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Arase : mission overview and initial results
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Geospace Exploration Project; ERG addresses what mechanisms cause acceleration, transport and loss of MeV electrons
the radiation belts and evolutions of space storms. Cross-energy and cross-regional coupling is a key concept for the projec
In order to address the above questions, the project has been organized as three research teams; satellite observations, gro
based observations, and modeling/data-analysis studies, and interdisciplinary research are realized truly comprehensive resee
is realized for total understanding of geospace. The Arase (ERG) satellite was developed with nine science instruments whic
were developed and provided by JAXA, universities and d institutes in Japan and Taiwan. The Arase satellite was successfull
launched on December 20, 2016. After the initial operation including maneuvers, Arase has started its normal observation
since March, 2017. Since then, Arase has observed several geomagnetic storms driven by coronal hole streams and CME
and many interesting features are observed in association with the geomagnetic disturbances. The six particle instruments (LE
e/LEP-i/IMEP-e/MEP-i/HEP/XEP) have shown large enhancement as well as loss of electrons and ions of wide energy ranges ar
variations /changes of pitch angle and energy spectrum. The two field/wave instruments (PWE and MGF) observed several kinc
of plasma waves such as chorus, hiss, EMIC as well as large scale electric and magnetic field variations. And newly developed
WPIA has been operated to identify micro-scale processes of wave-particle interactions. Since conjugate observations betwe
Arase and ground-based observations are essential for comprehensive understanding of geospace, we have conducted se\
campaign observations involving both the satellite and ground-based observations. The project has collaborated with the othi
domestic/international projects such as EISCAT, SuperDARN and other ground-based observations, and various data are obtain
from such inter-project efforts. Moreover, multi-point satellite observations enaged by the international satellite fleet (Arase,
Van Allen Probes, THEMIS, MMS, and more) are realized at present. In this presentation, we report the overview and initial
highlights for the first year of the Arase exploration and discuss the importance of the synergy of multi-satellites and ground-base
observations that are realized by international collaborations.
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Overview of the plasma wave experiment (PWE) on board the Arase (ERG) Satellite
-Data evaluation and initial results-
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The ERG (Exploration of energization and Radiation in Geospace) project is a mission to study acceleration and loss mech
anisms of relativistic electrons around the Earth. To achieve comprehensive observations of plasma/patrticles, fields, and wave
the Arase satellite was launched on December 20, 2016. The Plasma Wave Experiment (PWE) is one of scientific instrumen
on board Arase. It measures electric field from DC to 10 MHz by the wire-probe antennas (WPT), and magnetic field from a few
Hz to 100 kHz by the magnetic search coils (MSC). Three kinds of receivers are implemented in the PWE; EFD (Electric Field
Detector), OFA/WFC (Onboard Frequency Analyzer and Waveform Capture), and HFA (High Frequency Analyzer). Several
kinds of operational modes are implemented in the PWE, and the telemetry data consists of several kinds of data such as pow
spectrum, waveform, spectral matrix and DC E-field.

The Arase has started nominal scientific operation in March 2017. Varieties of wave phenomena such as chorus, EMIC, an
lightning whistlers have been successfully observed by the PWE. Furthermore, we sometimes identified drastic variation of elec
tron density derived from UHR frequency and corresponding wave activity along the trajectory. We have conducted cooperative
observations with the ground-based stations and the other satellites in the magnetosphere. During the campaign observati
period, we intensively conducted the PWE burst mode operations, by which waveforms were continuously captured and onc
stored in the mission data recorder (MDR). The data stored in the MDP were selected and downloaded to the tracking statior
according to the decision of the stakeholders of the campaign observation.

In the presentation, we introduce the results of data evaluation as well as initial observation results obtained from the PWE.

Acknowledgements: We are greatly indebted to Mitsubishi Heavy Industries Ltd. for their fabrication and total arrangement
of the PWE, to Meisei Electric Co. Ltd. for their fabrication of the HFA, and to NIPPI Co. Ltd. for their fabrication of the WPT,

MSC and mast.
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Wire Probe Antenna and Electric Field Detector of Plasma Wave Experiment aboard
ARASE: Specifications and Evaluation results
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This paper summarizes the specifications and the evaluation results of Wire Probe Antenna (WPT) and Electric Field Detectc
(EFD), which are the key parts of Plasma Wave Experiment (PWE) aboard the ARASE (ERG) Satellite, in their initial operations
and the beginning phase of the full observations.

WPT consists of the two sets of dipole antennas as electric field sensors with 32m tip-to-tip length, with a sphere probe (6cn
diameter) attached at each end of wires (length: 15-m). They are extended orthogonally in the spin plane of the spacecra
which is roughly perpendicular to the Sun. WPT enables the PWE to measure the E-field in the frequency range from DC tc
10 MHz. This system is almost compatible to the WPT of the Plasma Wave Investigation (PWI) aboard BepiColombo Mercury
Magnetospheric Orbiter, except the material of the spherical probe (ERG: Aluminium alloy, MMO: Titanium-alloy). For the
ISAS and JAXA spacecraft, there was a long time gap in the history of the development of wire antenna systems after the Geota
mission launched in 1992 (WPT aboard the Nozomi Mars orbiter was not extended in space.), its physical, mechanical, electrica
and operational establishments were critically important not only for this mission but also for the preparation of BepiColombo.
Thanks to the engineers of the NIPPI cooporation and JAXA, its full deployment operation on 14-16 January 2017 was succeede
This paper shows the length of the deployed antenna independently evaluated by the Lorentz force (spacecraft velocity x B-field
the antenna impedance in low frequency ("0.1-10Hz, registive) and high frequency (several 10s-100s Hz, capacitive), as the bas
information of the E-field measurement capability of the PWE E-field receivers, EWO-E (EFD, WFC-E, OFA-E) and HFA. We
also discuss the evaluation results for the possible degradation of the spherical probe surface coated by TiAIN as the BepiColomt
WPT.

EFD is the 2-channel low frequency electric receiver as a part of EWO (EFD/WFC/OFA), for the measurement of 2ch electric
field in the spin-plane with the sampling rate of 512 Hz (dynamic range: +-200 mV/m, +-3 V/m) and the 4ch spacecraft potential
with the sampling rate of 128 Hz (dynamic range: +-100 V), respectively, with the the bias control capability for the WPT probes.
The electric field in DC - 232Hz provides the capability to detect (1) the fundamental information of the plasma dynamics and
accelerations and (2) the characteristics of MHD and ion waves with their Poynting vectors with the data measured by MGF ant
PWE/WFC-B connected to PWE/SCM (Search Coil Magnetometer) in stable and active magnetosopheric status. The spacectr:
potential provides the basic electron density information with the upper hybrid resonance (UHR) frequency provided by PWE-
HFA.

The EFD has two data modes: The normal (Medium-mode) data are provided continuously with OFA-E/B data sets, as (1) 2-cl
waveforms with 64 Hz (in Apoapsis mode, in L less than 4) or 256 Hz (in Periapsis mode, in L larger than 4), (2) 1-ch spectrum
in 1-232 Hz with 1-sec resolution, and (3) 4-ch spacecraft potential with 8 Hz. The burst (High-mode) data are intermittently
obtained, and downloaded with WFC-E/B data sets after the selection, as (4) 2-ch waveforms with 512 Hz and (5) 4-ch spacecra
potential with 128 Hz. This paper will show the status of their calibrations after the subtraction of spacecraft Velocity x B field.
We also discuss some potential problems for data analyses caused by the effects of surrounding electron plasma characterisi
on the spacecraft potential, wake effect by the spacecraft motions, and possible artificial contaminations. They are commo
problems in the electric field measurements by the biased-probe method.



S001-04 S5 A B¥RE: 10 8 16 B 12:00-12:15

Initial results of HFA onboard the ARASE satellite: Observations of plasmasphere
evolution and AKR from the both hemisphere
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High Frequency Analyzer (HFA) is a subcomponent of the Plasma Wave Experiment (PWE) onboard the ARASE (ERG) satel-
lite for observation of radio and plasma waves in a frequency range from 0.01 to 10 MHz. In ERG mission, HFA is expected to
perform the following observations: (1) Observation of upper hybrid resonance (UHR) waves in order to determine the electror
number density around the spacecraft. (2) Observation of magnetic field component of the chorus waves in a frequency ranc
from 20 kHz to 100 kHz. (3) Observation of radio and plasma waves excited via wave particle interactions and mode conversior
processes in storm-time magnetosphere.

HFA is operated in the following three observation modes: EE-mode, EB-mode, and Plasmapause-mode. In far-Earth regior
HFA is operated in EE-mode. Spectrogram of two orthogonal or right and left-handed components of electric field in perpendicu-
lar directions to the spin axis of the spacecraft are obtained. In the near-Earth region, HFA is operated in EB-mode. Spectrogral
of one components of electric field in perpendicular direction to the spin plane, and one component of the magnetic field in
parallel direction to the spin axis are obtained. In EE and EB-modes, the frequency range from 0.01 to 10 MHz are covered witt
480 frequency steps. The time resolution is 8 sec. We also prepared Plasmapause mode to measure the locations and structt
of the plasmapause at higher resolution. In Plasmapause-mode, spectrogram of one electric field component in a frequency ran
from 0.01-0.4 MHz or 0.1-1 MHz can be obtained at time resolution of 1 sec.

In initial check after the successful deployment of the wire antenna and search coils mast, we could start routine observation
and detect various radio and plasma wave phenomena such as upper hybrid resonance (UHR) waves, electrostatic electron
clotron harmonic (ESCH) waves, auroral kilometric radiation (AKR), kilometric continuum (KC) and Type-Ill solar radio bursts.

In the presentation, we will report the initial results based on the datasets obtained since January 2017 focusing on the analys
of plasmasphere evolution by semi-automatic identification of UHR frequency, and AKR from the both hemisphere based or
polarization measurement.
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Cyclotron acceleration of relativistic electrons through Landau resonance with oblique
chorus emissions
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A recent test particle simulation of obliquely propagating whistler mode wav-particle interaction [Hsieh and Omura, 2017]
shows that the perpendicular wave electric field can play a significant role in trapping and accelerating relativistic electrons
through Landau resonance. A further theoretical and numerical investigation verifies that there occurs nonlinear wave trappin
of relativistic electrons by the nonlinear Lorentz force of the perpendicular wave magnetic field. An electron moving with a par-
allel velocity equal to the parallel phase velocity of an obliquely propagating wave basically see a stationary wave phase. Sinc
the electron position is displaced from its gyrocenter by a distargig(phi), where r is the gyroradius and phi is the gyrophase,
the wave phase is modulated with the gyromotion, and the stationary wave fields as seen by the electron are expanded as sel
of Bessel functions_i with phase variationssphi. The J1 components of the wave electric and magnetic fields rotate in the
right-hand direction with the gyrofrequency, and they can be in resonance with the electron undergoing the gyromotion, resultin
in effective electron acceleration and pitch angle scattering.

Reference:

Hsieh, Y.-K, and Y. Omura, Nonlinear dynamics of electrons interacting with oblique whistler-mode chorus in the magneto-
sphere, J. Geophys. Res. Space Physics,122, 675-694, 2017.
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Numerical calculations for flux enhancement of radiation belt electrons observed by
ARASE: GEMSIS-RBW simulations
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ARASE satellite, launched in December 2016, has observed several magnetic storms with large flux enhancement of Me\
electrons so far. During some magnetic storms, the ARASE detected intense whistler-mode chorus emissions in the heart of tf
outer radiation belt. The whistler-mode chorus may be responsible for the flux enhancement of relativistic electrons, but there i
no direct evidence from observations how whistler-mode chorus waves patrticipate in the rapid flux enhancement.

By using the GEMSIS-RBW simulation, we demonstrate development of flux distributions of radiation belt electrons, such as
pitch angle distributions and energy spectra, in order to study roles of whistler-mode chorus waves for the rapid flux enhancemel
during magnetic storms. The RBW simulation calculates wave-particle interactions between radiation belt electrons bouncing
along a field line and whistler-mode chorus waves propagating parallel to the field. Several input parameters for the RBW
simulations, such as the background plasma density, magnetic field, and dynamic spectra of whistler waves, are obtained fro
the ARASE satellite during magnetic storms. The simulations are carried out in a field line at which the ARASE is located during
the storm.

By comparing the electron flux in energy larger than a few hundred keV observed by the ARASE with the RBW simulation
results demonstrating development of electron distributions for a few hours, we study how the electrons are accelerated t
relativistic energy range. We will also discuss roles of nonlinear scattering processes for the flux enhancement during the
magnetic storms observed by the ARASE.
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Recent Science Highlights of the Van Allen Probes Mission
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The morning of 30 August 2012 saw an Atlas 5 rocket launch NASA's second Living With a Star spacecraft mission, the
twin Radiation Belt Storm Probes, into an elliptic orbit cutting through Earth’s radiation belts. Renamed the Van Allen Probes
soon after launch, the Probes are designed to determine how the highly variable populations of high-energy charged particle
within the radiation belts, dangerous to astronauts and satellites, are created, respond to solar variations, and evolve in spg
environments. The Van Allen Probes mission extends beyond the practical considerations of the hazard’s of Earth’s spac
environment. Twentieth century observations of space and astrophysical systems throughout the solar system and out into tl
observable universe have shown that the processes that generate intense particle radiation within magnetized environments s
as Earth’s are universal. During its mission the Van Allen Probes verified and quantified previously suggested energizatior
processes, discovered new energization mechanisms, revealed the critical importance of dynamic plasma injections into t
innermost magnetosphere, and used uniquely capable instruments to reveal inner radiation belt features that were all but invisik
to previous sensors. This paper gives a brief overview of the mission, presents some recent science highlights, and discuss
coordination with other magnetospheric missions and observational assets including the recently launched JAXA Arase mission
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Observation of relativistic electron loss induced by EMIC waves: Arase and PWING
induction magnetometer array collaboration
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EMIC waves are generated by temperature anisotropy of energetic ions near the magnetic equator and satellite observatio
show that the waves tend to be observed on the dusk side and noon side magnetosphere. EMIC waves can propagate fra
the magnetosphere to the ground and they are observed by ground-based magnetometers as Pcl pulsation. It has been poi
out that EMIC waves can resonate with relativistic electrons through anomalous cyclotron resonance, and cause strong pitc
angle scattering of radiation belt electrons. It has been considered that precipitation loss of relativistic electrons by pitch angle
scattering induced by EMIC waves is an important loss mechanism of radiation belt electrons. We report on the observation o
relativistic electron loss observed by the Arase satellite on the dawn side magnetosphere during a geomagnetic disturbance, whi
is likely to be related to an EMIC wave activity. During the event, the EMIC wave activity in conjunction with the relativistic
electron loss is identified from observation by the ground-based induction magnetometer array deployed by the PWING project
The magnetometer array observation reveals that EMIC waves are distributed in the wide magnetic local time range from th
dusk to midnight sector. It is suggested that drifting relativistic electrons are scattered into the loss cone by the EMIC waves
on the dusk to midnight sector before they arrive at the Arase satellite located on the dawn side. We will discuss the impact o
loss caused by EMIC wave-induced precipitations on the overall flux variation of radiation belt electrons during the geomagnetic
disturbance.
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Instantaneous Frequency Analysis on Nonlinear EMIC Emissions: Arase Observation
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In the inner magnetosphere, electromagnetic ion cyclotron (EMIC) waves cause nonlinear interactions with energetic protons
The waves drastically modify the proton distribution function, resulting in the particle loss in the radiation belt. Arase spacecraft,
launched in late 2016, observed a nonlinear EMIC falling tone emission in the high magnetic latitude (MLAT) region of the
inner magnetosphere. The wave growth with sub-packet structures of the falling tone emission is found by waveform data fron
PWE/EFD instrument. The evolution of the instantaneous frequency of the electric field of the EMIC falling tone emission is
analyzed by Hilbert-Huang transform (HHT). We find several sub-packets with rising frequency in the falling tone wave. A self-
consistent hybrid simulation suggested the complicate frequency evolution of the EMIC sub-packet emissions in the generatio
region. The intrinsic mode functions of Arase data derived from HHT are compared with the simulation data. The origin of the
falling tone emission in the high MLAT region is also discussed.
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Simultaneous observations of pulsating aurora with multi-point high-speed optical
measurements and ARASE/ERG satellite
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Pulsating aurora (PsA) is one of the major types of aurora often seen in the lower latitude part of the auroral region in the
morning side. The period of the main optical pulsation ranges from a few to a few tens of seconds, and PsA is almost alway
observed during the recovery phase of substorm. Recent coordinated satellite-ground observations of PsA indicated that the tel
poral variation of the main optical pulsation is closely associated with the intensity modulation of whistler mode chorus waves in
the morning side magnetosphere because the intensities of the chorus waves and optical pulsation show similar temporal variati
[e.g., Nishimura et al., 2010]. However, it is still under debate what process causes the precipitation of PsA electrons and whze
factor controls the period of optical pulsation.

To further associate the chorus intensity variation in the magnetosphere and optical pulsation in the ionosphere, we need 1
conduct simultaneous ground/satellite observations of PsA. For this purpose, we have installed 3 identical all-sky cameras (AS
in the northern Scandinavia to observe PsA in a wide area. The cameras were installed into Tromso in Norway, Sodankyla an
Kevo in Finland. By employing highly-sensitive EMCCD cameras (Hamamatsu C9100-23B), we succeeded in capturing PsA
with a temporal resolution of 100 Hz. The temporal resolution of the camera is sufficient for resolving the temporal variation of
both the main pulsation (a few to a few tens of second) and internal modulation ("3 Hz).

During the first coordinated campaign observations of PsA with the ARASE/ERG satellite in March 2017, we obtained several
case examples of simultaneous observations of PsA and chorus by the ASIs and ARASE. In particular, on the night of Marct
28/29, intense PsA appeared for almost 2 hours when the footprint of ARASE was located within the field-of-view of one of
the ASIs in Sodankyla. During this 2-h interval, we identified a good agreement between the overall characteristics of the mair
pulsation of PsSA and the chorus burst. For example, when the ASI observed PsA with a constant pulsating frequency, the satelli
detected very periodic bursts of chorus. When the satellite observed irregular occurrence of chorus bursts, the main pulsatic
seen on the ground was rather sporadic.

Most of the past studies [e.g., Nishimura et al., 2010] investigated the relationship between PsA and chorus in relatively shor
time period, for instance a few minutes. In contrast, an overall good agreement was obtained for 2 hours during the curren
interval. This again proves the causal relationship between the activities of chorus and PsA. In the presentation, we focus on tt
event on March 28/29, 2017 and introduce on-going analysis on the fine-scale correlation between the main modulation of Ps;
and chorus bursts.

Acknowledgement: The operation of the EMCCD camera at Sodankyla has been supported by Sodankyla Geophysical Obse
vatory (SGO).
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Kazama[17]; Shiang-Yu Wang[18]; Sunny W. Y. Tam[19]; Kaoru Sato[20]
[1] NIPR; [2] SOKENDAI; [3] NIPR/SOKENDAI, [4] RISH, Kyoto Univ.; [5] ISEE, Nagoya Univ.; [6] ISEE, Nagoya Univ.;
[7] UEC,; [8] Electrical and Computer Eng., Kanazawa Univ.; [9] ISAS, JAXA; [10] ISAS/JAXA,; [11] ISAS/IAXA,; [12]
ISAS/JAXA; [13] ISAS; [14] Kanazawa Univ.; [15] The University of Tokyo; [16] JAXA; [17] ASIAA; [18] Institute of
Astronomy and Astrophysics, Academia Sinica, Taiwan; [19] ISAPS, NCKU, Taiwan; [20] Graduate School of Science, Univ.
of Tokyo

We introduce the Arase-Syowa conjunction events occurred on 2017 May 28 0000-0200 UT and 2017 June 30 2200-240
UT. The May 28 event occurred during the main phase of an intense magnetic storm as driven by a slow coronal mass ejectiol
Arase satellite passed across pulsating auroras and then entered into north-south aligned discrete arcs. The June 30 event
curred during a recovery phase of an isolated moderate substorm at a quiet solar wind condition. Arase satellite passed acrc
pulsating auroras. The atmospheric response to these different types of auroras are compared and evaluated using ground-be
observations at Syowa station.
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Software-type Wave-Particle Interaction Analyzer on board the ARASE satellite

# Yuto Katoh[1]; Hirotsugu Kojima[2]; Mitsuru Hikishima[3]; Takeshi Takashima[4]; Kazushi Asamura[5]; Yoshizumi
Miyoshi[6]; Yoshiya Kasahara[7]; Satoshi Kasahara[8]; Takefumi Mitani[5]; Nana Higashio[9]; Ayako Matsuoka[10];
Mitsunori Ozaki[11]; Satoshi Yagitani[7]; Shoichiro Yokota[3]; Shoya Matsuda[6]; Masahiro Kitahara[1]; Iku Shinohara[12]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] RISH, Kyoto Univ.; [3] ISAS; [4] ISAS, JAXA; [5] ISAS/JAXA,; [6]
ISEE, Nagoya Univ.; [7] Kanazawa Univ.; [8] The University of Tokyo; [9] JAXA; [10] ISAS/JAXA,; [11] Electrical and
Computer Eng., Kanazawa Univ.; [12] ISAS/JAXA

Wave-Particle Interaction Analyzer (WPIA) is a new type of instrumentation recently proposed by Fukuhara et al. (2009)
for direct and quantitative measurements of wave-particle interactions. WPIA computes an inner proguct@ftt) dotv;,
where { is the detection timing of the i-th particlg(t;) is the wave electric field vector gt and q ands; is the charge and the
velocity vector of the i-th particle, respectively. Since W({$ the gain or the loss of the kinetic energy of the i-th particle, by
accumulating W for detected particles, we obtain the net amount of the energy exchange in the region of interest.

Software-type WPIA (S-WPIA) is installed in the ARASE satellite as a software function running on the mission data pro-
cessor. S-WPIA on board the ARASE satellite uses electromagnetic field waveform measured by Waveform Capture (WFC
of Plasma Wave Experiment (PWE) and velocity vectors detected by Medium-Energy Particle Experiments - Electron Analyzer
(MEP-e), High-Energy Electron Experiments (HEP), and Extremely High-Energy Electron Experiment (XEP). The prime target
of S-WPIA is the measurement of the energy exchange between whistler-mode chorus emissions and energetic electrons in t
inner magnetosphere. It is essential for S-WPIA to synchronize instruments in the time resolution better than the time scale ¢
wave-particle interactions. Since the typical frequency of chorus emissions is a few kHz in the inner magnetosphere, the tim
resolution better than 10 micro-sec should be realized so as to measure the relative phase angle between wave and velocity v
tors with the accuracy enough to detect the sign of W correctly. In the ARASE satellite, a dedicated system has been develope
in order to realize the required time resolution for the inter-instruments communications; for the synchronization of instruments,
we use both the time index distributed to all instruments with the time resolution of 15.6 msec and a SWPIA counter, which is
a counter accumulating pulses distributed from PWE every 1.9 micro-sec to particle instruments through a direct line. In this

presentation, we show the principle of the WPIA and its significance as well as the implementation of S-WPIA on the ARASE
satellite.



S001-13 S5 A B¥Rd: 10 B 16 H 16:00-16:15

Medium-Energy Particle experiments - electron analyzer (MEP-e) for the ERG satellite
mission

# Satoshi Kasahara[1]; Shoichiro Yokota[2]; Takefumi Mitani[3]; Kazushi Asamura[3]; Masafumi Hirahara[4]; Takeshi
Takashima[5]
[1] The University of Tokyo; [2] ISAS; [3] ISAS/JAXA,; [4] ISEE, Nagoya Univ.; [5] ISAS, JAXA

Medium-Energy Particle experiments - electron analyzer (MEP-e) onboard Exploration of energization and Radiation in
Geospace (ERG) spacecraft measures the energy and the direction of each incoming electron in the range of "7 to 87 keV. TI
sensor covers 2-pi radian disk-like field-of-view with 16 detectors, and the solid angle coverage is achieved by using spacecra
spin motion. The electron energy is independently measured by an electrostatic analyzer and avalanche photodiodes, enabli
the significant background reduction. We describe the technical approaches, data output, and examples of initial observations.
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Coordinated Arase (ERG) satellite and EISCAT radar observations

# Yasunobu Ogawa[1]; Yoshizumi Miyoshi[2]; Kazuo Shiokawa[3]; Keisuke Hosokawal[4]; Shin-ichiro Oyama[2]; Antti
Kero[5]; Satonori Nozawa[6]; Kanako Seki[7]; Yoshimasa Tanaka[8]; Takeshi Sakanoi[9]; Iku Shinohara[10]; Yukinaga
Miyashita[11]; Ryoichi Fujii[12]; Hiroshi Miyaoka[1]; Akira Kadokura[1]; Kazushi Asamura[13]; Yuto Katoh[14]; Yoshiya
Kasahara[15]; Hirotsugu Kojima[16]; Ayako Matsuoka[17]; Satoshi Kurita[2]; Shoya Matsuda[2]

[1] NIPR; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] UEC; [5] SGO, Univ. Oulu; [6] ISEE, Nagoya Univ.; [7] Dept.
Earth & Planetary Sci., Science, Univ. Tokyo; [8] NIPR/SOKENDAI; [9] Grad. School of Science, Tohoku Univ.; [10]
ISAS/JAXA; [11] KASI; [12] STEL, Nagoya Univ.; [13] ISAS/JAXA, [14] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.;

[15] Kanazawa Univ.; [16] RISH, Kyoto Univ.; [17] ISAS/JAXA

We report collaborative study of the Magnetosphere-lonosphere coupling based on coordinated observations of the Aras
(ERG) satellite and EISCAT radars. The coordinated observations have been discussed and summarized as a white paper wh
includes study targets of (1) characteristics and generation mechanisms of chorus waves and pulsating aurora in the mornil
sector, (2) oxygen ion outflow from polar ionosphere and energetic particle injection by substorm dipolarization in the nightside
sector, and (3) EMIC waves and their relation to proton precipitation in the evening sector.

After Arase satellite started normal observations in March, 2017, eighteen simultaneous observations in the morning an
nightside sectors have been carried out with the EISCAT Tromsoe UHF/VHF radars and Arase satellite so far. Eight conjunctior
events in the simultaneous observations show enhanced ionization in the E/D region ionosphere due to hard energy particle pt
cipitation from the magnetosphere. The EISCAT observations for the collaborative study have been conducted as a combinatic
of Japanese and Finnish special programs (SP), peer-review program (PP), and special programs of all EISCAT associatio
(AA). These data have been processed to make CDF format files, and integrated with other related dataset.

In this paper, we will introduce overview of the Arase-EISCAT observations based on the white paper, and discuss further
international collaboration plans between Arase and EISCAT radar projects.
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Coordinated Arase satellite and ground-based observations of pulsating electron and
proton auroras

# Mitsunori Ozaki[1]; Kazuo Shiokawal[2]; Yoshizumi Miyoshi[3]; Ryuho Kataoka[4]; Yusuke Ebihara[5]; Shin-ichiro
Oyama]3]; Yoshimasa Tanaka|6]; Yuichi Otsuka[2]; Masahito Nose[7]; Tsutomu Nagatsuma[8]; Satoshi Kurita[3]; Martin
Connors[9]; Reiko Nomura[10]; Kaori Sakaguchi[11]; Satoshi Yagitani[12]; Yoshiya Kasahara[12]; Hirotsugu Kojima[13];

Yasumasa Kasaba[14]; Atsushi Kumamoto[15]; Fuminori Tsuchiya[16]; Yuto Katoh[17]; Mitsuru Hikishima[18]; Shoya
Matsuda[3]; Ayako Matsuoka[19]; Masafumi Shoji[3]; Keisuke Hosokawa[20]; Yasunobu Ogawa[4]; Akira Kadokura[4]; Yuka
Sato[4]; Masaki Okada[4]; Takanori Nishiyama[4]
[1] Electrical and Computer Eng., Kanazawa Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] NIPR; [5] RISH,
Kyoto Univ.; [6] NIPR/SOKENDAI; [7] DACGSM, Kyoto Univ.; [8] NICT; [9] Centre for Science, Athabasca Univ.; [10]
JAXA; [11] NICT; [12] Kanazawa Univ.; [13] RISH, Kyoto Univ.; [14] Tohoku Univ.; [15] Dept. Geophys, Tohoku Univ.; [16]
Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [17] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [18] ISAS; [19]
ISAS/JAXA; [20] UEC

Hot particle temperature anisotropies can excite chorus and electromagnetic ion cyclotron (EMIC) waves near the magneti
equator. The chorus and EMIC waves are candidate of drivers for generating pulsating electron and proton auroras by pitch ang
scattering of high energy particles via wave-particle interactions. Both pulsating electron and proton auroras exhibit various
kinds of temporal characteristics related with the wave activities. In fact, many previous reports showed that pulsating electror
and proton auroras have the luminous variations related with the bundle of chorus and EMIC waves, and with the intervals o
successive discrete elements of chorus and EMIC waves. Recently, high-speed (about 100 Hz) EMCCD images revealed fa
luminous modulations of pulsating proton aurora related with the subpacket structures of Pcl geomagnetic pulsations observe
on the ground, which are equivalent to the EMIC waves in the magnetosphere. However, simultaneous observations of fa
modulations of pulsating electron aurora and related subpacket structures of discrete chorus element have not been reported
Since pulsating auroras are faint, direct detection of fast luminous modulations is not easy, even with the most advanced EMCCI
cameras. Going beyond correlating overall packet structures in luminosity and wave variations requires advanced temporal ar
spatial analysis techniques together with advanced EMCCD camera data.

In this study, we show temporal and spatial characteristics of pulsating electron and proton auroras at sub-auroral and auror
latitudes during coordinated Arase satellite and ground-based observations. For detecting the temporal characteristics, we us
S transform, which is a signal processing technique for a time-frequency distribution. The S transform has an advantage that tt
frequency resolution is dependent with the time resolution. Such frequency dependent resolution is important for identifying the
fast modulations of auroral luminosity. We identified electron and proton auroral patches having similar temporal characteristics
of chorus and EMIC wave activities similarly in the previous reports. The similar temporal characteristics of the luminous
and wave activities strongly supports the basic generation mechanism by pitch angle scattering via wave-particle interaction:
Additionally, for detecting the spatial variations of auroral patches in the auroral images, we used Level Set Method (LSM), which
is one of technigues to extract dynamic objects. An advantage of LSM is exact extraction of complex time-varying objects suct
as split and combination problems. The spatial variations between pulsating electron and proton auroras were quite different. Tt
proton auroral patch was quite localized, so this localized patch can indicate a localized wave-particle interaction region in the
magnetosphere. On the other hand, the electron auroral patch frequently showed split into a few patches and combination wi
surrounding patches. Such spatial split and combination of auroral patches may indicate more complex wave-particle interactio
region for chorus waves.

In this presentation, we will discuss the difference between pulsation electron and proton auroras in details.
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How O+ Becomes a Significant Fraction of the Storm-Time Ring Current

# Lynn M. Kistler[1]; A. M. Menz[2]; C. G. Mouikis[2]
[1] ISEOS, University of New Hampshire; [2] University of New Hampshire

During storm times, the pressure that creates the storm-time ring current in the inner magnetosphere can be predominantly O
This is surprising, as the immediate source for the ring current is the nightside plasma sheet, and O+ is usually not the dominat
species in the plasma sheet. In this talk we use Van Allen Probes and Cluster data to examine the processes that lead to t
heavy ion dominance. The factors that contribute include the different transport paths of O+ and H+ from the cusp region, whict
brings more energetic O+ than H+ into the near earth plasma sheet, the source spectrum in the near-earth plasma sheet, wh
tends to be harder for O+ than for H+, and the time dependence of the O+ in the plasma sheet. The plasma sheet O+ tends to
high towards the beginning of the storm, when the convection is largest, bringing it into the inner magnetosphere. All of these
processes play a role, and which is most important is a topic which can be addressed by the multi-spacecraft combination of Ve
Allen Probes and ARASE.
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O+ ionospheric outflow off the beaten path directly into the Inner Magnetosphere as
observed by the Van Allen Probes

# Matina Gkioulidou[1]; Donald Mitchell[1]; Aleksandir Ukhorskiy[1]; Shinichi Ohtani[2]; Kazue Takahashi[3]
[1] JHU/APL; [2] The Johns Hopkins University Applied Physics Laboratory; [3] JHUAPL

The low-energy (eV to hundreds of eV) ion population in the inner magnetosphere, the warm plasma cloak, and in particula
its heavy ion component, the O+ torus, is crucial to magnetospheric dynamics. Yet, although the effects of high latitude anc
cusp ionospheric O+ outflow and its subsequent transport and acceleration within the magnetotail and plasma sheet have be
extensively studied, the source of low-energy O+ within the inner magnetosphere (already observed by the DE1 spacecraft i
the 80s) remains a compelling open question. The HOPE instrument aboard each of the Van Allen Probes, moving in highly
elliptical, equatorial orbits with apogee of 5.8 RE, has repeatedly detected low-energy O+ fieldaligned enhancements. We prese
a comprehensive study of one such event, where low energy O+ field-aligned intensity enhancements were observed, both
small and large pitch angles, during a geomagnetic storm. The energy spectrogram exhibited a dispersive signature and a banc
structure, features that our simple particle tracing simulation demonstrated are due to O+ ions outflowing from both hemisphere
of the night-side ionosphere directly into the magnetosphere within L = 4, and subsequently bouncing from one hemisphere to th
other. These outflows are associated with field-aligned Poynting flux enhancements and field-aligned electron beams, as obsen
at the Van Allen Probes location, revealing energy transport from the magnetosphere to ionosphere as well as simultaneot
fieldaligned electron heating. We also incorporate ionospheric measurements, such as field-aligned currents, as those are infer
by AMPERE data. The combination of unprecedented simultaneous magnetospheric and ionospheric observations allow us
investigate the processes that lead to an O+ outflow event from the lowlatitude, night-side ionosphere directly into the innel
magnetosphere. The ubiquity of such events in the Van Allen Probes data might reveal one of the sources for the O+ torus.
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Multi-Scale Observational Views of Subauroral Magnetosphere-lonosphere Coupling

# Philip J. Erickson[1]; John C. Foster[1]; Anthea J. Coster[1]; Yoshizumi Miyoshi[2]; Iku Shinohara[3]; Kazuo Shiokawa[4]
[1] Haystack Observatory, MIT; [2] ISEE, Nagoya Univ.; [3] ISAS/JAXA; [4] ISEE, Nagoya Univ.

Processes in the ionosphere, plasmasphere, and inner magnetosphere are inherently coupled due to strong electrodyna
forces and the presence of dynamic changes in the cold plasma environment around Earth. The complexity, time variation, ar
non-local nature of these coupling processes require coordinated, multi-scale observations to advance knowledge on the domin:
energy and momentum pathways that cause intense structuring and mass transfer. Understanding of the inner magnetospher
particularly important for such fundamental processes as heavy, cold O+ ion outflow into the plasma sheet and ring current, an
feedback mechanisms that regulate the amount of energy input to the magnetosphere from the solar wind through cold plasn
mass loading of the magnetopause.

The recent launch of the Arase satellite provides an excellent opportunity to conduct conjunctive measurements of the inne
magnetosphere and subauroral ionosphere. In particular, the Millstone Hill incoherent scatter radar provides wide field view:
of the E region, F region and topside ionosphere over more than 3 hours in MLT and 25 degrees in magnetic latitude in the
American longitude sector. Combining this diagnostic with inner magnetospheric transits of Arase and NASAs Van Allen
Probes satellites provides a powerful way to examine dynamic electric field coupling and mass flows in regions affected by the
sub auroral polarization stream (SAPS) and storm enhanced density (SED) plumes. We will present early results from dusk sect
conjunction measurements that are planned using Millstone Hill, Arase, and Van Allen Probes in late summer and early fall 2017
The in-situ satellite data and ground-based ionospheric radar measurements are complemented by global GPS based total elect
content maps, calculated by MIT Haystack Observatory on a routine cadence from more than 5,000 worldwide receivers. GP:
TEC measurements provide mesoscale context and interpretation to the localized, precise conjunctive observations, along wi
large scale imaging of the plasmapause and enhanced density structuring in the dusk MLT sector.
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Medium-Energy Particle experiments on ERG: ion mass spectrometer (MEP-i)

# Shoichiro Yokota[1]; Satoshi Kasahara[2]; Takefumi Mitani[3]; Kazushi Asamura[3]; Masafumi Hirahara[4]; Takeshi
Takashima[5]; Kazuhiro Yamamoto|[6]
[1] ISAS; [2] The University of Tokyo; [3] ISAS/JAXA; [4] ISEE, Nagoya Univ.; [5] ISAS, JAXA; [6] Geophysics, Kyoto Univ.

Medium-Energy Particle experiments - ion mass analyzer (MEP-i) was developed for the Energization and Radiation in
Geopspace (ERG) mission in order to obtain the three dimensional distribution function of inner-magnetospheric ions in the
medium-energy range between 10 and 180 keV/g. Energy, mass and charge state of each ion are measured by a electrostatic

ergy analyzer, time-of-flight mass analyzer and solid state detectors. We will show the instrumentation of MEPI, its data product:
and its observation results in a magnetic storm.
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Observations of low-energy ions with Arase/LEPi

# Kazushi Asamura[1]; Yoshizumi Miyoshi[2]; Yoichi Kazama[3]; Shoichiro Yokota[4]; Satoshi Kasahara[5]
[1] ISAS/IAXA; [2] ISEE, Nagoya Univ.; [3] ASIAA; [4] ISAS; [5] The University of Tokyo

LEPi is one of the instruments onboard Arase, which is an energy-mass spectrometer designed to measure ions with energ
from "0.01keV/q up to 25keV/q. In order to discriminate species of incoming ions, LEPi uses a TOF (Time-Of-Flight) technique.
TOF also works as a noise rejector, which is useful for rejection of background noise due to high energy particles in the innel
magnetosphere. LEPi has passed the initial checkout phase after launch, and now under regular observations. Since the regt
observation started (end of March, 2017), Arase encountered several magnetic storms driven by CIR and CMEs. LEPi observe
sudden flux enhancement and subsequent gradual decay of low-energy ("10eV/q) ions around L=4 associated with the magne
storms. In some cases, these flux modulations coinside with eclipse (absent of Sun light on the spacecraft), but others do nc
Spacecraft potential decreases when the spacecraft gets eclipse. Therefore, a part of ions whose enegies are lower than en
range of LEPI are accelerated and appeared inside the range. These fluxes might reflect transportation / energization of cc
component in the inner magnetosphere. We will present current LEPi operations and initial scientific results.
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Characteristics of molecular ions in the ring current observed by the Arase (ERG)
satellite

# Kanako Seki[1]; Kunihiro Keika[2]; Satoshi Kasahara[3]; Shoichiro Yokota[4]; Ayako Matsuoka[5]; Yasunobu Ogawal6];
Kazushi Asamura[7]; Yoshizumi Miyoshi[8]; Iku Shinohara[9]
[1] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [2] University of Tokyo; [3] The University of Tokyo; [4] ISAS; [5]
ISAS/JAXA; [6] NIPR; [7] ISAS/JAXA,; [8] ISEE, Nagoya Univ.; [9] ISAS/JAXA

There are two plasma sources for the terrestrial magnetosphere, i.e., the ionosphere and the solar wind. It is observational
known that the terrestrial plasma contribution, especially that of heavy ions increases with increasing geomagnetic activities
while the mechanisms of the enhanced ionospheric supply are far from understood. While the O+ ions are the main specie
of terrestrial heavy ions, the heavier molecular ions such as NO+ and O2+ have been observed in the various regions of tt
magnetosphere [e.g., Klecker et al, 1986; Peterson et al., 1994; Christon et al, 1994; Poppe et al., 2016]. Previous studi
indicated that molecular ions tend to be observed during geomagnetically active periods. In order to get the molecular ior
outflows from the deep ionosphere with altitudes of 250-500 km, they need to be energized at least up to the escape energy
~10 eV within a short time scale ("order of minutes) to overcome the dissociative recombination lifetime at the source altitudes.
The observations of the high-energy ("100keV) molecular ions in the ring current and outer magnetosphere suggest an effecti
acceleration mechanism is in operation during geomagnetically active periods.

In this paper, we report on observations of molecular ions in the ring current by the Arase satellite and their relations to the sola
wind and magnetospheric/ionospheric conditions. The ion composition data of the MEPi instrument onboard the Arase satellite
which detects the ions in the energy range from 10 to 180 keV/q was analyzed in details. The molecular ions with energizec
above several tens of keV are detected during early recovery phases of geomagnetic storms. The appearance of the molect
ions does not have a clear dependence of the substorm activities. It suggests indirect supply from the polar ionosphere to i
inner magnetosphere and additional acceleration mechanisms such as the circulation of the molecular ions in the magnetosphe
During quiet periods, the molecular ions stayed less than the detection threshold of the MEPI instrument. In the presentatior
preliminary comparison with low energy ions will be also reported.

References:

Klecker et al., Geophys. Res. Lett., vol. 13, No.7, 632-635, 1986.

Peterson et al., J. Geophys. Res., vol.99, N0.A12, 23257-23274, 1994.

Christon et al., Geophys. Re. Lett., vol.21, No. 25, 3023-3026, 1994.

Poppe et al., J. Geophys. Re. Lett., vol.43, 6749-6758, doi:10.1002/2016GL069715, 2016.
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Energy and mass dependence of the contribution to storm-time plasma pressure in the
inner magnetosphere: Arase/MEP-i observations

# Kunihiro Keika[1]; Satoshi Kasahara[2]; Shoichiro Yokota[3]; Masahiro Hoshino[1]; Kanako Seki[4]; Masahito Nose[5];
Takanobu Amano[1]; Yoshizumi Miyoshi[6]; Iku Shinohara[7]
[1] University of Tokyo; [2] The University of Tokyo; [3] ISAS; [4] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [5]
DACGSM, Kyoto Univ.; [6] ISEE, Nagoya Univ.; [7] ISAS/JAXA

The ring current is mainly controlled by the ion pressure and its spatial gradient. The ion pressure is dominated by ions with
energies of a few to a few 100s keV. Oxygen ions of ionospheric origin can be energized in the plasma sheet and/or the inne
magnetosphere up to a few tens to a few hundreds of keV. The ionospheric oxygen ions make a significant contribution to the io
pressure during geomagnetically active periods. This paper examines spatial variations and energy-spectral evolution of energe
("10 to "200 keV/q) ions during the main phase of a CIR-driven storm on 17 March 2017 (Storm 1) and a CME-driven storm on
27-28 May 2017 (Storm 2). We use ion data from the MEP-i instrument on board the Arase satellite. The instrument measure
energetic ions with energies of 5-120 keV/q during Storm 1 and 9-180 keV/q during Storm 2; ion mass/charge was derived fron
energy and velocity measurements by an electrostatic analyzer and the time-of-flight system, respectively.

During Storm 1, MEP-i observed sudden flux increases of 10 keV/q protons on the dawn side ("5h MLT) at the beginning
of the main phase. After Arase passed through its perigee into an out-bound path around midnight, MEP-i saw high fluxes
of greater-than-10 keV/q protons and oxygen ions (and possibly other minor ions) at Lm “3.5. MEP-i continued to observe
high-flux ions until the end of the main phase. Both proton and oxygen ion pressures increased; the O-to-H ratio increased b
about an order of magnitude, from "0.02 to 0.2-0.3. The high-flux greater-than-10 keV/q ions consisted of clearly different two
populations: one dominated by 5-20 keV/q ions, likely originating from pre-existing cold plasma sheet population; and the other
with structured dispersion signatures at 30-90 keV/q, likely due to the penetration of ions accelerated in the near-Earth plasm
sheet. We found that both populations contributed to the total pressure almost equally. It is noticeable that energy ranges th
made the dominant contribution (called contributing energies) were extremely narrow, dE = 10-20 keV/q (corresponding to one
or two MEP-i’'s energy bins), for both populations.

During Storm 2, Arase completed a full orbit during the main phase. MEP-i observed enhanced ion fluxes at Lm "4 at the stormn
beginning, when Arase was located around midnight. As Arase moved toward post-midnight in an inbound path, MEP continuec
to observe proton and oxygen high fluxes in a wide energy range (10-120 keV/q). The pressure increased for both protons ar
oxygen ions; the O-to-H ratio increased from 0.01 to 0.3 during the early main phase (SYM-H greater than -50 nT), and remainec
at a level of 0.2-1.0 until the storm minimum (SYM-H "-140 nT). The pressure was contributed by protons and oxygen ions with
energies fully covered by MEP-i. The contributing energies are much wider than during Storm 1 and slightly mass dependent
"20-7100 keV/q for protons and “30-"120 keV/q for oxygen ions. We also found energy dependence of the O-to-H pressure ratio
It increased with increasing energies, and was higher than 1.0 for greater-than-100 keV/q. The wide contributing energies an
the mass dependence of pressure ratio implies the penetration of high-temperature plasma sheet and more effective accelera
of oxygen ions compared to protons.
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High energy Electron exPeriment (HEP) onboard the ERG satellite

# Takefumi Mitani[1]; Takeshi Takashima[2]; Satoshi Kasahara[3]; Wataru Miyake[4]; Masafumi Hirahara[5]
[1] ISAS/IAXA,; [2] ISAS, JAXA, [3] The University of Tokyo; [4] Tokai Univ.; [5] ISEE, Nagoya Univ.

The Exploration of energization and Radiation in Geospace (ERG) satellite was successfully launched on December 20, 201t
and now explores how relativistic electrons in the radiation belts are generated during space storms. "High energy Electrol
exPeriment (HEP)” onboard the ERG satellite observes 70 keV - 2 MeV electrons

and provides three-dimensional velocity distribution of electrons every spacecraft spin period. Electrons are observed by twi
types of camera designs, HEP-L and HEP-H, with regard to geometrical factor and energy range. HEP-L observes 0.1 - 1 Me\
electrons and its geometrical factor isacn? str, and HEP-H observes 0.7 - 2 MeV and G-factor is2.6n? str.

HEP-L and HEP-H each consist of three pin-hole type cameras, and each camera consist of mechanical collimator, stacke
silicon semi- conductor detectors and readout ASICs. HEP-H has larger opening angle of the collimator and more silicon
detectors to observe higher energy electrons than HEP-L.

The initial checkout in orbit was carried out in February 2017 and it was confirmed that there was no performance degradatiot
by comparing the results of the initial checkout in orbit and the prelaunch function tests. Since late March, HEP has carried ou
normal observation.

In this presentation we introduce the HEP instrument design, prelaunch tests results and report the initial results in orbit.
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Initial results of the extremely high-energy electron experiment (XEP) onboard theArase
satellite

# Nana Higashio[1]; Haruhisa Matsumoto[2]
[1] JAXA; [2] JAXA

The extremely high-energy electron experiment (XEP) is one of the instruments onboard the Arase satellite (JAXA). Equippec
with five solid-state silicon detectors (SSDs), one GSO single crystal scintillator, and an anti-scintillator, the XEP has one-way
conic sight. Its energy range is from 400 keV to 20 MeV electrons. The Arase satellite was launched in December 2016. After the
launch, the XEP began to measure relativistic electrons and successfully observed dynamical evolution of relativistic electrons c
the outer belt during magnetic storms. During initial 3 months, Arase observed five magnetic storms driven by CIRs and CMEs
Relativistic electrons of the outer belt sharply decreased after the storm commencement, and then recovered to the pre-stol
level. During some storms, Arase observed large flux enhancement during the recovery phase. In this presentation, we repc
overview of the XEP instrument and initial observation results.
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Prediction of the outer radiation belt variation using quasi-realtime data of the Arase
satellite

# Kaori Sakaguchi[1]; Tsutomu Nagatsuma[2]; Nana Higashio[3]; Takeshi Takashima[4]; Takefumi Mitani[5]; Ayako
Matsuoka[6]; Yoshizumi Miyoshi[7]; Iku Shinohara[8]; Masahito Nose[9]
[1] NICT; [2] NICT; [3] JAXA; [4] ISAS, JAXA; [5] ISAS/JAXA; [6] ISAS/IAXA,; [7] ISEE, Nagoya Univ.; [8] ISAS/JAXA
[9] DACGSM, Kyoto Univ.

The Van Allen radiation belts exist in the outer space surrounding the Earth. When the radiation belt electrons increase
associated with a geomagnetic storm, a large amount of electrons in the MeV energy range penetrate the shield of the satellite
body and may cause deep dielectric charge/discharge inside the satellite. In order to know the risk of satellite anomalies i
advance, prediction of the radiation flux electron flux is necessary.

In this presentation, we introduce a prediction model of MeV electron flux of the outer radiation belt using quasi realtime
data of the Arase satellite. Multivariate autoregressive model and Kalman filter are used to predict variation of electronic flux
as a function of L values up to several days ahead. Logarithm daily averages of MeV electron fluxes observed by Arase/XE}l
instrument are set as prediction targets. The daily average fluxes are classified by L values every 0.2 in the range of 3 to 6. Dai
average of realtime Dst index, which is a preceding indicator, is set as an explanatory parameter. Training of the model wa
carried out with two patterns of observation data by (1) Van Allen Probes/REPT in past two years, (2) Arase/XEP in 20 days
of initial observation. Several geomagnetic storms have occurred since the quasi-realtime of Arase becomes available to ust
We present the verification result of prediction accuracy by the difference of geomagnetic storm, energy, training data, and lea
time.
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Quasiperiodic modulations of energetic electron fluxes in the ULF range observed by the
ERG satellite.

# Mariko Teramoto[1]; Tomoaki Hori[2]; Yoshizumi Miyoshi[2]; Satoshi Kurita[2]; Shinji Saito[3]; Nana Higashio[4];
Takefumi Mitani[5]; Ayako Matsuoka[6]; Inchun Park[7]; Takeshi Takashima[8]; Reiko Nomura[9]; Masahito Nose[10]; Akiko
Fujimoto[11]; Manabu Shinohara[12]; Yoshimasa Tanaka[13]; Iku Shinohara[14]

[1] ISEE, Nagoya University; [2] ISEE, Nagoya Univ.; [3] Nagoya Univ.; [4] JAXA; [5] ISAS/JAXA; [6] ISAS/IAXA; [7]
ISEE,Nagoya univ.; [8] ISAS, JAXA; [9] IGEP, TU Braunschweig; [10] DACGSM, Kyoto Univ.; [11] ICSWSE, Kyushu Univ.;
[12] Kagoshima National College of Technology; [13] NIPR/SOKENDAI; [14] ISAS/JAXA

Exploration of energization and Radiation in Geospace (ERG) satellite was successfully launched on December 20, 2016. TF
Extremely High-Energy Electron Experiment (XEP) and High-Energy Electron Experiments (HEP-L and HEP-H) are carried by
the ERG satellite to observe energetic electrons. These instruments frequently observed quasiperiodic modulations of energe
electron fluxes with period of “100-600 sec. Continuous flux modulations with the period of 600 s appeared in the 700keV-
3.6MeV energy range during the period 0920UT-1120UT on March 31, 2017 when the ERG satellite was located at L™5.5-
6.1 and MLT"3-4 h. We compare these flux modulations with the magnetic field observed by the Magnetic Field Experiment
(MGF) on the ERG satellite. It is found that these flux modulations are not accompanied by corresponding magnetic signatures
It indicates that these quasiperiodic flux modulations are not caused by drift-resonant interactions between ULF waves an
energetic electrons, at least locally. In this study, we will show several events and discuss possible mechanism for quasiperiod
flux modulations of energetic electrons on XEP and HEP.
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Low-energy particle experiments - electron analyzer (LEPe) for the Arase mission

# Yoichi Kazama[1]; B.-J. Wang[2]; S.-Y. Wang[3]; Tzu-Fang Chang[4]; Chih-Yu Chiang[5]; Sunny W. Y. Tam[5]; Kazushi
Asamura([6]
[1] ASIAA; [2] ASIAA, Taiwan; [3] ASIAA, Taiwan; [4] ISEE, Nagoya Univ.; [5] ISAPS, NCKU, Taiwan; [6] ISAS/JAXA

Academia Sinica Institute of Astronomy and Astrophysics (ASIAA) and Institute of Space and Plasma Sciences (ISAPS) at
National Cheng Kung University in Taiwan developed a low-energy electron instrument (LEPe) for the Exploration of Energiza-
tion and Radiation in Geospace (ERG) mission, in collaboration with Institute of Space and Astronautical Science (ISAS), Japan
The LEPe instrument employs a toroidal tophat-type electrostatic analyzer with multi-channel plates, and measures electror
with energies of “20 eV to 19 keV. The analyzer was designed toward relatively large sensitivity for statistically better signals.
Against background radiations, the analyzer has 6mm thick aluminum shields and one background anode for reduction an
subtraction of radiation signals. The instrument measures three dimensional electron fluxes in approximately 8 seconds of or
spin, with angular resolutions of 22.5 degrees. For the purpose of resolving loss cones, specific 45 degrees are divided into
channels, 3.75 degrees for each. The ERG spacecraft was successfully launched late in 2016, and science operations phase
started since late March, 2017. The LEPe instrument is functioning well and is measuring low-energy electrons that dominate i
the inner magnetosphere and also control wave activities. In this presentation, we will explain the LEPe instrument onboard th
ERG spacecraft and will introduce initial results of the measurements.
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Relationship between high-L energetic electrons and the Earth’s high-latitude
disturbances

# Chih-Yu Chiang[1]; Tzu-Fang Chang[2]; Sunny W. Y. Tam[1]; Wun-Jheng Syugu[1]; Yoichi Kazama[3]; B.-J. Wang[4];

Shiang-Yu Wang[5]; Satoshi Kasahara[6]; Shoichiro Yokota[7]; Tomoaki Hori[8]; Yoshizumi Miyoshi[8]; Iku Shinohara[9]
[1] ISAPS, NCKU, Taiwan; [2] ISEE, Nagoya Univ.; [3] ASIAA; [4] ASIAA, Taiwan; [5] Institute of Astronomy and

Astrophysics, Academia Sinica, Taiwan; [6] The University of Tokyo; [7] ISAS; [8] ISEE, Nagoya Univ.; [9] ISAS/JAXA

The Exploration of energization and Radiation in Geospace (ERG) satellite has been successfully launched from the Uchinour
Space Center in December 2016. The main goal of the ERG project is to elucidate acceleration and loss mechanisms of relativist
electrons in the radiation belts. In addition, the apogee of the ERG satellite’s orbit often exceeds the edge of outer radiation be
in radial distance. Thus the data measured from the higher-L region may be associated with the activities observed in th
Earth’s high-latitude region. We statistically compare the Auroral Electrojet (AE) index with the data measured by the Low-
Energy Particle Experiments - Electron Analyzer (LEP-e) and Medium-Energy Particle Experiments - Electron Analyzer (MEP-
e) onboard the ERG satellite in the past months. With the selected data>for e statistically investigate the contributions of
the different electron energies observed in various magnetic local time (MLT) sectors to the Earth’s high-latitude disturbances.
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Comparison of events with prominent fluctuations common to particle and wave
observations by the ERG/Arase satellite

# Sunny W. Y. Tam[1]; Chih-Yu Chiang[1]; Tzu-Fang Chang[2]; Wun-Jheng Syugu[1]; Yoichi Kazama[3]; B.-J. Wang[4];
Shiang-Yu Wang[5]; Kazushi Asamura[6]; Nana Higashio[7]; Satoshi Kasahara[8]; Yoshiya Kasahara[9]; Ayako Matsuoka[10];
Takefumi Mitani[6]; Shoichiro Yokota[11]; Yoshizumi Miyoshi[12]; Iku Shinohara[13]
[1] ISAPS, NCKU, Taiwan; [2] ISEE, Nagoya Univ.; [3] ASIAA; [4] ASIAA, Taiwan; [5] Institute of Astronomy and
Astrophysics, Academia Sinica, Taiwan; [6] ISAS/JAXA; [7] JAXA; [8] The University of Tokyo; [9] Kanazawa Univ.; [10]
ISAS/JAXA; [11] ISAS; [12] ISEE, Nagoya Univ.; [13] ISAS/JAXA

The Energization and Radiation in Geospace (ERG) satellite, launched in December 2016 and also known as Arase since the
began its regular observations of the inner magnetosphere in March 2017. On board the satellite are various instruments f
the measurements of electrons and ions of various energy ranges, and electric and magnetic fields at various frequencies. T
electron instruments include the Low-Energy Particle Experiments - Electron Analyzer (LEP-e), which performs measurement:
of electrons in the energy range between 20 eV and 19 keV, and three other experiments, Medium-Energy Particle Experimen
- Electron Analyzer (MEP-e), High-Energy Electron Experiments (HEP) and Extremely High-Energy Electron Experiments
(XEP), respectively covering the medium, high, and extremely high energy ranges up to 20 MeV. lon measurements are pel
formed by Low-Energy Particle Experiments - lon Mass Analyzer (LEP-i) and Medium-Energy Particle Experiments - lon Mass
Analyzer (MEP-i) together for energies between 10 eV and 180 keV per unit charge, while the electric and magnetic fields are
observed by Plasma Wave Experiment (PWE) and Magnetic Field Experiment (MGF).

As LEP-e focuses on the lowest energy range among the electron sensors, it is expected to cover the largest electron populati
in the observations. Hence, significant variations in the LEP-e measurements are indicators of physical processes that affec
majority of electrons. Over several months, LEP-e has observed a number of events in which the measured electron counts exhi
prominent fluctuations at regular time scales. These events are examined also using measurements of the other aforementiol
experiments, and it is found that similar prominent fluctuations are also observed by all of those instruments in quite a few events
In this presentation, we focus on such events and discuss the similarities and differences among them.
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Survey of radiation belt low-energy electron fluxes based on the ERG LEP-e
measurements

# Tzu-Fang Chang[1]; Chih-Yu Chiang[2]; Sunny W. Y. Tam[2]; Wun-Jheng Syugu[2]; Yoichi Kazama[3]; B.-J. Wang[4];
Shiang-Yu Wang[5]; Tomoaki Hori[6]; Yoshizumi Miyoshi[6]; Iku Shinohara[7]
[1] ISEE, Nagoya Univ.; [2] ISAPS, NCKU, Taiwan; [3] ASIAA; [4] ASIAA, Taiwan; [5] Institute of Astronomy and
Astrophysics, Academia Sinica, Taiwan; [6] ISEE, Nagoya Univ.; [7] ISAS/JAXA

The Exploration of energization and Radiation in Geospace (ERG) satellite, which is led by Institute of Space and Astronau-
tical Science (ISAS), Japan Aerospace Exploration Agency (JAXA), has observed the Earth’s radiation belts for several months
Through years of efforts, Taiwan team successfully delivered the low-energy particle experiments - electron analyzer (LEP-e
for deployment on the ERG satellite. In Taiwan, the project is led by Academia Sinica Institute of Astronomy and Astrophysics
(ASIAA) in partnership with National Cheng Kung University (NCKU). The LEP-e instrument measures a 3-D velocity distri-
bution function of low energy electrons ranging from “20 eV to 19 keV. We provide an overview of electron fluxes within the
radiation belts using the LEP-e instrument data obtained in the past months. The L-shell plots are made upon 100 eV, 1 ke'
and 10 keV, respectively, to display the electron flux in various L-shells measured by the ERG satellite. The enhancement of th
electron fluxes is found to show correspondence with the increase of ring current intensity. These electrons are found to migrat
inwards as the ring current increases. We also investigate the 3-D distribution of the electron fluxes and discuss the contributio
of the energetic electrons to the ring current.
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A comprehensive analysis of an isolated substorm observed during the first coordinatec
Arase and ground-based observations

# Yoshimasa Tanaka[1]; Takanori Nishiyama[2]; Akira Kadokura[2]; Mitsunori Ozaki[3]; Kazuo Shiokawal[4]; Shin-ichiro
Oyamal5]; Masahito Nose[6]; Tsutomu Nagatsuma[7]; Masaki Tsutsumi[2]; Koji Nishimura[2]; Kaoru Sato[8]; Yoshizumi
Miyoshi[5]; Yoshiya Kasahara[9]; Atsushi Kumamoto[10]; Fuminori Tsuchiya[11]; Mitsuru Hikishima[12]; Shoya Matsudal5];
Ayako Matsuoka[13]; Manabu Shinohara[14]; Akiko Fujimoto[15]; Mariko Teramoto[16]; Reiko Nomura[17]; Ryuho

Kataoka[2]; Akira Sessai Yukimatu[1]

[1] NIPR/SOKENDAI; [2] NIPR; [3] Electrical and Computer Eng., Kanazawa Univ.; [4] ISEE, Nagoya Univ.; [5] ISEE,
Nagoya Univ.; [6] DACGSM, Kyoto Univ.; [7] NICT; [8] Graduate School of Science, Univ. of Tokyo; [9] Kanazawa Univ.;
[10] Dept. Geophys, Tohoku Univ.; [11] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [12] ISAS; [13] ISAS/JAXA; [14]

Kagoshima National College of Technology; [15] ICSWSE, Kyushu Univ.; [16] ISEE, Nagoya University; [17] JAXA

We present results of a comprehensive analysis of an isolated substorm observed at 4-6 UT on March 21, 2017, during the fir
campaign of Arase (ERG) satellite and ground-based coordinated observations. This is a rare case study of the coupling betwe
the solar wind, magnetosphere, ionosphere, and mesosphere using the satellite and ground-based observational data during
substorm. The isolated substorm occurred around 4:00 UT associated with a southward Bz excursion during the arrival of |
corotating interaction region (CIR) and diffuse/pulsating auroras were observed from 04:30 UT to the sunrise at Husafell (HUS;
65.5-degree MLAT and UT "MLT at HUS), Iceland. At the same time, cosmic noise absorption (CNA), which is caused by the
energetic electron precipitation (Eseveral tens of keV), was detected with the riometers at HUS and its geomagnetic conjugate
station, Syowa (SYQO), Antarctica. In addition, polar mesosphere winter echoes (PMWES) was simultaneously observed aroun
75 km altitude with the PANSY radar at SYO. Pc 1 magnetic pulsations were also observed by the world-wide induction mag-
netometer network before and after the substorm onset. The Arase satellite, which was located at the geomagnetic conjugate
HUS and SYO but near the magnetic equator in the magnetosphere, observed whistler-mode chorus waves at 04:45-06:45 UT
the frequency range of 0.3 - 3 kHz. The measurement was made coinciding with diffuse/pulsating auroras, CNA, and PMWESs.

We suggest a possible scenario for the sequence of the substorm, shown as follows. The substorm occurred during the arri\
of the CIR and the energetic ions/electrons were injected into the inner magnetosphere, resulting in generation of the chort
waves on the morning side and the electromagnetic ion cyclotron (EMIC) waves mainly on the evening side, that are associate
with Pc 1 pulsations on the ground. The energetic electrons were precipitated to the polar ionosphere in the morning sector b
the pitch angle scattering due to the chorus wave - particle interaction then caused the diffuse/pulsating auroras and CNAs in tt
ionosphere and PMWESs in the mesosphere. In the presentation, we discuss whether this scenario can explain the observed ¢
guantitatively.
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Propagation of Dipolarization Signatures Observed by the Van Allen Probes in the Inner
Magnetosphere

# Shinichi Ohtani[1]; Tetsuo Motoba[2]; Kazue Takahashi[3]
[1] The Johns Hopkins University Applied Physics Laboratory; [2] STEL/Nagoya Univ.; [3] JHUAPL

Dipolarization, the change of the local magnetic field from a stretched to a more dipolar configuration, is one of the most
fundamental processes of magnetospheric physics. It is especially critical for the dynamics of the inner magnetosphere. Tt
associated electric field accelerates ions and electrons and transports them closer to Earth. Such injected ions intensify the ri
current, and electrons constitute the seed population of the radiation belt. Those ions and electrons may also excite variol
waves that play important roles in the enhancement and loss of the radiation belt electrons. Despite such critical consequence
the general characteristics of dipolarization in the inner magnetosphere still remain to be understood. The Van Allen Probe
mission, which consists of two probes that orbit through the equatorial region of the inner magnetosphere, provides an idec
opportunity to examine dipolarization signatures in the core of the ring current. In the present study we investigate the spatia
expansion of the dipolarization region by examining the correlation and time delay of dipolarization signatures observed by the
two probes. Whereas in general it requires three-point measurements to deduce the propagation of a signal on a certain plane,
statically examined the observed time delays and found that dipolarization signatures tend to propagate radially inward as we
as away from midnight. In this paper we address the propagation of dipolarization signatures quantitatively and compare witt
the propagation velocities reported previously based on observations made farther away from Earth. We also discuss how ofte
and under what conditions the dipolarization region expands.
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The magnetic field investigation on the ARASE (ERG) mission: Data characteristics and
initial scientific results

# Ayako Matsuoka[1]; Mariko Teramoto[2]; Reiko Nomura[3]; Yoshizumi Miyoshi[4]; Masahito Nose[5]; Akiko Fujimoto[6];
Yoshimasa Tanaka[7]; Manabu Shinohara[8]; Tsutomu Nagatsuma[9]; Kazuo Shiokawa[10]; Yuki Obana[11]; Takeshi
Takashima[12]; Iku Shinohara[13]
[1] ISAS/JAXA,; [2] ISEE, Nagoya University; [3] JAXA,; [4] ISEE, Nagoya Univ.; [5] DACGSM, Kyoto Univ.; [6] ICSWSE,
Kyushu Univ.; [7] NIPR/SOKENDAI; [8] Kagoshima National College of Technology; [9] NICT; [10] ISEE, Nagoya Univ.;
[11] Engineering Science, Osaka Electro-Communication Univ.; [12] ISAS, JAXA; [13] ISAS/JAXA

The ARASE (ERG) satellite was successfully launched on December 20 2016. A fluxgate magnetometer (MGF) was built for
the ARASE satellite to measure DC and low-frequency magnetic field.

The requirements to the magnetic field measurements by ARASE was defined as (1) accuracy of the absolute field intensity |
within 5 nT (2) angular accuracy of the field direction is within 1 degree (3) measurement frequency range is from DC to 60Hz or
wider. MGF measures the vector magnetic field with the original sampling frequency of 256 Hz. The dynamic range is switched
between +/-8000nT and +/- 60000nT according to the background field intensity.

The MGF initial checkout was carried on January 10th 2017, when the MGF normal performance and downlinked data were
confirmed. The 5-m length MAST for the sensor was deployed on 17th January. The nominal operation of MGF started in March
2017.

The MGF data are calibrated based on the results from the ground experiments and in-orbit data analysis. The MGF CDF file
are distributed by the ARASE Science Center and available by Space Physics Environment Data Analysis Software (SPEDAS)

The acceleration process of the charged particles in the inner magnetosphere is considered to be closely related to the deforn
tion and perturbation of the magnetic field. Accurate measurement of the magnetic field is required to understand the acceleratic
mechanism of the charged particles, which is one of the major scientific objectives of the ARASE mission. We designed a flux-
gate magnetometer which is optimized to investigate following topics;

(1) accurate measurement of the background magnetic field - the deformation of the magnetic field and its relationship witt
the particle acceleration.

(2) MHD waves - measurement of the ULF electromagnetic waves of frequencies about 1mHz (Pc4-5), and investigation of
the radiation-belt electrons radially diffused by the resonance with the ULF waves.

(3) EMIC waves - measurement of the electromagnetic ion-cyclotron waves of frequencies about 1Hz, and investigation of the
ring-current ions and radiation-belt electrons dissipated by the interaction with the EMIC waves.

These scientific subjects are now investigated by the ARASE working team colleagues.
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Evolution of ionospheric convection and ULFs during the 27 March 2017 storm:
ERG-SuperDARN campaign

# Tomoaki Hori[1]; Nozomu Nishitani[1]; Simon G. Shepherd[2]; John M. Ruohoniemi[3]; Martin Connors[4]; Mariko
Teramoto[5]; Shin’ya Nakano[6]; Kanako Seki[7]; Naoko Takahashi[8]; Satoshi Kasahara[9]; Shoichiro Yokota[10]; Takefumi
Mitani[11]; Takeshi Takashima[12]; Nana Higashio[13]; Ayako Matsuoka[14]; Kazushi Asamura[11]; Yoichi Kazama[15];

Shiang-Yu Wang[16]; Sunny W. Y. Tam[17]; Yoshizumi Miyoshi[1]; Iku Shinohara[18]
[1] ISEE, Nagoya Univ.; [2] Dartmouth College; [3] ECE, Virginia Tech; [4] Centre for Science, Athabasca Univ.; [5] ISEE,
Nagoya University; [6] The Institute of Statistical Mathematics; [7] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [8]
Univ. of Tokyo; [9] The University of Tokyo; [10] ISAS; [11] ISAS/IAXA,; [12] ISAS, JAXA,; [13] JAXA; [14] ISAS/IAXA,;
[15] ASIAA; [16] Institute of Astronomy and Astrophysics, Academia Sinica, Taiwan; [17] ISAPS, NCKU, Taiwan; [18]
ISAS/IAXA

The Exploration of energization and Radiation in Geospace (ERG) satellite, which was nicknamed &quot;Arase&quot; after
its launch on late December, 2016, has successfully started the regular observation recently. In concert with in situ measureme
made by Arase in the inner magnetosphere, the campaign observation of SuperDARN radars has been conducted with a spec
scan mode &quot;interleavatbrmalscan&quot; since March, 2017. Some of the radars being operated in the special mode
observed dynamic evolution of ionospheric convection and superimposed ULF-like convection fluctuations with frequencies of
“mHz over North America and Canada during a moderate magnetic storm on March 27, 2017. Large-scale evolution provided b
the radar observations made at mid-latitudes in the early morning sector show that ionospheric convection changed its directic
between westward and eastward several times in the course of the storm main phase. It is also seen that some meso-scale pa
structures seen on the 2-D profile of line-of-sight (LOS) velocity propagated both westward and eastward just after a major in-
tensification of substorm. Interestingly, those velocity fluctuations were accompanied by a drifting energetic electron populatior
as observed by particle instruments onboard Arase. A simulation of the inner magnetosphere coupled with a global MHD simu
lation for this event reproduces intense particle injections in the premidnight sector, consistent with the energy dispersion of th
observed drifting population. A detailed interpretation of the observations including those captured by Arase will be discussec
considering the simulation results.
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Study of plasmaspheric refilling using data from the ERG-MFG, the VAPs-EMFISIS, the
ground-based magnetometers and the IPE model

# Yuki Obana[1]; Naomi Maruyamal2]; Masahito Nose[3]; Ayako Matsuoka[4]; Mariko Teramoto[5]; Reiko Nomura[6]; Akiko
Fujimoto[7]; Yoshimasa Tanaka[8]; Manabu Shinohara[9]; Yoshizumi Miyoshi[10]; Iku Shinohara[11]
[1] Engineering Science, Osaka Electro-Communication Univ.; [2] CU/CIRES, NOAA/SWPC; [3] DACGSM, Kyoto Univ.; [4]
ISAS/JAXA; [5] ISEE, Nagoya University; [6] JAXA; [7] ICSWSE, Kyushu Univ.; [8] NIPR/SOKENDAI; [9] Kagoshima
National College of Technology; [10] ISEE, Nagoya Univ.; [11] ISAS/JAXA

The Earth’s inner magnetosphere is a complex dynamical region comprising plasma populations with wide energy ranges
the plasmasphere, the ring currents, and the radiation belts. The plasmasphere is the lowest energy population in the inn
magnetosphere, but the accurate prediction of the evolution of the plasmasphere is critical in understanding the dynamics of tt
inner magnetosphere, because the cross-energy coupling is important concepts for the understanding of the inner magnetosph
In this study, we study plasmaspheric refilling following geomagnetic storms, using data from ERG-MFG, VAPs-EMFISIS and
the ground-based magnetometers. Furthermore, using lonosphere Plasmasphere Electrodynamics Model (IPE), we calcul:
the plasmaspheric refilling rates and evaluate the relative contribution of various mechanisms (heating, neutral particle densit
composition and wings, etc.) to the refilling rate.
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Current status of Iceland-Syowa conjugate observation

# Akira Kadokura[1]; Yoshimasa Tanaka[2]; Ryuho Kataoka[1]; Herbert Akihito Uchida[3]; Masaki Okada[1]; Yasunobu
Ogawa[1]; Yuka Sato[1]; Makoto Taguchi[4]; Mitsunori Ozaki[5]; Kazuo Shiokawa[6]; Keisuke Hosokawa[7]; Yoshizumi
Miyoshi[8]; Tetsuo Motoba[9]; Akira Sessai Yukimatu[2]; Hisao Yamagishi[10]; Natsuo Sato[1]

[1] NIPR; [2] NIPR/SOKENDAI; [3] SOKENDAI; [4] Rikkyo Univ.; [5] Electrical and Computer Eng., Kanazawa Univ.; [6]
ISEE, Nagoya Univ.; [7] UEC; [8] ISEE, Nagoya Univ.; [9] STEL/Nagoya Univ.; [10] National Inst. Polar Res.

Current status of the upper atmosphere physics observation between Iceland and Syowa Station, Antarctica (geomagne
conjugate observation) will be explained. As for the observations in Iceland, re-construction of observations has been carrie
out since 2015, based on the JSPS funding whose title is &quot;Study on the auroral conjugacy with high temporal resolutior
observation&quot;. In collaboration with other JSPS funding &quot;Study of dynamical variation of particles and waves in the
inner magnetosphere using ground-based network observations&quot; leaded by Prof. Shiokawa, in 2016, a new VLF instrumel
and the OMTI (Optical Mesosphere Thermosphere Imager ) have been installed at Husafell, and a new high-speed all-sky imag
and a proton auroral spectrograph at Tjornes. As for the observations around Syowa Station, re-construction of observations
Syowa Station and West Ongul island, and a new deployment of unmanned observation network have been carried out under t
9th-term Japanese Antarctic Research Expedition (JARE) project since 2016. In 2017, a new high-speed all-sky imager has be
installed at Syowa Station, and an unmanned auroral observation system at Amudsen Bay area. With the ground-based conjug
observation network using those new instruments, simultaneous observations with the Arase satellite have been carried out sin
March, 2017.
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Evaluation of the auroral molecular-emission effects on the atomic line at 777.4 nm

# Shin-ichiro Oyama[1]; Keisuke Hosokawa[2]; Yasunobu Ogawa][3]; Yoshizumi Miyoshi[1]; Takuo Tsuda[2]; Satoshi
Kurita[1]; Antti Kero[4]; Ryoichi Fuijii[5]; Satonori Nozawal6]; Hiroshi Miyaoka[3]; Yoshimasa Tanaka[7]; Akira Mizuno[6];
Tetsuya Kawabata[6]
[1] ISEE, Nagoya Univ.; [2] UEC; [3] NIPR; [4] SGO, Univ. Oulu; [5] STEL, Nagoya Univ.; [6] ISEE, Nagoya Univ.; [7]
NIPR/SOKENDAI

http://www.soyama.org/

Auroral electron precipitation and corresponding ionospheric features have been studied using the emission-intensity rati
among various combinations of the auroral wavelengths. Relatively high energetic electron precipitations (a few to a few ten:
of keV), which mainly ionize neutral particles at the E-region heights, can be represented by the molecular lines, and aurora
electrons with lower energies than about 1 keV can be represented by the atomic lines. For example, one of the representati
molecular lines at E-region altitudes is 427.8 nm, which is emitted from the molecular nitrogen ion. This line has the advantage
of measuring spatiotemporally ununiformed aurora because of the short life time (about 70 ns) and relatively bright emissior
intensity reaching up to a few kR. It is known that there are many lines from the molecular nitrogen first positive bands (N2
1P). Another bright line at E-region altitudes is the atomic oxygen line at the wavelength of 557.7 nm. While this line has been
widely used for measuring aurorae, we may need careful treatments in the analysis because of relatively long life time (1s) an
unknown excitation/emission mechanisms. Some representative emission lines at the F-region heights are 777.4 and 844.6
from the atomic oxygen. While the emission intensity of 777.4 nm is moderately high, emissions from the N2 1P (2,0) line and
the dissociative excitation of atomic oxygen at the E-region heights contaminate the 777.4-nm line. Such contamination problen
is not significant at the 844.6-nm line, but it tends to be darker than the 777.4-nm line. An atomic oxygen line at wavelength
of 630.0 nm, which is the brightest line at the F-region heights, is not suitable for measuring spatiotemporally changing aurore
because of considerably long life time (about 100s). These emission lines and many other lines have been studied, for exampl
in evaluation of the precipitating electron energy flux and the ionospheric conductivity.

We began all-sky EMCCD camera observations at several locations in the northern Europe since October 2016 in order t
improve our understanding of the precipitating electron energy during the pulsating aurora. One of the stations is the Tromso
EISCAT radar site in Norway, and multiple all-sky EMCCD cameras were deployed in order to select the best combination of
the wavelengths for estimating the precipitating electron energy. In this study, a collocated auroral spectrograph is applied fo
evaluating effects of the N2 1P (2,0) line and the dissociative excitation of atomic oxygen on the atomic oxygen 777.4 nm line.
The simultaneous EISCAT-measured electron density will be compared with the spectrograph results including the emissiol
intensity at wavelength of 844.6 nm. Results from the comparison study can be applied for assessing the validity of the energ
flux estimation process from the optical data.
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Current status of the ground-based network observation of the inner magnetosphere by
the PWING project at subauroral latitudes

# Kazuo Shiokawa[1]; Tomoaki Hori[2]; Ryuho Kataoka[3]; Satoshi Kurita[2]; Yoshizumi Miyoshi[2]; Tsutomu Nagatsuma[4];
Nozomu Nishitani[2]; Masahito Nose[5]; Yuki Obana[6]; Yuichi Otsuka[1]; Shin-ichiro Oyama[2]; Mitsunori Ozaki[7]; Takeshi
Sakanoi[8]; Kanako Seki[9]; Atsuki Shinbori[10]; Iku Shinohara[11]; Shin Suzuki[12]; Yuki Takagi[10]; Naoko Takahashi[13];
Yuhei Takeshita[10]; Yoshimasa Tanaka[14]; Fuminori Tsuchiya[15]

[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] NIPR; [4] NICT; [5] DACGSM, Kyoto Univ.; [6] Engineering Science,
Osaka Electro-Communication Univ.; [7] Electrical and Computer Eng., Kanazawa Univ.; [8] Grad. School of Science, Tohoku

Univ.; [9] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [10] ISEE, Nagoya Univ.; [11] ISAS/JAXA; [12] Aichi Univ.;

[13] Univ. of Tokyo; [14] NIPR/SOKENDAI; [15] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.

http://www.isee.nagoya-u.ac.jp/dimr/PWING/

The plasmas in the inner magnetosphere have wide energy ranges from electron volts to Mega-electron volts. These plasm
(electrons and ions) rotate around the earth longitudinally due to gradient and curvature of geomagnetic field and interact witl
ULF/ELF/VLF waves at frequencies of mHz to kHz to cause their energization in the equatorial plane of the magnetosphere an
loss into the ionosphere. The PWING Project (study of dynamical variation of Particles and Waves in the INner magnetospher
using Ground-based network observations, http://www.isee.nagoya-u.ac.jp/dimr/PWING/) started in April 2016, supported by
a Grant-in-Aid for Specially Promoted Research of the Japan Society for the Promotion of Science (JSPS), in order to provide
global distribution and quantitative evaluation of the dynamical variation of plasmas and waves in the inner magnetosphere
We have been operating all-sky cooled-CCD imagers, 64-Hz sampling induction magnetometers, 40-kHz sampling ELF/VLF
receivers, and 64-Hz sampling riometers at 8 stations at subauroral latitudes ("60 MLAT) around the geomagnetic north pole
as well as two 100-Hz sampling EMCCD cameras at two stations. The stations are distributed in Canada, Iceland, Finland
Russia, and Alaska. We combine these longitudinal network observations with the ERG (Arase) satellite, which was launched o
December 20, 2016, and our global modeling studies. Using these comprehensive dataset, we investigate dynamical variation
particles and waves in the inner magnetosphere, which is one of the most important research topics in recent space physics. T
first campaign observation of PWING project with the newly-launched ERG satellite was conducted in March 21-April 2017. In
this presentation, we show current status of these instruments of the PWING project and preliminary results obtained from th
first ERG-ground campaign.
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Accurate calibration of waveform data measured by the Plasma Wave Experiment on
board the ARASE satellite

# Masabhiro Kitahara[1]; Yuto Katoh[1]; Mitsuru Hikishima[2]; Yoshiya Kasahara[3]; Shoya Matsuda[4]; Hirotsugu Kojima[5];
Mitsunori Ozaki[6]; Satoshi Yagitani[3]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] ISAS; [3] Kanazawa Univ.; [4] ISEE, Nagoya Univ.; [5] RISH, Kyoto
Univ.; [6] Electrical and Computer Eng., Kanazawa Univ.

The Plasma Wave Experiment (PWE) is installed on board the ARASE satellite to measure the electric field in the frequency
range from DC to 10 MHz, and the magnetic field in the frequency range from a few Hz to 100 kHz using two dipole wire-probe
antennas (WPT) and three magnetic search coils (MSC), respectively. In particular, the Waveform Capture (WFC), one of the
receivers of the PWE, can detect electromagnetic field waveform in the frequency range from a few Hz to 20 kHz. Whistler
mode chorus emissions, electrostatic electron cyclotron harmonic waves, and other plasma waves related to acceleration a
scattering of energetic electrons are expected to be detected in the frequency range covered by WFC. A new type of instrumer
named Software-type Wave Particle Interaction Analyzer (S-WPIA) is installed on the ARASE satellite to measure the energy
exchange between plasma waves and particles directly and quantitatively. Since S-WPIA uses the waveform data measured
WEFC to calculate the relative phase angle between the wave magnetic field vector and velocity vectors of energetic electrons, tf
high-accuracy is required to calibration of both amplitude and phase of the waveform data.

Generally, the calibration procedure of the signal passed through a linear time invariant system consists of three steps; tf
transformation into spectra in the frequency domain, the calibration by the transfer function reflecting in the characteristics of
the system, and the inverse transformation of the calibrated spectra into the time domain. Practically, in order to reduce the sic
robe effect, a raw data is filtered by a window function such as a Hamming window in the time domain before applying short
time Fourier transform. However, for the case that a first order differential coefficient of the phase transfer function of the system
is not negligible, the phase of the window function convoluted into the calibrated spectra is shifted differently at each frequency;
resulting in a discontinuity in the time domain of the calibrated waveform data. To eliminate the effect of the phase shift of
a window function, we suggest several methods to calibrate a waveform data accurately and carry out simulations assumir
simple sinusoidal waves as an input signal and using transfer functions of WPT, MSC, and WFC obtained in pre-flight tests. Ir
consequence, we conclude that the following two methods can reduce an error contaminated through the calibration to less th:
0.1 % of amplitude of input waves; (1) a Turkey-type window function with a flat top region of one-third of the window length
and (2) modification of the window function for each frequency by referring the estimation of the phase shift due to the first order
differential coefficient from the transfer functions.
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Polarization Analyses and Direction Finding of Plasma Waves via the Continuous
Cross-Spectrum Measurement by Arase/PWE

# Shoya Matsuda[1]; Yoshiya Kasahara[2]; Hirotsugu Kojima[3]; Yasumasa Kasaba[4]; Satoshi Yagitani[2]; Mitsunori
Ozaki[5]; Tomohiko Imachi[2]; Keigo Ishisaka[6]; Satoshi Kurita[1]; Mamoru Ota[2]; Yoshizumi Miyoshi[1]; Ayako
Matsuoka[7]; Mariko Teramoto[8]; Iku Shinohara[9]
[1] ISEE, Nagoya Univ.; [2] Kanazawa Univ.; [3] RISH, Kyoto Univ.; [4] Tohoku Univ.; [5] Electrical and Computer Eng.,
Kanazawa Univ.; [6] Toyama Pref. Univ.; [7] ISAS/JAXA; [8] ISEE, Nagoya University; [9] ISAS/JAXA

Exploration of energization and Radiation in Geospace (ERG) is a mission for understanding particle acceleration, loss meck
anisms, and the dynamic evolution of space storms in the context of cross-energy and cross-regional coupling [Miyoshi et al
2012]. The Plasma Wave Experiment (PWE) is one of the science instruments on board the ERG (Arase) satellite to measul
electric field and magnetic field in the inner magnetosphere. OFA/WFC (Onboard Frequency Analyzer and Waveform Cap-
ture), which is a sub-system of PWE, measures electric and magnetic field spectrum and waveform from a few Hz to 20 kHz
The PWE/OFA subsystem calculates and produces three kind of data; OFA-SPEC (power spectrum), OFA-MATRIX (spectrun
matrix), and OFA-COMPLEX (complex spectrum). They are continuously processed 24 hours per day and all data are sent t
the ground. OFA-MATRIX measures ensemble averaged complex cross-spectra of each two componentdE(Eixand
EyEyx«for the electric field, and BxBx BxByx, BxBzx, ByByx, ByBz+, and BzBzfor the magnetic field) in every 8 seconds in
the nominal mode. OFA-COMPLEX measures instantaneous complex spectra of electric and magnetic fields in every 8 seconc
in the nominal mode. We can derive polarization and wave propagation direction of observed plasma waves for 24 consecutiv
hours by applying cross-spectrum analyses method (e.g., Means’ method [Means, 1972], wave distribution function metho
[Storey and Lefeuvre, 1980] and SVD method [Santolik and Lefeuvre, 2003]) to these products measured by PWE/OFA. After
we finished the initial check-out process and appropriate signal calibration, we successfully obtained clear polarization char
acteristics and wave propagation direction of observed plasma waves (e.g., whistler-mode chorus waves, magnetosonic wav
and plasmaspheric-hiss). We have been used the continuous cross-spectra obtained by PWE/OFA for the selective downlink
the observed raw waveforms. In this presentation, we introduce onboard processing techniques for continuous cross-spectrt
calculation and its initial results.
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Data processing in the Software-type wave-particle interaction analyzer on board the
ARASE satellite
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Nana Higashio[7]; Ayako Matsuoka[8]; Yoshizumi Miyoshi[9]; Kazushi Asamura[6]; Takeshi Takashima[10]; Shoichiro
Yokota[1]; Masahiro Kitahara[3]; Shoya Matsuda[9]
[1] ISAS; [2] RISH, Kyoto Univ.; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4] Kanazawa Univ.; [5] The University
of Tokyo; [6] ISAS/IAXA,; [7] JAXA,; [8] ISAS/IIAXA,; [9] ISEE, Nagoya Univ.; [10] ISAS, JAXA

The software-type wave-particle interaction analyzer (S-WPIA) is software function on board the ARASE (ERG: Exploration
of energization and Radiation in Geospace) satellite, which measures amount of energy transfer involving wave-particle inter
actions in the magnetosphere. The amount of energy exchange between wave/particle can be represented as inner produc
electric wave field vector and velocity vector of particle. The phase difference of the wave and particle determine the accuracy o
S-WPIA measurement. In order to obtain the accurate relative phase, whole information of individual particle at every particle
detection timing and instant wave fields with high sampling timing are collected. These collected large volume data contain
electric and magnetic wave and data set of multiple particle instruments over a wide energy range and the ambient magnet
field. These data are transferred to onboard data storage. The data combination of waves and particles in S-WPIA calculatic
can be selected flexibly. using the stored data set of waves and particles. The calculation results of S-WPIA as well as raw da
of particles and plasma waves are transferred to telemetry. The present paper describes the detailed design of S-WPIA algoritt
on board the ARASE satellite.
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lon Flux Oscillations and ULF Waves Observed by ARASE Satellite and Their Origin

# Kazuhiro Yamamoto[1]; Masahito Nose[2]; Satoshi Kasahara[3]; Shoichiro Yokota[4]; Kunihiro Keika[5]; Ayako
Matsuoka[6]; Mariko Teramoto[7]; Reiko Nomura[8]; Akiko Fujimoto[9]; Yoshimasa Tanaka[10]; Manabu Shinohara[11]; Iku
Shinohara[12]; Yoshizumi Miyoshi[13]
[1] Geophysics, Kyoto Univ.; [2] DACGSM, Kyoto Univ.; [3] The University of Tokyo; [4] ISAS; [5] University of Tokyo; [6]
ISAS/JAXA; [7] ISEE, Nagoya University; [8] JAXA; [9] ICSWSE, Kyushu Univ.; [10] NIPR/SOKENDAI; [11] Kagoshima
National College of Technology; [12] ISAS/JAXA; [13] ISEE, Nagoya Univ.

The ARASE satellite, which was launched on December 20, 2016, is now observing the nightside inner magnetosphere. Th
inclination of the orbit is larger than those of other recent spacecraft flying in the inner magnetosphere such as THMEIS and Val
Allen Probes. This unique orbit provides us new information on ULF waves since ULF waves have latitudinal structure and the
antinode of magnetic fluctuations of fundamental mode is at high magnetic latitudes, where the previous satellites did not pass

Although Pc pulsations are predominantly observed on the dayside, ARASE satellite sometimes observes Pc4-5 pulsations ¢
the nightside. Some of these waves are accompanied with energetic particle flux modulations. We found 6 events of the particl
flux modulations accompanying Pc pulsations on the dawnside and nightside. Theoretical studies suggest that ULF wave
detected at afternoon are generated by (internal) plasma instabilities like drift-mirror instability [Hasegawa, 1969] and drift-
bounce resonance [Southwood et al, 1969]. These instabilities cause plasma pressure disturbances or flux modulation of ior
Non resonant ion clouds injected on the duskside also considered to be one of the candidates of ULF wave driver [Zolotukhine
1974]. We therefore discuss whether the ULF waves observed by ARASE satellite are generated internally or externally, and th
flux modulations are created by plasma instabilities or the other non-resonant effects such as a gradient of phase space density
space and energy, or oscillating plasma flow.

On March 31, 2017, Medium-Energy Particle Experiments - lon Mass Analyzer (MEPIi) onboard ARASE detected ion flux
oscillations at 12-70 keV with a period of "120 seconds in the normal (NML) mode observation. NML mode observation provides
details of the direction of particle movements. The pitch angle distribution of proton flux showed isotropic flux oscillations. At
the same time, Pc4 pulsations with the same oscillation period were observed. These ion flux and field perturbations were se
on the dawnside (4.3-5.9 MLT).

ARASE found oscillations of ion count with a period of “130 seconds in the time-of-flight (TOF) mode observation at midnight
on May 29, 2017. Because the TOF mode degenerates the azimuthal resolution from 16 bins to 4bins, it is difficult to calculate :
pitch angle distribution with a sufficient angle resolution. Therefore, we used the list data, that is created for onboard calibrations
to make a pitch angle distribution of ion counts. The pitch angle distribution did not have clear fluctuations, so that the oscillations
in ion count may be attributed to non-gyrotropic particle distributions.
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Modulation of electron pitch angle distributions observed by MEPe onboard the Arase
satellite

# Satoshi Kurita[1]; Yoshizumi Miyoshi[1]; Satoshi Kasahara[2]; Shoichiro Yokota[3]; Yoshiya Kasahara[4]; Atsushi
Kumamoto[5]; Fuminori Tsuchiya[6]; Shoya Matsuda[1]; Ayako Matsuoka[7]; Mariko Teramoto[8]; Iku Shinohara[9]
[1] ISEE, Nagoya Univ.; [2] The University of Tokyo; [3] ISAS; [4] Kanazawa Univ.; [5] Dept. Geophys, Tohoku Univ.; [6]
Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [7] ISAS/JAXA,; [8] ISEE, Nagoya University; [9] ISAS/JAXA

We report on the modulation of electron pitch angle distributions observed by Medium Energy Particle experiment - electron
analyzer (MEPe) on board the Arase satellite. MEPe has a capability to measure three dimensional distribution functions o
electrons in the energy range from 7 keV to 80 keV with a fine angular resolution (5 degrees). The pitch angle distributions are
characterized by flux enhancement of 10 - 30 keV electrons in a very narrow and oblique pitch angle range. The observed pitc
angle distributions are similar to quasiperiodic bursts of energetic electrons in conjunction with upper-band chorus reported by
Fennell et al. [2014] based on the Van Allen Probes measurement. The MEPe measurement newly found that decrease in electt
flux below 10 keV at low pitch angles is also accompanied with the flux enhancement. We found several events showing tha
guasi-periodic modulation in electron pitch angle distributions in the MEPe dataset, and plasma wave measurements by Plasn
Wave Experiment (PWE) revealed that upper-band chorus is necessarily observed in conjunction with the flux enhancement. W
will show characteristics of the flux enhancement observed by MEPe and discuss the generation mechanism of the flux variatio
based on simultaneous electron and plasma wave measurement by the Arase satellite.
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Energetic electrons observed at higher latitude region of the plasma sheet near the
radiation belt

# Iku Shinohara[1]; Tsugunobu Nagai[2]; Kazuya Kanazawa[3]; Takefumi Mitani[4]; Satoshi Kasahara[5]; Yoichi Kazama[6];
B.-J. Wang[7]; S.-Y. Wang]8]; S. W. Y. Tam[9]; Nana Higashio[10]; Ayako Matsuoka[11]; Kazushi Asamura[4]; Shoichiro
Yokota[12]; Takeshi Takashima[13]; Yoshizumi Miyoshi[14]
[1] ISAS/JAXA; [2] Tokyo Institute of Technology; [3] Earth and Planetary Sciences, Tokyo Tech; [4] ISAS/JAXA,; [5] The
University of Tokyo; [6] ASIAA; [7] ASIAA, Taiwan; [8] ASIAA, Taiwan; [9] PSSC, NCKU, Taiwan; [10] JAXA; [11]
ISAS/JAXA; [12] ISAS; [13] ISAS, JAXA; [14] ISEE, Nagoya Univ.

The Arase satellite was successfully launched on Dec. 20, 2016, and it has started the regular mission observation since the €
of March, 2017. The orbital inclination of Arase is about 31 degree, so that Arase can observe higher latitude plasma sheet ne:
the plasma sheet boundary. During this summer, the local time of the apogee is located at near the midnight, and Arase observ
the plasma sheet just outside of the outer radiation belt as expected. In these observations, we found that energetic electron but
up to 500 keV frequently appear at higher L-value plasma sheet. Possible sources of these energetic electron bursts of a fe
hundreds keV in the region are (1) directly accelerated from magnetotail reconnection sites and (2) dispersion-less injections.
is interesting to distinguish the acceleration source of them and address each contribution of the energy input to the radiation be
for understanding the relation between magnetotail reconnection and the acceleration of MeV electrons in the radiation belts. W
will present the initial results on the characteristics of the observed energetic electron bursts by using the wide-range electro
distribution measurements from 10 eV to 20 MeV.
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In situ statistical observations of EMIC waves by Arase satellite

# Reiko Nomura[1]; Ayako Matsuoka[2]; Mariko Teramoto[3]; Yoshizumi Miyoshi[4]; Masahito Nose[5]; Akiko Fujimoto[6];
Manabu Shinohara[7]; Yoshimasa Tanaka[8]
[1] JAXA; [2] ISAS/IAXA,; [3] ISEE, Nagoya University; [4] ISEE, Nagoya Univ.; [5] DACGSM, Kyoto Univ.; [6] ICSWSE,
Kyushu Univ.; [7] Kagoshima National College of Technology; [8] NIPR/SOKENDAI

We present in situ statistical survay of Electromagnetic ion cyclotron (EMIC) waves observed by Arase satellite from 3 March
to 16 July 2017. We identified 64 events using the fluxgate magnetometer (MGF) on the satellite. The EMIC wave is the key
phenomena to understand the loss dynamics of MeV-energy electrons in the radiation belt, yet it is unclear how important in term

of the global scale of the whole radiation belt. Especially the EMIC waves observed at localized weak background magnetic fielc
will be discussed for the wave excitation mechanism in the deep inner magnetopshere.



S001-P08 215 Poster BR9: 108 18H

ALK 71 X Z & Van Allen Probesfi 2 7% Fl W T2 kB A — 1 = [RIRFERI 41 O it
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[1] T K, [2] £k ISEE; [3] MtthhfF; [4] 4K « KEAHF; [5] 2 Y 2 K; [6] UCB; [7] Department of Physics and Astronomy,
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Simultaneous observation of pulsating aurora with high time resolution all-sky cameras
and Van Allen Probes satellites

# Suguru Kawamura[1]; Keisuke Hosokawa[1]; Satoshi Kurita[2]; Shin-ichiro Oyamal[2]; Yoshizumi Miyoshi[2]; Yasunobu
Ogawa[3]; Ryoichi Fuijii[4]; John Wygant[5]; Aaron Breneman([5]; John Bonnell[6]; Craig A. Kletzing[7]
[1] UEC; [2] ISEE, Nagoya Univ.; [3] NIPR; [4] STEL, Nagoya Univ.; [5] Univ. of Minnesota; [6] UCB; [7] Department of
Physics and Astronomy, Uol

Pulsating Aurora (PsA), which consists of diffuse patches/arcs blinking with various periodicities ranging from a few to a few
tens of second, is known to occur frequently in a local time sector from the magnetic midnight to dawn. It has been suggested the
the luminosity variation of PsA is controlled by the intensity modulation of whistler-mode chorus waves in the magnetosphere.
Chorus wave is a kind of whistler-mode wave which often appears near the equatorial plane of the magnetosphere. Itis generat
through non-linear development of whistler mode waves propagating parallel to the magnetic field line. Chorus waves scatte
relatively high-energy electrons (more than a few keV) through wave-particle interaction, and then precipitate them into the
atmosphere. There have been several studies which attempted to evaluate the correspondence between PsA and chorus wi
guantitatively. To date, however, such a correspondence has not yet been confirmed due to poor temporal resolution of tt
measurements and the limited number of simultaneous observations.

In this study, we directly compare the optical intensity of PsA and the amplitude of chorus waves which were respectively
observed by a high time resolution (100 Hz) EMCCD all-sky camera and the Van Allen Probes satellites(VAP-A,VAP-B). The
EMCCD all-sky camera has been operative in Sodankyla, Finland since October 2016 with a temporal resolution of 100 Hz. We
make use of the Filter Bank data (FBK data) from EFW/EMFISIS sensors onboard the VAP whose temporal resolution is 8 Hz.
By combining these two high time resolution data sets, we could resolve the possible association of the main pulsation of Ps/
with the bursts of chorus waves. By calculating the footprint of VAP by using Tsyganenko 96 model, we extracted an event of
PsA during "2 h from 2300 UT on October 4, 2016 to 0100 UT on October 5, 2016, during which the footprint of the VAP-A
was located within the field-of-view of the EMCCD camera. We simply calculated the cross correlation coefficient between
the optical intensity from each pixel of the EMCCD camera and FBK data from the VAP-A. As a result, it is shown that the
correlation between these two parameters (i.e., optical intensity and wave amplitude) is not always high at the estimated footprir
of the satellite. This means that we need to calculate more precise footprint. In the presentation, frequency analysis of the optici
intensity and wave amplitude will also be presented, and the causal relationship between the bursts of chorus waves and the m:
pulsation of PsA will be discussed.
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Arase observation of the enhancement of whistler-mode chorus emissions in a dense
plasma region in the vicinity of plasmapause

# Toru Takenaka[1]; Yuto Katoh[2]; Atsushi Kumamoto[3]; Fuminori Tsuchiya[4]; Yoshiya Kasahara[5]; Mitsunori Ozaki[6];
Satoshi Yagitani[5]; Shoya Matsuda[7]; Ayako Matsuoka[8]; S.-Y. Wang[9]; Yoichi Kazama[10]; Sunny W. Y. Tam[11]
[1] Geophysics, Tohoku Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Dept. Geophys, Tohoku Univ.; [4]
Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [5] Kanazawa Univ.; [6] Electrical and Computer Eng., Kanazawa Univ.; [7]
ISEE, Nagoya Univ.; [8] ISAS/JAXA; [9] ASIAA, Taiwan; [10] ASIAA; [11] ISAPS, NCKU, Taiwan

Whistler-mode chorus emissions play significant roles in the pitch angle scattering of energetic electrons in the kinetic energ
range from keV to MeV in the inner magnetosphere. Resonant electrons whose pitch angle becomes smaller than loss col
through the pitch angle scattering precipitate into the high latitude atmosphere, contributing the enhancement of diffuse/pulsatin
aurora. Previous studies suggested that the periodicity of pulsating aurora is closely related to the repetition period of choru
emissions, but the mechanism controlling the repetition period of chorus emissions has not been fully understood.

In the present study, we discuss the enhancement of chorus emissions in a dense plasma region around the plasmapause, b
on the Arase satellite observation. The event was appeared in the spectra measured by Onboard Frequency Analyzer (OFA)
Plasma Wave Experiment (PWE) on board the Arase satellite from 02:05 to 02:45 UT in 5 May 2017. During the event, Arase
moved from L = 5.4 t0 5.8, MLT from 01:00 to 01:30, and the magnetic latitude from 2.7 to 7.2 degree, respectively. By referring
the history of the upper-hybrid resonance (UHR) frequency identified in the spectra measured by High Frequency Analyzel
(HFA) of PWE, we found that Arase measured the enhancement soon after the crossing of the plasmapause around 02:03 L
The enhancement of the spectra was identified from 02:05 UT in the frequency range from 1.3 kHz to 2.3 kHz with a distinct
gap at 1.6 kHz. The frequency range of the waves decreased with increasing the radial distance of Arase from the Earth, close
associated with the decrease of the local background magnetic field intensity. These spectral characteristics are similar to tho
of typical lower-band and upper-band chorus emissions with a gap at half the gyrofrequency in the chorus source region.

The identified event of the chorus enhancement is interesting because (1) the background plasma density was significant
larger than those of chorus events typically observed in the outside of the plasmapause and (2) modulation of the plasma dens
was measured simultaneously with the variation of the spectral properties of chorus emissions. The number density of th
background plasma estimated from the UHR frequency varies from 57 to 109 duming a few minutes. Here, we used 3.2
kHz as the local electron cyclotron frequency fce by assuming that a gap at 1.6 kHz of chorus emissions corresponds to O.
fce. The ratio between fce and the plasma frequengyff../f.., varies from 21 to 28, whereas a typicgl/f.. in the chorus
generation region is less than 10 in the outside of the plasmapause. Based on the optdineaé estimate the resonance
energy for whistler-mode waves of frequency of Q.5tb 138 and 80 eV for the plasma density of 57 and 100 mespectively.

We present results of the detailed analysis of wave and particle data measured by Arase during the event in order to understa
the generation process of the observed chorus.
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Absolute Direction Finding Method for the PWE/OFA Data

# Mamoru Ota[1]; Yoshiya Kasahara[1]; Shoya Matsuda[2]; Hirotsugu Kojima[3]; Ayako Matsuoka[4]; Mitsuru Hikishima[5];
Yasumasa Kasaba[6]; Mitsunori Ozaki[7]; Satoshi Yagitani[1]; Fuminori Tsuchiya[8]; Atsushi Kumamoto[9]
[1] Kanazawa Univ.; [2] ISEE, Nagoya Univ.; [3] RISH, Kyoto Univ.; [4] ISAS/JAXA, [5] ISAS; [6] Tohoku Univ.; [7]
Electrical and Computer Eng., Kanazawa Univ.; [8] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [9] Dept. Geophys,
Tohoku Univ.

The ERG (Arase) satellite was launched on 20 December 2016 to study acceleration and loss mechanisms of relativisti
electrons in the Earth’'s magnetosphere. The Plasma Wave Experiment (PWE), which is one of the science instruments c
board the ERG satellite, measures electric field and magnetic field. The PWE consists of three sub-systems; EFD (Electri
Field Detector), OFA/WFC (Onboard Frequency Analyzer and Waveform Capture), and HFA (High Frequency Analyzer).The
OFA/WFC measures electromagnetic field spectra and raw waveforms in the frequency range from few Hz to 20 kHz, anc
the OFA produces three kind of data; OFA-SPEC (power spectrum), OFA-MATRIX (spectral matrix), and OFA-COMPLEX
(complex spectrum). The OFA-MATRIX measures ensemble averaged complex cross-spectra of two electric field components
and of three magnetic field components. The OFA-COMPLEX measures instantaneous complex spectra of electric and magnet
fields. These data are produced every 8 seconds in the nominal mode, and it can be used for polarization analysis and wa
propagation direction finding.

In general, spectral matrix composed by cross-spectra of observed signals is used for direction finding, and many algorithm
have been proposed. For example, Means method and SVD method can be applied on the assumption that the spectral matri:
consists of a single plane wave, while wave distribution function (WDF) method is applicable to the observation data in which
are combined by multiple numbers of plane waves. When we cannot obtain cross-spectra between electric field and magnet
field, it is impossible to distinguish the absolute direction of waves by applying those methods. The wave direction estimation
only using the OFA-MATRIX data has same problem above mentioned.

We developed a new absolute direction finding method using the OFA-MATRIX and OFA-COMPLEX. In this presentation,
we introduce the method for the OFA data and evaluation results of the reliability of the estimation.
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Comparison of ULF waves measured by the ERG satellite and MAGDAS network

# Akiko Fujimoto[1]; Ayako Matsuoka[2]; Akimasa Yoshikawal[3]; Mariko Teramoto[4]; Reiko Nomura[5]; Yoshimasa
Tanaka[6]; Manabu Shinohara[7]
[1] ICSWSE, Kyushu Univ.; [2] ISAS/JAXA; [3] ICSWSE/Kyushu Univ.; [4] ISEE, Nagoya University; [5] JAXA; [6]
NIPR/SOKENDAI; [7] Kagoshima National College of Technology

ULF waves in frequency band between 1.67 and 6.67 mHz, Pc 5 magnetic pulsations, are believed to contribute to the accele
ation of energetic electrons in the outer radiation belt during magnetic storms. Many researchers suggested that high solar wir
velocity and high long-duration Pc 5 power observed on the ground in the storm recovery phase are closely associated with tr
production of relativistic electrons (Baker et al., 1998; Rostoker et al., 1998; Mathie and Mann, 2000; O'Brien et al., 2001, 2003).
The ground-based magnetic observations are expected to be useful tool for monitoring or interpolating globally the ULF wave
in the inner magnetosphere. We try to estimate the ULF wave map in the inner magnetosphere by using the global multipoin
magnetometers on the ground.

In order to achieve the goal, we examined the ULF wave during 22:00 - 23:00 UT on 21 March, 2017 measured by the Mag-
netic Field Experiment (MGF) on the Exploration of energization and Radiation in Geospace (ERG) satellite and compared it tc
the ground-based magnetometer data (MAGDAS network data are mainly used). The solar wind was the high solar wind streat
phase (600 km/s). There was no similar magnetic variation at the foot point site (Dikson, Russia) on the ground of ERG satellite
However, we found the synchronous and large amplitude ULF wave on the Tixie (Russia, L=5.89). Tixie was located the eas
of ERG satellite. The ground magnetic field variations at Kuju, Davao and Canberra (these stations were located along the san
longitude of Tixie) were different from the ULF wave at Tixie. In this study, we will examine the generation mechanism and
propagation process of the simultaneous ULF wave observed on the ERG and the ground, and discuss the reason why the U
waves are observed at the different local time.
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ERG satellite observation of large amplitude Pc5 wave and the O+ drift-bounce
resonance
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Kunihiro Keika[7]; Reiko Nomura[8]; Akiko Fujimoto[9]; Yoshimasa Tanaka[10]; Manabu Shinohara[11]; Iku Shinohara[12];
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[1] Geophysics, Kyoto Univ; [2] DACGSM, Kyoto Univ.; [3] ISEE, Nagoya University; [4] ISAS/JAXA; [5] The University of
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A large amplitude Pc5 wave is observed in the inner magnetosphere (L™5.5-6.0) on 27 March 2017 by Magnetic Filed Ex-
periment (MGF) onboard the Exploration of energization and Radiation in Geospace 'ARASE’ (ERG) satellite:* Tl O
oscillation in the energy range of 10-70 keV is also observed by Medium-Energy Particle Experiments - lon Mass Analyzer
(MEPI) with almost the same period of the Pc5 wave (about 600 s). Before the Pc5 wave was excited, the magnetic field is oscil
lating with the shorter period of 60-100 s. The start of thie flix oscillation coincides with the period change of the magnetic
field oscillation. This Pc5 wave and the sudden variation of the wave period are also observed by MMS1 (Magnetospheric Mul-
tiscale satellite), which is located near ERG in this event. We will estimate the azimuthal wave structure of the Pc5 wave, using
the magnetic field data from the ERG and MMS satellites. We suppose that'thieOoscillation is due to the drift-bounce
resonance and is related to the sudden change of the wave period.
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Global distribution of ULF waves during magnetic storms on March 27, 2017 and April
4, 2017

# Naoko Takahashi[1]; Kanako Seki[2]; Mariko Teramoto[3]; Ayako Matsuoka[4]; Nana Higashio[5]
[1] Univ. of Tokyo; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] ISEE, Nagoya University; [4] ISAS/JAXA,; [5]
JAXA

The relativistic electron population in the Earth’s outer radiation belt is drastically variable, especially during the active con-
dition of the magnetosphere such as magnetic storms. One of the candidate mechanisms to cause the increase or decreas
relativistic electrons is the radial diffusion of the electrons driven by ultra-low-frequency (ULF) waves in Pc5 frequency ranges.
However, how much ULF Pc5 waves contribute to the evolution of the radiation belt is still an open issue. In particular, previous
papers have investigated the radial distribution of ULF Pc5 waves in the inner magnetosphere, but the spatial distribution is nc
well understood because of the limited number of satellite.

In December 2016, the Arase satellite was launched into the inner magnetosphere, and the campaign observations betwe
Arase and ground-based observations are now operated. During the first campaign observation from the end of March to Apr
2017, two distinct magnetic storms were occurred. The first storm was occurred on March 27, 2017 (Storm 1), which lasted fo
about six days. On the other hand, the second storm on April 4, 2017 (Storm 2) lasted for about two days. The temporal variatiol
of the dynamic pressure and density of solar wind during each storm is almost similar. However, the solar wind flow speed dat:
shows that Storm 1 is caused by the CIR, while Storm 2 might be caused by the CME. Therefore, background field variations
that excite ULF Pc5 waves in the inner magnetosphere can be different between Storm 1 and 2. In addition, the Extremely High
Energy Electron Experiment (XEP) data onboard Arase clearly show the increase of high-energy electrons (400 keV-20 MeV
during the recovery phase of Storm 1, while they did not recover to the pre-storm level during Storm 2. Remarkable difference
between two storms is the substorm activities in the recovery phase. In Storm 1, the AE index continuously increased, while ir
Storm 2, it stayed in low level. In this study, based on the multiple satellite observations including Arase and the global sim-
ulation by Block-Adaptive-Tree Solar -Wind Roe-Type Upwind Scheme (BATS-R-US) with the Comprehensive Ring Current
Model (CRCM), we investigate the temporal and spatial distribution of ULF Pc5 waves and their relation to solar wind conditions
and substorm injections.
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Energy spectra variations of high energy electrons in magnetic storms observed by
ARASE and HIMAWARI

# Takeshi Takashima[1]; Nana Higashio[2]; Takefumi Mitani[3]; Tsutomu Nagatsuma[4]; Yoshizumi Miyoshi[5]
[1] ISAS, JAXA; [2] JAXA; [3] ISAS/JAXA; [4] NICT; [5] ISEE, Nagoya Univ.

ARASE observed several magnetic storms caused by CIR or CME form March in 2017. The relativistic electrons in the outer
radiation belt were increased and their energy spectra were changed in some storms observed by XEP/HEP onboard the ARA:!
spacecraft. In the same time, SEDA-e/HIMAWARI8 was observed in different local time on GEO.

We will report on energy spectra variations of high energy electrons including calibrations of differential flux between XEP
and HEP and on those comparisons between ARAE and HIMAWARI that observed each storm in different local time.
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Calibration of HEP instrument onboard Arase and investigation of flux drop out of the
outer belt during storms

# Inchun Park[1]; Yoshizumi Miyoshi[2]; Takefumi Mitani[3]; Takeshi Takashima[4]; Satoshi Kurita[2]; Mariko Teramoto[5];
Tomoaki Hori[2]; Nana Higashio[6]; Ayako Matsuoka[7]; Iku Shinohara[8]
[1] ISEE,Nagoya univ.; [2] ISEE, Nagoya Univ.; [3] ISAS/JAXA; [4] ISAS, JAXA,; [5] ISEE, Nagoya University; [6] JAXA; [7]
ISAS/IAXA; [8] ISAS/IAXA

Since the Arase satellite was launched to orbit in 2016, new observation data has been obtained. In order to precise scientif
data, the data should be calibrated and then converted to the physical unit. The HEP instrument onboard Arase is designe
to observe 70 keV- 2 MeV high-energy electrons. In this energy range, the background radiation caused by energetic protor
interferes with observations. Our research aims to discriminate background radiation events through data calibration. Usin
the Geant4 simulation tool, we conduct the particle simulation to calculate more realistic G-factor of the HEP instrument by
designing the geometry of the HEP detector. The energy dependence of G-factor will be also calculated using the Geant
simulation. We also investigate the loss processes of the outer belt electrons during March 2017 storms, using HEP and XE
data. During the periods, Arase was on the dawn side, while Van Allen Probes was on the dusk side, so that comparative stuc
between two satellites provides the spatial information on the loss region. In this study, we investigate both Arase and Van Aller
Probes MagEIS data and estimate the time differences for commencements of electron losses.
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Kilometric Continuum observed by the ARASE satellite (preliminary report)

# Kozo Hashimoto[1]; Atsushi Kumamoto[2]; Yoshiya Kasahara[3]; Shoya Matsuda[4]; Fuminori Tsuchiya[5]; Yasumasa
Kasaba[6]; Hirotsugu Kojima[7]; Satoshi Yagitani[3]
[1] Kyoto Univ.; [2] Dept. Geophys, Tohoku Univ.; [3] Kanazawa Univ.; [4] ISEE, Nagoya Univ.; [5] Planet. Plasma Atmos.
Res. Cent., Tohoku Univ.; [6] Tohoku Univ.; [7] RISH, Kyoto Univ.

Kilometric continuum (KC) is a wave phenomenon identified by the GEOTAIL satellite [1]. This is a kind of escaping contin-
uum whose upper frequency is close to the maximum frequency of its SFA (sweep frequency receiver). The upper frequency i
also 800 kHz in the IMAGE satellite receiver which can observe up to 3 MHz [2]. The most typical feature is the geomagnetic
latitude dependence of the reception probability. The probability is highest near the equator. The source of KC is believed tc
be in the equatorial region. The maximum plasma frequency is the plasmapause is around 200 kHz. The frequencies of KC a
higher than the maximum frequency. This point is different from the characteristics of the conventional continuum. The IMAGE
satellite found that the source is in notch where the electron density is depleted near the equatorial plasma pause. Many oth
satellites such as INTERBALL-1 [4], POLAR [5], CRES [6], reported KC observations.

Although we tried to observe KC by the SELENE (Kaguya), KC was not observed since its intensity is lower than the noise
level. Since the Arase satellite launched in the last December observes KC, we report the preliminary results on the KC observ:
tions. The IMAGE satellite which found the source of KC is in a polar orbit. The Arase satellite’s inclination is about 32 degrees.
Its apogee and perigee are about 32,000 km and 440 km, respectively. This is convenient for observations near the source regit
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ICBWTE LRREREUE, 800kHZTH > 7z [2], I b FHAMNERHER. ZOZEMROMSIEEMIFIETH 5, /REERE
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SENSU Syowa SuperDARN initial results from SD-Arase simultaneous observation

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

SuperDARN is recognised as one of the most important ground-based network observations for Arase(ERG) project and henc
considerable preparation for conjugate simultaneous observations and researches has been made in collaboration with Arase te
(especially with ERG Science Center) and among SD-Japan core group including 3 SuperDARN Pls in Japan.

The 9th phase of Japanese Antarctic Research 6-year project started in 2016, and SENSU Syowa SuperDARN observatit
(operated since 1995) was approved with a new research project, 'Study on polar upper atmosphere in possible ground minimu
period and inner magnetosphere dynamics with SuperDARN radars’. At this timing, current status of SENSU Syowa Super-
DARN radars and detailed SENSU initial results from Arase-SENSU Syowa SuperDARN campaign observation are shown anc
discussed.

SuperDARNAE ] L— & — % v b U —Z7EId H 5 B R ot FEHEOh Th Rk e B g FEHEO0 D&
NMEDF SN, N TEb, HEF LR b H 58 (ERG)F—L., [EHN SuperDARNF— L & & #ifE U C[A] 58
WIBFZE D 2 DR R IR HEDMED SN Tz X Tz, 55 IX MRt ET 6 M HFHEAY 20174 X D Bk N, 204ELL HE 7z
7o CTEBAEME R L — X =&, A58 IX JT& TSuperDARNL—X—%HuLhe Lz 75V RIS LIHICEIT %
Mt R & NERRE KB D X A+ 2 7 2 ) OWIFGEETENZ R L TW5, &5 BHEOARRBEEZHIC, Ml
A SENSEU SuperDARNEJ; L— 2 — D BRI K T HEIEF v > X— VB OBIFIARS RICOWTHE T 5,
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Statistical analysis of substorm-assoisiated SAR arcs based on 11-year all-sky imaging
observations at subauroral latitude

# Yuki Takagi[1]; Kazuo Shiokawa[2]; Yuichi Otsuka[2]; Martin Connors|[3]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] Centre for Science, Athabasca Univ.

SAR arcs are the optical phenomenon caused by low-energy electron precipitation into the ionospheric F layer from the
interaction region between the ring current and the plasmasphere. In the recovery phase of geomagnetic storms, low-ener
electrons in the plasmasphere are heated by high-energy plasma in the ring current, and these electrons precipitate into the
layer at subauroral latitude where oxygen atoms are excited at altitudes about 400 km. Thus, SAR arcs have been observed
subauroral latitudes during geomagnetic storms. However, Shiokawa et al. (2009) reported an event of SAR arcs detached fro
the main oval after substorms, based on observation at Athabasca, Canada (54.7N, 246.7E, magnetic latitude = 61.7N). Howev
statistical analysis of such substorm-associated SAR arcs have not been done yet. Thus, in this study, we do a statistical analy
of substorm-associated SAR arcs observed at Athabasca.

We analyzed 11-year all-sky images at wavelengths of 630.0 nm obtained at Athabasca form 1 January, 2006 to 31 Decembe
2016. First of all, we made keogram which is time versus latitude plot created from the image at wavelengths of 630.0 nm, anc
investigated events that the SAR arcs are often detached from the main oval after substorms at Athabasca. Then we found mc
than 300 events. These SAR arcs were classified by the pattern. We investigated dependences of these SAR arc appearances
their latitudes and durations on AU/AL indices, SYM-H, X component of magnetic field variation at Yellowknife (YKC), north
of Athabasca in the auroral zone, solar wind pressure, and IMF-Bz. In the presentation, we will report this analysis result anc
discuss characteristics and causes of the detachment of SAR arcs from the main oval associated with substorms.

SAR 77— 7 3 AR D BIEANC UGG L2 75 ABIC) > 7 LY DI IIVF—=BA DAL, T & > T
TN T A EETHRIIFRICI > CTEEERE FEIcE 0 AT T Lic kD, BER TR LT 2HRLM5NT
W5, JI4E, Shiokawa et al. (2009E &> T, W&UHTIZAR YT A M —LICBH#ELU THRAE LTz SAR 7 — 7 il E
TWb, LhL, TOYTAM—LICEE LTz SAR 7 — 7T BT id cNETHRIN TV >, ZTTTA
22T, SRS 62 S DY 7 — O SRIAIBET B H T X DT IINAH TOERBER K XTI KB EHMNIED X,
BT A b — LB LU THAE LTz SAR 7 — 7 DifeH#r 21715 T2

TYNAHTIE, BEEREA A=YV TV AT L (OMTIS) IC & D, 20054 9 H 3 HA 5 SAR 7 — 27 D@l #T1-
TWb, A TIE. 20064 1 H 1 H 5 20164 12 H 31 HE TO 11 EM OB DWW T 21T T2, 9. HE
630.0 nm~ ¢ )L X —7zil U7z @i §h 5 rdb 5 m O] 0 Z KRR 5 1 W7z 4 75 L2fER L. EEOA4—a 50
FEOERITATAEZIC SAR 7 — 7 WVl U T A B2 R7z, ZOREH, 114ER T 30060 EABRIE Nz, ZOBIIE
N/z SAR7 — 7 EERA A TG 47 5 L BI BIRICE > T, 7—7RICRZ 261, FIRICHZ 6075 125>
LTz BT, YT RAM—LREDIEETH S AU, AL 155 7 U NZA A DOEREENOA —a FFINET 51 T a—
F A 7B BRGSO X ). WEEFEEDIIETH 5 SYM-H 55 Kp #55L IMF O®A1&E i) Bz, KiGEE)HE
PswZHU T, SAR 7 — 73 EDIZNCH LT, TNBEDIST XA— R DIFZ L Z NNz, TR, chb
OIFFHERZHE U, Y7 A b — LIt > TIEREEHNC O BET % SAR 7 — 7 DR & F DORERIN 2T .
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Statistical comparison of periodicity of main pulsation of PsA and chorus burst

# Yuki Kawamura[1]; Keisuke Hosokawa[1]; Yasunobu Ogawal[2]; Satoshi Kurita[3]; John Wygant[4]; Aaron Breneman[4];
John Bonnell[5]; Craig A. Kletzing[6]
[1] UEC; [2] NIPR; [3] ISEE, Nagoya Univ.; [4] Univ. of Minnesota; [5] UCB; [6] Department of Physics and Astronomy, Uol

Pulsating aurora (PsA) is a kind of diffuse aurora which switches on and off with a period ranging from a few seconds
to a few tens of seconds by quasi-periodic electron precipitation from the magnetosphere. Previous studies have suggest
that the temporal variation of PsA is caused by the wave-particle interaction between whistler-mode chorus waves and higl
energy electrons in the magnetosphere. Especially, it has been indicated that there is one to one correspondence between
amplitude variation of the chorus waves and the luminosity modulation of PsA. In the past, however, statistical studies on the
correspondence between the periodicities of the chorus waves and PsA have not yet been conducted due to the lack of high tir
resolution satellite/ground-based measurements.

To compare the chorus wave amplitude and the luminosity variation of PsA in the statistical fashion and confirm the relationshif
between these two phenomena, we perform a statistical analysis of the periodicities of PsA and chorus waves by using high tirr
resolution ground-based and satellite observations.

For this purpose, we make use of All-sky WATEC Imager (AWI) which has been operative in Tromso, Norway (69.6N, 19.2E)
and EFW/EMFISIS sensors onboard the Van Allen Probes (VAPS) satellites. AWI is composed of small high sensitivity cameras
(WAT-910HX), fish-eye lens, and optical filters which have different transparent wavelengths. All-sky auroral images are taken
with a temporal resolution of 1-2 Hz. The two wave sensors onboard the VAPs provide so-called filter bank data (FBK data)
which has a temporal resolution of 8 Hz. Because of its high time resolution data acquisition, the FBK data enable us to analyz
the periodicity of burst of chorus.

In the statistical analysis, we have employed all-sky images taken from November 2010 to March 2013 in Tromso, and the
EFW/EMFISIS FBK data obtained from June 2014 to January 2015. We computed the average and mode period of the mai
pulsation of PsA, and they were estimated to be 15.6 sec and 9.0 sec, respectively. We also derived the distribution of th
modulation period which has two peaks at 7.0 - 12.0 s (Peak 1) and 14.0 - 21.0 s (Peak 2). We find that the periodicity of PsA i
not dependent on their shape and luminocity. It was also indicated that the period of Peak 2 becomes slightly longer in the late
MLT sector. Regarding the statistics of chorus burst, we analyzed a few chorus events by using the FBK data, and found that tt
periodicity of the chorus bursts shows good agreement with the periodicity of main pulsation derived by the current statistics.
We will derive the average and mode period of chorus bursts and identify the distribution of periodicity in the statistical fashion.

In the presentation, we discuss the casual relationship between PsA and chorus burst based on the statistical results.

IREhA—1 513, WEED S ST 3RV F—OBEFHUEFHARNICEE VAT T LI K> T & 100 km{SHE DA B RK
R SEAROEIATHIKT 285 Th 5, T OMREFIHNEE Z TARE) & FESN, IREIA —1 5 O, fEAEIC
1S % a0—5 AEh & B OO FHAEFERIC K> TEO TN TVAE T ENEI N ERBEINTE 2, FHC,
VR, IREIA —1 T EIRE & O3 — 5 AW OEMFEE (3—F5 ZN—Z ) OIS 15 16605 3 HHINRE SN T
W5, LA L., THE TR CHEEENONGICHEN T, SRS OB EEICI TN TWEh > &
W&, IkEA—0 I EREN Ca—F 23— M RO REAMEICEE I 25 IR A T TH o e 2T T A
FETIE B OB RREZ G T 2 Hh EYE2 2B N O 2 BB RE I BB Z e TENC b 975 2 2ic K 0| IREIA — 1 T )k
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Preliminary analysis of magnetospheric ELF/VLF waves simultaneously observed at twc
stations in Canada at subauroral latitudes.

# Yuhei Takeshita[1]; Kazuo Shiokawa[2]; Mitsunori Ozaki[3]; Martin Connors[4]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] Electrical and Computer Eng., Kanazawa Univ.; [4] Centre for Science,
Athabasca Univ.

ELF/VLF waves are generated by electron temperature anisotropy in the equatorial plane of the magnetosphere, and prop
gate to the ground along geomagnetic field lines. It is also known that the waves interact with electrons drifting longitudinally
in the inner magnetosphere, and help accelerating them to relativistic energies. However the instantaneous longitudinal distr
bution of these waves has not been well understood. Yonezu et al. (JGR 2017) investigated global extent of magnetospher
ELF/VLF waves by using simultaneous observations at three stations in auroral and subauroral latitudes at Athabasca in Canac
Kannuslehto in Finland and Syowa Station in Antarctica. In the present analysis, we investigate local extent of the waves by
using simultaneous observations at two stations with a longitudinal separation of “30 degrees at subauroral latitudes at Athabas
(54.7N, 246.4E, MLAT: 61.3) and Kapuskasing (49.4N, 277.8E, MLAT: 58.7N) in Canada. Using the same receiver antennas a
these two stations, we could obtain wave spectra of the same quality. The period of investigation is from December 11, 2016 t
May 8, 2017 (a total of 180 days). We investigated appearance of magnetospheric ELF/VLF waves every 10 minutes in the wav
spectra at 0-10kHz. The available periods for the analysis in Athabasca and Kapuskasing are 3415 h and 3391 h, respectively, a
the period for which magnetospheric ELF/VLF waves were observed are 546h (16%) and 283h (8%), respectively. The period o
simultaneous wave spectra available at two stations is 3039 h, and the magnetospheric ELF/VLF waves were observed simult
neously only for 120h (4%). This result indicates that the simultaneous occurrence rate is less than half of the occurrence rate
each station for a longitudinal separation of 30 degrees (2-h in local time), suggesting that the magnetospheric ELF/VLF wave
are localized in longitude. In the presentation, we report more detailed characteristics of the longitudinal extent of ELF/VLF
waves and discuss their implication on the plasma dynamics of the inner magnetosphere.

ELF/VLF 383 HIERRE AE O 75 A=hi 7 OIRE R JTHEIC X > TREm ML TAERE N, BRI Z - THl FICER%
%, TOWRBNIHERD RSB R TS H 0T % 75 AR M EMEA L. —3 OB 2 Hxmil T x L F—
ETIET B EDNHIBNT VS, LA L ZDIHEIOREFMOIENDICBEH L TIEXEL S D> TWiEL, Yonezu et
al. (JGR, 2017)CiZ. H17F & D Athabasca 7 ¢ >F > R® Kannuslehto FifiDIEFIERD 3 HFTOA—T T4 « &7
F—n F OB 7z W7z ELFVLF B8O [ERFBIINC K 0| BESIEIC I % ELF/IVLF 30K E s 22 LM D I
DVTOHFEMTONT VS, SEIOENTTIE. Y74 —0 0 E CREN S X7 30Nz 2 i TR UK
B2 EH % W - RIREI 217> T8 AT — 2 %2155 C T, X RAREEIC B % ELFIVLF B0 b 7% i
N7z,

KWL T3 A7 XD Athabascaft P © At 54. 71, % 246.4/% RESUHRE © Jb#E 61.3/%). Kapuskasingi#iif
& U 49.418, REE 277.818 RS bR 58.71F) o 2 M U B ELFIVLF S8 0 [EIRFEIHI T — X O ks 51
ST 5, BN Wz T — %13 20164F 12 H 11 H-20174£ 6 A 8 HD 180 HMTH %, Bl E iz 0-10kHz D Eh
ARY MIVIZDWT 1073 T &1 ELFIVLF 80 itz 3iX7z, Athabasca, Kapuskasing A7 MUDMFEIELE / A
A & > THERENTOARWH I ATRERIHRNIZ ZNZ N 3415h& 3391hTH O, ZD S5 BLRIGEFRCIED ELF/VLF JEhH
B E N7 HRNEZNZ N 546h (16%) & 283h(8%)TH -7z, 2 HiFLDEKHERIA TN TV B HARIZ 3039hTH D,
Z 05 B ELFIVLF JE#iD RIRZNCERIN & N2 HARE 120h(A%) CTH > Tz, DT &ld. FREHHK 30 il 1z 2 Hipi Tl
[ARFRAE MR Z NZ MO OFAEMEROESLU NN 25T LB RLTED, WA BIERED ELF/VLF I8
FEH TS CTIREIEL TWA T 2R LT\ %, sl Tl KOl 2175 T &Iic K D, ELF/VLF 80kt
FETBDIEN D & ZDEREMET %,



S001-P21 215 Poster BR9: 108 18H

IREETFA—1 706 5 B R B X O FBRAOFIR R @ 3 —F AUE AR
i & EZ 5N MREA—1 Z 73y F OG22 gt

#H I Phif [1]; B R (1] Rl YR [2]; /KRR BR [1); 8 #hlf (3] B 75 [4]; M1 8k [5); S =546 [1]; P&
HA [6]; 5550 BELE [7]; 55 et [1]; Frid BE0& [6]; ok e [8]; /NI ik [9]; REAS B85 [10]; SEM 1% [14]; MAH Hith [14];
Kole] ¥+ [12]; = sl [11]; va 1L 8L [6]; /N1 2345 [6]; bl FH HERS [6]; K8 IfE— [13]; Kl fi—EB [11]; 7k eatE [6];
0 A [13]; | BB [14]; L2 54 [15]; Connors Martin[16]
[1] ©IRK; [2] IR - BET - 81, [3] RORZEAFIE, [4] FHHi0F; [5] Bl K, [6] Mukthffr; [7] sAbK - B, [8] ALK - #H - Hh
BRYIEE; [9] BUK - 2170 [10] BALK - B - HIERY)EE; [11] %K ISEE; [12] JAXAF-HIWF; [13] S K G- HibF; [14] (=57 Mdth
WHGSRRASHTR; [15] Bbk - Bl - 2B 7°5 X~ K& [16] Centre for Science, Athabasca Univ.

Initial report on ARASE/ground observations of pulsating aurora:Spatio-temporal
analysis of auroral patches related with chorus
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Kataoka[6]; Yuto Katoh[8]; Hirotsugu Kojima[9]; Atsushi Kumamoto[10]; Satoshi Kurita[11]; Shoya Matsuda[11]; Ayako
Matsuoka[12]; Yoshizumi Miyoshi[11]; Takanori Nishiyama[6]; Yasunobu Ogawa[6]; Masaki Okada[6]; Yuichi Otsuka[13];
Shin-ichiro Oyama[11]; Yuka Sato[6]; Kazuo Shiokawa[13]; Yoshimasa Tanaka[14]; Fuminori Tsuchiya[15]; Martin
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Pulsating aurora is a kind of aurora blinking at several tens of seconds period and having a patchy structure with several t
100 kilometers. Additionally, pulsating auroras have rapid luminous variations at a few Hz. The basic generation mechanisn
of pulsating aurora is the pitch angle scattering of high-energy electrons by chorus waves. However, the relationship betwee
pulsating aurora and chorus waves has not been well understood, because adjacent auroral patches occasionally show differ
spatio-temporal features. In this study, we have studied spatio-temporal variations of pulsating auroral patches related with chort
waves by using coordinated Arase satellite and ground-based observations at sub-auroral and auroral latitudes. We identifiec
pulsating auroral patch having a high correlation between the luminous variations taken by EMCCD camera and the choru
intensities observed by Arase satellite. We need to exactly extract the outer shape of pulsating auroral patch to analyze the spat
variations. However, it is not easy because the spatial form of pulsating auroral patch is complex. We used Level Set Metho
(LSM), which is an image processing technique for extracting of moving objects, to exactly detect the outer shape of pulsating
auroral patches. We confirmed that pulsating auroral patches frequently merge with adjacent auroral patches and split into a fe
distinct patches. We also analyzed fast modulations of the pulsating auroral patch by using a fast EMCCD camera (about 10
Hz sampling) images. Similarly to previous reports, the pulsating auroral patch related with chorus waves showed a fast (a fe\
Hz) modulation. These observation results indicate the spatial variations of wave-particle interaction regions and the tempore
characteristic of discrete chorus elements.

In this presentation, we will report on the initial results of the spatio-temporal analysis of pulsating auroral patches related with
chorus waves observed at sub-auroral and auroral latitudes in detail.
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Statistical analysis of over-darkening pulsating aurora
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Pulsating aurora is a phenomenon during which the upper atmosphere at “"100 km altitude pulsates with a period ranging froi
a few to a few tens of second by quasi-periodic precipitation of high energy electrons from the magnetosphere. It has bee
suggested that the interaction between the chorus waves and energetic electrons near the equatorial plane of the magnetospl
has a potential to cause of luminosity modulation of pulsating aurora. This hypothesis is supported by the existence of one-tc
one correspondence between quasi-periodic variations in the luminosity of pulsating aurora and intensity of chorus wave. Recel
analyses of high time resolution ground-based optical observations has reported that the brightness of pulsating aurora decrea
below the diffuse background level immediately after the switch-off of the main optical pulsation (e.g., Kataoka et al. [2012],
Dahlgren et al. [2017]). To date, however, the statistical properties of such 'over-darkening pulsating aurora’ have not beer
investigated in detail; thus, the origin of this phenomenon is still unclarified.

In this paper, we derive the characteristics of the over-darkening pulsating aurora by performing a statistical analysis usin
several ground-based/satellite observations, and then try to understand whether this phenomenon is directly associated with t
fundamental characteristics of chorus waves. The optical instruments employed in this study are the 5-channel photometer and
EMCCD all-sky camera in Tromso;, Norway (69.6N, 19.2E, 66.7MLAT) which have been operative since last winter season. The
field-of-view of the 5-channel photometer is directed along the local magnetic field line and it measures the emission intensity of
aurora/airglow at 5 wavelengths (427.8, 557.7, 670, 777.4, 844.6 nm) with a temporal resolution of 20 Hz. The EMCCD all-sky
camera captures auroral emission with a temporal resolution of 100 Hz. In addition to these instruments, the wave instrument
onboard the THEMIS spacecraft are used for analyzing the chorus wave with a temporal resolution of 1 Hz.

In the analysis, we made simple time-series plots of data from the 5-channel photometer, EMCCD camera, and computed tt
occurrence frequency of the over-darkening pulsating aurora. The statistical analysis using data from one winter season indicat
that "15% of all the ON/OFF pairs of pulsating aurora over-darken immediately after their ON phase. Interesting point is that
we have identified at least one over-darkening pulsating aurora during all the intervals analyzed so far, which means that ove
darkening is a common characteristic of pulsating aurora.

An additional analysis using the THEMIS satellites indicates that similar characteristics are sometimes seen in the time-serie
of the chorus wave amplitude. However, their occurrence frequency is likely to be smaller than that seen on the ground. In the
presentation, we discuss the origin of over-darkening of pulsating aurora based on the statistical results, and suggest a moc
explaining their generation mechanism.
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Energetic electron precipitation associated with Pc1/EMIC waves: Six-month LF-wave
observations over North America
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Energetic electron losses from the outer radiation belt occur during magnetic storm and substorm. One of the mechanisr
is precipitation into the atmosphere, and electromagnetic ion cyclotron (EMIC) wave is one of candidates to cause pitch angl
scattering of energetic electron. EMIC waves, which are observed in the Pc1-Pc2 frequency range (0.1-5Hz), are excited b
the ion cyclotron instability in the equatorial region of the magnetosphere and propagate along magnetic field lines to the iono
sphere. After EMIC waves inject into the ionosphere, their wave mode is converted and part of them propagate horizontally ir
the ionospheric duct layer. While it has been theoretically studied that EMIC waves play an important role in energetic electron
precipitation into the atmosphere, experimental observations have been too limited to support this idea.

Here, we investigated relation between occurrences of EMIC waves and energetic electron precipitation by means of grounc
based magnetometers and low frequency (LF) radio wave propagation observation and found several events which occurre
simultaneously.

We use induction magnetometers data in North America (PWING and CARISMA stations) to investigate occurrence of EMIC
waves. LF radio waves propagate from transmitters to a receiver, reflecting between earth’s surface and the lower ionospher
boundary (altitude of 70-90km). lonization caused by precipitating electrons in the lower ionosphere results in changes in the ra
dio propagation path and attenuation of signal amplitude. Thus, precipitation of energetic electrons (higher than 100keV) cause
deviation of the LF wave amplitude from that in undisturbed conditions. In this study, we analyzed LF wave signals received at
Athabasca, Canada (latitude=54.7, longitude=246.7, L=4.45) and Poker Flat, Alaska (latitude=65.1, longitude=212.5, L=5.95)
LF radio waves received at Athabasca are transmitted from several stations in United States: WWVB (latitude=40.7, longi-
tude=255.0, L=2.28, 60kHz), NAA (latitude=44.7, longitude=292.7, L=2.89, 24.0kHz), NDK (latitude=46.4, longitude=261.5,
L=2.98, 25.2kHz) and NLK (latitude=48.2, Longitude=238.1, L=2.85, 24.79kHz). LF radio waves received at Poker Flat are
transmitted from NDK and NLK.

We compared occurrences of night time LF wave amplitude variations from the quiet day curve with substorm and Pcl for
six month from 1 January to 30 June 2017. In this study, 55 Pcl events were identified from the induction magnetometer a
Athabasca whose power exceededrl¥/Hz. We also identified 107 substorms as the events whose AE indices were larger than
600nT and horizontal component values of the magnetic field at some stations in North America (magnetic latitude higher thar
60°) were lower than -200nT. We found 76 substorm events accompanied by the LF wave amplitude variation (71.0%) and five
Pc1 events accompanied by LF variation (9.1%). While electron precipitation region detected by LF radio waves is localized or
the propagation path from a transmitter to a receiver, Pcl waves propagate in a horizontal direction widely outside the localize
ionospheric source. This is one of reasons to explain the low occurrence of Pcl event which accompanied the LF amplitud
variation.

The five Pc1 events which accompanied LF wave amplitude variation occurred on 18 January, 22 February, 8 March, 21 Marc|
and 27 April 2017. We will analyze polarization and propagation direction of Pcl using multiple induction magnetometer data
to investigate spatial correspondence between location of Pcl ionospheric source and that of energetic electron precipitation.
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In this study, we report the relationship between time variation of pulsating auroral emission intensity and whistler-mode
chorus waves. Pulsating aurora is a kind of diffuse aurora which is mainly observed during the substorm recovery phase at th
post midnight. Pulsating aurora shows two typical time variations. One is the time variation whose period is from a few to a few
tens seconds. The other is a few Hz modulation. Pulsating aurora is thought to be generated by precipitating electrons from tr
magnetosphere into the ionosphere which interact with whistler waves at the magnetic equator. Nishimura et al. [2010] reporte
that, among whistler waves, especially chorus waves generated by non-linear wave-particle interaction show time variatiol
consistent with that of pulsating aurora by observation with THEMIS satellite and ground-based all-sky imager. However the
number of events used for the comparison between modulation of whistler-mode chorus wave and pulsating aurora is limite
and thus the cause of pulsating aurora has not been explained completely. Arase (ERG) satellite was successfully launched
December 2016. And ERG is observing the plasma electric and magnetic field at the pulsating aurora source region. We analy:
the data obtained during ERG satellite-ground based simultaneous champagne observation.

On 21 March 2017, the footprint of ERG satellite transited through the field of view of the National institute of Polar Research
panchromatic all-sky imager which installed at Husafell, Iceland (geographic latitude: 64.67 degrees, geographic longitude
338.97 degrees, geomagnetic latitude: 69.13 degrees, geomagnetic longitude: 71.67 degrees) during 04:00-06:00 UT (03:4
05:40 MLT). The solar wind data showed that the magnetic field intensity and proton density increased from 5 nT to 18 nT and
from 15 /cn? to 50 /cn® respectively during 00 UT to 06 UT . The solar wind speed increased during 07 UT on 21 March to 00
UT on 23 March. These data indicate that the Corotating Interaction Region (CIR) reached the Earth. On the other hand, the tim
resolution of Watec all-sky imager is about 2 Hz. This all-sky imager recorded aurora images in the mpeg format by digital video
recorder (DVR) during this time. The effective pixels are 720 x 240 pixels and the frame rate of DVR is 3 fps. So we created 3
fps images from the movie. The pixels of each image are 639 x 449, 8 bit/pixel. Although this imager is not monochromatic, we
assumed that 557.7 nm auroral emission was dominant in images and calculated geographic latitude and geographic longitu
of each pixel in images and then, mapped images on geographic coordinate at 110 km altitude. As a result, elongated arc in tl
east-west direction moved from high latitude (magnetic latitude 70.5 degrees, geographic latitude 66.5 degrees) to low latitud
(magnetic latitude 69.5 degrees, geographic latitude 65.5 degrees) within the field of view of the all-sky imager. And then,
pulsating aurora was observed within the range from magnetic latitude 69-72 degrees during 04:40-05:30 UT. At this time, ERC
observed plasma waves and particles at the morning side magnetic equator (3.9-4.8 MLT). The distance from the center of tt
Earth to ERG was L"&z . We compared between 0.4-1.2 kHz waves of electric and magnetic field observed by PWE/OFA and
time variation of pulsating aurora at the ERG footprint. Although chorus waves were observed during 04:42-04:57 UT, 5:02-
05:08 UT, and 5:10-05:18 UT, the time variation of pulsating auroral emission at the ERG footprint did not correspond one-to-one
that of chorus waves. We deduced that this discrepancy was caused by inaccurate mapping of aurora images or ERG footpri
on geographic coordinate. We will compare the time variation of chorus waves intensity and pulsating auroral emission intensit
again by, for example, adding some degrees to or subtracting some degrees from geographic coordinate of ERG footprint.
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MLT dependencies of the electron energy responsible for pulsating auroras based on th
multi-wavelength obsevation

# Takaki Asano[1]; Yoshizumi Miyoshi[1]; Satoshi Kurita[1]; Shin-ichiro Oyama[1]; Shinobu Machida[2]; Ryoichi Fuijii[3];
Keisuke Hosokawal4]; Yasunobu Ogawa[5]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] STEL, Nagoya Univ.; [4] UEC; [5] NIPR

Pulsating aurora (PsA) is a kind of diffuse aurora and shows quasi-periodic intensity modulation with 2 s to 30 s intervals. PsA
is mainly observed from the post-midnight to the morning sectors during the recovery phase of substorms. Based on the EISCA
observations, Hosokawa and Ogawa [2015] showed that energy of precipitating electrons responsible for pulsating aurora ten
to be higher on the late MLT sector. On the other hand, applying the triangulation method on pulsating auroras, Partamies et a
[2017] reported that there are no significant MLT dependence of the emission height of pulsating auroras. This result sugges
that precipitating electron energies for pulsating aurora do not depend on MLT.

In order to investigate MLT dependencies of the characteristic energy of precipitating electrons responsible for pulsating
aurora,we apply the method proposed by Ono et al.[1992] to estimate the characteristic energy by choosing the two optical wave
lengths of 427.8 nm and 844.6 nm. Auroral images at these emission lines were obtained by monochromatic EMCCD camere
installed in Tromso, Norway, and the emission intensity along the magnetic field line is used for the estimation. We analyzed 1:
nights (about 900 minutes) of pulsating aurora events from February 2017 to April 2017. The average of characteristic energ
of precipitating electrons are 3.6 keV at pre-midnight and 4.4 keV at post-midnight, so that it is expected that the characteristic
energy of precipitating electron at post-midnight tends to be larger than that at pre-midnight. Besides the MLT dependence o
precipitating electron energy, we will discuss the spatial distribution of precipitating elelectron energy in the pulsating patches.
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Energetic electron precipitations observed by VLF/LF sub-ionospheric propagation:
ARASE and ground-based observation campaign

# Fuminori Tsuchiya[1]; Takahiro Obara[2]; Asuka Hirai[3]; Hiroaki Misawa[4]; Kazuo Shiokawal[5]; Yoshizumi Miyoshi[6];
Yasunobu Ogawa[7]; Hiroyo Ohya[8]; Martin Connors[9]; Takeshi Sakanoi[10]; Donald Hampton[11]
[1] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [2] PPARC, Tohoku University; [3] PPARC, Tohoku Univ.; [4] PPARC,
Tohoku Univ.; [5] ISEE, Nagoya Univ.; [6] ISEE, Nagoya Univ.; [7] NIPR; [8] Engineering, Chiba Univ.; [9] Centre for
Science, Athabasca Univ.; [10] Grad. School of Science, Tohoku Univ.; [11] GI, Univ. of Alaska Fairbanks

http://pparc.gp.tohoku.ac.jp/

Sub-ionospheric propagation of narrowband VLF/LF radio waves is a useful probe to observe energetic electron precipitatiot
with energy of 100keV to MeV. Here, we show overview of observational characteristics of energetic electron precipitations at
auroral and sub-auroral latitudes observed by a VLF/LF radio receiver network installed at Ny-Alesund(NAL), Athabasca(ATH)
and Poker Flat Research Range, Alaska(PKR) during ARASE and ground-based observation campaign in the spring of 201’
The six sub-ionospheric propagation paths in total are available in northern America and three paths are available in Scandinavi
The ATH station is located at sub-auroral latitude (54.7N, 246.7E, L=4.45) and radio signals from mid-latitude transmitters
(WWVB: 40.7N, 255.0E, 60kHz, NAA: 44.7N, 292.7E, 24.0kHz, NDK: 46.4N, 261.5E, 25.2kHz and NLK:48.2N, 238.1E,
24.79kHz) were recorded. PKR is located below the auroral latitude (65.1N, 212.5E, L=5.95) and received the signals from
NDK and NLK. The NAL station is inside the northern polar cap (78.9N, 11.9E) and radio signals from mid-latitude transmitters
(MSF: 54.9N, 256.3E, 60.0kHz, DCF: 50.0N, 9.0E, 77.5kHz, and NRK: 64.0N, 337.4E, 37.5kHz) are recorded. During the
observation campaign, three magnetic storms occurred in March and April (Dst minima on Mar. 23, Mar. 27, and Apr. 4) and
phase advances (available for WWVB, DCF, and MSF) and amplitude depressions of received radio signals were recorded durir
these periods. The phase advances are caused by lowering the ionospheric reflection height (70-90km) of radio waves due
energetic electron precipitation and subsequent enhancement of ionization in the lower ionosphere. The amplitude depressio
are caused by attenuation of radio waves when they pass through the enhanced ionization region. These observational signat
are proxies of energetic electron precipitation on radio propagation paths and the simultaneous multi-path observation enables
to investigate spatial structure of energetic electron precipitation region. Overview of the night time sub-ionospheric propagatior
of VLF/LF waves observed are summarized as follows: (1) Phase advances and amplitude depressions were observed at
received stations associated with storm time substorms. Substorm induced energetic electron precipitations were detected
the VLF/LF radio receiver network. (2) The energetic electron precipitation signatures sometimes show different start timing
and duration depending on transmitter-receiver pairs, implying that spatial structure of energetic electron precipitation region i
smaller than longitude separations of radio paths ("15 degrees in longitude). (3) The phase and amplitude variations with tim
scale of minutes were embedded inside the substorm induced energetic electron precipitation signatures. In some cases,
variations are corrected with magnetic field fluctuation in the Pc5 range observed by ground magnetometers. (4) The amplitud
depressions associated with Pc1 were occasionally observed (Hirai et al. ibid).
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Analysis of spacecraft surface charging events in MEO

# Tsuyoshi Teraoka[1]; Masao Nakamura[2]; Iku Shinohara[3]; Yoshizumi Miyoshi[4]; Kazushi Asamura[5]; Satoshi
Kasahara[6]; Shoichiro Yokota[7]; S.-Y. Wang[8]
[1] Osaka Prefecture Univ.; [2] Dept. of Aerospace Eng., Osaka Prefect. Univ.; [3] ISAS/JAXA; [4] ISEE, Nagoya Univ.; [5]
ISAS/JAXA; [6] The University of Tokyo; [7] ISAS; [8] ASIAA, Taiwan

Analysis of spacecraft surface charging in the medium earth orbit (MEO) is important for spacecraft designs and operations
because surface charging sometimes cause spacecraft anomalies due to discharging arcs. However, the plasma environn
which induces the spacecraft surface charging in MEO was not so well studied, since it was difficult to measure the ambien
plasma accurately due to contamination by high energy particles of the radiation belts. Therefore, we use the data of the Va
Allen Probe (VAP) and the ARASE satellite, which are designed for scientific missions to measure wide energy range plasma an
radiation environment accurately. Since their almost all surfaces are conductive and electrically tied together with their chassis
their surface charging potential equals their absolute charging potential. We study the surface charging events using the protc
flux data of the Helium Oxygen Proton Electron (HOPE) onboard VAP. We find ion flux peaks accelerated by spacecraft potential
in the spin averaged differential proton flux data and estimate the spacecraft potential. The results show that most of the surfac
charging events (spacecraft potential &lt; -50 V) occur in the midnight-to-dawn sectors and intense charging events (spacecra
potential &It; -1,000 V) occur mainly in the Earth’s shadow. We also survey spin averaged differential proton flux data of the
Low energy Experiments (LEP) data of the ARASE satellite and find surface charging events. We will discuss the environmen
which induces these charging events in MEO.
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Characteristics of pitch angle distributions of relativistic electrons under interaction with
Pc5 waves in the inner magnetosphere

# Kei Kamiya[1]; Kanako Seki[2]; Shinji Saito[3]; Takanobu Amanol[4]; Yoshizumi Miyoshi[5]
[1] STEL, Nagoya Univ.; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] Nagoya Univ.; [4] University of Tokyo;
[5] ISEE, Nagoya Univ.

Radial transport of relativistic electrons in the inner magnetosphere has been considered as one of acceleration mechanis
of the outer radiation belt electrons and can be driven by the drift resonance with ULF waves in the Pc5 frequency range. Th
maximum changes of the electron in the radial distaricedue to the drift resonance depend on the electron energy, pitch
angle, and Pc5 wave structure. Those dependences are expected to form the characteristic pitch angle distributions (PALC
as a function ofL and electron energy. In this study, we investigate PADs of relativistic electrons due to the drift resonance
with a monochromatic Pc5 wave by using two simulation models of the inner magnetosphere: GEMSIS-Ring Current (RC) anc
GEMSIS-Radiation Belt (RB) models. The GEMSIS-RB simulations calculate guiding center trajectories of relativistic electrons
in electric and magnetic fields obtained from the GEMSIS-RC model, which simulates a monochromatic Pc5 wave propagatior
in the inner magnetosphere.

The results show the characteristic PADs depending on the enerdy,avitich is explicable with the pitch angle dependence
of resonance conditions. At a fixed location, those PADs can change from pancake (90 degree peaked) to butterfly (two peaks
oblique PAs) distributions as the transport by the monochromatic Pc5 wave progresses. These butterfly distributions are observi
in the L range where electrons with lower PAs satisfy the resonance condition. It is also found that the lower PA electron with
a fixed magnetic moment can be transported deeper inside because of the PA changes to larger values through the adiab:
transport, which enables them to satisfy the efficient resonance condition in lvidenge compared to the 90 degrees PA
electrons.
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Rapid acceleration of relativistic electrons associated with pressure pulse: Simulation
and Arase and Van Allen Probe observations

# Masahiro Hayashi[1]; Yoshizumi Miyoshi[1]; Shinji Saito[2]; Yosuke Matsumoto[3]; Satoshi Kurita[1]; Mariko Teramoto[4];
Tomoaki Hori[1]; Shoya Matsuda[1]; Masafumi Shoji[1]; Shinobu Machida[5]; Takanobu Amano[6]; Kanako Seki[7]; Nana

Higashio[8]; Takefumi Mitani[9]; Takeshi Takashima[10]; Yoshiya Kasahara[11]; Yasumasa Kasaba[12]; Satoshi Yagitani[11];

Keigo Ishisaka[13]; Fuminori Tsuchiya[14]; Atsushi Kumamoto[15]; Ayako Matsuoka[16]; Iku Shinohara[17]

[1] ISEE, Nagoya Univ.; [2] Nagoya Univ.; [3] Chiba University; [4] ISEE, Nagoya University; [5] ISEE, Nagoya Univ.; [6]
University of Tokyo; [7] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [8] JAXA; [9] ISAS/JAXA; [10] ISAS, JAXA,

[11] Kanazawa Univ.; [12] Tohoku Univ.; [13] Toyama Pref. Univ.; [14] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [15]

Dept. Geophys, Tohoku Univ.; [16] ISAS/JAXA; [17] ISAS/JAXA

Relativistic electron fluxes of the outer radiation belt rapidly change in response to solar wind variations. One of the shortes
acceleration processes of electrons in the outer radiation belt is wave-particle interactions between drifting electrons and fas
mode waves induced by compression of the dayside magnetopause caused by interplanetary shocks. In order to investigate t
process by a solar wind pressure pulse, we perform a code-coupling simulation using the GEMSIS-RB test particle simulatior
(Saito et al., 2010) and the GEMSIS-GM global MHD magnetosphere simulation (Matsumoto et al., 2010). As a case study, ar
interplanetary pressure pulse with the enhancement of "5 nPa is used as the up-stream condition. In the magnetosphere, the
mode waves with the azimuthal electric field ( negatiyg;E |E,n;|"10 mV/m, azimuthal mode number : f= 2) propagates
from the dayside to nightside, interacting with electrons. From the simulation results, we derived effective acceleration mode!
and condition : the electrons whose drift velocities are greater than (3.14 / 2) times fast mode speed are accelerated efficiently.

Recently, the Arase (ERG) satellite and Van Allen Probes observed the rapid enhancement of electron fluxes for hundreds «
keV to MeV associated with storm sudden commencement (SSC) on July 16, 2017. During the period, the sharp enhanceme
of the solar wind dynamic pressure from 1 nPa to 15 nPa was observed. In this event, drift echoes after the flux enhanceme
and magnetic field variations due to the fast mode wave propagation were observed. We will compare our simulation results witl
observations from Arase and Van Allen Probes, and investigate the acceleration condition of relativistic electrons associated wit
the SSC.
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Multipoint observation of Pc5 pulsations by QZS-1, THEMIS, and MAGDAS/KTN on
the same geomagnetic field line

# Shun Imajo[1]; Masahito Nose[2]; Nana Higashio[3]; Hideki Koshiishi[4]; Reiko Nomura[5]; Kiyokazu Koga[4]; Akimasa
Yoshikawal6]
[1] WDC for Geomagnetism, Kyoto Univ.; [2] DACGSM, Kyoto Univ.; [3] JAXA; [4] JAXA; [5] IGEP, TU Braunschweig; [6]
ICSWSE/Kyushu Univ.

The field-aligned structure of ultra-low-frequency waves has been theoretically investigated, but there are few observations o
the same geomagnetic field line at different magnetic latitude because of rare occasions of long-time good conjunctions betwee
multi satellites and a ground station. The QZS-1 satellite had a quasi-zenith orbit with an inclination of 45 degrees, an apoge
of 6.6 [Re], and an orbital period of 24 [h]. The ionospheric footprint of keeps the good conjunction with MAGDAS/KTN
station for a long time ("3 hours) when the satellite was located near maximum magnetic latitude in the northern hemisphere ("3
degrees).

We examined a Pc5 pulsation event during March 31, 2012 at 20:00-21:00 UT. During the event, the ground station anc
satellites were almost located on the close L shell of 79.5 in the 5-6.5 h MLT sector. The QZS-1 and THEMIS-A satellites
were located at 31 and -5 degrees in magnetic latitude, respectively. The similar Pc5 magnetic oscillations were identified ir
the H component of KTN and the eastward component of QZS-1 with in-phase relationship, indicating the counterclockwise
rotation of magnetic perturbations by the ionospheric screening effect. The amplitude at KTN (35 nT) was "10 times larger thar
the amplitude at QZS-1 (3.5 nT). THEMIS-A satellite observed the Pc5 oscillation in the electric field with the amplitude of
1 [mV/m] but there was no clear magnetic oscillation. The electric field oscillated in antiphase with the eastward component
magnetic field at QZS-1. The ETS-8 geosynchronous satellite at L=6.6 did not observe the similar oscillation, indicating that the
this Pc5 event was limited at the specific L shell. The other several good conjunction events were found, and these are going
be analyzed. We also plan to compare the observation to the field-aligned structure of electric and magnetic fields derived fror
model calculations of the field line resonance and the ionospheric screening effect.
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Magnetic field dipolarization in the deep inner magnetosphere: Simultaneous
observations by Arase and Michibiki satellites

# Masahito Nose[1]; Ayako Matsuoka[2]; Satoshi Kasahara[3]; Shoichiro Yokota[4]; Nana Higashio[5]; Hideki Koshiishi[6];
Shun Imajo[7]; Mariko Teramoto[8]; Reiko Nomura[5]; Akiko Fujimoto[9]; Kunihiro Keika[10]; Yoshimasa Tanaka[11];
Manabu Shinohara[12]; Iku Shinohara[13]; Yoshizumi Miyoshi[14]
[1] DACGSM, Kyoto Univ.; [2] ISAS/JAXA; [3] The University of Tokyo; [4] ISAS; [5] JAXA; [6] JAXA,; [7] WDC for
Geomagnetism, Kyoto Univ.; [8] ISEE, Nagoya University; [9] ICSWSE, Kyushu Univ.; [10] University of Tokyo; [11]
NIPR/SOKENDAI; [12] Kagoshima National College of Technology; [13] ISAS/JAXA; [14] ISEE, Nagoya Univ.

Recent satellite observations by MDS-1 and Van Allen Probes statistically revealed that magnetic field dipolarization can be
detected over a wide range of L in the deep inner magnetosphere (i.e., L = 3.5-6.5, which is far inside the geosynchronous alt
tude). It is accompanied by magnetic field fluctuations having a characteristic timescale of a few to 10 s, which is comparable
to the local gyroperiod of © ions. These magnetic field fluctuations are considered to cause nonadiabatic local acceleration of
ions.

In this study, we intend to confirm the above-mentioned characteristics of magnetic field dipolarization in the inner magneto-
sphere, using the magnetic field data and the energetic ion flux data measured by the Exploration of energization and Radiatic
in Geospace (ERG) “Arase” satellite. The Arase satellite was launched on December 20, 2016 into an elliptical orbit having ar
apogee of 6.0 Re, a perigee of 440 km altitude, an orbital period of “9.5 h, and an orbital inclination of 32 degrees. During the first
magnetic storm of March 27, 2017 after Arase started scientific operation, Arase observes clear dipolarization signatures arour
1500 UT at L™4.6 and MLT"5.7 hr. Strong magnetic field fluctuations are embedded in the magnetic field dipolarization and their
characteristic frequency is close to the local gyrofrequency ofid@s. Both H™ and O flux enhancements are observed in
accordance with the dipolarization. These results are consistent with the previous results. In this event, the Quasi-Zenith Satelli
(QZS)-1 “Michibiki” satellite was located at L™7.0 and MLT"23.8 hr, and observes similar dipolarization signatures with a few
minute time difference. Simultaneous observations by both Arase and Michibiki provides us a unique opportunity to investigate
how fast and wide the dipolarization propagates in the inner magnetosphere. In the presentation, we will show detailed analys
results of the dipolarization event on March 27, 2017 as well as similar events.
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Theory, Modeling, and Integrated studies in the ARASE(ERG) project

# Kanako Seki[1]; Yoshizumi Miyoshi[2]; Yusuke Ebihara[3]; Yuto Katoh[4]; Shinji Saito[5]; Takanobu Amano[6]; Yoshiharu
Omura[7]; Masafumi Shoji[2]; Tomoaki Hori[2]; Naoko Takahashi[8]; Kunihiro Keika[6]; Shin'ya Nakano[9]; Aoi
Nakamizo[10]; Masahito Nose[11]; Shigeto Watanabe[12]; Kanako Seki ERG theory/modeling/integrated studies team[13]
[1] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [2] ISEE, Nagoya Univ.; [3] RISH, Kyoto Univ.; [4] Dept. Geophys.,
Grad. Sch. Sci., Tohoku Univ.; [5] Nagoya Univ.; [6] University of Tokyo; [7] RISH, Kyoto Univ.; [8] Univ. of Tokyo; [9] The
Institute of Statistical Mathematics; [10] NICT; [11] DACGSM, Kyoto Univ.; [12] Cosmosciences, Hokkaido Univ.; [13] -

The Arase satellite was launched in December 2016 as a part of the Japanese geospace research project, ERG. The
ence target of the ERG project is to understand underlying mechanisms of drastic variations of the geospace such as magne
storms with a focus on the relativistic electron acceleration and loss processes in the terrestrial magnetosphere. In order
achieve the goal, the ERG project consists of the three parts, i.e., the Arase (ERG) satellite, ground-based observations, a
theory/modeling/integrated studies. The role of theory/modeling/integrated studies part is to promote relevant theoretical an
simulation studies as well as integrated data analysis to combine different kinds of observations and modeling. From the plar
ning phase of the ERG satellite, there has been many efforts to develop related simulation codes and new models. In this pap
we provide an overview of simulation and empirical models related to the ERG project together with their roles in the integrated
studies of dynamic geospace variations. The simulation and empirical models covered include Radial diffusion model of the
radiation belt electrons, GEMSIS-RB and RBW models, CIMI model with either empirical or global MHD electric and mag-
netic fields, GEMSIS-Ring Current model, plasmasphere model, self-consistent wave-particle interaction simulations (Electror
hybrid code and ion hybrid code), GEMSIS-POT model, and SuperDARN electric field models with data assimilation. In the
presentation, some examples of integrated studies will be also reported.
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ERG-Science Center (ERG-SC): the hub of ERG science activities

# Tomoaki Hori[1]; Yoshizumi Miyoshi[1]; Masafumi Shoji[1]; Mariko Teramoto[2]; Tzu-Fang Chang[3]; Norio Umemura[4];
Shoya Matsuda[1]; Satoshi Kurita[1]; Nozomu Nishitani[1]; Yukinaga Miyashita[5]; Kunihiro Keika[6]; Kanako Seki[7];
Yoshimasa Tanaka[8]; Iku Shinohara[9]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya University; [3] ISEE, Nagoya Univ.; [4] ISEE, Nagoya Univ.; [5] KASI; [6]
University of Tokyo; [7] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [8] NIPR/SOKENDALI; [9] ISAS/JAXA

ERG-Science Center (ERG-SC) can be recognized as a set of efforts led by the joint research center for space science c
erated by ISEE, Nagoya University and JAXA/ISAS. ERG-SC is responsible for a wide variety of tasks for the Exploration
of energization and Radiation in Geospace (ERG) project: development of science data archive and data analysis tools, pla
ning of satellite observation, coordination with ground-based observations and simulation/modeling efforts, and promotion of
inter-project collaborations. Following the provisional CDF data, level-2 data (calibrated, in physical unit) and the higher level
data products of the ERG satellite are prepared and to be made available to users through the ERG-SC online data reposito
Not only the satellite data but also ERG-related ground observational data have been available from the data archive. ERG-S
has developed and updated a set of IDL scripts, referred to as ERG-SC plug-in for SPEDAS (Space Physics Environment Da
Analysis Software) enabling users to analyze multiple instrument data seamlessly and also combine them easily with other sate
lite/ground/simulation/modeling data. ERG-SC also plays a main role in making regular and campaign observation plans fol
the ERG satellite in concert with collaborative observation projects. In the presentation, recent updates on various activities o
ERG-SC are reviewed to provide active and potential users with concise and useful information on the ERG project data and ho
to access/analyze them.
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