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Updated status and operations plans of the BepiColombo mission

# Go Murakami[1]; Hajime Hayakawa[2]; Masaki Fujimoto[3]; HAYAKAWA, Hajime BepiColombo MMO Project team([4]
[1] ISAS/IIAXA; [2] ISASIIAXA; [3] ISAS, JAXA,; [4] -

The ESA-JAXA joint mission BepiColombo is now on the track to Mercury. Two spacecraft for BepiColombo, 'Mio’ (Mer-
cury Magnetospheric Orbiter: MMO) and 'Bepi’ (Mercury Planetary Orbiter: MPO), were successfully launched by Ariane-5
launch vehicle from Kourou in French Guiana on 20 October 2018. During the cruise to Mercury, in addition to two spacecraft
MMO Sunshield and Interface Structure (MOSIF) and Mercury Transfer Module (MTM) are all integrated together. Commis-
sioning operations of Mio and its science payloads, including the instruments with high-voltage power supply, have been don
in November 2018 and May-August 2019. After these commissionings, we can more focus on preparing science operations fc
interplanetary cruise and planetry flybys. Some science instruments can be used even in the composit spacecraft configuratic
The first and second flybys will happen at the Earth in April 2019 and at Venus in October 2019, respectively. We have startec
to discuss with wider science communities, e.g., heliospheric physics and Venus science. Here we report the updated status
BepiColombo mission, initial results of the commissioning operations, and the future strategy and plans for upcoming interplan-
etary cruise and planetary flybys.



R009-02 |5 BRYG AFEZEEI) B¥RY: 10 B 23 H 14:00-14:15

KEGJEA F NS KB ANy ZY 2 F 72 M U Te/NERAR D= b & i

#REH B5— B [1]; SFE KB [2]; Bk #55¢ [3)]; 7T B [4]; 7K A5 [B]; &ikg K [6]
[1] BK; [2] BioK « B « SFEFHIBR; [3] SEHEE I, [4] %K ISEE; [B] Bk - HIZEWT, [6] JLK - B - HisK

Remote SIMS analyses of small body surface using the solar wind sputtering

# Shoichiro Yokota[1]; Kentaro Terada[2]; Yoshifumi Saito[3]; Masaki N Nishino[4]; Hisayoshi Shimizu[5]; Futoshi
Takahashi[6]
[1] Osaka Univ.; [2] Earth & Space Science, Osaka Univ.; [3] ISAS; [4] ISEE, Nagoya University; [5] ERI, University of
Tokyo; [6] Kyushu Univ.

The ejection of the surface material is one of the unique features of airless small bodies in space. The solar wind sputterin
ejects secondary ions from the surface, which reflect the abundance of the target materials. The amounts of the secondary io
are estimated to be enough compared with the sensitivities of typical spaceborne ion instruments for space plasma observatior

The KAGUYA that was equipped with ion analyzers observed the plasma environment around the Moon for 1.5 years. We
used the KAGUYA data to estimate secondary ion fluxes emitted from the lunar surface. Although the mass resolution is no
enough to clearly distinguish heavy metal ions from each other, the 1.5-year data provided the flux ratio and distribution maps o
the secondary ions.

The abundances of the secondary ions by the sputtering do not directly reflect that in the targeted materials because tt
secondary ion yields depend on the ionization ratios. Therefore, standard samples are used for calibrations in laboratory SIM
analyses. However, we have no such standard samples for spacecraft observations of the secondary ions. In this study, we u:
the empirical model derived from experiments of secondary ions and a numerical model (SDTrimSP) to estimate the secondatr
ion yields. It was proposed that the ion flux ratios to Si+ are useful to investigate small bodies’ surfaces. The empirical model
showed that it is possible to determine whether targeted bodies are primitive or evolved by measuring the secondary ions. Indee
KAGUYA data demonstrated the technique is possible.

Lander and rover explorations provide precise information on targeted bodies but they require larger costs and risks in thei
developments and operations compared to orbiter missions. Our findings show that secondary ion observation by orbiters als
provide the information of the surface materials similarly to laboratory SIMS analyses. Such observations could achieve scientific
results before landing operations and added wide-area data to precise data regarding limited areas obtained by landers and rov
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Contribution of the environment for the generation of Hermann neutral sodium
exosphere

# Yudai Suzuki[1]; Kazuo Yoshioka[2]
[1] Earth & Planetary Science, Univ. Tokyo.; [2] The Univ. of Tokyo

Mercury has very tenuous collisionless atmosphere. Except hydrogen and helium, components of this atmosphere is thoug
to be emitted through four processes: thermal desorption (TD), photo-stimulated desorption (PSD), solar wind sputtering (SWS)
and micro-meteorite impact vaporization (MIV). TD mainly causes where the surface temperature is high, such as perihelion an
sub-solar point. Initial velocity of atoms emitted by TD follows Maxwell distribution of the surface temperature. PSD also causes
around perihelion and sub-solar point, due to large UV flux. Emitted particles follow Maxwell distribution of approximately
1,500K.

SWS is likely to occur in mid- or high-latitude on the dayside, and releases atoms with Sigmund-Thomson distribution.
MIV enhances in the leading hemisphere, which is dawn side, and emits particles following about 3,000K Maxwell distribution.
Thanks to collisionlessness, atmospheric structure directly reflects spatial distribution and velocity distribution of released atoms
In other words, emission mechanism straightly links to the structure of atmosphere. Since contribution of each emission proces
is affected by surroundings such as the Sun, circumference environment can be estimated by scanning atmosphere.

From density profile assumed by the data taken by MESSENGER spacecraft, PSD is thought to be a main emission proce
of sodium, and MIV is thought to be that of calcium and magnesium. However, contribution of each emission process can be
estimated only in low-latitude, since spacecraft gains data of line-of-sight integral of radiation, and it can observe limited range.
Thus, it is necessary not only to analyze observation data but to construct theoretical model, in order to understand the emissic
processes of Hermann exosphere at different latitude.

In this research, global simulation of Hermann exosphere was constructed, considering above four emission processes
reference to previous experiments and observations. As a result, TD transported sodium from dayside to nightside, and prevent
other processes from emitting sodium, especially around perihelion. This means that the variation of heliocentric distance o
micro-meteoroid flux does not directly correlate with the emission rate by each process except TD. Based on this fact, the
variation of amount and spatial distribution of Hermann exosphere is evaluated using my own model, and is compared witf
observation data by MESSENGER.

Sodium, calcium and magnesium was observed by MESSENGER/MASCS. In the future, my model is applied to calcium
and magnesium, and compared with observation. This makes it possible to estimate precisely the contribution of MIV, which is
thought to be a main emission process of these species. This research will realize the construction of general, versatile model
tenuous atmosphere.
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Sustainable dipolar morphology of a lunar dynamo driven by compositional convection

# Fumi Hyodo[1]; Futoshi Takahashi[2]; Satoshi Kaneshima[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.,
Tokyo TECH

The paleomagnetic data of the Moon indicates that the lunar dynamo existed for a period of at least 4.2 to 3.56 Ga [Weiss an
Tikoo, 2014]. As Laneuville et al. (2014) suggest that the inner core growth of the Moon is likely to last until now, we assume
the lunar dynamo is caused by the chemical convection due to the ejection of light elements at the inner core boundary (ICB
upon core crystallization. In dynamo simulations, the Rayleigh number Ra and the Ekman number E are important parameter:
We calculate them as a function of time with a help of thermal history model of the Moon [Sheinberg et al., 2015]. Besides,
inner core size is varied discretely with respect to the radius ratigrg=ehere ¢ and g, are the radii of the inner core and
the outer core, respectively. Here, guided by our thermal history calculations, we focus on the range of x from 0.3 to 0.5,
which roughly corresponds to the duration when the lunar dynamo is supposed to be in operation (i.e. 4.2 to 3.56 Ga). In thi
presentation, we report our dynamo simulation results in terms of two viewpoints about Ra and E. Firstly, parameters are give
according to thermal evolution calculations, namely, (Ra, E) =«I04, 2.0¢10~%) at x=0.3, (7.310°,2.8:10~%) at x=0.4, and
(2.9¢10%,4.0¢10%) at x=0.5. Along this line, dipolar-dominant dynamos are obtained. Magnetic field strength at the lunar
surface and dipolarity increase with increasing x. Secondly, only Ra is varied with E kept unchanged.@t 24 x=0.3,
2.8¢10~* atx=0.4, and 4.010~* at x=0.5. In the cases of Ra=88)" at x=0.3, Ra=6.410* at x=0.4, and Ra=2:4.0° at x=0.5,
the dipole component remains dominant at x=0.3 and 0.4, and then gives way to the non-dipole components at x=0.5. Magnet
field strength at the lunar surface and dipolarity have a maximum at x=0.4. The surface field at x=0.3 and 0.4 are about ten time
stronger than that at x=0.5. These results show that the form of a lunar dynamo evolution changes greatly with the size of R
given along our thermal history calculations.
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Quasi-Periodic Variation of Jupiter's Aurora Observed by Hisaki
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ISAS/JAXA; [7] The Univ. of Tokyo; [8] EPS, Univ. of Tokyo; [9] Tohoku Univ.; [10] ISAS, JAXA

Quasi-periodic variation with a few day to several days is seen in energetic plasma and appearance of auroral spots in tt
Jupiter magnetosphere. Magnetospheric global re-configuration following periodic magnetotail reconnections is proposed fo
producing these periodicities. A previous work reported gradual increase and decrease of auroral power integrated over tt
pole region over 5-10 days with the peaks occurred during magnetotail disturbed periods. Hisaki is a space telescope launch
by JAXA in 2013 and provides continuous observations of emissions from Jupiter auroral and lo plasma torus. We analyzec
Jupiter aurora taken by a spectrometer EXCEED (Extreme Ultraviolet Spectroscope for Exospheric Dynamics) onboard Hisak
to investigate the statistical feature of the auroral periodic variation.

Auroral power revised by the rotational appearance shows periodic variation with gradual increase and decrease. We analyz
data observed over 2014-2016 which includes periods when Io’s volcanic activity was quiet (in 2014-2015) and high (in 2015).
The auroral periodicity spreads from 1.3 to 7 days, which is comparable with the periodicity seen in other observations. The
periodicity does not change significantly between the volcanic activity and quiet periods, while the association with the short-burs
event increases during the volcanic active time. The periodicity does not show clear correlation with solar wind dynamic pressure
auroral power, central meridional longitude, nor lo phase angle. The periodic variation is continuously seen in the auroral
modulation due to solar wind variation. A super-epoch analysis of the spectral information shows the symmetric increase an
decrease trends of auroral power and magnetospheric source current, while the color ratio, which is a proxy for auroral electro
energies, does not show significant variation associated with this periodic variation. Auroral power also shows asymmetric
duration between increase and decrease phases as seen in the ion flux and spectral slope. We will discuss these characteris
and relationships in the presentation.
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Spiral structure of hot electron in the inner magnetosphere of Jupiter

# Fuminori Tsuchiya[1]; Ryo Arakawa[2]; Hiroaki Misawa[3]; Ryoichi Koga[4]; Reina Hikida[5]; Fumiharu Suzuki[6]; Kazuo
Yoshioka[7]; Masato Kagitani[8]; Hajime Kita[9]; Tomoki Kimura[10]; Yasumasa Kasaba[11]; Go Murakami[12]; Ichiro
Yoshikawa[13]; Atsushi Yamazaki[14]
[1] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [2] Geophysics, Tohoku Univ.; [3] PPARC, Tohoku Univ.; [4] Geophysics,
Tohoku Univ.; [5] the Univ. of Tokyo; [6] Complexity Science, Univ. of Tokyo; [7] The Univ. of Tokyo; [8] PPARC, Tohoku
Univ; [9] ISAS/JAXA,; [10] Tohoku University; [11] Tohoku Univ.; [12] ISAS/JAXA; [13] EPS, Univ. of Tokyo; [14]
ISAS/JAXA

lo plasma torus is dense plasma region distributed around the orbit of the satellite o and consists of sulfur and oxygen ion:
supplied from the satellite 0. The plasma torus persistently emits intense radiation in visible and ultraviolet wavelength range:
through electron impact ionization. This means that there exists persistent electron heating process that balances the inter
radiative cooling in the plasma torus. However, the origin of the electron heating is still not resolved and has been one of
outstanding problems of the Jovian magnetosphere. Here, we examined you 2-dimensional distributions of thermal electro
temperature in the plasma torus based on the HISAKI satellite observation to visualize location of hot electrons injected in the
torus and their subsequent transport. In this study, we used continuous data set of the plasma torus observed from Dec. 2014
May 2015. In Jan. to Mar. 2015, a major volcanic event occurred at lo and input significant amount of mass to the plasma torus
To drive the electron temperature, we used a sulfur line ratio, SIV 65.7nm/Sll 76.5nm. This is a useful proxy of not only ion
density ratio, S3/S*, but thermal electron temperature since the hotter electron temperature causes to increase charge state
ion. The radial distribution of the line ratio was obtained every Q.SRp from 5.0 R to 9.0 R; from Jupiter. The azimuthal
distribution was derived from rotational modulation of the line ration at each radial distance. Combining the radial and azimuthal
dimensions, we obtained two-dimensional distribution of the electron temperature in the equatorial plane. Before the peak of th
volcanic event (Feb. 2015), we found that high electron temperature region showed a left-handed spiral structure in the equatori
plane. This is explained by electron heating in a limited longitude range in the plasma torus and subsequent transport effect ¢
both slow outward transport and the lagged azimuthal flow. This is consistent with a model proposed by Copper et al. (2016)
On the other hand, spiral structure showed right-hand sense after the peak of the volcanic event. Further investigation is require
for resolve origin of the opposite spiral.
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Characteristics of Jupiter’'s decametric Riddle arcs observed by LWA and Juno

# Kazumasa Imai[l]; Charles A. Higgins[2]; Tracy Clarke[3]; Masafumi Imai[4]; W.S. Kurth[5]
[1] NIT, Kochi; [2] Middle Tennesee State University; [3] Naval Research Laboratory; [4] University of lowa; [5] Univ. of lowa

The Riddle arcs were found in the dynamic spectrum of Jupiter's decametric radio emissions observed by the Voyager spact
craft [Riddle, 1983]. The Riddle arcs have the same slope at the same frequency and System Ill longitude on a frequency tim
plot. An isolated Riddle arc can be easily recognized inside of the lo-A arc structures. The emission of the Riddle arcs was
determined to be from the instantaneous lo flux tube.

The modulation lane method [Imai et al., 2018] is based on the slope measurements of modulation lanes on the dynamic spe
trum of Jupiter's decametric radio emissions. We usually measure the slope with a 1 MHz bandwidth and determine the mos
probable value of the lead angle between activated flux tubes to fit the value of the slope. We use this lead angle to calculate tt
longitudinal location of the magnetic field line of the radio emitting sources.

The Long Wavelength Array (LWA) is a low-frequency radio telescope designed to produce high-sensitivity, high-resolution
spectra in the frequency range of 10-88 MHz [Clarke et al., 2014]. Using LWA data we analyzed the modulation lanes and the
Riddle arcs and found that almost all of the Riddle arcs correspond to a zero-degree lead angle. This means that the radio sourc
related to the Riddle arcs are located along the instantaneous lo flux tube. This result is consistent with Riddle’s conclusion.

With the advantage of Juno’s unique polar orbit, the Waves instrument [Kurth et al., 2017] observed for the first time the polar
beaming patterns and geometry of Jupiter’s decametric radio emission sources. The dynamic spectra recorded by the Wav
instrument from PJ1 (Aug. 27, 2016) to PJ16 (Oct. 29, 2018) show the Riddle arcs very clearly. The characteristics of these Rid
dle arcs are almost the same. The Riddle arcs occur during the time of positive jovigraphic latitude, and their existence implie:
sharp beaming from the northern hemisphere radio source. We consider this finding of Riddle arcs recorded by the Juno Wave
instrument to be very important because it provides details of Jupiter's decametric radio emission around the instantaneous
flux tube.

References:

Riddle, A.C., Identification of radio emissions from the lo flux tube,
Journal of Geophysical Research, Vol.88, pp.455-458, doi: 10.1029/JA088iA01p00455, 1983.

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, Planetary Radio Emissions VIII, edited by G. Fischer, G. Mann, M. Panchenko,
and P. Zarka, Austrian Academy of Sciences Press, Vienna, pp.89-101, doi: 10.1553/PRE8s89, 2018.

Clarke, T.E., C.A. Higgins, J. Skarda, K. Imai, M. Imai, F. Reyes, J. Thieman, T. Jaeger, H. Schmitt, N. P. Dalal,
J. Dowell, S.W. Ellingson, B. Hicks, F. Schinzel, and G.B. Taylor, Probing Jovian decametric emission with the
long wavelength array station 1, Journal of Geophysical Research, Space Physics, Vol.119, pp.9508-9526,
doi: 10.1002/2014JA020289, 2014.

Kurth, W.S., G.B. Hospodarsky, D.L. Kirchner, B.T. Mokrzycki, T.F. Averkamp, W.T. Robison, C.W. Piker, M. Sampl,
and P. Zarka, The Juno Waves Investigation, Space Science Reviews, Vol.213, pp.347-392,
doi: 10.1007/s11214-017-0396-y, 2017.



R009-08 |5 BRYG AFEZEEI) B¥RY: 10 B 23 H 15:45-16:00

KEIC T B T H BRI < DTl

# bl BEN [1]; AR EEE [2]; 1ok 22 [3); Y K2 [4]; AR BRI [4]; =2 &7 [5]; B8 #ESRT- [6]; —4F thifli [7]
(1] Mctihff; [2] AaBFK « MR [3] ST JIRERE; [4) IS HEE T ITRAE; [5] KIK A S, [6] BORRE - HIEREKERIAHIY [7]
2K ISEE

Prediction of space radiation exposure on Mars

# Ryuho Kataoka[1]; Kiyoka Murase[2]; Tatsuhiko Sato[3]; Daikou Shiota[4]; Yuki Kubo[4]; Shoko Miyake[5]; Kanako
Seki[6]; Yoshizumi Miyoshi[7]
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We are setting the stage for human exploration to Mars. The purpose of this study is to quantitatively predict the radiation
dose on the surface of Mars associated with galactic cosmic rays (GCRs) and solar energetic particles (SEPs). The requir
elements for the physics-based prediction are a) modeling GCR energy spectra in Mars orbit, b) modeling SEP energy spectr
c) air shower simulation of the Mars atmosphere with a + b as input to evaluate the radiation dose, d) Quantitative tuning by
observation data set. The basic framework called WASAVIES has been developed for the Earth to combine them to realize th
prediction (Kataoka et al., 2014, 2019; Sato et al., 2019). However, there are several points that require new development fc
adapting to Mars. One of the most challenging points is the low energy component of the SEPs, which has been neglected ¢
Earth because of the strong geomagnetic field and thick atmosphere. It cannot be neglected on Mars because of the weak m:
netic field and thin atmosphere. In other words, it is necessary to model the very complex variations of SEPs associated with th
evolution of interplanetary shocks in the inner heliosphere, which has not been considered in the framework of WASAVIES. In
this study, SUSANOO-CME model (Shiota and Kataoka, 2016) is introduced to solve this problem by reproducing and analyzing
the interplanetary shocks in real time to find the physical limitation associated with the shock acceleration processes. In this talk
we will summarize the other potential problems of a, b, ¢ and d, and report the current status of our development of Mars-versiol
WASAVIES.
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Internally generated ULF waves in the Martian magnetosphere

# Yuki Harada[1]; Suranga Ruhunusiri[2]; Jasper S. Halekas[3]; Jared R. Espley[4]; Gina DiBraccio[4]; James P. McFadden][5];
David L. Mitchell[5]; Christian Mazelle[6]; Glyn Collinson[4]; David A. Brain[7]; Takuya Hara[5]; Masahito Nose[8]; Satoshi
Oimatsu[9]; Kazuhiro Yamamoto[10]; Bruce M. Jakosky[11]
[1] Dept. of Geophys., Kyoto Univ.; [2] Univ. of lowa; [3] Dept. Phys. & Astron., Univ. lowa; [4] NASA GSFC; [5] SSL, UC
Berkeley; [6] CNRS,IRAP; [7] LASP, Univ. of Colorado at Boulder, USA; [8] ISEE, Nagoya Univ.; [9] Kyoto Univ; [10]
Geophysics, Kyoto Univ.; [11] LASP, CU Boulder

http://lwww-step.kugi.kyoto-u.ac.jp/members/staff/haraday.html

In contrast to relatively well studied upstream waves generated externally to the bow shock of Mars, the presence, source
and consequences of internally generated ULF waves in the Martian magentosphere are yet to be properly identified. Here v
investigate ULF waves driven by local proton instabilities in the Martian magnetosphere by utilizing magnetic field and plasma
data obtained by MAVEN. In the dayside upper ionosphere and nightside magnetotail of Mars, MAVEN detected narrowband
emissions in the predominantly compressional component near the local proton cyclotron frequency and its harmonics. Th
dayside waves are typically accompanied by ring/shell-like proton velocity distribution functions formed by injected hot protons
of magnetosheath origin, and these waves are observed preferentially in the presence of dense ionospheric protons under h
solar extreme ultraviolet (EUV) conditions. Meanwhile, the nightside waves tend to be observed when both of the solar wind
dynamic pressure and solar EUV flux are high, leading to simultaneous enhancement of warm and cold protons in the magnetota
The wave properties and their dependence on local and upstream conditions can be mostly explained by a proton Bernstein mo
instability driven by a positive perpendicular slope in proton velocity distribution functions. We discuss potential implications of
these waves for energization of ionospheric protons.
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Effects of the intrinsic magnetic field on the ion loss from Mars at 3.5 Ga and 4.5 Ga

# 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

Although Mars possessed a thick atmosphere in the Noachian period, Mars had lost the most part of the atmosphere and or
have a thin C@ atmosphere today. lon loss to space is one of the important processes of atmospheric escape from ancient Ma
because the strong solar X-ray and extreme ultraviolet (XUV) flux and the harsh solar wind in the ancient day promotes the ior
loss from the planet. On the other hand, ancient Mars had a global intrinsic magnetic field like the Earth. The existence of the
intrinsic magnetic field changes the electromagnetic environment around the planet and thus affects processes and rates of
ion loss. However, the detailed effects are still in debate.

Our previous study investigated the ion loss from Mars under the extreme solar conditions at 4.5 Ga and the existence c
dipole field with different strength based on the global multi-species magnetohydrodynamic (MHD) simulations. The solar XUV
flux was 100 times higher than the present flux and the solar wind density, velocity, and the interplanetary magnetic field (IMF)
strength were 1000 cn?, 2000 km/s, and 60 nT, respectively. The study indicates that the effects of the intrinsic magnetic field
on the ion loss depends on whether the ionosphere is in the overpressure state. In the overpressure cases, where the solar v
dynamic pressure exceeds the sum of the maximum plasma pressure and the local magnetic pressure due to the intrinsic field
the ionosphere, the existence of an intrinsic magnetic field enhances the cusp outflow and increases the loss rates of molecu
ions such as @™ and CQ ™. In the non-overpressure cases, however, the loss rates of molecular ions are reduced by two order:
of magnitude. The effects on the'Qoss rate are less pronounced than on molecular ions. This is because the mass-loading
process at the extended oxygen corona created by the strong solar EUV flux contributes to thé tota &hd weakens the
effects of the intrinsic magnetic field. We here investigated the effects of the intrinsic magnetic field on the ion loss from Mars
under the more moderate solar conditions at 3.5 Ga in order to reveal how the effects of the intrinsic magnetic field depend o
the solar XUV and solar wind conditions. We assumed that the solar XUV flux was 10 times higher and the solar wind density,
velocity and the IMF strength were 70 cth 700 km/s, and 6.58 nT, respectively. We conducted simulations with different
dipole field strength to compare the results in the overpressure cases and the non-overpressure cases.
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Study of ion composition in the polar plume from Mars based on MAVEN observations

# Kotaro Sakakura[1]; Kanako Seki[2]; Shotaro Sakai[2]; David A. Brain[3]; James P. McFadden[4]; Jasper S. Halekas[5]; Gina
DiBraccio[6]; Bruce M. Jakosky[7]
[1] Dept. Earth & Planetary Sci., Science, Univ. 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 climate was warm and had water on its surface about 4 billion years ago, but there is no water on the surface at preser
Escape of the atmosphere to space is considered as the main cause of this climate change. However, the mechanism of the Ie
amount of atmospheric loss is far from understood. lon escape is one of the important candidates of such mechanism. There ¢
three channels of the ion escape, namely, tailward escape, pickup ion, and polar plume. Polar plume ions are accelerated by sc
wind electric field and escape to +E hemisphere of the Mars-Sun-Electric field (MSE) coordinates. It is estimated by Dong et al.
[2017] that the escape rate is 20-30% of the total ion escape depending on the solar EUV radiation. This is not negligible in orde
to understand ion escape from Mars. To fully understand the mechanism of polar plume, it is important to study the compositior
of the plume.

The purpose of this study is to investigate contribution of molecular ions @hd CQ™) to the polar plume. The source
of O, and CQ T is the ionosphere only, while ©Ohas the neutral corona as its source in addition to the ionosphere. Thus,
contribution of molecular ions to the polar plume can be different from that of Gpatial distribution of the ion number
density ratio between £ and CQ T is expected to change systematically if the plume is accelerated by electric field, since
the trajectory of accelerated ions depends on the ion mass. We analyzed observation data by STATIC (Supra Thermal ar
Thermal lon Composition), MAG (magnetometer) and SWIA (Solar Wind lon Analyzer) onboard MAVEN (Mars Atmosphere
and \olatile EvolutioN). STATIC can measure ion distribution functions with mass discrimination. We selected a few orbits,
in which the plume with high C@" flux is observed continuously, from two years (from December 2014 to December 2016)
of data. To derive C®" number density, we used a fitting method invented by Inui et al., [2018]. By fitting a log-normal
distribution to @t count data, we eliminated-0 contamination in the C&" mass range.

In the event on August 28, 2015, MAVEN moved from the nightside induced magnetosphere to dayside solar wind region
in the +E hemisphere of the MSE coordinates. During this event, @@ number density ratio increased with increasing
sunward distance in the main plume region. This tendency is consistent with the plume acceleration by the solar wind electri
field as previously proposed. In this event, maximugt@nd CQ* fluxes are 1.2x10and 3.6x16, respectively. These fluxes
are about one order of magnitude higher than the averdg#u® in the polar plume reported by Dong et al., [2017]. It should
be noted that higher CO flux than G is partly caused by limited coverage of FOV (field of view) of STATIC during the
plume event. In the event on December 17, 2016, in which the STATIC FOV was good, the maxigriuam@CQ ™ fluxes are
7.2x10 and 2.2x16, respectively. The higher maximum flux o ©®than CQ ™ is qualitatively consistent with ion species ratio
in the source ionosphere. In order to discuss the acceleration and transport mechanism of the molecular ion plumes, we will als
report on the results of ion trajectory tracings in the electric and magnetic field configuration obtained by multi-species global
MHD simulation.

References:
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Study of proton escape from Mars based on MAVEN observations

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

Mars is considered to have had water on surface in ancient days, while there is no surface water at present. Escape of atnr
spheric gases to space is considered to play an important role in this climate change. Especially, hydrogen loss has substantie
affected the water content on Mars. Its main mechanism is thought to be Jeans escape of hydrogen atoms. Hydrogen molecul
which are sourced from odd-hydrogen reactions with near-surface water vapour, diffuse to the upper atmosphere. Some of the
are dissociated, diffuses to the exobase as hydrogen atoms and escape. Since this molecular hydrogen is long-lived, the s
sonal variation of neutral hydrogen escape is predicted to be typically less than a factor of two (Krasnopolsky, 2006). However
Halekas (2017) provided quantitative estimates of the hydrogen exosphere for over one Mars year (MY), revealing about on
order of magnitude seasonal changes in column density with a peak slightly after perihelion, approximately at the southern surr
mer solstice. Lower atmospheric dynamics such as dust storms might be one cause of this peak. It was suggested by Heave
et al. (2018) that the transport of water vapour and ice to the middle atmosphere by deep convection in Martian dust storms ca
enhance hydrogen escape. Chaffin et al. (2017) suggested by using their photochemical model that hydrogen escape flux ¢
increase by one order if there is water vapour in the middle atmosphere around 80km altitude.

If the Martian dust storms can enhance the hydrogen corona and escape by one order of magnitude, the proton escape sour
by neutral hydrogen will also increase. In order to assess the hypothesis, we will investigate proton escape from Mars based ¢
MAVEN (Mars Atmosphere and Volatile EvolutioN) observations from November 2014 to March 2019. We will also investigate
if the seasonal variation depends on size of the dust storms by comparing MY32, 33 and 34, since Martian global dust storr
occurred only in MY34.

For this purpose, we implemented methods to separate planetary-origin protons from solar-origin protons. The separatio
methods utilize characteristics of phase space density (PSD) observed in investigated regions, i.e., solar wind, magnetoshea
and magnetotail wake, by STATIC (Supra Thermal and Thermal lon Composition) instrument. For identification of each region,
we used data from MAG (magnetometer) and SWIA (Solar Wind lon Analyzer) onboard MAVEN. STATIC can measure ion
distribution functions with energy and mass discrimination. In the magnetotail wake region, we divided the energy range in three
parts: less than 20eV, between 20eV and 100eV, and greater than 100eV. The lowest energy one was assumed to be planet
protons. The result shows that planetary proton density in the wake region had a seasonal variability which was more than or
order, while variations in MY32, 33 and 34 were similar. Therefore, it is thought that the size of dust storm does not affect proton
escape in the magnetotail wake. The method to separate planetary protons from solar wind protons needs to be different fro
that in the wake region. In this study, we calculated partial moments of picked up protons originated from hydrogen corona to
derive parameters of planetary protons in the solar wind and magnetosheath. The obtained variations of the planetary protons ¢
compared with EUV flux at Mars as well as with dust storm activities in order to understand the cause of seasonal variations o
protons.
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Transmittance measurement of mid-infrared Hollow core fiber at cryogenic temperature

# Ryota Ito[1]; Yasuhiro Hirahara[2]; Yuji Matsuura[3]; Kosuke Takami[4]; Hiromu Nakagawa[4]; Yasumasa Kasaba[5];
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We aim at the long-term spectroscopic observation of the planetary atmosphere in the mid-infrared wavelength region for the
purpose of clarifying various phenomena of atmosphere physics and atmospheric chemistry of solar system planets and sat
lites by 1.8m off-axis telescope PLANETS (Polarized Light from Atmospheres of Nearby Extra-Terrestrial Systems), which
is planned to be constructed at Mt. Haleakala of Maui. The PLANETS will be equipped with high dispersion cooled echelle
spectrograph GIGMICS (Germanium Immersion Grating Mid-Infrared Cryogenic Spectrograph), which can observe N-band
(wavelength 8-13um) 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 with other observing instruments such asMILAHI, and improvement of optical throughput
by abbreviation of a large number of guide mirrors.

In the present study, we report on the development of a new hollow core waveguide (HCW) fiber for installing and operat-
ing GIGMICS on PLANETS. There are commercially available single mode optical fibers for communication band for short
wavelength infrared region up to 2.5 um wavelength, and it is used on the European Mars Lander ExoMars Mission 2020, bu
transmission efficiency is low in the wavelength longer than 3 um waveleng@®% / m) AgS polycrystalline fiber only. Mid-
infrared hollow fiber developed in Tohoku University Graduate School of Medical Science and Technology in recent years has
a metal and dielectric double-layer thin film with high reflectivity near a wavelength of 10 um is embedded inside the tube with
an inner diameter of about 1 mm. It is being applied to high efficiency transmission of carbon dioxide gas laser light and in vivo
spectroscopy. We are working on the evaluation of the permeability of hollow fiber in low temperature and vacuum environment
with the aim of developing a new astronomical observation device utilizing the characteristics of this hollow fiber and the devel-
opment of future planetary exploration equipment.

We adopted a HCW with an inner diameter of 0.8 mm, in which a thin glass material on the inner surface of a polyimide pipe
was clad with a metal (Ag) coated with Agl. Since the reflective layer is metal, it is expected that the loss can be reduced as th
resistivity decreases in cryogenic temperature region. Therefore, we developed a Wilson seal to keep the vacuum shield, and t
fiber cooling mechanism that satisfies three conditions for (1) holding the vacuum inside of the hollow fiber, (2) cooling with
liquid nitrogen, and (3) keeping the low temperature by vacuum insulation. The small Pt-100 temperature sensors were attache
to several places where the fiber was introduced, and a cooling test using a liquid nitrogen pump system was carried out. As
result, within 10 minutes after the start of cooling, reached 78K within the distance of 2m uniformly. In addition, we developed
a flow rate controller of liquid nitrogen in order to keep cooling for a long time with 20L liquid nitrogen container. For the
measurement of the HCW transmittance at cryogenic temperature, we constructed an optical system for measurement that usi
a 1mm x 1mm detector (Vigo Systems PVMI-4TE Photoelectric MCT), and a 10.4um QC laser (Daylight Unicorn 1l, 100mW
CW). The QC laser have a fluctuation of about 5% of the beam intensity in the long time measurement. In the future, we will
construct a double-beam optical system with a Ge half mirror, to sequential intensity calibration of incident infrared light, and
measure the transmittance of the hollow fiber with high accuracy.
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Energy state of oxygen atoms in the exosphere of exoplanets around red dwarfs and
detectability by transit observation

# Toru Muraoka[1]; Shingo Kameda[1]
[1] Rikkyo Univ.

An exoplanet is a planet that orbits a star other than the sun. Since the widespread recognition of their existence in the 20t
century, approximately 4,000 exoplanets have been found. Current work features the detection of these exoplanets and the
environments, such as their atmospheres.

Transit observation is an exoplanet detection method based on the light absorbed by a planet as it passes in front of its hc
star; it is expected that the atmospheric components of exoplanets can be detected by applying spectroscopy to this observati
The discovery of a planet where life activities can be expected is one of the most featured themes in this field of research. I
recent years, seven planets the size of the Earth have been discovered around the M-type red dwarf TRAPPIST-1 using the trar
method. Furthermore, it is thought that three of them exist in the habitable zone of their host star; the habitable zone is the are
where liquid water can exist on the surface of the planet. However, it is difficult to determine whether life activity can be expected
on these planets simply because they were detected.

Previous research has predicted that the Earth’s atmosphere will spread to very high altitudes as the Earth receives 10 to 1
times the amount of extreme ultraviolet (EUV) radiation that it receives at present, which is comparable to the amounts emittec
when the sun was younger. This is mainly because high EUV radiation heats and expands the thermosphere, where locat
Earth’s upper atmosphere. In contrast, because the atmospheres of Mars and Venus contain carbon dioxide at high mixing ratic
a cooling effect impedes atmospheric spreading.

Exoplanets in the habitable zones around red dwarfs such as TRAPPIST-1 receive EUV radiation from their host stars that i
significantly stronger than the radiation that the Earth currently receives from the sun. By modeling the atmosphere expansio
of th Earth under conditions such as those in the habitable zone of TRAPPIST-1, it is expected to detect oxygen levels ot
TRAPPIST-1 exoplanets via transit observation using telescopes equipped for ultraviolet spectroscopy.

However, ground state atomic oxygen is believed to be useless in detecting such absorption, as the absorption of interstell
ground state atomic oxygen is much larger than that of the modeled planetary atmosphere. Therefore, our research investigat
what the energy state of the atomic oxygen distributed in the upper atmosphere of the Earth would be if the latter was placed i
a high EUV environment and reexamines the possibility of detecting atomic oxygen in exoplanet atmospheres.
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A Future plan of a university-scale ground-based observatory for solar system science:
The case of Tohoku University
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http://pparc.gp.tohoku.ac.jp/

Tohoku University has supported planetary missions with small-scale but long-lasting capability of the ground-based observa
tions dedicated to solar system. At present, our core telescopes are Vis-IR 60-cm and Vis 40-cm at Mt. Haleakala, Hawaii, an
VHF-Radio 30-m (IPRT) at litate, Fukushima.

For future, we are running the construction of 1.8-m PLANETS Vis-IR telescope with a unique Offset-Gregorian type (with
Nagoya/Kyoto Univ. in Japan and Univ. Hawaii et al. in overseas), and also investigating the participation to the NenuFAR
project promoted by Obs. de Paris as the expansion of Euro LOFA (Low Frequency radio interferometer).

For the effort to expand the future observational capability toward Sun, planets, satellites, minor bodies, and exoplanets, w
hope to get the participations and supports from the communities in Japan.

HALKIE, 1974FEOAREBIABEHBIHER DB LR, /IR 5 KGR K AO EBIIGE 28 L. EAS DK
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Unexpected warm layer in the summer nightside mesosphere of Mars and its behavior
during the global dust storm by MAVEN/IUVS

# Hiromu Nakagawa[1]; Sonal Jain[2]; Franck Montmessin[3]; Roger V. Yelle[4]; Nicholas M. Schneider[5]; Hannes
Groller[6]; Takeshi Kuroda[7]; Nao Yoshida[8]; Naoki Terada[9]; Kanako Seki[10]; Takeshi Imamura[11]; Hitoshi Fujiwara[12]
[1] Geophysics, Tohoku Univ.; [2] LASP; [3] LATMOS; [4] University of Arizona; [5] LASP, Univ. of Colorado; [6] none; [7]
Tohoku Univ.; [8] Geophysics, Tohoku Univ.; [9] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [10] Dept. Earth & Planetary

Sci., Science, Univ. Tokyo; [11] The University of Tokyo; [12] Faculty of Science and Technology, Seikei University

The Mars mesosphere and thermosphere (up to “100 - 200 km) is well known as an intermediate atmospheric region strong
impacted by coupling with the underlying lower-middle atmosphere (via gravity waves, planetary waves and tides, and dus
storms) and coupling with the overlying exosphere and ultimately the Sun (via solar EUV radiation and solar wind patrticles).
Information on this part of the atmosphere is vital to prepare spacecraft missions performing aerobraking, aero-capture or EDI
(entry, descent and landing). On the other hand, the Martian atmosphere at this intermediate region is still poorly known due t
its highly variable nature and a lack of measurements. This paper presents a new set of stellar occultation measurements me
using the Imaging Ultraviolet Spectrograph (IUVS) onboard Mars Atmosphere and Volatile EvolutionN (MAVEN). We report the
detection of an extensive layer of warm air at 70 - 90 km altitudes on the night side in the summer hemisphere on Mars. Our resu
suggests the relatively permanent peaks of atmospheric temperature around 80 km exist over the northern summer night at Ls -
- 180 deg. Mars Climate Database does not reproduce a warm layer around 80 km altitude, gradually declining along the heigh
The predicted temperature by MCD underestimates the quantities of temperature by 10 to 90 K. The longitudinal distribution of
atmospheric temperature suggests a mode wave-3 structure. Such distinct layer was also found in the dusty southern summe
Ls = 249 deg, that implies 20 km-higher peaks. The saturated water amount was estimated by the observed temperature profil
by IUVS self-consistently as the possible maximum. Warm air at this altitude range can attribute to preserve the water vapor mor
than hundreds ppmv in the mesospheric atmosphere and prevent the water vapor condensation falling in the lower atmosphe
Our observations show that as much as more than 100 times more water vapor than expected could be present at this altituc
that will impact the water loss to space. We believe that our result highlighted the dynamical mesospheric thermal structure an
upsurge of aerosol plays some role not fully considered in the current model. Although the water vapor amount is not measure
by IUVS, the interaction between water, aerosol, and background thermal structure could be addressed in near future by a ne
observation of TGO. The response of mesospheric thermal structure during the global dust storm 2018 is shown in the paper.
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Development of a global non-hydrostatic Martian atmospheric model and its
high-resolution simulation

# Hiroki Kashimura[1]; Hisashi Yashiro[2]; Seiya Nishizawa[3]; Hirofumi Tomita[4]; Kensuke Nakajima[5]; Masaki
Ishiwatari[6]; Yoshiyuki O. Takahashi[7]; Yoshi-Yuki Hayashi[8]
[1] Planetology/CPS, Kobe Univ.; [2] NIES/CGER,; [3] RIKEN R-CCS; [4] RIKEN AICS; [5] Earth and Planetary Sciences,
Kyushu University; [6] Cosmosciences, Hokkaido University; [7] Department of Planetology, Kobe Univ.; [8] Planetology/CPS,
Kobe Univ.

In the Martian atmosphere, dust storms in various scales—from dust devils, local dust storm, to global dust storm—have bee
observed. However, interactions between these scales are unknown. In addition, since Mars has a thin atmosphere and
ocean, the temperature difference between day and night is large and vertical convection should play an essential role in tt
Martian meteorology and climate, but it is also unknown. To investigate these mysteries, global atmospheric simulations witt
horizontal resolution as high as few kilometers and by solving the governing equations without assuming the hydrostatic balanc
are required.

We are developing a non-hydrostatic global Martian atmospheric model (Martian SCALE-GM) which is suitable for large-
scale parallel computation. SCALE-GM (http://r-ccs-climate.riken.jp/scale/) is being developed by using the dynamical core of
NICAM (Tomita &amp; Satoh, 2005; Satoh et al., 2008, 2014), a non-hydrostatic model for the Earth atmosphere using a finite
volume method in the icosahedral grid systems (Tomita et al., 2001, 2002), and by aiming at sharing of physical process module
with the regional model (SCALE-RM) and application to other planetary atmospheres. We are developing Martian SCALE-GM
by incorporating constants and physical process modules of the Martian atmosphere. The Martian physical modules are take
from DCPAM (https://www.gfd-dennou.org/library/dcpam/), an existing pan-planetary atmospheric general circulation model
(GCM). DCPAM is a traditional, hydrostatic GCM using a spectral method for horizontal discretization.

We ported a Martian atmospheric radiation model (Forget et al., 1999) and a soil model from DCPAM to SCALE-GM and
performed a test of temperature evolution in a vertical 1D-atmosphere and soil. The atmosphere model has 100 layers (dz
1 km), and distribution of dust is fixed with 0.2 optical depth. The soil model has 18 layers. Soil's heat capacity and thermal
conductivity are set to 9.7 x 2qJ K=! kg='] and 0.076 [W nT! K—1], respectively. Surface albedo is fixed at 0.2. For the
calculation of surface fluxes and vertical diffusion, BH91B95 (Beljaars &amp; Holstang, 1991; Beljaars, 1995) and MY2.5
(Mellor &amp; Yamada, 1982) are used, respectively. The initial condition is the 200 K constant temperature atmosphere anc
soil. We have confirmed that both models show almost the same temperature evolution.

Next, we performed 3D calculations under a Mars-like condition in 8 different horizontal resolutions to check the resolution
dependence. Horizontal grid intervals are 240 x (1f&n] (n =0, 1, 2, 3, 4, 5, 6, 7); i.e., 1.9 km at minimum. The horizontal
diffusion representing turbulent mixing in sub-grid scales is given in the 3rd order Laplacian with the relaxation time for the
shortest scale given by 100 x (172)s]. The atmosphere is divided into 36 layers, which are concentrated near the surface.
To avoid wave reflections at the model top, a sponge layer represented by 1st order Laplacian is set above 40 km altitude; tt
relaxation time for the shortest scale is given by 3600 x (1fd) except for the case of dx = 3.75 km, in which 3 s is used. The
4th order Runge-Kutta method is used for time-integration with a time step of 360 % ($]2)lhe surface albedo is set to 0.5.
Neither topography nor condensation processes are included.

Numerical solutions showed that the diurnal vertical convection did not appear clearly in the cases with dx larger than 15
km, whereas they appeared in higher resolution cases. Furthermore, it was confirmed that the horizontal scale and occurren
local-time of the vertical convection are highly dependent on the horizontal resolution.

(Figure: Horizontal resolution dependence of vertical wind [rh]s Snapshots at 2 km altitude after 30 days from the spring
equinox of the Northern hemisphere. Panels g, h, i are zoom-up views of Panels d, e, f, respectively)
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Refinement of a Mars General Circijlation I\Qodel (MGCM): Gravity waves and water
ranspor

# Takeshi Kuroda[1]
[1] Tohoku Univ.

A high horizontal resolution (T106 spectral truncation, equivalent texIL1° or “67 km grid size) MGCM has been adopted
to the calculations of current atmospheric environment on Mars for a full Martian year. In such simulations, gravity waves (GWs)
with the horizontal wavelengths of down to 200 km, which favorably propagate to the mesosphere/thermosphere and affect th
dynamical features there, can be resolved and the generations of such GWs by the orographic and dynamical effects can
reproduced. Kuroda et al. (2019, JGR Planets, doi:10.1029/2018JE005847) showed the seasonal variations of the GW activiti
on Mars from the simulations, indicating great variances with season and geographical location. In particular, lower-atmospheri
GW activity is smaller in polar regions of the troposphere throughout all seasons, and the intensity is larger in southern spring
and summer and in winter hemisphere at both solstices. In the mesosphere, the peak of GW activity shifts toward middle an
high latitudes, and the interhemispheric symmetry is much larger compared to the lower atmosphere.

In addition, the comparison of MGCM results between T106 and lower horizontal resolution (T21 spectral truncation, equiv-
alent to 5.6x5.6° or “333 km grid size, which is conventional to most MGCMs in the world) has been made. The features of
atmospheric circulation in solstitial seasons apparently differ, with up to “25 K higher winter polar warming and up to™20 m s
larger meridional wind velocity in T106 simulations. It shows that resolved GWs work to enhance the meridional circulation.
Also, the resolved GWs work to weaken the zonal wind velocity above “50 km altitude. These features are consistent with the ef
fects of GW drag parameterizations which have been implemented into most of MGCMs with conventional horizontal resolution
(e.g. Medvedev et al., 2011, JGR Planets, doi:10.1029/2011JE003848) compensating for the abbreviation of sparse grid interv:

Simulations applying GW drag parameterizations to conventional-grid-interval MGCMs are reasonable for the reproductions
of synoptic-scale atmospheric circulations, but it does not applicable for the reproductions of localized features. In fact, the GW
drag parameterization implemented into Medvedev et al. (2011) has no spatial and temporal variations, which contradicts th
simulated GW features by Kuroda et al. (2019). Therefore, it should be important to progress the horizontal high-resolution
approaches for the atmospheric modeling on Mars towards the next step of understanding the Martian environment, with a lot ¢
high-resolution camera data and fast many-core computing systems.

Simulations of water cycle should also be affected by the horizontal resolutions. Pottier et al. (2017, Icarus, doi:10.1016/
jicarus.2017.02.016) indicated that the significant effects of the high horizontal resolution on the simulated water cycle are see
only in local features, but | believe that the resolved GWs should affect also the global transport. In the presentation, the simulate
results of water cycle with different horizontal resolutions will also be shown.
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Temperature in the Venusian mesosphere observed by mid-infrared heterodyne
spectrometer in 2018

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

Extensive observations of the Venusian mesosphere have been performed by Venus Express (VEX) during 2006 - 2014 (e.
Patzold et al., 2007; Mahieux et al., 2015). In terminators above 100 km in altitude, the thermal structure was reached com
mon understandings by the comparisons between observations by the Solar Occultation at Infrared (SOIR) onboard VEX an
numerical simulations by general circulation models (GCMs) . However, the temperature profiles in the altitude region of 85 -
100 km are not reproduced by GCMs, and the discrepancies have not been properly interpreted (Bougher et al., 2015; Gilli €
al., 2017). Additional observational constraint for GCMs are needed to advance the understanding of the Venusian mesosphet
thermal structure. In this paper, we will report the initial results of our challenge to this topic by obtaining temperature profiles
in the mesosphere and its temporal and latitudinal variations utilizing the Mid-Infrared Laser Heterodyne Instrument, MILAHI
(Nakagawa et al., 2016), developed by Tohoku University.

Temperature profiles in the altitude region of 70 - 100 km in the nightside are retrieved frgnalé30rption spectra in 10
micron band. The absorption feature is formed by absorption of the thermal radiation emitted in the altitude close to the clouc
top. MILAHI can resolve the spectra with the resolving power of &@ing to the implementation of a GQaser in 10 micron
band (30 THz) as a local oscillator with a frequency stability of lower than 1 MHz. This spectral resolution has a potential to
derive the temperature profiles with an accuracy of 10 K.

The observations were executed on 11 - 13, 19, and 20 November 2018 by using the Tohoku University 60 cm telescope (T6(
located at the summit of Mt. Haleakala in Maui, Hawaii. Apparent diameter of Venus changed between 55.4 and 49.4 arcse
versus the spatial resolution of 4 arcsec by MILAHI with T60 in the wavelength of 10 micron. ab8orption spectra were
obtained at the equator on 11 - 13 Nov, 33N degrees on 19 Nov, and 33S degrees on 20 Nov at the evening terminator (local tin
of 20 h) with integration times of 80 - 105 minutes. In current tentative results, relative temperature differences are investigatec
by analyzing the day-to-day and latitudinal changes in relative intensity and line shape. The relative intensities on 11 and 12 No
are similar level while that on 13 Nov is lower. This means that the temperature above the cloud top decreased on 13 Nov. Th
CO, absorption core at 33N degrees is sharper than that at 33S degrees. This can be interpreted as temperature in high altit.
around 90 - 100 km at 33N degrees is lower. In presentation, we will show quantitative results in comparison with previous the
radio occultation experiments by Akatsuki.
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Wind field at the cloud top of Venus covering all local time obtained from thermal
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

Knowledge of the structures of the mean meridional circulation and the thermal tides is important for understanding the
dynamics of the Venus atmosphere. Measurements of the wind field at a specific altitude covering all local time are essentic
to such studies. However, cloud tracking has been possible only for the dayside cloud top or the nightside middle/lower clouc
region depending on the wavelength, except the southern polar region observed by Venus Express (Peralta et al., 2012).

Venus’ cloud-top temperature distribution is now continuously mapped by LIR (Long-wave Infrared camera) mounted on the
Venus orbiter Akatsuki, which can potentially be used for studying the dynamics in all local time regions. LIR images have
not been used for cloud tracking because of the relatively low S/N ratio and the existence of stationary features induced b
topographic gravity waves that obscure passive tracers.

Here we conduct cloud tracking using LIR data with a new method. Multiple images taken in "4 hours sliding windows are
averaged successively in the coordinate system that rotates with the background superrotation. In the resultant images, rand
noises were suppressed and stationary features were smoothed out, enabling detection of detailed cloud morphologies. By t
combination of this method and the cross-correlation method (Ikegawa and Horinouchi 2016), we derived the wind field both on
the dayside and the nightside for the first time. As a result, the structures of the thermal tides and the mean meridional circulatio
at the cloud top were revealed. Predominant equatorward flows on the nightside and an equatorial convergence of the me:
meridional flow were discovered.
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Venusian cloud distribution simulated 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.

We construct a simple cloud model for a Venus general circulation model (GCM), which includes condensation, evaporation
and sedimentation of sulfuric acid cloud particles and condensable gases (H20 and H2SO4 vapors). The cloud distributio
reproduced in the model is the thickest and thinnest in high- and mid-latitudes, respectively. The mixing ratio of H20 and
H2S04 vapor increase with latitude in the cloud and the sub-cloud levels, which are qualitatively consistent with previous
measurements. In low-latitudes, the moderately thick cloud with zonal wavenumber 1 and 2 structures is formed and changes
time significantly. These structures would be associated with atmospheric waves in the cloud layer.
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3-D thermal structure of the Venus atmosphere obtained by Akatsuki/LIR

# Masahiro Akiba[1]; Tetsuya Fukuhara[2]; Makoto Taguchi[3]; Takeshi Imamura[4]; Toru Kouyama[5]; Takao M. Sato[6]
[1] Physics department, Rikkyo Univ; [2] Rikkyo Univ.; [3] Rikkyo Univ.; [4] The University of Tokyo; [5] AIST; [6] HIU

Brightness temperature of the Venus disk obtained by Longwave Infrared Camera (LIR) onboard Akatsuki shows clear limb
darkening in the low and middle latitudes. Limb darkening is an apparent temperature decrease from the center to the limb ©
the Venus disk. It is caused by increase of the altitude sensed by LIR as an emission angle, which is a zenith angle of directio
of emission from the Venus atmosphere to the sensor, increases and a negative lapse rate of the atmosphere. In higher latitus
limb brightening is observed, because an inversion layer exists at the cloud-top altitudes. In other words a profile of limb
brightness reflects vertical distributions of atmospheric temperature and optical thickness of cloud particles. Taylor et al. [1980
presented local time dependence of limb darkening using brightness temperature data obtained by the Pioneer Venus orbiter, |
did not mention its physical mechanism. In this study horizontal distributions of brightness temperature obtained by LIR when
Akatsuki was in the altitude range from 60,000 to 100,000 km during the period from October 19, 2016 to October 2, 2018 were
analyzed to investigate the vertical structure of brightness temperature distribution above the cloud-tops based on the emissi
angle dependence of the sensing altitude. We used LIR data obtained with an observation mode in which 32 successive imag
are acquired with an interval of two seconds. Each brightness temperature image with 328 x 248 pixels was divided into 328
x 2480 sub-pixels, and 32 successive images were accumulated after precise adjustment of the Venus disk position to impro
S/N. Then average brightness temperatures were derived as a function of the emission angle for 24 local time zones and :
zonal belts with a latitudinal width of 10 degrees within plus or minus 85 degrees. Emission angles are converted to sensin
altitudes by a radiative transfer calculation with nominal temperature and cloud particle distributions composed of the past Venu
observations [Sato et al., 2014]. Thus, we derived a local time-altitude cross section of the brightness temperature deviatio
above the cloud-tops. In the equator region it shows a clear semidiurnal tide of which the phase shifts upstream as the altituc
increases. The maximum positive temperature deviation appears around 10 and 21 LT at the bottom of the sensing altitudes. It
suggested that the thermal tide is generated deep in the cloud deck by solar heating and propagates upward. Ando et al. [20
indicated that the phase of the semidiurnal tide inclines in the altitude range from 70 to 85 km by a general circulation model,
and estimated a vertical wavelength of the semidiurnal tide in the altitude range from 75 to 85 km to be 10-15 km. A vertical
wavelength will be also derived from our observation result by the same way, and will be compared with the simulation result to
evaluate the background wind field. In the higher latitudes an inversion layer is identified in a local time-altitude cross section of
the brightness temperature deviation corresponding to the cold polar collar.
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Cloud-top structure in the middle latitudes observed by the Venus orbiter Akatsuki

# Shinichiro Kawase[1]; Makoto Taguchi[2]; Tetsuya Fukuhara[3]; Yeon Joo Lee[4]; Atsushi Yamazaki[5]; Toru Kouyama[6]
[1] Physics, Rikkyo Univ.; [2] Rikkyo Univ.; [3] Rikkyo Univ.; [4] JAXA/ISAS; [5] ISAS/IJAXA,; [6] AIST

Venus is covered with thick sulfuric acid clouds floating at 40-70 km altitudes. The cloud particles scatter sunlight and shine
brightly. In the visible region, light reflected by the clouds are poorly absorbed and almost uniformly distributed over the dayside
disk except for a geometrical effect. However, in the infrared region, we observe thermal structures such as streaks aligning fror
the mid-latitude to the pole, the cold collars and polar vortices in the polar regions. On the other hand, in the ultraviolet region,
we observe Y-shaped structures in the low-latitude region and the streak structures like those seen in the infrared region.

The five cameras onboard the Venus orbiter Akatsuki can capture radiation from multiple altitudes using the difference of the
atmospheric transmittance at their peculiar wavelengths, and light up the 3-D structure and dynamics of the Vlenus atmospher
Among the cameras, the Longwave Infrared Camera (LIR) detects thermal emission from the cloud top in a wavelength regiol
8-12 um to map the cloud-top temperature (Fukuhara et al., 2011) and Ultraviolet Imager (UVI) is designed to map the ultraviolet
contrast at 283 nm and 365 nm for observing SO2 and un unknown absorber, respectively (Yamazaki et al., 2018).

Both LIR and UVI observed the streak structures, but unlike previous observations (Titov et al., 2008), the brightness temper
ature and ultraviolet brightness of the streak structures show a positive correlation.

Since Akatsuki orbits in a plane close to the equatorial plane, it is difficult to determine what shape the streak structures an
cold collars found in the middle and high latitudes have. Therefore, we projected images centered on the North pole or the
South pole (Kouyama et al., 2017). Furthermore, we calculated the average value of thermal images and created polar maps
temperature deviations. As a result, in images obtained by LIR, we found that the streak structure may start from the latitude
of 60 degree around noon to the polar region in the afternoon and that the cold collar appears at latitudes of 60-80 degree in tt
morning.

In addition, we analyzed frequency characteristics in the local time domain at each latitude in order to investigate the local time
dependency. As a result, in the images obtained by LIR, we found that a wavenumber 2 component is dominant in the equatori
region and that a wavenumber 1 component is dominant in the middle- and high-latitudes where the streak structure and the co
collar are observed.

In the presentation, we present the comparison between the results of these analysis and numerical simulations, and disct
the dynamics of the atmospheric structures of Venus’ cloud-top in the middle-latitude region.
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Properties of gravity wave packets detected in radio occultation temperature profiles of
the Venus atmosphere

# Ryota Mori[1]; Takeshi Imamura[2]; Hiroki Ando[3]
[1] Astrobio,Complexity Science and Engineering,Frontier Sciences, Tokyo Univ; [2] The University of Tokyo; [3] Kyoto
Sangyo University

Gravity waves are thought to play key roles in atmospheric dynamics by carrying momentum in the vertical direction. They
induce acceleration or deceleration of the mean wind by depositing momentum on the background atmosphere while dissipatin
Such processes should also affect the global structure of the high-speed zonal wind of the Venusian atmosphere. However, sin
the spatial scales of gravity waves are small and the wave periods are relatively short, it is difficult to capture their spatial structure
by observations. Though the meridional distribution of the mean magnitude of short vertical-scale temperature disturbance
(Tellmann et al. 2012) and the vertical wavenumber spectrum (Ando et al. 2015) have been investigated, the statistical propertie
of the wavelength, the amplitude and the vertical extent of the wave packet have not been studied.

Here we analyze temperature profiles obtained from 2016 by the radio occultation experiment in the Venus orbiter missior
Akatsuki. Radio occultation is a method to measure the change of the refractive index of the atmosphere as a change of tt
frequency of the signal received on the ground. At the opportunity when the radio wave transmitted from Akatsuki toward the
Earth passes 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 profile. In the temperature profiles obtained i
this way, variations due to various atmospheric disturbances are observed.

To extract spatially-localized temperature disturbances, we applied wavelet analysis to the temperature profiles obtained &
radio occultation. Though there have been studies that applied Fourier transform to temperature data, Fourier transform assun
infinitely continuous waves and it is not suitable for extracting spatially localized wave packets. Wavelet analysis is an effective
way of obtaining the wavenumbers and the amplitudes of waves in such finite intervals. In this presentation, we report the resu
of wavelet analysis applied to the temperature data obtained with high vertical resolution by radio holographic method (Imamure
et al. 2018). From the obtained results, we report the statistical relationships among wave parameters such as the amplitude, t
vertical wavelength and the packet length.
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Akatsuki IR2 nightside data Restoration by Deconvolution and Scientific Outcomes

# Anthony Vun[1]; Takehiko Satoh[2]; Takao M. Sato[3]; Takeshi Horinouchi[4]; Javier Peralta[5]; Kevin McGrouldrick[6]
[1] Space Sciences, SOKENDAI; [2] ISAS, JAXA; [3] HIU; [4] Hokkaido University; [5] ISAS/JAXA; [6] University of
Colorado Boulder

IR2(2-um camera) is one of the scientific instruments onboard Akatsuki which studies Venus meteorology utilising near in-
frared windows of CO2 atmosphere. This presentation focuses on the data restoration work performed on IR2 data quality. IR
observes nightsides in 1.735um, 2.26um, 2.32um filters. IR2 is a platinum silicide (PtSi) Schottky-barrier CCD detector regu-
lated by a cryocooler to be "65K for operation, where it full frame covers 1024x20124 pixels. Satoh et al. 2016;2017 reported
the careful image reduction performed for flat fields, temperature-dependent quadrants, and point spread function (PSF) issue.

Even after the corrections, the nightside data still suffer from both light spreading (convolution) by PSF and contamination
from the dayside. The IR2 team strives to achieve highest photometric accuracy as possible. In achieving so, Restoration-b
Deconvolution (RD) method was developed to perform imagery restoration. The PSF was modelled using Moffat function where
parameters have been updated. The RD method can be divided into two main processes: 1. Replace saturated pixels in the ol
inal data (See presentation for full details); 2. Perform Lucy-Richardson Deconvolution by model-PSF on the 1024x1024size
image embedded in the centre of a wider canvas of 2048x2048 pixels to avoid repetition of Venus disk when FFT for deconvolu
tion is performed.

After successful restoration performed on IR2 data, aerosol properties such as the particle size parameter (Carlson et al. 19¢
Wilson et al. 2008) can be deduced from the correlation plots between the restored 1.735um and 2.26um data. The 'brancl
features for interpreting size modes population requiring photometric accuracy finally appeared in the restored data, which wer
not visible in the original IR2 data due to contamination and artefacts. Moreover, interesting morphologies such as the discon
tinuity features of the enormous cloud cover (2016-08-18) appears more visible where being restored at true contrast to stuc
both the spatial and temporal variations. To conclude, development of IR2 photometric restoration is coming to a confident stag
whereby the accuracy is estimated to be below "10% deviation and more upcoming scientific achievements using restored da
can be anticipated.
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Structures of wavenumber-1 planetary scale waves at the cloud level of Venus identifiec
by LIR

# Toru Kouyama[l]; Masataka Imai[1]; Takeshi Imamura[2]; Takeshi Horinouchi[3]; Makoto Taguchi[4]; Tetsuya Fukuhara[5];
Takao M. Sato[6]; Shin-ya Murakami[7]; George Hashimoto[8]; Yeon Joo Lee[9]; Masahiko Futaguchi[10]; Manabu
Yamada[11]; Masahiro Akiba[12]; Takehiko Satoh[13]; Masato Nakamura[14]
[1] AIST; [2] The University of Tokyo; [3] Hokkaido University; [4] Rikkyo Univ.; [5] Rikkyo Univ.; [6] HIU; [7] ISAS/JAXA;
[8] Okayama Univ.; [9] JAXA/ISAS; [10] Toho Univ.; [11] PERC/Chitech; [12] Physics department, Rikkyo Univ; [13] ISAS,
JAXA; [14] ISAS

It has been observed planetary-scale waves, such as Kelvin wave and Rosshy wave, in Venusian atmosphere by analyzi
periodical signatures in variations of windspeeds and UV cloud albedo. However, because the cloud tracking with UV data anc
the albedo analysis can be applied only in dayside region, it is difficult to capture a whole structure of the planetary-scale wave &
one time. Due to the difficultly, we usually assume that such waves have wavenumber-1 structures when we conduct a periodic
analysis, though any wavenumber-1 structure has not been directly identified.

Longwave Infrared Camera (LIR) onboard Akatsuki captures thermal emission from the upper level of the cloud layer of
Venus, and thus it can observe brightness temperature in both hemispheres and over the whole local time. In this study, w
projected the observed brightness temperature onto a coordinate rotating with a 4-day period for detecting a Kelvin wave, or
5-day period for a Rossby wave. By using such the rotating coordinate, we can exclude signals whose periods are not same
the assumed rotating period. We used LIR data (1) from October to December 2018 for detecting a Kelvin wave, and (2) fromr
July to September 2017 for a Rossby wave. The data periods were determined based on the periodical analysis for the clot
tracking results from Akatsuki data. From the results, we confirmed clear wavenumber-1signatures in both cases for 4-day an
5-day waves, which is a first result of identifying wavenumber-1 waves without any wavenumber-1 assumption. The detectec
4-day wave was centered at the equator, which is consistent with the Kelvin wave signature, whereas the 5-day wave had a rath
latitudinally broad structure.

In this presentation, we will introduce our approach to extract the wave signatures with LIR data, and will discuss the charac-
teristics of the waves, such as latitudinal extents and directions of vertical propagation.
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Orientation of streaks

# Takeshi Imamura[1]
[1] The University of Tokyo

The mechanism that determines the orientation of streaks is studied. We consider two types of streak formation in a stead
axi-symmetric atmospheric circulation:

(1) Stretching of meso-scale clouds by a sheared flow

(2) Advection of tracers that are continuously supplied from a localized, moving source (by some propagating wave)

Mathematical expressions of the orientation of streaks for these cases were derived. It was found that streaks follow th
streamline in the coordinates corotating with the source of the tracers in both cases. The expression explains the observe
streak orientation, and furthermore, superposition of streaks having different orientations was found to be possible. Based on tt
expression the latitudinal distribution of the source of clouds can be constrained from the observed streak distribution.
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Development of prediction system of Mercury’s magnetosphere for any solar wind
parameter

# 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

The Launch of the Bepi-Colombo is a big news for all scientists studying space environment of Mercury. Observations by
previous satellite 'MESSENGER’ found the Mercury’s magnetosphere to be analogous to the Earth’s, while several issues hav
been remained. One of the important issue is each distribution of heavy ions’ components originating the Mercury’s exosphere
The Larmor radii of heavy ions are not negligible to the magnetospheric size, and kinetic effects of such ions will be important in
Mercury’s magnetosphere. Until 2025, Bepi-Colombo’s arrival, developing the Mercury’s magnetospheric model which can be
used for the prediction system for any solar wind parameter is target of our work. Comparison of different types of models, such a
MHD(ideal/multi-fluid), Test Particles, Hybrid, and PIC simulations, is a good approach to know a global structure of Mercury’s
magnetosphere and kinetic effects of exospheric ions, as is starting the SHOTS (Studies on Hermean magnetosphere Orien
Theories and Simulations) team’s activities. In this study, first we performed over 1000 cases of MHD simulation solving an
interaction with solar wind plasma and offset dipole of Mercury, and tracing trajectories of heavy ions in the electric and magnetic
fields obtained from MHD simulation. In the realistic IMF case which comes from Parker’s spiral, global configurations of
magnetosphere are drastically changed from pure northward IMF case and become more complicated structures which inclu
stronger north-south and dawn-dusk asymmetry. IMF-Bx also affects to the intensity ratio of north and south cusp pressure
while the location cusp didn’t change largely. IMF-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 ‘'magnetic
cusp’ defined from MHD simulations, but the precipitation region is wider and diffusive compared to the MHD cusp. In the
presentation, we will discuss the comparison of MHD and 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 observational plan of spacecraft such as Bepi-Colombo.
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SHOTS simulations of Mercury’s magnetosphere for the BepiColombo mission

# Hideyuki Usui[1]; Sae Aizawa[2]; Manabu Yagi[3]; Go Murakami[4]; Usui Hideyuki BepiColombo SHOTS simulation
team|[5]
[1] System informatics, Kobe Univ; [2] Geophysics, Tohoku Univ; [3] RIKEN R-CCS; [4] ISAS/JAXA,; [5] -

http://shots-bepicolombo.irap.omp.eu/

We present the current activities of the SHOTS team (Studies on Hermean magnetosphere Oriented Theories and Simulation
SHOTS is an international simulation collaboration that was formed by some motivated members in Young Scientists Working
Group of the BepiColombo Mercury mission. It focuses on the plasma simulations of the plasma interaction with Mercury’s
environment using multi-fluid/MHD, hybrid, and fully kinetic (particle-in-cell) models. SHOTS aims to figure out which model
is more suitable to describe particular environments or physical processes in Mercury’s magnetosphere, and how and whe
the kinetic effect has significant influence.SHOTS has been currently working on global simulations to examine Mercury’s
magnetosphere using different numerical approaches. The small size of Mercury’s magnetosphere is a promising topic to compa
and benchmark simulation codes based on different numerical approaches such as MHD, Hybrid particle, and Full PIC. Thes
codes are used in numerical simulations within the BepiColombo community for specific questions needed to be investigatec
However, there has never been a quantitative comparison of the existing codes in their numerical effectiveness, stability, an
different approaches for the same physical problems. To demonstrate how different numerical approaches in the simulations affe
our understanding of the features of Mercury’s magnetosphere, we have been working on MHD and hybrid particle simulations
with a common solar wind condition in terms of density, Mach number, and IMF. We will discuss how the major features of
the magnetosphere are characterized by each simulation, including the bow shock, the magnetopause, and a typical current sh
crossing. We will also discuss the effect that different boundary conditions between each code can have on overall structure
visible in the various simulations.

In preparation for BepiColombo observations, we plan to run all the codes with realistic physical conditions. In addition to
inter-code comparisons, we will compare our simulations with available data from the MESSENGER mission.



R009-P03 |/IF RAZ—815 BERS: 108 24H

KRR RO T8 B L B FERIC I TN 75 A< B REE DB SE

# AR B [10; AR T [21; #51 A [3]; A L 5 [41; S50 IR [5]; FIF 3E.2 [6]; P9 FUA [7]; BRI W00 [8]; =% v
F [9]
[1] Tohoku University; [2]Bi K « #1 « FEFHIBR; [3] BOK « HrAHEIK; [4] ISASIIAXA,; [5] HALK « B - Hi¥; [6] MK « > &
7 L [7) %K ISEE; [8]Bok: [9] M A%

Development of Generic Plasma Irradiation System for Modeling of Space Weathering
at Solar System Bodies

# Tomoki Kimura[1]; Jun Kimura[2]; Kazuo Yoshioka[3]; Go Murakami[4]; Naoki Terada[5]; Hideyuki Usui[6]; Masaki N
Nishino[7]; Shoichiro Yokota[8]; Yohei Miyake[9]
[1] Tohoku University; [2] Earth & Space Science, Osaka Univ.; [3] The Univ. of Tokyo; [4] ISAS/JAXA; [5] Dept. Geophys.,
Grad. Sch. Sci., Tohoku Univ.; [6] System informatics, Kobe Univ; [7] ISEE, Nagoya University; [8] Osaka Univ.; [9] Kobe
Univ.

Surface and atmosphere of solar system bodies are continuously irradiated with the planetary magnetospheric plasma, so
wind, solar photon, cosmic dusts, and ring grains, which are responsible for long-term alteration of surface and atmospheri
materials on timescales up to geological scale (Giga years) known as the 'space weathering’. The space weathering accompan
creation and destruction of molecules in the surface and atmospheric materials (see e.g., Johnson et al., in Jupiter textboc
2004). For example, organic compounds like tholins are likely created and destroyed via the space weathering at Titan’s uppe
atmosphere and icy moon’s surfaces at Jupiter and Saturn (e.g., Waite et al., 2007; Lopez-Puertas et al. 2013). This sugge
that the newly created/destroyed molecules are accumulated on the surface over the geological time scale, which are like
essential energy and material sources for evolutions of the surface, atmosphere, and possibly interior. However, the creation a
destruction balance of surface/atmospheric molecules on the geological timescale are still unknown because of small irradiatic
doses in the previous laboratory experiments. Here we develop a new laboratory experiment system for modeling of the spac
weathering on geological timescales. In order to associate the space weathering with evolution of body’s magnetic field, we
first try to model the plasma space weathering with a high-fluence charged particle irradiatien23 particles/cm2). Now
fabrication of the plasma irradiation system is going on after structural and thermal designs. The current status of developmer
will be presented in this poster.
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Lunar surface magnetic field intensity in the solar wind inferred from electron
reflectometry
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The Moon is classified as a nonmagnetized, airless body that does not hold a global, intrinsic magnetic field and a thick
atmosphere. Consequently, most of the solar wind particles collide with the lunar surface and get absorbed. Meanwhile, som
regions of the lunar surface called magnetic anomaly are locally shielded from the solar wind by magnetic fields of crustal origin.
Previous studies have focused mainly on the interaction between the solar wind and the strong magnetic anomaly. The purpose
this study is to reveal how the magnetic field strength on the dayside lunar surface varies globally, including weakly magnetizec
regions, by utilizing remote sensing data obtained by spacecraft.

In addition to direct measurements by magnetometers, the global distribution of crustal magnetic field strength has beel
investigated by electron reflectometry, which remotely infers the surface magnetic field strength from the loss cone angle o
ambient electrons reflected from the lunar crustal magnetic field by the magnetic mirror effect. 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 da
obtained on the night side of the Moon and within the terrestrial magnetotail lobes with less influence of the solar wind plasma.
Generally, energy dependence of the electron loss cone has to be taken into account because electrons are affected by electros
potential difference between the Moon and the spacecraft.

We utilized data obtained by the electron spectrum analyzers (MAP-PACE-ESA) and magnetometer (MAP-LMAG) on board
Kaguya. By applying the electron reflectometry to the data obtained on the lunar day side in the solar wind, we revealed tha
the surface magnetic field intensity is globally enhanced, particularly under high solar wind dynamic pressure conditions. This
suggests that the lunar crustal magnetic fields are compressed by the solar wind plasma. Additionally, we investigated the ener
dependence of electron loss cone angles. As in previous studies, the energy dependence is evident in our data and the effec
smaller for high energy electrons. Based on this result, we utilized the 250-350 eV electron data, which are less affected by th
energy dependent loss cone. We examined the response of the magnetic pressure on the lunar surface to the solar wind dynal
pressure variation and identified selenographical dependence of magnetic compression efficiency, which is better associated w
the crustal magnetic field intensity at the lunar surface than that at a 30 km altitude. This suggests that the compression of lun:
crustal magnetic fields is mainly caused by charged particle motion at low altitudes below a few tens of kilometers.

AlX, EERNGEEEHE SRR ZEZRFLEWRIETH D, KIGEDIZE A CITAXRmMICEZELUKIINE NS, LML, A
S IF G & PR N 2 TR IROREGIC K o TRGED 5 RTINS —)IV REN TV S EF(ET 5, TNET
OB UCHIEY 2 2 L—3 3 VIS TlE. FICROBESUEERFICE H UTKRE & A 8RS O EA/ERIC DWW THRN
NT X, RUZH, HREIC K ZBREENOT—20 5, NI ORI E & 3 o T 28RN 7% H R8RS D2 #)
FHOEMCT BT ERZHNET S,

A HIRRES O RERI 0401, REIRHC K2 ERBNCINZ T, ErNGHEERVWTHEI N TE K, B GHE
B HEIEFORSI T—REZFIH LT, HHREIGIC K > TRE X NIzEFOa A a— /5 H i C ORI
ZiEbEatilld 2 FETH 5. k. B FIREHEE AR B ROBEZEHIT 5 72dic, KIGE 7T X< D& D
O H O HIBRE S BB — T N TELSNT—2BHOONTE, TOTFEEHVWSE, BFIEH LHEEM
DEN DB Z T 5120, TIINVF—REEEZETIHEND 5,

Slal, WAZHEEHER [h <R KBTI NIZE T HHE MAP-PACE-ESA-S1 -S2 & i #1HIIEEE MAP-LMAG
K-> THIRE N7 — 22 v, ARG K 0 G E NIz KBGEE IS DWW TRTE T 72 1 SHEZ B A
A KPFEICIR E N TV A RICEHIIE Nz 7 — 2o % & KBERENEDE < /&% & H iR D EERIC5E <
BABEND RSNz, TS ARG KIGEIC K > THEME Nl Ths EZ NS, 6, HEHERMOE
NAEDWBERTMT 570, BRZTXVF—HT OB FEY FADAERTL, BE7OXAa—2ADOT 3 )VF—IK
RPNz ST FREIC. BTPOY Yy FADTRICT RV E—KEENAR SN, ST R IVFE—DBETF L BN
INEWEHIDE S NI, TORRZIEZ T, TRIVF—KIFEOREEN/ NS 250-350 eVOE 17— X 2, K
JREEZENN T BHEEEDISE NS & BETEDOZ(LRICHIBIKFEN R 5N iz, T OHEKIFEMIZ. 30 km &
JETOHRRGRE DA XD & A CTOMGRESM E K WIET 2T ENHENICIER> Tz, TOFERIE, KEFEIC X
% H MBI . FICE 10 km K D &KW & TOMERL T OEBNCRING % 2 L ZRBd %,
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Plasma observation at Very Low Altitude around Lunar Magnetic Anomalies

# Yoshifumi Saito[1]; Masaki N Nishino[2]; Shoichiro Yokota[3]; Futoshi Takahashi[4]; Hisayoshi Shimizu[5]
[1] ISAS; [2] ISEE, Nagoya University; [3] Osaka Univ.; [4] Kyushu Univ.; [5] ERI, University of Tokyo

The detailed plasma structure around magnetic anomalies on the dayside of the Moon at "25km altitude was investigated usir
Kaguya MAP-PACE data. When Kaguya flew over strong magnetic anomalies at “25km altitude in the solar wind, deceleration
of the solar wind ions, acceleration of the solar wind electrons, and heating of the ions reflected by magnetic anomalies wer
observed. Deceleration of the ions and acceleration of the electrons were explained by the existence of the DC electric fiel
over dayside magnetic anomalies generated by the difference in the motion between incident electrons and ions. Although it we
found that the reflected ions had higher temperature and lower energy than the incident solar wind ions and it clearly indicated th
existence of a non-adiabatic interaction between solar wind ions and lunar magnetic anomalies, the detailed heating mechanis
remains unsolved.

Two days before Kaguya impacted the Moon on 9 and 10 June 2009. the perilune altitude became lower than 10km. Durin
this time period, Kaguya was in the Earth’s magnetosheath. Since the observation at the lower altitude than 10km will give
us additional information to understand the ion heating mechanism, we have analyzed the data obtained at very low altitud
&It;10km around magnetic anomalies. In addition to the deceleration of the ions and acceleration of the electrons in the region:
surrounding magnetic anomalies, trapped electrons were observed at the center of the magnetic anomalies. It has been found t
the magnetic field structure and/or plasma structure is highly asymmetric around some of the magnetic anomalies. It has als
been found that there exists enhanced ion flux observed only in the center part of the magnetic anomalies in some cases. lon &
electron data at very low altitude show more complicated plasma structure than the structure observed at higher altitude.

HE R O AUEH FZ2e8) 25km S X D B EIC BT % 79 AR, b <SRRI E Nz MAP-PACEIC
Ko THLMIE STz, FRUCKD & KIGEA A > O & KGR E 7 ONENFRIRHICBE ., KiEEfo 7o -
JETIVT TRTFDHHICOWNWT, £ F VDERMDTZH OFERL FIVF—IXEFOIHL 3 IVF—LIZIFFELL, TD
TN B2 EMOFFEGNEET AT E THHTE S, TAUCA T, HEARD ST 5144 ik, 73V
JHRENKGEL DL TN, HRFICTRENELE>TWAZ EAHEM - Tzh. TNEOAE MM LRET S
AF OV TE, EDOXSIC LTI )vF—ZR0, BENE L EZDOMTDONTRIZICE S > TWHEL,

RN H IS EZET B E R, 20094E 6 H 9 H & 10 HICE A SRDOEEIIRLIKVE T ATl 10km & DKW E
WKz otz, TOHRM., AIZHIERD~ 7 % b > — AFEICNLE LTz, 10km X O W& TR EEILED 79 X<
ZEHT UL, 25kmIL EOEEOBERITIEbh b oz, KDIKEEICHET 2144 OB DOV TOERDPES N
5T R T, CORKEEZICET 2T — 2 DN 2 ik ATz, 10km L RO EEOBIMT— 2 OHicid, Bk
HOHULERIC A SO ED - T fEIFROTEE (trapped electrodMEHlE N 2) Hd D, ZOWmMNCIE iR 157
DA AMENCEN - T8I (W E NIRRT E TS NS) Db LR TESHMhH 7, ThHED
T—RF, WEAEFEICEK > TRIGREDER S N EEOfhEN SOPER LIS EZRLTED, T TllENES
FAIDT—RIF 25kmEGED T — R L E#ET S, 12722 O%E, BAEEEEIC A S M & B D 5 2 ]
THBOFIRICE ., 79 RARDOEICEIERNDTEIET AT L EHE M E K5 T2, £, 10kmLL RO & CEINE Nz
T—ZDOHNCIE, BRE DRV E AT (F& LTHEAMD SRS A4 V25T 2EE&0HERT) H+A 4> D
BIENZENZNEWVS T EEHLN LIRS Tz, THUTINA T, BEKEE OEFICIE, BEEUEER ORGSR DRV,
IINF—DENMINS XD T RINVF—DENECAETOELHRDIT 2EENDZ C LN EE- T,
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Development of a time-of-flight mass spectrometer for future lunar polar exploration

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

Recent observations by lunar explorers have reported the possible existence of ice composed of volatile matter containir
H-O in permanent shadowed craters in lunar polar region, but details such as its abundance and composition are not known. V
are developing a mass-spectrometer (Time-Of-Flight Mass Spectrometer: TOF-MS), which we aim to install in a rover landing
on the moon of a future lunar polar exploration and will contribute to the elucidation of the composition of volatiles in lunar
permanent shadowed craters.

In a TOF-MS, neutral particles are ionized, accelerated in an electric field, and made to fly in a free space. Mass analysis C
ions is carried out using mass dependence of flight time. In this method, since the mass resolution is proportional to the fligh
time of the ions, it is necessary to make the flight path of the ions long to achieve high mass resolution. In order to increase
the flight distance without increasing the size of the device, a reflectron-type TOF-MS, which reflects ions by an electric field,
is adopted. On the other hand, increasing the number of reflections lowers the detection efficiency because trajectories of iot
disperse as the flight distance of the ions increases. Therefore, our instrument is equipped with multiple reflection mode with hig
mass resolution and one reflection mode with reduced number of reflections and emphasis on sensitivity. These measureme
modes are able to be switched for each observation target by only controlling the potential of some electrodes. Redundancy
important in this device because it is assumed to be exposed to shocks of launch and landing on the moon. In order to reali:
multiple measurement modes, two pulse high voltage modules were used for the acceleration region and the reflection region
this instrument. As a result, this device realized redundancy against failure of the pulse high voltage module.

Currently, a test model is being tested to confirm that it is able to achieve an expected performance.

We will mainly report the performance test results of TOF-MS test model.

WAED HHFEERIC K ZEMIC X D, AMIBUKAGEIC I % HyO 2 SR D 5 72 2K DIFIE 2 /- S % Bl
EHHESNTNBH, ZOFERDHREDOFMIE RIHTH 5 FAEFRO A EREn— =R L. Al
I OFFEYIE DK O FRIHIC BBk S 2 B = Hies (Time-Of-Flight Mass Spectrometer :TOF-MSDH¥ %175 T %,

TOF-MS &k 172 A 4 b - B Uz ETHImR S8, ARATR OB RIKEED 51 4 > OEBIH 21T
9o AT THEEDRAEG A A > ORI TR LT B 728, WEEDRAEZFKBIT 2 72DIld. A4 ORI
B2RL EDZREND D, B2 K E 5 L SRMTIEZR TS, A Ay Z2EGIc K> TRFEESES T LY

ra YR TOR-MSZRM Lz, — /5T, A4 2 OEIRA A > ORITHEEDNE K R 2 ONTHET 5728, KEHE
Bz EMIEIERME S5, 2T AT A E R MREOEENI RS E— F & ARz I 2 & 72 B
Uiz 1 RIRSHE— FZIBH L. BRI iccnsOflEE— R0 B2 6N5 K51 Liz, 2TNSDOEE—R
WEMICHINNT 2B OHBEDORIC K> THHETH . 15 _LITREDIRE DL KIANDEHIIC X 2 B2 2 5 10—/\—
NOIERERE UTeAKIIC SO T, BBEICHT 2 EMEEETH S, WHOWEET— RORBRDIZD, AR
BRI & S GRRICIEFNF NN LT OV RAEEEY a— VW2, Thuc kD, AEBRE/ SVAFEEEY 2 —)LD
IR 2T EMRZ R L 7,

BEE Y I ab—ya vzt LICBYELTABRE T IUARENE D OYEREZ R L TV 2 0 2T % 1 b DR Z1T-
W5,

AFELTIEFIC TOF-MSERERE TV OMERERABRGE R 5 9 %,
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Elastic collisions between magnetospheric electrons and neutral H2O molecules in the
Enceladus torus by test particle simulation

# 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; Sittler et al., 2008]. The observations of inject
plasmas in the inner magnetosphere suggest that these particles do not survive very long time due to the neutral cloud originat
from Enceladus [e.g., Paranicas et al., 2007; 2008]. Thus, the previous studies suggested that the neutral cloud contributes
loss processes of plasma in the inner magnetosphere. However, little has been reported on a quantitative study of the electr
loss process due to electron-neutral collisions. Tadokoro et al., [2014] focused on the elastic collision between 1keV electron an
neutral HO and examined the variation of 1keV electron pitch angle distribution due to elastic collisions with the dense region
of H,O originated from Enceladus using one-dimensional test-particle simulation. They reported that the electrons of "11.4%
to the total number of equatorial electrons at the initial condition are lost in “380sec, corresponding to the co-rotating electror
flux tube passes the densg®region in the vicinity of Enceladus. Assuming the uniform azimut®Hiensity structure in the
Enceladus torus, they estimated the electron loss rate of 33% during one co-rotation.

In this study, we focus on the elastic collisional loss process with neuti@l atiginated from Enceladus. We show the loss
rates through pitch angle scattering of electrons with 500eV-50keV (500eV, 700eV, 1keV, 5keV, 10keV, 20keV, 30keV, 40keV,
50keV) and the comparison of the loss rates between the high (in the vicinity of Enceladus) and low (in the Enceladus torus
H->O density regions. We also show the calculation errors by making 10 times calculations.
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Design of an ion mass spectrometer for the Comet Interceptor mission

# Satoshi Kasahara[1]; Shoichiro Yokota[2]; Yoshifumi Saito[3]; Kazushi Asamura[4]; Masafumi Hirahara[5]; Ayako
Matsuoka[6]
[1] The University of Tokyo; [2] Osaka Univ.; [3] ISAS; [4] ISAS/JAXA; [5] ISEE, Nagoya Univ.; [6] ISAS/JAXA

Comet-solar wind interaction provides us with opportunities to study plasma structures and phenomena, which are otherwis
difficult or impossible to observe in other solar-system objects. Although several flybys and rendezvous have been performed fc
several comets (e.g., 1P/Halley, 21P/Giacobini-Zinner, 67P/Churyumov-Gerasimenko, etc), simultaneous multi-point measure
ments have not been achieved so far, and thus the large-scale structures of plasma boundaries around comets are unclear.
Comet Interceptor mission, aiming at a dynamically-new comet or an interstellar object, will provide the first such measurements
in collaboration between ESA and JAXA. In this mission, Japan will provide a daughter spacecraft, whose closest approach wil
be <1,000 km, allowing crossings of several kinds of plasma boundaries. Plasma suite onboard the Japanese daughter spacec
consists of an ion mass spectrometer and a magnetometer to obtain the details of plasma boundaries as well as other plas
processes around a comet. Here we present the design of ion mass spectrometer onboard Japanese daughter spacecraft of C
Interceptor.
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Filament development of absorption cell for remote observation

# Shuhei Yonemoto[1]; Makoto Taguchi[2]; Kazuo Yoshioka[3]; Takuya Kawahara[4]; Shingo Kamedal5]; Masaki
Kuwabara[6]
[1] Earth and Planetary Science,Tokyo Univ.; [2] Rikkyo Univ.; [3] The Univ. of Tokyo; [4] Faculty of Engineering, Shinshu
University; [5] Rikkyo Univ.; [6] ISAS/JAXA

The ORIGIN of Earth’s water is not clear. Researchers have debated the possibility of comets and asteroids of delivereing th
Earth’s water.

The deuterium-to-hydrogen ratio (D/H) in water between the asteroids, comets, and Earth’s oceans is crucial. Previous D/t
measurements have been made for a dozen comets form Oort cloud and three Jupiter family comets. We need to get close
Jupiter family comets with a spacecraft. Therefore, we are developing a smaller and lighter absorption cell than the device the
has measured D/H ratio.Using the absorption cell, the opportunity for spacecraft observation for Jupiter family comets will be
increased.

The absorption cell is made of glass and contains a filament.Hydrogen molecules or deuterium molecules are filled. When th
filaments are activated, H2 is dissociated into atomic H.The H atoms in the cell can absorb the Lyman-alpha line from comet:
through the resonance scattering. Then, the amount of deuterium and hydrogen can be estimated from the measured values v
and without activating the filament.

We have made a prototype hydrogen absorption cell and evaluate its performance. We have two problems with prototype:
The first is that when the filament of the cell is activated, light from 110 nm to 130 nm is emitted. The second is that the filament
is broken in several tens of hours. As a cause of the fact that the absorption cell emits light of 110 nm to 130 nm, it is suspecte
that the hydrogen Lyman alpha line is emitted because emitted electron from hot filament. In addition, we want to extend the life
of the filament by adding a rare gas so that the filament does not break in a few tens of hours. We will test these two problem:
and present a summary of the results obtained.

BHEAAE L TOBIKIEHBRMNS Z T RICEEH 2 VI NNKEDHE RIC K D & /e b5 TNz 8 W HFiWE 11 TH % (Drake
et al, 2002).

7KD DIH FUEHIERDIKDHETREHEE 3 2 12D DIFE L SN D . T OGS B 7dic, HEDPIV RS54 FDDH
EEMHEENTE . L L, A S8—N)L b 2R & 5 REBEEREICDOWTO 340 D/H ELERHIE (1.61+/-0.24)
X 107%,2.0 X 10~* Aiifi,(5.3+/-0.7)x 10~* (Hartogh et al., 2011 ,Ceccarelli et al., 2014 ,Altwegg et al., 202%) b , {i[r1]
MOMBTVIE., Z T T, A BIEBEDOAREBHEE RO RIFERGIE THO SN TE2a)tes (F30kg EEDHT
(K16 kg) & 0 &, UV IVEEEICIBERNTRE TH 2/ - ik (K 1 k@) BNV A A—T vy —DRIRZHED TN 5.

KB L FEKZOHIRTH S Ly- a DIEEIFZNZN 121.567 nm, 121.534 niT, §J 33 pmDENDH 5. TN 5 Ol
8 LT TENR, ZOMELLEN S DIH LSS5 N 5.

W)U, A ATTERES: (b)) THO itz AG, e 2HiCiE Ly- o 28T 2 7 vk 73w Lzl
M3 %. IVNIKED T - BKRED T TIHEEINTVS. 7 4 T A2 MEIEAL TOARWVEHE, KE « HKEOD Ly-a ld
i)V 2@ U, AR E TRBET 20, WIVND T 4 T A2 M 2T % &0 TR T8 D IR EEL 2R 2 9 7
B, KED Ly- a IR ETEE L2 &5, COBHKEHNT, 71 T A2 S OMMBREHENERC X % Ly- a DR
M HIROKZE « EKROFRE RGN TEZ 5.

BIERA T2 BIEIKERIN AV OFEMZER L, EREZFHE L TV 5. 7 ¢ T A 2 MINBARHCT S ORI THE S A AH
ECTVBT ERERA LU CNERRT S &, Bllo SINEH EXEENEAFEMENH 5./ 4 XOFEFRK E L
T, 74 T AV FOEEIS, 2 0EETE LA IV F—IC K ZKEFEFORIENE Z 5N 5. JHIK7Z S5
WKHRELZET, HLWT 4 TRV NEMODEE, 74 T A MCHZ 2B NEBHTS.MAT, 745 A FOFHFMIC
LYEEDORMDD 2. T O FH OB DWW T, FlEn A iiE] & iRz D TR ONIERZHEKT 5.
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Evaluation of radiation tolerance of electronics parts used for the ultra-small mission

# Riku Katsuse[1]; Kazuo Yoshioka[2]; Masaki Kuwabara[3]; Reina Hikida[4]; Ichiro Yoshikawa[5]
[1] Complexity Science and Engineering, The University of Tokyo; [2] The Univ. of Tokyo; [3] ISAS/JAXA; [4] the Univ. of
Tokyo; [5] EPS, Univ. of Tokyo

In the space environment, as spacecraft is exposed to radiation, the data obtained with instruments would be degraded. F
example, the increase in dark current, upset, and change in current consumption would occur.

Recently, the university-made ultra-small spacecraft mission has become popular. As for the mission in this class, we ca
reduce the cost and time by using commercial products. However, these commercial products are thought to have no radiatic
tolerance.

We are developing the extreme ultraviolet imager, PHOENIX, onboard the ultra-small satellite, EQUULEUS, which will be
launched in 2020. Helium ions in the Earth’s plasmasphere emit extreme ultraviolet light (at a wavelength of 30.4 nm) through
the solar resonance scattering. PHOENIX will observe it from the moon (Earth-Moon L2 point).

We did the radiation testing of the electronics parts with the equipment using cesium-137. And the radiation tolerance was
confirmed.

In this presentation, we will show the gain characteristics and current increase and change of electric noise of semiconductc
elements used in PHOENIX instrument with respect to radiation. In addition, we will discuss the applicability of commercial
products in the future.

RAMATEEIEZRICH O S NS E PRI, FHZEROBGFRICIRE NS & T/ A X0, €y Mels, HEER
DM, KR EDELEZZ I HENND S,

AR, REZOMIFEEHRE TR/ NIESEOBRENFIE L TV 5, @/NUOPSHA T, RAEIRSZ W TRRFESH D
D8 R A KBRS 2 2 & T BRI TOI vy 3 VOERBEIREICL TV, LA L. BABS AR
HaER LR ZENTHENEWS REDH S,

F4ld. 20201 B EIF @ O/ N i E EQUULEUSICE R & N 5 Ml 44 5k TPHOENIX] ZRFL T
%, PHOENIX] &, HERD T T X BEEHEKT B2\ U L—{liA A > DARBFHIEEELC X > THRT % Mum Lo g o
FERR (5 30.4nmyz HirfEh SHEEHINICEINT 2 2 & T, 7I A B OISO KRN EHERT 5 2 & 2R2EHT
ELTW3,

PHOENIX] (&, AEHRMMEZER L TOWEWERESRZHWTHEEIN TS0, RO HEREZ HE LR
B 8 U CRUEHRIN T 2 RS 2 B N H %

B3, B L 137 RO VR RIRSIEEE T, TPHOENIX] I W5 N2 EFEERE PN HHAA F Nz sk
%’%?@ﬁﬂz%ﬂ%ﬁﬁﬂi%ﬁ%ﬁbto TPHOENIX] OFE X N #EAHRIZ 2 £ T, HE I NS RIERED 12krad TH % 72

O, —HFEY 72 O OIRGIRIZ~T7+10"(-4)krad/hTH %, AERTlE. WGFRMN~15krad/hTH 572, FHEEEK D LW
%ﬂ%af“‘% RELTWVD, TOBREENT., BT ORGSR EZ L U7,

AFEL T, REHGEHRRROEINC X > THEERS NIZEBRMEOHIN, FPEARETOFEREOZk, B/ 1 AL
NIVOZEABIZ DWW TR U724 R 28R %, A T, BEHRIRSEROEOARRE LS, RO FADER T
DORAFFHDISHATREMEIC DWW THERS %0



R009-P11 |/IF RAZ—815 BERS: 108 24H

Proton-oxygen differences in energy spectral evolution during large-scale injections in
Saturn’s magnetosphere

# Kunihiro Keika[1]; Pontus Brandt[2]; Donald Mitchell[2]; Shotaro Sakai[3]
[1] University of Tokyo; [2] JHU/APL; [3] Dept. Earth & Planetary Sci., Science, Univ. Tokyo

It is believed that radial transport with sharp, localized filamentary structures due to inter-change instabilities is the main trans.
port process in Saturn’s inner magnetosphere [e.g., Hill et al., 2005, GRL; Paranicas et al., 2016, Icarus; Azari et al., 2019, JGR
Global injections of energetic particles (higher than 10 keV, non-thermal) were also observed, associated with large-scale recol
figurations of the magnetotail magnetic field probably caused by reconnection [c.f., Mitchell et al., 2015, AGU Monograph]. The
pressure of the non-thermal plasma becomes comparable to and dominates thermal pressure outside 9 Rs and 12 Rs, respecti
[e.g., Sergis et al., 2010, GRL]. The large-scale injections therefore play an important role in transport and acceleration. Ou
study focuses most on generation and transport of non-therrnalid O" during the large-scale reconfiguration. Observations
showed different responses (e.g., relatively hight®mperature) to the reconfiguration between the two species [e.g., Dialynas
et al., 2009, GRL]. However, the dominant mechanism(s) of selective/mass-dependent acceleration is(are) not fully understooc

Using observations of energetic neutral atoms by the lon Neutral Camera (INCA) of the Magnetospheric Imaging Instrument
(MIMI), we examine the spatio-temporal evolution of energy spectra for hydrogen and oxygen atoms with energies of 10 to
~300 keV. The time sequence of the spectral evolution during large-scale injections is of our particular interest. To characteriz
the relation of the spectral evolution to the magnetic field dipolarization, we utilize in-situ ion observations by INCA and Charge
Energy Mass Spectrometer (CHEMS) and magnetic field measurements by the Cassini magnetometer (MAG). For an examp
event of large-scale injections on 2 July 2004, energy ranges that make the dominant contribution to ion energy density, whic
we term 'contributing energies’, were higher for-@han H". This is qualitatively consistent with observations in the Earth’s
magnetotail [Keika et al., 2018, GRL]. The oxygen-proton difference indicates thads @ffectively or selectively energized
during the magnetic field reconfiguration in the magnetotail. We discuss how universal the ion acceleration during the magnetit
field reconfiguration is to the magnetospheres of different magnetized planets.
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Detection of the volcanic component of Jupiter moon lo’s atmosphere by analyzing
ALMA archive data

# Ryoichi Koga[1]; Tatsuya Suzuki[2]; Yasuhiro Hirahara[3]; Fuminori Tsuchiya[4]; Masato Kagitani[5]; Takeshi Sakanoi[6]
[1] Geophysics, Tohoku Univ.; [2] Earth Sciences, Nagoya Univ.; [3] Earth&Planetary Sciences, Nagoya Univ.; [4] Planet.
Plasma Atmos. Res. Cent., Tohoku Univ.; [5] PPARC, Tohoku Univ; [6] Grad. School of Science, Tohoku Univ.

0!

Jupiter's moon lo is the most volcanically active body in the solar system, and it had@@nated thin atmosphere whose
surface pressure is several nbar. lo's,2@nosphere is mainly created by direct input from volcanoes, and by sublimation of the
surface frost. S@in the atmosphere are dissociated within “30 hours, and sulfur and oxygen atoms in the atmosphere are partly
escaped from lo’s gravity by elastic collision with ions in lo plasma torus (atmospheric sputtering). Recently, the observations
when lo was in Jupiter eclipse showed the sublimation is the dominant process which creates lo’'s atmosphere [Tsang et a
2016]. However, the enhancement event of escape gasses of O and Na from lo’s gravity was also reported [Yoneda et al., 201
Koga et al., 2018]. The mechanism which increases the escape rate of the neutrals is not understood. The possible trigger is t
increase of the exobase caused by the direct input from volcanoes, and the area where atmospheric sputtering occurs. To consi
this hypothesis, it is important to detect the emission of atmospherianizh is ejected from Io’s volcanoes.

ALMA (Atacama Millimeter/submillimeter Array) is the radio interferometry which has high spatial and wavelength resolu-
tions. In the observation of lo in 2017, it achieved the beam size of 0.36 arcsec (lo’s apparent size is about 1.0 arecsec) and tl
resolution of 0.21 km/s. We analyzed the ALMA archive data (project code: 2017.1.00670.S) several minutes before lo entere
the Jupiter eclipse at 10:02-10:09 UT on March 20, 2017. If lo’s atmosphere was created only by sublimatieshpo&@
concentrate only around the equator, where the solar zenith angle is large and the surface temperature is high. However, tl
actual spectral map shows $@as not only concentrated around the equator (Region 1), but also distributed at high latitude in
the northern hemisphere (Region 2). In Region 1, the spectral shape is symmetric and line width is narrow (Full width with half
maximum (FWHM) = 0.57 km/s). In Region 2, the spectral shape is asymmetric and line width is broad (FWHM = 0.93 km/s).
When we assume the line width is only determined by Doppler broadening because of the thin atmosphere, the atmospher
temperatures was 445 K in Region 1 and 950 K in Region 2. Both temperatures are much higher than sublimation atmosphel
temperatures estimated by previous studies (130-180 K). The components in the line of sight of the large-scale atmospher
dynamics driven by pressure gradient broadened the line widths. However, we can not explain the difference of the temperatul
between Region 1 and 2 only by atmospheric dynamics. Therefore, we considered the atmosphere in Region 2 is compos
of the low velocity component which include the sublimation atmosphere and high velocity component emitted directly from
volcanoes. We fitted the composited Gaussian function which has two peaks to the observed spectral in Region 2. Differenc
between low and high velocity components is 0.58 km/s, the ratio of integrated line intensity is 6:1. Line widths (FWHM) of low
and high velocity components are 0.76 km/s and 0.42 km/s. The possible reasons that the width of the low velocity componer
in Region 2 is broader than that in Region 1 are that gases emitted by volcanic input heat the outer atmosphere, and that press|
gradient and wind velocity around hot spot is larger than that around the equator without active volcanic input.

REHEA F IR R T d MTEIDNEREZRIATH D, SO, 2 Ehs) & LIE nbarOFRHAKZ KR L TV 5,
A FDRKDEMTFITKANSEHEEN T 5 &, RUKEICKEDIEE > 7 SO, MWAROETIRO BN THIET 5
TEMNEZLNT VS, SO, KL ORI TREEL., 14 b—F ADT'T A< LoiikEZed % 2 & T4 D
HIJBENANEHORT D (RKRAINY 2 VD), TNETERERZ A A DY 2 & Z OB [Tsang et al., 201671 K >
T, A A DORGIERISHIEDN LR E ENT W o —75. 20151 A EHIJENNOHGE L7z Na*® O DDA XY
F DR E N TS [Yoneda et al., 2015; Koga et al., 2018 OHGE AT X2 B0 AW Z AL LKA TH S0, A
ANV Mg ERT LERE LTKAN S OEEHHIC K 2N BEEO LR E . ZRIctEd R Ay 21U V7 hik
CRHBDILRDEZB5ND, TORFDOMELCTB N T, A TR S NIRRT ZEEMIN T 5 C LIFHEETH S,

ALMA (Atacama Large Millimeter/submillimeter Array)k 251 - i B fRaez & DB TG TH D, 20174FD 1 A
BN TR E— LY 14 A8 0.36 80 (1 413K 1L.0RA), P EMEE 0.21 km/sZ R L T\ 5, AWFZETIE. 20174 3
H 20 HOA AHARERRIC A S 1EHT (10:02-10:00D#HRD 7" — 411 77— % (project code: 2017.1.00670. kT L 7z,
LL. A FDORGDAEDOHRTERENTOBEE, KGRIEAD G < RIAEE O 2T WIRERILDMHIC SO, IFEEH
T2ETTHD, UL, BIRERD< v 7 (RIE) 5. SO, I3/REELTET T/ L, ILEROEREICE 01T 5
T EWNhnote, Fiz, FRERAOMEEKD AT MVFE—ZIC/i#EIEE LT, SlEh e - 7z CEERIE 0.57 km/s)
—Ji. EARFEOFBD AT FVEE —ZIIEHFRT. SRIEDAW CHERNE 0.93 km/sfHE D > Tc. A A DRI



DHENTZD . ART RMVOFMEN Ry TS—EADICERNT 2 9% &, FRERID SO, KKDIRE 445 K, EfaE
TI950K E7xoTz, TNEDIREIFBEDBINTHTE XN TV HHERGIRE (130-180 K) & LERNTHEICEV, K&ED
JEI1AIBE I K 2 R AN TE 7 d i 7 D KK D KIRFGEEDRIEZ AT TWE & EZ H5N5, UL, TOiEH)
TRIREEL & S RBEOIREOENEHIATE RV, A T EOHEO KU R IERGRE S ATERED KT &
EHTNKONSIEHE NS THRENT VAR EEZ, —DDOY— 22 EDH Y AR TEBIARY MVET v T A
VG Ut FORER, BHK ) & MBS AR 7 OFE R 0.58 kmis FOCRELIZ 6:1 Th -T2, Tz, MIRZZFNT
FUEHERIE 0.76 km/s, 0.42 kKm/SH - 1z, i FE DRE D EE K 77 O FRIED RE EHA OFRIE X 0 IRV E LT, K
B DEFEE AT ZDEIDO KL ZIRDTNE T & KAFEAD FHFRERI K D KADEE AR DK E L, BiEI K
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Identifying the energy supply process for the lo plasma torus during the sudden
brightening events.

# Seiya Nishimura[1]; Fumiharu Suzuki[2]; Kazuo Yoshioka[3]; Reina Hikida[4]; Go Murakami[5]; Fuminori Tsuchiya[6];
Tomoki Kimura[7]; Ichiro Yoshikawal[8]
[1] Earth and Planetary Science, UTokyo; [2] Complexity Science, Univ. of Tokyo; [3] The Univ. of Tokyo; [4] the Univ. of
Tokyo; [5] ISAS/JAXA,; [6] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [7] Tohoku University; [8] EPS, Univ. of Tokyo

The terawatt order radiative emission from the lo plasma torus (IPT) has been observed. To balance with this energy loss, io
pick up mechanism is thought to be a major energy input. Sulfur and oxygen atoms, ejected by the lo’s volcanic activity, are
ionized and subsequently accelerated to near corotation with the Jovian magnetic field. The kinetic energy of the ions then hea
the electrons by coulomb collisions. The energy supply only by this process is insufficient to balance with the observed energ
emission. Current energetic models for the IPT introdadéiocnon-pickup energy input. Smith et al. (1988) has suggested
that radially inward diffusing hot ions could compensate for the missing input energy. The physical chemistry models of the IPT
introduced by such as Delamere and Bgaenal (2003, 2011), are implying that hot electrons are important to maintain the energ
balance. However, there are no observational evidence for these non-pickup energy supply processes.

In this study, we identify the energy supply process during sudden brightening events of the IPT observed by Hisaki satellite
The durations of the IPT brightenings were measured using the light curves. Most of the durations were shorter than 25 hour:
Based on the calculations regarding relaxation time for coulomb collisions, short-lived events suggest that hot electrons (nc
ions), which energies are several hundreds of eV, should contribute to the IPT brightening events.
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Development of a radial diffusion model of Jovian inner magnetospheric plasma
transportation for a comparison with HISAKI data

# Kazuki Yamaguchi[1]; Takeshi Sakanoi[2]; Fuminori Tsuchiya[3]; Tomoki Kimura[4]; Ryoichi Koga[5]; Masato Kagitani[6]
[1] PPARC, Tohoku Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [4]
Tohoku University; [5] Geophysics, Tohoku Univ.; [6] PPARC, Tohoku Univ

We developed a diffusion model that enables to examine interaction and radial transport of ions and electron in the Jovian inne
magnetosphere, balance of mass and energy of plasmas, and temporal changes. We also aim to verify the observation resul
the extreme ultraviolet spectroscope satellite HISAKI using this model.

Jovian first satellite lo has active volcanoes and releases the plasma of the volcanic gas origin to the inner magnetosphet
The plasma is distributed in a donut shape along the revolution orbit of lo by co-rotating with Jupiter, and it is called lo Plasma
Torus. 90% of total mass of Jovian magnetospheric plasma is supplied from lo and is transported on the time scale of sever
tens of days in the radial direction while obtaining energy from the rotation angular momentum of Jupiter. Revealing the mass
and energy balance of plasmas in the Jovian inner magnetosphere is an important subject to understand the macroscopic phys
phenomena of the magnetosphere.

The radial distribution model of steady state Jovian magnetospheric plasma has been developed based on observation res
of Voyager 1, Voyager 2, Cassini spacecraft, but there is no research report on a model capable of tracking time variation of radiz
distribution.

The purpose of this research is to develop a model that can track the time change of the radial direction transport process ¢
mass and energy of plasma and compare it with observation result of HISAKI.

In this study, a model that can track mass and energy balances of major heavy ions of o ori@ff((3+,S*,S3*) and time
evolution of radial transport was developed based on the Fokker-Planck equation. The equation system is based on the mass ¢
energy transport model of steady state magnetospheric plasma developed by Delamere et al. (2005), and it was differentiated
FTCS method. The chemical interaction between ions and electrons is considered by charge exchange, electron impact ionizatic
electron recombination, Coulomb interaction, and radiation due to electron collision excitation, and radiative rate is calculatec
from the CHIANTI database based on the method shown in Delamere and Bagenal (2003). The initial values of temperature an
density of each ion species and thermal electrons were given in Yoshioka et al. (2018) that obtained from the HISAKI satellite
observations in November 2013 when the volcano activity was quiet. The neutral atoms (O,S) were parameterized by the inflov
composition ratio of oxygen and sulfur and the total number of neutral particles. For the inner and outer boundary conditions,
the spatial differentiation of the density was 0 and the ion temperature was 60 eV a@dRplasma density and temperature
were fixed with extrapolated values of HISAKI observation results at 30 IR order to verify the validity of the model, the
steady state temperature and density of ions and electrons in the region of 6-9 RJ were compared with the observation results
HISAKI. Our model result showed that the density of ions is about 10% less than the observed value, and the temperature is abo
20 times greater than the observed value (for exampleteinperature exceeded 2 keV). Estimating ion and ion scale heights
with the different distribution surfaces between neutrals and ions, we obtained the ion density which is 25% of the observec
value and the temperature which is about 10 times greater than the observed value. As a result, the oxygen-sulfur ratio is 2.0, tl
inflow is 50x10~* (m~2), and the diffusion coefficient is estimated to be 4.2x4(R;~2s~2) near lo. This result is consistent
in the lo plasma whose main atmospheric composition is. 3®this presentation, the correspondence between the quantitative
inspection results of each parameter and the observation results of HISAKI is described.

BB R O & 23 E R A A OXIEBIOZ I > KENHHKETO T XK « WD ZR A 7z, AR
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11O, BN EEA I PR AR A& & IERUREDME B Nz,
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FARIIARRE L HEHET 5 & TAADRNEHEICIR> T R—FVIRICO/H L, A AT FA =T A LMEEN TN 5,
7T XAREIARE O HisfEE & S T3V F—7Z21575 0 SR A MICE T H O A — )V Tk SN b, T Ok,
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LHEMEERIC X - THEKEE, =3V F—m2(L 3 % [Delamere & Bagenal, 2003] N EIC 1) % 75 A DY
BT XIVF—DOIGI RS T L, WEKEOS 7 axYERyfiigs 2 F CEERETH %,
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TN T2 [Delamere et al., 2005] LA U, BIEJ5 A2 ORFRZ S 23885 T & % 7 )VIEIIZEIE DN R0, 208 R
ELT, INXTOHEBEDN, A1 475X =T ZADEMSiZ BB TE Ao/ ENBIF 5 NS, UX 2
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DOZE{EHHEZ 5Nz [Tsuchiya et al., 2018, Yoshioka et al., 2048]
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Investigation of variation mechanisms of the Jovian radiation belt using ALMA

# Hajime Kita[1]; Hideo Sagawal2]; Chihiro Tao[3]; Takeshi Kuroda[4]; Fuminori Tsuchiya[5]; Hiroaki Misawa[6]; Yasumasa
Kasabal4]; Masaki Fujimoto[7]
[1] ISAS/JAXA; [2] Kyoto Sangyo University; [3] NICT; [4] Tohoku Univ.; [5] Planet. Plasma Atmos. Res. Cent., Tohoku
Univ.; [6] PPARC, Tohoku Univ.; [7] ISAS, JAXA

Jupiter is now considered as an archetype for gas giants that widely exist in extrasolar systems. At the outermost layer of thi
giant planet, there is a 300 km-depth of the nearly isothermal atmospheric layer (stratosphere) above the massive troposphe
Jupiter is also known to be a fast rotator (with a period of 9.9 h) with an enormous magnetic field. High energy particles trappec
in the magnetic field form a radiation belt around the planet, much stronger than the terrestrial Van Allen’s belt. In the case of
the Earth, the primary control factor of the radiation belt is the solar wind, while the solar wind is difficult to impact the Jovian
radiation belt because of the intense magnetic field.

It is theoretically expected that the driving mechanism of Jovian radiation belt is due to the interaction between the radiation
belt and the upper atmospheric dynamics: neutral wind perturbations and diurnal wind system control the radial diffusion anc
spatial distribution of the energetic particles, respectively. Therefore, precise measurements of Jovian wind field are essential fi
not only the dynamics of the stratosphere but also the magnetosphere.

ALMA's unprecedented high spatial-spectral resolution enables us to extract the limb emission of the trace gasses in the Joviz
upper stratosphere with a few tens m/s sensitivity. It is well known that HCN and CS have been injected into Jupiter by the
Shoemaker-Levy 9 impact and they distribute only in the upper atmosphere (p "0.4-1mbar). Therefore, the Doppler shift of
those molecular emission lines can be used to investigate the dynamics in the upper atmosphere particularly at the limb of th
Jovian disk where the line-of-sight direction is equal to the horizontal direction of the atmosphere. We will present the sensitivity
of ALMA observation to measuring Jovian stratospheric winds, and discuss its capability of constraining the magnetosphere
atmosphere coupling. A test analysis is carried out using JVO ALMA archive data.
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Examination of the relation between Jupiter’s inner magnetosphere and magnetic
reconfiguration events - I

# Hiroaki Misawal[1]; Hajime Kita[2]; Fuminori Tsuchiya[3]
[1] PPARC, Tohoku Univ.; [2] ISAS/JAXA; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.

http://pparc.gp.tohoku.ac.jp/index.html

It is known that Jupiter’s synchrotron radiation (JSR) has information on dynamics of the deep inner magnetosphere. We hav
made JSR observations more than a decade, and has showed that JSR generally shows short term variations by more than se\
tens percent with the time scale of days to weeks. A plausible causality of such the short term variations is due to solar UV/EUV
variations initially proposed by Brice and McDonough (Icarus, 1973) and observationally confirmed by several groups including
us, which is so to speak an externally driving process. However, this scenario cannot be always applicable to any short term JS
variations, rapid flux variations with the time scale within a few days (hereafter RFV), and any other processes are required.

As a process which might explain RFV, an internally driving process, so-called 'substorm like event’ is known (see Louarn et
al., JGR, 2014). This phenomena is interpreted as a magnetic reconfiguration event occurred in the Jupiter's magnetotail regio
Although it is revealed that major magnetic reconfiguration events generally affect the whole magnesphere from 10 to 80-120 R
(Jupiter’s radii), however, it has not been known whether the events affect the deep inner magnetosphere within a few Rj.

In order to reveal unknown dynamics of RFV, we have tried to examine relationship between the fast JSR variations anc
magnetic reconfiguration events. In this study we have used Jupiter’s particular radio wave component in the hectrometer way
range (HOM) as an indicator of RFV (cf. Misawa et al., sgepss2018), and have compared them with JSR total flux data observe
with the Kashima 34m radio telescope of NICT at 2.3GHz and radio imaging data observed with the GMRT, India at 1.4GHz. A
preliminary result shows a positive correlation between JSR variations and occurrence of the particular HOM. In the presentatior
we will show results of the observational comparison and will discuss possible linkage processes.
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Jupiter Icy Moons Explorer (JUICE), with the contribution from Japan:Overview, recent
status, and perspectives

# Yasumasa Kasaba[1]; Yasuhito Sekine[2]; Keigo Enya[3]; Kazushi Asamura[4]; Yasuko Kasai[5]; Junichi Haruyama[6];
Ayako Matsuoka[7]
[1] Tohoku Univ.; [2] Earth & Planetary Sci., Univ. of Tokyo; [3] JAXA/ISAS; [4] ISAS/JAXA; [5] NICT; [6] JAXA; [7]
ISAS/JAXA

JUpiter ICy moons Explorer (JUICE) is ESA's first L-class mission and will perform detailed observations of Jupiter and three
of its large icy moons, Europa, Ganymede, and Callisto, suing the eleven onboard instruments. Japan is a junior partner of tt
JUICE mission and is participating into the development of four instruments (PEP, RPWI, GALA, and SWI) and into the science
teams of six instruments (the above four plus JANUS and J-MAG).

This paper will present the overview, recent status, and perspectives of this unique project and the contribution from Japar
Toward the planned launch year 2022, JUICE is going to provide a unique and first opportunity for Japanese planetary scienc
community to be involved in Outer Solar System exploration. We will also provide the links to the

on-going and planned outer planetary missions in the international level.

JUICE (Jupiter Icy Moon Explorenk, ARERMESIE, K&, IKEE T T A3 1 Bl K UOKERE A= X7 O BIEH
NHWNTH %, BIE. 20224FDOF] LIl ZURICBHFER T, 2030 IS AR RIS, 2032MFICH = A T A RIuER AL £
8 MHAT%D 20334 6 HICHE 13 %, A, CONUNRAKDREREEI v 3 VNOHANSDEMKICDOWT, 71
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Development of a low-energy energetic neutral atom analyzer (PEP/INA) for JUICE
mission

# Kazushi Asamura[1]; Yoshifumi Saito[2]; Manabu Shimoyama[3]; Yoshifumi Futaana[3]; Yoshizumi Miyoshi[4]
[1] ISAS/IAXA; [2] ISAS; [3] IRF; [4] ISEE, Nagoya Univ.

We are developping a low-energy (10eV-3keV) energetic neutral atom analyser (PEP/INA) which is to be onboard Euro-
pean JUICE spacecraft. Ganymede has its own intrinsic magnetic moment. There is considered to be a magnetosphere arot
Ganymede because of interactions between plasma in the Jovian magnetosphere and Ganmede’s magnetic field. However,
characteristics is different from the terrstrical one, since Alfven mach number of upstream plasma flow (corotational plasma flow
around Jupiter) is less than 1 (sub-sonic). JNA (Jovian Neutral Analyzer) will reveal characteristics of the Ganymede’s magne
tosphere by measurement of scattered and sputtered particles generated by precipitation of plasma particles onto Ganymed
surface. Measurement of these particles will provide spatial distribution of plasmas in remote sense, since electric/magnetic fiel
do not affect trajectories of neutral particles. For the instrument development, the flight model is under manufaturing. We will
discuss current status of JINA.
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Development of KOSEN-1 CubeSat for Jupiter's decametric radio observation
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State University; [8] University of Maryland Baltimore County

Since the discovery of Jupiter’s decametric radio emissions in 1955, important details of its radiation mechanism have not ye
been determined. In order to investigate the beaming structure of Jupiter’s radio emission and to clarify aspects of the emissic
mechanism, we are developing a 2U-size CubeSat for observation of Jupiter’s radio waves and observe simultaneously in out
space and on the Earth.

Our application was selected on Dec. 12, 2018, as a CubeSat candidate for JAXA's innovative satellite technology demonstre
tion program. The 2U-CubeSat, named KOSEN-1, is planned to be launched by a JAXA Epsilon rocket at the end of 2020. Aftel
the launch of KOSEN-1, we will deploy a half-wave dipole antenna at 20.5MHz. The Software Defined Receiver (SDR) will be
used to receive Jupiter radio waves over a 2MHz band width. An onboard GPS module will be used to maintain a time accurac
within 1 millisecond between the satellite and the ground station. Selected short duration radio data events (Jupiter S-bursts) wi
be saved to data storage by the onboard computer (Raspberry Pi Zero compatible Computer Module 1) and transmitted to tt
ground station at the communication speed of 9600bps by using the 430MHz Amateur radio band.

The measurement of the delay time between the CubeSat and ground observatories by the correlation analysis of Jupite!
S-bursts is proposed to reveal the beaming structure of Jupiter’s radio emissions. The worldwide ground-based observatior
together with the KOSEN-1 satellite will be supported by the NASA Radio JOVE project, an education and outreach program
for planetary radio astronomy. The elucidation of the radiation mechanism of Jupiter radio waves, which is the ultimate goal of
Jupiter radio research, may lead to a better understanding of particle-wave energy generation mechanisms and their applicatiol
This mission is believed to be significant based on the potential scientific contribution to this subject.

The KOSEN-1 project is supported by the Coordination Funds for Promoting AeroSpace Utilization of the Ministry of Educa-
tion, Culture, Sports, Science and Technology (MEXT), JAPAN.
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Effects of the IMF direction on ion escape mechanism under a weak intrinsic magnetic
field condition at Mars

# 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.

It is considered that Mars had kept the warm and wet climate before "4 billion years. However, atmosphere and water are los
by certain processes, resulting in that present Mars only leave thin atmosphere. One candidate of the escape mechanism is
ion outflow from the upper atmosphere associated with the magnetic field. It is expected that ancient Mars had a global intrinsi
magnetic field because there exists the crustal magnetic field in present Mars, and thus investing the effect of intrinsic magnet
field on the ion escape leads to understanding the climate change of Mars from past through present.

The planetary intrinsic magnetic field is significantly important in considering the atmospheric escape from planets. The
strength of intrinsic field particularly affects the interaction between the solar wind and terrestrial-type planets (e.g., Seki et al.,
2001), and it would change the escape mechanism. The direction of interplanetary magnetic field (IMF) significantly changes
the magnetospheric configuration, influencing the atmospheric escape rate and mechanism. Sakai et al. (2018) investigat
the effect of a weak intrinsic magnetic field at the Martian equatorial surface on the escape mechanism. It was shown that th
existence of the weak field results in an enhancement of the ion escape rate. A parker-spiral IMF was however used in order 1
obtain the escape rate in this earlier study. This study investigates effects of the IMF direction on the ion escape, when Mar
has a weak intrinsic magnetic field. Three IMF conditions, namely, the northward, southward, and Parker-spiral IMFs under
present solar wind conditions are compared based on multispecies magnetohydrodynamics simulations. In the northward IM
case, molecular ions escape from the high-latitude lobe-reconnection region, where ionospheric ions transported upward alot
the open field lines. Oxygen ions originated either in ionosphere or oxygen corona escape from a broader ring-shaped region
the magnetotail. In the southward IMF case, escape flux of heavy ions increases significantly and have two peaks around tt
equatorial tail flanks in dawn and dusk. The draped IMF can penetrate into the subsolar ionosphere by erosion and the IMF i
mass-loaded as it is transported through the dayside ionosphere. The mass-loaded draped IMF is carried to the tail, contributil
to the ion escape. The escape channels in the northward and southward IMF cases are quite different from in the Parker-spit
IMF case. The escape rate is higher in the southward IMF than in the northward IMF case. In the northward IMF case, a weal
intrinsic dipole forms the magnetosphere configuration similar to Earth, quenching the escape rate, while the southward IMF
causes the erosion in the subsolar region, promoting the ion escape from upper atmosphere.

References:
Sakai, S., et al. (2018)Geophys. Res. Leit45, 9336-9343. https://doi.org/10.1029/2018GL079972
Seki, K., et al. (2001)Science 291, 1939-1941. https://doi.org/10.1126/science.1058913
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Atmospheric compositions in the ionosphere/thermosphere on Mars observed by
NGIMS and IUVS on MAVEN

# Nao Yoshida[1]; Naoki Terada[2]; Hiromu Nakagawa][3]
[1] Geophysics, Tohoku Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Geophysics, Tohoku Univ.

It is well known that the vertical profile of the composition of a planetary atmosphere is characterized by the compositional
boundary, called the homopause, below which gases are well-mixed by eddy diffusion (homosphere) and above which they al
diffusively separated according to their own scale heights by molecular diffusion (heterosphere). Since each atmospheric speci
has a scale height corresponding to its molecular mass in the heterosphere, the mixing ratio of lighter species is expected
increase with altitude above the homopause. The fractionation between the homopause and the exobase determines the rela
abundance of species escaping to space [Jakosky et al., 2017]. In addition, the location of homopause altitude influence tt
thermospheric composition and thereby the species escaping to space [Imamura et al., 2016]. The variations of the atmosphe
composition in the thermosphere were poorly constrained due to the complex observing geometry at diverse locations, seasol
and local times of in-situ observations. The relative flux ratios of cold ion outflew; @™ :CO, ™, from the Martian atmosphere
were analyzed using ion mass analyzers [Carlsson et al., 2006; Ludin et al., 2009; Inui et al., 2018]. In Inui et al. [2018], the
ratio of O,T:0":CO, " is almost the same as the density ratio at around 260 km altitude in the Martian ionosphere. Thus, the
source altitude of the heavy ions is suggested around 260 km or below. To understand the heavy ions escaping from the Martic
atmosphere, it is important to know the atmospheric composition in the upper atmosphere and its variation.

In our previous studies, we investigated that the daysigh€®, ratio at 140 km altitude in the Martian thermosphere de-
rived from MAVEN Image UltraViolet Spectrograph (IUVS) during the period from October 2014 to May 2018. We found that
the Nb/CO, at 140 km altitude significantly varied in the range of 0.02 to 0.20, which shows an annual sinusoidal trend. The
higher value appears during aphelion and the lower value during perihelion. In addition, we found a clear latitudinal dependenc
in Northern summer season. The higher value appears in southern winter hemisphere and the lower value in northern summ
hemisphere. In order to reveal the drivers ef GO, variations at 140 km, we have examined the effects of surfad@®s, ther-
mospheric temperature, and homopause altitude. Our results imply thag/@&{Nvariation at 140 km is mainly caused by the
variation of homopause altitude. Inferred homopause altitude derived from IUVS observation shows that the dayside homopaus
altitude is located between 60 and 140 km and it has an anti-correlation with the trepfCaN\at 140 km. We suggested that
a stronger heating in the lower atmosphere due to a closer Sun-Mars distance could cause increase in the homopause altitude |
decrease in the mixing ratio ofsNn the upper atmosphere.

In this paper, we investigate dayside number densities of both neutrals (GQand O) and ions (C&, O,*, and O")
species at the exobase ("200 km) using data from MAVEN Neutral Gas and lon Spectrometer (NGIMS) to consider the relation:
ship between thermosphere and ionosphere. By combining with our IUVS result, we show the relative importance of effects of
external forcing (such as solar wind, solar EUV, SEP etc.) and lower atmospheric phenomena (solar insolation, dust loading) o
the upper atmospheric composition.
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Development of the hydrogen absorption cell imager for observation of planetary
coronas

# Masaki Kuwabara[1]; Makoto Taguchi[2]; Kazuo Yoshioka[3]; Takuya Kawahara[4]; Shingo Kameda[5]; Shuhei
Yonemoto[6]
[1] ISAS/IAXA; [2] Rikkyo Univ.; [3] The Univ. of Tokyo; [4] Faculty of Engineering, Shinshu University; [5] Rikkyo Univ.;
[6] Earth and Planetary Science, Tokyo Univ.

Hydrogen atoms in the planetary exospheres resonantly scatter the solar H Lyman-alpha radiation (121.567 nm) and forr
planetary hydrogen coronas. By measuring this emission, a density distribution of the hydrogen atom can be estimated. A
absorption cell technique is an efficient tool for remote sensing of the planetary coronas and can measure not only density but al
temperature distributions. These distributions give us crucial information to estimate quantitatively the escape rate of hydroge
atoms from the present planetary atmosphere. Furthermore, the technique could be suitable for future missions with ultra-sme
spacecraft because of its smallness, lightness, and simplicity. The performance of the absorption cell is strongly dependent ¢
parameters such as filament shape, applied power, infill gas density, optical path length, and beam path of incident light. Ne
hydrogen absorption cells have been developed for optimization of these parameters, and dependences of their performance
the parameters have been evaluated using an ultra-high spectral resolution Fourier transform spectrometer installed at the DESI
beamline of Synchrotron SOLEIL in France. From the results of experiments, we have confirmed that the filaments should be
thin and that the appropriate gas pressure and applied power should remain, respectively, in the range 100-300 Pa and 1-3 W.
addition, the new cell can be constructed with a weight less than 2 kg including electronics and in an outer envelope smaller tha
2U (1U =10 x 10 x 10 crfi). Such a compactness is suitable for ultra-small space missions. However, further evaluations of the
performances are required. In this presentation, the remaining issues and the current status of the development are presented
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Zonal wind acceleration in the Martian mesosphere during the 2018 global dust storm
derived from mid-IR heterodyne spectroscopy

# Akiho Miyamoto[1]; Hiromu Nakagawa[1]; Kosuke Takami[1]; Takeshi Kuroda[2]; Isao Murata[3]; Naoki Terada[4]; Nao
Yoshida[5]; Katsushige Toriumi[6]; Yasumasa Kasaba[2]; Shohei Aoki[7]
[1] Geophysics, Tohoku Univ.; [2] Tohoku Univ.; [3] Environmental Studies, Tohoku Univ.; [4] Dept. Geophys., Grad. Sch.
Sci., Tohoku Univ.; [5] Geophysics, Tohoku Univ.; [6] Geophysics, Tohoku Univ; [7] BIRA-IASB

About the mesospheric winds on Mars, a few of remote sensing observations from ground-based telescopes have been av:
able. Sonnabend et al. [2012] and Moreno et al. [2009] observed at the same altitude as this study and about 50 km respective
showed the retrograde wind at the equator, but the latter suggested a large discrepancy between observed winds and those |
dicted by a Mars general circulation model (MGCM). We have no explanation about the discrepancy so far. Just below it, recen
observations have revealed unexpectedly high abundance of water in the middle atmosphere (1.0°0.1 Pa), which could affect t
atmospheric escape of water to space [Maltagliati et al.,2013]. Heavens et al. [2018] also found that the water vapor abundanc
in the middle atmosphere are further enhanced during the global dust storm. However, the middle atmosphere during glob:
dust storm is not yet addressed, even though it is proposed that an intensified meridional circulation may transport water vapc
effectively [Kuroda et al., 2009; Shaposhnikov et al., 2019]

On June 2018, a global dust storm occurred on Mars. It lasted for more than two months till August. In order to understanc
the mesospheric response during the dust storm, we have performed the direct measurement of mesospheric zonal winds &
temperature on June and September 2018 by our mid-infrared heterodyne spectrometer with an ultra-high spectral resolutio
~“107. We used C@ non local thermodynamic equilibrium (non-LTE) emission lines at 10 micron from the mesosphere, peaking
at "80 km ( 70.15 Pa) altitude [Lopez et al., 2011]. It allows us to derive the zonal wind velocity and kinetic temperature at
altitudes around 80 km. The former was directly derived from line-of-sight Doppler shift of emission core, and the latter was
derived from Doppler width of emission lines. Observations were executed in June (during the dust storm) and in Septembe
(decaying phase of dust storm).

We identified that kinetic temperature was changed from 150 K in June (solar longitude, Ls = 197) to 125 K in September (Ls
=242), i.e., decrease with "25 K in the middle atmosphere during the descending phase of the storm. We also found that zon
wind velocity was the retrograde wind and changed from “223 m/s in June to “235 m/s in September, respectively. Those resul
suggest strong retrograde zonal wind during the global dust storm. The uncertainties of them were “34% for kinetic temperatur
and "44% for zonal wind, due to the fitting & pointing errors and wavelength calibration uncertainty.

The decrease of kinetic temperature after the storm time was not reproduced by MGCMs, possibly due to the assumed vertic
distributions of dust in the models (cut-off altitude: below "80 km and probably not high enough). On the other hand, retro-
grade wind found in this study shows a reasonable agreement with the previous observations [Moreno et al., 2009; Sonnabend
al.2012]. Although Moreno et al.[2009] did not detect retrograde wind during global dust storm, it showed the increase of wind
velocity between normal dust(tau=0.3) and regional dust storm(tau=0.5). However, our result indicates a larger value comparin
with previous studies with values ranging from 160 to 200 m/s. This result implies that the global dust storm may intensify the
easterly zonal wind in the mesosphere. Meanwhile, Sonnabend et al. [2012] suggests latitudinal variation of wind velocity is
about 270 m/s.

In order to clarify the mechanism to accelerate the zonal wind during the global dust storm, we are now comparing the ob-
served features with simulations by a MGCM [Kuroda et al., 2005, 2013, 2015]. We will show the contributions of the meridional
advection, vertical advection and eddies on the acceleration of zonal wind due to the global dust storm in the middle atmospher

EFEOFRBIINC X > T, ETIVTRHEHT % T EAHERARVIKZRKUEEEE DGR PRE (1.070.1 Pa)c B E N,
HADKDEHEN I RS LTS T DS MR- Tz [Maltagliati et al.,2013] % 7z Heavens et al. [2018%. i
DK EERE A b A b — LRI E SIicihnd 3 C & 28I L TV 5, Kuroda et al. [2009]; Shaposhnikov et al.
[2019] T3 b NIz T HIEERM/KIRG 7 X O SRNICE B ICHE L TS AEEED R E N TV 2 E D0, 428k
R A b A b —LEAR O FP B R SIEER DR IE AL LTI D ARG Z S LAEHER IRV DBl & LT, Moreno et al.
[2009] Tl EHERIF D = 50km A O HHFEI B RE I 3810 T 60-70 mUSFEEEDHAZ /R L TH D, KEKKKIEERET IV
(MGCM) DTl 5 % g JEEH I EE-XT 10-50 m/SFEE58RLVY, F 7z Sonnabend et al. [2012F (3 AWFSE & A& T 270 m/s
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Positive correlation between temperature and water ice clouds in the Martian atmosphel
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 colder climate than Earth causes condensation of water vapor to generate wat
ice clouds. Water ice clouds can influence temperature field by scattering/reflecting the visible light and absorbing/emitting
infrared. Previous analyses showed negative correlation between air temperature and water ice cloud [Lee et al, 2009; Wilsc
and Guzewich, 2014]. We have focused on the relationship between air temperature and water ice cloud opacity observed by Ma
Climate Sounder (MCS) onboard Mars Reconnaissance Orbiter (MRO). We calculated zonal correlation coefficients between a
temperature and water ice cloud by using five Mars Years’ MRO-MCS dataset and found that negative correlation was dominar
both in the dayside and the nightside as shown in the previous studies. In part of the middle and high latitude regions, howeve
we found positive correlation in temperature and water ice cloud opacities. We investigated their zonal structures and found zon:
wavenumber 1 and 2 disturbances. We also show the result of Mars Climate Database (MCD) developed by the LMD group ir
France.

NIBIFHUERDAMANCHIE T 255 4 RETH O, HIERICHNRNTEINERETH S, TDRD KRG DIKAELT—EBEHS
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Modeling of the coupled atmosphere-hydrosphere of the Martian paleoclimate: Towards
the reproduction of valley networks

# Takeshi Kuroda[1]; Arihiro Kamada[2]; Katsushige Toriumi[3]; Yasumasa Kasaba[1]; Naoki Terada[4]; Hiromu Nakagawa[5]
[1] Tohoku Univ.; [2] Geophysics, Tohoku Univ.; [3] Geophysics, Tohoku Univ; [4] Dept. Geophys., Grad. Sch. Sci., Tohoku
Univ.; [5] Geophysics, Tohoku Univ.

Though the current Mars is a dry planet, the early Mars during the Noachian and Hesperian boundary (3.85-3.6 Ga) is thougt
to have been a water-rich planet like the present Earth. The isotopic ratios detected from Martian meteorites showed the eviden
of surface pressure of higher than 0.5 bars in "4.1 Ga [Kurokawa et al., 2018] and surface water abundance of "550 m glob:
equivalent layer around that time [Kurokawa et al., 2016], which should indicate that the surface liquid water made the observec
fluvial traces. Also, the topographic evidences of the existence of long-term fluvial system in that time, called as valley networks
(VNs), have been observed to represent the past water distributions on Martian surface.

Due to the weak solar luminosity ("75% of the current value) of early Mars, 3-dimensional numerical studies using Mars global
climate models (MGCMs) had shown that the reproduction of surface temperature of above 273K (melting point of water) would
be difficult with only the radiative effects of thick (up to 7 bars) £&mosphere, water vapor and clouds [Forget et al., 2013;
Wordsworth et al., 2013]. To solve this contradiction, preceding studies have shown that adding other molecules sgich as SC
[Mischna et al., 2013] or EHi[Ramirez et al., 2014; Ramirez, 2017] into the radiative schemes would make sense, but no study
has performed with 3-dimension including the spatial changes of surface parameters such as liquid water surface (ocean/lake)

We present the results of a newly-developed 3-dimensional Paleo MGCM (PMGCM) assuming,thts GBI, atmosphere
under the, with surface pressures between 0.3 and 7 bar. The PMGCM also has a hydrologic cycle module, which includes oce:
thermodynamics, water vapor advection/convection/condensation/precipitation processes, and surface fluvial activities (e.g. flt
vial and sediment transport) with high resolution.

For atmosphere including 3%.kHthe PMGCM simulation with a surface pressure exceeding 1.5 bar indicated that the early
Martian surface environment would have been 'cool’ (surface temperatures exceeding 273 K during summer to allow season:
melting of snow-ice deposits, and low enough during winter to produce considerable snow precipitation and accumulation), an
'wet’ (characterized by precipitation and seasonal melting of snow/ice), with enough fluvial sediment transport in the low to
middle latitudes to reconcile Martian VNs within a relatively short time (less than tens of million years).

However, the simulated distributions of VNs had several discrepancies from the observations. One possible reason is the e
istence of Tharsis bulge. In the early Martian history, the formation time of Tharsis (the largest volcanic plateau in the Solar
system) is under debate, and the presence or absence of Tharsis would be an important parameter in the discussion of the glo
water circulation in early Mars. Then we also performed the PMGCM simulation with surface topography before the Tharsis
load. Our preliminary results with a 1.5 bar g@mosphere including 3%4+showed the reproduction of the clement surface
environment and matured surface runoff systems consistent with observed VN systems without Tharsis bulge, while not consis
tent with Tharsis.

In addition, the sensitivity of different cumulus convection schemes on the simulated precipitation would affect the reproduc-
tion of VNs. We are comparing the results between the Relaxed Arakawa-Schubert scheme [Moorthi and Suarez,1991], which i
often used in a terrestrial GCM, and the Kain-Fritsch scheme [Kain and Fritsch,1993], which calculates cloud structures in more
detail. In the simulation under the terrestrial conditions, we could obtain similar results in both schemes, although there were
slight differences in cloud amounts and precipitation. In the presentation we report the results in the early Mars conditions anc
evaluate the quantitative differences in both schemes.
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Structures of planetary-scale waves at Venusian cloud top revealed by an cloud-trackin
method tolerant to streaky features

# Yusuke Nara[1]; Takeshi Imamura[2]
[1] GSFS, Univ. Tokyo; [2] The University of Tokyo

Ultraviolet (UV) images of Venus show various features of clouds due to inhomogeneously distributed UV absorbers in the
cloud layer (Nara et al., 2019). Cloud tracking has been widely used to derive atmospheric motion. As for Venus atmosphere
long term variations of super-rotation (Kouyama et al., 2013), properties of atmospheric waves (e.g. Kouyama et al., 2015
Limaye, 1988), and a relationship between the cloud morphology and wind velocities (Del genio &amp; Rossow, 1990) have
been studied.

The atmosphere in the high latitudes of Venus are considered to be unstable due to the strong latitudinal shear of the mean zor
wind associated with mid-latitude jets. A momentum transport caused by such regions is essential to understand the mechanis
of super-rotation. However, the discussions of these studies are limited to low latitudes due to the difficulty in cloud tracking in
high latitudes, where streak features are predominant. Because the displacement of such streaks along the streak direction car
be identified, uncertainties in estimated cloud motion vectors become large (Ikegawa &amp; Horinouchi, 2016).

To solve this problem, we developed a method to increase the accuracy of cloud tracking by eliminating streaks from the
images. The algorithm finds the orientation of streaks in an image making use of the nature that the brightness gradient takes
minimum along streaks, and then remove the streaks by differentiating the image along the estimated orientation.

Using UV (365 nm) images obtained by UVI on Akatsuki, we deduced velocity fields with cloud tracking proposed in this
study. Spectral analysis of the time series detected significant periodicity associated with planetary-scale waves even in hig
latitudes. We present horizontal structures of the planetary-scale waves and associated momentum transports.
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Data assimilation study for the Venus future mission of radio occultation measurement
among small satellites

# Norihiko Sugimoto[1]
[1] Physics, Keio Univ.
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At the altitudes of approximately 60-70 km in the Venus atmosphere, there is a unique phenomenon called &quot;cold col-
lar&quot; where the temperature of the polar region is higher than that of the surroundings (latitudes of about 60-80 degrees
The Japanese Venus Atmospheric GCM For the Earth Simulator (AFES-Venus) succeeded in the reproduction of cold collar fo
the first time (Ando et al., 2016). However, the temperature difference between the pole and the surroundings is small compare
with that observed. Recently, using the Local Ensemble Transform Kalman Filter (LETKF), we have succeeded in developing
the Venus AFES LETKF Data Assimilation System (VALEDAS, Sugimoto et al., 2017). In this study, we investigated the re-
producibility of the cold collar by the data assimilation of French Venus Atmospheric GCM (IPSL Venus GCM) in which the
cold collar is realistically reproduced (Garate-Lopez &amp; Lebonnois, 2018). We prepared idealized observation data assumin
radio occultation measurement among small satellites. We will report the reproducibility of the cold collar by changing the
conditions such as observation point, observation humber, and time interval. In the results, the cold collar was reproduced whe
three vertical profiles of temperature observations at 85 degrees north every 6 Earth hours are assimilated. Therefore, such ki
of future mission would be promising. Furthermore, there is a bias of the horizontal mean temperature between AFES-Venus an
IPSL Venus GCM. Thus, we subtracted a bias using linear interpolation. In this presentation, we will present the results for the
reproducibility of the cold collar after the bias correction and discuss effectiveness of the radio occultation measurement amon
small satellites.
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U7z (Ziftl, 2016)70Y, SEEROBIHI TR S NZMEICLEN T E O—)V R AT —DIREAEIT/NE o fe, RIFFETIE. K
DIREEEBLEHET 375 2 AR KAKIEERTE TV (IPSL Venus GCMYD 57— % (Garate-Lopez &amp; Lebonnois,
2018)% . JRfk 7 > TIVERIIVR VT 4 )V Z— (LETKF) Z Wiz &R KK T — Z ks A7 L (VALEDAS ; 24
fil, 2017)CFEfE L. a—)V Fh T —OHBIEEMZ Tz, &R O/ 2 BB MRz 2E U R T —2 & LT,
B, BUAEL, RSO 2 A Te—dHOFER 21TV, I—)V A5 —OF B2 3 L 7R 25 %,
Jbket 85 D 3 i THRE DSRE A OEHD 6 [ C LI B NGB a— )V AT —OHBUIRI L. TR
MENFRENNEN THE I 2R LTS, EHIC, EEROMEMN D AFES-Venust IPSL Venus GCME DRIC
WHIRENA T ADMEET B T e ZHER UTze TD/ed, MiZOKP-FRERIER U, F&E TKEHIRENEL <
5% & 5 ICHIBAZ O TNA 7 AffiE 21175 > Teo AFRERTIE. NA 7 AMEROI—)V AT —OHBEEHE
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Comparative analysis of the the Rossby wave at the Venusian cloud top observed by
Venus Express/VMC and Akatsuki/UVI

# Masataka Imai[1]; Toru Kouyama[1]; Takeshi Horinouchi[2]; Shigeto Watanabe[3]; Atsushi Yamazaki[4]; Manabu
Yamada[5]; Shin-ya Murakami[6]
[1] AIST; [2] Hokkaido University; [3] Cosmosciences, Hokkaido Univ.; [4] ISAS/JAXA,; [5] PERC/Chitech; [6] ISAS/JAXA

Planetary-scale waves at the Venusian cloud-top cause periodic variations in both winds and ultraviolet (UV) brightness. Th
prominent planetary-scale UV features (sometimes called as the 'Y-feature’) might be related to the prominence of these wave
and they hold an important clue to understanding the atmospheric dynamics of Venus.

We analyzed the periodicities in the 365-nm brightness and cloud-tracking winds observed by Akatsuki/UVI. From June to
October in 2017, we found the continuous temporal change in the amplitude of 5-days periodical signals. It can be attributed t
the temporal evolution of the Rossby wave (Imai et al., submitting), and the corresponding deformation of planetary-scale UV
features was captured. The observed Rossby wave was accompanied by the equatorially symmetric planetary-scale vortices. T
amplitude of winds amplified gradually over “20 days and attenuated over “50 days. Following the formation of the Rossby wave
vortices, the brightness variation emerges to form rippling white cloud belts in thé@5latitudes of both hemispheres.

Our next target is understanding the source mechanism of the Rossby wave observed at the cloud top. By using the Venusi
atmospheric general circulation model, Sugimoto et al. (2014) analyzed the temporal evolution of kinetic energy of some wave
modes associated with baroclinic instabilities, and they observed several tens of days amplification and longer attenuation. |
order to investigate generalities in the temporal evolution of the Rossby wave, we have started to analyze the Venus Express/VM
images in which the prominent Rossby wave signal was reported by Kouyama et al. (2015). We have already captured a simile
temporal change in the amplitude of 5-day mode from January to May 2008. In this presentation, we will show the comparative
results of the Rossby wave event captured by Akatsuki and Venus Express.
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A circumpolar stratospheric telescope FUJIN-2 aiming at identification of a UV absorber
in the Venus atmosphere

# 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

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. Seeing is expected to be 0.1&quot; or less at that altitude, smaller than the diffraction limited spatia
resolution of a visible telescope with an aperture of 1 m. Since FUJIN-2 floats above the peak density of the ozone layer, it i
possible to observe wavelengths of 280 nm by FUJIN-2. On the other hands the balloon-borne telescope has a disadvantage t
its launch depends on the weather condition. We regard that the above merits of the balloon-borne telescope surpass those of
other observation platforms even the disadvantage of balloon observation is admitted.

Venus is covered with thick sulfuric acid ¢80,) 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 radiation is scatter
and absorbed [Tomasko et al., 1980]. The Venus atmosphere also has a special general circulation called as a super rotatit
which circulates the entire planet to the west. The wind speed of the super rotation reaches 100 m/s at an altitude of 70 km, 6
times faster than the rotation speed of the solid body.

Attempts to reproduce the high velocity wind by a numerical model are an indispensable approach to theoretically explain the
super rotation, and so far a large number of studies have been carried out. However, insufficient understanding about the sol
heating makes 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 - 500 nm is st
unidentified. The ultraviolet absorption band for the wavelength region shorter than 320 nm is well explained by absorption due
to SO, centered at 283 nm. However, the absorption in the wavelength region longer than 320 nm cannot be explained by SO
Absorbing materials containing S (sulfur) have been proposed to explain the absorption in these several decades. Recently, it
shown that $O or OSSO are the most promising candidates for reproducing the edge of the absorption band at 400 - 500 nm
Some researchers propose that microorganisms are also a candidate of the unknown absorber.

The first target of FUJIN-2 is to identify the unknown absorber in the Venus atmosphere. Since the absorption ranges frorm
NUV to the visible region which can be observed from the ground, we have to examine how precisely we can resolve the absorf
tion structure by a ground-based observation. A test spectroscopic observation of Venus was performed with the Pirka telescoj
in Nayoro City, Hokkaido. As a result, an absorption spectrum at wavelengths shorter than 310 nm could not be acquired, becau:
the signal intensity was weak in the spectral region. In addition, we could not detect the characteristic absorption spectrum o
S0 in the atmospheric absorption spectrum of Venus, though the spectrum clearly showed absorption in the wavelength rang
shorter than 550 nm.

A Cassegrain telescope with a cler aperture diameter of 400 mm has been under development for FUJIN-2. FUJIN-2 i
equipped with the same spectroscopic and imaging observation system used for the observation at Nayoro. Attitude of the gol
dola is 3-axis stabilized by two pairs of control moment gyros, while only azimuth of the gondola was controlled for FUJIN-1.
In order to confirm the performance of the attitude control and guiding system a ground-based test experiment is planned to b
carried out in Taiki-cho, Hokkaido in November 2019.
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High-resolution spectroscopy of Venus’ dayside at 3-4 micron with IRTF/ISHELL

# Takao M. Sato[1]; Hideo Sagawa[2]
[1] HIU; [2] Kyoto Sangyo University

Venus is completely shrouded by massive sulfuric acid clouds in altitudes of 50-70 km. Their distribution in space and its
temporal change are the key to understand several fundamental subjects in the atmosphere of Venus, such as the energy balz
i.e., thermal structure, atmospheric waves’ propagation which closely links to the mechanism of the super-rotating atmospheri
circulation, and the sulfur-related atmospheric chemistry.

One of observational approaches to the clouds is to retrieve cloud top altitude, by measusimpso@ptions in sunlight
reflected from Venus. Since GQOs thought to be uniformly mixed in the atmosphere, lower reflectivity observed in CO
absorption results from a longer path length to clouds, meaning lower cloud top altitude. Altimetry of Venus’ cloud top has
been conducted using data provided by Pioneer Venus Orbiter, Venera 15, Venus Express, and Akatsuki. The cloud top h:
an equatorially symmetric structure and the upper cloud boundary is vertically diffuse in the low and middle latitudes and gets
sharper at higher latitudes. No considerable local time and long-term variations have been detected before.

In order to improve climatological knowledge on the clouds, we carried out a high-resolution spectroscopy of Venus’ dayside at
wavelengths of 3.20-3.48 micron and 3.57-4.18 micron with IRTF/ISHELL on August 5-7, 2018 (UT). Taking the full advantages
of its high spectral resolution of R 75,000, IRTF/iISHELL provides its capability of detecting changes of thalls@rption
depths due to the cloud-top altitude variation. This spectrally resolved observations will provide another independent measur
of the cloud top altitude to be compared with the results obtained by the narrow-band filter imaging of Akatsuki/IR2. In this
presentation, we will show several processed spectra and what can be retrieved from them with radiative transfer calculation.
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The global variation of Venus cloud investigated from IR1 onboard AKATSUKI

# Seiko Takagi[1]
[1] Hokkaido Univ.

Venus is our nearest neighbor, and has a size very similar to the Earth’s. However, previous observations discovered &
extremely dense (90 bar at the surface) and,<@i€h atmosphere, with 80, thick clouds. The Venus cloud consists of
H>SO, main cloud deck at 40-70 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, Venus 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 in using radiative transfer calculatior
Furthermore, | will introduce observation plan with PIRKA telescope at NIR wavelength of Hokkaido University.

SEITHERE FREORETE EHREZFFDO—T. _HILREZ TR LT 20BN KKUSHIER T T 90 XUTIC & 3%
U, HIRmmEE K 500/Z & WS NEADIR TH S, £, iz TR0 & T 2EOME (FE 40-70 km) & [EAMRL D
JE& (&0, 70-90 km)MWEN T, BE LB —kRICHE > T\ 5,

BEEERD N DT (JAXA) 1. 20154F 12 AICBEARHLER AT Uz, oD &Eid. L5 SRS (283-
10000 nmYD Z I EFIRHRAGETIIC X O, WEEED 3JOTEEI E ZFFICHEA K S L LTWa, HBHEEARIN A AT IR1
. KK OZRGEE T H 2 RN EYE [Allen and Crawford, 19841 3517 2 HRIGEIINC X O, ERIAD AR X O R
R RO & LT A % [Takagi and lwagami. 2011 KEEAE R Galileo/SSI (NASA)C & D 155 N f= 4 2RI
RV (0.986 um)TlE. BRERMOIARIEHT D 3%E/RENTUVS [Belton et al., 19911, IR1(Z/1 DT Galileo/SSI
MSTz 6 D L BE B G2 ZHETE L T\ 5,

AWZE T, IRLDEUS LB EfSR) S, EDOIHS X L ZOAHZRERINCHUES 5, £z, ELMCHST 58
BORREICDOWVT, MEHEFHEZ AV TERT %, OIItBERENIAT % BV A Emsis v 72 A
BB TE Z 58T %,
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Observations of the Jovian thermospheric temperature including the GRS by
IRTF/ISHELL

# Ayumu Kambara[1]; Hajime Kita[2]; Takeshi Sakanoi[3]; Yasumasa Kasaba[4]; Masato Kagitani[5]
[1] pparc, Tohoku Univ.; [2] ISAS/JAXA; [3] Grad. School of Science, Tohoku Univ.; [4] Tohoku Univ.; [5] PPARC, Tohoku
Univ

It is known that the thermospheric temperature of all giant planets including Jupiter is several hundred kelvins higher than tha
expected from solar heating [Yelle and Miller, 2004]. At mid- to low-latitudes, although the direct atmospheric heating caused
by precipitating particles and the energy transportation from the high-latitude auroral region have been considered, it is no
enough to explain. Another candidate for the heating is energy transportation by atmospheric waves from the lower atmospher
Perturbations of temperature due to such atmospheric waves have been confirmed by the observations of the Galileo probe [You
et al., 1997]. Then, we focused on the Great Red Spot. As the Great Red Spot is considering to be an anticycronic storm in th
troposphere, atmospheric waves such as atmospheric gravity waves and acoustic waves may be likely to occur in the GRS. E
detection the enhancement of temperature in the upper atmosphere above the GRS, we can suggest the energy transport betv
the lower atmosphere and the upper atmosphere. Recently, O’'Donoghue et al. [2016] revealed the heating in the thermosphe
above the Great red spot from the intensity ratio of two emission lines (3.383um/3.454um) of the vibrational-rotational spectrum
of thermospheric kit taken by IRTF /SpeX (R™2500) in December 2012. They estimated that the temperature above the GRS
is 1644+/-161K, and that on surrounding mid- to low-latitude region is 900+/-42K. However, the infrared spectrum observed by
SpeX might be contaminated by GHne due to its low-resolution capability.

In this study, we carried out the thermosphere temperature observation in the Jovian mid-latitude region near the GRS b
IRTF/ISHELL on January 9 and 11, 2017. On Jan. 11, This observation was performed with the iSHELL's Lp1-mode (3.265-
3.657um). We installed 15 arcsec slit in the east-west direction and observe the region above the GRS and the surroundir
regions simultaneously. This observation acquired the Jovian data and the sky data alternately in 30 sec. Similar to the pa
study by O’'Donoghue et al. [2016], we adopted the intensity ratio of two emission lineso{313839um/3.4548um), and
estimated the temperature precisely distinguished from I€t¢s by iSHELL's higher wavelength resolution (R"75000). As a
result, we estimated the thermospheric temperature above the GRS to be 988+/-115K, and that in the surrounding regions
be 889+/-77K, showing about 100K increase above the GRS. On Jan. 9, This observation was performed with the iISHELL’S
Lp4-mode (3.83-4.14um). We installed 25 arcsec slit in the north-south direction and moved in the east-west direction to observ
the region including the GRS. This observation acquired the Jovian data and the sky data alternately in 60 sec. The data reducti
was performed with NASA's data reduction tool Spextool ver. 5.0.3beta. In LTE, we estimated the thermospheric temperature
by using the intensity ratio (3.9039um/3.9530 um) of theHo-vibrational emission lines. As a result, we obtained the map of
Jovian temperature from observation on Jan. 9. The observation on Jan. 11 confirmed the temperature above the GRS is hig}
than that in the surrounding regions. This may suggest the existence of energy transport from the lower to the upper atmosphe
above the GRS. The observation on Jan. 9 was able to take spatial variation of Jovian temperature including the GRS. In thi
presentation, we report the result of careful reduction.

KEZSGERBSE OB, KIMUREEIMRIC X B I8 & 5 THRITRE X D B 100K SR TH 3 T BN TV S
[Yelle and Miller, 2004} H A& T O LEIGIE T )L F—FF FhL 71 X 2 K&KUEREINESS, @fiE ToA—o ZmEsin
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KN K BIREDBEL AV LA EEROBINIC X > TR E N T3 [Young et al., 1997] Z C TAMIFE Tl AL
DRFRPICHEHE Ulzo KFRMEAAREOBGEEDE TH 2 LT EINTVE T D, T OMEE TIERKE RS
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High dynamic-range observation using a low-scattered light telescope PLANETS:
design and feasibility study

# Masato Kagitani[1]; Takeshi Sakanoi[2]; Toshihisa Suzuki[3]; Yasuhiro Hirahara[4]; Yasumasa Kasaba[5]
[1] PPARC, Tohoku Univ; [2] Grad. School of Science, Tohoku Univ.; [3] Geophysics, Tohoku Univ.; [4] Earth&Planetary
Sciences, Nagoya Univ.; [5] 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 Enceladu
volcanic plumes on lo, escaping plasma and neutrals from Venus and Mars, and so on. A low-scattered light telescope, PLANET
(Polarized 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 was made which includes by an optical system as well
as by atmospheric turbulence, modeling the propagation of light though the system was made based on Fraunhofer (far-fiel
calculations 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 erro
made by atmospheric turbulence (Fried length is 25 cm for best 10% seeing condition) and the optical system represented wi
power spectral density. Then, dynamic range of point spread function was calculated for several cases of surface roughness of t
primary mirror, 1 to 8 nm 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 expected brightness and band-width of spectroscopy. For O2+ 561 nm and N2+ 391 nm emissions from Martie
ionosphere and O 630 nm emission from Enceladus torus, sufficient signal-to-noise ratio is expected for 2-hour integration b
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 achiev
sufficient signal-to-noise ratio for 2-hour integration.

We also present latest design of the telescope structure. The most part of the telescope structure is reuse of prototype
Kyoto 3.8-m telescope (Kurita and Sato, 2009) which employs commercial truss component for architecture. The structure i
characterized by its light-weight and high-stiffness. The primary thin mirror (100 mm thick on edge) is supported by 36 points
from bottom. The support structure is under examination by comparing an active support using force-control actuators agains
whiffle-tree with warping harnesses which both enable to compensate low-frequency wavefront error of the primary mirror.
Latest design of the telescope as well as support structure of primary mirror will be presented.
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Development status of PLANETS telescope main mirror support system for observing
planetary atmosphere

N

# Toshihisa Suzuki[1]; Masato Kagitani[2]; Takeshi Sakanoi[3]; Yasumasa Kasaba[4]; Yasuhiro Hirahara[5]
[1] Geophysics, Tohoku Univ.; [2] PPARC, Tohoku Univ; [3] Grad. School of Science, Tohoku Univ.; [4] Tohoku Univ.; [5]
Earth&Planetary Sciences, Nagoya Univ.

PLANETS (Polarized Light from Atmospheres of Nearby Extra-Terrestrial Systems) telescope is a 1.8m off-axis telescope,
which is developed by Tohoku University and international collaboration with Hawaii, Germany, Brazil. It is going to be installed
in Japan in 2020, and it is aimed that it will be transferred to Haleakala observatory, which is one of the world’s best astronomica
observation sites. The main target of PLANETS telescope is faint atmosphere and plasma emission near bright body, such :
plume of Europa and Enceladus, lo volcanic eruption and torus, atmospheric escape of Mars and Venus. To perform thes
observations, it is necessary that diffraction and scattering light is effectively decreased and it gets a good contrast between brig
body and faint emission. PLANETS telescope is one of the biggest off-axis telescopes performing in night time, and there is nc
obstacle of secondary mirror and spider in the light path. The off-axis design enables us to observe high contrast observatiol
Moreover, to understand such atmospheric and plasma phenomena, long-time continuous monitoring observation is essential,
PLANETS telescope can be continuous observation because it is own instrument. In this presentation, we report developme
status of main mirror support system which is important to be high contrast observation.

The main mirror of PLANETS telescope is Clearceram Z-HS with 1.8m aperture and 80mm of average thickness. Comparably
thin glass with multipoint active supports can enable to decrease polishing process and cost. In this study, we led optima
support load distribution when main mirror is supported by 27 or 36 points and decided maximum load and load error to satisfy
observation requirement, which is more than 0.90 of strehl ratio. As a result, maximum support load of each main mirror is abou
20kg and support load precision is less than +/- 30g when main mirror is supported by 36 points.

We are developing the main mirror axial support system and evaluate performance collaborated with Tohoku University, Kyoto
University, Nagoya University.

We examine two options of the main mirror axial support system, one is force actuator active support with loadcell and the
other is whiffletree active support with warping harness referred to TMT telescope and Seimei telescope (Williams et al., 2008)
In this study, we tested performance evaluation of force actuator support with loadcell by using one prototype of supporting
system. The force actuator structure is that linear actuator which is combined by ball screw and stepping motor moves one er
of compression spring and another end of spring transmits thrust to back surface of mirror via cylinder. Spring compressior
height changes by changing linear actuator length, so it can control thrust of spring. We adopted wave spring CMS40-H9 by
SMALLEY company. From resolution of linear actuator and spring constant, it was decided that the maximum thrust is 30kg
and resolution is 16g.

Next, we tested repeatability, time stability and hysteresis of prototype force actuator. We measured thrust of cylinder via
spring by loadcell with changing linear actuator length. However, we used a substitute wave spring of which maximum thrust
was about 10kg in the experiment because CMS40-H9 couldn’t get during the test. As a result of test, it was revealed tha
maximum hysteresis was about 200g between gradually increasing and decreasing thrust. The error of hysteresis was larger tt
requirement accuracy +/- 30g, but it is thought that error can decrease by closed loop control which feeds back loadcell measurir
value. Moreover, we tested time stability of thrust. Time stability of thrust during 30 seconds was less than +/- 5g, and it satisfiec
requirement precision. In the future, we will perform the same test by using CMS40-H9 to consider the requirement accuracy o
telescope support. Moreover, we will compare force actuator with whiffletree and decide supporting system.

PLANETS (Polarized Light from Atmospheres of Nearby Extra-Terrestrial SysteRisz#izid, 118 1.8m DIl =
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