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The observations of substorm onset phenomena in the magnetosphere and ionosphere are examined to study their correlat
and understand the substorm onset mechanism. In particular, we examine the Pi2 wave structure, propagation, frequency a
growth rate in the magnetosphere observed by the THEMIS satellites and the structure and dynamics of the substorm auroral on:
arcs. We show the correlation between the substorm onset arcs and the Pi2 pulsations in terms of wave structure, propagatic
and the exponential growth of arc intensity and Pi2 wave amplitude. The correlation between the ground and space phenomel
strongly supports the kinetic ballooning instability (KBI) as the cause of substorms. We demonstrate that KBI is most unstable in
the strong cross-tail current region magnetic field lines and the KBI parallel electric field accelerates electrons along the magneti
field lines into the ionosphere to produce the substorm onset arc.

0 00O 00O : substorm, kinetic ballooning instability, magnetospheric dynamics, magnetospheric structure
Keywords: substorm, kinetic ballooning instability, magnetospheric dynamics, magnetospheric structure

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]gg‘;‘sgime

Union

PEM30-02 0 0:105 00:50 200 09:15-09:30

2-1/200 Full-ParticleD 0 0 0000000000000 0OO0OO0O
Investigation of the Triggering Mechanism of Magnetospheric Substorm by means of 2-
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Investigation of the characteristics of the dipolarization region Wlth THEMIS data (I1)
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Poleward expansion of high-altitude acceleration region at substorm
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Itis well established, since the first phenomenological study of auroral substorm by Akasofu [1964], that auroral bulge expand:
poleward after breakup. Fujii et al. [1994] showed that the poleward edge of the auroral bulge is characterized by dense upwat
FAC and intense electron precipitation. On the other hand, the behavior of field-aligned acceleration during the bulge developmet
has not been well understood. In this paper we examine the evolution of field-aligned acceleration during the substorm expansic
phase invoking spatial development of high latitude Pi pulsations.

Figure shows that the start time of the negative excursion of DC-ULF at GILL (blue arrow) corresponds to that of the
low-altitude AKR enhancement (vertical blue line), and the commencement of large amplitude Pi 2 (yellow arrow) corresponds
to that of the high-altitude AKR breakout (vertical yellow line). This means that GILL station was almost the foot print of
the magnetospheric substorm onset. Wave forms of Pi 2 at higher latitudes indicated the poleward motion of bulge front, anc
high-altitude AKR (manifestation of high- altitude acceleration) was active during the poleward motion of the bulge front. This
indicates an important consequence that the bulge front accompanied the high-altitude acceleration throughout the polewa
expansion, resulting in the continuous emanation of active high- altitude AKR.
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In JpGU 2012, we have reported plasma wave activity observed in one of the best event on May 15, 2003 of the near Eart
magnetotail reconnection. Our conclusion was that the Geotail observation is consistent with the collisionless reconnection mod
as shown in recent kinetic simulation results. Recently, Zenitani et al. (2012) successfully estimated the energy dissipation rat
of the same reconnection event. Their result is also consistent with our interpretation that the observed wave activity cannot b
a major player of the reconnection dissipation. To confirm our present conclusion more, we have examined plasma wave ac
tivity observed in some more reconnection events where Geotail possibly encountered with the electron diffusion. As a result
we commonly found that the wave intensity right in the center of the electron current layer, that is a possible X-line, is much
weaker than that in its surrounding region. These Geotail observations suggest that the magnetic diffusion region of the nes
Earth magnetotail reconnection site is mainly controlled by the physics of the collisionless reconnection process, rather than th
anomalous resistivity due to turbulence.
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Particle and field near the equatorial region in the magnetosphere at the onset of pulsatir
aurora
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One of the most famous rapid energy conversion mechanisms in space is a magnetic reconnection. The general concept
a magnetic reconnection is that the rapid energy conversion from magnetic field energy to thermal energy, kinetic energy o
non-thermal particle energy. The understanding of rapid energy conversion rates from magnetic field energy to other energy |
the fundamental and essential problem in the space physics. One of the important goals for studying magnetic reconnection is
answer what plasma condition/parameter controls the energy conversion rates. Earth’s magnetotail has been paid much attenti
to discuss a magnetic reconnection, because we can discuss magnetic reconnection characteristics in detail with direct in-si
observation. Recently, solar atmosphere has been focused as a space laboratory for magnetic reconnection because of its var
in plasma condition. So far considerable effort has been devoted toward understanding the energy conversion rates of magne
reconnection, and various typical features associated with magnetic reconnection have been observed in the Earth’s magneto
and the solar corona.

In this talk, we first introduce the variety of plasma condition/parameter in solar corona and Earth’s magnetotail. Later, we
discuss what plasma condition/parameter controls the energy conversion from magnetic field to especially non-thermal particle
To compare non-thermal electron and ion acceleration in magnetic reconnection, we used Hard X-ray (electron) /Neutron monitc
(ion) for solar corona and Geotail in-situ measurement (electron and ion) for magnetoatil. We found both of electron and ion
accelerations are roughly controlled by reconnection electric field (reconnection rate). However, some detail point is different in
ion and electron acceleration. Further, we will discuss what is the major difference between solar corona and Earth’s magnetote
for particle acceleration.
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Coupling between the ULF waves and the ring current in the inner magnetosphere base

on the GEMSIS-RC model
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Understanding of acceleration mechanisms of electrons to cause drastic variation of the Earth’s outer radiation belt is one ¢
outstanding issues of the geospace researches. While the radial diffusion of the electrons driven by ULF waves has been cons
ered as one of the candidate mechanisms, efficiency of the mechanism under realistic ULF characteristics and distribution is f
from understood. GEMSIS (Geospace Environment Modeling System for Integrated Studies) of STEL, Nagoya University, is the
observation-based modeling project for understanding energy and mass transportation from the Sun to the Earth in the geospe
environment. Aiming at understanding the dynamics of the inner magnetosphere during the geospace storms, the GEMSIS
Magnetosphere working team has developed a new physics-based model for the global dynamics of the ring current (GEMSIS
RC model). The GEMSIS-RC model is a self-consistent and kinetic numerical simulation code solving the five-dimensional
collisionless drift-kinetic equation for the ring-current ions in the inner-magnetosphere coupled with Maxwell equations.

We applied the GEMSIS-RC model for simulation of global distribution of ULF waves to test its capability of describing
fast time scale phenomena like SCs and ULF waves. Comparison between runs with/without ring current ions show that the
existence of hot ring current ions can deform and amplify the original sinusoidal waveforms. The deformation causes the energ
cascade to higher frequency range (Pc4 and Pc3 ranges). The cascade is more pronounced in the high beta case. It is also sh
that the existence of plasmapause strengthens ULFs outside the plasmapause and widens the MLT region wh¢oectidalf:
component is excited from initially-given_ghi (poloidal) component. We report how the amplification and reflection of the ULF
waves depend on the ring current parameters such as its density and temperature.
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THEMIS observations of plasma transport induced by eddy turbulence
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We provide an event study of THEMIS observations of the low-latitude boundary layer in the noon-dawn sector of the magne-
tosphere on 2008-12-05. Simultaneous multipoint observations show that the magnetosheath-like plasma is transferred earthwe
from the magnetopause. This earthward transport is accompanied by decrease in the density and fluctuating bulk flow, indica
ing that the transport is not due to convection. We calculate the eddy diffusion coefficients from the observed velocity data anc
found that the numbers are in good quantitative agreement with the spatial and time scales of the observed earthward transp
signatures. Our study suggests that the observed transport is due to diffusive transport via turbulent eddy motions as is the ca
of an ordinary (Navier-Stokes) fluid.
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Statistical Study on Jovian Magnetospheric Response to Solar Wind Dynamic Pressure
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