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Abstract

Jupiter, the largest planet in the solar system, has a strong magnetic field and rotates with
a rapid angular velocity. The strong magnetic field and its rapid rotation form an active and
huge magnetosphere interacting with the solar wind. A variety of electromagnetic phenomena
are generated in the Jovian magnetosphere, for example, the bursty acceleration of energetic
particles, intense electromagnetic radiations, and giant auroral emissions. In the inner magne-
tosphere, the existence of innermost Galilean satellite Io makes the Jovian plasma environment
more curious, because lo possesses most active volcanic activities in the solar system. A large
amount of volcanic gases spreads into the Jovian magnetosphere through the interaction with
the Jovian magnetospheric plasma. These emanated gases become a plasma source in the
Jovian magnetosphere through the ionization by the solar UV and impact of the energetic elec-
trons. Therefore the observation of the amount and spatial distribution of volcanic gases and

its variability is very important in order to investigate the Jovian electromagnetic environment.

In the present study, 2-dimensional imaging observations of the D-line emission distribution
of Iogenic sodium atoms, which is regarded as a tracer of logenic volcanic gases, were performed
with the various field of views (FOV), namely £20R; (narrow FOV), £50R; (medium FOV),
and £400R; (wide FOV). From the observation results, the following characteristics of emission

distribution were obtained.



In the narrow FOV observation, two different types of distribution extending to ~ 20R,
that is, the band-shaped distribution and the spray-shaped distribution, were observed simul-
taneously. The band-shaped distribution is less expanded toward the northern and southern
hemispheres, and is inclined, with respect to the equatorial plane, with inclination angle de-
pending on the magnetic longitude of Io. The spray-shaped distribution is more expanded
toward the northern and southern hemispheres, and shows no apparent inclination.

In the medium FOV observation, the emission distributes along the equatorial plane, and
a slightly inclined distribution which is similar to the band-shaped one in the narrow FOV
observation. An east-west intensity asymmetry is also observed, which is considered to be
caused by the orbital motion of lo.

In the wide FOV observation, the elongated oval-like emission distribution extended to as
much as 400R; along the equatorial plane is observed. The east-west intensity asymmetry
is also observed, with a dependence on the Io phase angle. The phase relation between the
asymmetry and the o phase angle changes systematically with respect to the distance from
Jupiter. From this relation, an apparent outward expansion speed of sodium distribution was
evaluated to be v = 82.8 £ 8.8 km//sec.

Based on the observed images, we then made model analyses to investigate supply processes
of sodium atoms and time variation of sodium distribution, and presented the comprehensive
source process which can consistently reproduce the observed characteristics both in the narrow
and wide FOV observation.

From the model analysis for the narrow FOV observation results, it is concluded that the

band-shaped distribution is attributed to the molecular ion destruction process, and the typical



gyrovelocity of the molecular ions is estimated to be 20km/sec. It is also concluded that the
spray-shaped distribution is produced through the charge exchange process. The sodium bulk
velocity of 74km /sec and the ion temperature of 60eV are estimated from the comparison of the
simulation with the observed feature, and simulated images reproduced the observed images,
though the simulated north-south expansion was slightly larger than the observed one.

In the model analysis for the wide FOV observation results, both the charge exchange and
molecular ion destruction processes are first examined separately to reproduce the observed
feature characterized by the smooth decrease of the equatorial intensity as the distance from
Jupiter increases. In the case of the charge exchange process, the bi-Maxwellian bulk velocity
distribution with peak velocities at 74km/sec and 37km/sec and the ion temperature of 60eV
are assumed. In the case of the molecular ion destruction process, it is found that molecular
ions with long lifetime can reproduce the observed intensity profile along the equatorial plane.
However, it is confirmed that neither process, i.e., the charge exchange or molecular ion de-
struction process alone, can reproduce the observed east-west asymmetry individually. Then
a combination of the two processes was examined. The combined model analysis could fairly
reproduce the observed features of the wide extended sodium distribution. In the course of
the model analysis, some important physical processes and related parameters are suggested as

follows,

e Sodium atoms produced through the charge exchange process have a bi-Maxwellian bulk

velocity distribution.

e Such bi-Maxwellian velocity distribution determines the outward expansion speed of



sodium atoms.

e The ion temperature of the fast and slow components are estimated to be 60eV and 10eV,

respectively.

e The source ratio of the fast component to the slow component is estimated to be 2:3.

e Sodium atoms produced through the molecular ion destruction process are emanated not

only in the vicinity of Io but also from the plasma torus.

e The lifetime of these molecular ions are estimated to be an order of 10 hours.

e The source rate is estimated to be 1.5 x 10*® atoms/sec for the atoms produced by
the charge exchange process, and 4.0 x 10?® atoms/sec produced by the molecular ion

destruction process, respectively.

The following discussions on plasma environments near lo are derived from above model
analyses. The coherent field-aligned oscillations of pickup ions should be gradually randomized
and become incoherent as they corotate around Jupiter. It is also suggested that the slower
gyrovelocity expected in the molecular ion destruction process should be caused by the decel-
erated plasma flow near o, and that the slow bulk velocity component expected in the charge

exchange process should be due to the low temperature ions in the Iogenic ionosphere.



