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Current Status of Japanese Participation to Jupiter Ilcy Moons Explorer JUICE

# Yoshifumi Saito[1]; Sho Sasaki[2]; Kazuyuki Tohara[3]; Masaki Fujimoto[4]; Yoshifumi Saito JUICE-JAPAN[5]
[1] ISAS; [2] Earth and Space Science, Osaska Univ.; [3] ISAS/JAXA; [4] ISAS, JAXA; [5] -

JUICE is an ESAs L-class mission to Explore Jupiter Icy Moons. JUICE was mission adopted in November 2014. It will be
launched in 2022, arrive at Jupiter in 2030 and be inserted into Ganymede orbit in 2032. The science objectives of JUICE i
to understand (1) emergence of habitable worlds around gas giants and (2) Jupiter system as an archetype for gas giants. Th
Japanese groups were selected to provide part of the three science instruments RPWI, GALA, and PEP/INA. Two Japane
groups were also selected as science Co-l of two instrument groups JANUS and J-MAG.

JUICE is the first mission for ISAS/JAXA to participate to foreign large science mission as a junior partner who will provide
part of the science instruments.

JUICE will observe Jupiter system from Jupiter orbit in order to understand Jupiter system as an archetype for gas giants
JUICE will make observation of 3 of the 4 Galilean satellites, Europa, Ganymede, and Callisto in order to understand the
emergence of habitable worlds around gas giants.

JUICE will be launched by Arian-5. The Dry mass of JUICE is about 1800kg and the fuel is about 2900kg. The required
Delta-V is about 2700m/s. JUICE is a three-axis stabilized spacecraft with solar cell paddle of about 70m2 that will generate
approximately 700W power. The mass and power allocated to science instrument is 104kg and 150W, respectively. X band an
Ka band are used for satellite-ground communications.

After 7.5 years of interplanetary transfer and Earth-Venus-Earth-Earth gravity assists JUICE will be inserted into an orbit
around Jupiter in January 2030. JUICE will make observation of all the three Jupiter icy Moons that potentially have subsurface
ocean under the icy crust. After inserted into Ganymede orbit in 2032, JUICE will make detailed observation of the largest Icy
Moon in the solar system.

Taking into account all the data to be obtained by 5 instruments that JUICE-JAPAN will participate, Japanese team will be able
to contribute to most of the major science objectives relating with planet Jupiter (JANUS), Jupiter magnetosphere (PEP/IJNA
RPWI, and J-MAG), and Icy Moons (GALA, J-MAG, and JANUS).

JUICE-JAPAN Working Group (WG) was established in September 2013. JUICE-JAPAN WG submitted a proposal for
ISAS/JAXA small project in February 2014. JUICE-JAPAN WG passed the MDR in September 2014. Although ISAS SRR and
ISAS project preparation review were held in February 2015, JUICE-JAPAN failed to pass those reviews. JUICE-JAPAN passec
the Delta ISAS SRR that was held in April and also passed the Delta ISAS project preparation review that was held in May with
some action items. Currently JUICE-JAPAN is in transition from Working Group to ISAS pre-project. In the future, SDR is
scheduled in the end of 2015, PDR is scheduled in 2016 and CDR is scheduled in 2017.
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Scientific Objectives of JUICE/Ganymede Laser Altimeter (GALA)
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'Is there a life elsewhere in the universe?’ It is a fundamental question deeply rooted on intelligence of human beings. And &
clue of this question may be found on Ganymede. After magnificent achievements of Galileo and Voyager missions, an existenc
of thick liquid water layer has been implied for three icy satellites of Jupiter, Ganymede, Europa, and Callisto. This layer is now
understood as subsurface oceans under icy crust. The evidence of ocean, however, is not widely accepted, because it depend
an inference of electromagnetic observation and surface morphology. Looking for new evidences and clues for these importat
issues, a new mission to Jupiter system is planned by European Space Agency. It is the Jupiter Icy Moon Explorer (JUICE)
JUICE will be launched in 2022, and will arrive at Jupiter in 2030. After several fly-bys to Europa and Callisto, JUICE will
be inserted into an orbit around Ganymede in 2032 and will continue scientific observations for eight months until the end of
nominal mission in 2033.

The Ganymede Laser Altimeter (GALA) is one of the instruments selected for JUICE. A fundamental goal of any exploratory
space mission is to characterize and measure the shape, topography, and rotation of the target bodies. A state of the art tool for t
task is laser altimetry because it can provide absolute topographic height and position with respect to a body centered referen
system. The GALA data are particularly important for confirming the global subsurface ocean and further characterization of
the water-ice/liquid shell. If the ocean exists beneath icy crust, dynamic response of the ice shell to tidal forces is so large tha
temporal variation of the topography as great as several meters is expected. In addition, small eccentricity of orbit of Ganymed
causes the forced physical librations and spin-axis obliquity that will be observed as lateral shifts of footprint of laser beam at the
surface. Further, improved determination of spacecraft orbits by cross-over analysis contributes to precise estimate of low degre
harmonics of gravity field. We thus aim to estimate accurate tidal Love numfieas\dk- , to infer internal density structure of
the satellite.

Global topographic data derived by GALA are also important for the study of tectonic history at the surface, elastic and
viscous structure of ice crust, and thermal evolution of interior of the icy satellite. For example, linear structures such as ridge:s
and grabens reveal extensional stresses in the past. Such stress variation is closely related with thermal history of Ganymede.
well, possible cryo-volcanic features may indicate partial melting of the crust and consequent subsurface lake. These observatio
on various geologic activities lead to new understanding of transport of heat and materials from the inside to the surface. Furthe
a comparison of styles of tectonics of ice crust and that of silicate lithosphere will likely shed a new light on theory of plate
tectonics of the Earth.

GALA uses the 'direct-detection’ (classical) approach of laser altimetry. Laser pulses are emitted at a wavelength of 1064 nn
by using an actively Q-switched Nd:Yag laser. The pulse energy and pulse repetition frequency are 17 mJ at 30 Hz, respectivel
The emission time of each pulse is measured by the detector. The beam is reflected from the surface and received at a 25 ¢
diameter F/1 telescope. The returning laser pulse is refocused onto a silicon avalanche photodiode (APD) through back-er
optics including a narrow bandpass interference filter for isolating the 1064 nm wavelength. The APD-signal is then amplified,
sampled and fed to a digital range finder. The minimum acceptable SNR is approx. 1.2. This system determines the time ¢
flight, pulse intensity, width and full shape. The GALA instrument is developed in collaboration of institutes and industry from
Germany, Japan, Switzerland and Spain.
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Current development status of JUICE/SWI Japanese team
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The Submillimetre-Wave Instrument (SWI) is one of the 10 scientific payloads on the JUpiter ICy moon Explorer (JUICE).
The primary scientific objective of SWI is to investigate the structure, compositions and dynamics of the middle atmosphere
of Jupiter and the exosphere of its moons, as well as thermophysical properties of the satellite surfaces. SWI observations wi
provide pioneering direct measurements of atmospheric compositions in Jupiter system. SWI plans to performed limb and nad
passive observations with frequency 530-600 and 1075-1275 GHz regions. Japanese contributions are the development of ma
and sub-reflectors, actuators for the instruments, feasibility studies for observation performance, data processing, and scienti
contributions. In this paper, the current status of development in Japan will be presented.
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The Radio and Plasma Wave Investigation (RPWI) for JUICE: Contributions from Japan
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Kimura[5]; Yuto Katoh[6]; Atsushi Kumamoto[7]; Hirotsugu Kojima[8]; Satoshi Yagitani[4]; Keigo Ishisaka[9]; Yoshizumi
Miyoshi[10]
[1] Tohoku Univ.; [2] PPARC, Tohoku Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [4] Kanazawa Univ.; [5]
RIKEN; [6] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [7] Dept. Geophys, Tohoku Univ.; [8] RISH, Kyoto Univ.; [9]
Toyama Pref. Univ.; [10] STEL, Nagoya Univ.

RPWI [PI: J.-E. Wahlund (IRF-Uppsala, Sweden)] on the ESA JUICE mission to Jupiter (launch: 2022) consists of Langmuir
probe and electromagnetic wave measurements. It will provide the basic information of the exospheres, surfaces, and conducti
subsurface oceans of Ganymede, Europa and Callisto and their interactions with surrounding Jovian magnetosphere.

RPWI has put special efforts into the design in order to have the following capabilities: (1) First to determine the properties,
dynamics and the electrically conducting state of the cold plasma (&It;100 eV, and possibly dusty) that originates from the
ionization of the dense exospheres of the icy Galilean moons, and its effect on these moons icy surfaces; (2) First to determir
the electro-dynamic coupling via electric currents, Alfven waves, electric acceleration structures and plasma waves that transfe
energy and momentum between different particle populations in Ganymede’s magnetosphere as well as in the induced induce
fields coupling to their conducting subsurface Oceans; (3) First to determine the state and dynamics of the Jovian magnetosphe
and how this variable and rotating magnetosphere transfer energy and momentum to the space environments around the |
Galilean moons, with special emphasis on the mechanisms of the electro-dynamic coupling in this interaction; (4) First to
determine the location of source regions of the radio emissions within the Jovian domain and to determine the properties of thos
emissions, such as polarization, to characterize the source regions;

We also do possible sciences coordinated with others for the possible access to the subsurface ocean. (5) RPWI first provide t
precise density and temperature of cold plasma and electric fields in Jovian system. Exhaust plumes from cracks on icy moor
will also be detected, as well as micron sized dust migrating in these plumes and their interactions. It can provide the globa
conductivity and current estimations of icy satellite ionospheres, which contributes to the estimation of those characteristics of thi
conductive subsurface oceans below the non-conductive icy crust. (6) RPWI also first provides the highly resolved informatior
of Jovian radiation emitted from Ganymede and Jupiter including lightning activity, by the first 3-axis E-filed measurement. As a
byproduct, reflected Jovian emission can be expected from the boundary of crust (ice) and subsurface ocean (conductive wate
It could observed by RPWI like the Lunar surface reflection in terrestrial auroral kilometric radiation seen by Kaguya Lunar
Radar Sounder. RIME (Radar for Icy Moons Exploration) on JUICE uses 9 MHz radar pulse by 16 m tip-to-tip antenna and tries
to detect the ocean under “10 km icy crust. Since the frequency of Jovian radiation is wider, from several 100 kHz to several 10
MHz, RPWI can potentially provide complementary information of RIME, including the vertical distributions of conductivity
and permittivity in the icy crust.

RPWI sensors consist of 4 Langmuir probes (LP-PWI) for determination of the vector electric field up to 1.6 MHz and
cold plasma properties (including active measurements by LP sweeps and mutual impedance sounding) up to 1.6 MHz, a tr
axial search coil magnetometer (SCM) for determination of the vector magnetic field up to 20 kHz, and a tri-dipole antenna
system (RWI) for monitoring of radio emissions (80 kHz - 45 MHz). From Japan, we will provide the RWI preamp and its
High Frequency receiver with the onboard software, modifying from the BepiColombo PWI and ERG PWE developments. We
will also provide Software Wave-Particle Interaction Analyzer (SWPIA) function to RPWI DPU, for the onboard quantitative
detection of electromagnetic field - ion interactions, modifying from the ERG SWPIA developments. We are now developping
the first hardware for the preliminary integration test by all members from Jan to March 2016. Long voyage starts till the end of
this mission.



R009-05 215 C B¥R3: 11 B 1 H 15:00-15:15

THEEGHIC X S ARKEA—0 T OZREN - M sEigic B % X #RFOE

# AR B [1]; % T2 [2); b A0k [3]; AL 5% [4]; 1LileE 2 [5]; L s [6]; TR #h—EE [7]
[1] RIKEN; [2] LPP, Ecole Polytechnique; [3[1ZK; [4] ISAS/IAXA; [5] JAXA « FHEHT; [6] BALA « B - sE T T X< K
&G 7] EAOR - BRI - P

Multi-wavelength observations of Jupiter’'s aurora with Hisaki and other space
telescopes: X-ray aurora in the polar cap region

# Tomoki Kimura[1]; Chihiro Tao[2]; Kazuo Yoshioka[3]; Go Murakami[4]; Atsushi Yamazaki[5]; Fuminori Tsuchiya[6];
Yuichiro Ezoe[7]
[1] RIKEN; [2] LPP, Ecole Polytechnique; [3] Rikkyo Univ.; [4] ISAS/JAXA; [5] ISAS/JAXA, [6] Planet. Plasma Atmos. Res.
Cent., Tohoku Univ.; [7] Tokyo Metropolitan University

From January to April 2014, two observing campaigns by multi-wavelength remote sensing from X-ray to radio were per-
formed to uncover energy transport process in Jupiter's plasma environment using space telescopes and ground-based faciliti
These campaigns were triggered by the new Hisaki spacecraft launched in September 2013, which is an extremely ultraviols
(EUV) space telescope of JAXA designed for planetary observations. In the first campaign in January, Hubble Space Telescoy
(HST) made imaging of far ultraviolet (FUV) aurora with a high special resolution (0.08 arcsec) through two weeks while Hisaki
continuously monitored aurora and plasma torus emissions in EUV wavelength with a high temporal resolution (10 min or less)
We discovered the internally-driven auroral brightening associated during the solar wind quiet period. The second campaign il
April was performed by Chandra X-ray Observatory (CXO), XMM newton, and Suzaku satellite simultaneously with Hisaki.
Relativistic auroral accelerations in the polar region and hot plasma in the inner magnetosphere were measured in both X-re
and EUV wavelengths. Driving mechanisms for the relativistic accelerations are discussed mainly based on daily variations an
source location of X-ray aurora.
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Enhancement of 10’s volcanic activity and its influence on local electron heating in the lo
plasma torus
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NCT; [5] Rikkyo Univ.; [6] RIKEN; [7] ISAS/JAXA; [8] Grad. School of Science, Tohoku Univ.; [9] Tohoku Univ.; [10]
ISAS/JAXA; [11] EPS, Univ. of Tokyo
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lo continuously supplies volcanic gases to the Jovian magnetosphere with typical rate of 1 ton/sec and is a primary source «
plasmas in the magnetosphere. The supply of neutral atoms and molecules from lo produces pickup ions and causes significe
inputs of mass and energy to the inner magnetosphere. 10-20% of the energy is immediately converted to produce hot electr
population downstream of lo while the electrons quickly lose their energy by radiation of ions in the extreme ultraviolet (EUV)
range with a time scale shorter than the rotation period of Jupiter. Due to these processes, longitudinal distribution of electrol
temperature has a maximum downstream of lo. This phenomenon was discovered by EUV spectroscopic observation of th
Voyager spacecraft and confirmed by the HISAKI satellite observation in 2014. Based on the HISAKI observation, the lo phase
dependence is accompanied by the 5-hour periodicity which is a half of Jupiter’s rotation period. This means that the energ
production rate at lo depends on the local plasma density since lo crosses the center of the torus twice during one Jovian rotati
(10h). However, the lo phase dependence has not been detected by the similar EUV observations by EUVE and Cassini and t
origin of the local electron heating is still open question. This study examines unresolved problems on the lo phase dependenc
using the HISAKI observation data in 2015. The EUV spectroscope, EXCEED, onboard HISAKI measures ion and atomic
emission lines in EUV range. The 2nd campaign of lo plasma torus observations has been done from the end of Nov. 2014 t
middle of May 2015. On middle of Jan. 2015, EXCEED observed gradual increasebrnightness. The brightness showed a
maximum at the end of Feb. and'Sand S+ intensities also showed maxima subsequently. Ground based observation of the
sodium nebula showed increase in the emission intensity from the middle of Jan. to the beginning of Mar. These observation
suggest that enhancement of the volcanic activity began at the middle of Jan. The brightness of ions returned to the pre-increa
level by the middle of May 2015. These are the first complete data set which shows influence of 10’s volcanic activity change
to the lo plasma torus from start to finish. Characteristics of the lo phase dependence also changed during the volcanic ever
Before the volcanic enhancement, ion brightness shows the lo phase dependence with the similar amplitude as the 2014 da
It kept appearing during the increasing phase but amplitude became large. In the declining phase the amplitude of the lo pha:
dependence reduced significantly. Periodogram analysis of ion brightness showed significant peaks at |o’s orbital period, arour
Jupiter’s rotation period (system Il and IV periods), and at a half of it (5-h) and confirmed that the significance of the lo orbital
periodicity became small during the declining phase. It is also found that the 5-h periodicity was significant before and during
the increasing phase but it disappeared during the declining phase. Hypotheses to account for them is change in the latitudin
distribution of plasmas and longitudinal extend of neutral cloud in the lo torus. If the neutral cloud is primary source of the
pickup ions, the longitudinal extend of the cloud cause the extension of the mass and energy production region. This could caus
reduction of both the lo phase dependence and 5-h periodicity. The increase of pickup ion causes to increase in ion temperatu
along the magnetic field line and extend latitudinal distribution of ions. This could reduce local plasma density change at lo anc
is responsible for decreasing the lo phase dependence. The latitudinal distribution of ion and longitudinal extend of neutral clou
could be derived from EXCEED and ground based observations and will be compared with the lo phase dependence to valida
the hypotheses.



R009-07 215 C B¥R3: 11 B 1 H 15:30-15:45

Variation characteristics of Jupiter’s hectometric radiation during the HISAKI
observation campaign in 2015

# Hiroaki Misawa[1]; Fuminori Tsuchiya[2]; Tomoki Kimura[3]; Yasumasa Kasaba[4]; Atsushi Kumamoto[5]
[1] PPARC, Tohoku Univ.; [2] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [3] RIKEN; [4] Tohoku Univ.; [5] Dept.
Geophys, Tohoku Univ.

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

Around Jupiter’s opposition to the earth in 2015, a remote observation for Jupiter had been made continuously by the HISAKI
satellite. In the period, sudden enhancement of logenic plasma emissions occurred in the middle of Jan., 2015 and the enhant
ment had lasted for more than two months. This phenomena would give important clues for investigation of drivers of Jupiter’s
magnetospheric activities.

We have analyzed Jupiter's hectometric radiations (HOM) by using the WIND spacecraft data for the period. HOM is known
to be one of indicators reflecting Jupiter’s global magnetospheric activities (Louarn et al., 2014 etc.), and to have some correlatio
with solar wind variations (Nakagawa et al., 2000 etc.). The preliminary analysis indicates that occurrence of HOM enhancec
after the middle of Feb. and showed intermittent feature roughly correlating with activities of UV aurora detected with HISAKI.
In the presentation, we will introduce results of comparison analyses among HOM, optical intensities of UV aurora and torus
plasma, and solar wind properties, and will discuss variation characteristics of Jupiter'’s magnetosphere.

Acknowledgements: We would greatly appreciate M. Kaiser, J.-L. Bougeret and the WIND/WAVES team for providing the
radio wave data.
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Solar wind influence on the Jovian inner magnetosphere derived from EUV spectroscop!

# Go Murakami[1]; Kazuo Yoshioka[2]; Tomoki Kimura[3]; Atsushi Yamazaki[4]; Fuminori Tsuchiya[5]; Masato Kagitani[6];
Chihiro Tao[7]; Yasumasa Kasaba[8]; Ichiro Yoshikawa[9]; Masaki Fujimoto[10]
[1] ISAS/IAXA,; [2] Rikkyo Univ.; [3] RIKEN; [4] ISAS/JAXA; [5] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [6]
PPARC, Tohoku Univ; [7] LPP, Ecole Polytechnique; [8] Tohoku Univ.; [9] EPS, Univ. of Tokyo; [10] ISAS, JAXA

The dawn-dusk asymmetry of the lo plasma torus has been seen by several observations [e.g., Sandel and Broadfoot, 19¢
Steffl et al., 2004]. 1p and Goertz [1983] explained this asymmetry can be caused by a dawn-to-dusk electric field in the Joviar
inner magnetosphere. However, the question what physical process can impose such an electric field deep inside the stro
magnetosphere still remains. The long-term monitoring of the lo plasma torus is a key observation to answer this question. Th
extreme ultraviolet (EUV) spectrometer EXCEED onboard the Hisaki satellite observed the lo plasma torus continuously during
the two periods: from December 2013 to March 2014 and from November 2014 to May 2015. We found clear responses of the
dawn-dusk asymmetry to rapid increases of the solar wind dynamic pressure. Our results suggest that the solar wind can effe
on the dawn-to-dusk electric field in the Jovian inner magnetosphere. We statistically analyzed the relations between solar win
and IPT response. Furthermore, we investigated the influence of volcanic activity of 1o, detected by Hisaki in January 2015, or
the solar wind response of Jovian inner magnetosphere. We will report the initial results of this study.
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Test-particle simulation of elastic collisions of 500eV-keV electrons with neutral H20
molecule originated from Enceladus

# Hiroyasu Tadokoro[1]; Yuto Katoh[2]
[1] none; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.

Water group neutrals (H20, OH, and O) in Saturn’s inner magnetosphere play the dominant role in loss of energetic electron
and ions because of abundance of the neutral particles [e.g., Paranicas et al., 2007; Sittler et al., 2008]. The observations
injected electrons and ions in the inner magnetosphere suggest that these particles do not survive very long time due to tt
neutral cloud originated from Enceladus [e.g., Paranicas et al., 2007; 2008]. Thus, the previous study suggested that the neut
cloud contributes to loss processes of plasma in the inner magnetosphere. However, little has been reported on a quantitative stt
of the electron loss process due to electron-neutral collisions. In this study, we focus on the variation of energetic electron pitcl
angle distribution at the magnetic equator and loss rate of precipitated electrons into Saturn’s atmosphere through pitch ang
scattering due to elastic collisions with neutral H20 along Saturn’s dipole magnetic field line around Enceladus. Conducting
one dimensional test-particle simulation for monoenergetic electrons along Saturn’s dipole magnetic field line around Enceladu
when the co-rotating electron flux tube passes the dense H20 region in the vicinity of Enceladus (6.4 minutes), Tadokoro et al
[2014] showed, in case of 1 keV electron, that

1. the equatorial electron pitch angle distribution near the loss cone (&It;20 degrees and &gt;160 degrees) decreases with tirr
through pitch angle scattering due to elastic collisions and that the distribution around 90 degrees shows significant scatterin
due to the dense region of H20,

2. ltis found that the electrons of “19 % to the total number of equatorial electrons at the initial condition are lost in “380
seconds.

3. The calculated loss time is fourth faster than the loss time under the strong diffusion.

We also show the loss rates through pitch angle scattering of electrons with not only 1 keV but also several hundreds eV t
several tens of keV.
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Plasma dynamics in Saturn’s middle-latitude ionosphere and implications for
magnetosphere-ionosphere coupling

Shotaro Sakai[1]; # Shigeto Watanabe[2]
[1] University of Kansas; [2] Cosmosciences, Hokkaido Univ.

Saturn’s magnetosphere-ionosphere (M) coupling is active in the auroral regions at high latitudes. The coupling process in th
inner magnetosphere at less than X0Rg: Saturn radius = 60268 km) is not well understood. However, the interaction between
the ionosphere and Saturn’s ring particles was recently studied by using measured deplesibionisHin the ionosphere, called
"ring rain”. Ring rain ions are probably generated by photoionization of the ring surface. A similar phenomenon is expected
to occur in the inner magnetosphere covering the E ring since it also contains mainly water group ions and water ice dus
from Saturn’s moon Enceladus. Sakai et al. (2013) showed that the magnetospheric electric field generated by the ion-du
collisions slows down the ion velocity from the co-rotation speed in Saturn’s inner magnetosphere, and suggested that the dus
plasma interaction occurs via Ml coupling. This magnetospheric electric field also strongly depends on the ionospheric Pederse
conductivity. A magneto-hydrodynamics (MHD) model is used to investigate the magnetosphere effect on Saturn’s ionosphere
The model includes a magnetospheric plasma temperature of 2 eV as a boundary condition. The main results avagBrél
accelerated along magnetic field lines by ambipolar electric fields and centrifugal force, and have upward velocity of about 1C
km/s at 8000 km; (2) the ionospheric plasma temperature is 10000 K at 5000 km, since it is significantly affected by heat flow
from the magnetosphere at high altitudes; (3) model electron densities agree with densities from occultation observations whe
the maximum neutral temperature at the latitude of 54 deg. is about 900 K or electrons are heated more around 2500 km; ar
(4) the ion temperature is high at altitudes above 4000 km and it is almost the same as the electron temperature. The ionosphe
Pedersen conductivity which affects the magnetospheric plasma velocity varies with local time between 0.4 and 9 S. We sugge
that the subcorotating ion velocity in the inner magnetosphere depends on the local time, because the conductivity generate
by dust-plasma interaction in the inner magnetosphere is almost comparable to the ionospheric conductivity. This indicates th:
magnetosphere-ionosphere coupling is highly important in the Saturn system.
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Source locations of Jupiter's decametric emissions measured by LWA1 modulation lane
data

# Kazumasa Imai[1]; Masafumi Imai[2]; Charles A. Higgins[3]; Tracy Clarke[4]
[1] Kochi National College of Technology; [2] Department of Geophysics, Kyoto University; [3] Middle Tennesee State
University; [4] Naval Research Laboratory

Jupiter is one of the most powerful radio sources at decametric wavelengths. The radio emitting frequency range is from abot
3 to 40 MHz. These emissions originate along magnetic field lines within auroral zones as well as field lines that pass througt
lo and the lo plasma torus. The radio waves at Jupiter are amplified by particle-field interactions and are generated in both th
X-mode and O-mode. Due to the emission source parameters, right-hand (RH) polarized waves are generated from northe
hemisphere sources (lo-A and lo-B sources) while left-hand (LH) polarized waves come from the southern hemisphere (lo-C an
lo-D sources).

The modulation lanes in the dynamic spectra of Jupiter's decametric emission were discovered by Riihimaa in 1968. We
developed a model to explain the production of the modulation lanes [Imai et al., 1992a, 1992b, 1997, 2001, 2002]. By using ou
model the precise Jupiter’s radio source locations and beam parameters can be measured. This hew remote sensing tool is ca
as the modulation lane method.

The Long Wavelength Array (LWA) is a low-frequency radio telescope designed to produce high-sensitivity, high-resolution
images in the frequency range of 10-88 MHz. The Long Wavelength Array Station 1 (LWAL1) is the first LWA station completed
in April 2011, and is located near the VLA site in New Mexico, USA. LWA1 consists of a 256 element array, operating as a
single-station telescope. The sensitivity of the LWA1 combined with the low radio frequency interference environment allow us
to observe the fine structure of Jupiter's decametric modulation lanes.

Using newly available wide band modulation lane data observed by LWA1, we measured source locations and beam paran
eters. The LWAL wideband data provides the opportunity to verify the accuracy of the model in fitting the modulation lane
curvature. From this modulation lane curvature fitting method for the wideband data, we can establish that the longitude of the
intersection of the active magnetic flux tube with the equatorial plane. The results of LWA1 data analysis indicate that the radic
emitting sources are located along the restricted range of longitude. We only receive one of the individual sources which has
very thin beam thickness (probably less than few degrees) at a given time. We show the measured locations of lo-related sourc
based on the modulation lanes observed by LWAL.
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Jovian hectometric attenuation lanes during the Cassini flyby of Jupiter: Enhanced ray
tracing study

# Masafumi Imai[1]; Alain Lecacheux[2]
[1] Department of Geophysics, Kyoto University; [2] CNRS - Observatoire de Paris, LESIA, Meudon, France

Cassini spacecraft during Jupiter’s flyby monitored persistent properties of Jovian hectometric (HOM) radiation, which em-
anates from radio sources along auroral magnetic field lines in the polar regions. In the HOM dynamic spectrum, the modulate
low-intensity property, surrounded by regions of enhancement, is rotationally appeared. This feature is called attenuation lane
whose cause may be a ray refraction from a high-density medium: either (1) enhanced density in the magnetic L-shell connecte
lo’s orbit or (2) in the lo plasma torus. Recently, Imai et al. [2015] have, by means of a standard ray tracing technique, surveyec
the HOM ray trajectories of 0.5-3.0 MHz emissions as the cone half-angles in the continuous radio longitudes vary for northerr
and southern hemisphere radio emissions. After comparing the attenuation lanes with observations and ray-tracing computatior
they pointed out that the main contribution to the attenuation lanes is from a medium (1), in which the reasonable flux shell den:
sity ny is estimated as 100 cm with the half-width 5.0 lo radii. However, a difficult part of the interpretation for the standard
ray tracing results is implicitly to treat total ray numbers as being proportional to physical intensity. In overcoming this problem,
in addition to the standard ray tracing, we have applied the concept of tracing a family of neighboring rays to the attenuatior
lanes (i.e., this technique is named as an enhanced ray tracing), thereby comparing the more realistic intensity with the Cassi
observations.
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Space Mirage Phenomena in the Case of Observations of Cosmic Decameter Radio
Waves

# Hiroshi Oya[1]
[1] Geophysics, Tohoku Univ.

We are observing the decameter radio waves, from the center part of our Galaxy ,from which we can detect arriving pulse
signals that are attributed to be from rotating black holes. During analyses of the data from our Galaxy center using the lonc
baseline decameter radio wave interferometer of Tohoku University, we have met phenomena which could be considered ¢
space mirage. Analyses had been made for detection of decameter signal at 21.865MHzfrom the possible black hole binary th
show two kinds of pulse periods of 130 sec and 110 sec ; these periods are modulated by sinusoidal variation with a perio
of 2300sec reflecting the period of orbital motion of the binary black holes Gaa and Gab system. For the case of analyses c
data observed from 22 JST on Feb 27 to 02:30 JST on Feb 28 in 2014 when no Galaxy center observed in the direct sight ¢
observation station, we detected the signal of Gaa and Gab. Because the pulse signals from these black holes are restricted v
a given frequency modulation on detected pulse periods, we cannot be mixed the results as contamination of trivial noises fror
unidentified sources. The possibility of the space mirage has been found after investigation of the ray trace of the decamet:
radio waves at 21.865MHz using three layers model ionosphere that is constructed being based on data of real time ionosphe
sounding at Kokubunji station. The rays from Galaxy center entering into the topside ionosphere eventually arrive at a earth’
surface passing through the F2 and F1 layers; at this surface the rays are further reflected into the ionosphere. When one of t
reflected ray satisfies the condition of the secant law of the reflection in a layer in the ionosphere ranging from F1 to F2 layers
the ray is reflected to the observation point with large enough rates of power. The numerical solution for this processes indicat
that we can detect the signals from radio wave origin even the longitude of the observation point is apart by 45 degree to 6
degree from the limiting longitude of direct observations. That is, we can observe the decameter radio wave source in a form o
mirage. We may call the phenomena the space mirage which may occur also in the cases of observations of cosmic decame
radio waves such as from Jupiter , and Cassiopeia-A not being restricted in the case of the present studies of the decameter ra
wave pulses from the Galaxy center.

KRETHA—ZPIR, 712 F X7 ABHIED K 512 20MHz H 5 30MHz # OFH BEIRFEETNI L < IThN TV B H,
AHFE TLEERITHLERD & < BT 7 X — R &I OV ABFO BEIRIEALE OPE % HiE U 100kmik EHEEHE A & D
WALR ET 1 A— 2 ERERBTSE S A7 L2 HOTEIL, 217> TW5, Sl Z O 728 U ke E
SHEBHSOMAET B ENMHIBH L 2D THE T %,

T T CRMNSR E 755 7 h A ZERIE 21.86MHz TH#15 100Hz T/E ] 30sech 5 140seaDMIC B % 73V A% R
LTV, 7OVA « LN)UIEEE RGO 0.1-0.8%2 % TIEFIC SINLEAVNE <, FEkafiritz o & 3%, ML, /8
VAT Z R L., IEFICZHEE S % B b Box-CartEic TIESMIEZTT> TW3, s RN 25T fo L
ADRFZIENCE#T B & 2RT, N7z, KETIEIRNIET 230 F ) — - TIv 7 R—ILh5DES L
. BHENZ )OSV AEA— - 75y 7R—)VOEERAERIAL, BAOIEZNZZIEIN 2T T Iv T « A=)V
DINFRIC & £75 5 Dopplersh L f5am LTV 5, 4al, JEHH 130sechz U 110secT Z D JE HHZ#H) 2300sed) Gaa-Gaby'
T 7 R—IVINAF V=507V I LB BRI 2 GE T B T ESEIC PV E B ERRIC K 2 BAREIC X % & f)
ET BBEENENT,

FRMTRISE 20144 2 H 27 H 2205 28 H 021 30 /MBIl E Nz 7 — 2 T, T ORFRHT IZ SR HULERAD E AR
HipHIC IR, [ D Gaa-Galz Skt E iz,

W5 & 752 %700 215513 N5 230080 CRITEE R ZZ I E > & 0 LIHIZEDRH O, Bz 2 BEMESOBEA &
LU ChEamd 5 C EIEARATRET. ZDOEMHSEMFZBA TIRMPOE K D EENEERT 2050, ZOnEEMEZ MG Uiz,

ST BB B 2 E S OBEEREEFT S FIFENT — 225, SEEZ Ny 7Y A R FR2E. &
U F1ED 3EICETIVEL, Ray-Theoryic & - TERFMFRHLSAD SEIRT % 21.86MHzD B =il /7 10723885 L 7z,
W L% Rayld—H, HRm G IRk Uz, TORMKDD FLEICAD > THEAT %, T T, FLED
5-F2 O T A > MRz 123 KR E N B RIS A Uz Ray i3 &8 U TRIIIAICEDR T % Lo Ffif e 5
Z %o TOFFENSMEDEMRREZ 45EN 5 60 ELLEE BNZRICH > THEBIE T i TrISIC K
T35 MRS, TOREPRINIE Azimuth 75 AN IEERITHULORIREE & s L c— i & 75 D B & & EICEHE)d
0. WAFFANCIENINT BTN TORH T 4 EM DS 25 L LA > TRIIE N5,

DL a2 2 TR S N2 BIR 2 AW T FHEMBXE E ST i Uz,



R009-14 25 INER—IV BRE: 118 2 H 9:10-9:25

MHD simulation of Mercury’s magnetosphere in extreme solar wind condition

# Manabu Yagi[1]; Kanako Seki[2]; Yosuke Matsumoto[3]; Dominique Delcourt[4]; Francois Leblanc[5]
[1] PPARC, Tohoku Univ.; [2] STEL, Nagoya Univ.; [3] Chiba University; [4] LPP, Ecole Polytechnique, CNRS; [5]
LATMOS-IPSL, CNRS

Based on observations by MESSENGER, Mercury’s magnetosphere is thought to be a miniature of the Earth’s magnetospher
These two magnetospheres have several characteristics in common, however, some critical differences are also evident. Fi
there is no atmospheric layer, but only tenuous exosphere. Second, the kinetic effects of heavy ions might not be negligibl
because Mercury magnetosphere is relatively small compared to the large Larmor radii. Recent observation by MESSENGEI
also found that the center of dipole is shifted to northward about 485km from the center of Mercury. Trajectory tracings is one
of the dominant methods to estimate the kinetic effect of heavy ions which originate the exosphere, though the results of th
simulation are quite sensitive to the electric and magnetic field. Therefore, it is important to provide a realistic field model in
the trajectory tracings. In order to construct a large scale structure, we developed a MHD simulation code, and adopted to th
global simulation of Mercury magnetosphere. In this study, first we performed two cases of simulation, low and high solar wind
density cases(35cm, and 140crm?) with velocity for 400km/s and northward IMF condition. When solar wind density is low,
magnetopause is formed at 1.4Rand the global structure has weak north-south asymmetry in the MHD simulation. One of the
important characteristics is open field line from south pole even in the northward IMF condition without Bx and By components.
When solar wind dynamic pressure is high, Mercury’s magnetosphere is compressed to the scale of Mercury itself. In this
case, planetary surface disturbs the magnetospheric convection, and the north-south symmetry as well as similarity to Earth
magnetosphere are strongly violated. Trajectory trancings in the MHD fields show that there are enough space for energet
(“few keV) sodium ions which are the main component of 'sodium ring’ at the vicinity of the planet to go through the dayside
magnetosphere in the low density case. In the high density case, dayside is too compressed and there are no space for sodium i
to go through. As a result, 'sodium ring’ became not isotropic ring but formed only at nightside. In the next step, we performed
higher dynamic pressure of the solar wind condition, it is, density for 148and velocity for 800km/s. This parameter is rarely
occurred except for the extreme case such as CME events. The result of MHD simulation shows that most of magnetic filed line
are opened, and continuous tail reconnection occurred by extremely high dynamic pressure. These structure and phenomen
partly correspond to that of magnetosphere with southward IMF, while magnetospheric convections are largely different becaus
no magnetic reconnection occurs at the dayside magnetosphere. Another characteristics is 'secondary compression’ region in 1
magnetosheath at flank side of the planet. First compression is occurred by planetary surface at the front side and formed wh
we call bow shock. Second compression is caused by magnetopause at the flank side which lies at the direction of sheath flo
In the presentation, we will also report the ongoing simulation result of trajectory tracings in this extreme case.
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Long-term temporal variation of Mercury’s sodium exosphere

# Tatsuya Yasuda[1]; Shingo Kameda[l]; Masato Kagitani[2]; Mizuki Yoneda[3]; Shoichi Okano[4]
[1] Rikkyo Univ.; [2] PPARC, Tohoku Univ; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [4] PPARC, Tohoku Univ.

The very thin atmosphere of Mercury contains hydrogen, helium, oxygen, sodium, potassium, and calcium atoms, as observe
by space probes Mariner 10 and MESSENGER and ground-based observations. These atoms emit light, with resonance sc
tering caused by energy from sunlight. Because of its high intensity, the emission of sodium atoms is well suited for studies
by ground-based observations. The source processes of Mercury’s exosphere are considered to be solar-photon-stimulated c
orption, sputtering by impacting solar wind particles crashing into Mercury’s surface and releasing atoms, and interplanetary
dust vaporization. A combination of these three processes has been considered, although the primary process among then
unknown.

In the present study, daily variation in Mercury’s sodium exosphere was observed at the Haleakala Observatory in Hawaii by
using a 40 cm Schmidt Cassegrain telescope, a high-dispersion spectrograph, and a charge coupled device (CCD) camera. Dur
observation seasons, elongation between Mercury and the Sun was more than 15 deg, and the observation time varied from
min to 1 h before sunrise or after sunset. We estimated the averaged column density of sodium atoms by using the exosphel
model and assuming constant exospheric temperature.

The observation of this study confirmed that the column density of sodium atoms over the dawn side differs from that over the
dusk side. We originally focused on column density over the dawn side, which had been observed until January 2015. Howeve
our observational data of March 2015 confirmed significant variation over the dusk side. In addition, we examined the ratio
between the dawn and dusk sides. Although the ratio is roughly 1 at the true anomaly angle (TAA) of more than 180 deg, the
maximum of the ratio is greater than 2 at the TAA of less than 180 deg.

In the observational data of the dawn side, the local maximums of the column density of sodium atoms were at the TAAS of
approximately 140 deg and 320 deg, which indicates contribution by interplanetary dust impact. Interplanetary dust is known tc
be distributed densely in the dust symmetry plane; however, its detailed distribution in the vicinity of Mercury is unknown. By
applying the dust distribution model by Kelsall et al. [1998], these TAAs show the points at which Mercury passes through the
dust symmetry plane. To verify the contribution of interplanetary dust to exospheric yield over the dawn side, model parameter
that maximize the correlation coefficient were derived, revealing a value of 0.822. Therefore, the column density of sodium
atoms may correlate highly with the interplanetary dust density.

However, the variation in column density over the dusk side showed a local maximum near the TAA of 180 deg. Therefore,
such variation cannot be explained by the consideration applied to the dawn side. Thus, it is necessary to examine factors inc
cating the differences in variation between the dawn and dusk sides.
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A study on the atmosphere of Venus with the Hinode observation during the transit of
Venus (2)

# Miho Kanao[1]; Masato Nakamura[2]; Takeshi Imamura[3]
[1] ISAS; [2] ISAS,JAXA,; [3] ISAS/JAXA

The transit is one of the chances to observe the atmosphere of Venus. The round arc is observed along the limb of Venus dit
at the beginning and the end on the transit of Venus. The SOT onboard HINODE captured the arc spreading from the equator
the northern pole of Venus in 109 x 109 arcsec images, on July 2012.

The bending angle smaller than 1.0 degree due to the atmosphere above 60 km of Venus make us enable to observe the refrac
solar light. The intensity at the arc ("100 DN pixélsec !) is 1 to 2 orders weaker than that of the solar photosphere.

We aimed to interpret the vertical profile of the intensity observed during the transit of Venus. The intensity was estimated
following the four steps; 1) The bending angle of the solar light in the geometry of the transit of Venus using the temperature anc
the density of the VIRA (Seiff et al., 1985). 2). The modeled transmittance in the atmosphere of Venus referring the spectroscopi
observation by Wilquet et al. (2009). 3) The intensity profile convolved by the point spread function of the Gaussian with 0.16
arc sec FWHM (Suematsu et al., 2009).

The altitude defined as the peak intensity of the observation is higher than the estimated intensity profile by 10 km. We triec
the some atmospheric temperature based on VIRA and the transmittance due to the cloud scattering to reproduce the obsen
intensity profile. We could show the atmospheric temperature and the transmittance model in the wide latitudinal range with the
images had taken during the transit. Thank you.
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Radio holographic analysis of Venus’ radio occultation data

# Mayu Miyamoto[1]; Takeshi Imamura[2]; Hiroki Ando[3]; Toshitaka Tsuda[4]; Yuichi Aoyama[5]
[1] Earth and Planetary Science, The University of Tokyo; [2] ISAS/JAXA; [3] ISAS/JAXA,; [4] RISH, Kyoto Univ.; [5] NIPR

The radio occultation is one of the important measurements for studying planetary atmosphere. Temperature profiles of th
planetary atmosphere can be derived through the radio occultation technique. The radio occultation method relies on the me
surement of the frequency shift of the received signal caused by the bending of radio waves in the radial gradient of the refractiv
index in the atmosphere. The geometrical optics method has long been used for the analysis of radio occultation data. Howeve
this method cannot disentangle multipath rays and vertical resolution is limited by the size of the Fresnel zone ("1 km). Gravity
waves with vertical wavelengths from a few tens of meters to kilometers have been observed in the Earth’s atmosphere by re
diosondes and radars. Also in the atmospheres of other planets, gravity waves are observed by various methods including rac
occultation.

Radio holographic methods have been proposed for processing of radio occultation signals in multipath regions and obtainin
atmospheric profiles with high resolution. One of them is the Full Spectrum Inversion (FSI), which was recently applied to GPS
occultation data of the Earth’s atmosphere. By applying this technique to Venus Express radio occultation data, we derived ten
perature profiles with high vertical resolution. In this presentation, the FSI technique will be introduced and the high resolution
temperature profile and the vertical wave number spectra of gravity waves will be shown.
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Spatial and temporal variations of thermal fluctuations in Venus middle atmosphere as
seen by IRTF ground-based observations

# Toru Kouyama[1l]; Takao Sato[2]; Hideo Sagawa[3]
[1] AIST; [2] ISAS/JAXA; [3] Kyoto Sangyo University

Previous studies on cloud brightness patterns and wind velocity fields have shown the presence of many kinds of transiel
waves, with various spatial scales, in the Venus atmosphere. On the other hand, there has been less clues of periodical pertur
tions in cloud thermal structures, and thus the understanding on relationship between thermal fluctuation in the cloud top altitude
and spatial/temporal variations in Venus atmosphere has been poorly revealed. Recently a model research showed Kelvin a
Rossby waves can provide thermal perturbations with the amplitude of 1 K based on results of wind speed analysis using image
from Venus Monitoring Camera onboard Venus Express. Since the amplitude and the phase of thermal fluctuation are one c
key components which represent characteristics of a wave structure and its propagating structure, analyzing thermal fluctuatio
should provide additional hints for investigating wave activities in Venus atmosphere.

We have conducted ground-based observations at 4.5 um using Infrared Telescope Facility (IRTF) in December 2013, and Ju
2015. NSFCam2 and SpeX instrument were used for the former and latter period, respectively. At this M-band wavelength, the
thermal radiation emitted from the altitude around 70 km is observed at both day and night-side hemispheres of Venus. Relativel
small scale features (several hundred km scale) were clearly seen in the high-passed Venus images, and westward motion of th
features were confirmed by comparing images taken with "1 hr separation. In addition to M-band images, we obtained 2.3 un
near-infrared images of Venus at which the spatial distribution of cloud opacity is illuminated as a silhouette against the hot
thermal emission from the lower atmosphere. Such 2.3 um images were also taken with "1 hr separation so that we can derive tl
short-term temporal variation (movement) of the cloud opacity. Comparison of propagation velocities between upper and lowe
cloud regions may provide a hint of existence of thermal connection between both layers.
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Experimental development of Atmospheric Neutral Analyzer (ANA) for in-situ
observations of planetary upper atmospheres

Pl

# Kouki Arimi[1]; Manabu Shimoyamal2]; Keisuke Ishiguro[1]; Masafumi Hirahara[1]
[1] STEL, Nagoya Univ.; [2] IRF

The dynamics in the neutral upper atmosphere of the Earth and the other planets affect the environment of their ionosphere
and the thermospheres. Observations in the terrestrial and planetary neutral atmospheres such as the Earth, Mars, and Ve
have been mostly carried out by remote sensing, while in-situ observations of neutral atmospheres have been accomplished ol
few times. The in-situ observations utilizing by spacecraft are needed for understanding atmospheric circulations, heating, an
dissipation.

We are newly developing a Bennett-type radio-frequency mass spectrometer, which is called Atmospheric Neutral Analyze
(ANA). The ANA is capable of observing 2-D velocity distributions, from which density, wind velocity and temperature are
derived, for each component of neutral species. The ANA consists mainly of five sections: an entrance slit, an ionization sectiol
utilizing electron gun, a pre-acceleration section, a Radio Frequency (RF) stage for mass spectrometry, and a detection secti
which obtains 2-D velocity distributions in combination of MCP with 2-D position-sensitive device. We now concentrate on the
development of the whole ion mass spectrometer after the ionization section.

We use a suprathermal ion beam line for the calibration of the ANA. For the calibration, we set the engineering model of
the ANA in a vacuum chamber, and emit several types of ion beams, and investigate its responses. Because our beam li
facilities are currently under development, it is still difficult to emit suprathermal ion beams stably. In the previous performance
verification, we could not obtain adequate beam properties witho®ams. In order to improve the beam profiles, therefore, we
attempt to investigate the responses of the ANA by utilizing heavier ions suchagl8amu).

As mentioned above, suprathermal ion beam flux varies according to a particle species. The ion beam which it is easy t
irradiate most is At. In addition, the targeted mass resolution of ANA, i.e. m/(delta m) is equal to 10. Therefore, we are now
preparing the calibration to verify whether the mass separation betweenth@®@amu) and C@" (44amu) will be possible or
not.

In the presentation, we will show the overall design of the ANA regarding the mass spectrometry and the characteristics
investigated by the simulation and the beamline experiments.
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Design of the suprathermal ion mass spectrometer (STIMS) and experimental study of
lon scattering characteristics at foll

# Keisuke Ishiguro[1]; Masafumi Hirahara[1]; Kouki Arimi[1]
[1] STEL, Nagoya Univ.

In ionospheres of non-magnetized planets, e.g., Venus and Mars, planetary ions directly interact with the solar wind magneti
field due to the absence of intrinsic magnetic fields. These ions are accelerated up to suprathermal energies and escape fr
the planetary ionospheres, which is so-called ion pickup that is one of the processes of planetary ion escape. This proce
is an interesting topic of space physics around the non-magnetized planets. As for major ions stchras ®, three-
dimensional ion velocity distributions have been successfully obtained by in-situ observations. There is, however, a problen
that conventional observation techniques have not been sufficient to derive precisely three-dimensional velocity distributions o
heavier molecular ions such as €M, and CQ*. This problem is caused by low mass resolutions of the conventional space-
born mass spectrometers. In order to improve the mass resolutions, we have been designing a suprathermal ion mass spectrom
(STIMS) for future in-situ observations of the three-dimensional ion velocity distributions around the planetary ionospheres.

The STIMS consists of (a) a top-hat type electrostatic analyzer (ESA) and (b) a time-of-flight (TOF) analyzer. A field of view
of the STIMS is about 4 PI sr per a half spin of spin-stabilized spacecraft. A target energy range is from 0.1 to 300 eV, which
corresponds to suprathermal energies, and a mass range is from 1 to 50 amu. We aim to achieve an energy resolution (deltaE
that is better than 5%, and a mass resolution (M/deltaM) that is over 10.

(a) An energy analysis of the STIMS is carried out with the top-hat type ESA, which consists of two dome-shaped electrodes
inner and outer dooms. In order to deflect incident positive ions by 90 degrees, a sweeping negative voltage is applied to th
inner dome, while the outer dome is grounded. Only ions that drift around a center radius of the two domes can enter the TOI
analyzer. Between the ESA and the TOF analyzer, the ions are accelerated by -10kV.

(b) The TOF analyzer of the STIMS is mainly made up of three elements: carbon foils, guiding electrodes and micro-channe
plate assemblies (MCP). TOFs are obtained from time differences between start and stop signals. Just as the accelerated ic
get through the foil, secondary electrons are emitted. Guided by the electrodes, the emitted electrons arrive at the start MCP au
generate the start signals. In the same way, the stop signals are generated when the ions arrive at the stop MCP.

The profiles of TOF in the STIMS are simulated with SIMION. Generally, after penetrating the foil, particle velocities decrease
by a few percent and, at the same time, charge exchange and/or dissociation could occur. Whether or not the charge exchar
and/or the dissociation occur, it is possible to obtain the particle TOFs when velocities of all particles are equal after penetratin
the foil. In this simulation, therefore, it is assumed that the velocities of all particles are equal after penetrating the foil.

This assumption seems to be theoretically valid, but it is necessary to confirm experimentally. Thus, our group are now
conducting experimental research so as to investigate following characteristics of the particles after penetrating the foil: (1]
particle velocity distributions, (2) angular scattering distributions, (3) charge exchange type and rate, (4) dissociation type an
rate. We have been designing an experimental device. In the device, two types of MCPs are applied: one-dimensional positiol
sensitive MCP for the detection of the particle angular scattering distributions, and high-speed response (TOF) MCP for the
identification of the particle velocity distributions. We are planning to utilize our low-energy beam line facility in our laboratory,
which is able to emit several types of ion beams suchasNH, Ar™, N, and CQ ™ with 10keV.
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Atmospheric escape induced by magnetic reconnection in the dayside ionosphere of ar
unmagnetized planet

# Hitoshi Sakamoto[1]; Naoki Terada[2]; Yasumasa Kasaba[3]
[1] Geophysics, Tohoku Univ; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Tohoku Univ.

The ionospheres of unmagnetized planets such as Venus and Mar directly interact with the solar wind. At an unmagnetize
planet, magnetic reconnection can occur in the dayside ionosphere, induced magnetotail, and regions around crustal magne
fields. We have studied magnetic reconnection caused by the rotation of the interplanetary magnetic field (IMF) in the iono-
spheres of Venus and Mars by performing local numerical simulations.

At Venus and Mars, some satellites have observed Hall magnetic fields [Eastwood et al., 2008; Halekas et al., 2009], plasmoic
and flux ropes [Zhang et al., 2012; Eastwood et al., 2012] generated by magnetic reconnection, but the effects of the magnet
reconnection on the atmospheric escape and the structure of their ionospheres have been unclear. Dreher et al. [1995] sugge:
that the ejections of ionospheric plasma clouds [Brace et al., 1982] can be caused by magnetic reconnection in the dayside ion
sphere based on the result of Pioneer Venus Orbiter observation, which showed a correlation between the rotation of IMF and tt
cloud ejections [Ong et al., 1991]. However, performing a linear analysis and an MHD simulation, Dreher et al. [1995] estimated
only the linear growth time of magnetic reconnection at the Venus ionopause, so its nonlinear stage and the resultant loss rate
ionosphereric ions have yet to be investigated.

In this study, using 2-D multi-species MHD simulations, the spatiotemporal evolutions of magnetic reconnection in the iono-
spheres of Venus and Mars are examined and the loss rates of the ionosphereric ions are also estimated.

In the case of Venus ionosphere, our simulation result shows that plasmoid instability [Loureiro et al., 2007] occurs in a Sweet:
Parker (SP) current sheet above 240 km altitude where Lundquist number excéedadlBonsequently many plasmoids are
generated. In the nonlinear stage, some monster plasmoids [Loureiro et al., 2012], which are larger in size than the initial currer
sheet thickness, are generated through plasomoid coalescences. These monster plasmoids are as large as the giant ropes obs
by Venus Express [Zhang et al., 2012], and it is suggested that the giant flux ropes can be generated by the plasmoid instability

As a result of the acceleration due to the reconnection, ionospheric plasma is ejected to the outside of the current sheets wi
a local Alfven velocity. According to our simulation results, the loss rate at the Venus ionopause is @dqat 10 This value
is smaller than that estimated by Pioneer Venus Orbiter observatiorl (#7s~'][Brace et al., 1982], 410?°[s~!][Lammer et
al., 2006] ), but is of the same order as that estimated from Venus Express observat#a6?(2[3~'] [Fedorov et al., 2011],
4.9¢10** [s~!] [Masunaga et al., 2013])

The magnetic reconnection in the dayside ionosphere of Mars has been also studied. The estimated Lundquist number
the Mars ionosphere exceeds’Jdbove 200km altitude and it is expected that plasmoid instability can occur also in the Mars
ionosphere. In the presentation, the loss rate for the case of the Mars ionosphere will be reported.
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Structure of plasma boundaries with a large density gradient observed by MAVEN and
its effects on the Kelvin-Helmholtz instability

# Kanako Seki[1]; Yosuke Matsumoto[2]; Naoki Terada[3]; Takuya Hara[4]; Kazunari Matsunaga[l]; Kei Masunaga[5]; Masaki
Fujimoto[6]; David A. Brain[7]; James P. McFadden[4]; Jasper S. Halekas[8]; David L. Mitchell[4]; Laila Andersson[9]; Jared
R. Espley[10]; John E. P. Connerney[10]; Daniel Baker[11]; Bruce M. Jakosky[9]
[1] STEL, Nagoya Univ.; [2] Chiba University; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4] SSL, UC Berkeley; [5]
STEL, Nagoya Univ.; [6] ISAS, JAXA; [7] LASP, Univ. of Colorado at Boulder, USA; [8] Dept. Phys. & Astron., Univ. lowa;
[9] LASP, CU Boulder; [10] NASA GSFC; [11] LASP, Univ. Colorado

In space plasmas, collisions between constituent particles are usually negligible. Moreover, how to cause plasma mixing acro:
different plasma regimes has been one of the fundamental problems in the plasma universe. At a plasma boundary where differe
plasma regimes are in contact, there often exists a velocity shear and a density gradient. The Kelvin-Helmholtz instability (KHI)
has been studied as a promising mechanism to cause the plasma mixing. Although the importance of the density gradient h
previously been pointed out, the structure of large-density gradient boundaries remains unknown due to lack of observation:
Based on plasma observations at Mars by MAVEN, we show here that the real structure of velocity-sheared boundaries witl
a 3-order density gradient has a fundamental difference from the traditional input model used in various simulation studies
We propose a new boundary model adopting entropy considerations to agree with the new observations. Comparison of MHI
simulation results with the two different initial conditions shows that the change in the initial condition alters the time evolution
of KHI and it can potentially affect the escape rate of cold ionospheric ions. The effects on KHI also depend on the magnitude
of the density gradient across the boundary. Particularly in high density gradient case with a density ratio of 5000, KHI cannot
develop in the traditional boundary model. On the other hand, KHI can be excited in our realistic new model due to the difference
in compressibility effects at the velocity shear layer.
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IR heterodyne spectrometer MILAHI observations of atmospheres on Mars and Venus

# Hiromu Nakagawa[1]; Shohei Aoki[2]; Hideo Sagawal3]; Yasumasa Kasaba[4]; Isao Murata[5]; Kosuke Takami[1]; Masato
Kagitani[6]; Takeshi Sakanoi[7]; Shoichi Okano[8]
[1] Geophysics, Tohoku Univ.; [2] IAPS-INAF, Italy; [3] Kyoto Sangyo University; [4] Tohoku Univ.; [5] Environmental
Studies, Tohoku Univ.; [6] PPARC, Tohoku Univ; [7] Grad. School of Science, Tohoku Univ.; [8] PPARC, Tohoku Univ.

Mid-Infrared LAser Heterodyne Instrument (MILAHI) is one of a facility science instruments aboard Tohoku University-60cm
dedicated telescope (T60) at the top of Mt. Haleakala (h=3,055m), Hawaii, which is well suited for infrared spectroscopy by
low humidity. MILAHI is designed to explore the planetary atmospheres and study its dynamics, thermal structure, and compo-
sitions. The instrument with more than million spectral resolution is one of the most powerful spectroscopy in the mid-infrared
regime with several key capabilities: (1) fully resolve molecular features to address the atmospheric temperature and abundan
vertical profiles, (2) direct measurement of the mesospheric wind and temperature with high precision, (3) sensitive detection o
minor trace gases and isotopic ratios without any ambiguity with the strong terrestrial absorptions. In addition, T60 enables us t
perform long-term monitor including the support campaign for orbiter missions. Transient events and time-sensitive applications
such as dust storm on Mars and cometary activities can also be measured flexibly.

The IR heterodyne detection is analogous to spectroscopy technique in radio frequency range. An IR source from the plants
combined with a laser local oscillator, and focused onto a MCT photodiode mixer with 3 GHz bandwidth. The resultant interme-
diate frequency is in the radio region of the electromagnetic spectrum and it preserves the intensity and spectral information ¢
the IR spectrum. Notable successes on Venus, Mars, Jupiter, Titan, and Earth were accomplished by NASA/GSFC, University c
Cologne, and Tohoku University so far. Thanks to a wide coverage of combination of quantum cascade lasers (30-100 mW) and
compact CO2 gas laser (400mW), MILAHI derives atmospheric properties through spectroscopic measurements of IR emissior
and absorptions of atmospheric gases in 7.69-7.73, 9.54-9.59, 10.28-10.33, and 10.53-10.61 micron. Frequency stabilizatic
could be 1MHz with optical feedback, which corresponds to 10°7 spectral resolution. Specifically, MILAHI will be able to the
compositions, dynamics and structure of the atmosphere by measuring:

1. CO2 absorption spectrum in nightside for temperature and wind vertical profiles in the altitude of 0-30km on Mars, and
70-90km on Venus

2. CO2 non-LTE emission in dayside for wind and temperature in the middle atmosphere (in the altitude of 70km on Mars and
110km on Venus (0.15 Pa pressure level))

3. Column abundance maps of O3, H202, H20 and CH4 with moderate spatial resolution

4. Isotopologues of water vapor (HDO) and carbon dioxide (170-C-O, 180-C-0O)

We have currently accomplished the relocation of T60 from Fukushima, Japan to the summit of Mt. Haleakala on Septembe
2014. Although it is a small telescope, MILAHI will provide ~3™ spatial resolution with 60cm-telescope. T60 can be remotely
operated in order to achieve continuous measurements of planetary atmospheres, and have successfully operated with the s
port of ATRC (IfA, University of Hawaii). First CO2 non-LTE emission on Venus has successfully observed on March 2015
(Nakagawa et al., submitted), which is not possible with other instruments. Typical sensitivity over the full 1 GHz bandwidth
reached 2.500 K at 10 micron and 3,500 K at 7.7 micron. These system noise temperature obtained by MILAHI is only 70 %
above the quantum limit at 10 micron. This corresponds to a minimal detectable brightness temperature difference of 50 mk
for extended source with 1.5 MHz resolution and 10 mininute-integration. For example, 2 VSMOW-determination of water
vapor isotope (HDO) on Mars can be obtained by 15 minute-integration. Here we report MILAHI initial results obtained during
August-September 2015, and discuss observational plan in 2015-2016 with several spacecraft on flight, i.e., Akatsuki aroun
Venus, Mars Express, MAVEN around Mars. The nature of atmospheric activity on various time-scales will be investigated.
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Mars satellite(s) sample return mission and its sciences

# Kiyoshi Kuramoto[1]; Kiyoshi Kuramoto Mars Satellite Sample Return mission science team[2]
[1] Cosmosciences, Hokkaido Univ.; [2] -

A mars satellite(s) sample return mission has been rapidly crystallized as the next strategic middle class space science missi
of ISAS. This mission is planned to approach the Mars system, not yet reached by our country, by extending the heritage o
asteroid sample return missions that have brought a unique advantage to Japanese space exploration. Mars has been recogn
as a main target of future Japanese space exploration because its Earth-like surface environment provides us irreplaceable rese:
field for the origin and evolution of habitable environment in the solar system. The mars satellite sample return mission has ¢
position as a door for future successive Mars exploration programs to be promoted in our country.

Origin of the Mars satellites Phobos and Deimos is still an enigma. The available surface reflectance spectra of them ar
similar to those of D-type asteroids, suggesting their capture origin from the outermost population of the main asteroid belt. Or
the other hand, both bodies have near-circular orbits above the equator of Mars. Such an orbit is difficult to be explained by th
capture origin, but favors the formation from a circum-planetary disk created by a giant impact. If the giant impact origin is the
case, each satellite is expected to be composed from igneous rocks due to impact shock heating. However, the reflectance spe
lack any signatures supporting such composition.

Since the composition of building material of a satellite depends on its source and satellite formation mechanism, compositione
analyses of samples originated from bed rock may clarify the satellite origin. If a satellite is captured asteroid origin, it can be
regarded as a survivor of building blocks of Mars, allowing us to deduce cosmochemical constraints for the starting condition of
Mars through sample analysis. If giant impact origin is correct, satellite material likely contains components not only from the
impactor but also from the crust and mantle of proto-Mars, which would provide geochemical constraints for the initial condition
of Mars evolution. Application of isotopic chronology would reveal the timing of satellite formation, which would shed light also
on the large scale evolution of the early solar system. The inner satellite Phobos is possibly contaminated by ejecta from larg
impact craters on Mars. If such materials are picked up from the returned sample, they may provide geochemical constraints ft
the evolution of the Martian surface environment.

In-situ observations are also important to constrain the origin of both satellites. If abundant structural water and/or organics
are identified on fresh outcrops or boulders, captured origin becomes very favorable. Since both satellites are trapped by Mar
they have been kept cold enough to possibly preserve abundant water ice in their interiors. The presence of ice is likely if the!
are captured asteroids originated from the outer main belt. Such an ice rich satellite possibly has density profile concentrate
with depth and also releases a small flux of water vapor. Thus measurements of density and compositional profile and also tho
of gas density, composition and motion around the satellite orbit are clue to diagnose the internal ice. Those gas measuremet
may also reveal the influence of gas flux to the satellite surface material and also the outflow mechanism of the Martian uppe
atmosphere.

Observations of the Martian atmosphere from the vicinity of a satellite are also valuable. Successive full disk imaging from
the equatorial orbit at multiple wavelengths may provide unique data to clarify the global transport of water vapor and dust in the
Martian atmosphere.

This mission covers broad scientific areas and is significant as the step toward the successive future Mars missions. We ho|
that many researchers, especially of young generations, will participate this attractive mission.
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Exploration of Mars-satellite system from a Mars satellite sample return mission

# Naoki Terada[1]; Kanako Seki[2]; Yoshifumi Futaana[3]; Francois Leblanc[4]; Ayako Matsuoka[5]; Shoichiro Yokota[6];
Yoshifumi Saito[6]; Atsushi Yamazaki[7]; Shingo Kameda[8]; Yuichiro Cho[9]; Kiyoshi Kuramoto Mars Satellite Sample
Return mission science team[10]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] STEL, Nagoya Univ.; [3] IRF; [4] LATMOS-IPSL, CNRS; [5]
ISAS/JAXA; [6] ISAS; [7] ISAS/IAXA; [8] Rikkyo Univ.; [9] Rikkyo Univ.; [10] -

In this presentation, we will present science objectives of the Mars-satellite system awaiting exploration from a Mars satellite
sample return mission.
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Atmospheric observations in the Mars satellite sample return mission

# Takeshi Imamura[1]; Kazunori Ogohara[2]; Makoto Taguchi[3]; Masa-yuki Yamamoto[4]; Yasumasa Kasaba[5]; Shohei
Aoki[6]; Takeshi Sakanoi[7]; Takeshi Kuroda[5]; Yasuko Kasai[8]; Yoshiyuki O. Takahashi[9]; Katsuyuki Noguchi[10];
Kiyoshi Kuramoto Mars Satellite Sample Return mission science team[11]

[1]1 ISAS/IAXA; [2] JAXA/ISAS; [3] Rikkyo Univ.; [4] Kochi Univ. of Tech.; [5] Tohoku Univ.; [6] IAPS-INAF, Italy; [7]
Grad. School of Science, Tohoku Univ.; [8] NICT; [9] Department of Planetology, Kobe Univ.; [10] Nara Women’s Univ.; [11] -

We are studying possibilities of remote sensing observations of the Martian atmosphere in the Mars satellite sample retur
mission, which is under study as one of the possible future planetary missions of Japan. The main goal of the atmospheri
observations is to understand the transport processes of dust and water. Observations of hydrogen escape and detectior
meteorite/lightning flashes are also planned. The spacecraft’s equatorial high orbit, which enables encounter with the Martia
satellites, is advantageous for continuous global mapping.
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JUICE-PEP/JNA Jovian energetic neutral atom analyzer

# Kazushi Asamura[1]; Yoshifumi Saito[2]; Manabu Shimoyama][3]; Yoshifumi Futaana[3]; Yoshizumi Miyoshi[4]; Takeshi
Sakanoi[5]
[1] ISAS/JAXA; [2] ISAS; [3] IRF; [4] STEL, Nagoya Univ.; [5] Grad. School of Science, Tohoku Univ.

We are developping a low-energy (10eV-3keV) energetic neutral atom analyser (PEP/JNA) which is to be onboard Europeal
JUICE spacecraft. There is considered to be a mini-magnetosphere around Ganymede because of interactions between plas
in Jovian magnetosphere and Ganmede’s intrinsic magnetic field. However, its characteristics will be different from terrstrical
one, since Alfven mach number of upstream plasma flow (corotational plasma flow around Jupiter) is small. JNA (Jovian Neutral
Analyzer) will reveal characteristics of Ganymede’s magnetosphere in terms of measurement of scattered/sputtered particle
generated by precipitation of plasma particles onto Ganymede’s surface. Measurement of these particles will provide spatic
distribution of plasmas in remote sense, since electric/magnetic field do not affect trajectories of neutral particles. We will
discuss current status of PEP/JNA.
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Development of a TOF-MS for the future planetary missions

# Takahiro Oishi[1]; Yoshifumi Saito[2]; Naoaki Saito[3]; Yukio Fujiwara[3]; Yuichiro Cho[4]
[1] Dept. Earth & Planet. Sci, Univ. Tokyo; [2] ISAS; [3] AIST; [4] Rikkyo Univ.

In-situ measurement of planetary material is quite important in understanding evolution of the planets. NASA's Curiosity
rover performed in-situ Potassium-Argon (K-Ar) isochron dating experiment on Martian rock by a quadrupole mass spectrom-
eter (QMS) and an alpha particle X-ray spectrometer (APXS). On the other hand, the ESAs Rosetta spacecraft performe
direct in-situ measurement of the D/H ratio an&/®lO ratio in the Jupiter family comet 67P/Churyumov-Gerasimenko by the
ROSINA mass spectrometer on ROSETTA. Furthermore, Philae lander on ROSETTA discovered 16 organic compounds o
comet 67P/Churyumov-Gerasimenko.

In ISAS, IMA (lon Mass Analyzer) measured the lunar plasma aboard the ISAS’s Kaguya spacecraft. IMA is an linear electric
field time-of-flight (LEF-TOF) energy mass spectrometer. However, ISAS has never developed a time-of-flight mass spectrome
ter (TOF-MS) for the future planetary missions. Therefore, we are developing a new instrument for in-situ K-Ar isochron dating.

K-Ar isochron dating is a radiometric dating method and it is based on the measurement of the product of radioactive decay o
40K into “°Ar. This instrument is the combination of laser-induced breakdown spectroscopy (LIBS) and TOEKVS mea-
sured using LIBS and’Ar is measured using TOF-MS. One of the purposes of this mission is to understand climate change of
ancient Mars by determination of the absolute age of the Noachian-Hesperian transition. We are developing a small size TOF-M
that has a length of 180mm and a diameter of 200mm in order to install the instrument on a rover. We confirmed that the mas
resolution of the TOF-MS is 160 (at m=40 amu) by using SIMION charged particle simulation software. We also manufactured
a test model TOF-MS in order to confirm its performance.

Furthermore, we are considering experiments to measure organic compounds and planetary atmosphere by using the TOF-NM
In this presentation, we report the current development status of the TOF-MS and what the TOF-MS can detect based on tt
results of the first experiment of the test model TOF-MS.

H « SEHEEICBWV T, ZOHOEBEDHIC X > TELNZIHRICIE, KEORR & ELZIRET 572D TN D
IC755 C EMHRE NS, SEFEOBHEICE N T, NASA O EHER [Curiosity] 1 X 2FAGHH. ESA DEEEA
% MRosetta IC&KZF 2V aE7 « S A IAEED DIH EEHIS N2/CO HLEHIIWNER O Hgic K v bz, &5
ICERER [Philag ICHEHEE NZE RS HTERE. 16FHOEE ORI ZMRII Lice TOXSICZDHEOEEDHIE. F
REH, FAAGHAL BRI RS £ 26D 72 5 KEFREFEEICE L T\ 5,

F7z. ISAS TlE TN T CTRIKSEAZERI DA A > 2 E 20 X 0 EHAIT % TOF(Time-Of-Flight) R E &3 Hras b i Fé
TN, TSR] TRARAT I ASDA LV EBaniZiTolzs LHULEMNS, ISAS TIEH - BEOAEAZHKT %
FEOLRC R EOREZ HN E UTZEE T RFETH D, ZOMRENLEEN TS, Tz, TOFRIEE))
frgsid s OWERHINCINZ T, 08 K-Ar EREHID Iz 0EBEIHHT L LTEISHTE S, £ THRAEERD
H « MEBEERBE Lic. 0 K-Ar FACEHID 728D TOF-MS(Time-Of-Flight Mass Spectrometd¥f 1% i S &7y
Hran) DFHFHEZED TV S,

& Rt L T0 2 EREHIIS 27 L Cld LIBS(Laser-Induced Breakdown Spectroscdpy: Y iAitifiighi i /) ¢id) 1
X% K EEHIE E TOF-MSIC X % Ar [BINARIED S K-Ar FERERDZEDTH %, Z D8 K-Ar FEGHEDATEE & 7%
N, KB T F AR EANZARY 7RI E T5UREE)>. HOH#ELDMRIC DWW THIF 2T T &N TE S AHE
WD 5, T THAIE, SREBICHEERRERELS 10[cm). £ 18[cm]fEE D TOF-MSZR¥ L., 14 > 7Z#] 4keV £
Thi#d 52 & T, HBEHA0DE—7ICBWT 160IREOE BN RIEZ1GS T e 2B I 2 L— a3 I K DR
L7ze TNETICAA VI E TOF-MS THIRL S N5 K-Ar AERGHID 72 DR E T IV OEUWERTT > 72, TOF-MS T,
AFES L RKHEEE700) VTIROEME A 2 a L—2—THEG L, A3V ZHBRMRMTEES KU T
FFa—TICHO Tz, £z, TOMBET IV TCRIEMEHAZZ S EICXD, A4V EERNICMTSE2) 27
E—Re, /A VERFHETEZVTILIZ—FE—R2YDEZ, v g ilabElRBIRZ RS ENTES,

EHIC, BLFZOFEBRET IV EHNT, HEDHHOMIEHNTH 25 A2 KT % 3 E oY E OWE.
E HITFERERKDFNARLLEHI DO 72 OFRERO L[ E T L T b, Azt d 2 FERMETIE, L—Y—A
A NBEIC KD E U AZRRE T IS K DEHIIT 5, ARETITABMET V2 HOTWIIMERER R & . AaZ K
9% FETCEDHERBEME OREE D K-Ar ERGHILNDISEIC OV TEHRET %,



R009-P03 215 Poster BERS: 118 38

EXCEED/HISAKIC X 5 A F 75 A< b—F ZADFDOREERO[EE

# EH 4% [1]; 50 F0K [2); #F_E 52 [3]; AR &6 [4]; T2 il [5]; S5 IERE [6]; iR ST [7]; &1 —BH [8]
[1] BRA - HRal - HEF T ; [2] 780K, [3] ISASIJAXA; [4] RIKEN; [5] HLA « ¥ « 202 75 X< K& [6] BUK « Hrid
B - MR [7] K - B - M [8] Bk - HE - HhiEK

The EUV Spectrum of lo Plasma Torus Observed by EXCEED/HISAKI

# Reina Hikida[1]; Kazuo Yoshioka[2]; Go Murakami[3]; Tomoki Kimura[4]; Fuminori Tsuchiya[5]; Masaki Kuwabara[6];
Fumiharu Suzuki[7]; Ichiro Yoshikawa[8]
[1] Frontier Sciences, Tokyo Univ.; [2] Rikkyo Univ.; [3] ISAS/JAXA,; [4] RIKEN; [5] Planet. Plasma Atmos. Res. Cent.,
Tohoku Univ.; [6] Univ. of Tokyo; [7] Earth and planetary science, Univ.Tokyo; [8] EPS, Univ. of Tokyo

The volcanic ejecta from lo are ionized in space and trapped in Jupiter’s magnetic field, and form lo Plasma Torus (IPT) along
lo’s orbit around the planet. In early 2015 the ground-based optical observation of sodium clouds captured the signature o
increase in volcanic activity on lo.

We determine the origin of EUV spectral emissions of IPT using the spectral image in the range from 50 nm to 150 nm taken
by the earth-orbiting satellite, EXCEED/HISAKI. In this study, we had used the consecutive data by the wide slit and the data
with high spectral resolution.

A KU 5 OEHYIE, FHZER TEEE L TRERGICE 5N, 4 A RNEHEOMNITIC b —F ZIRICES TV 5,
Hh FREEETO DRROBIIN S, A FDONLIESNZ 2 0 1 5 FEYEICTERIL L2 ENHLEMNITE > TV 5,
AFZETIX. 50nm~150nm OB k2 € DHIERE Al 5 EXCEED/HISAKIIC K 270 Y@Ml 7 — 2 2 W T,
F TS5 X b —F ADFNDOREORIEETT> T2o HEFOIEWAY v MC & 28GR A8 & mOIREDREED A1) v k
WX BB ZEN L. A A KILUDTERE U RHHO S RO 28 2 Ui d 2 &0, ZH)EIHZ F W THIERK KD T
EXFIT B Lic kD, FRORHE 2l iz,
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Atomic oxygen EUV emission near lo using Hisaki

# Ryoichi Koga[1]; Fuminori Tsuchiya[2]; Masato Kagitani[3]; Takeshi Sakanoi[4]; Ichiro Yoshikawa[5]; Go Murakami[6];
Atsushi Yamazaki[7]; Tomoki Kimura[8]; Kazuo Yoshioka[9]; Mizuki Yoneda[2]
[1] Geophysics, Tohoku Univ.; [2] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [3] PPARC, Tohoku Univ; [4] Grad.
School of Science, Tohoku Univ.; [5] EPS, Univ. of Tokyo; [6] ISAS/JAXA,; [7] ISAS/JAXA,; [8] RIKEN; [9] Rikkyo Univ.

http://www.sgepss.org/

We focus on the time and spatial variation of neutral oxygen emission in the EUV range at 130.4nm associated with the
enhancement of volcanic activity on lo during the period from December 2014 to March 2015 using the data obtained with
hisaki/EXCEED. Past studies showed that main origin of lo’s atmosphere is sublimation ¢R8terford et al., 2007). How-
ever, it is under controversy how much volcanic eruption directly contributes to making atmosphere compared to sublimation.
Recently, Hisaki/EXCEED observed the enhancement of lo plasma torus emission (e.g., trivalent sulfur at 68nm) and aurore
emission probably due to volcanic activities (Tsuchiya et al., 2015). In addition, ground-based data showed that neutral sodiur
emission at 589nm increased simultaneously surrounding Jupiter (Yoneda et al., 2015). Continuous Hisaki/EXCEED measure
ment data is useful to detect neutral gas behavior associated with the volcanic event, and one candidate target is neutral oxyg
atom emission at 130.4nm.

Using the hisaki/EXCEED data for the several month after November 27 2014, we estimated the atomic oxygen emission a
130.4nm within a range of 1 Jupiter radius near lo every 10 days. When lo was in the dawn side (lo’s phase angle 45 "135) an
in dawn side (lo’s phase angle 225 "315), we overlapped the data whose center corresponds to the lo’s location within a range
+-60 arcsec. We carefully selected data when the local time of Hisaki were in the range of 20-4 to avoid the contamination of
geocorona.

We found the atomic oxygen emission at 130.4nm started to increase in the middle January, which is consistent with the
sodium emission. The intensity showed the maximum up to 25 Rayleigh around January 26 to February 4, which was almos
two times greater than the normal intensity. We also confirmed that the emission in the dusk side was more intense than that |
the dawn side throughout the period. To validate the atomic oxygen emission intensity, the electron density and temperature a
required. In this talk, we give the time variation and dawn-dusk asymmetry of atomic oxygen emission at 130.4nm during the
volcanic activity event.

REDHEA A IIMDAY LA#EE & LN TKRE & OFEEEDT 1Y 1172 K E 2 % T bTETREI DGR TH %,
ZDIz8, KIMEXKIC KD SO2 & FRG & Ule T ADOHEHDHEICK C 5 TV 5, BIEA A DKKDO-LFIZEKH D SO.2
DFHENFERIT & E N (Retherford et al. 2007) ALK DI & LT ED K SWVKRGERKICEF S LTV B EFICHE
MENTVD, RUIETIEA AL QAKRELEILE) O 130.4nmDBEFEFFOCHRBEN ED KL 5 IS 5%
BASMCT A LT, REEKR IO XOERICEET L ER2EHNET S,

20154ED 1 HA 5 3 HICHh W TRITEEBIMERIE LIz T LIES A A T T A b—F X (e.g. itk A 7 > 68nmF
W) A —1 T DIEIRE DBRHMEIN X N7z (Tsuchiya et al., 2015) [EFEHIC, # EEINC X b KREZR 2k (~100K
B THES B YT LD 58InmA[ D DFE DK E S MIC 7R - 7z (Yoneda et al., 2015) [AIARIC A LIFE H 7T A %2
FR & 3% A OB RIFE IOV T E RO ARG SN S,

AWIZE Tl 20144 11 H 27 B 5 20154E 4 A 25 HIC O Tz TA 4D 1 KB HREA OB+ 130.4nmyEy e
TRt Ulzo FRNTTIE. T07% SINZIS 2 72, I ( ANt 45 E7135/%) & 751 (- A fifHf 22557315 %)
DOFFHEHE 1 DT — 2 72 A F Z OISR 60 A OFiFH CHENERG DYz, £z, HBRTHEOKEF -OBE
RPN TH 2T A a0 OENEHTES X SIC, O RO SR 2004RsDBIN T — X DA% li> Tz,

ZOREHR, MR FFEE 1A 16 D SHDEZB L. 1A 26 H~2 H 4 HICKILTEEIDFRRARE (11Rayleighf2f)
WCHARTH 2 5REE O S S &R Uiz, Tt EBINC X %7 bV D LREL L ORFMZH E AN TH S, £z, #
MRz U CElE D 4 505D LGS SR L TV, i#iE Tl 20154 4 A F TOBMIHRIh oig 25 1
FNREDOZALR L, ENL SV E Tl OFNBEICR D ZHSMCT S, T, BFHEZYNEIC K > THL
T E5HMEREER T OFRCGEREN S, BER FOMREZEH L, X0 IEEOLH ZE=IciEmd 5 zoicid, 1
FJE T DEFHEE LB REDERPBETH S, SHOWMKETIETNSETHRE L EHREOENTIECONTO
Rt & AT B,
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Variation of plasma parameters of lo torus observed by Hisaki/EXCEED

# Kazuo Yoshioka[1]; Go Murakami[2]; Tomoki Kimura[3]; Atsushi Yamazaki[4]; Fuminori Tsuchiya[5]; Masato Kagitani[6];
Ichiro Yoshikawa[7]; Masaki Fujimoto[8]
[1] Rikkyo Univ.; [2] ISAS/JAXA,; [3] RIKEN; [4] ISAS/JAXA; [5] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [6]
PPARC, Tohoku Univ; [7] EPS, Univ. of Tokyo; [8] ISAS, JAXA

The EUV spectroscope &quot;EXCEED&quot; on board the Hisaki spacecraft is observing the planets in our solar system
since the end of November 2013 [Yoshikawa et al. 2014]. Since then, EXCEED is continuously observe the lo plasma torus witt
wide width slit. Using those EUV spectra, we have deduced the plasma conditions around there through the spectral diagnos
method. Especially, the variation during the lo’s volcanic activity is detected. In this presentation, we will show the whole results
of lo plasma torus observation through the EXCEED, and we will also explain the way of our approach for the Jovian plasma
dynamics.
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Variation in Slll torus of Jovian satellite 1o based on Hisaki/EXCEED and ground based
observation data

# Mika Shishido[1]; Takeshi Sakanoi[2]; Masato Kagitani[3]; Fuminori Tsuchiya[4]; Ichiro Yoshikawa[5]; Atsushi
Yamazaki[6]; Kazuo Yoshioka[7]; Go Murakami[8]; Tomoki Kimura[9]
[1] PPARC, Tohoku Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] PPARC, Tohoku Univ; [4] Planet. Plasma Atmos.
Res. Cent., Tohoku Univ.; [5] EPS, Univ. of Tokyo; [6] ISAS/JAXA; [7] Rikkyo Univ.; [8] ISAS/JAXA; [9] RIKEN

We report the time and spatial variation of sulfur ion emission line (Slll, 68nm) to understand the dynamical process in
the torus associated with lo’s volcanic event during the period from December 2014 to March 2015, using the data obtained b
Hisaki/EXCEED. lo is one of the moons of Jupiter, distinguished as a rocky moon and is the most volcanically active object in the
solar system. The large quantities of gas were ejected by its volcanoes, principally oxygen and sulfur atoms and their compound
Once they are ionized through electron impact and charge exchange, the ions are accelerated to the nearly corotational flow
the ambient plasma to form a torus of ions (the lo plasma torus, abgufr6R the center of Jupiter) surrounding Jupiter. Since
the intensity of these emissions is determined by the ion density and electron temperature in the torus, past studies revealed t
mechanism of energy transportation by measuring the emission intensity.

Hisaki/EXCEED is an EUV spectrograph launched in September 2013 into the orbit with the height of 954 km-1157 km and
the period of 106 min. With an effective area of more than 1emd well-calibrated sensitivity in space, the EUV spectrometer
will produce spectral images (52-148nm). Continuous measurement for lo’s plasma torus and Jupiter’s aurora in the EUV rang
give us a unigue opportunity to witness the sporadic and sudden brightening events occurring on one or both regions.

We identified the spatial and time variation of sulfur ion torus associated with enhanced volcanic activities from successive
800 images of sulfur ion (SIIl) emission at 68nm (an integration time for each image is 30 min) during the period from December
2014 to January 2015. During this period, in addition, we carried out the measurement of Sll 673 nm emission with visible
spectrograph on T60 telescope at Haleakala, Hawaii.

In this talk we give the results on the scale height and ion temperature of sulfur torus derived from spatial distribution of lo
torus with EXCEED associated with the Io’s volcanic event, and the comparison with ground-based visible data obtained with
T60.

AREHREA A OHE (6R)) 1. A ADKUAAICHERKT 2T T A M= ZABEKEI NG, TDb—F AH O -
M1 A4 E, T (5eV-1keV) & OEZERNELIC X O MuERN 0 5 A I 5 LW EHIPI TR T %, TOT E ) fEI
B E NI WSRO R Y E R G5 E EXCEEDIC & 0. 20144F 12 AA5S 20154F 3 HIcMF T A AKX HES &
HRENBAF b —F ABCHISMERIE NIz, TRERC, SUEREDNT A - NLT A SERIFNCTE 3 % DEiE
T60 DA A=V T EIEEEZ VT, 44 b—F 28 (SI 673nm)DVE W ZERIMREE TITb Nz, AWFZEIE.
C DEDEBISITHE S B A A 2 HERR (SHI. 68nm)DFEE 2 Ryt DR EZE) 2 EXCEED Ol 7 — 2 72 U TREMIC
fRRT L, ATHDEA A= Y B E A G DR T, A A DKIIEEDTERZRHAD b —F 2O RN TZF N & EE
JIRIDFET T 7 A VEHEHSEMNIT %,

[O& ¥ HEIE#H EXCEEDIZ, 4 b—F AD TS5 AWFT 2 RN U TFEET 2 MR iEE (55nm-
145nm)7z 1 /0 RRE 0.3-1nm ZE[EIiRRE 17 B0 ff THlfec e iR 3%, TOE &) #iEId & & 950km-1150km il
JEERA 30 FEOHERE RIHE T, BUEEIHIZN 1060 TH S (L HYS720 13)EE]), 1074, 60, 1408 MAilED 3
FEEED AV v R HBRATRE T, KEA—O I K UTA A b—F ZOBHIFICIE. A4 b —F A2EKOFEE I HRE L. H
DHEFH A R A XS K BIRAGIEZITS I2dIc, FIZ L40AIED A v R WS, b —F ADWEEA F > OfEfR
&, FNZNELI0R- $L L100RDIAZ W H D, 1 ARIHOEREE (8 50%) T TR ESHEMIS NS, HEFHA
RAASIEIAHEICREZ S B, 280 A5 DETZE D, DA v MERF TR NI EHTHA RAAS
IS E | AV R— REBGIHMTDNTWVS,

AWFETIE, EXCEEDDO#IHIT— 2 ZHWT, b—F AHDEBISAR (20144F 12 H-20154 3 H) IC B B i1 4 >
(SHI, 68nNM)D 2 Xt/ fiifga1S, X SIS M OZUCTEE S HOFRNE T T 7 AVEEH U, B, EET
MOFNTOT 7 AN E, WREAA DA —)NA MCIIREEHEET T N TES, AT, AN A A—
Dy UEIEEE I, EAREOKW cold torusk 7T AEED K L 755 ribbon TEIEK DR A A > FEOE (SIl. 673nm)
IC KO BWZERIMRAE (K 1R A) TR T E %728, EXCEED & T60 DEHIFT—ZHHigic X b, b—F A0SO
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Can neutron stars have auroras ? : electromagnetic coupling process between neutrot
star and magnetized accretion disk

# Tomoki Kimura[1]; Wataru Iwakiri[1]; Teruaki Enoto[2]; Chihiro Tao[3]; Tomohide Wada[1]
[1] RIKEN; [2] Kyoto Univ.; [3] LPP, Ecole Polytechnique

Angular momentum transfer from accretion disk to a star is essential process for spin-up/down of stars. The angular momentur
transfer has been well formulated for the accretion disk strongly magnetized by the neutron star [e.g., Ghosh and Lamb, 197¢
1979a, b]. However, the electromagnetic (EM) coupling between the neutron star and accretion disk has not been self-consisten
addressed in the previous studies although the magnetic field lines from the star are strongly tied with the accretion disk. It
this study, we applied the planet-magnetosphere coupling process established for Jupiter [Hill, 1979] to the neutron star an
magnetized accretion disk. Angular momentum distribution is solved based on the torque balance between the neutron stal
surface and accretion disk coupled by the magnetic field tensions. We found the EM coupling can transfer significantly large!
fraction of the angular momentum from the magnetized accretion disk to the star than the unmagnetized case. The resultant spi
up rate is estimated to “10°-14 [sec/sec] for the nominal binary system parameters, which is comparable with or larger than th
other common spin-down/up processes: e.g., the magnetic dipole radiation spin-down. The Joule heating energy dissipated in t
EM coupling is estimated to be up to “10736 [erg/sec] for the nominal binary system parameters. The release is comparable to th
of gravitation energy directly caused by the matters accreting onto the neutron star. This suggests the EM coupling at the neutrc
star can accompany the observable radiation as auroras with a similar manner to those at the rotating planetary magnetosphe
like Jupiter, Saturn, and other gas giants.
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Analysis of simultaneous brightening of the lo Plasma Torus and Jupiter’s Aurorae

# Fumiharu Suzuki[1]; Kazuo Yoshioka[2]; Go Murakami[3]; Fuminori Tsuchiya[4]; Tomoki Kimura[5]; Hajime Kita[4];
Masaki Kuwabara[6]; Reina Hikida[7]; Ichiro Yoshikawa[8]
[1] Earth and planetary science, Univ.Tokyo; [2] Rikkyo Univ.; [3] ISAS/JAXA; [4] Planet. Plasma Atmos. Res. Cent., Tohoku
Univ.; [5] RIKEN; [6] Univ. of Tokyo; [7] Frontier Sciences, Tokyo Univ.; [8] EPS, Univ. of Tokyo

The satellite of Jupiter, lo, is a volcanically active moon that ejects ionized gas such as sulfur and oxygen into space. This
gas forms a torus encircling Jupiter along the orbit of lo, and called lo Plasma Torus (IPT). Jupiter has by far the most energeti
and brightest aurorae in the solar system. During the Cassini spacecraft’s flyby of Jupiter (October, 2000-March, 2001), the U\
spectrometer witnessed a puzzling phenomenon. Both of IPT and Jupiter's aurorae were sometimes brightened almost simult
neously. The torus emissions reflect the state of the inner magnetosphere while the aurora emissions are an index of activity
the middle magnetosphere. This fact might suggest an energy transport process from the middle to inner magnetosphere, bu
has not been understood yet. But due to low-temporal resolution of Cassini observation, the dataset of Cassini was insufficiel
to identify the process.

The EXCEED/HISAKI was launched in September 2013 by the Epsilon rocket. Now it is orbiting around the Earth. EXCEED
is the world’s first observatory in space observing planets and has an advantage of long-term and continuous monitoring of th
aurorae and IPT at the same time. In this presentation, we investigate the energy transport process in the Jovian magnetosph
by analyzing of the EXCEED observation.

KREOHEA FIZNUTEEID D 0. HEPEEE O H ADNEBABEIC R ENTVWS, COkiH AEED T
T AINA F DOREHEICTR > T R—FVIRICOG LTV C EMEEENTHLOMNIENTED, A4 T5X h—
FZ (IPT) EMHENTWV D, iz, KEMIKICA—aINVERFEL TWE T EEBIITNTWVS, 20004, Hv—
ZHREBRDARED T A NNAZT BHEC, IPT EAREA—T S ZFRIFHCEIIIL, MWD IERI ORI TZERMIC D
LTWaZ ez RA LUz, IPT OFCIINEBRESE OIRER KL, AREA—1 5 ORI ARG E O TEE) DR
itz NE - PRI BERICKRHO T 3V F—iE 7T A AWMEET S LR TH B LEZ bz, LA L.
71w ¥ — ZRE RO BN T I BUAA L RERT DM E B S OGN LR TE L, Wi # O FH BRI RO MERE 22 D TR E AR
THO, THRIVF—EETOv ADEEICITWVWES o T,

2013 9 HlcA 7vmrary M X b HBRE E#HEICFT S _FF 57z HISAKI/EXCEED 3SR EHHA DO FHEEFE TH
D, KEHSEOEMND DG AENZ, LR &V 5 SRR fRAE THIEEIC LTz, ZRIIZETid. HISAKI/EXCEED
DT —=RZMHHA LIz IPT « A= FHDEA N2 b OFEMRMNTIC K D, B ORI A2 MRz S M LT, K
BRI EIC B 5 TRV F—lk Oz g M LT <,
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Solar wind response of Jovian EUV aurora from HISAKI observations

# Hajime Kita[1]; Tomoki Kimura[2]; Chihiro Tao[3]; Fuminori Tsuchiya[1]; Ichiro Yoshikawa[4]; Takeshi Sakanoi[5]
[1] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [2] RIKEN; [3] LPP, Ecole Polytechnique; [4] EPS, Univ. of Tokyo; [5]
Grad. School of Science, Tohoku Univ.

In order to reveal solar wind response of Jovian extreme ultraviolet (EUV) auroral activity, we made statistical analysis of
Jovian EUV aurora obtained from long term HISAKI observation.

The EUV emission from hydrogen molecule is excited by collision with high energy electron. Main oval is one of the com-
ponents of Jovian EUV aurora where the auroral particle precipitations are caused by rotationally driven field-aligned curren
system. It is theoretically expected that angular velocity of magnetospheric plasma increases when the Jovian magnetosphere
compressed by enhanced solar wind pressure, which decreases the field-aligned current. Regarding to this scenario, increast
the solar wind dynamic pressure is expected to be anti-correlated with the intensity of the EUV aurora. Jovian UV aurora ha:
been observed by such as International Ultraviolet Explorer (IUE) or Hubble Space Telescope (HST). They have investigated th
time variability of the EUV aurora, while their data still limited in continuity over solar wind variation with good time resolu-
tion. On the other hand, HISAKI satellite is an earth-orbiting EUV spectroscope launched in 2013 which has been continuously
monitoring Jovian EUV auroral activity. Therefore, the HISAKI data sets are effective for investigating solar wind response of
Jovian aurora.

The purpose of this study is to investigate solar wind response of Jovian EUV aurora which is obtained from long term HISAKI
observation. The analyzed data was obtained from Dec. 2013 to Feb. 2014 and from Dec. 2014 to Feb. 2015. We compa
the EUV emission intensity over 900-1480 A and solar wind dynamic pressure which is extrapolated at Jupiter using a one:
dimensional magnetohydrodynamic (MHD) model.

A preliminary analysis showed the correlation between the EUV intensity variation and the solar wind dynamic pressure. This
character is also expected from previous UV and IR observation results. These results contradict the theoretical expectation.
addition to that, we also found that the time duration of rarefaction region of the solar wind have correlation with the intensity
variation, which had never been reported. We will discuss possible mechanism to explain these characteristics.
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Oxygen torus in the inner magnetosphere of Saturn observed by Hisaki

# Hiroyasu Tadokoro[1]; Fuminori Tsuchiya[2]; Tomoki Kimura[3]; Chihiro Tao[4]; Atsushi Yamazaki[5]; Go Murakami[6];
Kazuo Yoshioka[7]; Ichiro Yoshikawa[8]
[1] none; [2] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [3] RIKEN; [4] LPP, Ecole Polytechnique; [5] ISAS/JAXA,; [6]
ISAS/IAXA,; [7] Rikkyo Univ.; [8] EPS, Univ. of Tokyo

The water group neutrals are dominated by Saturn’s magnetosphere. In this study, we focus on oxygen dynamics in the inne
magnetosphere of Saturn. Understanding of the temporal and spatial distributions of oxygen is required to understand the wat
group neutral dynamics in Saturn. The atomic oxygen was discovered by UVIS onboard Cassini [Esposito et al., 2005]. The
spatial and temporal with time scale of several days &amp;#8211; several tens of days distributions of oxygen are revealed b
Melin et al., [2009]. &quot;Hisaki&quot; has been launched in September 2013. Using the EUV spectra by the EXCEED
onboard Hisaki, we show the daily variation and spatial distribution of oxygen.
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Observation of ion temperature and corotation deviation on lo plasma torus during an
outburst in early 2015

# Masato Kagitani[1]; Mizuki Yoneda[2]; Yoshikawa Ichiro Exceed mission team[3]
[1] PPARC, Tohoku Univ; [2] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [3] -

Atoms and molecules originated from volcanic eruption on Jovian satellite lo are ionized and form a donut-shaped region
along lo’s orbit which is called lo plasma torus. Although creation of pick-up ion in the plasma torus is expected to make high
anisotropy (Tperpendicular-T _parallel) of ion temperature as well as deviation from corotation, the value of anisotropy and
corotation deviation as well as their variability during an outburst from lo has not been clear yet. Tsuchiya et al.(2015) and
Yoneda et al.(2015) have reported that the outburst from lo occurred during January through April 2015. Subsequent increase ¢
EUV radiation from lo plasma torus was also observed by EUV space telescope, HISAKI.

We report the latest observation results of variability on the ion temperatures and the corotation deviation of lo plasma torus
caused by the mass-loading during the outburst from lo in early 2015. The observation of sulfur ion emissions, [SIl] 671.6nm
and 673.1nm, was made at Haleakala Observatory in Hawaii during December 2014 during April 2015 including period of an
outburst from lo. We employed a high-dispersion spectrograph (R = 67,000) with an integral field unit (IFU) coupled to a 40-
cm Schmidt-Cassegrain telescope. A high-dispersion spectroscopy with an imaging capability enables to derive line-of-sigh
velocity of ion which is associate with deviation from corotation, as well as its temperatures parallel and perpendicular to the
magnetic field. The IFU consist of 132 optical fibers (core/crad/jacket diameter are 50/125/250 micro-meters, respectively). The
fibers are arranged in 11 by 12 array at a telescope focus, and are lined up at an entrance slit of the spectrograph. This layc
enables to make 2-dimentional spectroscopy over field-of-view of 55” by 61” with a spatial resolution of 5.1” on the sky. The
IFU was developed in collaboration with the Institute for Astronomy, University of Hawaii.

Based on a preliminary result from the observation that produced more than 100 spectral datasets, there is an increase
ion temperature after the outburst from lo. Using an 1-dimensional time evolution model of lo plasma torus composition, the
observed increase of ion temperature is expected to be associated with the mass-loading from lo. More accurate analysis includi
deviation of corotation after the outburst is ongoing, the result will also be presented at the meeting.



R009-P12 215 Poster BERS: 118 38

AREBEE - A —O SFLOKT - %’ﬁ%ﬁiﬁth@ : SUBARU/IRCSIC X % flifE¢
H

# IR K [1]; 5P BELE [2); & T2 [3]; b JC [4]; % FEA [5]; 8 1 [6]
[1] BEAEK - B - H#i¥; [2] BIEK - #; [3] LPP, Ecole Polytechnique; [RJLK « # « 5B 75 X< K& [5] HALK - # -
WETT A K&t > % —; [6] Bk « #

Horizontal and vertical structures of Jovian IR aurora emission observed by SUBARU /
IRCS with Adoptive Optics

# Shota Fujisawa[l]; Yasumasa Kasaba[2]; Chihiro Tao[3]; Hajime Kita[4]; Masato Kagitani[5]; Takeshi Sakanoi[6]
[1] Tohoku Univ; [2] Tohoku Univ.; [3] LPP, Ecole Polytechnique; [4] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [5]
PPARC, Tohoku Univ; [6] Grad. School of Science, Tohoku Univ.

In the Jovian magnetosphere, planetary rotational angular momentum is transported from Jupiter to its magnetosphere at
drives magnetospheric plasmas through magnetosphere-ionosphere-thermosphere (MIT) coupling. Magnetospheric energy
turns to the polar upper atmosphere by auroral current and precipitating electrons, and heats and ionizes this region. The heat
atmosphere excites H3+ and H2 IR aurora. Since H3+ is generated by the ionization of H2 through the collisions with auroral
electrons, the emission intensity of H3+ can correlate with both the ionization rate and atmospheric temperature, whereas that
H2 should mainly be controlled by the atmospheric temperature. For these reasons, horizontal and vertical structures of H2 ar
H3+ IR emissions enable us to separate and compare the horizontal / vertical distributions of ionization and heating in the pols
atmosphere associated with MIT coupling processes.

Past K-band (2.0-2.4 um) spectroscopic observations, which obtained H2 and H3+ aurora quasi-simultaneously, shows tf
difference between H2 and H3+ emission distributions [Raynaud et al., 2004; Uno, 2013]. It could be originated from the dif-
ferent source altitudes, i.e., H3+ emission is from higher altitude where atmosphere is more ionized by auroral electrons and H
emission is from lower altitude where Joule heating by ionospheric current works more. However, our IR aurora observations by
IRCS (Infrared Camera and Spectrograph) attached to SUBARU on Dec. 2011, the first Jovian IR spectroscopy with Adaptive
Optics (AO), showed that H3+ and H2 emissions in the northern aurora have similar peak altitude (H2 at 590-720 km, and H3+
at 680-900 km)[Uno et al., 2014]. In our study, the motive is to assess this result by new datasets and also evaluate the horizont
and vertical structures of emission profiles, temperature, and density of the neutral (H2) and ionized (H3+) atmosphere.

The observation was conducted in K-band and L-band (3.2-4.0um) by SUBARU/IRCS on 30 Jan 2015. We used AO which
provides high spatial resolution of "0.1 arcsec ("165km). We obtained H3+ overtone lines (v=2-0), hot overtone lines (v=3-1)
and H2 emission lines simultaneously in K-band and H3+ fundamental lines (v=1-0) in L-band. While AO could be used, we set
the slit along the rotational axis (crossing the aurora oval vertically). While AO could not be used, we set the slit along and over
the aurora oval. At the same time, we took the slit viewer image of the H3+ fundamental line with similar spatial resolution.

We compared the horizontal and vertical structures of H2 and H3+ emission intensities. In horizontal distribution, the emis-
sion intensities of both H3+ K-band lines and L-band lines showed clear peak on the aurora oval where electron precipitatior
is the most active and strong UV aurora is often observed in Jovian disk. However, H2 lines emission intensity does not shov
similar characteristics, i.e., its flux decreases from limb to lower latitude without clear enhancement at the auroral oval. We
also derived the vertical distribution of auroral intensity by onion peeling method. We reconfirmed that the peak altitude of
ionized H3+ and neutral H2 emissions are similar (H2 at 600-800 km, and H3+ at 800-1000 km), as the result shown in Uno
et al. [2014]. This supports that the observed altitudes of H3+ and H2 are not largely different, and both emissions are fron
ionosphere-thermosphere coupling region is just where neutral atmosphere are heated and ionized strongly.

We are also deriving the horizontal and vertical distribution of H2 and H3+ temperature and column density. In this paper, we
will summarize the horizontal and vertical distributions of emissivity, temperature, and densities of H3+ and H2. Based on this
result, we will search the possible scenarios for both the common and difference points of these distributions, and evaluate tr
ionosphere-thermosphere interactions at the height around the IR aurora emission regions.
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Time and wavelength variation of wave structure in Jupiter’'s south polar region observec
with ground-based telescope

# Yuya Gouda[1]; Yukihiro Takahashi[1]; Makoto Watanabe[1]
[1] Cosmosciences, Hokkaido Univ.

The south polar wave at about®%3 in Jupiter is considered as one of signatures of Rossby wave. Previous observations,
such as by Cassini ISS in 2000 or the Hubble Space Telescope (HST) from 1994 taBHARIp-Izagirre at al.2008], show
that the polar region is covered by bright diffuse haze and its edge has a wave structure spreading in longitudinal direction witl
wavenumber of 12-14 at 87S, which travels westward with a phase velocity of 0-10 m/s in Systemlll. These observations
suggested that this wave structure is caused by a planetary Rossby wave. However, these observations had been carried out ¢
every other year and the variance of short time scale (about month and less than) is not clear.

Using a deep methane absorption band filter at 889 nm installed at Multi-Spectral Imager (MSI) of the 1.6 m Pirka telescope
we investigated the meridional and vertical wavenumbers and phase velocity of the observed wave structure and zonal win
speed.

In this presentation, we introduce the observational results of time variation of the wave structure at 889 nm in Jupiter’s soutt
polar region in 2011 to 2015 by the ground-based telescope. Each result is separated by two weeks to a few months in the perio
that we can observe Jupiter. Our results show the wave structure is very different between 2011 and 2015. In 2011, longitud
between 0 and 150 in Systemlll are also similar, however other longitudes are very different. Large changes in the wave
structure of within a few days are observed even in 2015. This point is different from previous studies. Moreover, we compare
this structure with the wave structure at a middle methane band filter at 727 and 619 nm. Using another wavelength filter, we
can get information of wave structure in troposphere. We can get vertical variation of wave structure between pressure altitud
of about 361 mbar and 750 mbar. However, we cannot use the same method which selected images as in the 889 nm. Becal
the brightness ratio of Jupiter to Galileo satellite used by estimate of atmospheric seeing differ about thirty times between 88t
nm and another methane band. We also introduce result of wave structure using new method of selection of Jupiter image whic
using only brightness of Jupiter itself. This is a new point of my study. Using frequency analysis of latitudinal direction of
Jupiter, we can get wave structure by every wavelength.
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KOSEN-Renkei CubeSat Project for the observation of Jupiter’'s decametric radio
emissions

# Kazumasa Imai[1]; Taku Takada[2]; Kentarou Kitamura[3]; Nobuto Hirakoso[4]; Group KOSEN Space Renkei[5]
[1] Kochi National College of Technology; [2] Kochi-CT; [3] NIT, Tokuyama.; [4] NIT,Gunma; [5] -

The development of a micro satellite (CubeSat) for Jupiter radio observation is made by the collaboration with 8 colleges
which belong to National Institute of Technology (KOSEN-Space-Renkei). The KOSEN-Space-Renkei students and teacher
have been collaborating to develop the 2U-size CubeSat from this year. This CubeSat is being considered to be ejected fro
the International Space Station (ISS). The duration of the possible observation is estimated to be more than 50 days. Durin
this period we are considering measurement of the delay time between CubeSat and ground observatories for the detection
Jovian S-bursts. The measured delay time reveals very important information for determining the beam model of Jupiter’s radi
emissions. We show the current status of the design of CubeSat including Jupiter’s radio receiving antenna, receiver, and da
acquisition system synchronized with GPS.
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Data archive of Jovian decametric radiation based on ground based observation at
Tohoku University

# Atsushi Kumamoto[1]; Yuasa Sasaki[2]; Yuto Katoh[3]; Manabu Yagi[4]; Fuminori Tsuchiya[5]; Hiroaki Misawa[6]
[1] Dept. Geophys, Tohoku Univ.; [2] Geophysics, Tohoku Univ.; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4]
PPARC, Tohoku Univ.; [5] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [6] PPARC, Tohoku Univ.

We are developing integrated data archives for Jovian decametric radiation (DAM) datasets obtained at Nancay station of Par
Observatory and litate station of Tohoku University in order to provide data which covers &gt;16 hours ("2 Jovian days) for the
support of JUNQO's initial observation. As a first step, we prepared metadata server at Tohoku University in July 2015 for inte-
grated data access via Virtual Observatory (VO) with support of Paris Observatory team. This server with other VO's repository
servers enable us to search and access Nancay and litate datasets using the same tools.

In addition to the integrated metadata repository, we are developing high-time-resolution ("1 msec) data archive of Joviar
decametric radiation (DAM) obtained at the observatories of Tohoku University in order to provide them as open data for inves-
tigation of S-burst of Jovian DAM. High-time-resolution observation of Jovian DAM at Tohoku University has been performed
since 1982 with updating receiver system. So the frequency range and time resolution of the data varied among different period
2 MHz in 20-40 MHz and 2 msec in 1982-2004 (Period-1), 3.2 MHz in 21-28 MHz and 0.51 msec in 2006-2009 (Period-2),
20-40MHz and 0.8 msec since 2012 (Period-3). Because the size of the entire dataset is too large to store in the storage of t
data server, meta data and reduced-resolution data will be provided by the data server, and main body of data will be provide
manually on request of the users. In the presentation, we are going to show the progress of the studies based on the high tir
resolution dataset of Jovian DAM.
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Verification of Jovian ionospheric Alfven resonator by event analyses of ground-base
observation

# Yuasa Sasaki[1]; Atsushi Kumamoto[2]; Yuto Katoh[3]; Hiroaki Misawa[4]
[1] Geophysics, Tohoku Univ.; [2] Dept. Geophys, Tohoku Univ.; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4]
PPARC, Tohoku Univ.

Jovian decametric (DAM) radiation has been studied based on event analyses of a simultaneous S-burst event in multip!
frequency bands and continuous occurrence of S and L bursts obtained by ground-based observation in order to verify Jovie
ionospheric Alfven resonator (IAR) hypothesis.

Ergun et al. [2006] and Su et al. [2006] proposed Jovian IAR model. According to these previous studies, eigenfrequencies o
Jovian IAR are also expected to determine the repetition rate of S-burst of Jovian DAM radiation. This Jovian IAR hypothesis
was based on the theory and observations of the Earth’s IAR. However, due to lack of the observational evidences, Jovian IAl
hypothesis has been controversial since its proposal. In order to verify the Jovian IAR hypothesis, we have observed Jovian DA
radiation with a logperiodic antenna at Yoneyama observatory and a wideband receiver, whose frequency range is from 20 MH
to 40MHz. Previous studies reported that intense S-burst events increase were often found in lo-B source condition. So, we hay
scheduled observation in lo-B source condition.

In this study, we focus on following two events: The first one is a simultaneous S-burst event in two different frequency bands
("23.5 MHz and 27 MHz) found around 15:56 UT on 24 November, 2014. Assuming that the emission frequency is equal to the
electron cyclotron frequency at the source, the geometric distance of the emission sources at 23.5 MHz and 27 MHz are estimat
to be 82500 km and 74800 km. The estimated Alfven wave length in Jovian IAR is from 7200 km to 12000 km by using Alfven
speed of 0.80 ¢ and 0.52 c, and the eigenmodes is "20 Hz [Ergun et al., 2006; Su et al., 2006]. The distance between the tv
sources is about 7700 km, which is as large as Alfven wave length trapped at Jovian IAR.

The second one is continuous occurrence of S-burst and L-burst of Jovian DAM for 30 minutes found in 12:00-12:30 UT on 2
January, 2015. At first there were L bursts. Then S bursts emissions overlapped came with L busts. Finally, L bursts faded awa
and there were only S bursts. When the both S-burst and L-burst occurred, complex structures called inverted tilted-V event
[Riihima and Carr, 1981; Oya et al., 2002] were found in the spectrogram. The event suggests that there are upward-movin
plasma which cause shadowing of background emissions.

In the presentation, we will show some results of further analyses of observation data for verification of Jovian IAR.
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North-south asymmetry and seasonal variation of Saturn’s radio activities

# Ayumu Sasaki[1]; Yasumasa Kasaba[1]; Tomoki Kimura[2]
[1] Tohoku Univ.; [2] RIKEN

Saturn emits intense radio emissions, Saturn Kilometric Radiation (SKR), from the northern and southern polar region in 3-
1200kHz. SKR is generated by field-aligned energetic auroral electrons via Cyclotron Maser Instability (CMI) [Wu and Lee,
1979] at local cyclotron frequency. In the Saturn’s magnetic field directions (similar to the Earth’s), the CMI theory predicts
the right-handed circularly polarization (RH) emissions are from north and the left-handed circularly polarization (LH) ones are
from south, respectively. Cassini observations in the southern summer (2004-2009) showed that the SKR intensity shows dail
variation [Kurth et al., 2008]. Its period is slightly longer in the southern SKR than the northern one [Gurnett et al., 2009], and it
was reversed near the equinox (September in 2009) [Gurnett et al., 2010]. Related to this, we studied other trend in 2004-201
and showed that the averaged intensity of LH component (summer, south) is stronger than that of RH component (winter, nortr
[Kimura et al., 2013]. . Those characteristics suggested that the auroral activities are controlled by the north-south asymmetry c
the polar ionospheric conductivities, which are related to the seasonal variations of the solar EUV flux. However, the scenario the
can totally explain all observed features has not been yet established. For example, in the observations after 2010 (the Northe
summer), both northern and southern SKR periods are not clearly different [Provan et al., 2014; Fischer et al., 2015]. This fact i
contrary to the simple idea based on the polar ionospheric conductivities.

In this study, we extend the seasonable variation study in Kimura et al. (2013) covering the northern (summer) in 2010-2015
First we try to study the north-south ratio of the SKR intensity. We note that a simple extension of this analysis has a problem,
caused by the Cassini orbit bias. Since the SKR are stronger in the dawn side, Kimura et al. (2013) adopted the detectio
criteria that Cassini is at the dawn side, (2h to 10h LT) and in the latitude and distance where SKR propagation is outside of the
radio-invisible zone (latitude: -5 to +30deg (RH), +5 to -30 (LH); radius: 10 to 100 Rs). However, because of Cassini’s orbital
transition, apokrone after 2010 has shifted to the dusk side, and it becomes hard to get a large number of observations with tt
same data selection criteria.

At the moment, we removed the LT constraints and roughly investigated the SKR intensity ratio at all LT experimentally. In
2004-2007 the intensity of LH component (south, summer) was stronger by 7dB than RH (north, winter). In 2009-2011, the both
SKR intensity became similar. After 2012, RH (north, summer) was stronger by 4dB than LH (south, winter). For further study,
we will establish the new selection criteria based on additional analysis of the latitude - LT relationships in southern and northerr
SKR in overall periods.

We also note that the solar activity was minimum in 2008-2010, near Saturn’s equinox. It means that solar EUV variation anc
Saturn’s seasonal variation were not decoupled. We will also check this point as the investigation of the EUV influence on the
SKR in 2004-2010 included in the work of Kimura et al. [2013].
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Dependence of the Vorticity in Kronian Magnetosphere on the IMF

# Keiichiro Fukazawa[1]; Raymond J. Walker[2]
[1] ACCMS, Kyoto Univ.; [2] IGPP/UCLA

In a series of simulation studies we have found turbulent convection and vortices formed at Saturn’s dawn and dusk magne
topause in simulations when IMF was northward. We interpreted these vortices as resulting from the Kelvin Helmholtz (K-H)
instability. The resolution of simulation is an important parameter for the formation of vortices and turbulent convection as it is
necessary to capture the small changes in convection which can trigger of vortex formation. Recent developments in comput
technology have enabled us to run simulations with much higher resolution (0.06RS) then was previously possible. In this stud
we perform simulations of the Kronian magnetosphere for various IMF orientations to determine the conditions under which
vortices form.

In this study we determine the minimum component of BZ for vortex formation and present a physical model showing how
the combination of the IMF, Saturn’s rotating flows and reconnection determine when vortices form. From the detailed analysis
of plasma convection in the magnetosheath and magnetosphere, there are important differences in the flow due to the tail recc
nection and it affects the condition for K-H instability and vorticity in the overall magnetosphere.
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BepiColombo Euro-Japan Joint mission to Mercury: MMO Project Status update

# Hajime Hayakawa[1]; Hironori Maejima[2]; HAYAKAWA, Hajime BepiColombo MMO Project team|[3]
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http://www.stp.isas.jaxa.jp/mercury/

BepiColombo is a ESA-JAXA joint mission to Mercury with the aim to understand the process of planetary formation and
evolution in the hottest part of the proto-planetary nebula as well as to understand similarities and differences between thi
magnetospheres of Mercury and Earth.

The baseline mission consists of two spacecraft, i.e. the Mercury Planetary Orbiter (MPO) and the Mercury Magnetospheric
Orbiter (MMO). The two orbiters will be launched in 2016 by an Ariane-5 and arrive at Mercury in 2024. JAXA is responsible
for the development and operation of MMO, while ESA is responsible for the development and operation of MPO as well as the
launch, transport, and the insertion of two spacecraft into their dedicated orbits.

MMO is designed as a spin-stabilized spacecraft to be placed in approx. 600 km x 11400 km polar orbit. The spacecraft will
accommodate instruments mostly dedicated to the study of the magnetic field, waves, and particles near Mercury.

Selection of the PI responsible instruments was finished on 2004. MMO final AlV in JAXA was completed in this March.
MMO was transported to ESA/ESTEC in April and is waiting for the Mercury Cruise System level final AlV. Mission CDR for
whole BepiColombo was closed in this March.

11th BepiColombo science working team (SWT) meeting, which discusses science related matters, will be held on Sep. 201
at Chicheley Hall, in Buckinghamshire, UK. In this paper, we will report the latest information of MMO project status.

FTCHID BHIS N, TRHSGEWEERES ) & THERAICET 2 2 KK b5 FREREIZRETH - 7z,
KESVF—1051C &% 3EIDT T AN (1974-5)F. TO/NERMEICIIH DIERVEEZ SN TR &
SEFEBO TENOFRHRZ E 75 Lich, ZD%EHIE 30FLL LR T £ > TE . TN D OBREMEEINOHEREIC
RESNBEMEFD, X5 KERBEZHDOREDDSH D, 20114 3 AH 51 KE MESSENGERD & [EI#ED 5 D
BZIT> T3, [RNE - am 2R (BepiColombo | (&, FNFHEES (LR, ESA & DOERZE - /iickb o
ME ORI, WKE, WE, REEVD TESAMN - RENICBILES L33 7ay el N ThH5, B LA E A
FEOMBRAY SR I HIER & /KR 721 T, WIO/KEOFHIE = [WOBEREY - RSB ORI (&, TEREORYS -
KB OE RN & RN ORMIRICKERREZ 7253 L, MIGOFELMFRT 2 L RN BEREPOZE EKED
FRRZNES - RGO RERETINE, KIFRIER. FHC THIERRISE R & k) OfHICE® T %, £7z. MESSENGER
WX o ThEnHZ < DR R BepiColombol & - TIEZAN T NS HENHFIN TV S,

AGHEI, BUIEHBICRE(EE NIz 2 DO EHERER. b bRE - WO REE S iz KRR IR
(MPO)J (3, (Km e . /Y - & B OB RSt S Nz DKERGEEAR (MMO) | (RE HilfE,
MkE) DS E NS, ISAS, JIAXA I&. HADSEE Th 2% - HAEOBIHIZ EHELE 32 MMO A
DORF LK EFEHIEIC I 2HEAZES L, ESADKRODOET, Tabb, {15 LiFh SEREMZER 0K, KEE
EHEANOE A, MPO O3 & #EHZHYT 5,

TEPRERRIC RSN T 2802 ORPABTAEEE 1L, 20044F ORISR E ISR IS 4 LT L. HARMANZ 201249 A &
D FM ORREBRZFME L T D, AEIHIK T Lz, £ ESAIBIROEY 2—)U (MPO,MTM) 554 D NFM #&
BitBRAEMmLTED, KEETICK T TS T ETH S, MMO FM 1F 4 AIC ESAIESTECCHERA SN, A X v 7 L)L
(MCS:Mercury Cruise SystenFa & ik Ol ZRF> T2 & T A TH 5, MCSERERDK TSI LA T 2017
FELARRTEINTVWS S BRI Z 2 FIC/x %, 7535, BepiColomboffAD 2w 3 > CDRIIALE 3 HICHK 1 Lz,

IKEFEROBIANG., BENTEERFET— LR E 59 A< HERFZEE THELT % [BepiColombofl T — >
TF— L] (1 EFEEERE) T% « TN b, A#EEHTIE. TNOSRPABIINCEE U IR, HARMID R EZ Y
9% MMO DRV T ESARIEPSIRILUC DWW TRATIRIAZIE T %



R009-P20 215 Poster BERS: 118 38

2015 12 HIC BT 3 " HHhDOE " OLEHIER A

#dHhroETOv s s R IEA[1]
(1] -

Venus Orbit Insertion of Akatsuki in December, 2015

# Masato Nakamura Akatsuki Project[1]
(1]-

Japan launched Venus Climate Orbiter Akatsuki to observe the dynamics of the Venus atmosphere globally and clarify the
mechanism of the atmospheric circulation. The cruise to Venus was smooth, however, the first Venus Orbit Insertion (VOI) trial
on December 7th, 2010 tuned out to be a failure. Fortunately we keep the spacecraft in a healthy condition and surprisingly w
have found another chance to let this spacecraft to meet Venus in 2015. Next VOI trial will be done on December 7th, 2015.

This mission is planed to answer the question described below. The radius of the Earth and Venus are almost the same.
addition the radiation from the sun is also almost the same. The climates of these planets, however, are much different. Fc
example, the strong zonal wind is observed on Venus with the period of 4 days, where Venus rotates westward with the perio
of 243 days. This is called super rotation. We will investigate from data from Akatsuki what attributes to the difference of the
climates between Earth and Venus. AKATSUKI was designed for remote sensing from an equatorial, elliptical orbit to tract the
atmospheric motion at different altitudes using 5 cameras (3xIR, UV, Visible) and by the radio occultation technique.

We decide to use RCS thrusters for Trajectory Control Maneuvers (TCMs) and Venus Orbit Insertion. Total thrust force of
4 RCS thrusters is 20% of that of the main thruster and the orbit after VOI-R becomes a larger ellipse (apoapsis altitude will
be finally 3.2x10°6km ) than the original plan in 2010. We have already done major 6 TCMs before July 31st, 2015 to let the
spacecraft to meet Venus in December.

BEORKRDEAFT I T A% 70— )NCBIE L, RRKIERO A /) Z X L2 RS % eI HAR R RERK [H
MDE| (I—F4% D PLANET-C) %415 P E Uiz, 15 BIFIdEFETH > 2—05 5 H 21 H, 20104EIcfThN
X7, RBEANDY )V —XBIEHT L 12 A 7 HRfOeRHER A (VO BEBICKDD THhDE] 3. BIfE
KEFZJEE L TWE Y, FREMOIRBIBIHICHRIEN, Tl i, H4ld MHhDE] 220 1 54EICE
BICHUKO BDESMMEZFER LK LIz, RO VOI IEZAFE 12 7 HIdiTbNnEd,

(HhoX] Iviavid, UTORMICEZ 52 5T-DICEEENE Uz, HIERESEDOFRIZIFFRUTHD., £
oo KRG 5OBEEIZFERKTT, ETAN2DDHEOKRIEIEL B> TVET, SEOAIEMIE 243HTY
A, —HRAABTEEZD CHERDEHENE T, ChEA—\—a—F7—Y a3V EMUET, DT 1d. 56
DHAT (BBEDIRHAAT, UV HAT, a[fHARAT) LERHERGEZ T, B525EICB) 5 KRAOEE2Y £—
rerY T LET,

FIUIVHEN TS S TTY 7 MRESGIOLIH D> TWBATAZ (RCSATAZ—) ZEHL., #h
HEHIEAETOEICLE L, 4 DD RCSATAZOIEHNZ., FLI 2D 20% TULMEWz8, SHIOHE KD &K
TRAEMPLE GEISEE 3.2x10°6km I A B T EICED £ 9, S 7 AKE TIC 6 [MOKEHPUERIEZTT- /2%, 1
2 FCHuER A EkA 5
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Study of Venusian atmospheric waves by the ground-based IR spectroscopy:Comparisc
of 1.7um and 5.04um.

# Sakimi Kano[1]; Mayu Hosouchi[2]; Shoko Ohtsuki[3]; Naomoto lwagami[1]
[1] U Tokyo; [2] Earth & Planetary Science, Univ. of Tokyo; [3] Senshu Univ.

Investigation of Venusian atmospheric waves has been made at only limited heights; they are the cloud-top height at 70kn
by scattered solar UV and the night side 50km by IR transmission.We have developed a new method to find out waves a
60km (Hosouchi et al, ICARUS 2012).During the observation at IRTF in May 2014 for 10 days, we requested VEX/VMC
to have simultaneous observation. However, such plan could not be realized because of VEX's life. Instead we plan to us
5um observation by rselves.Since 5um emission will give us information at 70km, and we can get information at 60km in the
1.7um.We can investigate the waves at 60 and 70km; this may give us insight into the formation mechanism of the Super Rotatiol
Figure:5um weighting function.

BREGEHTORKEINCET 2HENE. BENECLIKRONEETLIRINTI A>T, DF D EMAR UV
AL X 2 EBIEHEE 70km &, K IR BEEIC XK D 50kmICfES N Tz, TORMEITHET L, FRAIZEE S
JE 60km TOWME G ZERL GlINIEAD ICARUS 2012 2EICH T 2 KKEFIOEREZMRELES L LTWS,
20144E 5 HIT/NT A « X F 7 « IRTF « CSHELLIZ 10 H [H OB %15 72 72 H UM Venus Express) UV & >4
VMC(Venus Monitoring Cam /&t 70km{#R) & ORIKHEINZ IR Ui 2R e, &2 AM, TOHMmAEE VEX OFF
T DIDEB Ush ozl HARIINRE & LT 5um TOBBEIE T 70km x5 5 C & & 2 Tz I 3um
UETEENELRDDT5um TIRETE 70km OEFEMNA X %, 1.7umBE i 60km & & DLk & D B TO KR
HEIEE O & O KA RIFEFTEOMEIICED 720 K 1 5umfaf 5 BEEL
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Extreme Ultraviolet Spectroscopy of Venusian Atmosphere Observed by EXCEED

# Yusuke Nara[1]; Ichiro Yoshikawa[1]; Naomoto Iwagami[2]; Kazuo Yoshioka[3]; Go Murakami[4]; Tomoki Kimura[5];
Atsushi Yamazaki[6]; Fuminori Tsuchiya[7]; kuto Fujiwara[1]; Masaki Kuwabara[8]
[1] EPS, Univ. of Tokyo; [2] U Tokyo; [3] Rikkyo Univ.; [4] ISAS/JAXA,; [5] RIKEN; [6] ISAS/JAXA, [7] Planet. Plasma
Atmos. Res. Cent., Tohoku Univ.; [8] Univ. of Tokyo

Planetary upper atmosphere glows due to transition of atoms, ions and molecules excited by solar photons. Investigating the
emissions leads to realizing constitution and chemistry in the upper atmosphere.

In this study, we analyze spectrum of Venus obtained by EXCEED on HISAKI spacecraft, which was launched on Septembel
2013. The data we use were obtained between 9th and 29th March 2014. In the past, Venusian atmosphere was observed in
EUV wavelength range by Marinar-10 (1974), Venera-11,12 (1978), Cassini (1999), etc. and emissions of H, C, O, N and CC
were identified by these observations. Because of HISAKI's high temporal resolution, the weak atomic and ionic emissions anc
N, Lyman-Birge-Hopfield band, Tanaka band etc. are newly identified.

MEDOKRK FBR ISR X SN HFRA 4. DFDBEST 2 C LIck> THRELTWD, FOEH
SRR S T L. KRR FBOMBSUL OB E DM S, TTTIE20134E 9 AT EiFeniz ToE ] #
BRI E N T 2 MR Vi s EXCEED OBIHIRERZ VT, SR KK DFIEIC X B HRDIEE 21T Tz,

HUBRRE [Ef0E FTRE%R EUV IREMEETEIIL T3 TOE & 13201443 H 9HM S 29 HOR, &R O/MIZTT-
Tzo WEITHEED EUV FBEEMOBINZITo7z6 D & LT, /KEHEKS ) F— 105 (19744) . TEEEHK Y > —=
(19994F) D& EBBHE R O/, SEHEEKY =25 11, 125 (19784F) K EMNH Y. H,C, N, O, COMWFHIEE NIz, U
T ZOEREREEOBIINC K D, TNETRODSEN S TZHEDTIVE T, 1 4 > OFEfRS> Ny Lyman-Birge-Hopfield
band, Tanaka bant £ OFAFHDF/ZICEIETE T,
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Implementation of sulfuric acid clouds into a Venus GCM and study of their
distributions and cycle

# Kazunari Itoh[1]; Takeshi Kuroda[2]; Yasumasa Kasaba[2]; Naoki Terada[3]; Kohei Ikeda[4]; Masaaki Takahashi[5]
[1] Pat, Tohoku Univ.; [2] Tohoku Univ.; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4] NIES; [5] AORI, Univ. of
Tokyo

We have implemented 450, clouds into our VGCM (Venusian General Circulation Model) to reproduce their cycle and
distributions comparable with observations. Venus is covered by global sulfuric agi&O(j cloud deck in the altitude of
50-70 km. Past trials for such cloud reproductions in VGCMs used cloud parameterization (condensation / evaporation ant
sedimentation processes) (Lee et al., 2010; Kato, 2014). However, they did not include chemical processes related to the clol
cycle, and did not reproduce the cloud on the realistic processes.

We have implemented the chemical processes related to the production and losSMf ¢buds for the reproduction of
realistic cloud cycle in the model. We used a VGCM based on the CCSR/NIES/FRCGC AGCM [lkeda, 2011], with the horizontal
resolution of T21 (longitude and latitude grids of about 5.6 degrees) and 52 levels in vertical with the sigma (equivalent to the
pressure) coordinate (the top altitude of about 95 km). For cloud condensation and evaporation processes, we assumed that
H,SO, clouds are generated when the3®, vapor is saturated, i.e., the forecasted mixing ratio of tot8®}, (sum of vapor
and cloud) is larger than the calculated saturated level. And.&8I34 clouds evaporate to the vapor if not, without the effects of
supersaturation. The radius of cloud aerozol is artificailly distributed into 4 modes by ratios based on the vertical profiles showr
by Haus and Arnold[2010]. (Our model at the moment does not include the growth or reduce of the particle size, and only trace:
the advection of produced clouds.) We also note that the cloud distributions should modulate the thermal distributions througt
radiative effects, but current our model assumes constant heat input profile (as well as the former code by lkeda [2011]).

After the run for 20 Venus days (2340 earth days), the cloud distribution in this model reaches an equilibrium status. In the
result, the simulated cloud cycle are reproduced; the formation, 84 cloud particles in the upper cloud region (about 70 km
altitude) of lower latitudes (about O - 30 degrees) due to the chemical processes, advection of clouds to the higher latitudes (abo
70 degrees) by the meridional circulation, and evaporation of clouds and formation @f 8@ lower cloud region (about 50km
altitude) of higher latitudes. This is consistent with the formation and extinction processes suggested by a two-dimensional mode
[Imamura and Hashimoto, 1998], though the meridional transport of the clouds is weaker in our model. In the presentation we
will also show further analyses of the simulated results and their comparisons with the global distribution of cloud characteristics
derived by Venus Express observations.

This model will contribute to the study of qualitative and quantitative global cloud distributions and variations observed by the
Akatsuki mission from 2016.

WAk, B & ETER - BB RER B EBONEER - 2 OHEZ HIE TS ERKKIMERE TV (Venus General
Circulation Model, VGCM DFIRZH#ED T 5, SEIEEE 50-7T0kmZiiEEICE b, Z DL AEE & KRR EIRIAD
BERGTDOKRPFERICKELSFE LTS, VGCM IZHIT BIREEEDERK - HER - THRGEFEDE AL, Lee etal. [20101
BaDTIV—T (e.g. Wik 2014 ICBENTEINTEE, TS TR, MIEEORHE - ZKFOHEE L THFGERIZ/ (S X &)
Y—3 /LLJZO’CHXD?&’IOTWJJ‘ TNHICHES BEYIE O 2EEfEMNEA TN THE S, Knollenberg and Hunten
[1980] TR E N TV BB EMBEEY A 7 VDK D V> TRV, TDsH, BHlENTWEEDGENE « EE MO
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REIBR © AT TR 5.6 ). PAE 528 ORI LiREE @ % 95km) ICEGE Lize EOERK - IHlE. 821 LA
7 T CHRBERZE A R LN %7 OMBB/RKZRE S TREBEE L5 GRERIOSFIZED ANTWiEW), 4
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Venusian gravity waves simulated by a two dimensional numerical model

# Hiroki Ando[1]; Ko-ichiro Sugiyama[2]; Masatsugu Odaka|3]; Kensuke Nakajima[4]; Takeshi Imamura[5]; Yoshi-Yuki
Hayashi[6]
[1] ISAS/IAXA; [2] ISAS/IAXA; [3] Cosmosciences, Hokkaido University; [4] Earth and Planetary Sciences, Kyushu
University; [5] ISAS/JAXA; [6] Earth and Planetary Sciences, Kobe University

Recently, gravity waves are often observed by a lot of optical and radio occultation measurements in the Venusian atmospher
For example, wavy structure having the horizontal wavelength of 60-150 km is observed at the cloud top altitude by UV cameras
However, these optical measurements can observe the atmosphere at the specific altitude, then it is difficult to investigate the ve
tical propagation characteristic and estimate the momentum flux. On the other hand, the vertical distribution of the temperatur
fluctuation associated with the wave is obtained from 65 to 90 km altitudes by radio occultation measurements, and its vertica
wavenumber spectrum shows that the wave having the vertical wavelength of 5-10 km is predominant. However, small scal
gravity waves cannot be detected because of its long distance averaging in the horizontal direction. In addition, horizontal wave
length and phase speed cannot be calculated. Therefore, it is difficult to investigate how gravity waves influence the atmospher
dynamics in the Venusian atmosphere only by observational studies.

In this study, we perform a two-dimensional numerical simulation of the gravity waves, which are generated by the convection
in the Venusian cloud layer, to investigate the wave propagation characteristic and calculate the phase speed and accelerat
rate. There are some theoretical studies which investigate how gravity waves influence the atmospheric dynamics in the Venusi:
atmosphere, but they include the empirical wave spectrum based on the observations in the Earth’s atmospheric in these mode
Imamura et al. (2014) has already investigated theoretically the behavior of the convection in the Venusian atmosphere, but the
do not study the characteristic of the waves above 60 km altitude. Therefore, our study is the first one which includes both the
generation and propagation of the gravity waves.

We use the semi-compression equations (Klemp and Wilhelmson 1978). The horizontal domain is 0-500 km, and the vertica
one is corresponding to 35-135 km in the Venus atmosphere. Top and bottom boundary conditions are that there are no stre:
vertical flow and potential temperature fluxes. Side ones are periodic. To prevent the wave reflection, sponge layer is put fron
35-40 km altitudes and 100-135 km ones. Initial vertical temperature profiles is that in the radiative-convective equilibrium
temperature based on Ikeda et al. (2010), which has a neutral stable layer from 48 to 54 km altitudes and stable ones above a
below it. Vertical distribution of the net heating rate is based on Ikeda et al. (2010). It is horizontally uniform and does not
change temporally. The atmosphere is rest in the initial stage, and the artificial damping is given to the wavenubmer 0 componel
to prevent generating the mean flow. We give the potential temperature perturbation with the maximum amplitude of 1 K at 50
km altitude randomly to drive the convection and run the calculation for 15 Earth days.

We examined the dependence of the calculation results on the vertical resolution and numerical viscosity by calculating the
horizontal spectral densities. Horizontal resolution is fixed to 200 m, and vertical one is set to 16, 32 and 62 m. Numerical
viscosity is set to 1x10%, 3x107%, 1x1073, 3x1073, 1x1072. As a result, there are little differences of the spectral densities
in the case of vertical resolutioi32 m and numerical viscosity3.0x10-3. Furthermore, we referred to the modeled zonal
wavenumber spectrum of the gravity waves constructed in the Earth’s meteorology and concluded that the optimal case is vertic
resolution = 32 m and numerical viscosity = 1.0x20

KA DOENP L, ZOERE RIS & &5 5 B EEIB A Z T LT, KBBRERICEER 52 TV 5. TE, &2
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A Three-dimensional Numerical Simulation of Venus’ Cloud-level Convection

# Ko-ichiro Sugiyama[1]; Takuya Kawabata[2]; Masatsugu Odaka[3]; Kensuke Nakajima[4]; Masaki Ishiwatari[3]; Takeshi
Imamura[5]; Yoshi-Yuki Hayashi[6]
[1] ISAS/JAXA,; [2] Tecnos Japan Inc.; [3] Cosmosciences, Hokkaido University; [4] Earth and Planetary Sciences, Kyushu
University; [5] ISAS/JAXA, [6] Earth and Planetary Sciences, Kobe University

Although convection has been suggested to occur in the lower part of Venus’ cloud layer by some observational evidences, it
structure remains to be clarified. To date, a few numerical studies try to simulate Venus’ cloud-level convection (Baker et al.,
1998, 2000; Imamura et al., 2014), but the model they utilized is two-dimensional. It is difficult to attempt direct comparison be-
tween the results of their simulations and the observations. Here we report on the results of our numerical simulations performe
in order to investigate a possible three-dimensional structure of Venus’ cloud-level convection.

We use the convection resolving model developed by Sugiyama et al. (2009). The model is based on the quasi-compressib
system (Klemp and Wilhelmson, 1978), and is used in the simulations of the atmospheric convections of Jupiter (Sugiyama et al
2011,2014) and Mars (Yamashita et al., submitted). We perform two experiments. The first one, which we call Ext.B, is based o
Baker et al. (1998). A constant turbulent mixing coefficient is used in the whole computational domain, and a constant heat flux
is given at the upper and lower boundaries as a substitute for radiative forcing. The second one, which we call Exp.l, is base
on Imamura et al. (2014). The sub-grid turbulence process is implemented by Klemp and Wilhelmson (1989), and an infrarec
heating profile obtained in a radiative-convective equilibrium calculation (Ikeda, 2011) is used. In both of the experiments, the
temporally averaged solar heating profile is used. The spatial resolution is 200 m in the horizontal direction and 125 m in the
vertical direction. The domain covers 128 km x 128 km horizontally and altitudes from 40 km to 60 km.

Obtained structures of convection moderately differ in the two experiments. Although the depth of convection layer is almost
the same, the horizontal cell size of Exp.B is larger than that of Exp.l; the cell sizes in Exp.B and Exp.| are about 40 km and 25
km, respectively. The vertical motion in Exp.B is asymmetric; updrafts are widespread and weak ("3m/s), whereas downdraft:
are narrow and strong ("10m/s). On the other hand, the vertical motion in Exp.l is nearly symmetric and weaker (“2m/s) com-
pared with those in Exp.B. The difference of convective structure results from the different vertical distributions of implemented
infrared heating. Namely, the intense downdrafts in Exp.B are forced by the strong cooling concentrated near the top of the
convection layer. In Exp.l, the heating is distributed in a thick layer; the net heating is positive from 47 km to 49 km altitudes,
and is negative from 49 km to 56 km altitudes. This profile of net heating makes vertical motion relatively symmetric.
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Mesospheric wind/temperature measurements in Venusian atmosphere using infrared
laser heterodyne spectrometer

# Kosuke Takami[1]; Hiromu Nakagawa[1]; Hideo Sagawa[2]; Shohei Aoki[3]; Yasumasa Kasaba[4]; Isao Murata[5]
[1] Geophysics, Tohoku Univ.; [2] Kyoto Sangyo University; [3] IAPS-INAF, Italy; [4] Tohoku Univ.; [5] Environmental
Studies, Tohoku Univ.

Mesosphere in the terrestrial planet is the transition region between the lower atmosphere and the upper atmosphere. T
altitude region of mesosphere is 50-90km on Mars and 70-120km on Venus. In this transition region, atmospheric waves po
tentially play a major role through the effects of momentum transport and eddy mixing. Disturbances by atmospheric waves
have significant effects on its variable nature and complicate the picture. The study of the planetary mesosphere is important |
understand the coupling between the upper and lower atmosphere.

In this study, we observe temporal variations and global distributions of wind velocity and temperature in Venusian mesospher
using infrared high spectral resolution spectrometer. Infrared laser heterodyne spectrometer MILAHI (Mid-Infrared LAser Het-
erodyne Instrument) that has been developed in Tohoku University is currently installed to 60cm telescope (T60) of Tohoku
University at the summit of Mt. Haleakala, Hawaii, which achieves ~3.5 arcsec of spatial resolution ad $p8ctral resolu-
tion.

We can derive temperature and wind velocity at the altitude region of 100-120km frgmnm@®local thermodynamic equi-
librium (LTE) emission at a wavelength of 10 micron. We can directly detect temperature from Doppler width and wind velocity
from Doppler shift of the peak of the emission line whose profile is Doppler line shape in this region. The wavelength resolution
is required “10 and higher. This resolution makes it possible to detect with accuracies of Zbb0K for temperature and-
10m/s for wind velocity. Reliable direct wind detections can be accomplished from CO line in millimeter and submillimeter re-
gion [e.g., Clancy et al., 2008]. Early submillimeter/millimeter observations had an essentially low spatial resolution due to their
large beam footprints. MILAHI with T60 can achieve higher spatial resolution and the integration time of 20 minutes is enough
to achieve sufficient S/N at a certain point of Venus disk. The accuracies were estimated using observed spectra obtained |
another heterodyne spectrometer, Cologne Tuneable Heterodyne Infrared Spectroscopy (THIS), which conducted at the McMa
Pierce Solar Telescope on Kitt Peak, Arizona, USA in 2009. Estimated accuraciesvit¢ for temperature and- 8m/s for
wind, respectively [Sonnabend et al.,2010, Sornig et al.,2013]. Additionally, we acquire constant and long-term variation using
T60 of the exclusive possession.

Temperature field at cloud top altitudes between 70-95km is also observabletgbS@ption line at 10 micron in nightside.

It is necessary to observe absorption line profile at so high resolution that temperature distribution is retrieved by absorption line
The required integration time to obtain g@bsorption spectrum are 160 minutes. We will analyze the spectra by Advanced
Model for Atmospheric TeraHertz Radiation Analaysis and SimUIlation (AMATERASU) [Baron et al., 2008] which performs
forward (line-by-line radiative transfer and numerical modeling of instrumental characteristics) and inversion calculations.

Venus orbiter Akatsuki which will reinsert to Venus orbit in December of this year will observe the atmospheric circulation
to study dynamics globally in the region between the surface and the altitude of 90km using infrared and ultraviolet camera an
radio occultation. The orbiter observes constantly temperature distribution near the cloud top (altitude of about 70km) by the
middle infrared camera LIR (wavelength range: 7-11micron). Moreover, vertical temperature profile is derived by radio occulta-
tion (altitude range: 35-90km) twice in every orbital period (8-9 Earth days). Observation by MILAHI complimentarily obtains
dynamical information at higher altitude region above them. It provides vertical information of temperature field from the cloud
top to mesosphere.
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Variability of the propagation periods of the Y-feature on Venus in one Venus year

# Masataka Imai[1]; Yukihiro Takahashi[1]; Shigeto Watanabe[1]; Makoto Watanabe[1]; Toru Kouyama[2]
[1] Cosmosciences, Hokkaido Univ.; [2] AIST

The fast atmospheric circulation named the super-rotation is one of the great mysteries on Venus. Planetary scale bright ar
dark UV feature, which is called the Y-feature, circulate around the planet about 4-days or 5-days associated with the supe!
rotation. Until now, Venus exploration spacecraft such as Pioneer Venus and Venus Express have monitored the circulation c
this Y-feature for many years. Variation of the circulation period of the Y-feature was observed (e.g. 5-10 Earth years [Del Genio
and Rossw, 1990]) and it was suggested that the dynamical state of Venusian atmosphere changes on a time scale of one Ve
year (7224 Earth days) or more. However, orbital planes of past spacecraft were nearly fixed in the internal frame of reference
and there were some difficulties to investigate the variation of periods in one Venus year without interruption. There are severe
numerical models reconstructing the steady super-rotation, however we have not been able to explain the mechanism of tt
super-rotation especially at the point of its long-term variability.

Since the Venus-Earth synodic period is 584 days, the ground-based telescope has great potential to monitor the circulatic
of Y-feature continuously over one Venus year except for the conjunction seasons. We conducted Venus imaging observatio
using 365 nm UV filter for six times at one or two months intervals from mid-August 2013 to the end of June 2014, and each
observational periods has a half or one months. We analyze the UV brightness variation from equatorial to mid-latitudinal region:
in both hemispheres and investigate the periodicity of the propagation of the Y-feature. Our data has good correlations with th
one from Venus Monitoring Camera (VMC) on-board Venus Express spacecraft observing southern hemispheres in 2013.

Here we found the variation of the propagation period of the Y-feature with a few months or more time scale. Faster and slowe
periodical brightness variations were obtained and it was shown that the period was changed from "5.2 days to 3.5 days perha
in eight months. In the middle observational period, two periodical components were obtained in the brightness variation and th
Y-feature considered not maintaining in this season. On the other hand, it was confirmed that the “3.5 days periodical componer
which was apparently faster than the one ever reported, exists in all observational periods with a substantial significance. Ot
study suggests that the planetary scale wave activities with “3.5 days periods contribute to the change of dynamical states ¢
Venus. We will add our new observation results taken from April to July 2015 and discuss about the annual variability of the
super-rotation.
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Comparison of Martian magnetic pileup boundary with ion composition boundary
observed by MAVEN

# Kazunari Matsunaga[l]; Kanako Seki[1]; David A. Brain[2]; Takuya Hara[3]; Kei Masunagal4]; James P. McFadden[3];
Jasper S. Halekas[5]; David L. Mitchell[3]; Christian Mazelle[6]; John E. P. Connerney[7]; Bruce M. Jakosky[8]
[1] STEL, Nagoya Univ.; [2] LASP, Univ. of Colorado at Boulder, USA; [3] SSL, UC Berkeley; [4] STEL, Nagoya Univ.; [5]
Dept. Phys. & Astron., Univ. lowa; [6] CNRS,IRAP; [7] NASA GSFC; [8] LASP, CU Boulder

Martian upper atmosphere directly interacts with the solar wind, since Mars does not possess the intrinsic global magnetic fielc
This interaction forms a transition region between the shocked solar wind (magnetosheath) and the ionosphere, in which cha
acteristic boundary structures are embedded. Previous studies have shown existence of the induced magnetosphere or magr
pileup region in the transition region. Mars Global Surveyor (MGS) observed the magnetic pileup boundary (MPB), a boundary
between the magnetosheath and the magnetic pileup region by its magnetometer and electron reflectometer [e.g., Vignes et :
2000, Trotignon et al., 2006]. On one hand, Phobos 2 and Mars Express (MEX) observed the ion composition boundary (ICB
by their ion mass analyzer [e.g., Breus et al., 1991, Dubinin et al., 2006], where the ion composition changes from the solar win
origin to planetary origin dominant. Due to the lack of continuous simultaneous observations of the magnetic field and ion com-
position, however, relations between MPB and ICB are far from understood. In this study, we investigate relative locations anc
characteristics of MPB and ICB and their dependence on solar wind parameters, utilizing a full package of plasma instrument
onboard Mars Atmosphere and Volatile EvolutioN (MAVEN).

We conducted a statistical analysis of the ion, electron, and magnetic field data obtained by MAVEN from November 2014 to
March 2015 in order to investigate relations between MPB and ICB. We identified MPB from the electron and magnetic field
data by inspection based on Trotignon et al. [2006]. We calculated the density ratio between the planetary heavy ions and th
solar wind protons to investigate the ion composition around MPB. Results show that there is a north-south asymmetry in loca
tions of MPB and ICB. Observations also indicate that the relative location of MPB and ICB has deference between dayside an
nightside. The MPB locations also depend on the solar wind parameters. We will also report on the dependence of MPB an
ICB on the solar wind velocity, density, and dynamic pressure.

Reference:

Vignes et al., 2000, GRL, DOI: 10.1029/1999GL010703
Trotignon et al., 2006, PSS, DOI: 10.1016/j.pss.2006.01.003
Breus et al., 1991, JGR, DOI: 10.1029/91JA0113

Dubinin et al., 2006, SSR, DOI: 10.1007/978-0-387-70948-7
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An MHD simulation study of the Kelvin-Helmholtz instability at the Martian ionopause

# Sae Aizawa[1]; Naoki Terada[2]; Yasumasa Kasaba[3]; Manabu Yagi[4]
[1] Geophysics, Tohoku Univ; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Tohoku Univ.; [4] PPARC, Tohoku Univ.

Because Mars has no intrinsic magnetic filed, the solar wind directly interacts with the planetary ionosphere. Under this circum:
stance, the planetary ionopause represents a density discontinuity surface and a velocity shear surface between the magneti
solar wind flow and the planetary ionosphere. The ionopause is subject to the Kelvin-Helmholtz (KH) instability [Amerstorfer et
al., 2010], which is expected to play a role in removing ionospheric materials from the planet. In addition, the KH instability may
cause a dawn-dusk asymmetry at the magnetopause because of the finite Larmor radius (FLR) effect of ions [Nagano, 1978].
an ionopause, for the same reason, the KH instability may cause an asymmetry in the direction of the solar wind motional electri
field.

Terada et al. [2002] pointed out using a global hybrid simulation that the KH instability at the Venusian ionopause develops
asymmetrically through the acceleration of ionospheric ions in the direction of the solar wind motional electric field. It is known
that the ion FLR effect, the gravitational stabilizing effect, the effect of the thickness of the boundary layer, etc. determine the
initial growth of the KH instability. However, it was difficult to separately evaluate each contribution of these effects with the
global hybrid simulation. At the Martian ionopause, the ion FLR effect is expected to be four times larger than that at Venus,
because gyroviscous coefficient is two times larger and the obstacle size is about half that of Venus. The gravitational stabilizin
effect, which prevents the KH instability from growing at low solar zenith angles (SZAs), is also one of the important effects
to estimate the escape rate of the Martian atmosphere, but quantitative evaluations of these competing effects at the Marti
ionopause have not yet been done.

In this study, we estimate the escape rate of the Martian atmosphere by the KH instability considering the ion FLR effect
and the gravitational stabilizing effect. We have investigated contribution of each effect to the linear growth rate and non-lineat
evolution of the KH instability using parameters at the Martian ionopause. The preliminary results of our simulation show that
the KH instability can grow sufficiently before reaching the terminator of Mars, suggesting that the non-linear saturation phase
rather than the linear growth phase affects the escape rate of the Martian atmosphere. Considering the fact that the previo
studies concentrated on the linear growth phase in estimating the escape rate, we have estimated it with a particular empha
placed on the saturation phase of the KH instability.

What is more, to model a more realistic condition of Mars, we have performed simulation runs with a density gradient in
the direction of the velocity shear (horizontal direction) in the Martian ionosphere. Our past simulations, which used a periodic
boundary condition, had a peak of momentum at the ionopause in the initial condition, so that the growth rate of the KH instabil-
ity can be over-estimated. This problem is partly resolved by employing this realistic condition. Accordingly, it is expected that
the growth rate of the KH instability decreases near the subsolar point, but increases at high SZAs due to the horizontal densi
gradient compared to our previous results, resulting in a different atmospheric escape rate. In this presentation, initial result
obtained from the numerical simulation that considers the horizontal density gradient will be presented.
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A numerical simulation of water vapor distribution in the Martian atmosphere by the use
of the DCPAM

# Yoshiyuki O. Takahashi[1]; Yoshi-Yuki Hayashi[2]
[1] Department of Planetology, Kobe Univ.; [2] Earth and Planetary Sciences, Kobe University
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Distributions of minor constituents have been observed not only in the Earth’s atmosphere, but also in the other planetar
atmospheres, since they have important information on the strucutures of atmospheric circulations as well as on photochemic
reactions. For example, a distribution of water vapor in the Martian atmosphere was observed by Viking orbiter in 1970s. From
1997 to 2006, Mars Global Surveyor conducted a long term observation of water vapor in the Martian atmosphere, and provide
information on atmospheric transport and mixing.

Our group has been working on development of a general circulation model for planetary atmospheres, DCPAM. Up to now.
we performed simulations of the Earth’s atmosphere and Earth-like ideal atmospheres which include water vapor. However, w
have not intensively worked on simulations of minor constituent distributions in other planetary atmospheres. In this study, we
perform a simulation of the water vapor distribution in the Martian atmosphere, since it has been observed for a long time anc
the observed result can be used for validation of the model.

The general circulation model used in this study is composed of dynamical process and physical processes. The dynamics
based on a primitive equation system. Almost all equations are solved by the use of the spectral method, while the continuit
equations for minor constituents are solved by a semi-Lagrangian method. The semi-Lagrangian method used in the mod
incorporates interpolation method by Enomoto (2008). In addition, an arcsine transformation proposed by Kashimura et al
(2013) is used to avoid negative values. The physics includes radiation, turbulent mixing, and surface processes. By the use
this model, we have performed a simulation of the water vapor distribution in the Martian atmosphere. Following the similar
simulations performed previously by other groups, a large amount of water ice is placed on the northern high latitudes. In
addition, surface temperature is fixed at 145 K at south pole to mimic southern permanent CO2 ice cap. The resolution of th
simulation is T21L36, which corresponds to about 5.6 degrees longitude-latitude grid, and 36 vertical layers. The model is
integrated for 10 Mars years from an isothermal and motionless initial condition.

The result of our simulation shows existence of large amount of water vapor at two locations at two seasons. One is the
northern high latitudes around northern summer and the other is the southern high latitudes around southern summer. Howev
the amount of water vapor at the low latitudes is small compared to the observed one. This implies insufficient transport of wate
vapor from high latitude to low latitude in our model.

In order to check sensitivity of the transport behavior on the choice of atmospheric transport scheme, another simulation i
performed without using arcsine transformation in our transport method. The result shows an increase of water vapor amount i
the low latitudes by about a factor of 4. This result shows that water vapor transport represented in our model is very sensitive
to transport schemes. In the presentation, we will discuss the difference between results by two schemes and address possi
causes of the difference.
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Relationship among water ice clouds, dust and temperature in the Martian atmosphere
revealed by the MRO-MCS data analysis

# Katsuyuki Noguchi[1]; Takeshi Kuroda[2]; Hiroo Hayashi[3]
[1] Nara Women'’s Univ.; [2] Tohoku Univ.; [3] Fujitsu FIP

Focusing on the longitudinal distributions of water ice clouds, dust and temperature and their correlations in the Martian
atmosphere, we analyzed Mars Reconnaissance Orbiter Mars Climate Sounder (MRO-MCS) data. The data covers Mars Ye
(MY) 28 to 30, which enables us to conduct interannual analyses.

Results show that the concentration of water ice clouds around Hellas Planitia (30-60S, 50-100E) largely decreases in th
southern winter (Ls=70-110 deg), while temperature and the concentration of dust in the same region increase simultaneousl
The decrease of water ice clouds and the corresponding behaviors of temperature and dust were clearly observed every year dur
MY29-31, suggesting a strong interannual repeatability. We also compared the observations with Martian general circulatior
model (MGCM), but we could not find very clear agreement. We extracted the wave components by fitting the data to stationary
zonal harmonics through wave number 4. The wave number 1 component is dominant and its typical amplitude in the souther
winter is about 6 K. This may be attributed to thermal tides in the Martian atmosphere.

In this study, we compiled a gridded data set in the netCDF format from the original text-based data in order to make data
handling much easier. We are planning to make the gridded data available to researchers near future.
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The geocoronal responses to the geomagnetic storms
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Earth and planetary science, Univ.Tokyo; [7] Frontier Sciences, Tokyo Univ.; [8] EPS, Univ. of Tokyo

The dominant neutral constituent in the Earth’s exosphere, atomic hydrogen, resonantly scatters solar Lyman-alpha (121.6 nn
radiation, observed as the geocorona.

The past observations of the geocorona were conducted mainly by the Earth-orbiting satellites. Recently, the abrupt tempora
increases of the Lyman-alpha emission in the range of 3 to 8 Earth radii by approximately 10% during the period of geomagneti
storms have been observed. However, the physical process of the responses of the geocoronal brightness to the geomagn
storms is unknown.

We report here observations of an exospheric response to geomagnetic storms obtained using measurements of the geocor
by EXtreme ultraviolet spectrosCope for ExosphEric Dynamics (EXCEED) onboard HISAKI satellite. It is orbiting around
the Earth and observing the geocorona. Several geomagnetic storms observed in February 2014 are accompanied by abr
temporary increases of the Lyman-alpha emission. These events seem to show some correlation with the minimum Dst inde
reached during the peak of each storm.
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Telescopes Dedicated to Planets and Exoplanets at Haleakala, Hawaii: Activity of 40cm
and 60cm and Development of 1.8m telescopes

# Yasumasa Kasaba[1]; Takeshi Sakanoi[2]; Masato Kagitani[3]; Hiromu Nakagawa[4]; Isao Murata[5]; Takahiro Obara[6];
Shoichi Okano[7]; Mizuki Yoneda[8]
[1] Tohoku Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] PPARC, Tohoku Univ; [4] Geophysics, Tohoku Univ.; [5]
Environmental Studies, Tohoku Univ.; [6] PPARC, Tohoku University; [7] PPARC, Tohoku Univ.; [8] Planet. Plasma Atmos.
Res. Cent., Tohoku Univ.

In this paper, activity reports and development status of the University-sized small but unique telescopes extracted at the sun
mit of Mt. Haleakala of Maui Island, Hawaii by Tohoku University with domestic and international collaborations.

Clear sky and good seeing condition are important for any ground-based observations. The Haleakala High Altitude Observe
tories at the summit of Mt. Haleakala is not the highest place (3050m) but one of the best sites with clear sky, good seeing, an
low humidity conditions. Operation is relatively easy because we can access to the airport, major towns, and a good engineerir
facility, ATRC (Advanced Technology Research Center) of IfA/UH within 1-2 hour drive from summit.

On the summit, our group is now operating a 40 cm Schmidt-Cassegrain (T40) and 60 cm Cassegrain (T60) telescopes. Tt
T40 telescope is mainly observing faint atmospheric features such as lo torus, Mercury, Lunar sodium tail, and so on. From fal
2013, ISAS Hisaki/Exceed EUV space telescope run on the orbit. It has uniquely provided long-term lo torus activities for this
project, including the identification of lo volcanic enhancement in January - March 2015. The T60 telescope was moved from
litate Observatory and started the operation from Sep. 2014. This telescope is now observing planetary atmospheres in infrare
with newly developed Infrared heterodyne spectrometer (MIRAHI). And with other instruments including a high-dispersion
spectrometer with coronagraph and an optical polarimeter, we have observed Jupiter and exoplanets in 2014-2015.

These activities are open to any possible collaborators. Recent days, guest observers visited for Jupiter (Dr. Asada, Kyust
Inst. Univ.), Mercury (Dr. Kameda and colleagues, Rikkyo Univ.)) and Exoplanets (Univ. Turk, Finland, and KIS, Germany)
observations. Our and guest investigators’ observations are also linked to Venus (Akatsuki), Mars (Mars Express, MAVEN) anc
Jupiter (Juno) in 2015-2016 observation terms.

We are also running a new telescope development plan dedicated to planets and exoplanets. This 1.8m off-axis telesco
named PLANETS (Polarized Light from Atmospheres of Nearby Extra Terrestrial Planets)is under the international consortium
mainly formed with IfA/UH and KIS (Germany). Although the schedule is delayed by the mirror forming etc., in the earliest
case, we will see the first light in the late 2016.

It is welcomed to any planet and exoplanet observation scientists who have interest to use our facility or expect to attach thei
own instruments for specific objectives. For promoting such activities, M. Kagitani, H. Nakagawa, and M. Yoneda stay in or visit
frequently to Maui, and are contributing to the telescope/instrumental operations and developments.
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UV space telescope for exoplanetary systems

# Hiroki Horikoshi[1]; Shota Ikezawa[1]; Masaki Kuwabara[2]; Go Murakami[3]; Shingo Kameda[1]; Ichiro Yoshikawa[4];
Makoto Taguchi[5]
[1] Rikkyo Univ.; [2] Univ. of Tokyo; [3] ISAS/JAXA; [4] EPS, Univ. of Tokyo; [5] Rikkyo Univ.

Many observations have been carried out for exoplanets since they were first discovered in 1995. To date, the number of d
tected exoplanets is more than 1800. Furthermore, the detection of many Earth-sized exoplanets in the vicinity of low-temperatur
stars is expected in the near future.

The habitable zones of low-temperature M type stars are inward of the orbit of Mercury [1]. However, if the planets are close
to the host star, stellar UV radiation dissociates or ionizes molecules in the planetary atmosphere; in particular, EUV radiatior
drives atmospheric heating [2]. It is not possible to measure the stellar EUV flux because of interstellar absorption. However, i
can be estimated from the stellar Lyman alpha flux (121.6 nm) [3]. Since the Lyman alpha emission is very bright, it could be
measured using the small space telescope. We can use Lyman alpha observations in discussion about exoplanet atmosphere:

There are 50 low-temperature stars within 5 pc of Earth. However, the Lyman alpha emission line has been observed for onl
25 of them. NASA and ESA are planning to launch space telescopes dedicated to exoplanets; however, their spectral rang
are limited to the visible and infrared regions. Russia is planning to launch a large multipurpose UV space telescope, but th
launch year has not been determined. Currently, the Hubble Space Telescope is the only telescope for the UV range, although
operation will be stopped in the near future because of aging. Therefore we are planning to develop a small UV space telescoy
dedicated to exoplanetary systems. In this presentation, we introduce the scientific objectives and our plan for a small UV spac
telescope.
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[1] Kaltenegger & Traub 2009
[2] France et al., 2014
[3] Linsky et al., 2014
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