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Study on radial transport of relativistic electrons by Pc5 waves in the inner
magnetosphere based on the GEMSIS-RC and RB models
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Acceleration mechanisms to cause drastic variation of the Earth’s outer radiation belt are one of outstanding problems of th
magnetospheric researches. While the radial diffusion of the electrons driven by ULF waves in Pc5 frequency range has bee
considered as one of the candidate mechanisms, it is pointed out that the radial transport of relativistic electrons by ULF wave
is not necessarily reach the radial diffusion limit and collective motion of the outer belt electrons can exhibit large deviations
from the radial diffusion [Ukhorskiy et al., JATSP, 2008]. If the radial transport deviate from the diffusion limit, one cannot
deny the contribution of Pc5 radial transport simply by the radial profile of the electron phase space density. Thus it is important
to understand the form of radial transport of electrons under realistic ULF distribution in the inner magnetosphere. We have
developed a physics-based model for the global dynamics of the ring current (GEMSIS-RC model). The GEMSIS-RC model is
a self-consistent numerical simulation code solving the five-dimensional collisionless drift-kinetic equation for the ring-current
ions in the inner-magnetosphere coupled with Maxwell equations [Amano et al., JGR, 2011].

We applied the GEMSIS-RC model for simulation of global distribution of ULF Pc5 waves. Comparison between runs
with/without ring current ions show that the existence of hot ring current ions can deform the original sinusoidal waveforms.
The deformation causes the energy cascade to higher frequency range (Pc4 and Pc3 ranges). The cascade is more pronour
in the high beta case. It is also shown that the existence of plasmapause strengthens ULFs outside the plasmapause and wid
the MLT region where the E (toroidal) component is excited from initially-given jghi (poloidal) component. In order to
investigate the characteristics of radial transport of relativistic electrons, we then use the global magnetic and electric field:
variation obtained by the GEMNIS-RC model as input field models for the test particle simulations of radiation belt electrons
(GEMSIS-RB) [Saito et al., JGR, 2010]. The combination of GEMSIS-RC and RB models reproduced rapid radial transport
by the drift resonance for simple monochromatic wave inputs as theoretically expected. On one hand, collective motion of the
relativistic electrons shows deviations from the radial diffusion limit for large amplitude case due to finite system size. We will
discuss a possible threshold of the Pc5 amplitude to cause the deviations.
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Correlation between relativstic electron flux and EMIC rising-tone emissions observed
by the Van Allen Probes
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Spacecraft observations and simulations have revealed generation of coherent electromagnetic ion cyclotron (EMIC) rising
tone emissions in the inner magnetosphere [1,2]. The EMIC rising-tone emissions have recently received much attention becau
of the possibility of their strong nonlinear interaction with relativistic electrons [3]. We present the observation of EMIC rising-
tone emissions from the Van Allen Probes. We have found that a number of EMIC rising-tone emissions were detected by the
EMFISIS Waves instrument on the Van Allen Probes, and that some EMIC rising-tone emissions accompanied by a variation o
the electron flux. On 23 February 2014, EMFISIS detected strong EMIC rising-tone emissions excited repeatedly in the daysid
magnetosphere(MLT 13 and L™6). In this period, the Magnetic Electron lon Spectrometer (MagEIS) shows that relativistic
electron fluxes fluctuate at the same time with the rising-tone emissions. We can also find that fluxes of electrons with the energ
greater than about 0.4 MeV decrease and the minimum energy changes according to the maximum frequency of each EMI
rising-tone emission.

[1]Pickett, J. S., et al. (2010), Cluster observations of EMIC triggered emissions in association with Pc1 waves near Earth’
plasmapause, Geophys. Res. Lett., 37 (9), doi: 10.1029/2010GL042648.

[2]Shoji, M., and Y. Omura (2012), Precipitation of highly energetic protons by helium branch electromagnetic ion cyclotron
triggered emissions, J. Geophys. Res., 117 (A12), doi:10.1029/2012JA017933

[3]Omura, Y., and Q. Zhao (2012), Nonlinear pitch angle scattering of relativistic electrons by EMIC waves in the inner
magnetosphere,

J. Geophys. Res., 117 (A8), d0i:10.1029/2012JA017943.
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Amplification of EMIC waves in the plume region and related Pc3-4 waves
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The electromagnetic ion cyclotron (EMIC) wave is one of the key phenomena for the dynamics of high-energy electrons in the
radiation belt, since EMIC waves can scatter particles and precipitate them into the ionosphere from the inner magnetospher
The scattering by EMIC waves could be responsible for the slot region formation in the radiation belt. In order to evaluate the
impact of EMIC waves to the radiation dynamics, it is important to understand that when and where significantly strong EMIC
waves are excited and interact with particles.

The EMFSIS instruments of Van Allen Probes observed proton-band EMIC waves with the frequencies 2-6Hz at r"3Re in the
GSM coordinates at 1110-1140UT on 29 June 2013. The wave event occurred during the recovery phase of the magnetic stor
started on 27 June. This event displays large enhancements of wave amplitudes up to “10nT at 1123 and 1130UT. At the time |
the enhancements, the satellite crossed a plume region identified by the upper hybrid frequency. The magnetic field variations
the Pc3-4 range are also observed at the edges of the plume region.

We present the relation between amplitude of the EMIC waves, the plasma density, and the occurrence of Pc3-4 wave, ar
discuss the amplification mechanism of EMIC waves.
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Statistical analysis of plasmaspheric EMIC waves
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Electromagnetic ion cyclotron (EMIC) waves in the inner magnetosphere are important since EMIC waves cause the pitct
angle scattering of ring current ions as well as relativistic electrons of the radiation belts. Although the spatial distributions of
EMIC waves have been investigated by several spacecraft such as CRRES, THEMIS and AMPTE/CCE, there have been littl
studies on plasmaspheric EMIC waves. We investigate statistically EMIC wave data using the Akebono/VLF measurements. Th
plasmaspheric EMIC waves tend to be distributed at lower L-shell region (L"2) than the slot region. There are no significant MLT
dependences, which are different from the EMIC waves outside the plasmapause. The plasmaspheric EMIC wave frequenci
depend on the equatorial cyclotron frequency, suggesting that the plasmaspheric EMIC waves are not propagated from high |
shell but generated near the equivalent L-shell magnetic equator. This result is consistent with the result of the dependence
resonance energy. Using the in-situ thermal plasma density measured by the Akebono satellite, we estimate the resonance ene
of energetic ions, and the resonance energies of the plasmaspheric EMIC waves are few tens keV to "1 MeV. The results indica
that the ring current and radiation belt ions may contribute the generation of the plasmaspheric EMIC waves.
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In-situ observations of nonlinear wave particle interaction of electromagnetic ion
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A direct measurement method for the electromagnetic wave and space plasma interaction has been suggested by a compt
simulation study [Katoh et al., 2013], so-called Wave Particle Interaction Analysis (WPIA). We apply the WPIA to rising tone
electromagnetic ion cyclotron (EMIC) waves (so-called EMIC triggered emissions), of which the generation mechanism is essen
tially the same as the chorus emissions. We use THEMIS observation data (EFI, FGM, and ESA) for this analysis. We calculat:
(1) the dot product of the wave electric field and the velocity of energetic protons (6.92 key,), () the dot product of the
wave magnetic field and the velocity of energetic protons (6.92 ke\p),,Wand (3) the phase angle between the wave magnetic
field and the perpendicular velocity of the energetic protons. The values of (1) and (2) that we obtained from the THEMIS data
indicate the existence of the resonant currents inducing the nonlinear wave growth and the frequency change, respectively. V
find the negative W,; and positive W;,,; at the growing phase of the triggered emission as predicted in a nonlinear wave theory
[e.g. Omura and Nunn, 2011, Shoji and Omura, 2013]. The histogram of (3) shows the existence of the electromagnetic proto
holes in the phase space generating the resonant currents. We also perform a hybrid simulation and evaluate the WPIA meth
for EMIC waves. The simulation results show good agreement with the in-situ THEMIS observations.
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Automatic detection of waves with rising/falling tone frequencies for their statistical
analysis
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[1] Kanazawa Univ.

Statistical analysis of relations between waves with rising/falling tone frequencies and ambient plasma plays an importan
role to study wave-particle interaction. In order to detect such waves from a huge dataset, we developed an automatic detectic
method by using template matching. The detection is based on differences of wave spectrum because it depends on generat
and propagation mechanisms. We applied the developed method to the huge waveform dataset of Akebono to detect chor
emissions that is typical waves with rising/falling tone frequencies. In the template matching, parametric chorus-like shapes ar
used as templates and the matching is based on a cross-correlation. As a result, plenty of chorus emissions are successfl
detected.
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The development of the new type of the spectrum plasma wave receiver

# Takahiro Zushi[1]; Hirotsugu Kojima[1]; Hiroshi Yamakawa[1]
[1] RISH, Kyoto Univ.

We have been attempting the miniaturization of plasma wave receiver by using the analog ASIC (Application Specific In-
tegrated Circuit). Plasma wave receiver is categorized into the waveform type receiver and the spectrum type, and they at
complementary to each other. We already succeeded in realizing 6 channels of the waveform receiver on the 5 mm x 5 mm chij
The waveform receiver has the advantage in observing nonlinear phenomena because it has the capability of detecting pha
information of waves. However, it has several disadvantages. They are: large size of its output data due to the direct sample
waves, and the poor S/N originated from the frequency wideness of the observation band. To compensate these disadvantag
we propose the new spectrum receiver.

The new spectrum receiver is composed of analog circuits that is realized by ASIC and CPU or FPGA. Plasma waves picke
up by sensors are limited in the specific frequency bands and amplified. Then, the band-limited signal is A/D-converted anc
applied to the FFT by CPU or FPGA. The band limit frequency, gain of the receiver amplifiers and sampling frequencies change
synchronously step by step. By repeating this process, the receiver can obtain whole spectrum. In current design, the 1st ba
is between 1 Hz and 1 kHz, the 2nd is between 1 kHz and 10 kHz, and the 3rd is between 10 kHz and 100 kHz. In this preser
tation, we introduce the design of the new spectrum receiver in detail. We also introduce the measurement result of the analc
component for the receiver.
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Relativistic electron acceleration by whistler chorus elements including de-trapping
effect: GEMSIS-RBW simulations
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Test-particle simulations have been done to demonstrate relativistic electron flux enhancement by whistler chorus elemen
propagating parallel to the magnetic field line of the dipole model. In this model it assumes that the whistler chorus element:
periodically enhanced at the magnetic equator propagate both northern and southern directions simultaneously. These eleme
interact with electrons moving along the magnetic field line, and change their pitch angle and energy. The test-particle simulation
show that, in identically coherent whistler chorus element, some electrons are nonlinearly trapped and are strongly accelerate
through the relativistic turning acceleration process. On the other hand, by assuming that the condition for the trapping is broke
in the element during the nonlinear trapping, electrons are de-trapped and the nonlinear effect in electron acceleration is hidde
behind a diffusive process. Resent observational results indicate that whistler chorus element consists of several sub-packets
whistler waves which cause the de-trapping during electron nonlinear acceleration. Our simulations suggest that sub-packe
structure in the whistler chorus element controls the efficiency of relativistic electron enhancement.
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Simulation study of WPIA for direct measurements of pitch angle scattering of electrons
by chorus emissions
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Pitch angle scattering of energetic electrons by chorus emissions is one of significant wave-particle interactions in the Earth’
magnetosphere. A number of previous studies showed that electrons with the kinetic energy of a few keV to tens keV are
scattered by whistler-mode waves and that the scattered electrons precipitated into the atmosphere cause diffuse aurora anc
pulsating aurora. However, recent studies suggest that the dominant wave mode contributing to the precipitation should b
different depending on the local time and radial distance in the magnetosphere. In addition, the location where the efficient pitcl
angle scattering occurs and the physical process controlling the characteristic time scale of aurora have not been identified ye
Therefore, direct measurements of wave-particle interactions would contribute the thorough understanding of the pitch angl
scattering in the magnetosphere.

Fukuhara et al. (2009) proposed a new instrumentation called Wave-Particle Interaction Analyzer (WPIA), which measures
a relative phase angle between a wave magnetic field vector and a velocity vector of each particle and calculates the enert
exchange between waves and particles. The WPIA is able to directly detect wave-particle interactions in space plasmas and w
be installed on the ERG satellite of JAXA/ISAS. In the present study, in addition to the energy exchange proposed by Fukuhara e
al. (2009), we propose the direct measurement of the pitch angle scattering of resonant particles by plasma waves via the WPI
by computing the Lorentz force of wave electromagnetic fields acting on each patrticle.

We apply the proposed method to results of the one-dimensional electron hybrid simulation reproducing the generation o
whistler-mode chorus emissions around the magnetic equator [Katoh and Omura, 2007]. By using the wave and velocity vector
of 180 - 220 keV electrons obtained at fixed observation points assumed in the simulation system, we analyze the average
Lorentz force acting on each particle in the whole simulation time, corresponding to 20,000 gyro periods. We use the time anc
pitch angle resolutions of 500 gyro-periods and 1 degree, respectively, for the analysis.

In the result of the analysis, we obtain significant values for electrons in the kinetic energy and pitch angle ranges satisfying the
cyclotron resonance condition with the reproduced chorus emissions. The obtained value is three times larger than the magnitu
of perturbations in other pitch angle ranges. We compared the result of the analysis with the temporal variation of pitch angle
distributions and wave spectra observed at fixed points in the simulation. While the pitch angle distribution varies similarly in
both hemispheres, the obtained Lorentz force is only significant in the pitch angle range corresponding to the electrons movin
northward (southward) in the southern (northern) hemisphere, indicating the pitch angle scattering of electrons by pole-war
propagating chorus emissions. The results of the present study demonstrate that the proposed method enables us to identify
location where the pitch angle scattering occurs in the simulation system. We also discuss the method to evaluate the ambigui
of the WPIA measurement by referring the integration time, pitch angle resolution and number of particles necessary to obtai
statistically significant values as well as an example of the application of the proposed analysis method to evaluate long-tim
variation of the distribution function of energetic/relativistic electrons including the nonlinear effect of wave-particle interactions
by chorus emissions.
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ULF wave distribution and azimuthal wave number observed by Van Allen Probes

# Satoshi Oimatsu[1]; Masahito Nose[2]; Craig A. Kletzing[3]; Charles W. Smith[4]; Robert J. Macdowall[5]
[1] Geophysics, Kyoto Univ; [2] DACGSM, Kyoto Univ.; [3] Department of Physics and Astronomy, Uol; [4] Department of
Physics, UNH; [5] NASA/GSFC

Ultra low frequency (ULF) waves in the magnetosphere are generated by various processes. Understanding their distributic
in the inner magnetosphere is important to estimate their energy source and generation processes. In this study, we investig:
the spatial distribution of ULF wave occurrence at L=3-7, for toroidal, poloidal, and compressional modes, in Pc3-5 frequency
ranges using magnetic field data obtained by Van Allen Probes from October 2012 to July 2014. We find that azimuthal Pct
waves are frequently observed on the dayside, in particular on the morning side. Poloidal Pc4-5 waves appear on the dayside a
in the pre-midnight region.

Azimuthal wave number of ULF waves is an important parameter. Most of the previous studies estimated the azimuthal wave
number by using ground magnetometers or HF radars. Since the observation of azimuthal wave number in space needs multiy
satellites, there are only a few studies that estimated the azimuthal wave number. Van Allen Probes consist of two spacecra
and we can calculate the azimuthal wave number from a phase difference of ULF waves observed by these probes. We choc
events in which the azimuthal and radial separation between satellites are within 2.5 degrees and 0.1 Re, respectively. We fir
about 30 events in which satellites satisfy the above criteria and simultaneously observe ULF waves. One of the events show
the azimuthal wave number of about -190 in pre-midnight at L™5.8.

In the presentation, we will discuss the results in detail in comparison with past studies.
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Distribution of equivalent ionospheric currents associated with dayside Pi 2 pulsations

# Shun Imajo[1]; Akimasa Yoshikawal[2]; Teiji Uozumi[3]; Shinichi Ohtani[4]; Aoi Nakamizo[5]; Kiyohumi Yumoto[6];
Akimasa Yoshikawa MAGDAS/CPMN Group[7]
[1] Earth and Planetary Sci., Kyushu Univ.; [2] ICSWSE/Kyushu-u; [3] ICSWSE, Kyushu Univ.; [4] JHU/APL; [5] Strategic
Planning Department, NICT; [6] ICSWSE, Kyushu Univ.; [7] -

Pi 2 pulsations are defined as transient dumping oscillations of geomagnetic fields with period between 40 and 150 sec. Tt
source (or energy source) of Pi 2s is believed to be located in the magnetotail because they mainly occur accompanied with ons
of nightside auroral intensifications. Pi 2 pulsations are even observed on the day side ground, which means they can propagate
the dayside region from the nightside region. The latitudinal profiles of amplitude and phase difference of dayside H-componen
Pi 2s supported that electric fields from high-latitude region penetrate equatorward, and then drives the zonal ionospheric curre
enhanced at the dayside equator due to the Cowling effect. However, it is unclear how the dayside zonal ionospheric current a
connected with the source electric field to ensure current continuity. In this study, we investigated the distribution of equivalent
ionospheric currents associated with Pi 2 fluctuations on the day side using magnetic data from globally distributed ground-base
stations. The equivalent current vectors were determined by rotating the filtered horizontal magnetic field vector by an angle
of 90 degrees clockwise. Oscillating equivalent currents flowed equatorward (poleward) in the prenoon sector and polewart
(equatorward) in the postnoon sector. Around the noon, the equivalent current flows in the zonal direction. The meridional
component of equivalent currents in the prenoon sector is larger than in the postnoon sector and configuration of currents appee
to be asymmetric. We also numerically estimated the distribution of ionospheric currents produced by the SCW-like pair of FACs
around the midnight. The distribution of the simulated ionospheric current is consistent with that of equivalent currents derived
from observed magnetic fields. We conclude that the oscillating ionospheric current system driven by nightside FAC oscillations
is the dominant source of dayside Pi 2 pulsations.
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Comparisons of Pi2 pulsations observed by the Swarm satellite in the upper ionosphere
and on the ground at low latitudes

# Mariko Teramoto[1]; Masahito Nose[2]; Toshihiko lyemori[3]; Hermann L&#252;hr[4]; Jeffery Love[5]
[1] JAXA, ISAS; [2] DACGSM, Kyoto Univ.; [3] WDC for Geomagnetism, Kyoto Univ.; [4] GFZ; [5] USGS

At the time of substorm onsets, Pi2 pulsations at low latitudes on the ground are observed at all local times. However, som
studies show no evidence for dayside Pi2 pulsations in the magnetic field data observed by satellites at low latitudes within th
plasmasphere [Takahashi et al., 2005; Teramoto et al., 2008; 2011]. Using the magnetic field data from the CHAMP satellite ir
the F region ionosphere and from the low-latitude ground stations, Sutcliffe and L&amp;#252;hr (2010) found that daytime Pi2
pulsations do not occur on CHAMP while nighttime Pi2 pulsations are observed simultaneously on CHAMP and at low-latitude
ground stations. In order to clarify generation mechanisms of low-latitude Pi2 pulsations, we need to investigate the spatia
structure of low-latitude Pi2 pulsations in the ionosphere.

In this study, we compared with Pi2 pulsations in the upper ionosphere and on ground at low latitude, using the magnetic fielc
data observed by the Vector Field Magnetometer from the Swarm satellite and by the fluxgate magnetometers at Kakioka (KAK
27.19 deg Geomagnetic latitude, 208.79 deg geomagnetic longitude) and San Juan (SJG, 28.20 deg Geomagnetic latitude, 6
deg geomagnetic latitude). The Swarm was launched on November 2013 and consists of the three identical satellites (Swarm-
-B, and -C) in polar orbits. The Swarm-A and Swarm-B satellites move side by side at an altitude of 450 km and the Swarm-C
at an altitude of 530 km. These multiple measurements are suitable for the spatial analysis of ionospheric Pi2 pulsations.

Pi2 pulsations started at 16:16 UT on 8 December 2013. At both Swarm-A and -B satellites the pulsations observed in the
North component until 16:23 UT. The periods of the pulsations are 60 s and the amplitude are about "1 nT. During 7-min interval
of the event the satellites moved from 20 deg to -10 deg in geomagnetic latitude and about 1.0 hours in magnetic local time
(MLT). At KAK, which is located at about 01 MLT, the H component indicates nearly identical oscillations to Pi2 pulsations at
both Swarm-A and -B. These observed characteristics were a consequence of the cavity mode resonance. We will show seve
Pi2 events observed by the Swarm satellite at different local times and discuss the possible mechanisms of low-latitude Pi
pulsations.
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IHM and APGM methods applied to sumultaneously observed data of CARISMA and
MAGDAS: Latitude dependence of FLR parameters

# Hideaki Kawano[1]; Viacheslav Pilipenko[2]; lan R. Mann[3]; David Milling[4]; Satoko Saita[5]; Kentarou Kitamura[6];
Kiyohumi Yumoto[7]; Akimasa Yoshikawa[8]; Akimasa Yoshikawa MAGDAS/CPMN Group[9]
[1] Earth and Planetary Sci., Kyushu Univ.; [2] IKI; [3] The University of Alberta; [4] Alberta Univ.; [5] ROIS; [6] Tokuyama
CT.; [7] ICSWSE, Kyushu Univ.; [8] ICSWSE/Kyushu-u; [9] -

http://denjil02.geo.kyushu-u.ac.jp/denji/staff/lkawano/kawano.html

The Improved Hodograph Method (IHM below) and the Amplitude-Phase Gradient Method (APGM below) are both applied
to data from two ground magnetometers latitudinally separated by “100km and yield the field-line-resonance (FLR) frequency
and the resonance width as functions of the latitude; from the FLR frequency we can estimate the magnetospheric plasma ma
density, and from the resonance width we can estimate the damping rate of FLR, which is related to how much of the FLR-
generated ULF waves are absorbed by the ionosphere.

The both methods apply FFT to the two magnetometers’ data, and calculate the amplitude ratio and the cross phase from tl
two stations’ data as functions of the frequency. From there the two methods use different approaches: IHM fits a curve to the
obtained ratio (as a complex number including both the amplitude ratio and the cross phase) on the complex plane to separate ¢
the non-FLR signal in the data, while APGM assumes that the obtained amplitude ratio and cross phase include the FLR sign:
only and obtains the FLR frequency and the resonance width in an algebraic manner.

In this paper we apply the two methods to simultaneously observed data from three ground station pairs of North-Americar
MAGDAS and CARISMA, and discuss the latitude and longitude dependence of the FLR frequency and the resonance width.
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Toward the establishment of scientific principle of M-I-T coupling: Alfven wave
interaction with the weakly ionized ionosphere

# Akimasa Yoshikawal[1]; Teiji Uozumi[2]; Aoi Nakamizo[3]; Shinichi Ohtani[4]; Ryoichi Fuijii[5]
[1] ICSWSE/Kyushu-u; [2] ICSWSE, Kyushu Univ.; [3] Strategic Planning Department, NICT; [4] JHU/APL; [5] STEL,
Nagoya Univ.

Interaction between the shear Alfven wave and weakly ionized ionosphere is discussed in the context of inductive Magnetosph
lonosphere-Thermosphere coupling.

The conventional equations of ionospheric electrodynamics, highly successful in modeling observed phenomena on sufficientl
long time scales, can be derived rigorously from the complete plasma and Maxwell’s equations, provided that appropriate limit:
and approximations are assumed. For example, an interaction between shear Alfven wave and ionospheric current system
been successfully described in terms of the reflection and mode conversion process at the

electrostatic Ohmic current layer, in which Hall and Pedersen conductivities are derived under stress balance equilibrium be
tween Ampere force and frictional force by plasma-neutral collisions.

However this approach cannot describe dynamic developments inside the ionosphere or provide information about causal rel
tions of MIT coupled variables. The verbal descriptions are intended to provide an intuitive understanding of results from calcu-
lations, but sometimes they go beyond their nominal purpose and are expanded into qualitative discussions of causal sequen
and sometimes even of temporal developments, even though these are not really described by the conventional equations.

To correctly describe the inductive and dynamic process of MIT coupled system or perform verbal description of MIT re-
sponses, we need to explicate the generalized Ohm’s law for determination of electric field, plasma motion of equation for
evolution of plasma velocities, Faraday’s induction law for evolution of magnetic field, and Ampere’s law for distribution of
current density.

In this study on the basis of causal sequence of the aforementioned inductive MIT coupling process, we try to understand th
interaction process between shear Alfven wave and weakly ionized ionosphere, how Alfven waves propagate inside the ionc
sphere, how they attenuate by interaction to the neutral particles, how the field aligned current of wave modes bifurcate into th
conducting current, and how the reflection process can be described by the causal relations inside the ionospheric E-region.
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An automated procedure of sounding of the plasmasphere by the CRUX magnetomete|
array in New Zealand

# Yuki Obana[1]; Masahito Nose[2]
[1] Engineering Science, Osaka Electro-Communication Univ.; [2] DACGSM, Kyoto Univ.

The plasmaspheric mass density derived from the ULF field line resonance (FLR) frequencies of two different magnetic shells
(L=2.33 and 2.62 Re) have been monitored during a 3-month period (February-April 2013) using an automated cross-phas
analysis of magnetic measurements recorded at the CRUX magnetometer array in New Zealand. We found the rate of FLI
detection in the dayside can reach as high as 91% (2.33 Re) and 98% (2.62 Re). The inferred equatorial plasma mass dens
follows the L-dependence of1*. We also present the result of an analysis of the depression and the refilling of the plasmasphere
during geomagnetic storms.
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Scientific objectives of the SuperDARN Hokkaido West radar

# Nozomu Nishitani[1]; Tomoaki Hori[2]; Nozomu Nishitani SuperDARN Hokkaido radar group[3]
[1] STELAB, Nagoya Univ.; [2] STE lab., Nagoya Univ.; [3] -

The SuperDARN Hokkaido West radar is the second SuperDARN radar in Japan, and the 10th midlatitude SuperDARN rada
in the northern hemisphere. It is the first northern midlatitude SuperDARN radar equipped with the function of STEREO mode,
which enable us to monitor 2 beam directions simultaneously, thus to make 1-min two-dimensional and 1 to a few second one
dimensional observation at the same time. This mode is useful to the study of short time scale phenomena such as ULF wave
SC-associated disturbances and substorm expansion onsets. Scientific objectives, together with the latest status, of the Suy
DARN Hokkaido West radar will be presented.
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Development status of geocoronal hydrogen Lyman Alpha Imaging CAmera (LAICA)

# Masaki Sato[1]; Shingo Kameda[2]; Masaki Kuwabara[3]; Shota Ikezawa[2]; Makoto Taguchi[1]; Ichiro Yoshikawa[4]; Ryu
Funase[5]; Yasuhiro Kawakatsu[6]
[1] Rikkyo Univ.; [2] Rikkyo Univ.; [3] Univ. of Tokyo; [4] EPS, Univ. of Tokyo; [5] Univ. of Tokyo; [6] JAXA/ISAS

Exospheric hydrogen atoms resonantly scatter solar ultraviolet radiation, causing an ultraviolet glow. It is so called geocorons
To date, various observations of the geocorona have been made. The previous observational results suggest that geocort
extends to an altitude of about 2Q;RRecently, abrupt temporary increases (from 6% to 17%) in the total number of hydrogen
atoms in the spherical shell from a geocentric distance of 8R8Rg have been recorded during several geomagnetic storms.
However, the relation between geomagnetic activity and hydrogen exosphere is still unclear.

Past observation of the geocorona has mainly been performed using earth orbiters. Therefore, several low altig)de ("8 R
observations have been made. However, the geocorona at high altitude can be observed only from the deep space at the geocel
distance of &gt;20 R. There have been only a few observations, e.g., Mariner 5, Apollo 16, and Nozomi. Among them, only
Apollo 16 had a 2-D imager. Its observational FOV was about 0aRd not wide enough for imaging the whole geocorona
expanding to 20 R.

In this study, we are developing a LAICA (Lyman Alpha Imaging CAmera) instrument onboard the very small deep space
explorer PROCYON, which will be launched in December 2014 with the Hayabusa 2 spacecraft. PROCYON will escape the
earth and navigate interplanetary space. Our instrument can perform wide FOV (more thahig%Bging of the geocoronal
distribution. If we can detect geocoronal distribution at high altitude, it will help understanding loss process of earth’s atmosphere
The flight model of LAICA was completed. Calibration tests have now been conducted. All tests are scheduled to be completed ir
August. In this presentation, we will describe the scientific objectives of LAICA and report the results of flight model calibration.
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Estimating the latitudinal dependence of plasmaspheric helium ion density based on dat
assimilation of the IMAGE/EUV data

# Shin’ya Nakano[1]; Mei-Ching Fok[2]; Pontus Brandt[3]; Tomoyuki Higuchi[4]
[1] The Institute of Statistical Mathematics; [2] NASA/GSFC; [3] JHU/APL; [4] ISM

The latitudinal dependence of the plasma density along magnetic field lines is very important property that controls wave
propagation and other physical processes. In analyzing EUV data taken from the IMAGE satellite, each EUV image only
provides the information on a two-dimensional structure. Thus, it is basically difficult to resolve the latitudinal profile from a
single EUV image. However, if multiple EUV images, which were taken from a different direction due to the motion of the
satellite, are used, it would be possible to estimate the latitudinal profile. We have developed a data assimilation technique fc
estimating the temporal evolution of helium ion density distribution from a sequence of the IMAGE/EUV data. Since this data
assimilation technique uses multiple EUV images, we can obtain the information on the latitudinal profile of helium ion density
by combining a maximum likelihood approach. We will discuss how the latitudinal profile can be estimated and present some
preliminary results.
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Numerical experiments on the impacts of substorms on energetic electrons in the inner
magnetosphere

# Yusuke Ebihara[1]; Mei-Ching Fok[2]; Takashi Tanaka[3]
[1] RISH, Kyoto Univ.; [2] NASA/GSFC; [3] SERC, Kyushu Univ.

The reconstruction of the outer radiation belt is the object of a controversial argument. The previously suggested processes |
the reconstruction can be divided into two groups; the internal acceleration hypothesis and the external source hypothesis. F
both hypotheses, substorms are thought to play an important role in the reconstruction of the outer radiation belt. Hot electron
are rapidly injected into the inner magnetosphere during substorms, which provide free energy for wave growth of whistler mode
chorus waves. Electrons are accelerated to the MeV range through Doppler shifted cyclotron resonance, or relativistic turnin
acceleration with whistler mode chorus waves. Relativistic, or sub-relativistic electrons may also be transported inward by strong
impulsive electric field, probably contributing to the reconstruction of the outer belt directly. In general, to distinguish the two
hypotheses is problematic. Although no direct evidence has been proven to show that energy is certainly transferred from wave
to electrons, some characteristic manifestations have been used to be a proxy of the internal acceleration, that is, characteris
pitch angle distribution (for example, flat-top distribution), hard energy spectra, and earthward gradient of the phase space densi
at constant adiabatic invariants. The purpose of this study is to test if these manifestations are necessary condition or sufficie
condition for the internal acceleration, and to illuminate the relative contributions from the two hypotheses to the reconstruction
of the outer belt. We have solved bounce-averaged drift transport equations under the electric and magnetic fields given b
the recently developed global MHD simulation. We reproduced the sequence of a substorm, and determined onset as a sudd
decrease in the AL index and a sudden increase in the ionospheric conductivity (a proxy of aurora). Near the onset, a stron
electric field is formed in the inner magnetosphere in a longitudinally narrow region with a thickness of the order of earth radius
(Re), which rapidly transported relativistic electrons inward. Simultaneously, keV electrons were also injected inward, which
may become a seed of relativistic electrons. Temperature anisotropy becomes large near the leading edge of the injected t
electrons. As the plasmapause shrinks, the ratio of the plasma frequency to the cyclotron frequency becomes small outside t
plasmapause, which may favor the growth of chorus waves. We estimated the evolution of the phase space density of electro
due to the interaction with chorus waves under the assumption that the wave amplitude is small. We will demonstrate the resul
of numerical experiments on the energy spectrum, pitch angle distribution and radial gradient of the phase space density ¢
energetic electrons for the purpose of identifying physical processes responsible for the observable signatures and providing
guide to understanding the abrupt reconstruction of the outer radiation belt.
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Multi-point observations of energetic protons and oxygen ions during magnetic storms
by the Van Allen Probes RBPICE instrument

# Kunihiro Keika[1]; Kanako Seki[2]; Masahito Nose[3]; Shinobu Machida[4]; Louis J. Lanzerotti[5]; Matina Gkioulidou[6];
Aleksandir Ukhorskiy[6]; Donald Mitchell[6]
[1] STEL; [2] STEL, Nagoya Univ.; [3] DACGSM, Kyoto Univ.; [4] STEL, Nagoya Univ.; [5] NJIT; [6] JHU/APL

We examine short time-scale (shorter than 30 min) enhancements of energetic (greater than 50 keV) ions in the inner magn
tosphere (L less than 6) during magnetic storms. This study focuses on the storm main phase on June 1 and 7, 2014 during whi
two Van Allen Probes spacecraft dwelled with a small separation (dL less than 1, dMLT less than 0.5 h). Analyzing ion data with
high energy, angular resolution and mass information provided by the RBSPICE instrument, we study temporal, spectral, an
pitch angle evolution of proton and oxygen ions to identify the spatial scale of plasma population injected from the plasma shee
and occurrence/lack of non-adiabatic acceleration in the inner magnetosphere.

RBSPICE detects ions with the energy range of "50 to 1000 keV, with high energy resolution. In the region at the radial
distance greater than 3 RE, where RBSPICE has been in nominal operation, the magnetic field strength ranges from “100
71000 nT. Thus, the first adiabatic invariant (mu) of ions monitored by RBSPICE is below "2 keV/nT near the inner most point
of the nominal operation and reaches “20 keV/nT around the Van Allen Probes apogee.

In this study, we analyze temporal and spatial variations of ion phase space density for different mu values, pitch angles/secor
invariants, and species. We also compare the results with storm events on August 4 and August 27, 2013, when the Van Alle
Probes experience larger satellite-to-satellite separation: "2 RE in the radial direction and "2 hours in the MLT direction.
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Rapid enhancement of energetic oxygen ions in the inner magnetosphere during
substorms

# Yohei Nakayama[1]; Yusuke Ebihara[2]; Takashi Tanaka[3]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] SERC, Kyushu Univ.

Satellite observations show that energetic (greater than 100 keMpi@ are rapidly increased in the inner magnetosphere
during substorms. The ultimate source of @ns is the Earth's ionosphere, so that @ns must be accelerated from “eV
to 100s keV somewhere in the magnetosphere. A fundamental question still arise regarding \idms @re accelerated and
transported to the inner magnetosphere. We simulated substorms under two different solar wind conditions by using the glob:
MHD simulation developed by Tanaka et al. (2010, JGR). The solar wind speed is set to be 372 km/s for Case 1, and 500 km/
for Case 2. In both cases, the MHD simulation result shows that the dawn to dusk electric field is enhanced in the night side
tail region at greater than 7 Re just after the substorm onset. In particular, the electric field in the inner region ("7 Re) is highly
enhanced by the tension force because of relatively strong magnetic field together with curved field lines. The strongest electri
field takes place near the region where the plasma pressure is high. We performed test particle simulation under the electric al
magnetic fields for Cases 1 and 2.7 Gns are released from two planes located at 2 and -2 Re in the Z direction in the tail
region. O ions released at the two planes represent outflowing streant dbis escaping from the Earth. The distribution
function at the planes is assumed to be drifting Kappa distribution with temperature of 10 eV, the densityrof*1@nd the
parallel velocity given by the MHD simulation. In total, around a billion of particles are traced. Each test particle carries the
real number of particles in accordance with the Liouville theorem. After tracing particles, we reconstructed 6-dimensional phase
space density of ® ions. We obtained the following results. (1) Just after substorm onset, the differential flukx @h® is
almost simultaneously enhanced in the region where the electric field is strong. (2) The kinetic energy increases rapidly to 12
keV for Case 1, and 200 keV Case 2 in the inner magnetosphere. (3) On the dayside, the pitch angle anisotropyp®f O
increases with radial distance. We will discuss the acceleration processes and generation mechanisms of pitch angle anisotrc
of OT ions in more detail, and the overall contribution to the ring current.
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Solar zenith angle dependence of empirical formulas between energy inputs to the
ionosphere and O+ and H+ ion outflows

# Naritoshi Kitamura[1]; Kanako Seki[2]; Kunihiro Keika[3]; Yukitoshi Nishimura[4]; Tomoaki Hori[5]; Robert J.
Strangeway[6]; Eric J. Lund[7]
[1] STEL, Nagoya Univ.; [2] STEL, Nagoya Univ.; [3] STEL; [4] UCLA, [5] STE lab., Nagoya Univ.; [6] Inst. of Geophys. and
Planet. Phys., Univ. of California, Los Angeles; [7] Space Science Center, University of New Hampshire

Recent satellite observations and simulations have clarified that plasma outflows play an important role in abrupt changes in tf
ion composition in the plasmasheet and ring current during geomagnetic storms. Statistical stRiraagpgway et af2005]
andBrambles et al[2011] indicated that fluxes of ion outflows are correlated well with soft electron precipitation (precipitating
electron density and electron density in the loss cone), and DC and Alfvenic Poynting fluxes using the data obtained by the FAS
satellite near the cusp region in the dayside during the 24-25 September 1998 geomagnetic storm. To evaluate the correlatio
for HT and O ions separately, we performed statistical studies using the ion composition data in addition to the ion, electron,
and field data obtained by the FAST satellite during January 1998 and January 1999. The longer dataset enables us to ident
empirical formulas between outflowing'™Cand H" ion fluxes and precipitating electron densities, DC and Alfvenic Poynting
fluxes in a wide solar zenith angle (SZA) range (45-145 degree). These empirical formulas would be useful for global magne-
tospheric simulations as the boundary conditions. Under dark conditionfgrHfluxes increases with increasing precipitating
electron density, but not as much as those do under sunlit conditions. The precipitating electron density that corresponds to tt
H* ion flux of 10" /cm?/s (mapped to 1000 km altitude) decreases with increasing SZA. This SZA dependence is less clear for
O™ ions as compared with Hions. The empirical formulas between outflowing @nd H" ion fluxes and DC and Alfvenic
Poynting fluxes are not so strongly affected by SZA. Under sunlit conditions, the fiLini@® tends to be larger than that of H
ions, while H ions tend to become dominant under dark conditions. Intense ion (especiallgnpoutflow events (number
flux larger than 18/cm?/s mapped to 1000 km altitude) mostly occurred under sunlit conditions or near the terminator.
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Significance of results of plasma wave sounder experiments by Akebono/PWS

# Yuto Katoh[1]; Atsushi Kumamoto[2]; Hiroshi Oya[3]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] Dept. Geophys, Tohoku Univ.; [3] Geophysics, Tohoku Univ.

Plasma wave sounder experiments have been conducted by Stimulated Plasma Wave experiment (SPW) subsystem of Plas
Wave and Sounder experiments (PWS) on board Akebono (EXOS-D) satellite in the topside ionosphere and plasmasphere [O
et al., JGG 1990]. The sounder experiments have two main purposes: One is the remote sensing of the topside ionosphe
including polar region and inner plasmasphere, and another is active experiments by the stimulation of plasma waves in spac
Both of them have been successfully conducted by the SPW subsystem of Akebono/PWS. As for an example of previous studie
of Akebono/PWS sounder experiments, Kodama and Ono [2002] revealed the presence of the plasma bulge structures in the po
region of the topside ionosphere from the analyses of ionograms. The observation results of the radio wave echoes at an altitu
of 6,000 km suggest the feature of the duct propagation at the boundary of plasmasphere. The new fipdjrpotsponding
to the n=0 case of the sequence of diffuse plasma resonances (SDPR) [Oya, JGR 1970; Tadaoka and Oya, 1998], provides 1
strong evidence to support the weak turbulence theory as the generation mechanism of SDPR. In this paper we revisit the resu
of plasma wave sounder experiments by Akebono/PWS and discuss the significance of sounder experiments for the study of tl
polar region of the topside ionosphere and for the investigation of the plasma physics in the process of stimulated wave-particl
interactions in space.
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Statistical analysis of variations of the plasmasphere observed from the Akebono PWS

# Shuhei Hasegawa[1]; Yoshizumi Miyoshi[1]; Naritoshi Kitamura[2]; Kunihiro Keika[3]; Masafumi Shoji[4]; Atsushi
Kumamoto[5]; Shinobu Machida[6]
[1] STEL, Nagoya Univ.; [2] STEL, Nagoya Univ.; [3] STEL,; [4] STEL, Nagoya Univ.; [5] Dept. Geophys, Tohoku Univ.; [6]
STEL, Nagoya Univ.

The plasmasphere is a region of cold and dense plasma surrounding the Earth. The plasma density in that region and i
vicinity, i.e., the inner magnetosphere is an important parameter for understanding the dynamics of the radiation belts. Variation
of the plasmaspheric density distribution have not been completely clarified. In this context, we conduct statistical analyses o
the variations of the plasmasphere and plasmatrough, using electron density data derived from plasma wave observations by P\
experiments on board Akebono satellite from 1989 to 2002. The averaged field-aligned density gradient in the inner plasmasphe
(L =2.1-2.3) is less dependent on the solar cycle, while that in the outer plasmadplrede2-4.7) is strongly affected by the
solar activity. We also investigate possible processes of the plasmaspheric refilling and its solar-cycle dependence. The dai
variations of the field-aligned density distribution after geomagnetic disturbances are defined in such a way that the Kp-inde
becomes to be smaller than or equal to 3 after the geomagnetic active period (Kp-index greater than 3). The density depressi
is not found at. smaller than 3. While the density Atlarger than "4 is found to decrease at an altitude above “3000 km, and to
take "3 days to be refilled. Currently, solar cycle variations are not necessarily clear. We will further investigate refilling processes
associated with stronger geomagnetic disturbance, and more detailed temporal variations to clarify the presence of solar-cyc
dependence. Averaged variations in the plasmaspheric density during geomagnetic storms driven by CMEs are also studied wi
superposed epoch analyses and reported.
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Development of thermal-suprathermal ion analyzer

# Arito Imamura[1]; Kazushi Asamura[2]; Yoshifumi Saito[3]; Yoichi Kazama[4]
[1] Earth and Planetary, Tokyo Univ.; [2] ISAS/JAXA,; [3] ISAS; [4] PSSC,NCKU

Satellite observations have revealed that ions such'aandl O" escape from the Earth’s ionosphere to the magnetosphere.
Typical temperature of these ions is cold ("0.1 eV) in the ionosphere, but they are observed with energies of 1-10 eV in the
magnetosphere. The acceleration process is not fully understood. In order to understand the escape processes of ions, in-
plasma measurements are considered to be effective tools. However, it is not easy to observe these cold ions in general, since
the Earth’s magnetosphere, a spacecraft is positively charged in sunlight. One of the solutions to reduce the effect of spacecr:
charging is installation of a boom onto the spacecraft. One can compensate the spacecraft potential when the plasma partic
analyzer is mounted on the boom to which the voltage corresponding to the spacecraft potential is applied. Note that, Deby
length should be shorter than the boom length in this case.

We have been developing the thermal-suprathermal plasma analyzer which is light enough to be mountable on top of th
boom. The sensor consists of two parts. One is top-hat type electrostatic energy analyzer (ESA). The other is time-of-fligh
(TOF) system that measures velocity of incoming particles. Particle mass (mass-per-charge) can be deduced when velocity al
energy-per-charge of the particle are determined.In order to measure the low-energy particles with "0.1eV, we have to apply
very low voltage (a few tens of mV) to the ESA electrode in case of conventional electrostatic analyzers which are optimized for
particle energies of keV range. However, it is not easy to apply such a low voltage with enough stability. Our idea is to expand
the gap between ESA electrodes. The wide gap provides: (1) the applied voltage to ESA electrode becomes higher, (2) analyz
sensitivity is improved, and then, analyzer size can be smaller. TOF techniqgue measures appearance interval of two differel
signals. One is generated by secondary electrons emitted from an ultra-thin carbon foil at the passage of incoming ions. Th
other is generated by the incoming ions themselves. It is important to control the trajectories of the secondary electrons to b
focused on detector area near the symmetrical axis, since areal size of the detector should be small in order to keep the analy:
size small.

An overview of the analyzer and its performance will be presented.
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Ray tracing analyses of the polarizations of auroral kilometric radiatin (AKR) observed
by Kaguya near the Moon

# Kozo Hashimoto[1]; Yoshitaka Goto[2]; Yoshiya Kasahara[2]
[1] RISH, Kyoto Univ.; [2] Kanazawa Univ.

In KAGUYA (SELENE) LRS[1], WFC-HI[2] observes wave spectra in 1kHz-1,000kHz and various plasma waves like Auroral
Kilometric Radiation (AKR), electron plasma waves, and broadband electrostatic waves have been observed. This system ce
observe wave polarizations by two pairs of dipole antennas. We have analyzed the AKR polarizations.

The polarization of AKR is defined with respect to the magnetic field from a view point of plasma waves. On the other hand, the
polarization is observed with respect to the propagation direction. Both polarizations depend on the source hemisphere. Kaguy
moves behind the Moon every rotation. The occultations of AKR radiated from the Earth occur. When only one hemisphere car
be seen due to the occultation, the source hemisphere is identified and the polarization can be measured correctly. This resul
also useful when both hemispheres are seen after the occultation. We will show some cases including when the polarizations &
identified and both polarizations are observed without occultation and their interpretation based on ray tracing.
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Role of fast flow channels in aurora and tail-inner magnetosphere interaction

# Yukitoshi Nishimura[1]; Larry Lyons[2]; Eric Donovan[3]; Vassilis Angelopoulos[4]; John M. Ruohoniemi[5]
[1] UCLA; [2] UCLA,; [3] U. Calgary; [4] UCLA,; [5] ECE, Virginia Tech

Plasma transport in the plasma sheet and auroral oval is known to involve a significant amount of transient fast flows that ar
longitudinally localized. Recently, using a combination of the THEMIS satellites, all-sky imagers and SuperDARN radars, those
fast flow channels are found to play a crucial role in triggering substorm auroral onset, whose pre-onset sequence has been
strong debate in the community for decades. Those pre-onset flows originate from the far downtail several minutes before th
auroral onset, and can also be seen as auroral poleward boundary intensifications (PBIs) and subsequent roughly north-sol
aligned auroral streamers that reach the equatorward portion of the auroral oval. The precursor aurora was found very common
("80% of events) in THEMIS ASI observations.

Furthermore, we found that those fast flows are a critical element of tail-inner magnetospheric interactions. Some of thos
flow bursts penetrates into the inner magnetosphere, and increases the ring current pressure, EMIC wave intensity, and prot
auroral luminosity. This process can occur in a few tens of minute time scale, which is much more rapid than by slowly
varying convection driving, and suggests that flow bursts from the plasma sheet give rapid modulation of the ring current. Wher
SuperDARN echoes are available, SAPS flow enhancements were also seen to occur as equatorward (earthward at the equa
extension of the fast flow channels. Those responses in the inner magnetosphere and subauroral ionosphere can be seen |
during non-storm and storm-time events, suggesting that flow bursts in the plasma sheet have a high impact on plasma and enel
transport into the inner magnetosphere and subauroral ionosphere.
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Common characteristics of the pulsating aurora electrons and relativistic electron
microbursts

# Yoshizumi Miyoshi[1]; Shinji Saito[2]; Satoshi Kurita[3]; Shin-ichiro Oyama[4]; Masafumi Hirahara[5]; Kazushi
Asamura[6]; Takeshi Sakanoi[7]
[1] STEL, Nagoya Univ.; [2] Nagoya Univ.; [3] STEL, Nagoya Univ.; [4] STEL, Nagoya Univ.; [5] STEL, Nagoya Univ.; [6]
ISAS/JAXA; [7] Grad. School of Science, Tohoku Univ.

We investigate whether the pulsating aurora and relativistic electron microbursts are caused by a common process. Usir
Reimei and SAMPEX satellite data, we investigate characteristics of the pulsating aurora electrons and relativistic electror
microbursts, respectively. Reimei satellite reveals that the pulsating aurora is caused by repetition of tens keV electrons and tt
internal modulations with a few Hz exist inside the precipitation. Beside intermittent precipitations of a few keV electrons, the
stable precipitation of low energy electron "1 keV is simultaneously observed. SAMPEX satellite confirmed the pulsation of
relativistic electron microbursts and the internal modulations embedded in the microburst. We simulate the pitch angle scatterin
of energetic electrons from ten keV to "1 MeV, considering the propagation of whistler mode waves along the field line. As
a result of the simulation, the pulsation and internal modulations of electrons are caused by the repetition of chorus burst
and rising tones, respectively, and those are commonly observed in both ten keV electrons (pulsating aurora) and relativisti
electron microbursts. Upper band chorus waves cause the stable low energy electron precipitations. The results indicate th
the propagating whistler mode chorus waves are the common process to cause both pulsating aurora and relativistic electr
microbursts along the field line.
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A proposal to the energy budget in the auroral ionosphere: Challenge from
thermospheric winds in the pulsating aurora

# Shin-ichiro Oyama[1]; Keisuke Hosokawa[2]; Yoshizumi Miyoshi[3]; Kazuo Shiokawa[3]; Junichi Kurihara[4]; Takuo
Tsuda[5]; Brenton J. Watkins[6]
[1] STEL, Nagoya Univ.; [2] UEC; [3] STEL, Nagoya Univ.; [4] Cosmosciences, Hokkaido Univ.; [5] NIPR; [6] GI UAF
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Pulsating aurora is a typical phenomenon of the recovery phase of magnetic substorm and is frequently observed in th
morning sector. The widely accepted generation mechanism of pulsations in precipitating electrons is related to wave-particl
interactions around the equatorial plane in the magnetospheric tail. This mechanism is completely different from the discrete-ar
case, which generates high-energy auroral electrons by the inverted-V type potential structure in the magnetospheric accelerati
region. This potential structure induces the perpendicular electric field. The electric field is mapped down to the ionosphere
and enhances the Pedersen current as the ionospheric closure current. Since the perpendicular electric field directly relates to
Joule heating rate and the Lorentz force, thermal and kinetic energies in the thermosphere are locally increased in the vicinit
of the arc rather than the inside, resulting in wind variations in the thermosphere. However, this scenario cannot be simply
applied to the pulsating-auroral case because of the completely different mechanism of the auroral-electron generation, and v
have believed that large energies are not dissipated in the pulsating aurora and there should be no obvious wind variations in t
thermosphere. However, we found thermospheric-wind variations in the pulsating aurora during simultaneous observations wit
a Fabry-Perot Interferometer (557.7 nm), several cameras, and incoherent-scatter radars. This is a significantly important findir
in evaluating our understanding of the energy budget in the substorm recovery phase. As mentioned above, the Joule heati
process and the Lorentz force play important roles for thermospheric-wind variations. While the both cases need enhancemer
of the perpendicular electric field, we well know that a typical level of the convection electric field is too low to generate the
wind variations in a same level as the observed in the pulsating aurora. Thus the observed wind variation is a clear evidence th
our estimation of the dissipated energy in the recovery phase has been underestimated. This presentation will summarize o
measurements showing several events of the pulsating aurora, in particular focusing on the energy budget in the magnetosphe
ionosphere-thermosphere coupled system.
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Compound auroral microphysics

# Ryuho Kataoka[1]; Yoko Fukuda[2]; Yoshizumi Miyoshi[3]; Yusuke Ebihara[4]; Donald Hampton[5]
[1] NIPR; [2] Dept. Earth & Planet. Sci, Univ. Tokyo; [3] STEL, Nagoya Univ.; [4] RISH, Kyoto Univ.; [5] GI, Univ. of Alaska
Fairbanks

Auroral microphysics still remains widely unexplored because of the limitation of high-speed imaging. Cutting-edge ground-
based optical observations using SCMOS cameras with a large data storage recently enabled us to continuously observe the fi
scale morphology of aurora at magnetic zenith for a variety of rapidly varying features, such as flickering, pulsating modulation,
and arc packets etc. According to the spatiotemporal scale, the fine-scale auroral morphology is important to understand the fu
damental wave-particle interactions, and is potentially useful to diagnose the plasma environment of magnetosphere-ionosphe
coupled system. We report two interesting examples of unexpected combinations of fine-scale rapidly varying auroras. Lo
calized flickering aurora appeared during the instability growth of an arc, which may represent the efficient energy dissipatior
of Alfvenic and quasi-static activities as operated at the midnight open/closed boundary. Another example shows a pulsatini
modulation nearby flickering rays in the middle of surge in the pre-midnight sector, which may indicate the close relation of
enhancement of Alfven waves and efficient loss of energetic particles.
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Extremely fast auroral morphology beyond the ULF range: new ground-based
experiment using SCMOS cameras

# Yoko Fukuda[1]; Ryuho Kataoka[2]; Yoshizumi Miyoshi[3]; Naoki Sunagawal[4]; Kazuo Shiokawa[3]; Ayumi Hashimoto[3];
Yusuke Ebihara[5]; Donald Hampton[6]; Naomoto lwagami[7]
[1] Dept. Earth & Planet. Sci, Univ. Tokyo; [2] NIPR; [3] STEL, Nagoya Univ.; [4] STEL, Nagoya Univ.; [5] RISH, Kyoto
Univ.; [6] GI, Univ. of Alaska Fairbanks; [7] U Tokyo

Small-scale and high-speed auroral morphology is important because fundamental physical processes behind the wave-parti
interaction can be visualized. The smallest and fastest spatiotemporal variation of auroras is tens of meters and a fraction of
second, which appears especially during intense auroral activities, and is potentially useful to diagnose the plasma environment
magnetosphere-ionosphere coupled system. The purpose of this study is to find the fastest aurora and to understand the format
mechanism of the small-scale and high-speed auroral morphology. Two identical imaging systems were installed at Poker Fle
Research Range (PFRR) in Alaska from February to April 2014. A highly sensitive SCMOS camera with the imaging sensor of
2048 x 2048 pixels and the narrow field of view of 15 x 15 degree enable us to identify the smallest auroral structure. The field of
view approximately corresponds to 26 km x 26 km at 100 km altitude, and the spatial resolution is "52 m when 4 by 4 binning is
used. One system uses a sub-array option to enhance the sampling rate up to 1000 frames per second. We used RG665 sharyj
filter only for the sub-array imaging. A major criterion to select the events for this study is more than 15 KR auroral emissions
of 557.7 nm at the magnetic zenith. We found a total of 16 nights satisfying the above criterion. About a half of the events
are associated with moderate or intense magnetic storms. As the most distinctive examples, it is found that flickering aurora
show “30 Hz oscillations on February 20, 2014 during storm-time substorms, which are beyond the ULKBigeHz).

The minimum Dst index was -86 nT at "13 UT ("1.5 MLT), and the AE index exceeded 1000 nT. Pulsating auroras with “20 Hz
modulations were also captured in the postmidnight sector. Based on such initial results from February to April 2014 data sets
we are developing a new camera system with two major improvements. One is to improve the recording synchronism betwee
two sCMOS cameras by using a GPS clock. The second is the "active burst mode” to store huge amounts of data observe
only when intense auroras appeared overhead, applying an automatic detection technique by using a Nikon DSLR camera wi
fish-eye lens. The new combined system of the SCMOS camera and the Nikon DSLR camera will be installed at PFRR in the
next winter season to statistically investigate the occurrence distribution of the small-scale and high-speed auroras for the fir:
time.



R006-32 Od:A O00:110 10 12:25-12:40

Joodoubobogooooobood

#0000 [1;00 02,0000 [2;0000[2;0000[2;00 0 [2;00 O [3]
[1]000;[2]000;[8]0000000/000

Development of unmanned aurora imager for Antarctica

# Hisao Yamagishi[1]; Akira Kadokura[2]; Masaki Okada[2]; Yasunobu Ogawa[2]; Yoshimasa Tanaka[2]; Hiroshi Miyaoka[2];
Akira Sessai Yukimatu[3]
[1] National Inst. Polar Res.; [2] NIPR; [3] NIPR/SOKENDAI

There are numbers of all-sky aurora imagers operated in Antarctica. However, there are still huge gaps between their fiel
of views (FOVs). Based on successful experience of low-power unmanned magnetometer observation in Antarctica, we ar
developing unmanned aurora imager (UAI) to fulfil these gaps in aurora observation. Useful application of the UAI is to track
the motion of conjugate auroras. We have found from our long-term observation that the conjugate aurora sometimes move
hundreds of km azimuthally in tens of minutes. We are planning to install UAIs at Soer Rondane Mountains and Amundsen Bay
700km to the west, and 550km to the east of Syowa Station, respectively. FOV of these imagers, together with that of Syowa
extends more than 2000km in geomagnetic east-west direction, and very useful for tracking the motion of conjugate auroras.

Power consumption of the UAI system is designed to be less than 20W, and it is supplied from three sets of wind generatol
Rutland FM910, four 60W solar panels, and 800Ah battery. Watec TV camera is used for the all-sky imager, and the image i
taken 1 frames/s. GPS TEC and 3-component flux-gate magnetometer observations are also made in this system. The data
recorded in SD card and the summary data, including keogram of aurora image, will be transferred to Japan daily via Inmarse
BGAN telephone. We are planning to start the field observation from 2016.
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Characteristics of pulsating aurora at the boundary region

# Natsuo Sato[1]; Akira Kadokura[1]; Yoshimasa Tanaka[1]; Takanori Nishiyama[1]
[1] NIPR

Pulsating auroras (PA) are common phenomena, which are observed universally during the recovery phase of substorm in tl
auroral and subauroral zones. But, even today, generation mechanism of fundamental characteristics of pulsating aurora, such
their periodicity (e.g., a few seconds to a few tens of second including higher frequen&yif), their shapes (e.g., patch and
band), and their motion (e.g., standing and propagating) are not understood. Conjugate observations onboard satellites and
the ground are important method to examine such fundamental characteristics of pulsating aurora. We examined some select
pulsating auroral events, which obtained onboard THEMIS spacecraft and THEMIS ground-based all-sky camera network.

We found following signatures of optical, particle, field and wave at the onset and during pulsating aurora; 1) All pulsating
aurora associate with high-energyq keV) electron flux enhancement, 2) Quasi-periodic modulation of DC electric field, cold
electron flux and ELF waves sometimes show well correlation with visible pulsating aurora observed on the ground, 3) DC
electric fields perform quasi-periodic fluctuation, which show good correlation to pulsating aurora in most of PA events, 4)
Electrostatic ELF wave<30 Hz) perform quasi-periodic fluctuation, which show good correlation to pulsation aurora (on 3
March 2011 event), 5) Electrostatic ECH waves are more correlating to pulsating aurora than that magnetic chorus waves ar
6) Not all pulsating aurora associate with ELF/VLF chorus wave enhancement, 7) Pitch angle of cold electron distributes to
field-aligned, 8) There are very few evidences to identify a quasi-periodic modulation of high-energy electron flux, which may
be directly corresponding to pulsating aurora.

Such evidences suggest that DC Electric Field and Cold Electrons may play more important role to generate pulsating auror
than chorus wave. We will discuss the role of DC electric field, cold electron and ELF waves for the generation of pulsating
aurora.
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Relationship between proton and electron auroras during a course of substorm evolutior
Ground-based observation at Syowa Station
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# Akira Kadokura[1]
[1] NIPR

National Institute of Polar Research (NIPR) has been constructing an auroral optical observation system at Syowa Statio
during the 8th project term of 6 years of the Japanese Antarctic Research Expedition (JARE) program. Instruments categorize
in the &quot;Monitoring observation&quot; are (1) 4 sets of All-sky monochromatic digital CCD imagers (427.8, 557.7, 485.0,
481.0 nm) and (2) All-sky color digital camera, and those categorized in the &quot;Specific purpose observation&quot; are (1)
All-sky TV camera and (2) 8-color Scanning Photometer (SPM). Simultaneous observations with 2 electron and 2 proton CCD
monochromatic imagers will be carried out in 2014. Interval of the 4 imagers are the same as each other, 15 sec, although tt
spatial resolution of the 2 proton imagers are reduced into 64x64, comparing with the full resolution of 512x512 of the electron
imager.

Center (FWHM) wavelengths of the SPM are 482.5(0.6), 483.5(0.6), 484.5(0.6), 485.5(0.6), 486.5(0.6), 487.5(0.6),670.5(5.0)
844.6(0.6) nm. Scanning speed and sampling rate are 180 deg/10 sec and 20 Hz, respectively.

Using these electron and proton auroral data observed with all-sky imagers and scanning photometer, we would like to constru
a comprehensive model of substorm including the information on energy characteristics of precipitating auroral electrons an
protons.
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\ortices in the magnetic equator generated by ionospheric Alfven resonant waves

# Yasutaka Hiraki[1]
[1] NIPR

The purpose of the series of our studies is to clarify the auroral arc dynamics on the basis of magnetohydrodynamic (MHD)
instabilities and their nonlinear evolution under the M-I coupling system. A three-dimensional MHD simulation of the feedback
instability showed that Kelvin-Helmholtz type vortex structures are spontaneously excited in the magnetosphere [Watanabe
2010]. A linear analysis of Alfven eigenmodes, considering the velocity cavities, revealed feedback properties of the field line
and ionospheric Alfven resonances [Hiraki and Watanabe, 2011; 2012; Hiraki, 2013].

In this study, we performed three-dimensional nonlinear MHD simulations of shear Alfven waves in a full field line system
with MI coupling and the steep Alfven velocity cavities. Nonlinear interaction of Alfven eigenmodes in the system showed
various features: i) a secondary flow shear instability leading to vortices occurs at the magnetic equator, ii) trapping of the
ionospheric Alfven resonant modes accelerates a cascade of auroral fine structures, and iii) waves emitted from the ionosphe
cavity cause vortices and magnetic oscillations at the equator side. Essential features at the initial brightening of auroral arc coul
be explained by growth of the Alfven resonant modes, which are the nature of the field line system responding to a rapid chang
in the background conditions. We also report the progress of our model extension where electron inertia effects are included fc
the evaluation of parallel electric fields.
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Characteristic properties of substorm auroras: A development of ionospheric loop
currents at the onset latitudes
# Osuke Saka,[1]; Kanji Hayashi[2]
[1] Office Geophysik; [2] none

The auroral signatures were examined for the event occurred at Yukon, Canada on 17 January 1994 from a pre-onset to tl
expansion using all-sky imager, ground magnetometer network, and plasma measurements at the conjugate magnetosphere.
results are summarized as follows:

1. The bead-like rippling and poleward expansion of aurora occurred following the fresh plasma transport from the plasma
sheet to the geosynchronous orbit.

2. The plasma transport from the tail was associated with the earthward motion of the separatrix of drift trajectories (Alfven
boundary). The earthward motion of the Alfven boundary was caused by the increasing convection electric fields.

3. The plasmas transported beyond the geosynchronous orbit in the equatorial plane eventually generate the loop currents
the ionosphere. The increasing size of the loop currents accompanied the poleward expansion of the aurora.

4. The loop current with the size of about 1000 km propagated eastward following the eastward propagation of Pi2 at low to
mid latitudes.

References:

Saka, Hayashi, Thomsen (ANGEO, 2014)

Saka, Hayashi, Koga (JGR, 2012)
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An ionospheric loop current triggered by an eastward
propagating compressional input in the magnetosphere
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Observation of unipolar field-aligned currents associated with interplanetary magnetic
field BY triggered theta auroras

# Masakazu Watanabe[1]; Gordon Wilson[2]; Marc R Hairston[3]
[1] Earth & planetary Sci., Kyushu Univ.; [2] AFRL; [3] UTD

It has been suggested that there are several mechanisms for theta aurora formation. One mechanism that is generally accey
is the one associated with interplanetary magnetic field (IMF) BY transition. When the sign of IMF BY switches during strong
northward IMF, in the ionosphere, the duskside or dawnside plasma sheet is detached and the isolated plasma sheet drifts dav
ward or duskward into the polar cap to form the theta aurora configuration [Cumnock et al., 1997; Chang et al., 1998; Kullen et
al., 2002]. This formation process of the theta aurora is supported by global magnetohydrodynamic (MHD) simulations [Slinker
et al., 2001; Kullen and Janhunen, 2004; Naehr and Toffoletto, 2004; Tanaka et al., 2004]. Watanabe et al. [2014], using MHL
simulation, showed possible existence of a unipolar field-aligned current (FAC) system within the crossbar of the theta aurora
When the theta aurora is drifting duskward, the FACs are located on the dawnside boundary of the crossbhar adjacent to the 'ne\
lobe and they flow away from the ionosphere. Conversely, when the theta aurora is drifting dawnward, the FACs are located o
the duskside boundary of the crossbar adjacent to the 'new’ lobe and they flow into the ionosphere. This unipolar FAC systen
drives nightside part of the round cell that causes the drift motion of the theta aurora crossbar. To the best of our knowledge
there has been no previous report on such a unipolar FAC system. The purpose of this paper is observational verification c
the simulation results, using magnetic field and precipitating particle data obtained by DMSP satellites. On 24 October 2003
a well-defined stepwise change in IMF BY during strong (about 20 nT) northward IMF periods triggered a theta aurora. We
confirmed from the DMSP data the presence of the very FAC system predicted by the Watanabe et al. [2014] MHD simulation.
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Response of the reverse convection to sharp IMF turnings: Observations from
multi-spacecraft and ground magnetometer stations

# Satoshi Taguchi[1]; Atsushi Tawara[2]; Marc Hairston[3]; James Slavin[4]; Guan Le[5]; Juergen Matzka[6]; Claudia Stolle[6]
[1] Grad school of Science, Kyoto Univ.; [2] UEC; [3] UTDALLAS; [4] Univ. of Michigan; [5] NASA/GSFC; [6] Helmholtz
Centre Potsdam

How strongly the dayside high-latitude convection is controlled by the orientation of the IMF for periods of the steady IMF is
well established. However, the nature of the transition that the convection makes when the IMF changes sharply is still not fully
understood. In the present paper, we report the characteristics of the transient nature of the reverse convection on the basis
observations from multi-spacecraft and ground magnetometer stations. During a period of northward IMF on 22 April 2006 the
magnetic field observations from three ST-5 spacecraft identified distribution change in the polar cap field-aligned current whict
responds to a quick IMF turning from the purely northward orientation to the duskward orientation. At this time ST-5 flew over
one of the Greenland magnetometer stations located near 1200 MLT. The analysis of the ground magnetic perturbations shov
that the field-aligned current distribution, which is closely related to the reverse convection pattern, was changing gradually
during about 10 min before reaching a steady state. When the steady state was going on, the IMF changed sharply from tt
duskward orientation to the dawnward orientation. Immediately after this IMF turning, three DMSP spacecraft (F13, F15, and
F16) traversed the dayside polar cap in the northern hemisphere. The ion drift observation indicates that the polar cap convectic
changed from the clockwise circulation to the counter-clockwise circulation during about 10 min. The data from the Greenland
magnetometer stations show that a transient state, i.e., deformation or reduction of the clockwise circulation started in the nea
noon and postnoon sectors almost simultaneously when the ion drift consisting of the clockwise circulation is still seen in the
prenoon polar cap by the DMSP spacecraft. We discuss the changing global patterns that occurred over the whole dayside po
cap during the course of the 10-min transient state for both cases.
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Dawn-dusk asymmetry of transient convection associated with sudden impulses

# Tomoaki Hori[1]; Atsuki Shinbori[2]; Shigeru Fuijita[3]; Nozomu Nishitani[4]
[1] STE lab., Nagoya Univ.; [2] RISH, Kyoto Univ.; [3] Meteorological College; [4] STELAB, Nagoya Univ.

The previous statistical study using a large data set of SuperDARN (SD) observations showed that transient ionospheri
flows associated with sudden impulses (SI) form vortex-like structures with the same polarity as those observed by groun
magnetometers and that the substantial part of the flow structures are well extended to the night side across the terminat
Another interesting feature, which is focused on in this study, is that the flow structures seem to hold a dawn-dusk asymmetr
with the polarity controlled by the combination of the polarity of SI and IMF-By. A detailed analysis of the SD observations
reveals that the higher-latitude part of the flow structure is enhanced on the dusk (dawn) side for positive Sls (Sl+) under negativ
IMF-By conditions and negative Sls (SI-) under positive IMF-By conditions (SI+ under positive IMF-By and SI- under negative
IMF-BY), respectively. To understand how the IMF-By-dependent asymmetry is introduced, we have performed a global MHD
simulation of the solar wind-magnetosphere-ionosphere coupled system driven by abrupt rises or drops of the solar wind dynam
pressure for various parameters. The simulation result has qualitatively reproduced the same sense in dawn-dusk asymmetry
flow enhancement as that deduced by the SD statistics. The preliminary analysis suggests that the asymmetric flow enhancem
is likely to be caused by the interaction between the pre-existing round convection cell and a pair of the transient convectior
vortices associated with Sls. Further it is shown by both the observation and simulation that there is always an asymmetry il
flow intensity between the dawn and dusk convection cells induced by Sls, regardless of IMF-By polarity. We will discuss how
this persistent dawn-dusk asymmetry is caused in Sl-associated ionospheric convection in terms of the large-scale structure
field-aligned current and ionospheric conductance.
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Generation mechanism of the non-Dungey convection - A new paradigm of the
magnetospheric physics

# Shigeru Fujita[1]; Takashi Tanaka[2]
[1] Meteorological College; [2] SERC, Kyushu Univ.

The magnetosphere-ionosphere coupling convection is a core process from which all global magnetospheric phenomena lil
substorms, storms, steady magnetospheric convections, sawteeth events, sudden commencements, and theta auroras dev
However, only the schematic model proposed by Dungey (1961) has been accepted as a standard model of the convection. T
fact is surprising compared with other precise researches of the magnetospheric physics like the reconnection. At the same tirr
this fact indicates backwardness of the magnetospheric physics compared with other Earth and planetary sciences like the atrr
spheric physics in which the physical process of the global circulation is well understood.

Tanaka (2003) proposed physical processes of the magnetosphere-ionosphere coupling convection based on precise glo
MHD simulation results. Although he established the physical processes inside the magnetosphere, there is still a missing lin
about transport of mass, momentum and energy from the solar wind to the magnetosphere in order to understand a driving mec
anism of the magnetosphere-ionosphere coupling convection. After elucidating the transport mechanism, the magnetosphel
physics becomes a precise science like the atmospheric physics. In order to investigate the driving mechanism of the convecti
- namely a driving mechanism of a dynamo for the Region 1 field-aligned current -, we pursue both transport of energy from
the solar wind to the lobe via the cusp-mantle region and generation of a dynamo of the Region 1 field-aligned current in the
context of conversion of energy in the cusp-mantle region based on a global MHD simulation. We first identify stream lines of
the plasmas bulk flow pass from the solar wind to the lobe. The thermal energy in the magnetosheath is enhanced mainly b
the solar-wind dynamic pressure. The electromagnetic energy from the cusp-mantle region also contributes to the enhanceme
This enhanced thermal energy is converted to the field-aligned plasma bulk flows. This field-aligned bulk flow turns to be a
perpendicular one due to the centrifugal force of a field-aligned flow on a curved magnetic field in the boundary between the
magnetosheath and the lower-latitude side of the cusp. In the cusp-mantle region, decrease in the thermal energy due to plas
escape along field lines into the lobe induces a dynamo (the slow mode expansion). It is concluded that magnetic field mergin
(reconnection) in the dayside magnetopause does not play a direct role in driving the magnetosphere-ionosphere coupling co
vection. We also identify the magnetospheric energy convection in which the mechanical energy flux from the solar wind to the
cusp-mantle region is partly converted to the Poynting flux returning to the dayside magnetopause.
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An assessment of substorm energy budget and energy transport in the magnetotalil

# Yukinaga Miyashita[1]; Shinobu Machida[2]; Yohsuke Kamide[3]; Atsuhiro Nishida[4]
[1] STEL, Nagoya Univ.; [2] STEL, Nagoya Univ.; [3] Professor Emeritus of Nagoya University, Rikubetsu Sci. Museum; [4]
ISAS

In the present study we have quantitatively assessed substorm energy budget and energy transport in the magnetotail, ba:
on the results of our previous observational studies. We have found that the magnetotail can provide sufficient energy for th
substorm expansion, i.e., the ionospheric Joule heating and particle precipitation as well as the ring current injection. Thi:
contradicts what Akasofu [JGR, 2013] argued. Most of the energy of the near-Earth plasma sheet is transported by the ne
Poynting flux directly from the lobes, rather than by fast flows in the plasma sheet generated by near-Earth magnetic reconnectio
We contend, however, that near-Earth magnetic reconnection drives the enhancement of the Poynting flux during the expansic
phase, fully contributing to the substorm energy.
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Statistics of current densities in the near-Earth tail

# Miho Saito[1]
[1] Titech

Cross-tail current sheet and field-aligned current in the tail vary dynamically during substorms. This study examines spatial an
temporal characteristics of current-density vectors using THEMIS multi-spacecraft observations in the near-Earth magnetotail
New technique is proposed to evaluate current densities without assuming any current sheet profiles, which uses 5-min averag
magnetic field measurements. Rich data set allowed us to infer the north-south profile of the cross-tail current sheet. On averag
current sheet is found to be thick and bifurcated. Presumably owing to this non-uniform profile, local current density occasionally

becomes very intense to compare with its ground (minimum) values. Origin of intense current densities and its relationship witf
substorms are discussed.
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Tailward leap of magnetic reconnection: A THEMIS case study

# Akimasa leda[1]; Yukitoshi Nishimura[2]; Yukinaga Miyashita[1]; Shinobu Machida[3]
[1] STEL, Nagoya Univ.; [2] UCLA; [3] STEL, Nagoya Univ.

A multiple-onset substorm is studied using observations of aurora and the magnetotail. In particular, the cause of the multiple
auroral intensification and decay is discussed. A sequence of tailward then earthward flows was observed within 10 minute
by the THEMIS-1 satellite at 24 Re down the magnetotail. This sequence is often interpreted as the tailward retreat of a singls
reconnection site. However, another THEMIS satellite at 5 Re earthward from THEMIS-1 observed a similar earthward flow 2
min later. Thus, the observed sequence rather corresponds to a tailward leap of the reconnection site.

Each of the tailward and the earthward flows was accompanied by an auroral brightening. The first brightening was observe
near the THEMIS-1 footpoint 1 min after the tailward flow. As the first brightening subsided, the second brightening occurred
near the same longitude but at a higher latitude 1 min after the earthward flow was observed by THEMIS-1. Thus, the polewar
leap of the brightening appears to be associated with the tailward leap of the reconnection site. The first auroral brightenin
subsided when a new brightening occurred. We suggest that this decay is caused by the formation of a new reconnection si
which ejects northward magnetic field lines earthward and brake the previous reconnection site located in the earthward side «
the new site.
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Distribution and Dynamics of Turbulent Region in the Magnetosphere Inferred from
Magnetic Field Data Obtained by LEO Satellites

# Yoshihiro Yokoyama[1]; Toshihiko lyemori[2]; Kunihito Nakanishi[3]; Tadashi Aoyamal4]
[1] SPEL, Kyoto Univ.; [2] WDC for Geomagnetism, Kyoto Univ.; [3] Graduate School of Science, Kyoto Univ; [4] Graduate
School of Science, Kyoto Univ.

lyemori et al.(1987) showed that the small-scale magnetic fluctuations over the high-latitude ionosphere are mainly cause
by the small-scale field aligned currents by using the MAGSAT data.The generation mechanism of field-aligned currents in the
magnetosphere is related to the plasma motion and/or spatial gradient of plasma parameters.So they also suggested that if
small-scale fluctuation mainly come from quasi-static field aligned currents which are generated in the equatorial region of mag
netosphere, the scale size and amplitude of the fluctuations will give us the information on the turbulence in the magnetospher
plasma.

In this research plan, we aim to reveal the relations between the statical distribution of plasm turbulence in the magnetosphel
and their dynamics.We use the data obtained by the CHAMP and the SWARM satellites. These satellites are on near polar orbi
so that their observations can cover various LT region where MAGSAT couldn’t observe.In addition, because the resolution of
magnetometer of both satellites (0.065nT) is higher than that of MAGSAT (0.5nT) we can analyze the phenomena in more detail

In this presentation, at first, we show that these small-scale magnetic fluctuations are generated by the field-aligned currents

Next, we report the relation between the characteristics of these magnetic fluctuations (appearance location and amplitud
and the geomagnetic disturbance index, such as AE index and the Dst index.
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Relation between the substorm and the storm

# Takashi Tanaka[1]
[1] SERC, Kyushu Univ.

Recently, almost all of the substorm signatures are reproduced in the global simulation and the dynamics of the substorm al
understand quite well. The substorm is the sudden pressure enhancement in the inner plasma sheet that is caused by a chs
of force balance in the plasma sheet. This force balance results in the increases of tension associated with the dipolarization a
balancing plasma pressure. Increase of plasma pressure is, at the same time, recognized as an injection and formation of -
partial ring current. On the other hand, the ring current, which is the main signature of the storms, is a structure in which high-
energy particles are trapped in the inner magnetosphere. The ring current is located further inside the part ring current. The rin
current is generally regarded as the drift motion of the high-energy particles that are higher energy part of the plasma supportin
the pressure. According to the increase of IMFBz negative value, the plasma responsible for the pressure is injected deeper in
the inner magnetosphere, but while it is flowing into, it is flowing out not to resunt in the ring current. However, if dynamic
development is reproduced by the simulation under changing IMFBz, it can be a ring current. In the fluid picture, drift motion is
thermal motion, and not the fluid motion equivalent to the electric field. The drift motion is represented as magnetization current.
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Magnetic reconnection at Saturn’s magnetopause

# Hiroshi Hasegawa[1]; Adam Masters[2]; Masaki Fujimoto[3]
[1] ISAS/JAXA; [2] Imperial College; [3] ISAS, JAXA

Magnetic reconnection is an important process that occurs at the magnetopause boundary of Earth’'s magnetosphere becaus
leads to transport of solar wind energy into the system, driving magnetospheric dynamics. However, the nature of magnetopau:
reconnection in the case of Saturn’s magnetosphere is unclear, and has been the subject of debate. Here we review this toy
and assess when and where reconnection is likely to occur on the Saturnian magnetopause. We discuss the influence of bulk fls
shears and local plasma beta conditions on magnetopause reconnection onset, including their anticipated effect on the reconn
tion rate. Both these factors are expected to have a negative influence on the reconnection process at Saturn’s magnetopat
compared to reconnection at Earth’s magnetopause. Studies to date imply that the nature of solar wind-magnetosphere coupli
via reconnection can vary between planets, and we should not assume that the nature of this coupling is always Earth-like.
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Dynamical characteristics of poleward moving auroral forms: A statistical analysis with
all-sky imager observations

# Shumpei Niiyama[1]; Keisuke Hosokawa[1]; Satoshi Taguchi[2]; Yasunobu Ogawal3]
[1] UEC; [2] Grad school of Science, Kyoto Univ.; [3] NIPR

We have developed an algorithm for automated detection of poleward moving auroral forms (PMAF) from successive 630.C
nm all-sky images obtained in the dayside cusp region. The algorithm simply extacts a line of zero intensity in differential all-
sky images as a trace of PMAF. By tracking the motion of such zero lines we are able to follow the trajectory of the poleward
propagation of PMAFs and estimate their moving velocity. We applied the algorithm to 3-season observations of all-sky airglow
imager in Longyearbyen, Norway. As a result, we succeeded in extracting a number of PMAFs and have studied their dynamice
characteristics (speed and direction of propagation, lifetime etc.). By comparing the derived statistical characteristics of PMAF
with the background ionospheric convection from SuperDARN, we discuss the motion of PMAF in terms of the interaction
between the solar wind and the dayside magnetosphere.
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Multi-instrument observations of multiple sun-aligned arcs

# Dai Hasegawa[1]; Keisuke Hosokawa[1]; Kazuo Shiokawa[2]; Yuichi Otsuka[2]
[1] UEC; [2] STEL, Nagoya Univ.

Sun-aligned arcs (SAA) are one of the outstanding phenomena at the highest part of the polar ionosphere during prolonge
periods of northward interplanetary magnetic field (IMF). Particle signature of SAA has been studied for a long time by using
low Earth orbiting spacecraft. Many of the past studies showed an existence of field-aligned potential drop above SAA. Althougt
a number of studies have been conducted at low altitude, there has been almost no studies which combines auroral image toget
with high and low altitude particle observations. For this reason, very little has been known about the field-aligned transport of
electrons and ions above SAA.

In this paper, we aim at combining in-situ plasma measurements by Cluster at the top of the acceleration region and DMSI
at low-altitude together with optical observations of SAA from an all-sky imager (ASI) at Resolute Bay, Canada (74.7 N, 265.0
E, 82.9 MLAT). During a 4 h interval on November 10, 2005, a series of SAA was observed by the ASI at Resolute Bay. In
the central part of the present interval, the ionospheric footprints of the 4 Cluster satellites encountered the SAA sequentially
and observed well correlated enhancements of electron fluxes at weak energies (&It; 1 keV). The Cluster satellites also detectt
signatures of upflowing beams of ions and electrons in the vicinity of the SAA. This implies that these ions and electrons were
accelerated upward by a quasi-stationary electric field existing in the vicinity of the SAA. In this presentation, by combining data
from multiple instruments, we discuss the fundamental characteristics of field-aligned plasma transport associated with optice
signatures of SAA.
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Study on direction finding method based on Bayesian inference

# Mamoru Ota[1]; Yoshiya Kasahara[1]; Yoshitaka Goto[1]
[1] Kanazawa Univ.

Investigating characteristics of plasma waves observed by scientific satellites in the Earth’s magnetosphere is the effective ke
to understand not only generation mechanisms of the waves but also a plasma environment which influences its generation a
propagation conditions. In particular, direction finding of the waves is important for understanding the propagation characteristic:
of VLF waves. In order to find the directions, the wave distribution function (WDF) method was proposed[1, 2]. This method
is derived from the concept that observed signals consist of a number of elementary plane waves and can be defined as we
energy density distribution. However, solving its equations is a so-called ill-posed problem and the solution is not determined
uniquely, hence we must assume an adequate model as a solution. Although many models have been proposed until now[3,
we have to select the most optimum model depending on situations because each of the models has disadvantages as wel
advantages. In the present study, we developed a new method for direction finding of the plasma waves measured by plasr
wave receivers to solve problems of conventional methods. This method is based on Bayesian inference and its model paramet
assume stochastic parameters.

Using computer-generated test data, we evaluated our proposed method, and compared with two conventional methods(MEI
PTM). Moreover, we studied the problem which may arise when applying the WDF method to real observed data. As a result, ir
the case of the noiseless data, our proposed method is almost correctly estimated not only the directions of the peaks but also
shapes of the WDF.

As a next step, we developed a new spectral analysis method based on compressed sensing[5]. This method assumes that
can be represented as sparse in frequency domain. As a result of numerical experiments, the method is very effective compar
with a FFT using a window function, and it was shown that the method has both high frequency resolution and wide dynamic
range. This method is applicable for data compression onboard a satellite and information extraction of observed data.
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Statistical analyses of lightning whistlers observed by VLF/WBA onboard AKEBONO
and their prospect for application study

# Yuta Oike[1]; Yoshiya Kasahara[1]; Yoshitaka Goto[1]
[1] Kanazawa Univ.

http://lwww-cie.is.t.kanazawa-u.ac.jp/

Lightning whistler is a very low frequency electromagnetic wave originating from lightning discharge. Although most of en-
ergy from lightning discharge travels among Earth-ionosphere waveguide, a fraction of the energy passes through the ionosphe
and propagates approximately along a geomagnetic field line to the opposite hemisphere. Dispersive spectrum is a well-know
characteristic of lightning whistler. Their dispersion depends on the electron density profile and the gyrofrequency along the
propagation path, and the path length. Since earlier studies, lightning whistlers were frequently observed by both ground an
satellite based instruments. They have been investigated in connection with various phenomena in the plasmasphere such as |
processes of electrons in the Van Allen radiation belts. Therefore, comprehensive understanding of characteristics of lightnin
whistler as a function of latitude and longitude, local time, season, and solar activity using long-period observation data enable
us to evaluate how much effect is given by the whistlers on these phenomena.

In the current study, we statistically analyzed lightning whistlers in the long-period data obtained by the VLF/WBA onboard
the AKEBONO spacecraft. Some statistics such as spatial distribution, local time and seasonal variations of the occurrence fre
guency were already performed using the 22 years data from 1989 to 2010 tracked by the USC (Uchinoura space center) statit
in Japan. In addition, the same statistics have been derived from the 8 years data from 1999 to 2007 tracked by the ESR (Esran
space center) station in Sweden. These statistical analyses show the similar results except that lightning whistlers in the ESR de
frequently occur in higher latitude region compared with those in the USC data. The detailed reason of this difference is now
under study.

In this presentation, we report the statistical results derived from the USC and ESR data so far. We also discuss the estimatic
method of electron density profile using the dispersion trend of lightning whistlers in the WBA data.
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Efficiency of drift resonance of outer radiation belt electrons with monochromatic Pc5
waves based on GEMSIS-RC and RB simulations

# Kei Kamiya[1]; Kanako Seki[2]; Shinji Saito[3]; Takanobu Amano[4]; Yoshizumi Miyoshi[2]; Yosuke Matsumoto[5];
Takayuki Umeda[2]
[1] STEL, Nagoya Univ.; [2] STEL, Nagoya Univ.; [3] Nagoya Univ.; [4] University of Tokyo; [5] Chiba University

Radial transport of relativistic electrons due to Ultra Low Frequency (ULF) waves in the Pc5 frequency range is one of impor-
tant candidates of the acceleration and loss processes of the outer radiation belt electrons. The drift resonance with global Pc
in which interaction between the electron drift motion in the dipole-dominated magnetic field configuration and the electric and
magnetic fluctuations of Pc5 waves induce the radial transport, has been considered as a driver of radial diffusion of relativisti
electrons across the drift shells. On one hand, the Pc5 amplitude decreases rapidly with decreasing radial distance, and the rec
studies has pointed out that the efficiency of radial transport caused by the Pc5 waves can be highly depending on the charact
istics of the waves [e.g., Ukhorskiy and Sitnov, 2008]. The result indicates that collective motion of the outer belt electrons can
exhibit large deviations from radial diffusion. Thus it is important to understand the fundamental behavior of collective motion
of the electrons against the Pc5 waves in the inner magnetosphere.

In this study, we combine two simulation models of the inner magnetosphere: GEMSIS-RC (ring current) and RB (radiation
belt) models. 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 [Amano
et al., 2011]. The GEMSIS-RB code conducts test particle trajectory tracings of relativistic electrons in arbitrary magnetic and
electric field configurations [Saito et al.,2010]. We first conduct Pc5 wave simulation with GEMSIS-RC, and then the obtained
time variations of the magnetic and electric fields are used as an input to GEMSIS-RB code to understand the transport of rele
tivistic electrons due to the Pc5 waves. For simplicity, we investigated the effects of monochromatic wave on the radial transpor
of electrons, i.e., the dependence on such parameters as energy, pitch angle, and initial location of the electrons.
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Development of the FPGA board for evaluation of onboard digital signal processing of
plasma wave

# Hiroki Matsui[1]; Yoshiya Kasahara[1]; Hirotsugu Kojima[2]; Yoshitaka Goto[1]
[1] Kanazawa Univ.; [2] RISH, Kyoto Univ.

In recent years, a lot of satellites are launched to measure space environment as a consequence of plasma dynamics contro
by solar activity. Measuring plasma wave is one of important clues to understand plasma physics around the earth, and it i
necessary to implement intelligent signal data processing techniques into the plasma wave instruments. In the conventional wa
instruments, these data processes are executed by a CPU, and thus the computation speed is not fast enough to enable real-
processing. Itis necessary to reduce the weight and size of the instruments to meet the requirements of flying formation satellite
and planetary exploration spacecraft. Recently, FPGA is often used to solve these problems. In such a background, we devels
a FPGA board, which enables us to develop arbitrary digital signal processing applicable for the future missions. The develope
FPGA board is designed to evaluate the performance of the developed module easily. In the presentation we will introduce th
FPGA board as well as the current status of our development of digital signal processing modules especially for the real-time
signal processing technique.
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Particle injections observed near Earth’s magnetopause in quiet conditions

# Satoko Yamauchi[1]; Tsugunobu Nagai[2]
[1] Earth and Planetary Sciences, Titech; [2] Tokyo Institute of Technology

Particle injection is sudden enhancement in flux of energetic charged particles, commonly observed at geosynchronous ork
(6.6RE), and associated with magnetospheric substorms. Since 2007, dispersive particle injections have been observed in tl
further dawnside of the Earth’s magnetosphere (8”E}Rhan geosynchronous orbit in quiet conditions with the spacecraft
Geotail and THEMIS. Although only electron injections are observed in 22 cases, both electron and ion injections are observe:
in 18 cases. The injected population displays energy dispersion in which more energetic particles arrive at a given locatiot
earlier than less energetic particles. The time delay is from 15 to 90 minutes between 10 keV electrons and 40 keV. In the cas
in which both electron and ion fluxes increase, the enhancement of electron flux starts earlier than that of ion flux. In order tc
investigate the time delay, we have calculated particle trajectories in the inner magnetosphere. We use the Tsyganenko moc
which is an empirical magnetic field model of magnetosphere. We assume that the magnetospheric electric field is sum of
convection electric field and a corotation electric field, and obtain the particle trajectories in the equatorial plane using particle
drift velocity. The simulations show that electrons drift from the nightside through the dawnside to the dayside while ions drift
from the nightside through the duskside to dayside. However, in most cases, ions do not arrive in the observed region and ex
magnetosphere. In this study, we investigate ion trajectory in more detail and conditions in which those injections occur with
multi-satellite observations and IMF data.
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Daily variation of geomagnetic field Z component during geomagnetic storm

# Hiroki Matsushita[1]; Akimasa Yoshikawa[2]; Teiji Uozumi[3]
[1] Earth and Planetary Sciences, Kyushu Univ.; [2] ICSWSE/Kyushu-u; [3] ICSWSE, Kyushu Univ.

It is well known that the geomagnetic field disturbances during storm time observed on the ground, especially north-south (H]
component of the field is produced by the ring current around the earth’s equator. The D component of the field is also disturbe
by the asymmetric distribution of current system during storm time PRC (Partial Ring Current). However there is few report how
the global distribution of Z component response during storm time.

By using the geomagnetic field data obtained from MAGDAS/CPMN network [K.Yumoto et al., 2006 and 2007], we investi-
gated the Z-component distributions during storm-time, and found that there is almost no difference between the Z component
of Sq in the quiet time and the storm time at the observatories located in inland area like Kuju observatory. It is well known
that the horizontal component, especially H component, of Sq disappear during the storm time as we mentioned above but it |
possible that there is no relationship between the intensity of the Sqg current and the geomagnetic storm according to the result
the Sg Z component indifferent to the storm.

On the other hand, there is disturbance on the Z component at some observatories during the main phase of the storm, f
example the observatories near the coast or located in island, which indicates that these disturbances on the Z component
caused by GIC effect so-called the coast effect [Parkinson, 1959; Parkinson and Jones, 1979]. It is consistent with the feature |
ground-induced current, which the vertical component is enhanced by the geomagnetic field whose high frequency change ne
the coast, as reported by Mason, [1962]; Greenhouse, [1972], etc. that the disturbance on the Z component of the geomagne
field near the coast area can be observed during only the main phase of the geomagnetic storm.
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Investigation of solar wind dependence of the plasma sheet based on long-term
GEOTAIL/LEP electron data evaluation

# Ryosuke Saeki[1]; Kanako Seki[2]; Yoshifumi Saito[3]; Iku Shinohara[4]; Yukinaga Miyashita[2]; Shinsuke Imada[5];
Shinobu Machida[6]
[1] STEL,Nagoya Univ; [2] STEL, Nagoya Univ.; [3] ISAS; [4] ISAS/JAXA, [5] STEL, Nagoya Univ.; [6] STEL, Nagoya Univ.

It is observationally known that the plasma density and temperature in plasma sheet are significantly changed by solar win
conditions [e.g., Terasawa et al., 1997]. Thus it is considered that the plasma sheet plasma is originated from the solar wind, ar
several entry mechanisms have been suggested. When the interplanetary magnetic field (IMF) is southward, the solar wind plasr
enters the plasma sheet mainly through magnetic reconnection at the dayside magnetopause. In contrast, for the northward IV
the double-lobe reconnection [Song et al., 1999], abnormal diffusion [Johnson and Cheng., 1997], and plasma mixing throug|
the Kelvin-Helmholtz instability caused by viscous interaction [Hasegawa et al., 2004] have been proposed. Relative contributior
of each process is, however, far from understood.

In the present study, we use magnetotail observations by the Geotail spacecraft at radial distances of 10-32 Re during 1.
year period from 1995 to 2006 to investigate properties of the plasma sheet. We conducted a statistical analysis with calibrate
LEP-EA [Mukai et al., 1994] ion and electron data. We selected central plasma sheet observations and derived electron and ic
temperature and density using the same method and criteria as Terasawa et al. [1997]. In addition, OMNI solar-wind data ar
used. The results show that the plasma sheet density (both ion and electron temperatures) has a good correlation with the sc
wind density (kinetic energy) over the whole solar cycle. We find clear dawn-dusk asymmetry in the temperature ratio Ti/Te,
i.e., the average Ti/Te is higher on the duskside than the dawn. The density also shows the dawn-dusk asymmetry and high
on the duskside than on the dawnside. A previous study by Wang et al. [2012] showed that Ti/Te is high (typically 5-10) in the
magnetosheath. The statistical results, therefore, suggest that the shocked solar wind plasma can easily enter the duskside pla
sheet rather than the dawnside. We will discuss the possible mechanisms of the entry of the cold plasma into the duskside plasr
sheet.
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Magnetospheric structure and plasma convection associated with theta auroras: A
next-generation MHD simulation

# Yusuke Konakahara[1l]; Masakazu Watanabe[2]; Takashi Tanaka[3]; Shigeru Fuijita[4]; Yasubumi Kubota[5]; Hiroyuki
Shinagawa[6]; Ken T. Murata[6]
[1] Earth and Planetary Sci., Kyushu Univ.; [2] Earth & planetary Sci., Kyushu Univ.; [3] SERC, Kyushu Univ.; [4]
Meteorological College; [5] NICT; [6] NICT

A theta aurora is an optical phenomenon that consists of an 'auroral oval’ (a luminous ring) and a 'transpolar arc (TPA)’
that extends across the polar cap. Previous studies show that a theta aurora is formed when the IMF By sign changes during
prolonged northward IMF Bz period. In response to the IMF By change, a TPA starts from the dawnside or duskside aurora ova
and moves toward the opposite side across the polar cap. Also, the characteristic of precipitating particles associated with tt
TPA is similar to that of the plasma sheet, indicating that the TPA is located on closed field lines. In spite of the vast efforts in
the past, however, it is not yet understood how such an anomalous configuration is formed, how the magnetospheric structu
reconfigures, and how field-aligned currents (FACs) and plasma convection evolve in the ionosphere and in the magnetosphel
The purpose of our study is to clarify such magnetosphere-ionosphere coupling processes during theta aurora formation usit
MHD simulation.

Previously, we calculated the simplest case in which IMF By exhibited a stepwise change during a northward IMF period,
using the MHD simulation code developed by one of the authors (T. Tanaka). The results showed a plasma sheet protrusion
closed field line region) that connected to the dayside auroral oval across the entire polar cap. It was the first simulation tha
reproduced a perfect theta aurora configuration. In this presentation, we show the analysis results of the simulation, in particula
the reconfiguration of the magnetospheric null-separator structure during the theta aurora formation.
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Evolution and propagation of electric fields during magnetospheric disturbances based
on ground-based and spacecraft observations

# Naoko Takahashi[1]; Yasumasa Kasaba[1]; Atsuki Shinbori[2]; Yukitoshi Nishimura[3]; Takashi Kikuchi[4]; Tsutomu
Nagatsuma[5]
[1] Tohoku Univ.; [2] RISH, Kyoto Univ.; [3] UCLA; [4] STEL, Nagoya Univ.; [5] NICT

Magnetospheric disturbances triggered by the input from the solar wind lead to the variation of the particle and electromagnetit
field. Among these processes, there is evolution of convection electric fields, which involve energy transmission from the sola
wind and development of large-scale convection and current systems. It is believed that Poynting fluxes associated with th
onset of convection electric fields provides a key to understand the energy transmiésibimiira et al, 2010]. However,
the interaction between magnetosphere and ionosphere, such as the electric field propagation and energy transport proces:
the magnetosphere-ionosphere (M-I) coupled system, is still an open issue. Motivated by this issue, we focused on sudde
commencements (SCs) known as one of the distinct magnetospheric disturbance phenomena triggered by the compression
the magnetosphere due to solar wind disturbances, and investigated the evolution and propagation of electric fields during S(
using in-situ electric field data by THEMIS and Van Allen Probes. We also identified the transport process of the electromagnetic
energy by multi-spacecraft, SuperDARN radar, and ground magnetometer data coordinated in a wide region of the M-I couplet
system. In order to judge whether SCs occurred or not, we referred the SYM-H index provided by OMNI database and low-
latitude geomagnetic field (KNY). Event criteria were set as follows; (1) Low-latitude magnetometer (KNY) locates at 0-7 h UT,
(2) The amplitude of SYM-H is more than 10 nT, and (3) The rise time of SYM-H is less than 5 min.

We found 21 SC events in 2013 under these conditions, and all events showed enhancements of the dusk-dawn electric fie
associated with SCs detected by both THEMIS and Van Allen Probes. There is little time difference between in-situ electric anc
magnetic field (within 5 sec), which is consistent with fast mode waves propagating across the magnetosphere. We also four
that the in-situ electric field detected by THEMIS corresponds to that by Van Allen Probes, but these SC onset and peak tim¢
varied with their configuration. Moreover, the ionospheric electric field associated with SCs detected by radar observations wa
seen corresponding to the magnetospheric electric field.

Now we are trying to evaluate the time lag of SC onset time and peak time between the magnetospheric and ionospheric electr
fields, and estimate Poynting fluxes from in-situ electromagnetic field data. These validations could verify the energy transpor
channel from dayside magnetosphere toward nightside magnetosphere via ionosphere that was suggested by model estimat
and the single point observation.
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Statistical study of the inner boundary of the plasma sheet electrons during magnetic
storms
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[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.
; [2] Dept. Geophys, Tohoku Univ.; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.

The locations of inner boundary of the plasma sheet electrons during magnetic storm have been analyzed statistically by usir
THEMIS data. Plasma sheet electrons are carried to the earth due to magnetospheric convection, and then drift toward tt
morning sector in the vicinity of the earth. Thus, the inner boundary of the plasma sheet electrons are formed around 3 - 7 Re. |
addition, plasma sheet electrons can precipitate along a magnetic field line, and produce aurora in the earth’s ionosphere.

Previous studies investigated the dependence of the location of the inner boundary of the plasma sheet electrons on geomagn
indices such as Kp and AE index [Korth et al., 1999; Jiang et al., 2011]. Jiang et al. [2011] reported the local time distribution of
the inner boundary of the plasma sheet electrons in both quiet and disturbed conditions by referring AE index. In this study, we
focus not only on dependences on Dst index but also on dependences on phase of magnetic storms. The data which we used
obtained by ESA (Electrostatic Analyzer) onboard the THEMIS satellite. ESA measures the energy flux, density and temperatur
of particles over the energy range from a few eV to 30 keV for electrons and to 25 keV for ions. In the present study, we use
ESA data of 1 to 10 keV electrons. We perform event analyses for two magnetic storms of July 6, 2013 and June 17, 2012 and
statistical analysis of the positions of inner boundary of the plasma sheet electrons.

As a result of the event analyses, the inner boundaries were located around 3 - 4 Re and 4 - 10 Re in the main phase and t
recovery phase of the magnetic storm, respectively. We find that the boundaries are closer to the earth in the main phase th
those identified during the recovery phase of the same magnetic storm. In addition, we find in the main phase of the magneti
storm that the identified inner boundaries are located around the similar radial distance over the analyzed energy range of tt
plasma sheet electrons, but in the recovery phase of the magnetic storm, we find that the inner edge of the low energy electron
closer to the earth than that of the high energy electron. In the magnetic storm of June 17, 2012, the recovery phase lasted tv
days, and the inner boundary in the recovery phase of the second day was further away from the earth, and the energy depende
of the location of the inner boundary becomes evident more in the second day.

Based on the results of the event analyses, we study the location of the storm-time inner boundary statistically. Frank [1971
reported that the inner boundary of low-energy plasma sheet electrons were located closer to the earth than those of high-ener
plasma sheet electrons. The result of our statistical study shows the similar energy dependences in the recovery phase of sir
magnetic storms but different tendency in the main phase of the magnetic storm and in the recovery phase of large magnet
storms. We also reveal that the typical radial distance of the inner boundary during the storm main phase is 3.9 Re. Disappearan
of the energy dependence of the location of the plasma sheet electrons suggests the presence of the strong electric field in
vicinity of the earth. Based on the location of the storm-time inner boundary revealed by the present study, we investigate
the spatial distribution of the electric field in the storm-time inner magnetosphere. In order to investigate the two dimensional
evolution of the inner boundary of the plasma sheet electrons as a function of the radial distance and local time, the analysis «
the equatorward boundary of auroral activities will be useful.
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The energy dependent enhancements of radiation belt electrons during moderate
magnetic storms: Van Allen Probes observation

# Taketo Matsuo[1]; Yuto Katoh[2]; Atsushi Kumamoto[3]; Daniel Baker[4]; Geoff Reeves[5]; Craig A. Kletzing[6]; Shri
Kanekal[4]; Allison Jaynes[7]; Harlan Spence[8]
[1] Dept. Geophys. , Grad. Sch. Sci., Tohoku Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Dept. Geophys,
Tohoku Univ.; [4] LASP, Univ. Colorado; [5] LANL; [6] Department of Physics and Astronomy, Uol; [7] GSFC, NASA; [8]
Univ. New Hampshire

By analyzing in situ observation data by Van Allen Probes, we study the spatial and temporal evolution of the flux of radiation
belt electrons, the plasma environment, and plasma wave activities during moderate geomagnetic storms. It has been wide
recognized that the radial distribution of the flux of electron radiation belts generally show two belt structures.. In September
2012, it was revealed that radiation belt electrons show three belt structures by observation of Van Allen Probes [Baker et al
2013]. The formation process of three belt structures can be explained by considering loss processes of relativistic electror
when they are located outside the plasmapause. In general, when plasmapause moves inward during a magnetic storm, the f
of outer radiation belt electrons decreases during the main phase in the region outside of the plasmapause and increases ac
during the recovery phase. In the September 2012 event, since the variation of the plasmapause location is small, the regic
where the electron flux is strong remains inside the plasmashere and relativistic electrons are generated outside the plasmapat
resulting in the observed three belt structures. Since this three belt structure was observed during a moderate magnetic sto
(Dst™-70 nT), we expect that the structures are often formed during a similar storm and that the role of the plasmapause locatio
can be clearly identified by analyzing the formation process of the three belt structures.

In the present study, we analyze Van Allen Probes observation data measured during two storm events: 23 April 2013 and 2
May 2013 storms (hereafter we refer the former and latter events as event A and event B, respectively). The minimum Dst inde
is similar in both events; -49 nT for event A and -55nT for event B. We use the flux of relativistic electrons of 2.3 MeV, 3.6
MeV, and 4.5 MeV measured by the Relativistic Electron-Proton Telescope (REPT) [Baker et al., 2012]. We also analyze plasm:
wave and background magnetic field data measured by Electric and Magnetic Field Instrument Suite and Integrated Scienc
(EMFISIS) [Kletzing et al., 2012].

During the both analyzed storm events, we find the flux decrease of outer radiation belt electrons in the region outside o

the plasmapause, while we identify the location of plasmapause by analyzing the upper-hybrid resonance frequency from th
wave electric field spectra of EMFISIS. In the recovery phase, we find the presence of the three belt structures in the event /
but the usual two belt structures in the event B. During both events, the flux increases occur during both events in the regio
outside the plasmapause, while the location of the plasmapause is relatively closer to the Earth in the eléfbiBélent A,
L«"3 for event B). We also analyze wave electromagnetic field spectra and identify the enhancement of whistler-mode choru
emissions in the region outside the plasmapause. We find that the activities of chorus emissions enhance concurrent with tt
timing of the flux increase of relativistic electrons, suggesting a close relationship between them. We also identified two-stef
enhancements of relativistic electrons during the event A. We find at the first step during the early recovery phase that the flu;
enhancement is measured only in 2.3 MeV and that the flux of 2.3-4.5 MeV increases simultaneously at the second step durir
the late recovery phase. To understand the identified energy dependence in detail, we analyze the correspondence between
flux enhancements and spectral characteristics of whistler-mode chorus by examining the cyclotron resonance condition und
the observed plasma environment during the event. Furthermore, we analyze the phase space density of relativistic electrons
the inner magnetosphere so as to reveal whether the inward transport from outside or the acceleration process occurring in t
inner magnetosphere is dominant as the mechanism of the observed flux enhancement.
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Laboratory in-situ experiments for plasma wave-particle interaction

# Shun Kogiso[1]; Yuto Katoh[2]; Manabu Shimoyama[1]; Masafumi Hirahara[1]; Chanho Moon][3]; Toshiro Kaneko[3];
Hirotsugu Kojima[4]
[1] STEL, Nagoya Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Grad. Sch. Eng., Tohoku Univ.; [4] RISH,
Kyoto Univ.

Wave-particle interactions are thought to play important roles to generate MeV electrons in the radiation belt. "Wave-Particle
Interaction Analyzer (WPIA)’, which derives energy flux between wave and particle from simultaneous measurements of an
electric field and particle velocity vector, has been developed to observe the interaction between wave and particle in spac
plasma. We have been conducting two laboratory in-situ experiments for plasma wave-patrticle interaction as follows:

Topic #1 Application of a technique of Wave-Particle Interaction Analyzer to high-density laboratory plasma with drift waves,
and Topic #2 Laboratory in-situ experiments for plasma wave-patrticle interaction in space plasma chamber.

In Topic #1, we have carried out the laboratory simulation using thdJpgrade Machine in Tohoku University, which is a
linear magnetized plasma machine. The-Qpgrade Machine consists of a vacuum chamber of 0.2 m in diameter and 4.5 m
in length, and plasma sources, which generate high-temperature electrons using electron cyclotron resonance (ECR) and lo
temperature thermal electrons. Thus, an electron temperature gradient (ETG) is formed in the apparatus by superposing Ic
temperature thermal electrons on the high temperature electrons of the ECR plasih@ @#/cc). Moon et al. [Rev. Sci.
Instrum., 2010] reported that low-frequency drift-waves with a frequency of 7 kHz were excited with ETG mode of "0.5 MHz.
We focus on the low-frequency waves and simultaneously measures an electric field E¢etod Current vectorJ). Energy
fluxes between wave and particle can be calculated from inner produgtaradJ vectors. For the simultaneous measurements,
we have developed a combination probe, which is a combination of a Mach probe for ion flow measurements and a Twin prob
for electric field measurements. Radial, tangential and axial componeBtaradJ vectors are measured by rotating and tilting
the probe in cylindrical plasma.

We will report an estimated structure of drift waves derived from multi-point and directional measureméraisaf vectors
as well as transient response of wave growth in detail.

In Topic #2, we have been conducting laboratory simulation using a large space plasma chamber in ISAS/JAXA. By using &
multi-cusp plasma source, which confines plasma to a multi-pole cusp magnetic field, the high density Argon plakind (f
#/cc) is generated. The electron beam generated by applying a certain voltage difference between the two plasma sources exci
electrostatic plasma waves. Also, a wave receiver and an electrostatic plasma analyzer installed in the chamber make it possit
to simultaneously measure plasma waveforms and particle velocities, which are used to calculate the energy flux between wa
and particle.
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The terrestrial magnetosphere under the solar wind with no interplanetary magnetic fielc

# Minobu Iwaki[1]; Ryuho Kataoka[2]; Masakazu Watanabe[3]; Takashi Tanaka[4]; Shigeru Fuijita[5]
[1] Earth and Planetary science, Kyushu Univ.; [2] NIPR; [3] Earth & planetary Sci., Kyushu Univ.; [4] SERC, Kyushu Univ.;
[5] Meteorological College

It is generally believed that when the southward interplanetary magnetic field(IMF) impinges on Earth’s magnetosphere, day
side reconnection and subsequent nightside reconnection drive magnetospheric convection that is so called the Dungey cyc
appears. The Dungey cycle seems to persists even for northward IMF unless the IMF is close to purely northward when the re
verse Dungey cycle appears. Although we thus know relatively well the apparent response of the magnetosphere to IMF change
we do not know at all the Earth’s magnetosphere when the solar wind has no magnetic field. When the activity of Sun become
extremely weak like the Maunder minimum, it is considered that the solar wind has a vanishingly small magnetic field. In this
study, we investigate the response of the Earth to a zero IMF solar wind using global magnetohydrodynamic (MHD) simulation.
The numerical MHD modeling has an advantage in that it can simulate an ideal zero IMF case or a vanishingly small IMF case
which are observationally difficult to handle.

Under a zero IMF solar wind,one may expect viscous cells with a potential drop of a few tens of kV. However, the remaining
magnetospheric convection exhibits a cross polar cap potential much larger than the expected viscous cell potential. Thus, it
suggested that there exists another process of the driving mechanism other than the Dungey cycle or the viscous interaction. \
elucidate the unknown element of the driving mechanism of magnetospheric convection.
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Characteristics of particle velocity distribution functions around the dipolarization front

# Shinobu Machida[1]; Yukinaga Miyashita[2]; Akimasa leda[2]; Kunihiro Keika[3]; Yoshizumi Miyoshi[2]; Yoshifumi
Saito[4]
[1] STEL, Nagoya Univ.; [2] STEL, Nagoya Univ.; [3] STEL; [4] ISAS

http://st4a.stelab.nagoya-u.ac.jp/jp/

The leading edge of the bursty bulk flow is characterized by large northward magnetic field (Bz) and accelerated particles, ani
called dipolarization front. We investigate the velocity distribution functions of ions around the dipolarization front observed by
Geotail spacecraft at X "-10 Re (Re: Earth radius).

We found the earthward ion beams with widely spread pitch angles showing a crescendo-like shape. They seem to have larg
pitch angles compared to the tailward ion beams frequently observed in the region beyond X "-20 Re. At times, slower tailwarc
ion beams with large pitch angles were present simultaneously with the earthward ion beams. The earthward ion beams a
thought to be produced in the current sheet located at tailward-side of the spacecraft, while the tailward ion beams are due to tt
reflection of the earthward ion beams by the mirror effect in the off equatorial region.

We also observed the ion velocity distribution functions consisting of cold lobe ions and well-collimated ion beams near the
dipolarization front. We will report on the association of various types of the ion velocity distribution functions to the structure
of BBFs.
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Substorm electric fields at mid-latitudes and equatorial electrojets on the nightside

# Kumiko Hashimoto[1]; Takashi Kikuchi[2]; Ichiro Tomizawa[3]; Tsutomu Nagatsuma[4]
[1] KIU; [2] STEL, Nagoya Univ.; [3] SSRE, Univ. Electro-Comm.; [4] NICT

The convection electric field increases during the growth phase of substoms, driving the DP2 currents and leading to at
increase in the eastward equatorial electrojet on the dayside (EEJ). By analyzing isolated substorms with magnetometer netwo
and SuperDARN data, we have shown that the electric field and currents are often reversed in direction, i.e., overshielding occu
at subauroral to equatorial latitudes causing the CEJ on the dayside during the substorm expansion phase. In order to examine
overshielding electric fields on the nightside, we analyze HF Doppler sounders data at low latitude stations Oarai and Sugadaira
Japan. The Doppler frequency of the HF radio signals at 5 and 8 MHz represents vertical plasma drift of the ionospheric F regiol
due to zonal electric fields. We found that the westward (overshielding) electric field reaches around 2 mV/m on the nightside
during substorm expansion. Taking the geometrical attenuation into account, we estimate the equatorial electric field to be abo
1.5 mV/m. By comparing the HF Doppler data with the equatorial EEJ/CEJ, we also found that the correlation coefficient was
0.94 between the overshielding electric field and eastward equatorial electrojet at YAP on the night side. The overshieldinc
electric field drives the westward and eastward electrojets in the equatorial ionosphere on the day- and night-side, respectivel
These results suggest that the overshielding electric field associated with the Region-2 field-aligned currents becomes domina
during substorms at low latitude on the nightside as well as on the dayside.
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Design and development of the small electromagnetic sensor probe system for the
evaluation experiment

# Keisuke Onishi[1]; Takahiro Zushi[1]; Hirotsugu Kojima[1]; Satoshi Yagitani[2]; Mitsunori Ozaki[3]; Hiroshi Yamakawa[1]
[1] RISH, Kyoto Univ.; [2] Kanazawa Univ.; [3] Electrical and Computer Eng., Kanazawa Univ.

The present paper shows the achievements in designing and developing the small sensor probe system dedicated to the m
surement of electromagnetic waves. The proto-type model we will make is used for the evaluation experiment on the ground
We have been developing the one-chip plasma wave receiver for the purpose of miniaturization of plasma wave instruments. T
sensor probe system makes use of the miniaturized plasma wave instrument. The plasma wave receiver chip is implement
inside the small body of the sensor probe as well as other peripheral devices such as a CPU, and small wireless communicati
device.

In the evaluation experiment, the waveform capture chip which our study group miniaturized is installed in the sensor probe
The sensor probe has four functions. They are: 1. Extension of the electric field sensors remotely by a command, 2. Measur:
ments of the JJY standard signal as the measurement target, 3. Detection of the attitude of the sensor probe, and 4. Transmiss
of the observed data by using wireless LAN devices. The purposes of this experiment is evaluation of the self-extending antenn:
the waveform capture chip, and the small sensor probe system.

The sensor probe has dipole antennas and loop antennas which can measure three-axial data of electric and magnetic fiel
The chassis of the sensor probe is a cubic body with an edge of 9cm and it needs many electric components. As the CPU «
the sensor probe, we selected a very simple CPU, so-called dsPIC, in which A/D converter was installed. We designed A/L
converter which has four simultaneous sampling to meet requirements which is determined from the sensitivity of antennas an
the electromagnetic intensity of measurement target. As the attitude sensor, we use the small magnetic sensor which measu
the three-axial intrinsic magnetic field. From the data, we can know the attitude of the sensor probe. They are transmitted t
dsPIC by 12C communication. Installing the program to dsPIC and wireless LAN devices, we realized data transmission by radic
communication.

In our poster, we show the evaluation of the small sensor probe system we designed and the result of the evaluation experimel
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Long-term spectral observations of aurora and airglow in Longyearbyen, Svalbard

# Yasunobu Ogawa[1]; Hiroshi Miyaoka[1]; Takeshi Sakanoi[2]; Shin Suzuki[3]; Makoto Taguchi[4]; Akira Kadokura[1]
[1] NIPR; [2] Grad. School of Science, Tohoku Univ.; [3] STEL, Nagoya Univ.; [4] Rikkyo Univ.

Auroral/airglow spectrograph (ASG) observations in Longyearbyen Svalbard have been conducted since October 2000. Th
ASG consists of a large fish-eye lens, a slit which passes the light from the sky along geomagnetic meridian direction, a grisn
with 600 gr/mm, and a cooled CCD camera. The ASG covers a wavelength of about 420-760 nm with spectral bandwidth of
1.5-2.0 nm. Analysis of the ASG data over 1 solar cycle shows that intensity of 630.0 nm emission exceeds that of 557.7 nn
around 12 MLT during high solar activity, whereas intensity of 630.0 nm emission is weaker than that of 557.7 nm even in the
dayside during low solar activity. They would be related to the relative locations of the cusp and ASG. In addition, there is a
weak peak of H beta emission (486 nm) around 14 MLT. In this paper, we give an overview of the spectral observations anc
statistical results of auroral intensity at each wavelength over 1 solar cycle.

Table 1. Summary of the auroral spectrograph
observations in Longyearbyen, Svalbard.

Start year & | Endyear & | Number of Wavelength
month month images (nm)
2000-10 2001-02 39000 450-760
2001-10 2002-03 33000 450-760
2003-01 2003-03 21000 425-735
2004-01 2004-03 22000 450-760
2004-12 - 2000 450-760
2005-11 2005-12 8000 450-760
2007-12 2008-03 17000 420-730
2008-11 - 4000 420-730
2009-12 2010-03 46000 430-740
2010-10 2011-03 81000 420-730
2011-10 2012-03 78000 420-730
2012-10 2013-03 99000 420-730
2013-10 2014-03 84000 420-730
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Generation of electron anisotropies at dipolarization sites

# Masatoshi Tomoike[1]; Tohru Hada[2]
[1] ESST, Kyushu Univ.; [2] ESST, Kyushu Univ

Anisotropic electron distributions are often found in the earth’s magnetotail, in the energy range from about 10eV to 10keV
[1]. Theoretical models are proposed to account for these distributions, based on parallel (Fermi) and perpendicular (betatror
electron heating due to deformation of the magnetic field lines [1,2]. When typical parameters are used for the magnetic fielc
and the electron energy, the first adiabatic invariant (magnetic moment) is always conserved while the second invariant (actio
associated with the bouncing motion along the field lines) can be violated depending on the electron energy.

Recently, Wang et al (2014) made a statistical analysis on variation of electron pitch-angle anisotropies during geomagneti
dipolarization events using THEMIS data. They found that, after the dipolarization, pancake type (perpendicular temperature
&gt; parallel temperature) anisotropy increases when the electron energy E &lt; “1keV, while cigar type (perp &lt; parallel)
anisotropy dominates for E&gt;"1keV.

When both the first and the second invariants are conserved, types of anisotropy produced by compression of the field depel
only on the shape of the magnetic field configuration. If the field remains dipolar, pancake type will be produced. If the magnetic
field lines are stretched like those in the magnetotail, cigar-type anisotropy will be produced since compression (earthwart
motion) of the field reduces the field line length without much changing the field strength. In this presentation we show our results
of test particle simulations to discuss what types of pitch-angle anisotropies would emerge for various field line configurations.
In particular, we show that the observed dependence of the types of anisotropies on the electron energy can roughly be explain
in the present model.

[1] Hada et al., JGR, 1981; Shiokawa et al., Ann. Geophys. 2003; Wang et al., JGR submitted, 2014.
[2] Smets et al., JGR, 1999; Sergeev et al., GRL,2001.
[3] Wang et al., JGR submitted, 2014.
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[1] Hada et al., JGR, 1981; Shiokawa et al., Ann. Geophys. 2003; Wang et al., JGR submitted, 2014.
[2] Smets et al., JGR, 1999; Sergeev et al., GRL,2001.

[3] Wang et al., JGR submitted, 2014.
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A new explanation for the asymmetries of equatorial east-west electric field based on the
global polarization effect

# Aoi Nakamizo[1]; Akimasa Yoshikawa[2]; Shinichi Ohtani[3]; Shun Imajo[4]; Akimasa leda[5]; Kanako Seki[5]
[1] Strategic Planning Department, NICT; [2] ICSWSE/Kyushu-u; [3] JHU/APL; [4] Earth and Planetary Sci., Kyushu Univ.;
[5] STEL, Nagoya Univ.

The longitudinal profile of the east-west electric field in the equatorial region shows characteristic such as morning-evening
asymmetries with pre-noon peak and localized enhancements around the dusk sector (pre-reversal enhancement, PRE). Althot
these structures have been discussed in terms of the neutral wind dynamo, we propose that it is also possible to explain them,
least qualitatively, purely by ionospheric effects.

Our study is based on the idea of the global Cowling Channel (or the global polarization theory) [Yoshikawa, JpGU, 2011].
So far, we have specified one-to-one relationship between some characteristic inhomogeneities of conductivity and characteris
deformations of electric potential based on model calculations. For example, considering a dawn-dusk symmetric R1-FAC dis
tribution for simplicity and defining its primary field as Bh{a) equatorward conductivity enhancement yields positive/negative
Hall polarization field (dPhiqu,.,) around pre-noon/pre-midnight sectors and rotates the two-cell potential pattern clockwise,
(b) day-night conductivity difference shifts the potential maximum and minimum toward night due to the Pedersen polarization
effect (in other words, current continuity), and (c) sharp conductivity gradients across dawn/dusk terminators result in posi-
tive/negative Hall polarization field (dPhi,; ;) and convex/concave of potential along the terminators.

Guided by the above exercise we seek to understand the east-west electric field structure in the equatorial region. The mornin
evening asymmetry with pre-noon peak is naturally produced by the effect (a). PRE like structure can be produced basically b
(c), but its sharpness is determined by the total balance of (a), (b), and (c), which can be attributed to the relative distribu:
tions of background and auroral zone conductivities. In this talk we will also discuss the possibilities to distinguish ionospheric
polarization effects from atmospheric effects.
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Study of bursty bulk flow reversals using MHD simulations and satellite observations

# Koji Kondoh[1]
[1] RCSCE, Ehime Univ.

Tailward flow in the near-Earth plasma sheet associated with a rebound of the earthward bursty bulk flow (BBF) is investigatec
using three-dimensional magnetohydrodynamics simulations of magnetic reconnection in the magnetotail on the basis of th
spontaneous fast reconnection model and GEOTAIL satellite observation data. In order to investigate the properties of thi
tailward flow, virtual satellites are located at different positions in the plasma sheet within the simulation region, so that we
can directly observe the temporal variations of plasma quantities in accordance with the growth and preceding the flow revers:
associated with the magnetic reconnection, and compare with satellite observation data. As a result of the rebound of th
earthward flow, the accumulation of the plasma density and the plasma pressure is observed at any position in the plasma sh
during the interval between the BBF and the reverse flow.
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Characteristics of 630nm auroral polarization observed at Pokar Flat, Alaska

# Shimpei Takasaki[1]; Masato Kagitani[2]; Takeshi Sakanoi[3]
[1] PPARC, Tohoku Univ.; [2] PPARC, Tohoku Univ; [3] Grad. School of Science, Tohoku Univ.

We report the result of Ol 630 nm auroral polarization observation at Poker Flat Research Range (Glat=65.12N, Glon=147.43W
Mlat=65.72N) during the period from December 2013 to April 2014. Ol 630nm auroral emission is theoretically expected to
show linear polarization with degrees up to 17% [Bommier et al., 2011]. The important point is that, the degree of linear po-
larization depends on energy and velocity anisotropy of precipitating electrons [Fujimoto et al., 1997]. Recent observation dat:
also showed that 630nm auroral emission related to polar rain at high-latitudes linear polarization parallel to field with degrees
of 2-7%][Lilensten et al., 2013]. However, these past measurements were limited in the polar cap region and its polarizatior
characteristics are not clear.

To examine auroral polarization with an accuracy of 1% polarization degree, we developed an imaging spectrograph whict
can measure auroral polarization in the wide field-of-view of 130 deg covering the wavelength range from 420 nm to 680 nm
(resolution 2 nm). This new instrument enables us to obtain the linear polarization degrees at 557.7 nm and 630 nm auroral emi:
sions simultaneously. Here, we can regard 557.7 nm aurora as a standard polarization light source because it does not prodt
polarization theoretically. We installed the spectrograph at Poker Flat and carried out precise calibration to estimate artificia
polarization which is produced inside the optical system using an LED light source with a linear polarizer every 3 hours on five
nights in December 2013. Since then, automatic operation was continuously carried every night out till the beginning of April
2014.

We obtained the linear polarization of 630 nm aurora with degree of 5% showing elevation angle dependence. On the othe
hand, we unexpectedly measured the polarization of 557.7 nm emission which shows similar polarization property as 630 nrr
We are considering two possibilities to interpret the results as follows. First is that the auroral emissions are additionally scattere
and polarized through atmospheric particles and dusts in the middle and lower altitudes in the line-of-sight direction. Seconc
is that we could not correct instrumental artificial polarization effect with the calibration we did last year and further accurate
calibration will be required.

In the future, we discuss the fluctuation of pitch angle distribution with auroral activity from the results.
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Study of the resonant interactions of relativistic electrons and large-amplitude
whistler-mode waves

# Toshiaki Matsumura[1]; Yuto Katoh[2]
[1] Geophysics, Tohoku Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.

We carry out test particle simulations of relativistic electrons interacting with obliquely propagating large-amplitude whistler-
mode waves in the Earth’s inner magnetosphere. Recent observation revealed large-amplitude whistler-mode waves propagat
obliquely with respect to the ambient magnetic field [Cattell et al., 2008]. Yoon [2011] suggested that the observed large-
amplitude whistler-mode waves can contribute the energization of radiation belt electrons to relativistic energies (MeV) within
a few seconds. However, details of the acceleration process by oblique whistler-mode waves have not been understood yet.
the present study, by referring observation results of large-amplitude whistler-mode waves in the magnetosphere, we discu:
resonant interactions between oblique whistler-mode waves and relativistic electrons.

The cyclotron resonance is dominant in the interactions between resonant electrons and whistler-mode waves propagatir
parallel to the background magnetic field, while the Landau resonance should also be taken into account for obliquely propagatin
whistler-mode waves.

For the study of resonant interactions, we develop a test particle simulation code to solve the motion of energetic electron
under the presence of whistler-mode waves. We first assume monochromatic whistler-mode waves of frequency of 0.2 fce
where fce is the electron gyrofrequency. The wave amplitude is constant in time and assumed to be 1 % of the intensity o
the background magnetic field. We assume relativistic electrons having the initial kinetic energy of 0.66 MeV with various
initial pitch angles and gyro-phases. The time scale of the simulation is 100000 gyro-periods, corresponding to 0.95 sec fo
the parameters at L=4 of the Earth’'s magnetosphere. For the case of monochromatic whistler-mode waves propagating pure
parallel to the background magnetic field, a part of resonant electrons are trapped by the waves and oscillate in the velocity pha
space. The width of the oscillation in the velocity phase space can be estimated by the trapping velocity. We estimate that th
trapping velocity is typically less than 0.01% of the initial velocity of the relativistic electrons under the condition assumed in
the present study, which is consistent with the simulation result. Next, we carry out a series of simulations by changing the wavi
normal angle of whistler-mode waves. In these simulations, Landau resonance with the longitudinal wave component occur
simultaneously with the cyclotron resonance. We find that higher-order cyclotron resonances also occur in the simulation result
and that the magnitude of the oscillation of electrons resonating with the oblique whistler-mode wave is not larger than that in
the case of parallel propagating whistler-mode waves. The results of the present study clarify that the developed test particl
code is useful for the quantitative evaluation of the energizing process of relativistic electrons by whistler-mode waves of arbitral
wave normal angle. By conducting simulations for various properties of whistler-mode waves such as the wave frequency an
wave amplitude, we investigate the effect of the wave characteristics on the resonant interactions between relativistic electror
and large-amplitude whistler-mode waves.



R006-P026 O O : Poster O0:110 20

O00ooooo TECODDODO0OO0OODDODO0OoooDoooooooooogdg

#00 OO0 [1; 00 OO0 [1; 00 0O [1]
o000

Feasibility study of estimation of plasmapause location using QZS-TEC

# Ryota Watanabe[1]; Yoshitaka Goto[1]; Yoshiya Kasahara[1]
[1] Kanazawa Univ.

We examined a feasibility to detect the plasmapause location by using TEC observations from GPS and QZS. It is difficult to
distinguish the influence of ionosphere and plasmasphere is from GPS-TEC only. Using a global density model, we examine
the parameter dependence of difference between GPS-TEC and QZS-TEC.
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Automatic classification of plasma waves observed by the Akebono VLF/WBA

# Keisuke Shima[l]; Takuya Kanbayashi[1]; Yoshitaka Goto[1]; Yoshiya Kasahara[1]
[1] Kanazawa Univ.

In this study, we developed an automatic classification method of wave data obtained by the VLF/WBA instrument on Akebono
satellite. Distinctive fine structures of various wave phenomena can be seen in spectrograms from the WBA data. We classifie
each wave according to such fine structures. The classification is based on clustering methods that do not need prior informatic
about each wave. We compared results by two clustering methods; k-means and mixture Gaussian model and found that tl
Gaussian model classified each wave better.
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Evaluation of waveform data processing in Wave-Particle Interaction Analyzer

# Mitsuru Hikishima[1]; Yuto Katoh[2]; Hirotsugu Kojima][3]
[1] STE lab., Nagoya Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] RISH, Kyoto Univ.

The Wave-Particle Interaction Analyzer (WPIA) is a software function installed on the Exploration of energization and Radi-
ation in Geospace (ERG) satellite. The WPIA directly measures the quantity of energy transfer between whistler-mode choru
waves and resonant energetic electrons by using plasma wave vectors and velocity vectors of

plasma particles. The phase differences of the WPIA require accurate phase angles of waves and electrons in order to si
tistically evaluate the significance of the quantity of energy transfer. We propose a technical method for efficient waveform
processing in order to conduct the WPIA measurement precisely. In the WPIA measurement, the various waves detected by tl
onboard instrument appear as noise in the calculation of the quantity of energy transfer for whistler-mode chorus waves. Th
characteristic frequency variation of the chorus waves makes waveform processing difficult. A chorus waveform is used for
the WPIA processing through passband filtering by selecting appropriate data processing length and frequency resolution. W\
implement overlapping processing of wave data in order to reduce the induced error of the wave phase. The results of wave
form processing indicate that the phase errors are successfully reduced and statistical fluctuations are suppressed. The propo
waveform processing method is a necessary and applicative processing for the calculations of the WPIA in the ERG mission.
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Statistical characteristics of MF/HF auroral radio emissions emanating from the topside
lonosphere

# Yuka Sato[1]; Atsushi Kumamoto[2]; Yuto Katoh[3]; Atsuki Shinbori[4]
[1] NIPR; [2] Dept. Geophys, Tohoku Univ.; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4] RISH, Kyoto Univ.

The terrestrial auroral ionosphere is a natural emitter of electromagnetic waves in the MF/HF ranges (up to 6 MHz) as well
as well-known intense auroral kilometric radiation (AKR) and auroral hiss in the VLF/LF ranges. We report on the statistical
properties of Terrestrial Hectometric Radiation (THR), MF/HF auroral radio emissions emanating from the topside ionosphere
using a long-term data set obtained from the Plasma Waves and Sounder (PWS) experiment mounted on the Akebono satell
during 2 solar cycles. THR typically occurs in either or both of two frequency bands near 1.5-2.0 MHz and 3.0-4.0 MHz,
whose polarization features correspond to the L-O and R-X mode. Statistical studies using the Akebono/PWS data reveal cle:
bimodality in the frequency distribution of THR with two broad peaks near 1.6 MHz and 3.6 MHz. Occurrence rate of THR-L
(lower than 2.5 MHz) is higher than that of THR-H (higher than 2.5 MHz). Solar activity dependence and seasonal variations of
THR appearance are manifested; THR occurrence rate drops from a few percent during solar maxima to 0.1 percent or less duril
solar minima and is the highest in summer and the lowest in winter. This study also shows the spatial distribution of occurrence
rate of THR-L and THR-H. In the morning to postnoon sectors (3h-15h MLT), the spatial distribution of both types of THR is
confined to magnetic latitudes higher than 70 deg, while during nighttime (15h-3h MLT) it spreads to lower magnetic latitudes
("30 deg) at higher altitudes. The explanation of this distribution is that THR is generated in the night-side auroral latitudes neal
1000-km altitude and propagation effect makes an emission cone.
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0.01-25keV/q ion mass spectrometer (LEPI) to be onboard ERG spacecraft

# Kazushi Asamura[1]; Yoichi Kazama[2]; Satoshi Kasahara[3]
[1] ISAS/JAXA,; [2] PSSC,NCKU; [3] ISAS/JAXA

We are developing a low-energy ion mass spectrometer to be onboard ERG spacecraft. ERG is a scientific spacecraft whic
explores dynamics of terrestrial radiation belt. LEPi is one of the particle instruments onboard ERG. Its energy range (0.01.
25keV/q) covers ions which are believed to play a significant role on excitation of magnetosonic waves and EMIC waves in
the radiation belt. However, measurements of plasma partciles with energies lower than 100keV is not easy in the terrestri
radiation belt, since fluxes of high-energy particles are large. High-energy particles can penetrate through, or kick out the
secondary particles when they hit materials. This means they can be detected by a detector inside an instrument without ar
analysis, namely, noise. In order to reduce the noise generated by the high-energy particles, we apply a time-of-flight (TOF
technigue. In addition, we try to minimize size of the detector. We will present performance of LEPi and status of flight model
fablication.
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Study of Pitch Angle Distribution in the Earth inner Magnetosphere; Clue of
Magnetopause Shadowing

# Takashi Chiba[1]; Takahiro Obara[2]; Satoshi Kurita[3]
[1] PPARC, Tohoku Univ.; [2] PPARC, Tohoku University; [3] STEL, Nagoya Univ.

The Earth’'s Radiation Belts consist of two regions, and these regions accommodate highly energetic electrons. Especiall
in the outer radiation belt, the energetic electron is highly variable during magnetic storm time. Energetic electrons sometime:
cause satellite charging, resulting in gradual degradation of the instrument and devices of the satellite. It is, therefore, imy
tant to understand basic physics of the energetic electron variation in the radiation belt from the space weather point of view
It is considered that the drastic change of outer radiation belt is the result of competition between each variation processe:
i.e. Transport, Acceleration and Loss. However, each process has complex physical mechanisms and there remain still mu
outstanding questions.

In this study, we particularly focused on the Loss Process. As a possible loss process, (i)Precipitation to the atmosphere, (ii)Ds
effect and (iii)Direct Loss from the magnetopause (Magnetopause Shadowing) are supported. According to the recent study,
is reported that rapid depression of outer radiation belt's electron flux is the result of the sudden inward shift of Magnetopause
and subsequent enhancement of outward radial diffusion (Turner et al., 2012). And the relationship between Magnetopaus
location and outer radiation belt is studied by Matsumura et al., 2011. However, the regions, where electrons will escape o
the Magnetopause effect will reach, are still undefined questions. In order to understand the effect of Magnetopause, we use
the theory of drift shell splitting. Due to the asymmetric configuration of Earth’'s Magnetosphere, charged particles which has
different pitch angle drift different drift shell. This means that particle whose pitch angle is closed to 90 degree drifts more close
to the Magnetopause. It is, therefore, expected that the pitch angle distribution will be the butterfly distribution, as a result of
Magnetopause Shadowing. To confirm this theory, we used Solid State Telescope onboard THEMIS satellite and analyzed pitc
angle distribution. Butterfly distribution is usually seen at night sector in magnetically quite time. However, our result shows
clear differences of electron’s pitch angle distribution between each magnetic storm phase. We consider that this change is caus
by the effect of inward shift of magnetopause.
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Properties of energetic ion PSD during storm-time substorms observed by Van Allen
Probes

# Kenji Mitani[1]; Kanako Seki[2]; Kunihiro Keika[1]; Louis J. Lanzerotti[3]; Matina Gkioulidou[4]; Donald Mitchell[4]; Craig
A. Kletzing[5]
[1] STEL; [2] STEL, Nagoya Univ.; [3] NJIT; [4] JHU/APL; [5] Department of Physics and Astronomy, Uol

It is believed that ion injections from the magnetotail caused by substorms is one of the principal mechanisms that supply
energetic ions to the magnetosphere ring current.However, it is not fully understood how deeply into the inner magnetospher
(i.e., inside the geostationary orbit) ions can penetrate.In this study, to characterize the supply of energetic ions to the ring currel
during a magnetic storm, we investigate the properties of energetic ion phase space densities (PSD) during storm-time substort
observed by the Van Allen Probes mission during magnetic storms that occurred in the period from April 23, 2013 to May 6,
2013.Using energetic ion (greater than 50 keV) and magnetic field data obtained by the RBSPICE and EMFISIS instrument:
onboard the Van Allen Probes, we examine the temporal variations of ion PSD spatial distributions in the L direction.

We obtained PSD and the first adiabatic invariant, mu, for ions with pitch angles of 70 to 110 degrees, as follows.First we
calculated the ion energy perpendicular to the magnetic field from the total energy and pitch angle data, and then divided th
perpendicular energy by the magnitude of the magnetic field.We also divided the ion differential flux by the perpendicular energy
to derive PSD.Finally, we derived PSD for specific mu = 0.3, 0.5 and 1.0 keV/nT.This analysis provides the time variations of
ion PSD with a certain mu value in the L distribution for each orbit of Van Allen Probes observations.

Preliminary results show that ions did penetrate directly down to L less than 5 at the time of substorms during the main phas
of magnetic storms (which are relatively small, with the minimum Dst greater than -65 nT).lons with smaller mu values (mu
= 0.3 and 0.5 keV/nT) are found to penetrate more deeply than those with a larger mu values (mu = 1.0 keV/nT).The ion PSC
distribution along L displays a sharp gradientat L "4.0to 4.5 and L 3.0 to 3.5.In our presentation, we will also present differences
between the PSD for protons and oxygen ions, and the dawn-dusk asymmetry of the L profiles.
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Influences of possible grand minimum on cusp latitude

# Akira Sessai Yukimatu[1]
[1] NIPR/SOKENDAI

The current unusual solar cycle is thought possibly to be the beginning of so-called Grand-Minimum period when solar activity
stays at a low level for a considerably long period. If this is the case, geospace environment (e.g., solar wind energy input an
distribution of high energy particles) might change largely and consequently resulting in e.g., less frequent storms and substorm
shrunk polar cap and auroral oval and unexpected environmental changes in upper atmosphere or even climate changes. Suc
view is one of the important scientific issues in new SCOSTEP VarSITI program (2014-2018).

SuperDARN HF radar network is a powerful tool to monitor fundamental ionospheric physical parameters to investigate global
electric potential maps and the dynamics of ionospheric and magnetospheric plasma convection under a variety of solar wind ar
magnetospheric/ionospheric conditions.

SuperDARN HF radar network and various ground-based electro-magnetic field/waves and optical instruments at manned ar
unmanned stations have been deployed in Antarctic region - which are powerful and unique tools to study storms, substorms ar
M-I (magnetosphere-ionosphere) coupling processes. Using SuperDARN and large observational network in Antarctic region
the influence of current solar activity changes on storms, substorms and a variety of coupling processes in Earth’s geospas
environment should be investigated at this point by collaborating with in-situ satellite measurements (e.g., THEMIS, VAP, ERG)
and theoretical researches.

How SuperDARN and NIPR Space and Upper Atmospheric Sciences Research Group can contribute to this particular im
portant studies and what can be expected to be done will be discussed, and as a starting point of such researches, how pc
cap sizes and cusp latitudes have behaved depending on the past solar cycle activities and under current solar activity will &
studied and shown mainly using long term global SuperDARN observation data and influences of possible grand minimum will
be discussed.
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Occurrence characteristics of subauroral westward plasma flows and slowest limit of
SAPS observed by the Hokkaido HF radar

# Hiroki Nagano[1]; Nozomu Nishitani[2]; Tomoaki Hori[3]
[1] STEL, Nagoya Univ.; [2] STELAB, Nagoya Univ.; [3] STE lab., Nagoya Univ.

Westward rapid plasma flows in the ionosphere at subauroral latitudes are called Sub-Auroral Polarization Stream (SAPS
[Foster and Burke, 2002]. SAPS is a manifestation of the Magnetosphere-lonosphere (M-I) coupling. Therefore, it is important
to know occurrence characteristics of SAPS in order to understand the details of M-I coupling system. SAPS is affected by
storms/substorms. As a result of the analysis of SAPS using the SuperDARN Hokkaido HF radar, Kataoka et al. [2009] reporte
that positions of SAPS shifts toward lower latitude with decreasing Dst index. However, there are questions which are not
yet solved, such as quantitative effect of storms / substorms on SAPS and slowest speed limit of SAPS. We investigate th
characteristics of SAPS, with focus on the relationship between occurrence characteristics of SAPS and a variety of solar win
and geomagnetic parameters, using the SuperDARN Hokkaido HF radar with a field of view covering Far East Russia, whict
has been in operation since 2006. In particular we identified the lowest limit of SAPS speed, which has not been discussed in tf
previous literatures. This is to identify the lowest threshold of electric field to generate SAPS as a result of M-I coupling. In order
to investigate SAPS occurrence characteristics comprehensively, we analyzed events with wider ranges of velocity and MLAT
than those in the previous studies. As a result of statistical analysis of SAPS, we found two categories of westward flows that wer
reasonably separated with a speed threshold of “150-200 m/s. For the faster flows above the threshold there is a clear correlati
between MLAT and Dst index, whereas for the slower flows there is no such correlation. Similar correlation is found for MLT
and AL index for two categories of westward flows. The faster flows are considered to be SAPS, whereas the slower flows ar
probably associated with midlatitude F-region ionospheric irregularities not directly related to storms / substorms. Furthermore
we have been investigating the phase dependence of substorms identified by AL index, which represents the most intense val
of the Auroral Electrojet as determined by the high latitude geomagnetic field data.
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Poynting vector measurements of whistler-mode chorus with THEMIS: Substructures
within chorus source region?

# Satoshi Kurita[1]; Yoshizumi Miyoshi[2]; Mitsuru Hikishima[3]; Vassilis Angelopoulos[4]
[1] STEL, Nagoya Univ.; [2] STEL, Nagoya Univ.; [3] STE lab., Nagoya Univ.; [4] UCLA

Whistler mode chorus is most intense electromagnetic waves observed in the terrestrial inner magnetosphere. The wav
are observed mostly on the dawnside and are enhanced during geomagnetically disturbed periods. Chorus is observed in t
typical frequency range from 0.2 to 0.8 fce with a gap at 0.5 fce, where fce is the electron gyrofrequency. The emissions belov
and above 0.5 fce are called lower-band and upper-band chorus, respectively. The Poynting vector measurements by vario
spacecraft directly showed that chorus is observed to propagate from the magnetic equator to higher latitudes, indicating that tt
waves are generated at the magnetic equator. We have investigated the propagation characteristics of lower-band and upper-b
chorus emissions observed by THEMIS near the magnetic equator. Full measurements of wave electric and magnetic fields a
used to estimate the Poynting vectors of both lower-band and upper-band chorus, and then their polar and azimuth angles resp
to the ambient magnetic field are derived in this presentation, we report on events showing propagation direction deference
between lower-band and upper-band chorus at around the magnetic equator. During the events the lower-band and upper-be
chorus are field aligned and have sufficiently larger wave amplitudes compared with those of reflected chorus waves previousl|
reported, indicating that the waves are generated at around the magnetic equator. Our statistical investigation shows that su
events are preferentially observed within 3 degrees from the magnetic equator, which indicates that the events are unique
the chorus source region. The events observed by the THEMIS spacecraft imply a possibility that apparent source regions
lower-band and upper-band chorus would be different, i.e., the source region of chorus is composed of two distinct subsets, or
responsible for upper-band and one for lower-band chorus generation.
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Variation of M-I coupling convection associated with auroral streamer

# Hiroyuki Uetani[1]; Akimasa Yoshikawa[2]
[1] Earth and Planetary Sciences, Kyushu Univ; [2] ICSWSE/Kyushu-u

To clarify Magnetosphere-lonosphere coupling processes associated with auroral streamers, we developed a computer mett
that can explain interactions between Alfven waves and ionospheric convection. We also examined the variability of M-I coupling
system associated with auroral streamers.

The current understanding about M-I coupling associated with auroral streamers is as follows. A bubble containing low plasmz
density is created by magnetic reconnection at the nightside magnetosphere. Then positive and negative charges show up at
flanks of this bubble. These charges create a dawn-dusk electric field in the same direction with ambient electric field and thi
accelerates the bubble. Groups of accelerated bubbles are called Bursty Bulk Flows(BBF). From both ends of BBF, Alfven wave
are launched and generate a region-1 type current system. It is believed that auroral streamers are emitted when bubbles fr
the dusk side of BBF enter near-Earth region. Auroral streamers move equatorward on account of incident electric field fron
magnetosphere.

Although the cause of auroral streamers is regarded as BBF, there are some controversial points concerning the process
connecting the two. Itis not clear how the polarization mechanism of BBF occurs, and how much BBF can intrude into the near-
earth magnetosphere. Also, it is still uncertain how the ionosphere reacts to these BBF through magnetic field line. Furthermore
while auroral streamers are observed before or during substorm (ex. Nakamura et al, 1993, Nishimura et al, 2010), the connectic
between them is still open to question.

Under these circumstances, in this study, we carried out numerical simulation to examine how the ionospheric convectior
changes when auroral streamers penetrate the auroral region. In this simulation, we made a pair of FAC that corresponds
auroral streamers passing through the high conductivity region and examined the potential variation processes. As a resu
we found that ionospheric potential structures were distorted significantly in the longitudinal direction when auroral streamers
approached the auroral region. This is because Hall- polarization charges show up near the conductivity boundary. As th
conductivity in the auroral region is high compared with the surrounding area, polarization of Hall current flowing along the
equipotential lines of auroral streamers occurs. The new electric charges created by this process create new electric potenti
which result in distorting the original potential structures. We cannot rule out the possibility that feedback effects occur from
these polarization charges into the magnetosphere. In this study, we also calculated the variation of electric field and electri
current associated with auroral streamers.
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Effect of geomagnetic field gradient on periods of pulsating aurora and chorus waves.

# Kaoru Sawai[1]; Mitsunori Ozaki[2]; Satoshi Yagitani[3]; Kazuo Shiokawa[4]; Yoshizumi Miyoshi[4]; Akimasa leda[4];
Ryuho Kataoka[5]; Yusuke Ebihara[6]; Yuto Katoh[7]
[1] Kanazawa Univ.; [2] Electrical and Computer Eng., Kanazawa Univ.; [3] Kanazawa Univ.; [4] STEL, Nagoya Univ.; [5]
NIPR; [6] RISH, Kyoto Univ.; [7] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.

In order to understand generation of pulsating aurora (PA) and energetic electron dynamics, we have been observing simult
neously VLF emissions and PA on the ground at Athabasca (L=4.3) in Canada.

In this study, we have made a periodicity analysis for PA and chorus waves observed on 7 February 2013. The periodic varig
tions of auroral luminosity and chorus intensity showed one-to-one correspondence.

In this event, when the periodic PA luminosity disappeared, the spectral characteristics of chorus waves changed from discre
rising-tone emissions to hiss-like emissions.

It is reported that the geomagnetic field gradient along a field line near the equatorial plane plays an important role in the
appearance of hiss-like emissions. If the geomagnetic field gradient becomes more gradual, then a threshold amplitude for trig
gering the chorus emissions becomes smaller in a nonlinear theory of chorus generation. As a result, multiple chorus waves a
readily generated, and hiss-like emissions are produced by a number of chorus waves merging with each other in their dynam
spectra.

For this event, we calculated geomagnetic field gradient variations along the field line near the equatorial plane by using th
Tsyganenko 2004 model. They varied from 152.6 nT/Re at the time of chorus observation to 139.3 nT/Re at the time of hiss-like
emission observation. It indicates that the geomagnetic field gradient became more gradual when the hiss-like emissions we
observed. It is consistent with the generation process of hiss-like emissions based on the nonlinear theory.

This is an important ground observation result indicating that the geomagnetic field gradient along a field line near the equato
rial plane affects the period of PA, and the generation process of hiss-like emissions.

We will present in detail the changes in the periodicity of PA and the spectral characteristics of chorus waves corresponding te
the variation of the magnetic field gradient.
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Radiation hardened ASIC preamplifiers for plasma wave observations

# Hiroki Koji[1]; Mitsunori Ozaki[2]; Satoshi Yagitani[3]; Takahiro Zushi[4]; Hirotsugu Kojima[4]
[1] Electrical and Computer Eng., Kanazawa Univ.; [2] Electrical and Computer Eng., Kanazawa Univ.; [3] Kanazawa Univ.;
[4] RISH, Kyoto Univ.

Plasma wave observations by miniaturized and multiple satellites in the magnetosphere are important to understand the ma
netospheric dynamics. Further reductions in the mass, volume, and power of analog circuits are continually being made i
scientific instruments designed for plasma wave observations. We have been studying the miniaturization of the plasma wav
instruments without degrading the electrical performances by using an application specific integrated circuit (ASIC) technology.
In our pervious study, ASIC preamplifiers for magnetic field measurements (1 Hz "100 kHz) were developed by using 0.25 um
complementary metal-oxide semiconductor (CMOS) technology.

In this study, in order to considerably reduce circuit resources (mass, volume, and power) for analog component of plasm
wave instruments, we have developed a new ASIC preamplifier for electric field measurements and a triangular wave oscillatc
for a calibration system. A voltage gain of 10dB, a bandwidth of several MHz, and low impedance (50 ohm) drive are necessary
for an ASIC preamplifier for electric field measurements. In comparison with the ASIC preamplifier for magnetic field measure-
ments, the ASIC preamplifier for electric field measurements is designed for wideband operation with an improved output buffer
driving a low impedance load.

In addition, a calibration system is built with a triangular wave oscillator. A wide frequency response can be evaluated by a
number of harmonics of the triangular wave. We can embed preamplifiers and an oscillator together within a one chip. This
could contribute to further miniaturization of plasma wave receivers.

Finally, total ionizing dose (TID) effects cannot be ignored for observations in a space environment. We could mitigate the
TID effects by using CMOS devices having a gate oxide film which is much thinner than used in the conventional product. We
experimentally confirmed that our ASIC preamplifiers exposed to a TID level 100 krad did not increase in noise property. We
could develop a radiation hardened ASIC preamplifiers.

We will present the design principles of our ASIC preamplifier for plasma wave observations and discuss its electrical perfor-
mances in detail.
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Medium energy particle analysers for ERG: performances of engineering models and
designs of flight models

# Satoshi Kasahara[1]; Shoichiro Yokota[2]; Kazushi Asamura[3]; Takefumi Mitani[3]; Takeshi Takashima[4]; Masafumi
Hirahara[5]; Manabu Shimoyama]5]
[1] ISAS/IAXA,; [2] ISAS; [3] ISAS/IAXA,; [4] ISAS, JAXA,; [5] STEL, Nagoya Univ.

ERG (Exploration of energization and Radiation in Geospace) is a geospace exploration spacecraft, which is planned to b
launched in FY2015. The mission goal is to understand the radiation belt dynamics especially during space storms. The key ¢
this mission is the observations of electrons and ions in medium-energy range (10 &amp;#8211; 200 keV), since these particle
account for the significant portion of energy density in the radiation belt region, and also excite various electromagnetic wave:
(e.g., EMIC waves, magnetosonic waves, and whistler waves), which are believed to play significant roles in the relativistic
electron acceleration and loss. Engineering models (EMs) of medium energy electron analyser and ion mass spectrometer he
been developed and their performances are evaluated. The results are reflected in the design of the flight models.
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Tens of seconds switching of correlation between VLF/ELF chorus wavesand pulsating
aurora observed at Athabasca, Canada

# Naoki Sunagawa[1]; Kazuo Shiokawa[2]; Yoshizumi Miyoshi[2]; Ryuho Kataoka[3]; Mitsunori Ozaki[4]; Kaoru Sawai[5];
Martin Connors|[6]
[1] STEL, Nagoya Univ.; [2] STEL, Nagoya Univ.; [3] NIPR; [4] Electrical and Computer Eng., Kanazawa Univ.; [5] Kanazawa
Univ.; [6] Centre for Science, Athabasca Univ.

We investigate dynamic switching of lag time between pulsating aurora intensity and chorus waves which were observed on"
February 2013 at Athabasca in Canada (L=4.3), using a crossed-loop antenna and a narrow field-of-view EMCCD camera. Pow
spectra of pulsating auroral intensity and chorus wave intensity at 1.8-2.5 kHz show a same pulsation period at 0.1-0.15 Hz. La
times between pulsating aurora intensity and chorus waves are evaluated by using a cross-correlation analysis. We found tt
two patterns of arrival time difference switches with a time scale of a few tens seconds. One pattern shows that electrons reach
ionosphere later than the associated chorus waves with a delay time of 2 s, consistent with the theoretical value for south-goir
electrons reflected at the ionosphere in the southern hemisphere. The other pattern shows that electrons reached ionospt
earlier by 4.5 s than the associated chorus waves, consistent with the theoretical value for south-going chorus waves reflect
at the ionosphere in the southern hemisphere. These results firstly show that interaction process of high-energy electrons a
chorus waves are changing with a time scale of a few tens seconds.&amp;#8195;
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Time development of Dipolarization Front and its interactions with the dipole region
obtained by full-particle simulation

# Hirotoshi Uchino[1]; Shinobu Machida[2]
[1] SPEL, Kyoto Univ.; [2] STEL, Nagoya Univ.

A front of bursty bulk flows with largeB. (northward component of the magnetic field) are generated by magnetic reconnec-
tion in the magnetotail, is called Dipolarization Front (DF). Under the picture of Near-Earth Neutral Line model, which is one
of the models explaining the triggering mechanism and development of a substorm, compressions of the dipole region by DI
and pileups of the magnetic fluxes carried by flows cause a considerable incréBsernithe night-side magnetosphere. There
are no full-particle simulations that examine the case in which DF approaches the dipole region, although there are a numbe
observational studies of DF with spacecraft data.

In this study, we have performed a 2-1/2 dimensional full-particle simulation for the initial magnetic configuration akin to
Earth’s dipole magnetic field together with a stretched magnetic field by a thin current sheet. We have generated the magnet
reconnection and earthward plasma flows accompanieB byand examined the time development of the front of the flow, i.e.

DF, until it approaches the dipole-like region.

In the simulation, theB. carried by the reconnection flow piles up slightly away from the dipole-like region because of the

two dimensionality and periodic boundary condition. Time variations in several physical paramBsteds:(westward current,
N: particle density) near the DF in the simulation show the similar features to observations by THEMIS probes [Runov et al.,
2011]. We also compare time development of energy pitch angle distribution (PAD) to that of the observation. Energy fluxes
near 0, 90, and 180 degrees of ion’s PAD increase after the arrival of the DF in our simulation, whereas those of electron’s PAL
increase in the observation. This result indicates that Betatron and Fermi accelerations which cause the increase of electror
energy flux do not work in this simulation system. The ion’s PAD calculated at an off-equatorial location shows the increase of
energy flux near 0 and 180 degrees, and this character is also similar to that of electron in the observation.

O00o00o00U0ooooooooooooOooOOOCOOOO0OoUOO0OgB., 000000 Bursty Bulk Flow(BBF)O O
0O O Dipolarization Front(DFO O OO0 O0ODFOOOOOOOOOOOOOOOB, 000 BBFO pileupl0OOOOOO
000 BzOOOOOODOOOUOODOOOODODOOOODOOOODODOO 10000 NearEarthNeutralLineOOOOO
ooooooobooboobooo bFOOOOODOOOODOOOODOOOODOOOODODFOOOODOOOO
obobooboobooobooboboboooboboooobooooboon

go0o0O00O02120000000000000QC0COCOOOOO0OOO0OO0OO0OO0O0O00O0O0OO0O0O0OOOOOODOOO
ocoooobooooooooooooo0oooobooooooboooooboOooooOooOooobooOoB, 0O0DOOOOO
oooooooooDOOo brFOOOOODOOOODOOOODOOOODOOOOODOOOO

goo0O0O0ODO00000 2000000000000 000DOOODODOOOO DFOCCOCOOOOOOOUOUOODRO
00B,0000000D00DOOO0OOODODO pileup00000O0DODOO0ODOOODOOOOOOODODOOO (B,O
J,,00000O0ONO0000)0 THEMISOOOOOOO [Runovetal,,2011p0000000000C00000O00O0OO
OO0ODFO pileup0 00000000000 CCOCOOODOOODODDOOOTHEMISOOOOOOOOOOOOOoOOO
opbObi1soOCOOOODOOUOO0DOOOOO0DODOOO0ODOOO0OOOOODDOOO0DDbOODOOODOODOODDOOODO
uobooboooboooooboobooooobooboooboooboobooooboooboooooboobooooon
goooooobooboboooobooooooobooboboboobooooboboooboooobooDobOobOobLOobO
cooooooooooooooopoobObo 18O ODOCOOODO0OOODbODOODODODOOOOOODOO
oooooooo



	R006-01
	R006-02
	R006-03
	R006-04
	R006-05
	R006-06
	R006-07
	R006-08
	R006-09
	R006-10
	R006-11
	R006-12
	R006-13
	R006-14
	R006-15
	R006-16
	R006-17
	R006-18
	R006-19
	R006-20
	R006-21
	R006-22
	R006-23
	R006-24
	R006-25
	R006-26
	R006-27
	R006-28
	R006-29
	R006-30
	R006-31
	R006-32
	R006-33
	R006-34
	R006-35
	R006-36
	R006-37
	R006-38
	R006-39
	R006-40
	R006-41
	R006-42
	R006-43
	R006-44
	R006-45
	R006-P001
	R006-P002
	R006-P003
	R006-P004
	R006-P005
	R006-P006
	R006-P007
	R006-P008
	R006-P009
	R006-P010
	R006-P011
	R006-P012
	R006-P013
	R006-P014
	R006-P015
	R006-P016
	R006-P017
	R006-P018
	R006-P019
	R006-P020
	R006-P021
	R006-P022
	R006-P023
	R006-P024
	R006-P025
	R006-P026
	R006-P027
	R006-P028
	R006-P029
	R006-P030
	R006-P031
	R006-P032
	R006-P033
	R006-P034
	R006-P035
	R006-P036
	R006-P037
	R006-P038
	R006-P039
	R006-P040
	R006-P041

