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Abstract

The innermost Galilean satellite, lo, is known as the most active volcanic body in our
solar system because of the strong tide caused by Jupiter. The interaction between Io and
Jovian magnetosphere produces some pronounced phenomena in the planetary electromagnetic
environment. Volcanic material of lo (mainly S and O species) is continuously ejected from
Io and becomes the major plasma source in the Jovian magnetosphere. As soon as they are
ionized, they are trapped by the Jovian magnetic field. In this way, the Io plasma torus is
created surrounding Jupiter.

The Io plasma torus is a high-dense plasma cloud. Ions in the plasma torus make emissions
by collisional excitation with electrons. These emissions can be observed with the ground-based
telescope and has significant information on the transportation and dynamics of both gas and
plasma in and around the Io plasma torus. Therefore, an optical observation of the plasma
torus becomes a useful probe to investigate the Jovian plasma environment from the ground.

In this study, we made imaging observations of [SII] 673.1 nm and [SII] 671.6 nm emissions
from the Io plasma torus during 4 years. To come true such observations, we developed the

transportable telescope system and observation method.

We extracted variations from imaging data of the [SII] 673.1 nm emission from the lo plasma

torus, and obtained following results.

(1) [SII] intensity has little dependence on the System III longitude (Arm), although the
apparent motion of the entire torus structure is synchronized by the System III Jovian
rotation period. This result requires the alternative interpretation on the longitudinal

asymmetric distributions of the plasma torus.

(2) There are sporadic enhancements of intensity around the region of 120° < Ay <180° in
the 1998 and 1999 observations, indicating that the plasma injection is developed in a

peculiar phase of the planetary rotation.



(3) [SII] intensity shows day-to-day variation without the relation to the planetary rotation
phase. This variation is probably thought to be mainly caused by temporal variations in

the volcanic activity.

(4) [SII] average intensities show yearly variation exhibiting the gradual decrease for these 4

years, especially in the 2000 - 2001 observation.

(5) The dawn-dusk asymmetry was confirmed both in position of the ribbon and emission
intensity. Positional difference between the dawn and the dusk of ~0.2 Ry (~0.1 Ry
displacement toward the dawn) was derived from the 1998 to 2000 - 2001 observations.

(6) The radial profile of [SII] 673.1 nm varied from a single peak structure in the position of
the ribbon to twin peak structure in the cold torus and ribbon during the period from

1998 to 2001.

(7) Using the ratio of averaged radial profile of [SII] 671.6 nm to [SII] 673.1 nm, the statis-
tical electron density profiles were estimated along the centrifugal equator. The electron

density showed large decrease in the 2000 - 2001 observation.

(8) From the periodicity search using the Lomb-Scargle periodogram, we found ~10.2 h
periodicities in [SII] 673.1 nm emission intensity between the 1998 and 2000 - 2001 ob-
servations. [SII] 673.1 nm intensity showed good relation to the newly defined System IV
(2001) longitude.

The observational data showed dynamical feature both in short and long term, indicating
the various changes in plasma environment in the plasma torus. Based on the observational

results and physical discussions, we derived following conclusions.

(1) [SI] 673.1 nm emission intensity does not have the System III dependence, but has the
10.2 h periodicity.

(2) Sporadic enhancement takes place in the particular domain in System III - System IV
diagram. This is thought to be caused when a combination of the synodic period of 10.2 h
period with System III period of 9.925 h and some additional conditions such as volcanic

activity of lo are satisfied.



(3)

(4)

It is suggested from long term variation that there are two components in the plasma

source. The one is the steady supply, and the other is the sporadic one.

Gradual yearly decrease of [SIT] 673.1 nm intensity suggests that volcanic activity of Io

seemed to be in the declining phase in the recent four years.

Total emitting power of [SI]] 673.1 nm was estimated to be an order of 10 W, on

average.

The magnitude of the dawn-to-dusk electric field was kept constant within the spatial

resolution of our instrument, in spite of large changes in [SII] emission intensity.

The average radial profiles showed large change near the position of the ribbon, which
the positions of r >5 Ry and r ~7 R; were not so changed. This result is important in

considering the plasma transport and loss mechanisms in the plasma torus.

The estimated electron density in the 2000 - 2001 observation was too small to account for
the observed emission intensity. Although this may partly because of the small problem in

data reduction, the inclusion of supurathermal electrons for excitation of ions is suggested.

Although the physical explanation for the cause of 10.2 h periodicity could not be proposed
in this study, it is certain that the periodicity as the Jovian system exists and related to

the same plasma phenomena and the generation of some kind of Jovian radio waves.



