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Does an enhancement in l0’s volcanic activity weaken Jupiter's magnetospheric activity?
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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 ©
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 lo-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.
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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.
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A beaming model of Jupiter’s decametric radio emissions
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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 probg
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.

oo0o00:0000,0000000,00000,000,000000,0000 VLBI
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Two-element radio interferometer for the observation of Jupiter’s synchrotron radiation
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Synchrotron radiation from Jupiter’s radiation belt and its time variation show us the presence of efficient acceleration anc
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, Jy=2E@ 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’
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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 Particle 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.

Oo00ooo:00,000,00, BepiColombo, Mercury Magnetospheric Orbiter
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Long-term variability in sodium on Mercury
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Plan for the observation of escaping planetary atmospheres by Sprint-A/EXCEED
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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.
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Estimation of the solar wind magnetic field from the ion distribution functions observed
by Mars Express ASPERA-3
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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 solar
maximum, and recently by Mars Express (MEX) at the solar minimum [Ewugdin et al, 1989;Barabash et a/2007]. Escape
rates of planetary ions estimated by both spacecraft indicate large dependence on the solar wind conditiBasafeagh 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 fiédaigbash 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 diréétinadchi 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.
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The distribution of the ion number density over the crustal magnetic field on Mars
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IMF direction to the ion escape from Venus
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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 contro
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-Q8Q 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.

00000:00,0000,0000000000
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Development of a New Telescope Dedicated to Observation of Planets at Haleakale
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Millimeter-wave band observations of planetary atmospheres with SPART 10m telescope
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Solar System Observations in Early Science Cycle 0 with ALMA
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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 arra
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 0 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.

oo0o00:000,00000,0000
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