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Non-adiabatic energization and transport of planetary ions in the magnetospheric flanks
of Mercury

# Sae Aizawa[1]; Dominique Delcourt[2]; Naoki Terada[3]
[1] Geophysics, Tohoku Univ; [2] LPP, Ecole Polytechnique, CNRS; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.

We investigate the acceleration and transport of planetary ions within Kelvin-Helmholtz (KH) vortices that develop in the
magnetospheric flanks of Mercury, using single-particle trajectory calculations in a field model obtained from MHD simulations.
Due to the presence of heavy ions of planetary origin (e.d,, Ka™, and K") following ionization of exospheric neutrals and
due to the complicated field structure during the KH vortex development, the scale of electric field variation may be comparable
with ion gyration motion. Therefore, ions may experience non-adiabatic energization as they drift across the magnetopause. |
this study, we consider realistic configurations for both dawn and dusk magnetospheric flanks, and we focus on the effect of th
spatial and temporal variations of the electric field magnitude and orientation along the ion path on the ion dynamics. We show
that the intensification rather than the change of orientation is responsible for large non-adiabatic energization of heavy ions c
planetary origin. This energization systematically occurs for ions with low initial energies in the direction perpendicular to the
magnetic field, the energy gain being of the order of the energy corresponding to the makiBudnift speed, Ep,,.., in a
like manner to a pickup ion process. It is also found that ions that have initial energies comparab)g tovtaty be decelerated
depending upon gyration phase. We find that ions with initial perpendicular energies much larger,tharaknlittle affected
along the ion path through KH vortices. By comparing dynamical regimes in the dawn versus and dusk regions, and also b
considering different IMF directions, we show that the ion transport across the magnetopause is controlled by the orientation o
the magnetosheath electric field and that the rate of energization depends upon the scale of KH vortices versus Larmor radii.
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Full PIC simulation on the electron dynamics at the dayside magnetopause in a
small-scale magnetosphere
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The objective of this research is to understand the dayside magnetopause physics of a small-scale magnetosphere by perform
full particle-in-cell three-dimensional simulations. We defingds the distance from the dipole center to the point at which the
dynamic pressure of the solar wind and the dipole magnetic pressure are equal. When the ratio ;¥Bisdauch smaller
than the unity where ¥lambgalenotes the ion inertia length, the formation of the magnetosphere can be examined with the
fluid plasma approximation. However, ¥lambia, becomes close to the unity, the kinetic effect such as finite Lamor radius in
plasma cannot be ignored in the formation of the magnetosphere. In the present study, we set;¥lapbildo emphasize
kinetic effects. When we define Ras the radius of sphere, we took a relatively large proportion of sphere in the magnetosphere
as R/D,=0.6 . In the simulations we found (1) asymmetric structure of the plasma density distribution between the dawn and
dusk sides in the magnetic equator, (2) electron acceleration in the magnetic equator at the dayside magnetopause, and (3) plas
perturbation at the dusk side of the plasma pause. In this study, we particularly focus on (2) and (3) stated above and examine
them quantitatively by considering the electron trajectories, velocity distributions and the associated local electric fields. We alsc
discuss the dependency of these phenomena on the mass ratio between ion and electron as well aBjambda
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Generation process of the secondary ion emitted from lunar surface
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Airless bodies without global magnetic fields are directly exposed to the solar wind and micro-meteorites. When the solar
photons, neutral and charged patrticles are incident on a solid surface, the secondary ions are emitted from the bombarded surfa
Although the initial energies of such secondary ions are several eV, they are accelerated up to several hundred eV by the sol
wind motional electric field and are detected by ion detectors on spacecraft. The secondary ion composition is expected to b
used for remote sensing of the solid surface since it depends on the solid surface composition. This remote measurement usi
the secondary ion complements X-ray fluorescence, gamma-ray spectroscopy and multi-band spectral imaging. However, neith
the quantitative observation of the secondary ions nor the detection of the originating points has been made.

In the Moon’s case, there are a few major generation mechanisms of the secondary ions; photon-stimulated desorption (PSI
by the solar photons, photoionization of neutral particles, solar wind sputtering and micro-meteoroid impact. The secondar)
ions generated by PSD consist of Alkali ions such a$ ad K*. In contrast, a variety of ion species can be generated by the
ion sputtering and micro-meteoroid impact process. Since the amount of secondary ions depends on the emission mechanisr
analysis of the secondary ion considering generation processes is important.

MAP-PACE-IMA on Kaguya has detected the secondary ions from the Moon. We have investigated a variety of ion species
and detected the originating points using the solar wind convection electric field information. We have newly found that there
exist ion flux intensity variations that show good correspondence with the location of the lunar magnetic anomalies. This is
suggested that the amounts of the secondary ions generated by sputtering are decreased above the lunar magnetic anoms
since the strong magnetic field can prevent the solar wind from impacting the lunar surface. We have estimated the amount c
secondary ions generated by the solar wind sputtering by comparing the data obtained above magnetic anomalies and the reg
without magnetic anomalies. In addition, in order to estimate the influence of the secondary ions generated by micro-meteoroi
impact, we have investigated the secondary ion flux when major meteor showers took place.

In conclusion, although the secondary ion observations do not directly reproduce the lunar surface composition, they can b
used for remotely sensing the lunar surface composition if we consider the existence of the lunar magnetic anomalies and tt
generation process of the secondary ions. This measurement is expected to be applied not only to the Moon but also to variol
astronomical bodies.
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Frequency dependence on the beaming angle of Jupiter's decametric radio emissions
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The beaming angle of Jupiter’'s decametric radio emissions is very important to elucidate the emission mechanism of Jupiter’
decametric radio emissions. This beaming angle can be estimated by the modulation lane method [Imai et al., 2017]. Thi
modulation lane method is based on the measurements of the slope of modulation lanes on the dynamic spectrum of Jupitel
decametric radio emissions. We usually measure the slope with a 1 MHz bandwidth and determine the most probable value ¢
the lead angle to fit the value of the slope. The longitudinal location of the magnetic field line of the radio emitting sources
can be calculated by the lead angle. Once the location of the source is found, we determine the beaming angle (so-called co
half-angle) as the angle between the direction tangent to the magnetic field line at the source and the direction to the Earth
seen from the source.

The Long Wavelength Array station 1 (LWAL) is a low-frequency radio telescope designed to produce high-sensitivity, high-
resolution spectra in the frequency range of 10-88 MHz. The sensitivity of the LWA1, combined with the low radio frequency
interference environment, allows us to observe the wide band modulation lanes of Jupiter's decametric radio emissions [Clark
et al., 2014]. We have analyzed the data including the wide band lo-B modulation lanes observed by LWA1. We found a unique
event showing curved modulation lanes over a 22 MHz frequency bandwidth from 12 MHz to 34 MHz. By using our modulation
lane method we calculated beaming angles of 57 degrees for 12 MHz and 63 degrees for 34 MHz. The difference of the beamir
angles is 6 degrees over a 22 MHz frequency range. This means the value of beaming angle is gradually increasing towal
the higher emitting frequency. We will discuss this frequency dependence on the beaming angle of Jupiter's decametric radi
emissions based on the archived LWA1 data.

References:

Imai, K., C.A. Higgins, M. Imai, and T.E. Clarke, Jupiter’s lo-C and lo-B decametric emission source morphology from LWA1
data analysis, in Planetary Radio Emissions VI, edited by G. Fischer, G. Mann, M. Panchenko, and P. Zarka, Austrian Academ
of Sciences Press, Vienna, pp.89-101, 2017.
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Response of Jupiter’s Aurora to Plasma Mass Loading Rate Monitored by the Hisaki
Satellite During Volcanic Eruptions at lo
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The production and transport of plasma mass are essential processes in the dynamics of planetary magnetospheres. At Jupi
it is hypothesized that lo’s volcanic plasma carried out of the plasma torus is transported radially outward in the rotating mag-
netosphere and is recurrently ejected as plasmoid via tail reconnection. The plasmoid ejection is likely associated with particl
energization, radial plasma flow, and transient auroral emissions. However, it has not been demonstrated that plasmoid ejection
sensitive to mass loading because of the lack of simultaneous observations of both processes. We report the response of plasm
ejection to mass loading during large volcanic eruptions at lo in 2015. Response of the transient aurora to the mass loading ra
was investigated based on a combination of Hisaki satellite monitoring and a newly-developed analytic model. We found the
transient aurora frequently recurred at a 2-6-day period in response to a mass loading increase from 0.3 to 0.5 ton/s. In genel
the recurrence of the transient aurora was not significantly correlated with the solar wind although there was an exceptional evel
with a maximum emission power of 10 TW after the solar wind shock arrival. The recurrence of plasmoid ejection requires the
precondition that amount comparable to the total mass of magnetosphere, 1.5 Mton, is accumulated in the magnetosphere.
plasmoid mass of more than 0.1 Mton is necessary in case that the plasmoid ejection is the only process for mass release.

The production and transport of plasma mass are essential processes in the dynamics of planetary magnetospheres. At Jupi
it is hypothesized that 16 s volcanic plasma carried out of the plasma torus is transported radially outward in the rotating mag-
netosphere and is recurrently ejected as plasmoid via tail reconnection. The plasmoid ejection is likely associated with particl
energization, radial plasma flow, and transient auroral emissions. However, it has not been demonstrated that plasmoid ejection
sensitive to mass loading because of the lack of simultaneous observations of both processes. We report the response of plasm
ejection to mass loading during large volcanic eruptions at lo in 2015. Response of the transient aurora to the mass loading ra
was investigated based on a combination of Hisaki satellite monitoring and a newly-developed analytic model. We found the
transient aurora frequently recurred at a 2-6-day period in response to a mass loading increase from 0.3 to 0.5 ton/s. In genel
the recurrence of the transient aurora was not significantly correlated with the solar wind although there was an exceptional evel
with a maximum emission power of 10 TW after the solar wind shock arrival. The recurrence of plasmoid ejection requires the
precondition that amount comparable to the total mass of magnetosphere, 1.5 Mton, is accumulated in the magnetosphere.
plasmoid mass of more than 0.1 Mton is necessary in case that the plasmoid ejection is the only process for mass release.
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Spatial distribution of Jupiter moon lo’s neutral oxygen cloud during a volcanically
active period
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A Jupiter’s moon lo is the most volcanically active body in the solar system, and its thin atmosphere is formed by volcanism
and sublimation from the surface frost. Neutral particles in the lo’s atmosphere (oxygen and sulfur atoms, and their components
escape from lo’s gravity mainly by atmospheric sputtering, and form neutral clouds around lo’s orbit. The previous modeling
studies showed the equilibrium spatial distibution of the neutral oxygen and sulfur clouds. The relationship between infrared
emissions of 1o’s volcanoes and sodium nebula emissions by ground-based observations showed that the amount of neutr:
escaped from lo increases during major volcanic eruptions. If the spatial distribution of the neutal clouds during a volcanically
active period is found, other parameters such as profile of exosphere, speed distribution and direction are constrained, and it
understood how the change in the volcanic activity of lo affects the escape process of neutrals. In this study, we aim to understar
the spatail distribution of lo’s neutral oxygen cloud by using the ultraviolet spectral data obtained with the Hisaki satellite.

Atomic oxygen emission at 130.4 nm aroud lo’s orbit was weak from November to December in 2014, but it was intense
from January to April in 2015 (the brightness was 2-2.5 times as large as usual). de Kleer and de Pater [2016] reported th
enhancement of infrared emissions at Mithra Patera in 10 January 2015, and at Kurdalagon Patera in 26 January and 5 Ap
2015. These volcanoes may increase the source of the neutral clouds. Using the data taken by Hisaki, we analyzed the
phase angle dependece of atomic oxygen emission during volcanically quiet (from November to December in 2014) and activ
periods (from January to April in 2015). The azimuthal distribution duirng the volcanically quiet period shows lo’s neutral
oxygen cloud consists of two components, a cloud concentrated around lo that spreads leading and Jupiterword direction (call¢
"’banana cloud™) and a longitudinally uniform, diffuse distribution along lo’s orbit. However, the distirbution of the banana
cloud changed from March to April in 2015. The banana cloud spreads mainly in the trailing and anti Jupiterward direction, or
spreads in the both leading and trailing direction. The speed distribution and direction in the case that only oxygen atoms collids
with torus ions is different from those in the case that, 86llide with torus ions and then oxygen atoms are escaped. A possible
explaniation is that variations of the profile of Io’s exosphere or the plasma temperature around lo may change the ratio of SO
and O which collide with torus ions, and then change the shape of the banana cloud.
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Azimuthal variation in the lo plasma torus observed by the Hisaki satellite from 2013 to
2016
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The inner area of a planetary magnetosphere generally contains a dense plasma region that corotates with the planet. In t
Jovian magnetosphere, sulfur and oxygen ions supplied by the satellite lo are distributed in what is called the lo plasma torus
Various plasma parameters in the plasma torus have significant azimuthal variations that are coupled with the energy flows in tk
Jovian inner magnetosphere. In this study, 3 years of data obtained by the Hisaki satellite, from December 2013 to August 201¢
were used to investigate statistically the azimuthal variations and to find how the variations were influenced by productions of
plasma from lo. The azimuthal variation was obtained from a time series of sulfur ion line ratio855 nm/S+ 140.5 nm and
S3* 65.7 nm/S 76.5 nm, which were sensitive to the electron temperature and the sulfur ion mixing¥at®Srespectively.

Using the two line ratios, we confirmed significant single peaked azimuthal variations in the thermal electron temperature anc
the $t/St mixing ratio in the lo plasma torus. The mean rotation rate of the azimuthal patterns during the 3 years of Hisaki
observations was found to be 10.08 h, 1.5% slower than the Jovian rotation period. The azimuthal variatiotrgsthensing

ratio is nearly in phase with that of the thermal electron temperature. The peak longitude of the electron temperature tends t
precede that of the higher sulfur ion charge stafe (St) by 0 deg-90 deg, which is explained by the competing effect of the
sub-corotation of hot electrons and chemical reactions in the plasma torus. These results are consistent with the prediction of tl
dual hot electron model proposed to explain previous observations (Steffl et al., 2008; Hess et al., 2011). One of new finding
from the Hisaki observation is change in the rotation period of the plasma torus associated with lo volcanic activity. The rotation
period sometimes decreased from the mean periodicity of 10.08 h. The period fell to 9.93-9.97 h in March April 2015 and to
10.03 h in May June 2016. The decreases in the rotation period in 2015 and 2016 were related to the increase in lo volcan
activity. Both decreases occurred when the thermal electron temperature in the plasma torus increased. On the other hand, 1
decrease in the rotation period occurred in February 2014 when there was no increase in lo’s volcanic activity and no observe
increase in the thermal electron temperature. Hisaki also found that a double-peaked azimuthal compomett (& thati

and thermal electron temperature. THe &1 ratio was located not only around 0 deg-45 deg, as in previous observations, but
also around 180 deg. The origin of the double-peaked structure is an open question and further study is needed to resolve it.
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Energy budget in the IPT system: How does the IPT radiate intensively in the UV-EUV
spectral region?
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One of the focal points of interest in the IPT system is the transport of energy and particles into the inner region. Delamere an
Bagenal (2011) estimated the total energy budget of the IPT system, suggesting that hot electrons must be added to the syst
(See Figure 9 in their paper). Their estimate stated that UV radiation would reduce by 30-70% without the hot electrons in the
system. To explain present brightness of the IPT, the IPT must be fueled up by 30-70%. Therefore, they explicitly assumec
the existence of hot electrons in their calculation and found reasonable solutions regarding energy and mass budges in the I
system, but this assumption has not been justified yet. Recently, we have taken the advantage of long-term and quasi-continuc
simultaneous monitoring of the polar aurora and the lo Plasma Torus (IPT) located in the inner magnetosphere by Extrem
Ultraviolet Spectroscope for Exospheric Dynamics/Hisaki. Studies on temporal characteristics over hours enabled us to see slo
("10 h) coupling between the middle and inner magnetosphere as well as to quantify the temperature of hot electrons in the IP’
Furthermore, volcanic eruption in 2015 gave us opportunity to see how the IPT reacted to this event and how much energy we
added to the system. We will discuss this classical issue, so-called Energy Crisis, by using Hisaki EUV spectrum.
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MAVEN observations of magnetic reconnection signatures at Mars
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It has been speculated that magnetic reconnection could occur frequently in the near-Mars space, given the complex magne
field configuration resulting from interaction between crustal and interplanetary magnetic fields. However, definitive identifica-
tion of in-situ reconnection signatures has been elusive due to the lack of comprehensive particle and field instrumentation o
the past Mars missions. Here we investigate the occurrence and characteristics of magnetic reconnection in the Martian magn
tosphere by utilizing ion, electron, and magnetic field measurements by the Mars Atmosphere and Volatile EvolutioN (MAVEN)
mission. We identified current sheet crossing events with a collection of reconnection signatures including (i) Alfvenic ion flows
within current sheets, (ii) Hall magnetic fields, (iii) nonzero normal fields, and (iv) closed field topology on both the dayside and
the nightside of Mars. Many reconnection events observed by MAVEN exhibit mass-dependent ion flows, highlighting two im-
portant aspects of the plasma environment of Mars: (i) the presence of heavy ions (predominantly atomic and molecular oxyge
ions) along with protons and (ii) the smallness of the system size with respect to the ion scale length. Statistical investigatior
of Hall magnetic fields and accelerated ion flows in nightside magnetotail current sheets suggests that magnetic reconnectic
operates for at least "1-10% of the time in tail current sheets. Furthermore, analysis of magnetic topology inferred from electror
energy and pitch angle distributions revealed that the coexistence of trapped electrons of solar wind and ionospheric origins ¢
the same closed field line, which is indicative of recent closure of open field lines by reconnection, is observed relatively fre-
guently with "1-10% occurrence rates in the nightside magnetosphere. Taken together, these MAVEN observations demonstra
that magnetic reconnection is not uncommon in the near-Mars space. This result has important implications for the formatior
and dynamics of the Martian magnetosphere such as the twisted magnetotail configuration, formation of magnetic flux ropes
and electron injection on closed crustal field lines.
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Statistical study of heavy ion outflows from Mars observed in the Martian induced
magnetotail by MAVEN

# Shogo Inui[1]; Kanako Seki[2]; Shotaro Sakai[2]; David A. Brain[3]; Takuya Hara[4]; James P. McFadden[4]; Jasper S.
Halekas[5]; David L. Mitchell[4]; Gina DiBraccio[6]; Bruce M. Jakosky[7]
[1] Earth and Planetary Science, Univ. of Tokyo; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] LASP, Univ. of
Colorado at Boulder, USA; [4] SSL, UC Berkeley; [5] Dept. Phys. & Astron., Univ. lowa; [6] NASA GSFC; [7] LASP, CU
Boulder

Mars does not have a global intrinsic magnetic field. Therefore, planetary ion escape through interaction between the sole
wind and the Martian upper atmosphere is one of the candidate mechanisms of the atmospheric escape. On the other hand, M
has local crustal magnetic fields. Effects of these crustal magnetic fields on atmospheric escape are far from understood. In tf
study, we report on a statistical analysis of heavy ion outflows from Mars in order to understand influences of the local crustal
magnetic fields and the direction of solar wind electric field on the ion outflows based on the MAVEN satellite observations. Data
from the STATIC (ion composition), SWIA (solar wind ion), and MAG (magnetic field) instruments from Nov. 2014 to Dec.
2017 were used for the statistical study. We focused on the heavy ion outflows in the magnetotail wake region.

Based on the analysis method used in the previous study [Inui et al., GRL, 2018], we investigated properties of O+, O2+
and CO2+, separately. We divided data by the location of the strong local crustal magnetic field around east longitude of 18
degrees into 4 local time groups: noon, dawn, dusk, and night. We also divided the data by locations of the ion outflow detection
upward E and downward E hemispheres in the Mars-Solar-Electric field (MSE) coordinates and north and south hemisphere
in the Mars-Solar-Orbital (MSO) coordinates. The results show that number densities of heavy ions observed in the downwar
E hemisphere in the MSE coordinates tend to be higher than those observed in the upward E hemisphere, while the trend
heavy ion bulk velocity is opposite. The results also show that the number fluxes of escaping heavy ions are larger in downwar
E hemisphere than in upward E hemisphere. However, we do not find the clear evidence that the location of the strong crust
magnetic field affects the statistical properties of the heavy ion outflows. We also report on the ratio of the three ion species ir
the outflows.
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Effects of a weak planetary intrinsic magnetic field on the ion loss from ancient Mars

# Ryoya Sakata[1]; Kanako Seki[1]; Shotaro Sakai[1]; Naoki Terada[2]; Hiroyuki Shinagawa[3]; Takashi Tanaka[4]
[1] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] NICT; [4]
REPPU code Institute

Mars had a thick atmosphere and liquid water in ancient days but lost most of them. One of the candidate processes of tr
removal of the atmosphere is the ion loss. The ancient solar XUV (X-ray and extreme ultra-violet) irradiance was more intense
and the ancient solar wind was faster and denser. Recent studies have pointed out that the ion loss rate at Mars increases sev
orders of magnitude under such severer solar conditions. On the other hand, the existence of the crustal magnetic field sugge
that ancient Mars had an intrinsic magnetic field. The existence of an intrinsic magnetic field can affect the structure of the
magnetosphere and thus the ion loss processes. To understand the atmospheric escape from ancient Mars, it is importan
investigate how the intrinsic magnetic field influences the ion loss processes.

We studied the ion loss processes from early Mars under ancient solar conditions and the existence of weak intrinsic mag
netic field with magnetohydrodynamic (MHD) simulations. We used 3D multi-species MHD model introduced by Terada et al.
(2009a) and added the planetary intrinsic magnetic field. We assumed that the interplanetary magnetic field was a parker spir
and solar wind proton density, the solar wind velocity, and the solar XUV flux were 1000 2680 km/s, and 100 times higher
than the present-day XUV flux, respectively. These parameters are same as those used in Terada et al. (2009b), in which t
neutral atmosphere profile of ancient Mars is adopted from the model introduced by Kulikov et al. (2007). We conducted three
cases of simulations with different intrinsic magnetic field conditions, that is, dipole fields with the strength of 0 nT, 100 nT, and
1000 nT on the equatorial surface. It should be noted that the dynamic pressure of the solar wind in this study is equivalent t
the magnetic pressure of field strength of 4100 nT.

The results of 1000 nT case show that the tailward flux structure and the plasma sheet in the tail region incline towards the
dusk side in the northern hemisphere and towards the dawn side in the southern hemisphere. Also, the escape rates of hea
ions such as C@ and G are several times higher than those with no (0 nT) intrinsic magnetic field. The escape channels of
these ions correspond to the open magnetic field lines, that is, the field lines with one end connected to the planet and the oth
end connected to the interplanetary magnetic field. These phenomena are due to the magnetic reconnection between the intrin
magnetic field and the interplanetary magnetic field. The increases in escape rates of heavy ions and the reconnections in the
region also occur in 100 nT case. However, the inclination of the tailward-flux structure and the correspondence of the escap
channels to the open field lines are less distinct. The structure of tailward flux is along to the plasma sheet with no (0 nT) intrinsic
magnetic field.
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The remote observation for space plasma and atmosphere using the ultra-small spacecr

# Kazuo Yoshioka[1]; Masaki Kuwabara[2]; Reina Hikida[3]; Makoto Taguchi[4]; Takuya Kawahara[5]; Shingo Kameda[6];
Ichiro Yoshikawa[7]
[1] The Univ. of Tokyo; [2] The Univ. of Tokyo; [3] Frontier Sciences, Tokyo Univ.; [4] Rikkyo Univ.; [5] Faculty of
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The missions for planetary science using ultra-small spacecraft which is less than 100 kg are developed at various univers
ties and research institutes in Japan and other countries. Remote observation using the emissions from the target bodies ¢
atmospheres is a very important and powerful tool in such a plan that is required for quickness and flexibility because of sever
constraints on budget and time. In this presentation, the specification and development status of the optical instrument mounte
on the ultra-small spacecraft (EQUULEUS) which will be launched in 2019 is introduced. The principle of a method for mea-
suring the isotopic compositions of planetary bodies such as &quot;D/H absorption-cell method&quot; will also be shown.
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Low electron temperatures observed at Mars by MAVEN on dayside crustal magnetic
field lines
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The current Mars only has a thin atmosphere and little water on the surface, whereas Mars had a thick atmosphere in th
past. This suggests that Mars has experienced significant atmospheric loss. The ionospheric electron temperature is particula
important for determining the neutral/photochemical escape rate from the Martian atmosphere. The Langmuir Probe and Wave
instrument onboard MAVEN (Mars Atmosphere and Volatile EvolutioN) measures electron temperatures in the ionosphere of
Mars. The current paper studies temperatures in the dayside for two regions where: (1) crustal magnetic fields are dominal
and (2) draped magnetic fields are dominant. On average, the electron temperature is lower in the crustal-field regions, whic
we suggest is due to a closer connection along magnetic field lines between cold electrons at lower altitudes, where the neutr
density and associated cooling rates are greatest, and the upper atmosphere. Electron heat conduction in the crustal-field regi
could be altered due to the magnetic mirror force and/or the ambipolar electric field above 250 km altitude. Both effects shoulc
be considered for future simulation studies.
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Seasonal variation of the homopause altitudes on Mars derived from MAVEN/IUVS
observations
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The altitude of the homopause can be controlled by the solar flux, global circulation and gravity wave breaking. The atmo-
sphere below the homopause is well mixed by the eddy diffusion. Above the homopause, the mixing ratios of lighter species
increase with height due to the molecular-diffusion separation. Therefore, the homopause altitude is a key to understanding tt
atmospheric constituents at exobase that has been lost to space. In addition, the turbopause, which is located at almost the s¢
altitude as the homopause, is defined as the altitude where the molecular diffusion coefficient is equal to the eddy diffusion coef
ficient. The former coefficient can be derived from a number density. Although the eddy diffusion coefficient is hard to constrain
by observations and had large uncertainties, it can be constrained by the homopause altitude.

On Mars, there have been a few limited observations of the homopause so far. The Viking probe was the first to suggest th:
it was located at "120-130 km altitude. Recently, Jakosky et al. [2017] showed substantial variation of the homopause altituds
from February 2015 to June 2016 using data from in-situ measurements onboard MAVEN spacecraft. Due to the limitation of
orbital motion of MAVEN, the main controlling factor of the variations has yet to be fully characterized. This measurement is
usually made above "150 km altitude, which cannot reach the homopause, therefore they have to assume isothermal temperat
atmosphere to infer the homopause altitude.

We aim to investigate the dayside homopause altitude on Mars usi@@ density profiles derived from remote-sensing
measurements by Imaging Ultraviolet Spectrograph (IUVS) onboard MAVEN. IUVS limb mode can retsiewel CQ density
profiles from 130 to 220 km altitude, which covers the altitude range between the homopause and upper thermosphere. Bo
scale heights of Nand CQ density profiles below “150 km altitude have a similar trend. In contrast, they show different scale
heights above "150 km altitude due to the diffusive separation. These profiles well represent the transition region between th
well-mixed lower atmosphere, and the diffusive upper atmosphere. This feature implies that IUVS limb observations clearly
captured the homopause.

Here, in order to estimate the homopause altitude frafC, profile, we applied a third polynomial fit between 130 and 193
km altitude range for averaged,\CO, for each orbit. The inferred homopause altitudes significantly change along time with a
large-scale sinusoidal trend. The higher homopause (160-170 km) appears during the perihelion. The lower homopause (130-1
km) appears during the aphelion. We concluded that the dayside homopause altitudes are mainly driven by changing solar forcir
due to heliocentric distance over longer time-scale. Furthermore, the inferred homopause altitudes gradually decrease throughc
the mission with by "5 km from Martian Year (MY) 32 to MY 33, which seems to be caused by the decrease in solar EUV. Our
result represents a complicated combination of lower and upper atmospheric forcing upon the homopause altitude.

We have also characterized /O, profiles for each season. These data suggest th/&@Q@ profiles can be classified by
depending on the season. Resultingthl CO, mixing ratio at 190 km altitude in northern winter could have more than one-
order larger than in northern summer. These differences are partly influenced by the homopause altitudes. Our result indicats
the significant difference of atmospheric composition to be escaped in season.

We discussed the eddy diffusion coefficient at the homopause using our result. The eddy diffusion coefficient at the homopaus
is in the order of “16. This value is comparable order to that derived from the Viking probes. Our result shows no clear seasonal
variation but gradually decreases throughout the mission.
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Recent successful explorations of Mars and Venus atmospheres by numerous spacecraft and ground-based telescopes t
suggested their active photochemistry and dynamics. Characteristics of spatial and temporal variations of temperature, wind, ai
atmospheric constituents are essential to understand the photochemistry and dynamics. From April 2017 to March 2019, Japa
Belgium collaboration program, AMAVERO (Exploring the Atmosphere of MArs and VEnus with Remote Observations: A
Belgium-Japan partnership) is running. In this project, we study the following aspects. (1) 3D distributions (i.e., spatial variation
+ vertical profiles) of temperature, wind, and trace gases on Mars, and (2) those at the middle atmosphere (from the cloud top t
the upper atmosphere, 60-140 km) of Venus.

These objectives are achieved by collecting observational datasets from Belgium and Japan. Belgian side provides the de
taken by European Mars orbiter Mars Express (MEx) and Trace Gas Orbiter (TGO), and Venus Orbiter Venus Express (VEX)
From Japan, we provide the data taken by ground-based and spaceborne telescopes with Japanese Venus Orbiter Akats
Moreover, we share tools to analyze the observational datasets, and develop the numerical models of the atmospheres to intery
the observational results. We are executing the following researches based on the exchange of young research staffs, postdc
and graduate school students: (1) Collaboration of ground-based observations by ALMA sub-mm array, SOFIA IR airborne
telescope, and MIRAHI IR heterodyne spectrometer. (for Mars + Venus). (2) Development of Limb retrieval code JACOSPAR
for the utilization to ExoMars Trace Gas Orbiter and its test application for H20O vertical profile derived from Mars Express data.
(for Mars: to be appeared in this meeting as Toyooka et al.). (3) Distribution and dynamics of Venusian atmosphere observed b
Akatsuki IR imagers. (Venus). (4) The inter-comparison of Venusian and Martian GCMs with cloud and water cycles in different
approaches. (for Mars + Venus) (5) Variation of the homopause and atmospheric composition in the upper atmosphere with th
comparison between VEX/SOIR + MAVEN + TGO with numerical simulations.

This project was generated from the long-term collaborations between Japan and European groups for Mars and Venus scienc
associated with Mars Express (2003-), Venus Express (2005-2015), CrossDrive project (Collaborative Virtual Environments
for Mars Science Analysis and Rover Target Planning, 2014-2016), ExoMars TGO (2016-), with groundbased and numerica
simulation works. In this meeting, we show the progress and the activities on-going in this project related to Mars Express anc
ExoMars with the link to MAVEN. In 2018, hot studies are now executed for the Martial global dust storm occurred in summer.
Now, we try to extend this project with additional two years in order to cover the full TGO observational activities linked to
(1)-(5). Those activities will be extracted to the collaboration of future missions in Japan (e.g. MMX) and Europe (e.g. M4
Venus mission study). Any proposals and collaborations are welcomed
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Interaction between the thermosphere and the cloud-level atmosphere of Venus studie
with observations by Hisaki and Akatsuki
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Observations of the Venus’ upper atmosphere using the Extreme Ultraviolet Spectroscope for Exospheric Dynamics (EX:
CEED) on the space telescope Hisaki revealed the existence of periodical variations in airglow intensities on the dawn side
suggesting that atmospheric waves propagate from the lower atmosphere up to the thermosphere to cause oxygen density va
tions (e.g., Masunaga et al., 2017). To confirm such vertical coupling via propagating waves, simultaneous observations of th
cloud-level atmosphere ("50 &amp;#8211;70 km altitude) and the thermosphere are required.

Spacecraft Akatsuki has been orbiting Venus since December 2015 and is observing the cloud-level atmosphere. In June 201
Hisaki and Akatsuki observed Venus upper and middle atmosphere, respectively. We analyzed time series of the EUV Ol (130.
nm and 135.6 nm) dayglow intensity measured by EXCEED and the UV brightness (365 nm) obtained by the Ultraviolet Imager
(UVI) on board Akatsuki. The Ol intensity reflects the column densities of oxygen atoms and photoelectrons in the thermosphere
and the UVI images present dark and bright contrasts of clouds, allowing wind retrieval from cloud tracking.

In both data, we identified the same periodicity of 3.5 days. As UVI's 3.5-day periodicity seems to be associated with Kelvin
waves at the cloud top, we calculated damping time and amplitudes of the Kelvin waves propagating vertically in a simple
model. The model calculation shows that Kelvin waves should decay with height through radiative damping and will not reach
the thermosphere. Therefore, we propose an indirect process in which the Kelvin waves change the wind field periodically an
this oscillating wind influences the vertical propagation of small-scale gravity waves as discussed in Masunaga et al. (2017). Th
gravity waves that reach the thermosphere would cause the variation of the diffusion coefficient or the large-scale circulation. W
discuss the effect of the variation of the diffusion coefficient on the Ol column density using a photochemical model.
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Cloud tracking in the Venusian polar region using Rotation Invariant Phase Only
Correlation

# Keishiro Muto[1]; Takeshi Imamura[2]; Shigeto Watanabe[3]; Manabu Yamada[4]; Atsushi Yamazaki[5]
[1] Complexity Science and Engineering, The Univ. of Tokyo; [2] The University of Tokyo; [3] Cosmosciences, Hokkaido
Univ.; [4] PERC/Chitech; [5] ISAS/JAXA

The atmospheric circulation and the associated material transport in the Venusian polar region are thought to be crucial for th
maintenance of the global cloud/atmospheric structure. In the ultraviolet range, Venusian cloud shows various patterns create
by the transport of ""unknown™ UV absorber, which can provide information both on dynamics and chemistry in this region.
Wind velocities have been measured by cloud tracking using images obtained sequentially in such ultraviolet range with Galileo
Venus Express and Akatsuki, using polar projections to avoid the geometrical distortion that high-latitude features present whe
using equirectangular projections. However, tracking cloud patterns on polar projections presents an additional difficulty due tc
the need of accounting for the changes in the orientation of the cloud patterns experiencing zonal displacements. In this stud
we apply cloud tracking to the polar region in polar projections by using the "’rotation invariant phase only correlation method™
considering the rotation of the cloud patterns. The derived velocity field is compared with the cloud morphology to understand
the role of dynamics in shaping the clouds. The data used are 365 nm images taken by UVI onboard JAXA' Akatsuki. We also
derive rotational components from the rotation angle of the image and examine the difference between rotational componer
obtained from the wind field and obtained from the rotation angle of the image.
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Periodic analysis of Venus’ cloud-top temperature fluctuation using by LIR images

# Naoya Kajiwara[1]; Takeshi Imamura[1]; Makoto Taguchi[2]; Tetsuya Fukuhara[3]; Toru Kouyama[4]
[1] The University of Tokyo; [2] Rikkyo Univ.; [3] Rikkyo Univ.; [4] AIST

The mechanism of Venus’ strong zonal wind blowing at 60 times the speed of its rotation, called the super-rotation, is still
unclear. Various waves of planetary scale have been proposed as the cause of the super-rotation, but it has not been elucida
yet.

Planetary-scale waves are known to exist in the atmosphere of Venus. For example, periodic fluctuations with periods of
to 5 days in UV brightness were discovered at the cloud top by Pioneer Venus orbiter (DelGenio and Rossow1990). Analyse
of velocity fields obtained by cloud tracking revealed that zonal and meridional winds also fluctuate with periods of 4 to 5 days
(Rossow et al. 1990; Kouyama et al. 2012, 2015). It has been clarified that various waves exist on Venus, but their spatia
structures are not well understood. We focus on the periodical fluctuation of the cloud top temperature which has not beel
studied well.

We used images taken by the Long Infrared camera (LIR) onboard JAXAs Venus orbiter Akatsuki. LIR can capture the
temperature of clouds around 65 km altitude. The image data taken by LIR has a systematic error of 3K and a relative error o
"0.3K. Thanks to the small relative error of LIR, comparison of brightness temperatures in each image can be relatively accurate
and thus spatial inhomogeneities of the brightness temperature caused by waves are expected to be detectable. We focused or
longitudinal gradient of the brightness temperature. Considering the effect of limb-darkening, we focused on the same emissio
angles of the eastern and western side of the Venus disk in order to observe the brightness temperature coming from the sal
altitude. We calculated the averages of the brightness temperatures on the eastern and western side of the Venus disk (the rang
the emission angle 40 degrees - 60 degrees) and the difference between the averages of the brightness temperatures. Longituc
gradient of the brightness temperature is obtained by dividing the east-west temperature difference by the longitudinal distanc
between the two regions. The longitudinal gradient was arranged in time series and the periodicity was investigated by FF
analysis.

From FFT analysis, the brightness temperature fluctuation has several days periods. However, the influence of the change
the observed longitude due to spacecraft motion needs to be removed before exactly determining the wave periods. A prelimina
result of this analysis will be presented.
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Vertical propagation of the large stationary gravity waves in the Venus atmosphere
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The Longwave Infrared Camera (LIR) onboard Akatsuki detects thermal radiation from the cloud-top and derives a temperature
distribution from an image obtained by LIR. A bow-shaped temperature structure with a meridional scale of about 10,000 km
extending from Aphrodite Terra to the northern and southern polar regions was discovered by the observation by LIR just afte
the Venus orbit insertion. This temperature structure was located at the same position for four earth days at least, although tt
westward wind has a speed of 100 m/s. This temperature structure is interpreted as a stationary gravity wave excited by a flo
over a mountain below the apex of the bow. In addition, it was found from the observation by LIR from December 7, 2015
to February 28, 2017 that similar temperature structures repeatedly appear above the mountains with a peak height of 5 km
higher and a width of 3 km or wider in the low latitude region when they are in the afternoon. Navarro et al. (2018) proposes
an excitation mechanism of theses stationary gravity waves, which are generated by a diurnal cycle of static stability near th
surface. The stationary gravity waves are reproduced by adapting the gravity wave stress to their general circulation model.

The finding of the stationary features at the cloud-tops means that the stationary gravity waves propagate vertically through th
neutral layer existing at the altitudes of the cloud layer of the Venus atmosphere. Radio occultation measurements by Akatsul
showed that the thickness of the neutral layer is thicker in the morning (10 km) than in the evening (°5 km) in the low latitude
region. Bougher et al. (1997) mentioned the possibility of topographical gravity waves with horizontal wavelength longer than
100 km can propagate vertically through the neutral layer. However, detailed aspects have not yet been investigated.

We investigated how the gravity waves vertically propagate through the neutral layer by a numerical simulation using spherica
sigma coordinate primitive equations developed by Imamura (2006) and Fukuhara et al. (2017). In the model the longitude an
latitude are divided into 120 and 60 grids with an equal interval of 3 degree and the altitude range from 5 to 80 km is divided
into 100 layers with a thickness of about 1 km. The basic wind field is longitudinally uniform. The zonal wind field is given to
match the observation results. Furthermore, the meridional wind field is set to 0 to ignore the influence of meridional circulation.
Assuming the cyclostrophic balance, the meridional temperature field is determined from the zonal wind field given as the basi
field. To investigate the influence due to the difference in the thickness of the neutral layer in the local times, experiments were
conducted by giving vertical profiles of the static stability with the different thicknesses of the neutral layer (0 km, 5 km, and 10
km) as initial states. To simulate terrain disturbance, we apply a two-dimensional Gaussian-function temperature forcing with ar
amplitude of 2 K and with a half-width of 6 degree at the altitude of 5 km centered at (180E, ON) degree as the lower boundary
condition. In our model, only the disturbance field evolves in time, and the basic field keeps its initial condition.

In order to compare the observation results of LIR and the simulation results under the same condition, the horizontal structur
of the temperature disturbance obtained by the simulation is weighted by the weighting function of LIR and vertically integrated.
As a result, the maximum temperature disturbance amplitude (MTDA) over the equator was 1.14 K for the cases of neutral laye
thickness of 0 and 5 km. Even for the thickness of 10 km, MTDA is 0.85 K, which is sufficiently larger than the detection limit
of LIR (= 0.3 K). This result shows that the stationary gravity waves can pass through the neutral layer, though the amplitude is
damped more or less when passing through the neutral layer.
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Stationary features at Venusian cloud top extracted by averaging multiple mid-infrared
images

# Kiichi Fukuya[1]; Takeshi Imamura[2]; Makoto Taguchi[3]; Tetsuya Fukuhara[4]; Toru Kouyama[5]
[1] School of Science, Univ. of Tokyo; [2] The University of Tokyo; [3] Rikkyo Univ.; [4] Rikkyo Univ.; [5] AIST

The temperature distribution at the cloud top of Venus is observed by long-wave Infrared camera mounted in Venus orbite!
&quot;Akatsuki&quot;. Fukuhara et al. (2017) analyzed this observation data and reported the existence of arcuate feature
extending over 10,000 km in the north-south direction. The features are fixed in position without flowing with the superrotation
and appear above highlands. It was suggested based on a comparison with numerical simulations that the features are station
gravity waves. Kouyama et al. (2017) observed stationary features over 4 Venus days and revealed that the features tend to oc
in the local afternoon.

Gravity waves, whose restoring force is buoyancy, transport momentum in the vertical direction and accelerate or decelerate tt
background wind when they dissipate. Therefore, stationary gravity waves influence the general circulation of the atmosphere
In order to estimate the influence, it is essential to reveal the spatial and temporal distributions of gravity waves.

In the previous studies using Akatsuki observations, only planetary-scale stationary features have been discussed. On tl
other hand, Peralta et al. (2017) analyzed the observation data of VIRTIS onboard Venus Express, and reported the existence
many small-scale stationary features. VIRTIS can observe the night side only, and the observations were confined to the southe
hemisphere because of the geometry of the orbit. Therefore, we intend to investigate the topographical and local time dependen
of small-scale stationary features by using Akatsuki LIR data, which can observe all the local time and both the northern anc
southern hemispheres. The S/N ratio of Akatsuki LIR is lower than VIRTIS, and thus it is difficult to capture small stationary
features in each single image. Therefore, we analyzed LIR data by averaging multiple images to emphasize stationary patterr
By using this method, small stationary features could be visualized. In this presentation, we will report on this analysis result.

BREER THHOE | OIIBEH S NIHRIFRNA XTI KO EHEGEICBI 3IRESHEOT—2ME5NTWVS, T
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Comparison of horizontal distributions of temperature and UV absorbers at the Venus
cloud-tops

# Shinichiro Kawase[1]; Makoto Taguchi[2]; Tetsuya Fukuhara[3]
[1] Physics, Rikkyo Univ.; [2] Rikkyo Univ.; [3] Rikkyo Univ.

Venus is the nearest neighbor planet, which has a size similar to that of the earth. However, unlike the earth, Venus is covere
with thick H,SO;-H> O clouds floating at 45-70 km altitudes [Nakamura et al., 2011]. It is considered that the clouds are photo-
chemically generated by oxidation of $@nd HO. In the visible region, light reflected by the clouds are poorly absorbed and
few structures are noticeable. On the other hand, in the ultraviolet (UV) region, inhomogeneity of albedo has been identified tc
be inhomogeneous distribution of UV absorbers above the layer of UV scattering. It has been identified thah8®enusian
atmosphere absorbs light in the wavelength region between 200 nm and 320 nm, but chemical species responsible for the abso
tion in the wavelength region longer than 320 nm is still unidentifiegdd &nd OSSO are candidates. The UV absorbers play
an important role in the atmospheric dynamics, controlling vertical thermal stability by heating at the top of convection layer.
The dynamics may feedback the distribution of the UV absorbers by transport of them from the lower atmosphere. Details of the
chemical and dynamical coupling are still unknown.

Images obtained by the Longwave Infrared Camera (LIR) and Ultraviolet Imager (UVI) onboard the Venus orbiter Akatsuki
were analyzed. LIR takes images of thermal radiation in the wavelength range of 8-12 um emitted from the cloud-tops [Fukuhar:
et al., 2011]. Temperature distributions are derived from the images. Disturbances seen in the temperature distributions al
thought to be caused by atmospheric waves and tides, changes in the cloud-top altitude and adiabatic heating and cooling due
convection, direct heating by the UV absorbers, and so on.

UVI takes images of the solar radiation reflected by the clouds with narrow bandpass filters centered at the 283 and 365 nr
wavelengths, which correspond to the absorption bands efd®@ unknown absorbers [Yamazaki et al., 2018].

We compared horizontal distributions of the temperature and UV absorbers, and examine correlation between them. Example
are shown in Figure. Correlation coefficients were calculated for square regions of 1.2 degree by 1.2 degree. In the temper:
ture distribution, a bright (high temperature) pattern is seen around 50 degree south. It is found that there are strong positiv
correlations in this region. However, there are positive correlations up to around 60 degree south. It is considered that the U\
absorbers do not change in concentration and are along the cloud tops despite the fact that the temperature (altitude) of the clo
tops change in this region.
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Cloud top altimetry of Venus with Akatsuki/IR2 dayside images

# Takao M. Sato[1]; Takehiko Satoh[2]; Hideo Sagawa][3]; Naohiro Manago[4]; Yeon Joo Lee[5]; Shin-ya Murakami[1];
Kazunori Ogohara[6]; Yasumasa Kasaba[7]; Masato Nakamura[8]
[1] ISAS/IAXA,; [2] ISAS, JAXA, [3] Kyoto Sangyo University; [4] CEReS/Chiba Univ.; [5] JAXA/ISAS; [6] JAXA/ISAS; [7]
Tohoku Univ.; [8] ISAS

We have analyzed a total of 93 Venus' dayside images taken by the 2.02-micron channel of 2-micron Camera (IR2) onboar
Japanese Venus orbiter, Akatsuki, during the period from April 4 to May 25, 2016 (Orbits 12-16), for the purpose of mapping
cloud top altitude. Since the 2.02-micron channel locates in ad&b®orption band, the observed brightness contrast is interpreted
as resulting from the difference of the optical path length to the cloud top: the cloud top altitude can be retrieved by reproducing
the observed radiance with radiative transfer calculation. We first investigated the observed phase curve (solar phase anc
dependence of the radiance) for the equatorial region to constrain the averaged cloud top structure characterized by cloud
altitude ¢.), cloud modal radius (Mode 2, ), and cloud scale height{). The best-fit model was obtained at the combination
of z.=70.3 km,r, »=1.07 micron, and4=5.1 km. Once the best-fit combination Qf, andH was determined, as the second
step, we retrieved cloud top altitude maps under the assumptions that the pixel-to-pixel radiance variation arises as the deviatic
from the averaged cloud top structure and can be explained by the change of the cloud top altitude while keeping the othe
parametersr(, » and H) unchanged. The average of zonally-averaged cloud top profiles was found to be symmetrical with
respect to the equator. The averaged cloud top in the low and middle latitad®slég) exists in altitude of 68-70 km. It rapidly
decreases in latitudes of 50-60 deg and reaches 61 km poleward of 70 deg. This global pattern is consistent with the previot
studies with Venus Express data.



R009-23 217 B B¥RY: 11 B 27H 11:30-11:45

TR M 72 o Te g B OEILEED & ORFEHh

# R B [1]; SR A [2]; BB #6757 [3]; Lee Yeon Joo[4]7E5R B -1 [5]; 1Lili 22 [6]; ik 0 [7]; O & [8]; f&R Bk
[9]; i £ [10]
[2] BRK - Bl - EHERE T [2) SREUKRAE; [3] BEK - #riEl; [4] JAXA/ISAS; [5] Lk - B - 52 [6] JAXA « FHHA; [7]
FHIWE; [8] aZEUK « B - WHY; [9] VIHOK - B [10] TIE LK « BEHEWIIT > Z—

Feature extraction from Venusian cloud morphology using principal component analysis

# Minori Narita[1]; Takeshi Imamura[2]; Yusuke Nara[3]; Yeon Joo Lee[4]; Shigeto Watanabe[5]; Atsushi Yamazaki[6];
Takehiko Satoh[7]; Makoto Taguchi[8]; Tetsuya Fukuhara[9]; Manabu Yamada[10]
[1] none; [2] The University of Tokyo; [3] GSFS, Univ. Tokyo; [4] JAXA/ISAS; [5] Cosmosciences, Hokkaido Univ.; [6]
ISAS/JAXA; [7] ISAS, JAXA; [8] Rikkyo Univ.; [9] Rikkyo Univ.; [10] PERC/Chitech

We analyzed Venusian images taken from Venus orbiter Akatsuki using principal component analysis for each wavelength
and successfully extracted spatial patterns characteristic to each wavelength. We also statistically compared the similarity and tl
dissimilarity between wavelengths. It turned out that lateral (zonally-aligned) streaky features were dominant in every wavelengtt
analyzed and that patchy fine features had smaller contribution ratios than streaky features. Differences were seen betwe
wavelengths as described below.

We preprocessed images as follows. We used data in which images have been projected onto the latitude-longitude coordine
(Level-3 data), and as for the wavelengths, near-infrared 2 um, thermal infrared 10 um, ultraviolet 283 nm, and ultraviolet 365
nm were chosen. Near-infrared 2 um reflects the cloud height, thermal infrared 10 um corresponds to the cloud top temperatur
ultraviolet 283 nm shows the distribution of $@t cloud top, and ultraviolet 365 nm shows the distribution of unknown UV
absorbers. First, the large-scale brightness variation due to the change of the incidence and emission angles over the Venus ©
was removed by using Minnaert law (except for thermal infrared 10 um images). Then these images are processed by high-pa
filtering by subtracting a Gaussian-smoothed image from each original image, and features which have scales smaller than
degrees in latitude/longitude are extracted. Lastly, we divided images into patch images to increase the number of samples al
extract specific spatial scale. The size of a patch image has 12 degrees in latitude/longitude, and the patch images were tak
from the valid region in each high-pass filtered image. The total number of patch images was around 70,000 for each wavelengtl

We executed principal component analysis for patch images described above. Principal component analysis converts a set
observational data into a set of values of linearly uncorrelated variables called principal component and enables to reduce tf
dimensionality of the data and extract spatial features that appear in data frequently. We computed up to the twentieth principz
component for each wavelength, and we also calculated the contribution ratios. As a result, lateral streaky features are four
to be dominant in all wavelengths analyzed, and the contribution ratio of vertical streaky features and patchy structures wer
relatively small. It was also found that lateral streaky features prevail more in middle latitudes than in low latitudes. Moreover, it
turned out that there is a strong similarity between the principal components in ultraviolet 283 nm and 365 nm, and that the firs
principal component in thermal infrared 10 um has smaller contribution ratio than the other wavelengths.

Next, we applied principal component analysis to a combined data set of ultraviolet 283 nm and 365 nm and studied the
difference of the variance of principal component coefficients between the wavelengths. It was shown that the data of ultraviole
365 nm show larger variances than the data of 283 nm for components with small contribution ratios. This suggests that 365 nr
has more complicated spatial structures than 283 nm. Lastly, we compared principal components between the morning side a
the afternoon side in thermal infrared 10 um. From the result, it turns out that vertical stripe-like features are predominant in
part of the images in the afternoon region, and that those images correspond to the area in which stationary features appear. T
result supports the previous analysis that stationary features tend to appear on the afternoon side. Similar analyses are ongo
for the other wavelengths such as 2 um, 283nm, and 365 nm.
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Localtime-dependent structures in the Venusian atmosphere revealed by Akatsuki radic
occultation measurements

# Takeshi Imamura[1]; Hiroki Ando[2]; Katsuyuki Noguchi[3]
[1] The University of Tokyo; [2] Kyoto Sangyo University; [3] Nara Women’s Univ.

As the localtime-dependent structure in the Venusian atmosphere, structures that seem to be thermal tides have been detec
in the wind field at the cloud top and in the atmospheric temperature above the cloud layer; however, localtime-dependen
structures below the cloud top are unknown. The cloud-level atmosphere undergoes a periodical change in solar heating wil
a period of about 4 days due to the super rotation. It is expected that this affects cloud physics through a periodic variation o
convection in the cloud layer (Imamura et al. 2016), although it has not been observed. It is reported that disordered patterr
are seen at the cloud top especially in the vicinity of the sub-solar point, but what kind of temperature fluctuation causes it is
unclear. Thermal tides may contribute to the maintenance of the super rotation, and it is particularly important that thermal tide:
propagate downward below the cloud layer to carry momentum, but the structure of the waves below the clouds is not known.

Radio obscuration is a powerful technique to capture such atmospheric variations below the cloud top. We have conducte
radio occultation measurements from 2016 using Venus orbiter Akatsuki, and have acquired temperature and pressure profil
Since the spacecraft is orbiting the equatorial region, data were obtained especially in the low latitude. According to the initial
analysis, the thickness of the neutral layer in the cloud seems to be thicker and more variable on the nightside than on the daysic
This is considered to reflect the variation of the convection intensity. Structures depending on the localtime are seen also belo
the cloud layer; they might be related to thermal tides. Above the cloud layer, we observe structures finer than the wavenumbe
1 and 2 components that were conventionally recognized as thermal tides. We discuss implications of those structures in th
presentation.
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Extension of the radiative transfer code ARTS for big data analyses of planetary
atmosphere

# Tetsuya Sugawara[1]; Yasuhiro Hirahara[2]
[1] Environmental studies, Nagoya Univ.; [2] Earth&Planetary Sciences, Nagoya Univ.

Radiative transfer is the most important factor in interstellar and atmospheric sciences. The forward model which deduce
the intensity of radiation based on the various information such as the pressure, temperature and molecular abundance in t
atmosphere enables us to develop and design a new instrument and to add the constraint to the observed results by compar
with the simulated results. Along with the improvement of remote sensing and ground observation technology, the accuracy an
calculation speed required for the radiative transfer code are also increasing. In particular, planetary science has entered a n
generation since the beginning of the operation of ALMA telescope. However, there is a problem that large amounts of observe
data are currently being buried as the archive data. So it is needed to develop a new, high resolution and convenient code
resolve and identify the detailed 3D structure of the atmosphere.

In this study we improved the radiative transfer code for general planetary atmosphere based on ARTS (the atmospheri
radiative transfer simulator; Buehler et al. 2018). ARTS is a radiative transfer package which is suitable for a wide wavelength
region, mainly for the millimeter and sub-millimeter region. According to the recent study of the intercomparison of some
latest radiative transfer codes (Schreier et al. 2018), ARTS showed sulfficient results in the brightness temperature region :
the Earth (215=Tp<=300 K). We performed a simulation of HN in the Titan, the well-known moon of Saturn based on
ALMA archive data from our interest. It is found that ARTS had some problems with simulation in the case of low-temperature
atmosphere (37100 K). Besides that, to our knowledge, study reports with ARTS applied to general objects other than the Earth
have not been done yet. Then we will present the implementation of ARTS which enables to apply the radiative transfer analysi
to the Titan atmosphere as an example.
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Development of cooled hollow core waveguide for mid infrared observing instruments

# Ryota Ito[1]; Yasuhiro Hirahara[2]; Shohei Aoki[3]; Hiromu Nakagawa[4]; Yasumasa Kasaba[5]
[1] Environmental Studies, Nagoya Univ.; [2] Earth&Planetary Sciences, Nagoya Univ.; [3] BIRA-IASB; [4] Geophysics,
Tohoku Univ.; [5] Tohoku Univ.

We aim at the long-term observation of the planetary atmosphere in the mid-infrared wavelength region for the purpose of clar
ifying various phenomena of atmosphere physics and atmospheric chemistry of solar system planets and satellites for by 1.8
off-axis telescope PLANETS(Polarized Light from Atmospheres of Nearby Extra-Terrestrial Systems), which is planned to be
constructed at Mt. Haleakala of Maui, equipped with high dispersion cooled echelle spectrograph GIGMICS(Germanium Immer-
sion Grating Mid-Infrared Cryogenic Spectrograph), which can observe N-band(wavelength 8713 micro-meter) with R™40,000.
In this research we report the development of the new cooled fiber system for optical guiding to GIGMICS from PLANETS. By
using the mid infrared HCW(hollow core waveguide) developed in recent years, we can realize simultaneous observation witt
other observing instruments such as MILAHI, and improvement of optical throughput by abbreviation of a large number of guide
mirrors.

It is needed for operation to cool the HCW for suppression of thermal radiation from HCW itself, and to sealing for vacuum.
Accordingly, we designed fabricated, and examined the sealing and coupling mechanism for both end face of fiber ("1mm diam
eter) by germanium micro lenses. We also designed the double insulation Wilson seal for connection of end face of fiber an
entrance window of GIGMICS. The new Wilson seal can cool HCW inserted in the OFHC (Oxygen-Free High-Conductivity)
Copper sleeve by the internal cooling system of GIGMICS, and vacuum sealed by using o-ring or metal gasket. We are now
verifying the performance.

LK REE - HRORKYEE - K&ULZOBR ZHICHS M T 5 HN T, L. Y717 EBNL
7 AZINTAICER TED 1.8milinf LS L 1) 7 X8 PLANETS(Polarized Light from Atmospheres of Nearby
Extra-Terrestrial Systemsy. 7RIMRFEIKD [TKADZE] TH S N-band{E 8713 micro-metery=isZEHllK & 97 % &5
B (R™40,000)45H1 = = )V57 )t GIGMICS(Germanium Immersion Grating Mid-Infrared Cryogenic Spectrogréplf
92 & T HRFRINKTORERKOEGNABIHNZ HIEL TW0b, AT, GIGMICS %2 PLANETSICH5# - i#
HI B720OFDT 7 A IN—DRFEIC DV THE T 5, EFICBWOTHAES NIRRT 2T 7 A 3—Z 0T
WSS 5 T & T MILAHI & &, ioBIREE & O IIEEIC R 2 & LIS, ZEDHTA R T —DEMRIC
X0 NP ZV—T" OB\ EDERTE., ZOREL LT, 5T AXRT MVOMHKEZ KIFICH ETE %,

ROV T 7 A N—IC X % Limdi & DR A ZAET 3 720I1iE. 7 7 A N—HE )5 OS2I 2 % 72 D H]
&, ELROWMAZB STeHDEZEL =) Y TNREL TR, Z TR, (1) 7 7 A3 C1mm ¢) D7 IV =
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T&To QO 1)V 22—V TR, T 7 AN—ZHENEZRIARAY) —T7Z N LT oringd LLIEHATY FTH
ZERFFL DD, GIGMICS DIRAIRIC K D EHEIBAIRTRELHERG & LTco SROEEARRIC K D, ZOMREZIRGET %,
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Relationship between radio scintillation and temperature perturbation in the Venusian
atmosphere observed by Akatsuki

# Chihiro Idehara[1]; Katsuyuki Noguchi[1]; Hiroki Ando[2]; Takeshi Imamura[3]; Silvia Tellmann[4]; Martin Paetzold[4];
Bernd Haeusler[5]
[1] Nara Women'’s Univ.; [2] Kyoto Sangyo University; [3] The University of Tokyo; [4] Univ. Cologne; [5] UniBwM

Radio scintillation is caused by atmospheric refractivity irregularities, which are related to atmospheric number density pertur-
bations. We analyzed 18 profiles obtained by Akatsuki radio occultation measurements since March 2016. We found that Lov
stability regions (in clouds) had small temperature perturbation (T*) and scintillation (I") while high stability regions (above/below
clouds) had larger T' and I'. Those results were consistent with previous Magellan observations [Hinson and Jenkins 1995
Icarus]. However, a large T’ appeared around the altitudes of 80-90km, which was not found in the Magellan measurements.

B U FL— g id, BEDRKZ@EET 2RI, KRABEEEEEUCE S BT RO HARGSEIC X > TE®RE
WA — )V TR T 2R TH S, SEFEERD MO EIC X ZEBIIRENITIX. ZEO L FoOEEHEKICE
W, By v FL—r gy EHICBEREN I km BREOSIREILL Z L BE Nz, — /T, EEOH S &SEETIE
REGKIREILIASNT, BRI v FL—a yoOlEEs/ N koTW\W ez, TDXH7%BEf%IX. Hinson and Jenkins
[1995, Icarus[CEIBRENTE D, SEHFBABI YT VKB R EBENTH B, 72720, FmERK 80~90km T
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11O TETH 5,
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Wavelet analysis of temperature profiles of the Venus atmosphere

# Ryota Mori[1]; Takeshi Imamura[2]
[1] Astrobio,Complexity Science and Engineering,Frontier Sciences, Tokyo Univ; [2] The University of Tokyo

Temperature profiles has been obtained from 2016 by the radio occultation experiment in the Venus orbiter mission Akatsuki
The radio occultation experiment is a method that measures the change of the atmospheric refractive index as a change of t
frequency of the signal received on the ground. At the opportunity when the radio wave transmitted from Akatsuki toward the
Earth pass through the planetary atmosphere, the wave is refracted and then reaches the receiving station. We can retrieve
vertical profiles of the pressure and the temperature from each refractive index profiles. In the temperature profile obtained i
this way, variations due to various atmospheric disturbances are observed. We focus on gravity waves which are thought to ple
an import role in driving the general atmosphere circulation.

Gravity waves are small-scale waves with the restoring force being the buoyancy in the atmosphere. Gravity waves play a rol
in carrying the momentum in the vertical direction. So, it results in acceleration or deceleration of the mean wind by passing
momentum on the background atmosphere while dissipating. This process should affect the global structure of the high-spee
zonal wind. However, since gravity waves have properties that the spatial scale is small and the wave period is relatively short, it i
difficult to capture the spatial structure by observation. The latitudinal profile of the amplitude of short vertical-scale temperature
disturbances, which are thought to be associated with gravity waves, has been investigated; however, the dominant wavelenc
and the typical vertical extent have not been studied.

In this study, we applied wavelet analysis to the temperature profiles and extracted spatially localized temperature disturbance
Though there have been studies that apply Fourier transform to the temperature data, Fourier transform assumes infinitely lastil
waves and it is not suitable for extracting spatially localized wave packets. Wavelet analysis is an effective way of obtaining the
periods and the amplitudes of waves in such finite intervals. In this presentation, we report the result of wavelet analysis applie
to the temperature data obtained with high vertical resolution by radio holographic method.
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The global variation of Venus’ lower clouds obtained from IR1 camera onboard
AKATSUKI

# Seiko Takagi[1]; Iwagami Naomoto AKATSUKI IR1 team[2]
[1] Hokkaido Univ.; [2] -

Venus is our nearest neighbor, and has a size very similar to the Earth’s. However, previous observations discovered &
extremely dense (92 bar at the surface) and-@€h atmosphere, with 80, thick clouds. The Venus cloud consists of$0,
main cloud deck at 47 - 70 km, with thinner hazes above and below. The upper haze on Venus lies above the main clou
surrounding the planet, ranging from the top of the cloud (70 km) up to as high as 90 km.

Near infrared (0.986 um) dayside image of Venus has taken by solid state imaging (SSI) of the Galileo spacecraft (NASA).
It appears almost flat, there are some small scale features with a contrast of 3 % [Belton et al., 1991]. In Takagi and Iwagam
(2011), it may be calculated that the source of the contrast of the order of 3 % in near infrared Venus dayside image is due t
variation in the cloud optical thickness.

On December 7, 2015, AKATSUKI (JAXA) approached Venus and the Venus orbit insertion was successful. After the Venus
orbit insertion, many 0.90 um Venus dayside images were taken by the 1 um near infrared camera (IR1) onboard AKATSUKI.

In this study, lower cloud variations are investigated from 0.90 um Venus dayside images taken by IR1 camera globally.
Further, meteorological some changes that contribute to cloud variation are examined.

SRIFHEREIZIFFRCREE < BEERFD, KGRIERFFHCEAEWICOZRE L LTHAELIZEEZ SN TV D, 90
SHS O LRFARGC R —RRICHE S MIBE DA EHER & 13 2 B R S22 Re %,

BEGFERKD N DX (JAXA) 1E. 20154 12 HICE R A RHHER AT LTz, HH D IFHEEGKEIC X 5 iREE0017Z
TV, BRSO 3UTNMfRZ IS d . SBlENIGRN A AT IRLIE, BB ALK 1HER, /R E 0.90 umic
B BEEBERGZTT> T, RADEHITH 5059k E2 Ve BB iR el ld, EOYCANEE O
HEREREODIAV T AR LTEH X% T EMNTES [Takagi and lwagami. 2011 R EHA R Galileo/SSI (NASA)IC
X 05N RRELE R E (0.986 um)Tld, BEXHDIY BT A MIDHTH 3%E/RENTS [Belton et al.,
1991]A%, IR1L EH D TARELHAM Galileo/SSINE7z & O & BEG WY E H Hi{§ 2 Z 8IS L T\ 5,
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Temperature and Wind variations in Venusian mesosphere and lower thermosphere by
mid-infrared heterodyne spectrometer in 2018

# Kosuke Takami[1]; Hiromu Nakagawa[1]; Hideo Sagawa[2]; Isao Murata[3]; Yasumasa Kasaba[4]
[1] Geophysics, Tohoku Univ.; [2] Kyoto Sangyo University; [3] Environmental Studies, Tohoku Univ.; [4] Tohoku Univ.

Venusian upper atmosphere is mainly classified into the mesosphere (70 - 100 km) and the thermosphere (100 km -). Larg
spatial and temporal variation of temperature profile in this region which had been believed stable was found by Venus Expres
(Tellmann et al., 2009). On the other hand, Venus has global circulations over 100 m/s which are a retrograde superrotaion:
zonal wind at the cloud top and a subsolar-to-antisolar circulation in the lower thermosphere. General Circulation Model (GCM)
expected a wind shear by global circulations to complicate atmospheric profile in this region by generating the gravity waves
(Rodin et al., 2013). The previous studies by mid-infrared (MIR) heterodyne spectrometer showed discrepancies with GCM anc
intense temporal variations of temperature (40 K) and wind velocity (30 m/s) (Sornig et al., 2013; Krause et al., 2018). These
nature in the Venusian upper atmosphere are not understand comprehensively due to lack of continuous monitoring because 1
previous observations were conducted by competitive large telescopes.

Mid-Infrared Laser Heterodyne Instrument (MILAHI) is MIR heterodyne spectrometer developed by Tohoku University (Nak-
agawa et al., 2016). This instrument is attached to Tohoku University 60 cm telescope located at the summit of Mt. Haleakala
The advantage of this instrument is to conduct continuous observation by using the dedicated telescope. Sensitive altitude rang
of MIR heterodyne observation are different between a dayside observation and a nightside observation. A dayside observatic
is to obtain CQ 10 um non-local thermodynamic equilibrium (non-LTE) emission generated from 100 - 120 km altitude in the
lower thermosphere (Lopez et al., 2011). Kinetic temperature and wind velocity along line of sight are derived from line width
and doppler shift, respectively (Sonnabend et al., 2008; Sornig et al., 2008). The0Gmn absorption of the atmosphere upon
the cloud top is observed in the nightside. We can retrieve temperature profile and wind velocity along line of sight between 7C
km and 100 km in the nightside mesosphere by AMATERASU include a clear sky radiative transfer model, a receiver simulator
and an inversion code (Takami et al., in preparation).

We conducted continuous observation of 8 days in June 2018. This observation campaign was dayside observation, so obser\
altitude was 100 - 120 km. Venusian evening terminator was coming to disk center in June 2018. We could divide Venusiar
dayside into 4 regions: disk center, equator limb, north high latitude and south high latitude due to field of view of 4 arcsec
(MILAHI) and the apparent diameter of 13 arcsec (Venus). A latitude dependence was not found in this observation campaigr
and the results of temperature showed different variation features among observed regions. The average temperature decrea
by 30 K from June 20th and increased by 40 K up to 220 K from 23th. The retrieval of wind velocity is under evaluation process.

We plan observation for nightside in October 2018 at just before inferior conjunction. This observation results will be shown.
This study is the first time for derivation of wind velocity in Venusian mesosphere by remote sensing from ground-based obser-
vation.
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Theoretical study of the Venusian cloud physics by a general circulation model

# Hiroki Ando[1]; Masahiro Takagi[2]; Norihiko Sugimoto[3]; Hideo Sagawal4]; Yoshihisa Matsuda[5]
[1] Kyoto Sangyo University; [2] Faculty of Science, Kyoto Sangyo University
; [3] Physics, Keio Univ.; [4] Kyoto Sangyo University; [5] Tokyo Gakugei Univ.

By using the Venusian general circulation model, the distributions of the cloud and condensable g&sesdH SO,
vapors) were reproduced. The numerical calculation is conducted on the following assumptions; the cloud is composed of Mod
1 with the radius of 0.5um and Mode 2 with that of 1.0um spherical droplets and created when,oimtiH, SO, vapors are
saturated. Mixing ratio of O vapor is fixed to be 30 ppmv below 30 km altitude and5, vapor is photochemically created
around 62 km altitude. The resolution of the model is T42L120, and the calculation is conducted for 15 Earth years.

We found that the mixing ratio of HD vapor increases with latitude because it is mainly supplied from the lower atmosphere
in the high latitude region. At the cloud level, the latitudinal distribution efoHvapor is almost determined by the residual
mean meridional circulation, implying that the structure of the mean meridional circulation in the cloud layer can be investigated
indirectly from the HO vapor distribution. HSO, vapor are photochemically created at 62 km altitude in the low latitude and
transported toward the high latitude by the mean meridional circulation. And then, the clouds are mainly generated at 65 kn
altitude in the polar region and are the thickest in the high latitude region. This is qualitatively consistent with the previous
infrared measurements conducted in the Pioneer Venus and Venus Express missions. The latitudinal distriby@orapbH
within the cloud layer is closely related to the residual mean meridional circulation.

ERITIEEE 50-70 KMIZ D EWEBOENLN D, RERINICEREZE > T\ 5, RIMERBIRZHWIZEINIC X > T,
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Observation of minor constituents of Venusian atmosphere with NICE equipped on Pirke
telescope

# Daiki Tsukiyama[1]; Hiroyuki Maezawal[2]; Masuo Tanaka[3]; Hidenori Takahashi[3]; Kentaro Osawa[3]; Yukihiro
Takahashi[4]; Mitsuteru SATO[5]; Masataka Imai[6]; Tatsuharu Ohno[4]; Yuki Futamura[4]; Yeon Joo Lee[7]
[1] Physical Science, Osaka Prefecture University; [2] none; [3] Institute of Astronomy, The University of Tokyo; [4]
Cosmosciences, Hokkaido Univ.; [5] Hokkaido Univ.; [6] AIST; [7] JAXA/ISAS

We are carrying out the monitoring observations of atmospheres of the terrestrial planets in the solar system in order tc
understand the influences of activities of host stars on the atmosphere. In particular, Mars and Venus have already lost a magne
field, therefore which are precious test sites suffering from the influence of the solar activities directly. We found that Venus had
the short-term change in the mixing ratio of carbon monoxide in the middle atmosphere observed with a ground based millimete
wave band telescope, solar planetary atmosphere research telescope (SPART) placed in Nobeyama observatory (altitude 1:
m). This change is inexplicable by only influence of the solar activities. This indicates that the change is due to the complex
circulations of materials in the Venusian atmosphere. The lower atmosphere below sulfuric acid clouds of Venus is difficult to
observe by millimeter/submillimeter wave band heterodyne spectroscopies because of pressure broadening effects.

To address the short-term oxidation reaction networks and material circulations between lower and upper atmospheres c
Venus, in July 2017 we demonstrated the scanning observation of absorption lines o, O0S&, OCS with the slit of
2"x 7"and the wavelength resolution of 2,800 toward the night-side disk of Venus at K band by using Near-Infrared Cross-
dispersed Echelle spectrograph, NICE equipped on Pirka telescope (Hokkaido Univ.) placed in Nayoro observatory (height 15
m). Although the atmospheric transparency was very low at the K band because of high humidity in Japanese rainy season al
the observing condition at the low elevation (15-20 degrees), we succeeded in the detection of the absorption features of the abo
molecular species.This result suggests that NICE will enable us to carry out the spectroscopic monitoring of the atmosphere
of the planets in the solar system at a site with good atmospheric transparency. At this stage NICE is planned to be installe
on the 6.5 m optical-infrared telescope of the University of Tokyo Atacama Observatory (TAO) (alt. 5640 m) located on Cerro
Chajnantor in the Atacama Desert of northern Chile.The wavelength coverage of NICE is 0.9-2.5 um (H, K, and | bands). This
summer, we are planning to demonstrate test observations also in H band including the lines of hydrochloric acid.
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Identification of a UV absorber in the Venus atmosphere by FUJIN

# Yukiko Shirafuji[1]; Makoto Taguchi[2]; Masataka Imai[3]; Yukihiro Takahashi[4]; Mitsuteru SATO[5]; Toshihiko
Nakano[6]; Yasuhiro Shoji[7]
[1] Physics, Rikkyo Univ.; [2] Rikkyo Univ.; [3] AIST; [4] Cosmosciences, Hokkaido Univ.; [5] Hokkaido Univ.; [6] Space
Engineering, Tohoku Univ.; [7] JAXA

Ground-based optical telescopes have been used for astronomical observations, however, they have the following probler
Absorption by the ozone layer makes it impossible to observe wavelengths shorter than 300 nm. A continuous observation of a
celestial object for a long period is difficult, unless multiple observatories with equal performance and longitudinal separation are
available. Optical seeing is a measure of deterioration of spatial resolution due to atmospheric fluctuation, and spatial resolutio
for a ground-based observation usually cannot reach the diffraction limit. Therefore, observations from space platforms sucl
as airplanes, artificial satellites and balloons have been developed. Satellite telescopes are free from influence by the eartt
atmosphere. However, they are quite expensive, and in-orbit service for maintenance is almost impossible. A balloon-borni
telescope has been proposed to overcome such disadvantages of the ground-based and satellite observations.

FUJIN-2 is a project to study phenomena in the planetary atmospheres and plasmas by an optical telescope suspended b
balloon up to the polar stratosphere at an altitude around 32 km. FUJIN-2 can observe planets for a long continuous period i
a wide wavelength range without the seeing problem. Seeing is expected to be 0.1™ or less at that altitude, smaller than th
diffraction limited spatial resolution of a visible telescope with an aperture of 1 m. Since FUJIN-2 floats above the peak density
of the ozone layer, it is possible to observe wavelengths of 280 nm by FUJIN-2. Planets can be continuously observed for a lon
period especially from the polar stratosphere. On the other hands the balloon-borne telescope has a disadvantage that its laut
depends on the weather condition. We regard that the above merits of the balloon-borne telescope surpass those of the ott
observation platforms even the disadvantage of balloon observation is admitted.

Venus is covered with thick sulfuric acid (H2}SO. {4}) clouds throughout the altitude range of 45-70 km. The cloud layer,
not the ground surface, absorbs solar radiation and heats the atmosphere. At an altitude of 64 km, 50% of the solar radiatic
is scattered and absorbed [Tomasko et al., 1980]. The Venus atmosphere also has a special general circulation called as a st
rotation, which circulates the entire planet to the west. The wind speed of the super rotation reaches 100 m/s at an altitude of 7
km, 60 times faster than the rotation speed of the solid body.

Attempts to reproduce the high velocity wind by numerical models are indispensable approaches to theoretically explain the
super rotation, and so far a large number of studies have been carried out. However, understanding about the solar heati
is insufficient, making it difficult to build a sophisticated model which reflects the realistic solar heating and distributions of
chemical species. The main reason for this is that an absorber of a broad absorption band in the wavelength range of 320 - 5
nm is still unidentified. The ultraviolet absorption band for the wavelength region shorter than 320 nm is well explained by
absorption due to SO{2} centered at 283 nm. However, the absorption in the wavelength region longer than 320 nm cannot
be explained by S© Absorbing materials containing S (sulfur) have been proposed to explain the absorption in these several
decades. Recently, it is shown thatCsor OSSO are the most promising candidates for reproducing the edge of the absorption
band at 400 - 500 nm. However, because the wavelength resolution of the spectral observation in the past was about 4 nm, t
characteristic absorption structures gfCand OSSO could not be resolved. Therefore, observation by a spectrometer with a
wavelength resolution higher than 0.4 nm is proposed for the main target of FUJIN-2. A test spectroscopic observation of Venu:
from the ground has been prepared, and the results will be presented.
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Zonal correlation among dust, water ice clouds and temperature in the Marian
atmosphere observed by MRO-MCS

# Mayu Ueda[1]; Katsuyuki Noguchi[1]; Hiroo Hayashi[2]
[1] Nara Women's Univ.; [2] Fujitsu FIP

Mars is the fourth planet from the Sun and its climate is colder than Earth. Water ice clouds and dust floating in the atmospher
play an important role to determine the temperature distribution in the Martian atmosphere. We studied the relationship amon
dust opacity, water ice cloud opacity and air temperature observed by Mars Climate Sounder (MCS) onboard Mars Reconnais
sance Orbiter (MRO). Our previous analysis showed that dust opacity and temperature around 30-60S (Hellas Planitia) increast
and water ice cloud opacity in the same region decreased simultaneously. We studied the zonal correlation among them at
found a positive correlation between dust and temperature, a negative correlation between temperature and water ice clouds a
a negative correlation between water ice clouds and dust. On the other hand, we have found a strong positive correlation betwe
dust and water ice clouds in a more northern region (30S-equator). We further studied the relationship between each physic
guantity and its correlation coefficient.

NEBIFHIBROAANCHIE T 25 4B TH O, HIERICHARNTEASBRRETH S, AEOTKIEI i Z RO ZER E LT,
HOKE L KGHITIFHES B0 (XA B) BT 5 N5, RIFFETIE. &, XA b OKEOHBEZIASMNCT ST &%
HET 3, TNETOMZETIE. KEDONELHERE Mars Reconnaissance OrbitéMRO) #&# D Mars Climate Sounder
(MCS) TEbLNTzT—ZIC K> T, w30 E~60 EHL (T A&:H) O 28 TH X MAINT % & Hickiis L5
L. HOKEMBDT 2 EEIBBRMBADD > TWe, 2T T, TNHS 3EBOHI S ADMH UTHEIREE kb=
LA, AR ESRIIZIEOHEE., HAOKELSIRICIZADHE., A EAOKZIZAOHBNR N, —H., N
Z Z5EH & 0 & I (& 30 E~SREA D) Tld. XAk EAOKEISHROIEOMBN R 5Nz, BT DX S HEVHE
NZOWEFIATZFHNND LT 572010, & BICKYH R OHME & tHEIRE O BIR 2 fidht LTz,
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O2 distributions and related chemistry on Mars: Towards the investigations with the
future Mars terahertz sensor missions

# Takeshi Kuroda[1]; Takayoshi Yamada[2]; Richard Larsson[1]; Hideo Sagawa[3]; Shohei Aoki[4]; Yasuko Kasai[1]; Hiroyuki
Maezawal5]; Yasumasa Kasaba[6]
[1] NICT; [2] Tokyo Tech; [3] Kyoto Sangyo University; [4] BIRA-IASB; [5] none; [6] Tohoku Univ.

The importance of @ (molecular oxygen) for the atmospheric chemistry on Mars had been overlooked historically, because
it has been thought to exist horizontally and vertically constant ("1400 ppmv) and impossible to observe from ground-basec
telescopes due to the deep absorption of the terrestsiaHOwever, the recent sub-millimeter spectroscopic observation using
the Herschel Space Observatory suggested the possibility of higher concentratipnesr@he Martian surface based on which
detected the non-uniform vertical distribution of @ global-mean abundance [Hartogh et al., 2010], and, since then, we have
started to investigate the importance af for the atmospheric environment of Mars.

The abundance of Qis chemically related to the existences of, ®,0, HO,, H,O,, CO and methane. Simulated results
by a Mars global climate model (MGCM) including a chemical suite (Mars Climate Database v5.3) did not show the specific
vertical variances of @abundance except the winter polar regions where the composition changes due to the condensation o
CGOs. It means that current MGCMs may lack the processes which cause the vertical gradientjrathen@ance that suggested
by the Herschel observation: e.g., unusual chemical reactions inside local dust storms and/or other surface activities includin
biological and geological ones.

Terahertz sensors which are planned to be onboard future satellite missions may observe the abundaaodscoe@ically-
related molecules () H-O, H,Os), and would be suitable for the first specific observational investigations alisiributions
and its formation/loss processes on Mars. In this presentation we show test experimepntisifiGutions using our MGCM
(DRAMATIC) with water cycle and a preliminary chemical module, and discuss the potential scientific interests for future
terahertz observations from Mars landers/orbiters.
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Mars mesospheric zonal wind at global dust storm 2018

# Hiromu Nakagawa[1]; Shohei Aoki[2]; Takeshi Kuroda[3]; Hideo Sagawa[4]; Naoki Terada[5]; Yasumasa Kasaba[6]; Kosuke
Takami[1]; Nao Yoshida[7]; Katsushige Toriumi[8]; Akiho Miyamoto[1]
[1] Geophysics, Tohoku Univ.; [2] BIRA-IASB; [3] NICT; [4] Kyoto Sangyo University; [5] Dept. Geophys., Grad. Sch. Sci.,
Tohoku Univ.; [6] Tohoku Univ.; [7] Geophysics, Tohoku Univ.; [8] Geophysics, Tohoku Univ

The temperature and density profiles observed in the middle to upper atmospheres on Mars show substantial perturbatiot
resulting from superposition of various atmospheric waves, including the gravity waves (GWs). GWs are known to play an
important role in determining the general circulation in the middle atmosphere by dynamical stresses caused by GW breaking
Recent MAVEN also revealed that the observed wavelike perturbations in the upper atmosphere likely represent upward prop:
gating GWs of tropospheric origin (Nakagawa et al., under revision). Numerical simulations demonstrated that the filtering effect
by background winds plays a major role in the vertical propagation of GWs generated in the lower atmosphere. The processes al
dynamics in the middle atmosphere have thus an important role on the regional coupling between lower and upper atmospher
Yet, very few direct measurements have been performed so far, and the general circulation in the middle atmosphere on Ma
relies on General Circulation Models (GCMs). Recent studies have highlighted the efficiency of mass transport from the lowel
to upper atmospheric reservoir and increase of the atmospheric water loss in the southern summer, which happens to be a du
season (at a solar longitude, Ls, of 240 degree or later). Answering questions about the atmospheric coupling between lower al
upper atmosphere and their links with dust activities in the troposphere is a key to an understanding the mechanisms of the ma
transport into the upper atmosphere.

Sonnabend et al. (2002) reported zonal wind measurements at about 80 km altitude around northern spring equinox, by u
ing mid-IR wavelengths heterodyne technique which provides 10-100 times improved spatial resolution over sub-mm or radic
observations. They showed highly variable nature of the winds in the range between 180 m/s prograde to -94 m/s retrograd
At present, the source to drive the variability has yet to be fully quantified. Currently, a very strong dust storm has developed
on Mars for the first time after the previous one occurred in 2007. This is a rare opportunity to observe drastic changes in the
Martian atmosphere under such a strong dust storm. Here we present direct observations of Mars zonal wind velocities arour
northern fall equinox to northern winter during Mars Year (MY) 34 global dust storm.

Observations were carried out using Mid-Infrared Laser Heterodyne Instrument (MILAHI) at the Tohoku-0.6m dedicated tele-
scope Facility on Haleakala, Hawaii for continuous monitoring. A detailed description of the instrument is given by Nakagawa et
al. (2016). On 27 June 2018 (Ls = 200 deg), we observed Mars whose angular diameter to be "20.6 arcsec against the diffractio
limited field of view (FOV) of the telescope of “4.3 arcsec. The acquisition time for an individual spectrum was "5 min. Spectra
were co-added to achieve a sufficient signal-to-noise ratio. The instrument beam has been switched during observing run betwe
limb-geometry at the equatorial dayside limb and nadir-geometry at the martian disk center, in order to extract the zonal wind-
doppler effect. The retrieved wind velocities was found to be -48&amp;#12316;-56 m/s, which is basically in an agreement with
previous study. To assess implications of the observations, we will perform simulations with a high-resolution MGCM which
captures life cycles of a significant portion of small-scale GWs including generation, propagation, and dissipation.

This massive dust storm could engulf Mars for months. We will be continuing to monitor the middle atmosphere. The next
campaign will be performed during 22 August and 6 September 2018 (Ls = 240 deg), while the dust continues to slowly settle
out of the atmosphere. In this paper we will also introduce the coordinated observations by ALMA. Our ToO observations have
been successfully performed on 30 June and 16 July 2018.
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Effects of the IMF direction on Martian atmospheric escape under a weak intrinsic
magnetic field

# Shotaro Sakai[1]; Kanako Seki[1]; Naoki Terada[2]; Hiroyuki Shinagawa[3]; Ryoya Sakata[1]; Takashi Tanaka[4]; Yusuke
Ebihara[5]
[1] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] NICT; [4]
REPPU code Institute; [5] RISH, Kyoto Univ.

Understanding the atmospheric escape mechanism leads to reveal the Martian climate history. Present Mars has a thin atn
sphere and little water on the surface, while ancient Mars could keep liquid water and a thick atmosphere. This suggests th:
Mars has experienced significant atmospheric loss from the past through the present. The atmosphere escapes as shapes of ne
gas or ions. lon outflow is one of the important atmospheric loss mechanisms. In the present day, Mars does not have a glob
magnetic field such as that of Earth, and thus, ions escape by the direct interaction with the solar wind. In contrast, it is expecte
that ancient Mars had a global magnetic field. The global magnetic field forms the magnetosphere around the planet and chan
the ion escape mechanism. Sakai et al. (2018) showed that the existence of a weak dipole field results in an enhancement of t
ion escape rate under a parker spiral type interplanetary magnetic field (IMF).

In this study, effects of the IMF direction on the ion escape processes under the intrinsic magnetic field of 100 nT at the
equatorial surface are investigated based on global multispecies single-fluid magnetohydrodynamics simulations (Terada et a
2009; Sakai et al., 2018). lon escape processes from Mars under two IMF conditions, namely, a northward and a parker-spir:
cases, are compared. In the parker-spiral case, heavy ions escape through the two channels associated with the open field li
and other two channels associated with a magnetic reconnection between the planetary and solar wind magnetic fields at tl
flank magnetopause (Sakai et al., 2018). In contrast, the heavy ions mainly escape through the open field line related to the cu
in the northward case. The escape rate of heavy ions in the north-IMF case is about one order of magnitude smaller than in tt
parker-spiral IMF case and it is even smaller than in the no-dipole case. It suggests that the interaction of the weak intrinsic
magnetic field and northward IMF forms the firm magnetosphere, resulting in suppressing the ion escape. The results also shc
that the IMF direction significantly affects the ion escape processes.

References:

Sakai, S., Seki, K., Terada, N., Shinagawa, H., Tanaka, T., &amp; Ebihara, Y. (2018). Effects of a weak intrinsic magnetic
field on atmospheric escape from Mars. Geophys. Res. Lett., submitted.

Terada, N., Kulikov, Y. N., Lammer, H., Lichtenegger, H. I. M., Tanaka, T., Shinagawa, H., &amp; Zhang, T. (2009). Atmo-
spheric and water loss from early Mars under extreme solar wind and extreme ultraviolet conditions. Astrobiology, 9, 55-70.
https://doi.org/10.1089/ast.2008.0250
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Energy dependence of elastic collisions between magnetospheric electrons and neutre
H20O molecules in the Enceladus torus

# Hiroyasu Tadokoro[1]; Yuto Katoh[2]
[1] Musashino University; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.

Water group neutrals 0, OH, and O) in Saturn’s inner magnetosphere play the dominant role in loss of energetic electrons
and ions because of abundance of the neutrals [e.g., Paranicas et al., 2007,2008; Sittler et al., 2008]. Previous studies sugges
that the neutral cloud originated from Enceladus contributes to loss processes of plasma in the magnetosphere. However, little h
been reported on a quantitative study of the electron loss process due to electron-neutral collisions. Conducting one dimensior
test-particle simulation, Tadokoro et al. [2014] examined the time variations of equatorial pitch angle distribution and electrons
within loss cone through 1 keV electron pitch angle scattering due to electrOreldstic collisions around Enceladus when the
electron flux tube passes the region of the deng® hkholecules in the vicinity of Enceladus (7380 sec). The result showed that
the electrons of 11.4 % are lost in "380 sec. The estimated loss rate was twice faster than the loss time under strong diffusiol
Assuming the uniform azimuth 4 density structure in the torus, they also estimated the electron loss rate of 33 % during one
corotation. Next remaining issue is a calculation of energy dependent electron loss rate. We show the loss rate of electrons wi
500eV-50keV and the comparison of the loss rate between the high (in the vicinity of Enceladus) and low (in the Enceladus torus
H,O density regions. We also show energy dependent loss rate with error bars by conducting the calculation several times.
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Variation of heavy ions’ precipitation on the Mercury’s surface

# Manabu Yagi[1]; Kanako Seki[2]; Yosuke Matsumoto[3]; Dominique Delcourt[4]; Francois Leblanc[5]
[1] RIKEN R-CCS; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] Chiba University; [4] LPP, Ecole
Polytechnique, CNRS; [5] LATMOS-IPSL, CNRS

Observations by MESSENGER found that Mercury’s magnetosphere is analogous to the Earth’s while there are several dif
ferences of the two. One of the big differences is a dipole offset which could affect to the global configuration of Mercury’s
magnetosphere especially making a strong north-south asymmetry. In this study, first we performed many cases of MHD sim
ulation solving an interaction with solar wind plasma and offset dipole of Mercury. Solar wind densities are given betwenn
nominal(35cnT?) and high(140cm?) with velocities for 400km/s to 800km/s, which are almost average value in the Mercury’s
orbit. An important parameter which could change the global structure of magnetosphere is IMF condition. IMF conditions are
comes from Parker’s spiral which has strong Bx component at the Mercury’s orbit in addition to the ideal one which has only Bz
component for comparison.

When solar wind density is nominal, the structure of Mercury’s magnetosphere is not far from miniature of Earth’s magneto-
sphere, while north-south asymmetry is outstanding because of the offset dipole. In the realistic IMF case, global configuration
of magnetosphere drastically change and become more complicated structures which include stronger north-south and dawn-du
asymmetry by strong Bx and weak By components. IMF Bx also affects to the intensity ratio of north and south cusp pressure
and By component twist the cusp region to longitudinal direction. The heavy ions’ trajectories basically obey the global structure
of magnetic field, so that the ions’ precipitation concentrate on the &quot;magnetic cusp&quot; defined from MHD simulations,
but the precipitation region is wider and the boundary is not clear compared to the MHD cusp. In the presentation, we will discus:s
more details of heavy ion precipitation pattern. The identification of global structures and ions’ precipitation region especially the
cusp is important not only on the understanding of magnetospheric physics itself, but also making a proposal to the observation:
plan of spacecraft such as Bepi-Colombo.
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Evolution of lcy Moon’s Interior Uncovered by Laboratory Experiment: Modeling of
Space Weathering by lon Irradiation

# Tomoki Kimura[1]; Jun Kimura[2]; Kazuo Yoshioka[3]; Go Murakami[4]
[1] Tohoku University; [2] Earth & Space Science, Osaka Univ.; [3] The Univ. of Tokyo; [4] ISAS/JAXA

In our solar system, several icy bodies have liquid water ocean underneath solid surface, while only Earth has ocean on th
surface. The subsurface ocean is potentially universal habitable environment. Differentiation of the icy body’s interior is an
unsolved big problem for the subsurface ocean and also for the possible life that has likely been evolving there. We try tc
pin down the differentiation process based on the space weathering on the icy body’s surface that is driven by irradiation o
space plasma. In this study, long-term space weathering at Ganymede that reaches Giga years is modeled by ion irradiati
to the possible surface material, epsomite, with laboratory beam experiment. Chronology for Ganymede’s surface material i
made based on the altered spectrum of surface material. Dependence of surface material age on the intrinsic magnetic fie
strength of Ganymede is investigated based on comparison of our laboratory experiment with the surface spectroscopy by tt
Galileo explorer. We discuss the age of Ganymede’s magnetic field and the differentiation process of molten interior that drive:
the magnetic field. In this presentation, we report current status of our laboratory experiment made with an ion injector at the
Wakasa-wan Energy Research Center.

In our solar system, several icy bodies have liquid water ocean underneath solid surface, while only Earth has ocean on th
surface. The subsurface ocean is potentially universal habitable environment. Differentiation of the icy body’s interior is an
unsolved big problem for the subsurface ocean and also for the possible life that has likely been evolving there. We try tc
pin down the differentiation process based on the space weathering on the icy body’s surface that is driven by irradiation o
space plasma. In this study, long-term space weathering at Ganymede that reaches Giga years is modeled by ion irradiati
to the possible surface material, epsomite, with laboratory beam experiment. Chronology for Ganymede’s surface material i
made based on the altered spectrum of surface material. Dependence of surface material age on the intrinsic magnetic fie
strength of Ganymede is investigated based on comparison of our laboratory experiment with the surface spectroscopy by tt
Galileo explorer. We discuss the age of Ganymede’s magnetic field and the differentiation process of molten interior that drive:
the magnetic field. In this presentation, we report current status of our laboratory experiment made with an ion injector at the
Wakasa-wan Energy Research Center.
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Spatial Distributions of Molecules originated from volcanoes on lo by analysis of
ALMA archive data

# Tatsuya Suzuki[1]; Yasuhiro Hirahara[2]; Ryoichi Koga[3]; Takeshi Sakanoi[4]; Tetsuya Sugawara[5]
[1] Earth Sciences, Nagoya Univ.; [2] Earth&Planetary Sciences, Nagoya Univ.; [3] Geophysics, Tohoku Univ.; [4] Grad.
School of Science, Tohoku Univ.; [5] Environmental studies, Nagoya Univ.

On the lo’s surface, volcanic activity occurs frequently. The gases of volcanic plume condensate as frost and covers aroun
the surface. Sublimation of frost and outgassing from volcanic plume support lo’s atmosphere which requires a continuous
replenishment. However, the relative contributions of the different sources is still poorly understood. According to some previous
papers, sublimation of frost dominates the support of lo’s atmosphere [e.g., Tsang et al., 2016]. In (sub)millimeter region, spectre
lines of SO2 were obtained at IRAM-30 m antenna [Lellouch, 1996] and lines of SO and NaCl were observed by SMA
[Moullet et al., 2010]. Recently, the observation by ALMA, which is the interferometer consisted of 54 12m-arrays and 12
7m-arrays, were executed [e.g., Moullet et al., 2014].

The goal of our research is a discussion for spatial distributions of atmospheric molecules and temperature on lo with the
observation data of ALMA. The archive data of observations executed in 2012, 2013 and 2016 are accessible. In the observatior
ALMA observed SQ, SO, NaCl, KCl emission lines at 250"350GHz. The angular resolution of them were less than 0.8 arcsec,
which is less than one tenth as large as the apparent size of lo. For detailed quantitative analysis for the lo’s atmospher
radiative transfer modeling in non-local thermal equilibrium is required because of the very diffuse condition (few nano bar).
In this conference, we present the fitting result of modeling for the observation in 2016 (project code: 2015.1.00995.S) and the
assumption for models. This observation was executed while lo’s escaping from Jovian shade. Thus, the atmosphere’s respor
to sunlight will be analyzed from this data and we can calculate the contribution of sublimation.

KEDHEA AICRERNICHEET 2 LD S O HPNIEHE & UTKUERNCHER L TV 5, A4 D% nbard KA
DR 71 SO, #3: & LT, SO, NaCl KCI, NaZzEhH v, kilih 5 DEEDOEEYIOF», HRE L ZFOFAE
Ko THRFMICIHE SN TV B EEZ BN 5, IHETRZNZNOHNNETSEIZ X Do This, JETHZET
. EHVHEIER IR T DO AT MIVBIIIC K> T, KROREIE R < DGR ENER SN T &7z [e.g.
Spencer et al., 2005; Geissler et al., 2007; Tsang et al, 2068 5 Tl KIIFFENC E KB D, FBOAHED KK ZZ
BLTWAZEARBENT VS, (V7)) JVEETOBIMITIE. IRAM T SO, EFROEIH [Lellouch, 1996]%> SMA
T SO NaCl 7z & 7= K< DB [Moullet et al., 2010 THNTHE D, TETIZ ALMA( 7 XA KEIZ VY 7 2
VTR 2 V2810 [e.g. Moullet et al., 2014 17N T 5,

AHIZHE. ALMA I X857 — 2 2 VT, KW O L ldiREZ egE cEd % 2 2 HiEd, ALMA
DE W EBUMRRE & B E A B X > T, SO NaCl L W =M s TN ARETH %, BIEE TIT. 20124F,
20134FE, 20164FEDT —HhA BT =2 DT =RV X7 > a V&7 L, @XM ZED TV, 20164FEDOEHNIEA
HOEMN ST 5D A RKKOBEITH O, BiHBIIRD 60 731%h 5 100573 DRI T ¢ A 7 O KRR A 68K
M5 82K (262.2GHZ)C[EE L TWAB T W nhoiz. Thud, K K %A A DOFEOFAIERBFEDISEHRER & SO, DA
SNDIHEOTFEEZ R LTV 5,

fihT T — 2% X O ERMNICIAINT % ET. THRLNEA 4 OIE-FATHEEHIRE TCOMGHEET T ¥ T HRE T,
B{E7 a2y o LORREED TS, TTTiE. 2016FEDBHNIC I B T R AR,



R009-P16 215 Poster B¥RY: 11 8 25H

91X B Fi i TR E NICARE ARSI A — 1 5 OIS & Z DR HZ D)

#1613 %75 [1]; AL 7T [2]; 1 T2 [3]; #A FFA [4]; IEFF & [5]; 520 ik [6]
[1] ALK « BE - HUBRPIEE, [2] SRALK « BE « 2R 75 X< KK [3] THHEB SIS, [4] ALK - P - SR T 5 XA RK
W7t > &2 —; [5] SALK - BE; [6] BRIEK - 2

Fine structures of Jovian infrared auroras and their time variations obtained with the
Subaru IRCS

# Haruna Watanabe[1]; Hajime Kita[2]; Chihiro Tao[3]; Masato Kagitani[4]; Takeshi Sakanoi[5]; Yasumasa Kasaba[6]
[1] Geophysics, Tohoku Univ.; [2] Tohoku Univ.; [3] NICT; [4] PPARC, Tohoku Univ; [5] Grad. School of Science, Tohoku
Univ.; [6] Tohoku Univ.

Jovian Infrared aurora is an emission of Hproduced by electron precipitation and ion chemistry and thermalized,by H
atmosphere. Its morphology and intensity have been studied by observations using ground-based telescopes and space prol
In the past ground-based infrared observation, the best temporal resolution was “16 min and the spatial resolution was ~1 arcse
The fastest time variation reported was seen in the polar emission with 30 min [Stallard et al., 2016]. On the other hand, Hubbl
space telescope data showed that the ultraviolet aurora, which is considered to directly reflect electron precipitation, has a fast
time variation on a time scale of 2-11 min.

We observed Jovian4 infrared aurora with the Infrared Camera and Spectrograph (IRCS) attached on the Subaru telescope
at Mauna Kea, Hawaii. We used an H3P narrow-band filter (central wavelength: 3.413 um), which covers four strong H
emission lines. The observation was performed on 31 January 2015 (8:38-15:36 UT) and 25 May 2016 (6:53-7:46 UT). We go
the slit views with spectrograph mode at the former observation, and used imaging mode at the latter observation. The adapti
optics instrument (AO188) enabled us to obtain high spatial resolution ("0.2 arcsec) images.

From the data obtained in 2016, patch-like emissions were seen on the noon sector of the northern polar region and the
pulsated on a time scale of “10 min. Considering that temperature change occurs over the timesddle b®* s/K, transport
and diffusion occurs over the timescales of I s, the pulsating intensity variation is likely to be caused by Hiensity
change by electron precipitation. We utilized the auroral emission model to investigate the dependejtcemidsdion decay
time to the energy of precipitating electron. It was revealed that the fastest decay ("10 min) of auroral emission is made by the
electron with the energy range from ten to a few tens of keV, while lower or higher energy electrons make slower decay. Next,
we evaluated the response of thg"Hemission intensity to the periodic electron flux variation over the various time scales. We
confirmed that the k™ emission intensity with the time scale of ten to a few tens of minutes could be caused by the modulation
of the auroral electron flux variation with similar time scales.

In this presentation, we focus on the results of the observation on 31 January 2015. We observed the southern aurora durir
8:38-8:47 (UT), and observed the northern aurora during 9:49-10:45 and 11:45-13:41 (UT). In one observation run, we get sever
images of Jupiter, several images of sky, and then get several images of Jupiter again. Four sets were performed for the southe
aurora and nine sets were performed for the northern aurora. The interval of the successive images was 40 sec, and the inter
of each set was "4 min. We summarize the characteristics of auroral structures as follows:

(1) On the northern main emission, the sector in the westward of "200 deg. system Il (Slll) was bright, and that in the the
"160-190 deg. Slll longitude was faint. Some bright filamentary structures were seen in the dusk sector.

(2) On the "300-340 deg. SllI longitude of the southern main oval, auroral emission was faint. Some patch-like structures were
seen in this sector.

(3) Southern lo’s footprint extended surrounding the main emission. For example, when the lo’s footprint spot was at the SllI
longitude of 320 deg., the end of the tail was at "270 deg. On the other hand, the northern footprint was not so long.

(4) Some patch-like or filamentary emissions were seen in the noon sector of the northern polar region. There was no periodi
pulsating structure like 2016 observation data.

We will present the comparison of observation data taken in 2015 and 2016, and their spatial and temporal characteristics.

ARE Hyt A — 0 ZI3HEE X 7RG RN S DEFDORED THIC K > TEBRENIC Hyt A4 D ERE N, 2hH
Hy KRG TSR S N TR 27 TH %, %@ﬁjﬂt’ﬂﬁﬁ?Liﬂﬂik’*”%ﬁ“%?*%k KBEMMSHS M E
NTE T, WEOH FERFRVMVERNC I 55 IEJ@ETFEﬁ MAEREIZH 1677, ZEMI D MRAEIZH 1R TH D MUsFO S
HED 30 7 EHVE Ec’iéiht [Stallard et al., 2016] —/5. ETFDMED CHZEHNICKMLTVE EEZ LN ENA—
02, Ny TIVFHEERICK D 2-117) x’r—w@?ﬂm@(ﬁﬂéﬂﬂ%o

?Jz/zci/\‘%( <UFA T ILEOTIE 2 EEE RN EREEEE (IRCS) @ H3P narrow-band filte L0 E 3.413 um
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Expected source region of Jupiter's hectometric radio component relating to magnetotai
reconnection

# Hiroaki Misawa[1]; Fuminori Tsuchiya[2]; Takahiro Mizuguchi[2]
[1] PPARC, Tohoku Univ.; [2] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.

It has been known that Jupiter’s auroral radio emission in the hectometric wave range (HOM) is roughly classified two type oc-
currence components. One is a component relating to solar wind variations (sw-HOM) appearing around CML(Central Meridiar
system Il Longitude of an observer) “180deg when solar wind pressure enhances. The other one is generally more intense th
sw-HOM and has no or weak relation with solar wind variations (nsw-HOM) appearing around CML “110deg and "280deg for
major components when De (Jovicentric declination of an observer) "-1deg (Nakagawa et al., 2000; Nakagawa, 2003). Recentl
we found one more nsw-HOM component appearing around CML ~“340deg, which highly correlates occurrence of magnetic
reconnection events in the magnetotail region based on the WIND/WAVES data analyses (Misawa et al., 2018). This hew com
ponent is an important role for the studies of global magnetospheric dynamics of Jupiter since it is a possible remote marker c
the reconnection events occurring in the magnetotail. However, due to difficulty in precise direction finding in the hectometric
wave range, the radio source of the new component, that is, location of transported energy input originated from reconnectio
events, has been still unrevealed.

In order to investigate source location of the new nsw-HOM we have made a comparison study of the new component with
appearance features of Jupiter’'s aurora observed by the Hubble Space Telescope (HST) and the Hisaki spacecraft, and also h
surveyed expected source regions by calculating observable rays using a magnetic field model. Preliminary analyses show tf
the occurrence of the new component well correlate with intensification of Jupiter’s internally driven type aurora, and expected
radio sources are located around dawn (spot) region and/or polar region.

Acknowledgements: We would greatly appreciate M. Kaiser, J.-L. Bougeret and the WIND/WAVES team for providing the
radio wave data, and J. T. Clarke and C. Tao for providing Jupiter’'s aurora data.
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Lunar surface magnetic field intensity in the solar wind inferred from electron
reflectometry

# Tomoki Kawaguchi[1]; Yuki Harada[2]; Yoshifumi Saito[3]; Shoichiro Yokota[4]; Masaki N Nishino[5]; Hideyuki Usui[6];
Yohei Miyake[7]; Daiba Kato[8]; Hideo Tsunakawa[9]
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System informatics, Kobe Univ; [7] Kobe Univ.; [8] EPS, Univ. of Tokyo; [9] Dept. Earth Planet. Sci., Tokyo TECH

The Moon is classified as a nonmagnetized celestial body that does not hold a global, intrinsic magnetic field, and most of the
lunar surface is bombarded by the solar wind plasma. Meanwhile, some regions of the lunar surface are locally shielded fror
the solar wind by magnetic fields of crustal origin. The interaction between the lunar crustal magnetic fields and the solar wind
is an important topic relevant to the plasma environment around the Moon. However, it remains unclear how the magnetic fielc
strength on the dayside lunar surface varies globally as a result of the interaction between the lunar crustal magnetic fields ar
the solar wind.

The global distribution of crustal magnetic field strength has been investigated by electron reflectometry, which remotely infers
the surface magnetic field strength from the loss cone angle of reflected electrons from the lunar crustal magnetic field.

As the aim of the conventional electron reflectometry is measurements of the strength of the lunar crustal magnetic field itself
a standard practice is to use data obtained on the night side of the Moon and within the terrestrial magnetotail lobes with les
influence of the solar wind plasma. Here we apply the electron reflectometry to the data obtained on the day side of the Mool
in the solar wind, thereby investigating variations of the surface magnetic field strength caused by the interaction with the sola
wind.

We utilized data obtained by the electron spectrum analyzers (MAP-PACE-ESA) and magnetometer (MAP-LMAG) on board
Kaguya. We generated a surface magnetic field strength map by analyzing electron pitch angle distributions measured when tl
day side lunar surface was exposed to the solar wind. As a result, we obtained a map showing stronger surface magnetic fiel
than those on the pure crustal field map obtained by the conventional electron reflectometry. This suggests that the lunar crust
magnetic fields are compressed by the solar wind plasma. We will discuss the solar wind dynamic pressure control of the lune
surface magnetic field intensity.
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Observation of Moon Plasma at Very Low Altitude by MAP-PACE on Kaguya

# Yoshifumi Saito[1]; Masaki N Nishino[2]; Shoichiro Yokota[3]; Hideo Tsunakawal4]
[1] ISAS; [2] ISEE, Nagoya University; [3] Osaka Univ.; [4] Dept. Earth Planet. Sci., Tokyo TECH

MAgnetic field and Plasma experiment - Plasma energy Angle and Composition Experiment (MAP-PACE) on Kaguya ob-
served low energy charged particles around the Moon. Kaguya made observation at 100 km altitude polar orbit around the Moo
between December 2007 and December 2008. The orbit was lowered to “50 km altitude between January 2009 and April 200
and some orbits had a lower perilune altitude of 10 km after April 2009 until Kaguya impacted the Moon on 10 June 2009. One
day before Kaguya impacted the Moon, the perilune altitude became lower than 10km. During this time period, Kaguya was in
the Earth’s magnetosheath

The detailed plasma structure of the magnetic anomaly on the dayside of the Moon was investigated using Kaguya MAP-PACE
data. When Kaguya flew over strong magnetic anomalies in the solar wind, deceleration of the solar wind ions, acceleration o
the solar wind electrons, and heating of the ions reflected by magnetic anomalies were observed. Deceleration of the ions ar
acceleration of the electrons were explained by the existence of the DC electric field over dayside magnetic anomalies generat
by the difference in the motion between incident electron and ions. Although it was found that the reflected ions had higher
temperature and lower energy than the incident solar wind ions and it clearly indicated the existence of a hon-adiabatic interac
tion between solar wind ions and lunar magnetic anomalies, the detailed heating mechanism has remained unsolved. Since t
observation at the lower altitude than 10km may give us additional information to understand this heating mechanism, we havi
analyzed the data obtained at very low altitudEOkm around the magnetic anomalies. In addition to the deceleration of the ions
and acceleration of the electrons, ion and electron data show more complicated plasma structure than the structure observec
higher altitude.

H <RFEE MAP-PACE X H B RIHEICEB N T, TRV F—DfER 7ZHII LTz, 5 <3 20074 12 HH 5 2008
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5 LEHo7eh, FICH SO HEICEZET 2 1 Haih 5id. rH S 10kmUL TDOEEIC iR > Tz, T ORHH, Hidith
BRIGSIBE D= 7 3 b o — AR ATE LTV iz,

HE OSSR EAO 75 X OREEIC DV TIE. MAP-PACEIC X 27— 2 & FIW T F OR k& hY e
SR> TWE, ADVKIGEHICSH D, D SRRV O 28725883 288, KBE A 4 > et &, B0
g, 2L T, AL TRH L THEBEE TR TERLAA VMBI N, A4V OgE L, BEFOEZ, 1
F 2 EEFOEENRIL S T LI K> THAEET L2 THERENTCE LG THHT A2 MW TES, —/5. AL TR
FLUTHESEE TR, TEAA &, TRIVF—IF AL L, BEDAFRHCHEXRTEIA>TWS T L
EHE RS Tz, L LENS, ZFOMEAD X 5 = X LIERZICHS MR > TWiE, HEE 10km & DKW EE
TEONEENT— 2232 EiIC&> T, A4 VOMBUCET 2H LWERESRS C EEHNIC, SRV AT
#2859 % 1 HETOBIKEEIC B 2B E LT —2 2 XL 25, XoEaEcillEnizA 4 oRpiEe.
BFONEZT TR, KOEMEEEZRT T —2DMEIENTWE T ENHLEMNIC RS> TERD, TOMRZH
59 %,



R009-P20 215 Poster B¥RY: 11 8 25H

L EBENZZ AT EET Y VT2 AW At OEICICEId % TimAyiTse

# SOk S [1); ERE K [2]; TEAK AT [3]; Ml 35K [4]
[1] JUK « Bf - HhEK: [2] Tk - B - HUEK; [3] BOK - HUEERT, [4] K « B - HisK

A preliminary study on a lunar magnetic field evolution using dynamo modeling
consistent with a thermal history

# Fumi Hyodo[1]; Futoshi Takahashi[2]; Hisayoshi Shimizu[3]; Hideo Tsunakawa[4]
[1] Earth and Planetary Sciences, Kyushu Univ.; [2] Kyushu Univ.; [3] ERI, University of Tokyo; [4] Dept. Earth Planet. Sci.,
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The Moon has no global magnetic field at present unlike the Earth, whereas there are localized crustal magnetic fields, calle
the lunar magnetic anomalies [Tsunakawa et al., 2015]. Lunar rocks recorded a magnetic field of 4.25 to 3.56 Ga, which is almo:s
the same strength as that on the surface of the Earth [Weiss et al., 2014]. Thus, it is likely that the Moon once had a magneti
field by a dynamo action in its fluid core like the Earth in the past.

In order to investigate how the lunar dynamo worked and evolved with time, we use dynamo modeling changing core geometr
[Heimpel et al., 2005]. Here, we assume that the lunar dynamo is driven by compositional convection due to the rejection of
light elements from the inner core upon core crystallization. It is noted that the Rayleigh number and the Ekman number shoul
vary with time according to thermal history of the core. We use a one-dimensional thermal history model of the lunar core to
have these non-dimensional parameters as a function of inner core size. Throughout this study, we adopt the fixed values of tl
compositional and magnetic Prandtl numbers at 1, and 3. We discretely change the inner core radius relative to the outer col
from 0.1 to 0.7, guided by seismic observations [Weber et al., 2011]. The Ekman number is typically of the ordér Gk,
we investigate how dynamo properties vary with inner core growth at various values of the Rayleigh number.

Preliminary calculation results show that when the magnetic field is maintained, the maximum strength of the magnetic field
tends to occur at relative inner core size of 0.4. This result is consistent with an argument by a previous study [Heimpel et al,
2005].
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Science Objectives of the Ganymede Laser Altimeter (GALA) for the JUICE mission
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The JUpiter Icy Moons Explorer (JUICE), led by European Space Agency, has started development toward launch in 2022
(arrival at Jupiter in 2029, and Ganymede orbit insertion in 2032), and we are now developing the GALA instrument onboard
JUICE spacecraft collaborating with German Aerospace Center (DLR) and other institutions in Europe. GALA will acquire
the key information for understanding the evolution of Jovian icy moons and to play an essential role in the JUICE’s purpose:
exploration of deep habitat.

Jovian icy moon Ganymede, which is the largest moon in the Solar System and the primary target of the JUICE, can be said t
be one of the typical solid bodies along with terrestrial planets in terms of its size and the intrinsic magnetic field originated from
the metallic core. However, current knowledge provided by previous explorations is extremely limited since it comes from only
several fly-bys. The JUICE will unveil the whole picture of Ganymede by the first orbiting in the history around extra-terrestrial
moon. Expected new big picture of the origin and evolution of Ganymede will not only be a key to unveil the origin of diversity
among the Solar System bodies, but also contribute to an understanding of exoplanets with a wide diversity.

The GALA will measure a distance between the spacecraft and the surface of icy moons and acquire the topography dat
(globally for Ganymede, and fly-by region for Europa and Callisto). It will be a first-ever laser altimetry for the icy object. Such
information makes surface geologies clear and tremendously improves our understanding of the icy tectonics. By comparing the
tectonic styles on the rocky planets/moons, GALA data leads to reconsider the Earth’s plate tectonics. In addition, the GALA will
confirm a presence/absence of the subsurface ocean by measuring tidal and rotational response, and the gravitational informat
reflecting the interior structure will be greatly improved. Furthermore, strength and wave-form of reflected laser pulse have ar
information about surface reflectance at the laser wavelength and small-scale roughness. Finally, we can see degrees of eros
and space weathering without being affected by illumination condition through GALA measurements.

In order to interpret and understand such measurements, accumulated studies for the Earth over the years will be effective
utilized: e.g., the data for surface topography, roughness and albedo will lead to describe the icy tectonics through the knowledc
from terrestrial glaciology and experiments on impact and deformation process. The tidal measurements by GALA will also be
a window to see its interior based on our knowledge and experiences cultivated through the past geodetic observations, e.g., t
SELENE mission for the terrestrial Moon.

Characterization of the icy moons will be achieved not only from the GALA measurements but also synergy of other scientific
instruments onboard JUICE spacecraft, for examples, surface images taken by optical camera (JANUS) will confirm the positio
of GALA laser footprint to complement the point data of GALA for precise topographic mapping. A radar sounder (RIME)
and a radio science experiment (3GM) probe the interior structure, especially interior of the icy crust to figure out an occurrence
of tectonic features. A visible and infrared imaging spectrometer (MAJIS), an ultraviolet imaging spectrograph (UVS) and a
sub-millimeter wave instrument (SWI) will acquire a surface and atmosphere compositional data. A magnetometer (J-MAG)
monitors moons’ inductive response to the Jovian magnetic field and probes the subsurface ocean with the help of a particl
environment package (PEP) and a radio and plasma wave investigation (RPWI). The GALA works closely together with these
instruments and plays a leading and a supporting role to clarify the whole picture of Ganymede and other icy moons.
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Feasibility study of passive subsurface radar has been performed using waveform data of Jovian decametric radiation obtain
in ground-based observations at Tohoku University Observatory.

In Jupiter Icy Moon Explorer (JUICE) mission, we are planning passive subsurface radar observations of Jupiter’s icy moons
by using Radio and Plasma Wave Investigation (RPWI), passive receiver covering wide frequency range from 80 kHz to 45 MHz
in addition to Radar for Icy Moon Exploration (RIME), the active radar operated at frequency of 9 MHz.

In passive subsurface radar observations, Jovian decametric (DAM) and hectometric (HOM) emissions are utilized as rade
the pulse. By detecting echoes of Jovian radio emissions reflected at the permittivity contrasts on and below the Jovian ic
moon’s surface, we can measure the surface and subsurface structures of the ice crust of the Jovian icy moons. The echoes cal
detected in two methods: (1) Applying auto-correlation analysis to waveform data [Romero-Wolf et al., 2015], and (2) Measuring
interference patterns in spectrogram [Kumamoto et al., 2017]. If the duration of the coherence of Jovian radio emissions is shorte
than 2ms, round-trip propagation time of radio waves between the spacecraft and icy moon’s surface, the former method will b
effective. Otherwise, the latter method will be effective.

In this study, we generate simulated data from the waveform data obtained in ground-based observations at Tohoku Universi
Observatory. In order to simulate the surface and subsurface echoes, delayed waveform was added to the observed wavefol
Then we performed following analyses with simulated waveform data: (1) The waveform data was divided into 4096-point
subsets. (2) Power spectrum was obtained by applying FFT to divided waveforms. (3) Auto-correlation function was obtained by
applying FFT to the power spectrum. Finally, we checked interference patterns in the power spectrum and delayed componen
in auto-correlation function. We could identify subsurface echo component in interference in spectrogram and in auto correlatior
function if the subsurface echo intensity with respect to surface echo is larger than -30dB. In onboard data processing of RPW
the raw waveform is divided into those in multiple sub-bands with a bandwidth of 296 kHz. The test of onboard data processing
with simulated waveform data will also be reported in the presentation.
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High dynamic-range observation using a low-scattered light telescope PLANETS:
feasibility study

# Masato Kagitani[1]; Takeshi Sakanoi[2]; Yasumasa Kasaba][3]
[1] PPARC, Tohoku Univ; [2] Grad. School of Science, Tohoku Univ.; [3] Tohoku Univ.

High dynamic-range (HDR) observation is one of the key technique to reveal composition, distribution and dynamics of plasma
and neutrals in the vicinity of planets and their moons in our solar system, e.g. water plumes on Europa and Enceladus, volcan
plumes on lo, escaping plasma and neutrals from Venus and Mars, and so on. A low-scattered light telescope, PLANETS (Pc
larized Light from Atmospheres of Nearby Extra-Terrestrial Systems) would be an 1.8-m off-axis telescope on Mt. Haleakala,
Hawaii under collaboration with Japan, USA, Germany, Brazil, and France. The off-axis optical system enables us to achieve
HDR measurements without diffraction by support structure of secondary mirror. We present feasibility study of monitoring
water plumes on Europa, neutral torus close to Enceladus, and ionosphere on Mars using PLANETS telescope.

To test feasibility of HDR under actual condition of wavefront error which includes by an optical system as well as by atmo-
spheric turbulence, modeling the propagation of light though the system was made based on Fraunhofer (far-field) calculation
with help from PROPER library (Krist 2007). The optical system consists of an entrance pupil (1.85 m), primary mirror, a
deformable mirror, an occulting mask, a Lyot mask on a pupil, and a detector on image plane. We gave wavefront error madk
by atmospheric turbulence (typical Fried length is 15 cm) and the optical system represented with power spectral density. Thel
dynamic range of point spread function was calculated for several cases of surface roughness of the primary mirror, 1 to 8 nr
r.m.s., and number of control points for active wavefront compensation by a deformable mirror, 7 to 24. Finally we calculated
brightness distribution of background continuum, and derived signal-to-noise ratio for each observing target assuming expecte
brightness and band-width of spectroscopy. Fetr @61 nm and N 391 nm emissions from Martian ionosphere and O 630
nm emission from Enceladus torus, sufficient signal-to-noise ratio is expected for 2-hour integration by employing wavefront
compensation with 7x7 deformable mirror and small roughness of primary mirror, 2-nm r.m.s. Whereas for O 630 nm emissions
from water plumes on Europa, wavefront compensation by 24x24 deformable mirror is needed to achieve sufficient signal-to
noise ratio for 2-hour integration. Now the primary mirror is waiting for final polishing. We will present required surface error
of the primary as well as a concept design of an active support structure to fulfill the requirement.
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Development of a neutral particle TOF-MS for future planetary explorations

# Daichi Fukuyama[1]; Yoshifumi Saito[2]; Kazushi Asamura[3]; Shoichiro Yokota[4]
[1] Earth and Planetary Science, The University of Tokyo; [2] ISAS; [3] ISAS/JAXA; [4] Osaka Univ.

In-situ material measurement in planetary exploration is quite important in understanding the evolution of the planets anc
their atmosphere. For the purpose of performing in-situ elemental analysis, mass spectrometers were installed, for exampl
on NASA's Curiosity rover and the ESA's Rosetta spacecraft. In Japan, however, we still do not have a neutral particle mas:
spectrometer for the future planetary exploration. Therefore, we have decided to develop a neutral particle Time Of Flight Mas:
Spectrometer (TOF-MS) aiming at using for the future planetary exploration.

Incident neutral particles into TOF-MS are ionized for the further analysis of mass identification. The effects of the initial
position and initial energy of the ionized ions on the mass analysis should be minimized to get a fine mass resolution. We
decided to adopt two-stage acceleration and single-stage reflector. From the analytical solution obtained on the condition th:
the TOF converges regardless of the variation of the initial position and energy of ions, we have optimized the size and potentic
of the electrodes in the instrument. We are now trying to improve the performance of the prototype TOF-MS with two-stage
acceleration and single-stage reflector.

In parallel with improving the performance of the prototype TOF-MS, we are developing a multi-reflector type TOF-MS which
has the potential to increase mass resolution under the size constraint. Compared to the single-reflector type TOF-MS, the flig
path becomes about three times longer which makes the mass resolution of the TOF-MS improved. However, as the flight lengt
increases, effects of variations in the flight path of the ions increase and the detection rate decreases. Therefore we have
determine the analytical solution in order to identify the parameters that control the performance and carefully optimize the size
and voltages of the multi-reflector TOF-MS by using a software that simulates the particle motion in the instrument.

We will report on the test results of the prototype TOF-MS and the optimized design of the multi-reflector type TOF-MS.

H o« SEHEHICBO T, FHEAKCRH « REXREMEOZ D5 TOERIHIE. RERKKDZERH « SE DML F
figd % L CEETHD, TNETOE L OMERBEBICIIBEFIZEM THMER 7251 % 72D OB m i Hras i S
NTEED. IEFEDOKRGREEICE N T, NASA DXELEER [Curiosity] *° ESADEELEER [Rosettd 1CI1d KA
ZRIHEDZ DGTEEIMN 21T IO OERIHEMER I N TV, L LaNS, HATEPIER 725115 27
OEEDHEDBFEMENTE D, FEROBBHEDH « EEANOBMEFEEICIANT 2R ZhET 20BN EE > T\ 5,
ZTTHRRIZA - BEHARZRE Ul ki 7 E &5 Y 7 L7 ko % TOF-MS(Time-Of-Flight Mass Spectrometer:
AT AV A es) O ZED TV 5,

TOF-MSIZ BV TIXEEEICH D AATZHMERL 72 A F b T 20, A4 2 OFIAMELYIHT 2V F—DIE 5D XIC
XZBRENEEDIK F2MA S0, AV BRFEEZV TV 72— FREFH LTS, A4 > OYNERY)
BT XV F—DIES DEITK S TIRITRDUR T % T & B U TRD It i b2 E O~ HnE ESE 0 /%
T A =R DEEEZTTE, A A HHEER 2 B« A A 2GR 1 BRSKOEBRT 7V 723Gt « SUWEL, iR - B zitEed T
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TOF-MSIZ A 4 > DRYTHREEINRI 35 L a0, DfREEDI LA S NS, — /T, A4 Y ORITRERIZ A A > ORI T
HEENEL R BICONTHET %728, MHESIEROE RN EINDS, T T, 1 EKE O TOF-MS DG & [Alkkic fif
Wiz 8 U, St I 2 L—y 3 MK 28EESEEHNEBEORELAEEICITS T & T, EEORANRMERE
Tt UTikBRE 7 )L 2 8UET 2 Ml 2 D TV %,
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Development of a remote analysis of small bodies’ surface by a mass spectrometer on
orbiters

# Shoichiro Yokota[1]; Kentaro Terada[2]; Yoshifumi Saito[3]; Daiba Kato[4]; Masaki N Nishino[5]; Hideo Tsunakawal[6]
[1] Osaka Univ.; [2] Isotope geochemistry, Hiroshima Univ.; [3] ISAS; [4] EPS, Univ. of Tokyo; [5] ISEE, Nagoya University;
[6] Dept. Earth Planet. Sci., Tokyo TECH

Lander and rover explorations which have considerably succeeded in measuring the planetary surface materials need lar
costs and risks in their developments and operations, compared to orbiter missions. We aim at developing an isotope ma:
analysis method of small bodies’ sur-face by measuring secondary ions emitted by the solar wind bombardment. The analys
tech-nique can be used for previous observations before landing.

In Japan, a number of spaceborne mass spectrometers and orbiters have been developed and observed planetary particles v
lander and rover explorations have just started. For example, Kaguya, a lunar obiter, succeeded in measuring secondary io
emitted from the lunar surface. This means that the remote analysis of small bodies’ surface by orbiters might be possible. W
estimated secondary ion fluxes by using the Kaguya observation data of 1.5 years to develop the analysis technique. Compari
the laboratory experiment data using ion beam and a numeri-cal model of SDTrimSP, we have investigated the mechanism of tt
secondary ion emission by the solar wind. The results of this study will be utilized for future planetary exploration missions such
as MMX(Martian Moons eXploration).

EHREFSIREIC KX > TRABERmHK TS BN TE LVERREDPHEEIN T D, SPEREE I BRI NS LB
HOBHNENCB NV TIRA N Y ZAINKEL AD, FLlF, KEGEBRSHC X > THRAET 2 KIKEE A 4 > O]
I KD JERIELE A SiEkE CRIKR E OE RN 2175 FEOM I ZHIFL TW0a, THUIEEREICH L TH
HIOHITEM IR BEITHEIC B KD 9 %,
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R TIEARGFES UV OIEEIRSZZ0F % HEIO 7S A<D 1.5FEHl ST\ %, BEIREE M/&amp;#61508;M
~20EEAF 2 DHHINC T Tid WD, HEVMEZHBKT 28B4 U HYDO Y > MIfEsNTWS, BT —%
B KBFE ST A—ZITHHS UTe “ A A Vi 2 KT, AREuE EToA A4 VB S Bk 28 3 % Tk
ICDWTELLT %, A8y 2 Y I8IGEe LTRAEE, KIGEOZ 3 )VF—F (~1keV) TIIHERETT A~ Ccilthl
M7aE T )V F—aE (&ot;10s keV) & LEiE U CTETIVEWENT WS, JBIND A8y Z1) ¥ FHERR, LD A7y
29 > 7ET)IV (SDTrimSP ZFIH LT, KFFEIC X % KIKKHE TDO XA 4 VB OET IVKICIBES, AFREELTIE,
(IR BT —2h 585N AEHERZFNT L. X442V ZHWIEAERRD [TRIR] SIMS 3HHC DV TR
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On slight asymmetry of analyzer characteristics of MIA onboard Mercury
Magnetospheric Orbiter

# Wataru Miyake[1]; Yoshifumi Saito[2]; Shoichiro Yokota[3]
[1] Tokai Univ.; [2] ISAS; [3] Osaka Univ.

MIA (Mercury lon Analyzer) on board MMO employs a top-hat electrostatic analyzer, which has axisymmetric toroidal
electrodes and is designed to have no dependence in its characteristics on azimuthal direction of incident ions. However, ol
ground calibration experiments have revealed that it has a slight dependence. We have tried to explain the dependence by me:
of three dimensional model calculations. We assumes that all parts of electrode are manufactured precisely. Our first resul
shows that a slight relative shift of electrodes with no rotation alone cannot explains the energy and g-factor characteristic:
consistently. We are next trying to introduce relative rotation (tilt) between electrodes in our model calculations.

IR ERERE MMO ICHERE Nz MIA OKEAF 2 odi) IC3BESRA - 77Ny MUEEDHEMEDN T
W3, ZORIMFRELRIC, T ORMERIE AT A A > O AAIIIMAE 2R 270 E I TH B D, M R Tid b dh 7k
K2 RO C LD ERRE Nz, ZDREEE LT, L D/S—Y BIEHICELEE N TV S, ZOM EIFICBNTED
MIFERAEND BT, LOREBNT. N2 AN 3CDETIVEIREZHEDIRL TE /e, TOME, /=YD
HEDFATRENIIZT TRRHE (&%, Z3VF—) OAFTAAKEEDNFHITE AN ENHL N EIR>TE L, K
RETIE, FRENTATRENED 1 DL LT3—yDlf; (&) ZHDWhzETIVEIRIC K S BE 2/ %,
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