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Eastward elongation of Titan’s dunes by transient westerlies during the passage of th
intertropical convergence zone

Tetsuya Tokant
LIGM, University of Cologne

Numerous linear dunes with eastward streamline pattern exist on Saturn’s moon Titan, particularly in the equatorial region
They have mostly been interpreted as evidence of predominantly westerly (eastward) tropical surface winds, but such winds al
meteorologically hard to understand considering the angular momentum balance. This study addresses the subtle relationst
between the surface wind direction and dune orientation on Titan by calculating relevant dune orientation parameters using th
output of a general circulation model. In Titan’s equatorial region the surface wind is dominated by the cross-equatorial merid-
ional wind of the global Hadley circulation with superposed steady weak easterlies. The meridional wind reverses seasonall
and form linear dunes along the circles of latitude. This wind system by itself cannot cause an eastward orientation of dunes
However, near the equinoxes when the Hadley circulation reverses, westerly winds temporarily appear during the brief equatori
passage of the intertropical convergence zone (ITCZ). These westerlies are turbulent and stronger than the persistent easter
in other seasons. The eastward streamline pattern of Titan’s linear dunes may have been shaped by eastward elongation of du
by these occasional strong westerlies near equinoxes. The global migration of the ITCZ from south pole to north pole and vice
versa is a result of Titan’s slow rotation and Saturn’s large obliquity.
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Scattering Properties of Jovian Tropospheric Cloud Particles Inferred from Cassini/ISS
Takao M. Satd*, Takehiko Satoh Yasumasa Kasaba
' Dept. of Geophysics, Tohoku Uni?ISAS/JAXA

It is essential to know scattering properties (e.g., scattering phase function) of clouds for determination of vertical cloud
structure and its optical properties. However, we cannot derive the scattering phase function from ground-based and Earth-ork
observations because of the limitation of solar phase angle as viewed from the Earth. Then, most previous studies have us
the scattering phase function deduced from the Pioneer 10/Imaging Photopolarimeter (IPP) data (blue: 440 nm, red: 640nn
[Tomasko et al., 1978].

There are two shortcomings in the above scattering phase function. One is that we have to use this scattering phase function
red light as a substitute for analyses of imaging photometry usingli&idds (center: 727 and 890 nm), although clouds should
have wavelength dependency. The other is that the red pass band of IPP was so broad (595-720 nm) that this scattering ph:
function in red just show wavelength-averaged scattering properties of clouds.

In order to provide a new reference scattering phase function with wavelength dependency, we have analyzed the Cassini/IS
data in BL1 (center wavelength: 451 nm), CB1 (619 nm), CB2 (750 nm), and CB3 (938 nm) over wide solar phase angles (3-141
degrees) during its Jovian flyby in 2000-2001.

A simple cloud model which consists of a thin stratospheric haze, a semi-infinite cloud, and an intervening Rayleigh gas layer:
is adopted. Applying Mie theory to scattering by clouds, we deduce the scattering phase function of cloud and effective particle
size in the South Tropical Zone. As a result, when we use the nominal value of reflective index faceNflartonchik et
al., 1984], we cannot obtain reasonable fit to the observed limb-darkening profiles. This would imply that we should consider
possible effects on the impurity and/or the nonsphericiy of clouds.

In this presentation, we will show detail model description and these results. Finally, we discuss scattering properties of cloud
through comparison with previous works.

Keywords: Jupiter, atmosphere, Cassini/ISS, radiative transfer
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Polarization response of the attenuation bands within Jupiter’s hectometric radio emis
sions observed by Cassini/RPWS

Masafumi Imal*, Alain Lecacheux, Charles A. Higgin$, Kazumasa Imdi James Thieman

IKochi National College of Technolog,CNRS - Observatoire de Paris-Meudofochi National College of Technology,
4Middle Tennessee State Universitiy ASA/Goddard Space Flight Center

It is believed that the attenuation band within Jupiter's HOM is significant to help understand the source locations of HOM as
well as the plasma environment around Jupiter. We have investigated the statistical analysis of Jovian HOM polarization plotte
as a function of Jovian magnetic latitude and frequency below 3 MHz using the Cassini Radio and Plasma Wave Science (RPWS
data from Oct. 2, 2000 to Mar. 22, 2001. As a result, we found that the attenuation band plays a crucial role in not only reduc-
ing specific regions of occurrence probability and average intensity, but also amplifying the occurrence probability and average
intensity of the HOM emissions next to the attenuated regions. This new additional information suggests a method of indirectly
estimating the plasma environment around Jupiter by means of the ray-tracing technique. We present the polarization respon
of the attenuation bands within Jupiter HOM and a model which takes into account the amplified HOM radiation via ray-tracing
technique.

Keywords: Jupiter's Hectometric Radio Emissions, Attenuation Bands, Cassini Spacecraft, Jupiter's Radio Occurrence Probabi
ity Map, Jupiter's Radio Average Intensity Map, Jupiter's Magnetic Field
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Does an enhancement in l0’s volcanic activity weaken Jupiter's magnetospheric activity?
Mizuki Yonedd*, Fuminori Tsuchiy4, Hiroaki Misawd, Masato Kagitarli, Chihiro Tad, Shoichi Okand
IPlanet. Plasma Atmos. Res. Cent., TOhGKIAXA

lo is the most volcanically active body in the solar system. lo’s atmosphere consists of volcanic gas, and this volcanic gas
continuously escapes from lo into Jupiter’s inner magnetosphere. Jupiter’s inner magnetosphere is therefore occupied by plasr
which consists of heavy ions (e.g., S+, S++, S+++, O+, O++ and O+++). This magnetospheric environment is very different from
that of the earth because its magnetospheric plasma has its origin almost only in solar wind. It is well-known that magnetospheri
phenomena of the earth like magnetic storms are actually triggered or controlled by the solar wind or solar activity. Influence of
the solar wind on Jupiter's magnetosphere is also known. However, lo’s contribution on Jupiter's magnetospheric changes he
not investigated well while we know Jupiter’s inner magnetosphere is filled with logenic plasma. In this study, we tried to reveal
this outstanding issue.

Jupiter’s sodium nebula, extending over several hundreds of Jovian radii, is a result of atmospheric escape of sodium aton
originated from lo through Jupiter’s inner magnetospheric structure named lo plasma torus. Previous studies revealed that brigh
ness of the sodium nebula is dependent on volcanic activity on lo. We made ground-based observations of Jupiter’'s sodium nebt
and found a distinct enhancement in 2007. In addition, activities of Jupiter’s radio emissions, DAM and HOM, are also available
using data from a spacecraft WIND around the time of the enhancement of the sodium nebula in 2007. These radio emissio
activities are believed to be related to Jupiter's aurora activities. Most of the radio signals are not contaminated by solar radio o
earth’s auroral radio emissions around this period fortunately. Activities of both DAM and HOM seemed to become lower after
the sodium nebula enhancement in aspects of both emission power and occurrence. This relations may indicate the lo’s volcar
enhancement weakened Jupiter’'s magnetospheric activities temporally. The 10-DAM has its source region around L=5.9, and th
of HOM is L=8-11. This means lo’s volcanic enhancements control Jupiter’s inner magnetospheric activities in a region betweer
L=6 and 11. However, this is an insight obtained from only a single event. More events should be studied in the suture to obtair
more detailed insights.

Keywords: Jupiter, lo, magnetosphere, volcanism
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Occurrence probability analyses of Jovian decametric radiation based on 3 short baselin
interferometer observation

Tomoyuki Nakajd*, Kazumi KobayasHi, Hiroshi Oya
LFukui Univ. Tech.2Graduate College, Fukui Univ.TecTohoku Univ.

Jovian decametric radiation (DAM) is one of Jovian auroral phenomena and its occurrence probability reflects the activity of
Jovian magnetosphere. Since the discovery of DAM in 1955, it has been well known that the occurrence probability of DAM
shows a long-term temporal variation with nearly 12 years periodicities, however, the origin of 12 years periodicities has not beer
fully understood because there are some basic considerable effects having nearly 12 years periodicities such as reception pov
of galaxy background radiation, shielding effect of terrestrial ionosphere, temporal variation of inclination of rotating axes of
Jupiter known as De effect and the sunspot number of Sun. It is very important to evaluate these effects on 12 years periodicitie
of DAM quantitatively to consider the generation mechanism of DAM and the temporal variation of electromagnetic environment
of Jupiter.

In Fukui University of Technology, a three short baselines interferometer has been used for occurrence probability analyse
of DAM since 2001. In the observation system, the fringe waveform was stored as image data from 2001 to 2006 and has bee
digitalized with a sampling period of 0.2 sec and stored in HDD continuously since 2007. In the past, we have identified DAM
signals by visually comparing the period of observed fringe waveform with that of theoretical one. As the result, the observed
occurrence probability showed the peak value in 2001 and decreased drastically in 2003. Since 2007, the observed occurren
probability has shown gradual recovery trend.

In the present study, we apply fringe correlation analyses to the fringe waveform data from 2007 to 2010 for more objective
identification of DAM signals. In the analyses, we calculate normalized cross correlation coefficients between the observed an
the theoretical fringe waveforms during observation period with an integration time of 120 minutes and time interval of 1 min.
The received signals are identified as DAM signals when the calculated correlation coefficient exceeds a set threshold level in a
baselines. The threshold level is determined to be 2.5 sigma where sigma is a standard deviation of all correlation coefficient
obtained during observation period. In order to confirm the validity of the analytical method, we plot CML vs. lo phase diagram
in each year and the obtained diagrams agree with the well known pattern of the conventional diagram. In addition, the analyze
occurrence probabilities show not only a gradual increment from 2007 to 2009 which agrees with the previous result but also
sudden increment in 2010 which agrees with a trend predicted by conventional 12 years periodicity. Therefore, we conclude th
fringe correlation method is useful in order to identify DAM signals objectively. As a future study, we plan to correct the effects
of shielding by terrestrial ionosphere and of temporal variation of galaxy background level in order to detect the effects of solar
activity, De and the impact of SL-9 comet on 12 years periodicity of DAM.

Keywords: planetary magnetosphere, Jupiter, decametric, interferometer, occurrence probability
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A beaming model of Jupiter’s decametric radio emissions
Kazumasa Imaf, Takahiro Iwatd, Masafumi Imal
IKochi National College of Technolog§ISAS/JAXA

Jupiter is one of the most powerful radio sources at decametric wavelengths. The radio emitting frequency range is from a fev
MHz to 40 MHz. Jupiter's decametric radiation is considered to be the result of a highly complex interaction between Jupiter’s
plasma and its magnetic field. This emission is generally believed to be produced by a mechanism related to cyclotron mas
plasma instability. Although there is a long history of Jupiter radio observations since its discovery in 1955, the emission mech-
anism of Jupiter's decametric radiation is not yet completely understood.

It has long been recognized that there is a marked long-term periodic variation in Jupiter’s integrated radio occurrence probe
bility. The period of the variation is on the order of a decade. Carr et al. [1970] showed that such variations are closely correlate
with Jovicentric declination of the Earth (De). The range of the smoothed variation of De is from approximately +3.3 to -3.3
degrees. This De effect was extensively studied and confirmed by Garcia [1996]. It shows that the occurrence probability of the
non-lo-A source is clearly controlled by De at 18, 20, and 22 MHz during the 1957-1994 apparitions.

We propose a new model to explain the De effect. This new model shows that the beam structure of Jupiter radio emission:
which has been thought of like a hollow-cone, has a narrow beam like a searchlight, which can be explained by assuming the
the three dimensional shape of the radio source expands along the line of the magnetic field. If we consider the sizes of th
radio coherent region are 1000 m along Jupiter's magnetic field line and 200 m toward the latitudinal direction, the equivalent
beam pattern is 1 degree wide along Jupiter’'s magnetic field line and 5 degrees in latitude. As the searchlight beam is fixed wit
Jupiter's magnetic field, the pure geometrical effect of De can be explained by this searchlight beam model.

The Earth-Moon baseline length for the VLBI has a resolution of about 20 km for 20-25 MHz sources at Jupiter and will be
able to open the window of new science for the micro structures and beaming of Jupiter’s radio source. The future plan for the
Jupiter radio VLBI will be presented.

Keywords: Jupiter radio, decametric wave, beam structure, radio source, radio emission mechanism, Moon-Earth baseline VLB
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Two-element radio interferometer for the observation of Jupiter’s synchrotron radiation

()
Fuminori Tsuchiy&*, Hiroaki Misawd, Hajime Kital, Akira Morioka', Tetsuro Kondd
Tohoku Univ.,2NICT

Synchrotron radiation from Jupiter’s radiation belt and its time variation show us the presence of efficient acceleration and
transport of relativistic electrons in the Jovian inner magnetosphere. Recent ground based observation of Jupiter’s synchrotrc
radiations (JSR) showed that the total flux density of them significantly enhanced at the onset of substorm-like event in the Jo
vian magnetosphere (Nomura et al. 2007). We proposed that two-element radio interferometer with a baseline length of a fe
kilometers enabled us to find the spatial characteristic of JSR during the enhanced event. In this paper, we will show results abo
feasibility to detect the enhanced event with two-element radio interferometer and the current status of the development of th
interferometer.

We have already showed that the two element interferometer could detect the expected change in the visibility phase associat
with the change in spatial distribution of JSR during the enhancement event for the case that the total flux density of JSR becarr
10 times greater than the usual intensity (5 Jy, Jy2£@V cm~2 Hz~1). In this study, we also considered the weaker intensity
cases (twice and 5 times) and test them. The results showed that spatial distribution changes for both cases were also detecte
with the two-element interferometer.

We have started the development of a back-end receiver for the radio interferometer system. The back-end receivers cons
of baseband down converter, GPS frequency standard, and high speed data sampler. The GPS frequency standard is used
standard clock for the radio interferometer system, and K5/VSSP which is developed by the Kashima VLBI group of NICT is
used as the data sampler. The allan variance of the GPS frequency standard was measured by using a hydrogen maser which
installed in the Mizusawa VLBI observatory (NAOJ). It is found that the inexpensive GPS frequency standard has a potential to
detect the change in the visibility associated with the brightness distribution change during the enhanced event. The back-er
receivers are planned to install in both the litate and Zao observatories in this spring and will be used for test radio interferomete
observations at 327 MHz.
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Science Operation Concept of BepiColombo/Mercury Magnetospheric Orbiter (MMO)
based on 'the MDP scheme’

Yasumasa Kasabg Masaki N Nishind, Masaki Fujimotd, Takeshi Takashinta
'Dep. Geophys., Tohoku Uni|SAS/JAXA

BepiColombo / Mercury Magnetospheric Orbiter (MMO) , which will be launched in 2014, is mostly dedicated to the first
detailed study of magnetic field and plasma environment of the planet Mercury, with wide-range observational capabilities for
charged particles and energetic neutral atoms, magnetic field, electric field / plasma waves / radio waves, dust, and exosphe
constituents. The scientific operation of this spacecraft is coordinated with the Mission Data Processor (MDP), which operate:
all payload groups aboard the MMO, MGF (Magnetic Field Investigation) for magnetic field with 2 sub instruments, MPPE
(Mercury Plasma Patrticle Experiment) for plasma and neutral particles with 7 sub instruments, PWI (Plasma Wave Investiga
tion) for electric field, plasma waves, and radio waves with 7 sub instruments, MSASI (Mercury Sodium Atmosphere Spectral
Imager), an imaging system for the sodium exosphere, and MDM (Mercury Dust Monitor) for dust information around Mercury
and the inner heliosphere.

In this paper, the summary of the science operation plan based on this 'MDP scheme’ is presented. Under this concept, all pa
load packages will perform integrated in-situ measurements of particles and fields in and around the magnetosphere of Mercur
under the control by MDP. It enables us to obtain survey data (L-mode), normal data (M-mode), and burst data (H-mode) with
coordinated manner within limited telemetry resource. Data triggering concept for H-mode is also presented. These definition:
are now implemented into the flight model, and finally formalized in the MMO Science Working Group meeting in March 2011.

Keywords: Mercury, Magnetosphere, Exosphere, BepiColombo, Mercury Magnetospheric Orbiter
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Long-term variability in sodium on Mercury
Shingo Kamedkt, Masato Kagitarfi, Shoichi Okand
LChiba Institute of Technology,Tohoku University

Mercury has a very thin atmosphere. The surface pressure is less thi&hatt. Since its scale height is greater than the
mean-free-path near the surface, Mercury’s atmosphere is called Surface-bounded exosphere. The Mariner 10 UV spectrome
detected the emission from H, He, and O atoms, which are thought to be the solar wind origin. Subsequently, the emission fror
Na, K, and Ca atoms were detected by the ground-based telescope. These alkali atoms are thought to be released from the ¢
face by photon-stimulated desorption, thermal desorption, chemical sputtering, solar wind ion sputtering, and micrometeoroic
vaporization.

In the detected species, sodium has been most investigated because its emission is brightest and it can be relatively eas
observed by ground-based telescopes. Though many observations have been done since its discovery in 1985, the source prot
of exospheric sodium atoms is still unclear. In this paper, we show the past results of ground-based observations and discuss
source process.

Most remarkable feature of Mercury’s sodium exosphere is the concentration at high latitudes and its temporal variability.

The planetary magnetic field of Mercury is strong enough to sustain the solar wind magnetic fields and form a magnetosphere
The cusp region, where the planetary magnetic field connects to the interplanetary field, is formed at high latitudes. Solar win
protons and other heavy ions precipitate more frequently at the cusp region than near equator. However, Kameda et al. (200
shows that the temporal variability of average sodium density is less than “10%. This issue is still to be clarified.

In this study, we compare the observed sodium density with Solar EUV flux, Solar wind flux, and the distance from the ecliptic
plane. Photon-stimulated desorption is caused by solar photons, whose energies are higher than UV energy. The relationst
between the solar EUV flux at the wavelength from 0 to 200 nm and the Na density will be shown. We used the data obtainec
by SEE on TIMED. Solar wind flux also changes with time, which possibly causes temporal variability in the sputtered Na con-
centration. We compared the Na density with the solar wind proton flux. We used the data obtained by SWEPAM on ACE and
estimated the solar wind flux. As a result, the Na density is not correlated with the solar EUV flux or the solar wind flux. There-
fore these observations do not support the theory that photon-stimulated desorption or solar wind ion sputtering is the dominar
source process of Na.

Assuming that interplanetary dust (IPD) is concentrated on the ecliptic plane, IPD density should be dependent on the distanc
from the ecliptic plane. We have developed an IPD distribution model to investigate further the relationship between atmospheri
Na density and IPD distribution. We assume that the average Na density in Mercury’s atmosphere is proportional to the IPC
density at Mercury. The inclination (i) and ascending node (omega) of the symmetry plane of IPD are also free parameters. W
searched the most relevant values for these four parameters using the least square method. The correlation coefficient can
more than 0.6 for -104&omega< 57 and i> 1.9. Our results do not correspond completely with the past results, mainly because
of the difference in the position of the observed IPD. In this presentation, we discuss the source process of sodium exosphel
including the effect of solar tides.

Keywords: Mercury, Sodium, Planetary Atmosphere, Ground-based observation, Exosphere
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Plan for the observation of escaping planetary atmospheres by Sprint-A/EXCEED

Naoki Terad&*, Fuminori Tsuchiya, Masato Kagitarli, Yasumasa KasabaKazuo Yoshiokd, Ichiro Yoshikawd, Go Murakamt,
Kouichi Sakat, Tatsuro Homm#, Atsushi YamazaKi, Tomoki Kimurat, Munetaka Uend

ITohoku University?Rikkyo University,2University of Tokyo,*ISAS, JAXA

Sprint-A/EXCEED is an earth-orbiting satellite to be launched in 2013 as the first mission of the small scientific satellite
series of JAXA. One of the primary objectives of Sprint-A/EXCEED is to study atmospheric escape from Venus and Mars and
its impact on the evolution of the planetary environments. In this presentation, the scientific objectives of Sprint-A/EXCEED
concerning the atmospheric escape from Venus and Mars as well as from the Mercury’s magnetosphere will be presented.

Keywords: Atmospheric escape, Venus, Mars, Mercury
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Estimation of the solar wind magnetic field from the ion distribution functions observed
by Mars Express ASPERA-3

Takuya Har&*, Kanako SekKi, Yoshifumi Futaand Masatoshi Yamauchj Stas BarabaghAndrei Fedorov
ISTEL, Nagoya Univ., JapartlRF, Kiruna, Sweden3CESR, Toulouse, France.

The solar wind can directly interact with the Martian upper atmosphere, since Mars does not possess a global intrinsic mag
netic field [e.g.Acuna et al, 1998]. Atmospheric escape induced by the solar wind has been observed by Phobos-2 at the solatr
maximum, and recently by Mars Express (MEX) at the solar minimum [Ewgndin et al, 1989;Barabash et al2007]. Escape
rates of planetary ions estimated by both spacecraft indicate large dependence on the solar wind conditBasafgagh et a/.
2007;Lundin et al, 2008].

It has been known that escaping planetary ions, which are picked up by interplanetary magnetic field (IMF) in the solar wind,
are distributed highly asymmetrically in terms of the convective electric fRddgbash et a/2007]. The convective electric field
in the solar wind cannot be derived directly from MEX measurements, since MEX does not carry any magnetic field detector.
However, the IMF direction can be sometimes estimated from the ring-like velocity distribution of picked-up protons observed
by the ion mass analyzer (IMA), which is a part of plasma packages of ASPERA-3 onboard MEX. It is because the trajectory of
picked-up ions is theoretically expected to gyrate in the plane perpendicular to the IMF diré&inadchi et al. 2006, 2008].

Here we newly developed a new semi-automated method to estimate the IMF orientation from ring-ion distributions observec
by IMA, focusing on the picked-up planetary protons. As described below, we only use ring-ion signatures whose initial energy
is zero, so as to exclude the components of reflected solar wind protons at the bow shock. We assume that the magnetic fie
direction is nearly uniform over a distance greater than one ion gyroradius and for 192 sec., the duration of the observatiol
cycle of three-dimensional ion distribution measured by IMA. We can then presume that picked-up planetary ions form a ring
distribution with a radius of the solar wind velocity in the plane perpendicular to the local magnetic field in the solar wind rest
frame. The concrete procedures of estimation are as follows:

(1) We manually select the ring distribution signature near the Martian bow shock.

(2) Automatic determination of the bulk velocity vector of the solar wind in full three-dimensional scanning of IMA.

(3) Assuming that initial velocity of picked-up protons is negligible, data bins where the ring ion component is expected to be
detected are selected from IMA three-dimensional velocity distribution data.

(4) Using the selected data bins where relevant ring ion components are detected in three-dimensional velocity phase space
the solar wind rest frame, we calculate the normal unit vector to the plane of a partial ring ion distribution using the Newton-
Raphson method and Lagrange multipliers. The derived normal unit vector should be parallel or anti-parallel to the IMF orienta-
tion. It should be noted that we cannot derive strength and polarity of the IMF in this method.

The heavy ion precipitations up to a few keV onto Martian atmosphere are recently discovered predominantly during CIR
passagesHara et al, 2011]. On the basis of a statistical study using the derived IMF data, we will also report on the effects of
the solar wind electric field direction on the heavy-ion precipitations.

References:
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The distribution of the ion number density over the crustal magnetic field on Mars
Miho Kanad*, Masato Nakamura Takumi Abé, Yoshifumi Futaand Atsushi Yamazaki ASPERA-3 tearh

LISAS/IAXA, 2IRF

Mars atmosphere interacts with solar wind directly without the dipole magnetic field. The observation by Mars Global Sur-
veyor (MGS) revealed that the Martian crustal magnetic field is as strong as over 100nT at 400km altitude. In this study, the
crustal magnetic field effect on the ion number density distribution is investigated by the statistical analysis.

The ion number density distribution obtained by the ion mass analyzer onboard Mars Express is shown. The available data ter|
is from March 2004 to March 2006. The observed ion nhumber density increase is shown in the magnetosheath as the motion
electric field is southward and the dayside crustal magnetic field is strong. To examine this raise of the ion number density, the
relation of the oxygen beam events and the crustal magnetic field location is investigated. In the result, we study the effects c
the crustal magnetic field on the atmospheric erosion.
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Effects of upstream IMF direction to the ion escape from Venus
Kei Masunag&*, Yoshifumi Futaand MasatosHi, Stas BarabaghZhang Tielond, Naoki Teradd, Shoichi Okand
!Graduate School of Science, Tohoku UnigSwedish Institute of Space Physiédustrian Space Recerch Institute, Graz

The lack of intrinsic magnetic field on Venus results in a direct interaction between its upper atmosphere and the solar wind
This fact causes an ion outflow from Venus to the space. In the past, it has been revealed that the escape processes are contrg
by the variable solar wind conditions. It is thought that the escape processes plays an important role for the evolution of Venusia
atmosphere.

At present, Venus Express explored plasma environments on Venus. A lot of O+ ions with a speed over escape velocity wer
observed through the plasma sheet which is identified by a sharp reversal of Bx component (Barabash et al., 2007a). Therefol
the plasma sheet is regarded as the energetic ion outflow channel.

Recently, it is reported that the magnetic field environment on Venus highly depends on the direction of the interplanetary
magnetic field (IMF). Usually IMF has a component to the Venus-Sun line (Zhang et al., 2009). In addition, it is also suggested
by the global simulation that the IMF direction controls an atmospheric escape flux by the global change of the Venusian plasm:
environment (Liu et al., 2009)

In this study, we have examined dependence of high energy-Q8( eV) observations around Venus on the upstream IMF
direction by using velocity distribution functions of plasma and the magnetic field data measured by the ASPERA-4 (Analyzer
of Space Plasma and Energetic Atoms) and the magnetometer (MAG) on board Venus Express for a period from June 20C
to December 2008. The orbits are classified into two cases depending on the IMF directions: IMF nearly perpendicular to the
Venus-Sun line (the perpendicular case) and IMF nearly parallel to it (the parallel case).

In most orbits for the perpendicular case, x-component of the magnetic field reverses one time per orbit around magneti
poles where the field lines most strongly drapes. The high energy O+ fluxes are also detected near the poles and some of them:
observed simultaneously with the Bx reversal mainly in the nightside. In addition, the energy of O+ fluxes increases in proportion
to an altitude in the dayside +E hemisphere to which the convection electric field points. On the other hand, in most orbits for the
parallel case, the Bx component reverses multiple times per orbit and their spatial distribution is scattered around the terminatc
and wake region. The high energy O+ fluxes are also detected whole around the post terminator region, and some of them a
detected simultaneously with the Bx reversal. In addition, the energy of the fluxes does not show the clear dependence on tt
altitude compared to the perpendicular case.

Results show that the upstream IMF direction controls the ion acceleration region. For the perpendicular case, the large cot
vection electric field is generated in the dayside region, and the IMF drapes strongly from the terminator and forms a single
plasma sheet in the nighside region. O+ ions are picked up into the solar wind due to a large convection electric field in the
dayside, and ionospheric O+ ions are scavenged away by a magnetic tension force and/or a kinetic force of the solar wind fror
the magnetic poles to the wake region. On the other hand for the parallel case, the convection electric field becomes smalle
and the IMF drapes complicatedly, resulting in creating multiple Bx reversals in the nighside region. The multiple Bx reversals
indicate that many plasma channels are formed. It is suggested that the ion pickup rate decreases and the ionospheric ions
accelerated by local effects from the multiple plasma channels in the nightside region. These results imply that the IMF directior
controls the ion pickup rate and bulk outflow rate.

Keywords: Venus, plasma, Venus Express, VEX
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Development of a New Telescope Dedicated to Observation of Planets at Haleakale
Hawaii : VI

Shoichi Okanéd*, Yasumasa KasabaMasato Kagitarli
Tohoku University

We plan to construct a 1.8m new telescope at the summit of Mt. Haleakala, Maui, Hawaii in collaboration with the Institute
for Astronomy of University of Hawaii, Institute of Astronomy of National Autonomous University of Mexico, and Kiepenheuer
Institute for Solar Physics in Germany.

The telescope is dedicated to observation of solar system planets and exoplanets. When we try to observe a faint emissi
close to these targets, intense solar scattered light from the planetary disk becomes a serious problem if we see a solar syst
planet, and strong light from the central star in case when we are going to observe an exoplanet. In order to suppress this pro
lem, it is necessary to avoid diffraction due to a spider structure that holds a secondary mirror and to minimize the scattere
light from mirror surfaces as far as possible. To attain these necessities, the telescope optics will be an off-axis Gregorian type
and ultra-smooth mirror surface will become possible with a new polish technology called HyDra. Since a telescope with such
a wide dynamic range dedicated to observation of planets does not exist yet, it is expected the telescope will become a uniqt
facility for the ground-based observation of planets when it is realized.

A telescope project called PLANETS is being developed under a joint research agreement between Tohoku University an
University of Hawaii. A basic design of the telescope has been completed and the primary mirror blank made of glass ceramic i
now being manufactured.

Outline of this telescope project can be seen at http://www.ifa.hawaii.edu/haleakalanew//planets/planets.shtml, and at th
presentation, current status of the development plan of our telescope will be given.

Keywords: optical telescope, planetary observation, optical infrared, Gregorian, Hawai Haleakala, off-axis
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Millimeter-wave band observations of planetary atmospheres with SPART 10m telescope

Hiroyuki Maezawa*, Nayuta Moribé, Takahiro IING, Akira Mizuno', Tomoo NagahamaMunetoshi Tokumary Yoshizumi
Miyoshi', Hideo Ogawa, Toshikazu OhnisRj Shigeru TakahashiJun Maekaw?, Hiroyuki Iwashit&, Kazuyuki Handa, Ry-
ohei Kawabé

INagoya Univ.20saka Prefecture Univ*Nobeyama Radio Observatory, NAO

In order to investigate how activities of the Sun, which is a typical G-type star in our galaxy, influence the balance of atmo-
spheric environments of solar planets, we are promoting a project to carry out millimeter-wave band monitoring (short/middle/long
term) observations of the middle atmospheres of solar planets by exclusively improving a ground-based 10m telescope of th
Nobeyama Radio Observatory. We call this telescope "Solar Planetary Atmosphere Research Telescope (SPART)". The tels
scope is employing 100 and 200 GHz band superconductor/insulator/superconductor (SIS) mixer detectors with a high sensitiy
ity achieving the quantum noise limit. Our heterodyne sensing technique at this frequency band provides us an highly-spectre
resolution, which enables us to derive the vertical distribution of minor constituents and their isotopes in the middle/upper at-
mospheres of terrestrial and gas-giant planets in our solar system. At present we are newly developing intermediate frequen
band systems, local oscillator systems, and a digital Fourier transform spectrometer (1 GHz bandwidth, 8 bit, 163484 channe
with a built-in high-speed processing FPGA, system and tracking control software. We will complete the improvements of the
telescope systems within this year, and then start monitoring and line-survey observations before the next solar maximum. In th
conference, we will report the progress of the project and these developments.

Keywords: miilimeter/submillimeter-wave, heterodyne remote sensing, planetary atmosphere
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Solar System Observations in Early Science Cycle 0 with ALMA
Masao Saity*, Sachiko Okumura
LALMA-J Project

The Atacama Large Millimeter/submillimeter Array (ALMA) will be comprised of a giant array of 12-m antennas, with base-
lines up to 16 km and state-of-the-art receivers that cover all the atmospheric windows up to 1 THz. An additional, compact array
of 7-m and 12-m antennas will greatly enhance ALMA's ability to image extended sources. The ALMA project is an international
collaboration between Europe, East Asia and North America in cooperation with the Republic of Chile.

The Joint ALMA Observatory (JAO) expects to start Early Science observations (Cycle 0) on a best effort basis late in 2011
and a call for proposals will be issued at the end of the first quarter of 2011. The ALMA Early Science Cycle O capabilities
will comprise sixteen 12-m antennas, receiver bands 3, 6, 7 & 9 (wavelengths of about 3, 1.3, 0.8 and 0.45 mm), baselines up 1
250m, single field imaging, and a restricted set of spectral modes chosen to meet a reasonable range of scientific goals. Additior
capabilities including somewhat longer baselines, limited mosaic imaging, and some polarization capabilities, may be announce
in the Call for Proposals.

Even at the Cycle 0 phase, the sensitivity of ALMA in spectral observations is typically 10 - 30 times higher than that of the
existing millimeter and submillimeter arrays. High spatial resolution, 0".35-2".5 dependent on observing frequency, and high
spectral resolution will enable observers to image detailed features of planets and to reveal kinematics of planetary atmospher
For example, 1 sigma senstivity in brightness is less than 1 K with a velocity resolution of 0.1 km s-1 and an angular resolution of
1” at 345 GHz. The ALMA data can be compared directly with theoretical studies enriching our understanding of the planetary
science.

Successful proposers for Early Science Cycle 0 will share risk with ALMA. ALMA staff will conduct quality assurance on
ALMA data, and will provide reduced data products through the respective ALMA Regional Centers (ARCs). However, it cannot
be guaranteed that projects will be completed or that the characterization and quality of the data and data reduction will meet th
standards expected when ALMA is in full scientific operations.

If your affiliation is in Japan, the East-Asia ALMA Regional Center located in the NAOJ campus in Tokyo will provide user
support in many aspects. We present the ALMA Cycle 0 capabilities and its expected outcome for potential observers.

The key dates in the current plans for Cycle 0 are given below. It is still possible that changes in circumstances may make i
necessary to alter them.

-2011/03/31: CfP for ALMA Early Science Cycle 0 and release of offline Observing Tool.

-2011/06/01: Opening of archive for proposal submission.

-2011/06/30: Proposal Deadline.

-2011/09/30: Start of ALMA Cycle 0 observing.

Keywords: ALMA, Radio Interferometer, Early Science
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A modeling of Titan’s ionosphere
kei nakaok&*, Shigeto WatanabBe Shotaro Sakai
'Dep. Cosmosciences. Hokkaido Univ.

A modeling of Titan’s ionosphere
K. Nakaoka(1), S. Watanabe(1), S. Sakai(1)
(1) Department of Cosmosciences, Graduate School of Sciences, Hokkaido University

The Langmuir Probe (LP) onboard Cassini spacecraft has obtained that the ion mass is about 20 -40 amu at altitudes froi
1200km to 1800km and exceeds 60 amu at “1200 km altitude (Wahlund et. al., 2005). However, the ion composition has not bee
understood yet.

We constructed an ion composition model in the Titan’s upper atmosphere which consists of nitrogen and methane. The resu
shows that the main ions are protonated hydrogen cyanide and protonated ethylene. The altitude of peak number density is “11
km. We report the comparison between the modeling and the Cassini observation and photochemical processes in the Titar
upper atmosphere.

Keywords: titan, upper atmosphere, ion composition, alltitude distribution, ionosphere
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A study of Jovian Radio Wave Observation using LLFAST (Lunar Low Frequency As-
tronomy Telescope)

Takahiro Iwatad*, Kazumasa Imaj Tomoyuki Nakajé, Tetsuro Kondd, Hiroshi TakeucHi
HISAS/IAXA, 2Kochi N. C. Tech.?Fukui Univ. Tech.*NICT

Jovian decametric radio emissions (DAM) have been observed since 1955, and it became the starting point to elucidate plan
tary magnetospheres. However, their radiation mechanism has not yet been fully understood because the spatial in-formation
the radio sources was not enough. The highest spatial resolution obtained by the ground based VLBI (Very Long Baseline Intel
ferometry) observations can not resolve the radio sources with the resolution of 1000 km at Jupiter, so that it has been impossib
to inspect proposed models.

LLFAST-1is one of the candidate mission instruments which will be equipped on the Japanese post lunar explorer in SELENE
series which will be launched in the latter half of 2010’s. It is an on-orbit station of a space VLBI composed with decametric
radio telescope on the lunar orbiter and ground stations. The main objective of this stage is to observe the low frequency radi
emissions from lo-Jupiter system. The highest spatial resolution of LLFAST observations will be about 20 km for 20-25 MHz
source at Jupiter, which is expected to shed light on the new science for the micro structures and beaming of Jovian radio source
LLFAST-1 is also regarded as the first step of on-orbit display for the interferometer for the very low frequency, less than 10 MHz,
radio wave observations on the lunar far side.

Long period ground observations combined with in-situ observations have suggested an existence of a conical-sheet bea
structure [1]. Precise positioning of DAM sources by the modulation lanes methods [2] have also shown the angle of cone an
the magnetic flux via lo to be about 60 degree [3]. However, the De (Jovicentric Declination of the Earth) effect suggests a part o
the model of a Jupiter radio search-light beam structure [4]. Such micro structures in the Jupiter radio sources region also suppc
a highly coherent source region. This new model shows that the beam structure of Jupiter radio emissions, which is thought t
be like a hollow-cone, has a narrow beam like a search-light, which can be explained by assuming the three dimensional shap
of the radio sources expanding along the line of the magnetic field. This model predicts the size of the coherent source regio
along the line of the magnetic field to be around 1 km for each individual source frequency component.

The highest spatial resolution of LLFAST observations will be about 20 km for 20-25 MHz source at Jupiter. The structures
of DAM sources with the expected size of "1 km can be confirmed by this spatial resolution using fringe visibility analysis with
the coherent coefficiencies of more than 0.95. The positions of radio sources can also be estimated by the measurements
circular polarizations. It is also expected that our polarization observation can distinguish two of the wave-particle interaction
mechanism; Cyclotron Maser Instability (CMI) mechanism [5] and Mode Conversion mechanism [6]. Our system will, thus,
shed new light on the physics of planetary magnetospheres and plasmas.

References - [1] Carr et al. (1983), In Physics of the Jovian Magnetosphere, 226. [2] Imai et al. (2002), JGR, 107, A6,
10.1029/2001JA007555. [3] Dulk (1967), Icarus, 7, 173. [4] mai et al. (2008), AGU Fall Meeting, SM41B-1673. [5] Wu & Lee
(1979), ApJ, 230, 621. [6] Oya (1971), Radio Sci., 6, 1131.

Keywords: Jupiter, lo, DAM, space-VLBI, SELENE-2



Japan Geoscience Union Meeting 2011
(May 22-27 2011 at Makubhari, Chiba, Japan)

©2011. Japan Geoscience Union. All Rights Reserved. " p'a i
JGet_)science
e
PCGO033-P03 Room:Convention Hall Time:May 24 14:00-16:30

Short term variations of Jupiter's synchrotron radiation derived from VLA data analysis
Hajime Kita*, Hiroaki Misawa, Fuminori Tsuchiy4, Akira Morioka!
IPlanet.Plasma Atmos.Res.Cent. Tohoku Univ

Jupiter’s synchrotron radiation (JSR) is the emission from relativistic electrons in the strong magnetic field of the inner mag-
netosphere, so it is the most effective prove for remote sensing of Jupiter’s radiation belt from the Earth. Although JSR has bee
thought to be stable for a long time, observations for JSR have been intensively made after the collisions of comet P/SL9 tc
Jupiter in 1994, and short term variations of JSR on time scale of days to weeks have been confirmed by several groups.

Brice and McDonough (1973) proposed a scenario for the short term variations: i.e. the solar UV/EUV heating for Jupiter's
upper atmosphere drives neutral wind perturbations and then the induced dynamo electric field leads to enhancement of rad
diffusion. Miyoshi et al. (1999) showed that a short term variation event at 2.3GHz is well correlate to solar UV/EUV flux vari-
ations. Tsuchiya et al. (2010) showed that JSR at 325MHz and 785MHz have short term variation. Santos-Costa et al. (200¢
reported that radio images at 5GHz showed longitudinally asymmetric short term variations from the VLA (Very Large Array)
interferometer observation made from October to December, 2002. However, the mechanisms which cause the short term vari
tions and the relationship with solar UV/EUV activity have not been revealed well.

In order to evaluate the effect of solar UV/EUV activity on JSR more precisely, we have made radio image analysis using
the NRAO (National Radio Astronomy Observatory) archived data of the \AWJAWe have selected the data observed from
January 28 to February 5, 2000 at 327MHz. During the period, solar UV/EUV flux expected on Jupiter showed monotonic de-
crease. A preliminary analysis shows that a radio flux variation occurred corresponding to solar UV/EUV variations density and
radio images also show variations of dawn-dusk asymmetry. We will introduce the local time dependence or magnetic longitude
dependence of the brightness distribution variations and discuss causalities of the short term variations.

xThe National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative
agreement by Associated Universities, Inc.

References:

Brice, N. M. and T. R. McDonough, Icarus, 18, 206-219, 1973.
Miyoshi, Y. et al., Geophys. Res. Lett., 26, 9-13, 1999.
Santos-Costa, D., et al., Astron. Astrophys., 508, 1001-1010, 2009.
Tsuchiya, F. et al., Adv. in Geosci, 19, 601, 2010.
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Solar wind response of Jupiter’s magnetosphere viewed from the radio spectra analysis
Hiroaki Misawd*, Fuminori Tsuchiyd, Akira Morioka!
'PPARC, Tohoku University

It is well known that aurorae and auroral radio emissions in the earth are primarily driven by interaction between the solar
wind and the magnetosphere, while in case of Jupiter, it is thought that some internal processes, probably initiated by the rapi
planetary rotation, primarily drive the auroral activity and the solar wind is a limiting control parameter. There are many in situ
and remote observations support the idea, however, the role of the solar wind to the magnetic phenomena and pure characterist
of internal processes have not been revealed well.

In order to investigate characteristics of the solar wind and non solar wind controls on Jupiter's magnetic activities in detail,
occurrence characteristics of Jupiter’s radio emission, particularly in the hectometric wave range observed with WIND/WAVES,
have been analyzed. The analysis period is particularly selected for June to September in 2008, when the solar activity was co
siderably calm and predicted solar wind condition at Jupiter was stable and also showed clear periodicity synchronized with th
solar rotation. The results of the analysis show that there are 3 types of HOM: 1) Solar wind related HOM, 2) Non solar wind
related and short lived HOM, and 3) Non solar wind related and quasi-periodic HOM. This implies that locations and/or plasma
conditions in the source and propagation regions varies with the solar wind variations and effects of the solar wind variations
reach to the inner magnetosphere.

Acknowledgement: We would greatly appreciate M. Kaiser, J.-L. Bougeret and the WIND/WAVES team for providing the
radio wave data.

Keywords: Jupiter, magnetosphere, solar wind response, radio emission
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The high resolution MHD simulation of Kronian magnetosphere for northward and south-
ward IMF

Keiichiro Fukazawé', Tatsuki Oging, Kiyohumi Yumotd
LEPS, Kyushu Univ.2STEL, Nagoya Univ.?SERC, Kyushu Univ.

In a series of studies we have reported vortices at the dawn magnetopause at Saturn in simulations when IMF was nortt
ward which we interpreted at resulting from the Kelvin Helmholtz (K-H) instability. Studies of the K-H waves using quasi-local
simulations at the Earth have shown that the formation of the vortices can be highly dependent on the grid spacing used in th
simulations. In particular there can be secondary variations in the vortex structure. However these simulations did not include th
magnetic curvature which affects the occurrence of KH instability because they do not treat the global configuration. On the othe
hand, it has been hard to simulate the global magnetosphere with a sufficiently small grid interval to investigate these effects o
the global configuration. Recently thanks to the developments of computer and numerical calculation techniques, we have bee
able to perform the global magnetospheric simulations of the magnetosphere with relatively high resolution (small grid spacing)
As the results of this simulation of Kronian magnetosphere, we found that the formation process and configuration of vortex
were different from the previous low resolution simulations for northward IMF. In particular, the growth rate of KH wave seems
to be high and waves is appeared around dusk side clearly. On the other hand, we have not obtained the vortex configuratic
for southward IMF. In this study we will show the results of high resolution global simulation of the Kronian magnetosphere,
analysis of the vortices, changes in the configuration of magnetic field lines related to the vortices and their effects on aurora ¢
Saturn.

Keywords: Saturn, magnetosphere, numerical simulation
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BepiColombo Euro-Japan Joint mission to Mercury: MMO Project Status update
Hajime Hayakaw&, MAEJIMA, Hironori', BepiColombo MMO Project Team

LISASIJAXA

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

netospheres of Mercury and Earth.

The baseline mission consists of two spacecratft, i.e. the Mercury Planetary Orbiter (MPO) and the Mercury Magnetospheric
Orbiter (MMO). The two orbiters will be launched in 2014 by an Ariane-5 and arrive at Mercury in 2020. JAXA is responsible
for the development and operation of MMO, while ESA is responsible for the development and operation of MPO as well as the
launch, transport, and the insertion of two spacecraft into their dedicated orbits.

JAXA has made conceptual design of the MMO spacecraft system (including the interface with the cruising composite systen
in collaboration with ESA) with model payload. MMO is designed as a spin-stabilized spacecraft to be placed in a 400 km x
12000 km polar orbit. The spacecraft will accommodate instruments mostly dedicated to the study of the magnetic field, waves
and particles near Mercury.

Selection of the PI responsible instruments was finished on 2004. Preliminary Design Review(PDR) for MMO project has
finished on Mar. 2008. PDR for ESA BepiColombo project is closed on end of Oct. 2009.

Stand alone test with Mechanical Test Model(MTM) test and Thermal Test Model(TTM) was successfully finished on Nov.
2010. MMO TTM is under rehabishing to the MTM for attending the stack level MTM test will be held in this year. Subsystem
level Critical Design Review (CDR) has been started from Mar. 2010. MMO stand alone Flight Model (FM) AIV will be started

from early 2012.

6th BepiColombo science working team (SWT) meeting, which discusses science related matters, was held on Oct. 2009.
this paper, we will report the latest information of MMO project status.

Keywords: Mercury, Planetary Exploration, International Collaboration
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Development of Numerical Simulation Code for THz-Band Superconducting Hot-Electron
Bolometer Mixer Designing

Tamotsu Tsumurd, Takayuki Umedd, Hiroyuki Maezawa, Tatsuki Ogind
!Solar-Terrestrial Environment Laboratory

THz region is an unexplored frequency band in heterodyne sensing technology fields, because a conventional SIS mixer do
not work due to superconducting Cooper pair breakdown by photon absorption in the THz band. To overcome this obstacle, a
alternative THz-band heterodyne device known as a hot-electron bolometer (HEB) mixer is studied, and successful laborator
experiments have already been reported. However, physical mechanisms of the HEB mixer device are not yet sufficiently unde
stood. Thus we develop a new numerical simulation code to understand physical processes in the HEB mixer device, which airr
to improve the fabrication process for superconducting HEB mixer microbridges. Since the microbridge consists of a coplanal
line structure, we numerically model the coplanar line by using the FDTD (Finite-Difference-Time-Domain) method. We also
introduced superconductors into the FDTD code by solving the London equation. By modeling the time dependence of the su
perconductivity by the power of input signals, the present mixer device has detected the intermediate frequency of a radio sign:
and a reference signal.

Keywords: detector, superconductor, terahertz, Heterodyne Sensing, Radio Astronomy
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THz band heterodyne spectroscopy with superconducting HEBM receiver

Hiroyuki Maezawa*, Satoshi Yamamoto Naomasa Nakj Masumichi Sety, Akira Mizuno!, Yoshihisa Irimajir?, Hideo
Ogawd, Toshikazu OhnisHi Yasuo Fuku

ISTEL, Nagoya Univ.2Univ. of Tokyo,?University of Tsukuba?Nagoya Univ.’NICT, ®Osaka Prefecture Univ.

Terahertz band heterodyne spectroscopy plays an important role in the study of the physical and chemical conditions in bot
astronomical targets and terrestrial and planetary atmospheres. The Nagoya University Southern Observatory has employ
mm/sub-mm SIS receivers at Pampa la Bola in the Atacama desert, Chile (alt. 4860m), to carry out a broad range of work ol
both astronomy and atmospheric remote sensing. In addition, the National Institute of Information and Communications Technol
ogy of Japan has succeeded in constructing a balloon-borne superconducting submillimeter-wave limb emission sounder in tt
0.6 THz frequency band. Currently, the University of Tsukuba is planning a project for a THz band radio telescope in Antarctica.
For such projects, the preparation of 1.5-4.0 THz band heterodyne receivers is a common thread.

We are developing 1.5-4 THz band quasi-optical superconducting hot-electron bolometer mixer (HEBM) receivers for astro-
nomical and atmospheric remote sensing applications. The microbridge of the HEBM was made at room temperature from
4-7 nm thick niobium titanium nitride (NbTiN) film deposited on a 20 nm-thick AIN buffer layer, using a helicon sputtering
technique with a slow deposition rate. The mixer was cooled to 4.2 K by using a vibration-free close-cycled mechanical 4 K
pulse tube cryocooler with the temperature fluctuation of 1.6 mK. The performance of a large volume NbTiN HEB mixer was
studied at 1.47 THz by changing local oscillator (LO) power with the mixer bias voltage fixed. The intermediate frequency (IF)
signal measured at 1.5 GHz had a maximum peak as a function of the bias current of the mixer. The corrected receiver nois
temperature was 1600 K at around the IF maximum peak. It was also found that the IF signal was the most stable at around tt
IF maximum peak under the condition that the instability of LO pumping level was induced by small mechanical vibration of the
cryostat. This novel device will enable us to observe plasma gases such as ionized carbon and various highly excited transitic
lines of key species involved in photochemistry of planetary atmospheres.

Keywords: terahertz, superconductor device, heterodyne spectroscopy
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Heterodyne infrared spectroscopy for ultra high-spectral resolution observations of plan
etary atmosphere

Hiromu Nakagaw&, Shohei Aokl, Yasumasa Kasabalsao Murata, Shoichi Okand
Tohoku University

Most molecular bonds have strong absorptions and emissions in mid-IR region (3 to 12 um) at very specific frequencies fol
identifying molecules. These mid-IR fingerprints have been used in a wide variety of terrestrial and planetary atmospheric stud
ies. In the case of the ground-based observations for planets and celestial bodies, the high-spectral resolution observations
indispensable to distinguish between the signal and the strong terrestrial absorptions. Up to now, the technology of commerci
mid-IR spectroscopy has been mainly performed using Fourier-transform IR (FTIR) spectroscopy and the grating dispersive de
vice. These direct measurements basically employ a huge system to obtain the high-spectral resolution. For, the highest possil
direct detection instrument to date (e.g., TEXES/IRTF) provides a spectral resolution of 1E5, and already employs a 1 m grating

The laser heterodyne spectroscopy is an unique powerful tool for atmospheric studies with ultra high-spectral resolution, higt
sensitivity, and downsizing. With the laser heterodyne spectroscopy, there is a unique instrument available to perform observe
tions of planetary atmospheres, developed by NASA/GFSC [Kostuik et al., 1983] and University of Cologne [Sonnabend et al.,
2008]. Ultra high-spectral resolution observations (1E7-8) enable us not only the definite detection of the tiny minor constituents
but also to obtain the vertical profiles of the molecules using retrieval method and wind velocity using Doppler shift of the emis-
sions. The laser heterodyne spectroscopy has been also developed by Tohoku University to observe the minor constituents
the terrestrial atmosphere from 1980s [Taguchi et al., 1990]. In recent years, the quantum-cascade laser (QCL) was applied
our heterodyne system to observe the planetary atmosphere. In particular, it will be designed for the dedicated telescope nham
PLANETS (2012") at the top of the Haleakala mountain in Hawaii, for continuous monitoring of the planetary atmosphere.

In this study, we introduce (i) current status and performance evaluation of the compact heterodyne spectroscopy, (ii) interfer
ence experiments between QCL and CO2 gas laser, and (iii) an external cavity using FP-QCL and grating.

The heterodyne spectroscopy is a receiver in the mid-IR wavelength range between 8 and 12 um. The operating waveleng
range of the spectrometer is determined by the tuning range of the local oscillator (LO). Currently, the distributed feedback
(DFB-) QCLs at 9.6 and 10.3 um, and the Fabry-Perot (FP-) QCL at 8.0 um can be operated. These QCLs were manufactured t
HAMAMATSU Photonics. Using FP-QCL with combination with an external cavity provides wider tuneability by a factor of up
to 100, greatly expanding the accessible wavelength range and multi-detections. The QCL is mounted in a peltier cooling box
which can be operated in a room temperature. The spectral resolution is expected to be better than 1E7 when the stabilizer of t
wavelength (e.g., diplexer) is applied, with a band width of two times 1 GHz (10 km/s at 10 um) with digital FFT spectrometer
manufactured by Agilent. As for the sensitivity, in case of the University of Cologne, the system noise temperature could be lowel
than 3000 K at 10 um, or at only a factor of two above the quantum limit [Sonnabend et al., 2008]. Currently, we evaluate the
system noise temperature ,reducing the standing waves and external noise. Continuous monitoring using this ultra high-specti
resolution observations, the understanding the evolution of the planetary atmosphere is expected to be significantly accelerate

Keywords: heterodyne, spectroscopy, infrared, quantum-cascade laser
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Examination of MELOS Orbiters for Martian Atmospheric Escape Study

Ayako Matsuoka*, Takumi Abé, Keigo Ishisaka, Atsushi Kumamotd, Junichi Kurihard, Kanako Seki, Makoto TagucHi,
Naoki Teradd, Yoshifumi Futaan® Satoshi Yagitarli Atsushi YamazaKi, Shoichiro Yokota, Naoko Ogaw¥, MELOS Mar-
tian Atmospheric Escape Study Grdup

LISAS/JAXA, 2Toyama Pref. Univ.2Planet. Plasma Atmos. Res. Cent., Tohok@ipsmosciences, Hokkaido Univ.STEL,
Nagoya Univ. SRikkyo Univ., “Dept. Geophys., Grad. Sch. Sci., TohokIRF, Sweden?Kanazawa Univ..°JSPEC/JAXA

The atmospheric escape from Mars is considered to be closely associated with the evolution of the Martian atmosphere as we
as the existence of the water on Mars. We are now investigating a project to study the global feature and the physical process
the atmospheric escape from Mars. It is expected to consist of at least two orbiters; one of the orbiters is aimed to make in-sit
observation of plasma and thin atmosphere at about 100 km altitude, and the other is for the atmospheric imaging and solar-wir
monitor. We are planning to make simultaneous observation of the atmospheric escape by the interaction with the solar win
by both of in-situ measurement orbiter and remote-sensing one. Now we are examining the quantitative measurement targe
to fully understand the Martian atmospheric escape. At the same time, the sorts and performance of scientific instruments o
these orbiters are examined. And furthermore, the preliminary spacecraft design, orbit design and mission plan to achieve tf
scientific goal are investigated.

Keywords: Mars, Atmospheric escape, Planetary exploration, Solar wind
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Classification and evaluation of noise and signal components in ENA data from Mars Ex-
press

Shin’ya Nakané*, Yoshifumi Futaan
1The Institute of Statistical MathematiéSwedish Institute of Space Physics

Characteristics of noise and signal of Neutral Particle Imager (NPI) on board of Mars Express was analysed. The NPI dat:
contain various types of noise. We fitted a Gaussian mixture model to the recorded data for four of 32 channels of NPI anc
classified the data into multiple patterns. Each pattern would correspond to a different type of noise or signal. By examining the

conditions of spacecraft position and attitude for each pattern, we will evaluate the quality of the recorded data.

Keywords: Mars, energetic neutral atom, ENA, Venus
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Heavy ion escape processes for non-magnetized planet: The comparison between Mg
and Venus

Yasubumi Kubot&

HISAS/IJAXA

Mars and Venus do not possess a significant global intrinsic magnetic field, and hence the solar wind directly interacts with the
ionosphere. Mars Express spacecraft observed the Martian tail and the heavy ions consisting@of @d CQ* escape from
Martian ionosphere. On the other hand, Venus Express spacecraft observed the tail and the heavy ions consisting ahdnly O
do not observed the£ and CQ*, which produced at the low-altitude region of the ionosphere. To investigate the discrepancy
of the observed ion species between Mars and Venus we simulate the escape ions and escape processes by using a 3-D M
numerical code including the realistic ionosphere.

Keywords: Mars, Venus, escape, simulation
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Response of the Martian thermosphere and ionosphere to short-term variations of the s
lar X-ray and EUV flux

Yoshinori Ichikawa*, Hitoshi Fujiwara, Yasumasa KasabaNaoki Terada, Kaori Teradd, Naoya Hoshinb
Tohoku University, Science

The Martian oxygen corona in the exosphere consists of non-thermal oxygen ateymsd@uced mainly by the dissociative
recombination of O2+ ions produced in the lower thermosphere/ionosphere. The dissociative recombination is the major proce:
of the Martian atmospheric escape in the present solar condition. This means that, in order to calculate the accurate escape fl
of Ox, it is needed to understand not only the spatial distribution ofrOthe exosphere but also the behavior of O2+ in the
thermosphere/ionosphere. Many researchers have indicated the dependence of the escape dluxesfonse of temperature,
wind, and composition distributions in the Martian upper atmosphere to long-term variations of the solar EUV flux e.g. solar
maximum-to-minimum activities and seasons [Valeille et al., 2009]. Recently, observations by Mars Global Surveyor (MGS)
indicated that the Martian lower ionosphere varied significantly in association with enhancement of the solar X-ray and EUV
flux range during a solar flare [Mendillo et al., 2006]. Mendillo et al. [2006] showed that the enhancement of the solar X-ray flux
(1.8-5 nm) range caused increase in the production rate of O2+ twice as much as the averaged cases during a big solar flare ev
at 110 km altitude. Moreover, recent models simulated the increase in the escape fluft@ih@he Martian atmosphere, when
the solar wind dynamic pressure was suddenly increased [Kaneda et al., 2009]. Kaneda et al. [2009] indicated that the esca
rate of O« correlated negatively with the solar wind dynamic pressure (Psw) under steady state conditions, whereas the escay
rate of O« correlated positively with Psw for a nonstationary condition because of the difference of variations of the ionopause.
Therefore, in order to understand dependence of the Martian exosphere on the variations of the thermosphere/ionosphere and
spatial distribution of the Martian oxygen corona and escape of the Martian atmosphere, it is very important to estimate response
of the thermosphere/ionosphere to short-term variations of the solar X-ray and EUV flux and Psw, which are significantly differ-
ent from those to the long-term variations.

A general circulation model (GCM) of the Martian thermosphere/ionosphere has been developed from the Venusian thermo
sphere GCM (VGCM), which has been developed at Tohoku University. This Martian GCM calculates wind, temperature and
composition distributions in the Martian upper atmosphere (100-200 km altitude region) solving the conservation equations of
momentum and energy and the continuity equation of composition. The distributions calculated by this GCM are in agreemen
with previous simulations and observations [e.g., Bougher et al., 1990]. In the present study, we investigate the response ¢
neutral and ion densities in the Martian thermosphere and ionosphere to short-term variations of the solar X-ray and EUV flu
(0.1-5 nm). This GCM will make it possible to investigate the responses of the Martian exosphere or escape flux to various sola
activities, e.g., solar flares by coupling this GCM with an exospheric model [e.g., Kaneda et al., 2009].

Keywords: Mars, Thermosphere, lonosphere, General Circulation Model, Solar flares
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