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Simulation of the water cycle on the present Martian environment using DRAMATIC
MGCM

# Takeshi Kuroda[1]
[1] NICT

The spacecrafts on the Mars orbit, such as Mars Global Surveyor, Mars Odyssey, Mars Express and Mars Reconnaisance (
biter, have continuously observed the global distributions of water vapor and water ice clouds for these 17 years. Simulating th
water cycle on Mars consistently with those observations using Martian General Circulation Models (MGCMSs) is a challenging
topic, as the required physical processes are not well known.

First simulations of the Martian water cycle which incorporated the observations were made by Richardson and Wilson [2002
JGR] and Richardson et al. [2002, JGR], assuming the prescribed ice cloud radius of 2 um to determine the sedimentatio
velocity. Montmessin et al. [2004, JGR] first introduced the cloud microphysics which was substantially important for the repro-
duction of the realistic seasonal and latitudinal variances of the water ice opacity. In those studies the radiative effects of wate
ice clouds were missing, but later Wilson et al. [2008, GRL] first showed the importance of them on the temperature fields. The
development of a model which consistently reproduces the water cycle with radiatively-active water ice clouds has been difficull
[e.g. Haberle et al., 2011, Paris workshop], although Navarro et al. [2014, JGR] indicated that the scavenging of dust particle
due to the condensation ice also plays a significant role.

In this context, we are also starting to simulate the water cycle of the present Martian environment using the DRAMATIC
(Dynamics, RAdiation, MAterial Transport and their mutual InteraCtions) MGCM whose dynamical core is based on the
CCSR/NIES/FRCGC MIROC model, for the further investigations of the water cycle system and related material transport
on Mars. The model has a spectral solver for the three-dimensional primitive equations, with the horizontal resolution of T21
(about 5.8x5.6°, 333 km at equator) and vertical 59 sigma-levels up to "100 km. Realistic topography, albedo, thermal inertia
and roughness data for the Mars surface are introduced. Radiative effects gg€@onsidering only LTE) and dust are taken
into account, and radiative effects of water ice clouds can also be included. The standard seasonal and latitudinal changes of di
opacity are defined externally, with the vertical distribution of so-called 'Conrath profile’ [Conrath, 1975]. In the formation of
water ice clouds, the cloud microphysics process following Montmessin et al. [2004] is implemented, setting a part of airborne
dust as nuclei. In the cloud formation scheme, the water ice cloud radius inside each grid and layer is set to be constant. Tt
sedimentation of water ice clouds, accumulation on the surface and sublimation of water ice from the surface are implemented,

Our results show the consistent seasonal and latitudinal changes of zonal-mean water vapor column density and ice opaci
with observations in the run without the radiative effects of water ice clouds and adjusting the number of nuclei to be 5-10 um
of the ice cloud radius in maximum at the equatorial cloud belt in northern summer. With the radiative effects of water ice
clouds, the altitude of equatorial cloud belt becomes “20 km higher and the ice opacity there becomes much smaller. Also th
radiatively-active water ice clouds largely change the temperature fields, increasing up to 50 K at equatorial cloud belt and "3
K in winter polar regions. Then, our results indicate that taking interactive dust transport including scavenging into consideration
would be important for the consistent simulations with the radiatively-active water ice clouds.

The isotopic fractionations for HDO and,® are already implemented into our model [Kuroda et al., 2012, NASA workshop],
and further developments for the water cycle would contribute to support the future missions such as ExoMars Trace Gas Orbite
which targets to observe the isotopic ratios of water vapor.
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Statistical study of relation between the magnetic pileup boundary and ion composition
boundary around Mars observed by MAVEN
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Direct interaction between the solar wind and the Martian upper atmosphere forms a characteristic transition region, so-calle
the magnetic pileup region, between the shocked solar wind (magnetosheath) and the Martian ionosphere. In this transitio
region, the solar wind is decelerated due to increasing mass loading by heavy ions, which are produced from the ionizatiol
of extended Martian neutral atmosphere. Since the interplanetary magnetic field (IMF) frozen-in the solar wind plasma, the
solar wind deceleration make IMF to pile up and drape around the planet. After Mars Global Surveyor observations, the oute
boundary of the magnetic pile up region is called as the magnetic pileup boundary (MPB). Previous observations by Phobos
and Mars Express, on one hand, showed existence of a boundary that separates the solar wind protons dominant region frc
the planetary heavy ions dominant one, which is referred to the ion composition boundary (ICB). However, due to the lack
of continuous simultaneous measurements of the magnetic field and ion composition before Mars Atmosphere and Volatile
EvolutioN (MAVEN), relation between MPB and ICB are far from understood.

In this study, we investigate relative locations of MPB and ICB, as well as their dependence on solar wind parameters by usin
MAVEN ion, electron, and magnetic field data. We conducted a statistical analysis for two periods from November 2014 to March
2015 and from June 2015 to October 2015, when MAVEN orbital configuration allows direct measurements of the solar wind
near its apoapsis. We developed an automated algorithm to identify MPB and ICB. We identified MPB with criteria combining
the time derivative of electron flux, strength of the high-frequency (&gt;0.1Hz) magnetic field fluctuation, and plasma beta. As
for ICB identification, we used the density ratio between the planetary heavy ions and the solar wind protons. Results shov
there is a north-south asymmetry in locations of MPB and ICB in MSO coordinates. Observations indicated that the southerr
crustal magnetic fields seem to play an important a role of the north-south asymmetry. Observations also indicate that locatior
of MPB and ICB depend on the solar wind dynamic pressure and the IMF direction. Based on the results, we will discuss relatior
between MPB and ICB, and formation processes of these boundaries.
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Recent discovery of new diffuse aurora at Mars caused by the SEP (solar energetic particle) electrons [Schneider et al., 201
sheds a new light on the high-energy particle environment at Mars. In contrast to Earth, Mars posses no global intrinsic mag
netic field and the solar wind interacts directly with Martian upper atmosphere. The diffuse aurora observation in the northerr
hemisphere at Mars, where the crustal field is absent, indicates penetration of the high-energy electrons of 100 keV down to tf
altitudes around 70 km along the draped interplanetary magnetic field around the planet. However, to what extent the drape
magnetic field configuration around Mars controls the SEP electron penetration to the atmosphere is far from understood.

In this study, we investigate pitch angle distributions of the high-energy (30-210 keV) electrons observed in the Martian iono-
sphere based on the MAVEN observations during strong SEP events. In order to achieve a good coverage in the 2-D (pitc
angle-energy) phase space, data obtained during a SEP event is accumulated and binned. The obtained pitch angle distril
tions in the ionosphere are compared with the distributions of the source electrons in the solar wind. The results show that th
field-aligned electrons are dominant in the ionosphere. While the low-energy (&It;"100 keV) electrons are more unidirectional,
high-energy electrons tend to have bi-directional distributions. We will discuss possible cause of the energy-dependent pitc
angle distributions and their relation to the magnetic field configuration around the planet.



R009-04 217 B BFRE: 11 8218 11:55-12:10

KBNS —ANAR T DR E Y 7 T%ylg’/fz‘ > DRHPROBE & Z ORFEIK
%l

# 457Kk 2 [1]; B #4351 [2]; Brain David A.[3]; Fang Xiaohua[4]; Dong Yaxue[4]; Jakosky Bruce M.[4]; McFadden James
P.[5]; Halekas Jasper S.[6]; Connerney John E. P.[7]
[1] K -
s [2] BOKHE - HhBRERE RS2 EHIL; [3] LASP, Univ. of Colorado at Boulder, USA; [4] LASP, CU Boulder; [5] SSL, UC
Berkeley; [6] Dept. Phys. & Astron., Univ. lowa; [7] NASA GSFC

Statistical analysis of reflection of incident O+ pickup ions at Mars: Reflection ratios and
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Analyzing 1.3 year dataset (November 2014 to February 2016) of O+ ion velocity distribution functions obtained from the

Suprathermal and Thermal lon Composition (STATIC) instrument on the Mars Atmosphere and Volatile Evolution (MAVEN)
spacecraft, we statistically investigate reflections of incident O+ pickup ieh8 keV) from the Martian dayside magnetosheath.
To quantitatively evaluate importance of the O+ pickup ion reflection, we estimate a reflection ratio by calculating average inward
and outward O+ ion fluxes above the Martian bow shock. Our result shows that “14 % of incident O+ pickup ions is reflected.
We also investigate dependences of the reflection ratio on the solar wind. We find that the reflection ratio strongly depends on th
magnitude of the interplanetary magnetic field (IMF): "6 % for the weak IMF case and “18 % for the strong magnetic field case.
We suggest that this dependence is caused by differences of O+ gyroradii. Since the magnetic field in the magnetosheath al
becomes strong for the strong IMF case, O+ ion gyroradii become small and thus more incident O+ pickup ions can experienc
partial gyrations in the magnetosheath to go back to the solar wind compared to the weak IMF case. Since the incident O+ picku
ions are a major source of atmospheric sputtering escape from Mars, this result suggests that ion reflections might have a role
reduce the sputtering escape from ancient Mars if the young sun had a stronger IMF than that of the current sun.
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The goal of the Mars Atmosphere and Volatile EvolutioN (MAVEN) mission is to characterize the loss of atmospheric gas to
space and how this has affected the Martian climate through. Atomic oxygen is a key species in atmospheric loss at Mars an
the current key path for photochemical loss of neutral oxygen is the dissociative recombination of ionosphemdioh is
associated with the electron temperature in the ionosphere. We present a study of the energetics of the dayside ionosphere
Mars using models and data from several instruments onboard the MAVEN spacecraft. In particular, calculated photoelectro
fluxes are compared with suprathermal electron fluxes measured by the Solar Wind Electron Analyzer (SWEA), and calculate
electron temperatures are compared with temperatures measured by the Langmuir Probe and Waves (LPW) experiment. T
major heat source for the thermal electrons is Coulomb heating from the suprathermal electron population, and cooling du
to collisional rotational and vibrational GQdominates the energy loss. The models used in this study were largely able to
reproduce the observed high topside ionosphere electron temperatures (e.g., 3000 K at 300 km altitude) without using a topsi
heat flux when magnetic field topologies consistent with the measured magnetic field were adopted. Magnetic topology affect
both suprathermal electron transport and thermal electron heat conduction. The electron temperature is shown to affect the O
dissociative recombination rate coefficient, which in turn affects photochemical escape of oxygen from Mars.
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Long term and continuous observations of lo plasma torus in the spring of 2015 with HISAKI have revealed responses of the
plasma torus to volcanic activity change at the satellite lo. The HISAKI observation shows that brightness of singly ionized sulfur
and oxygen due to electron impact excitation increased from DOY 20 to 40 in 2015. Doubly ionized sulfur began to increase
several days after the singly ionized ion and reached a maximum around DOY 60. The intensities of these ions kept intens
until DOY 70. The singly charged sulfur showed two-step decreased on DOY 70 and 90. The singly ionized oxygen and doubly
ionized sulfur begins to decrease on DOY 90. The ion intensities returned to the usual level by DOY 120. These behavior:
show response of the plasma torus to the change in neutral source from lo. To evaluate mass supply rate from inner to midd
magnetospheres, radial gradient of emission intensity was derived from spatially resolved HISAKI data set. It is proportional
to radial gradient of ion flux tube content and could be a qualitative proxy of the mass supply rate. The radial gradient at 8.5
Jovian radii from Jupiter suggested that the mass loading rate increased from DOY 40 to 80. During this period unusually
strong transient enhancements of Jovian aurora were observed by HISAKI. Time interval between enhancements was a few da)
which is consistent with quasi-periodic substom-like event identified by the Galileo spacecraft. Several hours after the auror:
enhancement, short-live brightening was also identified in the lo plasma torus. After DOY 90 when the radial gradient almost
returned to the value before the volcanic enhancement, the sporadic aurora events were still observed until DOY 110 but the
did not accompany the plasma torus brightening. Transport of hot electron population to the inner magnetosphere with densit
depleted interchange flux tube is one of possible mechanisms to explain the HISAKI observation.
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Jupiter’s extended sodium nebula as an index of lo’s volcanic activity
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lo, which has the innermost orbit among the Gelilean moon, is the most volcanically active body in the Solar System. This
volcanic atmosphere is ionized, becomes plaema and escapes into Jupiter's inner magnetosphere due to the interaction w
Jupiter’'s co-rotating magnetic fields. This plasma forms a structure called lo plasma torus. This torus is mostly occupied by
sulfur and oxygen ions, and most of these ions have emissions lines at UV wavelengths. Although this is a minor constituent, th
torus includes NaCl+ ions that are originated in lo’s volcanic gas. Pick-up of these NaCl+ ions from lo’s ionosphere and their
subsequent destruction in the plasma torus produces fast from of neutral sodium atoms, then Jupiter’s sodium nebula is forme
The sodium

nebula has an extent of 1,000 Jupiter’s radii. We have been making observations of this sodium nebula from the ground. Th
sodium nebula is showing variations in its sodium D-line brightness which are attributed variations in lo’s volcanism. On the
other hand, ground-based observations lo’s volcanic activity can be made by measuring thermal near infrared emissions frol
volcanic hotspot. In this presentation, comparison among data of Jupiter’s sodium nebula, lo’s volcanic infrared emissions an
plasma emissions in the torus obtained by the Hisaki-sapcecraft will be shown.
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Time variation of 130.4nm atomic oxygen emission near lo observed by
Hisaki/EXCEED
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The brightening event of the lo’s extended sodium nebula was reported by the ground imaging observation from Decembe
2014 to May 2015 (Yondeda et al., 2015). This event shows lo’s volcanism was active in the spring of 2015. Variation of
main components of gaseous plume (sulfur dioxide which is subsequently dissociated to atomic oxygen and sulfur) has nc
been investigated yet. We present the result of time variation of 130.4nm atomic oxygen emission around lo observed b
Hisaki/EXCEED during the volcanic event in the spring of 2015, and compare it with the extended sodium nebula.

We selected observed data when lo was in the dawn side (lo’s phase angele of 457135 degrees) and in the dusk side (22573
degrees), and overlapped the data whose center correspond to lo to obtain the averaged image. It is found that the brightne
of the atomic oxygen emission started to increase in the middle January and showed the maximum in the middle of Februan
Afterward, it decreased toward the end of May and finally returned the normal brightness level. Both the solar resonant scatterin
and electron impact excitation can contribute to 130.4nm atomic oxygen emission. We adopt two Maxwellian-distributed electron
populations to evaluate which process is duminant to produce the emission. For the cases that thermal electron density al
temperature are 2000/cc and 5eV, and hot electron temperature and fraction are 50eV and 2 percent, respectively. We confirm
that the contribution of electron impact excitation was several hundred times higher than that of solar scattering.

The time variation of atomic oxygen emission is well correlated with that of sodium emission in increasing phase, but decline
time scale of atomic oxygen emission is about 30 days longer than that of sodium emission. there are two candidates which clot
explain the difference. First is time variation of electron density and temperature in the lo plasma torus. If electron density or hot
electron fraction increases after the peak of time variation of 130.4nm emission, 130.4nm atomic oxygen emission decline spee
goes slow compared to the sodium emission. Second is the difference of source regions between sodium chloride and sulf
emission. Gaseous sodium chloride is emitted only by hot spot, but sulfur dioxide may be emitted not only by the hot spot but
wide lava lake because of its low sublimation point.
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The plasma dynamics of the lo plasma torus observed by the Hisaki
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The lo plasma torus situated in the Jovian inner magnetosphere is filled with heavy ions and electrons, a large part of whicl
is derived from lo’s volcanos. Being the key area connecting the radiation belt, where energetic electrons are created, with th
mid-magnetosphere, where highly dynamic phenomena are taking place, revealing the plasma behavior of the torus has be
among the key factors in elucidating Jovian magnetospheric dynamics. A global picture of the lo plasma torus can be obtaine
via spectral diagnosis of remotely-sensed ion emissions generated via electron impact excitation. Hisaki, an earth orbitin
spacecraft equipped with an extreme ultraviolet spectroscope EXCEED, has observed the torus with a high spectral resolutic
and the data has been submitted to a spectral diagnosis analysis and a chemical balance modeling under the assumption of a
symmetry. Outputs from the investigation are radial profiles of various parameters including electron density and temperature
as well as ion densities. This presentation shows the deduced timescales of inward and outward transportation of plasma. Tl
ratio may represents the occurrence rate of depleted inward flux tubes seen in in-situ observation by Galileo. The possible futul
collaboration with Juno’s microscopic observation on this topic will also be discussed.
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Dynamics of Jupiter’s substorm-like event explored by monitoring of aurora and plasma
mass loading with the Hisaki satellite
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Plasma production and transfer processes in the planetary and stellar magnetospheres are essential for understanding the s
environments around these bodies. It is hypothesized that the mass of plasma loaded from lo’s volcano to Jupiter’s rotatin
magnetosphere is recurrently ejected as blobs from the distant tail region of the magnetosphere. The plasma ejections are like
triggered by the magnetic reconnections, which are followed by the particle energization, bursty planetward plasma flow, anc
resultant auroral emissions. They are referred to as the 'substorm-like events’. However, there has not been no evidence that t
plasma mass loading actually causes the substorm-like events because of lack of the simultaneous observation for them. Ti
study presents that the recurrent transient auroras, which are representative for the substorm-like events, are caused by the
loading. Continuous monitoring of the aurora and lo plasma torus indicates onset of the recurrent auroras when accumulatio
of the loaded plasma mass reaches the canonical total mass of the magnetosphere. This onset condition implies that the plas
mass overflows from the fully filled magnetosphere accompanying the substorm-like events.
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Jupiter’s auroral energy input and its modulations by lo’s volcanic activity observed by
Hisaki/EXCEED

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

Aurora is an important indicator representing the momentum transfer from the fast-rotating outer planet to the magnetospher
and the energy input into the atmosphere through the magnetosphere-ionosphere coupling. Long-term monitoring of Jupiter
northern aurora is achieved by the Extreme Ultraviolet (EUV) spectrometer called EXCEED (Extreme Ultraviolet Spectro-
scope for Exospheric Dynamics) onboard JAXA's Earth-orbiting planetary space telescope Hisaki until today after its launch
in September 2013. We have proceeded the statistical survey of the Jupiter's auroral energy input into the upper atmosphet
The auroral electron energy is estimated using a hydrocarbon color ratio (CR) adopted for the wavelength range of EXCEED
The emission power in the long wavelength range 138.5-144.8 nm is used to derive the total emitted power before hydrocat
bon absorption which is a good indicator for the total energy input into the atmosphere. Long-term observation provides us ¢
&quot;typical&quot; occurrence ratio profile of the input energy following a log-normal distribution with the highest occurrence
at 1.12 TW. In addition, temporal dynamic variation of the auroral intensity was detected when lo’s volcanic activity and thus
EUV emission from the lo plasma torus are enhanced in the early 2015. Average of the total input power over 80 days increase
by "10% with sometimes sporadically more than a factor of 3 upto 7, while the CR indicates the auroral electron energy de-
creases by “20% during the volcanic event compared to the other period. This indicates much more increase in the current syste
and Joule heating which contributes heating of the upper atmosphere. We will discuss the impact of this event on the uppe
atmosphere and ionosphere.
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Statistical study of solar wind control on Jovian UV auroral activity obtained from
long-term Hisaki EXCEED observations

# Hajime Kita[1]; Tomoki Kimura[2]; Chihiro Tao[3]; Fuminori Tsuchiya[4]; Atsushi Yamazaki[5]; Go Murakami[6]; Kazuo
Yoshioka[7]; Hiroaki Misawa[8]; Takeshi Sakanoi[9]; Yasumasa Kasaba[10]; Ichiro Yoshikawa[11]; Masaki Fujimoto[12]
[1] Tohoku Univ.; [2] RIKEN; [3] NICT; [4] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [5] ISAS/JAXA, [6]
ISAS/JAXA; [7] The Univ. of Tokyo; [8] PPARC, Tohoku Univ.; [9] Grad. School of Science, Tohoku Univ.; [10] Tohoku
Univ.; [11] EPS, Univ. of Tokyo; [12] ISAS, JAXA

While the Jovian magnetosphere is known to have the internal source for its activity, it also has the influence from the sola
wind. In a theoretical model, the ultraviolet (UV) aurora and solar wind dynamic pressure are anti-correlated. On the other hand
previous observations such as those by the Hubble Space Telescope showed a positive correlation between them. We mad
statistical analysis for the total power variation of Jovian UV aurora obtained by the spectrometer EXCEED (Extreme Ultraviolet
Spectroscope for Exospheric Dynamics) on board the Hisaki satellite. The data set was obtained from Dec. 2013 to Feb. 201
and from Dec. 2014 to Feb. 2015. We compared the total UV auroral power in 900-1480 A with solar wind dynamic pressure at
Jupiter estimated from the observation at 1 AU with a one-dimensional MHD model.

Superposed epoch analysis supports the positive correlation as the previous observation: Auroral total power increases wh
solar wind dynamic pressure enhanced around Jupiter. Furthermore, the auroral total power shows a positive correlation to tt
duration of a quiescent interval of the solar wind before the enhancements of the dynamic pressure with the correlation coefficier
of 0.86. It is more than the correlation to the amplitude of dynamic pressure enhancement with the correlation coefficient of 0.44
A similar trend was observed in the auroral field-aligned currents which are inferred from the color ratio between the two bands
of the Hisaki spectrum data. These statistical characteristics define the next step to unveil the physical mechanism of the sol:
wind control on the Jovian magnetospheric dynamics.

One possible scenario to explain the results is that the magnetospheric plasma content controls the aurora response to the s
wind variation. A long quiescent interval would mean that more plasma supplied from lo is accumulated in the magnetosphere
The solar wind compression causes adiabatic acceleration of the plasma and then the aurora increases. However, it is s
unclear how the angular velocity distribution of magnetospheric plasma and auroral brightness distribution vary during the sola
wind compression. Observationally, the next step for this study is to accompany an imaging observation to inspect morphologice
changes upon a hit by a solar wind shock. We will also discuss the possible mechanism from the initial result of the ground-base
infrared observations in 2016.
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lo-C and lo-B Source parameters of Jupiter’'s decametric emissions measured from
LWA1 modulation lane data

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

The modulation lanes in Jupiter's decametric radiation, which were discovered by Riihimaa [1968], are groups of sloping
parallel strips of alternately increasing and decreasing intensity in the dynamic spectra. The frequency-time slopes of the lane
can be either positive or negative depending on which of the Jovian sources are being observed. In the Imai et al. [1992a, 1992
1997] model for the production of modulation lanes, the lanes are assumed to be a manifestation of regularly spaced plasn
density variations that exist in the lo plasma torus. The fringes are produced as a result of the passage of the multi-frequenc
radiation through an interference grating. By using our model, Jupiter’s radio source locations and beam parameters can t
measured precisely. This remote sensing tool is called the modulation lane method [Imai et al., 2002, 2006].

The Long Wavelength Array (LWA) is a low-frequency radio telescope designed to produce high-sensitivity, high-resolution
spectra in the frequency range of 10-88 MHz. The Long Wavelength Array Station 1 (LWA1) 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, allows
us to observe the fine structure of Jupiter's decametric modulation lanes. Using newly available wide band modulation lane dat
observed by LWA1L, we measured source locations and beam parameters.

The results of LWAL data analysis indicate that the radio emitting sources are located along a restricted range of Jupiter
System lll longitude. We only receive one of the individual sources at a given time because the source has a very thin bear
(probably less than few degrees). We show the measured locations of lo-related sources based on the modulation lanes obser
by LWAL. In this analysis we identified the existence of two independent radio sources in the case of 10-C events, one from the
northern hemisphere (right hand polarization; we named it as lo-C’, lo-C-prime), and one from the southern hemisphere (lef
hand polarization, lo-C). Previously we considered that both of the right and left hand components were coming from the samq
hemisphere. However we have investigated four other cases to show that different modulation lane patterns exist between rig
and left hand components. Thus the right and left hand components are coming from different hemispheres.

We also identified the radio source of the early part of 10-B (we named it as lo-B’, lo-B-prime). It is located between 50 to
100 degrees CML of System Il longitude and is independent of the main part of 10-B between 100 to 180 degrees CML. The
measured center of the source longitude range is about 110 degrees in the case of 10-B’ and about 190 degrees in the case of
main part of lo-B. This 110 degrees source longitude corresponds to the brightness peak of the IFP (lo footprint) and when lo i
close to the lo plasma torus center [Bonfond et al., 2013]. The 190 degrees source longitude is close to the center of the longituc
range of the active magnetic flux tube for non-lo-related radio emissions [M.Imai et al., 2011].
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Present status of Akatsuki one Venusian year after the Venus Orbit Insertion

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

Venus orbiter Akatsuki arrived at Venus on 7th of December, 2015. 19th of July, 2016 was the first anniversary by the Venusiar
year of the Venus orbit insertion. The spacecraft has been operated carefully and all the subsystems and the science instrume
are working almost normally. Its orbital period is about 10.7days and its apoapsis is 0.37million km. Venus observation is done
by the onboard science instruments (4 cameras) every 2 hours except telecommunication time period of about 8 hours when t
HGA is directed to the earth and cameras are not in good position to shoot Venus. When the spacecraft come to the closet poi
to Venus, rim observation, close up imaging, and radio science are sequentially done. Downloaded science data are stored
SIRIUS data system in ISAS and processed by data pipe-line which produces Level 1, 2, and 3 data sets. All the processed de
will be delivered 1 year after the data acquisition.
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Observation of the Venus day-side disk with Akatsuki IR2

# Takehiko Satoh[1]; Takao M. Sato[2]; Masato Nakamura[3]; Munetaka Ueno[4]; Makoto Suzuki[5]; George Hashimoto[6];
Takayuki Enomoto[7]; Kosuke Takami[8]; Hiromu Nakagawa[8]; Yasumasa Kasaba[9]
[1]1 ISAS, JAXA,; [2] ISAS/IAXA,; [3] ISAS; [4] ISAS, JAXA; [5] ISAS, JAXA; [6] Okayama Univ.; [7] Space and Astr.,
SOKENDAI; [8] Geophysics, Tohoku Univ.; [9] Tohoku Univ.

Observations of the Venus day-side disk with IR2 onboard Akatsuki are done through a filter centered at 2.02-um wavelength
This corresponds to a strong absorption band of Gk primary molecule of the Venus atmosphere. As the sunlight is absorbed
in both ways (to the cloud top and from the cloud top after reflection) with the absorption strength proportional to the path length,
the 2.02-um images can visualize undulation of the cloud top. Such altimetry has been demonstrated in a different band witl
Venus Express/VIRTIS-M (Ignatiev, et al., 2009). However, the altimetry with high-resolution global images can, for the first
time, be done with Akatsuki IR2.

We show an example image acquired on 6 May 2016 when Venus appears almost fully illuminated. To better visualize
the fine structures, the limb-darkening is roughly removed and the high-pass filtering is applied. The high-latitude regions, in
both hemispheres, are darker, indicating the cloud tops are lower in the atmosphere. This view is consistent with the previou
studies. Many streaky features, parallel to the latitudinal bands, may be due to zonal winds. Turbulent clouds, suggesting activ
convections, in the afternoon to the evening, have correlation with features of “unknown absorber” seen in the UVI image. By
accumulating such data, it may be expected to increase our knowledge about the vertical structure and dynamics, as well as t
role of “unknown absorber” to them.
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A huge stationary gravity wave found in the Venus atmosphere

# Makoto Taguchi[1]; Toru Kouyama[2]; Takeshi Imamura[3]; Takeshi Horinouchi[4]; Tetsuya Fukuhara[5]; Masahiko
Futaguchi[6]; George Hashimoto[7]; Naomoto lwagami[8]; Shin-ya Murakami[9]; Kazunori Ogohara[10]; Mitsuteru
SATO[11]; Takao M. Sato[9]; Makoto Suzuki[12]; Seiko Takagi[13]; Munetaka Ueno[14]; Shigeto Watanabe[5]; Manabu
Yamada[10]; Atsushi Yamazaki[15]; Masato Nakamura[16]

[1] Rikkyo Univ.; [2] AIST; [3] The University of Tokyo; [4] Hokkaido University; [5] Cosmosciences, Hokkaido Univ.; [6]
Toho Univ.; [7] Okayama Univ.; [8] none; [9] ISAS/JAXA; [10] JAXA/ISAS; [11] Hokkaido Univ.; [12] ISAS, JAXA; [13]
Tokai Univ. TRIC; [14] ISAS, JAXA; [15] ISAS/JAXA; [16] ISAS

The Longwave Infrared Camera (LIR) onboard the Japanese Venus orbiter Akatsuki acquires a snap shot of Venus in th
middle infrared region, and provides a brightness temperature distribution at the cloud-top altitudes of about 65 km. More thar
800 of Venus images taken by LIR have been transferred to the ground since the successful Venus orbit insertion of Akatsuki o
Dec. 7, 2015. Here we report that a bow-shaped thermal structure extending the northern high-latitudes to the southern higl
latitudes with an end-to-end distance of longer than 10000 km was found in the brightness temperature map on Dec. 7, 2015
shown in Figure. The bow-shaped structure lasted for four days at least, and stayed at an almost same geographical position. T
bow-shaped structure looks symmetrical with the equator, and consists of a high temperature region in east or upstream of tt
background strong westward wind or the super rotation of the Venus atmosphere followed by a low temperature region in wes
with an amplitude of 5K. It appeared close to the evening terminator in the dayside, and seems not to have stayed in the san
local time rather to have co-rotated with the slowly rotating ground where the western part of Aphrodite Terra was below the
center of the bow-shaped structure. Meridionally aligned filament-like structures similar to the bow-shaped structure in shape
but in much smaller scale were also identified in the brightness temperature map on Dec. 7, and they propagated upstream of t
zonal wind as well. The bow-shaped structure disappeared when LIR observed the same local time and longitude in the earlie
opportunity on Jan. 16, 2016. Similar events, though their amplitudes were less than 1K, were found on Apr. 15 and 26, May
6 and 24-25, 2016, but they appeared in different local times and longitudes. A UV image obtained by UVI onboard Akatsuki
almost at the same time clearly shows advection of UV markings on the background flow, of which the zonal velocity on Dec.
7, 8 and 9 are -96, -96 and -107 m/s, respectively. This finding suggests that a stationary gravity wave generated in the lowe
atmosphere propagates upward to emerge as the bow-shaped structure in the brightness temperature distributions at the cloud
altitudes, and that the wind distribution in the lower atmosphere might be spatially and temporally more variable than believed.
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Investigation of thermal structures in Venus polar regions observed by Akatsuki/LIR

# Mao Takamura[1]; Toru Kouyama[2]; Makoto Taguchi[3]; Tetsuya Fukuhara[4]; Takeshi Imamura[5]; Takao M. Sato[6];
Masahiko Futaguchi[7]; George Hashimoto[8]; Makoto Suzuki[9]; Naomoto Iwagami[10]; Mitsuteru SATO[11]; Seiko
Takagi[12]; Munetaka Ueno[13]; Masato Nakamura[14]
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ISAS,JAXA

The polar dipole which locates at the center of the polar region shows higher temperature and the polar collars surrounding th
polar region shows colder temperature relative to other regions. Infrared observations of Venus by the previous missions reveale
these features.

Previous observations show that shapes of the polar dipoles can be characterized by three pattern which have a dipole sha
an elongated oval or a nearly circular structure and that these shapes change with time. [Garate-Lopez et al., 2013] The rotatic
period of polar dipole is 2.5 Earth days [Piccioni et al., 2007] and 2.8-3.2 Earth days [Schofield et al., 1983] in the south and
north polar regions, respectively. It has not been clear that the difference and variability in the rotation period is due to just a
temporal variation or influence of solar activity. Temperature of the Venusian atmosphere increases linearly with altitude. It is
known that the mean cloud-top altitude decreases from 74 km at the mid-latitudes to 67 km at the high latitudes [Luz et al., 2011]
However, the observation by radio occultation showed that the temperature and altitude are not correlated in the polar regiot
The polar dipoles and polar collars are attributed to the residual mean meridional circulation (RMMC) enhanced by the therma
tide. In the high latitudes downward advection adiabatically heated by RMMC induces the warm polar dipole, and conversely,
in the latitudes equatorward of the polar dipole, upward advection adiabatically cooled by RMMC induces the cold polar collar.
[Ando et al., 2015]

The first Japanese Venus orbiter Akatsuki was launched in 2010. The Venus orbit insertion maneuver for Akatsuki in 2010 wa:
failed, however, the second attempt to the Venus orbit insertion in 2015 was successful [Nakamura et al., 2011; 2016]. Akatsuk
is a planetary meteorological satellite aiming at understanding the atmosphere dynamics of Venus.

Longwave infrared camera (LIR) observes thermal emission from the Venus cloud top and derives brightness temperatur
[Fukuhara et al., 2011]. LIR observe both dayside and nightside with an equal quality. Therefore, LIR can get temperature of ¢
hemisphere facing to the spacecraft. Since Venus Express(VEX) was in a polar orbit of which the apoapsis was located at tt
south pole, VEX was suitable for observing the southern polar region. On the other hand, Akatsuki is in an equatorial orbit,
which is suitable for simultaneous observations of both north and south polar regions.

We investigate thermal structure in the polar regions using brightness temperature distributions obtained by LIR. Figure show
an example of brightness temperature distribution derived by LIR. A polar dipole and a polar collar are clearly recognized.
LIR has observed Venus sequentially every two hours except for the period while Akatsuki is close to periapsis. Temperature
distributions of the polar regions, temporal variation of the shape of polar dipoles, the rotation period of the polar vortex by a cloud
tracking method and north-south symmetry of polar phenomenon using brightness temperature distributions will be investigate
to clarify the dynamics of Venusian atmosphere. In addition, comparing LIR results with results from other instruments, such
as clout top altitudes derived from 2.02 micometer images obtained with a 2-micometer infrared camera (IR2), will provide
additional hints for understanding the atmosphere dynamics of Venus polar regions.

An example of a brightness temperature distribution which shows the polar dipole and polar collar
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Spatial and temporal variation of thermal structures at the Venus cloud top level
observed by LIR

# Toru Kouyama[l]; Makoto Taguchi[2]; Tetsuya Fukuhara[3]; Takao M. Sato[4]; Masahiko Futaguchi[5]; George
Hashimoto[6]; Takeshi Imamura[7]
[1] AIST; [2] Rikkyo Univ.; [3] Rikkyo Univ.; [4] ISAS/JAXA,; [5] Toho Univ.; [6] Okayama Univ.; [7] The University of Tokyo

http://www.airc.aist.go.jp/teams/gsrt.nhtml

Since the successful Venus orbit insertion-revenge of the Japanese Venus orbiter Akatsuki on December 7, 2015, the Longwa
Infrared Camera (LIR) onboard Akatsuki has continuously observed Venus with the mid-infrared region (8-12 um). Mid-infrared
observation provides Venus temperature distribution around the cloud top level (around 65km), and combining sequential ob
servations, spatial and temporal variation of the temperature distribution can be investigated, which is one of fundamental in
formation for studying Venus climate. Akatsuki is the first satellite orbiting an equatorial orbit, which enable LIR to provide
Venus temperature field covering low to mid-latitude regions widely in both hemispheres. Since several planetary scale wave:s
such as Kelvin wave and Rossby wave, and thermal tides affect temperature field perturbations globally, investigation of spatic
structures and temporal variations of temperature fields seen in LIR images may help to understand the activities of these wave
From such observation images, we found several global, both hemisphere symmetric and periodical variations whose directior
were same as Venus’ super-rotation (westward), in addition to some stationary structures (both global and local) as reported |
the initial report of Akatsuki observations. In this study we will report the spatial and temporal temperature variations seen in
LIR images and also report calibration and image processing procedures to clarify the structures.
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Initial results of Akatsuki radio occultation

# Takeshi Imamura[1]; Hiroki Ando[2]; Imamura Takeshi Akatsuki Radio Science Team[3]
[1] The University of Tokyo; [2] Kyoto Sangyo University; [3] -

Akatsuki's radio occultation experiments are performed when the spacecraft is hidden by Venus as viewed from the tracking
station (Usuda Deep Space Center). Radio signals, stabilized by an onboard ultra-stable oscillator, are transmitted from tt
spacecraft and received at the tracking station after passing through the planetary atmosphere. Analysis of the recorded sign
yields temperature profiles, sulfuric acid vapor profiles, and the ionospheric electron density profiles. A merit of Akatsuki's
observation is that the location probed by radio occultation can be observed by the cameras a short time before the ingress
short time after the egress thanks to the equatorial orbit, enabling quasi-simultaneous observations. Since the dense Venus|
atmosphere causes considerable ray bending, a spacecraft steering is required to compensate for this effect while the occultat
geometry changes from ingress occultation to egress occultation. Eight Venus occultations have been observed till July 201
and interesting features in the temperature profile are seen. Radio occultation observations of the solar corona have also be
conducted in early June.
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Feasibility studies for the detection of exoplanetary atomic oxygen exospheres with a
UV space telescope

# Hiroki Horikoshi[1]; Shingo Kameda[1]; Go Murakami[2]
[1] Rikkyo Univ.; [2] ISAS/JAXA

Many observations have been carried out for exoplanets since they were first discovered in 1995. To date, the number c
detected exoplanets is more than 3000. Since exoplanetary atmospheric atoms and molecules absorb stellar photons durin
transit, we can know atmospheric composition from the observation of stellar absorption line or band.

We simulate the detectability of atomic oxygen exospheres with a UV space telescope, assuming an Earth twin, Venus twi
or Mars twin exists in the habitable zone of a low-temperature star. Stellar UV radiation dissociates or ionizes molecules in the
planetary atmosphere; in particular, EUV radiation drives atmospheric heating. However, stellar radiations between 40 and 91.
nm cannot be measured because of the absorption of neutral hydrogen in an interstellar medium. We estimate the EUV intensi
at the habitable zone of a low-temperature star using empirically derived relations between the total hydrogen Lyman alpha (12
nm) intensity and the EUV intensity presented by Linsky et al. (2014). Moreover, we simulated the oxygen column density on
an Earth twin, Venus twin and Mars twin in the habitable zone of a low-temperature star using the results of Kulikov et al. (2007)
and Tian et al. (2008). We found that when an Earth twin in the habitable zone of a low-temperature star transits its host star, th
transit depth of the Ol emission line at 130 nm becomes much deeper than that of a Venus twin or Mars twin. We conclude tha
even a small UV telescope (720 cm) enables us to distinguish an Earth twin from a Venus twin and Mars twin and detect atomic
oxygen exospheres of an Earth twin in a habitable zone of a low temperature star within a few transits.

NASA and ESA are planning to launch space telescope dedicated to exoplanets; however, their spectral ranges are limited
the visible and infrared regions. Therefore, we are planning to develop a UV space telescope dedicated to exoplanetary system
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Evaluation of hydrogen absorption cells for observation of the planetary coronas

# Masaki Kuwabara[1]; Makoto Taguchi[2]; Kazuo Yoshioka[3]; Tokio Ishida[2]; Shingo Kameda[4]; Ichiro Yoshikawa[5]
[1] The Univ. of Tokyo; [2] Rikkyo Univ.; [3] The Univ. of Tokyo; [4] Rikkyo Univ.; [5] EPS, Univ. of Tokyo

Atomic hydrogen in the planetary exospheres resonantly scatters the solar Lyman-alpha emission at the wavelength of 121.5¢
nm forming planetary coronas. Imaging of the hydrogen corona allows us to probe a density distribution of the atomic hydrogen
The hydrogen absorption cell technique is a strong tool for the imaging of planetary coronas, because it enables us to obtain n
only intensity distributions of the hydrogen coronas but also temperature distributions and D/H ratios, which are key parameter:
for estimating amount of planetary water lost in the past. Hydrogen absorption cells of which the clear aperture is enlarged to b
twice as large as that of the cells for UVS-P onboard the Japanese Mars orbiter NOZOMI have been developed. We measur
absorption profiles of them using the DESIRS beamline at Synchrotron SOLEIL in France, and evaluated dependences of optic:i
thicknesses and FWHMs of the absorption profiles on 1) length and diameter of filaments, 2) filament temperature, 3) hydroge
gas pressure, 4) position of a beam in the cell, and 5) path length in the cell. A spare deuterium cell for NOZOMI/UVS-P was
also reevaluated. Application of the absorption cell technique for future planetary missions will be also presented.
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The spatial evolution of the mixing layer in the Kelvin-Helmholtz instability at the
Martian ionopause

# Sae Aizawa[1]; Naoki Terada[2]; Yasumasa Kasaba[3]; Manabu Yagi[4]; Yosuke Matsumoto[5]
[1] Geophysics, Tohoku Univ; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Tohoku Univ.; [4] AICS, RIKEN; [5]
Chiba University

We investigate the growth of the mixing layer thickness in the Kelvin-Helmholtz (KH) instability using an extended-local MHD
model to estimate the ion loss rate from the Martian ionopause. This instability is expected to play a major role in transporting
mass, momentum and energy across the ionopause between the sheath flow and ionospheric plasmas. Since the mixing layer
a finite thickness between them, this layer has a potential for the removal of a huge amount of ions from Mars through its history
The recent MAVEN observation reported that the density ratio across the ionopause reaches as high as 10075000. With suct
large density ratio, compressible effects are expected to modify the structure of the KH vortices and the evolution of the mixing
layer by generating high-amplitude nonlinear fast-mode plane waves from ridges of the KH waves.

In order to reproduce a realistic Martian ionopause, we developed an extended-local MHD model with aperiodic boundary
condition for the evaluation of traveling waves along the dayside Martian ionopause (76,000km). Spatial resolution is set with
3km to resolve the thin mixing layer. We find two factors that accelerate the growth of the mixing layer. Firstly, the KH wave
with the fastest growing mode behaves like a wall to the leading vortex in the aperiodic condition. The sheath flow is stagnatec
by this wall-like structure and induces an enhanced vortex return flow, resulting in a deeper excavation of the ionospheric plasm:
Secondly, fast-mode rarefaction waves generated by compressible effects make wall-like structures more effective by lowerin
pressure around antinodes of the KH waves. Such a pressure profile further accelerates the stagnation and the excavation. Tr
the mixing layer becomes about 1.5 times wider than that obtained from a periodic local model when the density ratio is 100.
It indicates that more ionospheric plasmas will escape than expected. The ion loss rate drastically increases after reaching t
nonlinear growth phase.
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Dawn-dusk difference of periodic oxygen EkUV dayglow variations at Venus observed by
Hisaki

# Kei Masunaga[1]; Kanako Seki[2]; Naoki Terada[3]; Fuminori Tsuchiya[4]; Tomoki Kimura[5]; Kazuo Yoshioka[6]; Go
Murakami[7]; Atsushi Yamazaki[8]; Chihiro Tao[9]; Francois Leblanc[10]; Ichiro Yoshikawa[11]
[1] Univ. Tokyo; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.;
[4] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [5] RIKEN; [6] The Univ. of Tokyo; [7] ISAS/JAXA,; [8] ISAS/JAXA,; [9]
NICT; [10] LATMOS-IPSL, CNRS; [11] EPS, Univ. of Tokyo

We report a dawn-dusk difference of periodic variations of oxygen EUV dayglow (Oll 83.4 nm, Ol 130.4 nm and Ol 135.6
nm) in the upper atmosphere of Venus observed by the Hisaki spacecraft in 2015. Observations show that the periodic dayglo
variations are mainly controlled by the solar EUV flux. Additionally, we observed characteristic "1 day and "4 day periodicities
in the Ol 135.6 nm brightness. The "1 day periodicity was dominant on the duskside while the "4 day periodicity was dominant
on the dawnside. Although the driver of the "1 day periodicity is still uncertain, we suggest that the "4 day periodicity is caused
by gravity waves that propagate from the middle atmosphere. The thermospheric subsolar-antisolar flow and the gravity wave
dominantly enhance eddy diffusions on the dawnside, and the eddy diffusion coefficient or the wave filtering effect changes
every "4 days due to large periodic modulations of wind velocity of the super-rotating atmosphere. This implies that the "4 day
periodicity of the EUV dayglow may reflect the dynamics of the middle atmosphere of Venus. We also examined the effects of
the solar wind on the dayglow variations by shifting measurements at earth to Venus. We did not find clear correlations betwee
them. Howerver, since there are no local measurements of the solar wind at Venus, we remain the effect of the solar win
uncertain.
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Quasi periodic variation of the zonal wind in the Venus polar region

# Hiroki Ando[1]; Norihiko Sugimoto[2]; Masahiro Takagi[3]
[1] Kyoto Sangyo University; [2] Physics, Keio Univ.; [3] Faculty of Science, Kyoto Sangyo University

Recently, infrared measurements performed in Venus Express mission showed that the center of the Venus polar vortex mov
guasi-periodically with the period of 3-4 days for local time. This suggests that the zonal mean wind speed varies quasi-
periodically. We reproduced the Venus polar vortex by using our Venusian general circulation model named AFES for Venus.
As a result, the short-period fluctuation of the zonally averaged zonal wind is seen in the Venus polar vortex in our model. This
fluctuation seems to be related to barotropic instability in the polar region. The wind speed increases in the case where th
momentum flux is positive, otherwise it decreases. When the momentum flux is positive when the phase of the relative vorticity
related to barotropic instability clines from west-south toward east-north direction. This short-period variation is similar to the
vacillation observed in the Earth’s polar vortex. Furthermore, our results also suggest that the behavior of the atmospheric circt
lation in the Veenus polar region might be unstable, which is similar to that in the Earth’s polar vortex.
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Study of the heat balance of the polar oval and polar atmosphere of Venus using Venus
Express/VIRTIS visible and infrared images

# Keishiro Muto[1]; Takeshi Imamura[2]
[1] Earth and Planetary Science,The Univ. of Tokyo; [2] The University of Tokyo

For understanding heat balance in Venus atmosphere, it is necessary to understand the behavior of the sunlight absorber.
visible range, scant attention has been paid to the sunlight absorber, but there is remarkable absorption by polar oval in pol:
region. Polar oval is a circular feature observed near the South Pole in visible and ultraviolet wavelengths (Observation is absel
for the North Pole). The mechanism producing the oval is not understood. Commencing with polar oval, it is important to
understand thermal influence and distribution of the sunlight absorber. In our previous study, we studied the change of the shaj
of the polar oval in visible and ultraviolet images, and the whole shape of the polar oval was revealed using Venus Express/VMC
visible images. In this study, we compare IR and visible images taken by VIRTIS onboard Venus Express to better characteriz
this feature. In images taken at 5 micrometers, which is the maximum wavelength that can be observed by VIRTIS, we car
observe thermal radiation from the cloud top. Contamination of sunlight scattered by dayside clouds is removed by subtractin
a cubic function fitted to the brightness temperature variation along the solar zenith angle; this procedure enables observatic
of thermal radiation even on the dayside. By analysis of this data, the temperature rises some degrees at the dark edge of t
polar oval, but the mechanism of temperature increase is not understood. Calculation of the heat balance at the dark edge of t
polar oval shows that the temperature variation across the polar oval is explained by the albedo variation. In visible range, loce
time dependence of the radiance was observed in polar region except polar oval. This suggests that the distribution of the visib
absorber changes over time, and so albedo changes. What kind of influence this has on the heat balance of the cloud top is
discussion.

BEAKDERILIC & > TEEEEICHT 2 KD ERIINE OIS FONEETH 5, NI TR CIRIIIE N
HEN T Ao HERICHE W T EMEIC I T polar oval W EfE LEAZ AU %, Polar ovalld 4 52 p fils
T, ENEHICBOTEIEI NS ERREETH D, ZOERA N ALIEIRZDH> TWiEL, TO polar oval’x
ECHELTRIMIENE S DL, EOKI REWNEEZ G A TOVWADNHRT L ENEETH S, AEINET
Venus Express/VM@ A fiEi{572 FHu T polar ovalDIZAIRDZZENC DN TIFE L. REIRDIE t 211572 4 IElid Venus
ExpresdC ik & N TV 7z VIRTIS OR[HE K U DG 7Z Ll U polar oval DEIZICEH L THIZE L7z, VIRTIS T
BN TZ2mAKBEED 5 p m TOBMERZ VS C & TEEOEEN S OB ERZ T N TES, UL, Bl
I BT BSOS KBFEDEDBIIIE N T L E 5, Z T T, K & RBERTEA DGR E LT 3 XEEUZIE L
BEICEBU 5 KGEEDEZRE Uiz, chick D, BEICBOWTHEEN S OBRG ZHT 5 N TEB XI5
Teo TOT—RDEFTICEK D polar ovalDFDOREER TIREMEK X E EFH L TWA T EAVHBH L7, ZDIRE LA D A
HZALED> TR, TO polar oval TOIRSE | F1d polar oval DB IC DWW A EZITS C Lic kb af
HOTIVAREDFECEBEDTHIEHHTE %, polar ovallASf DMK 35U C & AT E TOREEIC O — 7))L & A Lk
FED8#12441, R 5N Tz, THUIATHIEE TOWRIE DD RICRFZ LD CTT IV RDRE(L L TV 5B T L Z Bk
T3, TOTENEHDODRNLICED X S LB R 52 2M3ERNTTH S,



R009-P05 215 Poster B¥RY: 11 8 20H

HIIZRAANT T XA 2 o0 CBIINC K % <5 58 FR R R oD JRGA « Tt BnTE o) A1 B

# = BEAY [10; I IAHS [1); 176)11 96K [2]; Krause Pia[3];E A FIRF [4]; 5758 BELE [5]; ATH T [6]; 1450 &+ [7]; HIO X
[8]; &4 Wl []; A = [10]; HEH WISE [11]; <FH B4 [12]
[1] BAEK « B - HUBRYIEE; [2] SUERPE K2, [3] University of Cologne; [4] IAPS-INAF, ltaly; [SERIEA « B [6] HRALAR -
BRBE; [7] ALK - B - 525, [8] ALBCK - BE - WHE; [9] BEUKZE; [10] M, [11] NICT; [12] BRALK - £ - ¥y

The wind and temperature profiles in Venusian mesosphere using mid-IR heterodyne
spectrometer

# Kosuke Takami[1]; Hiromu Nakagawa[1]; Hideo Sagawa[2]; Pia Krause[3]; Shohei Aoki[4]; Yasumasa Kasaba[5]; Isao
Murata[6]; Shigeto Watanabe[7]; Makoto Taguchi[8]; Takeshi Imamura[9]; Takehiko Satoh[10]; Takeshi Kuroda[11]; Naoki
Terada[12]
[1] Geophysics, Tohoku Univ.; [2] Kyoto Sangyo University; [3] University of Cologne; [4] IAPS-INAF, Italy; [5] Tohoku
Univ.; [6] Environmental Studies, Tohoku Univ.; [7] Cosmosciences, Hokkaido Univ.; [8] Rikkyo Univ.; [9] The University of
Tokyo; [10] ISAS, JAXA,; [11] NICT; [12] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.

The atmosphere on Venus has thick sulfuric acid clouds which cover the planet at altitudes between "50 and “70 km. The retrc
grade superrotating zonal (RSZ) wind reaches the velocity over 100 m/s around the cloud top altitude. In the lower thermospher
above 110 km, there exists subsolar-to-antisolar (SS-AS) flow generated by large temperature difference between dayside a
nightside. Mesosphere in the altitude of 70-90 km is considered as the transition region of atmospheric dynamics from RSZ win
to SS-AS flow. And temperature in mesosphere is disturbed by given momentum with breaking atmospheric waves raised fror
the lower atmosphere. Venusian mesosphere has complicated dynamics and thermal structure.

Previous ground-based heterodyne observations in submillimeter (sub-mm) and middle infrared (mid-IR) wavelength range
provide information of wind and temperature in mesosphere. Observations in sub-mm sense atmospheric properties in the &
titude of 80-105 km [e.g., Clancy et al., 2008]. However, the sub-mm observations, particularly those using single-dish radio
telescopes, often suffer from relatively low spatial resolution While, mid-IR heterodyne instruments can achieve diffraction-limit
so that we can observe high spatial resolution of 3 arcsec with 60 cm diameter small telescope [Nakagawa et al., 2016]. The
resolution obtained latitudinal and local time (LT) dependency of wind and temperature. They decreased with latitude from 24C
K to 150 K in temperature [Sonnabend et al., 2010] and from 160 m/s to 40 m/s in wind [Sornig et al., 2008]. In this study, we
obtain the vertical profiles of wind and temperature in mesosphere and discuss latitudinal and LT dependency and the mechanis

In order to obtain wind and temperature profiles, we need to achieve high spectral resol@tiérsd®hat we can spectrally
resolve CQ absorption spectra at 10um band [Stangier et al., 2015; Nakagawa et al., 2016]. The vertical profiles are retrievec
by forward and inverse calculations using Advanced Model for Atmospheric TeraHertz Radiation Analaysis and SimUIlation
(AMATERASU) [Baron et al., 2008]. Nakagawa et al. (2016) showed the sensitivity of mid-IR heterodyne technique to the
mesospheric wind and temperature in the altitude range of 75-90 km and 65-90 km, respectively.

In this study, we develop the retrieval method for mesospheric vertical profiles of wind and temperature from observations
and estimate the accuracy and validity. The observations on 5th September 2015 using Mid-Infrared LAser Heterodyne Instruet
(MILAHI) were derived wind and temperature profiles with 5 km of altitudinal step and sensitivities in the altitude of 80-95
km and 70-100 km, respectively. The temperature profile showed inversion region above 90 km and agree with one of sub-mr
[Clancy et al., 2012] and SOIR loaded on Venus Express [Mahieux et al., 2012]. The wind profile show two maximum points
equal to 70 m/s at line of sight at 77 and 87 km and divided wind directions into westward and eastward. The wind profiles
in this altitude range were derived for the first time with remote sensing. The results are compared with in situ observations o
Pioneer Venus probes and simulations for Venus atmosphere VGCM to validate this method. In addition, we apply this method t
observation data set in 2011 and 2012 using heterodyne instruments developed by NASA and Cologne University to estimatio
for latitudinal and LT dependency. Furthermore, we can also compare with dynamic variations at the cloud obtained imaging
observations in infrared and ultra violet (IR2 [Satoh et al., 2016], LIR [Fukuhara et al., 2011], UVI) and radio occultation [Ima-
mura et al., 2011] load on Venus orbiter Akatsuki to discuss relation between lower atmospheric activities and mesospheric win
and temperature.

SERKDORBRRHE LT, SER 50-70kmDJEWGEESE, £ L TZOERMEICB T2 A—\—u—7— 3
Y EMHEN S E 100m/sb, EOEFEENFT 5 NS, —/, S 110kmLL FIChiE I 2208 NE Tk, B EROIRE
PR K o THE U 2 BIEBFHRD SN TH %, MR ENTZEE 70-110kmICH1iE 9 % I, Bz 2B X —)L
DKM E G DER T 5 \EEIC S5, FERGMN S ER LU TL 2 K& S 2 C &I X > TR&UCHEB =
W2 N, JEEGOMRERE N K E S 2T MR Th 5, HiE - FEEEICBIT 2S5, 2 LU THRIC
JEGHEE D EEEHNGEEOBHIBINES N TE D, ThEX TRGIEHIRHERIGICE X % Z O 2B S MMicd
BT ENTE o7z,

WBEOBRIGI T, Y7 IV - PREPRAVEIRRONT T XA VBN X 0. ARE O EEE L IREDEHRE LTV 5,
BIZIXY 7 2V OIS, FE 80-105kmDIRE « JEEAEH T T3 [e.g., Clancy et al., 2008}, T DI EHKD
BT, B8R H UG8 =M aeh 10Manik e R DRET « A7 2 T BRI T &V, — /4T,
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DOIE A E T % T L AAEETH % [Stangier et al., 2015; Nakagawa et al., 201675 xiE ¥ K O &7 0ic
&, Advanced Model for Atmospheric TeraHertz Radiation Analaysis and SimUIlation (AMATERASU) [Baron et al.,2008]
9 %, Nakagawa et al. (2016F (%, [FAIT7EK O EHAY 75-90km {REED 65-90kmD HEHifH TROS5NE T L EE
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Optical ground-based observation of Venusian lightning in 2015

# Masataka Imai[1]; Yukihiro Takahashi[1]; Mitsuteru SATO[2]
[1] Cosmosciences, Hokkaido Univ.; [2] Hokkaido Univ.

Lightning is one of the fundamental atmospheric phenomena and it was produced by strong convective clouds on the Eartt
We have known that lightning also exists on the giant planets such as Jupiter and Saturn, and these planets are well known havi
intense atmospheric convection. Besides with their impacts on chemical reaction, lightning can be an important implications fo
the atmospheric dynamics.

On Venus, lightning explorations were started in 1970s from several spacecraft such as Venera series and Pioneer Ven
Orbiter [e.g. Ksanfomaliti et al., 1979; Taylor et al., 1979], and also previous ground-based observations challenged to detec
the lightning flash [e.g. Hansell et al., 1995]. It has been known that this planet has severe environment with high pressure an
temperature and fast zonal atmospheric winds named Superrotation. Recently, Japanese Venus exploration AKATUSKI and or
of its camera IR2 firstly success to reveal the strong convective cloud formation in the middle layer of Venus. However, Venusian
lightning activity has been a mystery over a half century, and we still do not get over the ambiguity of evidential measurements
of previous studies.

In these surroundings, a new type of lightning detector, LAC (Lightning and Airglow Camera) onboard AKATSUKI [Takahashi
et al., 2008] are ready to start its lightning exploration. We expect that LAC success to detect the lightning flash, and we began t
support the LAC observation from ground. 1.6-m optical telescope nhamed Pirka was operated to observe night side of Venus ¢
July, 2015 around the season of inferior conjunction. Using the liquid crystal tunable filter (LCTF: FWHM 10 nm) and 777.4 nm
strong emission line wavelength, which laboratory experiments suggest, total "2 hours sequent images were obtained. ExpostL
time of each image is 0.035 s and after biasing (subtracting) with the two previous and the two following images are investigated
Considering the point spread function and point fluctuation caused by seeing effect, 3x3 and 5x5 pixels window was adopted t
search the strong emission region on Venus night side disk.

As a results, we did not success to find the significant emission region larger than 3 times of background noise standar
deviation. Our detection limit is an order of 10 at observation wavelength and it is two or three times better than [Hansel et al.,
1995]. Previous observations detected six or sevérll J magnitude lightning flushes in ~3 hours, therefore our result shows
negative possibility of the existence of lightning. However, it can be considered that the convective activity on Venus has stronc
temporal variation, and final conclusion will be provided from the LAC observations.
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# /K B [1]; MAHIEUX Arnaud[2]; WILQUET Valerie[2]; ROBERT Severine[2]; DRUMMOND Racheal[2];
VANDAELE Ann Carine[2];%5 | E# [3]
[1] HifE k. TRIC: [2] BISA; [3] 7% L

High altitude Venus cloud structure observed by SOIR/Venus Express and AKATSUKI

# Seiko Takagi[1]; Arnaud MAHIEUX][2]; Valerie WILQUET][2]; Severine ROBERT[2]; Racheal DRUMMONDI2]; Ann
Carine VANDAELE[2]; Naomoto Iwagami[3]
[1] Tokai Univ. TRIC; [2] BISA; [3] none

The Venus cloud consists of a main cloud deck at 47-70 km, with thinner hazes above and below. The upper haze on Vent
lies above the main cloud surrounding the planet, ranging from the top of the cloud (70 km) up to as high as 90 km.

The Solar Occultation in the InfraRed (SOIR) instrument onboard Venus Express (ESA) was designed to measure the Venusie
atmospheric transmission at high altitudes (65-165 km) in the infrared (2.2-4.3 um) with high spectral resolution. We investigatec
the optical properties of the Venus haze above 90 km using the SOIR solar occultation observations. Vertical and latitudina
profiles of extinction, optical thickness, and mixing ratios of haze were retrieved. We find that haze extinction and optical
thickness at low latitudes are two times higher than those at high latitudes. One of the noticeable results is that haze mixing rati
increases with altitude above 90 km at high and low latitudes. Therefore we speculate that haze could be produced at such hi
altitudes.

On December 7, 2015, AKATSUKI (JAXA) arrived at Venus after orbit insertion. Some instruments onboard AKATSUKI
will observe characteristics of cloud and haze particles. In this presentation, we will report high altitude Venus cloud structure
obtained from SOIR/Venus Express and AKATUSKI limb observation and also report a study plan to elucidate Venus cloud
including haze layer creation and maintain process.

BEZ—RRICTE D EOKRRNGEIRS 072 @R - @ REETIEA 5 T LM TE 2D, FRIFED 5 OGN O
BTHD, WEOEEERNC KO, FRIEFRIEDE (45-70 km)D_EICE F (70-90 km)D HE iz 2 SR ENMR I N
TW3, L LZOMAGENIAESICHIFTSH D, SREEOMBOEMIIFH L T3,

Venus Express(ESAY #5#{ & N7z7774 77 75T Solar Occultation at InfraRed (SOIR, 2.3-4.2 uld) KFGFH#IGEIC K D &
i (65-165 km)D & B KA « B 20064E & O kB Lz, A TIE SOIRODTFT—XITIC K b, RO -7
HIADIE, 90 kmBL ED T EHE | OFERZ ORI Z YD TR SHETHNICHH S M Uiz, LA L. Venus
Express3 A& « 5B BN DI, ZD1D, TNETOANE T, BEEICFEET 2 L0 - o—7
WEA LMD HZIT 5N 5 EDDOPEN EIEFTVYINZV, £z, &0 2006F0 SEENF TIRAITHEINT %
Braak et al.(2002F (& i DA Z 2 U T 200, ARREEH - AT RIC K O 2R - RINNZ0dERid 2 &
BT 2 ERORHEHIB SN TR, BFEMOSEEARR - M7 A = X LOIAZISRERIIC., 2D E
7S S S ISR T B B R DIRS ENEISMNICT B 28I, NEHD Z5 BN KRETH %,

20154 12 A 7 H. DI ERERE EHIEICRA SN, LIBSEICD 7 D kBl 2= %, S DS ITERIEE
VTR R Ok 4 i a— )L 2 A LSBT 2 8172 B E IS0, Venus Expresss i 9™ 2 FH#iEE 2 R, &5
%, HMDE - Venus ExpresO iz 5> C & T, RN DENG &S &EEICHFET % L 0DIR5 W25 i
THIENTE S, AFHKTIE. HHDOEV LERNOYIIARN 238 N E TOMPRR K CItEtZ RS %,
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Relationship between wind field and cloud top features of Venus revealed by visible and
ultraviolet images obtained by VMC

# Yusuke Nara[1]; Takeshi Imamura[2]; Shin-ya Murakami[3]
[1] EPS, Univ. of Tokyo; [2] The University of Tokyo; [3] ISAS/JAXA

In the study of material cycle related to cloud generation and spatial distribution of albedo on Venus, it is important to consider
contribution of three-dimensional motion in the cloud layer and transportation of sunlight absorber accompanied by the motion
because most of the sunlight is absorbed in the cloud layer. By using ultraviolet images which reflect unidentified absorber
Venusian cloud motion is well studied but, to understand vertical motion caused by solar heating as well as horizontal motion
the study of multiple altitudes taken by multiple wavelengths is necessary. Hueso et al. (2015) derived the three-dimensione
motion of Venusian cloud from images of several wavelengths taken by VIRTIS on Venus Express although they did not associat
the cloud motion with morphology and did not investigate daily variation of it. Moreover, equatorial region is not included in
that study due to constraint of the equipment.

In this study, by using ultraviolet and visible images obtained by VMC on Venus Express, we tried to extract the three-
dimensional motion of Venusian cloud and compare them with the cloud morphology. The ultraviolet images reflect distribution
of unidentified absorber at an altitude of about 70 km and the visible images reflect thickness of cloud at an altitude of 60 km.
So far, because there are few studies used visible images, we lack the knowledge about them obtained by VMC. To improve tt
reliability of estimation of wind fields, we corrected distortion of the images and removed streaky noise fixed to the detector.

We discuss the relationship between the cloud motion observed by the two wavelengths and morphology, the variation o
albedo and the vertical motion caused by solar heating.

EEROEILR T IV RO D 2 VWEIGER 2 PR S % 7zdicid, EBEHNO 3 Rochadsoz Ul 5 Kt
W Ol RS % C EHNEETH S, SEBMICBV T, TNE TREC K EIRYIE D2/ iz % %
SR COEGMNEOHB ORI HNENTE M, KB KO IMAENTERKIC K > TR NS YEE
REMRT 270113, HENE TORBIC X 2EBEEOHRE . EZ0E DD HOERNLETH %, Hueso
et al. (2015)&FH D2 A Venus ExpressC #5# & T 7220t VIRTIS QBTGS2 WV THEEE DO RK
O RDO TV EH, ZOFREL OREMFIEINTES T, JHHELEOH L DEBIZARENTWiRW, iz, Bl
BEER DTN & FREIHD EGEIF I DOV TR S TR,

Z T TAWIETIE, Venus Expres$C f&# S N TV iRBHE VMC I X IG5 N7z, @R 70km O ETHOWINYIE
D F7% KL TOZENERICIA, K3 8T A M SREENEET 5. EBEK D EVEER 60kmDEZ DL
DDJEE % L TV 5 Al HEHRZ IO TREDED 3R EE) 2, M2 58 Hd % 2 L TRA S LA,
TNE CTENEGRZ VTR E < H 50, lHESRZ W77 <. VMC ORIHERICET 2 M ENEIE
VD, MR O BN DM IELMHECEE SNz /) A XD LR B TR, BEGHEE OffE 7 m X E 7z,

2IETROIEEZOBIINY MIVEEOPRER T 2T & T, 7IVNROSHR, WBAShzRRICKb5[ET X
N3 L FOPEMREERICOWTH#EMRT %,
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Relationship between the cloud distribution and cloud-tracked winds on Venus
night-side obtained from images taken by VIRTIS

# Masayuki Omino[1]; Masato Nakamura[2]; Takeshi Imamura[3]
[1] EPS, Univ. of Tokyo; [2] ISAS; [3] The University of Tokyo

Venus is covered by a thick layer of clouds, and the contribution of various atmospheric motions such as small-scale turbulen
flows, convection in the cloud layer, planetary scale waves, the meridional circulation, etc. is imagined on the generation anc
maintenance of those clouds but the mechanism of them are unexplained yet. Investigating the relationship between the clot
distribution and the wind velocity field is important to deepen our understanding for the mechanism of the cloud generation anc
of the atmospheric circulation, but enough studies are not done yet.

In this study, we are investigating the relationship between the cloud distribution and the distribution of the wind velocity
by tracking the clouds using the images of VIRTIS on board Venus Express. Specifically, we are investigating the atmospheri
motion of Venus night-side by using 1.74 micrometer images which is a wavelength known as the 'atmospheric window’. The
cloud distribution is visualized by the thermal radiation from the substratum atmosphere in near infrared night-side images. Using
a pair of such images which is temporally continuous, the wind velocity is derived by extracting the part where the cloud feature

is identical by calculating phase correlation between the first image and the second image and by dividing its moving distance b
time interval of two images.

BRIZZOERERDDBEOHREBEOETEDLDNTED., TNEDEDQLEMRHERFO LTI, /IR, EEAN DR,
R —)VOUEE), FrHIEERR ERRA BERGGE O S5 MUEE NN Z DA Z X LERERIAT N TVEN, T
DX S IREDEMNPREIEIRD X /) = XK 5 Mgz keH 2 1T, SERKICHT 5 EME L TORAICEHT %8
B2 RIAS 5 C ENEETHEMAEA TR TH %,

AL TR, BN EREER Venus ExpressC f#5# & N TV o Al LA RV ERGEEE VIRTIS O i {%7‘—5’%
FWTEBIZ1T5 T I X DEERKUCE T 2 ED 54 & D R OBHEMEIC OV TR TV, BRI, &
HONBEWEZE>THTL % TRADE] LFENSIEETH S 1.74 p m DEGRT — 225 T LT, SEKHIC
B B2 RZEINOW TN TNV S, SEARIMEHEHS T FERSD S OB 2R e L TERO AN HEE N
%, WERIICERE L7z C D& S RlifG 2 VT, 1KH & 2 % H OB TAAMMEBIZEHR T 5 C LI X D G T
DR —H L TV BEn 2t U, ZOBEIEZ “ROBEBRORERRRTEH S C i X 0 EdEzZE T %,
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AKATSUKI IR1 camera status

# Naomoto Iwagami[1]
[1] none

Availabilities of main products are summarized. They are (1) dayside images for dynamics by cloud tracking, (2) nightside
images for deducing H20 abundance and surface characteristics by differencial spectroscopy and (3) nightside images for que
ing active volcanos.
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Overview of initial scientific results of Akatsuki in Venus orbit

# Takehiko Satoh[1]; Masato Nakamura[2]; Takeshi Imamura[3]; Atsushi Yamazaki[4]; Makoto Suzuki[5]; Munetaka Ueno[6];
Manabu Yamada[7]; Tetsuya Fukuhara[8]; Kazunori Ogohara[7]; Shoko Ohtsuki[9]; Shin-ya Murakami[10]; Takao M.
Sato[10]; Shigeto Watanabe[11]; Naomoto lwagami[12]; Makoto Taguchi[13]; Yukihiro Takahashi[11]; George Hashimoto[14];

Takeshi Horinouchi[15]; Masahiro Takagi[16]; Toru Kouyama[17]
[1] ISAS, JAXA; [2] ISAS; [3] The University of Tokyo; [4] ISAS/JAXA; [5] ISAS, JAXA; [6] ISAS, JAXA,; [7] JAXA/ISAS;
[8] Rikkyo Univ.; [9] Senshu Univ.; [10] ISAS/JAXA; [11] Cosmosciences, Hokkaido Univ.; [12] none; [13] Rikkyo Univ.; [14]
Okayama Univ.; [15] Hokkaido University; [16] Faculty of Science, Kyoto Sangyo University
 [L7]1 AIST

The 4 cameras (UVI, IR1, IR2, and LIR) onboard Akatsuki successfully obtained the first-light Venus images after the space-
craft was inserted to an elliptical orbit around Venus on 7 December 2015. After the first light, observations were paused due t
the orbit correction maneuver, initial tests of spacecraft bus, and evaluation of thermal environment. The observations resume
in mid-January 2016. By examining acquired images for sensitivity and resolution, it is confirmed that the 4 cameras function a:
expected and the project has decided to start regular observations in April 2016. Operation of LAC is in progress because it ca
only be switched on while the spacecraft is in eclipse AND the sensor requires high voltage. As of this writing, the voltage nears
its nominal and we expect to start observations with LAC during the eclipses in 4Q of 2016. Radio occultation measurement:
using USO are being done whenever the geometry of spacecraft-Venus-Earth is favorable.

The Akatsuki mission is to investigate the structure and dynamics of Venus atmosphere in 3D by combining the data from
multiple instruments. The data will be reviewed and obtained 3D pictures of Venus atmosphere will be discussed.

FHhoE ] BiD 477 X5 (UVIIRL, IR2, LIR) . 20154 12 H 7 HOJE mI#iE&R AEZROBKHRIC T 7 — X b
FA FHEIGOEIRICRII Uz, ZD% LIRS L, JERHEOEIE, BEHIEE ZL/NARD SR, 7 U CARBE O
i E. 20164F 1 H ik S eBRETN 2 HH Uiz, WifRT— 2 238 U CTKEE « KRB D ThH 5 T LR TE
Tz 471 AF1E, 20164 4 Hh SEHBIINCEAT UTze ZNLUE, BRI T — 2 ZER L T\ 5, HEEEREC LhiE
A VTETULLEEELEZET S LACICDWVWTRERSE EFDEWTW AN, FrEDEELE ThE —SHnLk?
IRTHD, 201645 4 WA O H @@ IEARBIZ1T 2 5 AR TH %, USOZ H W T B IFHEERI & 2 OB
I BRife 7 — 2BUSE1T> T\ 5,

[(HHhDOE ] ORE. OIS DT —XEZHEDE T, ERKKONE & #EEh %2 = XoecBSMCT B T
LIiLHB, TNETOT—RZMEL. ZLTEDX S H=J0RMENME SN TEDEHENT %,



R009-P12 215 Poster B¥RY: 11 8 20H

HMDE IR2IC X % ER R

# /R B L [1]; 1k 302 [2]; WPk IEA[3]; B 5322 [4]; $aAR BE [5]; 3L & Cx—U[6]; A 2 [7]; mE BT [8];
HRIT AR [8]; 55F FRIE [9]
[1] FHHBF; [2] DT, [3] S [4] FHEBAVTZE; [5] JAXA « FHF; [6] FK - BK; [7] KaWFK - P8 - 574, [8] 3
JEK - B - HhBRYIEE; [9] BROEK - B

Initial report of an improved nightside observation by Akatsuki IR2

# Takao M. Sato[1]; Takehiko Satoh[2]; Masato Nakamura[3]; Munetaka Ueno[4]; Makoto Suzuki[5]; George Hashimoto[6];
Takayuki Enomoto[7]; Kosuke Takami[8]; Hiromu Nakagawa[8]; Yasumasa Kasaba[9]
[1] ISAS/JAXA; [2] ISAS, JAXA,; [3] ISAS; [4] ISAS, JAXA; [5] ISAS, JAXA; [6] Okayama Univ.; [7] Space and Astr.,
SOKENDAI; [8] Geophysics, Tohoku Univ.; [9] Tohoku Univ.

The 2-micron camera named IR2 onboard Akatsuki has continuously observed the nightside of Venus with three narrow-ban
filters (1.735, 2.260, and 2.320 micron) since the late of March, 2016. The main roles of nightside observation by IR2 are (i) to
study the dynamics in the lower atmosphere with the cloud-tracked winds, (ii) to deduce CO distribution which is thought to be
a good tracer of the atmospheric circulation, and (iii) to investigate aerosol properties of the lower clouds.

Although the nightside images collected until the middle of May, 2016 show the quality enough to be used for deriving the
cloud-tracked winds, they are not good enough to be used for conducting studies requiring photometric accuracy. This is du
to the contamination by the stray light from the dayside of Venus and the unwanted artifacts which arise electrically when the
significantly bright target is read out. To evaluate how the stay light from the dayside contaminates nightside data, 2.020-microl
observation was added to the nightside observation. Non negligible count of nightside at 2.020 micron can be regarded as tt
stray light from the dayside because thermal radiation at this wavelength cannot escape to space duabsof@@on. To
reduce the unwanted artifacts, the observation scheme was changed so that the dayside of Venus is out of the detector. T
improved observation scheme has been executed since the end of June, 2016.

In this presentation, we will present the initial report of this improved nightside observation.
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One-dimensional modeling of Venusian clouds

# Masahiro Shimokawa[1]; Takeshi Imamura[2]; Ko-ichiro Sugiyama[3]; Masato Nakamura[4]
[1] Earth and Planetary Science, UTokyo / ISAS; [2] The University of Tokyo; [3] Matsue College of Technology; [4] ISAS

Venusian clouds, mainly consisting of sulfuric acid, lies on 45-70 km altitude and highly influence on climate of Venus because
of high albedo. Besides, zonal wind velocity from super-rotation peaks near 70 km altitude, and thermal tidal waves, caused ¢
cloud layer where sunlight is absorbed, propagate momentum of atmosphere. Thus it is important to know how Venus clouc
formation occurs and what physical processes the thickness of clouds are adjusted, for understanding the dynamics of Venusi
atmosphere. We have calculated one-dimensional modeling of Venus clouds considering photolysis of sulfuric acid and studie
the process of Venus cloud formation.

In this study we watched vertical distribution of liquid cloud components of sulfuric acid and water at 40-75 km altitude, for
calculating time development of number density of each sulfuric acid and water in liquid and gas phase. Partitioning of these
phases is judged at every time step of calculation, although supersaturation and energy balance with vaporizing and condensati
are not considered, and supersaturated gas materials are just regarded as liquid. Physical factors affecting each total nu
ber density we considered are liquid sedimentation due to gravity, eddy diffusion and atmospheric chemistry at upper clouds
Sedimentation occurs in liquid components regarded as droplets which have constant radius, and we calculate the downwa
transportation of those droplets by gravity. The radius of droplets are determined from observation. Eddy diffusion expresse
totally on transportations of thermal convection, turbulence and large-scale atmospheric movement, calculated by given consta
coefficient. In atmospheric chemistry we consider a photochemical reaction near 62 km altitude with production of sulfuric acid
and consumption of water (Yung and DeMote, 1982 / Krasnopolsky and Parshey, 1981). We can also calculate the effect ©
meridional circulation, which vertically becomes upward wind at tropical region and downward wind at high latitude.

For initial conditions, volume mixing ratio of each material is homogeneous at every altitude except at lower boundary. Thus
we watched the behavior of cloud formation with or without effects of respective physical factors. At upper boundary the gradi-
ents of volume mixing ratio are zero, and at lower boundary that ratio is given by radio occultations for sulfuric acid, and ground
observations for water (Knollenberg and Hunten, 1980). Results of liquid distributions are compared to calculations by Imamure
and Hashimoto, 1998 and observation results, and checked if and how each physical factor influences on cloud formation. More
over, time scales of diffusion and vertical wind are expressedka#&., L/w, respectively, where L is a scale of length, K is the
diffusion coefficient and w is the velocity of vertical wind, respectively. Therefore we compared these time scales with varying
K and w, and estimated how atmospheric dynamics such as convection and meridional circulation affect cloud formation.

We are going to do further studies of each physical factor to contribute to cloud structure by considering latitudinal effects
such as meridional circulation and chemical production with two-dimentional modeling. Results of this study will make use of
interpretations of observed data by Akatsuki and contribute to atmospheric chemistry and dynamics of Venus.
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Simulation of the ancient Martian climate with denser pure CO2 atmosphere using a
general circulation model, DRAMATIC MGCM

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

The fluid traces on the Martian surface are thought to be made before "3 billion years ago. If they were made by the liquid
H>0, the environment of the ancient Mars should be suitable for huge amount of liquid water, under higher temperature of
larger atmospheric pressure than today. Several modeling studies have been performed to investigate this possibility. The so
insolation at that time is thought to be “75% of today from a standard stellar evolution model. In this condition, the study by a
Martian General Circulation Model (MGCM) assuming the pure;@@nosphere could not reproduce the surface temperature
higher than 273K with surface pressure in 0.1-7bars [Forget et al., 2013, hereafter F13), which is so-called the 'Early faint Sur
paradox’. On the other hand, according to the study of Graedel et al. [1991], early solar mass was possibly heavier, and, then, ti
luminosity was possibly higher than expected (1007150% of the present value). It may work to make the temperature of the earl
Martian environment above the,® melting point. From this viewpoint, we are starting to reproduce dependence of the ancient
Martian environment on the solar luminosity between 75% and 150% of the present value using our MGCM, DRAMATIC [e.g.,
Kuroda et al., 2005]. It can also provide the threshold conditions between 'frozen’ and ’'liquid’ conditions of Martian-like planets
with pure CQ atmospheres.

At first, in order to check the validity of our model, we simulated the possible climate on early Mars with 75% of today’s
solar luminosity under the pure G@tmosphere with globally-averaged surface pressure of 0.1-2bars(realistic pressure range of
early Mars). The obliquity, eccentricity, surface albedo and thermal inertia are set to be the same as F13 for the comparison wit
this result. Our model has the vertical 49 layers with the model top of 90 km height (2-3 km of layer thickness in most altitude
range), while F13 has 15 vertical layers and the model top of 50 km height (detailed layer thicknesses are not shown in F13). Thi
difference enables our model to emulatesG€ clouds up to the upper level where thick £iCe clouds (30"40km thickness) are
formed globally. The radiative effects of G@e on the surface are also considered in solar and infrared wavelengths, although
the radiative effects of dust are not considered.

In the results of our simulations, the global mean surface temperature increased with pressure. The thickness and distributic
of CO; ice clouds was sensitive to the definition of super-saturation, and optical thickness i¢€C€ouds becomes globally
~30% thicker in the no super-saturation case than in the 35% super-saturation case, but much thinner than that of F13, and t
distribution of CG ice clouds does not change very much in both cases. The radiative effects afedsIbuds affect to increase
the global-mean temperature for several K in maximum, while "10 K in F13, due to the difference of the layer thickness in the
models. In low and mid-latitudes where many fluid tracers are left, the temperature changes seasonally between 220 and 250
at surface pressure above 0.5bar. Our result is consistent with F13 that the ancient climate could not keep the temperature abc
273K with the solar luminosity of 75% of today.

Next, we started to simulate the solar luminosity above 100% of the present value with the surface pressure between 0.5 to
bars. In the case of surface pressure with 0.5 bars, annual mean surface temperatures greatly increase with solar luminosity &
overcome 273K with the solar luminosity of between 125% and 150% (54% - 64% of the Earth’s solar intensity). Moreover, high
temperature area is distributed in mid-low latitudes, where valley networks are mostly discovered. Hereafter, we are starting t
investigate in the cases of surface pressure of 1.0 bar and 2.0bar and detailed threshold of solar intensity of overcosiing the H
melting point.
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Study on dynamics of Jovian atmosphere by a colorimetric observation of surface
structures

# Kazuto Iwasaki[1]; Hidehiko Suzuki[2]; Isshi Tabe[3]; Sumito Hirota[4]
[1] Meiji Univ.; [2] Meiji univ.; [3] ALPO-Japan; [4] Kawasaki municipal science museum

Stripe patterns called belts or zones with various colors persist on Jovian surface. Anticyclonic vortices called an oval with
various scales and colors are maintained and drifted in the boundary between zones and belts. Some ovals have different col
despite they are formed simultaneously in same latitude region. Color changes of ovals after an interaction with other ovals wer
also reported. Such results suggest a strong relationship between dynamics of Jovian atmosphere and colors of local structur
However, detailed mechanisms for such color variations are still unknown. Recently, it is suggested that the color of Joviar
surface structures are determined by the mixing ratio of two chromophores [Ordonez-Etxeberria et al., Icarus, 2015]. In this
study, colors of remarkable Jovian structures like the great red spot (GRS), bands, and zones are focused on as a tracer
the Jovian atmospheric dynamics. It is essential to monitor the Jovian surface continuously to quantify color variations with
various temporal scales. However, it is difficult to make a continuous monitoring of Jupiter with large telescopes due to limited
machine time. Instead, large amounts of image data reported by amateur astronomers in the world have potential to achieve t
continuous monitoring by combining them (e.g. Archive by Association of Lunar and Planetary Observers in Japan: http://alpo-
j-asahikawa-med.ac.jp/). However, quantitative color comparison between color images acquired by different optics and senso
are principally difficult. It is necessary to have standard spectra to correct a white balance of these color images. Thus, a portab
device which can observe visible spectra of Jovian surface with resolving spatial structures was developed [lwasaki et al, JPGL
2016]. On a night of Dec 15 2015 and two nights of May 2016, spectroscopic observations of Jovian surface using the device
and a 40cm diameter telescope in Kawasaki municipal science museum have been conducted. By these observations, it w
confirmed that apparent variations in the Jovian color due to the absorption caused by earth’s atmosphere were not negligibl
To make a correction to observed spectra, a simultaneous observation of spectrum of a standard star (whose absolute spectrur
known) is required. In this talk, a method to remove effects of terrestrial absorptions from observed data by using spectrum of :
standard star and its verification are presented.
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Increase of hot ion fraction on lo plasma torus after an outburst in 2015

# Masato Kagitani[1]; Fuminori Tsuchiya[2]; Mizuki Yoneda[3]; Tomoki Kimura[4]; Kazuo Yoshioka[5]; Go Murakami[6];
Chihiro Tao[7]; Takeshi Sakanoi[8]; Yamazaki Atsushi Hisaki (SPRINT-A) project team[9]
[1] PPARC, Tohoku Univ; [2] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [3] none; [4] RIKEN; [5] The Univ. of Tokyo;
[6] ISAS/IAXA; [7] NICT; [8] Grad. School of Science, Tohoku Univ.; [9] -

\olcanic gases (mainly composed of §&0 and S) originated from jovian satellite lo are ionized by interaction with mag-
netosphere plasma and then form a donut-shaped region called lo plasma torus. lon pickup is the most significant energy sour
on the plasma torus thought, additional energy source by hot electron is needed to explain energy balance on the neutral clo
theory (Daleamere and Bagenal 2003). In fact, in-site measurements by Galileo indicates some injections of energetic particle
in the middle magnetosphere. Recent EUV spectroscopy from the space shows fraction of hot electron increases as increase
radial distance in the plasma torus (Yoshioka et al. 2014 and Steffl et al. 2004). On this study, we focus on variability of hot
electron fraction derived from EUV diagnostics measured by HISAKI/EXCEED after a volcanic outburst in 2015.

We have made spectral fitting as the following method. First, we made series of EUV spectra averaged over 3 days durin
January through May 2015. Next, assuming azimuthal homogeneity of lo plasma torus, onion-peeling is conducted to reduc
line-of-sight integration effect. Then, we made fitting of observed EUV spectra (60 - 140 nm) with CHIANTI model spectra by
changing electron density and temperature, mixing ratio of iofis §+, St++, Ot and O"") and fraction of hot electron (Te
=100 eV).

Based on observation of neutral sodium and oxygen (Yoneda et al., 2015), neutral densities started to increase at around DC
=10, were at maximum at around DOY = 50, and have backed into the initial levels at around DOY = 120. In contrast, plasma
diagnostics indicates that hot electron fraction at 7.0 jovian radii was less than 2 % before DOY = 50, started to increase afte
DOY =50, and have reached 8(+/-1) % at DOY = 110. EUV emission from aurora was also activated after DOY = 50 as increase
of hot electron fraction on the plasma torus. The results suggest that the inward transportation of hot electron was activated aft
increased of neutral supply on the plasma torus caused by the outburst.
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Variation in SlI, SlIl and SIV brightness distribution of o plasma torus 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] The Univ. of Tokyo; [8] ISAS/JAXA,; [9] RIKEN

We report the time and spatial variation of sulfur ion emission line from the lo plasma torus to understand the dynamical
process in the torus associated with Io’s volcanic event during the period from December 2014 to March 2015, using the dat
obtained by Hisaki/EXCEED. A large quantity of gas is ejected from lo’s volcanoes, principally oxygen and sulfur atoms and
their compounds. Once they are ionized through electron impact and charge exchange, the ions are accelerated to the nez
corotational flow of the ambient plasma to form a torus of ions (the lo plasma torus, abgut@R the center of Jupiter)
surrounding Jupiter. The fresh ions lose their pickup energy to the ambient electrons through Coulomb collisions. Ultimately,
the torus electrons lose energy by transiting electron energy state of ions into higher states, leading to the prodigious extrern
ultraviolet (EUV), ultraviolet, and visible emissions from the torus. During the period from December 2014 to March 2015, lo’s
outburst was observed by EXCEED, and the increase in the pickup ions were anticipated along with the increase in the neutr:
gas. To investigate energy flow from ions to electrons in this period, we derived sulfur ion temperature parallel to magnetic
field lines from the emission scale height of the ion along the field line. From images of sulfur ion emission at 76.5nm(Sll),
68nm(Slll) and 65.7nm(SIV) observed by EXCEED, we identified the time variation of sulfur ion temperature associated with
enhanced volcanic activities, and interpreted that this was due to increase in the ion-pickup process. We also carried out tt
measurement of Sll 673.1 nm emission with visible spectrograph on T60 telescope at Haleakala, Hawaii, which has high spatic
resolution and found the similar variation in ion temperature. We also evaluated the spatial resolution of EXCEED by comparing
the scale height which was derived from EXCEED and T60, and corrected the value of the defocused scale height by EXCEEL
We will use a homogeneous model for mass and energy flow in the torus by Delamere and Bagenal (2003) to investigate the tin
variability of the ion and electron temperature changes during the lo’s outburst period.
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Study of the characteristics of NKOM emissions correlating with substorm-like events in
the Jovian magnetosphere

# Takahiro Mizuguchi[1]; Hiroaki Misawa[2]; Fuminori Tsuchiya[1]; Takahiro Obara[3]
[1] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [2] PPARC, Tohoku Univ.; [3] PPARC, Tohoku University

Jupiter has the largest magnetosphere in the planets of our solar system, which has been produced by its rapid rotation peri
(about 10 hours), strong intrinsic magnetic field and internal source of heavy plasma originated from lo plasma torus (IPT).

The observations by the Galileo orbiter revealed that there were quasi-periodic phenomena in the Jovian magnetotail, such .
radial flow bursts of energetic particles [Krupp et al., 1998, Woch et al., 1998] and the variation of radial and north-south compo-
nent of the magnetic field [Krupp et al., 1998], which imply magnetic reconnections and the periodic thinning and thickening of
the plasma sheet. The signatures of these events were similar to the terrestrial substorm, so they are called "substorm-like eve
(SLE)” [Woch et al., 1998]. Furthermore, the Cassini spacecraft performed Jupiter flyby around the end of 2000 and observe
the Jovian magnetosphere in collaboration with Galileo.

It is known that there are radio emissions from the Jovian magnetosphere which correlate with SLE. In the preceding studies
Louarn et al. (2001, 2014) reported the narrow-band KilOMetric radiation (nKOM) correlated with inward flow burst and vari-
ation of the north-south component of the magnetic field during SLE. X-lines where the SLEs are thought to start were locatec
at around 60-80 Jovian radii (ilR[Woch et al., 2002], while the source of NnKOM is suggested to be located at the outer edge of
the IPT (6 - 10 B) [Reiner et al., 1993]. The report implies that the generation process of nKOM relates to the reconnection at
the magnetotail. However, it has not been revealed well yet how inner (6 7)Laril outer (60 - 80 [R) magnetospheres couple
each other during SLE.

The purpose of this study is to reveal the coupling process of the formation of the source of NnKOM at the inner magnetospher:
(6 - 10 Ry) and the reconnection at the magnetotail (60 - 8§).Ro study this process is important in order to understand the
radial transport of the energy and the magnetic flux tube in the Jovian magnetosphere and the proceeding processes of the glo
dynamics of the Jovian magnetosphere (as suggested by Kivelson et al. (2005)).

In this study, we have analyzed nKOMs obtained by Galileo and Cassini to discuss their characteristics, such as its time serie
variation and the location of the formation of their sources. We obtained that the positions of the formation of new nKOM
sources were not fixed on specific localtime. Additionally, we have also estimated the lifetime of energetic electrons which are
thought to correlate with nKOM emission by adapting method for the energetic plasmas in terrestrial magnetosphere suggeste
by Wentworth et al.(1959) As the result, It is suggested that the electron of about 10 keV is necessary to explain the duration c
nKOM emission (several rotation periods).

In this presentation, we will show preliminary results on occurrence characteristics of nKOM observed by both Galileo and
Cassini relates with inward flow burst caused by the Jovian SLE and lifetime of energetic electron to explain the duration of
nkOM emission.
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Occurrence characteristics of Jupiter's quasi-periodic auroral radio emission in the
megnetospheric plasma enhancement period

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

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

Around Jupiter’s oppositions to the earth in 2014 and 2015, remote observations for Jupiter had been made continuously by tt
HISAKI satellite. In particular in the 2015 campaign period, sudden enhancement of logenic plasma emissions occurred in th
middle of Jan. and the enhancement had lasted for more than two months. This phenomena would give a valuable opportunity
investigate what parameters and/or processes control magnetosphere’s variations.

In the last SGEPSS meeitng, we showed some occurrence features of Jupiter’s auroral radiations in hectometric wave ran
(HOM) for the logenic plasma enhancement period, particularly for their occurrence probability/intensity. In this presentation,
we will introduce occurrence timing and/or spectral features of Jupiter’s auroral radio emission in the decametric wave range
(DAM) in particular non lo-DAM’s &quot;QP burst&quot; (see Panchenko et al., 2010, 2013) for the particular period based on
the analyses of the WIND spacecraft data. A preliminary analysis shows that the recurrence period of the QP bursts was short
during the logenic plasma enhance period, which seems to be different from that of the known recurrence feature of the logeni
plasma (i.e. System-IV). We will introduce the preliminary results and discuss effects of the plasma enhancement on the auror:
radio activities.

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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Study on the vertical distribution of Jovian decametric S-burst sources based on the
ground-based radio observation

# Yuasa Sasaki[1]; Atsushi Kumamoto[2]; Yuto Katoh[3]; Hiroaki Misawa[4]
[1] NIT high.; [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 analysis of a simultaneous S-burst event in the multiple fre
guency bands obtained by ground-based observation.

In Jovian ionospheric Alfven resonator (JIAR) model proposed by Ergun et al. [2006] and Su et al. [2006] based on the theory
and observations of the Earth’s ionospheric Alfven resonator (IAR), eigen-frequencies of JIAR are expected to determine the
repetition rate of S-burst of Jovian DAM radiation. In the Earth’s IAR, the fundamental and higher harmonics eigen-frequencies
were analytically calculated and depend on the Alfven speed in the lower ionosphere and the ionospheric scale height [Lysal
1991; 1993]. So, we can estimate Jovian ionospheric scale height using the repetition frequencies of the S-burst emissions det
mined from the observation.

In this study, we used dataset from observation of Jovian DAM radiation in lo-B source condition with a logperiodic antenna
at Yoneyama observatory of Tohoku University and a wideband receiver, whose frequency range is from 20 MHz to 40 MHz,
since 2012. Previous studies reported that intense S-burst events were often found in lo-B source condition.

We especially focus on a simultaneous S-burst event in two different frequency bands ("23.5 MHz (DAM1) and "27.0 MHz
(DAM2)) found at 15:56 UT on 24 November 2014. If the emissions are radiated at the local electron cyclotron frequency, the
geometric distance of the sources are estimated to be "1.085 Rj (DAM1, "23.5 MHz) and "1.040 Rj (DAM2, "27.0 MHz) based
on the VIPAL magnetic field model [Hess et al., 2011] at the location of lo UV footprint [Bonfond et al., 2009]. The repetition
frequencies are determined to be 22.3 Hz (DAM1) and 28.5 Hz (DAM2).

Assuming that the two emission sources are considered to be on the same magnetic field line or on the different close ma
netic field lines and that the repetition frequencies of DAM1 and DAM2 are respectively equal to the fundamental and harmonic
eigenmode of JIAR, the Jovian ionospheric scale height is estimated to be "1400 km or 1800 km.

In the above discussion, we have considered the simplified JIAR model that made by the incident Alfven wave and the reflecte
Alfven wave at the position where the ionospheric plasma density becomes maximum. In the presentation, we will show furthe
discussion that the JIAR model in consideration of the multi-layer for high distribution of the plasma density.
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The seasonal variation of Saturn’s auroral radio emissions: The correlation with solar
wind activity and solar EUV flux

# Ayumu Sasaki[1]; Yasumasa Kasaba[1]; Tomoki Kimura[2]; Chihiro Tao[3]
[1] Tohoku Univ.; [2] RIKEN; [3] NICT

Saturn emits intense radio emissions, Saturn Kilometric Radiation (SKR), from the northern and southern polar regions ir
3-1200 kHz. SKR is generated by field-aligned energetic auroral electrons via the Cyclotron Maser Instability (CMI) at local
cyclotron frequency. Evaluation of Saturn’s rotation period is based on the occurrence period of SKR because the SKR sourc
is fixed in the planetary magnetic field with highly anisotropic beaming and forms a corotating searchlight of radio emission.
For the Saturn’s magnetic field direction, the right-handed circularly polarized (RH) emissions are from the northern region anc
the left-handed (LH) ones from the southern region. Cassini observations in the southern summer (2004-2009) showed th:
the period of SKR daily variation is variable [Kurth et al., 2008]. It was slightly longer in the southern (summer) hemisphere
[Gurnett et al., 2009], but close to each other near the equinox (September 2009) [Gurnett et al., 2010]. We also studied th
flux variation between northern and southern SKR in 2004-2010, and showed that the LH (summer, south) is stronger than th
RH (winter, north) in average [Kimura et al., 2013]. Those characteristics could be related to the north-south asymmetry in
the polar ionospheric conductivities, which are related to the seasonal variations of the solar EUV flux illuminating to the polar
region. However, its comprehensive explanation has not yet been established. In 2010-2013, the observations during the northe
summer also show northern and southern SKR periods merge together without clear separation [Provan et al., 2014; Fischer
al., 2015]. In 2015, both SKR periods at last becomes to be separated [Ye et al., 2016].

In this study, we extend our last SKR flux variation study in 2004-2010 [Kimura et al., 2013] toward the northern summer (-
2015 DOY264). We note that the simple extension of the analysis period is not adequate because of the bias in the Cassini orb
Since the SKR is stronger in the dawn side, we only used the data when Cassini was at the dawn side (2h-10h LT). And, in orde
to avoid the visibility effect of SKR caused by its propagation, we also limited the data by the Cassini’s latitude (-5 to +30deg
(RH), +5 to -30deg (LH)) and the distance from Saturn (10 - 100 Rs). However, because of Cassini's apokrone after 2007 wa
gradually shifted from dawn to dusk, the same criteria prevents from collecting enough dataset for the analysis.

For this study, we kept the same latitude and distance criteria but didn't adopt LT condition. In the data when Cassini was clos
from the equator, both northern and southern SKR are observed simultaneously. Therefore we selected the data when Cass
was in the latitude within +-5deg and verified the result. The variation of SKR peak intensity was evaluated by a running median
with a window of +-35 days. In this result, the intensity of LH component in 2004-2009 (south, summer) was "+10 dB stronger
than RH (north, winter), which is consistent with the result in Kimura et al. (2013). In 2010-2012, the both SKR intensities got
close to each other. After 2013, RH (north, summer) was stronger by a few dB than LH (south, winter). Those variations of
the flux ratio between Northern and Southern SKR after 2010 seems to be linked with those of the Northern and Southern SKI
periods. We also note that the flux ratio was more than 10 in southern summer but only 2.575 in northern summer, in the analyze
term. On the other hand, in order to check the LT dependence effect, we divided the data with 4 LT sectors (3-9h, 9-15h, 15-21F
21-3h). We could confirm that the south-to north ratio changed from 10 to 0.2 and reversed in the 3-9h and 9-15h sector an
didn’t clearly reverse in 15-21h and 21-3h sector.

In this paper, we will also show the correlations of the SKR flux variations to the solar activity, solar EUV flux in 2004-2015,
as the extension of the results in 2004-2010 done by Kimura et al. [2013].
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Total flux measurement of Jupiter’s synchrotron radiation at 325MHz during the
HISAKI-JUNO campaign period

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

Ground-based radio monitoring of Jupiter's synchrotron radiation is a useful probe to investigate time variability of Jupiter’s
electron radiation belt. Previous studies showed correlation between short-term variation in intensity of the synchrotron radiatiot
and the solar EUV flux, suggesting enhancement of radial diffusion in the radiation belt driven by electric field fluctuations gen-
erated in Jupiter's upper atmosphere. In addition, some reports reported a possible relationship between the synchrotron radiati
and the solar wind. But more observations are needed to obtain a definitive conclusion. Here, we will report a preliminary resul
of the total flux measurement of Jupiter's synchrotron radiation with litate planetary radio telescope (IPRT) from May to July in
2016. During this period, the JUNO spacecraft was approaching to Jupiter and monitored the solar wind parameters upstream
Jupiter. HISAKI observed the brightness of both lo plasma torus and Jupiter’'s aurora, and monitored magnetosphere activity il
the Jovian magnetosphere. For the total flux measurement of the synchrotron radiation, a backend receiver of IPRT was replac
to improve sensitivity of the measurement. The new receiver consists of a base-band down-converter and a digital waveforr
receiver developed by NICT (VSSP32). We will report overview of the new receiving system and preliminary results of the total
flux measurement of Jupiter’s synchrotron radiation during the HISAKI-JUNO campaign period.
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Synergetic analysis of the global MHD simulation with Hisaki EUV monitoring of
Jupiter's magnetosphere

# Tomoki Kimura[1]; Keiichiro Fukazawa[2]; Fuminori Tsuchiya[3]; Chihiro Tao[4]; Go Murakami[5]; Hajime Kita[6];
Manabu Yagi[7]
[1] RIKEN; [2] ACCMS, Kyoto Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [4] NICT; [5] ISAS/JAXA, [6]
Tohoku Univ.; [7] AICS, RIKEN

The Hisaki satellite has been monitoring our solar system planetary environments with the first-ever continuity since its launct
in September 2013. New dynamics of the planetary particle acceleration, plasma heating, and atmosphere are discovered
the continuous monitoring. This study investigates the physical origin for the observed global dynamics of Jupiter's aurora anc
plasma torus based on analysis of the global magnetohydrodynamic simulation established by Fukazawa et al. [2005]. Essent
electromagnetic parameters, e.g., field-aligned currents, are extracted from the MHD simulation data. Associating with the sola
wind, planetary rotation, and plasma loading from the satellites, we quantitatively explore the variability in these parameters
which is responsible for the observed auroral and torus dynamics.
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Study of the solar wind influence on the Jovian inner magnetosphere using an
lonospheric potential solver
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The solar wind hardly influences the plasma convection in the Jovian inner magnetosphere, because the corotation of magn
tospheric plasma dominates the convection there. However, the extreme ultraviolet spectroscope (EXCEED) onboard the Hisa
satellite observed that the brightness distribution of the lo plasma torus changed asymmetrically between the dawn and the du
sides. Furthermore, it was confirmed that this asymmetric change coincided with a rapid increase in the solar wind dynamic
pressure. This asymmetric change can be explained by the existence of a dawn-to-dusk electric field of “3-7 [mV/m] around 10
orbit, and the following processes generated by the solar wind interaction have been suggested as a possible cause of the elec
field. First, the solar wind compresses the Jovian magnetosphere. Then, the magnetosphere-ionosphere coupling current syst
is modified, and the field-aligned current into the high-latitude ionosphere increases. As a result, the ionospheric electric fielc
increases and penetrates to low-latitude regions. It is mapped to the equatorial plane of the magnetosphere along the magne
field line, and the dawn-to-dusk electric field is created in the vicinity of l1o’s orbit (;piRthe inner magnetosphere. Among a
series of these processes, the existence of the field-aligned current was observationally confirmed from the divergence of the ril
current on the equatorial plane using the Galileo spacecraft data [Khurana, 2001].

We have constructed a 2-D ionospheric potential solver in order to demonstrate this scenario quantitatively. We have investi
gated how the global distribution of the ionospheric potential changes responding to the input of the field-aligned current using
the potential solver. We use the intensity of the total field-aligned current obtained from the Galileo observation [Khurana, 2001]
and adopt a Gaussian function for its distribution in a similar way to the Earth’s modeling. Also, we have modeled the ionospheric
conductivities in two ways; (1) the conductivities are reduced to 10 percent of the Earth’s values globally [Tao et al., 2009], (2)
the conductivities are calculated from the collision frequencies and the cyclotron frequencies of charged particles in the Jovial
upper atmosphere. Although the latter is still under construction, we deduce the distribution of the atmospheric temperature fror
the latitudinal distribution of the infrared observation by Cassini [Stallard et al., 2015] and the altitude distribution by the Galileo
entry probe [Seiff er al., 1997], the ionospheric density distribution from a photochemistry model for hydrocarbon species [Kim
and Fox, 1994], the collision frequencies from iop-&hd electron-H collisions [Tao, 2009], and the magnetic field from the
VIP4 empirical model [Connerney et al., 1998].

We calculate the Jovian electric potential distribution by the aforementioned current and conductivity distributions to obtain
the dawn-to-dusk electric field around lo’s orbit. In the case (1), the dawn-to-dusk electric field mapped to lo’s orbit appears to be
of the same order as or larger than the "3-7 [mV/m] suggested by the Hisaki satellite observation. However, this value is obtaine
without considering the temporal variation of the solar wind dynamic pressure. In this presentation, we will present results from
the cases (1) and (2).
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Simulation of elastic collisions between magnetospheric 500eV-50keV electrons and
neutral H20 molecules in the Enceladus torus

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

Water group neutrals (40, OH, and O) in Saturn’s inner magnetosphere play the dominant role in loss of energetic electrons
and ions because of abundance of the neutrals [e.g., Paranicas et al., 2007; Sittler et al., 2008]. The observations of inject
plasmas in the inner magnetosphere suggest that these particles do not survive very long time due to the neutral cloud originat
from Enceladus [e.g., Paranicas et al., 2007; 2008]. Thus, the previous studies suggested that the neutral cloud contributes to Ic
processes of plasma in the inner magnetosphere. However, little has been reported on a quantitative study of the electron Ic
process due to electron-neutral collisions.

Tadokoro et al., [2014] examined the variation of 1keV electron pitch angle distribution due to elastic collisions with the dense
region of HO originated from Enceladus using one-dimensional test-particle simulation. They reported that the electrons of
"11.4% to the total number of equatoriall electrons at the initial condition are lost in “380sec, corresponding to the co-rotating
electron flux tube passes the dens@Hegion in the vicinity of Enceladus.

The examination of elastic collisions with other electron energy is required to understand the electron loss process due t
elastic collision. We show the loss rates through pitch angle scattering of electrons with 500 eV - 50keV. We compare the los:
rate due to the elastic collision close to the plume with that in the neutral torus.
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The observation of water-group molecule emission in the Enceladus torus with
Haleakala T60

# hiromu ono[1]; Takeshi Sakanoi[2]; Masato Kagitani[3]; Kunihiro Kodama[4]
[1] PPARC, Tohoku Univ; [2] Grad. School of Science, Tohoku Univ.; [3] PPARC, Tohoku Univ; [4] Planet. Plasma Atmos.
Res. Cent., Tohoku Univ.

We report the result on the observations of Enceladus torus emissions at the atomic oxygen 630.0nm and the water-vapor ic
emission at around 615nm(8-0 band) with Haleakala/T60 and a Vispec(Visible Imager and Spectrograph with Coronagrpahy
during the period from 2015/7/13 to 2015/9/18 (first run) and from 2016/5/17 to 2016/7/23 (second run).

The moon Enceladus, revolves round Saturn at 3.9 Saturn Radii(Rs), emits the plume mainly composed of water vapor fron
cracks in south polar region called 'Tiger Stripe’. This plume cause the neutral particle rich inner magnetosphere of Saturn an
the neutral density is ten times greater than the plasma density. However, its time variation and spatial distribution has been di
cussed by models and simulation studies, and there is few studies based on observation data. We aim to understand the phys
processes in the Saturn’s inner magnetosphere by observing the Enceladus torus emissions.

Vispec has two kinds of spectroscopy modes with a high-dispersion echelle gratig(R=76000) and with a single-order grat:
ing(R=10000) In the first run, We employed the high-dispersion mode with two kind of slits; one is 60[micro-m}2adfitim]
length, or 100[micro-m] widtk20[mm] length, of which correspond to FOVs of 268@";,200"«+3’, respectively. In the former
slit case the slit was located in the east-west direction of Saturn’s equatorial plane (E-W slit), and in the latter slit case the slit wa;
located north-south direction(N-S slit). The detector is covering the wavelength of 629-632[nm] with a wavelength dispersion of
5.98:103[nm/pix] with a 2:2 binning mode. Exposure time was 20[min] per 1 frame, and we totally obtained 74 frames (38
frames of E-W data, 36 frames of N-S data). Using the N-S silt data(22 frames, total exposure time is 7.3[hour] ), we derived the
[O11630.0[nm] at 3.9Rs in the east side of Saturn to be 0.8+-0.5[R] in 1-sigma suggesting that no significant emission was etectec
Considering previous observational result from Kodama et al. 2011 [OI1]630.0[nm] brightness is significantly reduced from 4.1+-
0.7[R] to 0.8+-0.5[R]. We suggest that the cause of variation might be the difference of observation geometry between 200¢
and 2015. Since Saturn’s Ring-Opening Angle(ROA) is changing year by year. ROA in 2009 and 2015 were 4.5[deg.](nearly
horizontal) and 22.4[deg.], respectively. The column number density of atomic oxygen along the line-of-sight direction is smaller
with large ROA, and therefore, the apparent intensity would decrease in the 2015. Assuming the same number density of atom
oxygen observed in 2009, we calculated [Ol] 630.0nm brightness of 1.2[R] in the same geometry observed in 2015. In additior
to changes of observing geometry, variability of Enceladus plume activity may cause the decrease of torus [O1]630nm emissio
in 2015.

In the second run,we emoloyed the mid-dispersion spectroscopy mode with the former slit used in the first run. The slit was
located in the north-south direction at the Enceladus orbital distance (east and west tangential point). The detector is covering tl
wavelength of 610-630[nm] with a wavelength dispersion of 4:-Ggnm/pix] with a 2«2 binning mode. Exposure time was same
as the first run making 391 frames in total. Based on the simple estimation, an exposure time of 125[min] is required to obtair
the emission of water vapor iong@™) with S/N=1. We will analyze these data and will discuss about results on water-vapor
ion emission intensity as well as about its variabilities on the Enceladus torus.



R009-P27 215 Poster B¥RY: 11 8 20H

DIPOL-2IC & % RV 82 Dyl

# HiH SRE [1]; B (] [2]; B R (3]
[1] ALK - BE - HUERPIRE, [2] BALK - BE; [3] BALK - BE - |ME T 5 A K&Wgit v 2 —

Observation of exoplanets by polarimetry using DIPOL-2

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

We present observational results of exoplanets using a double image high precision polarimeter (DIPOL-2tRiir@d14)
attached Tohoku 60-cm telescope (T60) at Haleakala observatory in Hawaii during January 2015 through July 2016. Light fron
a primary star reflected or scattered at surface of exoplanets varies periodically with changes in orbital phases of exoplanet
Precise polarimetry of light from the exoplanets in addition to light from the primary star enables us to investigate atmospheric
composition and distribution of atmosphere as well as orbital elements of exoplanets even if they do not transit the primary star

We have investigated maximum degree of linear polarization (DoLP) about well-known 2000 exoplanets in accordance with
their orbital elements and planetary radii. Our simple investigation shows HD 189733 b has the tenth largest amplitude of DoLF
variation among known exoplanets. Previous observation and modeling study (Berdugina et al., 2008, Berdugina et al., 2011
indicate DoLP of HD 189733 b varies with the amplitude of 1 x40So we suppose to achieve precise polarimetry with accu-
racy of 1 x 10°° to examine variation of polarization on exoplanets. DIPOL-2 can achieve photon-noise limited polarimetry in
principle though, we focus on development and on validation of procedure deriving polarization from DIPOL-2 measurements.

To achieve precise polarimetry with accuracy better thar? 1@ve need to determine intrinsic polarization from the instru-
mentations including the telescope and to confirm their stability during observing periods. We have made polarimetry of 59
non-polarized stars (&It; 20 Pc from the Earth) during January 2015 through July 2016 for the purpose of calibrating instru-
mental polarization. Measured DoLP from non-polarized stars are less than T@e result indicates that the instrumental
polarization in addition to small polarization from non-polarized stars is less than 1% ¥ also found there is no seasonal
variation on the instrumental polarization exceeding over 1 X*1@ased on our analysis method of DIPOL-2 data, accuracy of
polarimetry is 2-3 times as much as that expected only from photon-noise assuming the A/D conversation unit of 1 photon/count

In addition to measurement of non-polarized standards, we made polarimetry of exoplanets, HD 189733 b and tau Boo |
during the same observing period. We could not find any periodic variations of polarization exceeding“.. XV will also
present results from recent observation will be made during August through September, 2016.

SlEFAL X, NTA - NLT AT DM 60cmPiESE (T60) DfRyEEIHIZEE DIPOL-2 (a double image high precision
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Haleakala T40 and T60 telescopes and the 1.8-m PLANETS project for planetary and
exoplanetary observations in 2016-2017

# Takeshi Sakanoi[1]; Yasumasa Kasaba[2]; Masato Kagitani[3]; Hiromu Nakagawa[4]; Takahiro Obara[5]; Shoichi Okanol[6];
Mizuki Yoneda[7]; Hajime Kita[8]; Isao Murata[9]
[1] Grad. School of Science, Tohoku Univ.; [2] Tohoku Univ.; [3] PPARC, Tohoku Univ; [4] Geophysics, Tohoku Univ.; [5]
PPARC, Tohoku University; [6] PPARC, Tohoku Univ.; [7] none; [8] Tohoku Univ.; [9] Environmental Studies, Tohoku Univ.

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

We report the current status of the T40 and T60 telescope activities including the onboard instruments as well as the update
of 1.8-m aperture telescope PLANETS project at Haleakala dedicated to planetary and exoplanetary observations. Continuol
monitoring is essential to understand the planetary atmospheric phenomena, and therefore, own facilities with even small- ar
mediu sized telescopes and instruments are important. The location of our telescopes, the Haleakala High Altitude Observatori
at the summit of Mt. Haleakala is sufficiently high (3050m), and one of the best sites with clear sky, good seeing, and 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 University of Hawaii/Institute for Astronomy within 1-2 hour drive.

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. Fron
fall 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
infrared with newly developed Infrared heterodyne spectrometer (MIRAHI). In addition, high- and medium-resolution grating
spectrometers with coronagraph to observe the lo’s sulfur ion torus, lo’s sodium cloud, and the Enceladus oxygen and water io
torus. Further, the polarization imager called DIPOL-2 is installed to measure the weak polarization of exoplanetary light. These
activities are open to any possible collaborators. For example, guest observers visited for Jupiter (Dr. Asada, Kyushu Inst. Univ.)
Mercury (Dr. Kameda and colleagues, Rikkyo Univ.) and exoplanets (Dr. Berdyugin, Univ. Turk, Finland, and Dr. Berdyugina,
KIS, Germany) observations. Our and guest investigators’ observations are also linked to Venus (Akatsuki), Mars (Mars Expres:s
MAVEN) and Jupiter (Juno) in the 2015-2016 observation period.

In addition, we are currently carrying out a new telescope project PLANETS. This is a 1.8m off-axis telescope, which 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 2017. To promote these observations, project and instrumer
developments, T. Sakanoi and M. Yoneda will be stay in [IfA/UH, Maui for next one year, M. Kagitani and H. Nakagawa will
frequently visit the observatory, and T. Obara and Y. Kasaba proceed the agreement issue between international consortium f
PLANETS.

Any collaboration for science and instrument is very welcome to whom have interest to use our facilities. To encour-
age the collaboration, Planetary Plasma and Atmospheric Research Center (PPARC) of Tohoku University starts to call fo
collaborative research programs with funding support. For the applications and guidelines, refer to the PPARC web site a
http://pparc.gp.tohoku.ac.jp.
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Science goals of Mercury Magnetospheric Orbiter -MESSENGER to BepiColombo-

# Go Murakami[1]; Masaki Fujimoto[2]; HAYAKAWA, Hajime BepiColombo MMO Project team[3]
[1] ISAS/IAXA; [2] ISAS, JAXA; [3] -

The first Mercury orbiter MESSENGER successfully entered into its orbit in 2011 and completed its mission in 2015. MES-
SENGER provided us many surprising discoveries and issues. For example, the magnetometer measurements revealed that
planetary magnetic field has a northward offset by 0.2 Rm. It also found that Mercury’s magnetosphere is highly dynamic be-
cause of its small magnetic field and proximity of the Sun. Furthermore, high energy electrons up to “200 keV were detectec
inside the magnetosphere and short periodicity (several minutes) of events were observed. The evidence of field-aligned curre
was also found by the magnetometer observation. These outstanding discoveries, however, still remains as open issues due
some limitations of instruments onboard MESSENGER and its extended elliptical orbit with apherm in southern hemisphere.
The next Mercury exploration project BepiColombo will address these open issues. BepiColombo is an ESA-JAXA joint mission
to Mercury with the aim to understand the process of planetary formation and evolution as well as to understand similarities an
differences between the magnetospheres of Mercury and Earth. The baseline mission consists of two spacecratft, i.e. the Merct
Planetary Orbiter (MPO) and the Mercury Magnetospheric Orbiter (MMO). The two orbiters will be launched in 2018 by an
Ariane-5 and arrive at Mercury in 2024. The simultaneous observations by two spacecraft will solve the remaining questions
from MESSENGER. JAXA is responsible for the development and operations of MMO, and it is almost ready for launch. There-
fore, now we can concentrate on preparing the science operations plans. Here we present a summary of MESSENGER resul
remaining issues which should be addressed by BepiColombo, and science operations strategies and plans of MMO.
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Synodic variation of Mercury’s magnetopause from MESSENGER magnetometer
observation

# Takaaki Katsura[1]; Hiroaki Toh[2]
[1] Solar-Planetary Electromagnetism, Kyoto Univ; [2] DACGSM, Kyoto Univ.

MESSENGER(MErcury Surface, Space Environment, Geochemistry, and Ranging) is the first probe launched into Mercury’s
polar orbits and observed the planet’s electromagnetic environment including its magnetic field over four years since 2011. Fror
this data, the average shape and location of Mercury’'s magnetopause and bow shock have been determined (Winslow et ¢
2013). Furthermore, from the study of the magnetic fields induced at the top of Mercury’s core by time-varying magnetospheric
fields, the radius of Mercury’s core together with its error estimates has been determined (Johnson et al., 2016).

At present, however, the electrical conductivity of Mercury’s mantle has not been taken into consideration. And for the period
of external magnetic variations, annual variation due to Mercury’s high orbital eccentricity alone is considered. Accordingly, the
purpose of this research is to estimate the contribution of Mercury’s mantle to induction by modeling Mercury as a two-layer
spherically symmetric body with different electrical conductivities and taking not only annual variation but synodic variation into
consideration.

For simplicity, we exclude cases in which both annual variation and synodic variation are included and so we examine the
following four cases : (1)annual variation with core conductivity only,(2)synodic variation with core conductivity only,(3)annual
variation by adding mantle conductivity,(4)synodic variation by adding mantle conductivity. Case(1)corresponding to that of
Johnson et al.(2016). Comparison of (1)with (2)will tell us how the shallow mantle responds to EM induction by the shorter
variation, if the results differ with each other significantly. Since for comparison of(1)and(3), if the electrical conductivity of
mantel will not be resulted in negligible,(3)will be a highly accurate model, how the mantle responds to EM induction by longer
variation will not be known until calculated. Moreover, if the results of (1)and(4)are in good agreement, it supports the validity
of the model presented by the previous research.

We estimate time variation corresponding to synodic period from the location data of Mercury’s magnetopause in 3 Mercury
years published by Winslow et al.(2013)and report the result.
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Global configuration and cusp structure of Mercury’'s magnetosphere

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

Observations by MESSENGER found that Mercury’s magnetosphere is analogous to the Earth’s while there are several dif
ferences of the two. One of the big differences is a dipole offset which could affect to the global configuration of Mercury’s
magnetosphere especially making a strong north-south asymmetry. In this study, first we performed several cases of MHD simt
lation solving a interaction with solar wind plasma and offset dipole of Mercury. Solar wind densities are given nominaf{35cm
and high(140cm3) with velocity for 400km/s which is almost average value in the Mercury’s orbit. IMF conditions are given
ideal one which has only Bz component, and realistic one which comes from Parker Spiral which has strong Bx component a
the Mercury’s orbit but fluctuations are added in By and Bz components.

When solar wind density is nominal, magnetopause is formed at,1.4iRd the global structure has weak north-south asym-
metry 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 compresse
to the scale of Mercury itself and intrinsic magnetic field cannot sustain the solar wind especially the southward because o
the offset. In this case, almost whole area of southward dayside of Mercury is identified as a 'cusp’ region, while northward
magnetosphere barely keep its structure including cusp. In this case, planetary surface disturbs the magnetospheric convect
in the southward, and as the result, north-south asymmetry of magnetosphere as well as similarity to Earth’'s magnetosphere &
strongly violated.

In the realistic IMF case, global configurations of magnetosphere drastically change and become more complicated structure
which include north-south and dawn-dusk asymmetry by strong Bx and By components. IMF Bx also affects to the intensity
ratio of north and south cusp pressure, and By component 'twist’ the cusp region to longitudinal direction. The identification of
global structures especially the cusp region is important not only on the understanding of magnetospheric physics itself, but als
making a proposal to the observational plan of spacecraft such as Bepi-Colombo.
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Advances in planetary magnetospheric simulation with recent supercomputer systems

# Keiichiro Fukazawal[1]; Yuto Katoh[2]; Raymond J. Walker[3]
[1] ACCMS, Kyoto Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] IGPP/UCLA

Planetary magnetospheres are very large, while phenomena within them occur on meso- and micro-scales. These sca
range from 10s of planetary radii to kilometers. To understand dynamics in these multi-scale systems, numerical simulation
need to use the supercomputer systems. We have studied the magnetospheres of Earth, Jupiter and Saturn by using glc
magnetohydrodynamic (MHD) simulations for a long time, however, we have not yet obtained the phenomena near the limits o
the MHD approximation.

Recently we can perform our MHD simulation of Terrestrial magnetosphere with close to the MHD approximation by using
the K-computer and obtained multi-scale plasma flow vorticity in the magnetosphere for the both northward and southward IMF.
It is also interesting that there are dawn-dusk asymmetries in the formation of vortex.

Furthermore, we can obtain the chance to use supercomputer systems which have latest Xeon, SPARC64, and vector-type CF
and can do the simulation of Jovian and Kronian magnetospheres with the fine grid spacing. In these simulations, it is possibl
to provide the magnetic field to the electron hybrid simulation as a background field. Additionally, thanks to these computer
resources we can run a lot of parameter survey simulations and compare the results of the magnetosphere with observations fr
the HISAKI spacecraft. In this study, we will show these simulation results and what we can perform using these supercompute
resources in the future.
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Design of an ion mass/isotope spectrometer for observation around planets and moon:

# Shoichiro Yokota[1]; Yoshifumi Saito[1]
[1] ISAS

In situ low-energy ion measurement in terrestrial or planetary plasma environment has been done with a variety of ion analyzer
onboard spacecraft. Detailed studies of plasma characteristics demand measurement of a three-dimensional distribution functi
with adequate energy and angular resolution, a wide energy range, full coverage of space, and a high sampling rate. Whe
measuring a variety of ions originating from planetary atmospheres, we need to be able to measure the ion composition with hig
mass resolution. Therefore, mass analyses as well as energy analyses are important for the planetary plasma and atmospt
physics. For three-dimensional energy analysis of low-energy charged particles, the top-hat electrostatic method using spheric
deflectors or toroidal deflectorsl has usually been applied because of its large geometric factor and uniform angular respon:
while requiring relatively few resources. On the other hand, composition measurement of space plasmas, especially near t
Earth, Mars, Venus, other planets, the Moon, and asteroids is of great interest. Time-of-flight (TOF) analysis for space us
had been applied and further developed mainly for observing highly energetic particles. The development of TOF technique
using thin carbon foil, whose secondary electrons generate start signals, made it possible to measure lower-energy ions, wh
necessary, in combination with the post-acceleration voltages which accelerate incident ions to energy high enough for the ior
to pass through carbon foil. Moreover, a TOF technique with a specific electric field, called a linear electric field (LEF), was
developed and has been used for measuring space plasmas around the Moon and planets.

We developed an LEF-TOF ion mass analyzer, MAP-PACE-IMA, for Kaguya, with a mass resolution of M/dM™20, which has
measured ions originating from the lunar exosphere and surface. In addition, MPPE-MSA of M/dM~40 has been prepared for the
BepiColombo mission, which will observe the plasma environment around the Mercury. We have recently started developing ¢
next-generation mass analyzer of M/dM™100 for the isotope analysis of planetary particles, employing nearly the same techniqu
as that for Kaguya and BepiColombo. We present the outline and design results of the mass analyzer.
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The Radio and Plasma Wave Investigation (RPWI) for JUICE: Start of Engineering
Model Development

# Yasumasa Kasaba[1]; Hiroaki Misawa[2]; Fuminori Tsuchiya[3]; Yoshiya Kasahara[4]; Tomohiko Imachi[4]; Tomoki
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] ISEE, 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 proper-
ties, dynamics and the electrically conducting state of the cold plasrh@Q 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 magnetc
sphere, and how this variable and rotating magnetosphere transfer energy and momentum to the space environments around
icy 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 global con
ductivity and current estimations of icy satellite ionospheres, which contributes to the estimation of those characteristics of the
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 tri-axi
search coil magnetometer (SCM) for determination of the vector magnetic field up to 20 kHz, and a tri-dipole antenna systern
(RWI) for monitoring of radio emissions (80 kHz - 45 MHz). From Japan, we will provide the RWI preamp and its High Fre-
guency 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 Engineer-
ing Model to be shipped to ESA in Summer 2017. We will summarize the current development points and their relationships to
the scientific products.
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France-Japan collaborations in development of integrated data archives of Jovian
decametric radiation from multiple observatories

# Atsushi Kumamoto[1]; Fuminori Tsuchiya[2]; Yasumasa Kasaba[3]; Hiroaki Misawa[4]; Yuto Katoh[5]; Hajime Kita[6];
Keiichiro Fukazawal[7]; Tomoki Kimura[8]; Manabu Yagi[9]; Yoshizumi Miyoshi[10]; Kazumasa Imai[11]; Masafumi
Imai[12]; Tomoyuki Nakajo[13]; Chihiro Tao[14]
[1] Dept. Geophys, Tohoku Univ.; [2] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [3] Tohoku Univ.; [4] PPARC, Tohoku
Univ.; [5] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [6] Tohoku Univ.; [7] ACCMS, Kyoto Univ.; [8] RIKEN; [9] AICS,
RIKEN; [10] ISEE, Nagoya Univ.; [11] NIT, Kochi; [12] University of lowa; [13] Fukui Univ. Tech.; [14] NICT

In order to support the collaborative studies on Jovian and Kronian auroral radio emissions between French and Japane
researchers, JSPS Bilateral Program &quot;Coordinated observational and theoretical researches for Jovian and Kronian aurc
radio emissions&quot; has started since April 2016. In this program, we are planning joint research on (1) Jovian auroral radic
emissions based on multiple ground-based observations at Nancay, litate, etc., (2) Kronian auroral radio emissions based
dataset from Cassini, (3) Comparison with spectroscopic observations based on dataset from Hisaki, and (4) Models (Solar win
Jovian MTI coupling). Details on research activities are also shown via http://c.gp.tohoku.ac.jp/sakura/.

With support of this program, we are developing meta data archives of Jovian radio emissions in decametric wavelengtt
range (Jovian DAM, 20-40MHz) obtained at Nancay and litate observatories. The merit of the ground-based observations i
that high sensitivity antenna and high time resolution receiver can be employed without limitations of the equipment mass anc
downlink data rate, which often becomes issues in spacecraft observations. On the other hand, the demerit of the ground-bas
observation with single station is coverage: The ground station cannot observe Jovian radio emission while the Jupiter is belo
the horizon. However, this demerit can be solved by combining datasets from multiple stations in different longitude range.
Virtual Observatory (VO) could be a promising solution for such combined data analyses. In preparation of the collaborative
ground-based radio wave observation with Juno, which started the in-situ observations of the Jovian polar magnetosphere
this summer, the researchers working on ground-based observations of Jovian radio wave in Europe, US, and Japan start
collaborations such as having a new support portal for collaborative planning of ground-based observations. Wideband radi
spectrogram data obtained at litate observatory since 2004 in CDF format have been provided via litate HF radio wave dat
archive (http://ariel.gp.tohoku.ac.jp/"jupiter/). In addition, we finished setup of a new repository server for VO interface at
Tohoku University in 2015 with supports of Paris Observatory team. This server will be the first step for integrated browsing
of the Jovian radio wave data from multiple ground stations via VO interface. In addition, we started development of meta
data archives for other datasets such as Jovian synchrotron radiations obtained by litate Planetary Radio Telescope (IPRT) a
spectroscopic observation data from Hisaki. In the presentation, we are going to show the analyses results focusing on the Jovi
DAM during volcanic activity in 2015 found by Hisaki as a typical example of use case of the integrated datasets from Nancay
and litate.
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Semi-automatic data analysis of Jupiter’'s decametric modulation lanes observed by
LWA1L

# Yusei Nakayama[l]; Kazumasa Imai[1]
[1] NIT, Kochi

We present a system of semi-automatic data analysis in the study of Jupiter's decametric emissions observed by the Lor
Wavelength Array Station 1 (LWA1). The LWA1 provides excellent spectral and temporal resolution of Jupiter's decametric
radio emissions over the bandwidth of 10-40 MHz. The array consists of 256 dual polarization dipole antennas. The modulatior
lanes in Jupiter's decametric are groups of sloping parallel strips of alternately increased and decreased intensity in the dynam
spectral plots. We present the developed data analysis software to measure the slope of the modulation lanes by this ser
automatic method.
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A CubeSat project to observe the beaming of Jupiter's decametric radio emissions

# Lkhagvadorj Sukhtsoodol[1]; Yusei Nakayama[1]; Ryunosuke Fujita[1]; Mizuki Ando[2]; Kai Chiang Eric Tan[2]; Kazumasa
Imai[1]; Nobuto Hirakoso[3]; Taku Takada[4]; Kentarou Kitamura[5]
[1] NIT, Kochi; [2] NIT, Gunma,; [3] NIT,Gunma; [4] Kochi-CT; [5] NIT, Tokuyama.

The development of a micro satellite (CubeSat) to observe Jupiter's radio emissions is underway by the college student
and teachers who belong the Kosen Space Consortium. This 2U-size CubeSat is being considered to be launched from tl
International Space Station (ISS). The duration of the planned observation is estimated to be more than 50 days. During thi
period we will use fixed frequency receivers to measure the delay time between the CubeSat and ground observatories for tt
detection of Jovian S-bursts. The delay time determined by a cross-correlation method reveals very important information fol
determining the beaming model of Jupiter’s radio emissions. We show the current status of the development of our CubeS:s
project including Jupiter’s radio data acquisition system with GPS, receiving antenna, and receiver.
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