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The formation of a small magnetosphere and its dependence on the dipole field intensit

# Hideyuki Usui[1]; Satoki Oki[2]; Yohei Miyake[3]
[1] System informatics, Kobe Univ; [2] Kobe Univ.; [3] Kobe Univ.

The objective of this research is to understand the formation of small magnetospheres of weakly magnetized bodies such
asteroid, lunar magnetic anomaly and Mercury by taking the intensity of the intrinsic magnetic field as a physical parameter.
We define [} as the distance from the dipole center to the point at which the dynamic pressure of the solar wind and the dipole
magnetic pressure are equal. When the ratjéLDis much larger than the unity wherg Henotes the ion inertia length, the
formation of the magnetosphere can be examined with the fluid plasma approximation.Howevef| theeDomes close to the
unity, the kinetic effect such as finite Lamor radius in plasma cannot be ignored in the formation of the magnetosphere. Blanco
Cano et al. (2003) examined the effect of finite ion scale lengths on the formation of planetary magnetospheres by performin
two-dimensional hybrid particle simulations with different/D; values. Ashida et al. (2014) examined the formation of small
magnetospheres for the cases whegélD) is equal or less than the unity by performing three-dimensional full particle plasma
simulations.In the present study, considering the previous studies, we started to examine the formation of small magnetospher
for the cases where,JiL; is slightly larger than the unity by performing three-dimensional full particle simulations. We would
like to understand how each region of the magnetosphere will change when we/agywBlues. When [YL; is close to the
unity, we found the formation of a small magnetosphere and the asymmetric structure of the plasma density distribution in the
magnetic equator. We are interested to know how these phenomena vary when we increage; thalle. We would like to
keep increasing the JiL; so that we will be able to contribute to the understanding of the Mercury’s magnetosphere in the near
future.
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Current status and updated science goals of Mercury exploration project BepiColombo

# Go Murakami[1]; Masaki Fujimoto[2]; Hajime Hayakawa[3]; Go Murakami BepiColombo MMO SWG[4]; HAYAKAWA,
Hajime BepiColombo MMO Project team[4]
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After the successful observation by the first Mercury orbiter MESSENGER ended in 2015, Mercury becomes one of the mos
curious planets to investigate. MESSENGER raised new science issues, such as the northward offset of planetary dipole magne
filed, the highly dynamic magnetosphere, and the year-to-year constant exosphere. These outstanding discoveries still remai
as open issues due to some limitations of instruments onboard MESSENGER and its extended elliptical orbit with apherm ir
southern hemisphere. The next Mercury exploration project BepiColombo will address these open issues. BepiColombo is a
ESA-JAXA joint mission to Mercury with the aim to understand the process of planetary formation and evolution as well as
to understand Mercury’s extreme environment in the solar system. Two spacecraft, i.e. the Mercury Planetary Orbiter (MPO
and the Mercury Magnetospheric Orbiter (MMO), will be launched in October 2018 by an Ariane-5 launch vehicle and arrive at
Mercury in December 2025. The mechanical test in a complete stack configuration has been performed in the ESA test cent
and successfully finished. Here we present the latest development status of BepiColombo and updated science goals addres
by MMO.
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lo-related electron heating in the lo plasma torus: effect of local plasma density around
lo
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HISAKI observation of lo plasma torus (IPT) with extreme ultraviolet (EUV) wavelength range is a useful probe to access
plasma environment in inner magnetosphere of Jupiter. Emissions from sulfur and oxygen ions in EUV range are caused b
electron impact excitation and their intensity is well correlated with the electron temperature distribution in IPT. Previous IPT
observation with HISAKI showed that the brightness was enhanced downstream of the satellite lo, indicating that efficient
electron heating takes place at lo and/or just downstream of lo. Detailed analysis of the emission intensity shows that the
brightness depends on the magnetic longitude at lo and primary and secondary peaks appear in the longitude ranges of 1(
130 and 250-340 degrees, respectively [Tsuchiya et al. 2015]. lo’s orbit crosses the center of the IPT around these longitude
The peak position and amplitude are slightly different between dawn and dusk sides. Here, we introduce inhomogeneous IP
density model in order to investigate relation between the emission intensity and local plasma density around lo in detail. Ar
empirical IPT model [Bagenal 1994] is used for radial distribution of ion and electron density in the equatorial plane. The density
distribution along magnetic field lines is calculated by solving diffusive equilibrium [Mei et al. 1995], where we do not consider
longitude dependence of ion temperatures here. To include longitude and local time asymmetry in IPT, we consider (1)dawnwar
shift of IPT due to global convection electric field, (2) offset of Jupiter’'s dipole magnetic field, and (3) tilt of IPT with respect
to lo’s orbital plane. From the empirical IPT model, electron densities at the position of lo when the satellite is located at dawn
and dusk sides are derived. The modeled electron density as a function of magnetic longitude at 1o shows similar profile with th
ion emission intensity derived from HISAKI. This result suggests that energy extracted around lo and/or efficiency of electron
heating is closely related to the plasma density around lo and longitude and local time dependences is explained by the spat
inhomogeneity of plasma density in IPT. A part of the energy extracted around lo could be transferred to the Jovian ionospher
along the magnetic field line and cause bright aurora spots and strong radio emissions. We plan to update the model by includir
(1) longitude dependence of ion temperatures which also causes longitudinal inhomogeneity of plasma density and (2) spati
density distributions of neutral particles and newly picked up ions which are a primary energy source of local electron heating.



R009-04 215 C B¥RY: 108 178 17:15-17:30

O T EMEIC K o TR ENTEREHE A A OFRIR T IEEDOZE A

# i o [1]; LR WA [2]; #Ee RE [3]; IREFH: 1@ [4]; K FaE [5]; 511 —BH [6]; 50 Ak [7]; #F L 52 [8]; (il 21
[9]; K E45 [10]
[1] SRALK - B - HW; [2] ALK - B - BB T T X KRA [3] ALK « B - 8RE V'S X< K&zt > Z—; [4] bk -
H: [5] 2 L; [6] Bk « FH - =K [7] BHOK - FE; [8] ISAS/IJAXA; [9] JAXA « FHifF; [10] RIKEN

Spatial distribution of lo’s oxygen neutral cloud observed by Hisaki/lEXCEED
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We analyzed azimuthal and radial distribution of atomic oxygen ultraviolet emission surrounding the Jovian moon lo’s torus
using Hisaki/fEXCEED (Extreme Ultraviolet Spectroscope for Exospheric Dynamics) to show the spatial distribution of an oxy-
gen neutral cloud. The atmosphere of a Jovian moon lo has been thought to be mainly supported by volcanism and sublimation |
frost (reviewed by Lellouch et al, [2007]). Dominant atomospheric gases are sulfur dioxide, and its dissociative products such a
atomic oxygen and sulfur (electron impact dissociation and photolysis). The atoms escape from the exobase and form corona al
neutral clouds mainly due to atmospheric sputtering. The spatial distribution of oxygen and sulfur neutral clouds is important to
know the source of lo plasma torus. However, the spatial distribution of them was not understood because atomic oxygen (130
nm, 135.6 nm and 630.0 nm) and sulfur (129.9 nm and 142.9 nm) emissions are faint (several Rayleighs (R)). Hisaki satellite ol
board the extreme ultraviolet spectrometer called EXCEED observed lo plasma torus continuously in 2014-2015 and we foun
the detail distribution of atomic oxygen emission at 130.4 nm from a neutral cloud for the first time.

We investigated the lo phase angle (IPA) dependence of atomic oxygen emission in the lo plasma torus averaged over tt
distance range of 4.5-6.5 Jovian radii from Jupiter on the dawn and dusk sides during the volcanially quiet period (day of yeal
(DOY) 331 to 365 of 2014). The emission strongly depends on IPA and has a maximum at IPA of 60-90 degrees on the dawr
side, and at 240-270 degrees on the dusk side, respectively. The emission distribution also shows asymmetry and the intens
averaged for IPA 60-90 degrees (14.0 R) is larger than that for IPA 90-120 degrees (10.5 R) on the dusk side. There is the similz
tendency on the dusk side. This shows that more oxygen atoms spread the leading side of lo rather than the trailing side. We:
atomic oxygen emission (4 R) uniformly exists not depending on IPA. We also examined the radial distribution in the same perioc
and found that there is an emission peak near lo’s orbit with decreasing the intensity up to 8.0 Jupiter radii.

We suggest the following model to explain the above observation results. The banana-shaped the thick region of an oxyge
neutral cloud spreads mainly leading side of lo. In addition, the thin region distributes uniformly in the azimuthal direction up
to 8 Jovian radii and decreases toward the outside. According to the model of Smyth and Marconi, [2003], the gradient of radia
distribution of neutral clouds is represented by power law. We fit the power law curve to the radial distribution observed by
Hisaki/EXCEED to show the number density distribution of an oxygen neutral cloud.
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Time Series Analysis Using Lasso of Atmospheric and Magnetospheric Data Obtained
by HISAKI
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Thanks to recent progress in technology related to observation instruments, we can obtain various data on planetary science.
such a privileged situation, it should be pointed out that we should use analysis methods suitable for dealing with a large numbe
of data.

For example, in the periodic analysis, the intensity of many frequency components can be obtained by prolonging the ob
servation period and improving the temporal resolution. However, it is inappropriate to treat all of them as meaningful signals
in terms of physical interpretation. Furthermore, when fitting by using the least squares method such as Fourier transform t
derive frequency components, it is impossible to prevent 'overfitting’ to noise-containing data. So frequency components are
erroneously estimated.

To solve the above problem, 'sparse modeling’ used in the analysis of big data becomes a breakthrough. This method ce
extract only important variables after handling a large number of data. It is very effective against the above problem.

In this study, we show the results of analyzing by applying &quot;Lasso&quot; (Least Absolute Selection and Shrinkage Op-
erator) [Tibshirani et al., 1996] to the optical observation data of HISAKI. Lasso is a mathematical method which is modeling in
which a 'penalty term’ is added to the least squares method. Lasso has the advantage that it can extract important variables a
prevent overfitting. Lasso is widely used in information science and natural sciences such as medicine and astronomy, but it |
not used in data analysis of planetary science. In this presentation, we introduce that Lasso gives better interpretive results th
conventional methods.
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CubeSat project for the investigation of the beaming structures of Jupiter’s decametric
radio emissions
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Since the discovery of Jupiter’s radio emissions in 1955, important details of its radiation mechanism have not yet been elu
cidated. Jupiter radio waves are powerful enough to easily observe on the earth, because large particle energies generatec
the Jovian magnetosphere are converted into radio wave radiation energy. In order to investigate the beaming concept of Jupit
radio waves, which is important for clarifying this Jupiter radio emission mechanism, we will launch a 2U-size CubeSat for
observation of Jupiter radio waves and observe simultaneously in outer space and on the ground. The purpose of this project
to measure the emission delay time by using a correlation analysis method.

It is estimated that the beaming structure of the S bursts of the short Jovian radio bursts (S bursts), has a large angle wil
respect to the Jovian magnetic field lines and has a narrow beam thickness. The delay time can be measured by the correlati
analysis of waveform data obtained by simultaneous observations of Jupiter radio S bursts between this satellite and the groun
If the beam of Jupiter radio S bursts is moving together with the rotation of Jupiter, we can calculate a time difference of about 7C
milliseconds at the base line length of 8000 km. Using the proposed simultaneous observations it is possible to test whether tt
Jovian S bursts are emitted like a "beacon’, rotating with Jupiter’s magnetic field and sweeping by the Earth, or like a "flashlight’,
an instantaneous emission with a 0 millisecond time delay. This result is very important information to determine the nature of
the Jupiter radio emission mechanism.

The development of a 2U-CubeSat for Jupiter's decametric radio observation has been made by the collaboration with 8 col
leges that belong to KOSEN-Space-Renkei Group. The students and teachers have been collaborating to develop the 2U-s
CubeSat. This CubeSat is being considered to be launched from the International Space Station (ISS). The duration of the pos
ble observation is estimated to be more than 50 days. During this period we are considering the measurement of the delay tin
between the CubeSat and ground observatories for the detection of Jovian S-bursts. The worldwide ground-based observatic
will be supported by the NASA RadioJOVE project, an education and outreach program for planetary radio astronomy.

We will show the design of the CubeSat for the observation of Jupiter’s radio emissions, including the data acquisition systen
using a Raspberry Pi Zero with a GPS module, and the deployment of the antenna system. This Raspberry Pi Zero is a micr
computer board with Linux installed; it is considered to be suitable for this mission because of the small size and low power
consumption. In order to observe Jupiter’s radio waves, it is necessary to deploy a 3.6 m antenna at 20 MHz. We propose &
antenna deployment mechanism using biometal fiber (BMF). BMF is a thread-like form in which fibers of Ti-Ni alloy have the
property of contracting when voltage is applied. This antenna deployment mechanism using BMF has been tested and shov
good function.

The measurement of the delay time between the CubeSat and ground observatories by the correlation analysis of Jupiter’s
bursts is proposed to reveal the beaming structure of Jupiter’'s radio emissions. The elucidation of the radiation mechanism ¢
Jupiter radio waves, which is the ultimate goal of Jupiter radio research, may lead to a better understanding of particle-wav
energy generation mechanisms and their applications. From this point of view the contribution of this mission is believed to be
significant.

This project is supported by the Coordination Funds for Promoting AeroSpace Utilization the Ministry of Education, Culture,
Sports, Science and Technology (MEXT), JAPAN.
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Recent Observations of Radio and Plasma Waves by Juno and Cassini in Their Similar
Orbits at Jupiter and Saturn
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Cassini entered its 'Grand Finale’ orbits beginning in late April 2017 with perikrones between the atmosphere and the D ring.
The orbit inclination is approximately 83hence, the orbits sometimes take Cassini close to or through the source regions of
Saturn Kilometric Radiation (SKR). The Grand Finale orbits also carry the spacecraft across magnetic field lines connecting
the ring system with the planet, providing the opportunity to investigate electromagnetic connections between the planet and it
ring system. The orbits allow for in situ observations of Jupiter’s topside ionosphere for the first time with the possibility of
penetrating even deeper on its descent into the atmosphere at the end of its mission, depending on how long telemetry can
maintained. Dust apparently eroded from the main ring system is also found in this region, although the number of micron size
particles is much less than in the E ring.

Juno is simultaneously orbiting Jupiter in similar orbits. Juno is in @iB6lination orbit with perijoves between Jupiter’s
atmosphere and its ring system. Juno has already skimmed through or close to Jupiter’s auroral radio emission sources a
provided in situ examples of the cyclotron maser instability in operation and the electron distributions driving them. Juno also
observes plasma waves of various types on auroral field lines, allowing comparison with terrestrial auroral plasma waves an
the possibility to understand the acceleration of auroral charged particles. In addition, Juno has scanned, pole-to-pole, the ve
innermost region of Jupiter’s magnetosphere, inviting comparisons of radio and plasma waves within the inner magnetospheres
these two giant planets. In the case of Jupiter, low-dispersion whistlers are commonly observed at mid-latitudes clearly indicatin
convective storms including lightning below the spacecraft. Because of the general lack of convective storm activity on Saturr
since the Great White Spot storm in late 2010 and the first half of 2011, whistlers have not been observed by Cassini. Juno he
observed Jupiter’s topside ionosphere near its perijove and dust between the Jovian ring and the atmosphere.

Observations of non-terrestrial in situ auroral radio generation are important in the study of the cyclotron maser instability
(CMI) in different planetary settings, so such observations from both Juno and Cassini are of critical interest. Another exciting
aspect of these orbits at both planets is the exploratory nature of observing plasma waves in a region not previously sampled wi
the possibility of investigating interactions between the rings and atmosphere.
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Brightening of Jupiter’'s aurora observed by the Hisaki satellite and Hubble Space
Telescope during Juno’s approach phase
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In early 2014, continuous monitoring with the Hisaki satellite discovered transient auroral emission at Jupiter during a period
when the solar wind was relatively quiet for a few days. Simultaneous imaging made by the Hubble Space Telescope (HST
suggested that the transient aurora is associated with a global magnetospheric disturbance that spans from the inner to ou
magnetosphere. However, the temporal and spatial evolutions of the magnetospheric disturbance were not resolved becat
of the lack of continuous monitoring of the transient aurora simultaneously with the imaging. Here we report the coordinated
observation of the aurora and plasma torus made by Hisaki and HST during the approach phase of the Juno spacecraft in mi
2016. On day 142, Hisaki detected a transient aurora with a maximum total H2 emission power of 8.5 TW. The simultaneous
HST imaging was indicative of a large dawn storm, which is associated with tail reconnection, at the onset of the transient aurore
The outer emission, which is associated with hot plasma injection in the inner magnetosphere, followed the dawn storm withir
less than two Jupiter rotations. The monitoring of the torus with Hisaki indicated that the hot plasma population increased in the
torus during the transient aurora. These results imply that the magnetospheric disturbance is initiated via the tail reconnectio
and rapidly expands toward the inner magnetosphere, followed by the hot plasma injection reaching the plasma torus. Thi
corresponds to the radially inward transport of the plasma and/or energy from the outer to the inner magnetosphere.
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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 magnetospB@Rry ), because the corotation
of magnetospheric plasma dominates the convection there. However, Hisaki satellite observed that the brightness intensity ai
distribution of the lo plasma torus (IPT) located in the vicinity of 10’s orbit (J§Rhanged asymmetrically between the dawn and
the dusk sides. Furthermore, it was confirmed that this asymmetric change coincided with a rapid increase in the solar wind dy
namic pressure. This asymmetric change can be explained by the existence of a dawn-to-dusk electric field of "4-9 mV/m aroun
lo’s orbit [Murakami et al., 2016]. The dawn-to-dusk electric field shifts the position of IPT toward dawn side by "0,A-U8R
plasma in the IPT is heated adiabatically at dusk and cooled at dawn, which makes the dawn-dusk brightness asymmetry. Tl
following processes have been suggested as a possible cause of the dawn-to-dusk electric field. First, the Jovian magnetosph
is compressed by the increase of solar wind dynamic pressure. Then, the magnetosphere-ionosphere coupling current syst
is modified, and the field-aligned current (FAC) at the high-latitude ionosphere increases. As a result, the ionospheric electri
field increases and penetrates to low-latitude regions. It is mapped to the equatorial plane of the inner magnetosphere along t
magnetic field line, and the dawn-to-dusk electric field is created around lo’s orbit.

We have constructed a 2-D ionospheric potential solver in order to demonstrate this scenario quantitatively. We use a time
averaged intensity of the total FAC obtained from Galileo observations [Khurana, 2001] and adopt a Gaussian function for its
horizontal distribution in a similar way to the Earth’s ionospheric model. Also, we model the ionospheric conductivities from
collision frequencies, cyclotron frequencies and density distribution in the upper atmosphere. We deduce the collision frequen
cies from ion-H and electron-H collisions [Tao, 2009]. The intensity of the dawn-to-dusk electric field at lo’s orbit depends
on the global distribution of the ionospheric conductivities, because l0’s orbit connects to the ionosphere at a lower latitude
region than the FAC and aurora regions. The limited area of the ionosphere was observed by Galileo and Voyager, therefore w
use a Jovian thermosphere-ionosphere-magnetosphere coupling model [Tao et al., 2014] to obtain the global distributions of t
ionospheric density. The model considers ionization caused by the solar extreme ultraviolet and aurora electrons precipitation
the downward FAC region to estimate the global conductivity distribution. We use the magnetic field model of Ray et al. [2014]
when we map the ionospheric potential to the magnetospheric equatorial plane. This model considers the local time variation c
the footprint. This variation is of importance in connecting IPT and ionospheric potential distribution, because the ionospheric
potential distributes asymmetrically between the dawn and the dusk sides.

We calculate the ionospheric electric potential distribution and the magnetospheric dawn-to-dusk electric field with the afore-
mentioned FAC and conductivity distributions, assuming that the plasma in the IPT drifts along the equipotential lines. The
calculated dawn-to-dusk electric field was an order of magnitude larger than that expected from the Hisaki observations. W
consider that this difference would be caused by the uncertainties in the ionospheric conductivities and electron density (cf. Ma
jeed et al. [1999]). Then, we investigated the distribution of the ionospheric electron density that accounts for the dawn-to-dusl
electric field intensity expected from Hisaki. We will discuss the influence of these uncertainties on the conductivities and the
dawn-to-dusk electric field.

AR NG PRI 30R, ICE 2 £ T I XA HEHRA 2 Xhdd 2 5 T, T OFHEHD 7S X I iZRBRE D
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Ground-based spectroscopic observation of Jovian surface structures by using the
portable spectrometer
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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 the same latitude region. Color changes of ovals after an interaction with other oval
have been also reported [Sanchez-Lavega et al., JGR, 2013]. The great red spot (GRS) is one of the most remarkable structu
in the Jupiter and recognized since 300 years ago by sketch and photographic observations. Recently, NASA spacecraft, JUN
has revealed more complex and fine features with various colors. A close relationship between dynamics of Jovian atmosphe
and local colors is well known [Sanchez-Lavega et al., JGR, 2013] though detailed mechanisms connecting them are not full
understood. Thus, the color of the each structures is thought to be one of the keys to investigate dynamics of the Jovian atm
sphere.

In this study, ground-based spectroscopic observations focusing on Jovian surface structures have been conducted since I
cember 2015. The observation is carried out by combining a telescope with a small unit for spectroscopy consists of a CCL
camera and a spectrometer. The spectrometer can measure a spectrum of a selected area within an image data simultaneo
obtained by the CCD camera. Dimensions and weight of the spectroscopy are only 18cm X 14cm X 4cm and 300 g, respectively
This high portability of the spectrometer enables flexible observations; we can bring the spectrometer to a public observator
which has a large telescope in a location with high clear skies rate in desired observation period. The spectra are converted a
corrected to an absolute radiance at the top of atmosphere, by using a radiometric calibration data obtained with an integratir
sphere and measured extinction coefficients of the local atmosphere.

In this talk, temporal variations in the spectrum of representative Jovian structures such as NEB, EZ, SEB, GRS observed b
using the spectrometer during December 2015 to July 2017 are reported. A comparison with the past space-born observatit
conducted by the multiband camera onboard Cassini spacecraft [Ordonez-Etxeberria et al., Icarus, 2015] is also performed fi
verification of the observations.
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Disappearance of surface banded structure produced by thermal convection in a rapidl
rotating thin spherical shell
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Surface flows of Jupiter and Saturn are characterized by the broad prograde zonal jets around the equator and the narr
alternating zonal jets in mid- and high-latitudes. Heimpel and Aurnou (2007, hereafter HA2007) proposed thermal convection ir
rapidly rotating thin spherical shell models and show that the equatorial prograde zonal jets and alternating zonal jets in mid- an
high-latitudes can be produced simultaneously when the Rayleigh number is sufficiently large and convection becomes activ
even inside the tangent cylinder. However, they assume eight-fold symmetry in the longitudinal direction and calculate fluid
motion only in the one-eighth sector of the whole spherical shell. Such artificial limitation of the computational domain may in-
fluence on the structure of the global flow field. For example, zonal flows may not develop efficiently due to the sufficient upward
cascade of two-dimensional turbulence, or stability of mean zonal flows may change with the domain size in the longitudinal
direction.

On these accounts, we performed long time numerical experiment of thermal convection in the whole thin spherical shell
domain, where the experimental setup is same as that of HA2007. The result shows that the banded structure disappears and
broad eastward zonal jet appears in mid- and high- latitudes of each hemisphere, suggesting that the solution of HA2007 is not
statistically steady state but a transient state. However, it was not clear whether the difference between the characteristics of o
results and HA2007 was due to the region of calculation area or the difference of the settings of hyperviscosity.

In this study, we carried out numerical experiments in which the calculation settings including hyperviscosity are unified, and
the calculation area were set whole spherical shell or 1/8 sector area assuming 8 times symmetry in the longitude direction. W
consider Boussinesq fluid in a spherical shell rotating with constant angular velocity. The non-dimensionalized governing equa
tions consist of equations of continuity, motion, and temperature. The non-dimensional parameters appearing in the governin
equations, the Prandtl number, the Ekman number, the modified Rayleigh number, and the radius ratio, are fixed to @, 1, 3x10
0. 05, and 0. 85, respectively. The thermal boundary condition is fixed temperature. Free-slip condition is adopted at bott
boundaries.

When time integration was performed in the 1/8 sector area, a strong equatorial jet and a banded structure of mid- and higt
latitudes emerged. This banded structure of mid- and high-latitudes are sustained for a long time without disappearing. On th
other hand, in the calculation of the whole spherical shell, once a mid- and high-latitudes banded structures were formed, fur
ther progress of time integration accelerated the mid- and high-latitudes and the banded structures were disappeared. Therefc
whether the banded structures were maintained or disappeared depends on the calculation region, not the settings of hypervisc
ity. For the disappearance of this banded structures, it is expected that the angular momentum transport by the component wi
the wavenumbers less than 8, which can not be expressed by 1/8 sector calculation, plays an important role.
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A study on dependence of aguaplanet climates on the solar constant: consideration of tt
influence of ocean general circulation
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1. Introduction

In order to understand the diversity of exoplanet climates, we have investigated aquaplanet climates with atmospheric gener
circulation models (AGCMs). For example, Ishiwatari et al. (2007) (hereafter, referred to as INTHO7) explored the solar constant
dependency of aquaplanet climates in which the limit of longwave radiation of planet and atmospheric general circulation are
considered, as an extension of previous studies (e.g., Budyko, 1969) with one-dimensional energy balance models (EBMSs). The
found a globally ice-covered state, a partially ice-covered state and a runaway greenhouse state, and showed the multiplici
of solutions, even in an AGCM with many degrees of freedom. But they excluded the ocean general circulation. However,
the development of computational science enables the studies of exoplanet climates, considered the ocean general circulati
(e.g., Marshall et al., 2007). In particular, Rose (2015) (hereatfter, referred to as R15) investigated the solar constant dependen
of aquaplanet climates with a coupled atmosphere-ocean-sea ice model, and indicated the ocean heat transport produced a r
stable equilibrium state (waterbelt state). However, he used a simplified AGCM, and did not focus on cases of large solar consta
where the runaway greenhouse state may exist. In this study, as an extension of INTHO7, we explore solar constant depender
of a coupled atmosphere-ocean-sea ice system on an aquaplanet. We also investigate the change of climatic regimes with 1
ocean general circulation, and consider the role of ocean on aquaplanet climates.

2. Model and Experimental setup

We use our developing coupled atmosphere-ocean-sea ice model. The atmospheric model is an AGCM, DCPAM, in whict
three-dimensional primitive equations are solved. Based on INTHO7, a gray atmosphere radiation scheme (Nakajima et al
1992), moist convective adjustment scheme and large condensation scheme (Manabe et al., 1965), and Mellor and Yama
level 2 scheme are applied. The ocean model is a zonally averaged two-dimensional ocean general circulation model in whic
hydrostatic Boussinesq equations are solved. The mixing due to meso-scale eddies and convection is parametrized (Gent &
McWilliams, 1990; Marotzke, 1991). The sea ice model is a thermodynamics model based on Winton (2000). The surface albed
is set to 0.5 where surface temperature is below 263 K, otherwise set to 0. In order to evaluate the influence of ocean gener
circulation clearly, three configurations are considered: swamp, slab, and dynamic ocean. The value of solar constant, S,
specified every 50 W/fin the range between 900-1600 W/nThe number of atmosphere model grid is 64x32x32 fo1850
W/m?, otherwise 64x32x16. The number of grid points on ocean and sea ice models is 64x60 and 64, respectively. For mos
of cases, the initial condition is a rest atmosphere and ocean with 280 K, while some other conditions are also used to examir
the multiplicity. The time integration for swamp/slab ocean experiments is basically performed over about 300 years, and, for
dynamic ocean experiment, over about 30,000 years with periodically synchronous coupling.

3. Results

The statistically equilibrium state of coupled system in a control case (S=1388)W¢produces the atmospheric and oceanic
fields qualitatively, obtained from INTHO7 and R15. In the dynamic ocean experiment, three climatic regimes appear with
multiplicity, as in INTHO7. The regime diagrams for dynamic ocean experiment is qualitatively similar to ones for swamp/slab
ocean experiments, and the ocean general circulation seems to have a dramatic impact on the climates. The significant differer
from R15 is that the runaway greenhouse state is contained, and the disconnection of branch of partially ice-covered state is n
found. In order to examine the detailed branch structure, we perform further numerical experiments gradually varying the sola
constant.
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Atmospheric CO2 supersaturation in the Martian polar nights: Role of large-scale
atmospheric waves

# Katsuyuki Noguchi[1]; Takeshi Kuroda[2]; Martin Paetzold[3]; Silvia Tellmann[3]
[1] Nara Women'’s Univ.; [2] NICT; [3] Univ. Cologne

This study aims at investigating the role of large-scale atmospheric waves (stationary waves and transient waves) on CO
supersaturation at northern polar nights on Mars. A distinct longitudinal dependence of CO2 supersaturation was observed
high altitude levels (around 100 Pa), where a wavenumber 2 stationary wave lowered the background temperature. Howeve
the stationary wave alone was not sufficient to cause CO2 supersaturation. We found that additional temperature disturbanc
caused by transient waves, namely, superposition of both waves, had a significant role in CO2 supersaturation. The MGCN
(DRAMATIC) also reproduced the effect of both stationary waves and transient waves on CO2 supersaturation.

AW T, 19964EIKEDFT B I 7 AR Mars Global Surveyorl MGS) 1 3513 % BB il HuidE I O &R 35 &
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Global climate simulation of early Mars with a paleo-ocean and a dense CO2
atmosphere: Impact of aquatic environment to climate

# Arihiro Kamada[1]; Takeshi Kuroda[2]; Yasumasa Kasaba[3]; Naoki Terada[4]; Takehiko Akiba[5]
[1] Geophysics, Tohoku Univ.; [2] NICT; [3] Tohoku Univ.; [4] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [5]
Geophysics, Tohoku Univ.

http://pat.gp.tohoku.ac.jp/wordpress/access/

There are many fluvial traces such as valley networks and outflow channels which are supposed to be made before ~3.8 billic
years ago on the Martian surface. If those traces were made by the flow of lig@dthe environment of the ancient Mars
should be suitable for huge amount of liquid water. There have been several studies using 3-dimensional Mars Global Climat
Models (MGCMs) to reproduce such environment of early Mars, assuming the solar insolation of “75% of today and denser CO
atmosphere. However, previous studies have not reproduced the surface temperature above 273K even under the surface pres
up to “7 bars, regardless of the existence of saturat€dl\tpor [Forget et al, 2013;Wordsworth et al, 2013].

In this study, we use a MGCM named DRAMATIC (Dynamics, RAdiation, MAterial Transport and their mutual InteraCtions)
to reveal the nature of early Martian climate, focusing on the sensitivity of surface parameters. In addition to the physical pro-
cesses for Martian paleo-climate similarforget et al [2013], we have implemented the virtual ocean and lakes in the northern
lowlands and wet soil in the southern highlands, making high thermal inertia of between 1,000 and 3,660(d 8 K1)
which have never been implemented in the preceding studies. Also we have implemented a water cycle scheme assuming t
phase changes among ice, liquid and vapor, including the frost of ocean below the melting point. The obliquity in the simula-
tions is set to be the same as today’s Mars (25.19 degrees),and the orbit is assumed to be circular with the radius of 1.523 Al
Furthermore, Rayleigh-friction coefficients are set to be the valid values, which reproduce wind field of today’s Mars.

We performed the simulation with the averaged surface pressure (hereaffesf.1-2.0 bars, for two cases (1) with
ocean/lakes and wet soil (hereafter 'wet surface’) and (2) without them (hereafter 'dry surface’, assuming the dry soil which
is the same as today’s Mars globally). As a result, we produced higher surface temperature in 'wet surface’ at all pressures, d
"+30 K at p, = 2.0 bars, in comparison with 'dry surface’. In the 'wet surface’ simulation, the annual mean surface temperature
was "230 K at p=1.0 bar and "260 K atg= 2.0 bars. Although there were little precipitation and the paleo-ocean quickly froze
in ps; below 1.0 bar, the paleo-ocean was maintained throughout the year in low-to-mid latitudes arebangl1.0 bar with the
precipitation of 1,000-3,000 mm in one Martian year (about 1.88 Terrestrial year) was shown alongside the shoreline, e.g. in th
north-east of Hellas basin and at the foot of tall mountains such as Mt. Elysium, where large fluvial traces of outflow channels
have been observed. Furthermore, the distribution of the amount of flowing water of the river, which is calculated by a 3-layers
tank model [shihara and Kobatak&979] and developed river flow model considering the river velocity calculatéddmnning
formula and confluence of several rivers, was also in a good consistency with the existence of fluvial traces of outflow channel
on Martian surface.
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Simulation of the water cycle and HDO/H2O isotopic fractionation on Mars using a
GCM: Towards the international collaborations

# Takeshi Kuroda[1]; Yasumasa Kasaba[2]
[1] NICT; [2] Tohoku Univ.

We are simulating the water cycle of the present Martian environment using a Mars general circulation model (MGCM) for
the investigations of the water cycle system and related material transport on Mars in collaboration with the current and future
observations. We performed the horizontal high-resolution simulations with the grid intervals of "67 km, showing the relation-
ships between water transport and atmospheric dynamics more clearly than the previous low-resolution simulations (intervals c
~300 km). Our results show the consistent seasonal and latitudinal changes of zonal-mean water vapor column density and i
opacity with observations in the run without the radiative effects of water ice clouds. Also, we have implemented the ®DO/H
isotopic fractionations, and reproduced the qualitatively consistent seasonal and latitudinal changes of the ratio with a precedin
simulation.

In this presentation, our future plans of international collaborations about the water cycle on Mars using this MGCM will be
shown, including the observational missions such as ExoMars Trace Gas Orbiter and ground-based/airborne telescopes and a
the intercomparison of MGCMs with water cycle in different approaches, especially in the framework of Japan-Belgium col-
laboration program, AMAVERO (Exploring the Atmosphere of MArs and VEnus with Remote Observations: A Belgium-Japan
partnership).
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Effect of the crustal magnetic fields and solar wind electric fields on heavy ion outflows
from Mars observed by MAVEN

# Shogo Inui[1]; Kanako Seki[2]; Shotaro Sakai[2]; Kazunari Matsunaga[3]; David A. Brain[4]; James P. McFadden[5]; Takuya
Hara[5]; Jasper S. Halekas[6]; David L. Mitchell[5]; John E. P. Connerney[7]; Bruce M. Jakosky[8]
[1] Earth and Planetary Science, Univ. of Tokyo; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] ISEE, Nagoya
Univ.; [4] LASP, Univ. of Colorado at Boulder, USA; [5] SSL, UC Berkeley; [6] Dept. Phys. & Astron., Univ. lowa; [7] NASA
GSFC; [8] LASP, CU Boulder

Geological studies have suggested that Mars had a warm climate and liquid water on surface about 4 billion years ago. Nov
Mars has a cold surface temperature and little water on surface. Escape of greenhouse gases sutthsgp@&s considered
as the plausible reason to cause the drastic climate change. On one hand, mechanisms enabling the large amountossthe CO
are far from understood. The planetary ion escape through interaction between the solar wind and the Martian upper atmosphe
is one of the candidate mechanisms to achieve the atmospheric escape. Mars doesn’t have global intrinsic magnetic field, b
it has local crustal magnetic fields. Effects of this crustal magnetic fields on the atmospheric escape are far from understooc
To understand atmospheric loss from Mars, MAVEN (Mars Atmosphere and Volatile EvolutioN) has observed the ion escape
from Mars as well as space environment around Mars since November 2014. In our previous study, we investigated detaile
characteristics of a dense cold ion outflow event observed in the Martian induced magnetotail based on the MAVEN observation:
We suggested that the combination of the mini-magnetosphere and the downward-E hemisphere facilitates the cold ion esca
from low altitude Martian ionosphere.

In this study, we report on a statistical analysis of heavy ion outflows from Mars to investigate influence of the crustal magnetic
fields and the direction of solar wind electric field on the ion outflows by using the data of MAVEN. STATIC (Supra-Thermal And
Thermal lon Composition), SWIA (Solar Wind lon Analyzer) and MAG (Magnetometer) data from November 2014 to March
2017 were used for the statistical study. We focused on the heavy ion outflows in the wake region. At first, we selected the orbits il
which solar wind was stable. The stability condition of solar wind was determined by the direction of the interplanetary magnetic
field (IMF). We only include the wake observations in the statistical study, if difference between IMF directions observed just
before and immediately after the wake observation is less than 30 degrees. Next, we divided observed data by the location
the strongest local crustal magnetic field around east longitude of 180 degrees into 4 local time groups: noon, dawn, dusk, ar
night. The results show that number densities of heavy ions observed in the southern hemisphere in the MSE coordinates tend
be higher than those observed in the northern hemisphere, while there are no clear difference in number fluxes between the tv
hemispheres. We will also report on dependence of heavy ion outflows on other solar wind parameters.
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The ion escape from Mars with a weak intrinsic magnetic field

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

It is recognized that ancient Mars had liquid water on the surface and thick atmosphere according to the recent space mi:
sions. However, the atmosphere was lost from the planet through some escape channels, and present-day Mars only has at
atmosphere consisting mainly of G@nd does not have liquid water on the surface. It means that Mars has experienced much
atmospheric loss from the past through the present. One of the important mechanisms of the atmospheric loss is the ion esca
from the upper atmosphere. The ion escape is mainly controlled by the solar conditions such as solar wind parameters and sol
XUV (X-ray and extreme ultraviolet) irradiances, and magnetic-field configuration. A previous numerical simulation indicated
that the ion escape rate was at most five orders of magnitude higher under the past active solar condition than under the prese
ones. The planetary magnetic field is also an important factor in determining the ion escape rate. Present-day Mars does not he
an intrinsic magnetic field, but it is leaving the magnetism in its crust. The existence of crustal magnetic field suggests that Mar
had a global magnetic field of interior origin in the past. We present the ion escape mechanism under a weak intrinsic magneti
field at Mars based on a three-dimensional multi-species magnetohydrodynamics (MHD) modeling.

The simulations are performed for the two different magnetic fields with (case 1) only the interplanetary magnetic field (IMF)
and (case 2) the IMF and dipole field of 100 nT on the equatorial surface of the planet. Note that the Parker spiral is adoptet
for the IMF. The shape of the magnetosphere appears to be hybrid between the magnetosphere with strong dipole field such
Earth and the induced magnetosphere with no dipole field such as present-day Mars, when a weak dipole field is considered. T
east-west component of magnetic field is predominant at the subsolar point due to the penetration of the IMF draped field int
the ionosphere rather than the north-south component of the global dipole field. On the other hand, the dipole field dominates tt
tail region of the magnetosphere.

The ion escape flux is obtained from the ion densities and velocities calculated. In the case 1, the flux has a peak near tf
center of the figure (Figure 1a). It suggests the ions created around Mars are flowing down to the tail. In contrast, in the case
the total flux has four peaks on the y-z plane of Mars-centered Solar Orbital (MSO) coordinate system (Figure 1b). Two of them
are located in the magnetic neutral sheet (a white dased line of Figure 1b), and the others are in the higher latitudes. These rest
show that the difference of magnetic configuration significantly changes the ion escape flux and mechanism. The four-pea
structure of flux in the case 2 is brought by the magnetosphere, which is formed by the interaction between the assumed sol
wind and global dipole field. The two peaks in the high latitude are associated with the cusp region. The other two peaks are
seen in the flank region of plasma sheet and generated by the complex reconnection between the dipole field and the IMF aroul
the magnetosheath. Comparisons between the two cases suggest that the ion tailward flux increases by the magnetization of
planet and ions particularly escape through four channels in the magnetotail. This could result in the ion escape rate from th
upper atmosphere enhanced.

Figure 1. The total ion flux of O and QT in the two different magnetic fields with (a) IMF and (b) IMF and dipole magnetic

field of 100 nT on the equatorial surface on the y-z plane at x =ybdRthe MSO coordinate system. The white dashed line
shows the magnetic neutral sheet®f = 0.

Tailward flux of O* and O; at5 R, [arbitrary unit]

a: No dipole b: Dipole B
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Near infrared spectral imager MacrOmega onboard MMX to investigate martian
atmosphere

# Hiromu Nakagawa[1]; Shohei Aoki[2]; Takeshi Imamura[3]; Kazunori Ogohara[4]; Takao M. Sato[5]; Hideo Sagawa[6];
Takeshi Sakanoi[7]; Yasumasa Kasaba[8]; Makoto Taguchi[9]; Takahiro lwata[10]; Tomoki Nakamura[11]; Vincent Hamm[12];
Cedric Pilorget[12]; Jean-Peire Bibring[12]
[1] Geophysics, Tohoku Univ.; [2] BIRA-IASB; [3] The University of Tokyo; [4] JAXA/ISAS; [5] ISAS/JAXA; [6] Kyoto
Sangyo University; [7] Grad. School of Science, Tohoku Univ.; [8] Tohoku Univ.; [9] Rikkyo Univ.; [10] ISAS/JAXA; [11]
Earth science, Tohoku Univ.; [12] IAS

We start a study on a sample return missions to a martian moon to be launched in early 2020s (Mars Moon eXploration (MMX)
mission). With this mission, we will give a boost to planetary science by adding new information on planetary formation and
evolution processes in the part of the solar system linking its inner and outer-part. Sample analysis/remote sensing allows us:
unveil the migration history of the small body that behaved as a capsule which carried water and organic compounds into th
inner-solar system.

Near infrared spectral imager MacrOmega will observe hydroxide or hydrated mineral absorptions on Phobos and Deimo:
in the wavelength of 2.7 and 3.2 micron. By analyzing the shape of the spectra, we will distinguish between water in hydrous
silicate minerals, water molecules, and water ice particles. MacrOmega will also try to detect the absorption by organic matter ir
the wavelength range of 3.3 and 3.5 micron. These results will support efforts to answer the question of the origin of the martiar
moons, and identify whether they are satellites formed by a giant impact or asteroids captured by Mars. This instrument is base
on MicrOmega onboard ExoMars rover and Hayabusa2 MASCOT and modified as a spectral imager.

The equatorial-orbit of the spacecraft around Mars also offers an interesting advantage to continuously observe Mars atmc
sphere from a global perspective. The latest space-born measurement, MAVEN/IUVS, showed unprecedented view of Mar
diurnal cloud evolution within hours. Tharsis clouds begin the day much smaller than the width of the volcanoes, but merge to-
gether in the late afternoon to span up to 2000 kilometers (Schneider et al., 2017). We will aim to perform hourly-measurement
for global distribution of atmospheric/surface compounds using MarcOmega, in order to investigate the cloud/dust formations
water cycle via surface-atmosphere interaction, dynamics, and compositions.

After reaching Mars, the MMX spacecraft will enter an equatorial Phobos-orbit, a 9376 km altitude (2.76 mars radii), and
a ~7.6-hours duration. MacrOmega provides the two-dimensional map with spectral features in the wavelength range betwee
0.9 and 3.6 micron, in which there are the attractive objectives of atmosphere, including water vapor, water-ice cloud, CO2-ice
cloud, adsorbed water in the regolith, dust, carbon monoxide, molecular oxygen airglow, and carbon dioxide. The wavelengtt
selection is performed using an Acousto Optical Tunable Filter (AOTF) located at the entrance optics. The spectral resolution de
pends on the bandwidth of the AOTF ("20 cm-1), which is suitable to retrieve the narrow feature of the atmospheric compounds
MacrOmega has an instantaneous FOV of 6x6 degree (corresponding to 600kmx600km) with 256x256 pixels, and uses a pivotir
scan mirror for mapping. In this paper, we introduce the scientific capability and measurement sensitivity of the instrument. We
expect the first weather satellite on Mars is an epoch-making to increase our understanding for Mars climatology.
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Gravity waves in the Martian exosphere

# Naoki Terada[1]; Kaori Terada[2]; Hiromu Nakagawa][3]; Francois Leblanc[4]; Alexander Medvedev[5]; Erdal Yigit[6];
Takeshi Kuroda[7]; Hitoshi Fujiwara[8]; Kanako Seki[9]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] Geophys., Tohoku Univ.; [3] Geophysics, Tohoku Univ.; [4]
LATMOS-IPSL, CNRS; [5] MPS, Germany; [6] MPI; [7] NICT; [8] Faculty of Science and Technology, Seikei University; [9]
Dept. Earth & Planetary Sci., Science, Univ. Tokyo

The exosphere is a collision-less region located in the uppermost layer of a planetary atmosphere. Because of efficient diss
pation due to molecular diffusion (molecular viscosity and thermal conduction), any small-scale perturbations are expected to b
quickly dissipated in the exosphere. However, recent MAVEN/NGIMS observations revealed that small-scale, large-amplitude
perturbations are persistent even above the exobase at Mars [cf. Terada et al., 2017]. We have investigated statistical propert
of these perturbations using MAVEN/NGIMS data and examined possible generation, propagation, and dissipation mechanisn
using DSMC simulations of the Martian upper thermosphere-exosphere [Terada et al., 2016]. Based on MAVEN/NGIMS data
obtained along satellite’s tracks as well as DSMC simulations of gravity waves and acoustic waves propagating from the lowel
and middle atmosphere, constraints on the wavelength and frequency ranges of perturbations are obtained, which favor gravi
wave modes with a very long vertical wavelength. Also investigated are properties of perturbations generated by precipitating
pickup ions with DSMC simulations based on MAVEN parameters. Possible generation, propagation, and dissipation mecha
nisms of the exospheric perturbations are discussed based on these results.
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Variable winds in the Venusian atmosphere as revealed by Akatsuki

# Takeshi Horinouchi[1]; Shin-ya Murakami[2]; Takehiko Satoh[3]; Shigeto Watanabe[4]; Toru Kouyama[5]; Kazunori
Ogohara[6]
[1] Hokkaido University; [2] ISAS/JAXA; [3] ISAS, JAXA, [4] Cosmosciences, Hokkaido Univ.; [5] AIST; [6] JAXA/ISAS

We have conducted cloud tracking using image data from Akatsuki, a Venus orbiting satellite, at multiple wavelengths. Our
method provides cloud-motion vectors with unprecedented high quality. Obtained cloud top winds exhibit rich spatial and
temporal variability. In the lower cloud layer, it is observed that a jet stream was formed in the equatorial region in 2016, which
persisted at least over a few months. Batropically unstable vortices are found to develop to erode the shear associated with t
jet. Ultraviolet imaging at two wavelengths suggested the existence of systematic vertical shear at the cloud top.

Trd, REEERK (SO ORGEINIZ S LI, ZEINC XS REOMNEOER &, ZOMRE NV IZRE
KEDIHDOWFEZIT> TS, AT, TNETIKHSMNICTE > eBBRLADERL SN2/ L. Z D)1
BRI DNV TIN5,

AWz Fikid, #FEUChIR Lz HEnBPNE TH % (Ikegawa and Horinouchi, 2016: Horinouchi et al. 201 8T Tl
2K EoWifg (FEET—2) Z#YIcHABabE 5T LT, ffEEZID L, SINLLZE L THEZSD5EDTH D,
EHICERDIEIEDTSH D THRAE] ICEMEORBZMATZEDTHS, £z, BREDIHREMEEN, FMROATY —
ZVTMTA B, T DE] OEMELT —2 ENTEOMAGDRICK D, BEDOHEICHED ST LR THEERIC
EMEDERIINRY MUVNESBETESN TV,

ZOWRRDO—DIE. 2 p mAAT IR2ZDEHEBHNC K O RnizEniz, (EEOH MNEEROREOY— 7 TH 5, It
KORSNTBRNN DI, T EER TOREIEHEE 40 X O (EE TIRIZIE—E TRBIZEEZ LN EEZ SN TE
Teo LML, IR21C &K % 20164F 7-8 HOBIHIA HId, AREMNEICE—27 28 DY oy MROFEES ARV ZE N, LA
2Nz [REY v b EMERT &1 Lz (Horinouchi et al., 2017, acceptedyfiEiy v b & 20164 3 AICidA 5N
I TNLRICERE NIz ABNS (20164 4-6 HIEHEOBR CHREEIARS N 72) . W FEER OR B,
Galileo DR T T A 7341 KEX Venus ExpresT &7 N7z, JEENME SN TV ARHHIZIRS N TS, K> THALIE.
HREY oy MIBEICEERENE T DD MBS NED > T2 D TRV EHERIL TV 5, 20174 8 AT, 77
Y v~ Ol CEER L000kmDIDFINFEET % LWV ANV FOFEAE LT, TNRIBFEARLZERILE A 5N, Th
WK TTV zy MO 7 =M C % C EMEIIE NIz, K O/MNZRI e ADNZEEL BT A O N S, DAEX
O, MO REBEOHR FTEEFORN] LWV TNETOA A—VIE, KRELLEDDZEDEEZLND,

HnDOEDEIN I AT UVI X, Pioneer Venus Orbitor (PVO)k £ D2 D%  OBFEM TR SNz 0.3-0.4p miw
CRENDSEMNFRIIINEIC & > TETEOKEN LT NS) TOMmG (D E 365nm)ichinz. SO2DWLUYH T D4
(FUDIRE 283nm)E 175, SO2WLUGH TOEIBHNE, PVO DIRCEINC X 2B —HlH 2 E DD, HENKENEE
Z6NBh, TNETEREENSTEFT>TX UVI T— X2 Z WA DEBHNC X D, 820 0.3-0.4 1 miHHE
B HIE SN T E MO ZE R 1 & R AT OB R S Nz, T 51, 283nmDFER L [H#kd % &, 283nm
HBIC A BN BHEEE (R—/8—a—7— 3 ) DIEHH 365nmii{HICH 5 NS EEE X O SFEITHEN T LIS
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Planetary-scale streak structures produced in a high-resolution simulation of Venus
atmosphere

# Hiroki Kashimura[1]; Norihiko Sugimoto[2]; Masahiro Takagi[3]; Yoshihisa Matsuda[4]; Wataru Ohfuchi[5]; Enomoto
Takeshi[6]; Kensuke Nakajima[7]; Masaki Ishiwatari[8]; Takao M. Sato[9]; George Hashimoto[10]; Takehiko Satoh[11];
Yoshiyuki O. Takahashi[12]; Yoshi-Yuki Hayashi[13]
[1] Planetology/CPS, Kobe Univ.; [2] Physics, Keio Univ.; [3] Faculty of Science, Kyoto Sangyo University
; [4] Tokyo Gakugei Univ.; [5] CPS, Kobe Univ.; [6] DPRI, Kyoto Univ.; [7] Earth and Planetary Sciences, Kyushu University;
[8] Cosmosciences, Hokkaido University; [9] ISAS/JAXA; [10] Okayama Univ.; [11] ISAS, JAXA; [12] Department of
Planetology, Kobe Univ.; [13] Earth and Planetary Sciences, Kobe University

Night-side images of Venus taken by the IR2 camera onboard Venus Climate Orbiter/AKATSUKI has shown many features
of the lower cloud layer. One prominent feature is bright planetary-scale streak structures extending from high-latitudes to low
latitudes on both hemispheres (Fig. a). IR2 night-side images capture infrared radiated from the near-surface atmosphere, a
the infrared can be blocked by clouds. Therefore, bright regions indicate thin-cloud regions.

We have performed a high-resolution simulation of the Venus atmosphere by a simplified general circulation model, which is
based on AFES: the Atmospheric general circulation model For the Earth Simulator. The horizontal resolution is T159 (i.e., abou
0.75 deg x 0.75 deg grids) and the vertical resolution is about 1 km with the model top at 120 km. In the model, the atmospher
is dry and simply forced by the solar heating with the diurnal change and Newtonian cooling that relaxes the temperature to th
horizontally uniform basic temperature which has a virtual static stability of the Venus atmosphere. In the basic temperature
profile, we have introduced a low-stability (0.1 K/km) layer from 55 km to 60 km, which is suggested by the recent radio
occultation observation. We have explored waves (Sugimoto et al. 2014ab), polar vortex (Ando et al. 2016), and kinetic energ
spectra (Kashimura et al. 2014) in the simulated atmosphere with the above model settings (some with lower resolution).

In this study, we have found that planetary-scale streak structures similar to that observed by the IR2 night-side image ar
produced in the vertical velocity field above the low-stability layer in the simulated atmosphere (Fig. b). Large streaks are showr
by strong downward flow. This is consistent with the observation because the downward flow can decrease cloud amounts ar
make a thin-cloud region. Seen from above the pole, the simulated streak structure shapes a huge spiral extending from the po
vortex to low latitudes (Fig. cd). Such spiral is similar to that observed by VIRTIS onboard Venus Express. In addition, the
streak structures on both hemispheres are synchronized, that is the streak structures located in the same longitude.

In this presentation, we will explore the influence of the diurnal heating and the ‘low-stability layer’ to the streak structures,
and discuss a possible mechanism for their formation and synchronization.

Figure: (a) Contrast-enhanced image (for a press release) of Venus night-side taken by the IR2 camera (wavelength: 2.2
micrometers) on 25th March 2016. (b-d) Snapshot of the vertical velocity field at 60 km height simulated by AFES-Venus. Panel
(b) is a view seen from same location as the spacecraft at (a). Panels (c, d) are views seen from above the poles. Note tt
planetary rotation direction of AFES-Venus is opposite to the real Venus, so that Panel b is displayed with a 180 deg rotation.

SEFEEREMDEDIR2 HATIE, EEORHEZIRSET 5 LT, EF FOML K EASMILTWS, Z
OHFTEWERFHEO 1 DM, FEILE PER CEREE D DIRZ IS T TR S, BEBBEDOHZ WA M) — 7 HEETH
% (K a) IR2DEMHHEENHEZ T2 DIIHIERHIDO KGN SIS ENEFMETH D, TR BIC K-> TESN S T2
&, EROIFZ WEEIIZOEWEZEXZ L TWV5,

BABEABERAKBRET NV EZRNT, @ERKOGEMMGES I 2 —2a v 2FE ML TE T, 7 )VIE AFES
(Atmospheric general circulation model For the Earth Simuladofp 2 K&UCHIEE B2 D TH %, KEMREIX T159
(7 0.75% x 0.75&4 1) T, SHEMGEIXF 1 km TR LIHIEEE 120kmTH %, ETIVNDRKUITZEL TED,
HZ b2 GO RBEMER & KF—hkiR = o — b n A THGhHEaREZ b L T b, = a— b mHIOHMERETGITSER
LD ZEE 2L THE D, EFEOBRMREN TR I N TV ARLEEE (0.1 KIkm) AVEE 55 kmb 5 60 kmic



HBAINTWS, LT Tlc, (REEROERE FD. SR INZSREREKTO., JH) (Sugimoto et al. 2014ab)
Miifh (Ando et al. 2016) 7 L CHEEHT 3 )L+ — A7 k)L (Kashimura et al. 2014 ittt L C & 7z,

AWHZLTHA . BE AFES TRl S NI RKDIRLGE LG 2 OFhETE DD, IR2 &I THIHE Nz B2 B D
ARV =G, UL TWE T e Z2iER L (K b), WO FEERDSEARZA R —=ZIRICHOMLTED, THUdEH
EBENTH 5, TEEL, PRERICK > TEENHD ., BEOHEWHEEBZEANL S 205 THB, M EZENSHS &,
EFIVHNOA M) —ZK5EE, B SIS TR 318l K L T\ (K cd), TDX S KB, Venus
ExpressD VIRTIS WA 72 fiekhd & 8L T B, £z, mdbiiFERDO A bV — 7 fiE I3 B X Z A CREICHLE L
TEO., MlLTRL TV 5,

AFELTIE, EHIC, A MY —THEEICHT 5 HZEINEA - (RLEEE DO B2 2 N TNMHN, ANV =T ZBKT
%1%, FALFEHOERKIC OV TEET %,

X (a) 20165 3 H 25 HIC IR2 1 AT (% 2.26 %4 70 A— h)V) THRE S NS ERmE S, 7z7Z2L, a5 X
72 IS B A X N Rl B REH OWEIRTH %, (b-d) 452 AFES T X N7z E 60 km OSAIEFR 3 (R T
T av ). (b)F (@) BEFHOWEEMAIED S RIE 00, (¢, d) I3 E2¢h b Rz, KB, &5 AFESIZH
TRDEENBR LD DH, NERHZEE TERRLTWVS,

2 ’/‘ 60 .
J2700 X %
N

N}
\

13

4 .




R009-22 215 C B¥RY: 10 B 198 10:15-10:30

B R IEIKIC 35U % BRI O 15 IR A7

# L0 Ak [1]; #al EK [2]; A W [3]; miAK AEL [4]; 24 S [B]; )11 9K [6]
[1] BLEER; [2] SZHOK « BE; [3] HEURY, [4] 5UEEK « BE; [5] BEK - HEWIRE, [6] SUEREER AR

Local time dependence of the thermal structure in the Venusian equatorial region

# Hiroki Ando[1]; Tetsuya Fukuhara[2]; Takeshi Imamura[3]; Masahiro Takagi[4]; Norihiko Sugimoto[5]; Hideo Sagawa][6]
[1] Kyoto Sangyo University; [2] Rikkyo Univ.; [3] The University of Tokyo; [4] Faculty of Science, Kyoto Sangyo University
; [5] Physics, Keio Univ.; [6] Kyoto Sangyo University

The radio occultation technique is one of the most useful methods to retrieve vertical temperature profiles in planetary atmo
spheres. Ultra-Stable Oscillator (USO) onboard Venus Climate Orbiter, Akatsuki, enables us to investigate the thermal structur
of the Venus atmosphere between about 40-90 km levels. It is expected that 35 temperature profiles will be obtained by the radi
occultation measurements of Akatsuki until August 2017. Static stability derived from the temperature profiles shows its local
time dependence above the cloud top level at low-latitudes equatorward of 25 degrees. The vertical profiles of the static stabilit
in the dawn and dusk regions have maxima at 77 km and 82 km levels, respectively. A general circulation model (GCM) for the
Venus atmosphere (AFES-Venus) reproduced the thermal structures above the cloud top qualitatively consistent with the radi
occultation measurements; the maxima of the static stability are seen both in the dawn and dusk regions, and the local maximu
of the static stability in the dusk region is located at a highler level than in the dawn region. Comparing the thermal structures
between the radio occultation measurements and the GCM results, it is suggested that the distribution of the static stability abo
the cloud top could be strongly affected by the diurnal tide. The thermal tide influences on the thermal structure as well as
atmospheric motions above the cloud level. In addition, it is shown that zonally averaged zonal wind at about 80 km altitude
could be roughly estimated from the radio occultation measurements using the dispersion relation of the internal gravity wave.

TP 2 k. BEEEOH RS R TREDOWRICIEN S, 3N %h SHNARICERZHI L. #ED
TS & RE RGO ECZEREEDN Ry TS5—v 7 v 552 2R LT, BEAROKIRO 2 EREE GRE
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DWEERZ D L EHMTH D, [HHDE] 13 20164 3 HICERERKOEBIRMIRENZB L2, FIFERKEA VR
A7V T & T, 20174 8 A % TICEE 35DAUR &2 HUS LTz,
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Study on the thermal structure of the Venusian polar atmosphere

# Mao Takamura[1]; Makoto Taguchi[2]; Tetsuya Fukuhara[3]; Toru Kouyamal4]; Takeshi Imamura[5]; Takao M. Sato[6];
Masahiko Futaguchi[7]; Masato Nakamura[8]; Naomoto lwagami[9]; Makoto Suzuki[10]; Munetaka Ueno[11]; Mitsuteru
SATO[12]; George Hashimoto[13]; Seiko Takagi[14]
[1] Rikkyo Univ.; [2] Rikkyo Univ.; [3] Rikkyo Univ.; [4] AIST; [5] The University of Tokyo; [6] ISAS/JAXA,; [7] Toho Univ.;
[8] ISAS,JAXA; [9] none; [10] ISAS, JAXA; [11] ISAS, JAXA,; [12] Hokkaido Univ.; [13] Okayama Univ.; [14] Tokai Univ.
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The Venus atmosphere exhibits characteristic thermal features called 'polar dipoles’ and 'polar collars’in both polar regions.
The polar dipole which locates around the center of the polar region is warmer than mid-latitudes and the polar collar surroundin
the polar dipole is colder than the other regions at the same altitude. These features were revealed by infrared observations
Venus by the previous missions Pioneer Venus and Venus Express. The polar dipoles and polar collars are attributed to tt
residual mean meridional circulation (RMMC) enhanced by the thermal tide. In the high latitudes downward advection driven
by RMMC adiabatically heats the polar atmosphere inducing the warm polar dipole, and conversely, in the latitudes equatorwar
of the polar dipole, upward advection driven by RMMC adiabatically cools the atmosphere inducing the cold polar collar. These
results are reproduced by a numerical simulation of the Venus atmospheric circulation [Ando et al., 2016].

The previous observations showed that shapes of the polar dipoles can be characterized by three patterns which are the zo
wave numbers of 0-2, and that they change with time [Garate-Lopez et al., 2013]. The rotation periods of polar dipoles were
determined to be 2.5 Earth days [Piccioni et al., 2007] and 2.8-3.2 Earth days [Schofield et al., 1983] for the southern and norther
polar regions, respectively. It has not been clear that the difference and variability in the rotation period is due to just a tempora
variation, influence of solar activity, or other reasons. Sato et al. [2014] compared the appearances of both polar hot regions by
ground-based observation, rotation of the hot regions is synchronized between the northern and southern hemispheres. Howey
rotation periods of the northern and southern polar dipoles have not yet been directly compared.

The Japanese Venus orbiter Akatsuki is a planetary meteorological satellite aiming at understanding the atmosphere dynami
of Venus. The Longwave Infrared Camera (LIR), observes thermal emission from the cloud top ("65km) [Fukuhara et al., 2011].
Since Venus Express was in a polar orbit with an apoapsis located above the south pole, it extensively investigated the southe
hemisphere. On the other hand, Akatsuki is in an equatorial orbit, which is suitable for simultaneous observations of bott
northern and southern polar regions. Variations of thermal features in the polar regions can be retrieved from more than tw
successive images obtained by LIR with a time interval of several hours.

Rotation periods of polar vortices were derived using the LIR data by tracking a zonal position of maximum temperature. The
rotation periods of polar vortices of southern and northern hemispheres are determined to be 3.0 - 8.2 and 1.6 - 5.5 Earth day
respectively (Fig.1). These rotation periods of southern polar vortex are significantly longer than the values observed in the pas

As a next step, we will derive rotation periods of the polar vortices for other observation periods. From these results, possibility
of north-south symmetrical rotation of polar vortices, temporal variation of the rotation period and its dependences on local time
and spatial resolution will be discussed. Relation between the variation in rotation period and global circulation will help to
understand the dynamics of Venusian atmosphere.

« Southern region

Northern region

Rotation period [earth days]

50 100 150 200 250 300 350 400 450
Days since VOI-R

Fig.1. The rotation periods of polar vortices derived from LIR data
from 50 to 450 days after Venus orbit insertion (VOI-R) of
Akatsuki on Dec. 7, 2015 (Jan. 2016 ~ Feb. 2017).
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Measuring the velocity deviation between the movement of planetary-scale and
mesoscale cloud features using UVI/AKATSUKI images

# Masataka Imai[1]; Toru Kouyama|2]; Yukihiro Takahashi[1]; Shigeto Watanabe[1]; Atsushi Yamazaki[3]; Manabu
Yamada[4]; Masato Nakamura[5]; Takehiko Satoh[6]; Takeshi Imamura[7]
[1] Cosmosciences, Hokkaido Univ.; [2] AIST; [3] ISAS/JAXA,; [4] PERC/Chitech; [5] ISAS,JAXA,; [6] ISAS, JAXA,; [7] The
University of Tokyo

Venus has a global cloud layer whose thickness exceeds 30 km, and the atmosphere rotates with the speed over 100 m/s fr
east to west. The scattering of solar radiance and absorption in clouds cause the strong dark and bright contrast in UV rang
Since the orbit insertion in December 2015, the Japanese Venus orbiter AKATSUKI continues to monitor cloud features hav-
ing various spatial scale size in 283 nm SO2 and 365 nm unknown absorption bands. Depending on the AKATSUKI’s highly
elliptical orbit with 10.8-day period, the spatial resolution ranges from "50 km to "5 km in the equatorial region, and UVI can
capture "100 km mesoscale cloud features over the entire visible dayside area. In contrast, the planetary-scale feature, which
often represented as Y-feature, is simultaneously observed when the orbiter is at the moderate distance from Venus and when 1
Sun-Venus-orbiter phase angle is smaller than 45 degree.

At the previous exploration of Venus Express, cloud top wind velocity was measured with the cloud tracking technique using
the mesoscale cloud motion. This approach is widely used, and the long-term trend of wind velocity is being revealed. However
at the same time, observations of the propagation velocity and its variation of the planetary-scale feature are not well conducte
because of the limitation of the observable area in the dayside. In this study, we use the ground-based telescope named Pirka ¢
revealed the periodicity change of planetary-scale waves with a time scale of a couple of months. It is considered that the motio
of the planetary-scale clouds is related to the atmospheric planetary-scale waves, and the contribution of the waves to the wir
acceleration would be a key parameter to solve the generation mechanism of the mysterious super-rotation.

The purpose of this study is to clarify the motion of mesoscale and planetary-scale cloud features simultaneously using AKAT-
SUKI UVI images. Each cloud feature can be represented as the wind and phase velocity of the planetary-scale waves, respe
tively. For the initial study, we used the time-consecutive and well spatially resolved UVI images taken in the orbit #32. During
this orbit (from Nov. 13 to 20, 2016), 7 consecutive images were obtained in a dayside with "2 hr time-interval between the im-
ages and with the spatial resolution ranged from 35 km to 10 km. To investigate the typical spatial scale dividing the mesoscal
and planetary-scale motion, the Gaussian-filters with sigma = 1-, 3-, 5- and 8-deg. were used to smooth geometrically mappe
images, which were produced by projecting the original UVI images with 0.25 deg. resolution using the Akima interpolation.
Then the mapped images were divided into 15 x 5 deg. (lon x lat) sub-images covering N50-S50. The amount of longitudina
shift between each pair of two time-consecutive bands was estimated by searching the 2D cross-correlation maximum. Th
final wind and phase velocity (or rotation period) for mesoscale features were determined with a small error about +/- 0.2-day
period. In the case of planetary-scale features, they still were not well determined because of the unnatural correlation peak, a
it was necessary to exclude the low contrast sub-images manually especially when the larger sigma at the Gaussian-filter a
sub-images of higher latitudes were used. However, the visual inspection of the figures, which arrange sub-latitudinal image
smoothed by the 3-deg. filter in the vertical direction (as shown in Figure 1), clearly showed the velocity deviation between the
mesoscale and planetary-scale motion.

At the presentation, the methodology of our new analyses using UVI images and the results of the time variation of the velocity

deviation with the time scale of a couple of months will be shown. The phase velocity of the planetary-scale features can also b
compared with the results derived from our ground-based simultaneous observations using the Pirka telescope.

Mesoscale
“---
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Stationary features at Venusian cloud top observed by Akatsuki UV Imager

# Takehiko Kitahara[1]; Takeshi Imamura[2]; Atsushi Yamazaki[3]; Manabu Yamada[4]; Shigeto Watanabe[5]
[1] Earth and Planetary Science, UTokyo; [2] The University of Tokyo; [3] ISAS/JAXA; [4] PERC/Chitech; [5] Cosmosciences,
Hokkaido Univ.

Using the cloud image obtained with the Ultraviolet imager (UVI) on board the Venus orbiter &quot;Akatsuki&quot;, we
detect stationary features and investigate their origin. Huge bow-shaped structures extending from northern to southern hig
latitudes have been discovered by the Longwave infrared camera (LIR), which is also installed in Akatsuki, and such structure
have been observed several times. Since they appear above certain highlands and continue to be there against the zonal w
they are attributed to topographic gravity waves. This study shows that there exist similar features also in other wavelengths.

Variations of the vertical wind have been observed over the Aphrodite Terra (altitude 3000°4000 m) by the VEGA balloon
in 1985 (Blamontet al., 1986), and recently the cloud tracking using cloud images taken by VMC on bored Venus Express
showed that the zonal wind speed is decreased above the Aphrodite Terra (Be@au016). These two studies suggested
the existence of gravity waves and their important role in momentum transfer. Gravity waves, whose restoring force is buoyancy
are considered to be generated preferentially in the lower atmosphere and propagate upward. When they break at cloud heigh
the momentum transported from the lower layer are delivered to the background atmosphere, and then the mean zonal wir
is decelerated. Since this effect is an important factor for understanding the super-rotation, understanding of gravity waves i
crucial. From such a viewpoint, we identify topographically-fixed structures in Akatsuki UVI images, study geographical and
local time dependences and measure the horizontal wavelength. We also study how gravity waves create shading pattern a
derive the wave amplitude. In addition, we compare images taken at 283 nm, where the absorption by sulfur dioxide dominates
and 365 nm, where absorption occurs due to unknown absorbers, to consider factors of difference in appearance.

We use L3 data projected onto the latitude and longitude coordinate. In order to extract structures fixed to the terrain, we appl
high-pass filtering by subtracting a Gaussian-smoothed image to emphasize small structures and average multiple images tak
in a particular orbit to smooth out moving features.

We analyzed the 283 nm image taken on 7th December 2015, which is the date of Venus orbit reinsertion, and identifiec
stationary structures like scratches running in the north-south direction in low latitudes. Analyzing all L3 data of 283 nm taken
before January 25, 2017, we found that all of the stationary structures appeared exclusively above highlands near the equat
and that they tend to appear around the local time from noon to the evening. The horizontal wavelengths are about 200-300 kn
Bow-shaped structures were observed by LIR also in these geographical regions and local time, suggesting a common dynamic
mechanism behind the stationary features observed by UVI and LIR. We also analyzed in a 365 nm image that visualizes th
density of unknown absorbers. As a result, the stationary structures was unclear compared to 283 nm, and we could identifie
only in cases where the amplitude was particularly large or the cloud shading pattern was monotonous.

We assume that the stationary features are generated by gravity waves and we are modeling to estimate the gravity wa
parameters. We set the value of sulfur dioxide and cloud scale height and calculate advection by plane wave solution of gravit
wave based on the model of Chiu and Ching (1978) to estimate fluctuation in the amount of sulfur dioxide column above the
cloud top. By comparing the observed brightness variation and the result of model, amplitude of atmosphere density variatiol
can be obtained. In addition, the scale height of the unknown absorbers and the cloud can be restricted by the phase relation
the stationary features observed at multiple wavelengths by Akatsuki.

BEEERD DD EHROEN A AT (UVI) THIFENTEli§z VT, SRR U TZIEEE U7z w7z
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Initial scientific results of Akatsuki radio occultation experiment

# Takeshi Imamura[1]; Hiroki Ando[2]; Katsuyuki Noguchi[3]; Imamura Takeshi Akatsuki Radio Science Team[4]
[1] The University of Tokyo; [2] Kyoto Sangyo University; [3] Nara Women’s Univ.; [4] -

http://www.astrobio.k.u-tokyo.ac.jp/imamura/

Akatsuki’s radio occultation experiments are performed when the spacecratft is hidden by Venus as viewed from the tracking
station. Analysis of the recorded signals yields temperature profiles, sulfuric acid vapor profiles, and the ionospheric electror
density profiles. A uniqueness of Akatsuki's observation is that the location probed by radio occultation cluster in the low latitude
thanks to the equatorial orbit. 35 atmospheric profiles have been observed till 2017 and interesting features related to localtim
dependence and possible long-term variation are seen. We plan to obtain data under wider range of conditions in the comir
years and compare them with imaging data obtained by onboard cameras.
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Study on vertical coupling of Venusian atmosphere with HISAKI and Akatsuki

# Yusuke Nara[1]; Takeshi Imamura[2]; Ichiro Yoshikawa[3]; Kazuo Yoshioka[4]; Kei Masunaga[5]; Atsushi Yamazaki[6];
Manabu Yamada[7]; Shigeto Watanabe[8]; Yeon Joo Lee[9]
[1] GSFS, Univ. Tokyo; [2] The University of Tokyo; [3] EPS, Univ. of Tokyo; [4] The Univ. of Tokyo; [5] Univ. Tokyo; [6]
ISAS/JAXA; [7] PERC/Chitech; [8] Cosmosciences, Hokkaido Univ.; [9] JAXA/ISAS

Until HISAKI started to observe Venus, disturbances in the thermosphere have been hardly measured. Because of high ter
poral resolution of observation by HISAKI, periodicities in Venusian thermosphere have been detected (Masunaga et al., 201¢
2017). On the other hand, Akatsuki observes Venusian cloud layer. Combining these observations, vertical structure of Venusia
atmosphere can be extracted.

Since 2013, HISAKI have observed planets such as Jupiter, Venus, Mars and Mercury, Moon, and comets with spectroscope
the extreme ultraviolet wavelength range. When observing Venus, it measures emissions of atoms, ions and molecules excited
photoelectron impacts and sunlight. Owing to its temporal resolution higher than any prior observations, HISAKI can measure
the temporal variations in emissions. Since 2015, Akatsuki observes Venusian cloud layer with various band pass filters and wit
high spatial resolution.

During June 2017, HISAKI and Akatsuki observed Venus. We present the primary result of comparison between temporal
variations of dayglow in the thermosphere observed by HISAKI and cloud brightness by Akatsuki by focusing on the variation
of several days. The period of about 2.6 days in common with the two observations has been detected. We also discuss tl
candidate for a wave which the detected period is attributed to.

INE TEE FERKOZEINT DOV TEINZEEIUN AT Th o 7ohd, Wi SRy e T4 2 Z2 #kiiic s 7
FRREDBIIZITS O X THEICK D ZOLH ZH A 5N 5 K 517z o7 (Masunaga et al., 2015; 2017) X 7z, BEHRE
KeHMOXNER-OENZIT>TED, (0T X, [HhDOX] OBHT—2ZHIEDE ST & TEE LB ZET.
KED TS ORI DIEMNS T ENMHETE 5,

HHERE R R TOX 2 132013 & D, KE, &2, KB, KEEVSREKEPRH, HE MR E TotE
HLTWD, EEBIANCBVTIE, B TOE FEELRBLCMESNIZFH T « 7142 «  TOREEHIT S, &
Blic, 0T E | TN ETOHBICERWVERFB R TENZHZG L TV a0, FOLORMEAFHZIZ 55, SREHE
% T DE ] 1 2015FIBEDFMHLEICR A SN, BICHRIBFICK D EEOBIZIT>T\b, [HhD&E] 13&E
ZE RREDEGZ UG LT D, HREROIBINC X 2 JEdiE OEH G EDARETH 5,

2017 6 H, T0E X & [HhDE] WHRKHCSEZBN Uz, TOETE ] ICKDEENTZEER 130 kmTOREZE
JFFDFNRE., [HHDE | ICK O EBESNIEER 70 km ORFEVIEIC & W20 T S50 D KI5 EEL AR EE D
REZE)1 2 1 HA D 10 HIREOFRAZENCER LT L. FERKAOEEFOEEO e ZH-> TW0a, [OEE ]
& TohoE ] OFMIT—2IK 2.6 HOMHET 2 FIAED R S NIz, AFREK TR, ZOWHHMERE FEAKANEREL
9 BB DT iR %o



R009-28 215 C B¥RY: 10 B 198 12:00-12:15

HNDEREILAC IC K 5B EEHENEMROEIR

# ke 5l (10, 7 IESE [1]; 1ok Yok [2]
[a] JeK - B - 575, [2] JEK - B

Update of lightning hunt in Venus with LAC onboard Akatsuki

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

LAC on board Akatsuki, Venus climate orbiter, is the first sensor optimized for the lightning flash detection in planets other
than the Earth so that it can identify the optical flash caused by electrical discharge in the atmosphere of Venus and could concluc
the 30-year discussion on the existence of lightning in Venus. Unique performance of LAC compared to other equipments used i
the previous studies of Venus is the high-speed sampling rate at 30 kHz for all 32 pixels of APD matrix, enabling us to distinguish
the optical lightning flash from other pulsing noises. We selected Ol 777 nm line for lightning detection, which is expected to be
the most prominent emission in CO2-dominant atmosphere based on the laboratory experiments.

After checking the sound condition of high-voltage system for the APD detector after the second attempt of the insertion of
Akatsuki into the orbit around Venus on December 7, 2015, the regular operation of LAC at nominal high-voltage of 300 V for
lightning hunt was started on December 1, 2016. Due to the elongated orbit than that planned originally, we have an umbra fo
about 30 min to observe the lightning flash in the night side of Venus every 10 days.

Up to now, July 9, 2017, we have examined 13 times observations with total observation time about 4 hours, but could not finc
any lightning signals. If the spacecraft is located at a distance of 5,500 km from Venus surface, the threshold of triggering is 1/2(
of the average of the Earth lightning flash and the instant field-of-view is 1/500 of the whole

globe. Here we discuss the upper limit of the lightning occurrence rate in Venus, assuming homogeneous occurrence ove
whole globe, which might be compared with the estimations by previous studies. However, in order to confirm the occurrence
ratio reported by Hansell et al. (1995), one of the representative estimation, we need to accumulate total observation period by
times than we did.
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Evaluation of optical fiber for MILAHI and Verification of the retrieval method for wind
and temperature in Venusian mesosphere

# Kosuke Takami[1]; Hiromu Nakagawa[1]; Hideo Sagawa[2]; Pia Krause[3]; Shohei Aoki[4]; Yasumasa Kasaba[5]; Isao
Murata[6]; Yasuhiro Hirahara[7]; Oleg Benderov[8]; Takashi Katagiri[9]
[1] Geophysics, Tohoku Univ.; [2] Kyoto Sangyo University; [3] University of Cologne; [4] BIRA-IASB; [5] Tohoku Univ.; [6]
Environmental Studies, Tohoku Univ.; [7] Earth&Planetary Sciences, Nagoya Univ.; [8] MIPT; [9] Engineering, Tohoku Univ.

Spatial and temporal variations of the thermal structure in Venusian mesosphere (above 70 km) were found by Venus Expre:
(VEX) (Patzold et al., 2007; Bougher et al., 2015; Mahieux et al., 2015). This altitude is considered as the region where the globa
dynamics change from superrotation to the sub-solar to anti-solar flow, suggesting that any variations on the thermal structur
might be related to the variations on the dynamics. However, the wind velocity in this region have not been understood due t
difficulty of observation for the altitude range of 70 - 95 km. L£@bsorption spectra in 10 um band fully resolved by mid-
infrared (MIR) heterodyne spectrometers, are an effective tracer to observe the mesosphere, and are retrieved for wind veloci
and temperature by radiative transfer and inverse calculation (Nakagawa et al., 2016). Then, we are able to study the relationsh
between mesospheric wind and temperature variations.

We retrieved the wind velocity and temperature from the heterodyne spectroscopic data obtained on March 20 - 29 by THIS
(developed by University of Cologne) and on May 18 - 20 by HIPWAC (developed by NASA) in 2012. We detected the
sensitivities of the altitude range of 85 - 100 km with the altitude resolution of 10 km and the uncertainties of +/-33 - 54
m/s, and of the altitude range of 70 - 95 km with the altitude resolution of 5 km and the uncertainties of +/-0.6 - 13 K from
retrievals of wind velocity and temperature, respectively. In addition, we estimated the dependences on initial guess of invers
calculation. The dependences of wind velocity and temperature are +/-10 - 35 m/s and +/-3 - 5 K, respectively. The dependenc
do not influence the retrieval results because they are within the maximum of the retrieval uncertainties. The retrieved vertica
temperature profile well agreed with the previous result of MIR heterodyne spectrometers (Stangier et al., 2015) and of radic
occultation experiments by VeRa/VEX in the altitude range of 75 - 90 km. The study verified the method of the retrieval for
Venusian mesospheric wind velocity and temperature. The understanding of Venusian mesosphere will be progressed with lon
term observations by MIR heterodyne spectroscopy.

We have developed the Mid-Infrared LAser Heterodyne Instrument (MILAHI) attached on Tohoku University 60 cm diameter
telescope at Mt. Haleakala. The instrument had been recently upgraded with a fast Fourier transform spectrometer of 2.5 G-
range. The test observation of this upgraded instrumentation was conducted against Venus in May, 2017. We also started tl
test of MIR fiber optics in collaboration with Moscow Institute of Physics and Technology (MIPT) for the future development
of the instruments on lander, orbiter and ground-based observations . Fiber technology has the advantages for reduction of me
and size due to simplification of optics, and simplification of the light path alignment. In addition, it is also enable us to observe
several wavelengths due to easy reconnection of multiple laser sources, and to retrieve the physical parameters in several altituc
due to observations of absorption in different optical thickness. The optical fibers for near-IR had well developed and will be
implemented for the instrument on ExoMars platform (Rodin et al., 2015). The optical fibers for MIR are more challenging
because of its low transmission. Furthermore, smaller core diameter is needed to transmit single-mode for heterodyne systel
The MIR fibers developed in Tohoku University are Ag-covered hollow fibers with inner and outer diameter of 1 and 1.6 mm,
respectively. High transmission of laser source with loss rate less than 0.5 dB/m could be achieved by this large core size. W
also confirmed the single-mode transmission with small numerical aperture due to diminishment of other modes. In this study
we discuss the feasibility of the MIR fibers as a key component of future MIR heterodyne spectrometer.

W D4 2R A% Venus Express(VEXD B HIREINIC X > T, @EHHE « NEEE (SE70kmE D ) 1Kk
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Evaluation of JACOSPAR applied to OMEGA / MEXx : a fully spherical radiative transfer
code with multi-scattering by aerosols

# Masashi Toyooka[1]; Arnaud Mahieux[2]; Shohei Aoki[2]; Hiromu Nakagawa[3]; Yasumasa Kasaba[4]; Hironobu
Iwabuchi[5]
[1] Tohoku Univ.; [2] BIRA-IASB; [3] Geophysics, Tohoku Univ.; [4] Tohoku Univ.; [5] CAOS, Tohoku Univ.

JACOSPAR (lwabuchi et al., 2006, 2009) is a fast radiative transfer (RT) model that considers refraction and multiple scattering
of light by aerosols in the spherical atmosphere. This can be used for the limb observation of the planetary atmosphere. It ha
been a difficulty for RT models to consider spherical atmosphere and multiple scatterings by aerosols at the same time for a huc
calculation amounts.

JACOSPAR have mainly two characteristics to calculate the radiance effectively. One is that it uses backward Monte Carlc
method that treats absorption and scattering of the radiation as a probability process of the model photons from observed point
the radiation source. Another is that it adopts dependent sampling method (Marchuk et al., 1980). With this method, the radianc
for a given wavenumbers and interpolates the radiance for the other wavenumbers, reducing the calculation amounts.

The atmospheric escape of Mars is gathering a lot of attention from researchers. Maltagliati et al. (2011) found the super
saturation of water vapor around 30-50 km observed by SPICAM/MEX. Recently an introduction of water vapor around 60km
altitude was found to increase the escape rate of the hydrogen atom by a factor of several (Chaffin et al., 2017). Howeve
the researches directly retrieved the vertical profile of the water are not so many (with SPICAM/MEx Fedorova et al., 2009,
Maltagliati et al. 2011, 2013). The more studies about the water vapor vertical profile will give us more information about
physical and photochemical process of Martian hydrological cycle and atmospheric escapes.

In our research, we will apply the JACOSPAR to the observation of OMEGA/MEXx and evaluate the obtained water vapor
vertical profiles with this model by comparing previous studies (Maltagliati et al. 2011, 2013).

This study is intended to be applied to the Nadir and Occultation for Mars Discovery spectrometer (NOMAD) instrument
onboard Trace Gas Orbiter (Vandaele et al., 2015), which was successfully inserted into Mars orbit on October 2016 and scienc
operations to begin in 2018..
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THz-band Heterodyne Spectroscopy Sensing System on board Mars Micro-satellite
Lander/Orbiter

# Satoshi Matsumoto[1]; Yuji Nishida[2]; Takeshi Manabe[3]; Hiroyuki Maezawa[4]; Yasuko Kasai[5]; Takeshi Kuroda[5];
Satoshi Ochiai[5]; Richard Larsson[5]; Shigeru Sato[5]; Takeshi Imamura[6]; Akifumi Wachi[6]; Ryo Sakagami[6]; Ryohei
Takahashi[6]; Shin-ich Nakasuka[6]; Yutaka Hasegawa[7]; Toshiyuki Nishibori[8]; Hideo Sagawal[9]; Yasumasa Kasaba[10]
[1] Osaka Prefecture Univ; [2] OPU; [3] Aerospace Engineering, Osaka Prefecture Univ.; [4] none; [5] NICT; [6] The
University of Tokyo; [7] JAXA/ISAS; [8] JAXA; [9] Kyoto Sangyo University; [10] Tohoku Univ.

Recently the heterodyne instrument for the HIFI (Heterodyne Instrument for the Far Infrared) on board Herschel space ob
servatory (European Space Agency) indicated that the mixing ratio of molecular oxygen in the Martian atmosphere shows th
increase at the lower atmosphere. The NASA's infrared telescope and Mars rover, Curiosity have also discovered the concentr
tion of Methane on Mars. For understanding of the sources of these species, it is crucial to reveal the chemical reaction network ¢
the Martian atmosphere as well as the presence or absence of life. We have started to study the development of the 0.4 THz ba
heterodyne spectroscopic system for the remote sensing of the minor constituents spcHA3,@;, CO, their isotopes, and
so on in the Martian atmosphere through the night- and day-time and the four seasons. At present, we are planning to install th
THz system on the Mars micro-satellite orbiter and lander under consideration by Nakasuka group of the University of Tokyo.

Thanks to the high frequency resolution THz band heterodyne spectroscopy is the powerful tool to derive altitude distributions
of the minor constituents and less affected by absorption and scattering of aerosol/dusts in the lower altitude, without the bac
ground sources like the Sun.

In this mission due to the budget limitations of the weight, space, and electric power, it’s vital to optimize the thermal and struc-
tural design and components of the system. For the frontend Schottky barrier diode mixer devices implemented with frequenc
multiplying local oscillators (Virginia diode Inc.) are utilized. Input RF signals are divided to right and left handed polarized
waves with the novel waveguide-type circular polarizer, which will allow us to estimate the magnetic field near the ground of
Mars by observing the difference of the polarized spectral line profiles induced by the Zeeman effect.

One of the good landing candidate sites in the low latitude plains area, Isidis Planitia, has the surface temperature from 190
280 K and 0.7 % atmospheric pressure as the Earth’s one according to the Mars Climate Database. With this in mind for the cas
of lander the thermo-fluid simulations of the THz sensing system were performed. In this presentation we will discuss the desigt
of the THz band heterodyne sensing system, the results of 3D high frequency electromagnetic simulations of the newly designe
circular polarizer, and the 3D-thermal simulations of the system.
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Exploring the Atmosphere of MArs and VEnus with Remote Observations: A
Belgium-Japan partnership (AMAVERO)
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BISA; [7] BIRA-IASB; [8] Environmental Studies, Tohoku Univ.; [9] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [10]
Grad. School of Science, Tohoku Univ.; [11] Geophysics, Tohoku Univ; [12] Tohoku Univ.; [13] Geophysics,Tohoku Univ.;
[14] ISAS/JAXA,; [15] ISAS/IAXA; [16] none; [17] Rikkyo Univ.

http://c.gp.tohoku.ac.jp/ " www/amavero.html

Recent successful explorations of Mars and Venus atmospheres by numerous spacecraft and ground-based telescopes t
suggested their active photochemistry and dynamics on the planets. Characteristics of spatial and temporal variations of tempe
ature, wind, and atmospheric constituents are essential to understand the photochemistry and dynamics. However, (1) &quot;3
distributions (i.e., spatial variation + vertical profiles)&quot; of temperature, wind, and trace gases on Mars, and (2) those at the
middle atmosphere (from the cloud top to the upper atmosphere, 60-140 km) of Venus, are still poorly understood.

In 2017-2018 FY, Japan-Belgium collaboration program, AMAVERO (Exploring the Atmosphere of MArs and VEnus with
Remote Observations: A Belgium-Japan partnership) is running. In this project, we study those aspects by collecting uniqus
observational datasets from Belgium and Japan. Belgian side provides the data taken by European Mars orbiter Mars Expre
(MEX) and Trace Gas Orbiter (TGO), and Venus Orbiter Venus Express (VEXx). From Japan, we provide the data taken by ground
based and space-borne telescopes with Japanese Venus Orbiter Akatsuki. Moreover, we share tools to analyze the observatic
datasets, and develop the numerical models of the atmospheres to interpret the observational results.

In the spring in 2017, we sent scientists from Japan to Belgium and initiated the following researches based on the exchanc
of young research staffs, postdocs, and graduate school students: (1) Collaboration of ground-based observation data, taken
ALMA sub-mm array, SOFIA IR airborne telescope, and MIRAHI IR heterodyne spectrometer. (2) Development of Limb re-
trieval code JACOSPAR for the utilization to ExoMars Trace Gas Orbiter and its test application for H20 vertical profile derived
from Mars Express data. (3) Distribution and dynamics of Venusian atmosphere observed by Akatsuki IR imagers. (4) The
intercomparison of MGCMs with water cycle in different approaches.

This project was generated from the long-term collaborations between Japan and European groups for Mars and Venus scienc
associated with Mars Express (2003-), Venus Express (2005-2015), CrossDrive project (Collaborative Virtual Environments for
Mars Science Analysis and Rover Target Planning, 2014-2016), ExoMars Trace Gas Orbiter (2016-), with groundbased and nt
merical simulation works. Any proposals which enhance the activities are welcomed.
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Development of TOF-MS for in-situ K-Ar dating

# Yusuke Imai[1]; Yoshifumi Saito[2]; Naoaki Saito[3]; Shoichiro Yokota[2]
[1] Dept. Earth & Planet. Sci, Univ. Tokyo; [2] ISAS; [3] AIST

In-situ material measurement in planetary exploration is quite important in understanding origin and evolution of the planets.
For the purpose of performing in-situ elemental analysis, mass spectrometers are installed, for example, on NASAs Curiosit
rover and the ESA's Rosetta spacecraft. However, we still do not have a mass spectrometer that is suitable for the future planeta
exploration. Therefore, we have decided to develop a Time Of Flight Mass Spectrometer (TOF-MS) aiming at using for the
future planetary exploration. The mass spectrometer that we are developing can also be used for in-situ Potassium-Argon (K-A
isochron dating. The instrument for Potassium-Argon (K-Ar) isochron dating is the combination of a laser-induced breakdown
spectroscopy (LIBS) for the K concentration measurement and a mass spectrometer for the Ar isotopic measurement. Consideri
that the instrument should be installed on a planetary lander, there exists limitation on the weight, size and power etc, it i
necessary to design a small size mass spectrometer which has a mass resolution capable of the Ar isotopic measurement. In ol
to minimize the variation of the initial position and initial energy of the ionized ions for maximizing the mass resolution, we have
decided to adopt a single-stage reflectron with two-stage acceleration part. We have analytically optimized the design paramete
of the reflectron. By using SIMION charged particle simulation software we have confirmed that mass resolution of our TOF-MS
is high enough for Ar isotopic measurement. We are aiming to develop the multi-reflector type TOF-MS which has the potential
to increase mass resolution under the size constraint. Compared to the single-reflector TOF-MS, the flight path becomes abo
three times longer which makes the mass resolution of the TOF-MS improved. However, as the flight length increases, variation
in the flight path of the ions increase and the detection rate decreases. In order to solve this problem, we have decided to u
electron lens for reducing ion dispersion. Under the same conditions as the single-reflector TOF-MS, we confirmed improvemer
of mass resolution about three times as compared with the single-reflector TOF-MS. We will mainly report the design of the
multi-reflector type TOF-MS as well as the current status of our single-reflector TOF-MS development.

H- iiﬁac;%ai%%@%@ﬁ oRTE. A - BEOEZ RS S L TIERICEHETH 2 LEABND, EFEOK
IFRIEAIC BT, NASA DNEEER [Curiosity] *° ESADEEEER [Rosettd 12137 D TOICEMMZITS 1=
HOEE %ﬁ%ﬁfa\%é&zéhﬂ\% LA L., ISASTIEH « MEOEAGHOFHIZ BN E LIz NI KR TH
%, TTTHELIZA « BEOHARZHE LT TOF-MS(Time-Of-Flight Mass Spectromet@¥f THF TV E &4 88) OFiF %
HEDHTWVB, £z, K TOF-MSIZZ DY K-Ar FEIEANDIGH B HEE L T3, ZDH K-Ar FERHIEIC Kb, 71—
2 —IEREETHE U B MEENZED U, KEDSUREZ S H OHELOBRRICHIR 2T 5 LMW TE 2 [REMEDNH %

A TOF-MS D Z M5 L T 5 Z D8 K-Ar AEAGIIE IR, K IBENIEZ1T5 LIBS(Laser Induced Breakdown
Spectroscopylr— VAR O EEE) & Ar [FAARIETT S TOF-MSHh SR ENT V5, BREIERZEE T 5
&, Hm, YA X (E£E 10[cm]. £ 20[cm]f2E) . BE K [kV]) ZEICHEIND D, Z DM T T Ar [ERAHITE D
A[RE/ B E D REED TOF-MS % 519 2 08N H 5, TOF-MSICHE N T, A4 Y DFHINIEDWIH T )V F—DIiE 5D
ERMZ, BEVHEBRDREERES2DIC, BABAA U EKEEEZD) 7L 2 —RD TOF-MSZR L, Jef ik

TE LTzl TE T IV OW B ZHED TV B, i1 CilE LIzl ET IV Tld, A4 VIRTHER L TIzA 4 > ohdEzlT
IAXUIEBIZ 1R, VT L7 harDA 4 U RERTE 2 ROWK TH - 7eh. mili/xikatZ Hig U7z hRE LG5 &
1910, AKFEOETIVCIE. EE%Z 2 B, RSB % 1 BRORRICZEEH Uz, A4 > OWHAMELYIH T 2L F—
DX SD IS TR TRERIDUCR T % T & Z I U TR TR 5. EEOSIESLHIINELEHD/ST A—2 7%
RE LTz TNEDIRT A—=REFICKI 72l —Y3 Y7k SIMION %ﬁﬁmf Ar A F > ORI TR & M RO
ﬂb%ﬁ%i@b\ HIRDY A X HINEEDZRIFICIHBN T, Ar RNAAE AN A B E B fRRE DN R AT HE T & % F 2 iEad
Lize ZDOET. BBoNzAECEE MEEZM FE¥5CLE2HBL T, KEEEREITSIIVF I T LI 20D
TOF-MSOBFZHIE L TW5, ZNE TO—EIKFD TOF-MS & X, 3EIKSO<ILFY 7 L7 Z—AldD TOF-MS
A A ORITREBDH 358750, fERED M E3 %, LA L. MATRREDEEINT % & A 4 2 OIITREEDIEI S D&
MEZ. BREREMETT 5, 20D, LY AZHAWTA L Y ORITREOIESDEEMZ 28%5t & Uiz, —Iﬁl)iﬁj‘d)
TOF-MS & [AERIC SIMION 72T Ar A 4 > ORI TIRE R & BIHERAN D BER 23R, Ak V1 X, HINEEDZRIFIC
BT, —RIKHD TOF-MS & LK =5 DO &7 RED A 72 iEFE LTz,

ARLTIE., TV FY T LT Z—RID TOF-MSDREHI DWW THE T A1t Ar FINASHAAO 1 B4 TOF-MS
DOBAFEIRN LT %,
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Observation of Venus cloud tops with new developed fiber IFU

ol

# Manabu Yamada[1]; Masato Kagitani[2]; Atsushi Yamazaki[3]
[1] PERCI/Chitech; [2] PPARC, Tohoku Univ; [3] ISAS/JAXA

Venus is covered with thick clouds made of sulfuric acid on the whole planet, and in visible light it has poor features. On the
other hand, in ultraviolet light of the wavelength from 200 to 500 nm, it has clear features showing high speed wind blowing so
called “super rotation”. From 200 nm to 320 nm, absorption can be well explained bg8€ence, but absorber have not yet
identified at wavelengths longer than 320 nm. Although previous observations were carried out by using only one band with ¢
center wavelength of 365 nm, it may be possible to clarify the nature and number of this unknown absorber by comparing the
difference of the spatial structure between different wavelengths.

We have developed a spectral imager with new developed integral field unit (IFU).Such an instrument can produce data cub
that includes spatial distribution with spectral information made by unknown absorber in cloud top of Venus. The observation
of Venus with the spectral imager was made at Haleakala Observatory in Hawaii from 21 to 26 June 2017. We employed the
spectral imager coupled to a 60cm reflective Coude telescope and succeeded obtain data cube from near 330nm to 450nm.
report the method of analysis using the data cube and a preliminary result from the observation.

BRIV DEVRBOZICBEONTED, TR SERIFHICZ LY, —/ SR EEEIITRIGK
5D 5 5 200nmAH 5 500nmDPE EZ2WINT 2VENEGENTED . EEHOENMEFHNTND E L2 R 5 EORRZ
fED 9, 200nmA 5 320nmid SO, I K BWINTR L FHIITE %A, 320nmd&k D BEWKE TOWRINEH S YEIE VX
REEENTHWERV, TNETEME NN EIC 365nmZHLKE & T 58 FULMME> TWiah > 7ehd, Bix
% MR DZERRIEDE W72 LS % C & T T OIFRERIWIEDOME B2 oSN TE SRV D %,

BRIET7ANT LA BN HA A=V Y 2R U TE . A A=V 0 73 RRFICHEE: U 72K E T ot
BERIETE, ©ROIEFRERINIEIC X 2N BRI 2 DICHHTE %, NL7 A ZBHIFTD 60T LimiEic#r =1k
FRUIEDHA A=V Y2 EDDF, 20174E 06 H 21 HH 5 6 A 26 HE TOENIZEM L 7z, FXZ 330nm/» 5 400nm
ETOPNT—RZERIRT BT LIS Uice ARETIE, “RTHET— 2O FiEB XU, BIMHEORBEET
Fr =4 R B S e RS O W AT RS SR R,
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Comparison of Akatsuki radio occultation experiments with thermal infrared image
obtained by LIR

# Tetsuya Fukuhara[1]; Hiroki Ando[2]; Masahiro Takagi[3]; Takeshi Imamura[4]; Makoto Taguchi[5]; Tetsuya Fukuhara
Akatsuki RS/LIR team[6]
[1] Rikkyo Univ.; [2] Kyoto Sangyo University; [3] Faculty of Science, Kyoto Sangyo University
; [4] The University of Tokyo; [5] Rikkyo Univ.; [6] -

Venus climate orbiter called Akatsuki which failed to be inserted into Venus orbit in 2010 has been successfully re-orbited on
December 2015, and instruments onboard the spacecraft has finally started observation of Venus. The longwave infrared came
(LIR) detects thermal emission with wavelengths of 8 - 12 micron from Venus disk regardless of day or night side, and represent
horizontal distribution of the brightness temperature at the cloud top. LIR has continuously archived more than eight thousand
images without serious fault for two Venusian years. The radio occultation experiment termed Radio Science (RS) retrieves th
atmospheric pressure, the temperature, the sulfuric acid vapor mixing ratio, and the electron density. Akatsuki mainly probe
the low and middle latitude regions with the near-equatorial orbit in contrast to the previous radio occultation experiments suck
as Venus Express in a polar orbit. Vertical temperature profiles by RS observation were successfully obtained at altitude of 3
- 85 km by July 2017. On the other hand, the cloud-top altitude observed by LIR would be roughly "65 km in accordance with
the contribution function of Venus atmosphere simulated under situation of typical cloud distribution. However, it is difficult to
retrieve an actual cloud-top altitude except for the comparing with the vertical temperature profile synchronously observed. LIR
images have been synchronously acquired with most of RS observations as a basic strategy for Akatsuki observation. Thus, v
could acquire several data sets in which LIR and the radio occultation experiments observed same region. The data set cover
low latitude in the morning and southern mid latitude in the midnight. Since LIR image included background bias depending on
baffle temperature at observation, it was canceled by using deep-space images acquired on orbit with different baffle temperatu
Furthermore, limb-darkening effect which is generally seen in the thermal infrared images is considered when absolute brightne:s
temperature is estimated from LIR observation. Thus, the cloud-top altitudes in the LIR images were deduced by the compariso
with the RS observations. It showed some atmospheric features depending on the local time and latitude. A variability which
is caused by thermal tides at the cloud top layer may be included. We are carefully considering the result obtained by ou
observation.
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The variation of Venus cloud observed by IR1 camera onboard AKATSUKI

# Seiko Takagi[1]; Iwvagami Naomoto AKATSUKI IR1 team[2]
[1] Tokai Univ. TRIC; [2] -

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

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

In this study, patterns of cloud optical thickness variation are investigated from 0.90 um Venus dayside images taken by IR1 an
radiative transfer calculation. Furthermore, we will examine Venus meteorological some change contribute to cloud variation.

KREDEEL TH 230N EZE VT8RRI HSEN T, EONANESOMBESERTOIY FIAREL
TEHA%TEMNTES [Takagi et al., 2011 AREHEEH Galileo/SSI (NASA)C & D 155 N /=42 B A /Ry 5 (0.986
um) Tld. SEEXROIY FFAMIDTH 3L/ RENTS [Belton et al., 1991]

BERHEERD N DE (JAXA) 3. 20154F 12 AICE R RHUER NI U, #lENILRN A X T IRLIE. #uE
BRI 1EM, 145 0.90 umic 151 3 & RBHIRGEITV. DD TAREEE Galileo/SSINVSG7- 1 D & AL B
Ei{§ 7 ZHEEF L TV B,

AWFETIE. IRL A7 X T ETS U7z 0.90 umVE i AR 36 K& O REHTTAR TR 2 FHL T BOIE AR S O LB %2
BERNICHN S, FTo, BOLTCH G T 28R DOKRGEEICDONTERT 5,
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Synergetic observations of bow-shaped structures on Venus with ALMA and Venus
Climate Orbiter &quot;Akatsuki&quot;

# Ryosuke Aoki[1]; Kazuki Tokuda[2]; Hiroyuki Maezawa[3]; Makoto Taguchi[4]; Tetsuya Fukuhara[5]; Hideo Sagawa[6];
Kazuya Saigo[7]; Takao M. Sato[8]; Yeon Joo Lee[9]; Takeshi Imamura[10]; Masato Nakamura[11]
[1] Physical Science, Osaka Prefecture University; [2] Osaka Prefecture University/NAOJ Chile Obeservatory; [3] none; [4]
Rikkyo Univ.; [5] Rikkyo Univ.; [6] Kyoto Sangyo University; [7] NAOJ; [8] ISAS/JAXA; [9] JAXA/ISAS; [10] The University
of Tokyo; [11] ISAS,JAXA

We are monitoring the carbon monoxide (CO) in the middle atmosphere of the terrestrial planets in the solar system using ou
ground-based 10 m-radio telescope, and we found that the Venusian atmosphere has short-term changes of CO mixing ratio at
altitude of about 80 km. In December 9, 2015, the longwave infrared (LIR; 10 micrometre) band camera on board Venus Climate
Orbiter &quot;Akatsuki&quot; (JAXA), which traces the temperature of the cloud top at around 65 km altitude, discovered the
bow-shaped structures generated by atmospheric gravity waves on Venus. The huge bow-shaped structures appear on the wes
region of Aphrodite Terra with high reproducibility. Such dynamical and convective fluctuations induced by atmospheric gravity
waves may cause the short-term variations of CO mixing ratio in the Venusian middle atmosphere.

For better understandings of three dimensional chemical and dynamical network links between the lower and upper atmosphe
via H2SQ; clouds of Venus, in November 20 and December 1, 2016 and May 14, 2017 we carried out the synergetic observation:
with Akatsuki and ALMA toward the western highland of Aphrodite. ALMA executed the observatiolt<@ and'>CO line
at 200 GHz band (Band 6) andCO, 13CO, HDO, SO, and S@line at 300 GHz band (Band 7). In Dec. 1, 2016 the LIR camera
of Akatsuki at the perihelion succeeded to shoot the images of a part of the bow shaped structure. The spatial resolutions for tt
Band 7 and Band 6 are 0.27 and 0.40 arcsecond under the C40-4 antenna configuration, respectively, which allow us to resol
the bow-shaped structure spatially. ALMA in Cycle 4 consists of fifty 12m antenna arrays and Atacama compact arrays (twelve
7m antenna arrays and four 12m single dish antennas) to provide a good coverage of the UV plane. Each synergetic observati
was carried out within a single day synchronizing the all antennas because the dynamical patterns induced by high speed win
on Venus change quickly. Now the delivery of the quality assurance (QA2) data of ALMA has gradually started.

In this conference, we will talk about the synergetic mission with Akatsuki and ALMA, and the current status of the data
analysis.

BREEER (HhoE ) &7 XA KB VY 7 IV TE (ALMA) Z W7z SR ORI DOV THE T %,

4l 10 mEBE LR 2 O TRIGRERAIEZ DO KK DEEHRZHEEL TH O, 2D EE 80 km{hixD—E bk
FORERTIINWEIARAr — )V TEHT 28722 TWd, 20154 12 A, IHh DX | s (JAXA) DHRRN A A Z
(LIR : 25 10 p m)(=ifE 65 km s OZETARE 2 81 WE KR SIRMIEZHEA 5 C LIS Lic, TORIRMERT 7
07 ¢ —7 KETHAET ZRKKENEMEOD T EEZSNTWVDS, —BBILREDOEFZ., <5 LI KRKENHE ANV
N IMEAITE OFERBICE T2 5T 2L E LTRATWAHRENEE H 2, [HNDE | BEORINRLEINROL P —
RS B ETHICDT TORESR CO, SO, R EDIF IR - M2 2T EMNTE, —/TTALMA DIV -
YT IVPEDONT XA VEEINTIE. &E 75 kmh S 110 kmD CO HDO., SO, Z EDMENF2IZ % T &
TE5%, TITHXLIEF, THMDE] R L ALMA OFEHEEIIZRM L, RE/JEA N MREE A XY OO
IZDOWTC, TSR FED 3Tt (B - IS - BE AR E) ZHIL, SEOXAF I 7 A KRGUEERIE Y
FI—o D) U 7ICHS,

CNFETIC20164E11H 20H. 12H 1 H, 20174E5 H 14HD 3[ENCHED [HhDE ] #HiE L ALMA OHEHEEN#52
fiL7ze 11H 20 HIZ7 70T ¢ — 7 KEEPGEEA A FEICE U D BB RGE D FRET B & TRI N, C
DRFHTERRTOD LIR 71 AT OEGOHIF T I 2 MERE T 5 2 LI TEah > — /7 12H 1HIK, = REEED—
e HHRIR T 5 T LIS Uz, B H 14HIE. 7707 ¢ —7 KEEFEEDIHT FIC 2 LD 2RI TH D 1D T
4 Uz reference case U CHEIIZTIT> 7z ALMA @D 505D 12 mBiESHEE L 1250 7 m =SB O TGS AT L
450 12 mE—ZEHIC KD UV 242 IN—3 20, @ INS T T FRHEMVICARL—2 g Ens, LML
SR OEEOEIRIC K D KKDRFEEENENC &S, TR TOR @S HE) X8 2 FRRENZ AR Uiz, 12H 1
HiZ. ALMA X C40-4DEF T, ©2 0D 16 WA OMEERIH L T2/ fi#felx 300 GHzA (12C0,'3CO,HDO,S0,S0)
T 0.27%)f. 200 GHz#r (12CO,'3CO) T 0.40F0f L 75> T2 DT, FIRKEEZ +0 2RISR L. 7D resolve-out
OREZ AU CIEDAD ZMA BT EMTEZ T VT FHERIE > T\ %, BIE ALMA @O QA2 7—REMENAE > T
BO, KRETEIND OB & fRITIRIRICDOWTIRE T %,
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Study of the Venusian cloud distributions and their link to the global dynamics: a
Venusian general circulation model

# Takehiko Akiba[1]; Takeshi Kuroda[2]; Masaaki Takahashi[3]; Kohei Ikeda[4]; Yasumasa Kasaba[5]; Naoki Terada[6];
Arihiro Kamada[7]
[1] Geophysics, Tohoku Univ.; [2] NICT; [3] AORI, Univ. of Tokyo; [4] NIES; [5] Tohoku Univ.; [6] Dept. Geophys., Grad.
Sch. Sci., Tohoku Univ.; [7] Geophysics, Tohoku Univ.

Venus is covered with sulfuric acid clouds in about 48 and 70 km altitude, and the radiative effects of clouds may impact on
the and atmospheric motion like superrotation (very fast zonal wind than rotation speed). To understand the mechanism, we ha
developed a Venus General Cirulation Model (VGCM) which takes the formation and advection of clouds into account based or
CCSR/NIES/FRCGC MIROC. The model has a radiative transfer scheme which realistically calculate the effects of sulfuric acid
clouds and molecules (Ikada, 2011), and the implementations of the cloud processes (condensation/evaporation of sulfuric ac
vapor/clouds, advection and gravitational sedimentation of clouds) and chemical processes related to sulfuric acid vapor ha\
been implemented (Itoh, 2016). Itoh (2016) suggested that sulfuric acid vapor is lifted upward into the upper cloud layer in the
equatorial atmosphere and change into sulfuric acid clouds there followed by the transport poleward by meridional circulation.
but the radiative effects of clouds did not reflect the simulated cloud distributions, considering the horizontally uniform cloud
distributions with observed vertical distributions for each mode (Haus and Arnold, 2010)

In this study, we have improved the radiative processes of sulfuric acid clouds in theVGCM to interact with the simulated
cloud distributions. Now we are able to calculate the radiative effects of clouds from the simulated distributions at each time
step. The effects of unknown UV absorber, which is considered as the one of factors which make the heating in cloud layer, hav
been considered by increasing the absorptions of UV-visible wavelengths relating to the optical thickness of mode 1 sulfuric aci
cloud in the upper cloud layer (Tomasko et al., 1980; Crisp,1986). It is the first trial on the VGCM which allows to understand
the interactions between radiative effect of the clouds and the cloud distribution in the both aspects of atmospheric circulatior
and cloud formation (hereafter Simulation A). The simulation is started from the equilibrium states of wind, pressure, and tem-
perature fields simulated by Itoh (2016) and horizontally uniform cloud distributions with observed vertical distributions shown
by Haus and Arnold (2010). The results are compared with the one of Itoh (2016) (hereafter Simulation B).

In Simulation A, zonal wind with the velocity of about 50 m/s was shown above equator in 50765 km altitude. Comparing solar
heating from each Simulation, the heating layer above 65 km altitude which exists in Simulation B was not made in Simulation
A, in which the heating by solar radiation reached to downward by 10 km more, which resulted in the lifting of mode 1 clouds
upward. It may be explained that the solar radiation reaches and clouds get heated more deeply in Simulation A, and then tt
thermal tide due to this heating accelerates zonal wind. In both Simulations A and B, zonal winds of 50 m/s in Simulation A and
100 m/s in Simulation B, respectively, were seen above mid-latitude and 65"70km altitude, which may support the theoretica
study that meridional circulation excites the zonal wind.

Quantitatively, zonal wind velocity in Simulation A was weak, about a half of the observed data in low- and mid-latitudes in
the cloud layer. The meridional circulation in Simulation A was weaker than in Simulation B, which may result that the cloud top
altitude in Simulation A was lower than that in simulation B for 3 km and the cloud total mass at cloud top (about 65km altitude)
in Simulation A was about a half of that in Simulation B, making more sulfuric acid vapor below the cloud layer. The results in
Simulation A suggest the relationship among weaker meridional circulation, less heating and enhancement of the sedimentatic
and evaporation of clouds, which may be because of the wrong evaluation of the effects of unknown UV absorber.

SREDEI LR 48 -7T0kmTEERZE > TE D . KHIBTERICHEIREZ N L TioBie 52 5 %, 41X CCSRINIES/FRCGC
MIROC 7z & L IR S NIz B RKGKIEERTE TV (LU VGCM) ICIRFEZE DK « MR Z A . &2ED Qéﬁ*@
HEX U D EHEERBI & OLE Hig L7z %21T> T\ %, TOVGCM &R RRICHBITF IR KK T T
N O BRI ZE DU Rh 2 B H R AT REAR i A F— L2 LT D (I, 2011) T AUCHIFEZE DKM /7858, E Tk
2 HAAL T & T, FREHI TORMBASD EFH L EORRAER. EOTHFmIEERIC XS4 - @ADL & Vo
TG R OMER? - TRERO B Z H T3 (B, 2016), AWFZETld, AT — RO U T ZZFHEBIRICK 2ED
ZAL D FEFHEREAND Wz iz, P (2016) Tl Haus and Arnold (2010EE 7 )V OGS ER & b7 JE i F2e F"ﬁ'(l
ESNTHENE S ZHO TSR ZEE L T e, AR TIEZNZNORRI AT v T THIIENEEDREALL
TIRICGGHAZITZA D X HOWE L, THUCEDWIEEDORINIRZFET 2 AF—LE Uiz, ER-NOIMEITKE A
T3LEZLNTWVS UV absorbeFRICDOWNTIE, EE LD T— R 1 OFBEDYCZENEZISHIG U, 840 ~1]
A ORI 258D 5 T & TiHMiid % (Tomasko et al., 1980 Crisp,1986 H N2 ZEMAE & G RIEAD KMz >



Ral—rarviEWITHO. EOER - IHK - Bk E S EDHOLIAD BN 2 52, TUWNRGKIERICT +— R
N 7 ENS—HOKZHEIRL S 2 (UEHEA £95%), YIHIREEE LT, PHIREED R « SRHICBIINCEED <
PRE DI D W T E— D E R U A i 5 Z Tz,

AT, HEREEICE S i R & B TRV (2016) DFSHE (MUEE B £ 97 %) L0, SRS D5
DE, ENHOENE G %, RPUEEES 2 e 5 &, FHHE A ICEBWT, & 50~65km EE FE~TE) O
JRiE 178 TG 50 m/sFEE DsE < < VDB Uz KIGHEHC X 2 EAEZ ik % &, IR B THRAEL TWiE
& 65 km TOMEE (A 8.5 Kiday HMHNT, MADHES RS LI A DIF 5 NEICK 2 KR E>TED
10 KmEE TEE TNAIN TV, TORMBIIESAZRINTEEIES T LICKD, = F 1OED EEIGHEIN
DIERBPRM U2 EZ BN, o FTCORERD IV E OGO BRGNS, T OIEO HIJE IS Xk % 2,
IS RS R N S B 2 HERE LTV D SIS NS, iz, fHEA B L& EE 65~70X (ZRE T E~ LE)
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A numerical simulation of the large-scale stationary gravity waves in the Venus
atmosphere

# Takeru Yamada[1]; Takeshi Imamura[2]; Tetsuya Fukuhara[3]; Makoto Taguchi[4]
[1] Physics, Rikkyo Univ.; [2] The University of Tokyo; [3] Rikkyo Univ.; [4] Rikkyo Univ.

The Longwave Infrared Camera onboard Akatsuki observed a bow-shaped stationary temperature feature on December
2015 [Fukuhara et al., 2017]. It extended from the northern polar region to the southern polar region across the equator, an
stayed near the evening terminator for four earth days at least in contrast to the background wind speed of aboat'100 m s
at the cloud-top level. The prominent feature disappears in the different local time. A simple numerical simulation suggestec
that the stationary feature may be caused by a gravity wave propagated from near the surface. However, conditions the wa
propagation is permitted are still unknown. Hence, we attempted to reproduce the wave propagation in the numerical simulatior
and investigated a contribution of the Venus cloud layer at the altitude of 45 - 55 km where the static stability is relatively low.

A nonlinear primitive equation model in spherical geometry was used based on Imamura [2006]. The vertical log pressure
level was divided to 100 sections from 5 km (66.65 X P@) to 109 km (66.65 x 10" Pa). The grids of longitude and latitude are
3 degrees. The basic zonal wind, which increases monotonically from 173 at $ km to 94 m s' at 69 km, was given based
on the Schubert and Walterscheid [1984]. Radiative transfer was represented by time constant with Newtonian cooling based ¢
Crisp. [1989]. We gave a forced temperature disturbance of 2 K on the bottom boundary with a Gaussian-shaped function witl
a half width of about 6 degree on the equator. Thus, the bow-shaped stationary temperature feature at the cloud-top layer wi
reproduced in the simulation. When the static stability at the cloud layer decreased to nearly zero from the nominal value, th
amplitude of the temperature at the bow shape decreased. The static stability at the cloud layer may be one of the conditions
the bow-shaped structure appearing at the cloud top.
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#nH =3Hef [1]; A9 (A [2]; &AE 755 [3]; MK #EAT [4]
[1] iR« BE; [2] JEK - B - 57, [3] fi R - B - 2R, [4] #hPR - B - B

Numerical experiments on dependence of the Earth’s climate on the solar constant by tr
use of a GCM

# Koki Matsuda[1]; Masaki Ishiwatari[2]; Yoshiyuki O. Takahashi[3]; Yoshi-Yuki Hayashi[4]
[1] Science, Kobe Univ; [2] Cosmosciences, Hokkaido University; [3] Department of Planetology, Kobe Univ.; [4] Earth and
Planetary Sciences, Kobe University

A solar constant is one of important parameters causing diversity of the planetary climate. For example, in previous studies b
the use of one-dimensional energy balance models (EBMSs), the planet’s climate was studied (e.g., Budyko, 1969). These studi
showed globally ice-covered states, partially ice-covered states, and ice-free states appeared as changing the solar constant
addition, the existence of multiple states with a solar constant was also shown. A planetary climate was also studied by th
use of general circulation models (GCMs) (e.g., Ishiwatari et al., 2007). This study confirmed the three states, which had bee
shown by EBMs in previous studies, appear in GCMs. Moreover, the existence of the runaway greenhouse state, which ha
not been shown in EBMs, was confirmed. In the previous studies, however, effects of land-ocean distribution and atmospheri
composition were not considered. In this study, we assume the atmospheric composition and the land-ocean distribution same
those of the present Earth, and show dependence of the Earth’s climate and some physical variables on the solar constant.

In the experiments, we use a planetary atmosphere general circulation model, DCPAM5. Dynamics process is calculated b
solving the primitive equations with a spectral method. For radiative process, the Earth radiative model by Chou et al. (2001) is
used. Condensation process is represented by Relaxed Arakawa-Schubert scheme (Mootrhi and Suarez, 1992). Vertical turbul
mixing process is represented by the Mellor and Yamada (1982) level 2.5 scheme. Cloud process is represented by forecasti
mixing ratios of a cloud ice and a cloud water, with considering advection, turbulent mixing, production by condensation, and
loss with fixed time constants. On the land surface, the surface and soil temperatures are calculated by a soil heat conducti
model, and the soil moisture is calculated by a bucket model (Manabe, 1969). For the ocean, a slab ocean with depth of 60 |
is assumed. The surface albedo of the ocean is set to 0.6 where the surface temperature is below 271.15 K, while it is set to C
where the surface temperature is above 271.15 K. We use data of ETOPO1 (Amante and Eakins, 2009) and Matthews (198
1984, 1985) for topography and surface albedo distribution, respectively. As for ozone distribution, we use a zonal mean valu
of climatology of CMIP5 simulations. Resolution used in this study is a longitude-latitude grid size of about 5.6 degrees, and
26 vertical levels. By the use of the model, we performed 15 experiments with various solar constants and two initial conditions
to explore dependence of the Earth’s climate on the solar constant. The given solar constant ranges from 1260 500
Wm~2, and two initial conditions are isothermal atmospheres of 280 K or 200 K.

The results of the experiments confirmed existence of globally ice-covered states, partially ice-covered states, and ice-fre
states, that had been discovered by previous studies by the use of EBMs and GCMs. Moreover, we found the climate regim
diagram is different between in the southern hemisphere and in the northern hemisphere, because of the difference in the lan
ocean distribution. We examined the change of meridional circulation as changing the solar constant. As the solar constal
increases, the upward flow region of meridional circulation moves southward, and the strength of meridional circulation does
not increase monotonically. The strength of meridional circulation has the maximum when a planet is in a partially ice-covered
state in both hemispheres. Moreover, examination of the strength of meridional circulation in a partially ice-covered state show
as the solar constant increases, the circulation becomes week in the southern hemisphere, but become strong in the north
hemisphere.

As a next step, we will confirm the existence of a runaway green house state, and a large ice cap and small ice cap instabilities

BRKEOLZRIEEE Z % 1T, KBEFIEEEG/RTA—2D—DTH 5. mit 1 JTTFIIVF—NT VZET IV
(EBM) 7z W25 Thif7E (K121, Budyko, 1969)C 5\ T, SR XU D KIFEBURIFENRAR SNz, ZhUc kb &, K
TERUCIE U CRERBHEIRAE, S0 BAEIREE, ke LIREEE WD 3DDIREENHNS T &, BXU, H 2 KHEHicx LTHE
BOOIRRE (ZHER) Wi & 725 T EWVRENTz. e, RAOKIEERC B OF HIFRR Z G R T & 2 RKTEERE T
)V (GCM) 2 WS TIIRIC BN T & BESURO KB E UK IED N 5N, EBM TH 517z 3 DOIRER L ER
HNa T RSNtz (BIA 1R, Ishiwatari et al., 2007)X 51, GCM Zz W98 T, EBM Tl R 5N ah o T ik
IREIREEMNFIET B T DR S NIz, Eid THIF T2 2 DOEATIIZE T, BED P KA OF B2 ZE L TR,
ARWFETIE, HIEROWEREN M & R Z B L 7e KORTEERE 7 )V 7% W T, #ER U5 O KB EBURAFE 2 I 5 i U,
Bl& 7B O KB EBHAFTEIC DWW TESET 5.

FERICIBERKAMERE T )V DCPAM Z W 5. J1AE, 7'V X7 14 T HRRERZ AT MVEZHWTRL
ETRIAEENS. GhHEFEZ, Chou et al. (200135IC & 2 BRI E T )L 72 v 5. FEkbiEfEi3, Relaxed Arakawa-Schubert
(Moorthi and Suarez, 1992F XH X N 5. SrEELITIE SR, Mellor and Yamada (1982) level 28 X D RBiE h 5. &
&, B, SLURIR S, SIS K 240K, BRI ERIC K2z ER L TE/K - BKEGHHZ THT 2 LT, £KBlEh 3.
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4D Gridding of MRO-MCS Data for Easier Analysis and Visualization

# Katsuyuki Noguchi[1]; Mayu Ueda[2]; Hiroo Hayashi[3]
[1] Nara Women’s Univ.; [2] NWU; [3] Fujitsu FIP

We present a method to process data obtained by Mars Climate Sounder (MCS) onboard Mars Reconnaissance Orbiter (MR(
in order to simplify analysis and visualization of the MRO-MCS data, which consists of a huge number (&gt; 1,000,000) of
vertical profiles of atmospheric physical parameters retrieved. The method includes two steps; the first step is the format cor
version of original text data into netCDF (Network Common Data Form), and the second step is 4D gridding of the data to be
available for use by various analysis tools. Results of visualization of the data by Grid Analysis and Display System (GrADS)
will be presented. We also show preliminary results of the analysis on the relation among temperature, water ice clouds and du
observed by MRO-MCS.

AFEE T, KEONEHER Mars Reconnaissance Orbit€éMRO) #4# 0 Mars Climate SoundefMCS) I & %%
R ZA R, HOKEZHOBIT— 2 ORI ZE HI & Ul 7 — X EITBREEEBEIC OV TN T %, TDT—XI13 NASA
@ Planetary Data SysteriPDS) W S5NFAETNTWAEH, BT 07 7 A VDR (L005ALLE) TTF—2&hIER
WKKZELL 1DDTF AT 7 A I BOEEBIN 70 7 7 A IV EEN TN B T2DIC T — ZREEDED H i <
W, FTT. £95—%7+—=<v 7% Network Common Data Forn{netCDP ICZ5#1 L., & HITHIBRO KK « 7 ERE
B CIL L HHb T3 Grid Analysis and Display SysteriGrADS) T A 5 K5 ICT— XD 4 Xk 1{bzirH5 T &
T, T—XO0HMN - AFEzm EXE 5 & B ICT— 2T EMBUEZ R SIC Uz, GBI TR, TOX DI U TS
Lle 7 — 2 ZFIH Uz 9T I OV T E NS %,
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Global structure of Mercury’s magnetosphere and heavy ion precipitation on Mercury

# 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

From Mariner 10 and MESSENGER observations, Mercury’s magnetosphere is thought to be a miniature of the Earth’s
magnetosphere. While these two magnetospheres have several characteristics in common, some critical differences are a
evident. First, there is no atmospheric layer, but only tenuous exosphere. Second, center of dipole field is shifted to northwar
about 485km, which is equivalent to 0.2 Mercury’s radius. Kinetic effects of heavy ions will also be important in Mercury’s
magnetosphere, because Mercury’s magnetosphere is relatively small compared to the large Larmor radii. Trajectory tracing
is one of the methods to estimate the contribution of heavy ions which originate from the exosphere, while the results of the
simulation are quite sensitive to the electric and magnetic field. Hence, it is important to provide a realistic field model in the
trajectory tracings. In order to construct a large scale structure, we developed a MHD simulation code, and adopted it to the
global simulation of Mercury’s magnetosphere. In this study, we performed MHD simulations with various kinds of solar wind
parameters to investigate the interaction between solar wind plasma and offset dipole of Mercury. IMF conditions comes fromn
Parker Spiral which has strong Bx and By component at the Mercury’s orbit, and fluctuations are added in By and Bz components
In the results of MHD simulations, global configuration of magnetosphere shows strong north-south asymmetry due to dipole
offset and IMF-Bx in addition to dawn-dusk asymmetry which comes from IMF-By. IMF Bx also affects to the intensity ratio
of north and south cusp pressure, while IMF By component 'twist’ the cusp region to longitudinal direction. In the presentation,
we will also discuss the heavy ion distribution and precipitation on Mercury obtained by trajectory tracings of test particles. The
identification of the cusp region and heavy ion precipitation region is important not only for the understanding of magnetospheric
physics itself, but also making a proposal to the observational plan of spacecraft such as Bepi-Colombo.
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Full PIC simulation on the formation of small magnetosphere of a weakly magnetized
body

# Satoki Oki[1]; Hideyuki Usui[2]; Naoki Terada[3]; Kanako Seki[4]; Yuto Katoh[5]; Yohei Miyake[6]; Manabu Yagi[7]
[1] Kobe Univ.; [2] System informatics, Kobe Univ; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4] Dept. Earth &
Planetary Sci., Science, Univ. Tokyo; [5] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [6] Kobe Univ.; [7] AICS, RIKEN

The objectives of this research is to study a small magnetosphere formed by the interaction between a weakly magnetize
small body and the solar wind, to understand the formation of each region of the magnetosphere, and to examine the depender
of each plasma phenomena on the intensity of the intrinsic magnetic field by performing three-dimensional particle simulation.
Based on the previous observations, it is well known that Mercury, the magnetic dipole moment of which is around 1/2000 of
that of the Earth, has a small (i.e. 1/20 of that of the Earth) magnetosphere. The Mercury magnetosphere has been studied
MHD and hybrid particle simulations so far. However, there is still room for argument of kinetics including electron dynamics
on the formation of magnetosphere. In this study, we focus on the parameters of Mercury environment and investigate the kineti
phenomena in the small magnetosphere by performing full particle simulations.

In the simulation model, we have a small body with a small magnetic dipole moment, and introduce the magnetized plasme
flow corresponding to the solar wind. When we define Dp as the distance between the dipole center and a position where the sol
wind dynamic pressure balances the magnetic pressure at the dayside, we provided a dipole moment that gives,ithe ratio D
being comparable to or a bit larger than the unity, wherdénotes the ion inertia length. In the preliminary simulation results,
we could confirm the fundamental physics in the small magnetosphere such as the formation of a small-scale magnetosphere w
asymmetric density profile between the dawn and dusk regions, the dependence on the direction of IMF direction. We describ
the details of these phenomena. We will investigate how the formation of small magnetosphere varies whér ittfeaDges.

Meanwhile, mercury owns no ionosphere but an exosphere. We are interested in the formation of exo-ionosphere which ca
be represented by the spatial distribution of the Na+ ions. In future research, we will consider the contributions of heavy ions
and photo-electrons with a certain scale height, and analyze their dynamics in the Mercury environment.

AWFZEDOHINIE, 9V EERESG 2R ORI & KEGROHE/ERIC K > TER S N d/NURAE Z 3 0tk 1L
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Loss process due to elastic collisions between magnetospheric keV electrons and neutr
H20O molecules in the Enceladus torus

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

Water group neutrals 0, OH, and O) in Saturn’s inner magnetosphere play the dominant role in loss of energetic electrons
and ions because of abundance of the neutrals [e.g., Paranicas et al., 2007,2008; Sittler et al., 2008]. The previous studi
suggested that the neutral cloud originated from Enceladus contributes to loss processes of plasma in the inner magnetosphe
However, little has been reported on a quantitative study of the electron loss process due to electron-neutral collisions. Tadokol
et al., [2014] examined the variation of 1keV electron pitch angle distribution due to elastic collisions with the dense region of
H,O originated from Enceladus using one-dimensional test-particle simulation. The result showed that the electrons of "11.49
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 densg®iregion in the vicinity of Enceladus. Next remaining issue is a calculation of energy dependent
electron loss rate. We show the loss rate of electrons with 500eV-50keV and the comparison of the loss rate between the high (
the vicinity of Enceladus) and low (in the Enceladus torugPHiensity regions.
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Overview of the synergetic analysis of the global MHD simulation and Hisaki
monitoring for Jupiter’'s magnetosphere

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

The Hisaki satellite has been monitoring our solar system bodies with the first-ever long continuity since its launch in Septem-
ber 2013. New dynamics in the planetary plasmas and atmospheres were discovered in the continuous monitoring. This stu
investigates the physical origin for the observed dynamics of Jupiter’s aurora and plasma torus in comparison with the globa
magnetohydrodynamic simulation established by Fukazawa et al. [2005]. Variabilities in essential electromagnetic parametel
(e.g., velocity distribution), which are likely associated with the solar wind and other conditions, are extracted from the MHD
simulation. We are now quantitatively evaluating whether the extracted parameters can reproduce the observed auroral and tor
dynamics. Here we report the progress in our project from the last year to the present.
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Solar wind influence on Jupiter’s inner magnetosphere derived from the global MHD
simulation

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

Dawn-dusk asymmetric features in Jupiter’s inner magnetosphere, i.e., lo plasma torus (IPT), have been reported. Presen
of dawn-to-dusk electric field is one of the leading explanations of the asymmetry. The extreme ultraviolet spectroscopy of
IPT by Hisaki revealed that such a dawn-dusk asymmetry clearly responses to a rapid increase of solar wind dynamic pressur
However, the physical process of such a response and generating an intense electric field in Jupiter's inner magnetosphere s
remains unclear. Here we investigate the physical mechanism between the solar wind and Jupiter's inner magnetosphere |
using 3-dimensional global magnetohydrodynamic (MHD) simulation. We have calculated several cases with different solar
wind conditions and compared the results with Hisaki observations. We found clear dependence of the field-aligned current
(FACs) from the mid-magnetosphere ("20-30 Rj) to the ionosphere on the solar wind dynamic pressure. Such FACs generate
an additional electric potential pattern in the ionosphere and forms an electric field even in the inner magnetosphere. Thus oL
result agrees with the Hisaki observations and the scenario that dawn-to-dusk electric field is generated by the magnetosphe
ionosphere (M-1) coupling via FACs. This suggests that the solar wind influence can penetrate into Jupiter’s inner magnetosphel
from the mid-magnetosphere via FACs.
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Investigation of physical mechanisms of the solar wind control of Jovian aurora based or
the global MHD simulation

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

The solar wind control on Jovian ultraviolet (UV) aurora is one of the unresolved issues in the Jovian system. Previous Hubble
Space Telescope and ground based observations showed that the UV aurora and solar wind dynamic pressure had a positive «
relation. Hisaki is an Earth-orbiting satellite, which monitoring planetary atmospheres and magnetospheres by the spectromet
EXCEED (Extreme Ultraviolet Spectroscope for Exospheric Dynamics). We have reported the statistical relationship betweer
the total power of the Jovian UV aurora and the solar wind properties found from long-term monitoring by Hisaki EXCEED.
Superposed epoch analysis indicates that auroral total power increases when the solar wind dynamic pressure increases. In ac
tion to that, the auroral total power shows a positive correlation with the duration of a quiescent interval of the solar wind that is
present before a rise in the dynamic pressure, more than with the amplitude of dynamic pressure increase.

This study investigates the physical mechanisms of the solar wind control on Jovian UV aurora based on the global magne
tohydrodynamic simulation. We have calculated different cases of the dynamic pressure and the quiescent interval of the sol:
wind, which enable us to discuss the possible scenario for the solar wind response of Jovian magnetosphere.

Initial results show that the angular velocity profile becomes steeper when the dynamic pressure increases, which sugges
that the magnetosphere-ionosphere coupling current (Hill current) becomes stronger. In addition to that, the field aligned currer
based on the method proposed by Hasegawa and Sato [1979] increases with a rise of the dynamic pressure. These characteris
are consistent with the observation result of Hisaki EXCEED. We will also discuss the dependence of the angular velocity distri-
bution and the field aligned current with respect to the quiescent interval of the solar wind.
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Magnetospheric dynamics during Jupiter auroral enhancements using a global
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The effect of solar wind variations on the rotation-dominated Jupiter magnetosphere have been investigated using variou
observations and simulations, while its physical mechanism of the auroral enhancements during solar wind dynamic pressul
enhancements is not fully understood. Continuous monitoring of Jupiter auroral spectra using a spectrometer EXCEED (Ex
treme Ultraviolet Spectroscope for Exospheric Dynamics) on board the planetary space telescope Hisaki reveals the variations
aurora and precipitating auroral electrons during solar wind dynamic pressure enhancements. Application of the electron acce
eration theory to the observed parameters suggests enhancements of magnetospheric source currents during the magnetospl
compression. This source current enhancement is proposed to be contributed by the source plasma variation or source positi
change [Tao et al., 2016JGR].

In order to evaluate the magnetospheric plasma variation during the solar wind compression, we have investigated the magnet
spheric dynamics using a magnetohydrodynamic (MHD) simulation model of the Jovian magnetosphere [e.g., Ogino et al., 199¢
Fukazawa et al., 2006]. The magnetospheric compression at middle-magnetosphere is traced by a conservation of the magne
flux of equipotential shell regions. Variations of the magnetospheric plasma density, temperature, and source current density a
derived in each shell with various solar wind dynamic pressure values. Dawn-dusk asymmetry of the equipotential shell is see
for the larger pressure case, due to the magnetospheric plasma convection. Variation of the parameters and comparison with t
observation will be discussed in the presentation.
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IR patch-like aurora in Jupiter’s polar retgion observed with SUBARU adaptive optic
system
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The observations of Jovian auroras in the UV and IR range have revealed the morphology and their dynamics. Compared t
main oval and satellite footprint mapping to (sub-)corotation region in Jupiter’s magnetosphere, polar emissions are more variabl
in time and morphology, and they exhibit generally strong local time effects. Polar emissions are of great interest because the
mapping to Jupiter's outer magnetosphere. It is suggested that the polar emissions in UV and IR show similar morpholog)
in general [Radioti et al., 2013]. Jupiter's UV aurora is result of emission from excited atomic and molecular hydrogen, as
precipitated electrons excite these species, occurring over a timescale 05@6. On the other hand, Jupiter's IR aurora
emission is from HT. In upper atmosphere# is produced through ionization ofHaind some ion chemistry, and thermalized
in the neutral atmosphere, and then produces infrared ro-vibrational emission. So the timescale of IR auroral emission is longe
than that of UV. The ion chemistry have a time scale of ZA0* sec, and could play a key role to determine the total timescale
of IR emission [Tao et al., 2012].

In the past imaging observation of Jupiter’s IR aurora, the time resolution was “25-30 min [Satoh and Connerney, 1999], anc
the spatial resolution was “1 arcsec. Therefore, none of the observed aurora has significant variations on timescales less th
30 min and they are stable over "90 min [Stallard et al., 2016]. But the auroral variability with shorter timescale may occur on
the model calculation [Tao et al., 2012]. So the ground observation could image continuously for a long time with higher time
resolution and spatial resolution should be realized.

In this study, we performed the Jovian IR auroral observation with IRCS (Infrared Camera and Spectrograph) attached on th
SUBARU telescope at Mauna Kea, Hawaii on 25 May 2016 (3:16-9:56 UT). We took image data of the JpViémeld near 3.4
um using the H3P narrow-band filter. The time resolution was 45°110 sec. The Adaptive Optics instrument (AO188) attached tc
SUBARU provided us a high spatial resolution image of Jovian IR aurora with 0.1 arcsec. The observation of Jovian IR aurora
like this, in high spatial resolution and time resolution, is the first trial. Primary data reduction (dark, flat, sky) were finished
and we calculated the absolute value of radiance using standard star ksi Vir. The emission intensity, there was brightness profi
along the main oval, was "5+@0° W/m?/str. Radioti et al. (2013) used the data observed by NSFCAM/IRTF and calculated the
intensity. Compered to it, our result is larger in nearly one order. To determine the center of Jovian disc, we detected the dusksic
limb, observed clearly than dawnside because of the Sun direction, by fitting to curved line of Jovian disk limb estimated with
plate scale. The error of fitting was estimated to be smaller than +/-2 pixels (0.106 arcsec). Then we calculated geographic:
longitude and latitude corresponding to each pixels and made the polar projection image. The location of main oval corresponde
with the VIP4 30 R oval (magnetic coordinates). Additionally, from analysis of the data observed from 6:53 to 8:03, the emission
patches were found in dayside polar region. The size of patches was "3600-6000 km for latitudinal direction, and “2800-440(
km for longitudinal direction. They blink in a few minutes and with amplitude of +/-15%, and are seen to move anti-rotation
direction. The speed of moving was "5.3-8.0 km/s. Considering that the timescale of change in thermospheric temperature ¢
Hs;* dynamic transport are 1610° sec, these blinking emission corresponded 0 ldensity change by particle precipitation.

In this presentation, we report the detailed analysis results, and the study of observed polar emission using auroral emissic
model of Tao et al. [2011].
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Global MHD simulation of Jovian magnetosphere with recent supercomputer systems
for observations and micro scale simulations
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Planetary magnetospheres are very large, while phenomena within them occur on meso- and micro-scales. These scales ra
from 10s of planetary radii to kilometers. To understand dynamics in these multi-scale systems numerical simulations have
been performed by using the supercomputer systems. We have studied the magnetospheres of Jupiter by using 3-dimensio
magnetohydrodynamic (MHD) simulations for a long time, however, we have only obtained the phenomena not reaching the
limits of the MHD approximation and simulation results under the specific solar wind conditions.

Recently thanks to the progress of supercomputer system, we can perform the simulation of Jovian magnetosphere wit
1000 times large grid points of our previous simulation in 10 years ago. In other words, 1000 times cases of the our previou:
simulation can be performed at present. Considering these situations, it may be possible to connect the high resolution glob,
(macro) simulation with micro simulation in the Jovian magnetosphere. In addition, performing a lot of parameter survey type
simulations make quantitative comparison study of simulations and observations. Thus, in this study we perform the high:-
resolution simulation of Jovian magnetosphere to connect the electro-hybrid simulation, and low-resolution simulation under the
various solar wind conditions to compare the Hisaki and Juno observation results.

For the high-resolution simulation to avoid the numerical effect to the simulation results from the irregular grid spacing, we
simulated the global magnetosphere using the regular Cartesian gird with 0.15 RJ grid spacing and 7 RJ inner boundary. Fro
these simulation settings, we can provide the magnetic field around 20 RJ from Jupiter as a background field of electro-hybri
simulation. To examine these simulation results, we found the wavy configuration along the magnetopause. This is the first timi
to see the wavy configuration in our global Jovian magnetospheric simulation and the wavy configuration seems to be caused t
the Kelvin Helmholtz instability. In our previous simulation the resolution is not enough to catch the configuration.

In the parameter survey type simulations, we have obtained a lot of simulation results with 0.01 “0.09 nPa solar wind dynamic
pressure and some IMF cases. These simulation data are open for the registered user to download the raw data. Comparing th
data with Hisaki observation results, the relation of changing the solar dynamic pressure with emission of aurora is examined.
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lo plasmatorus (IPT) consists of dissociated and ionized volcanic gas originated from Jupiter’s moon lo, which distribute along
lo’s rotation orbit. The plasma corotates by the corotation electric field in the Jovian rotation period (9.925 h) called System ll.
However previous ground-based and probe observations of lo plasma torus (IPT) in visible, near-infrared and extreme ultraviole
(EUV) wavelengths have detected a periodic time variation whose period is longer than System Ill Jupiter’s rotation period
(9.925 h). It has been called System IV period. B/ hot electron modeah which hot electron populations has two azimuthal
variations rotating at System Ill and System IV periods is proposed to account for the System IV period measured by the Cassir
UVIS observation (Steffl et al., 2008). While it is interpreted that the System Il period of hot electron populations corresponds to
azimuthal modulation of the efficiency of the electron acceleration (Hess et al., 2011), little progress has been made in explainin
an origin of the System IV period.

The Cassini UVIS observation of IPT was made after the end of lo’s volcanic eruption in 2000. It is reported that the System
IV period derived from the Cassini observation was 10.07 h, which was shorter than the typical period of 10.21h (Steffl et al.,
2006). However, the causal relationship between plasma source enhancement due to the volcanic event and change in the Sys
IV period is not clear from the Cassini observation. Here, we analyzed time variations in intensities of EUV emissions from
IPT obtained by the HISAKI satellite to understand the mechanism responsible for the System IV period and the influence of o
volcanic activity on IPT.

The observation period used in this study is from December 2014 to the middle of May 2015. During this period, enhancemen
of lo volcanic activity from January to March 2015 (here after 'volcanic period’) was reported from the observation of logenic
sodium emission (Yoneda et al., 2015). To find variations of the System IV period in the EUV brightness, the System Il longitude
at peak EUV intensity was derived by the fitting the HISAKI Level-2 data (S Il 76.5 nm + 126 nm, S lll 68 nm, and S IV 65.7
nm + 140.5 nm) with a sinusoidal function which consists of sum of two sinusoidal curves whose periods are System Il (9.925
h) and the lo orbital period (42.456 h). The time variation in the phase of the System Ill component indicates the System IV
period, which was derived as a mean value for a certain period. From this analysis, the System IV periods of S Il before and afte
the volcanic event (Dec. 1, - Dec. 23, 2014 and April. 21 - May 14, 2015, respectively) were 10.16+-0.008 h and 10.03+-0.006
h, respectively. On the other hands during the volcanic event, the System IV period of S Il was 9.95+-0.003 h for Mar. 11 - Apr.
20. This is the first observational evidence which shows that the System IV period has shortened after the enhancement of |
volcanic activity.

Origin of the System IV period has been discussed with sub-corotation of plasma in IPT. Since the sub-corotation occurs du
to mass loading of newly picked-up ions into IPT, it is expected that the System IV period becomes long during the volcanic
event. However, the result derived from the HISAKI observation shows the opposite feature and will give important information
to constrain the origin of the System IV period.

The EUV intensity depends on not only ion density but electron density and temperature. To investigate the contribution of
each plasma parameter to the appearance of System IV period, we will derive time variation in plasma parameters in IPT fron
the HISAKI data with plasma diagnosis analysis. This analysis enable us to confirm the dual hot electron model and constrail
the origin of the System IV period.
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Volcanic gases (mainly composed of §80 and S) originated from jovian satellite lo are ionized by interaction with magne-
tospheric plasma and then form a donut-shaped region called lo plasma torus. lon pickup is the most significant energy source ¢
the plasma torus thought, additional energy source by hot electron is needed to explain energy balance on the neutral cloud thec
(e.g. Daleamere and Bagena03). In fact, in-site measurements by Galileo indicates some injections of energetic particles
in the middle magnetosphere. Recent EUV spectroscopy from the space shows fraction of hot electron increases as increase
radial distance in the plasma torugoshioka et al.,2014; Steffl et al.,2004). On this study, we focus on variability of electron
temperature derived from EUV diagnostics measured by HISAKI/EXCEED after a volcanic outburst in 2015, as well as ion
temperatures parallel and perpendicular to the magnetic field measured from the ground-based spectroscopy.

The ground-based observation of sulfur ion emission, [SII]] 671.6nm and 673.1nm from lo plasma torus was made at Haleakal
Observatory in Hawaii from November 2014 through May 2015 with the high-dispersion spectrograph (R = 67,000) with an in-
tegral field unit (IFU) coupled to a 40-cm Schmidt-Cassegrain telescope. The IFU consist of 96 optical fibers (core/crad/jacke
diameter are 50/125/250 micro-meters, respectively). The fibers are arranged in 12 by 8 array at the telescope focus which mak
high-resolution spectroscopy over field-of-view of 41™ by 61” with a spatial resolution of 5.1” on the sky. Two-dimensional
Doppler measurements enables to derive spatial distribution of [SIl] emissions as well as their temperatures parallel and perpe
dicular to the magnetic field. We also made observation of neutral sodium cloud extending up to several hundred of jovian radi
as a proxy of supply of neutral particles from ldopeda et al.2015).

We also employee EUV spectroscopy of lo plasma torus with EUV space telescope Hisaki EXCEED from December 2014
through May 2015. We have made spectral fitting as the following method. First, we made series of EUV spectra averaged ove
five days. Next, assuming azimuthal homogeneity of lo plasma torus, Abel inversion is made to reduce 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 ions{SSt+, St*+, O™ and O"*) and fraction of hot electron (Te = 100 eV).

Based on observation of neutral sodium cloud (Yoneda et al., 2015), neutral supply started to increase at around DOY= 10, wze
at maximum at around DOY = 50, and has 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 after DOY = 50,
and have reached 8(+/-1) % at DOY = 110. In addition, ion temperatures from ground-based observation started to increase aft
DOY=50 as similar tread of increase of hot electron fraction. EUV emission from aurora was also activated after DOY = 50 as
increase of hot electron fraction on the plasma torus.

We also tried to reproduce the observed variation of electron and ion temperatures and densities using 0-dimensional tim
evolution model. The model calculates mass and energy balances in the torus under given conditions of neutral supply and tran
portation timescale as made Belamere and Bagen&d2003. Though hot electron fraction derived from plasma diagnostics is
5-10 times as much as that from the model, the mode with variable hot electron fraction reproduces the observed variation of io
mixing ratio and plasma temperatures well. The result indicates that the injection of hot electron from the outer magnetospher
(and/or local generation of hot electron) is activated after the outburst.
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A study on long-term variation of Jupiter’s synchrotron radiation associated with solar
wind
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Jovian Radiation belt is a layer of energetic particles ("few tens MeV). Jupiter's synchrotron radiation (JSR) observation is a
main tool for determining physical process therein, and various diffusion models have been proposed to account for the observe
JSR’s short-term and long-term variations observed in the past. As for the long-term variation, where the total JSR flux densit
varies by 20-30% over a few years, it is known to be well correlated with solar wind ram pressure [Bolton et al. 1989] with lag
time of 2 years, but its reason still remains unknown.

Amid the situation, Extreme ultraviolet spectroscope HISAKI has found evidence of electric field inside the magnetosphere-
large-scale convection electric field associated the solar wind [Murakami et al. 2016], from which one can expect enhanced radi
diffusion inside the magnetosphere.

In this study, | show the result of my numerical calculation on radial diffusion driven by the estimated convection electric field
and synchrotron radiation variation resulted therefrom and suggest that the long term variation with 2 years lag time can possibl
explained by solar-wind-driven convection electric field.
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Study of the correlation between nKOM and reconnection in the Jovian magnetosphere
Inward radial transport in the 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, suc
as radial flow bursts of energetic particles [Krupp et al., 1998, Woch et al., 1998] and the variation of radial and north-south
component of the magnetic fields [Krupp et al., 1998], which imply occurrences of 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 a
called "substorm-like events (SLE)" [Woch et al., 1998].

Itis also known that there are radio emissions from the Jovian magnetosphere which correlate with SLE. In the preceding stuc
ies, Louarn et al. (2001, 2014) reported the narrow-band KilOMetric radiation (nKOM) and the HectOMetric radiation (HOM)
correlated with inward flow burst and variation of the north-south component of the magnetic field during SLE. X-lines where
the SLEs are thought to start were located at around 60-80 Jovian radlirégon from Jupiter [Woch et al., 2002], while the
source of NnKOM is suggested to be located at the outer edge of the IPT (§)1&&ner 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 ho
inner (6-10 R) and outer (60-80 ) magnetospheres couple each other during SLE.

The purpose of this study is to reveal coupling processes of the formation of nKOM at the inner magnetospherg)(6-10 R
and the reconnection at the magnetotail (60-§0.Ro study this process is important in order to understand the inward radial
transport of energy and/or plasma in the Jovian magnetosphere and the proceeding processes of the global dynamics of the Jov
magnetosphere (as suggested by Kivelson et al. (2005)).

Louarn et al.(2015) suggested that the role of reconnection in the mechanism of radial inward transport was not clarified
Although reconnection thought to be trigger of inward radial transport, statistical analysis shows signatures of inward plasme
flows reaching at inner magnetosphere (such as increase of southward magnetic field) were rare.

In this study, we have used nKOM which can be observed by remote sensing and have compared reconnection in the magn
totail region and characteristics of nKOM at the inner magnetosphere. We have obtained intensity of each nKOM event and hav
compared it with variation of B radial component of magnetic field, as a parameter of SLE. As a result, there was correlation
between the intensity of nKOM and the variation gf Bhich corresponds each nKOM event.

This indicates there is relation between the energy stocked as stretching of magnetic field and the energy input towards tf
inner magnetosphere by the result of reconnection. We think this is one of evidences indicating inward radial transport of energ
in the Jovian magnetosphere. We will discuss the energy balance and the time series of each phenomenon during SLE in orc
to explain this relation. We will also discuss the physical processes of this relation in order to consider the role of reconnectior
for inward radial transport of energy and the coupling processes of the formation of nKOM in the inner magnetosphere and the
reconnection in the magnetotail region.
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Reconsideration of source characteristics of Jupiter's hectometric auroral radio emissiot

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

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

Itis known that Jupiter’s auroral radio emission in the hectometric wave range (HOM) shows two type occurrence components
One is a component relating to solar wind variations (sw-HOM) appearing around CML (Central Melian system Ill Longitude
of an observer) "180deg when solar wind pressure enhances. The other one is generally more intense than sw-HOM and h
no or weak relation with solar wind variations (nsw-HOM) appearing around CML “110deg and “280deg for major components
when De (Jovicentric declination of an observer) "-1deg (Nakagawa et al., 2000; Nakagawa, 2003). The nsw-HOM is thought tc
be generated by some internal processes initiated by the rapid planetary rotation and massive magnetospheric plasma, howe
precise source processes have not been revealed well.

We have reanalyzed occurrence characteristics of HOM using the WIND/WAVES data to investigate precise relation betweet
occurrence of nsw-HOM and Jupiter’s magnetospheric variations, such as plasma and magnetic field variations observed &
the Galileo Jupiter orbiter and variations of logenic volcanic gases/plasmas obtained from the Earth based observations. As
preliminary result, a minor component of the nsw-HOM appearing around CML"340deg likely relates to magnetic reconfiguration
events occurred in the Jovian outer magnetosphere, and enhancement of the major nsw-HOM sometimes lasts for more thar
few days seemingly without relation to the magnetospheric variations (and also solar wind variations). In the presentation, we
will show the precise occurrence characteristics of HOM and discuss their possible source processes including a comparisc
study of HOM with Jupiter’s auroral appearance nature.

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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