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Geospace Exploration Project:ERG
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The ERG (Exploration of energization and Radiation in Geospace) is a geospace exploration project in Japan. The projec
focuses on dynamics of Geospace and accelerations of radiation belt electrons in the context of the cross-energy couplin
The project consists of the satellite observation team, the ground-based network observation team, and integrated-data ana
sis/simulation team. The ERG satellite will be launched in this fiscal year. The satellite apogee and perigee altitudes are 5.2 R
and 300 km, respectively, and the orbital period is about 8 hour. Comprehensive instruments for plasma/particles, and field/wave
are installed in the ERG satellite. Two ion instruments (LEP-i/MEP-i) measure ions from 10 eV/q to 180 keV/q with mass dis-
crimination. Four electron instruments (LEP-e/MEP-e/HEP/XEP) measure electron from 12 eV to 20 MeV. LEP-i/MEP-i and
LEP-e/MEP-e/HEP can measure three-dimensional distribution functions. The plasma wave instrument (PWE) measures ele
tric fields as well as plasma waves in the frequency range from DC to 10 MHz (electric field) and 100 kHz (magnetic field).
The fluxgate magnetometer (MGF) measures DC and low frequency magnetic field. Newly developed wave-patrticle interactior
analyzer (S-WPIA) is installed in the satellite, which measure directly the energy transfer process between electrons and plasn
waves. S-WPIA will provide definitive evidence on wave-patrticle interactions in space plasma, which is essential to understanc
elementary process of electron accelerations.

Several ground-network teams join; magnetometer networks, radar networks including SuperDARN and EISCAT, VLF an-
tenna network, optical imager networks, riometer network, standard radio wave observation network, which provide a global
view of geospace and complementary observation with the ERG satellite observation. Japanese STP community has prepar
the ground-based observation facilities and networks to collaborate with the ERG satellite over the years. The new big projec
for the ground-network observations PWING and PsA have just started in this year. Moreover, the modeling/simulations play ar
important role for the quantitative understanding. Besides research teams in the project, the science center has been operated.
science data from the project have been archived in the ERG-Science Center. The science center has also developed integre
data analysis software that is a plug-in for SPEDAS in cooperation with the THEMIS mission. These data and softwares are
available via the ERG-Science Webpage (http://ergsc.isee.nagoya-u.ac.jp).

In this presentation, we will talk about an overview of the ERG project and discuss a plan for the initial observation after the
ERG launch. The international collaborations with Van Allen Probes, MMS, THEMIS, Cluster, etc and ground network obser-
vations under the flame work of Heliosphere/Geospace (H/GSO) system observatory are also discussed.
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The acceleration process of the charged particles in the inner magnetosphere is considered to be closely related to the defi
mation and perturbation of the magnetic field. Accurate measurement of the magnetic field is required for the understanding c
the acceleration mechanism of the charged patrticles, which is one of the major scientific objectives of the ERG mission. We
designed a fluxgate 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.

A fluxgate magnetometer (MGF) was built for the ERG satellite to measure DC and low-frequency magnetic field. The design
is based on MGF-I, one of the magnetometers for MMO, Mercury orbiter, which would also suffer high radiation on the Mercury
orbit.

The requirements to the magnetic field measurements by ERG 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.

We tested the characteristics of MGF and confirmed that its performance satisfies these requirements.
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Development of the one-chip mixed-signal plasma wave receiver
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The plasma wave receiver is an essential scientific instrument for plasma observations in space. In spaceborne instrume
design, reductions in the resources are critical issues. We have been studying the miniaturization of plasma wave receiver |
using the analog ASIC (Application Specific Integrated Circuit) technology. We have already developed the analogue ASIC chip:s
for the waveform and the spectrum type receivers.

Recent plasma receivers require an onboard digital signal processing. The digital signal processing is realized by using &
FPGA or CPU in conventional receivers. The spectrum receivers require a digital signal processing unit to calculate the frequenc
spectrum, and the waveform receivers require a digital processing unit to compress huge waveform data.

We are developing a one-chip plasma observation system as a mixed-signal ASIC by integrating digital signal processin
units. The mixed-signal ASIC chip includes analog circuit for both the spectrum and the waveform receivers, the analog to
digital converters (ADC), and logic circuits for the fast Fourier transform and for the wave compression. The mixed-signal ASIC
chip leads to the drastic miniaturization of the receiver and decreases development costs because the ASIC has the advantage
easy mass-production. We have already finished designing ADC. In the present paper, we will introduce the detailed design c
the mixed-signal one-chip waveform receiver.

T AWHIZERE T T XIS R BNEIR TH D, TNE TICHRALGIZI vy > g IcB0WTTS
A WENZEeRERH U8B TN TEZ, LALAEDS, TNETOT I AREIHZERIBOTRZTDOY A X
M E 72> Tz, Z 2 THRAE. R A& mHERRIE (ASIC) ZFIH LT, 7T AR MEIZEROT TR E AR
STV Fa Jblig 2/ NUERIET 5 2 LI K28R/ N b 217> T e TNEX TIC, BT, AX
7 MVELE 5 D2 58872 ASICIC K O /INHUTREIT 2 2 LIS L TV 5,

TEDT T AWHIZERTIE, 7FHaZRERIC X ZESUHICHA TT « ¥ 2OVESUHEPREE ENTW5,
TEAHEZE BT B W TR B L 72 E T — 2 B3R & EARE T B 72O OB ERLIRIC, AT M ILZE8 Tl
ARY BMIVEHED = OE#E 7 — ) TEH (FFT)ICZNTNT « Y ZIVESIENIHANEN TV, ThETOZEH
TiE. TOEIET « YV ZIVESUIRIE FPGAS CPUZFIH L THREL Tz,

BLiz, TOEI BT 4 VRIVESIE I =y N7 Fa JREERENEE Uz ASIC MICiHMAT C Lic kb, 7F
07« 74 VRIVIBET > Fw TINET 5 X @2 EZm0OEREZHIEL TV, TOZERIKEOINT7Far T+
VZ)VIEHEK ASIC Fv TR E . ZOHICIZ I ZEE « AT MVZESRHO 7 S JHEig, AID 323—
B—, WIEEMEHT « Y ZVEBUMI =y b, FFTHT ¢ Y ZIVEBUMI=y bDEEND, CHICED TSI
WEZE RO NI/ LA REL 7 D, FRZESREERET VF v I TEBT S C LI 0 EET R k& KiIEC F
BTN TES, BEAD IVN—Z—DFHAD5E T LTED, BFEIX FPGA L TEBEENTOW BT « ¥ &
WEFIH =y FOBAEIT> TV, BRICBOW TIIRHICHEMIERZER R Fay « 74 I 2)VREY
YTy TINT S AR ENZAG eR i T DFFNC DWW TR S,



R006-04 218 A BERY: 11 B 218 9:55-10:10

MCRIC KD HE—BRUMEHRE— FOA—1u T F1 X— 2O

#AGA 5L [1]; Bk BHE [2]; AR At [2]; H K (2]
[1] HUER, [2] BRK

Single and both propagation modes of auroral kilometric radiation (AKR) observed by
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In the KAGUYA (SELENE) LRS instrument [1], WFC-H [2] observes wave spectra in 1kHz-1,000kHz and various plasma
waves like Auroral Kilometric Radiation (AKR), electron plasma waves, and broadband electrostatic waves have been observec
This system can observe wave polarizations by two pairs of dipole antennas. We have analyzed the AKR polarizations.

The propagation mode of AKR has become possible from the polarization measurement of WFC-H using lunar occultations
[3]. This method is applied to other examples. For examples, the propagation mode can be decided since the source hemisph
can be decided clearly, both polarizations are observed while both hemispheres can be seen, and the other mode is observed &
an occultation. Their propagation modes can be estimates based on their source hemispheres. The results will be compared w
ray tracing studies.
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Statistical analyses of AKR polarization in lunar orbits using KAGUYA wave data
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Auroral kilometric radiation (AKR) is one of the plasma waves that KAGUYA observed from lunar orbits. It is radiated from
polar regions of the Earth in a frequency range from 50 kHz to 700 kHz. An important feature of AKR is its propagation mode;
left-handed ordinary mode (L-O) and right-handed extraordinary mode (R-X). According to past satellite observations, L-O mode
AKR propagates to both high and low latitudes while R-X mode does only to high latitudes [ex. Hashimoto et al., 1984, 1998,
2015]. AKR observations from KAGUYA make it possible to study latitudinal distribution of the propagation mode statistically.

Because the propagation mode of AKR is defined by wave polarization for external magnetic field directions at sources, it is
necessary to find source hemisphere to determine the mode. For that purpose, we used occultation of the Moon. There are sh
periods when only one polar region can be seen from the satellite along its orbit. During those periods, intensity variations are
based on diffraction theory. Since the diffraction effects are different depending on source locations, we determined the sourc
hemisphere by comparing the observed intensity variation with theoretical ones.

From statistical analysis of the AKR mode observed by KAGUYA, it is found that there is a clear dependence of observation
probability of each mode on Earth’s magnetic latitude. The number of R-X mode waves decreases when the latitude gets lowe
On the other hand, the number of L-O mode waves increases when the latitude gets higher in the opposite hemisphere to tl
source. Because intensity of R-X mode is much larger than that of L-O mode, R-X mode and L-O mode waves were dominantly
observed in the same and opposite hemisphere, respectively
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Rapid acceleration of outer radiation belt electrons associated with solar wind pressure
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Relativistic electron fluxes of the outer radiation belt dynamically change in response to solar wind variations. There are
several time scales for the particle acceleration in MeV energy range. One of the shortest acceleration processes is wave-parti
interactions between drifting electrons and fast-mode waves induced by compression of the dayside magnetopause throu
interplanetary shocks (e.g., Li et al., 1993). In order to investigate how relativistic electrons are accelerated by fast-mode wave
induced by solar wind pressure pulse, we perform a code-coupling simulation using the GEMSIS-RB test particle simulation
(Saito et al., 2010) and the GEMSIS-GM global MHD magnetosphere simulation (Matsumoto et al., 2010). As a case study, the
interplanetary pressure pulse with a dynamic pressure of "5 nPa is used as an up-stream condition. In the magnetosphere, the
mode waves with the azimuthal electric field ( negatiyg;E |E,; |"10 mV/m) is launched around the subsolar point and then
extends to the entire dayside magnetosphere from 0600 to 1800 MLT. The azimuthal mode number at each MLT and L-shell i
derived using the Hilbert transformation, and waves due to the pressure pulse with small mode number (m™2) are observed. Usir
the electric/magnetic fields simulated by the GEMSIS-GM, we calculate electron motion with different initial conditions (energy,
L value and pitch angle). As a result, some of electrons are accelerated through the resonance with the pgg&tiediid that
electrons whose initial energy is higher than a critical energy are strongly accelerated by seeing nggadime&d from 0600
to 1800MLT along the electron drift orbits. We also derive theoretically the critical energy for the possible acceleration due to
the earthward propagation of the fast mode waves, and confirm that this acceleration condition is consistent with the simulatio
results. It has been suggested by the previous studies that electrons are selectively accelerated at the resonance energy thrc
the drift-resonance. In contrast, the present result indicates that wide energy electrons can be accelerated through the interactic
with propagating fast mode waves.
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Relativistic electron acceleration by chorus emissions with sub-packet structures
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We perform test particle simulations of relativistic acceleration processes of energetic electrons interacting with chorus emis
sions with sub-packet structures. Recent analyses of whistler-mode chorus emissions observed by spacecraft show that a we
packet of a rising-tone chorus element consists of many sub-packets with gradually increasing frequencies. The strong modul
tion of the wave amplitude affects dynamics of resonant electrons, making them detrapped from the wave potential or entrappe
into it. We set up two wave models, i.e., a chorus element with and without subpacket structures. We compare the acceleration €
ficiencies in the two different wave models by tracing the formation processes through many interactions with the wave packets o
chorus emissions based on the Green’s function method [1]. In both cases, resonant electrons undergoing the cyclotron resonat
with the waves are efficiently accelerated by nonlinear wave trapping. In the case of the wave model with the subpacket structur
a larger number of electrons are entrapped into the wave potentials, while the acceleration efficiency in energy is decreased di
to shorter interaction. In the case of the wave model without the subpackets, the acceleration efficiency in energy is much highe
while the number of electrons undergoing the acceleration is decreased. Eventually the total acceleration efficiencies in formin
the relativistic electron flux are not much different in the two different wave models. In both cases, we find formation of butterfly
distributions of MeV electrons.

Reference

[1] Omura, Y., Y. Miyashita, M. Yoshikawa, D. Summers, M. Hikishima, Y. Ebihara, and Y. Kubota (2015), Formation process
of relativistic electron flux through interaction with chorus emissions in the Earth’s inner magnetosphere, J. Geophys. Res. Spac
Physics, 120, 9545-8211;9562, doi:10.1002/2015JA021563.
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Longitudinal extent of magnetospheric ELF/VLF emissions observed at Athabasca,
Kannuslehto, and Syowa stations

# Yusuke Yonezu[1]; Kazuo Shiokawa[2]; Martin Connors[3]; Mitsunori Ozaki[4]; Jryki Manninen[5]; Hisao Yamagishi[6];
Masaki Okada[7]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] Centre for Science, Athabasca Univ.; [4] Electrical and Computer Eng.,
Kanazawa Univ.; [5] SGO; [6] National Inst. Polar Res.; [7] NIPR

We report on the longitudinal spatial extent of whistler mode wave emissions in the ELF/VLF range at multiple ground-based
stations. We used the wave data obtained at 3 longitudinally-separated stations at auroral and subauroral latitudes, i.e., Athaba:
(ATH), Canada (54.7N, 113.3W, magnetic latitude (MLAT): 61.3N), Kannuslehto (KAN), Finland (67.7N, 26.3E MLAT: 64.4N)
and Syowa Station (SYO), Antarctica (69.0S, 39.6E, MLAT: 70.5S). Simultaneous observation data at these stations are avai
able for total 48 days during December 10-14, 2012, January 9-19 and January 29-February 5, 2013, and February 26-March 2
2014. MLT differences are about 3 hours for SYO-KAN, 8 hours for SYO-ATH, and 11 hours for KAN-ATH.

We analyzed the probability of the ELF/VLF emissions being simultaneously observed at 2 stations when the ELF/VLF emis-
sion is observed at one station. For the KAN-SYO pair (3-h MLT difference), the probability of simultaneous wave occurrence
is 36.8 % of all the intervals when the emissions are observed at KAN, and, 38.5 % of all the intervals when the emission are
observed at SYO. These results indicate that the spatial extent of the emissions is about 37 % with the 3-h MLT differences
However, for SYO-ATH (8 h), they drop down up to 31.5 % (ATH) and 9.9 % (SYO) and, for ATH-KAN (11 h), they are 30.4 %
(ATH) and 11.9 % (KAN). These numbers clearly indicate that the probability of simultaneous wave occurrence decreased with
increasing MLT differences. We also found that the simultaneous wave occurrence rate at 2 stations is higher when 2 stations a
on the dayside sector.
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Hybrid simulation of EMIC falling tone emission

# Masafumi Shoji[1]; Yoshiharu Omura[2]
[1] ISEE, Nagoya Univ.; [2] RISH, Kyoto Univ.

Theoretical study suggest the existence of electromagnetic ion cyclotron (EMIC) falling tone emissions, as well as the EMIC
rising tone emissions. We develop self-consistent hybrid simulation code with parabolic ambient magnetic field with longitudinal
electric field. We successfully reproduce a helium band falling tone EMIC emission in the simulation space. In upstream regior
of the wave propagation, we find electromagnetic proton hill predicted in the nonlinear wave growth theory. The proton hill
results in nonlinear resonant current causing falling frequency in the upstream region. Cold ion density modulation is induced by
forward and backward propagating oxygen band EMIC waves. The linear growth of the helium band EMIC wave is also enhance
due to the spatial inhomogeneous density distributions, and then helium band waves are modulated in density modulation scal
The strong trapping takes place due to the packeted waves. The trapped particle guided by the increasing resonance velocity
the upstream region, the proton hill appears in the distribution function.
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Properties of the fast magnetosonic waves observed by Van Allen Probes

# Kazuhiro Yamamoto[1]; Masahito Nose[2]
[1] Geophysics, Kyoto Univ.; [2] DACGSM, Kyoto Univ.

In this study, we report two topics: the relation between fast magnetosonic waves and thermal protons, and the radial propag;
tion of fast magnetosonic waves.

Fast magnetosonic waves are sometimes called as equatorial noise or ion Bernstein mode waves and are frequently obsen
in magnetic equatorial region in the inner magnetosphere. These waves are typically compressional and have peaks in the spec
of electric and magnetic fields at the harmonics of ion cyclotron frequency.

Many theoretical studies and observations show that the energetic proton ring/shell distributions ("10keV) are the source c
these wavesRerraut et al. 1982; Denton et al, 2010; Gray et al, 2010;Zhou et al, 2014,Maldonado et 4/2016]. The influ-
ence of thermal protons (17100eV) is also mentioned in some theoretical stutthese et al.[2000] demonstrate the proton
heating through the Doppler-shifted cyclotron resonance between thermal protons and fast magnetosonic waves by performir
ray-tracings.Min and Liu [2015] perform linear dispersion analysis and show that the waves become electrostatic when the ratio
of a Maxwellian thermal component to an isotropic shell velocity component decreases. However, there are few observations o
the relation between fast magnetosonic waves and thermal protons.

The other topic is the wave propagatidPerraut et al[1982] propose that we can estimate the radial propagation direction of
fast magnetosonic waves from the harmonic frequency because it relates to the magnitude of the magnetic field where the wav
are generated. Wave propagation may explain the harmonic structures that deviate from the local proton cyclotron frequency.

Here we investigate fast magnetosonic waves and their associated enhancements of thermal proton flux observed by Van All
Probes. On February 6, 2014, Probe B observed two fast magnetosonic wave events in the equatorial region (L = 5.8 and 5.
MLT = 12.8 and 13.5, and MLAT = 0.2 and 1.4) at 1700 and 1800 UT. The compressional waves appeared above 10 Hz ir
magnetic field. We also found electric harmonic structure below 10 Hz. Small disturbance (Dst "-30 nT) occurred on the day.
There was a sudden increase of proton density of solar wind at 1750 UT (from 2/cc to 3/cc), but around 1700 UT the condition
of solar wind was stable. AE index slowly changed from 200 nT to 100 nT. At the same time, proton flux increased at the energy
of 10-100 eV and had peaks around 1700 and 1800 UT. Such a simultaneous increase of thermal proton flux can be also foul
on March 06, 2013. We attribute the increase the flux to fast magnetosonic waves, and discuss the relation between them fro
the two points of view: wave-particle interaction and regime transition of fast magnetosonic waves.

In addition, we show simultaneous observation of fast magnetosonic waves by probe A and B on March 1, 2014. The radia
distance between probe A and B was "0.5 Re and probe A was nearer the earth than probe B. Probe A observed harmonics of t
local proton cyclotron frequency (5 Hz, 10 Hz, ...). The harmonic structure was observed by probe B about 2 minutes after the
observation of probe A. The structure had peaks at same frequency as probe A and deviated from harmonics of the local protc
cyclotron frequency (4 Hz, 8 Hz, ...). We consider these spectral features as results of wave propagation in radially outward direc
tion from the strong magnetic field region (at probe A) to the weak magnetic field region (at probe B). From the time difference
between two observations, we estimate the radial component of the group velocity of the fast magnetosonic, dyes @
the result is y"e¢ "20 km/s.
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Investigation of ion components in the plasmasphere using plasma wave observations
from Van Allen Probes observations

# Koji Nomura[1]; Yoshizumi Miyoshi[1]; Satoshi Kurita[1]; Shoya Matsuda[1]; Kunihiro Keika[1]; Masafumi Shoji[1];
Shinobu Machida[2]; Yoshiya Kasahara[3]; Naritoshi Kitamura[4]; Ondrej Santolik[5]; Craig A. Kletzing[6]; Scott Boardsen[7]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] Kanazawa Univ.; [4] ISAS/JAXA; [5] The Czech Academy of Sciences;

[6] Department of Physics and Astronomy, Uol; [7] NASA/GSFC

Magnetosonic waves (MSWSs) (or equatorial noise) are electromagnetic emissions whose properties can be described by t
cold plasma extraordinary mode. MSWs are typically observed between the proton cyclotron frequency and the lower hybric
resonant frequency generated by the ring distributions of energetic protons. Our previous studies indicated that MSWs becom:
left-handed (LH) polarized inside the plasmasphere when the wave frequency becomes lower than the cross-over frequenc
Since the local cross-over frequency depends on the local ion composition, it is possible to investigate the local ion composition
by estimating the frequency at which polarization reversal of MSWs takes place. Taking into consideration of this point, we
estimate the local ion compositions by estimating both the cross-over frequency and the L=0 cut off frequency that also depenc
on the local ion compositions. We use both EFW and EMFISIS data from Van Allen Probes to study the frequency spectrum of
MSWs. In this study, M/Q = 2 ion is identified as have reported by Matsuda et al. [2016]. We also find that the ion composition
depends on the radial distance from the Earth at relatively low altitude. We will report this result and the spatial distribution of
the ion composition from the statistical survey of the Van Allen Probe observations.
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Measurement and Modeling of the Plasmasphere during the St. Patrick’s Day 2013 anc
2015 Geomagnetic Storms

# Yuki Obana[1]; Naomi Maruyama[2]
[1] Engineering Science, Osaka Electro-Communication Univ.; [2] CU/CIRES, NOAA/SWPC

The plasmasphere is a region of cold plasma trapped in the inner magnetosphere by closed geomagnetic field lines. Tt
comprising electrons and ions diffusively come from the underlying ionosphere. Thus, the properties of the plasmasphere ar
controlled by the dynamics of the magnetosphere, ionosphere, and thermosphere. The plasmasphere is typically eroded durin
storm, with a time scale of hours, and refills during quiet times with a time scale of days.

Using cross-phase analysis of geomagnetic data from the CRUX magnetometer array in New Zealand, we determined th
equatorial plasma mass density during the two St. Patrick’s Day geomagnetic storms: March 2013 and 2015. Its trends durin
the 2013 storm present typical erosion and subsequent refilling features. On the other hand, during the 2015 storm, Plasma mz
density values kept pre storm level throughout the storm time. Apparently, no erosion has happened.

Comparing these experimental results to model results from the Global three-dimensional ionosphere-plasmasphere-electrod
(IPE) model, we will discuss the plasmasphere dynamics and it's coupling to the ionosphere-thermosphere system.
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SuperDARN HOP radars observation of ionospheric convection associated with
low-latitude aurora events at Hokkaido, Japan

# Nozomu Nishitani[1]; Tomoaki Hori[1]; Ryuho Kataoka[2]; Yusuke Ebihara[3]; Kazuo Shiokawa[4]; Yuichi Otsuka[4];
Hidehiko Suzuki[5]; Akimasa Yoshikawa[6]
[1] ISEE, Nagoya Univ.; [2] NIPR; [3] RISH, Kyoto Univ.; [4] ISEE, Nagoya Univ.; [5] Meiji univ.; [6] ICSWSE/Kyushu Univ.

The SuperDARN HOkkaido Pair of (HOP) radars, consisting of the Hokkaido East (2006-) and West (2014-) radars, are the
SuperDARN radars located at the lowest geomagnetic latitude (36.5 degrees), and have been continuously measuring ionosphe
convection at high to subauroral and middle latitudes with high temporal resolutions (&lt;= 1 to 2 mins). These radars enable us
to study the two-dimensional evolution of ionospheric convection ever 1 or 2 minutes.

In this paper we study two low latitude aurora events observed in Hokkaido, Japan from 15 to 19 UT on March 17, 2015
and from 1900 to 2030 UT on December 20, 2015, identified using optical instruments such as all-sky CCD camera, wide fielc
of view digital camera and meridian scanning photometer. Both events occurred during the main phase of the relatively large
geomagnetic storms with minimum Dst of -223 nT and -170 nT respectively. The ionospheric convection at mid-latitude regions
associated with the low-latitude auroral emission is characterized by (1) transient equatorward flows up to about 500 m/s in thi
initial phase of the emission (the geomagnetic field data at Paratunka, Far East Russia show corresponding negative excursic
in the D component), and (2) sheared flow structure consisting of westward flow (about 500 m/s) equatorward of eastward flov
(2000 m/s), with the equatorward boundary of auroral emission embedded in the westward flow region which expanded up t
below 50 deg geomagnetic latitude. These observations imply that the electric field / convection distribution plays important roles
in continuously generating the low latitude auroral emission. In particular the observation of the equatorward flow (dawn-dusk
electric field) up to as low as about 50 deg geomagnetic latitude is the direct evidence for the presence of electric field to drive
ring current particles into the plasmaspheric regions.
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Use of Spherical Elementary Currents for Analysis of SCs observed on 2013 and 2015
St. Patrick’s Day storms

s Marsal[1]; Antonio Segarra[1]; J.M. Torta[1]; # Tohru Araki[2]
[1] OE; [2] none

Araki's model of geomagnetic sudden commencements (SCs) proposes a successive appearance of the DPpi- and DPr
current system. By applying the Spherical Elementary Current Systems (SECS) to SC data from more than 100 ground statior
we confirmed the existence of the proposed current systems for two fairly large SCs occurred on 2013 and 2015 St. Patrick’
Day. The DPpi current system is converted to DPmi-current system reversing polarity during the first couple of minutes of the
SC. ltis the first time that SECS have been used for this purpose.

SCDOET)IV (Araki, 1994 (&, DPpi & DPmi D —DOEMRMG[EHNTHNE Z L ZRELTWS. TT T,
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Global evolution and propagation of electric fields during sudden commencements base
on multi-point observations

# Naoko Takahashi[1]; Yasumasa Kasaba[1]; Yukitoshi Nishimura[2]; Atsuki Shinbori[3]; Takashi Kikuchi[4]; Tomoaki
Hori[5]; Nozomu Nishitani[5]
[1] Tohoku Univ.; [2] UCLA,; [3] RISH, Kyoto Univ.; [4] ISEE, Nagoya Univ.; [5] ISEE, Nagoya Univ.

Sudden commencements (SCs) are triggered by an abrupt compression of the dayside magnetopause, which causes a
mode wave propagating toward the Earth in the equatorial magnetosphere across the magnetic field line. The sudden compr:
sion also induces the Alfven wave propagation toward the polar ionosphere along magnetic field lines. The latter causes th
global transmission of ionospheric electric field at speed of light, and can propagate the influence back to the inner and/or night
side magnetosphere. These general propagation processes have been demonstrated in previous papers using direct observat

Motivated by these issues, we investigate global evolution and propagation of electric fields using in-situ satellites and iono:
spheric radars. In order to clarify the magnetospheric response, we obtain the magnetospheric electric and magnetic field da
from THEMIS (5 probes) and Van Allen Probes (RBSP, 2 probes). Magnetospheric magnetic field data obtained from GOES 1:
and 15 are also referred to. We identify the ionospheric response using the C/NOFS satellite and SuperDARN radar. The eve
selection criteria are set as follows: (1) SCs occurred from January 2013 to December 2014. (2) The amplitude of the SYM-H is
more than 10 nT, and its rise time is less than 5 min. One hundred and thirty events satisfied these criteria.

An event study on 17 March 2013 shows that the magnetospheric electric field is propagated from dayside to nightside magne
tosphere. At the onset time, the magnetospheric magnetic field starts to increase, which indicates that the detected electric fie
is associated with the compression of the magnetosphere. In the ionosphere, C/NOFS satellite and SuperDARN radar detect t
dusk-to-dawn electric field about 1 min after the onset in the magnetosphere. Poynting fluxes evaluated from THEMIS and RBSI
data are directed toward the ionosphere along magnetic field lines in both dayside and nightside, which indicates that the Alfve
wave launches toward the polar ionosphere at the onset. We statistically derive the spatial evolution of magnetospheric electr
fields. This result can be interpreted as follows: First, the fast mode wave propagates from dayside to nightside magnetosphel
and "105-120 s after the onset, the magnetospheric convection becomes stronger. We also find that the spatial distribution of tl
response time is asymmetric between dawn and dusk, which can be explained by the asymmetry of the plasmapause location.
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Theoretical analysis of the M-I coupling including magnetic shear effect due to the
large-scale field-aligned currents

# Tomo-Hiko Watanabe[1]; Yuki Miwa[2]; Shinya Maeyama[2]
[1] Nagoya Univ.; [2] Dept. Physics, Nagoya Univ.

It has been considered that auroral arc formation and its spontaneous growth originate from physical processes intrinsic to tt
magnetosphere-ionosphere coupling. The feedback instability is one of the most plausible mechanism. Theoretical analyses
the feedback instability have been limited to the simple geometries such as the straight field line or the dipole configurations. Ir
the present study, we have extended our analysis with including the magnetic shear effects due to the large-scale field-aligne
currents (FACs).

For simplicity, we consider a model with straight field lines with a constant shear, where the east-west components of the
magnetic field due to the FACs are taken into account. Then, we could derive the linear dispersion relation of the feedbacl
instability in presence of the finite magnetic shear.

In this study, we have found (1) a frequency upshift of the Alfven resonance, and (2) enhancement of the feedback instability
due to the magnetic shear. The result (1) is confirmed by an analytical solution under the weak shear approximation. The obtaine
results are the first demonstration that the fine-scale auroral dynamics can be influenced by the large-scale current structure
the magnetosphere. More detailed results including roles of dissipation will also be discussed.
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lonosphere as a driver of substorm MI-coupling

# Osuke Saka,[1]
[1] Office Geophysik

Dynamic properties of the terrestrial ionosphere and the magnetosphere are coupled electrically and magnetically throug
the field-aligned current closure. The driver of the Alfven waves in the magnetosphere, often represented by the perpendiculz
gradients of plasma pressure at right angles to the field gradient in the equatorial plane, is a source of field-aligned currents (FAC
in the MI coupling.

Meanwhile, the ionosphere may act as the driver of the FAC. Knowing that the expansion of the flux tube cross-section lead:
to the reduction of the magnetic field intensity in the ionosphere, we can assume that the inductive fields (fast mode) are set u
in the auroral zone ionosphere at substorm onset. The Hall conductance of the ionosphere generates the static fields (Alfve
mode) in the auroral zone ionosphere by the mode coupling. The upward and downward FAC from the static field regions may
form a current closure themselves through the Hall currents. The auroral zone ionosphere in northern and southern hemisphel
individually serves as the source of the FAC at substorm dipolarization.
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Initial statistical study of FACs simultaneously observed along the same field line by
MAGDAS on the ground and by QZS in space

# Hideaki Kawano[1]; Osamu Ogushi[2]; Yuta Abematsu[3]; Nana Higashio[4]; Haruhisa Matsumoto[5]; Alexey MoiseeV[6];
Dmitry Baishev[6]; Teiji Uozumi[7]; Shuji Abe[8]; Akimasa Yoshikawa[9]; Akimasa Yoshikawa MAGDAS/CPMN Group[10]
[1] Earth and Planetary Sci., Kyushu Univ.; [2] Earth and Planetary Sciences, Kyushu University; [3] Dept. Earth Planet. Sci.,
Kyushu Univ.; [4] JAXA; [5] JAXA; [6] IKFIA, SB, RAS; [7] ICSWSE, Kyushu Univ.; [8] ICSWSE, Kyushu Univ.; [9]
ICSWSE/Kyushu Univ.; [10] -

The QZS satellite of JAXA has an orbit whose geocentric distance is almost the same as those of geosynchronous satellite
but whose orbital plane makes an angle of about 45 degrees from the equatorial plane. The footpoint of the magnetic field lin
running through QZS keeps staying very close to the Siberian MAGDAS ground magnetometer stations KTN, TIK, and CHD.
Thus, they can simultaneously and continuously monitor the same FAC at high-latitudes in space and on the ground, for the firs
time in history. This enables us to study the detailed spatial structure and motion of the current circuit consisting of the FAC anc
the ionospheric current. At present we have data from QZS and Siberian MAGDAS for the same five years, and we can stud
them on a statistical basis. So far we have made an overview-type analysis of one-year data, and the following is the feature
of the FACs simultaneously identified both in space and on the ground along the same field line. (1) The majority of them was
observed on the nightside. (2) The majority of them flowed into (away from) the ionosphere in the postmidnight (premidnight)
sector. (3) They tended to move away from the midnight meridian in the east-west direction. (4) They tended to move away fror
the equatorial plane in the north-south direction. (5) Their current intensities had a positive correlation with the AE index.
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Generalization of lonospheric polarization and Magnetospheric Field-Resonance

# Akimasa Yoshikawa[1]
[1] ICSWSE/Kyushu Univ.

Generalized wave equations for the three-dimensional magnetosphere-ionosphere coupling are derived. This formulation ur
fies two types of mode conversion between shear Alfven wave and compressional wave, that is, one by the inhomoginity of th
Alfven velocity in the magnetosphere and the other by the multi-step inductive Hall effect in the ionosphere. Wave generation
by the magnetospheric dynamo in the source region of the magnetosphere and by the polarization effect in the loading regic
of the ionosphere can also be described by the same equation. The resultant horizontal propagation of ionospheric electrosta
potential field accompanied by the formation process of Birkekand current system could be explained by this formulation.

In this talk, we will discuss the formation process of Birkeland current system from viewpoint of the three-dimensional
magnetosphere-ionosphere coupling.
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Mapping the magnetic fluctuations observed by LEO satellites onto the equatorial plane
of magnetosphere

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

In the regions of high-beta plasma such as the plasma sheet or the boundary layer in the magnetosphere, it can be expected 1
the plasma behaves as turbulence due to the effects of various plasma instabilities, non-linear development of Alfven waves, at
so on. Satellites in the plasmasheet also have observed the fluctuations in velocity and magnetic field that have the characterist
of fluid turbulence (Borovsky et al. 1997). If the plasmas usually behave as turbulence, the spectrum and their distribution are
important for understanding phenomena in the magnetosphere. However, it is almost impossible to have sufficient simultaneot
satellite observations that cover the huge magnetospheric domain.

On the other hand, we confirmed that the magnetic fluctuations having period longer than 2s observed by low Earth orbi
(LEO) satellites can be regarded as the manifestation of the spatial structure of the field-aligned currents by using the magnet
data obtained by Swarm satellites during December, 2013 when the satellites flew on nearly the same orbits with slight time
separations. In addition, the LEO satellites fly through wide range of magnetic latitudes in a short period of time, so, by project-
ing their orbits into the magnetosphere, they can scan wide range on the equatorial plane of the magnetosphere. therefore,
projecting these fluctuations onto the equatorial plane of the magnetosphere, i.e., the source regions of field-aligned currents, v
try to estimate the distribution of turbulent region and their characteristics there.

We made statical maps of the amplitude of magnetic fluctuations for both quie®&T) and disturbed(AE50nT) condi-
tions. We also made spectral analysis of magnetic fluctuations by MEM and found that there are many peaks in wide frequenc
range in every spectrum regardless of the geomagnetic conditions, MLTs, and so on.

This result suggests that the magnetospheric plasmas usually behave as turbulence.

In this paper, in addition to the result above, we also discuss the wave-number spectrum in the magnetosphere.

Ty — MWK EERER EE B TS AR T, L% TS ARDARLENRT IV T X il DIERIE T
BREICE>T, TIRAIWEARNNCIRD TS TVWB EEZONS, EE. WKEBHEREIZ TS X<y — BV,
75 X OEE RIS DR AR OR 2 > T3 T L 28Il L T3 (Borovsky et al. 1997) IRIC 75 X HVELIFHMY
WKIRA5ES DTHNE, ZDOART MILRDRIIHSIENOHR MRS 2 7-DICEETH 5, UL, [LKEHESIE
M ARE T BRI K B T A RIRBINIL I Z IR HETH B,

—J5 T, F4ld SWARM 2 OWIIHLE & BB T — X Z @i s 5 C LT, EKEEHEEIC X > TEIIE NS JEH 2
YL OREIIGZEEN O KGR DR AR E R O ZEMREE DRNTH % C L 2D ST, AT, K& EHEIXER CA
WIS IR 28 0 1k % 728, R OHEZ RGBT T % T & TRESIERER D)L KAz fiE ST 2 &N T
X%, TN R, TNSOEF LB ER, DX O IR AREREKESICRE U, SLIRESO SR 5 OFF
Mz RiEE 5 LR MAT,

FalE, WEEETRERIC I 2 A OIRIFIC DWW T OMGH XK 2 AR (AE<50NT) & iEAUERELEF (AE>50NT)
WICDWTHER LTze £z, MEM 52 HOTARY RIVIEFT BTV, FEXHEEDS MLT R I X 5T R TDARY ML
JEWEREGRICZ L DY — 7 ZD T L ZRHER LT,

DT LIIWEE T T XD —RICERINCIRS S T & 2R LTV 5,
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General properties in the ion composition and energy in the plasma sheet observed
during March to July in 2016 by the MMS mission

# Masafumi Hirahara[1]; Naritoshi Kitamura[2]; Karlheinz Trattner[3]; Stephen Fuselier[4]
[1] ISEE, Nagoya Univ.; [2] ISAS/JAXA; [3] LASP, Univ. Colorado; [4] Space Science and Engineering Division, SWRI

We survey for the recent high-quality data obtained in the near- and mid-distant plasma sheet by the HPCA (Hot Plasm:
Composition Analyzer) on the MMS (Magnetospheric Multiscale) mission of NASA. The MMS mission is the most recent
mission in the Solar-Terrestrial physics for studying magnetic reconnection processes in the terrestrial magnetosphere with fol
identical spacecraft (Burch and Torbert, SSR, 2016; Burch et al., SSR, 2016; Fuselier et al., SSR, 2016), and the HPCA i
the ion energy-mass spectrometer consisting of a top-hat electrostatic energy analyzer and a time-of-flight mass spectromet
covering the energy range from 10 eV to 40 keV for typical ion species in the magnetosphere (Young et al., SSR, 2016). We
report the general properties of hot and beam components of the ions and their dependence on the mass composition. Most of 1
observational periods used in our survey from March to June of 2016 were in the southern plasma sheet and the boundary adjact
to the lobe because of the orbital elements of MMS. According to our quick survey of the energy-time (E-t) spectrograms of the
HPCA data, the hot O+ component intensities in the keV range in the plasma are strongly correlated with the geomagneticall
disturbed times while the beam-like O+ signatures at lower-energies could be seen even under mid and low active conditions.
should also be noted that the low-energy beam-like H+ signatures could be seen inside and vicinity of the plasma sheet also durir
the quiet times, and the intensity ratios of H+ to O+ are clearly anti-correlated with geomagnetic activity. The other types of H+
signatures, e.g., the very low-energy H+ population at less than 100 eV and the energy-dispersive band-like H+ structures who:t
energies monotonically decreases with the distance from the Earth, were often observed in the near-Earth orbits, particularl
under quiet conditions. These facts indicate that the energization mechanisms acting on the outflowing and plasma sheet heav
ions may be more effective with increase of geomagnetic activity while some processes driving the outflows of the ionospheric
ions were always engaged more and less. The beam-like O+ energy distributions found in the E-t spectrograms tend to ha
slower variations particularly in and near the plasma sheet boundary layer, than those of H+. These slower variations could be
consequence of the mass-dependent energization processes. Also in our presentation, we discuss how similar and different
mass-resolved signatures in the hot/beam components are among the four MMS satellite measurements.
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Investigation of the magnetic reconnection process with MMS data: Application of the
two-fluid model

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

http://lwww.isee.nagoya-u.ac.jp/

It is known that the magnetic reconnection is one of the most significant processes for understanding the structure of th
magnetosphere and the mass and energy transport in the Earth’s magnetosphere. The MMS (Magnetospheric Multi-Scal
mission which consists of four spacecraft was planned to study microscopic processes involved in the magnetic reconnectiol
Each spacecraft conducts fast electron and ion measurements as never done before with time resolution of 30 msec and 150 m:
respectively, as well as DC/AC magnetic field, DC/AC electric field measurements. If we adopt a set of two-fluid equations to
the data obtained by four MMS spacecraft with spatial separations of 50-400 km, it is possible to conduct the following studies
all essential to understand the magnetic reconnection:

(1) Direct derivation of the anomalous resistivity

(2) Determination of the physical mechanism to merge the magnetic field lines

(3) Examination of the frozen-in relation for ions and electrons to the magnetic field

(4) Verification of the causality relationship of plasma dynamics, i.e., Clarification the mechanism that causes the motion of
plasma, and heats/accelerates ions and electrons

Those are completely evaluated and verified with the use of the data from MMS spacecraft whose primary subject is to clarify
the physical process of the magnetic reconnection.

The method proposed in this study can be applicable not only to the magnetic reconnection but also to the other processes su
as discontinuities or shocks, thus it may become a useful tool to investigate various fundamental processes in the magnetosphel
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Structures of the Hall magnetic field in the dayside magnetic reconnection inferred from
Geotail data

# Ryu Tanakal[1]; Shinobu Machida[2]; Hirotoshi Uchino[3]; Shinsuke Imada[2]; Yoshizumi Miyoshi[1]; Kanako Seki[4];
Akimasa leda[5]; Yukinaga Miyashita[1]; Kunihiro Keika[1]; Yoshifumi Saito[6]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] SPEL, Kyoto Univ.; [4] Dept. Earth & Planetary Sci., Science, Univ.
Tokyo; [5] ISEE, Nagoya Univ.; [6] ISAS

Using Geotail data, we have investigated relationships between Hall-field structures and physical parameters in magnet
reconnection at the dayside magnetopause. In the magnetotail, symmetric reconnection generally occurs, since upstream ce
ditions of magnetic field and plasmas are almost the same between the northern and southern sides. On the other hand, at
dayside magnetopause, asymmetric reconnection tends to occur, because properties of magnetospheric and solar wind plasi
that contribute to the dayside magnetopause reconnection are quite different. In addition, while magnetotail reconnection has
qguadrupole structure of the magnetic field due to the Hall effect, dayside reconnection has basically a dipole structure. In th
present study, we used simultaneous sign reversals of the ion outflow velocity and the magnetic field observed by Geotail fror
year 1994 to 2014 as criteria to select reconnection events, and selected 26 dayside reconnection events where Geotail crossec
neutral line of the reconnection.We find that the reconnection events have either quadrupole or dipole structure in the duskwar
magnetic field componenBy, ). We further investigated the magnetic field structure near the neutral line by analyzing changes
in the ion density and magnetic field when Geotail passed near the neutral line. In the quadrupole-structure cases, the avera
ratio of the ion density in the magnetosheath to that at the magnetopause is 7.5, and the averagg.ratiohaf magnetopause
to |B, |in the magnetosheath is 1.5. On the other hand, in the dipole-structure cases, the average ion density ratio is 36.1, ar
the average magnetic field intensity ratio is 2.7. These values are greater than those for the quadrupole structure. These rest
indicate that dayside reconnection has the dipole structure in the Hall magnetic field when density asymmetry is large and th
electron flux from the magnetosheath is much larger than that from the dayside magnetosphere. Under the condition, Hall cul
rents due to magnetosheath electrons moving from the magnetosheath to the magnetosphere along the separatrix can form
dipole magnetic field structure.
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Horizontal profile of a moving red line cusp aurora

—

3]

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

Auroral emission at a wavelength of 630.0 nm (red-line) has a long radiative time. We have shown how this long radiative
time controls the horizontal extent of a moving mesoscale aurora, which is typical of the cusp. Using high time resolution (4 s)
observations by an all-sky imager at Longyearbyen, Svalbard, and observations by the EISCAT Svalbard Radar (ESR) pointin
along the magnetic field direction, we examined the auroral emission enhancements obtained in the cusp during the interval
southward IMF on November 27, 2011. Simultaneous observations from the all-sky imager and ESR clearly show how aurora
emission regions passed through the radar’s field-of-view. When the front edge of the moving auroral structure intersected th
radar’s field-of-view, the ESR electron temperature was enhanced. A few minutes later, the ESR electron temperature droppe
to the background level, indicating that the mesoscale electron precipitation region shifted away from the radar’s field-of-view.
At this time, the auroral emission in the radar’s field-of-view decreased, but still had adequate intensities. These results provid
evidence demonstrating that the moving cusp auroral emission occurs behind the electron precipitation region as well as insic
that region. We have interpreted this feature semi-quantitatively using the equation of continuity of the density of the excited
atomic oxygen. Our model indicates that the maximum intensity in the moving auroral structure occurs at a point along the

trailing edge of the electron precipitation region, and that the velocity of that region is important for determining how the 630-nm
aurora emissions extend horizontally.
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Simulation study of the dayside magnetopause in the southward IMF condition

# Shigeru Fujita[1]; Takashi Tanaka[2]; Masakazu Watanabe[3]
[1] Meteorological College; [2] SERC, Kyushu Univ.; [3] Earth & planetary Sci., Kyushu Univ.

The dayside magnetopause is usually determined as a boundary interface where the magnetic pressure in the magnetospt
and the thermal pressure in the magnetosheath are balanced [Hughes, 1995]. Consequently, a thin diamagnetic current sh
flows along the magnetopause. This current produces a sharp deflection of a magnetic field vector tangential to the current she
in the magnetopause. Indeed, the satellite observations identify the magnetopause as a sharp deflection of the magnetic field [i
Paschmann et al., 1979]. Finally, one might think that the magnetopause determined from the force balance relation correspon
to the magnetopause identified from a sharp deflection of the magnetic field. However, this speculation is not confirmed in the
solar wind-magnetosphere interface with the magnetic field configuration regulated by the null-separator structure. Here, wi
investigate the two magnetopauses by using the simulation results.

From the global simulation, it is obtained that the two magnetopauses are located in the place different places. The magnet
sphere determined from the force balance appears in the lowermost boundary between the magnetosheath and the magnetospt
The plasma flow momentum can be ignored in this region. We call this region as the boundary region. On the other hand, thi
sharp deflection appears in the region next to the boundary region. The plasmas in this region are accelerated by the magne
tension force because the magnetic field exhibits a kink. We call this region as the acceleration region. The kinked field lines
may remind us occurrence of the reconnection in this region.

The electric current flowing in the boundary region is the Chapman-Ferraro current because this current invokes the Lorent
force against the pressure-gradient force. This eastward current connects the load in the boundary region and the dynamo in t
lobe region. It is also obtained from analysis of the Poynting flux that the magnetic energy is transported from the lobe region
Next, we need to identify the source of the current causing the magnetic tension in the acceleration region. The simulatior
indicates that the current flowing eastward in the acceleration region comes from the dynamo in the bow shock. So, we call thi
current as the bow shock current. At the same time, the simulation indicates that the magnetic energy is transported from th
bow shock. As a result, we find that the two magnetopauses correspond to two different current systems. Physical significanc
of the bow shock current is not so clear yet. In order to understand the significance, we need to investigate the global magnet
field configuration. This issue will be presented in the talk.

Hughes, W. J. (1995), in Introduction to Space Physics, pp. 227-287, ed. by M. Kivelson and C. T. Russell, Cambridge.
Paschmann, G., B. U. O. Sonnerup, |. Papamastorakis, N. Sckopke, G. Haerendel, S. J. Bame, J. R. Asbridge, J. T. Gosling,
T. Russell, and R. C. Elphic (1979), Nature, 282, 243-246; doi:10.1038/282243a0.
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GEO-X: Future Japanese Geospace X-ray Imager

# Yuichiro Ezoe[1]; Yoshizumi Miyoshi[2]; Satoshi Kasahara[3]; Tomoki Kimura[4]; Kumi Ishikawa[4]; Masaki Fujimoto[5];
Atsushi Yamazaki[6]; Hiroshi Hasegawa[6]; Masaki Numazawa[7]
[1] Tokyo Metropolitan University; [2] ISEE, Nagoya Univ.; [3] ISAS/JAXA,; [4] RIKEN; [5] ISAS, JAXA,; [6] ISAS/JAXA,
[7] Physics, Tokyo Metropolitan Univ.

We present the latest update and progress on the future Japanese X-ray micro satellite mission GEO-X (GEOspace X-r
imager).X-rays from the Earth’s magnetosphere have

been established in X-ray astronomy observations (e.g., Snowden et al. 1994 ApJ, Ezoe et al. 2009 PASJ). GEO-X aims
demonstration of X-ray global imaging of the Earth’s magnetosphere, especially structures of the dayside boundary such as cus
and magnetosheath. We have been sophisticating the design of the satellite and the instrument to achieve high spatial and tii
resolution imaging with a compact X-ray imaging spectrometer composed of micromachined light-weight X-ray telescope(s)
and a high-speed semiconductor active pixel sensor. The results would have impacts on our understanding of how the solar wir
interacts with the magnetosphere.

AT G, mRe 2 fRAE ORESIEEMAE A  DiRig 2 B9 GEO-X O 217> T\ 5, KEEEDEES
EDZAliAF E, VA aaF EEHEN D 10 BRI FICIED % HIEROH & B KRR D/KER 5 & & B H 6 %
AU, X BRBEERZ U3 % 2 & AV T &= (Snowden et al. 1994 ApJ, Ezoe et al. 2009 PASYH),
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HENBLTFHEEINS, ThbE, XBMZHWS Z & TRMERmEICFA T % Flux Transfer Event®, Kelvin Helmholtz
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LT, HALIFET 50-100kg” T A DR/ N R 2 fET LTW\W 5, MHEOBEE X fFRE8 & 7 ) VR A X —
Uy —ZiAEDE, HE ER 5 deg AESRAE 9 DALIT., TxIIVF— 0.3-2 keVOIBIE HIET, AEHTIX, &
EOREE L BLRIC DWW TR 3 5,
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Statistical signature of omega band auroras

# Natsuo Sato[1]; Akira Sessai Yukimatu[2]; Yoshimasa Tanaka[1]; Tomoaki Hori[3]
[1] NIPR; [2] NIPR/SOKENDAI; [3] ISEE, Nagoya Univ.

We examined statistical characteristics of Omega band auroras using the THEMIS ground-based all-sky imager network dat
for 8 years from January 2007 to December 2014. We could pick up "330 events of Omega band type auroras. In this study w
examined statistical features for the following characteristics when Omega aurora observed: 1) Magnetic local time (MLT), 2)
Seasonal and annual variations, 3) Duration and recurrence period of the aurora, 4) Drift speed of the aurora, 5) Kp, AE, an
SYM-H dependence, 6) Solar wind speed and pressure, 7) IMF By and Bz dependence.

THEMIS £ KA —a IRy b —7 THNE Nz T —ZEZHOTH A HNY RA—10 T DR 2T,
T —Z AN 20074F 1 A5 2014 12 HE TD 8B TH O, ZDHhHh 58330/ XV it Uiz, ZDA XYk
T—=RZHNTA AN FA—OIOREICEHU T, FaDMaHiiizito/zo A AN RA— 34RO 1) il
AR (MLT), 2) 2 k. 3) F2 k. 4) BHlS. 5 Kp. 6) AE. 7) SYM-H, ZLT. KFE/ ST A —%—
EDLikE LT, 8 IMFBz, 9 IMF By, 100 KFEEE, 11 KiEEENTE, £z, nldiAd—a S Ol 535k
7z. 12) AAHA—a 50X A TRFRERE, 13) A—aS5D RY 7 MEE, 14 4+ —a 5 OfEkikE. 15 oKL
HIRRRE, & ThH 5, LMo IR & LT, FBAERBHATIC01-03MLTTH D, 2 HE 3HICEL.,
Kp #6503~ 4. AE ¥ 300~700nT. SYM-H B~ 4 F X 10~40nT TH > 7z. IMF &L DERTIX Bz A< A1 F ADKEE
By W75 ADWHC, KIGEIHEA 300~600km/sedD RS AEBE N mA > 7zo A—115D KU 7 M3 A &I 300
~500m/sec (REFNDIEFIREEN 15~25se¢ 7 LT, HEOME DR LHEED 10~30secTH 514 N FhEh o7z,
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Occurrence property of flickering aurora

# Yoko Fukuda[1]; Ryuho Kataoka[2]; Herbert Akihito Uchida[3]; Yoshizumi Miyoshi[4]; Yuto Katoh[5]; Kazuo Shiokawa[6];
Yusuke Ebihara[7]; Donald Hampton[8]; Naomoto lwagami[9]; Kanako Seki[10]
[1] Dept. Earth & Planet. Sci, Univ. Tokyo; [2] NIPR; [3] SOKENDAI; [4] ISEE, Nagoya Univ.; [5] Dept. Geophys., Grad.
Sch. Sci., Tohoku Univ.; [6] ISEE, Nagoya Univ.; [7] RISH, Kyoto Univ.; [8] GI, Univ. of Alaska Fairbanks; [9] none; [10]
Dept. Earth & Planetary Sci., Science, Univ. Tokyo

Flickering auroras typically appears within active and bright auroral arcs just prior to and during auroral breakup, and their typ-
ical frequencies are 3-15 Hz which correspond to oxygen ion cyclotron frequency at altitudes of 3000-10000 km. The flickering
aurora has been considered to be generated by Landau resonance between electrons and electromagnetic ion cyclotron (EM
waves. The necessary condition of their appearance remains unsolved due to lack of continuous observations. We have conduc
50-320 fps sCMOS camera observations at Poker Flat Research Range, Alaska for more than 3 winter seasons to elucidate |
occurrence property and to reconsider the generation mechanism.

We report statistical results of the correlations between the occurrence of the flickering aurora and magnitudes of AE index
non-flickering background auroral intensities, and microscale (1-10 km) flow speeds in the non-flickering background aurora,
which appeared at the same time of the flickering aurora, based on 50 fps data obtained for the 2014 winter season. It is four
that the flickering aurora was likely to occur in case of the high AE index and the bright background aurora with the fast mi-
croscale flow speeds. These results indicate that the occurrence of the flickering aurora is likely to be affected by the intens
parallel potential drop of the auroral accerelation region because the EMIC waves are considered to be excited by the electrc
beams. In comparison with the background auroral intensity and the microscale flow speed, itis also found that the former largel
contributed to generate the flickering aurora. We also report the first evidence of the fastest flicker@@yHit from new data
obtained during the winter of 2015, which is possibly generated by the proton-band EMIC waves.
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Aurora automatic analysis based on aurora features extraction with image processing

# Ryou Yoshinami[1l]; Satoko Saita[1]; Yoshimasa Tanaka[2]; Yuka Sato[2]
[1] NITKit; [2] NIPR

In the recent years, owing to the resolution improvement of the all-sky camera images and the information transmission tech
nology, the number of all-sky camera images for analysis of the auroral dynamics has increased explosively. Thus there is a ne«
for technology which automatically analyzes the moving image and assists manual analysis of these images by using a comput
The automatically analysis enable us to verify a relevance between environmental conditions and Auroral phenomena by con
paring various moving image data in the same conditions. Therefore, automatic determination of auroral shapes, movements, a
changes in auroral forms can effectively select moving images under the same conditions for the analysis of auroral dynamics.

This study aims to provide a computer program for determination of aurora features using image processing.

To recognize objects and features in the image, we need some preprocessing to the image data and then extracting featur
Currently, some research is conducting on feature representation to recognize, such as human and road signs using a technols
such as HOG (Histograms of Oriented Gradients) feature, SIFT (Scale-Invariant Feature Transform) feature, and any more.

Research example of feature extraction using the SIFT feature for aurora exists but yet optimal feature extraction approac
for automatic identification has not been established. Therefore, in this research to verify some of the feature extraction way t
aurora and comparing the effect.

As aresult, expression of aurora features with HOG features were found to be effective against a light aurora luminance value
In addition, it was found that the luminance value histogram can be expected to be applied to the aurora position and movemel
tracking. However, to use a luminance value histogram as a feature, it was also found that it is necessary to devise for regio
segmentation of an image of interest.

The results of creating background subtraction by the code book method, it was possible to clearly extract only Aurora region

However, when extracting the Aurora by the background subtraction, it has also been found that it is necessary to devise, suc
as removing the aurora thin point.

In conclusion, the approach to some extent by extracting features of aurora, practicality expectations for a number of determi
nation using that approaches.

However, there are issues corresponding to the above-stated approach, and we have to select appropriate preprocessing
accordance with the required types of aurora for proper use.
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Quantitative comparison of auroral emission and electron density profiles obtained by
multiple imagers and the EISCAT radar

# Yoshimasa Tanaka[1]; Yasunobu Ogawa[1]; Akira Kadokura[1]; Hiroshi Miyaoka[1]
[1] NIPR

We have studied the magnetosphere - ionosphere coupling process in the auroral region by using data obtained from groun
based optical, radar, and magnetic measurements. We analyzed monochromatic (427.8nm) images taken at a sampling inter
of 10 seconds simultaneously at seven stations in Northern Europe and the ionospheric data along the magnetic zenith obtain
by the EISCAT UHF radar at Tromso, Norway, during 22-24 UT on March 14, 2015. During this interval, wave/vortex structures
along discrete arcs were observed and followed by auroral breakup, poleward expansion, and pulsating auroras.

For some auroral wave/vortex events, we applied the tomographic inversion technique to the auroral images to reconstru
3D distribution of the 427.8nm emission and quantitatively compared it with height profile of the ionospheric electron density
observed by the EISCAT radar. The results indicated that the height profiles are very similar between the 427.8nm emissiol
and the electron density. In addition, the electron density profiles estimated from the auroral images by modeling the aurore
emission and ionization processes due to the electron precipitation were smaller than the actually-observed one by a factor |
about 2. Such a small difference of the electron density obtained by two methods indicates that the auroral tomography analys
is promising to derive the spatial distribution of the ionospheric electron density and conductivity. In the presentation, we will
further show results from statistical analysis and the generalized auroral tomography method, which combines both the image
and radar data for the 3D reconstruction.
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A THEMIS case study of Pi2 pulsations in the magnetotail and on the ground before a
substorm onset

# Yukinaga Miyashita[1]; Vassilis Angelopoulos[2]; Yasutaka Hiraki[3]; Akimasa leda[4]; Shinobu Machida[5]
[1] ISEE, Nagoya Univ.; [2] UCLA; [3] UEC; [4] ISEE, Nagoya Univ.; [5] ISEE, Nagoya Univ.

Using THEMIS spacecraft and ground data, we studied low-frequency Pi2 pulsations in the magnetotail and on the grounc
just before a substorm onset. A case study shows that a new compressional Pi2 pulsation was observed in the plasma sheet
earthward of the near-Earth reconnection site 4 min before initial auroral brightening or 2 min before auroral fading. The ion
and magnetic pressure perturbations appeared to be partly in phase at the beginning, indicating that the wave had fast mode.
similar wave was observed also tailward of the near-Earth reconnection site, although it occurred 4 min later. These waves mg
have been generated at the near-Earth reconnection site. On the ground, Pi2 pulsations were observed widely in the polar cap ¢
at the auroral oval before initial auroral brightening and auroral fading, although the amplitudes were small, compared to thos
associated with auroral poleward expansion. There was a tendency that the waves were observed first in the polar cap near 1
initial auroral brightening site and then in the surrounding regions. lonospheric convection began to be enhanced gradually 1 c

2 min after the Pi2 onsets. We discuss the causal relationship between the Pi2 pulsations in the magnetotail and on the ground
well as their role in substorm triggering.
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Satellite-ground coordinated observations of Pi2 pulsations associated with poleward
boundary intensification

# Shun Imajo[1]; Yukitoshi Nishimura[2]; Akimasa Yoshikawa[3]; Teiji Uozumi[4]; Shinichi Ohtani[5]; Aoi Nakamizo[6];
Vassilis Angelopoulos[7]; Stephen Mende[8]; Akimasa Yoshikawa MAGDAS/CPMN Group[9]
[1] Earth and Planetary Sci., Kyushu Univ.; [2] UCLA; [3] ICSWSE/Kyushu Univ.; [4] ICSWSE, Kyushu Univ.; [5] The Johns
Hopkins University Applied Physics Laboratory; [6] NICT; [7] UCLA; [8] UCB; [9] -

Pi2 pulsations are irregular geomagnetic oscillations that occur with various auroral phenomena, such as substorms, pseu
breakups, and poleward boundary intensifications (PBI). Pi2s are believed to be generated by plasmaspheric resonances anc
oscillations of bursty bulk flows that involve oscillating substorm current wedge (SCW). SCW oscillations are often associated
with middle-latitude and auroral region Pi2, but it is not clear whether the substorm current system (DC current component) is
necessary for the generation of the oscillating current system. The purpose of this study is to determine if a Pi2-related oscillatin
current system associated with PBI can occur in an absence of a significant CD component current system. We examined spat
and temporal relations between PBI aurora, which corresponds to an upward field-aligned current, observed by the THEMIS
all-sky imagers and Pi2 magnetic oscillations observed globally by ground-based magnetometers and satellites.

We found several cases where east-west elongated auroral arcs quasi-periodically intensified near the brightest region of PE
and each emission propagated both eastward and westward, corresponding to each Pi2 pulse. We focus on two consecutive
events associated with quasiperiodic PBI auroras around 2013-02-06 07:00 UT. In these events, Z-component magnetic fie
oscillations reversed with respect to the PBI latitude (GMLat. 72 degrees), indicating that oscillating auroral electrojet drives
Pi2s near the PBI. Spatial distribution of horizontal magnetic field in the nightside region lower latitude than PBI latitude is
consistent with ground magnetic field produced by oscillating upward and downward FACs located near the PBI location, anc
the magnetic field did not show substantial positive or negative bays. These observations suggest that a wedge-shaped oscillat
current system was generated by PBI-related phenomena without a substorm DC current system. Dayside Pi2s showed a ve
similar waveform to nightside Pi2 and an amplitude enhancement at the magnetic equator, indicating that dayside ionospher
current was driven by electric field transmitted from the oscillating FAC almost instantaneously. The RBSP-B satellite at "3Re
radial distance observed Pi2s with a similar waveform to ground Pi2 with no significant time delay. On the other hand, RBSP-A
at "6Re radial distance observed a Pi2 that preceded ground Pi2 onset by 45 s, and its waveform was somewhat different fro
ground Pi2. The delay time is almost of the same order as the travel time of fast mode waves from the satellite to the ground, an
the reason for a different waveform may be some resonance process or a localized disturbance.

Ground-based observations suggest that PBI-related phenomena without a substorm DC current system can be a cause ¢
wedge-shaped oscillating current system. We will investigate whether the resonance features of Pi2s in the magnetosphere can
coexistent with such an oscillating current system or not, using relation of electric and magnetic fields observed by the THEMIS
satellites.
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Reproduction of detailed signatures of the onset from the high-resolution global
simulation

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

We have developed a global simulation code with very high resolution. The substorm solution that is calculated from this
simulation code can reproduce the detailed features of the substorm onset in the ionosphere. It can reproduce the onset that st:
from the equatorward side of the oval, and the westward traveling surge (WTS) that starts two minutes after the onset, in th
same way as observations. Then, we investigated magnetospheris structure corresponding to each variation in the ionosphe
The onset is caused by the near-earth dynamo. The near-earth dynamo is driven by the pressure increase due to the squeez
combined with equatorward field-perpendicular flow due to the effect of the near earth neutral line (NENL). Pressure increase i
caused by the effect of field-parallel flow. The onset starts before the arrival of flow from the NENL to the equatorial plane of
the inner magnetosphere. Flow reach two minutes after the onset, when it is around the start timing of the WTS. The expansio
phase is further developed by the arrival of flow. Looking at the result that the solution of the near-earth dynamo very realistically
reproduces the details of the onset signature in the ionosphere, we cannot avoid to conclude that the current wedge (CW) is
misleading concept.
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A THEMIS statistical study of near-Earth magnetotail changes during substorms and
pseudosubstorms

# Kento Fukui[1]; Shinobu Machida[2]; Yukinaga Miyashita[1]; Akimasa leda[3]; Yoshizumi Miyoshi[1]; Vassilis
Angelopoulos[4]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] UCLA

Substorms and pseudosubstorms (pseudobreakups) are very similar phenomena. In terms of auroral morphology, pseuc
substorms are generally more localized and more short-lived, compared with substorms, and are not accompanied by polewa
expansion. We examined auroral development for events from November 2007 through April 2010, using data from THEMIS
all-sky imagers. We defined events accompanied and not accompanied by poleward expansion as substorms and pseudos
storms, respectively. To understand the cause of auroral development, we investigated temporal and spatial development of t
near-Earth magnetotail during substorms and pseudosubstorms, based on superposed epoch analysis of THEMIS data. We f
that Bz begins to increase at -3:(GSM)>-11.5 Re around onset for both substorms and pseudosubstorms. The amount and
rate of Bz change are larger for substorms than for pseudosubstorms. In the earthwarKE#%B5 Re) and tailward (-11.5
>X>-15.5 Re) regions, Bz increases substantially for substorms, whereas it does not increase very much for pseudosubstorn
These results indicate that dipolarization is weaker for pseudosubstorms than for substorms, and the dipolarization region dot
not spread extensively for pseudosubstorms. We, therefore, suggest that current disruption related to dipolarization does n
develop tailward and hence auroral poleward expansion does not occur for pseudosubstorms. Meanwhile, the plasma and mze
netic pressures increase at -6:X>-7.5 Re after onset in association with dipolarization, particularly for substorms. The total
pressure (the sum of the plasma and magnetic pressures) prior to the onset is about 1.3 times larger there for substorms tf
for pseudosubstorms. At -7:5X>-9.5 Re the total pressure hardly differ between substorms and pseudosubstorms. Thus we
conclude that the spatial gradient of the total pressure is a factor that determines whether the current disruption region develoj
tailward, that is, whether initial activation develops into a substorm or subsides into a pseudosubstorm.
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Solar wind-substorm intensity connection revisited

# Akira Morioka[1]; Yoshizumi Miyoshi[2]; Masahito Nose[3]
[1] PPARC,Tohoku Univ.; [2] ISEE, Nagoya Univ.; [3] DACGSM, Kyoto Univ.

While the intensity distribution of substorms is an essential issues in space physics, it had not been studied due to difficultie
in identifying every substorm for a long period with reliable and definite criteria. In 2016, we made a database of substorm
onsets and intensities for 10 years from 2005 to 2014 using the favorable wave and planetary (Wp) index to identify almost al
of the substorm onset events and AL index for substorm intensity determination. Then, the distribution of substorm intensity
(JAL|index at substorm) was statistically studied. The results showed that substorm intensities consist of two groups with log-
normal distribution: small substorms termed group-S substorms with an intensity peak around 100 nT and larger substorm
termed group-L substorms with an intensity peak around 250 nT (Morioka et al., JpGU Meeting 2016). In this presentation,
we revisit a problem, what determines the intensity of substorms. Our statistical study showed that the empirical magnetopaus
distance r0 is highly correlated with the intensities of group-L and storm-time substorms, as well as the solar wind electric field
Em. Both the solar wind pressure (Pd and Pm) and erosion of the earth’s magnetic field by IMF Bz constrain the magnetospher
determine the magnetopause location, and compress the plasma sheet. Thus, rO can reflect the tail current intensity. Under th
considerations, we statistically re-examine the relationship of rO and Em with the substorm intensity to discuss the problem wha
determines the substorm intensity.



R006-36 218 D B¥RY: 11 B 22H 11:10-11:25

A —n T EFEOHEEGR & 2RERIC X 2 RIRFEH

# SR FAE [1]; VEA S2K[2]; =R 2 [3]; BTH AL [4]; JIS &K [1]; =3 3 [3]
[1] & RFHHERRT; [2] 7V 7 )V = 7 Kt BV AR [3] %K ISEE; [4] 4K - ISEE

Auroral substorm onset in satellite global images and all-sky images

# Akimasa leda[1]; Yukitoshi Nishimura[2]; Yukinaga Miyashita[3]; Shinobu Machida[4]; Takahiro Kawashima[1]; Tsubasa
Miura[3]
[1] ISEE, Nagoya Univ.; [2] UCLA; [3] ISEE, Nagoya Univ.; [4] ISEE, Nagoya Univ.

Optical substorm onset signatures in Polar satellite global images and ground all-sky images in Finland were comparec
Substorm onset has been identified using ground all-sky images to have two stages (initial brightening and auroral breakup
which are separated by a few minutes. In contrast, such two stages are usually unclear in satellite global images, presumably d
to limited temporal and spatial resolutions of observations.

In this study, we used high time resolution (37 seconds) ultraviolet (170 nm) global images taken by the Polar satellite. The
20-second resolution green line (557 nm) all-sky images in Finland were also used. We first identified an auroral breakup ir
global images and then searched for substorm onset signatures in all-sky images. As a result, the auroral breakup was obsen
simultaneously within a minute between global and all-sky images. In contrast, the initial brightening was not observed in
global images but in all-sky images two minutes before the breakup. This result implies that the substorm onset identified ir
global images can be delayed from the Akasofu-type substorm onset by a few minutes, possibly when the initial brightening is
relatively faint.
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Mechanics of substorm expansion onset: An update

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

Auroral breakup is a long-standing unsolved issue in the magnetospheric physics, despite many theories and models ha
been developed. Abrupt intensification of upward field-aligned current (FAC) is central to this issue because the upward FAC i
responsible for accelerating electrons downward and emitting bright aurora. The purpose of this presentation is to update ar
refine the mechanisms that were suggested by Ebihara and Tanaka [2015, JGR, d0i:10.1002/2015JA021516] by reanalyzing t
result of the global magnetohydrodynamics (MHD) simulation. We obtained the following results: (1) When a near-Earth neutral
line (NENL) forms, plasma originating in the lobe starts to be accelerated toward the equatorial plane. The plasma within 10 Re
then traverses the separatrix, or a last-closed field line at off-equator, and enters the inner magnetosphere. (2) Near the separat
magnetic field is intensified by perpendicular motion of plasma (compression and advection), resulting in the intensification of
the Lorentz force pointing toward the equatorial plane. (3) Successively, the trajectory of plasma turns to the east and wes
directions by pressure gradient force associated with filed-aligned pressure increase by compression. (4) The directional chan
of the flow at off-equator generates (matches with) the upward FAC that is responsible to auroral breakup. In short, the abrug
intensification of upward FAC is a result of the formation of the NENL and the subsequent magnetospheric reconfiguration tha
takes place three-dimensionally. In the course of the three-dimensional reconfiguration, the changes in the magnetic field and tl
plasma pressure result in turning of plasma motion that generates onset-associated upward FAC. The most important and relev:
flow of plasma lies at off-equator.
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Disappearance of moving transpolar arc and its relation to the intensification of oval
activity

# Takahiro Obara[1]
[1] PPARC, Tohoku University

In the northern polar cap region, the transpolar arc was detached from the morning (evening) side oval and moves dusk wat
(dawn ward), corresponding to IMF By change from negative to positive (positive to negative) during northward IMF condition.
In the past work by Obara et al. (1988), it was demonstrated that oval intensification has been taking place when the transpol:
arc was diminishing its intensity.

Based on the IMAGE FUV data, we have examined the location of intensification in the night side oval. Thought the number
of moving transpolar arcs was small, it seems likely that the intensification of the night side oval occurs dusk ward (dawn ward)
of the transpolar arc with respect to local time during positive IMF By (negative IMF By) condition in the northern hemisphere.

Tanaka et al. (2004) demonstrated that a movement of transpolar arc is caused by the growth of new merging cell. Open fiel
lines in the new merging cell in the polar cap may reconnect, and newly formed closed lines result in the blocking of the return
path of closed field lines generated in the old merging cell. Losing their return path, closed field lines which have been generate
in the old merging cell accumulate on the night side, resulting in the transpolar arc.

Merging of filed lines in the new merging cell in the night side could accumulate magnetic fluxes. Some changes of IMF Bz
polarity; positive to negative for instance, could trigger oval intensification.

In the presentation, we like to demonstrate the examples of the events and will discuss the location of the oval intensificatiol
with respect to the transpolar arc location and consider the onset of the oval intensification.

JEiE IMF BRIV T, IMF By @ polarity DKERIC K > T, 7— 7 WA —ma I+ — U 5578 L, Mietiiicsko L
TIT<ED, ZLOMXIC X > THEMEN T3, IMF By ORI, Transpolar ArchVERK S NS —DDFKE EEZ 5N
TW5D, /NEM (GRL,1988) T, B# L TV % Arc DWHET 2D LATD XA 2 > 75, Transpolar AreD AR D
F =2V T 2B EN TN S.

IMAGE #5207 — Z O, 86l Transpolar Archakal E N7z, Z O OEFINEAY I BEI L Tz, 2D
Transpolar AraD#) Z 1% IMF By OZ{L L BIR L TH D, JLFERICH T 28 TlE, IMF By 0 Rk % &4 5 cm
Mo TEIZE, IMF By B~ 1 F Aldix % LN > TEEIL TWe. 2L T, Z0%, < LT, JZHllDOA— Lo —i6
ICHDED R BN, B, 7— 7 OO EIChb 5T, BEISHOK T DA =V TR > TV e,

1 (2004)iC & % Transpolar AraD MHD ¥ X 2 L—=3 3 VTl IMF By OKEEH 75 X< > — b O il X
B, ZOHR, 7oA — OB O EEMES NI, Z LT, TOBET, BEZESF RIS LT, by —Y
> UREEK & ORI R T2 LS — YV T REET, BRI L < AEE N, SNSRI LWL —Y v T
YIRS B XL, B2 A LTI L. i =Y Y Z RV DORANS H % A4 — OV OREE T, Wi EERD S B# LT
KBTI IRR Y — > 7 e T LB U T IRRIC 75 %, S —2 > )LD A —7 ) UREICE B Nz B Uizt
BE, @ETHNE, BRICR > TS, il =YV F )V THTIZICER E N U & > ¢, BHNC R %
HEAHIEE NS, Shid, Hr~v—I 2 TV DOA— )V TE D NP C 7R IE, diuv ) VOB UTzid 1R & 75
FICHEDED, ROENTWVENSETHB. Z LT ITEHERN A= IVCEB I N CTHORREL, 2 — b 5
EAHSTIE T, S O] U TTT ¥, Transpolar ArdMERKE NS & LTV 3.

L= 7V TR, e U T C 2DV ER SN T WS, chiud, 79X — M T IAR E TR )VF—
MU SN TV LA ZEDPHKS. Z LT, IMFBz B EAIEICiz U5 &, BRI EN S HEICEZ L DR T T v
I AW U, 79 A< — Ma S, B YT A =Lz R ET 5 HICRS. IMAGE #EN RIzA—
O A —VOEEE, UL EDTF I A THIHTEZ S Th 5.
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Unsolved Issues and New Challenges

# Atsuhiro Nishida[1]
[1] ISAS

(1) Conneccting magnetic fields between IMF flux ropes and their solar sources
(2) Role of non-linear process in auroral breakup

(3) Thermodynamics of the radiation belt

(4) Origin of the Magnetospheric Period Oscillation on Saturn

(5) Generation mechanism of MSTID in high latitudes

RIS BB OTEENE IMF ORiEIC iR <AKE L TO B0 5. IMF it 2 KRR R ORHRESE L F5 U3 % T L IZFHZEmR
[ATPMOBEREETH S, Bl UTHICEE S CME DA, BIllE NS IMF KRG ETEEIKO arcadel R /147
ME[EEE TN TIERE NS flux rope DE & 2 < DFAEIC—E9 % (Marubashi et al., 2005 LA L. KRS D
FEEN K D EMETH S 551CE. CME DEIGT DDA 59 LE radial TidZaW & A, CME BFERICEAN 5 DR
BTEIT S eh. HICERBOR T —)V TR Rz 5T HEHGEDZLd % (Bisoi etal., 2016} £ EE 2 5. Th
5OIRMIC BT B IMF OF RIS HOBETH %,

(2) A—v1F « TL—27 v FHET 3 IR EEDORE]

YT RA =L, TREBED T 3L F—DVa RSB IC B 5 ) a7 &g Vi Kk > THIKERIICHA L, &
EN 5] Growth phaser 5. [COZR)VF—DREHOWKHMERICHRET 2V aART T a Vick>TREN S ]
Expansion phases & #1793 %, C ORI SN TV 5D, 4 —1F T Expansion phas®fillaz5iF 5D E Eh
% Breakup®D A 1 Z X LICDWTUF R ZHNER I N TV S, bR Ic B 2 FER-NN ST LEFRFTHRNWT &
5 HT. Breakupld B & tIOREEE T T 2 KR T AZDE 0D TR AL, ZO 70t ADHTRATIIC
AT 2 IFRER T a e AR LT 5D TIEARNEA 5 H (Sato etal., 1998 Morioka et al., 2013, ZDHEAICIE
NI E BRI O A7) VIR EETH A 9, £z, BreakupdD T3 )VF—HMHAI N2 DIZEHH, 5 Tldx <,
BED A AT NS TH B, &9 simulationf i (Ebihara and Tanaka, 201%)% &3 540 E M D 5,

(3) MR DRI

TR T ONLERRE & U T, keVIKOE 7H BFRAET 28N —EOE 72 HIBHNCinE L T MeV BIcH L 1
%, WO R (Omuraetal 2007V /IHEN TV S, EFOIIVF—DHINICEX 5 LWV o@fRE, —H, BY)
2 NS B K5 ThH B, L L. Debye spheréy DR D EIGIC X > THEENTWS &, Bk FHHEAE
OB I ISR T DEFINICIRZ 85 LW S M ERID 7' ARICBV T, T M ¥—2 Gibbs-BoltzmanmD it
M7EERICKZED TR, ZHATRIHINS L0 BRI N TV (Tsallis, 1988; Livadiotis and McComas,
2009)) HIFRIVF—E T OBEMEBIIEANCRS LWV T e TH 5B, BEHRHEFOBNT— 21 T Oz E
L. BUPENGENIT ZiERT 5 T ENEF LU,

(4) TREUKEMNICRAET 20 iis (Magnetospheric Period OscillatipreD 2

TR O EIC I KR ERRDEE L. Bigil (= FREGOEN) & ERT RGN -217E> TV (Andrews
etal., 2010) COERFRIEHEREILEEROZNZENICH O, RIEEILNERE S, MKEORIRIC &2 KIZT. KE
DRI S NMCENTNEEDD, KIS DWW TOMFEIRIEZ LV, EfEEORBEAKTICIESN N D, ZTOX
AFEERIC K > TRET ZERICGERT S 05 3 (Jia et al., 2012)F BLEZENDY, HOFERREZ 13 U HEAMN 255
MEHE N TRV, TOX D AR FREGIEHIER « KEIZE L XOARBHKETEHNONTHE ST, Mied T HlLkGE
WHRTH %,



(5) WU EEEEE L (MSTID) DFEARHS

MSTID DIEFHIEFEHNICTN SN TV B DY, EEEIC B 2 FAEMREIC BT 2 Bt s BN D a0, KED#L
KT 2D, HE5VIEA—1T & ZOBHBERICK > THEE N2 D, wEDHZ (Frissell et al., 2016)c XL
MSTID OBIIAEEE (F e BRSO R VR OIS & < . Mg £ 5 (FOHIROFED N S) LK T 9%, KD
BRI, A R EAY B & DN & < PR & ORFHICRV, COFFRBIEEZMHZDEDTHHDM. HBHWVIFK
SR STH D RUEE D B B EEEANO RIS 2R T DD, BEARNGEENKEN TV 5,
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# 531 FOR [20; KB E— [1]; Kl p—BB [2]; =4 thafeli [3]; Paey &2 [3); iR Yehd [4]; i fElg [5]; aEZA (4= [6); BY #E
BT [7); B B (8], B 2% [9]; Wik BE [5); SEFH: fa [10]; -2 shid [11]; EAE thikd [12]; #iA i [13]
[1] S KFHIWE; [2] %K - FHUE; [3] %K ISEE; [4] &R0k « FRT. - FE1%; [5] Mutthiit; [6] mUk « B Hifli&itz > 2 —; [7] K
KPR« HUBRESSE R EI: [8] FHHif, T HiHAS; [9] NICT; [10] bk « BE; [11] sAbK « B - SE TS5 A K& [12] K
BREEE A « T« FEEEEE T, [13] MK

Study of dynamical variation of particles and waves in the inner magnetosphere using
ground-based network - PWING Project

# Kazuo Shiokawa[1]; Yuichi Otsuka[1]; Shin-ichiro Oyama[2]; Yoshizumi Miyoshi[3]; Nozomu Nishitani[3]; Mitsunori
Ozaki[4]; Ryuho Kataoka[5]; Masahito Nose[6]; Kanako Seki[7]; Iku Shinohara[8]; Tsutomu Nagatsumal[9]; Yoshimasa
Tanaka[5]; Takeshi Sakanoi[10]; Fuminori Tsuchiya[11]; Yuki Obana[12]; Shin Suzuki[13]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] Electrical and Computer Eng., Kanazawa Univ.;
[5] NIPR; [6] DACGSM, Kyoto Univ.; [7] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [8] ISAS/JAXA,; [9] NICT; [10]
Grad. School of Science, Tohoku Univ.; [11] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [12] Engineering Science,
Osaka Electro-Communication Univ.; [13] Aichi Univ.

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

Dynamical variation of particles and waves in the inner magnetosphere is one of the most important research topics in recel
space physics. The inner magnetosphere contains plasmas in wide energy ranges from below electron volts to Mega-electr:
volts. These plasmas (electrons and ions) interact with ULF/ELF/VLF waves at frequencies of 0.1 Hz to 10 kHz to cause their
energization in the equatorial plane of the magnetosphere and loss into the ionosphere. In order to provide global distribution ar
guantitative evaluation of the dynamical variation of plasmas and waves in the inner magnetosphere, we have started PWIN¢
Project (study of dynamical variation of Particles and Waves in the INner magnetosphere using Ground-based network obse
vations, http://www.isee.nagoya-u.ac.jp/dimr/PWING/PWIM@h e.htm), which will last for 5 years from April 2016, as a
Grant-in-Aid for Specially Promoted Research of the Japan Society for the Promotion of Science (JSPS).

In the PWING project, we plan to construct a longitudinal observation network at 8 ground-based stations at subauroral lat:
itudes (magnetic latitudes: "60 degree) to monitor 2-dimentional images of patrticle precipitation and ULF/ELF/VLF waves at
frequencies from 0.1Hz to 10 kHz. We combine these longitudinal network observations with the ERG satellite, which will be
launched in fiscal year 2016, and global modeling. Using these comprehensive observations and modeling, we provide glob:
distribution and quantitative evaluation of the dynamical variation of plasmas and waves in the inner magnetosphere at L™4 Rt
near the plasmapause.

The MeV-energy electrons in the inner magnetosphere forms the radiation belts around the Earth, which are continuous three
for space vehicles and human bodies in space. The outcome from the PWING Project will increase the accuracy of forecastin
the variations of radiation belt particles in the inner magnetosphere and contribute to the safe operation of human activities i
space. The results of the PWING Project are applicable to any astronomical bodies which have dipole magnetic field and atmc
sphere, and will increase the basic understanding of physical processes on the energization and loss of plasmas in space.

HIBRFE L OFHZER D 5 B, RHCHIBREZR O 4 5z hn & LIz N E I, fAEORESZRIVF—Th %
MeV TNV F—D 7T A TR E NS BEHETENM 5. 1eVUL FOBERIZIIVF—DT I A TR ENS TS5 X< E %
T, 6 ML EDOJRNZ RV F—HFAD 7T A~ ki1 (BT« A4 ) MEIEL. EBEH 0.1Hz— 10kHz D ULF/ELF/VLF
HOBRLIEE EAELER Liah S, ki F-ONLE « RN E T3 FIKEOER TH %, NEREEIE T, BRSO 5
fid & RO TdIT, 7T XK FEEC 53 S EIRE R O JEHA CHUERFE D 2 B8 /5 1 (8] © 72 B « JEAR LWL, &
D=8, FEEDRRE D IR S B 2852 BRI T 2 o — VIR LT T B, ki T« B EOE =Nk
HIRICIZVETH %0 FhTzBIE, 2016-202001C HARZEHRELE ORPA L E MiBIE CRERIHEEMZE) & LT, PWING 7
Oy b M EZ iy T — 278N X 2 NERRESIEORL 1« BN OZE) A /1 = X LOW%E | (http://www.isee.nagoya-
u.ac.jp/dimr/PWING/PWINGwvebj.htm) ZBAMA L7z, A7V 27 b TR, TOWTBHAEICE T 3 75 A<k L
REEh O ZEEMEZ 7 O — VTR T 2 L L &I, ZOEFEMZERMNCHLMCT ST L ZHNE LTV,

T DI, AT, AR HREGOMIZ 90 & LIzfEE) T 60 EhaofEs (Y74 —n o) I,
PR CHUERZ —E 9 % & S IR T RIS 8 AT OB Z2 EE 7 & - THIRR L. HIEREL O FHi2¢ i THBRD %
DO EREHTNTEE LTV 7T AR OHIERKGANDRE D AR, TN EMEIERT % A 0.1Hz-10kHzD
BB 2B %, CThSDBZE, # LA THEIC X 2 FHEZEM TOR 1 « B OE B> B8R 7 EEH



DET) VT EHAEDLE T, NESBICEIT % 79 A~hi+ & BRSO Z AR 2 7 a— UIciiET 5 L &
i, FOEHD AN A LZEZMNTHAS ML TV,

AWFZE T, e U 7z WA AT 7 b B 5 72 HIBR A TR T NS RIS IS ECE LT 7' A EHIO%
FD T a— ViR E 24 K= X —9 3 C L RAREICT B, COHI EXxy vT—J B, 2016FEFEICITBHH
BEDEOH LW ERGHIEIC X AREKE OB, X 5ICETFY VI ZHAEDLE T, WK EICH T2 75 X<
i & BRIGOEFDO X = X LDEBNZITMNZ G525 LN TES, R 35 T NEREE B O & T 2L
F—7I X<, NTHEONTREL ATV —KiiE, KBFEM SOV OBHE0f 2 -1 EREEE O e & OREES|
TR TTEMOENTVS, AT K> TELNEBERIZ. NS OEEFKIROBREEO FHISOEICEIEH I NS
FETH S,
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Imaging observation for the Earth’s plasmasphere from Lunar orbit by nano-spacecraft

# Kazuo Yoshioka[1]; Masaki Kuwabara[2]; Reina Hikida[3]; Fumiharu Suzuki[4]; Go Murakami[5]; Ichiro Yoshikawa[6]
[1] The Univ. of Tokyo; [2] The Univ. of Tokyo; [3] Frontier Sciences, Tokyo Univ.; [4] Earth and planetary science,
Univ.Tokyo; [5] ISAS/JAXA,; [6] EPS, Univ. of Tokyo

The nano-spacecraft mission named EQUULEUS is now under development. It will be launched in 2018 as one of the
secondary payloads of SLS (Space Launch System) mission of NASA. EQUULEUS will fly to a libration orbit around the Earth-
Moon L2 point and demonstrate trajectory control techniques within the Sun-Earth-Moon region (e.g. low-energy transfers using
weak stability regions) for the first time by a nano-spacecraft. A small telescope in extreme ultraviolet named PHOENIX will
be boarded on EQUULEUS. It consists of multilayer-coated entrance mirror (diameter of 6 cm) and photon counting device
(microchannel plate and resistive anode), and electronics parts. The reflectance of mirror is optimized for the emission line
of ionic helium (wavelength of 30.4 nm) which is the important component of the plasmasphere of the Earth. By flying far
from the Earth, the entire image of plasmasphere can be obtained. Our observation will complement and enhance the geospe
in-situ plasma measurements conducted by the ERG (JAXA) and Van Allen probe (NASA) missions. As a result, we can
understand natures of geospace and radiation belt, which we have to understand to realize future manned space exploration.
this presentation, the mission concept and the design of the telescope will be shown. The status of the development will also k
shown.
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Development of a Thermal and Supra-thermal ion Analyzer for Space-borne
Experiments

# Yushi Suto[1]; Kazushi Asamura[2]; Yoshifumi Saito[3]
[1] Earth and Planetary Science, Univ of Tokyo; [2] ISAS/JAXA; [3] ISAS

In the terrestrial magnetosphere, plasma particles with a wide energy range frevhto MeV exist simultaneously. These
particles are generated and/or transported via interactions with plasma waves. For example, in-situ particle observations ha
revealed that the inner magnetosphere contains significant fraction of low-energy plasma particles originated from the ionospher
Their typical energy is a few tens of eV in contrast to much lower energies in the ionosphere. However, acceleration and transpo
processes of these particles are still unknown. This is mainly due to lack of observations of thermal and supra-thermal ions. |
is known that satellite potential reaches about 5-30 V in the inner magnetosphere. Because of this, a measurement of plasr
particles with energies less than a few tens of eV is easily affected by spacecraft potential. One of the solutions to suppres
this effect is to mount the instrument on top of an extendable boom. The effects of the spacecraft potential are suppresse
by controlling the chassis potential of the instrument. In this study, we are developing a thermal and supra-thermal ion mas
spectrometer which is light enough to be mountable on top of the boom.

Our instrument consists of a top-hat type electrostatic energy analyzer which have a full-field of planar view and a time-of-
flight type mass analyzer. We miniaturized these structures based on numerical simulations in which trajectories of incoming
charged particles are traced inside the sensor structure. Diameter of the analyzer becomes less than 10 cm in the current desi
The sensitivity and resolution of the instrument is enough to observe the ionospheric ions. In addition, we applied a photon traj
inside the analyzer to reduce UV photons reaching the detector area.

We are developing this instrument as a payload of SS-520-3 sounding rocket. In the presentation, we will show the instrumer
design and its development status.

BRI SN I3 eV FEFE DB « BEVH L PEEN BT 3V F—Ri 7 58 MeV Zild 2 2 BT )V F—hi - £ T,
IBIANWT IV F =D T T AR FDFEFFICFEL TV 5, TS O FIXEBHGZ T UTHAEFER L, hid-ofixkz
BTHER - T AT L TERER TS AR L TW5, HIZIE. NERKEIC T BEEEERD 75 X< DMEE
THTEPMENTED., MIFIIN > TEEEE 7 5 A DB E T 2 8% Mpolar windl DBMEEBHICK > T
LR ENT VD, TOLE, BEETIE 1eVIZETH >R EEE TR T eVIZEICETINEEN TS, L
MU, ZONERSI AR E N TWERY, TOHHO—DE LT, it eV LU RO « HENN A 4 > OE 7
To%6. BMEOFHBEBNMRFHEIYEEEZTLEY, BHIBERNES TRV EWV S HENEIT S NS,

NI BN BT A LHE R 5~10V IZ EICHEBET S BN TS, TO L EHEIZEW - BEWNA 4 >
(0.1-10 eV)DNHEN & [AFLL LOEN 2R > TWa 7D, ZTNOZERELTEINT 2 2 LIFIEFICH LV, Liehi->
TINDEDOFERMNT B0, BRI EHEED SME LT — L EICERE L., BHIZSOEAEN Z HIET 5 /515N
EZHN%, TOLAE, B NIRETHZ0END B, TODdLIZ, IV bZEH U220 « BEW A 4
IHTERDBIFRZT> T 5,

— RN A A B T R IV F— TR E R D 2 DDA BRERE NS, ABEIRO T 3L F—SHrERIc
&, 360EDFHIRIEE Z B 2R 7D L 3V F— « FERATMDIEE RTRER b 77Ny MBS Hras ORI Z B LTz,
AREARI A E VRIS 5 T & Tl D RS 28T 5 EWNHETH S, LIzh> T, AESRIC K-> TR
BNIT— R BN % T & TAF RFD 3TTOEE NGS5 ENTED, —J. ERINHICIE Kaguya’s
CICHRGAE 2 RO TR R T B m o an 2 R Uz A 1E. AR AV OiEy 2 aL—Yavzd kicch
5OEER/INEET B Ty TFIATFEDORKEEH 100 ¢ X 60 mmEEDED « BEAA 4 > otreazikat Uiz, i
F¥Ial—ya VRN D, ARIHIEEEE A A VBN T D R REE R FI D T N o TS, el A
BEASTE S 2 MBI SRRSO T 2 RE L D72, A4 O AS T IREFE D HHEBIC I EIMRANDO RN T & fii &
nctwns,

AR I T SZRE AR 2 HeAa TR 7 b SS-520 35 EANDBEDSTESNTE D, ZOF 5 EiFicmir =6
HKNED SN TN 5, BT FELOEARKEH 2 & EICNEBBEREOFIRGGT e T L. EEOMRZIT> T3, 5%k
MEERBRB LTy UV T L—y 3 Y EHET S TETH 5,

ARFERTIX, BN - BN A A 0 Hids DFFl 7RG TS K CBIEDRIFIRIIC DWW TN S,
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Low-energy patrticle instruments (LEPe and LEPI) to be onboard ERG spacecraft

# Kazushi Asamura[1]; Yoichi Kazama[2]; B.-J. Wang]3]; Yushi Suto[4]; Shiang-Yu Wang[5]; Shoichiro Yokota[6]; Satoshi
Kasahara[7]
[1] ISAS/IAXA,; [2] Institute of Astronomy and Astrophysics, Academia Sinica, Taiwan; [3] ASIAA, Taiwan; [4] Earth and
Planetary Science, Univ of Tokyo; [5] Institute of Astronomy and Astrophysics, Academia Sinica, Taiwan; [6] ISAS; [7]
ISAS/IAXA

ERG spacecraft, which explores terrestrial inner magnetosphere, is planned to be launched in fiscal year 2016. We have dev
opped LEPe (Low-energy electron energy spectrum analyzer) and LEPi (Low-energy ion energy mass spectrometer) instrumen
to be onboard ERG. They cover particle energies 19-19000eV (LEPe) and 10-25000eV/q (LEPi). Three dimensional distributior
functions of electrons and ions in these energy ranges are believed to play significant roles on excitation of plasma waves such
Whistler waves, EMIC waves, and magnetosonic waves.These waves are considered to be closely related to acceleration and I
mechanisms of high-energy electrons in the inner magnetosphere. We will present performance and planned observation moc
of the instruments.



R006-P05 215 Poster B¥RY: 11 8 20H

Data products of Medium Energy Particle analysers (MEPs) onboard ERG

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

ERG (Exploration of energization and Radiation in Geospace) is the geospace exploration spacecraft, which is planned t
be launched in FY2016. The mission goal is to unveil the physics behind the drastic radiation belt variability during space
storms. One of key observations is the measurement of ions and electrons in the medium-energy range (10-200 keV), sinc
these patrticles excite EMIC, magnetosonic, and whistler waves, which are theoretically suggested to play significant roles in th
relativistic electron acceleration and loss. In previous space missions, however, the medium energy range has been the missi
region due to the limitation of conventional particle instruments. We introduce these instruments in terms of specifications,
observation modes, and data products.
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Preflight performance and expected data products of “High energy Electron exPeriment
(HEP)” onboard the ERG satellite

# Takefumi Mitani[1]; Satoshi Kasahara[2]; Takeshi Takashima[3]; Masafumi Hirahara[4]; Wataru Miyake[5]
[1] ISAS/IAXA; [2] ISASIIAXA,; [3] ISAS, JAXA,; [4] ISEE, Nagoya Univ.; [5] none

The Exploration of energization and Radiation in Geospace (ERG) project will explore how relativistic electrons in the radia-
tion belts are generated during space storms. “High energy Electron exPeriment (HEP)” on board ERG satellite will observe 7(
keV -2 MeV electrons, which covers energy range of electrons to be accelerated and accelerated electrons, and play an import:
role to understand electron acceleration.

HEP provide three-dimensional velocity distribution of electrons every spacecraft spin period. Electrons are observed by twc
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 is “£0cn? str, and HEP-H observes 0.7 - 2 MeV and g-factor is™2.0n? str. HEP-L
and HEP-H each consist of three pin-hole type cameras, and each camera consist of mechanical collimator, stacked silicon ser
conductor detectors and readout ASICs. HEP-H has larger opening angle of the collimator and more silicon detectors to obsen
higher energy electrons than HEP-L.

In this presentation we introduce the HEP instrument and report the results of performance tests of the flight model. We als
describe data products from HEP observation in orbit.
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The extremely high-energy particle sensor for electron (XEP-e)

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

It is well known that satellites are always in danger in space and especially high-energy radiation damages them. One of th
sources that cause them is the radiation belt (the Van Allen belt). It was thought to be static, but in the 1990s it rediscovered th
radiation belt fluctuates greatly. There are some reasons to occur this phenomenon, but we have not understood a clear rea:
of this yet. On the other hand, it is well known that the energetic particle flux vary during geomagnetic disturbances and the
relativistic electrons in the other radiation belt change with solar wind speed.

The Exploration of energization and Radiation in Geospace (ERG) will try to reveal this mechanism. The ERG satellite is
the small space science platform for rapid investigation and test satellite of JAXA/ISAS. This satellite will be lanched in 2016.
Our group is developing the instrument (The eXtremely high-Energy Particle sensor for electron (XEP)) to detect a high-energy
electron (400keV-20MeV). The XEP-e has 5 SSDs (Solid-State Silicon Detectors), one GSO single crystal scintillator and an
anti-scintillator. It has one-way conic sight.

In this presentation we introduce the XEP-e and report the results of performace tests of the flight model.
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Development of ultraslim magnetometers for future interplanetary explore missions

# Reiko Nomura[1]; Ayako Matsuoka[2]; Hirokazu Ikeda[3]; Hirotsugu Kojima[4]
[1] ISAS; [2] ISAS/IAXA,; [3] ISAS, JAXA; [4] RISH, Kyoto Univ.

Since the single spacecraft observation cannot distinguish between temporal and spatial variations, for example, the way
vector and the dispersion relation cannot be determined to find a wave mode of the plasma turbulence in the solar wind fo
energy dissipations.

In order to find the wavenumber by deploying four magnetometers at edges of the large thin film solar cell ("50m each) of the
Solar Sail (Trojan asteroid exploration mission), we are developing an ultra-slim and light magnetometer integrated with signal
processing circuits of low power and noises. One of the problems for installing our magnetometers is that the signal proces
circuits are too large and heavy to deploying into the solar cell. Therefore we developed the 5mm-chip (ASIC; Application
Specific Integrated Circuit) for the analog parts of our signal process circuits to achieve both weight saving and downsizing. This
magnetometer is planed to perform a flight proof by SS-520-3 sounding rocket experiment.

In our presentation, we will show the simulation results and the performance evaluations of the developed circuits of ASIC.
Also, we will show the attitude analysis results and the performance evaluation of a new method on digital data processing o
S-520-29 DFG for preparing the flight proof by SS-520-3.

CNE COREMZEM TOBRMMIEHEEHERICK 25D THH 220, K - ZZM2 (b2 DT 2 2 e TET,
Bz, KEFEPO TS XEFRIC OV T, T3xI)VF—HCRICEH 5 2 EEITVEIC BRI AN T b )L & 7rEEI RO
HHAEE L.

AWZETIE, V—F—kAIVIviay OREMaVE/NKEEE) ORFBIL (—14750m) R ER SV D 4
FICREIEH 2458 L, R FHd 2 C 2B LT, T E S URE— KL M/ N - k&, AE DR/ A
AOWSHEERZ B L T\ 5. KIEEEORRGEM SHOUVICHEIK T 2 7 DIclE, TEROUEGBINIE O X TG0
P RKELETER T EHMEE DOV EDL RS, ZTT, v HBEESUHREE THKEINTVWE T Ty 7 A7 —

MEHFEID S B, EEEEREIEED 7 F 1 RIEEEH A% Smm f OEFREEIE (ASIC; Application Specific Integrated Circuit)
I B T LI KD BRE(ER T V3L NI/ bR T -7z, T OMSGENERE, 2017ELFICWINK 0 {TH LIFF
D SS-520-35 KBTI v FRERICENT, 7T MRAEEGET BT ETH 5.

AFETIE, BIEEOBHEAETTICBI ZMEEICOVT, YIal—ya VRO E LB, ASIC ZHAAATE
B DRI 29 5. Xz, SS-520-35HTDT T+ FIGEICIHT, S-520-295 BT v FEERICE T 5T 4
WIART T v 7 A7 — NI 1EHT — 2 2 O T ZEMRITHRE R, N OHT T ¥ 2OV O PEREFHili Z # 9 %.
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DC electric field measurement in the low altitude dayside cusp region by SS-520-2
sounding rocket

# yasuhiro kano[1]; Keigo Ishisaka[2]; Taketoshi Miyake[3]; Hirotsugu Kojima[4]; Makoto Tanaka[5]
[1] Toyama Pref. Univ.; [2] Toyama Pref. Univ.; [3] Toyama Pref. Univ.; [4] RISH, Kyoto Univ.; [5] Tokai Univ.

SS-520-2 sounding rocket experiment was carried out at the Svalbard rocket range in the Norwegian Spitsbergen Ny-Olesur
at 9:16 on 4 December, 2000. The purpose of this experiment is launch a rocket to the region where occurred the ion heating
low altitude dayside cusp region, and it is to investigate the physical mechanism of the ion heating. SS-520-2 sounding rocke
reached to an altitude 1100 km to about 600 seconds after launch, and observed of 1147 seconds. The SS-520-2 sounding roc
payload was equipped with Electric Filed Detector (EFD). EFD is one of the sub-system of Plasma Wave Analyzer (PWA) on the
rocket, and it is a receiver to observe the DC electric field and the low-frequency wave (0-50 Hz). PWA is using four Wire antenna
(WANT) as a sensor. The WANT placed two by two on diagonally line, and called the two sets of 10 m tip-to-tip dipole antenna
WANT-X and WANT-Y. Observed x and y components were extended to operate without problems since are 90deg out of phase
We analyze the EFD data analysis during the period from 184 seconds to 1109 seconds after launch. Further, the wavefor
observed by the EFD contains distortion of the pulse-like waveform. The distortion of this waveform is thought to influence
by photoelectron emission surrounding the rocket. This paper analyzes the DC electric field is considered to be involved in th
heating behavior of ions at low altitude dayside cusp region using an EFD data, and performs the derivation of the DC electric
field vector. In particular, we explain the removing method of the pulse noise by photoelectron emission.

SS-520-Z il M IEERIE, 20004F 12 A 4 HART QK 16 31 / )V 2 —DAE Y NIV VB = 2 —F )V A VI
HBAINVN=R - alry NEEGTITbNTZ, TOERROHME, KEERMA 2 THEBIC 1) % A4 4 OInEb
TV ARBGIca Ty b ETS B, ZOYMEEZIER T 5T & Ths, SS-520-FHIa v MMIFESHER 6007014
IR 1100kmIC B L. 1147 0@ 217> 7z, SS-520-281lI 7 v M IE B EHI%EE Electric Filed Detector (EFD)
ZHELTWS, EFDIZ. B7 v MCEE N TS X< EBEIHIEEE Plasma Wave Analyzer(PWAPY 72 A7 I
D—DTHY. HEifiE; & KE S (0-50Hz) Z 8T 52 EHTH S, PWAIZ, LT L LTIAYT T Wire
antenna(WANTYz 4 VTV %, T WANT % 2 83 Dxt i BIChE L, 2 #0 10m tip-to-tipdD X A R—)L7 >~
71 WANT-X, WANT-Y & U THRES ¥ 5, BllE Nz x B & y 5. 90deghifHh g T2 O ThilE &R < i
LEIE LTz ED MR Nze fRATICIZIT B BT 18480 5 110980 EFD 57— 2 Z Wz, Fiz. Bl /= EFD
DL, 7SIV RO DRI ZZ AT NS, TOFRIEDEHE, NHETRBICKZHERE EZ N5, KinTld.
EFD 77— % 7% W TR E B X TR TOA A4 > OIBBHSICE S LT\ 5 & EZ 55 DCELOMN 21T,
DC BBV MIVOEHZTTS, R, BT —ZICEENSHE THHICET % / 1 XDBRETNEC DOV TEHIAT %,



R006-P10 215 Poster B¥RY: 11 8 20H

SS-520-3/LFASE#H 7 ¥ Z )VALEEER D FPGAE Y 2 — )V DEkE

# feo e B (1], S50 A [2]; /S v [2]; SEEm 240 [2]; R 1 (1] Rl D8R [3], /UK BB [1]; fdl F25 [4]; 12k thig
[1]
[1] BIK; [2] 5OK - EA7E] [3] SRR - BT - A1, [4] &K - 1L

Design of FPGA modules for digital processing part in the SS-520/LFAS

# Tsubasa Takahashi[1]; Yoshiya Kasahara[1]; Hirotsugu Kojima[2]; Takahiro Zushi[2]; Mamoru Ota[1]; Mitsunori Ozaki[3];
Satoshi Yagitani[1]; Keigo Ishisaka[4]; Yoshitaka Goto[1]
[1] Kanazawa Univ.; [2] RISH, Kyoto Univ.; [3] Electrical and Computer Eng., Kanazawa Univ.; [4] Toyama Pref. Univ.

The rocket SS-520-3 experiment will be performed in the next fiscal year. LFAS (Low Frequency Analyzer System), TSA
(Thermal lon Spectrum Analyzer) and IMS (lon Mass Spectrometer) will be mounted on the SS-520-3 rocket. Energy exchange
process between plasma waves and plasma particles via wave particle interaction is planned to be evaluated directly and que
titatively by SWPIA (Software-type Wave Particle Interaction Analyzer). We are responsible for the development of the digital
data processing module for LFAS mounted in the SS-520-3 rocket.

LFAS contains two pairs of dipole antenna, and two receivers hamed EFD (Electric Field Detector) and WFC (Waveform
Capture). The EFD measures electric wave field in the frequency range from DC to 400 Hz and the data will be sent by analogu
telemetry, while WFC covers electric field measurements in the VLF range below 10 kHz and generate digital data which consis
of one channel of spectrum and two channels of waveform.

Two FPGAs will be installed in the LFAS. One FPGA is supplied to the WFC digital part and another one is used for a com-
mon digital part of LFAS. WFC digital part performs data compression of waveforms and generation of spectrum data. Two
channels of waveform data will be sampled at 30 kHz and digitized into 16 bits/sample, and fed into the first FPGA. In addition,
as a counter to secure the synchronousness between waveforms and particles, SWPIA counter is generated in the FPGA. In’
waveform compression module, subband compression is carried out every 1,024 points. In the spectrum generation module o
set of 512 points of FFT followed by two combinations of 1/8 decimation and 512 points of FFT are performed in parallel, and
the logarithm amplitude is finally calculated. It observes spectrums of three frequency bands, that is, 1 kHz - 10 kHz, 100 Hz - 1
kHz and below 100 Hz. Both the compressed waveform and spectrum data are transmitted to another FPGA which is responsib
for a common digital part of LFAS. It performs telemetry transmission processing afterwards.

We have already developed a baseline of waveform compression as well as spectrum processing, and inspected that the
modules work fast enough to process these data within real-time. We also confirmed that the total amount of generation data
within telemetry transmission capacity. As a next step, it is necessary to decide the details of the I/F with the peripheral circuits
including the data entry part from ADC and the data output part after the processing.

In the presentation, we report further detailed signal processing section and the I/F with peripheral circuits, observation se
guence.

20004F 12 H 4 HICEMIT 7 v T+ SS520-25#7% W C, Mg/ X 7RI 1) 5 A A > Dfinidt - ingAO g7z H
& Lizary bIERA TN Tz, SS-520-25F41C1E 7 A > Ok - BREICKZdFLS LTS EEZLNTNS
75 X E 2 BT % 7012 75 X< 2(E1% (Plasma Wave Analyzer : PWAMEHE & 1, PWA IZ1d DSP% VT HA
YDA > R— RV 7 )V 2 A LI EFELEEBRE NI S Nz, RO B H A2 T % 72 b D%k IER & LT, KA
IC SS-520-35 I X Bt r v b HEEEDTE I N TV S, SS-520-35 &I 13K I EN#NT > A 7 L\ (Low Frequency
Analyzer System : LFAS)YEAf) A 4 > 73 #i2s (Thermal lon Spectrum Analyzer : TSAPRT %)L F—A1 A VEE S Hidn
(lon Mass Spectrometer : IMS} EWERENS. X7z, VT Mo o 7 BGEIN 7 AAE 2SR (Software-type Wave
Particle Interaction Analyzer : WPIA)IZ K D Bif3 L7z 7 — 2 SIFEIR FAHBEAERIC K 2 75 Ak 1 & 775 X< i)
DT 3 )L F — AL 2 BN DERINICTHEY 5 TETH 5. AWIFLTIE T D SS-520-FFifll v MMERD LFAS
DT Y Z NV ORFEZTTS .

LFAS X 2 fHDO X A R—)L 7 > 7 F & B ELIZ (Electric Field Detector : EFDYRIEHifEZ{5 4% (Waveform Capture :
WFC) & "W:EN 3 2 D2 EREIEH L TV 5. EFD TIZ DC 5 400 HzOEREZHHILZhET7Fa 7T 1L A L)
TEET . 72, WFC TIEEY 2 %) (CH1, CH2)®D 10 kHz L FOESEIRESZFHIIL, # EAIZ 15+ RI)LD AXRY
MUVT— 2 L EMAURZ LTz 2 F % > RIVOEIET — 2 26k 5.

WFC 7Y Z )V DRI DV TR % . ZHUS I HRD FPGAMMIER S 5. T U, HiHl D SS-520-25H4 Tl K
[EAf7: EDEEUEZ DSPLTY 7 by 2 72 LWz D% FPGAICEE T % T & Tandil « /INEEZ X 2% Dh
HNTH 5. TD FPGA L TIIE T — 2 DJEAHILEE L AT MVETZTTS. T 2T, WFCT Y 2)LERIciEt > 7y > 7
JE % 30 kHz T ADC S TbE w ML 16 bitD 2chDIETET— X MWMASIE N5, L iz, JE LR T ORI Z RS
272D HT 2 LT, SWPIAKY V2% FPGAWH TR T % . IEALEIR T, {55 Z2 8O BT EIc A EI L,
NEENEFHTOEBSHREDEWEZFIAL, €y FEZHIRT 5 FMHTIETH Y 73 REMZ 1,024552 & I1AT
5. AT VIR T, 1872 A—3 3 > & 512 51 FFT 217\, It Biikig 2 B U C 1 kHz - 10 kHz, 100 Hz
-1 kHz, 100 HZA RO 3 DDz Bl T 5. Z D%, Wi LTz 7 — 23RO T L A U R FURZ1T5 FPGAIC
EEEINS.



BURTE, W O HFAHLEE R O, AT FVOAERIERE 1) 7V 2 A LTUBDMTA 2 T EDBGREAATH D, 7L
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Development of the Wave Form Capture (WFC) receiver for the SS-520-3 rocket
experiment

# Yuya Tokunaga[1]; Takahiro Zushi[2]; Mitsunori Ozaki[3]; Satoshi Yagitani[1]; Hirotsugu Kojima[2]; Kohei Yamada[1]
[1] Kanazawa Univ.; [2] RISH, Kyoto Univ.; [3] Electrical and Computer Eng., Kanazawa Univ.

The SS-520-3 rocket experiment has proceeded to understand the ion outflow near the polar cusp. This experiment is &
important mission to detect in-situ wave-particle interaction causing the ion outflow phenomena. We have been developing
Wave Form Capture (WFC) for the SS-520-3 rocket experiment. The WFC consists of four-stage circuit blocks. First stage is
a differential input LPF to remove common mode noise. Second stage has main amplifiers to adjust the gain. Third stage is
Switched Capacitor (SC) filter to prevent aliasing. The cut off frequency of the SC filter can be changed with the clock pulse
frequency. Final stage is an LPF to remove ringing noise from the clock for the SC filter. Our WFC has been developed by usinc
Application Specific Integrated Circuit (ASIC) technology to reduce resources (size, mass and power) for the rocket experiment
The size of our WFC chip (1 ch) is 2.8 mimand the power is 26 mW. The equivalent input noises (100 Hz) are 7.4 UX4Hz
(main amplifier gain: 0 dB) and 0.93 uV/MZ (20 dB gain). The WFC receiver onboard the ERG satellite is assembled with
discrete devices. The size of WFC (1 ch) onboard ERG is 9358, e mass is 0.13 kg, and the power is 500 mW. Comparing
these WFCs, we can achieve a sufficient reduction in the resources by using the ASIC technology. On the other hand, the WF
requires a high tolerance against the radiation environment for space experiments. We did a radiation test for the WFC chiy
Alpha ray of 220 MeV was irradiated onto the WFC chip until the dose rate reached 400 krad. No impulse signals such as Singls
Event Effects (SEE) were observed during the radiation test. The output noise (100 Hz) of the WFC chip was increased by up t
6 dB in comparison with that before the radiation. This would be caused by degradation of electric performance by the radiatior
exposure. However, the WFC chip was not broken by the incident alpha ray up to 400 krad. Generally the radiation toleranc
required for space experiments is up to 100 krad. Thus the WFC chip is expected to have a high robustness in space radiati
environments.

We will present our WFC receiver for the SS-520-3 rocket experiment in detail.

BEERGTRHIS 22 B 128, SS-520-35H8IC K A1ty v FEBROFH M EDH SN TWVWD, T OERIE. BEER
SURH DR & TN TV B -R B Z Z 0L THRINUIBIAT 2 I v > a v Th b, ki, SS-520-35#iCm
U THIEHIEZ G (WFC) ZiFEH TH 5, WFCIE, EDRIEET Ty 7 THIKEN TV 5, fIEIE, aEE—F
A RRREST B1DEBASIO LPF 75> T %, —BHIEZ. 71 VIBEORDDAL YT T THo, ZEHIET
VFIVT VIR ST, ROy V5252 EThHY MATEEBEE(L IS T LD TE% SC (Switched
Capacitor)7 1 VX TH %, mIKEROMERHIE, SCT sV RIcr/ay 7 ERFHTEZCETRETR Y VF VT /A4 X%
MRS 2700 LPFTH 5, FHADHF LIz WFCF v T1d, REABEEKISO) V—X (A X, E&. BHE) HIRO
fedlic 7 a7 ASIC CREERIEIAIERNIER) SilizHWTHELTWS, T8, 1lchy DY 1 Xl 2.8 mn? T,
HEEE 26 MW E a5 TED, ANHREMEE (100HD 1A A7 27 H 0dBDORHE 7.4 p VIHZY/2 T, 20 dBD
K% 0.93 p VIHZY2 TH %, T4 A7V — MBI THKEI NS ERGHEEICHKHEIN TS 1ch7 D WFCIEZH A AN
#9350 mnt, EEMH 0.13kg HEE I 500 MW TH S, miEDLEN 5. ASIC Fiffilc & b KiEz ) vV — XDk
MEBHTETNVWB T N D, Fio. WFCIIHERTRDROAE S FHEMICRTBEI NS 12D, FBEHERICH U T O A
WETHD, ZT T, BAIIERORIZ#EANDIERZ FIAF WFC F-v TR U TSR Z 1T > 720 AlBRANAIE.
220 MeVD T )V T 7 #37% WFC F v T h—Z )V R— X8 L LT 400 krad% TR T2 L 0I5 £ DTH B, idiiziTo
TeASHR, WFC T TOHITEBFIIED S1d. BEHRIC K22 V7N AXRY FIRO K 5 GBI R s Nah -
Teo LA L. 1M (100 H2 (XU EERT & R L TIRK 6 dBIE KT 2 Wb o Tz, THUIMSHRREICK 2
BRHRMEOBILEEZ BNS, L LAENDS WFC DIRINERED 400 kradic 72> THBRICES Z Lldah > Tz, —
PR, &L R E0E T 104577 OWVER R 100 kradk Wb N TW5 T B WFC F v TR U T4 7t
WHH 2 E VR B,

AFELTIE, SS-520-35HICHEH T ETH S WFC F v FITDOWTEEMCEHIAT %,
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Specification and Observation plan of the plasma wave experiment (PWE) on board ERC

# Yoshiya Kasahara[1]; Yasumasa Kasaba[2]; Hirotsugu Kojima[3]; Satoshi Yagitani[1]; Shoya Matsuda[4]; Fuminori
Tsuchiya[5]; Keigo Ishisaka[6]; Mitsunori Ozaki[7]; Tomohiko Imachi[1]; Atsushi Kumamoto[8]; Yoshizumi Miyoshi[4];
Mamoru Ota[l]; Satoshi Kurita[4]; Naoko Takahashi[2]; Kazushi Asamura[9]; Iku Shinohara[10]
[1] Kanazawa Univ.; [2] Tohoku Univ.; [3] RISH, Kyoto Univ.; [4] ISEE, Nagoya Univ.; [5] Planet. Plasma Atmos. Res. Cent.,
Tohoku Univ.; [6] Toyama Pref. Univ.; [7] Electrical and Computer Eng., Kanazawa Univ.; [8] Dept. Geophys, Tohoku Univ.;
[9] ISAS/IAXA; [10] ISAS/IAXA

The ERG (Exploration of energization and Radiation in Geospace) project is a mission to study acceleration and loss mect
anisms of relativistic electrons around the Earth. In order to achieve comprehensive observations of the inner magnetospher
electrons and ion detectors, magnetic field sensors, and electric sensors are equipped on the spacecraft. The Plasma Wave
periment (PWE) is one of scientific instruments on the ERG satellite. It measures electric field in the frequency range from DC
to 10 MHz, and magnetic field in the frequency range from a few Hz to 100 kHz. 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).

The measured data are processed and edited by onboard software implemented in the CPUs in order to realize varieties
operational modes. We produce continuous spectra below 200 Hz and waveforms below 64 Hz (256 Hz) at L-values large
(less) than 4 as EFD double probe data. Spacecraft potential is also provided by the EFD by single probe measurement. /
for the data from OFA and WFC, raw waveforms are once stored in the onboard memory and we calculate wave spectra an
spectral matrix using FFT. They are continuously processed and all data are sent to the ground. On the other hand, waveforms ¢
intermittently stored as 'PWE burst’ data in the mission data recorder (MDR). Two kinds of PWE-burst mode are implemented;
one is 'chorus burst’ and another is 'EMIC-burst’. Several seconds of continuous VLF waveforms sampled at 65 kHz are pro-
duced after lossy compression in the 'chorus burst’ mode, while a few minutes of continuous ELF waveforms down-sampled a
1024 Hz are generated in the 'TEMIC burst’ mode. These two modes are exclusively operated. Due to the limitation of telemetry
resource, the PWE burst data stored in the MDR are partially selected and downloaded to the ground. In addition, a triggerin
logic is implemented for the PWE-burst to capture significant plasma waveforms such as 'large-amplitude whistlers’. The HFA
measures high frequency spectra from 10 kHz to 10 MHz for electric field and 10 kHz to 100 kHz for magnetic field. Electron
density along the spacecraft trajectory can be determined from upper-hybrid resonance (UHR) frequency measured by the HF/

Development of the PWE has finished and passed its product quality review (PQR) in August, 2016. In parallel, we are now
constructing a pipeline data processing scheme on the ground to provide excellent science data and to perform smooth and
fective data analyses. In the present paper, we introduce a final design of the PWE and its observation plan to meet the scienti
objects of the ERG mission.
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Development of the Onboard Calibration System for ERG/PWE

# Shoya Matsuda[1]; Yoshiya Kasahara[2]; Hirotsugu Kojima[3]; Yasumasa Kasaba[4]; Tomohiko Imachi[2]; Mitsunori
Ozaki[5]; Satoshi Yagitani[2]; Keigo Ishisaka[6]; Seiichiro Sakurai[2]
[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.

The Plasma Wave Experiment (PWE) is one of the science instruments on board the ERG (Exploration of energization an
Radiation in Geospace) satellite to measure electric field and magnetic field in the inner magnetosphere. The sensor part
the PWE consists of a pair of dipole wire-probe antenna (WPT) and tri-axis magnetic search coils (MSC). The receiver part of
the PWE consists of three sub-components, EFD (Electric Field Detector), OFA/WFC (Onboard Frequency Analyzer and Wave
Form Capture), and HFA (High Frequency Analyzer). Especially, OFA/WFC measures electric and magnetic field spectrum anc
waveform from a few Hz to 20 kHz. Observed signals are amplified and filtered inside the analogue circuits. Finally, the signals
are digitized by the A/D converters.

It is well known that the characteristics of the sensors in space change depending on the plasma parameters (e.g. plast
density, temperature, etc). In order to measure the nature of natural plasma waves, 'calibration procedure’ is necessary. In tt
study, we developed the onboard calibration system for the middle frequency range receiver (OFA/WFC) and implemented as
part of the onboard software of the PWE. The calibration signal generator is contained in the analogue circuit of the PWE. An
arbitrary frequency square wave is fed into the receiver or preamplifier by commands. The onboard calibration system control
calibration signal frequency and ON/OFF of the output. The system performs a fast Fourier transform (FFT) on the signal outpu
from the A/D converters, and collects frequency responses of the fundamental and that of odd-numbered harmonics below 32.7¢
kHz. The transfer function can be derived on the ground by dividing observed responses into the reference square signal in tt
frequency domain. We successfully derived gain and phase specification of the onboard sensors and receivers (analogue circ
of the PWE) by using arbitrary frequency square waves generated in the receiver. Our software based calibration technic will b
useful for future missions.
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Development of the ground data processing system for the plasma wave measurement
onboard ERG satellite

# Hiroki Okuda[1]; Shoya Matsuda[2]; Mamoru Ota[1]; Yoshiya Kasahara[1]; Yasumasa Kasaba[3]; Fuminori Tsuchiya[4];
Hirotsugu Kojima[5]; Tomohiko Imachi[1]; Yoshitaka Goto[1]; Yoshizumi Miyoshi[2]
[1] Kanazawa Univ.; [2] ISEE, Nagoya Univ.; [3] Tohoku Univ.; [4] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [5]
RISH, Kyoto Univ.

The ERG(Exploration of energization and Radiation in Geospace) satellite is a Japanese small satellite mission to investiga
dynamics of the inner magnetosphere. To achieve comprehensive observations of plasma/particles, fields, and waves, the Plas
Wave Experiment (PWE) is installed onboard the ERG satellite to measure electric field in the frequency range from DC to 10
MHz, and magnetic field in the frequency range from a few Hz to 100 kHz. A variety of operational modes are implemented in
the PWE, and the raw data consists of several kinds of data such as power spectrum, waveform, spectral matrix and DC E-fielc

It is very important to check and analyze the raw data quickly and select valuable data. Therefore, it is essential to standardiz
data format. CDF (Common Data Format) is known as one of standardized data format developed by NASA Goddard Spac
Flight Center suitable for solar-terrestrial physics.

In the present paper, we propose a data processing plan for the PWE to realize quick data survey and analyses. We first conv
PWE OFA/WFC into CDF files. Those files are called Level 1 and they are non-calibrated data. In actual operation, those
files are divided into species of data products. Secondly, we divided CDF files creation program into various common items;
common items in the satellite unit and common considerations in the equipment unit, common items in the observation modk
unit. Therefore, it will be possible to create the generic CDF program. Finally, we demonstrate that our data processing syster
is general enough to adopt the other equipment.
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ENeT LA MY TF—=2IE, BHARAAXRY ML, BXUOEE, AXT MUV M) 72 EXO#RENS.

AR RIC K D BIIE NIc T — 2 DB OIS BUFR, URICHT T E 2282 5101, BT —2 20 <D
DRSS TER - NPT 208D 5. RIAEENSIEIND T2, SBHERECHEE > TW05 5
ZIC, HEOBRBROT—ABADRL > TS, TDe, T—RENERENORBICT — RN EITZA 5 LD
I, BERRAI - F— RIS I N T — 2%, BRI NEET A —<y N TERT 2 EHPREARNRTHS.

AW TIE, ERGHIE T T XX MH7T— 2 & ABHENTS % 72 DB 7 +—=< v + CDF(Common Data Formath®
T— 22 BIE, BROMBEERCIEEARTRERINAL COF 71 /'S LOfERZ Higd. #1891 PWE OFA/WFCT L A
M T—=ZDARY M)V, BEROWIET—ZICIEZINATERET 5LV 17 —2D COF{tzfro7. LNV 1id*%
DEBRDBIEFEH T —RTHE LN 2T 7 AN EERST BI0T—2Lixb1z8, COFT7 7 A)VdT— 2tz > 7V
WK LUTRABICHMOIEZ B E SIS, BIITE—RENTT 7 ANV ER TS T LI Uiz, IS COFERDOINAEEZHI & L,
ERGHELSNC &S ATRE R B IH, ERGIE#EF: Tl L THIHTZ 2 4HIH, PWEDY 7 #ds CHumIc A H AT g
IZHRIER Y, CDF OBIBHEZ R ZEEL LT COFERBEMZ 35T L7z, & BICAR L 7z CDF 7 7 A )LAY Autoplot
5 E O — )V CRBEICHBCE S XS WE « AR MVTF—=2EI, T—X2T74+—<v bETRLUE. AiEE
Tl&, i EEBRTO PWE OFAIWFCT L X MU =2 Z Wz ARY LT —2, BIOWIET—%0D CDF 7 7 A )UK
&, MEEERANDHEHZREE 972 7 157 T LREKIC DWW TN T 5.



R006-P15 215 Poster B¥RY: 11 8 20H

Processing method of wave data in Wave-Patrticle Interaction Analyzer onboard ERG
satellite

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

The Wave-Particle Interaction Analyzer (WPIA) is a software function installed on the Exploration of energization and Radi-
ation in Geospace (ERG) satellite. The WPIA directly measures the quantity of energy transfer between whistler-mode choru
waves and resonant energetic electrons by using plasma wave vectors and velocity vectors of plasma particles. In order to stat
tically evaluate the significance of the quantity of energy transfer, the WPIA require accurate phase angles of waves with certai
frequency and resonant electrons. The waveform data of SWPIA data includes various wave mode except whistler-mode chort
which is main target of WPIA. The waveform data processing is important to obtain SWPIA result with larger S/N. We discuss
applicative processing method to suppress the statistical error using wave-particle interaction reproduced in the simulation an
application to onboard algorithm.
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Performance Evaluation of Direction Finding Method using Spectral Matrix

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

Investigating characteristics of plasma waves observed by scientific satellites in the Earth’'s magnetosphere and plasmasphe
is the effective key to understand not only generation mechanisms of the waves but also a plasma environment which influence
its generation and propagation conditions. In particular, direction finding of plasma waves is most important for understanding
these characteristics.

Spectral matrix composed by cross spectra of observed signals is widely used for direction finding of VLF waves in the Earth’s
magnetosphere/plasmasphere. Many solutions of the direction finding problem using a spectral matrix have been proposed f
each analysis target wave. Means method [1] and SVD method [2] are derived by the single plane wave approximation. Th
wave distribution function (WDF) method [3] can estimate directional distribution of wave energy density, and its theory is based
on the assumption that the observed signals follow stationary and ergodic Gaussian random process. In order to obtain a uniq
solution of the continuous directional distribution, a model of the distribution function expressed with few parameters must be
assumed. Although conventional methods for direction finding had often been evaluated by using test data adapted to individu:
assumptions, however, the performance comparison for each method and the evaluation for plasma waves with frequency dr
such as chorus emission are not enough.

In the present study, on the basis of Bayesian inference, we investigated the behavior of estimated solutions of WDF metho
without arbitrary assumption. The performance of Means method, SVD method, and WDF method were also evaluated by usin
computer-generated data which imitate chorus emission.

HIERISUE s K O 7T A BN OFPEM R TRIINE N5 75 A< BN ORHERE L, B O Tldal, £
Dk - ARHRSEHICHE R 52 5 79 AR BRRZA 2 TeOICEETH 5. FHC T I I OFPE AT, s ORHE
DD T2 DI THR RNzt 9 % .

W5 P8 B KU 7T A ENO VLF IO DR AHEEIC I, FPEEE CBINE N B BRI O 7 B AARYT M vh
B E NS AR ML b U 7 ZAMAS HWSENT WS, AT MUY b U 7 R %z W T EIBR T e E RE O ik 1,
fERTNSG L I 2WBOMEZERLCET ) V7S L THE REENTWS. fIZIE, Meansi% [1] *°, SVD i [2] &
H—PHEHEDIREDICIENM B EDTH D, WEIDO T 3IVF—RE T M0 2 HEE I 5 1B /71 BIE (WDF) 32 [3] DR
ilEA A —L ¥ MEFIO Y AMAHANE S & U TOR D FNSFEDN TN S, WDFIEDLE, HEERR T H % i
7575 B e — BIC1G % 7 OIid, DRI A= 2 THUEE NS B2 (E S 5 B0 H 5. iz, (iERDT;
HEE THEORMGIE, B TFEDIEISHES LTRET — 2 X > THEENSHENZ <, FEHEOM RS —F X
D& S IS WEAET 25 T — L > MEENTNS 2 #HEE RO R D 7x

AW T, B B BGEDRHEIC 72 > T, A AHEEHGERIC D & W50 M0 B R 9 2 R 7 AR0E 72 M) 1 8k
PR U 7o2eft N COfEEMOZEB 25 L. 1o, 03— A2 B UTRE 7 — 21 & % Meansi%, SVD %, WDF DM
AERMiZ1T > 72,

ZE SRR

1. Means, J. D.;"Use of the Three-Dimensional Covariance Matrix in Analyzing the Polarization Properties of Plane Waves,
Journal of Geophysical Research, 77(28), pp. 5551-5559, 1972.

2. Santolik, O., M. Parrot, and F. Lefeuvré Singular value decomposition methods for wave propagation analystadio
Science, 38(1), 2003.

3. Storey, L. R. O., and F. Lefeuvré, The analysis of 6-component measurements of a random electromagnetic wave field in
a magnetoplasma |. The direct problémGeophysical Journal International, 56(2), pp. 255-268, 1979.
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Noise reduction technique for VLF emissions by audio signal processing and generatior
frequency analysis of auroral hiss

# Takumi Dejima[1]; Mitsunori Ozaki[2]; Satoshi Yagitani[3]; Kazuo Shiokawal[4]; Yoshizumi Miyoshi[5]
[1] Kanazawa Univ.; [2] Electrical and Computer Eng., Kanazawa Univ.; [3] Kanazawa Univ.; [4] ISEE, Nagoya Univ.; [5]
ISEE, Nagoya Univ.

VLF emissions (right-handed circularly polarized waves) are common phenomena in the magnetosphere. VLF emission
greatly contribute to pitch angle scattering for the generation of pulsating aurora (tens of keV to 100 keV electrons) and ac-
celeration of MeV electrons in the radiation belts. We have been conducting the ground-based observations of VLF emission
(10Hz to tens of kHz) at Athabasca (L = 4.3) in Canada. Ground-based observations can continuously observe VLF emissior
propagating along the geomagnetic field line from the magnetospheric source region at a fixed L with a high time resolution.
However, observation data include stationary noise (white noise and line noise etc.) and a pulse noise (atmospheric noise al
artificial clock noise etc.) coming from artificial facilities.

We have studied a noise reduction technique by using audio signal processing techniques. To remove the stationary noises, \
use spectral subtraction (SS) method. SS method uses an average noise spectrum in the noisy data to remove background n
components in the frequency domain. In this study, to estimate the average noise spectrum, spectral entropy method is used |
distinguishing the signals from the noises. The spectral entropy for the noises becomes larger due to its random behavior. |
contrast, the spectral entropy for the signals becomes smaller. Chirp signals (2 to 4 kHz) (simulated chorus waves) with stationat
noises were evaluated by using the SS method. The noise reduction result by the SS method showed that the SNR was improv
from 0dB to 10dB. We could extract auroral hiss emissions from observation data including strong lighting sferics (5 to 10 kHz)
by using the SS method combined with the expected wave polarization. Auroral hiss emissions had a lower cutoff frequenc
of around 10 kHz and showed a good correlation with auroral activity. The lower cutoff frequency of auroral hiss decreased as
the auroral activity moved to lower latitudes. This would be caused by the latitude dependence of the resonance cone angle
auroral hiss.

In this presentation, we will discuss our noise reduction technique for VLF emissions and generation frequency analysis o
auroral hiss in detail. We believe that our noise reduction technique can significantly contribute to reduction in the cost and time
for a conventional EMC test.
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Propagation Characteristics of Omega Signals with Regard to Plasma Density and
Ambient Magnetic Field

# Suarjaya | Made Agus Dwi[1]; Yoshiya Kasahara[1]; Yoshitaka Goto[1]
[1] Kanazawa Univ.

Poynting Flux Analyzer (PFX) subsystem on board the Akebono satellite had been received signals at 10.2 kHz from Omeg
system since 1989 to 1997. Omega was a nhavigation system which transmitted its signals based on pattern every 10 secon
Because the global plasmaspheric electron density changes day by day, it is important to see the trend of this change by usi
statistical study of electromagnetic wave propagation for several years. Observing signal from artificial transmitters is worth
analyzing for such purpose because these signals were transmitted with constant power all the time, thus we can analyze h
much change happened to the propagation depending on local time, season and solar activity. To analyze these data, we develo
a method for automatic detection of Omega signals from the PFX data in a systematic way, it involves identifying a transmissior
station, calculating the delay time, and estimating the signal intensity.

Based on the PFX data from October 1989 to September 1997, our analysis on high-middle latitude of omega station reveale
that signals transmitted from two stations located at Norway and North Dakota, whose geomagnetic latitude are almost the san
at 55.9 N, propagated along the Earth’s magnetic field through different L-shell. We believe this was caused by different latitude
in geographic coordinate, where the Norway station was located at 56.42 N and the North Dakota station was located at 46.3
N. Thus, the different sunlit condition affected the plasmaspheric electron density, that is, the night duration is expected to b
longer at the Norway station than the North Dakota station. This finding also clarified by our seasonal analysis, by looking at
the shifted high intensity region especially in the electric field because of change in day and night duration between equinox an
solstice. We found that the omega signal tends to propagate farther in the night side where the plasmaspheric electron dens
lower than in day side. Lower intensity level especially near the equator in day side suggested denser plasmaspheric electr
density in that region. We also found that solar activity effects the omega signal propagation. In 1991 when the solar activity was
maximum, the omega signal propagated lower in intensity level and in 1996 when the solar activity was minimum, the omege
signal propagated higher in intensity level and farther from the transmitter station. Both of the seasonal and yearly analyse
confirmed that plasmaspheric electron temperatures also affected the propagation of Omega Signal.
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Causal Relationship between Relativistic Electron Acceleration and Microbursts depenc
on Magnetic Latitude of Whistler Chorus

# Shinji Saito[1]; Yoshizumi Miyoshi[2]; Satoshi Kurita[2]
[1] Nagoya Univ.; [2] ISEE, Nagoya Univ.

We investigate flux enhancement and atmospheric precipitation of relativistic electrons associated with whistler chorus ele
ments propagating along a magnetic field line, by using GEMSIS-RBW simulation code (RBW). The RBW is a test-particle
code solving bounce motion of electrons along a field line, parallel propagating whistler chorus, and wave-particle interactions
by using the equation of motion. The RBW simulation can calculate scattering processes, not only diffusion process but als
nonlinear scattering processes such as phase bunching and phase trapping in coherent whistler chorus. Especially the ph
trapping process accelerates electrons from a few hundred keV to a few MeV in a short time scale which is of the order of ¢
second.

By using the RBW simulations we compare simulation results with observations which have discussed in Kurita et al.(GRL
2015). They found that whistler chorus waves responsible for flux enhancement of relativistic electrons involves relativistic elec-
tron microbursts simultaneously. Microbursts are a good proxy to indicate that whistler chorus activity actually causes significan
variations of relativistic electrons. Our simulations demonstrate that both the relativistic electron flux and relativistic electron
precipitation into the atmosphere are more enhanced as the whistler chorus waves propagate more away from the equator. \
will discuss dependency of latitude of the whistler chorus on the flux enhancement and precipitation of relativistic electrons.

[1] Kurita, S., Y. Miyoshi, J. B. Blake, G. D. Reeves, and C. A. Kletzing (2016), Relativistic electron microbursts and variations
in trapped MeV electron fluxes during the 8-9 October 2012 storm: SAMPEX and Van Allen Probes observations, Geophys. Res
Lett., 43, 3017-3025, doi:10.1002/2016GL068260.
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Direct measurement of pitch angle scattering of protons by EMIC rising tones observed
by THEMIS satellites

# Masahiro Kitahara[1]; Yuto Katoh[1]; Masafumi Shoji[2]; Yoshizumi Miyoshi[2]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] ISEE, Nagoya Univ.

Electromagnetic lon Cyclotron (EMIC) waves with rising tone have been observed by various satellites in the Earth’s inner
magnetosphere (Pickett et al., 2010; Sakaguchi et al., 2013; Nakamura et al., 2014; Engebretson et al., 2015). EMIC waves &
generated by anisotropic ions and scatter the pitch angle of energetic ions through the cyclotron resonant interactions. Previol
simulation studies have reproduced EMIC rising tones using the one dimensional hybrid code. In the simulation, the pitch angle
of energetic protons is effectively scattered by EMIC rising tones and velocity distribution function is strongly modulated (Shoji
and Omura, 2011; 2013). Furthermore, observation study indicates protons scattered by EMIC rising tones precipitate into th
atmosphere and cause proton aurora (Nomura et al., 2016).

Fukuhara et al. (2009) proposed a new type instrument called Wave-Particle Interaction Analyzer (WPIA) as a new means o
the study of wave-particle interactions. One of methods of the WPIA is to calculate the energy exchange between waves an
particles and the method enables us to evaluate wave-particle interactions directly and quantitatively (Katoh et al., 2013). Th
method is applied to EMIC rising tones observed by the THEMIS satellite and the feasibility of the method and the adequacy
of the nonlinear theory is evaluated (Shoji et al., submitted). In addition to the method to detect the energy exchange, we hav
proposed a method to directly detect the pitch angle scattering of resonant particles by calculating G (Kitahara and Katoh, 2016
which is defined as the accumulation value of a pitch angular component of the Lorentz force acting on each particle and indicate
the lost momentum of waves.

In this study, we apply the proposed WPIA method (Kitahara and Katoh, 2016) to the EMIC rising tone event observed by
THEMIS satellite on September 9, 2010. During this event, THEMIS A, D, and E were close to each other (withjf) @4 R
the dayside inner magnetosphere;(R; "8.5 Rg, LT "13 h, LAT "5 deg) and all of those satellites observed the same EMIC
rising tone packets almost simultaneously. We calculate the G value from burst-mode data of the Electrostatic Analyzer (ESA)
the Electric Field Instrument (EFI), and the Fluxgate Magnetometer (FGM) installed on each THEMIS satellite. In results of
analysis, we detect the pitch angle scattering of protons in the energy range from 4 keV to 10 keV in the data of each satellite. W
observed multiple enhancements of the amplitude of EMIC waves in the event, and we obtained significant G values at the timin
of the enhancements. Using the WPIA analysis, we successfully identify the G values whose sign indicates the direction of th
pitch angle scattering as a function of kinetic energy and pitch angle of protons. The results of analysis indicate that energeti
protons are scattered toward the loss cone through the interaction at a timing of the wave enhancement. This characteris!
depends on the proton energy range, and sometimes we obtained the opposite sign of G. In this presentation, we also disct
details of the calculation method and the statistical significance of G value.
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Relativistic electron microbursts during different solar wind drivers

# Satoshi Kurita[1]; Yoshizumi Miyoshi[1]
[1] ISEE, Nagoya Univ.

Relativistic electron microbursts are short-lived and bursty precipitations of relativistic electrons due to pitch angle scattering
by discrete whistler mode emissions known as chorus [e.g., Lorentzen et al., 2001]. They are frequently observed during storn
time conditions [e.g., O'Brien et al., 2003] and high-speed solar wind stream (HSS) events [e.g., Blum et al., 2015], while
important solar wind drivers for the frequent microburst precipitations have not been well understood. Using the data obtainec
by SAMPEX, we perform a superposed epoch analysis of the microburst occurrence during geomagnetic disturbances caus
by two different solar wind drivers: HSS and the coronal mass ejection (CME). The HSS events are further categorized by
considering the polarity of interplanetary magnetic field and solar wind speed according to the method used by Miyoshi anc
Kataoka (2008). In case of the HSS events, we find the most frequent microburst precipitations during the higher-speed solz
wind streams with a southward offset of IMF (SBZ-fast HSS events). The microburst activity during the fast SBZ-HSS events
is identified at L value range from 4.0 to 6.0 and lasts for several days after the arrival of stream interface. On the other hand
during the CME-driven geomagnetic storms, microbursts are frequently observed at L-value range from 3.5 to 5.0 and its activit
continues for about 12 hours after the minimum in the Dst index. This indicates that resonant interaction between chorus an
relativistic electrons more frequently and continuously takes place during the SBZ-fast HSS events than during the other HS!
events and CME-driven storms. Since fluxes of radiation belt electrons largely increase during the SBZ-fast HSS events [Miyosh
and Kataoka, 2008; Miyoshi et al., 2013] and microburst activity coincides well with local acceleration by chorus [Kurita et al.,
2016], the result gives observational support that relativistic electron microbursts are a proxy of acceleration of MeV electrons
by chorus as suggested by Kurita et al. [2016]. We propose that highly relativistic electrons are preferentially produced during
the SBZ-fast HSS events via resonant interaction with chorus which causes relativistic electron microbursts.
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Dynamics of energetic electrons interacting with sub-packet chorus emissionsin the
magnetosphere

# Ryoko Hiraga[1]; Yoshiharu Omura[2]
[1] Engineering, Kyoto Univ.; [2] RISH, Kyoto Univ.

The recent study has revealed RTA and URA processes, the acceleration of relativistic electrons by interaction with choru:
emissions. The wave model, however, is found to require some updates based on the recent observations. We develop a new w
model compatible with the observations and study the particle motion under the influence of this new wave model. The mos
distinctive feature of the new model is its amplitude growth manner. The wave is excited near the equator and grows in amplitud
as an absolute instability as a function of time. This amplitude growth is bounded by the optimum and threshold amplitudes
When the amplitude grows to reach the optimum amplitude, it drops down to the threshold value and repeats the growth with
saw-like shape defined as sub-packet wave. The sub-packet wave generated near the equator experiences the convective ampli
growth propagating to the higher latitude region. Since the group velocity of the wave propagation is a function of its frequency,
a wave source generated and released from the equator at a certain time and a group velocity could be overtaken by another wx
released at a later timing and hence a faster group velocity. Furthermore, the chorus wave propagation is also strongly influenc:
by the initial frequency of its generation process near the equator. Since the group velocity grows to the maximum when the
wave frequency is a quarter of the local gyrofrequency, fce, a chorus wave generated at a lower initial frequency than one fourt
of fce is compressed during the propagation process. This is because frequency of chorus wave is increased at the equator ¢
consequently a wave generated at a later timing has a closer frequency to one fourth of fce to propagate faster than those wa
released at earlier timings. By the same logic, chorus wave with a higher initial frequency than one fourth of fce is elongated
during the propagation by getting the frequency away from one fourth of fce and hence slowing down the propagation spee
as time passes. In sub-packet case, this frequency value is further affected by the sub-packet amplitude wave form to make t
process more complex. Into this new wave form, energetic electrons are inserted and their motions are examined. For exampl
a resonant electron can be entrapped by the wave, being accelerated and normally detrapped after a certain period of time,
there can be a possibility that the following sub-packet wave in a complex propagation manner coincidently entraps the electro
to provide multiple accelerations. We injected a large number of electrons over a wide energy range from 10keV to 10MeV into
the sub-packet wave to simulate the nonlinear dynamics of RTA and URA. The electrons motion or more precisely entrappinc
and detrapping processes are examined under various conditions.
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Energetic Particle Hybrid Simulations for Kinetic Instabilities in the Inner
Magnetosphere

# Takanobu Amano[1]; Yoshizumi Miyoshi[2]; Kanako Seki[3]
[1] University of Tokyo; [2] ISEE, Nagoya Univ.; [3] Dept. Earth & Planetary Sci., Science, Univ. Tokyo

The energetic ring current particles dominate the plasma pressure in the inner magnetosphere. Therefore, it is essential
take into account the ring current dynamics in understanding the various inner magnetospheric phenomena. It has been knov
that the Magnetohydrodynamics (MHD) approximation is not adequate in numerical modeling of the ring current dynamics
and the kinetic effect associated with the ring current ions must be taken into account for modeling the global magnetic-fielo
reconfiguration in the inner magnetosphere. In addition, local kinetic instabilities excited by the ring current population may
also play important roles. For instance, the so-called drift-bounce resonance has been considered to be a plausible mechani
for internal excitation of Pc5 ULF waves. Also, Electro-Magnetic lon-Cyclotron (EMIC) waves responsible for pitch-angle
scattering for relativistic radiation belt electrons are thought to be excited by the temperature anisotropy of energetic protons.

We have developed a new three-dimensional numerical simulation code that incorporates the self-consistent coupling betwee
the fully kinetic ring current particle dynamics and the cold background plasma. In other words, it is essentially a hybrid code
that solves the ring current ions by using the particle-in-cell method, whereas the two-fluid approximation is adopted for the
background electron and proton fluids. The coupling between the two populations has been introduced in a systematic manne
By performing kinetic temperature-anisotropy driven instabilities in a homogeneous plasma, we show that the code is indee
capable of describing the kinetic effect associated with the ring current ions. The code is applied for studying the ring-current
driven kinetic instabilities with the effect of background magnetic-field inhomogeneity. An initial equilibrium obtained by
iteratively solving a Grad-Shafranov-like equation for an anisotropic bounce-averaged ring current pressure distribution is usec
We investigate the dependence of the instability on the plasma beta, temperature anisotropy, and the ratio between the Larm
radius and the gradient scale length of the background magnetic field.
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Pitch angle dependence of drift resonance and its effects on the formation of pitch angle
distributions of relativistic electrons

# Kei Kamiya[1]; Kanako Seki[2]; Shinji Saito[3]; Takanobu Amano[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 can be driven by drift resonance with Pc5 Ultra Low
Frequency (ULF) waves. Radial transport due to the drift resonance has also been considered as an important accelerati
candidate of the outer radiation belt electrons. A key point of the drift resonance is that the energy and equatorial pitch angle o
electron changes with the radial transport under conservation of first and second adiabatic invariants. It can affect the drift perio
of electron and make the resonant electron become longer into the resonant range. Therefore, the transport efficiency of electro
is different from each equatorial pitch angle and it is expected to contribute the formation of pitch angle distribution.

In this study, we focus on the radial transport of relativistic electrons due to the drift resonance with a monochromatic Pc5
wave and investigate dependence of the radial transport on the equatorial pitch angle of electron. For this purpose, we combit
two simulation models of the inner magnetosphere: GEMSIS-RC (ring current) and RB (radiation belt) models. The GEMSIS-
RC model is a self-consistent and kinetic numerical simulation code solving the five-dimensional Boltzmann equation for the
ring-current ions coupled with Maxwell equations. The GEMSIS-RB code conducts test particle trajectory tracings of relativistic
electrons in arbitrary magnetic and electric field configurations. We first conduct Pc5 wave simulation with GEMSIS-RC, and
then the obtained time variations of the magnetic and electric fields are used as inputs to GEMSIS-RB to trace relativistic
electron trajectories under the calculated Pc5 wave. We trace a great number of electrons to sample wide range of 5-D pha
space. Simulation results show the pitch angle distribution can be formed butterfly distribution from the initial flat distribution.
We also discuss the differences of transport efficiency of electron with each equatorial pitch angle.
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Characteristics of Pc5 Wave Observed by two GOES Satellites during MeV Electron
Flux Enhancement

# Kentarou Kitamura[1]; Satoko Saita[2]; Yoshimasa Tanaka[3]; Akiko Fujimoto[4]
[1] NIT, Tokuyama.; [2] NITkit; [3] NIPR; [4] ICSWSE, Kyushu Univ.

It is well known that MeV electron flux efficiently increases during the recovery phase of magnetic storms. ULF wave prop-
agating in the magnetosphere is recognized as one of the possible candidates which can accelerate the electron in the radiat
belt while various acceleration processes have been widely proposed by many investigators.

In this study, total 20 electron flux enhancement events associated with the CIR (Corotating Interaction Region) driven storm:
in 2008 have been analyzed using the magnetic field vector data obtained by GOES 10 and 11 satellites. The GOES 10 and .
were located at 60 deg. and 75 deg. West in geographical longitude, respectively, which corresponds to 1 hour separation in loc
time. We used the bandpass filtered (150-1000 sec) magnetic data in the ENP coordinate system to investigate the oscillatic
mode of the field line and the propagation characteristics of Pc5 pulsations in the GEO orbit (6.6 Re).

The Pc5 power in the P (northward) component is predominant in the dusk sectors during main phase of the magnetic storm
The time lag of the Pc5 observed by GOES 10 and 11 satellites was analyzed to estimate the azimuthal wave number (m) ¢
Pc5. As the result, both compressional and transverse modes of Pc5 show the anti-sunward propagation on the frank side of t
GEO orbit with small m number of “1.5. On the other hand, the temporal variation of peak frequency of Pc5 shows the obvious
local-time dependence during the early recovery phase of the storm. The peak frequency decreases to 2.2-2.5 mHz during t
early recovery phase. This feature is predominant at the evening to night sectors in the P component and at the morning ar
evening sectors in the E (earthward) and N (eastward) components.

The latter result suggests that the Pc5 wave associated with the MeV electron flux enhancement seems to be related to t
plasma injection in the night side during the early recovery phase of the storm, whereas the anti-sunward propagation of the Pc
is also suggested in the former result. Both results imply that the Pc5 wave during the MeV electron flux enhancement seems |
be generated simultaneously by several sources associated with the passage of high speed solar wind such as Kelvin Helmhc
Instability, dynamic pressure disturbances in the solar wind and patrticle injection in the night side magnetosphere related to th
substorm.
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lonospheric Aflven resonator and Pcl geomagnetic pulsations observed at low-latitude
ground station

# Masahito Nose[1]; Makoto Uyeshima[2]; Jun Kawai[3]; Hideaki Hase[4]
[1] DACGSM, Kyoto Univ.; [2] ERI, Univ. Tokyo; [3] AEL, KIT; [4] KSVO, Tokyo Tech

We started observations by an induction magnetometer at low-latitude station, Muroto (GMLAT=24.40 degree), in December
2013. Cadence of data is 64 Hz. We find that geomagnetic pulsations below 4 Hz are sometimes active even at low-latitud
during nighttime and can be classified into the following three categories according to their features in dynamic power spectrum
(1) broad-band resonance structures with a frequency separation between adjacent bands (df) of approximately 0.5-1.0 Hz, (
narrow-band resonance structures with df"0.1-0.3 Hz, and (3) bursty unstructured enhancements around 0.5-2 Hz. We suppc
that the pulsations of categories 1 and 2 are caused by the ionospheric Aflven resonator, in which the shear Alfven waves a
trapped in the F region ionosphere that is bounded by sharp gradients of the Alfven velocity. The pulsations in category 3 ar
considered to be low latitude Pc1 geomagnetic pulsations. We will examine statistical characteristics of these pulsations an
discuss possible excitation mechanisms.
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A Parallel computation technique for the Monte Carlo solutions of the field line

# Satoko Saita[1]; Hideaki Kawano[2]; Yuki Obana[3]
[1] NITkit; [2] Earth and Planetary Sci., Kyushu Univ.; [3] Engineering Science, Osaka Electro-Communication Univ.

Shear Alfven waves propagating along a geomagnetic field line can form standing waves along the field line. The magneti
field intensity and the plasma mass density affect the velocity of shear Alfven waves. Thus temporal and spatial variations in the
field-line eigenfrequency are potentially caused by variations in the field-line length, the magnetic field intensity, and the mass
density along the field line.

We can estimate the eigenfrequency by numerically solving the standing Alfven wave equation along the geomagnetic field.

In this paper we propose a parallel computation technique for the Monte Carlo solutions of the standing Alfven wave equatior
along the geomagnetic field line.

TSP F84E 9 2 RESURHATEN D C & IR O R UEIEREN 9™ % 1128013 shear Alfven waveld  Alven i) &
WIS HHTTHIB N TV % [Obayashi and Jacobs, 1958 Ifven I O X g0 & H R HEIKIFT 512, EIERE)
DFEAPHENIRESIRRDE E G IRR W OREEIT - BEEZ AT L T\ % [Kitamura and Jacobs., 1968; Troitskaya, 1997]
C OARENEI E N B Bi%7% FLR (Field Line Resonance) "5, FLR (il FREGETN Tl @ #EE T Pcd-5,KE T
Pc3-4fE R ORI AUIREN & LTRSS, T U CERIREN DA Z FLR BB E M5, BRI EERE)
9% Alfven Il DB T REX DL Z KD % T & THEDOKF & 2¢RIC 1T % FLR EREOHEE D ATRETZ M, —HRIIC
B A RE ORI 2 Sk $D B3 2 < DRFRFTRENRETH %,

ARIRFETIZZEO T vy Y72 5 WiFEE 2 O T i FLR B HEE T 2 FihEiET 52 &2 HNET 5,
AKX TRE YT HIVIEIC KB L2 G UTze €2 T 7V A K B EEDRHAD 1 DIMMERE O ZthDfii & 135
VICEIRTZ32 2 THB, Lizh-> T, HEDOUWIHEIEL TH S,

A TR IERD A1 Z O T & ' 2 7 )b iz O Te B 0@ W 2 Fig U, WHIEEIC K 2 FLR JE R0
EDEMEC DOV THALT %,

Kitamura, T., Jacobs, J. A., 1968. Determination of the magnetospheric plasma density by the use of long-period geomagnet
micropulsations. J. Geomag. Geo- electr. 20, 33 &amp;#8211; 43.

Obayashi, T., Jacobs, J. A., 1958. Geomagnetic pulsations and thé santier

atmosphere. Geophys. J. R. astr. Soc. 1, 53.

Singer, H. J., Southwood, D. J., Walker, R. J., Kivelson, M. G., 1981. Alfve &amp;#769;n wave resonances in a realistic
magnetospheric magnetic field geometry. J. Geophys. Res. 86 (A6), 4589 &amp;#8211; 4596.

Troitskaya, V. A., 1997. Early ground based approach to hydromagnetic diagnos- tics of outer space. In: Discovery of the
Magnetosphere, History of Geophysics. Vol. 7. AGU, p. 221.
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Study of the plasma sheet electron inner boundary during the magnetic storm

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

The locations of the inner boundary of the plasma sheet electrons during magnetic storm have been analyzed by using tt
dataset from Time History of Events and Macroscale Interactions during Substorms (THEMIS) satellites. The dependence o
the location of the inner boundary of the plasma sheet electrons on geomagnetic indices such as Kp and AE was investigated
several previous studies [Korth et al., 1999; Jiang et al., 2011]. As for the convection electric, a simple model such as Volland-
Stern model [Volland, 1973; Stern, 1975]is suggested.

In this study, we investigated the locations of the inner boundary of the plasma sheet electrons by using the electron flux dat
of 9 keV obtained by Electrostatic Analyzer (ESA) onboard the THEMIS satellites during the magnetic storms and compared
these with the open/close boundary of the drift path of the electrons with Volland-Stern convection electric field model [Volland,
1973; Stern, 1975] using the test particle simulation to suggest the new electric field model during the magnetic storm.

From the analysis of the inner edge observed by THEMIS-A during the magnetic storm on June 17, 2012 (Case 1) and observe
by THEMIS-A during the magnetic storm on October 1, 2012 (Case 2) around 21:00 MLT, we found that the observed inner
edgewas located nearer to the Earth than that expected based on Volland-Stern electric field due to some additional electric fie
The geocentric distance of open/close boundary, Rmodel, is estimated to be 5.46 in Case 1, and 6.41 in Case 2. In Case 1, 1
geocentric distance of the inner edge in the magnetic equatorial plane, Robs, is 4.01, which is far less than Rmodel = 5.46, whil
in Case 2 Robs is 6.10, which is as large as Robs = 6.41.

Also from another analysis of the inner edgeobserved by THEMIS-E during the magnetic storm on June 17, 2012 (Case 3) an
observed by THEMIS-D during the magnetic storm on July 9, 2012 (Case 4) around 20:00 MLT, similar results are obtained:
Robs = 4.30 and Rmodel = 5.50 in Case 3, while Robs = 6.00 and Rmodel = 6.18 in Case 4. These results suggest that in tt
sector from 18:00 to 24:00 MLT, some electric field appears in addition to large-scale magnetospheric convection electric fielc
around 4 RE and within 6 RE.

In the future, it will be necessary to suggest the electric field model including the additional electric field during the magnetic
storm.
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The study of precipitating electrons observed by Reimei satellite during magnetic storm

# Aoi Masuoka[1]; Taku Takada[2]; Kazushi Asamura[3]
[1] Kochi-CT; [2] Kochi-CT; [3] ISAS/JAXA

Reimei satellite observed the particle precipitation in an auroral zone, with a polar orbit of an altitude of approximately 620km.
When a magnetic storm occurs in the magnetosphere, Reimei satellite observed complex structures of precipitating electrons
a wide range of magnetic latitudes. The space-time distribution of these precipitating electrons is not quantitatively examined
We examined structure distributions of precipitating electrons during magnetic storm. We discuss the generation mechanism c
such precipitating electrons, baced on characteristics of field-aligned currents and acceleration region.
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Temporal variations of oxygen contribution to the ring current during the 17 March 2015
storm: Van Allen Probes observations

# Kunihiro Keika[1]; Yoshizumi Miyoshi[1]; Masahito Nose[2]; Shinobu Machida[3]; Kanako Seki[4]; Louis J. Lanzerotti[5];

Donald Mitchell[6]; Matina Gkioulidou[6]; Andrew Gerrard[7]; Jerry W. Manweiler[8]; Harlan Spence[9]; Brian A. Larsen[10]

[1] ISEE, Nagoya Univ.; [2] DACGSM, Kyoto Univ.; [3] ISEE, Nagoya Univ.; [4] Dept. Earth & Planetary Sci., Science, Univ.
Tokyo; [5] NJIT; [6] JHU/APL; [7] NJIT; [8] Fundamental Technologies, LLC; [9] Univ. New Hampshire; [10] LANL

We examine the contribution from oxygen ions to the development of the ring current during an intense storm that occurrec
on 17 March 2015, using Van Allen Probes observations. We primarily use data from the RBSPICE and HOPE instruments
which cover a wide energy range of ions and determine composition. During the storm event, Van Allen Probes traveled in
the pre-midnight sector on the outbound path and around midnight on the inbound path. The geocentric distance of spacecre
perigee and apogee is 1.1 RE and 5.8 RE, respectively; the orbital period is about 9 hours. The spacecraft completed four fu
orbits during the main phase of the storm, enabling us to examine temporal variations of the radial profile of ion energy density
The Dst index displayed a typical two-step decrease during the main phase.

The proton energy density was enhanced at an L range of 3 to 6 with a peak at L "4. The inner edge was displaced earthwal
to L 2.5 during the second Dst decrease. The energy density peaked at L = 3 - 4. The energy range that make the domina
contribution to the energy density differed between the two phases. The energy density was primarily dominated by 20-80 ke\
at L "3.5 (0.01-0.1 keV/nT) during the first phase, while it was contributed predominantly from 80-120 keV at L "4 (0.1-0.5
keV/nT) during the second phase. It is also noted that higher energetic protons with energies of 100-300 keV at L "3 (0.1 - 1.(
keV/nT) made a significant or even dominant contribution near the Dst minimum. The results indicate that the proton energy
density increased in three steps.

The oxygen energy density showed different temporal variations and radial profile from the proton energy density. It was
enhanced during the first phase up to the proton energy density level in an L range of 3 to 5. However, it decreased by about &
order of magnitude around the beginning of the second phase. It was increased again during the second phase, and its inner e
was displaced earthward to L "3. It was further increased by a few factors particularly at L "3 during the third phase. The radial
profile was affected by temporarily impulsive enhancements more significantly than the proton energy density. The oxygen flu
suddenly increased by a factor of 3 during the main phase.

This presentation focuses most on such mass-dependent features of ring current ions to identify when and where ionosphel
oxygen ions are energized to make a significant contribution to the ring current. We also examine temporal variations and pitch
angle evolution of lower-energy oxygen ions (lower than 10 keV) on a storm time scale to discuss about the significance of
cold-to-warm oxygen supply from the ionosphere prior to the storm.
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SECS reconstruction of ionospheric flow fluctuations observed by SuperDARN on St.
Patrick’s day 2015 storm

# Tomoaki Hori[1]; Nozomu Nishitani[1]; Kunihiro Keika[1]; Mariko Teramoto[2]; Akimasa leda[3]; Shin’ya Nakano[4];
Kanako Seki[5]
[1] ISEE, Nagoya Univ.; [2] JAXA, ISAS; [3] ISEE, Nagoya Univ.; [4] The Institute of Statistical Mathematics; [5] Dept. Earth
& Planetary Sci., Science, Univ. Tokyo

Our previous study reported that ULF-like fluctuations of ionospheric flow as seen by Super Dual Auroral Radar Network
(SuperDARN) radars appeared in the sub-auroral region and they propagated westward over a wide range of local time during
stagnant period ("10:30-12:30 UT on March 17, 2015) in the main phase of the St. Patrick’s day 2015 storm. In the present study
we further analyze the observed flow fluctuations to deduce the two-dimensional (2-D) ionospheric flow field. To reconstruct the
2-D flow distribution from the observed line-of-sight Doppler velocities (LOSV) of SuperDARN radars, we employ a method of
2-D vector field expansion with the spherical elementary current systems (SECS) [Amm, JGG, 1997, Amm et al., JGR, 2010]
The merits of using this technique are that the analysis region, where a flow map is deduced from the observed LOSVs, can ha
any shape on a sphere and does not need to assume any boundary condition nor wavelength of spatial variation, favorable
SuperDARN observations with highly variable, non-uniform backscatter occurrence. Since we use only a set of divergence-fre
base functions of SECS for the present analysis, the resultant flow map satisfies by definition the incompressible flow conditiol
(div V = 0), which is expected to hold often in ionospheric plasma flows. We apply the technique to observations of two
neighboring radars, the Christmas Valley East (CVE) and Fort Hays West (FHW) radars, which share a substantial part of thei
field-of-views (FOV) and actually have obtained LOSV data in the common FOV for this event. The result of the flow map
reconstruction shows that the analysis region between CVE and FHW generally has a slow, irregular flow during the stagnar
period, in opposite to a fast eastward flow before and after the period, corresponding to strong sunward convection expected f
the sub-auroral region in the morning sector during a storm main phase. The general evolution of the flow pattern is consister
with that deduced by the conventional map potential technique [Ruohoniemi and Greenwald, 1998]. It is also found that some
shear/vortex-like flow structures pass over the analysis region during the stagnant period which appear to be moving westwa
in association with the westward-propagating flow fluctuations examined by the previous study. The existence of the moving
flow shear/vortex structures indicates that a field-aligned current flows between the ionospheric flows and their magnetospher
counterpart driving the electric field fluctuations. These ionospheric observations suggest that the driving source for the ULF-like
fluctuations is providing a series of shear Alfven waves toward the ionosphere in the course of its westward drifting motion.
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A Comparison of ULF waves in the inner magnetosphere and Kelvin-Helmholtz
instability at the magnetopause

# Mariko Teramoto[1]; Naritoshi Kitamura[2]; Craig A. Kletzing[3]; C. T. Russell[4]; Robert J. Strangeway|[5]
[1] JAXA, ISAS; [2] ISAS/IAXA,; [3] Department of Physics and Astronomy, Uol; [4] UCLA, [5] Inst. of Geophys. and Planet.
Phys., Univ. of California, Los Angeles

Global ultra low frequency (ULF) pulsations are MHD plasma waves, that are observed in the magnetopause and on th
ground. Several authors have shown that conditions in the solar wind are well correlated with ULF pulsations observed in the
magnetosphere [Mathie and Mann, 2001]. ULF pulsations could be excited by Kelvin-Helmholtz (K-H) surface waves at the
magnetopause, which is driven by the solar wind. Especially, the toroidal ULF wave dominantly occurs on the flankside in
the inner magnetosphere, which is likely associated with the KH instability [Liu et al., 2009]. However, few studies examine
whether the Kelvin-Helmholtz instability at the magnetopause is the source of ULF pulsations in the inner magnetosphere vic
in-situ observations.

We compared magnetic disturbances relating to K-H instability at the magnetopause to ULF perturbations in the inner mag
netosphere between 09:21-11:27 UT on September 8, 2015, using data observed by MMS and VAPs satellites, when MMS ar
VAPs were located at the same local time in the dusk side (MLT"15 h). When MMS crossed the low-latitude boundary layer
between 09:20-10:07 UT, it observed KHI waves with the dominant frequency of 13 mHz. When MMS were located at the mag-
netosheath between 10:07-11:27 UT, the magnetic perturbations have broadband frequency range (10-25 mHz). VAPs-A, whic
was located at L™5.5 at 10:00-11:00 UT, observed monochromatic Pc4 pulsations in both the radial and azimuthal components
the magnetic field at the dominant frequency of 12mHz and of the electric fields at the dominant frequency of 23 and 4 mHz.

We derived Poynting flux from the magnetic and electric field data from MMS. Poynting flux shows that the wave energy
of the magnetic disturbances observed by MMS propagate southward at the LLBL and duskward at the magnetosheath. In th
presentation, We will discuss relationship between KHI and ULF in the inner magnetosphere.
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Statistical analysis of ionospheric electric field oscillation associated with sudden
Impulse seen by SuperDARN radars

# Kouhei lida[1]; Nozomu Nishitani[2]; Tomoaki Hori[2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.

Sudden Impulse (Sl) is observed mainly as a sudden increase of the H-component of geomagnetic field at low latitudes. Pa
studies showed that it is caused by a sudden compression of the magnetosphere associated with rapid increases of the solar w
dynamic pressure. At middle and high latitudes, Sls cause perturbations associated with twin vortex type ionospheric current:
It was reported that the disturbance of the ionospheric current and the electric field associated with Sl consists typically of the
Preliminary Impulse (PI) and the Main Impulse (MI). Examining Sl-associated flow variations observed by SuperDARN radars
in the present study, we find that some of them show only the two successive pulses of Pl and MI, while some others are accon
panied by damped oscillations of the ionospheric electric field lasting for about several tens of minutes to an hour with periods
of several minutes. The cause of this difference, however, has not yet been understood well.

We examine the cause of the difference between the two kinds of S| events, using SuperDARN radars in the northern hem
sphere covering "40 to 90 geomagnetic latitudes. For the analyzed period from January 2012 to December 2015, 199 Sl ever
were identified and 38 events out of them were accompanied by the ionospheric electric field oscillations immediately following
Mis, as observed by at least one SuperDARN radar. We find that some of the electric field oscillations exhibit phase difference
in latitude and longitude, while some others not. These observations indicate that the ionospheric electric field oscillations some
times have finite-speed two-dimensional propagation properties.

We discuss the frequency and propagation speed / direction estimated from two-dimensional distribution of Line-of-Sight
Doppler velocity observed by SuperDARN radars, and also discuss the characteristics of the ionospheric electric field oscilla
tions from the viewpoint of the dependences on the MLT spatial displacement of the magnetopause.
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Magnetospheric dynamo driving large-scale field-aligned currents

# Masakazu Watanabe[1]; Takashi Tanaka[2]; Shigeru Fuijita[3]
[1] Earth & planetary Sci., Kyushu Univ.; [2] SERC, Kyushu Univ.; [3] Meteorological College

Using a magnetohydrodynamic (MHD) description, we develop a general theory of the magnetospheric dynamo driving large:
scale field-aligned currents (FACs). The purpose of this study is to provide a physical basis in interpreting various phenomena i
the magnetosphere-ionosphere system reproduced by global MHD simulations. Numerical simulations indicate that in the mac
netosphere plasma thermal energy is much higher than flow kinetic energy, showing that the energy source of the FACs is main
plasma thermal energy. From kinematic relations, the plasma gas must expand in order for the thermal energy to be extracted. .
the same time, from Maxwell equations with Ohm’s law, dynamo conditions are expressed in terms of spatial configurations of
the magnetic field. The diverging Poynting flux arises from either the magnetic pressure-dominated configurations or the mag
netic curvature-dominated configurations. The former is interpreted to be 'expanding slow mode’ disturbances in MHD waves,
while the latter to be 'contracting slow mode’ disturbances in high beta plasma. As their names indicate, the two disturbance
modes are mutually exclusive and do not concur with each other. The expanding slow mode is basically a quasi-stationary prc
cess, while the contracting slow mode allows temporal variations. An example of the expanding slow mode is the dynamo o
region 1 FACs in the cusp-mantle region, and an example of the contracting slow mode is the dynamo of region 2 FACs on th
nightside.
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Location of magnetic reconnection lines at the low-latitude dayside magnetopause
estimated from 8 years of THEMIS observations

# Yasuto Hoshi[1]; Hiroshi Hasegawa[2]; Naritoshi Kitamura[3]; Yoshifumi Saito[4]
[1] Earth and Planetary Sci., Univ. of Tokyo; [2] ISAS/JAXA,; [3] ISAS/JAXA; [4] ISAS

Magnetic reconnection at the Earth’s dayside magnetopause is the most important physical process by which solar wind plasn
enters the magnetosphere. This process connects the interplanetary magnetic field (IMF) with the geomagnetic field at an X-Iin
formed in the magnetopause current layer. The occurrence of magnetic reconnection at the dayside magnetopause and locatior
X-lines affect the efficiency of the solar wind transfer. It has long been studied, however, the actual location of X-lines and its tilt
angle have not been made clear. We report the statistically investigated occurrence pattern and velocities of the reconnection je
observed at the dayside magnetopause, based on plasma and magnetic field data from the THEMIS spacecraft and also estime
the location of X-lines.

The five identical THEMIS spacecraft have observed Earth’s magnetosphere since launched in 2007, although two spacecre
observed the region only until 2010. We used low energy ions and magnetic field data taken in the dayside magnetopause regit
within the magnetic local time range of 6 to 18 hours. Among full magnetopause crossing events, flows with a speed tangentia
to the magnetopause significantly higher than the magnetosheath flow are chosen as candidates of reconnection jets. The Wa
relation is used to test whether it is generated by reconnection. The events that have the following characteristics were exclude
fluctuations in the solar wind dynamic pressure or IMF were extreme, or the jets came from drifted multiple X-lines that involve
flow reversals and an enhancement of the total pressure of order a few nPa. We also estimated the location of X-lines based
the occurrence pattern and directions of reconnection jets. We discuss effects of the IMF clock angle and geomagnetic dipole ti
angle on the location of X-lines and its tilt angle.
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Satellite observation of magnetic reconnection in the dayside geomagnetosphere

# Tatsuya Sakaguchi[1]; Koji Kondoh[2]
[1] Science,Ehime Univ.; [2] RCSCE, Ehime Univ.

The magnetic reconnection is frequently observed in the dayside magnetopause. In the magnetic reconnection process, t
reconnection jet and contact discontinuity play a important role. It is important to understand about them in order to understan
physics around the magnetosphere. In addition, S. Nitta et al.,(2016) revealed that following new results using the numerice
computation of the asymmetry reconnection.

1. Contact discontinuity separating the plasma of magnetic sheath and magnetosphere crawl into the magnetosphere side
the plasmoid.

2. Reconnection jet strongly blows in magnetosphere side of the plasmoid.

The followings are the purposes of this study.
1.1dentification of the reconnection jet in the dayside magnetopause from the GEOTAIL observation data.
2.ldentification of the contact discontinuity from GEOTAIL observation data.

T. D. Phan et al.,(2001) identified the reconnection jet from satellite data. Plasma in the sheath is acceralated by the magnet
field tension force. They calculated the theoretical velocity from magnetic field change. In this study, we employ the same
method. We identified the reconnection jet by comparing the observed plasma velocity with the theoretical velocity. Further-
more, we identify whether reconnection jet flows in the sheath side or magnetosphere side of the plsmoid from orientation of the
magnetic field.

Across the contact discontinuity, plasma pressure does not change, but plasma density changes, so we identify the conte
discontinuity from the observation data using this characteristic. Then, we discuss the contact discontinuity statistically.

More than 80% of the plasma jet velocities agreed with the estimated velocites, and the directions of the magnetic field of
these all jets were northward. So, we conclude that these reconnection jets are in the magnetosphere side of the plasmid. Acrec
the contact discontinuity, a phase gap of the plasma pressure and plasma density is found in a reconnection jet.

reference
S. Nitta,et al., Critical differences of asymmetric magnetic reconnection from standard models,the Astrophysical Journal,accer

T. D. Phan, et al.,Evidence for an extended reconnection line at the dayside magnetopause,Earth Planets Space, 53, 619-6
2001
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Waves in the innermost open boundary layer formed by dayside magnetopause
reconnection

# Hirotoshi Uchino[1]; Satoshi Kurita[2]; Yuki Harada[3]; Shinobu Machida[4]; Vassilis Angelopoulos[5]
[1] SPEL, Kyoto Univ.; [2] ISEE, Nagoya Univ.; [3] Dept. of Geophys., Kyoto Univ.; [4] ISEE, Nagoya Univ.; [5] UCLA

We present two THEMIS observations of whistler-mode and electrostatic wave events in the innermost open boundary laye
(I0BL), formed by dayside magnetopause reconnection. The IOBL is identified by high-speed electron flow on the magneto-
spheric side of the ion outflow from the reconnection site. Quasi-parallel whistler-mode waves propagating toward the reconnec
tion region are observed in association with a partial shortage of magnetospheric electrons moving away from the reconnectio
region at small pitch angles. We interpret the partial shortage of magnetospheric electrons as caused by a change in the magne
field geometry due to reconnection, which suddenly opens the magnetosphere to the magnetosheath. Calculation of wave line
growth rates shows that the waves can be excited by the perpendicular electron temperature anisotropy that develops due to
partial shortage of field-aligned magnetospheric electrons. Electrostatic waves close to the lower hybrid resonance frequenc
are observed in the IOBL in the second case, during the main phase of a magnetospheric storm. Magnetospheric electrons ¢
almost completely lost in the event, except at pitch angles close to 90 degrees, yet whistler-mode waves are not observed. £
electron beam from the magnetosheath and cold ions originating from the plasmaspheric plume are observed in association wi
the electrostatic waves. Growth rate calculation shows that the waves can be excited via couplings between the electron beam &
cold ions. We suggest that the duration of magnetopause reconnection is one factor controlling the properties of waves excite
in the IOBL.
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Numerical simulation of the contact discontinuities evolution in the asymmetric
magnetic reconnection

Koji Kondoh[1]; # Shoya Maruyamal2]
[1] RCSCE, Ehime Univ.; [2] Science, Ehime Univ.

Magnetic reconnection is generally accepted as an important elementary process of mass, momentum and energy transpor
the geomagnetosphere and Sun. Especially, the asymmetric magnetic reconnection is more general than the symmetric magne
reconnection, such as Anemone type flares and flux transfer events at the dayside magnetopause. However, asymmetric magn
reconnection have many unsolved problems. We examine the asymmetric magnetic reonnection using MHD simulation by HLLE
code.

In the previous work by Nitta et al.(2016), the differences between symmetric magnetic reconnection and asymmetric magneti
reconnection were studied. In the symmetric magnetic reconnection, the contact discontinuity is located in the center of the
current sheet to separate the plasma in the higher beta side and the lower beta side. However, in the asymmetric magne
reconnection, according to the difference of Alfven speed in both sides of the current sheet, the higher beta side plasma is caug
into the lower beta side plasma. As a result, contact discontinuity is formed in the lower beta side. Thus, in this study, we
examined about the time evolution of the contact discontinuity.
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Reconstruction of the electron diffusion region of magnetic reconnection observed by
Magnetospheric MultiScale

# Hiroshi Hasegawa[1]; Bengt Sonnerup[2]; Naritoshi Kitamura[3]; Yoshifumi Saito[4]
[1] ISAS/JAXA,; [2] Dartmouth Coll.; [3] ISAS/JAXA; [4] ISAS

We present first results of the electron magnetohydrodynamic (EMHD) reconstruction applied to the electron diffusion region
encountered by the Magnetospheric Multiscale (MMS) spacecraft on 16 October 2016, 1307 UT [Burch et al., Science, 2016]
The reconstruction is based on a two-dimensional, incompressible, and inertia-less version of the EMHD equations [Sonneru
et al., JGR, 2016] and uses, as the initial conditions, magnetic fields and electron moments observed along the path of a sing
spacecraft and the coordinate system estimated from four-spacecraft magnetic field measurements [Denton et al., GRL, 201¢
An X-type magnetic field configuration and quadrupolar Hall field pattern, consistent with the electron inflow and outflow, were
successfully recovered. The results show that although MMS encountered the dissipation region of near antiparallel magne
topause reconnection, the X-point was not inside the MMS tetrahedron but at a few km from the MMS4 spacecratft at the closes
approach. The electron flow stagnation point was shifted toward the magnetosphere from the X-point. The estimated recor
nection electric field is 0.3-0.9 mV/m, equivalent to the dimensionless reconnection rate of 0.1-0.3. Comparison between the
reconstruction results from individual MMS data and multi-spacecraft measurements suggests that there were significant spati
structures along the X-line direction.
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Intermittent plasmoid instability is possible in uniform resistivity MHD model ?

# Tohru Shimizu[1]; Koji Kondoh[2]
[1] RCSCE, Ehime Univ.; [2] RCSCE, Ehime Univ.

In many resistive numerical MHD studies, the Petschek model (1st possibility) is considered to be plausible in explosive
phenomena such as solar flares and substorms, rather than Sweet-Parker model (2nd), in high magnetic Reynolds number (MR
However, the 3rd possibility was recently proposed, where intermittent plasmoid instability under the uniform and extremely low
resistivity can generate large scale plasmoids (Bhattacharjee, Cassak, Loureiro, Shibayama, etc.). With numerical studies, v
invoke that the 3rd possibility essentially may return back to a controversy where the Petschek model may be impossible in th
uniform resisitivity leading to Sweet-Parker model (Biskamp, Kulsrud, Uzdensky vs Priest).

R GRS OEAE D MHD T L E LTI, < h5 Petscheke 7))V (GRE—DRJEEM) & Sweet-Parkefc 7/ (5
=) BHY., KBET L7 RMARICEIT 3 FH T AIERRZEIHT 2 I OIIERTENE IHENTE /=, UL,
EEICIZ> T, BoOAREMNEE LT, TEER LA /IVAEBIC T 2 7T XEA RALEED BRI T B RN KRR
7T AEA REKZ T T & A, BRI TEIN, BUINICREEES NIz 95, ZROMRRENRIN TV
(Bhattachrajee, Cassak, Loureiro, Shibayama,et& 1 5 O Tld [—HEHTL DMREETNTWVE N, —/5T. ThE
TDZ L DWFEICE N T, —HHEPITld PetschekE 7 )UIEHE T 597, Sweet-Parkefc 7)VWEC % LRI NTED, T
DOFENHE=DOREN L LTHHEZERDZ —D0OHH L 5> TW\5, AR#EHETIE. COHE=DORENEZGE L. Thh,
[—REEPIC Petscheke 7 /UIEHE T 537, Sweet-Parkefe 7)VANL T 20 fh GE— L5 On[EEMOER) | Lo i<
5 < G4t (Biskamp vs PriestDIEERUC D 5 —DDIZET —<IC T EixW T & 2 EH OFUEIIIZEIC K © TR T %,



R006-P41 215 Poster B¥RY: 11 8 20H

Direct evidence of energy exchange between EMIC waves and ions observed by the
MMS spacecraft at the off-equator magnetosphere

# Naritoshi Kitamura[1]; Masahiro Kitahara[2]; Masafumi Shoji[3]; Satoko Nakamura[4]; Yoshizumi Miyoshi[3]; Yuto
Katoh[2]; Yoshifumi Saito[5]; Hiroshi Hasegawa[6]; Shoichiro Yokota[5]; Barbara L. Giles[7]; C. T. Russell[8]; Robert J.
Strangeway|[9]
[1] ISAS/JAXA; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] ISEE, Nagoya Univ.; [4] Dept. of Geophys., Kyoto
Univ.; [5] ISAS; [6] ISAS/JAXA,; [7] NASA/GSFC; [8] UCLA; [9] Inst. of Geophys. and Planet. Phys., Univ. of California,
Los Angeles

Wave particle interactions, which cause particle acceleration and pitch-angle scattering, are a fundamental energy exchan
process in collisionless space plasma. The four MMS (Magnetospheric Multiscale) spacecraft traversing the duskside magnet
sphere measured electromagnetic ion cyclotron (EMIC) waves around 3.6, 8.7, aftl-t2X, Y, and Z GSM from ~12:18
to 12:22 UT on 1 September 2015. In this period, the burst ion data (150 ms resolution) are available, and cold ions (below 30
eV) are detected due to a large magnitude of the electric field drift by the wave electric fields under weak background magnetit
fields ("22-40 nT). Since the frequency of the EMIC waves were lower than "1/5 of the proton gyro frequency, perpendicular
electric fields were derived from the cross product of the negative cold ion velocity and the magnetic field. Using these data
we investigate energy exchange between EMIC waves and ions. Thirty second averages of the dot product of the perpendicul
components of the wave electric fields (0.05-0.1 Hz) and ion resonant currents reached -0?2pWénenergy range of 14-30
keV in the pitch angle range from 33.75 to 67.5 degrees near the beginning of the wave (712:18:30 UT). The negative value in thi
pitch angle range indicates that the perpendicular energy of ions was being transferred to the EMIC waves propagating towat
higher latitudes at the MMS location. This initial result indicates that EMIC wave growth due to wave particle interactions can
occur far from the equator, although it has been thought that the source region of EMIC waves is near the equator.
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Magnetotail structures reproduced by a magnetosphere MHD model

# Aoi Nakamizo[1]
[1] NICT

The development of global magnetosphere MHD models started about thirty years ago [e.g., Ogino., 1986; Fedder and Lyor
1987]. Now there are several major models [e.g., Lyon, Fedder, and Mobarry, 2004; T&#243;th et al., 2005; Raeder et al.
2008; Tanaka et al., 2010; Janhunen et al., 2012] used widely in the community. In recent years in the U.S., in parallel with
the model utilization, the efforts of the validation and verification of models have been actively pursued, for example, targeting
global structures during storm events [e.g., Honkonen et al., 2013], bursty bulk flows in the near-earth plasma sheet [Wiltberge
et al., 2015], and global evolution of FACs [Merkin et al., 2013]. If the calculated results are far from the reality, it would be hard
to rely on its dynamics. Therefore, these examinations are indispensable in order to conduct the true science with magnetosphe
simulations. However, it seems that the similar efforts have been missing in Japan. Recognizing the current situation, we test tf
calculation results of a magnetosphere MHD model in NICT by using observation data. In this talk the focus will be placed on
the mid-tail structure, including cross-sections (both in thge X -Y ¢sas and Yo sar-Za sy planes), lobe-plasma sheet structure
dynamically changed by the solar wind/IMF input.
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Substorm-associated deformation of the tail magnetopause

# Kazuma Shirotani[1]; Hideaki Kawano[2]
[1] Earth and Planetary Sciences, Kyushu Univ.; [2] Earth and Planetary Sci., Kyushu Univ.

The magnetopause is the boundary where the solar wind pressure balances with the magnetospheric pressure. The purpos:
this study is to statistically analyze the deformation of the tail magnetopause associated with substorms. In a preceding stuc
by Kawano et al. [2000], a case was reported in which the GEOTAIL spacecraft was located near the mid-tail equatorial mag:
netopause and three substorms took place in a consecutive manner; from the GEOTAIL observations during that interval, the
suggested a temporary shrinkage of the mid-tail equatorial magnetosphere after each expansion onset.

We intend to extend their study by performing a statistical analysis, toward a better understanding of the substorm and th
magnetospheric structure.

To select events for the statistical analysis, we use the following two conditions:

(1) GEOTAIL must be moving relatively parallel to the model magnetopause; and

(2) GEOTAIL must make an in-then-out or an out-then-in motion across the magnetopause in a relatively short interval.

We are currently creating lists of events satisfying the above two conditions, and at the meeting we expect to report the analys
results of thus identified events.
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Generation of electron anisotropies at earth’s magnetotail

# Ryota Haba[1]; Tohru Hada[2]; Shuichi Matsukiyo[3]
[1] ESST, Kyushu Univ.; [2] ESST, Kyushu Univ; [3] ESST Kyushu Univ.

Anisotropic electron distributions are often found in the night-side region of the earth’s magnetosphere in the energy range
from about 10eV to 10keV, in particular, in association with the so-called dipolarization events where the stretched magnetic fielc
recovers to be closer to the earth’s dipolar field. Theoretical models are proposed to explain the appearance of these distributior
using the first and the second adiabatic invariants. While the first invariant (magnetic moment) is almost always conserved, th
second invariant (action associated with the mirroring motion along the field lines) can be violated depending on the time scale o
the external perturbations and the electron energy. Recently, Wang et al (JGR, 2014) made a statistical analysis on variation of tl
electron anisotropies during geomagnetic depolarization events using THEMIS data. They found that, after the dipolarization
the pancake type (perpendicular temperatuparallel temperature) anisotropy increases when the electron enetggksV,
while the cigar type (perg:parallel) anisotropy dominates for higher electron energies.

In this presentation we show our results of test particle simulations to discuss what types of pitch-angle anisotropies woulc
emerge for various field line configurations, and also by varying the strength and time scales of the external electric field. Electrot
trajectories are computed by directly time integrating the equation of motion and also by integrating the guiding center equation o
motion. After showing that the observed dependence of the types of anisotropies on the electron energy can roughly be explaine
by the present model, we will discuss evolution of anisotropies at distant magnetotail. Application of the present model to othel
planetary magnetospheres will also be discussed.
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DKL RORT « IHRMFIC K BERET IV ZE A S, FMODK SIS, HBRE T OBk 1 DS IE 3 FHo JFE 1
B (Y raboy, 25—, RUT M OERELEELGILMICKRIRTE S, INSDEHIFZFNFNA—X—
MRELABZAWERS, B1ALE WKE—AVN) ZREDXIBRATEHIRFREINSD, H2A L8 (h
RESIHR S T —EBOLES /EFD OWEVEIR, WD R A LA —)VEBTOIXIVF—ITURIE L THRE %,

. THEMIS 51 & b dipolarizationic £ 5 B4 % T XV F—TCODEFE v FANHOEFHHBHIE N TN
(Wang et al, 2014) Dipolarization & lFHVEBEEHZIC &K > THIBRORL /IR, HIBESKZ A R — N K 2 8 DIEDL T & T
b5, TOBRKERNS, K FOT3IVF—, FHEBRD D OHE, HIIEROIIRIC X 0 B BB OEMICE D
HBHEMHEIL TV 5,

AWFFECIE, HIBRREGEIC B 2B 7O R AR E T A MR FRIEIC K DR %, REFIHIBRRGEYS (X4 R—
VIS L RESERFICK DO 5N ORERGDbE L L, COMTOE FE#) %z, EHi T EROEEMT BT
Felal O OFEF ORI K 0 RD Tz, HMREZIC K D HIBRREAEID AR S 11, dipolarizationhVid % 7z & 2 D5
PEDA R LTz, £ U 2B MEDONEREL ST A — 2 K7, =K, R 7m0z S
IR EIC DWWk d %, HIERDNOREMSKEIC BT 3D 7T DN TEE KT 5,
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A statistical study of severe magnetic fluctuations effective for ion gyration in the
near-earth magnetotail observed by THEMIS-E

# Heqgiucen Xu[1]; Kazuo Shiokawa[1]
[1] ISEE, Nagoya Univ.

Additional Coauthor: Dennis Fruehauff (Institute of Geophysics and extraterrestrial Physics, Braunschweig University of
Technology, Braunschweig, Germany)

We have statistically studied severe magnetic fluctuations which can modify ion gyro-motion to cause kinetic effect in the
magnetotail dynamics which can be a cause of current disruption in the inside-out substorm model. We used magnetic field dai
from 2013 and 2014 obtained by the THEMIS-E satellite with a sampling rate is 4 Hz in the nightside near-Earth plasma sheet a
|X|= 6 - 12 Re. A total of 1283 severe fluctuation events were identified that satisfy the criteria_BiBuaier larger than 0.5,
where SigmaB and Bbar are the standard deviation and the average of magnetic field intensity during the time interval of local
ion gyro-periods. The occurrence rates of severe fluctuation events are 0.00118%, 0.00899% and 0.023884%aRe, 8-10
Re and 10-12 Re, respectively. Most events last for no more than 15 s. By using the Tsyganenko magnetic field model (TO1)
we found that almost all the severe fluctuation events occurred at the Zgsm close to the model neutral sheet within 1.0 Re. Tt
superposed epoch analyses indicated that the fluctuation events occurred in association with a sudden decrease in AL index ¢
magnetic field depolarization, suggesting their association with substorms. Sixty-two percent of events were accompanied b
ion flow with v larger than 100 km/s. The superposed epoch analysis also indicated that flow speed increased before the seve
magnetic fluctuations, suggesting that the magnetic fluctuations are caused by these ion flows. This contradicts the assumpti
of the inside-out model which suggests that the fluctuations cause earthward ion flow by reducing the tailward pressure-gradiel
force. These results indicate that the inside-out substorm onset caused by severe magnetic fluctuations can only be suitable fo
relatively small number of substorm cases. These results also indicates that the violation of ion gyro-motion is mainly caused b
high-speed ion flow in the near-earth tail. In the presentation, we will also show the result based on modified criterid(Sigma
B_bar larger than 0.2) for a comparison.
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Correlated temporal variations of SCW, AKR and global Pi 2

# Teiji Uozumi[1]; Akimasa Yoshikawa[2]; Shinichi Ohtani[3]; Shun Imajo[4]; Dmitry Baishev[5]; Alexey Moiseev([5]; Boris
Shevtsov[6]
[1] ICSWSE, Kyushu Univ.; [2] ICSWSE/Kyushu Univ.; [3] The Johns Hopkins University Applied Physics Laboratory; [4]
Earth and Planetary Sci., Kyushu Univ.; [5] IKFIA, SB, RAS; [6] IKIR

A transient geomagnetic pulsation Pi 2 is well known to occur at every auroral breakugSgkgrai and Saito1976], and
is accepted as an onset indicator of the magnetospheric substormJeityp, 1969; Rostoker et al. 1980]. The formation
of the substorm current wedge (SCW) [eBlcPherron et al. 1973; Nagai, 1982] and the breakup of the auroral kilometric
radiation (AKR) [e.g.Gurnett 1974,Morioka et al, 2008] are also enumerated as other essential manifestations of the substorm
expansion onset. Past studies addressed the timing relations among the onsets of these phenoiSekarge.gnd McPherrgn
1983; Liou et al., 2000a, 2000bMorioka et al, 2008]. However, the relation of temporal variations between Pi 2 and other
phenomena have not yet been clarified. In this study we investigate a temporal relationship between AKR / SCW modulation an
global Pi 2 oscillations. We present some typical events, which revealed highly correlated modulations/oscillations of AKR, SCW
and global Pi 2. It is confirmed that the height-integrated AKR powar(k) tended to increase/decrease during the interval
when the D component Pi 2 (dB deviated in the same/opposite sense as the D- component bay of the SCW. This result suggests
that the time derivative of the height-integrated AKR power was modulated coherently with the D component Pi 2 oscillation.
This result is consistent with the finding efozumi et al.[2011]. We reexamined Pi 2 oscillations by applying the Hilbert
transform method. The Hilbert transform is the integral transform in the time domain, and shifts the original phase 90deg behinc
for all the frequency components. We found that the Hilbert-transformed Pi 2 period range oscillations in the D component,
HT(dBp), shows temporal variation similar to dlggP4 x g Without lag time. This result supports the aforementioned time-
derivative relation between Pi 2 oscillation and AKR modulation. We also analyzed global Pi 2s, which were observed from
low- to high-latitude region with highly correlated waveforms (global high-correlation Rigz{imi et al, 2009, 2011, 2016]).
The result shows that the middle- and high-latitude D component Pi 2 oscillated without any significant time lag, whereas the
middle- and high-latitude Pi 2 in the H component oscillations revealed some time lags due to the propagation delay of the Pi :
waves. The azimuth of the initial deflection of the middle- and high-latitude duskward Pi 2s are consistently explained by the
development of an upward field-aligned current that is assumed to be located at the center of the auroral breakup region. The
results suggest that the middle- and high-latitude D component Pi 2 oscillations can be treated as a proxy of the modulatio
of the SCW (dB, "dBscw ), and therefore, the time derivative of the height-integrated AKR power was modulated coherently
with the SCW oscillations. It is also found that the H component of the low-latitude Pi 2, which is a manifestation of the
fast wave propagated from nightside magnetospheredB and dB;cy are highly correlated without any significant time
lags (dT|<"10 s). The high-correlation signature between-¢Band dBs;cyw suggests that the driving sources of these wave
elements in global high-correlation Pi 2 are closely coupled with each other.



R006-P47 215 Poster B¥RY: 11 8 20H

THEMIS 1§ 21 X B WU BE R PR & #h 4RI & o briig

#)1IS 550K [1]; M FIE [1]; = 2 [2]
[1] S K FHHEBRRT, [2] £ K ISEE

THEMIS satellite observations of magnetotail signatures for auroral brightenings
observed in all-sky images

# Takahiro Kawashima[1]; Akimasa leda[1]; Tsubasa Miura[2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.

In this study, we compared THEMIS-3 satellite observations of the magnetotail and ground all-sky images. THEMIS-3 satellite
was located near midnight 11 Re down the tail, and observed earthward high-speed flow at 0800 and 0858 UT on 14 Novembe
2015.

The THEMIS-3 footpoint was located near Whitehorse (WHIT, magnetic latitude: 63.6 degree) in Alaska. Looking WHIT
all-sky images, aurora brightened at 0830 UT, 0838 UT, and 0858 UT. For the first and the third brightenings, THEMIS-3
observed earthward high-speed flows and decreases in the total pressure at 0830 UT and 0858 UT. On the other hand, for t
second brightening THEMIS-3 did not observe these characteristics. This may be because THEMIS-3 was located deep insic
the plasma sheet with observed high plasma beta.

ARZETIE. THEMIS-3 i 2 OGS E BTN & F e Rl & Otk z17 - 72, THEMIS-3 2 I3 EA P hED R
SR 11 BRI LTI D, HiEkm & mndii 2 20154F 12 H 14 H 08:30 UT X TF 08:58 UTICHEMI L 7z THEMIS-3
i 0 footpointid 7”7 = A 710 Whitehorse(WHIT) il (XU 63.6 ) ICdH > 7zo WHIT O K2R % &, 08:30),
08:38,08:58 UTICA— I L Tz, TDHH 1EFEHE 3HFHDELEICHIGL T, THEMIS-3 %5 Tld 08:30
08:58 UTIC, Bk & Endifii & RO DI E NIz, —/H T 2HFHOEDETIX, ThHSORMIEBIHIE NS, X
oo TR BREEL > TV, Lo T, 2 FHOHEETHIERM & Edii A B S Niah o R, 9 X<
V—FORELICHEHEN N L LRI D B EE IS NS,
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Characteristics of the spatial distribution of the auroral oval bifurcation

# Masaki Miyamoto[1]; Satoshi Taguchi[1]
[1] Grad school of Science, Kyoto Univ.

We report on the statistical characteristics of the spatial distribution of the auroral oval bifurcation on the basis of remote-
sensing measurements made by TIMED/GUVI. We analyzed the TIMED/GUVI data obtained during 5 years (2002-2006).
IMF By-dependent dawn-dusk asymmetry is clear for northward IMF. For southward IMF, many bifurcation events are seen
during non-substorm intervals as well as during substorm intervals. We will discuss the field-line geometry for the auroral oval
bifurcation.

F—ua oA —VVONRIOEFRI. JtE IMF B CR—I =7 =7 DNEHN TV 55500 7 X b — LOWEI R
NishhEz 8% 2 EAHBENTVS, IMF DL E THAIE DR 2 & DRE, JEEERO S B0+ —a 54—/ U
WETR—=F—=7 =8NS, £z, IMFILAETHAEDOR S ZEDE, R—F—7—J73#HHlOA—a 54—
WOEL THNS, —7. Y7 A P—LOBICIE, BERPEEDA—a I — UM 2 DICEINI K ICED T EWdD
%, WTNOEEL., ®AloA—a S+ — U bih 3 c LAl CETTOIE,. FOH0IE. F—3b
o LERRIC T T A — MEJRTH S L EZ BN, AWFETIE, A —0 T4 =)L SRR IR A —
OIREICHER UT, ZOZEMD R EZIH S DICT 5,

FialE, 20024ED 5 20064ED 5 4ERNIC TIMED #ED GUVI HEIC K > THE I N A —a oD 57 a—i A A—
VOKBDT—RICH U TERMNEEEREA LT, A—a I 0IEBHSOZOEHZFE Lz, dtmE IMF IR LT
Z. BEOWIHRTRENTVS L DI, DIEEHRICIE IMF ORPGIMIARIET 284 OIERFMED R S5 Nz, Bk DfF
HrCiE, IMF D FRIERICDONTE, £ ORIRHESENEE SNz, mEEETEHIL. IMF Bz 2-50nTICE M ESEK S
IR ERHEREDFE L BIC R X N iz, Tl U TR L AET % 708 A4 — L D £ & 1& 3000kmic & K AT
W5, ARSI DMSPHEDT—2h 568, TOX S HERIEAEEWERET >TWE T bbb, DMSPH
B L DRIFENON L O OHEFINFEZ ED T, A —1 T4 — VOISO ZE R 0 O E 2R E T %, F
foo ZTOMWHEICHDSNT, TS5 Y — FORERHS RO I F X MY —ZEiRd 5,
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Motion of sun-aligned arc revisited: Simultaneous observations with three ASls and HF
radars

# Yota Kimura[1]; Keisuke Hosokawa[2]; Kazuo Shiokawa[3]; Satoshi Taguchi[4]; Yuichi Otsuka[3]; Yasunobu Ogawa[5]
[1] Information and communication engineering, sec; [2] UEC; [3] ISEE, Nagoya Univ.; [4] Grad school of Science, Kyoto
Univ.; [5] NIPR

Polar cap arcs have frequently been observed in the high-latitude ionosphere during northward interplanetary magnetic fiel
(IMF) conditions. Polar cap arcs extending along the Sun-Earth line are sometimes called Sun-aligned arcs (SAA). It was
statistically indicated that SAA move either duskward or dawnward depending on the sign of the IMF By. Milan et al. (2005)
reasonably explained the motion of SAA as viewed from the IMAGE satellite, especially its dependence on the IMF By, by using
a model based on magnetic flux transport by the ionospheric convection during northward IMF conditions. However, the spatia
resolution and sensitivity of the space-based FUV images were insufficient for evaluating the model in detail. To further test the
model, it is necessary to combine highly sensitive ground-based all-sky optical observations from more than two stations.

In this study, we evaluate and/or modify the model of Milan et al. (2005) by investigating large-scale imaging of SAA with
three ASIs, respectively at Resolute Bay (RSB; 74.7 N, 265.0 E, 82.9MLAT) and Eureka (EUR; 88.5 N, 273.6 E, 88.5 MLAT)
in Canada, and at Longyearbyen (LYR; 78.1 N, 15.5 E, 75.3 MLAT) in Norway. On January 9, 2016, a transpolar SAA was
observed to move duskward during a 190 min interval from 1930 to 2240 UT (Interval A), and the arc moved dawnward during
a subsequent 50 min interval from 2240 to 2330 UT (Interval B). This arc was extending across the fields-of-view of LYR and
EUR ASls and its sunward end was clearly connected to the auroral oval on the dayside near the cusp region. Since the model
Milan et al. (2005) assumes that there is a gap between the dayside oval and the sunward end of SAA, the model is not able
explain the current observations of fully-connected SAA. Moreover, as a result of comparison between the direction of the SAA
motion and the IMF data from the OMNI data set, it was found that the dawnward motion of SAA during Interval B was not
consistent with the sign of the upstream IMF By. To further analyze this event, the ionospheric convection data from HF radars
of SuperDARN were employed. Based on the simultaneous optical and radar measurements, we propose a model which emplo
magnetic reconnection between closed magnetic field and northward IMF, which can only take place either in the northern o
southern hemisphere during non-zero IMF Bx conditions. The transport of open magnetic flux in the polar cap driven by this
type of reconnection pushes the SAA either dawnward or duskward depending on the sign of IMF Bx (not By). This new model
is able to account for the motion of fully-connected SAA which is sometimes independent of the polarity of the IMF By.

e A —1Zid, SRR (IMF) DMEmE o & X, BEKHERE 75 BELLE O SR s THREICBIIIE NS BHR T
H3. WA —0FORTE KT HNCHT TS 2RO S O ZRRC Sun-aligned arc (SAAR FECY, IMF By K77 D 1F
BUCKRTE LT NS EEN T % T EDEHNISOREN T WS, ZOEE A = AL, JbfE IMF Rt tsa—7
IV S B T2 RE TR DA T 7 IVIC K o T S N T E 7240 (Milan et al., 2005) E7IIVERDRRICHW SNz
T—2ENTHRED D ORMIHEN BRI K 28D TH D, M REREEICRADN DTz, T, HEHED
R CABIINC Ko T, EFIVOZLSELEHARERZRGEET 2 2 EARDENTVS.

Milan 5DETIVTIRES N TV S EE) X 1 = X L3 SAA ORGSR & BRI EET 5728, HiEh SOy AEHI
FITOBICE, 77— ORBIBAZME R RS 5 C e AEE RS, TNETOWIETIE, H—Hifih 5 DEREE
BIIDAHAWSNTE 720, BT OFIRIC X D SAA OLKGREHRT 2 T L WNEETH -7z, T ORENZ wfkd
18I, KT, hFEDLYVY) 2a—kXA (RSB)E AU LA (EUR), /)VUrz—0ary 7 AY—E I (LYR)
ICREINTVES 3EDOEBRELRA A=y ZHVE. 3HHENSD, JHE 630.0 nmD LA —1 SEHIZEHNT,
Milan 5IC &k % SAA BT T )L & HEROBIIT— 2 L OBEGWZMGET 5 L2 HINE T 5.

20164 1 H 9 H @ 1930 &amp;#8211; 2400 UDKFRIHIC BT, 4 5 IMCHEER) T % SAA D 3 EDR KA A
FILX O THRFHCENE N, 2D7—71F, EURE LYR DERKAASORBICE M2 ERKGHEEZHL, T5ICR
HIAZTHEFEIC BN TA—B T4 — IV EERE SN TVS T EHMEREI N, Milan 5DOEHTT )V, SAA HEH
TA—O T4 =NV EEHEINTORWERICHK T Ty 7 ADEENELC S T ZFiHRE LTS, SR
NIz & 5 7% SAA DAY JTIRIDES Z T 5 C LN TER. EHIT, TORFMH OB/ S SAA DI
ADH#EHE, IMF By BT L TWEWT EDBHSMNIC RS .

C DR Z3Z1F, SuperDARNIC K - TR BN EEERIE O L, SAA OS], IMF OO ISR ROt 2
107z, TR, IMFBx B 2REDKE S ZRDOLEAIC, BRNESENCAET 2 Ui & bmE IMF A
FPEERO A TRER) a7 > a vz L, ZRUMEI KT Ty 7 ADHED SAA DOFAS 750 D) 2 58 d % &
W ETIWERETBICE STz, TOHLVETIVICEKD, BEMIA R D TA—O T4 — VL EER L T % SAA
DA F5 OB % IMF Bx, By OMEZMIC & > CHEHEL FHHT % 2 LA A[REL 7o 7z
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Assessment of the MHD simulation results by the satellite observations for the case of
transpolar arc

# Kyoko Mimura[1]; Takahiro Obara[2]; Shigeru Fujita[3]; Takashi Tanaka[4]
[1] Geophysics, Tohoku Univ; [2] PPARC, Tohoku University; [3] Meteorological College; [4] SERC, Kyushu Univ.

According to the results of the MHD simulation by Tanaka et al. [2004], plasma sheet was inclined very much when the IMF
By has a large value during northward IMF condition. Change of IMF By polarity causes a dynamical change of the shape of
plasma sheet and the transpolar arc has been detached from the morning (evening) side oval and moved dusk ward (dawn wa
corresponding to IMF By change from negative to positive (positive to negative). Tanaka et al. [2004] insisted that, due to the
change of IMF By polarity, a rotation of plasma sheet to opposite inclination as well as a reformation of ionospheric convection
could be made. In the midst of these reconfigurations, the growth of new lobe results in the blocking of the return path of closec
field lines generated in the old merging cell and leads to form the kink structure in the plasma sheet. Losing their return path
these closed field lines generated from old lobes accumulate on the night side.

In order to assess the MHD simulation results, we have examined observations by the IMAGE satellite and DMSP satellites b
paying a particular attention to the formation and movement of the transpolar aurora. IMAGE satellite observed 40 transpolar ca
arc events. It was found there have been 4 events, in which the arc was moving. We examined the variation of IMF By componer
and found that the IMF By changed its polarity for these cases. Most cases of IMAGE observations show the stagnant transpol:
arcs which illuminated at the poleward edge of the dawn or dusk side of expanded main oval. We examined the variation of IMF
By components and found that the IMF By was almost constant.

In the presentation, we demonstrate the results of assessment by accommodating DMSP observations and consider the stagr
transpolar arcs based on the MHD simulation for strongly constant IMF By.

[Tanaka et al., 2004 &k 2 fjefi 77—~ O MHD ¥ 2 2 L—3 3 U Cld, JLA& IMF R TV By Bd B0, 75
ARV —FDRESEOHLTOVED, THIC IMF O By DRFSKEED DS &7 — WA —a T4 —rUin 5508 L.
MUtk &2 B8 2 FAVRE N T Wz, BARICIX, IMF O By i3OI 75 A< ¥ — N OEPIE ML X B, Z Ok
BB O MEIMES NIz, Z LT OBEET, HW—Y VI vIVDO U BRNCER A 5 &9 5 EFHN T
oy 7 EN, RAIDT T A — MPRICER I N TOLETFAREN TV,

AWFETIE MHD ¥ 2 2 L— 3 U THRB S NIaidE A — o S 4RO 7))V ERGES % BN T IMAGE #i*2. DMSP
TR EIC KBRS T — 22N, ZORZLLNMCHRE T 5, IMAGE 2 Tld. 40FIOMEE 7 — 7 BBl E iz
M, TOHT AFIDOHHY JTIIGEE LTz, TNHEBENIT M7 — 71, 4619 XTICHBWT IMF D By 7
DFEDZEEEE> T, £z, BEILUAWBEE T — 710 TEIICA TV &, 7—2 &4 — VDR OFE
WIC sun-alignedDIWREEDN W DEBHIE N2 DELZLH D, ZOEREEHOT Yy UL 2 & T, Mesly —727
ELTHRIEN TS LS ICH A,

K TII DMSPHEBRITFT— 2 ZA. & 0Z OB DTN LIz RERE T %, %7z, [Tanakaetal., 2004]
MINFT T TR ST « YDA =/ H5E 0 H L TN TV % sun-aligned-arécBALTCE, MHD X2 Lb—
Va URERBEEZ OO L, MUEIIC B B4 -0 T OREIC OV THREMICELT %,
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Development of a proton aurora spectrograph for geomagnetic conjugate aurora
observation

# Yuki Takahashi[1]; Makoto Taguchi[2]; Akira Kadokura[3]
[1] Rikkyo Univ; [2] Rikkyo Univ.; [3] NIPR

Electron auroras have been mainly studied by optical methods, because they are bright. However, proton auroras can al
be a target of optical observation as the technology in optical measurement of a faint object has progressed. For exampl
A. V. Roldugin et al. (2014) showed that the H-alpha (656.3nm) emission of January 22, 2012 was caused by solar wind
protons. The emission was determined with a spectrometer, which obtained the meridian arc spectrum image. However, whe
the brightest proton aurora H-beta (486.1nm) is observed, emissions from nitrogen molecular ions by an electronic origin may
be a contamination. They cannot be completely eliminated even using a bandpass filter. For the observation of H-beta it i
necessary to evaluate the contamination due to the emission of electron auroras. Two all-sky monochromatic imagers (PAIL ar
PAI2) have been operated at Showa Station for observation of proton aurora. They have passbands of H-beta and the backgrou
respectively. Use of these data enables us to extract proton aurora from the observed image which depicts mixture of proton a
electron auroras. In this study proton aurora has been extracted using the data obtained by PAI1 and PAI2, and they have be
evaluated in the point of view whether the features characterized by proton auroras are seen or not.

The data analyzed in this study was obtained from February 25 to July 11, 2013 and from February 26 to October 15, 2014. Th
size of images is 512512 pixels, and pixel counts are increased 8%ixel binning. Since the cameras and optical systems
of PAI1 and PAI2 are identical, we have only corrected shift and rotation of the field of views of the two imagers using stars
identified in the images. Sensitivities of the two imagers have been calibrated taking the difference between the transmittances
the two filters into account. As a result of subtracting the background we obtained a proton aurora image. However, the image
show no characteristic features of proton aurora except for the all-sky proton aurora similar to those observed by Takahashi et
[1995]. In addition, in this way of analysis of all-sky image data, it is difficult to quantitatively discuss contamination of electron
aurora in the proton aurora image. It is concluded that precise evaluation of proton aurora using only all-sky images is impossibli
and that we should obtain a spectrum in the wavelength range that includes the wavelength of proton aurora in order to precise
eliminate the background.

According to the results of analysis we developed a proton aurora spectrograph (PAS), which will be installed it at the optical
observation site at Tjornes in Iceland in early September 2016. PAS has a narrow field-of-view along the geomagnetic meridia
and disperses light into the field-of-view by a diffraction grating. An image of space vs wavelength is obtained. An example of
the obtained data will be introduced. In the future a long-term observation will be conducted and geomagnetic conjugate protol
aurora will be investigated using the data obtained by PAS.

A= SHEEIIE N FE T VWEFREOA—0 52 TSR E LTE R, UL, BilEkom Fick o,
BOEFEFEOA—1S (TubhrdA—ng) N2 X511k >TER, HlZE A V. Roldugin et al. (2014)C &
X, 201241 H 22HD H-77 )V 7 7 (656.3nm DF 7 IR -AHRRICTR © 7o BT T BIll L 72551 5. T 0%
HWKBFRDEGFIC KDL EZRLTWVWS, LML, BBAEFREOA—0 T THREHS WV H-X—% (486.1nm)D¥E
N2 BHT 255, BEFRBOERS T4 Y ORNMNEAT S, THUINY RN T )b Z—Z2HH L TEeRICIEbR
ETERV. HRX—2OEN7Z1TS L TIE T OB FEFOFCOE 52 HHE 2080 H 5, MM THE L T3
Ja kA —a IO —BORKRE A A—Y v — PAIL, PARIZ, TNFNHX—=ZEZDNNw 7575 RO
WEIT->TED, INLDOT—REHNVS T & THX—ZOFGREZMHTTREE B> TWVWb, TT T, AWMIETIEE
FTNELOEBTELONET—XEZHNT, 0 brA—aSoftzEiiA,. TOREMPRLNIDE I M ERHE L,

LT =213 20134E2 H 25 A5 7 H 11 HE T, 201442 H 26 HA 5 10 A 15 H & TOHR OB T — % T
H5, Hif§IE 512pixek512pixel DY A X THL N, FHWFED T 1 b A —n FZERIC T07a 1w > MRS
512, 88 DYV T xtT> T\ %, NI TIE. PAIL, PAR DYFREMHAL TVENATH LTV Eh b,
BERAOWTZDOEEDOHEOTHZMIET 2HEFMIES. HHT 27 0 )2 —DERROENEZH N TEEDR LN
BRI BEEMEEITT o1z, TNEDHIERITSI A TNV I TSIy RERELULER, ok r4—
0I5 LEA—aIEBEELNE, LALHNE LTV E b A —a I8 0RMIER 5N, X (Takahashi
etal., 1995)L W\ o Tl EDERKBINKER EFE UK S RO — 0 I MR ONE2DHATH T, iz, EKEHIDOHD
HBa, 7abhryA—aJic LT EDREE A —aINZENTWIEh Vo tERNREGRDNETH S, RIEN
WKRKBHOATOT O s A —0T DOREEEMHEEL <, o kA —aS 2 GO EMRKO AT MVEZETE L
T N\ I 7592 R2RET 3 HEZBRHTRNETH B Lbdamlf 7z,

CORERZZIF T, AT MIVEHRD T D57 EEiIEEE (Proton Aurora Spectrograph: PA%) 20164 9 H &I 7
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Development of unmanned auroral observation system: Test operation at Syowa Statiol

# Akira Kadokura[1]; Hisao Yamagishi[2]; Masaki Okada[1]; Yasunobu Ogawa[1]; Yoshimasa Tanaka[1]
[1] NIPR; [2] National Inst. Polar Res.

Space and upper atmospheric sciences group in the National Institute of Polar Research (NIPR) is now developing a new ul
manned auroral observation system, which is equipped with 3-axis fluxgate magnetometer, all-sky auroral imager, and GNSS/TE
receiver, in the current 9th term Japanese Antarctic Research Expedition (JARE) programme. Electric power of the system i
supplied by a hybrid natural energy electric generation system which consists of three sets of wind generators and 8 sets of sol
panels. Observation data are stored in a memory card in the system box and also are transmitted via the Inmarsat satellite d.
communication system to a server in Japan by FTP.

The 57th JARE, who left Japan in December, 2015, had installed one set of the unmanned system at Syowa Station in Janua
2016 to do a test operation. All the instruments have been working normally until now, even during the polar night period in
Antarctica. The 58th JARE, who will leave Japan in November, 2016, will install this system at Amundsen Bay area, which is
located about 500 km eastward from Syowa Station. In our presentation, we will talk about the abstract of the unmanned systel
and the test operation at Syowa Station.

N7 ZERT (M) O Z2EmsE 7L — 7%, BIESEEH OEX AR MEHETEIc BT, 3R 4 —
OS2 RKA AT, GNSSITECH I 2K Z 7 1AL —a SEIZEE | ORZIT-o T\ 5, EFEREK. 3XOETIFHE
B L 8D KIGEM SV SR ZNAT )y RHRARZIXIVF—FKEL AT LT, FISE N7 —RIZEREZRND X £
V—h—RICEEREINB i, M=y y MERERRZFIH UZBES A7 LIk D, ENONEY —/N—IZ FTP
EkENs,

20154 12 AICHFE U 7258 57 eIk IS . — N7z ilBE F O 7= HRFRIENIC K BIiA R, 20164FE 1 HICRE LTz, Th
F TR TOBRBIDIERICEE L, MEHICEBIHIMKTS 2 2 &al, Bl F— XXz ikiid 3 2 E Ntk TY
%, TOFIEREEEZ . 20164 11 AHFOE S8 RETAIK T, T O— N HFE A 5 HICH) 500kmEN 7z iR RO
T LB BIREHRT A TETH 5, alid Tld, BAEHNCERE Uiz A7 LOREE S E ARSI OWTHE T %,
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A Case Study of the Aurora explosion due to all-sky image.

# Tsubasa Miura[1]; Akimasa leda[2]; Takahiro Kawashima|2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.

Aurora is a luminous phenomenon of the atmosphere, which is observed in the

polar region. Auroral breakup is believed to occur typically in 1 hour after the southward turning of the Interplanetary Magnetic
Field (IMF).

In this study, we investigated developments of auroras in response to the southward turning of IMF that occurred at 10:30 UT
15 December 2015. All-sky images in Inuvik, Canada near the midnight were used.

As a result, auroral breakups were observed at10:15, 10:30, 11:39 UT. In particular, the auroral breakup at 10:30 UT include
a westward traveling surge, revealing that a full auroral breakup can occur during the northward IMF interval.

F—0 I TEIE NS KKOFNHRTH 5, A—0 T DBERNEEDE CGr—a 85 &, WRAICIZRE
ZEMYs (IMF) DRl &I/ 7280 LRFRIRRICAE TS EEZ 5N TV 5,

AWFZETld. 20154 12 A 15 H 10:30 UTICA: Uz IMF OJbiE D SR EANOZLICHIST 24 —1 5 DZE L%,
BEARHPAHEICAIE LT W, B FRDA XYy ZI2BIF 32 KEiGE O TN,

ZFORER, A —oF@EHE 10:15, 10:30, 11:39 UTCHIME L Tz, FFRIC 10:30 UTD A —1 FIBERIC DOV T,

IMF Db E OGE T —UERE O4A—a BN RE LS 5 ENHLNIC RS T2,
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Image Classification and Observations of the Aurora in the Arctic Circle

# Shogo Sugahara[1]; Dennis van Dijk[2]; Koichi Shin[1]; Masahiro Nishi[1]; Masatoshi Yamauchi[3]
[1] Hiroshima City Univ.; [2] Hague Univ.,IRF-Kiruna; [3] IRF-Kiruna

Using digital camera images since March 2014 for monitoring the auroral activities, we classified the auroral morphology in
both manual and automatic methods to evaluate the auroral activities. In this study, we defined five states of the aurora, classifie
aurora images depending on the visual judgement, and evaluated the occurrence range and the max brightness of the aurora.

Our aurora observation system was placed STF tourist station (lat. 68 20’ 56.9” N, long. 18 49’ 58.8" E) of Abisko in Sweden.
Auroras were photographed by a digital camera with an equisolid angle-type fisheye lens (90 degree angle of view, 180 degre
field of view) at 30 second intervals during night-time in aperture priority mode. 1SO speed and image size of the digital camera
was 800, 24641632 pixels, respectively. A period of observation time in a day was altered with respect to the seasons.

In analyses of the aurora activities, we used jpeg image data obtained from March 2014. The images were manually classifie
into an invisible, a pale aurora, an auroral arc, an active aurora and an expansive aurora by an aurora activity level depend
the brightness and the visible size of auroras. As well as, states of weather conditions were defined into cloudy/rainy and sunr
based on the amounts of clouds. As a result, it was found that occurrences of pale auroras and active auroras increase fr
November to December, 2014.

In order to quantify an area and a maximum brightness of the auroras, RGB values of pixels in a photo image are converte
HLS values. In the HLS values, the maximum brightness (seen in L) increased associated with the occurrence range of the aurol
while the RGB values are used for identification. The criterion values are compared between different cameras. We also trie
to extract auroral substorm activity by combining the variation in the geomagnetic field. After comparing between the above
classification and the visual inspection we reproduced the well-known relation that the area and the maximum brightness of a
aurora simultaneously increased in the occurrences of active aurora.

ek, A—asomsisEes, HEEnZIMEd 5729, 20144 3 H K D IUBEICTT « V2 IV XS ERH WA —
O HEIC KB BMZETT> TS, A —1 T DIRREIC X % 708k 5 IR EOMHE A7 Tldfr- 72

F—a TR AT LD ATIE, BEREOEWIGHITHSIMEICE IS AT r—F> « TEAID STFY—1U &
r AT —3 3 > (ks 68)% 2077 56.9%), Hift 184 497y 58.8F)) ICFRiE Lz, A—a oDy, LEMICB XS
F—a I OMIAR G EEIRE T 208N D 5728, FARAGE R Uzl 18012, #H5 360 Z DM fE A
BL Y AZBER LT 0V RZIVAAT RO, T4 ZIVAHRASOFER, ISOKE 800 KO EIMLT—R, HHEY A
A 24641632 7 )V & Uz, Fiz, A—0IDERERER YT SEHFITHT T 30D A > Z—\)Uigg&17-o 1z,
Fiz, AUz —FT Y TR5HANS 8 HIIMI TXERDIAMICH 125728, FHIC X 0 IR R EHEEZH L T\ 5.

R SRIE, BINZBALA Uz 20144F 3 HLURICES Lzl —2 & Uz, HEICK D, BEBRNICHET 24 —150
Rez A —nSDIAS T L HBIfHEEEZE LI, A—aIARal, Hnut—nI, A—uI7—7, HREA—n7, f#ExR
LizA—aS eHWiLlz. &z, T4V RIVHRATDFEEENB > TS LICEDA—OTIZHETEEWGS
BBz, HENICBIZZOMBEEEZE LI, <& W, BhERKDORESEDDETHHEL, A—uJHEKe
WAL Tz, BHRIC K 2010 B A — 1 SIEEIEOFMZ 175 72855, 20140 11 ANDS 12 Al T4 —1m o
REREA—O T OHBHENE A>T\l L hgh ok,

EBIC, A—aSOEBNASEEORIE - 2175 120, BERNICEIT3 1 )L ED RGBEE 7% HLS
WA LUTEIC K D, A—a S OHIHE « RalEE ARz, ORI S, +—a T OHBEEPEL AT 31
DN TR EEEMENT ZEAZHEZRE L. FHEMED 2 DDA AT TEDXIICEDL LML FN. FHIHER D
BB EDERETYH T A M—LROA—a S ZHHHET 5 LbidMiz. A THEIC X 25755 L Emi{giT
RO SATIEOFMAEIT -T2 T3, BRLUIEA—OIPHEL TO K, HEHPE, SEEENEBICEVET
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Analyses of time series of auroral images for deducing properties of diffuse and
pulsating aurorae

# Shin’ya Nakano[1]; Yasunobu Ogawa[2]
[1] The Institute of Statistical Mathematics; [2] NIPR

Auroral images provide much information on the motion and variation of aurorae which are attributed to physical processes
in the magnetosphere-ionosphere system. We are developing a technique for quantifying various auroral properties by analyzir
time series of auroral images. In our technique, the translational motion of diffuse aurorae is described by a state space mods
In principle, estimation for a state space model can be achieved by using the Kalman filter algorithm. However, since a higf
dimensional vector is required to represent each auroral image, the use of the Kalman filter is computationally expensive. In orde
to reduce the computational cost, we introduce a reduced-rank approximation of the Kalman filter and apply it to the estimatior
of the translational motion. Properties of pulsating aurora are also analyzed by using a sparse analysis technique, which enab
us to extract structures varying differently from ambient aurorae. Some results of pilot analyses will be demonstrated.
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The application of Principal component analysis to pulsating aurora image data obtaine
from ground-based all-sky cameras

# Takaki Asano[1]; Yoshizumi Miyoshi[1]; Satoshi Kurita[1]; Shinobu Machida[2]; Takanori Nishiyama[3]; Ryuho Kataoka[3];
Yoko Fukuda[4]; Herbert Akihito Uchida[5]; Shin-ichiro Oyama[6]; Kazuo Shiokawa[7]; Keisuke Hosokawa[8]; Yasunobu
Ogawa[3]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] NIPR; [4] Dept. Earth & Planet. Sci, Univ. Tokyo; [5] SOKENDAI; [6]
ISEE, Nagoya Univ.; [7] ISEE, Nagoya Univ.; [8] UEC

Pulsating aurora (PsA) is a kind of diffuse aurora and shows quasi-periodic intensity modulation with a 2-3 s to 30 s intervals.
PsA is mainly observed from the post-midnight to the morning sectors during the recovery phase of substorms. PSA consists
not only main modulations but also internal modulation with a few Hz. In order to investigate spatial and temporal variations of
PsA, we apply Principal Component Analysis (PCA) to a time series of PSA image data considering difference between the mail
modulations and the internal modulations. PCA is a method of orthogonal transformation and can be used to decompose into tt
main modulation and the internal modulations. By applying PCA to the time series of PsA data, it is expected that an image witt
the largest variance and coherence will be extracted as the first principal component that corresponds to the main modulatio
while the second and third principal components that may correspond to the internal modulations. In this study, we applied PC/
presented in Nishiyama et al. [2016] to all-sky PsA images from EMCCD cameras (Athabasca, Canada), and s-CMOS camel
(Fairbanks, USA) will be shown. Furthermore, we may report an initial result of auroral images taken with EMCCD cameras to
be installed in Tromso, Norway and Sodankyla, Finland this year.

fRENA— T3, 2-3~30KDRETHIET 5. #EMHNEA—a T THD, FIY T A b—LORIEHIC, HFEND
BT IS TR N, IR E L Oy FREER EZID ., BMItA\DOIE#HERE5 bbb, £z, Ik
F—a ik, EREE FEEN DS FELOBBEIHOZINCIA ., WNHZH &IN5 8 Hz TOREZLRZNELTWS T
EMHIENTWVS, IREIA—1 5 ORFRIZEIRECTH 5 ARSI & NEZEH. B K CEREERETH 23y FhgE & D
BIRZFANS Tzbic, RIZE TR ERD W 72 O TIREIA — 0 5 Ofii 217 o 7z ERDOITICB O T, Hix B0y
MTHIS S NzmGEcae—L Y OO KRN BIEIC, H—, B Eko e LTI h, EiREhen
I E DX NG T eI E NG, T T ARETE., AHEINV—THDCNETTINAH (BFX), T
TNV A CKE) KRB Lz EMCCD, s-CMOSH X7 —&Ic & > THE ENIZIREA —a S5 O KERICH LT,
Nishiyama et al. [2016]CH#i e & Nz TR OO 7))V IV X LEEH L. IR —1 5 O 222 R DWW TR
AT TR EME T %, £z, SR FizicdbICRE T NS TED EMCCD 41 A 1 K B IREIA— 1 5 OEIIE R
WKOWTEHETETFETDH %,
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Periodicity of main pulsation of pulsating aurora: a statistical analysis

# Yuki Kawamura[1]; Keisuke Hosokawa[1]; Yasunobu Ogawa[2]
[1] UEC; [2] NIPR

Pulsating auroras (PsA) are known to switch on and off with a period ranging from a few seconds to a few tens of seconc
by quasi-periodic electron precipitations. PsA almost always appear in the morning side during the recovery phase of aurore
substorm. Previous studies have suggested that pitch angle

scattering by chorus waves near the equatorial plane of the magnetosphere causes quasi periodic precipitation of PsA electro
Especially, it has been indicated that there is one to one correspondence between chorus wave amplitude and the luminos
variation of PsA. This means that the analysis of the periodicity of PSA may enable us to clarify the origin of the modulation of
chorus wave amplitude.

However, there have been no recent studies that analyzed the periodicity of PSA by using long term optical observations; thu:
we still do not know the average/typical periodicity of the main pulsation of PsA.

The purpose of this study is to provide fundamental characteristics of the main pulsation of PsA (i.e., modulation of chorus
wave amplitude). For this purpose, we make use of All-sky Watec Imagers (AWI) operative in Tromsoe, Norway (69N, 19E).
This system is composed of small 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. In this study, we checked the existence o
PsA every 5 min window in almost 3 years of data from November 2010 to March 2013 and extracted

528 events of PsA (2640 minutes in total). Most of the events occurred at 03-05 MLT sector, which is in good agreement with
the well-known MLT distribution of PsA occurrence seen from the ground and that of chorus waves in the magnetosphere. We
derived the average period of the main optical pulsation and it was estimated to be 17 sec. By analyzing the dependence of tl
average period on MLT, it was found that the average period was about 12 sec near midnight and that in the morning sector we
about 18 sec, for example at "06 MLT. Namely, the period of the main pulsation of PsA

tends to be longer. In the presentation, we discuss the possible mechanisms creating the MLT dependence of the period of P:
by considering the MLT dependence of the characteristics of chorus waves

IRENA — 1 IR D B ST IV F—OF FHERMICE DAL T Lic K> T, BB SE-OEITHEE 100
km OB EEREDHET 212 TH 5, A—0 59T A —LOBEEHICEN T, BERFEBEHSHITICHITTO
HSHRF CHRBICHRET ST EHAHEN TV S, BEDHZEL S, IREIA—T Z 2 /ED 13 4EFHAE 7% N, R
WCAFET B I—F AT K By FAMELIC K> TR >TWB EEZ N TV, K, a—F RS & ik
F— 1 T FHHNGRE ORFAENC 1R 1 OISR D 2 FHINHRE SN TV S, TOHFERIE, IREA—0 O Z
ffMTd % & T, a—T AW OEELTNCET 2 MAZH5 T en

TEZLWVWH T EEEWT S, LA L, INFETICREA—0 S DFEIAN 2 ERO T — X I HE DO TN
<, CPFEEIC OWTERMNAEENEH SN TWiRW, AL T, IREIA —1 5 OIS N2 BT DOW TR
BTN DERNIE N 2175 T & T, a—F AP OS2 O FIATEIC B9 2 B G z1S 5 2 L Z2HNE 95, K
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WHA A= THB, TOVATLIHELBEO/NEH XS LAIRL VA, OB REEDRZDZEBDT « )V EZ—THH
KENTHD, MEkA—aI8t% 10 BV REE TR L TV 5, AW TIX, DL K WATEC %]
A A= % IC X5 T 20104 11 H-20134 3 H DWIMICHS & N7z 557.7 nmDIR{GE T — 2 5, 5 O « > K
T EICREIA— TS A XY O L, 5152861 (RRBLAIRER] 26405 OFEHI 2t Lz, ThHDARNY T
1% 03-05MLT DRICZ S FAELTHED ., WAEICHIF 3 a—F AP OZER 7 L —H L Tz, ThEDHEHN
DNTT—) L O CTREBIARYZ MVEEH L, ¥—2%252 38 (C—27 ) ZRbi, REA—ma30
BEYD SEA RO THIKS 5 2 VIS

NTWVW57z8, 30 FOE—ZEHHICONTRARY FOE R RO IFER, FHEEE 170 TH -T2, T, F
PR BA OB TR T 27 2 X Te & 2 A BRAAHE T E B 1228, 33 (06MLT) TidFJEH
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EISCAT radar and optical observation of omega-band pulsating aurora and electron
density enhancement in the D-region ionosphere

# Hirona Kondo[1]; Takeshi Sakanoi[2]; Yasunobu Ogawa[3]; Yoshimasa Tanaka[3]; Masato Kagitani[4]
[1] Geophysics,Tohoku Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] NIPR; [4] PPARC, Tohoku Univ

We report the coordinated EISCAT and optical observations for small-scale auroral events.

Omega band aurora has large-scale wavy structures at the poleward boundary of a diffuse aurora, and pulsating auroral patct
are often observed inside the structure. Past studies revealed that pulsating aurora is caused by relatively high-energy (grea
than 10 keV) electrons and occasionally shows emission below 100km. However, the precise characteristics of precipitatin
electrons producing omega-band pulsating aurora have not been understood well.

We carried out coordinated observation of aurora by the EISCAT Tromso UHF radar and all-sky imagers at Kilpisjarvi, Abisko
and Tromso during the period of 5-15 January, 2016. A few omega band aurora associated with low-altitude ionization even
(down to "80 km) occurred during this observation.

We focused on the omega bands at 01:00-03:00UT on 6 January, 2016. All-sky images at 427.8 nm were used to identify th
auroral morphology and were compared with the height profile of electron density obtained with the EISCAT radar. We also
estimated the energy distribution of precipitating electrons from the EISCAT radar data with the CARD method [Fuijii et al.,
1994, J. Geomag. Geoelectr.]. The results are summarized as follows:

(1) Before 01:00UT, an east-west auroral arc appeared. The lower altitude limit of electron density enhancement was abot
110km. Electron energy flux with energies greater than 10 keV was small (The flux values we/B09[6¥ cm e 2 s e ! str
eleve!l]land 1.3%910° [eVcme 2se ! stre! eV e !]at 10keV and 100keV respectively).

(2) 01:03-01:15UT, three omega bands traveled in the eastward direction. Simultaneously, the electron density in the altitud
range of 80-200km increased greatly. Electron flux in the energy range of 1-170 keV up to two or three orders of magnitude (The
flux value increased to 1.330° [eVcme?selstreleVe ! Jand 1.9510' [eVcme2se ! stre! eV e '] at 10keV
and 100keV respectively).

(3) After 01:15UT, omega band auroras were followed by pulsating auroral patches. Electron density was enhanced in th
altitude range of 90-110km altitude, and low-energy electrons less than 10keV decreased.

In addition to the above results, now, we start the estimation of 427.8nm auroral emission of omega band pulsating auror
and pulsating patch after omega bands using the triangulation from the data of another 2 stations (Kilpisjarvi, Abisko). In this
presentation, we are going to discuss the characteristics of precipitating electrons producing omega-band pulsating aurora.

SEFL1E, HEZ DRI S TN EISCAT L—&—I2 & D 20164 1 A 6 HICEHIE NizA X AN RiR#iA—
O FIAES RS BRI OV TIRE T %,

FAAINYF o b—=FFRFEEIC UL UIRBHN 2 KRGS 2 H DA —a 5 Th 0. 20 Sy FIRIRE)
AT xET BEMEHEE LTS, mEOH LA S, IREIA—10 513 10keVEL EO IR E T RV F—FF T
EICKDERET N, 100kmLL FOKEE THRALT ZLELH 5T ENERHIEN TS, LM LENRS, XAV R
RIREN A — 11 Z OFERERE OB FE O RV F—FrEIIRAR L UTHES TR,

20164F 1 H 5 HA5 15 HICAF TAA I F 7 EEI O 3l (Kilpisjarvi, Abisko, Tromso D4 KA A —
V¥ & Tromso®d EISCAT UHF L — &' — 7 i\ 7z [R5t U 7o BURIEARTIHIC I3 mI A X /18y A —m o)
R5nN., [FRFICEE 80km i DK & & £ THE FHEOMINA R S Nz,

AHFZETIE, 20164 1 A 6 H 00:00UT-03:00UTHIC B 5 NizA X AN REURENA— 1 T 5 (K BB S O fif
FfERICOW TGS %, £9. Tromsol 51 % 427.8nmt— 0 SFEOMER (4R HHA—a 08 L FiRE
R L. Tz EISCAT UHF L —X—Z W TS e B R0 & iR U7z, RIC CARD i [, 1994 J. Geomag.
Geoelectr.Jz iV, BFERENHN BRI X)VF—E (1 — 170keV) TOE REFT7 T v 7 A%EH Uz, N5 Okt
Mo, LU 3 FOMRZE T,

(1) 01:00UTLLFMICIE T — 7 RDA —m IHBIN., ZHUHE S EBEERE MO MRRIZEE 110kmfEEIc e EX -7, [
FNEFTT9 7 ADTIIVF=040h 6 & mI )V F— (10keVEL L) DT T 7 AhVNE N ehVirhote, (FTv 7
ZOMEIZZFNZFH 10keV T 9.7310* [eVeme2selstreteVe !t ], 100keVT 1.3%10% [eVcme2selstre! eV
efl] T%O ﬁ:o )

(2) 01:03UT-0L:15UTC/MMF TA A A8 RA—1 5 H 3 & Tromso L 24725@i U7z, W3 g phflDZ2E THA: LR
CEMR L ToTz, A A ANV FRRENA — 10 5 A EISCAT L—& — L7239 2 B I & 80-200kmaD [AW i T
TEEIE 2GS Uz, BTET T Ty 7 ABMATHIPHD 1-170 keVO R TOZXI)IVF—HTREL A>T LD



BENTze (TTv 7 ADMEIFZFNZFN 10keV T 1.33¢10° [eVeme?selstre ! eV e !]. 100keV T 1.9510* [eV cm
e?selstreleve ] ETHINLTZ, )

(3) 01:15UTLARE, A X A8y RERENA — 10 Z ANEE L7232 KISy FIROB L WIREIA —a I RSNz,
RTINS &S 90-110kmD T2 T b, KT R I)VF— (10keVLL R) DETT v 7 R Uiz,

DL EofEHIcmA . BIE, Kilpisjarvi, Abisko D 2 ;i CORBHRKS RN 5. A A ANV FRREIA — 10 5 N TA A H
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R006-P59 215 Poster B¥RY: 11 8 20H

IREN 72 b A —1 Z I RO AR R 7 AT

#H b R [1]; IR SR [2); JURS Ba [1]; 3811 Aok [3); =hf taivll [4]; Frid] €I [5]; W& thii [6]; B9AT B [7]; Ik
1 Wk [8]; K35 iE— [3]; Connors Martin[9]

[1] BIRK; [2] SRR - BET - BB, [3] KT3I, [4] £k ISEE; [5] Wuthiyf; [6] HUKAAZIE [7] ISAS; [8] 1EHUM SIS
¥, [9] Centre for Science, Athabasca Univ.

Anisotropic spatial distribution of pulsating proton aurora

# Tomohiro Inoue[1]; Mitsunori Ozaki[2]; Satoshi Yagitani[1]; Kazuo Shiokawa[3]; Yoshizumi Miyoshi[4]; Ryuho Kataoka[5];
Yusuke Ebihara[6]; Reiko Nomura[7]; Kaori Sakaguchi[8]; Yuichi Otsuka[3]; Martin Connors[9]
[1] Kanazawa Univ.; [2] Electrical and Computer Eng., Kanazawa Univ.; [3] ISEE, Nagoya Univ.; [4] ISEE, Nagoya Univ.; [5]
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Pulsating proton aurora (PPA) is caused by pitch angle scattering of high-energy (several keV to 100 keV) ions with the
electromagnetic ion cyclotron (EMIC) waves at the magnetic equator. A part of precipitated ions travels to the ionospheric altitude
along the magnetic field lines. Then, PPA is observed. The EMIC waves propagate along the magnetic field line from the sourc
region and are observed as Pcl geomagnetic pulsations on the ground. In order to explain the generation mechanism of PPA,
have been studying the effects of luminous spatial distribution of PPA. We have been observing PPA using an all-sky EMCCLC
camera with a high time resolution (110 Hz sampling), and the geomagnetic pulsations by an induction magnetometer (64 H.
sampling) on the ground at Athabasca, Canada (L value=4.3). PPA and related Pc1 geomagnetic pulsations were simultaneou
observed on the ground during 7:40-8:40 UT on 12 November 2015. The Pcl geomagnetic pulsations showed rising ton
structures in the frequency domain and left-hand circular polarization. The observed Pcl geomagnetic pulsations had a cle;
period of 100 seconds and subpacket structures, which were observed as amplitude modulation with a few tens of seconds. T
PPA intensity showed the same repetition period of 100 seconds and a fast luminous modulation of approximately 10 second
The results showed that the PPA was generated by pitch angle scattering by the EMIC waves at the magnetic equator. Ne
to examine the effects of the magnetosphere and ionosphere on the spatial distribution of PPA, we did a correlation analysi
between the PPA intensity and the luminous area. The correlation result showed that the luminous area had a high correlatic
(0.83) with the PPA intensity. This could be explained by the effects of charge exchange for energetic protons (below 200 keV,
in the ionosphere. However, it was found that the luminous area was not spread isotropically, but to southward. If the effect o
charge exchange was dominant, PPA should be spread to northward. Therefore, the result showing the southward spread wol
be caused by the effects of variations of the magnetospheric source region.

In the presentation, we will discuss the analysis results of PPA and the Pc1l geomagnetic pulsations observed at Athabasca
detail.
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Event study on pulsating aurora in the noon to dusk side during Summer Solstice Storm
2015 based on Syowa and Van Allen Probes

# Takanori Nishiyama[1]; Akira Kadokura[1]; Yoshizumi Miyoshi[2]; Satoshi Kurita[2]; Yoshimasa Tanaka[l1]; Masaki
Okada[1]
[1] NIPR; [2] ISEE, Nagoya Univ.

Pulsating aurora (PsA) is known as a quasiperiodic variation of auroral emission with a typical period that ranges from 2-3
s to 30 s Pguti et al, 1981; Yamamotq 1988]. In the recovery phase of a substorm, PsA is commonly observed in the low-
latitudinal region of the auroral oval. It is also well-known that PsA is widely distributed between the midnight and dawn sectors
[Royrvik and Davis 1977;Jones et al 2011]. Recently, ground-based optical observations in the south pole, which is located
close to the high latitude edge of the aurora oval, revealed that PsA often appeared even in the dawn to ndishismdeq et al,

2013]. However, a global distribution of PsA including noon to dusk side and its relation to generation mechanism are still poorly
investigated due to difficulty in ground-based optical monitoring during sunlit time.

In this presentation, we report an event study on PsA, which was continuously observed in the magnetic noon to dusk side
Syowa station (69, 39.6E), during Summer Solstice Storm 2015. PsA with patchy structures and westward propagations
were identified by a panchromatic imager with 1-Hz sampling from 1330 to 1930 MLT on 23 June, 2015. In addition, Van Allen
Probes-A (VAP-A) was likely to observe at a inner-edge of the outer radiation beltg"6) during this period. A apogee of
VAP-A was located in the dusk and the ionospheric footprint of VAP-A was moving close to Syowa. The VAP-A observations
demonstrated the important plasma features as follows: Enhancement of energetic electrons from a few tens of keV to 1 Me}
were observed. Cold plasma density was higher than usual ("20 /cc) despite outside the plasmasphére.armged from 7
to 9. Whistler mode waves in a quite wide frequency range from 100 Hz to a few kHz including hiss emissions and lower-band
chorus were also observed continuously around the apogee.

These observational evidences imply that PsA can be driven by anisotropy of energetic electrons and subsequent excitatio
of whistler mode waves even in the noon to dusk side, as well as PsA in the post-midnight to dawn side. Pitch angle diffusion
coefficients considering spectrum of the observed whistler mode waves is consistent with electron precipitations in a energ
range above 20 keV. One more important point is that this PSA event was associated with the majoDst6r800 nT). The
storm may lead injections of a large amount of energetic electrons and transportation of the electrons in noon to dusk side.
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