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X M B E g

Satellite Io interacts with the plasma torus surrounding Io's orbit and it leads to electron accelerations by
parallel electric fields. The accelerated electrons precipitate into the Jovian atmosphere and excite Io-related
auroras. lo-related aurora is composed of multiple spots and trailing tail. The spot auroras appear at the initial
arrival point of Alfvén wave radiated from Io (main spot), the arrival points of reflected Alfvén wave (re-
flected Alfvén wing spots, or RAW spots), and the magnetic conjugate points of these arrival points. The tail
aurora extends for approximately 100° of longitude along the footpath of the Io’s orbit. Observations [Gérard
et al., 2002; Bonfond et al., 2009] indicate that the field-aligned voltage is constant while the parallel current
density decreases in the downstream direction. The mechanism that realizes the current-voltage relationship of
the Io tail aurora remains unresolved. The main auroral spot is brighter when Io is closer to the centrifugal
equator [Serio and Clarke, 2008; Wannawichian et al., 2010]. This would be because of the intensity of the
Io-torus interaction modulated by Io’s magnetic latitude. On the other hand, the brightness of the first RAW
spot is comparable to the main spot only for the hemisphere to which lo is close [Bonfond et al., 2008]. The
mechanism that realizes this trend is unresolved. In this thesis, we address the mechanism that realizes the
current-voltage relationship of the Io tail aurora, and the brightness of the multiple spots.

Part of the kinetic energy of the Io-related auroral electrons is converted to the lo-related decametric radio
emission called Io-DAM. There are two types of Io-DAM named arc and fringe. The arc is a curved envelope
of narrowband bursts, and the fringe is repetitive wideband bursts. Despite the excitation mechanism and the
source region of the arc have become clear [Hess et al., 2008, 2010, 2011], those of the fringe remain unre-
solved. Io-DAM occurrence probability exhibits different longitudinal variation from the main spot brightness
[Goertz, 1983; Hess et al., 2011]. In this thesis, we address the source region of Io-DAM fringes and longi-
tudinal distribution of Io-DAM occurrence probability.

We apply a new multi-magnetofluid code to the Io-Jupiter system to clarify the origin of the current-voltage
relationship and investigate the source location and excitation mechanism of Io-DAM fringe. The code solves
a set of equations that includes the electron convection term in Ohm’s law, which enables us to simulate the
current-driven ion acoustic instability in the fluid frame.

Hall MHD equations are solved in the corotating meridional plane including the Jovian ionosphere with fi-
nite thickness. The ionospheric Pedersen conductance is expected to be anti-proportional to the surface mag-
netic intensity. We assume asymmetrical conductance between the northern and southern ionosphere for 110°
and symmetrical conductance for 290°, based on the VIPAL magnetic field model. The following conclusions
are obtained in this study.

Origin of the current-voltage relationship of Io tail aurora

The current-driven ion acoustic instability leads to a formation of a transition layer at a high altitude, which

accelerates the magnetospheric electrons and blocks the magnetospheric ions, leading to the formation of a
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density depleted region called an auroral cavity. We find that if the ionospheric proton density decreases at
the same rate as the parallel current density, the timescale on which the transition layer disappears is consis-
tent with the longitudinal extent of the tail aurora, and the field-aligned voltage of the transition layer is con-

stant all along the tail.

Source region of Io-DAM fringe

In the auroral cavity, the shell-driven maser is prior to the loss cone-driven maser, since there is no
Maxwellian core of electrons. As for the shell-driven maser, the emission beam angle is almost 90° and in-
dependent of the local cyclotron frequency. The frequency-independent beam angle is consistent with the ob-
served wide bandwidth of the fringe. The maximum altitude of high-altitude transition layer is comparable to
the low-frequency limit of Io-DAM. These facts would support the idea that the source region of Io-DAM

fringe is in the auroral cavity.

Longitudinal distribution of Io-DAM occurrence probability

Above the northern ionosphere, the parallel current density integrated in the latitudinal direction is extimated
to be 1.5-2.0 times larger for the symmetrical conductance than for the asymmetric conductance further than
20° downstream of the main spot. This indicates that, if the lo-DAM lead angle is large, the suppressed Io-
DAM occurrence probability radiated from the northern hemisphere around a longitude of 110° would be
caused by the north-south asymmetry of the footprint magnetic intensity. On the other hand, a strong current
density conducted into the south at 110° may be the source of so-called Io-D emissions radiated from the

southern hemisphere around this longitude.

Brightness of the first RAW spot compared to the adjacent main spot

The amplitude of the parallel current density above the first RAW spot is as large as that above the adja-
cent main spot only for the northern ionosphere when Io is located at the northern edge of the torus. Our
simulation results suggest that the first RAW spot in the northern hemisphere originates from the Alfvén wave
corresponding to the main spot of the southern hemisphere, and it is strong because of the superposition of
the initially northward radiated Alfvén wave from o onto the southward radiated Alfvén wave after the reflec-

tion at the northern ionosphere.
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