30 days at around a
temperature of 1450 K, which is comparable or better than that of a tungsten filament. However, at temperatures above 1750
K, the filament melted and broke within a few hours after the power was applied. This was probably caused by the filament
bending, causing adjacent coils to come into contact, shortening the filament length, and increasing the current. The current
through the filament under constant voltage showed no significant fluctuations except a stepwise increase immediately before
the breakage.

As a result of the absorption efficiency experiments, it was confirmed that the hydrogen Lyman-alpha line was absorbed at
a filament temperature of 1600 K with tungsten and platinum alloy filaments. Absorption efficiencies were around 21-26 %,
10-18 % and 21-24 % for the filaments made of tungsten, platinum-rhodium and platinum-iridium, respectively, though the
temperature estimation of the platinum-iridium filament was not accurate. The absorption efficiency for the tungsten filament
reached its upper limit at approximately 1600 K and did not increase when the filament was heated at higher temperatures.
The platinum alloy filaments began to bend at around 1500 K, making accurate temperature calculations difficult. Based on
the experimental result, higher-strength platinum-alloy filaments are being developed by increasing the rhodium content and
diameter of filament.

Kawahara et al, “Glass-type hydrogen and deuterium absorption cells developed for D/H ratio measurements in the
Martian atmosphere”, Appl.Opt.,1997.
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Martian dust plays a crucial role in climate and meteorology through horizontal and vertical transport in the atmosphere.
Previous nadir observations in the ultraviolet, visible, and infrared wavelengths provided insights into the dust horizontal
distribution (e.g., Smith et al., 2001; Montabone et al., 2015; Battalio and Wang, 2021; Leseigneur and Vincendon, 2023).
Previous solar occultation and limb observations provided valuable information on dust vertical distribution, but uncertainties
persist regarding its spatial variability and transport mechanisms. Conventional limb and solar occultation observations can
retrieve dust altitude information directly, but their spatial and temporal coverage is limited. This study aims to obtain new
insights into the dust vertical distribution by applying the spectral synergy method to nadir observations.

The spectral synergy method estimates the altitude of atmospheric constituents by leveraging differences in absorption
characteristics at multiple wavelengths (Pan et al., 1995; Pan et al., 1998; Edwards et al., 2009). This method is applied in
Earth remote sensing for retrieving the vertical distributions of CO2 (Christi & Stephens, 2004), O3 (Landgraf & Hasekamp,
2007), and CH4 (Razavi et al., 2009) and has recently been used to analyze water vapor in the Martian atmosphere (Knutsen
et al., 2022). However, no studies have applied this approach to Martian dust yet.

To address this gap, we propose a new method to estimate the vertical distribution of dust using dust optical depth (DOD)
data at two wavelengths (2.77 1 m and 2.01 p m) obtained by the OMEGA near-infrared imaging spectrometer onboard
Mars Express. The 2.77 1 m band in the CO2 saturated absorption region, with sensitivity to altitudes around “30 km, and its
corresponding DOD database is described in Kazama et al. (under review). The 2.01 p m band is a weaker CO2 absorption
band with a sensitivity peak at 10 — 20 km (Leseigneur & Vincendon, 2023). We calculated a normalized difference index
(A T _norm) between the DOD at the two wavelengths and classified dust clouds with T >1.5 into “high-altitude” (= 30
km) and “low-altitude” (< 20 km) categories. Radiative transfer simulations using the DISORT model (Stamnes et al.,
1988) demonstrated that a threshold of A T _norm >0.6 effectively distinguishes dust layers with centroid altitudes above
and below "30 km.

Applying this method to "4,000 observations from MY27 — 29, including the MY28 global dust storm, revealed
pronounced seasonal and spatial variations in dust vertical distribution. High-altitude dust was frequently detected over
Hellas Basin, Acidalia — Chryse Planitia, and around the Amazonis region, suggesting that these areas are “hotspots”
where local circulation and topographic effects promote vertical dust transport. In contrast, low-altitude dust was found to
be widely distributed across Mars, indicating the persistent presence of background dust near the surface. Interestingly, in
the region south of Elysium, despite being a major dust storm pathway (Battalio & Wang, 2021), high-altitude dust was not
detected, and low-altitude dust dominated. This suggests the existence of mechanisms that inhibit dust lofting into the upper
atmosphere for certain storms.

Moreover, high-altitude dust tended to appear and disappear within only a few degrees of solar longitude, whereas
low-altitude dust exhibited more stable distributions. This implies that high-altitude transport is driven by short-timescale
dynamical processes such as thermal convection, while low-altitude background dust remains in the atmosphere for longer
periods. During the MY28 global dust storm, high-altitude dust persisted over a broader latitude range (60° S - 60° N)
and for a longer duration than in quiescent periods, indicating global-scale vertical transport.

Our method provides a new large-scale diagnostic for dust vertical distribution that is effective even when high-resolution
vertical profiles are unavailable, offering valuable constraints for understanding dust transport and its interactions with
atmospheric circulation.
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Aerosol transport by traveling waves in the Martian atmosphere studied with
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Traveling waves in the Martian atmospheres are considered to play a significant role in determining the climate at mid-
to-high latitudes, as is the case with Earth. Previous observations from landers have revealed that these waves become
particularly prominent from early autumn to late winter in the northern hemisphere (Barnes, 1981). Their behavior near the
surface and in the middle atmosphere had been revealed by analyzing the measurements taken by infrared sounders on several
spacecraft. Waves with a zonal wavenumber of 1 exhibited amplitudes of up to 20 K and were extended vertically through
the atmosphere, whereas waves with higher zonal wavenumbers showed smaller amplitudes (Banfield et al., 2004). Gong
et al. (2023a, 2023b) further characterized traveling waves in both the troposphere and mesosphere, identifying a vertically
separated double-peak structure in temperature amplitude for waves with zonal wavenumber of 1. These peaks were observed
in the upper troposphere and the mesosphere.

Dust storm is one of the notable features of the Martian meteorology. Their interaction with traveling waves has been
explored using spacecraft measurements. Wang et al. (2005) revealed that the occurrence of dust storms is linked to the
development of traveling waves, based on imagery from the Mars Orbiter Camera onboard the Mars Global Surveyor.

However, their impact on the transport of dust and water ice clouds has not been studied quantitatively. Examining how
traveling waves influence the transport of aerosols provides valuable perspectives into the climatology of Mars. This study
aims to quantitatively assess the relationship between traveling waves and the transport of atmospheric substances, such as
dust and water ice clouds.

In this study, we utilize the data taken by the Mars Climate Sounder (MCS) onboard the Mars Reconnaissance Orbiter
(MRO) in MY30 and MY31. MCS is an infrared radiometer which provides vertical profiles of temperature, dust opacity,
and water ice opacity. Its vertical resolution is “5 km, which provides a better vertical information than other infrared sounders
of Mars. Observations revealed eastward-propagating waves during the northern autumn and winter, which were identified
as Rossby waves. A pronounced zonal wavenumber-1 mode was detected in the regions where the zonal-mean temperature
exhibits a steep meridional temperature gradient, consistent with a baroclinic origin. Our analysis further revealed distinct
phase relationships among fluctuations in temperature, dust opacity, and water ice opacity within the region and season char-
acterized by a strong zonal wavenumber-1 mode. Specifically, we identified a positive correlation between temperature and
dust opacity, and a negative correlation between temperature and water ice opacity. The amplitudes of the temperature, dust,
and water ice variations, when normalized by their respective meridional gradients, yield comparable horizontal displacement
scales. This consistency suggests that these variations are driven by the meridional advection associated with traveling waves.
These findings suggest that traveling waves play a crucial role in the transport of dust and water ice clouds in the Martian
atmosphere.
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Development of a 0.9-THz-band hermonic mixer detector of THSS for Martian
Atmospheric Observations

Yudai Matsumoto®), Takuto Oda'), Takaaki Sato®, Shinsuke Takumi'), Hinako Fujimaki®), #Hiroyuki Maezawa®)
(IDept. of Phys., Grad. Sch. of Sci., Osaka Metropolitan Univ.

The Mars Aqueous-environment and Space Climate Orbiter (MACO) Working Group is advancing a mission concept to
investigate the sustainability of habitable environments on Mars and other terrestrial planets. The program aims to com-
prehensively explore Martian space weather, climate, and the water cycle through demonstrations of orbital and exploration
technologies. In particular, orbiter observations of water vapor in the atmospheric boundary layer will address surface —
atmosphere interactions, material cycles, and vertical coupling processes relevant to Martian climate and hydrology. As one
of the key candidate payloads, a Terahertz Heterodyne Spectroscopy Sensor (THSS) is under study.

The THSS is currently designed to operate in multiple frequency bands (Band 1: 460 GHz, Band 2: 560 GHz, Band 3: 890
GHz). By combining transitions and isotopologues with different optical depths, the instrument will probe lower-atmosphere
water vapor and HOx species, high-altitude (>100 km) water vapor, and carbon monoxide lines for atmospheric dynamics.
The baseline architecture foresees two antennas for limb-sounding of meridional and zonal circulation, while a single-antenna
configuration is also feasible depending on mission constraints. In this study, we report on the development of the Band 3 (~
890 GHz) receiver.

The receiver employs a harmonic mixer detector integrating Schottky barrier diodes (SBDs) provided by Virginia Diodes
Inc. A 24-GHz phase-locked dielectric resonator oscillator (PLDRO) is frequency multiplied by 36 to generate the local oscil-
lator (LO) signal for heterodyne spectroscopy, producing the intermediate frequency (IF) output. The detector can operate at
room temperature and has already achieved TRL 9, with flight heritage from NASA CubeSat missions at similar frequencies.
Laboratory evaluation showed a single-sideband conversion loss of approximately — 22 dB. A high-pass filter was also tested
to suppress PLDRO harmonics.

To further enhance sensitivity, radiative cooling of the harmonic mixer element is being investigated to reduce thermal
noise, together with optimization of applied bias conditions. In addition, a custom thermally isolated waveguide has been
implemented between the mixer and the multiplier to reduce both LO signal loss and thermal inflow.
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Derivation of vertical profiles of sulfur dioxide (SO2) in the Venus cloud layer
from Akatsuki radio occultation measurements

#Katsuyuki Noguchi'), Hinako Onuma®), Hiroki ANDO?), Takeshi IMAMURA®), Hideo SAGAWA?)

(1Nara Women’s University, (?Kyoto Sangyo University, (3*University of Tokyo

Vertical profiles of the sulfur dioxide (SO2) volume mixing ratio (VMR) near the Venusian cloud layer were derived from
Akatsuki radio occultation data, extending the method of Oschlisniok et al. [2021]. The analysis used 42 occultation events
obtained between 2016 and 2023, covering 60° S - 60° N and the altitude range of 47 - 60 km. Assuming that sulfuric
acid vapor is not supersaturated, any absorption exceeding the saturation vapor pressure was attributed to SO2.

The results show that the SO2 VMR decreases monotonically from about 260 ppm at 47 km to about 55 ppm at 54 km.
Above this altitude, the VMR fluctuates between about 40 and 140 ppm, within the error range. These values and their
vertical variations are consistent with those obtained from the VEGA probes [Bertaux et al., 1996] and Venus Express radio
occultation [Oschlisniok et al., 2021].
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Waves driving the temperature and tropopause height variations with time scales
of several days in the Venusian polar cloud layer

#Miyu SUGIURAY, Takeshi IMAMURA"Y, Hiroki ANDO?, Hiroki KASHIMURA®)

(1Graduate School of Frontier Science, The University of Tokyo, (*Kyoto Sangyo University, ®Kobe University

In the Venusian atmosphere at altitudes of 50-70 km, a cloud layer composed mainly of HySOy4 exists. Around the cloud
base, infrared absorption from the lower atmosphere drives convection in the lower and middle clouds (at altitudes of about
50 — 55 km), forming the troposphere. Based on the analysis of temperature data from radio occultation observations by the
Venus Express spacecraft, Ando et al. (2017) found temperature variations on timescales of several Earth days in the polar
region and proposed that these are caused by planetary-scale waves. By further analyzing a larger set of radio occultation
data, we have shown that the tropopause height also varies on a similar timescale, and that there is a strong positive correlation
between the temperature below the tropopause and the tropopause height. These may be explained by meridional advection
of the background atmospheric structure associated with planetary-scale waves (presented at SGEPSS 2024 Fall Meeting).
However, meridional wind data cannot be directly obtained from radio occultation observations, so this mechanism remains a
hypothesis. In this study, we investigate meridional advection of the temperature field associated with waves using numerical
solutions of the global non-hydrostatic Venus atmospheric model SCALE-GM. The model results suggest the presence of
a prominent wavenumber-2 structure in both the temperature and meridional wind fields at mid-to-high latitudes below the
tropopause, which may give rise to north-south oscillations of temperature. In future work, we plan to conduct a more detailed
analysis of the model to identify the waves responsible for the wavenumber-2 structure and to examine whether meridional
advection can quantitatively explain the observed temperature and tropopause height variations.
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Science Goals of OPENS-0: Outer Planet Exploration by Novel Small Spacecraft

#Takeshi Imamura®), Hajime Yano?), Kazuyoshi Arai®), Shun-ichi Kamata®), Hajime Kawahara® , Naoya Sakatani?), Shuji
Matsuura”, Yuhito Shibaike®), Hiroshi Kobayashi®), Haruna Sugahara'?), Hiroki ANDO®), Katsuyuki NOGUCHI?), Shota
CHIBA®, Ryu Funase?'?)
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University, ("Kwansei Gakuin University, (®*Kyoto Sangyo University, (?Nara Women’s University, (:*The University of
Tokyo, ' JAXA/ISAS

Japan, being a latecomer in outer planet exploration, is planning a realistic approach to conduct missions under limited
resources. The OPENS (Outer Planet Exploration by Novel Small Spacecraft) program has been conceived to make use of
Japan’s heritage in ultra-small deep space probes and to enable outer planet exploration. The concept envisions the frequent
launch of small spacecraft in the 100 - 200 kg class, utilizing the Epsilon-S rocket and rideshare opportunities.

As its first step, a mission concept named the “Outer Planet Exploration by Novel Small Spacecraft — Experimental Mis-
sion (OPENS-0)” has been proposed under the ECO & FAST class of competitively selected small missions. In the original
proposal, OPENS-O0 is planned for launch in 2028 by an Epsilon-S rocket, to reach the Saturnian system in 2039 via Venus
and Earth swing-bys. OPENS-0 is currently under consideration as a pre-project candidate, with studies ongoing toward the
mission definition review.

While the primary goal of OPENS-0 is to demonstrate engineering technologies required for Japan’s independent outer
planet exploration, the mission also aims to produce scientific returns by making effective use of onboard instruments orig-
inally intended for spacecraft operations during the decade-long cruise to Saturn and the flyby within the Saturnian system.
Potential observations during the cruise include:

- Earth photometry as reference data for exoplanet observations

- Radio occultation of Venus’ atmosphere

- Radio occultation of the solar corona

- Observations of zodiacal light and cosmic background scattered light between 0.7 and 10 AU from the Sun

- In-situ measurement of interplanetary dust spatial distribution between 0.7 and 10 AU

- Asteroid flyby observations

During the Saturn system flyby, OPENS-0 plans to conduct integrated observations of the rings by combining multiple
methods across different physical parameters and spatial scales, aiming to advance understanding of ring formation and evo-
lution. Candidate observations include high-resolution imaging of ring fine structures and constituent particles with a visible
camera, large-scale and locally resolved studies of ring structures via radio occultation, and in-situ measurements of dust
distribution from the ring region outward to interplanetary space. Radio occultation of Saturn’s atmosphere may also be
conducted in addition to ring studies.

This presentation will outline the scientific objectives of OPENS-0, with emphasis on the planned observations, and report
on the current status of the mission.
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Observation of Mercury’s Potassium Exosphere using the Tohoku 60-cm Tele-

scope at Haleakala Observatory in Hawaii
#Masato Kagitani'), Naoko TAKATORIY), Yasumasa KASABA!)
(1Planetary Plasma and Atmospheric Research Center, Tohoku University

We report on observation of Mercury’s potassium exosphere using the Tohoku 60-cm telescope (T60) at the Haleakala
Observatory in Hawaii, equipped with a visible adaptive optics (AO) system and a high-dispersion two-dimensional spec-
trograph. Our current goal is to provide ground-based support observations for the ESA-JAXA joint Mercury mission,
BepiColombo, which will be in orbit around Mercury in 2026.

Mercury is known to have an exosphere consisting of alkali metals. The resonance scattering emissions of neutral sodium
(Na D2 589.0 nm, D1 589.6 nm) and potassium (K D1 769.9 nm) are bright enough to be observable from the ground with
high-dispersion spectroscopy, enabling studies of their spatial distribution and velocity fields. Sodium and potassium, both
alkali elements, are expected to share common release and transport processes from Mercury’s surface. However, previous
studies have shown that the Na/K abundance ratio exhibits very large spatiotemporal variability, ranging from 30 to 400, and
their emission distributions differ as well. Particularly, Na often shows enhancements at cusp regions, whereas K has been
reported to increase at low latitudes and small solar zenith angles (Lierle et al., 2022), drawing attention to the differences
in their source and transport processes. Nevertheless, because the potassium exosphere is about two orders of magnitude
fainter than that of sodium, observations are still very limited, and its variabilities remain unclear. Our study aims to monitor
the potassium exosphere continuously during daytime ground-based observations with AO, achieving unprecedented spatial
resolution.

The observations employed the T60 telescope at Haleakala, combining with the visible AO system and a high-dispersion
spectrograph (R = 60,000) equipped with a fiber integral-field unit (IFU, fov=15x18"). These instruments are operated re-
motely and in automated mode from Japan, contributing to long-term monitoring of solar system bodies.

Observations of Mercury’s potassium exosphere were conducted on May 1 and August 19, 2025. In May, the best AO
performance achieved a spatial resolution of FWHM = 1.2”, while in August the resolution was degraded to 2" due to poor
weather conditions, preventing the entire Mercury disk from fitting within the IFU field of view. Mercury was observed in
sets of 24 consecutive exposures (datasets) with 1-minute integration each. A total of six datasets were obtained in May, and
four in August. Background sky spectra and flat-field calibration source were also acquired for each dataset.

Preliminary analysis showed that the disk-averaged intensity of the K D1 line emission was derived to be 80 +/- 50 kR
in May. In contrast, no statistically significant emission was detected in August with an upper limit of 40 kR at S/N = 1.
Additionally, sodium exosphere observations conducted on May 3 show a disk-averaged Na D2 emission intensity of 5.0
MR. The disk-averaged abundance ratio Na/K = 90 was obtained from the observation in May. Those emission intensities
and the Na/K ratio fall within the variability ranges reported in previous studies. In this presentation, we will discuss the
spatial distributions of both potassium and sodium emissions in detail.
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Numerical modeling of particle dynamics in the near-Mercury space environment:
Initial results

#Kirolosse GIRGISY, Go MURAKAMI?), Akimasa YOSHIKAWA®), Léa GRITON®

(International Research Center for Space and Planetary Environmental Science, Kyushu University, (?Japan Aerospace
Exploration Agency (JAXA), (*International Research Center for Space and Planetary Environmental Science, Kyushu Uni-
versity, (*Observatoire de Paris

Mercury, the closest planet to the Sun, possesses a weak dipole-shaped magnetic field. It is generally assumed that such a
weak field cannot sustain long-term particle trapping. Nevertheless, the extent to which particles may experience trapping or
quasi-trapping remains an open question.

To investigate particle dynamics in Mercury’s space environment, we developed a three-dimensional relativistic test parti-
cle simulation code. This code computes particle trajectories across a wide range of energies, pitch angles, and L-shells. It
incorporates two tracing approaches: the Tao — Chan - Brizard guiding center model and full Lorentz motion, with transi-
tions between the two determined through evaluation of the adiabaticity condition. In the current research phase, Mercury’s
magnetic field is represented using the KT17 model. In particular, we are investigating the initial pitch angle distribution on
particle dynamics.

In this presentation, we will report the initial results of numerical results, which will clarify the fundamental aspects of
particle dynamics in Mercury’s magnetosphere and provide a comparative planetary study by comparing the dynamics on
Earth.
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Development of the ion mass spectrometer for the Comet Interceptor mission
#Satoshi Kasahara'), Ryo TAOY), Yuki Sato?, Soichiro SEKI"), Oya Kawashima®), Shoichiro YOKOTA®), Kazushi
ASAMURA?), Yoshifumi SAITO?

(IThe University of Tokyo, 2JAXA, (*0saka University

Comets are pristine small bodies and thus provide key information about the solar system’s evolution. Remote observations
by ground observatories have characterized various comets, while in-situ observations by spacecraft have brought much
more detailed information on several comets. However, the direct observations by spacecraft fly-by or rendezvous have been
limited to the short-period comets, which neared the sun many times in the past and thus lost some of (or even most of)
their primitive characteristics. The Comet Interceptor mission, led by ESA, aims at a long-period comet or an interstellar
object. JAXA will provide an ultra-small ( 35 kg) daughter spacecraft (probe B1), whose closest approach will be less than
1,000 km, allowing the first-ever multi-spacecraft fly-by observations of a comet. Here we report our recent progress on the
development of the ion mass spectrometer onboard probe B1. After the verification of the performance and endurance, we
delivered the engineering model to the B1 system for further tests in the assembled state. The design of the flight model is
ongoing in parallel.



R009-P04
RZXZ2—3:11/26 PM2/PM3 (14:50-18:25)

HEFEK Comet Interceptor ICHIFTDANTEE /A XZzFBLIEEDFE ST
FAXY FMEEFEDORHE

#)9&@1"& E?ﬂ?l D, R BT D, ME ES D, FE SRS D, SR RS, ek RE 2, B2Ii BT 2, BB G0 2, P B ERER
2), fiiE BE 2

O FUER A E AT IER), 2 ENIIFE R SR N T AR 2o B S pRs, © s K R Rl

Examination of the Method to Estimate the Magnetometer Sensor Alignment on
Comet Interceptor Using Artificial Magnetic Noise
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(1Graduate school of Science, Kyoto University, (2Japan Aerospace Exploration Agency, (*Graduate school of Science, Uni-
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Comets are samples of small celestial bodies retaining the characteristics at the early era of the solar system and providing
essential information to understand the origin and evolution of the solar system. Previous missions to explore the comets
have targeted short-period ones with orbital period of less than 200 years. However, these comets have approached the Sun
many times, making it difficult to distinguish whether their surface features are original or affected by the solar illumination.
The European Space Agency (ESA) and Japan Aerospace Exploration Agency (JAXA) are planning the Comet Interceptor
mission, the first-ever mission to explore a long-period comet whose characteristics have not been affected by the solar illu-
mination. In this mission three spacecraft will be launched to observe a comet simultaneously, aiming to gain new insights
into the formation and evolution of the solar system and the interaction between the solar wind and the comet. The spacecraft
are scheduled to launch in 2029; ESA provides the main spacecraft (A) and one of the daughter spacecraft (B2), while JAXA
provides the other daughter spacecraft (B1).

All these three spacecraft are equipped with magnetometers. On Spacecraft B1, to prevent artificial magnetic noise gener-
ated by the spacecraft itself from degrading the precise measurement of natural magnetic fields, the magnetometer sensor is
mounted at the tip of a 1.5-meter-long boom. The boom, which is compactly stored at the launch, will be deployed after the
launch. However, there are concerns that the magnetometer sensor might not be correctly aligned as designed, because the
boom could be distorted after the deployment. Since this alignment error directly impacts the accuracy of magnetic field data,
the boom distortion is a significant issue. In previous missions such as the Selenological and Engineering Explorer (SELENE)
and the Jupiter Icy Moons Explorer (JUICE), two coils are implemented inside the spacecraft to generate a known magnetic
field for the calibration of the magnetometer sensor alignment (Shimizu et al., 2008; Takahashi et al., 2009). However, for
the Comet Interceptor mission, it is not realistic to install coils since the weight restraint is the high priority. Therefore, we
are aiming to develop an alternative method to estimate the magnetometer sensor alignment using magnetic noise generated
by the instruments originally installed.

In this study, we use artificial magnetic noise from the spacecraft, which is normally a hindrance to measurements of natu-
ral magnetic fields, for the estimation of the sensor alignment after boom deployment. For the calibration, we treat the three
reaction wheels used for spacecraft attitude control as noise sources, and extract only the magnetic field variations induced
by their rotation for the alignment estimation. In this estimation, it is also necessary to determine the exact displacement of
the magnetometer sensor. This is because the boom distortion may shift not only its alignment but also its location, and this
positional uncertainty can degrade the accuracy of alignment estimation. The outline of the proposed procedure is as follows:
First, before launch, we conduct a ground experiment to construct a model to calculate the magnetic field generated by the
reaction wheels at any position around the wheels. After launch and the boom deployment, we compare the magnetic field
variations generated by the wheels with the pre-constructed model and estimate the position and alignment of the sensor. To
validate this approach, we conducted an experiment in the Magnetic Shielding Room at ISAS/JAXA to measure the magnetic
field generated by the flight-model reaction wheels. Based on the acquired magnetic field data, we constructed a model in
which the magnetic potential generated by the wheels is represented by a spherical harmonic expansion of the dipole term.
The time variations of the Gauss coefficients are assumed to follow sinusoidal functions having the rotational frequencies of
the wheels. Using this model, we carried out the alignment estimation procedure. We will discuss the achievable alignment
estimation accuracy based on the results.
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Analysis of high-resolution ultraviolet spectral data of comet comas for observa-

tion of Comet Interceptor/Hydrogen Imager
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(I The University of Tokyo, Graduate School of Science, (The University of Tokyo, Graduate School of Frontier Science,
(GISAS/JAXA

Hydrogen Imager: HI is an ultraviolet imaging device that will be installed on the Comet Interceptor long-period
comet exploration mission. There are examples of long-period comet observations using similar wavelength bands, such
as SOHO/SWAN and HST/STIS. In this study, we analyzed high-resolution ultraviolet spectral data from HST/STIS to
understand the brightness distribution of the hydrogen coma of comets prior to HI observations.

Comets are highly active celestial bodies with high gas and dust emission rates. As they approach the Sun, volatile
substances are released from the comet nucleus, forming structures such as comas and tails. By observing their composition
and spatial distribution, it is possible to clarify the composition of the comet nucleus, spatiotemporal variations in activity
and interactions with the solar wind. Long-period comets often have periods of more than 10,000 years, so they have been
less affected by the Sun than short-period comets and are thought to retain the pristine features of solar system environment
at the time of comet formation and to be highly active.

However, in-situ observations of long-period comets have never been conducted and are limited to short-period comets.
This is because long-period comets have very long orbital periods, so when they approach Earth and are newly discovered,
they are new comets whose orbits are unknown. In addition, the period from discovery to Earth flyby is generally only a
few years, making it extremely difficult to develop instruments based on assumptions about the orbit and environment of a
specific comet using conventional methods.

Therefore, in the Comet Interceptor mission led by European Space Agency (ESA), equipment is being developed based
on the typical environment of long-period comets known from remote observations, and in-situ observations will be realized
by parking in the vicinity of Earth after launch for comets suitable for observation.

One of the two sub-probes, Probe B1, will carry “Hydrogen Imager: HI”, which will capture images of the Lyman-alpha
(121.6 nm) of the comet’s hydrogen coma to understand the spatial structure of hydrogen, derive the water release rate based
on the assumption that hydrogen atoms are generated by the photodissociation of water molecules, and measure the ratio of
hydrogen to deuterium (D/H ratio) using a glass cell filter, which has a slightly different emission wavelength.

HI primarily has two observation modes: one is to capture two-dimensional images of the Ly- @ emission from hydrogen
atoms, and the other is to measure the hydrogen-deuterium ratio based on brightness ratios. The influence of the “multiple
scattering region” is of particular interest when analyzing these data.

Multiple scattering occurs in regions near the nucleus where the hydrogen column density is high, making the optical
thickness greater, which disrupts the normal proportional relationship between column density and brightness (Suzuki et
al. 2025). As a result, in HI, this leads to an underestimation of the hydrogen atom abundance near the nucleus and an
overestimation of the D/H ratio due to differences in the optical thickness of the coma for hydrogen Ly- a and deuterium Ly-
a.
Suzuki et al. (2025) used observational data from “Hisaki” satellite for C/2013 US10 (Catalina) and others, and there
are a few other examples of long-period comets being spectroscopically observed in the far-ultraviolet region, like Hisaki.
Among these, the Space Telescope Imaging Spectrograph (STIS) on the Hubble Space Telescope (HST) is equipped with an
Echelle-type spectrograph with extremely high wavelength resolution (R 730,000 — 114,000), such as E140H, enabling the
separation of hydrogen Ly- a (121.567 nm) and deuterium Ly- a (121.534 nm). Weaver et al. (2008) analyzed observational
data of C/2001 Q4 (NEAT) obtained with STIS/E140H and presented the spectral shape, deriving a D/H ratio of 3.2 X 10~*
— 6.0 X 10~%; however, the derivation method is unclear.

Since this is one of the few examples where the D/H ratio of a long-period comet can be calculated from the atomic
abundance ratio, this study analyzed the same data. Considering the effect of multiple scattering on the apparent D/H ratio,
the D/H ratio of C/2001 Q4 was derived and compared with previous analysis results. Additionally, by examining the
effect of multiple scattering from the analysis results, this study also suggests the feasibility of observations using Comet
Interceptor/HI.

In addition, the same observation data also shows an emission line originating from oxygen atoms (130.4 nm). The
intensity of this emission line makes it possible to examine the state of water molecules not only from hydrogen atoms but
also from oxygen atoms. Furthermore, since HI is designed to exclude light other than Ly- a using a bandpass filter, it is



important to consider the influence of oxygen emission lines, and the results also contribute to the performance evaluation of
HI
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Analysis of H20 abundance in the lunar magnetic anomaly region using KAGUYA

MAP-PACE data
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Understanding when and how water was delivered to or generated on the Moon is crucial for deciphering the history of
the Moon’s formation and evolution. Several previous missions suggested the presence of water on the lunar surface. In-
frared spectroscopic observations with the M3 onboard Chandrayaan-1 indicated the existence of water ice in the permanent
shadow of the polar regions. Furthermore, observations by the Stratospheric Observatory for Infrared Astronomy (SOFIA)
have detected a water molecule emission line at 6.1 |1 m in the high-latitude surface layers of the Moon. These observations
highly suggest the presence of water in the permanent shadows of the Moon. One hypothesis for the origin of lunar water is
the chemical reaction between solar wind protons and oxygen atoms in the surface minerals. Surface minerals irradiated by
protons are thought to form hydroxyl (OH) groups, and with further proton irradiation, H2O is generated.

While the Moon does not have a global intrinsic magnetic field like Earth’s, numerous localized regions of strong magnetic
fields, known as magnetic anomalies, are known to exist, as discovered by the Lunar Prospector electron reflectometer and
the MAP-LMAG magnetometer onboard the KAGUYA satellite. In these magnetic anomaly regions, it is suggested that the
motion of ions and electrons is separated due to their interaction with the magnetic anomalies, leading to the formation of an
upward-pointing electric field. This upward electric field is inferred to suppress the amount of solar wind protons reaching
the lunar surface. Consequently, it is speculated that the water production rate decreases in magnetic anomaly regions.

In this study, we attempt to clarify the difference in H20 abundance on the lunar surface by directly comparing the amount
of H20 ions above lunar magnetic anomaly regions and non-magnetic anomaly regions, using the data obtained by MAP-
PACE onboard the lunar orbiter KAGUYA. This aims to verify whether the solar wind shielding effect by magnetic anomalies
on lunar water generation can be detected through in-situ ion observations. We used MAP-LMAG data to classify observa-
tional points of KAGUYA’s low-altitude ("50km) MAP-PACE data into magnetic anomaly and non-magnetic anomaly re-
gions. In order to confirm the direct influence of the solar wind, we limited our data to the dayside with a specific range
of solar zenith angles. Furthermore, we selected data from periods when the Moon was not within the Earth’s magnetotail,
allowing us to analyze the pure interaction between the solar wind and magnetic anomalies. Using these filtered datasets,
we compared the counts corresponding to the time-of-flight of H20 ions inside and outside the magnetic anomalies. The
analysis revealed that the counts of H20 ions and many other ion species were significantly reduced in magnetic anomaly
regions compared to non-magnetic anomaly regions. This result is consistent with previous research, indicating that the mag-
netic anomalies either deflect or reflect the solar wind ions, which generate lunar surface-origin ions, thereby suppressing
their interaction with the surface, or that low-energy ions generated within the magnetic anomaly are unable to escape. On
the other hand, it was also confirmed that the ratio of counts observed in non-magnetic anomaly regions to those in magnetic
anomaly regions changes at specific time-of-flights. In future work, we will consider the origin of the counts corresponding
to the time-of-flight of H20 ions detected above magnetic anomaly regions, as well as identify the particle species with dif-
fering count ratios between magnetic anomaly and non-magnetic anomaly regions and investigate their origins. We also plan
to apply filters for latitude and longitude in order to investigate location dependency.
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Study on the dust impact signals observed by the WFC aboard KAGUYA
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Dust particles ranging in size from nanometers to micrometers are widely distributed in space, and it has been suggested that
there exists a large number of dust particles around the moon in particular [1]. When such particles collide with spacecrafts,
they generate plasma clouds around the spacecraft, which will affect electric field measurements[2]. The WFC (Waveform
Capture) onboard the lunar orbiter KAGUYA has detected numerous waveforms believed to originate from dust impacts[3].
Horie et al. have extracted pulse-like waveforms, to be plausibly caused by dust impacts, from the WFC waveform data
using pattern matching techniques and have statistically analyzed their characteristics. A notable feature of the KAGUYA
observations is that such waveforms have been detected not only in monopole measurements, but also in dipole measurements,
where the detection of dust impact signals is theoretically less likely. Horie et al. have suggested that in dipole mode, dust-
related waveforms are observed due to sensitivity imbalances between the two antennas caused by partial shading from
the satellite body. However, the detailed physical mechanism remains insufficiently understood. Therefore, in this study,
we investigate the conditions under which dust impact waveforms are more likely to be detected and explore why such
signals can be observed even in dipole mode, primarily based on monopole measurement data. Characteristic features of dust
impact waveforms include their asymmetric shapes and the simultaneous appearance of similar waveforms across multiple
antennas. However, due to contamination of the internal artificial noise, it is difficult to distinguish true dust signals from the
monopole measurements data. To address this issue, we improved the detection accuracy by focusing on parameters such as
the time intervals and the polarity consistency among the detected pulse signals. As a result, we found that the amplitudes
of dust impact signals detected in monopole mode varied depending on the antenna, and that the amplitude ratio exhibited a
correlation with the direction of the Sun as seen from the spacecraft. In this presentation, we discuss the relationship between
these amplitude ratios and the solar direction, as well as the possible mechanism behind the generation of these waveforms.
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Analysis of Prediction reasons using Explainable AI for the Application of Solar
Radiation Prediction on the Moon
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We are advancing the development of solar radiation prediction technology for lunar and Martian exploration. This is a
joint research project adopted under the "Moon to Mars Innovation” program, a research initiative promoted by the Space
Exploration Innovation Hub Center, JAXA. Solar Energetic Particles (SEPs) are a type of space radiation that occurs with
sudden solar phenomena such as solar flares (SFs) and coronal mass ejections (CMEs), propagating through space. They
are known to affect human health and space systems not only around Earth but also in space, including the lunar surface.
Therefore, SEPs are crucial prediction targets when considering activities on the lunar surface.

We have constructed a SEP event prediction model for the Moon using Wide Learning, an explainable Al developed by
Fujitsu. This prediction model forecasts whether a SEP event will occur within a certain period from the prediction time
as a binary classification task. Wide Learning is characterized by its ability to make highly accurate predictions even with
small amounts of data, and its comprehensive discovery of combinations of categorical and numerical variable ranges that
are characteristic of the phenomenon to be predicted. This allows us to explain the reasons for predicting the occurrence of
SEP events.

In constructing the lunar SEP event prediction model, we used observational data from the Cosmic Ray Telescope for the
Effects of Radiation (CRaTER) instrument aboard the Lunar Reconnaissance Orbiter (LRO). The LRO orbits the Moon in a
polar orbit at an altitude of 50 km, and CRaTER measures cosmic radiation, including SEPs. First, to clearly identify the
flares associated with the target SEP events, we performed event detection and solar flare identification using LRO/CRaTER
observational data from June 2010 to May 2025. Furthermore, we trained Wide Learning using 88 solar flares linked to
detected SEP events as positive examples and other flares as negative examples, thereby constructing the SEP prediction
model. In this presentation, we report on the analysis of important factors for SEP event prediction, derived from the
prediction reasons for SEP event occurrences provided by the SEP prediction model.
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Magnetic anomalies and landing site evaluation for STEP1 on Mars
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Magnetic field observations of Mars have revealed the presence of strong magnetic anomalies arising from crustal rema-
nent magnetization, estimated to be up to ten times stronger than that of Earth’s crust. A detailed understanding of these
magnetic anomalies offers valuable insights into the history of Mars’ magnetic field, interior dynamics, and surface environ-
ment. Martian magnetic anomalies have been investigated using magnetometers onboard spacecraft such as the Mars Global
Surveyor and MAVEN (Mars Atmosphere and Volatile EvolutioN), as well as by landers and rovers like the InSight lander
and the Zhurong rover. While spacecraft data provide a global view of the distribution of magnetic anomalies, the observation
altitudes are relatively high compared to the depth of the magnetic sources and the spatial scales of the geological features.
Notably, surface magnetic fields measured by the InSight lander and the Zhurong rover differ significantly from values pre-
dicted by orbital data: the predicted/observed field values are 700 n'T/2013 nT (Johnson et al. 2020) and 81 nT/5.2 — 39.8
nT (Du et al. 2023) for InSight and Zhurong sites, respectively. This discrepancy highlights the need for direct, surface-based
magnetic observations to achieve a more accurate and detailed understanding of Martian magnetic anomalies. The STEP1
concept, developed by the Japan Aerospace Exploration Agency, aims to deploy landers on the Martian surface equipped
with fluxgate magnetometers. Based on current knowledge of Martian geology and magnetism, we are evaluating potential
landing sites for the STEP1 lander, with a focus on regions favorable for magnetic anomaly investigations. Accurate interpre-
tation of magnetic anomaly data requires an understanding of the events and timing during which the crustal rocks acquired
their remanent magnetization. In this study, we focus on magnetic anomalies associated with impact craters. During crater
formation, shock waves propagate through crustal rocks, potentially inducing remanent magnetization. Furthermore, because
the ages of craters can be estimated, they can serve as chronological markers for magnetization events. We are currently
identifying potential landing sites by referencing the geological map of Mars published by Tanaka et al. (2014) and crater
age data compiled by Robbins and Hynek (2012). In this presentation, we will share the current status of our evaluation of
candidate landing sites for the STEP1 mission in the context of magnetic anomaly exploration.
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The atmospheric escape to space is considered to be a major cause of ancient climate change on Mars. One of the ion escape
pathways, the polar plume, is a phenomenon in which ions accelerated by the solar wind convection electric field escape from
Mars, and its importance has been pointed out in previous studies [e.g., Dong et al., 2017; Sakakura et al., 2022]. Observations
by the MAVEN spacecraft suggest that, in addition to O, which has been considered the primary escape species, molecular
ions such as O™ and CO, ™ are also escaping through the polar plumes. In some cases, although CO>™ is a minor component
in the high-altitude ionosphere, CO,™ flux is higher than those of O" and O»™ in some localized regions [Sakakura et al.,
2022]. One of difficulties to simulate the polar plumes is its kinetic nature, since the pick-up ions with a ring distribution
function can contribute to the polar plumes. The global MHD simulations have been used as a powerful tool to simulate the
ion escape from Mars [e.g., Ma et al., 2014; Sakata et al., 2024]. It is known that the multi-fluid MHD simulations result in
asymmetric ion escape between +Z (+E) and -Z (-E) hemispheres in the MSE coordinates [e.g., Sakata et al., 2024], which
has the same tendency as the polar plumes. However, the polar plume description capability of the multi-fluid MHD code is
far from understood. If this capability can be understood, it will become easier to understand planetary atmospheric escape
in a wider parameter space, including exoplanets. The objective of this study is to determine how well plume events can be
described by the global multi-fluid MHD simulations.

In this study, we applied the global multi-fluid MHD model, MAESTRO, to the CO5 ™" -rich polar plume event observed
by MAVEN on August 27 and 28, 2015, which was reported in details by Sakakura et al. [2022]. MAESTRO takes into
acount the production and loss processes due to chemical reactions, and can reproduce interaction between the solar wind and
Martian atmosphere/crustal magnetic fields, including plasma boundaries, ionospheric profiles, and ion escape. MAESTRO
separately solves ion and electron pressures, and photoelectron heating is also considered with a heating effect of 5 eV per
photoelectron. In the simulation settings of this study, the solar wind conditions used in Sakakura et al. [2022] for the CO5™ -
rich polar plume event were used as inputs to MAESTRO: the solar wind density, velocity, and interplanetary magnetic field
(IMF) were set to 10 cm~2, 350 km/s, and 5.0 X (cos 55° , sin 55° , 0), respectively. We conducted multi-species (MS) and
multi-fluid (MF) MHD simulations with MAESTRO for comparison. The MS results were similar to those shown in Sakakura
et al. 2022, while MF results show clear asymmetry between +E and -E hemispheres as expected. Comparison between MS
and MF results show that characteristic structures such as current sheet and magnetic pile-up boundaries tend to be more
smoothed in MF than in MS. The dayside boundary of the molecular ion polar plumes region in MF, the smallest SZA (solar
zenith angle) in the density and flux enhancements of CO,™" and O, ™, was similar to the observation by MAVEN, while the
nightside structure was different with more continuous enhancements of the molecular ion densities in the simulations than
the observation. We also report on the comparison of the MF results with the plume distributions obtained from statistical
trajectory tracings of molecular ions in the electromagnetic fields obtained from the MHD simulations.
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Planetary Protection Category I'V-Compliant Frequency-Separation Filter for a
THz Heterodyne Spectrometer for Mars Orbiter Missions
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The MACO Working Group is developing an orbiter-based investigation of Martian space weather, climate, and the water
cycle to assess the persistence of potentially habitable conditions. A key objective is to measure water-vapor structure in the
atmospheric boundary layer and relate it to exchanges with surface/subsurface reservoirs and to vertical coupling processes.
As a candidate payload, we are studying a Terahertz Heterodyne Spectroscopy Sensor (THSS) operating in three bands (460,
560, and 890 GHz). Routing these bands within the receiver requires frequency-separating filters. Polymer-membrane filters
deform under the high-temperature dry-heat sterilization required for Planetary Protection Category IV, so we are exploring
femtosecond-laser patterning of metal films as a robust alternative. Electromagnetic simulations (Altair Feko) predict >25
dB rejection at 460 GHz while maintaining <0.3 dB insertion loss at 890 GHz. Ongoing work focuses on filter planarization,
uniform gold deposition over laser-affected regions, and construction of a spectral test bench. We will report the concept,
fabrication trials, and current performance.
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New IRTF/TEXES Measurements of Martian H202 During Northern Summer:
Preliminary Results
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Mars’ atmosphere is composed of approximately 96% CO2. Despite decades of space research, the stability of this atmo-
sphere remains poorly understood. Ultraviolet light splits CO2, into CO and O. However, the reverse reaction that recombines
CO and O into CO2 is very slow due to being spin-forbidden. This suggests that CO2 should be unstable, and the Compo-
sition of the Martian atmosphere should have large components of CO and O2 (greater than 10%). However, the observed
fractions of CO and O2 are only around 0.1%. This discrepancy is commonly referred to as the “stability problem”. The-
oretical studies propose that photolysis products of atmospheric water, known as “odd hydrogen” or “HOx species” (H,
OH, HO?2), could participate in a catalytic cycle that regenerates CO2 from CO. Two main pathways have been suggested:
one involving HO2 [1], and another involving H202 [2]. In both cases, OH reacts with CO, regenerating CO2 and H, which
helps stabilize the overall CO2 composition. However, this hypothesis remains unconfirmed since the key reactive species,
OH and HO2, have never been directly observed on Mars. Additionally, theoretical models have been unable to replicate the
observed long-term equilibrium mixing ratios of CO and O2 in the Martian atmosphere. The volume mixing ratios (VMRs) of
catalytic HOx species are predicted to be extremely low, around 10 ppt for OH and 1 ppb for HO2, which places them beyond
the detection capabilities of previous telescopes and space-borne instruments. Hydrogen peroxide (H202) is the only HOx-
related species that has been observed, as its VMR ranges from 0 to 40 ppb. Although H202 does not directly participate in
HOx catalytic cycles, it acts as a relatively stable reservoir species, being formed through the self-reaction of HO2 and later
photolyzed back into OH. As such, H202 provides an indirect but valuable constraint on HOx abundances. H202 has distinct
spectral signatures in the mid-infrared and submillimeter ranges. Unfortunately, no past, current, or planned space missions
have specifically targeted H202 on Mars, making its detection critically reliant on ground-based observations.H202 was first
detected at a submillimeter frequency (362 GHz) using the James Clerk Maxwell Telescope (JCMT) during the southern
summer on Mars [3], where a very weak H202 absorption line (70.2%) was observed over the Martian disk, with a retrieved
VMR of 18 & 4 ppb. A subsequent attempt to detect H202 in the submillimeter range during the northern summer using the
space-borne Herschel telescope was unsuccessful, yielding an upper limit of 2 ppb [4].

Measurements were conducted using the Texas Echelon Cross Echelle Spectrograph (TEXES)mounted on the NASA In-
frared Telescope Facility(IRTF) [5 - 9], spanning several Martians Years. Thanks to its high spectral resolution, TEXES
was able to capture the weak signatures of H202, providing a reference dataset for H202 VMRs. The TEXES data suggests
significant seasonal and interannual variation, patterns that are not yet explained by current Mars climate models [e.g., 10 -
11].

In this study, we performed new observations of H202 on Mars using TEXES at the IRTF on June 12 and 13, 2025, during
the northern summer season.

To measure Martian H202 absorption, we used TEXES configured to cover 1237 - 1243 cm-1, enabling detection of two
isolated H202 lines near 1241 cm-1.

Our objective is to analyze the TEXES spectra through detailed comparison with radiative transfer calculations. Previous
analyses were based primarily on equivalent widths of H202 and CO2. The northern summer is of particular interest because
past observations exist from the same season in earlier Mars years, allowing direct comparison. In addition, heterogeneous
chemical reactions are expected to play an important role during this period [10]. Although, the weather conditions on June
12 were poor, successful observations were obtained on June 13. In this presentation, we will present preliminary results
from our data analysis.
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Global Analysis of Martian Surface Pressure in MY27-29 using Mars Ex-
press’OMEGA
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Understanding the dynamics of the Martian atmosphere requires continuous observations of surface pressure. Previous
observations obtained by landers such as Viking, InSight, and Perseverance have significantly contributed to characterizing
seasonal and diurnal variations at specific locations (e.g., Sdnchez-Lavega et al., 2022; Banfield et al., 2020; Zurek et al.,
1992). However, these datasets are inherently limited to point observations, making them insufficient for capturing the spatial
extent and propagation of planetary-scale phenomena such as dust storms and thermal tides. To address this limitation,
global and spatially distributed pressure data are essential.

In this study, we attempt to retrieve Martian surface pressure variations using orbiter data. Specifically, we employed
data from the OMEGA near-infrared imaging spectrometer onboard the Mars Express. Previous studies retrieving surface
pressure from remote sensing data were limited to the early Martian Year (MY) 27 (Forget et al., 2007; Spiga et al., 2007).
The objective of this work is to develop a new retrieval tool capable of retrieving surface pressure rapidly and accurately,
apply it to OMEGA observations since MY27, and thereby advance our understanding of the mechanisms of planetary-scale
atmospheric phenomena such as thermal tides and gravity waves.

Our method combines a lookup table approach with equivalent width analysis of 2 © m CO2 absorption bands to balance
computational efficiency with accuracy. In addition, instead of relying solely on models, we estimated dust opacity directly
from the 2.77 u m CO2 absorption within the OMEGA observations (Kazama et al., under review), which was then
incorporated into the retrieval process. Based on comparisons of repeated observations of the same region under similar
conditions within three days, the relative error of our method is estimated to be = 2.5%. This level of accuracy is sufficient
for analyzing meteorological phenomena such as thermal tides, whose typical amplitude is on the order of 5% (Banfield et
al., 2020).

We applied this method to "4000 orbits of OMEGA data with high-quality spectra (ORB0006 — 5320; late MY26 to
mid-MY29) and derived the global seasonal variability of surface pressure. The retrieved pressures consistently showed
global increases during northern spring and autumn and decreases during summer and winter. This behavior reflects seasonal
condensation and sublimation of atmospheric CO2 at the polar caps and is consistent with observations from multiple landers
(e.g., Tillman et al., 1993).

Ongoing efforts focus on two directions: (1) the observational verification of the spatial structures of thermal tides,
and (2) development of an automated detection algorithm for signatures of atmospheric gravity waves. The former will
enable the first observational confirmation of spatial dependencies of thermal tides that have been predicted by GCM but
remain insufficiently validated (Guzewich et al., 2015). The latter builds upon the fact that previously reported gravity wave
signatures (Spiga et al., 2007) are reproducible in our pressure retrievals, suggesting that quantitative detection and statistical
characterization are feasible.

In this presentation, we will discuss the details of the developed methodology and its limitations, present results on global
seasonal variability, and report current progress and perspectives on the analysis of thermal tides and atmospheric gravity
waves.
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CO2 supersaturation in the Martian southern polar night using MGS radio occul-
tation rederived with MCS temperature climatology
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In the Martian polar night, the major atmospheric component, carbon dioxide (CO2), condenses to form a polar cap on
the surface, thereby depleting the atmosphere. Radio occultation (RO) observations, which provide high-vertical-resolution
and precise temperature profiles, are suitable for studying CO2 supersaturation in the polar night. However, changes in at-
mospheric composition associated with CO2 condensation introduce systematic errors. In addition, RO analysis requires an
assumed temperature at the uppermost altitude, and previous studies fixed this value, thus introducing additional systematic
errors in temperature retrievals.

In this study, we rederived temperature profiles from Mars Global Surveyor (MGS) RO data by accounting for CO2 de-
pletion during the polar night and improving the temperature assumption at the uppermost altitude. The evaluation of CO2
depletion in the polar night was based on argon measurements obtained by the Gamma Ray Spectrometer (GRS) onboard
Mars Odyssey [Noguchi et al., 2014]. The upper boundary temperature assumption was refined by constructing new clima-
tological values based on temperature measurements from the Mars Climate Sounder (MCS) onboard Mars Reconnaissance
Orbiter (MRO).

Analysis of CO2 supersaturation events in the southern polar night using the rederived temperatures revealed that CO2
supersaturation occurred much more frequently than indicated by the original dataset, suggesting that previous studies under-
estimated its occurrence. CO2 supersaturation frequently occurred south of 65° S and extended up to altitudes of about 15
km around the winter solstice. After the solstice, the vertical extent rapidly decreased, but supersaturation near the surface
persisted at high latitudes. Furthermore, a cold near-surface layer remained, accompanied by a strong temperature inversion
was present even after the equinox.
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Formaldehyde reaction measurement in a droplet with an electrodynamic balance
and Raman spectroscopy
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The RNA world hypothesis is one of the leading theories regarding the origin of life. It postulates that in the early stages
of life’s emergence, RNA functioned as both the carrier of genetic information and a catalyst, forming the foundation of
biological systems. A crucial aspect of this hypothesis is understanding how its constituent materials, such as the ribose that
forms RNA, were naturally synthesized.

Formaldehyde (HCHO) is a molecule of key interest in this context. HCHO is the starting material for the formose reaction,
which synthesizes sugars and could be the starting point for ribose generation. On early Earth and early Mars, it is estimated
that HCHO was produced by photochemical reactions in the atmosphere, incorporated into droplets, and delivered to the
oceans (Pinto et al., 1980; Koyama et al., 2024). However, HCHO is diluted by dissolving into the oceans, which would have
imposed a kinetic constraint on the formose reaction. Specifically, the initial step of the formose reaction, the dimerization
of two HCHO molecules to form glycolaldehyde, has a high energy barrier, resulting in an extremely slow reaction rate that
acts as the rate-limiting factor for the entire process (Breslow, 1959).

To address these challenges, we have focused on atmospheric droplets as a potential reaction field. As the relative humidity
of the surrounding atmosphere decreases, water evaporates from the droplets, thereby concentrating the HCHO. This highly
concentrated environment could provide the opportunity to overcome the reaction barrier for glycolaldehyde formation. To
test this hypothesis, we need to determine the production rate of glycolaldehyde resulting from the concentration of HCHO in
droplets. We have developed a combined system that integrates an electrodynamic balance (EDB) with a Raman spectrometer.
The EDB uses alternating and direct current electric fields to stably levitate a single charged droplet in mid-air. Meanwhile,
Raman spectroscopy is a technique that identifies the internal chemical composition of the levitated droplet non-destructively
and in real-time by irradiating it with a laser and measuring the inelastically scattered light derived from molecular vibra-
tions. In this presentation, we report preliminary results of measurements of chemical reactions when HCHO in droplets is
concentrated using these devices.
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trial Exoplanets by Ultraviolet Transit Spectroscopy
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In current terrestrial exoplanet explorations, the primary targets are planets orbiting low-mass stars. Although atmo-
spheric observations are underway to estimate the habitability of such planets, our understanding of the atmospheres remains
limited due to their small radius. On the other hand, low-mass stars emit strong XUV (X-ray and extreme ultraviolet) radi-
ation over gigayear timescales. Therefore, atmospheric escape is expected to occur due to the strong heating of the upper
atmosphere by XUV radiation, even near the habitable zone where the intensity of visible and infrared radiation is comparable
to that of present-day Earth. If terrestrial planets with oceans receive stellar radiation beyond the radiation limit, a water vapor
atmosphere would form because of the runaway greenhouse effect. In the upper atmosphere of such planets, the photodisso-
ciation of water vapor produces hydrogen and oxygen atoms, which eventually escape. As a result, it would form an optically
thick atmosphere covering the stellar disk. This causes apparent dimming during planetary transits in the hydrogen Ly- a line
(121.6 nm) and OI emission lines (130.2, 130.5, 130.6 nm) due to scattering by atmospheric hydrogen and oxygen atoms.
The transit depth reflects the atomic number density of the exosphere, thus allowing us to estimate the atmospheric escape
rate in high XUV conditions, which is not observable in the current Solar system. The atmospheric escape rate under such
XUYV conditions is an important parameter for understanding the atmospheric evolution of terrestrial planets in the early solar
system. Hence, observations of the upper atmosphere are expected to advance our understanding of atmospheric evolution on
terrestrial planets.

Future missions with ultraviolet detectors, such as LAPYUTA (JAXA) and HWO (NASA), are expected to detect atmo-
spheres of terrestrial exoplanets by ultraviolet transit spectroscopy. Therefore, numerical models that can capture the strong
radiation pressure and photoionization, such as in environments around low-mass stars, are necessary to examine and interpret
observations.

In this study, we examined the feasibility of observing the upper atmosphere in a terrestrial planet with a water vapor
atmosphere using a three-dimensional particle model. This model accounts for stellar and planetary gravity, radiation pres-
sure of atomic emission lines, and photoionization. The simulation results showed that large exospheric clouds composed of
hydrogen atoms form a comet-like tail structure, observed in some hydrogen-dominant gas exoplanets, due to the high radial
velocity caused by a strong hydrogen Lyman- a radiation pressure and the rapid orbital motion of planets orbiting at short
intervals of several days. We also confirmed that the absorption in the blue wing and the transit duration last over several
hours, which sustains for a while in the post-transit phase due to the elongated tail structure. In contrast, oxygen clouds have
a compact and spherical spatial distribution because of a higher photoionization rate and the negligible effect of radiation
pressure compared to hydrogen. For this reason, the transit duration is shorter than for hydrogen atoms, and the transit depth
is symmetric in time with respect to the transit center. In this presentation, we will demonstrate how XUV radiation intensity,
atmospheric temperature, and the strength of radiation pressure from atomic emission lines influence the structure of the at-
mosphere and the transit features of the hydrogen Lyman- a and O I lines. We will also discuss the feasibility of exospheric
atmospheres in terrestrial exoplanets with future UV observatories.
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Response of the Venusian hydrogen exosphere to the solar wind coordinated

observations by Hisaki and Venus Express
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Observations of Ly- a emission from the hydrogen exosphere of Venus are crucial for understanding atmospheric
escape mechanisms. Spacecraft observations have found that the hydrogen exosphere of Venus consists of thermal and
non-thermal components. These components play an important role in thermal and non-thermal hydrogen escape, but their
spatial and time variations remain unclear. Especially, response of the hot hydrogen distribution to the solar wind variations
is poorly understood due to observational and analytical limitations, under which the exospheric physical quantities and
their temporal variations have not been investigated separately for the thermal and non-thermal components. Disk-averaged
Lyman- a observations made by Hisaki satellite in March — April 2014 revealed an "18% increase in the hydrogen column
density over 2 — 3 days following the arrival of high-speed solar wind streams. This increase has been interpreted as a
possible enhancement of the non-thermal component caused by charge exchange reactions between ionospheric ions and
thermal hydrogen in the exosphere. However, due to the low spatial resolution of Hisaki measurements, it was unclear how
the spatial distribution of the atomic hydrogen density changed during this time period.

To investigate the altitude variations of hydrogen from the thermosphere to the exosphere in more detail, we analyzed
limb observations obtained over ten years by the Spectroscopy for the Investigation of the Characteristics of the Atmosphere
of Venus (SPICAV) ultraviolet spectrometer onboard Venus Express. In this presentation, we focus on SPICAV observations
obtained simultaneously with the Hisaki measurements and examine how the global increase in hydrogen observed by Hisaki
is manifested locally and how its vertical distribution varied. The observations were made on March 16 and March 26,
2014, and the tangent point local times were 19 and 20 hours, respectively. In order to derive temperature and density from
these observations, we applied forward modeling using a three-dimensional exospheric hydrogen model (Chaufray et al.,
2015) combined with Monte Carlo radiative transfer calculations to separate the contributions of thermal and non-thermal
components.

A comparison of the common altitude range of 500 - 2000 km between the two days shows that the Ly- a brightness
on March 16 was up to twice as high as that on March 26. This difference exceeded the expected variability due to local time
and solar irradiance and exhibited an opposite trend to the Hisaki results, which indicated that the integrated brightness over
the dayside was higher on March 26 than on March 16.

To further investigate the observed variability by separating the hot and cold components, we first fixed the
exobase temperature and varied only the density distribution in the forward modeling. In this presentation, we discuss the
observational results together with the forward-modeling analyses.
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Formation of V0 Layer in Venus’ Nightside Ionosphere Induced by SEP Events
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The VO layer of the Venusian ionosphere is a sporadic electron-density peak detectable on both the dayside and nightside
by radio occultation experiments. Based on the Venus Express Radio Science Experiment (VEx/VeRa) and the Radio Science
Experiment onboard Akatsuki measurements, we find the dayside VO peak typically near 110 km while the nightside peak
lies near 120 km, yet the formation mechanisms of both remain unclear and nightside studies are scarce (Tripathi et al.,
2024). Here, we investigate the relationship between VO occurrence and solar activity, with emphasis on solar energetic
particle events (SEPs). We quantify solar activity using fluctuations in VEx/MAG data and evaluate the association between
the nightside VO occurrences (SZA >110° ) and magnetic-field fluctuations at 3-day and 5-day periods: a chi-square test
for the 3-day period yields p = 0.0004, indicating a highly significant correlation, whereas the 5-day period yields p = 0.05
and is less significant. We further analyze the interval 2 - 21 March 2011, when STEREO-A was closely connected to
Venus along Parker spiral, using its electron and proton fluxes to represent SEP inputs to the Particles TRansport In Planetary
atmosphere (PTRIP) model (Nakamura et al., 2022) to simulate the atmospheric ionization rates, which were then fed into
the Photochemical and RadiatiOn Transport Model for Extensive USe (PROTEUS) model to simulate the VO peak altitude
and electron density (Nakamura et al., 2023). The modeled peak heights and densities agree with VEx/VeRa measurements,
supporting the proposition that SEPs may be a contributing mechanism for the nightside VO formation and providing a basis
for deeper investigation of Venusian ionospheric dynamics and chemistry.
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Bifurcation and stability of the co-condensation dynamics of H2SO4-H2O droplets
in Venusian clouds

#Hiroki Ando", Satoru Nakano?®, Shin-ichiro Shima?), Masahiro Takagi'), Hideo Sagawa')

(IKyoto Sangyo University, (?University of Hyogo

The clouds covering Venus globally, that are primarily composed of H2SO4-H2O droplets, strongly influence the thermal
structure and dynamics of the atmosphere. However, the mechanism governing their growth and long-term maintenance re-
mains poorly understood. In this study, the bifurcation structure of the droplets’ growth dynamics through the co-condensation
of H20 and H2S04 is investigated by constructing a box model under the assumption of a monodisperse droplet population.
Our analysis reveals that the phase portrait depends on the saturation ratios of the H20 and H2S04 gases and that the mass
of H20 in the droplet varies much more rapidly than that of H2SO4 under conditions near the Venusian cloud base. The
condition for the stable existence of Venusian cloud droplets is also investigated in terms of the saddle-node bifurcation.
Based on these findings, we simulate the droplets’ growth under the thermodynamic conditions near the Venusian cloud base
and find that the small cloud droplets, such as Mode 1, may rapidly grow into larger ones, such as Modes 2 or 3, depending
on the droplet number density.
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Variations in the distribution of the unknown UV absorber associated with
planetary-scale waves at the Venus cloud top
#Masataka Imai)
(Unstitute of Astronomy, Graduate School of Science, The University of Tokyo

The fast-rotating atmosphere of Venus, known as super-rotation, reaches velocities up to “100 m s~ at the cloud-top
altitude (70 km). Planetary-scale waves, including the ~5-day Rossby wave and the "4-day Kelvin wave with zonal
wavenumber 1, are observed as periodic variations in winds and temperatures. Recent general circulation model (GCM)
studies [Takagi et al., 2022; 2023] demonstrated that these waves undergo alternating phases of growth and decay, which
are closely linked to quasi-periodic variations of the mean zonal winds. Because planetary waves play an essential role in
transporting angular momentum and heat, understanding their dynamics is key to revealing the mechanisms that maintain
super-rotation and the general circulation on Venus.

Observations by Venus Express and Akatsuki revealed quasi-periodic variations of more than 20 m s~! in the super-
rotation, along with multi-year to decadal changes of up to 40% in cloud albedo at 365 nm [Lee et al., 2019]. These albedo
variations are estimated to modulate the solar heating rate in the upper atmosphere by a factor of 2 (27 - 50 K day—!).
In addition, Akatsuki/UVI observations identified a prominent 5-day Rossby wave associated with equatorially symmetric,
planetary-scale vortices [Imai et al., 2019], and showed that the growth and decay of these waves on a timescale of 2 — 3
months coincide with large ("10%) changes in the spatial contrast of the ultraviolet albedo.

In this study, we focus on the periods in 2017 and 2018, during which signatures of planetary waves were prominent in
Akatsuki observations. We investigate how the distribution of the unidentified ultraviolet absorber at the cloud top evolved
in association with the growth and decay of planetary waves. By comparing these temporal changes in detail, we aim
to improve our understanding of the vertical structure of planetary waves and the three-dimensional distribution of the
ultraviolet absorber in the Venus atmosphere.
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Cloud top circulation of Venus obtained from denoised thermal infrared images
#Zhuan Guo®), Takeshi IMAMURA?)
(I The University of Tokyo, (*The University of Tokyo

This study derives and analyzes the wind field at the Venusian cloud top using the thermal infrared images from the Long-
wave Infrared Camera (LIR) onboard Japan’s Akatsuki orbiter. LIR detects thermal emission in a waveband 8-12 (1 m from
the cloud deck of Venus on dayside and nightside with equal quality[1]. The data used spans from December 2015 to March
2024, providing substantial observations to ensure the reliability of our results.

However, the noise in the infrared images prevents further investigation of the fine-scale cloud features. To improve data
quality, we first applied the Block-Matching and 3D Filtering (BM3D) algorithm to denoise the LIR images. This method
suppresses noise based on the inherent non-local self-similarity within an image. The algorithm operates in two stages: group-
ing structurally similar 2D image patches into 3D arrays, and then collaboratively filtering these arrays in a transform domain
to effectively reduce noise. This denoising process significantly enhanced fine-scale cloud structures, which is essential for
the subsequent retrieval of wind fields.

With denoised LIR images, we implemented an automated cloud tracking method to estimate cloud motion vectors[2]. This
approach identifies and tracks patchy cloud features between consecutive images to derive the wind velocity. We examined
the cloud motion vectors with strict screening criteria to ensure the reliability of the wind field. Wind estimation errors were
statistically evaluated by dividing images into odd- and even-numbered subsets, deriving wind fields independently from
each, and comparing the results.

Comparing with previous studies based on the ultraviolet or near infrared imagery, this work retrieves a long-term dataset
of the Venusian wind field on both dayside and nightside, offering a more complete view of the global circulation. Besides,
our processing method does not rely on averaging, thereby preserving a higher temporal resolution that allows for the identifi-
cation of transient features or those not moving at the speed of the background superrotation. Using this dataset, we observed
and compared the wind field structures and the circulation. We further evaluated the momentum transport on the dayside and
nightside, promoting our understanding of the dynamics in the Venusian atmosphere.

[1] Taguchi, M., Fukuhara, T., Imamura, T., Nakamura, M., Iwagami, N., Ueno, M., Suzuki, M., Hashimoto, G. L., and
Mitsuyama, K. (2007). Longwave Infrared Camera onboard the Venus Climate Orbiter. Advances in Space Research, 40(6),
861-868.

[2] Ikegawa, S., & Horinouchi, T. (2016). Improved automatic estimation of winds at the cloud top of Venus using super-
position of cross-correlation surfaces. Icarus, 271, 98-119. https://doi.org/10.1016/j.icarus.2016.01.018
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Occurrence characteristics of Jovian narrowband Kkilometric radiation (nKOM)
using Juno/Waves data

#Rentaro SUGAWARA), Hiroaki MISAWA!), Yasumasa KASABA"), Fuminori TSUCHIYA"), Rikuto YASUDAY)
(ITohoku University

In Jupiter’s inner magnetosphere, narrowband kilometric radiation (nKOM) appears around “100 kHz which is thought to
originate in the Io plasma torus. nKOM was first detected by Voyager 1 (Kaiser & Desch, 1980) in 1979, however observing
areas of past planetary explorers (such as Voyager and Galileo) were limited near the Jovian magnetic equator, preventing a
comprehensive view of its occurrence properties. With Juno’s polar orbit since 2016, its Waves instrument has enabled ob-
servations across the full magnetic-latitude range, revealing a distinctive nKOM source distribution: occurrence rates are low
near the magnetic equator and peak at mid-latitudes (Louis et al., 2021). This distribution is closely linked to generation and
beaming/propagation characteristics. Using this source distribution, Boudouma et al. (2024) built a 3-D model suggesting that
nKOM is radiated by waves excited near the local plasma frequency and beamed anti-parallel to ambient density gradients.
They also proposed existence of two nKOM types depending on observation latitudes; i.e., low-frequency ordinary-mode (O)
at high latitudes and high-frequency extraordinary-mode (X) at low latitudes. These pictures are statistically obtained by an
accumulation of about 20 Jupiter orbits in 2016 — 2019, however its long-term stability and temporal variability of nKOM
occurrence remains insufficiently constrained.

The aim of this study is to determine nKOM occurrence tendencies and intensity variability over longer Juno orbital pe-
riods (6 July 2016 — 27 April 2023; ~50 perijoves) and thereby explore temporal variability of the inner magnetospheric
environment. We use absolute-flux dynamic spectra from Juno/Waves calibrated by the Paris Observatory team (see Louis
et al., 2021). To process seven years of observation data efficiently, we first generated daily dynamic spectra and picked
up nKOM visually, then applied an automated intensity thresholding routine for observed phenomena to extract significant
nKOM events. For each event we recorded start/end times and radiated intensity and compiled them, together with the space-
craft’s magnetic latitude, into a catalog comprising thousands of nKOM events. In the visual step, narrowband emission
within “60 - 160 kHz was the primary criterion, while the “10-hour (comparable to the Jovian rotation period) recurrence
served only as an auxiliary indicator; events without clear periodicity were still classified as nKOM when their spectral char-
acteristics matched.

As an initial check, intensity maps on the magnetic latitude — frequency plane reproduce the key occurrence features re-
ported by Louis et al. (2021) — a near-equatorial depletion and a mid-latitude peak — supporting the validity of our nKOM
detection approach.

Using the produced database, we are now investigating nKOM occurrence characteristics on the Juno orbital period ("53
days) and/or annual timescales. Variations in Io’s volcanic activity modulate plasma supply, and plasma injection events and
solar wind pressure variations also affect environment of the Jovian inner magnetosphere. nKOM occurrence would respond
to these magnetospheric phenomena. The long-term nKOM event catalog assembled in this study will allow us to examine
these influences quantitatively.

In the presentation, we will describe the construction of the long-term nKOM event catalog, derived variability in occur-
rence properties, and also discuss relations between nKOM occurrence variability and internal/external drivers of the Jovian
magnetosphere.
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New Compact Low-Frequency Radio Observatory LWA-Niyodo

#Masafumi Imail), Toshimitsu Ono?), Kazumasa Imai>

(Institute of Atmospheric Physics of the Czech Academy of Sciences, (?LWA-Niyodo Radio Observatory, (*National Insti-
tute of Technology, Kochi College

The low-frequency radio observatories at frequencies below 100 MHz are widely distributed around the world, and some of
them operate the daily observations of natural radio emissions from the Sun and Jupiter. Monitoring the low-frequency radio
emissions requires three equally separated observatories around the world. While most of the low-frequency radio observa-
tories are located in Europe and the US, there are fewer of the observatories in Japan. We built a new compact low-frequency
radio observatory located in Niyodogawa-cho, Kochi, Japan. The observatory called LWA-Niyodo consists of eight bow-tie
antennas (originally designed for the Long Wavelength Array station One in New Mexico, US), in which each antenna re-
ceives two perpendicular linearly polarized radio waves. Currently, these signals are combined into two channels using two
8-to-1 analog combiners. With two independent receivers of the Software Defined Radios (SDRs) and Raspberry Pi systems,
we have operated the daily observations since March 2024. This receiver is based on Jupiter’s radio receiver onboard the
KOSEN-1 CubeSat. In this presentation, we report the detailed specifications of the LWA-Niyodo and highlight some early
observations.
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Planetary Lightning -Based on the Roly-Poly, the Dipole Proximity Electron
Relay, the Dipole Series Battery, Capacitance-Decrease-

#Motonobu Sato")

(1Shidami Junior High School, Nagoya City

Lightning has been observed not only on Earth but also on Jupiter, Saturn, Uranus, Neptune, and possibly Venus. The
conventional collisional charging theory, which assumes charge separation through collisions of ice particles or droplets,
cannot fully explain volcanic lightning, planetary lightning, or blue-sky discharges. This study integrates four mechanisms:
(1) the Acceleration-Rectified Dipole Alignment (ARDA), (2) the Dipole Proximity Electron Relay theory, (3) the Dipole
Series Battery theory, and (4) the Capacitance-Decrease Mechanism. The ARDA explains how molecular alignment is
rectified by asymmetry between mass and charge centers under external acceleration. the Dipole Proximity Electron Relay
theory explains how electrons propagate domino-like between adjacent dipoles, forming discharge pathways. The Dipole
Series Battery describes how aligned dipoles add their moments to form a potential difference (A V= a X E X d). Addi-
tionally, The Capacitance-Decrease Mechanism shows how growth of ice particles reduces capacitance, leading to voltage
amplification. Comparative analysis indicates that on Earth, aligned water vapor initiates charge layers in thunderclouds,
while ice growth and capacitance decrease trigger discharges. On Jupiter and Saturn, extensive alignment occurs within
deep water - ammonia clouds, where alignment distances of tens to hundreds of kilometers allow much stronger potential
differences than terrestrial lightning. On Venus, however, the CO,-rich atmosphere and sulfuric acid clouds provide few
dipolar molecules or ice particles, so lightning is limited to localized regions. Sensitivity analysis with alignment rate n
and dipole fraction f shows that higher values sharply increase V — I characteristics and reduce the required number of ice
particles N. Thus, in ice-rich environments such as Jupiter, capacitance decrease strongly accelerates reaching the discharge
threshold, whereas in ice-poor Venus, this trigger is absent. The integrated model is consistent with observations from
the Juno and Cassini missions and offers a unified framework for planetary lightning. Future work will involve parameter
identification from spacecraft data and simultaneous measurement of alignment, dipole fraction, and particle number.
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Figure 1. Planetary atmospheric comparison Figure 2. Sensitivity analysis of n and f
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Radio instrument of Radio and Plasma Wave Instruments (RPWI) aboard ESA
JUICE: from Launch, via Lunar-Earth, toward Venus
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This paper provides initial status of Radio & Plasma Wave Investigation (RPWI) aboard JUpiter ICy moons Explorer
(JUICE), from the view for its high frequency radio observation capability in 80k - 45MHz.

The high frequency part of this system, i.e., Preamp of RWI and its High Frequency Receiver (HF), is procured by the
RPWI team in Austria, France, Japan, Poland, and Sweden. This part enables 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. It 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.

After the launch on April 14, 2023, the RPWI did the deployment of our antennas. Although it had to wait due to a problem
happened with the RIME antenna, all deployments were successfully completed in May 2023. However, immediately after
that, we started the life struggling with the the spacecraft noise. As a result, new onboard software with the noise reduction
function was uploaded in January 2024.

The spacecraft succeeded to do the Lunar-Earth Gravity Assist (LEGA) operation in August 2024. It was the unique
opportunity to observe “an airless body” before real icy moons flybys in 2030s. Associated with this observation chance, we
executed (1) AKR occultation test for sensing the moons’ thin ionospheres, (2) AKR reflection test for sensing the moons’
surface and subsurface, (3) AKR polarization measurement test for separating and investigating Jovian northern & southern
radio sources, (4) flux calibration test with Solar radio burst comparing the Wind, Parker Solar Probe, Solar Orbiter etc.

Recently, JUICE was passed Venus in August 2025. Next flybys are Earth I (September 2026) and Earth II (January 2029).
Arrival to Jupiter will be in July 2031.

This paper reviews those activities in 2023-2025. We also summarize the plans with the proved performances for Jupiter
and icy moons in 2030s.
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A test particle simulation for re-evaluation the energy input into the Saturn’s at-
mosphere by keV electrons

#Hiroyasu Tadokoro!), Yuto KATOH?)

(I Tohoku Gakuin University, *Tohoku University

Saturn’s inner magnetosphere is dominated by water group neutrals originating from Enceladus, which are a major cause of
plasma loss. Our previous studies focused on electron loss mechanisms through elastic collisions with these water molecules,
estimating the loss rate and energy input into the atmosphere for electrons with energies ranging from 500 eV to 50 keV.
However, the peak energy of this electron energy input remained elusive. These results demonstrated the necessity of con-
structing a model for the elastic scattering cross sections that depend on electron energy. We re-calculate the keV electrons
using a test particle simulation [Tadokoro and Katoh, 2014]. We will show these results.
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UV space telescope LAPYUTA: overview of the mission instruments and develop-
ment updates
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The Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope Assembly (LAPYUTA) mission aims to
carry out spectroscopy with a large effective area (>300 cm2) and a high spatial resolution (0.1 arc-sec) and imaging in far
ultraviolet spectral range (110-190 nm) from a space telescope. The main part of the science payload is a Cassegrain-type
telescope with a 60 cm-diameter primary mirror. As a current design, three main UV instruments are installed on the focal
plane of the telescope: a mid-dispersion spectrograph, a high-dispersion spectrograph, and a slit imager. The mid-dispersion
spectrograph contains a movable slit with different slit width, a holographic toroidal grating with 2110 lines/mm, and an
MCP detector coupled with CMOS imaging sensors. Spectral resolution of 0.02 nm and field-of-view of 100 arc-sec will
be achieved. The high-dispersion spectrograph consists of a slit, a toroidal mirror, an echelle gating, a cross disperser, and
a detector. Highest spectral resolution of 3 pm will be achieved at the target wavelength (130.5 nm). The UV slit imager
consists of imaging optics, several bandpass filters with a rotation wheel, and a same type of UV detector as the one installed
in the spectrometer. In order to achieve a high spatial resolution of 0.1 arc-sec, we will install a target monitoring camera
at Oth order position inside the spectrometer and slit imager for both attitude control and image accumulation process. We
also plan to install a fine guidance sensor to monitor guidance stars. In addition, new key technologies such as funnel-type
MCPs and CMOS-coupled readout system and highly reflective UV coatings will be applied to satisfy requirements of
LAPYUTA. We have demonstrated performance of prototype models and samples of such key components. These key
technologies can be applied to the future international flagship missions such as Habitable Worlds Observatory. Here we
present the LAPYUTA concept design, the overview of the mission instruments, and the updated status of key technology
developments.
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Development of a large, high-sensitivity ultraviolet detector for installation on

LAPYUTA
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Ultraviolet observation is a powerful tool of remotely monitoring planetary upper atmospheres, exospheres, and plasma
environments. The Spectroscopic Planet Observatory Satellite “Hisaki” (SPRINT-A) is the world’s first space telescope
mission dedicated to planetary observation and it has successfully captured the spatial and temporal variations in Jupiter’s Io
plasma torus and the upper atmospheres of Mars and Venus. However, due to limitations in sensitivity and spatial resolution,
it has been difficult to observe the spatial structure of the atmospheres of Mars and Venus, small bodies such as moons of
Jupiter, and exoplanet atmospheres.

As a next-generation mission, the Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope Assembly
(LAPYUTA) aims to explore habitable environments and investigate the origin of matter and space in the universe, which
were not achieved by Hisaki. Ultraviolet mission instruments consist of a Cassegrain telescope with a 60 cm primary mirror
(F =2.5), two ultraviolet spectrographs (a medium-resolution spectrograph MRS and a high-resolution spectrograph HRS),
and an ultraviolet slit imager UVSI. To achieve LAPYUTA’s scientific objectives, the MRS must have an effective area
of 350 cm?® , a wavelength range of 110 — 190 nm, a wavelength resolution of 0.02 nm, and a spatial resolution of 0.1
arcseconds.

The detector is a particularly key component for the MRS instrument. To satisfy the required specifications, a large and
high-sensitivity detector with an effective area of 120 mm X 30 mm is needed while maintaining the conventional position
resolution (15 p m). The detector consists of microchannel plates (MCP) with a Csl photocathode, a fiber optics plate
(FOP) with a phosphor screen, and a CMOS sensor readout. In order to increase quantum efficiency, funnel-type MCP has
been developed in recent years. Since funnel-type MCP has a tapered shape for the channel input, the aperture ratio can be
increased from approximately 60% in standard type to around 90%, achieving higher quantum efficiency. While funnel-type
MCPs with diameters of 18 mm or 53 mm X 53 mm have been developed, the large size of 120 mm required for MRS
has not been achieved yet. This scaling up process raises concerns about mechanical issues such as reduced strength and
bending, as well as performance issues like non-uniformity in quantum efficiency and gain within the effective area.

Therefore, this study aims to manufacture a prototype of a funnel-type MCP detector with the maximum size (80 mm
X 80 mm) that can be achieved using current equipment and to verify its functionality and evaluate its performance. The
prototyped detector consists of funnel-type MCPs (3 stages) with a CsI photocathode and a FOP with a phosphor screen,
assembled on a vacuum flange. After verifying the functionality of the prototype, we varied the high voltage applied to
the MCP and measured the voltage dependence of the pulse height distribution. Additionally, monochromatic light was
irradiated at different positions within the effective area to measure the in-plane uniformity of quantum efficiency and gain at
each wavelength.

The large and high-sensitivity detector being developed in this study is not useful only for LAPYUTA. It is one of key
technologies that can be applied to NASA’s flagship mission, Habitable Worlds Observatory (HWO), which is scheduled to
be launched in the 2040s.
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