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Energy budget and dynamics in the earth’s magnetosphere
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Energy transport, accumulation and release, namely energy budgets are important problems in interaction between the so
wind and earth’s magnetosphere. We have studied distribution of three kinds of the kinetic, thermal and magnetic energies ar
three kinds of energy fluxes in the magnetosphere. Most dominant energy flux is Poynting flux in the magnetosphere which i
main driver of magnetospheric convection. In the earth side of near-earth neutral line in plasma sheet, thermal energy flux is gel
erally greater than kinetic energy flux, because thermal energy is large and Much number is less than unity. The kinetic energ
flux firstly becomes small and the thermal flux does secondly when plasma high speed flows come close to the earth from th
neutral line. Poynting flux survives finally and approaches near the earth in the plasma sheet and then carries the energy fro
nightside to dayside.

At the same time, as the solar wind and IMF becomes abnormal conditions, plasma turbulence are strongly excited in bounc
ary layers on magnetosphere. In the plasma sheet magnetic reconnection occurs in patchy and intermittent manner to produ
streamer-like structure. At the magnetopause, more regular vortex train is formed for northward IMF. It is because velocity shea
created between the magnetosheath fast flow and magnetopause slow flow. On the other hand, sunward fast flow is produced
tail reconnection for southward IMF. Therefore two types of velocity shears created outside and inside of the magnetopause t
excite Kelvin-Helmholtz instabilities in both sides. Moreover dayside reconnection occurs in patchy and intermittent manner to
give seeds of plasma turbulence. As the results, complicated and strong vortex turbulence appears in flank magnetopause.
will demonstrate those phenomena from 3-dimensional visualization of simulation results to

discuss relationship between the currents and vortices in boundary layers.
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Propagation characteristics of ULF waves into middle latitude drlven by solar wind dy-

namic pressure pulses
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Many ULF waves (Pc5) in the magnetosphere are directly driven by the solar wind. It has been considered that these mac
netospheric ULF waves are generated either directly on the dayside by solar wind dynamic pressure pulses, Kelvin-Helmholt
surface waves, or indirectly on the nightside by mechanisms like substorms. ULF waves can play an important role in mass an
energy transport within the inner magnetosphere. It is well known that energetic particles in the inner magnetosphere can b
significantly affected by ULF waves and many studies have suggested their importance in acceleration process of radiation be
electrons. One outstanding problem in ULF studies is to clarify their global characteristics, especially, how energy is transporte
from the solar wind to the magnetosphere, and finally to the ionosphere.

We have conducted a survey of high-intensity ULF waves observed around 45 deg MLAT by the SuperDARN Hokkaido
HF radar at middle latitudes. The ULF events can be categorized into two types in terms of the solar wind velocity, i.e., high-
and low-speed solar wind events. In this study, we focus on a low-speed solar wind event on January 31, 2008 to investigat
propagation characteristics of the ULF waves based on multi-point observations from geospace to the ground. The SuperDAR
Hokkaido HF radar observed the ULF wave at 3.9mHz at about 14:40UT and at 2.6mHz at about 15:30 at MLT=02:00. In this
event, the Cluster spacecraft, located at (X,Y,2)=(15.8,8.9,-9.4) Re in GSM coordinates, observed pressure pulses driven by tl
high-density solar wind. The propagation time from Cluster to the ground (radar location) was about 400 seconds. In the mag
netosphere, GOES-11 and GOES-12 were at 05:40 and 09:40 MLT at geosynchronous orbit, respectively. THEMIS A and C
satellites were located on the nightside at (-5.3, 3.2, -1.5) and (-7.1, -5.0, -2.4) Re, respectively. We will report characteristics o
the global propagation of the ULF waves obtained from the time delays between these observations.
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Estimation of the spatial structure of the plasmasphere using a data assimilation techniqu
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The plasmasphere is the region of cold dense plasma in the inner magnetosphere. The spatial structure of the plasmasph
is significantly controlled by the electric field in the inner magnetosphere. Therefore, in order to discuss the dynamics of the
plasmasphere, it is important to understand the spatial distribution of the electric field in the inner magnetosphere. However, i
the magnetosphere, it is basically difficult to observe the static electric field. We are developing a data assimilation technique
which incorporates the imaging data of extreme ultra-violet (EUV) from the IMAGE satellite into a two-dimensional fluid model
of the plasmasphere using an ensemble Kalman filter. By combining a sequence of EUV images and the dynamic model th
plasmasphere, we can estimate the spatial distribution of the electric potential as well as the plasmaspheric plasma. We w
overview our approach and demonstrate some examples of the estimates obtained by this approach.

gooobo:0bo0g,bbobog,obbbo
Keywords: plasmasphere, data assimilation, magnetospheric electric field
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Preliminary report of VLF Campaign observation with High-resolution Aurora Imaging

Network (VLF-Chain) over Canada
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Keywords: whistler-mode waves, pulsating aurora, Pcl geomagnetic pulsations, wave-particle interaction, subauroral latitude
ground-based observation
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Rising tone chorus emissions without a gap at half the gyrofrequency observed on THEMI
Rising tone chorus emissions without a gap at half the gyrofrequency observed on THEMI
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Whistler-mode chorus emissions often consist of discrete rising tone elements in the typical frequency range from 0.1 to 0.8 fc
with a gap at 0.5 fce, where fce is the equatorial electron gyrofrequency. The emissions below and above 0.5 fce are called lowe
and upper-band chorus emissions, respectively. Based on the duct propagation characteristics of whistler-mode waves, Bell et
[2009] showed that the gap at 0.5fce can be formed if the lower-and upper-band chorus waves are generated within the enhanc
and depleted plasma density region, respectively. While Omura et al. [2009] has suggested that a rising tone chorus element
once generated near the magnetic equator through the nonlinear wave growth mechanism in the purely parallel direction, and th
the gap at 0.5 fce is formed by the nonlinear wave damping effect during its propagation away from the equator with a slightly
obligue wave normal angle, resulting in the separation of the chorus element into the lower-band and upper-band chorus emi
sions. Based on the nonlinear wave growth mechanism, chorus emissions without a gap at 0.5 fce are expected to be observec
the source region. In this presentation, we report the presence of rising tone chorus emissions without the gap at 0.5 fce observ
by the searchcoil magnetometer (SCM) onboard the THEMIS spacecraft. The propagation angles of the chorus emissions a
almost along the background magnetic field in the entire frequency range, indicating that the chorus emissions are observed
the source region. The frequency sweep rates are estimated based on the nonlinear wave growth theory using the observed w
amplitudes and plasma parameters during the observation. We compare them with the instantaneous frequency variation of tl
elements derived from the SCM data and show that the estimated sweep rates well agree with the observed frequency variatior
Furthermore, the frequency profiles of the wave amplitude of the elements are compared with the optimum amplitude propose
by Omura and Nunn [2011]. The comparison shows reasonable agreement between the theory and the observations. These
sults provide strong observational evidence of the nonlinear wave growth mechanism for the generation of rising tone choru
emissions.
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Seasonal variations of Saturn’s auroral acceleration region deduced from spectra of aur

ral radio emissions
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Multi-instrumental surveys of Saturn’s magnetosphere by Cassini have indicated that auroral radio emissions (Saturnian Kilo
metric Radiation, SKR), aurorae at UV and IR wavelengths and Energetic Neutral Atoms (ENA) from the inner magneto-
sphere exhibit periodic behavior at around Saturn’s rotational period with the north-south asymmetry and seasonal variation
[e.g., Gurnett et al., 2010; Mitchell et al., 2009; Nichols et al., 2010]. These rotationally periodic phenomena suggest that the
magnetosphere-ionosphere coupling process and associated energy dissipation process (aurora & SKR) are dynamically dep
dent on both magnetospheric rotations and long-term conditions of the magnetosphere/ionosphere.

To reveal the global view of this M-I coupling process, this study investigated seasonal variations of Saturn’s auroral accel-
eration region, which is the interface between the ionosphere and magnetosphere, based on a sufficient data volume of SK
observed by Cassini’s Radio and Plasma Wave Science (RPWS) experiment. Morioka et al. [in press] investigated the spati
distribution of the auroral acceleration region along polar magnetic field lines based on spectra of the terrestrial auroral kilomet
ric radiation (AKR). By application of this approach to Saturn, we deduced the height distribution of the auroral acceleration
region in the northern and southern hemispheres from SKR spectra acquired during 2004 to 2010. It was found that the southe
(summer) SKR spectral density was 10db greater at the peak altitude ("0.9Rs) on average, and harder than in the northern (wi
ter) hemisphere. In addition, the southern and northern spectral densities became comparable with each other around equin
These results suggest stronger field aligned acceleration and current in the southern hemisphere than north depending on sea:
The main infrared (H3+) auroral oval in IR was similarly more intense in the southern summer hemisphere than in the north
[Badman et al. 2011]. Badman et al. [2011] suggested that greater conductivity in the southern polar ionosphere could result i
greater precipitating electron flux and/or Joule heating, which are responsible for the stronger southern IR auroral emissions. Tt
north-south asymmetric acceleration region deduced from SKR will be further compared with ionospheric and magnetospheri
parameters (e.g., electron density, temperature, conductivity). Finally, comparative discussions of M-I coupling process betwee
Saturn and Earth will also be presented.
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Universal time control of inverted-V acceleration
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It has been demonstrated that the spectral behavior of auroral kilometric radiation (AKR) exhibits structure and dynamical
evolution of auroral acceleration region along the field line. The auroral acceleration process at substorm onset, revealed from tt
AKR spectral analyses, showed basically two stages: (1) appearance/intensification of a low-altitude acceleration region at 400
6000 km accompanied by initial brightening and (2) breakout of high-altitude field-aligned acceleration above the pre-existing
low-altitude acceleration region at 6000-12,000 km, which is followed by auroral breakup and poleward expansion.

The former (low-altitude acceleration region) corresponds to so-called inverted-V acceleration, and it appears not only
at substorm time but also during the day. We show, in the present study, that the altitude of the inverted-V acceleration varie
systematically during a day, that is, UT variation. The systematic variation changes its phase of 1800 around equinox. The possib
cause of the altitude variation and its phase change can be (1) ionospheric origin due to daily variation of solar illumination in
the polar region and/or (2) magnetospheric origin due to the rocking motion of the geomagnetic field in the magnetosphere. Ii
the presentation, the evaluation of these possibilities will be given.

OO0000:inverted-VOOO,0000,M-l O00OD0OO,000000,UTODOO0O0O0O, AKR
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Aurora surge at poleward boundary of aurora zone related to Pi2-associated bi-direction:

flows
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(1) First 10 min intervals of Pi2 onset at geosynchronous altitudes during the expansion of energetic ion regions in the nighttime
sector (Saka, Hayashi, Thomsen, JASTP, 2010)

(2) Periodic aurora surge propagating eastward/westward at poleward boundary of aurora zone during the first 10 min interva
of Pi2 onset (Saka, Hayashi, Koga, JASTP, 2012).
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Fine scale structures of pulsating auroras in early recovery phase of substorm
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We have carried out ground-based observations optimized to temporal and spatial characteristics of pulsating auroras (PA
in micro-meso scale, using an Electron Multiplying Charge Coupled Device (EMCCD) camera with a narrow field of view cor-
responding to 100km x 100km at altitude of 110 km and high sampling rate up to 100 frames per second. Transient pulsatin
auroras propagating southward around 1100 UT, in early recovery phase of the substorm, on 4 March 2011 are focused on
this paper. Three independent PAs (PA1-3) with each different periods between 4 and 7s were observed by our EMCCD camer
which means that the periodicity was not bounce motion and strongly depended on local plasma conditions in the magnetosphel
corresponding to 2300 km x 2300 km, or the ionosphere. One more insight is that only PA1 had also a sharp peak of modulation
around 1.5 Hz, with a narrow frequency width of 0.30 Hz. In addition, the strong modulations existed as a small spot in the
center of PA1, and the spatial distributions of modulations were presented for the first time in this work. We also conducted cros:
spectrum analysis and obtained coherence and phase maps for auroral variations between 0.1 and 3.0 Hz in order to investig
and quantify the dynamics inside pulsating auroras. The results indicated that low frequency variations from 0.2 to 0.5 Hz inside
PA1-3 propagated as a group of flows in the particular directions. The estimated flow velocities were ranged from 80 to 150 km/:
at the auroral altitude, corresponding to between 1800 and 3500 km/s at the magnetic equator.
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