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Detailed analysis of the current system in the Pl phase of the Sudden Commence-

ment
#Shigeru Fuijit&
(IROIS-DS/IMS

We already reported that there are two current systems in the Preliminary Impulse (PI) phase of the Sudden Commencement
(SC). One of these current systems consists of two upward/downward field-aligned currents (FAC) and the field-perpendicular
current (FPC) connecting the two FACs in the magnetopause region. The longitudinal propagation of this current is slow.
FACs of this current system appear in the higher latitude in the ionosphere (type H current system). The other current system
has ionospheric FAC and the magnetosheath current as well as the cross-magnetopause current. This system shifts in the
longitudinal direction faster than the type H current system. FACs of this current system appear in the lower latitude in the
ionosphere (type L current system). The characteristic ground magnetic variation of the PI, that is to say, longer duration
of the Pl geomagnetic variation and time delay of the peak of the PI geomagnetic variation in the higher latitudes, can be
explained by the simultaneous occurrence of the two PI current systems. Furthermore, we also reported that 1) the cross-
magnetopause current of the type L current system is driven by the acceleration of the magnetosheath plasmas associated
with a sudden increase of the solar wind dynamic pressure and 2) convergence/divergence of the FPC invokes the FPC-FAC
conversion of the type H current system in the magnetopause region.

In the talk, we stress the following three points that have not been treated previously.

1) The simultaneous occurrence of the two current systems does not completely explain the time delay of the peak of the
Pl current system because the time delay is detected in the latitude region of the type L current system. Detailed analysis
of the type L current system reveals that the cross-magnetopause current of the type L current system in the higher-latitude
side bents toward the noon direction in the outer magnetopause region. Thus, the peak FAC in the ionosphere appears in a
longitude deviated from the longitude corresponding to the front of the solar wind impulse in the magnetosheath toward noon.
On the other hand, the type L current system goes almost straight to the ionosphere.

2) We need to investigate the detailed process of the FPC-FAC conversion along the current lines of both current systems.
The conversion is derived by the spatially non-uniform distribution of magnetic field intensity and plasma density (the Alfven
speed) and magnetic field curvature. In addition, the displacement current of the Alfven wave also contributes to the FPC-FAC
conversion in the lower magnetosphere near the ionosphere. The transition of high-beta plasma in the outer magnetosphere
to the low-beta one in the inner magnetosphere does not play a role in the FPC-FAC conversion for the PI current system.

3) It is important to manifest how the latitude of the PI current in the ionosphere is determined because no papers are
discussing how the latitude of the PI current is determined. Fujita et al. (2003) briefly mentioned that the Pl appears in the
latitude of the plasmapause because the FPC-FAC conversion of the PI current system occurs in the region of the steep spatial
gradient of the Alfven speed. So, the PI current should have existed in the plasmapause latitude. But the simulation does
not prove this estimation. The simulation reveals that the highest latitude of the PI current is located in the magnetopause
latitude (the type H current). is located near the magnetopause latitude. In addition, as for the type L current system, the
cross-magnetopause current (FPC) is gradually converted to the FAC due to the non-uniform distribution of the Alfven speed
in the outer magnetosphere. The latitude of the PI current in the ionosphere is higher than the latitude of the plasmapause.

Fujita, S., T. Tanaka, T. Kikuchi, K. Fujimoto, K. Hosokawa, and M. Itonaga (2003), A numerical simulation of the ge-
omagnetic sudden commencement: 1. Generation of the field-aligned current associated with the preliminary impulse, J.
Geophys. Res., 108(A12), 1416, doi:10.1029/2002JA009407.
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Generation regions of Region 1 field-aligned currents
#Yusuke Ebiharf, Takashi Tanaka
(IRISH, Kyoto Univ.?REPPU code Institute

We investigated the generation regions of the Region 1 field-aligned currents (FACs) by using the global magnetohydrody-
namics (MHD) simulation. Unlike conventional means, we considered Alfven and convective transit time by tracing a packet
backward in time from the ionosphere to the solar wind. Two potential regions are identified for the generation of the Region
1 FACs. One is located near the (low-latitude) magnetopause (G1), and the other is in the (high-latitude) bow shock (G2).
In these regions, plasma performs negative work against the magnetic tension force and the divergence of FACs is hon-zero.
Interestingly, these regions are far from the original magnetic field line because of relatively slow Alfven speed in the outer
magnetosphere and beyond. G2 can be on the magnetic field lines detached from the Earth. As the packet proceeds in the
magnetosheath, the field line extending from the packet experienced reconnection with Earth’s field line. Immediately after
the reconnection, the packet enters the region (G1) where plasma performs negative work against the magnetic tension force.
That is, plasma originating in the solar wind pulls lobe magnetic field lines. Large part of the FACs are canceled just inside
G1, where the plasma performs positive work against the tension force. That is, the magnetic field lines pull lobe plasma.
The remnant of the FACs propagates to the ionosphere. Since the contribution from G2 is negligible, it is concluded that the
flank magnetopause (G1) is the major region for the generation of the Region 1 FACs. We discuss the relation between the
generation of FACs, configuration of the magnetic field, and energy conversion.
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Implementation of Alfvenic Coupling in Global MHD Magnetosphere Simulation
#Aoi Nakamizd),Akimasa Yoshikaw& ,Hiroyuki Nakat&,Keiichiro Fukazaw®& , Takashi Tanaka
(NICT,2ICSWSE/Kyushu Univi3Grad. School of Eng., Chiba Unit*ACCMS, Kyoto Univ..?REPPU code Institute

Presently, most global MHD magnetosphere models equip ionospheric solvers at their inner boundaries and then simulate
the magnetospheric and ionosphere (M-1) processes. Here the ionospheric solver is the so-called "thin shell model” which
solves the Ohm’s law under the thin shell approximated ionosphere with FACs in the polar region and the height-integrated
ionospheric conductivity. With this solver, the global MHD models solve the inner boundary condition of electromagnetic
field in the following manner. (1) The FAC distribution obtained from the rotation of the magnetic field at the inner boundary
(usually placed at the altitude of 2-3 Re) is mapped to the ionospheric altitude. (2) The mapped FAC is inputted to the solvers
equipped at the ionospheric altitude, then the ionospheric potential is calculated. (3) The potential is mapped back to the
inner boundary and the bulk velocity is updated there.

On the other hand, Yoshikawa et al. [2010] proposed a new M-I coupling algorithm which guarantees the continuities of
physical quantities between the magnetosphere and ionosphere and therefore the momentum and energy conservations by
considering the incident and reflection process of shear Alfven waves. We call the new algorithm 'Alfvenic coupling.” We
discuss in detail the characteristics of the traditional algorithm and the concept of Alfvenic coupling algorithm. We report on
the progress of the implementation of Alfvenic coupling in a global MHD code and show the preliminary results.
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3-dimensional coupling between field-aligned currents and ionospheric currents
#Yuto Yand’,Yusuke Ebihar&
(IRISH, Kyoto Univ.(?RISH, Kyoto Univ.

By developing a simplified 3-dimensional Hall-MHD simulation, we investigated the coupling between field-aligned cur-
rents (FACs) and the ionosphere with horizontally-homogeneous (Case 1) and horizontally-inhomogeneous (Case 2) electron
number density. Since the ion-neutral collision frequency depends on the altitude, two layers appear, one dominated by the
Pedersen current (Pedersen layer) and the other dominated by the Hall current (Hall layer). We imposed electric fields to the
topside boundary to excite the Alfven waves and FACs. When the electron density is horizontally homogeneous (Case 1),
most of the FACs are connected with the Pedersen current. A few of them are connected with the Hall current. When the
electron density is artificially enhanced in a longitudinally elongated region (Case 2), the convergent (divergent) Hall current
appears near the leading (trailing) edge of the high-density band, resulting in divergent (convergent) polarization electric
field. The rotationally-flowing plasma associated with the polarization is confirmed to perform negative work against the
Lorentz force associated with the Hall current. As a consequence of the negative work, magnetic energy and localized FACs
are generated in the Hall layer. The localized FACs are found to bridge between the Hall and Pedersen layers. Some current
lines originating in the topside boundary of the simulation box are connected to the Hall current by way of the localized
FACs. The current lines can pass underneath those flowing in the Pedersen layer. Such "intersection” is not allowed in the
traditional thin-layer assumption. These results suggest that the current lines are fully 3-dimensional, primarily due to the
localized FACs that bridge the Pedersen and the Hall layers. The localized FACs are thought to play an important role in the
magnetosphere-ionosphere coupling, in particular, the formation of a traveling surge of aurora during substorms.
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Diagnosis of solar-wind effects on the AE indices based on an echo state network
model

#Shin ya NakanB,Ryuho Kataok&

(IThe Institute of Statistical Mathemati€d\NIPR

The AE indices consist of the AU and AL indices. The former represents the strength of the eastward auroral electrojet and
the latter represents the strength of the westward auroral electrojet. Although the AE indices are widely used for monitoring
geomagnetic activity, it is not easy to model the behavior of the AE indices because of the complicated physical processes of
the auroral electrojets.

In this study, we employ an echo state network for modeling the relationship of the AE indices to solar wind parameters.
The echo state network is a kind of recurrent neural networks where the connections and weights between hidden state
variables are fixed, and it can be easily implemented for modelling dynamical systems and time series data. Our echo state
network model successfully reproduces temporal variations of the AU and AL indices with comparable accuracy to other
existing modelling studies.

Using this echo state network model, we can obtain synthetic AE indices under artificial input conditions. In order to assess
the impact of the solar-wind speed and density on the AE indices, we derived synthetic AE indices under some artificial solar
wind conditions: a high speed solar wind, a high density solar wind, and a low density solar wind. The results show the
followings.

1. The solar wind speed has significant effects on the AE indices. In particular, many events of the AL enhancements are
related with high-speed solar wind streams.

2. The solar wind density also makes effects on both the AU and AL indices. However, the AL index is influenced by the
solar wind density only under high-speed solar wind conditions, while the density effect on the AU index is observed even
under low-speed solar wind conditions.

The latter result is consistent with a simulation result by Ebihara et al. (JGR, 2019). However, it is likely to be relatively
rare that solar wind density actually contributes to the AL index because high solar wind density is mostly concurrent with a
low-speed region in the front of a high-speed stream of the solar wind.
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Relationship between the cusp ion precipitation from lobe reconnection and the
magnetosheath flow

#Haruto Koiké),Satoshi Taguchi

(1Grad school of Science, Kyoto Univ.

Lobe reconnection occurs in the presence of tailward magnetosheath flow which is parallel to the high-latitude magne-
topause. How the parallel flow is related to the reconnection process is still unclear. The purpose of this study is to under-
stand this relationship through the statistical analysis of the lobe reconnection events identified in the low-altitude cusp. Lobe
reconnection allows the magnetosheath ions to precipitate directly into the cusp. We examined precipitating particle data
obtained in the low-altitude cusp by DMSP F16, F17, and F18. We introduced a method of automated event identification to
the data obtained for 11 years, and took the cusp ion events in more than 1800 satellite orbits from the data obtained during
stably northward IMF periods. The events were identified at latitudes higher than 78 MLAT, and the MLT distribution of
the events clearly showed the well-known IMF By-dependence. The result of the statistical analysis has shown that the total
number flux of the precipitating ions in the cusp tends to increase with the increase of the magnetosheath flow speed as well
as the magnetosheath number density. The result has also revealed that the average energy of the precipitating ions in the
cusp tends to be higher as the magnetosheath flow is faster. These strongly suggest that the parallel magnetosheath flow acts
in the reconnection process in such a manner that the ion outflow jet from the reconnection can be enhanced. We discuss this
relationship in terms of the enhancement of the Hall electric field in the ion diffusion region of the reconnection.
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Mini-broadband electron precipitation in the cusp for northward IMF
#Satoshi Taguchi,Kohei Takast,Yushin Odd),Haruto Koike) Keisuke Hosokawa
(1Grad school of Science, Kyoto Uni UEC

We investigated what type of structure of the electron precipitation occurs typically in the cusp for northward IMF by
using auroral image data obtained by an all-sky imager on the ground and precipitating particle/magnetic field data obtained
by DMSP F16 spacecraft. From five winter seasons we took the DMSP conjugate observations of the cusp with the all-sky
imager. The result from the conjugate observations showed that mini-broadband electron precipitations, which are coincident
with upward field-aligned currents, occur in the cusp for northward IMF. Those mini-broadband electron precipitations tend to
occur in more places within the longitudinal extent of the cusp with an increase in the flux of the less-structured background
electron precipitation. The result of the analysis also showed that the background electron precipitation tends to increase
its flux as the magnitude of the IMF increases, suggesting that the entry of the background electron is controlled by lobe
reconnection. Multiple structures of mini-broadband electron precipitation, embedded in the less-structured background
electron precipitation, are typical for the winter-hemisphere cusp for northward IMF. We discuss the generation of the mini-
broadband electron precipitation in terms of the flux of the background electron precipitation.
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Simultaneous Suzaku and XMM-Newton observations of solar-wind charge-exchange
X-ray emission from the Earth’s magnetosphere

#Daiki Ishi') ,Kumi Ishikawa, Yuichiro Ezoé), Yoshizumi Miyosh#),Naoki Terad&

(1 Tokyo Metropolitan Univi2ISEE, Nagoya UniviéDept. Geophys., Grad. Sch. Sci., Tohoku Univ.

Geocoronal solar wind charge exchange (SWCX) occurs when highly charged solar wind ion&Hilen@N+ strip
electrons from exospheric hydrogen atoms. This provides not only time-variable background signals for all the X-ray as-
tronomical observations but also useful information such as the exospheric neutral density and the Earth’s bow shock and
magnetopause postions (e.g., Ezoe 2018 The astronomical herald). However, its prediction and dependence on several obser-
vational conditions such as line of sight directions and/or solar wind parameters are not clear.

We previously analyzed all the archival Suzaku data and detected about 90 events among 3055 data sets covering from
2005 August to 2015 May (Ishikawa 2013 Ph. D. thesis, Ishi et al. 2017 Proc. XRU). To investigate an overall picture of geo-
coronal SWCX, we additionally analyzed about 100 data obtained from XMM-Newton. These data sets are overlapped with
our Suzaku detections. As a result, we found about 20 events simultaneously affected by geocornal SWCX. A correlation of
geocoronal SWCX emissivities between the Suzaku and XMM-Newton observations seems to depend on their line of sight
directions. Each emissivity deduced from a spherical exospheric density profile and empirical bow shock and magnetopause
positions tends to be underestimated by a factor of 5-10. In this talk, we report on these results and discuss future prospects
such as XRISM and GEO-X.
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Status of GEO-X (GEOspace X-ray imager) mission

#Yuichiro Ezoé),Ryu Funasg?®,Yoshizumi Miyosht),Kumi Ishikawa),Satoshi KasahatiAtsushi YamazaKi,Hiroshi
Hasegaw®, Takefumi Mitan?, Yosuke Matsumotd,Masaki Fujimotd’,Munetaka Uend, Yasuhiro Kawakats}, Takahiro
Iwate?), Masaki Numazawa,Keisuke Hosokawa

(1 Tokyo Metropolitan University2ISAS/JAXA,®University of Tokyo{*Nagoya University? Chiba University.® RIKEN,("UEC

GEO-X (GEO-space X-ray imager) aims to realize the visualization of the Earth’s magnetosphere by X-rays and to reveal
dynamical couplings between solar wind and Earth’s magnetosphere. Most knowledge about the nature of the solar- magne-
tosphere interaction has been revealed through a number of in-situ observations by spacecrafts.

In recent years, soft X-ray emission associated with the magnetosphere. The emission originates from a charge exchange
(CX) reaction between solar wind ions and geocorona (neutral gas of the exosphere). Using the Japanese "Suzaku” satellite
launched in 2005, we have studied the CX emission and have proposed the idea to realize the global imaging of the dayside
magnetosphere with he CX emission. However, this idea can not be demonstrated by conventional X-ray astronomy satellites
due to narrow field observation from low altitude.

We thus develop a new satellite GEO-X having a large delta v system to increase an apogee altitude to the vicinity of Moon.
It will carry a novel compact and high sensitivity X-ray imaging spectrometer using cutting edge instrument technologies. In
this paper, we outline the GEO-X mission and present development status.
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Field-aligned low-energy O+ (FALEO) ion flux enhancements in the inner magne-

tosphere: A possible source of warm plasma cloak

#Masahito NosE,Ayako Matsuok& , Yoshizumi Miyosht) , Kazushi Asamurd, Tomoaki Hor?) ,Mariko Teramot®,Iku Shinoharé,
Masafumi Hirahar&,Craig A. Kletzing’,Charles W. Smith,Robert J. Macdowall ,Harlan Spencé),Geoff Reeves"

(11SEE, Nagoya UniviZKyoto University*ISEE, Nagoya Univi*ISAS/JAXA, Kyutech(¢ISAS/JAXA,("Department of
Physics and Astronomy, UétDepartment of Physics, UNHNASA/GSFC({!°Univ. New Hampshiré! ' LANL

Recent satellite observations in the inner magnetosphere have shown that unidirectional/bidirectional energy-dispersed O+
flux appears a few minutes after substorms in the inner magnetosphere and last® fmin with a decrease in its energy
from "5 keV to 10-100 eV [Chaston et al., 2015; Kistler et al., 2016; Nose et al., 2016, 2018, 2021; Gkioulidou et al., 2019;
Hull et al., 2019]. From the Van Allen Probes observations, Nose et al. [2016] revealed that the unidirectional energy-
dispersed O+ flux is observed in 80% of the total events and that its direction is parallel (antiparallel) to the magnetic field
when the satellites are located below (above) the geomagnetic equator. This strongly implies that these O+ ions are extracted
from the ionosphere at the onset of substorms and flow along the magnetic field toward the geomagnetic equator. The similar
features of the O+ flux enhancements were also observed by the Arase satellite in the more inner magnetosphere and at the
higher geomagnetic latitudes [Nose et al., 2018, 2021]. These field-aligned low-energy O+ (FALEO) ions experience pitch
angle scattering near the geomagnetic equator and remain bouncing between both hemispheres. They drift eastward because
of their low energy €1 keV) and can contribute to the O+ content of the inner magnetospheric plasma such as the warm
plasma cloak and the oxygen torus. A resultant increase in the O+ density may provide a precondition for the O+-rich ring
current.

In the present study, we examine FALEO flux enhancements simultaneously observed by multiple satellites, Arase, Van
Allen Probe A and B satellite, on September 22, 2018. The O+ fluxes are enhanced after the substorm onset at 05:24 UT, at
which three satellites are located in the nightside inner magnetosphere (Arase at MLT=0.3 hr, L=6.2, GMBRAT deg;

Probe A at MLT=0.7 hr, L=5.5, GMLAT=14.7 deg; Probe B at MLT=0.0 hr, L=5.3, GMLAT=10.6 deg). Arase observes
FALEO only in the parallel direction to the magnetic field in the energy range from a few keV to 100 eV. Probes A and B,
however, identify FALEO in both parallel and antiparallel directions at a few keV to 10 eV. The antiparallel fluxes appear
earlier than the parallel fluxes. Multiband flux structure is clearly observed by Probe A. We perform a numerical calculation
of O+ ion trajectories to reproduce the observed E-t spectrograms at three satellites. In the presentation, we will show the
results of data analysis and numerical simulation in more detail, and discuss the contribution of FALEO to the O+ content of
the inner magnetospheric background plasma.
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Contribution of magnetospheric pressure inhomogeneities to SAPS Wave Struc-
tures: Arase and SuperDARN conjugated observations

#Takehiro Fukam?,Atsushi Kumamot®,Yuto Katoh),Nozomu Nishitard, Tomoaki Hor#), Yasumasa KasabaFuminori
Tsuchiy& ,Mariko Teramot® , Tomoki Kimur& , Yoshiya Kasahara,Masafumi Shojl), Satoko Nakamuf?,Masahiro Kitahar#,
Ayako Matsuok& ,Shun Imajd®) ,Satoshi Kasahat& ,Shoichiro Yokota?) ,Kunihiro Keikal® , Yoichi Kazama*),Shiang-Yu
Wang'®),ChaeWoo Jul{) ,Kazushi Asamurg), Yoshizumi Miyosh#),Iku Shinohar&®),Simon G. Shephet®

(IDept. Geophys., Grad. Sch. Sci., Tohoku UfiRJanet. Plasma Atmos. Res. Cent., Tohoku UHMSEE, Nagoya
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Contribution of magnetospheric pressure inhomogeneities to SAPS Wave Structures (SAPSWS) is investigated on the basis
of the case analyses of conjugated Arase satellite and SuperDARN observations.

Erickson et al. (2002) reported substructures with a scale size of tens of km within SAPS. Mishin and Burke (2005) called
them "SAPSWS”, and reported that high-temperature ions were transported into the inner magnetosphere and showed energy
dispersion (ion nose structure) when the electromagnetic field fluctuations of SAPSWS were observed. Using the numerical
simulation of hot plasma dynamics in the inner magnetosphere coupled with the ionosphere, Ebihara et al. (2009) showed
that hot plasma with a complex pressure distribution could contribute to variations of SAPS.

Further detailed comparisons among electromagnetic field and hot ions in the magnetosphere and flow in the ionosphere
are important for understanding the mechanism of SAPSWS. So, We analyzed data from conjugate Arase and SuperDARN
Christmas Valley East (CVE) radar observations during 2:30 to 3:00 UT on 9 July 2017.

From the CVE radar observation, we obtained 2-dimensional flow distributions of SAPSWS with velocity fluctuations of
200 m/s near the ionospheric footprint of Arase, assuming that the flows are zonally-directed. These structures extended over
at least 0.5 h MLT azimuthally, separated latitudinally at intervals of "230 km, and moved equatorward. Near the magnetic
equator, Arase encountered electric field variations with an amplitude of 2.5 mV/m and a period of 5-6 minutes in the ion
nose structure, during an outbound pass from L = 3.2 to 5.4 around 20 h MLT. The isotropic pressure of hot ions was de-
rived from ion flux in an energy range of 10-180 keV. Variations of the eastward magnetic field and the ion pressure were
roughly in phase and had a close period to that of the electric field variations. The phase relation and flow distribution in the
ionosphere suggested that earthward hot ions with fine pressure inhomogeneities generate field-aligned currents in the inner
magnetosphere and thereby cause SAPSWS.

We consider substorm-related plasma sheet flow channels [e.g. Lyons et al. (2012)] and interchange instability in the inner
magnetosphere [Sazykin et al. (2002)] could generate such pressure inhomogeneities in the magnetosphere. In conjugate
Arase and SuperDARN observation event, GOES-13 observed dipolarization and an increase of proton flux around 21 h MLT
at 2:19 UT. Equatorial projection of ionospheric flow structures along the magnetic field given by the Tsyganenko 04s model
(TO04s model; Tsyganenko & Sitnov, 2005) moved earthward from L™6 to "4 during 2:30 to 3:00 UT. The movement may
reflect earthward transportation of hot plasma driving fine-scale ionospheric flow. These results imply that substorm injection
possibly contributes to the formation of pressure inhomogeneities in the inner magnetosphere and SAPSWS.
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Observation of the ionospheric outflow associated with SAPS by SuperDARN
radar and Arase
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The ionospheric upflow plays a significant role in the ionosphere-magnetosphere coupling as one of the generation mech-
anisms of escaping ionospheric particles to the magnetosphere. It is known that the upflow occurs in the subauroral zone
during Sub-Auroral Polarization Streams (SAPS). However, there is no study that investigates whether ionospheric particles
actually escape to the magnetosphere in association with SAPS both in the ionosphere and the magnetosphere. In this study,
simultaneous observations of the SAPS electric field were carried out by the SuperDARN radar and the Arase satellite. In 27
simultaneous observation events identified during the analyzed period from June 2017 to Dec. 2019, SAPS were observed by
the SuperDARN radar near the calculated footprint of the Arase satellite, and in 20 events almost concurrently the satellite
detected electric field enhancements greater than 2 mV/m. In association with the SAPS electric field, the satellite observed
an increase of low energy(l keV) ions fluxes greater than 1.0x10"5 (s cm™2 sr eV)"-1in 12 events. We performed a statistical
analysis of these low energy ion enhancement events.We performed a statistical analysis of these low energy ion enhance-
ment events. The results show that when SAPS occurs, the low-energy ion flux with pitch angles around 0 and 180 degree
increases 1.5 times greater than around 90 degree. The Detail of the relationship between these low-energy ion characteristics
is discussed.
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Radial transport of ring current protons by second harmonic poloidal standing

Alfven waves: Arase and RBSP-B observations

#Kazuhiro Yamamott,Kanako Sek?) ,Masahito Nos& ,Ayako Matsuok& ,Mariko Teramot® ,Reiko Nomur&,
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Univ.,
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Poloidal standing Alfven waves can obtain their energy from an energy gradient or radial gradient in the phase space den-
sity of resonant particles through the drift-bounce resonance. Because the temporal and spatial variations of low energy (1-10
keV) ions are more complicated than high energi1Q0 keV) ions, the importance of the low energy ions in the excitation
of the poloidal waves has not been fully understood.

In this study, we examine an event with second harmonic poloidal waves observed by the Arase satellite and demonstrate
that the poloidal waves were excited by “12 keV protons. The azimuthal wave (m) number was estimated to be positive (east-
ward propagation) and “180, based on the finite Larmor radius effect of protons and the theory of the drift-bounce resonance.
The steep outward gradient of the proton phase space density well corresponds to the exciting regions of waves (L =5.7-6.1),
suggesting that the outward gradient of protons supplies free energy to the waves.

The time variation of radial distributions of the resonant protons was measured by the Arase and RBSP-B satellites. At L
"5.7, RBSP-B measured a sudden increase of “10 keV protons 1.5 hours after the wave excitation detected by Arase. Eval-
uating the diffusion coefficient (Bsub}LL {¥sub}) and energy variation of protons with L (dW/dL) given in the analytical
formulae, we find that protons can move “0.4 Re inward in 1.5 hours and simultaneously lose their energy by "2 keV through
the drift-bounce resonance. We interpret the sudden flux increase at “10 keV as a result of the radial diffusion of "12 keV
protons.
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Two types of storm-time Pc5 ULF waves excited in the Magnetosphere-lonosphere

coupled model

#Tomotsugu Yamakawa Kanako Sekd, Takanobu Amand,Naoko Takahashi, Yoshizumi Miyosht),Aoi Nakamizd)
(IUniversity of Tokyo{?Dept. Earth & Planetary Sci., Science, Univ. ToKj@he University of Tokyd!ISEE, Nagoya
Univ.,ONICT

Storm-time Pc5 ULF waves are electromagnetic pulsations (1.67-6.67 mHz), which can be generated by ring current ions
associated with the injection from the magnetotail during substorms. The excitation mechanism and global distribution of
ULF waves are keys to understand the dynamic variation of the outer radiation belt, since they can drive radial transport
of radiation belt electrons [e.g. Elkington et al., 2003]. Theoretically, drift-bounce resonance has been considered to be a
candidate excitation mechanism [Southwood, 1976]. Previous spacecraft observations suggest both drift resonance and drift-
bounce resonance excitation of ULF waves [e.g. Dai et al., 2013; Oimatsu et al., 2018]. Recently, Yamakawa et al. [2020]
could reproduce both the drift resonance and drift-bounce resonance excitation of ULF waves in the global drift-kinetic
simulation. However the amplitude of the excited ULF waves is too small compared to spacecraft observations. One possible
reason is the damping of field fluctuations at the ionospheric boundary in the model.

In order to improve the ionospheric boundary condition, we have made Magnetosphere-lonosphere coupling between
GEMSIS-RC [Amano et al., 2011] and GEMSIS-POT model [Nakamizo et al., 2012]. We use GEMSIS-RC model in the inner
magnetosphere, in which 5D drift-kinetic equation for the PSD of ions and Maxwell equations are solved self-consistently.
GEMSIS-POT is a 2-D potential solver in the ionosphere. We use FAC from GEMSIS-RC as an input to GEMSIS-POT for
the Region 2 current. The resultant electric field potential is then used as the ionospheric boundary condition of GEMSIS-RC.
The coupled model enables us to simulate ion injection from the plasma sheet into the inner magnetosphere.

Simulation results have shown the excitation of two types of Pc5 ULF waves. First, we find the drift resonance excitation
of Pc5 waves (P1 waves) in the dayside. They are driven by the positive energy gradient of the PSD of ions with the energy
of 50-120 keV. Second, Pc5 waves excited associated with the drift-bounce resonance (P2 waves) are seen in the duskside.
They are driven by the inward gradient of the PSD of ions with the energy of 70-90 keV. We find that power spectra and wave
frequency of P2 waves are enhanced if we increase the intensity of Region 1 FAC, which is not true for P1 waves. We will
also report on what determines the wave frequency and azimuthal wave number of ULF waves and the effects of Region 2
FAC related electric field on the excitation of ULF waves.
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A statistical survey of Pc5 waves observed in the dusk and night sectors
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A statistical survey of Pc5 waves observed in the dusk and night sectors

Storm-time Pc5 waves are one of the candidate processes that cause the radial diffusion into the inner magnetosphere.
They are thought to be excited by ion-injections from magnetotail to the ring current. Recently, Yamakawa et al. (2019)
demonstrate that Pc5 waves can be excited by ion injections through the drift resonance by a numerical simulation. In this
paper, we intend to address the Pc5 excitation process based on recent satellite observations.

According to the results of Yamakawa et al. (2019), a pattern of frequency evolution at an observation point is a character-
istic feature of Pc5 waves excited by the drift resonance. We have statistically studied Pc5 wave events that show the same
frequency evolution pattern observed in the numerical simulation, using the magnetic field observation of Arase (ERG).

We have surveyed data obtained from 24 March 2017 to 31 December 2020. As a result, the number of events observed
in the dusk and midnight sectors tends to be larger than in other sectors, compared with the past Pc5 statistics (e.g., Liu et
al. 2009). However, since there are still possibilities that our events are contaminated by the other phenomena, such as the
wider broadband magnetic field fluctuations like Pi2, we are still checking the detailed properties of selected waves. The
present result is obtained by the survey of only the poloidal component of the magnetic fields. We are doing an extend-study
of all the three magnetic field components, not only poloidal but also toroidal and compressional components. Moreover, by
introducing an additional restriction based on FWHM, we also examine how waveforms of the selected events are far from
the sinusoidal wave. We are also investigating the relationship between ion injections and the selected Pc5 events to check
the consistency of the drift resonance theory. We will discuss the excitation mechanisms of the observed Pc5 events based on
the above analysis results.
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Test particle simulation of the electron acceleration process by kinetic Alfven
waves around the magnetic equator

#Koseki Saitd, Yuto KatoH’),Masahiro Kitahar&,Yohei Kawazur&?®), Tomoki Kimura , Atsushi Kumamot®

(IDept. Geophys., Grad. Sch. Sci., Tohoku UMVSEE, Nagoya Univi?Tokyo University of Sciencé&:Frontier Research
Institute for Interdisciplinary Sciences, Tohoku Univ.

Observation from the FAST satellite revealed the downward electrons in the energy range from tens eV to a few keV in the
terrestrial high latitude region [Chaston et al., 2002], suggesting ti#fvenic acceleration” process by dispersive Alfven
waves is responsible for the auroral electron precipitation. Alfvenic acceleration has also been studied around the magnetic
equator [Artemyev et al., 2015] and in Jupiter [Mauk et al., 2017; Saur et al., 2018]. While these previous studies suggested
the critical roles of Alfvenic acceleration in magnetized planets, physical processes controlling the characteristic energy and
pitch angle distributions have been still unclear. In this study, to consider the contribution of electron acceleration by kinetic
Alfven waves, we develop a test particle code based on the method of Kitahara and Katoh (2019).

First, we perform simulations for "500 eV electrons to reproduce the contribution of electron acceleration due to the par-
allel electric field of kinetic Alfven waves in the terrestrial magnetosphere at L=9, considered by Artemyev et al. (2015).
Artemyev et al. (2015) discussed the contribution of the electrostatic component of kinetic Alfvenic waves to electron ac-
celeration and found that electrons of "500 eV and equatorial pitch amgle “80 degrees are accelerated to a few keV.
Based on the simulation results obtained in the same initial condition, we discuss the validity of the developed simulation
code. Second, we perform simulations incorporating the electromagnetic components of kinetic Alfven waves, neglected in
Artemyev et al. (2015). In addition, we carry out simulations under the background condition of the magnetospheric plasma
obtained by Plasma Distribution Solver (PDS) [Saito et al., P-EM09-P12, JpGU Meeting, 2021]. The PDS enables us to
obtain plasma distribution precisely satisfying boundary conditions of the magnetosphere/ionosphere, which is essentially
important in determining the properties of kinetic Alfven waves along a field line. Based on the simulation results, we study
the fundamental physics governing Alfvenic acceleration in the magnetosphere.
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Simulation study of the flux enhancement of energetic electrons due to toroidal

mode ULF waves in the Earth’s inner magnetosphere

#lsono Kd’,Yuto Katoh), Yohei Kawazur& ,Atsushi Kumamot®)

(IDept. Geophys., Grad. Sch. Sci., Tohoku UfitDept. Geophys, Tohoku Uni{?Frontier Research Institute for Interdis-
ciplinary Sciences Tohoku University

Previous studies revealed that whistler-mode chorus emissions are generated around the magnetic equatorial plane with a
period typically ranging from a few seconds to several minutes [Santolik et al.,2003]. While detailed physics controlling the
periodicity has been unsolved, Jaynes et al. (2015) and Zhang et al.(2019) pointed out that the periodic enhancement of cho-
rus emission correlated with toroidal mode ULF waves. Since chorus emissions are generated through an instability driven by
keV electrons with temperature anisotropy, the observed correlation suggests that toroidal mode ULF waves are responsible
for the temperature anisotropy of energetic electrons. Ono et al. (P-EM19-P08, JpGU-AGU Joint Meeting, 2020) analyzed
observation data of the Arase satellite and identified the simultaneous enhancement of chorus emissions and electrons in the
energy range of tens of keV, correlated with toroidal mode ULF waves. Ono et al. proposed a mechanism for the modulation
of energetic electrons by a toroidal mode ULF wave.

In the present study, we attempted to determine the extent to which high-energy electrons are modulated by toroidal mode
ULF waves by using numerical simulations. We used the drift kinetic equation]littlejohn, 1981] to investigate how the spatial
distribution of electrons with a pitch angle of 90 degrees changes by toroidal mode ULF wave. The simulation system is
assumed to be spatially one-dimensional the longitude direction at L=6 on the magnetic equatorial plane. The system size
corresponded to one wavelength of the ULF wave and was divided into 128 grid points, and the time step was set to satisfy
the Courant number. We carried out calculations in the time scale corresponding to several periods of the ULF wave cycles.

Simulation results show that the toroidal mode ULF wave causes a change in the density of electrons in the keV energy
range. It is suggested that the modulation is greatly affected by the relationship among three characteristic velocities: the
phase velocity of the ULF wave, the velocity of the ExB drift of electrons induced by the ULF wave, and the velocity of the
grad B drift of electrons. In particular, under a condition where the velocity difference between the grad B drift velocity and
the phase velocity of the ULF wave is sufficiently small, electrons are highly concentrated in the same phase of the toroidal
mode ULF wave oscillation as reported by Ono et al. Our simulation results clarified that the proposed model is capable of
explaining the observed flux variation of energetic electrons.
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The interaction of sub-relativistic electrons with high-latitude propagating chorus
waves observed by the Arase satellite

#Taku Namekawd, Iku Shinohar& , Takefumi Mitan?) ,Kazushi Asamurd, Tomoaki Hor#), Ayako Matsuok& ,Shoya Matsud,
Yoshiya Kasahara, Satoshi KasahatiShoichiro Yokot&,Satoko Nakamurd ,Masahiro Kitahar#, Yoshizumi Miyosht)
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This study addresses the wave-particle interactions between sub-relativistic electrons and plasma waves at high latitudes
by examining the direct measurements made by the Arase satellite. Past studies suggest that whistler-mode chorus waves
propagating along the magnetic field lines toward higher latitudes cause precipitation of electrons over a wide energy range
from a few keV to several MeV , leading to sub-relativistic/relativistic electron microbursts [e.g., Miyoshi 2020]. However,
no direct observational evidence has been obtained so far.

We analyzed data obtained by the HEP [Mitani et al., 2018] and PWE [Kasahara et al., 2018] instruments onboard the
Arase satellite [Miyoshi et al., 2018] and found several events in which electrons of several hundreds of keV traveling in the
direction of the magnetic field lines show similar fluctuations to those in the wave intensity. In particular, for the event on
September 26, 2019, significant sub-relativistic electron flux variations in the direction of the magnetic field lines correspond-
ing to the wave fluctuations were observed at 40 degrees in magnetic latitude. These results may indicate direct observational
evidence of the interaction between sub-relativistic electrons and chorus waves at high latitudes, although rigorous verification
still needs to be done to prove this with statistical significance.
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Effect of quasi-steady scattering on pulsating aurora
#Kazuteru TakahasHi Shinji Saitd’, Yoshizumi Miyosh#),Kohei Toyam& ,Kazushi Asamur3,Keisuke Hosokawa
(1]SEE, Nagoya Univi2NICT,®ISEE, Nagoya Univ**ISEE, Nagoya Univi?ISAS/JAXA,(CUEC

We have studied non-linear wave-particle interactions caused by chorus waves and electrons using the test particle-simulation
GEMSIS-RBW (Saito+, 2012). Using the GEMSIS-RBW, we have studied wave-particle interaction processes contributing
atmospheric burst precipitation of energetic electrons such as microbursts and pulsating aurora. In addition to the burst pre-
cipitation, quasi-steady precipitation caused by weak-amplitude waves also occurs in the magnetosphere. The quasi-linear
approach using the Fokker-Planck equation has been used as a plausible model in previous research. In order to include
such quasi-steady precipitations in GEMSIS-RBW, we develop a quasi-linear wave-particle interaction model by adopting
stochastic differential equation (SDE) that are equivalent to the Fokker-Planck equation. In this presentation, we present the
effect of quasi-steady precipitation on the electron precipitation for pulsating aurora.
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Role of nonlinear WPI in energetic electron precipitation by oblique chorus emis-

sions in the outer radiation belt
#Yikai Hsieh, Yoshiharu Omura
(IRISH, Kyoto Univ.(2RISH, Kyoto Univ.

Energetic electron accelerations and precipitations in the Earth’s outer radiation belt are highly associated with wave-
particle interactions between whistler mode chorus waves and electrons. We perform test particle simulation to investigate
electrons interacting with both parallel and obliquely propagating whistler mode chorus emissions at L=4.5. We build up a
database of the Green’s functions, which are treated as results of the input electrons interacting with one emission, for a large
number of electrons. The loss process of electron fluxes interacting with consecutive chorus emissions is traced by applying
the convolution integrals of distribution functions and the Green'’s functions. By checking the resonance condition and reso-
nant energy, we find that the nonlinear scattering via cyclotron resonance is the main process that pushes energetic electrons
into the loss cone in both parallel and oblique cases. Our simulation results show that obliquely propagating chorus causes
more energetic electron precipitation than parallel propagating chorus because of the combination of nonlinear trapping via
Landau resonance and nonlinear scattering via cyclotron resonance. The precipitation rates at 200keV to MeV of the oblique
case agree with observations, while the precipitation rates at MeV of the parallel case is much lower than observations.

We propose a 2-step precipitation process for oblique chorus emissions that contributes to more electron loss: (1) During
the first chorus emission, the nonlinear trapping of Landau resonance moves an electron near the loss cone. (2) During the
second emission, the nonlinear scattering of cyclotron resonance scatters the electron into the loss cone.

References

[1] Hsieh Y.-K., Kubota, Y., & Omura, Y. (2020). Nonlinear evolution of radiation belt electron fluxes

interacting with oblique whistler mode chorus emissions. Journal of Geophysical Research: Space Physics, 125, e2019JA027
https://doi.org/10.1029/2019JA027465

[2] Hsieh Y.-K., Kubota, Y., & Omura, Y. Energetic electron precipitation induced by oblique whistler mode chorus emis-
sions, Submitted to Journal of Geophysical Research: Space Physics.
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Energy spectrum of microburst electron precipitations
#Yoshizumi Miyosht),Shinji Saitd ,Kohei Toyama,Satoshi Kuritd ,Keisuke Hosokaw?,
Kazushi Asamur8,Kazuki Takahashi

(1ISEE, Nagoya Univi2NICT,(*ISEE, Nagoya Univi!RISH, Kyoto Univ.(>UEC (6ISAS/IJAXA

Both pulsating aurora electrons and sub-relativistic/relativistic electron microbursts are burst electron precipitations within
1 second from the magnetosphere to the thermosphere and mesosphere. Recently, we have proposed the theory that relativistic
electron microbursts are a high-energy tail of pulsating aurora by chorus waves propagating along the field lines. The theory
has been confirmed by several conjunction observations between low-altitude satellites and ground-based observations. The
theory predicts that the energy spectrum electron bursts depend on the propagation latitudes of chorus waves. In this study, we
conduct the computer simulations to investigate how the propagation latitudes of the chorus waves control the energy spectrum
of precipitating electrons, and we discuss the possible conditions to cause relativistic electron microbursts associated with the
pulsating aurora.
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Statistical study about pitch angle evolutions of sub-relativistic/relativistic elec-
trons of the outer radiation belt

#Inchun Park, Yoshizumi Miyoshl),Satoshi Kuritd , Takefumi Mitan?), Tomoaki Hor#"), Takeshi Takashinia,Iku Shinohar&,
Ayako Matsuok& ,Nana Higashi® ,Masahiro Kitahar&

(11SEE,Nagoya uniZRISH, Kyoto Univ.3ISAS/JAXA,4ISEE, Nagoya Univt®ISAS, JAXA (6ISAS/IJAXA,("Kyoto Uni-
versity,

(8 JAXA

The Arase/HEP instrument has observed energetic electrons of the outer radiation belt since March 2017. The Arase satel-
lite has observed more than 20 geomagnetic CIR-driven storms with {36tnT. We conduct a superposed epoch analysis of
the pitch angle and energy spectrum variations of sub-relativistic/relativistic electrons during different storm phases. During
the storm main phase, sub-relativistic electron flux increases=3.b - 6.0. During the early recovery phase, relativistic
electron flux gradually increases in the outer belt. The strong pancake distributions are observed associated with the flux
enhancements. Later, the pitch angle distribution becomes isotropic, suggesting that the wave-particle interactions cause the
pitch angle scattering. In this presentation, we show the average variations of the pitch angle distribution and discuss possible
acceleration mechanisms to cause variations of the pitch angle distribution and energy spectrum.
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A statistical study on electron injection events whose peak-energy exceed 100 keV
observed in the inner magnetosphere

#Jingxuan Yany,lku Shinohar&? , Taku Namekaw4, Takefumi Mitan#),Kazushi Asamur,Satoshi Kasahats

Nana Higashi® ,Ayako Matsuok&

(1Earth and Planetary Science, Tokyo URRISAS/JAXA,GISAS/IIJAXA,(“The University of Tokyd?JAXA, ¢Kyoto Uni-
versity

The substorm injection plays a crucial role in supplying the free energy to generate relativistic electrons in the radiation
belts. However, how injected electrons penetrate the inner magnetosphere and get their energy remains unclear though num-
bers of studies on substorm injections have been reported. Arase (ERG) often observes electron injections whose maximum
energies reach hundreds of keV, while the typical maximum energy of injected electrons is about 100 keV or less.

In this study, we do a statistical survey using high-energy electron experiment (HEP) and extreme high-energy electron
experiment (XEP) data. We found 96 electron injection events above 95keV during the period from March 2017 to December
2019. Collecting injection events during the period when the apogee of Arase is located in the nightside, we are examining
the statistical properties of the high-energy injection events, e.g., maximum energy at the observation point, the distribution
of their estimated source regions, pitch angle anisotropy, and the first adiabatic invariant with relativistic approximation in
detail to find whether dependence on the maximum energy is a key to limit the acceleration mechanisms of electron injection
or not. We are also checking the electron energy spectra of the dispersionless injection events to find any signatures that
indicate the acceleration mechanisms. Further, we also calculate phase space density for comparing with those obtained by
other satellites observing magnetotail and previous studies on the profiles of the phase space density depending on L. (e.g.,
Boyd et al., 2019)
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Possible observation plans for high-energy analyzer (PINO) onboard a CubeSat
(BIRDS-5)

#lku Shinohar& , Takefumi Mitan?),Mariko Teramot®,Kazushi Asamurd,Ryota Onog}, Yumie Kawago#,

Takeshi Takashinfa

(1JAXA/ISAS,(2ZIJAXA/ISAS, BKyutech(*JAXA/ISAS

We are developing a compact high-energy electron analyzer, nicknamed PINO (Particle Instrument for NanO-satellite),
thanks to the JSPS KAKENHI support and the collaboration with the Kyushu Institute of Technology. PINO will be installed
on a 2-U CubeSat, BIRDS-5J, and the EM (Engineering Model) integration test of BIRDS-5 fleets (two 1U CubeSats and one
2U CubeSat) are going in this summer. After the critical design review based on the results of the EM test, we will soon start
to build the FM (Flight Model) of PINO by refurbishing PINO-EM. The BIRD-5 satellites will be ready for launch by next
January. They will be released from the international space station (ISS) in Spring 2022.

Since the orbit of the BIRDS-5 fleets is almost the same as ISS, the coverage of the Lm-value is not comprehensive, and
the maximum value is less than 7. The satellite attitude is controlled by the magnetic torque of the permanent magnets, and
the PINO sensor view is always directed toward almost anti-parallel to the geomagnetic fields. Thus, PINO can observe
precipitating high-energy electron fluxes in the northern hemisphere. Due to the electrical power budget limit, we will turn on
PINO only for continuous 5 minutes in an orbital revolution. We will focus the PINO observation on conducting simultaneous
observations of precipitating high-energy electrons from the outer radiation belt at low and high altitudes. Actually, we found
that the conjunction between BIRDS-5 and Arase (ERG) will occur almost once in 3 days at various Lm positions. In this
presentation, we will present our present status of the PINO development and current plans of scientific observations.
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Statistical analysis of low frequency waves observed by Arase satellite
#Shun Amand , Taketoshi Miyake ,Ayako Matsuok&*)
(ATPU,?Toyama Pref. Univi}Kanazawa Univ{}Kyoto University

Various types of low frequency waves are observed by Electric Field Detector (EFD) onboard Arase satellite. In this
study, we are going to detect these low frequency waves from EFD data, and classify these waves into several types by using
machine learning. At first, we use SVM method to detect low frequency waves from 24 hour plots of EFD spectrum data. We
tested several parameters of SVM, and detected low frequency waves with more than 96% accuracy ratio. We applied this
SVM method to EFD spectrum data from 2017 to 2019, and succeeded in detecting 806 low frequency waves. Next, we try
to classify these detected low frequency waves into several types by clustering. We apply K-means method and hierarchical
clustering method to the image data of EFD spectrum plot and the numerical data which are the duration time and the center
frequency of the low frequency waves, respectively. Therefore, we found 5 types of low frequency waves with different
characteristics. In this study, we analyze two types of low frequency waves with narrower frequency range, which named
type A and the type B. The type A waves have the frequency range from OHz to 50Hz and observed 135 times. The type B
waves have the frequency range from 50Hz to 150Hz and observed 145 times. We investigated the observed positions the
type A and the type B waves by using the orbit data, and found that the type A and the type B waves are observed on the
opposite side of the sun, and the type B waves are observed in the nearer region to the earth. Next, we analyzed the relation
between these two type waves with the magnetic field strength and the magnetic disturbances, and found the type A and the
type B waves are both observed in the stable magnetic field, and the type B waves are observed in the stronger magnetic field.
Future, we are going to analyzing the relation between the low frequency waves with the various ion cyclotron frequencies
and the lower hybrid frequency.
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A statistical study of EMIC wave-particle interactions in the magnetosphere using
Arase observations

#ChaeWoo Juh,Yoshizumi Miyoshl),Satoko Nakamura,Masafumi Shoji’,Masahiro Kitaharf,Tomoaki Hort),Chao
Yue?) ,Jacob Bortnik,Larry Lyons, Yoshiya Kasahard, Yasumasa KasabaFuminori Tsuchiy® ,Atsushi Kumamot® ,Shoya
Matsud4),Kazushi Asamurd, Iku Shinohar® ,Ayako Matsuok® ,Shoichiro Yokot& ,Satoshi KasahataKunihiro Keika”
(11SEE, Nagoya Univt2Peking University, Beijing, Chin&AOS, UCLA, Los Angeles, USA!Kanazawa Univ{?Tohoku
Univ.,(°ISAS/IAXA (TKyoto University(®Osaka Univ?The University of Tokyo

We performed a statistical study to demonstrate EMIC wave-particle interaction at different peak wave occurrence regions
in the magnetosphere using in-situ observations by Exploration of energization and Radiation in Geospace (Arase) satellite.
In our previous study, we found that EMIC waves have four different peak occurrence regions with different geomagnetic
environments in the magnetosphere (H-band at 3-8 MLT>af;LH-band at 11-15 MLT at L=6.5-8; He-band at 9-21 MLT
at L=5-7; He-band at 12-19 MLT at L=7-9). This study included the inter-calibrated proton distribution data using LEPi and
MEPI instruments in the energy range of 30 eV- 184 keV to investigate proton pitch angle distributions and partial thermal
pressures with EMIC wave activities. We found that EMIC waves are observed below the proton instability threshold derived
by linear kinetic theory. By using cold plasma approximation, we can compute the minimal resonant energy using the central
frequency of EMIC waves and electron number density profile. We found that the minimal resonant energy for most of the
EMIC wave events is concentrated between 1-100 keV, except for H-EMIC waves in the morning sector at higher L shells
having scattered minimal resonant energy from 1 eV to 10 keV depending on normalized frequency by equatorial proton
gyrofrequency, respectively. This result supports possible free energy sources for morning side EMIC waves excited due
to suprathermal protons<(LO0 eV) heated by magnetosonic waves. This presentation shows spatial distributions of EMIC
waves in the magnetosphere, energetic proton distributions between with and without EMIC wave activities, and the minimal
resonant energy distributions at the different peak occurrence regions. We will discuss possible free energy sources causing
EMIC waves at different regions and demonstrate the influence of different generation processes of EMIC waves on energetic
proton distributions using in-situ satellite observations and theoretical model calculations.
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Statistical study of longitudinal extent of Pc1 pulsations using seven PWING ground
stations at subauroral latitudes

#Jie LiuY ,Kazuo Shiokawa?),Shin ichiro Oyam&®), Yuichi Otsukd),ChaeWoo Juh®) ,Masahito Nos€ , Tsutomu Nagatsunig
Kaori SakagucHh?,Akira Kadokurd) ,Mitsunori Ozak®) ,Martin Connors®) ,Dmitry Baishev!),Nozomu Nishitar¥ ,Alexey
Oinatg? ,Volodya Kurkin'?), Tero Raitd?)

(1ISEEISEE, Nagoya UniVi?ISEE, Nagoya Uni\*ISEE, Nagoya Univi’ISEE, Nagoya Univi®NICT,("NICT,(*ROIS-
DS/NIPR(?Kanazawa Univ{!°Centre for Science, Athabasca Uri%|KFIA, SB, RAS(*?Institute of Solar-Terrestrial
Physics, Irkutsk, Russid?SGO

Pcl geomagnetic pulsations correspond to electromagnetic ion cyclotron (EMIC) waves in the magnetosphere and are ex-
cited sporadically in the magnetospheric equatorial plane in a frequency range of 0.2-5 Hz. The instantaneous longitudinal
extent of the Pc1 waves on the ground has not been estimated yet. In this study, we analyze Pc1 pulsations observed at seven
ground stations that distribute longitudinally at subauroral latitudes ("60 degree magnetic latitudes (GMLAT)), using data for
one year from July 2018 to June 2019. The hourly occurrence rates of Pcl pulsations at all 7 stations have a peak (14-39.6
%) in the post-noon sector and a local minimum (4.1-8.1 %) at midnight. The average frequencies become highest (0.6-1.1
Hz) after midnight and lowest (0.3-0.5 Hz) after noon at all 7 stations. It was observed that Pc1 pulsation frequency tends
to increase as the GMLAT of these 7 stations becomes high. Based on these observations, we obtained a peak of probability
distribution of the instantaneous Pc1 longitudinal extent as "82.5 degree with a half maximum at 114 degree. Since this
probability distribution can be affected by the spatial distribution of limited number of the stations, we also made model
calculations on the observable longitudinal extent using artificial Pc1l waves with a given extent centered at random longi-
tude. The calculation was repeated by changing the extent of the artificial Pc1 waves. Comparison of these model calculation
results with the present observations reveals that the typical instantaneous longitudinal extent of the Pc1 waves is 109 degree.
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Observations of Pcl and IAR with an induction magnetometer in New Zealand:

initial results

#Yuki Obana),Kaori Sakaguch ,Masahito Nos€ ,Keisuke Hosokawd,Kazuo Shiokawa ,Martin Connor®) , Akira Kadokurd),
Tsutomu Nagatsunia

(10saka Electro-Communication Uni¢NICT,®ISEE, Nagoya Univi*UEC,°ISEE, Nagoya UniviéCentre for Science,
Athabasca Uni\7ROIS-DS/NIPRENICT

The plasma populations in the inner magnetosphere have wide energy ranges from “eV to "MeV. Their interaction with
plasma waves in the frequency range of mHz to kHz causes their on-site acceleration and loss into the ionosphere. In order to
evaluate the loss of radiation belt particles due to Electromagnetic lon Cyclotron (EMIC) waves occurring in the deep inner
magnetosphere, we installed a new high-sensitivity all-sky camera and induction magnetometer at Middlemarch (L=2.7) in
New Zealand where a fluxgate magnetometer has been operated since 2011.

The following results have been obtained so far:

Unique Pc1l pulsations were found in a dynamic power spectrum of the geomagnetic field variations as a band-type struc-
ture in the frequency range of "0.2-1 Hz before and after a small geomagnetic storm (minimum Dst = -40 nT) in October,
2020. On October 4, before the geomagnetic storm, Pc1 events with different center frequencies were observed intermittently
almost throughout the day, regardless of local time. No pulsation was observed in frequency ranges of 0.2 to 30 Hz during the
main phase and the early recovery phase after the occurrence of a sudden commencement of the geomagnetic storm, despite
expecting to be observed at higher frequencies. On October 6, during the recovery phase, four Pc1 events were observed with
a periodic interval of about 3-4 hours following an IPDP (interval of pulsations of diminishing period) type Pcl occurrence.

It was found that these events were also observed at four stations in Canada and Iceland in the opposite hemisphere at the
same time.

lonospheric Alfven Resonator (IAR) is usually found in a dynamic power spectrum of the geomagnetic field variations as
spectral resonance structures in the frequency range of 0.1-10 Hz. We found IAR in the data from the induction magnetometer
in three consecutive days from October 4 to 6, 2020. A careful inspection reveals that IAR signals extend to the frequency
range up to 15 Hz at 06-11 UT (17-22 LT) on October 4. To our knowledge, this is the first observation of IAR with such high
frequency. After 11 UT, it seems that the high frequency IAR is masked by stronger power of the Schumann resonances; and
in the next two days, there is no high frequency IAR. It is a future study to investigate statistical characteristics and excitation
mechanisms of the high frequency IAR. It is of another interest to focus on IAR at f "1-2 Hz after 08 UT on October 6. This
IAR seems to be related to the IPDP-type of Pc1 pulsation that occurs at 07-08 UT. Then the power enhancement shows a
seamless transition from Pcl to IAR. The spectral power density of this IAR is larger than those of IAR on October 4 and 5.
These results may indicate a new excitation mechanism of IAR, in which excitation energy is supplied from Pcl pulsations
not from lightning as has been proposed.
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Multipoint Measurement of Fine-Structured EMIC Waves by Arase, Van Allen

Probe A and Ground Stations

#Shoya Matsuda, Yoshizumi Miyosh#), Yoshiya Kasahara,Lauren Blumt) ,Chris Colpitts),Kazushi Asamurd, Yasumasa
Kasab# ,Ayako Matsuok® ,Fuminori Tsuchiy& ,Atsushi Kumamot® ,Satoko Nakamura,Masahiro Kitahar?,

Iku Shinohar® ,Geoff Reeved,Harlan Spence,Kazuo Shiokaw#, Tsutomu Nagatsum® ,Shin ichiro Oyama!'V lan R.
Mannt?)

(1ISAS/JAXA,CISEE, Nagoya Univi?Kanazawa Univi*University of Colorado Bouldef,Univ. of Minnesota®Tohoku
Univ.,("Kyoto University®LANL, ®Univ. New Hampshiré!°NICT,(''NIPR,(*2The University of Alberta

Electromagnetic ion cyclotron (EMIC) waves are an important plasma waves that control energetic ion and relativistic
electron precipitations in the terrestrial inner magnetosphere. We examined the growth and propagation of fine-structured
EMIC waves related to time-varying density irregularities using multipoint measurement data observed by two spacecraft
(Japanese Arase and U.S. Van Allen Probe A) and two ground stations (Gakona and Dawson) during a field-line conjunction
event on 18 April 2019. We analyzed the wave data obtained by the aforementioned spacecraft and stations, and found that the
appearance of fine structures in the observed EMIC waves clearly coincided with the ambient electron density irregularities in
the magnetosphere, which can cause periodic wave growth and waveguiding on their propagation. Furthermore, we found that
the observed fine-structured EMIC waves were spatially localized in approximately a 185 km range in geomagnetic latitude
at an auroral altitude of 100 km. We also found thermalahd He™ heating €200 eV/q) during the EMIC wave activity.



R006-30
Zoom meeting B : 11/2 AM2 (10:45-12:30)
11:00~11:15

h E-BEEAICK S IPDP 2 4 7EMIC EEIOREKHR ERICBAT 51 X2 MER
#PH B D, LR Skl Y, NG BEIE D, AR BOE D, i JEA 2, = s D 38R D), = ), R
3), 45 % 4, Connors Marti® ,Hendry Aarof)

Gk RmET I X< - K&zt v 20— @ bk - # - HiERYE, G 20K ISEE® 5UES K “E17 0, CCentre for
Science, Athabasca UniDepartment of Physics, University of Otago

The mechanism of frequency increase of IPDP type EMIC waves: event analysis

of ground and satellite observations

#Asuka Hiral),Fuminori Tsuchiy& , Takahiro Obardl, Yasumasa KasabgYuto Katol?),Hiroaki Misawa’,Kazuo Shiokaw?,
Yoshizumi Miyosht),ChaeWoo Jut,Satoshi Kurit& ,Martin Connor® ,Aaron Hendr§

(IPPARC, Tohoku Univi2Dept. Geophys., Grad. Sch. Sci., Tohoku URNSEE, Nagoya Univi!RISH, Kyoto Univ.(°Centre
for Science, Athabasca Uni¥Department of Physics, University of Otago

Electromagnetic ion cyclotron (EMIC) waves are Pc1-2 waves excited near the magnetic equator by anisotropic ring current
ions. EMIC waves have been thought as one of the mechanisms to cause the loss of the electrons in the outer radiation belt.
Intervals of pulsations of diminishing periods (IPDP) are one of the EMIC waves observed by ground-based magnetometers.
Previous studies suggest that IPDP type EMIC waves are likely to cause electron precipitation more efficiently than other
EMIC waves. IPDP events are characterized by an increase in frequency during the event of about half an hour to a few
hours. They occur in the dusk sector during substorms. Injected ring current ions are the source of EMIC waves and play a
major role in the increase in frequency of IPDP. Two mechanisms for frequency increase relate to drift of ring current ions;
one is radial inward drift. Since the magnetic field becomes larger in lower L shell, the local ion gyrofrequency increases
as the ring current ions drift inward. This results in generation of waves with rising frequency (Gendrin et al., 1967). The
other is energy dispersion of ions in the course of westward drift. High-energy ions drift westward faster and arrive earlier at
the meridian of a fixed ground site than low-energy ions. Since wave frequency depends on energy of resonant ions, energy
dispersion causes an increase in frequency (Fukunishi, 1969). However, it is still not clear which mechanisms prefer to ex-
plain the frequency increase. In this study, we investigate IPDP type EMIC wave event to understand how frequency of IPDP
increases. EMIC waves were observed by Van Allen Probe A and ground-based induction magnetometers in 02:30-06:05 UT
on 19 April 2017. The event occurred in a substorm during main and early recovery phase of small geomagnetic storm. Van
Allen Probe A observed EMIC waves in hot proton populations inside plasmapause in dusk sector. The footprint of Van Allen
Probe A was located in North America during the wave activity. Simultaneously, IPDP type EMIC waves were observed at
several induction magnetometer stations of thtudy of dynamical variation of Particles and Waves in the Inner magneto-
sphere using Ground-based network observations (PWING)” project and the Canadian Array for Realtime Investigations of
Magnetic Activity (CARISMA). Energetic electron precipitation was detected by subionospheric VLF radio waves received
at Athabasca, Canada and POES satellites. The VLF radio wave propagation paths were close to the footprint of Van Allen
Probe A and ground-based magnetometers during EMIC wave activity. This suggests that detected electron precipitation was
driven by EMIC waves. POES detected 13 electron precipitation events in North America and conjugated region in 0-6 UT.
We found that the location of electron precipitation moved to lower L shell. The slope is -0.4 L/hour. Energetic charged
particles scattered by EMIC waves precipitate along the magnetic field lines. The location of electron precipitation should
reflect the source region of EMIC waves in the magnetic equatorial plane. The result suggests that source region of EMIC
waves moved to lower L shell and this motion of the source corresponds to radial inward drift as the mechanism of an in-
crease in frequency of IPDP. The westward drift velocities of the source region were calculated from EMIC waves observed
at three stations separated longitudinally. We found that westward drift velocities are independent of the wave frequency. In
case of the scenario of energy dispersion, higher-energy ions excite low frequency waves. As the energy of ions that excite
EMIC waves decreases, wave frequency increases. If energy dispersion of ions contributes an increase in frequency of IPDP,
westward drift velocities indicate different values in each frequency. The result suggests that westward drift of the source
region did not cause an increase in frequency.
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Study on direction finding method based on dispersion relation of plasma waves

and application to the data observed by Arase

#Keisuke Komat®, Yoshiya Kasahara, Yuji Tanaka),Shoya Matsudd,Mamoru Ot&),Fuminori Tsuchiy&,
Atsushi Kumamot® ,Ayako Matsuok®&

(IKanazawa Univ{2ISAS/JAXA, 3 Tohoku Univ.{*Kyoto Univ.

Various plasma waves observed in the inner magnetosphere are important factors that cause changes in the space plasma
environment. The direction of plasma waves is one of the important features, and it is an important clue for the investigation of
generation region and propagation path of the waves from in situ observations by scientific satellite. There are various methods
for direction finding. In this study, we particularly focus on the method using integration kernel, which are theoretically
derived from the dispersion relation of plasma waves. The advantage of the method is that the propagation direction can be
estimated from the combination of electric and magnetic wave field data even though the three-dimensional magnetic field
data cannot be obtained. Various algorithms have been proposed and evaluated using pseudo data, but there are only severa
examples applied to the actual observation data.

In this research, we adopted a method named MUSIC (Multiple Signal Classification) method, which is one of the direction
finding algorithms using integration kernel. We applied this method to the waveform data measured by the waveform capture
(WFC), which is one of receivers of the Plasma Wave Experiment (PWE) on board the Arase satellite. The waveform consists
of two components of electric field and three components of magnetic field. First, a correlation matrix, called spectral matrix,
was generated from the waveform data. Next, an integration kernel for whistler mode wave was calculated from plasma
frequency and cyclotron frequency at the observation point. The plasma frequency and the cyclotron frequency were derived
from the data obtained by the high frequency receiver (HFA) and the magnetic field analyzer (MGF) on board the Arase,
respectively. Finally, the MUSIC algorithm was applied to the spectral matrix combining with the integration kernel, and
propagation direction of the observed plasma wave was derived.

In this presentation, we mainly report the evaluation results of the absolute direction using a spectral matrix combining
with electric and magnetic field components, and the precision of the direction finding results under the restricted number of
magnetic field components.
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Statistical investigation of Langmuir waves associated with whistler mode chorus

waves observed by the Arase satellite

#Eda Daikl’,Satoshi Kuritd*), Towa Yoshid& ,Hirotsugu Kojimd), Yoshiya Kasahara, Shoya Matsudd,Ayako Matsuok®,
Yoshizumi Miyosh#),Iku Shinohar®

(1Engineering, Kyoto U?RISH, Kyoto Univ.(®Engineering, Kyoto U(*RISH, Kyoto Univ.(°Kanazawa Univ{6ISAS/JAXA,
(TKyoto University®ISEE, Nagoya Univ{)ISAS/JAXA

Langmuir waves associated with Chorus have been observed in the magnetosphere. Li et al. (2017) show Van Allen
Probes observation of Langmuir waves associated with chorus waves. They point out that the Langmuir waves are excited by
electron beams, which are generated by the landau damping of electrons by chorus waves. However, since Li et al. (2017)
discusses only two examples of the event, further data analysis is necessary to reveal the mechanism of the event that Chorus
causes Langmuir waves. Therefore, in this study, we aimed to examine this chorus-induced Langmuir waves by analyzing
the relationship of these waves using the data obtained by the Arase satellite in statistical sense.

We used OFA-MATRIX data to determine the electric field components perpendicular and parallel to the background mag-
netic field projected onto the satellite spin plane. Then, we extracted the components that are dominant in the parallel direction
as Langmuir waves since Langmuir waves have electric field oscillations parallel to the magnetic field. We also extracted the
electric field components of Chorus considering the typical wave frequency range. As a result of conducting this analysis on
several months data, we were able to identify a large number of narrowband and broadband Langmuir waves. In addition,
comparing the electric field components of Chorus and that of Langmuir waves, we were able to confirm the tendency that
Langmuir waves arise when Chorus are observed, but there were some cases the tendency was not confirmed. Therefore, we
will analyze more data and report the results of statistical analysis of the relationship between Chorus and Langmuir waves
in the presentation.

References
Li, J., et al. (2017). Chorus wave modulation of Langmuir waves in the radiation belts. Geophys. Res. Lett., 44, 11,713
11,721. doi: 10.1002/2017GL075877
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Analysis of chorus waves observed by the monopole mode of the Arase satellite
#Tomoe Taki),Satoshi Kuritd ,Shoya Matsud3, Hirotsugu Kojima), Yoshiya Kasahara, Yoshizumi Miyosh?),

Ayako Matsuok® ,Atsushi Kumamot®

(IEngineering, Kyoto Univt?RISH, Kyoto Univ.(*ISAS/JAXA,(*RISH, Kyoto Univ.(°Kanazawa Univ{’ISEE, Nagoya
Univ.,("Kyoto University(®Planet. Plasma Atmos. Res. Cent., Tohoku Univ.

In this study, the chorus waves observed by the monopole mode of the Arase satellite are investigated.

In the monopole observation, it is possible to obtain phase differences or time differences of electric fields by comparing
the data between two monopole antennas. The phase differences of the waves or time differences of the structures passing
through the antennas are calculated by using correlation analysis and FFT on two observation data. Using these data, the
phase velocity of the waves and the relative velocity of the structure to the satellite can be calculated.

In the Arase satellite PWE, a pair of antennas can be regarded as one monopole antenna each, and monopole observation
is possible to obtain the differential signal between the antenna and the satellite ground [Kasahara et al., EPS, 2018].

The phase velocity and wavelength of the waves were estimated by monopole observation of the satellite with electrostatic
electron cyclotron waves [Shinjo, Master thesis, 2019]. In the observation of electrostatic solitary waves, the relative velocity
to the satellite and spatial scale of the corresponding electrostatic potential structures are calculated, and the polarity of the
potential is estimated from the analysis of the monopole observation data [Taki, Master Thesis, 2020].

In this presentation, we report on the results of monopole observations of chorus waves. It is expected that the same
waveform of the electric field is measured by both antennas for a chorus with fast phase velocity.

On the other hand, the cross-correlation analysis between two antennas for the chorus waves shows that the phase difference
between the antennas changes periodically with the spin. The phase difference is larger when the antennas are parallel to the
ambient magnetic field, and the phase difference has a minimum value when the antennas are perpendicular.

If we consider the wave normal angle of the chorus waves to be in the same direction as the ambient magnetic field, the
electric field oscillates in the vertical plane with respect to the background magnetic field. Due to the directivity of the
antenna, it is difficult to observe the electric field when the antenna and the background magnetic field are parallel. When
the wave surface is parallel to the antenna, the phase difference is minimal. In order to demonstrate that, we have conducted
numerical experiments simulating monopole observation, assuming a plane wave in three-dimensional space. In this way, we
are verifying the calculation method of the phase velocity by the monopole observation from the aspect of the observation
results and numerical experiments.

We will report the results of the observation and the verification.
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Repetitive EMIC rising tone emissions by anomalous trapping of low pitch angle
protons

#Masafumi Shofi,Masahiro Kitaharf,Satoko Nakamura, Yoshiharu Omur&

(1]SEE, Nagoya Univi2RISH, Kyoto Univ.

Electromagnetic ion cyclotron (EMIC) rising tone emissions which are similar to the whistler mode chorus emissions
are generated through the nonlinear interactions with anisotropic protons in the inner magnetosphere. Theoretical studies
suggest that whistler waves cause the anomalous trapping of low pitch angle electrons. By test particle simulations, we find
that EMIC rising tone emissions also scatter the significant number of low pitch angle protons to the higher pitch angle.
Hybrid simulations on the EMIC rising tone emissions, however, have been performed with subtracted Maxwell distribution
function for the energetic protons which exclude low pitch angle protons. We perform a self-consistent hybrid simulation
with bi-Maxwellian protons to investigate the effect of the anomalous trapping on the generation of the rising tone emissions.
We find several EMIC rising tone emissions are generated while only one pair of forward and backward propagating rising
tone emissions is generated in the subtracted Maxwellian case. The low pitch angle protons are also scattered to the higher
pitch angle obtaining kinetic energy from the EMIC wave in the simulation. The higher pitch angle proton flux formed by
the anomalous trapping becomes a part of the energy source of another EMIC emission. The new EMIC wave repeats the
process, and then the multiple rising tone emission occurs.
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Measurementsof nongyrotropic electronsaround the cyclotron resonancevelocity

in whistler-mode waves
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Univ.,("*Denali Scientific'>LPP, CNRS'¢Dept. of Earth, Planet. Space Sci., UCIUADept. of Earth, Planet. Space Sci.,
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The interaction between the electromagnetic field and charged patrticles is central for the collisionless plasma dynamics
in space. Whistler-mode waves are one of the electromagnetic plasma waves, which play important roles in efficient pitch-
angle scattering and acceleration of electrons in solar wind, collisionless shock waves as well as planetary magnetospheres.
The nonlinear wave-particle interaction theory for coherent large amplitude waves predicts that electrons around resonance
velocities exhibit nongyrotropy due to the trapping motion around them and the nongyrotropic electrons exchange energy
and momentum with the waves in the presence of an appropriate inhomogeneity. In this presentation, we show observational
results of nongyrotropic electrons around the cyclotron resonance velocity using the data obtained by the Magnetospheric
Multiscale (MMS) spacecraft during a whistler-mode wave (about 200 Hz) event around the magnetosheath-side separatrix
of the dayside magnetopause reconnection. On the basis of measurements by the Fast Plasma Investigation Dual Electron
Spectrometer (FPI-DES) and the search-coil magnetometer (SCM), the relative phase angle of the electron hole to the mag-
netic field of the whistler-mode wave agrees well with the prediction by the nonlinear theory, and this type of the electrons
appeared only around the cyclotron resonance velocity. The electron flux at the hole was about 40% lower than that at the peak
in the most pronounced case. This result provides evidence of locally ongoing nonlinear wave-patrticle interaction between
the electrons and whistler-mode waves, and proves that the nonlinear wave growth occurs around the dayside reconnection.
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Spectral properties of whistler-mode waves in the vicinity of the Moon: ARTEMIS

observations
#Wataru Sawaguchi, Yuki Harada),Satoshi Kuritd
(1Dept. of Geophys., Kyoto Uni¥2RISH, Kyoto Univ.

Whistler-mode waves are naturally occurring electro-magnetic waves with frequency ranges belshefe {. is the
electron cyclotron frequency. One of the characteristics of the waves in the terrestrial inner magnetosphere is that there is
often a power minimum at 0.5, as exemplified by the well-knowrfi banded chorus”. Formation mechanisms of the gap
remain a subject of discussion. Teng et al. (2019) showed the spatial distribution of the spectral properties of whistler-mode
waves in the terrestrial inner magnetosphere. However, that in the vicinity of airless, unmagnetized bodies like the Moon has
not been reported.

Although the Moon does not have a dense atmosphere nor a global intrinsic magnetic field, it is known that plasmas of the
solar wind and the Earth’s magnetotail interact with the lunar surface and the lunar crustal magnetic field, resulting in various
plasma phenomena around the Moon. Whistler-mode waves can be excited by cyclotron resonance between waves traveling
toward the Moon and upcoming electrons magnetically reflected from the lunar surface. In the process, a free energy source
is provided by effective temperature anisotropy in the electron velocity distribution function caused by absorption of parallel
electrons at the lunar surface and magnetic reflection of perpendicular electrons. It should be noted that these lunar whistler-
mode waves can have as large amplitudes as those occur in the terrestrial inner magnetosphere and can form complicated
spectral shapes that resemble chorus emissions.

Our goal is to understand the formation mechanism of the 0 dp by analyzing the spectral properties of whistler-mode
waves in the vicinity of the Moon, where the conditions for the wave generation are substantially different from those in the
terrestrial inner magnetosphere. Since the Moon orbits the Earth and can be in the solar wind, magnetosheath and magnetotail
of the Earth, the background magnetic field and the electron distribution function vary greatly in time around the Moon. Thus,
by studying the lunar whistler-mode waves, we will be able to investigate how the difference of the plasma environment has
effects on the spectral properties.

We carried out statistical analysis based on Teng et al. (2019) using the magnetic field and plasma data observed by the
ARTEMIS. First, We automatically identified whistler-mode wave events. Then, according to the wave power below/above
0.5 f.. and the existence of 0.5.fgap, we automatically categorized the events into four groups; lower-band only, upper-
band only, banded, and no-gap whistler-mode waves. As a result, the occurrence rate of four types of spectral properties
are significantly different from that in the terrestrial inner magnetosphere. In particular, banded events were very rare in the
ARTEMIS data. We will also discuss effects of the lunar magnetic anomalies and the location of the Moon on the spectral
properties.
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Preferential energization of lower-charge-state heavier ions

in the near-Earth magnetotail

#Kunihiro Keika),Satoshi KasahatiShoichiro Yokotd ,Masahiro Hoshint,Kanako Seki, Takanobu Amant,Lynn M.
Kistler"),Masahito Nos&, Yoshizumi Miyoshi), Tomoaki Hor),Iku Shinohar&

(1The University of Tokyd2The University of Tokyd:Osaka Univ{*The University of Tokyd?ISEOS, University of New
HampshireSISEE, Nagoya Univi7ISEE, Nagoya Univi8ISAS/JAXA

O+ ions make a significant contribution to plasma pressure in the inner magnetosphere during magnetic storms. The
storm-time O+ enhancements are primarily caused by enhanced supply from the ionosphere and effective energization in
the magnetotail. In order to characterize the magnetotail process that dominates the effective energization, we examine
differences in energy spectra of energetic 10-180 keV/q ions between different ion species: H+, He++, He+. O++, and O+.
We use observations made by the MEP-i instrument on the Arase (ERG) spacecraft on the nightside in the radial distance
of “5 Re to “7 Re during the main and early recovery phases of the May 2017 and July 2017 storms. The comparisons of
energy spectra show that, for the same charge states, heavier ions are more energized than lighter ions. For the same mass.
lower-charge-state ions are more energized than higher-charge-state ions. The spectra exhibited a sharp decrease at high
energies for all ion species, while the spectra for more energized ions were shifted toward higher energies, compared to those
for less energized ions. The results suggest that the preferential energization results from temperature increase rather than
generation of energetic ions at the high-energy tail. Considering temporal and spatial scales of heavy ion kinetic motions,
we conclude that the preferential energization of lower-charge-state heavier ions occurs during the course of dipolarization,
likely due to non-adiabatic heating in the near-Earth plasma sheet, effective trapping during the transport by localized flow
channels, and/or non-adiabatic acceleration around the near-Earth flow-braking region.
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Magnetic topology of “ crossover reconnection” in the magnetotail
#Masakazu WatanabeTakashi Tanaka,Shigeru Fuijitd,DongSheng Cai,Peikun Xiongd’
(IEarth & planetary Sci., Kyushu Uni?REPPU code Instituté/ROIS-DS/IMS{*ISIS, U Tsukuba

Recent numerical modeling indicates that the global magnetic topology of the magnetosphere consists of two magnetic
nulls and two separators connecting them (the so-called 2-null, 2-separator structure). In particular, this basic structure is
seen persistently during periods of northward interplanetary magnetic field (IMF). At the same time, however, it sometimes
occurs that even for steady northward IMF conditions, IMF lines intrude into the closed region of the magnetotail, resulting
in a peculiar structure with tangled closed geomagnetic lines and unconnected IMF lines. Obviously, this situation implies a
(presumably local) breakdown of the 2-null, 2-separator structure. As an explanation of this tangling, we have been advocating
“ crossover reconnection” in the magnetotail that is normally prohibited in the 2-null, 2-separator structure. In fact, field-
aligned electric fields (reconnection electric fields) in the magnetotail strongly support this scenario. However, it is still
unclear in what global topology that tangling is formed. In order to answer this question, we have applied to the simulated
magnetosphere the geodesic level set method that have been recently developed for the topology analysis of solenoidal vector
fields. In the talk, we will report on the analysis results and discuss their interpretations. At a certain time step of a simulation
run in which field line tangling was seen, with the spatial resolution of 0.25 Re, we identified four magnetic nulls in the
simulated magnetosphere (one in the Northern Hemisphere and three in the Southern Hemisphere). All of them are related
to the 2-null, 2-separator structure, while there were no nulls in the magnetotail. The three nulls in the Southern Hemisphere
are suggested to be one null originally. We are now examining whether the splitting is due to numerical errors or due to real
topology bifurcation.
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Effect of whistler waves on electron bounce motion in the Earth’s magnetotail
#Fumiko Otsuk& Kaiti Wang? ,KIROLOSSE MINA GIRGIS), Tohru Had&
(IKyushu Univ.{>Tamkang Univ{3Kyushu Univ.{*Kyushu Univ.

Whistler waves play an important role in the scattering of energetic electrons in the Earth’'s magnetosphere. Pitch-angle
scattering of trapped electrons caused by the wave-particle interaction via such waves violates the invariant of periodic bounce
motion of the electrons in the dipolar magnetic field.We study the effects of whistler waves on the electron bounce motion
in the Earth’s magnetotail by performing test particle simulations. We use three models for the background magnetic field,;
a uniform field, a pure dipolar field, and a stretched dipole-like field. Oblique whistler waves, localized around the magnetic
equator, are given as a superposition of sinusoidal waves obeying a cold plasma dispersion relation. We solve a relativistic
equation of motion of electrons in the given electromagnetic fields. Electron bounce periods are evaluated as functions of
the electron energy and the initial pitch-angle and are compared with the adiabatic theory. We demonstrate that the electrons
sometimes switch their guiding field lines due to the wave scattering, and their mirror points and bounce periods vary in time.
We will discuss these results referring to a THEMIS observation of the dipolarization event detected at “10 RE tailside near
the magnetic equator.
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A Study of Identification Method of the Arriving Wave Model for Plasma Waves
Considering Different Sensor Noise Levels

#Yuji Tanakd),Mamoru Otd), Yoshiya Kasahara

(IKanazawa Univ.

The analysis of plasma waves measured by scientific satellites is an effective method to investigate the plasma environment
in space. Direction finding of plasma waves provides important clues for understanding not only local plasma environment
but also the global features along the propagation paths of the waves. Several kinds of direction finding methods are proposed
and each method has its own advantages and disadvantages. In order to obtain fast and accurate direction finding results, it is
necessary to identify the nature of the arriving waves and apply proper direction finding methods.

In order to identify the nature of the arriving waves, the planarity [Santolik+, 2003] is widely used. The planarity is cal-
culated from the spectral matrix, which includes information on the amplitudes and phase differences of the electromagnetic
field. The planarity is used to identify whether the arriving wave is one plane wave or not under the assumption that the noise
levels of all electromagnetic field sensors are equal. In general, however, the noise levels of the sensors on board a scientific
satellite are not always equal due to the degradation of the sensors during long-term operation period.

In this study, we propose a new identification method for the arriving wave model using the spectral matrix, which can
be accurately classified with different noise levels among sensors. Our proposed method realizes robust classifications by
introducing the prior information about the sensor noise level and likelihood ratio tests. We verified the effectiveness of the
proposed method.

Reference
[Santolik+, 2003] Santolik, O., M. Parrot, and F. Lefeuvre, Singular value decomposition methods for wave propagation
analysis, Radio Sci., 38(1), 1010, doi:10.1029/2000RS002523, 2003.
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Development of an FPGA module for spectral matrix generator with a band divi-

sion function
#Masahiro Kawdi, Yoshiya Kasahara
(IKanazawa Univ.

Many scientific satellites have been launched to investigate the electromagnetic environment in space, and various types
of plasma waves have been observed. However, the data amount measured by plasma wave instruments aboard scientific
satellite is much larger than the telemetry data rate to the ground. Onboard CPU has been used for signal processing, but
it was impossible to perform real-time processing due to severe restriction of power consumption as well as computation
speed. In the present study, we develop a digital receiver which is available for real-time signal processing with a low-power
consumption and high-speed computation by using an FPGA (Field Programmable Gate Array).

We have already developed an FPGA module which generates spectral matrix from electric and magnetic field waveforms
of three orthogonal components. Spectral matrix is an important key parameter for direction finding of plasma waves. In
the generation process of spectral matrix, we perform FFT (Fast Fourier Transform) which causes the frequency resolution
fixed for all frequency band. On the other hand, the frequency band to be covered by the plasma wave instruments is wide
and we require a frequency resolution appropriate for each frequency range. In this study, we introduce cascaded decimation
filters as a pre-processing stage of spectral analysis using FFT to meet the desired frequency and time resolutions for each
frequency range. In addition, we are currently developing the modules applicable to the FPGA developed by Intel, which is
not a radiation tolerant type. Then we need to transplant the developed modules to a radiation tolerant FPGA, for example,
developed by Microsemi.

In the presentation, we introduce the basic design of the FPGA module developed for the spectral matrix generator with a
band division function and the evaluation results of the modules after transplant of the modules to the FPGA developed by
Microsemi.
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Development of a data compression module on FPGA for waveform receiver for

plasma wave measurements
#Kazuki Nakas®, Yoshiya Kasahara
(IKanazawa Univ.

Measurement of electromagnetic waveforms in space plasma is important to understand plasma environment, the amount
of waveform data, however, is too huge to send to the ground station as it is. The satellites are required to be as small as
possible to achieve simultaneous multiple point observation by formation flight satellites and/or to reduce power consumption
and development cost.

In order to reduce the size of waveform data, onboard CPU was conventinally used, but it is important to process whole
waveform data due to large calculation cost. Furthermore, receivers and processors for plasma wave instruments have to be
small to meet the requirements of small satellites. In the present study, we develop a waveform compressor with FPGA (Field
Programmable Gate Arrays) that can construct logic circuit by coding in HDL (Hardware Description Language.) We can
design a signal processing module that works fast enough to handle all waveform data in real-time.

In the previous research, an FPGA module using sub-band waveform compression has been already developed on an
Altera’s general-purpose FPGA. This module is developed only for verifying and evaluating the module function, but is not
able to apply in the space environment where the FPGA is exposed to severe radiation and temperature conditions. The
purpose of this research is to transplant the module onto another FPGA named ‘RTG4', which is ensured to work in such a
harsh environment.

In the presentation, we introduce an overview of the sub-band waveform compressor module and explain the evaluation of
the module with test data.
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Development of the miniaturized plasma wave receiver using application-specific

integrated circuits
#Hibiki Ishii'), Takahiro Zust¥ ,Hirotsugu Kojima)
(INational Institute of Technology, Nara Colleff@ational Institute of Technology , Nara CollegG&RISH, Kyoto Univ.

Space is filled with dilute plasma, and they exchange their kinetic energy through by radio waves called plasma waves. It
is important to observe plasma waves to understand the electromagnetic environment in space. Plasma wave observers have
been installed in scientific satellites and have been used for observations. In recent years, it has become important to use
multiple instruments for simultaneous observations. In addition, as the number of instruments used in a spacecraft becomes
more diversified and the resources allowed per instrument decrease, it is necessary to reduce the size of the instruments. In
this study, we will develop a miniaturized plasma wave receiver.

The plasma wave receiver is classified into the waveform type and the spectrum type. The observation result of the
waveform type includes phase information, but it cannot be used for continuous observation because of the large amount of
data, so it is important to combine it with the spectrum type, which outputs smaller data. The plasma wave receiver to be
developed in this study has a configuration that allows the receiver to be operated in either the waveform type or the spectrum
type from software by changing the characteristics of the analog circuit.

The plasma wave receiver consists of an analog circuit and a digital circuit. The analog circuit has filters and an amplifier,
and the frequency response can be varied by an external signal. In this study, the analog circuit is developed as ASICs
(Application Specific Integrated Circuits) to achieve a significant reduction in size compared to conventional receivers. The
digital part controls the analog circuits and performs signal processing for the receiver, such as fast Fourier transform and
waveform compression. Microcontrollers or FPGAs are expected to be used for the digital part.

In this presentation, we will describe the detailed design and expected performance of the breadboard model of the receiver
that we are currently developing.
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Signal and Noise Separation From Satellite Magnetic Field Data Through Inde-
pendent Component Analysis
#Shun Imaj® ,Masahito Nos# ,Mari Aida®) ,Haruhisa Matsumofd,Nana Higashi®, Terumasa TokunagaAyako Matsuok&

(IDACGSM, Kyoto Univ.(2ISEE, Nagoya Univi3JAXA, “Kyutech

We propose an application of the independent component analysis (ICA) to separate satellite-induced time-varying stray
fields from magnetic field data obtained using onboard multiple magnetometers. The ICA is a method for estimating source
signals at multiple sites so that the estimated source signals can become statistically independent of each other. Since stray
field variations are statistically independent of external natural field variations, the ICA method is expected to separate the
natural variations from stray fields. Thus, we applied the ICA to magnetic field data from the first Quasi- Zenith Satellite,
which has two triaxial fluxgate magnetometers, without using an extendable boom. First, we removed the long-period trend
from the original data to create detrended data. Then, we applied the FastICA algorithm to the detrended data and obtained
six independent components (ICs). The stray fields were successfully separated into three ICs (noise ICs), and the natural
signals were represented by the other three ICs (signal ICs). Finally, we restored the observed signals from the signal ICs,
and confirmed that the natural phenomena variations were not altered by the processing step. We also proposed a selection
method of the noise ICs using the C coefficient, which is the coefficient of the variance of the mixing vectors. There was
a large difference in C between the ICs whose C coefficients are the largest third and fourth ones. Overall, these results
demonstrate the possibility that the ICA method can support for boom-less magnetic observations in future satellite missions.
The result has been published in Imajo et al. [2021, JGR] (doi:10.1029/2020JA028790).
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Design of the analog chip utilized in Fundamental Mode Orthogonal Fluxgate

Magnetometers
#Masahiko Nakatd,Naofumi Murat&,Ayako Matsuok# ,Satoshi Kurit& ,Hirotsugu Kojima)
(1Engineering, Kyoto Univi2JAXA, ®Graduate school of science, Kyoto UritRISH, Kyoto Univ.

We are working to design an analog circuit chip dedicated to Fundamental Mode Orthogonal Fluxgate Magnetometers,
which will be installed on future scientific satellites. Fluxgate magnetometers are commonly used for measuring DC mag-
netic fields as well as low frequency magnetic field fluctuations in space missions. Conventipaalllel” fluxgate mag-
netometers have employed a ring-core sensor, because the sensor shows good noise characteristics and stability of output
offset voltages. Parallel fluxgate magnetometers with ring-core sensors have been contributing to a lot of space missions.
On the other hand, the sensor is complex in structure, and it requires a sufficiently large core to achieve low-noise detection
of magnetic fields. The ring core sensor is hence unsuitable for miniaturization of the instrument. However, progress of
micro-/nano-satellites emphasizes a need for miniaturization of onboard instruments. Recently, a new type of fluxgate mag-
netometers called’ Fundamental Mode Orthogonal Fluxgate (FM-OFG)” magnetometer has been introduced. The sensor
of the FM-OFG magnetometer consists of a pair of amorphous wire core and a pick-up/feedback coil. There is no need of
excitation coils that are necessary for the ring-core sensor. While it is difficult to get below 10 gram per axis with a ring-core
sensor, the FM-OFG sensor can be made much lighter at about 1 gram per axis. The FM-OFG sensor causes breakthrough in
the miniaturization of fluxgate magnetometers.

To pursue a small and light fluxgate magnetometer, miniaturizing electronic circuits is also crucial. The present paper
focuses on miniaturizing the electronic circuits of the FM-OFG magnetometer by developing an analog chip, which is so-
called the ASIC (Application Specific Integrated Circuit). We design essential analog components of the FM-OFG electronic
circuits and make it a goal to implement them on a small chip with a size of a few tens of millimeter square. The FM-OFG
electronic circuits have two main components. They are the part for exciting a wire core and the part for picking up signals
from the sensor head and retrieving waveforms of detected magnetic fields based on a feedback configuration. As the first
step, we start with designing the latter part of the circuit and evaluating performance of the chip based on circuit simulations.
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Study on Development and Integration of the High-Speed Current Detection Cir-

cuits in Particle Sensors
#Motoyuki Kikukawa) ,Kazushi Asamurd,Satoshi Kurit& ,Hirotsugu Kojima), Yoshifumi Saitd’
(IRISH, Kyoto Univ.(2ISAS/JAXA BRISH, Kyoto Univ.(*ISAS

Space is filled with extremely low-density plasma, which constantly generates various plasma phenomena. Especially in
the vicinity of the planets in the solar system, the solar wind, which is a mass of supersonic plasma blowing from the sun,
has a dominant influence. Since each planet has a magnetosphere of completely different size and intensity depending on
its nature, in-situ observation will capture plasma phenomena unique to each planet. Therefore real-time observations by
satellites are expected to bring very meaningful results in the study of plasma physics.

Plasma observation consists of plasma particle measurements and electromagnetic field measurements, and we are espe:
cially focusing on the integration of plasma particle measurement devices. Plasma particle measurement means to obtain the
three-dimensional velocity distribution function of electrons and ions flying in space and to measure the mass of each patrticle.
A top-hat type electrostatic energy analyzer (ESA) is used to measure the velocity vector of individual particles, and a TOF
type mass analyzer (MA) is used to measure mass of particles. In practice, these are combined and mounted on a satellite to
obtain the velocity vector and mass of the particles simultaneously. When patrticles enter the instrument, weak current pulses
are emitted from the Micro-Channel Plate (MCP) inside the ESA or MA. A high-speed preamplifier is required to transmit
this current signal to the logic circuit, but the conventional preamplifiers are composed of discrete components, which make
the size of the device very large. The purpose of this research is to improve this high-speed preamplifier to be more suitable
for use in satellites by making it more integrated using Application Specific Integrated Circuit (ASIC) technology. Similar to
the conventional high-speed preamplifiers, we design the system to have a count réts ahiiGo respond to any input at
a constant time.

The small, high-speed preamplifier we have developed consists of two blocks. The first block is a current-voltage amplifi-
cation circuit and the second block is a comparator. The current-voltage amplification circuit converts the weak current pulse
coming from the MCP into a voltage signal and amplifies the current signal so that it can be input to the comparator in the
next block. In a comparator, we arbitrarily determine the threshold voltage and make a distinction between the noise below
the threshold and the signal above the threshold. The small preamplifier we developed in this study has a single channel size
of 210 um x 570 um. When installed in a satellite, at least 15 channels will be integrated at the same time, because the same
number of small preamplifiers as the number of ESA channels must be connected. Considering the size of each channel, 15
channels can be contained in a single chip of 5mm square, which is much smaller and light-weight than the conventional
preamplifiers that are cylindrical shape with 170 mm diameter and 70 mm height.

In this presentation, we introduce the details of the small preamplifier we have developed, including design simulations
and measurement results of a prototype chip, and discuss future development.
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Miniaturization of 10-100 keV electron sensor for future planetary explorations

using ASIC

#Shin Sug®,Satoshi KasahatiHirokazu Iked@ ,Hirotsugu Kojimé), Takahiro Zush? ,Motoyuki Kikukawat)

(1Earth and Planetary Science, Univ. TokKy@he University of Tokyd?ISAS, JAXA,(*RISH, Kyoto Univ. °National Insti-
tute of Technology , Nara Col

We developed a front-end ASIC (Application Specific Integrated Circuit) for an APD (Avalanche PhotoDiodes) detector
to miniaturize a high energy electron sensor for future planetary explorations. Our sensor’s objects are electrons with 10-100
keV energy, which is key energy range for the acceleration of electrons because that is transitional energy range from thermal
to non-thermal distributions of energy spectrum. Recently, APDs, which are detectors with high detection efficiency for 10-
100 keV electrons, have been applied to an energetic electron sensor onboard the Earth-orbiting satellite and have shown their
effectiveness. On the other hand, the energy range of APD is narrow, and combined use with other detectors is indispensable
to cover the wide energy range of electrons near the planet and leads to increasing weight. It is not suitable for planetary
explorations, which place stringent limitation on payload mass. Therefore, we aim to miniaturize the sensor by applying the
ASIC technology to signal processing circuits of the sensor. Our circuit is composed of preamplifiers, shaping amplifiers,
peak holders, comparators, and Analog-to-digital converters. We designed an ASIC circuit so that its dynamic rande to be 10
e~ in consideration of the APD’s high gain and confirmed its performance in simulations. Then, we designed the layout of
the ASIC and produced a 15 mm-by-15 mm-by-2 mm ASIC chip, which is about 50 times smaller than the previous circuit.
In addition, we tested circuit performance, and clarified the linearity of preamplifiers’ output voltage up to signal charges
equivalent to 100 keV electron irradiation.
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Development by numerical design of double-shell electrostatic energy analyzer

with hemispherical field of view
#Atsuya TakasU,Sugimoto Ichird),Masafumi Hirahar&,Shoichiro Yokot&
(INagoya University ISEE2ISEE, Nagoya Univi?Osaka Univ.

The terrestrial magnetosphere has regions with various structures due to the influence of the solar wind, the terrestrial in-
trinsic magnetic field and the upper atmosphere of the Earth. In-situ observations with space plasma analyzers are important
for understanding the physical phenomena in these areas. While three-dimensional (3-D) velocity distribution functions have
been acquired by analyzers with a fully planar field-of-view(FOV) on spin-stabilized satellites, this type of the analyzer is
unsuitable for three-axis stabilized satellites to obtain the wide and precise 3-D velocity distributions. As opportunities for
applications to three-axis stabilized satellites increase, we are developing a plasma particle analyzer that can sweep over the
hemispherical field of view using an electrostatic deflector.

The miniaturization of satellites has been promoted in these decades, and it is necessary to reduce the size and weight of
plasma particle analyzers for these small/micro satellites. In the case of observing ions and electrons in the conventional
technology, two separate analyzers must be installed, one for ions and another for electrons. However, it could be difficult to
mount two analyzers due to the restriction for small/micro satellites. If these two sensor heads of the ion and electron ana-
lyzers can be combined into one, it is possible to reduce the total instrument size, weight, and power for the ion and electron
observations on small/micro satellites. We have been developing double-shell electrostatic energy analyzer which enables to
observe ions and electrons by one sensor head over a hemispherical FOV on a three-axis stabilized satellite.

Similar to the charged-particle analyzers on SELENE(KAGUYA) [Yokota et al., 2005], the hemispherical FOV double-
shell electrostatic energy analyzer is cylindrically symmetric and consists of an FOV deflection system, an ion/electron sep-
arator, a double-shell electrostatic energy analyzer, and detectors. The design to achieve better performance of the analyzer
utilizes the charged particle orbit calculation software SIMION. Particles with energies of 10 keV for ions and 8.3 keV for
electrons can be energy-analyzed from 0 to 90 degrees in the deflected angle, and the analyzer constant is about 4.88 for
ions and about 4.05 for electrons. Based on the results, a bread board model(BBM) of a hemispherical FOV double-shell
electrostatic energy analyzer is under precise design, and we are preparing for calibration experiments of the BBM using
the ion and electron beamline in our laboratory. The electron detector is would be a micro channel plate(MCP) assembly or
floating-type avalanche photodiode(APD) array, and the ion mass discrimination is based on the Time-Of-Flight (TOF) mass
spectroscopy. The design of the TOF mass spectrometer is one of future works.

We report the current status of the hemispherical FOV double-shell analyzer development including the performance eval-
uation by numerical calculations and the BBM fabrication in a machine shop in Nagoya university.
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Floating-mode avalanche photodiode experiments using low-energy electrons
#Seishiro Tanaka,Masafumi Hirahar,Satoshi Kasahatg Shin Kubd)
(INagoya University ISEE2The University of Tokyd?>Clear Pulse Co., Ltd.

Avalanche PhotoDiode (APD) is prevailing for high-energy electron detection with rough energy analyses in space obser-
vations. For instance, the electron detector system of the Medium-Energy Particle instrument for electrons (MEP-e) for ERG
mission consists of an array of APDs [Kasahara et al., EPS 2018]. Kasahara et al. [NIM, 2012] reported that a minimum
detectable energy with an APD is 5keV at Z0

Our purpose is to reduce the lowermost energy of electron energy analyses with APD and to install APDs in low-energy
electron analyzers. In order to detect lower-energy electrons below 5keV, we applied the floating voltage to APD so that
the incident electrons could be accelerated up to energies enough large for the APD detection, depending on the difference
of voltage. We could detect low-energy electrons even below 5keV by applying up to +5kV as a low-pass filtered floating
voltage to the incident surface of APD.

While we could analyze 5keV electrons by about 4keV energy-resolution without the floating voltag€ ain 2ir beam
line facility, we also confirmed the effect on the total incident energies of the floating voltages by an equivalent energy-
resolution. We found that secondary electrons generated by direct impacts of beam line electrons in the vicinity of APD were
also accelerated to 5keV by the floating voltage and detected. We also identified another type of secondary electrons gener-
ated by beam line electrons back-scattered from APD. These 5keV-electron detections showed that a few-eV electrons were
substantially accelerated and successfully energy-analyzed by the floating-mode APD. Our experiments actually indicate that
the floating-mode APDs could be applied as low-energy electron detectors with a high-sensitivity and a rough energy analysis
capability.
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A new calibration method for LEPe low-energy electron data of the ERG satellite
#Yoichi Kazama ,Kazushi Asamurd,Satoshi KasahatgShoichiro Yokotd , Tomoaki Hor?),ChaeWoo Jufi,Yoshizumi
Miyoshi®),B.-J. Wang’,S.-Y. Wand,Sunny W. Y. Tar!, Yoshiya Kasahat& ,Shoya Matsudd’,Atsushi Kumamott?),
Fuminori Tsuchiy&?), Yasumasa Kasab#,Masafumi Shoj’,Ayako Matsuok& ,Mariko Teramoté®) , Takeshi Takashim&,
lku Shinohar&”

(1ASIAA, 2ISASIIAXA,(3The University of Tokyd*Osaka Univ’ISEE, Nagoya Uni’ISEE, Nagoya Univ{’ASIAA,
Taiwan(8ASIAA, Taiwan°Institute of Space and Plasma Sciences, National Cheng Kung University, Takkamazawa
Univ.,' ISAS/JAXA,(*2Planet. Plasma Atmos. Res. Cent., Tohoku Ui#Tohoku Univ.(1*Kyoto University('®Kyutech,
(16]SAS, JAXA(ITISAS/IAXA

The ERG (Arase) satellite carries the LEPe instrument that measures three-dimensional electron distributions with ener-
gies from “20 eV to 20,000 eV to investigate plasma environments in the inner magnetosphere. A calibration method and its
parameters are obviously crucial to obtain accurate physical quantities of electrons such as differential flux. In this presen-
tation, we present a newly developed calibration method for low-energy electron measurement of the LEPe instrument. The
new calibration method is based on a four-year-long electron dataset made by the instrument since the launch, considering
voltage settings of the MCP (micro-channel plate) device. In the new method, we have three steps of data processing for
more accurate electron energy flux from raw count rates: 1) correction of response to background counts, 2) normalization
of sensitivity differences between anode channels and 3) estimation of MCP efficiency profiles. We are now preparing a new
dataset of electron measurement by using the new calibration method, which will be soon available from the ERG Science
Center.
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Performance of Medium-Energy Particle experiments (MEPSs) onboard ERG: a

long-term view
#Satoshi KasahalgShoichiro Yokot® ,Kunihiro Keika), Tomoaki Hor#) ,Kazuhiro Yamamotb
(1The University of Tokyd2Osaka University?Nagoya University

ERG (Exploration of energization and Radiation in Geospace, also calledse”) is the geospace exploration space-
craft, which was launched on 20 December 2016. One of the key observations is the measurement of ions and electrons in
the medium-energy range (10-200 keV), since these particles excite EMIC, magnetosonic, and whistler waves, which are
theoretically suggested to play significant roles in the relativistic electron acceleration and loss. Medium-Energy Particle
experiments - electron analyser (MEP-e) measures the energy and the direction of each incoming electron in the range of 7
to 87 keV. The sensor covers 2-radian disk-like field-of-view with 16 detectors, and the solid angle coverage is achieved
using spacecraft spin motion. Medium-Energy Particle experiments - ion mass analyser (MEP-i) measures the energy, mass,
charge state, and direction of each incoming ion in the medium-energy rari@et¢ >180 keV/q). MEP-i thus provides
the velocity distribution functions of medium-energy ions (e.g., protons and oxygen ions). MEPs have carried out continuous
observations fore more than 4 years without any significant malfunction or degradation. Here we report the long-term trend of
the sensor characteristics such as efficiency, in comparison with other instruments onboard ERG for higher and lower energy
ranges.
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Evaluation of the errors in analyzing energetic electron flux data obtained by
Arase/HEP

#Tomoaki Horl), Takefumi Mitan?), Takeshi Takashinta, Yoshizumi Miyosht),Iku Shinohar&®

(1]SEE, Nagoya Univi2ISAS/IAXA,BISAS, JAXA (1ISAS/IAXA

The evaluation of measured flux errors is important for detailed quantitative analysis of energetic electron fluxes in the in-
ner magnetosphere. The previous study developed an error estimation method for the energetic electron flux measured by the
high-energy electron experiments (HEP) onboard the Arase satellite. The developed method is based on counting statistics
of the raw electron count measurement, considering the error propagation due to the count-spectrum deconvolution matrices
used for the count-to-flux conversion. In this study we extend the previous work to assess the full range of errors accompany-
ing the actual analysis of directional electron fluxes, such as time-averaged pitch-angle-sorted flux. Our preliminary analysis
shows that the flux error due to counting statistics is often comparable to the flux value in the differential flux range less than
10%/s/sr/keV/cnd, indicating that a flux value at an individual directional channel sampled in a single data accumulation time
(70.5 s) is well within its uncertainty level. Averaging them over a 15-deg pitch angle bin for a spin period ("8 s) improves the
flux-to-error ratio typically by a factor of 2-4, allowing for a quantitative analysis of a flux difference of such a factor level.
Accordingly a further time integration over several spin periods is needed to lower the uncertainty level to an order smaller
than its flux value. The flux-to-error ratio becomes worse (smaller) when the satellite is exposed to fairly high fluxes of MeV
electrons, for instance, in the radiation belt proper; a much longer integration time is necessary for achieving the same level
of flux uncertainty.
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Auroral activity during the solar cycle 24: Observations at Syowa Station, Antarc-
tica (2)

#Akira Kadokura)

(IROIS-DS/NIPR

Auroral activities observed at Antarctic Syowa Station during the solar cycle 24, from 2009 to 2020, are analyzed. In this
presentation, characteristics of auroral activity observed with the Scanning Photometer (SPM) will be focused.

Specifications of the SPM are as follows:

- Wave length: CH1: 482.5, 2: 483.5, 3: 484.5, 4: 485.5, 5: 486.5, 6: 487.5, 7: 670.5, 8: 844.6 nm

- FWHM: CH.1-6, 8: 0.6 nm, CH.8: 5.0 nm

-FOV: 3.0 deg

- Scan speed: 180 deg/10 sec

- Sampling rate: 20 Hz

SPM observation at Syowa Station is carried out during February to October in nighttime hours without moon, and its
operation is stopped in the case of bad weather condition of blizzard.

We analyzed annual mean value of SPM data in each bin of 10 minute interval and 18 deg elevation angle in 14:00UT to
05:00UT time axis and 0 deg to 180 deg elevation axis, and following results were obtained:

- In 2013, auroral activity was most quiet, and characteristic energies of precipitation electrons and protons were lowest.

- In 2015, auroral activity was most active.

- Comparing the auroral activities around the solar minimum both in 2009 to 2010 and in 2019 to 2020, precipitation
electron and proton characteristic energies are higher and lower in the former period than in the latter period, respectively.
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Tromsoe Al: automated auroral detection system in Tromsoe, Norway

#Sota Nanj® ,Satonori Nozawa,Keisuke Hosokawa,Masaki Yamamotd, Tetsuya Kawabats!) ,Magnar G. Johnséh
Takuo Tsud&

(1UEC,?ISEE, Nagoya Univt3Canon Inc{*UiT The Arctic University of Norway

As an activity of citizen science, images taken by amateur photographers using commercial digital cameras have been used
for scientific research. Such digital images contain a lot of background noise in various wavelengths, unlike professional
optical data captured with a narrow-band optical filter. However, digital cameras have three RGB channels and are able
to capture what we see in full color. This capability often enables to us identify characteristic features that are difficult to
be noticed in professional monochromatic data (MacDonald et al., 2018; Shiokawa et al., 2018). Furthermore, it has been
suggested that colors in a digital image can be used to estimate the average energy of pulsating auroral electrons (Nanjo et
al., 2021, in revision); thus, digital cameras have a potential to play an essential role for professional scientific research of
auroras. However, unlike professional researchers, who automatically observe auroras overnight, photographers have to wait
for an auroral appearance to take pictures, which is often a heavy burden on their observations. To reduce this constraint, it
is important to provide a system that notifies us of the auroral appearance in real-time. One of the reasons why such a system
has not been developed so far is that the aurora’s complex and diverse morphology has prevented highly accurate automatic
detection. However, with the improvement of deep learning techniques, that problem has almost been solved (Clausen and
Nickisch, 2018; Kvammen et al., 2020). In this study, we developed an Al classifier that automatically detects auroras instead
of the human eye using a deep neural network model and then combined it with real-time observation using a digital camera
in Tromsoe, Norway (Nozawa et al., 2018) in order to build a websTimsoe Al” that notifies users of auroral occurrences
in real-time. In the presentation, we will explain how to use the website and discuss the solar activity, seasonal and local time
dependence of auroral occurrence rates obtained by classifying images from the past 10-year observations in Tromsoe.
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Aurora image segmentation with deep PNU learning
#Ryoya Katafuch?, Yoshizumi Miyosh?), Terumasa Tokunaga
(IKyutech(?ISEE, Nagoya Univ.

All-sky imaging of aurora has been a powerful tool for studying the generation mechanism of aurora and the coupling
system of the magnetosphere and the ionosphere. Long-term ground-based optical observations of aurora with ASI (all-sky
imaging) systems have generated vast amount of imaging data for several decades. This has led to growing interest in an
establishment of computational methods that can automatically quantify the dynamic behavior of the aurora from ASI data.

Image segmentation is the process of separating a digital image into meaningful segments. This process play an important
role to quantify the shapes and sizes of aurora arc from ASI data. Recently, several studies have succeeded in developing
high-performance aurora classifiers based on deep learnings for ASI data [Clausen and Nickisch, 2018; Kvammen et al.,
2020]. Although these data-driven aurora detectors and classifiers will be powerful tools for polar studies, the segmentation
task is more challenging: there is no publicly available datasets containing pixel-level annotations that can be used for aurora
segmentations.

The present study proposes a novel image segmentation technique designed for smaller training data. Our idea relies on
PNU (positive, negative and unlabeled) learning for binary classification of patch images. Sakai et al. [2018] proposed a
fundamental framework and demonstrated superior performances of PNU learning for semi-supervised binary classification
problems using simple classifiers. In this study, we extend the loss function of PNU learning that makes it possible to apply
the backpropagation algorithm for training CNN (convolution neural networks).

Using the THEMIS ground-based All-Sky Imager data (https://data.phys.ucalgary.da/qudject/ THEMIS/asi/stream0/),
we performed experiments for automatic segmentation of discrete arcs. Our method consists of two phases: the training phase
and the test phase. In the training phase, we prepare 100 positive (discrete arcs) and negative (others) patches. These positive
and negative patches are manually extracted from the THEMIS ASI data. In addition, 3,000 unlabeled patches are randomly
extracted from throughout the dataset. The three types of data are used to train the CNN model called ResNet18 for binary
classification (PNU learning). In the test phase, patch images are extracted by a raster scanning from input ASI data. The ex-
tracted patches are classified iritdiscrete arcs” and others” using the trained ResNet18. Finally, boundaries of segmented
discrete arcs are corrected based on an unsupervised learning using the fully-connected CRF (conditional random field). In
the presentation, we will report initial results of our segmentation technique for THEMIS ASI data. Then, we will discuss the
further developments of the proposed method towards the integrated analysis tool for ASI data.
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Characteristics of Precipitating Electrons Contributing to Dayside PsA
#Shumpei Ab® Keisuke Hosokawd, Yasunobu Ogawa
(IUEC®NIPR

Pulsating aurora (PsA) is a type of diffuse aurora which shows quasi-periodic modulation of luminosity. It has been known
that PsA is usually observed during the late recovery phase of substorms in a magnetic local time (MLT) sector extending
from the post-midnight to dawn. Previous studies indicated that PsA originates from quasi-periodic precipitation of electrons,
which are scattered by whistler-mode chorus waves near the equatorial plane of the magnetosphere.

Most of the previous studies of PsA are focused on observations on the nightside and dawnside since direct optical observa-
tions from the ground cannot be made during daylight hours. However, it has been known that PsA can occur at the dayside,
especially from the morning to the noon sector). Recent studies, for example, Han et al. (2015), showed that occurrence of
the dayside PsA is not limited to the recovery phase of substorms. As for the generation mechanism, previous studies have
indicated that it is caused by electron precipitation due to chorus waves, similar to the night side cases. However, despite
the same generation mechanism, the dayside PsA has different characteristics from the nightside PsA, such as the pulsating
period. The factors that determine such differences are not yet known. In addition, the spatial distribution of electron precipi-
tation causing the dayside PsA has not been clarified due to the lack of simulataneous observations between dayside PsA and
low-latitude satellite particle measurement.

In this study, we investigated the energy distributions of precipitating electrons observed by the DMSP satellite (Defense
Meteorological Satellite Program) during several dayside PsA events, observed by the ground-based all-sky WATEC imagers
in Longyearbyen, Norway. We also examined the chorus wave observed by the THEMIS satellite the magnetosphere on
the same magnetic field line. A series of investigations showed that the precipitating electrons contributing to the dayside
PsA have a similar energy distribution to that of the nightside PsA. In addition, it was found that the electron precipitation
contributing to the dayside PsA also exists at lower latitudes than the dayside PsA observed in previous studies. These results
suggest that the chorus wave that contributes to the dayside PsA has different characteristics from those of the nightside PsA.
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Precipitating electron energy of pulsating aurora estimated from multi-wavelength

optical observations

#Kohei Toyam& ,Satoshi Kurit& , Yoshizumi Miyosh#) ,Keisuke Hosokaw?d, Yasunobu Ogavfa, Shin ichiro Oyam& ,Shinji
Saito’),Satonori Nozaw4, Tetsuya Kawabata,Kazushi Asamura

(1]SEE, Nagoya Univi2RISH, Kyoto Univ.*ISEE, Nagoya Univi2UEC (°NICT,*NIPR ("ISEE, Nagoya UniV\$ISAS/JAXA

Pulsating aurora (PsA) is characterized by quasi-periodic intensity modulations with a period of a few to tens of seconds
which is known as the main modulation. Electrostatic Cyclotron Harmonic waves and whistler-mode waves are known to
cause the pitch angle scattering of energetic electrons in the magnetosphere. In particular, whistler-mode chorus waves play
a crucial role in the pitch angle scattering of electrons. The lower-band chorus causes precipitation of electrons whose en-
ergy is greater than several keV [Miyoshi et al., 2015]. The energy of precipitating electrons causing PsA may be estimated
from ground-based optical observations. Ono [1993] observed the emission intensities of PsAs at wavelengths of 427.8 and
844.6 nm using a photometer in Antarctica, and estimated the energy of precipitating electrons by combining the ratio of the
emission intensities at the two wavelengths and the model calculation. However, Ono [1993] conducted observations using
the instrument with a narrow field-of-view, and the energy estimation using all-sky imagers has not yet been performed. In
Tromsoe, Norway, several highly-sensitive EMCCD cameras have been operated, which have simultaneously observed all-
sky images of the emission intensity at the two wavelengths (427.8 and 844.6 nm) with a sampling frequency of 10 Hz. In this
study, we investigate the spatio-temporal variations of precipitating electron energy using these EMCCD camera data. We
estimated the precipitating electron energy of PsA by comparing the emission intensity ratio of the two emission lines using
the all-sky image and the emission intensity calculation results obtained by the GLobal airglOW (GLOW) model [Solomon,
2017]. We have also developed a code coupling simulation using both the test particle simulation GEMSIS-RBW that calcu-
lates wave-particle interactions and the GLOW model, and we compared the ratios at different wavelength between the model
and the observations. The analysis showed that the spatial distribution of precipitating electron energies are not uniform, and
a few keV differences are found inside the patch.
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Spectroscopic and imaging observations of SWIR aurora (1.1-1.3 microns)

at Longyearbyen: Current status of the developments

#Takanori Nishiyamb® ,Masato Kagitart!, Yasunobu Ogawef>”),Fuminori Tsuchiy& , Takuo Tsud& , Takeshi Sakandi
(INIPR,2PPARC, Tohoku Uni¥?Planet. Plasma Atmos. Res. Cent., Tohoku UMEC,°PPARC, Grad. School of Sci-
ence, Tohoku UniéThe Graduate University for Advanced Studies, SOKENIAbint Support-Center for Data Science
Research, ROIS

We are currently developing and testing a 2-D imaging spectrograph with a fast optical system and high spectral reso-
lutions to challenge twilight/daytime aurora measurements from the ground. It is designed for short-wavelength infrared
(SWIR) wavelength, in which sky background intensity is weaker than in visible, ranging from 1.1 to 1.3 microns and cov-
ering strong auroral emissions in,N Meinel band (0-0) and N1st Positive bands (1-2, and 0-1). Its field-of-view (FOV)
and angular resolution are 55 degrees and 0.11 degrees per pixel, respectively. If a 30-microns slit is used, spectral bandpass
around 1.1 microns are 0.52 nm and 0.22 nm with two different gratings (950 [pmm and 1500 Ipmm). A signal-to-noise ratio
for 1 kR emissions is estimated to be larger than 1.0 in a few seconds exposure time. Therefore, we expect that temporal vari-
ability of particle precipitations such as those associated with dayside reconnection and pulsating auroras can be investigated
with sufficient sampling rates of about 10-15 seconds. In a test observation, we successfully measured airglow emissions of
OH (5-2), (6-3), and (7-4) bands in 1.07-1.23 microns (shown in an attached figure).

In addition to the spectrograph, we start to design and develop a brand-new SWIR imager focusing on aurora emissions in
N> Meinel band (0-0). The imager consists of a few commercial SWIR lenses for security/defense purposes, plano-convex
lenses, a custom optical filter and an InGaAs FPA (640 x 512 pixels). Total optical system is fast (F-number 1.4) and we
examined that the point spread function is less than 5 pixels in full width at half maximum even near the end of the FPA. The
FOV is 92 degrees and slightly wider than that of the spectrograph. The more detailed specification of the imager will be
shown in this presentation.

The both instruments are going to be installed at The Kjell Henriksen Observatory/The University Centre in Svalbard
(KHO/UNIS), Longyearbyen (78°N, 15.6E) by the end of 2022. Taking geographical advantage of the observatory, 24-
hours continuous observations can be expected near the winter solstice. Coordinated studies with active/passive radio remote
sensing, such as EISCAT Svalbard radar and VLF/LF radio wave receivers, are also planned to estimate precisely energy flux
of precipitating particles associated with aurora and sub-sequent changes in electron density and neutral/ion temperatures.
Possible scientific targets are as follows: dayside reconnections and wave-particle interactions monitored by aurora emis-
sions, ion upflow from resonant scattering of Nions, and atmospheric waves seen as neutral temperature modulations. We
will also discuss about the observational strategies and future collaborations.
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Curved Trajectory Effect on Charge-Exchange Collision at lonospheric Temper-
atures

#Akimasa led&

(11SEE, Nagoya Univ.

Collision between ions and neutral particles is an essential characteristic of Earth’s ionosphere. This ion-neutral collision
is usually caused by the polarization of neutral particles. This collision can also be caused by charge exchange, if the particle
pair is parental, such as atomic oxygen and its ion. The total collision frequency is not the sum of the polarization and charge-
exchange components, but is essentially equal to the dominant component. The total is enhanced only around the classic
transition temperature, which is near the ionospheric temperature range (typically 200-2000 K). However, the magnitude
of this enhancement has differed among previous studies; the maximum enhancement has been reported as 41% and 11%
without physical explanation.

In the present study, the contribution of the polarization force to the charge-exchange collision is expressed as a simple
curved particle trajectory effect. As a result, the maximum enhancement is found to be 22%. It is discussed that the enhance-
ment has been neglected in classic models partly due to confusion with the glancing particle contribution, which adds 10.5%
to the polarization component. The enhancement has been neglected presumably also because there has been no functiona
form to express it. Such an expression is derived in this study.
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Figure 1. Figure 2 of Banks (1966) explains the classic model.
Reused with permission from Elsevier (license number
5005811313501). Our clarifications are shown in green. The square
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Temporal variations of enhanced low-energy electron fluxes associated with the
auroral arc near the nightside polar cap boundary

#Kazuki Yashim& ,Satoshi Taguchi,Keisuke Hosokawa

(1Grad school of Science, Kyoto UnitUEC

Near the nightside polar cap boundary there often occur broadband precipitating electrons, in which the fluxes of the low-
energy electrons are strongly enhanced. These electrons can produce a tall red aurora. Previous satellite observations have
clarified the energy profiles and spatial characteristics of the broadband electron precipitation, but we still do not understand
how the broadband electron precipitation grows or decays near the nightside polar cap boundary. In this study, to understand
the temporal variations of the broadband electron precipitation, we have developed an automated method for estimating the
temporal variations of the distribution of the 630-nm auroral volume emission rate, and of the energy flux of the precipitating
electrons by analyzing auroral image data obtained by an all-sky imager (located at Longyearbyen, Svalbard), and comparing
the auroral distribution with predicted 630-nm emissions calculated by the Global Airglow model. The results show that the
energy fluxes of the low-energy electron precipitation are enhanced intermittently, and that the horizontal width of the electron
precipitation region tends to become narrow when the enhanced low-energy electron precipitation occurs. We discuss these
relationships in terms of the motion of the aurora.
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Correspondence of Pi2 pulsations, ion pressure fluctuations, and aurora luminos-
ity measured by a conjugate observation

#Liwei Cher),Kazuo Shiokaw&,Yoshizumi Miyosh#),Shin ichiro Oyam& ,ChaeWoo Juh,Yasunobu Ogawa,Keisuke
Hosokaw#,Yoichi Kazamd& ,Shiang-Yu Wang,S. W. Y. Tan?),T. F. Chan@,B.-J. Wand® ,Kazushi Asamurd),Satoshi
Kasahar& ,Shoichiro Yokot&*) , Tomoaki Hor#),Kunihiro Keika®),Yasumasa Kasaba,Atsushi Kumamott®) ,Fuminori
Tsuchiyd® ,Masafumi Shojl), Yoshiya Kasahara),Ayako Matsuok&®)

(11SEE2ISEE, Nagoya Univ?ISEE, Nagoya Univ*ISEE, Nagoya Univi®NIPR(CUEC,("ASIAA, GInstitute of Astron-
omy and Astrophysics, Academia Sinica, TaiWaRSSC, NCKU, Taiwaf'’ASIAA, Taiwan ' ISAS/JAXA,(*2The Uni-
versity of Tokyo{'*Osaka Univ{!*University of Tokyo{!Tohoku Univ.{!®Planet. Plasma Atmos. Res. Cent., Tohoku
Univ.,(1”Kanazawa Univ{}#Kyoto University'ISAS/JAXA,(2°ISEE, Nagoya Univ.

While many substrom-related observations were made, few conjugate observations of substorm auroral arcs have been
reported particularly on such arcs connecting to in the inner magnetosphere at L™5. In this presentation, we show a substorm
event where the footprint of the Arase satellite was located equatorward (earthward in the equatorial magnetosphere) of the
a brightening arc at L™5. The event was observed on December 28, 2018. The ground-based electron-multiplying charge-
coupled device (EMCCD) camera at Gakona (62.390N, 214.780E), Alaska observed the substorm auroral break-up at "0743
UT, while the Arase satellite just equatorward of the brightening arc observed a series of quasi-periodic variations in the
electric and magnetic field and medium-energy ion spectra with periods of “100-300 s when the auroral break-up happened.
Ground-based magnetometers over North American continent and Hawaii observed Pi2 pulsations with periods of "110 s. The
Pi2 pulsations at high latitudes present approximately one-to-one correspondence with the oscillation of the substorm aurora
brightness, suggesting that high-latitude Pi2 oscillations are caused by field-aligned current oscillations. Another correlation
between the variation in plasma sheet ion pressure and the luminosity of the substorm brightening arc was also identified.
This may indicate that the field-aligned current oscillation is caused by the pressure oscillation of the plasma sheet ions. The
amplitude of the filtered ion pressure variation is several times larger than that of the filtered magnetic pressure, suggesting
a pressure-driven instability plays a role in the formation of these oscillations and substorm brightening arc in this event.
Through this event we will present the relationship between the auroral arc evolution on the ionosphere and the source wave
and patrticle features in the magnetosphere on the basis of these measurements at just earthward of the brightening arc.
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Automatic FLR identification in ionospheric and ground/sea back-scatters from
multiple SuperDARN radars, and density estimation

#Hideaki Kawan® ,Akira Sessai Yukimattl,Nozomu Nishitan¥, Yoshimasa Tanaka Satoko Saitd, Tomoaki Hor?)
(1Dept. Earth Planet. Sci., and ICSWSE, Kyushu URiN|PR/SOKENDAI®ISEE, Nagoya Univ.,
(ANIPR/ROIS-DS/SOKENDAI,

GNITKit

There are several kinds of waves in the solar wind, including those associated with Sudden Impulses. They can propagate
into the magnetosphere, and where the wave frequency matches the eigen-frequency of a geomagnetic field line, which runs
through the ground, the ionosphere, and the magnetosphere, the FLR (field-line resonance) can excite eigen-oscillations of
the field line and the plasma frozen-in to the field line. The FLR can be identified by the combination of the maximum in the
power and the steepest change in the phase at the eigen-frequency. From thus identified FLR frequency one can estimate the
density along the magnetic field line, because, in a simplified expressiogavier’ field line oscillates more slowly.

SuperDARN radars, which observe VLOS (Velocity along the Line of Sight), are expected to monitor the two-dimensional
(2D) distribution of the FLR frequency, from which we can estimate 2D plasma-density distribution on the magnetospheric
equatorial plane, including the location of the plasmapause. However, visual identification of the FLR in the lots of VLOS
data is time-consuming, and the visual identification could miss FLR events superposed by non-FLR oscillations of VLOS.
Thus, we started developing computer codes to automatically identify the FLR.

We have so far developed a set of computer codes to automatically identify the FLR for a beam of a radar by using the
amplitude-ratio method and the cross-phase methods; these methods cancel out the superposed perturbations by dividing the
data from a Range Gate (RG) by the data from a nearby RG along the same beam, because the FLR frequency tends to
depend on the latitude more strongly than the superposed perturbations. Another advantage of applying these methods to
the SuperDARN VLOS data is that we can choose any pair of RGs (along the same beam) with different distances, and thus
can identify what distance is the best to identify the FLR. This distance reflects the resonance width, which is an important
guantity reflecting the diffusion and dissipation of the FLR energy. This set of codes succeeded in identifying FLR events
causing oscillations in the beam signals backscattered from the ionosphere, and those backscattered from the ground or the
sea.

We are now developing an all-in-one IDL code which unifies the above-stated set of codes and is applied to VLOS data of
all the beams of a radar at once. The automatically identified FLR events would include events simultaneously observed at
several locations by several radars, increasing the possibility of monitoring the 2D distributions of plasma density distribution
on the magnetospheric equatorial plane and identify magnetospheric regions. We intend to show such events at the meeting.
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Lomb-Scargle periodogram analysis of Pc5 waves observed by the SuperDARN
Hokkaido East Radar and ground-based magnetometers

#Koki Morita),Nozomu Nishitarl!, Tomoaki Hor#)

(1]SEE, Nagoya Univ.

Ultralow frequency (ULF) waves in the Pc5 frequency range ("1.7-6.7 mHz) observed in geospace are considered to be
magnetohydrodynamic (MHD) waves mainly excited in the magnetosphere. They propagate along the earth’s magnetic field
lines and reach the ionosphere, causing perturbation of the ionospheric plasma motion and the magnetic field. ULF waves
observed by the Super Dual Auroral Radar Network (SuperDARN) can be categorized into toroidal and poloidal modes
with respect to their polarization. We analyzed Pc5 oscillation modes in ULF waves using the SuperDARN Hokkaido East
high-frequency (HF) radar data. We applied the Lomb-Scargle periodogram method to the Doppler shifts of ionospheric
irregularities obtained by the radar. First, we automatically identified Pc5 waves with normalized peak powers larger than
the significance level of 9% considering the false alarm probability based on white Gaussian noise. Next, we compared
the eigenfrequency, amplitude and phase of Doppler velocity oscillations in the Pc5 range among different beams at a fixed
MLAT. The results were that the eigenfrequency, amplitude and phase were clearly correlated with the beam number, i.e.,
magnetic longitude. The eigenfrequency result was interpreted from the MLT dependence of the length of the magnetic
field line. We identify the modes from the amplitude result and the longitude propagation direction from the phase result.
Furthermore, the time-series data of Pc5 Doppler velocities obtained from the radar showed a high correlation with ground-
based magnetic field data at Moshiri (Japan). We will discuss the details of this relation from the viewpoint of field-aligned
currents.
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ULF modulation of the D-region ionosphere observed by VLF/LF transmitter sig-
nals

#Kentaro Tanakid,Hiroyo Ohy&) ,Fuminori Tsuchiy& ,Kazuo Shiokaw&, Yoshizumi Miyosh?) ,Mariko Teramot® ,Martin
Connor$),Hiroyuki Nakat&

(1Eng, Chiba Univ{2Engineering, Chiba Univ3Planet. Plasma Atmos. Res. Cent., Tohoku UBSEE, Nagoya Unii°ISEE,
Nagoya Univ.®Kyutech(”Centre for Science, Athabasca UritGrad. School of Eng., Chiba Univ.

The Very low-frequency (VLF; 3-30 kHz)/low-frequency (LF;30-300 kHz) technique is most sensitive to the ionization
of the D-region ionosphere, which is caused by energetic electron precipitation (EEP) with energies ty{fi€&likeV
(Rodger et al., 2012). Several studies have reported ionospheric modulations due to ultra low-frequency (ULF) Pc5 and Pi2
modulations (Asnes et al., 2004). Modulation of D-region due to ULF waves during a substorm was reported (Miyashita et
al., 2020). However, it is still now clear how the ULF waves cause the modulation in VLF/LF transmitter signals. In this
study, we investigate another EEP event which is associated with the ULF modulation that occurred in North America at
11:20-11:35 UT on October 9, 2017, using the VLF/LF transmitter signals. The four transmitters were NLK, WWVB, NDK,
and NAA in USA. One receiver at Athabasca (ATH, 54.7 N,246.7 E,L=4.3), Canada was used. The time at 11:20-11:35 UT
on October 9, 2017, was quiet time because the SYM-H, AE indices, the solar wind speed and dynamic pressure were stable
up to 6 hours before this event. During magnetically quiet time, oscillations in amplitude of VLF/LF waves with a period
of 200-300 s were observed on the NLK-ATHA and NDK-ATHA paths. Furthermore, the H-component of ground-based
magnetic field variations around ATH and the low-latitudes showed periodic variations of 200-300 s. In this presentation, we
will discuss the cause of these VLF/LF oscillations.



R006-65
Zoom meeting B : 11/4 PM2 (15:45-18:15)
17:15~17:30

VLF X EERGIROBUETBE B W B A4+ Y12 O (EMIC) KEEiC

5 TEREMEBRILDET) VT
HIPA S D S A D, LR Rl D, FH B h Y
(A FEiEmA, %jtj( . *257 77\7j< BEIEk HETSS A< - KaWigst > 2 —

Modeling of Perturbation in the Lower lonosphere caused by EMIC waves using
Numerical Simulation of subionospheric VLF signals

#Hiroki Nomotd”, Yasuhide Hobara,Fuminori Tsuchiy® ,Asuka Hirat)

(IUEC®Planet. Plasma Atmos. Res. Cent., Tohoku URRPARC, Tohoku Univ.

Itis known that electromagnetic ion cyclotron (EMIC) waves generated at the magnetic equator scatter ring-current protons
and radiation-belt electrons due to wave-particle interactions. The scattered protons are precipitated into the ionosphere and
produce the isolated proton aurora (IPA). At the same time, the precipitated radiation-belt electrons cause perturbations in
the lower ionosphere, and anomalies in the propagation of VLF transmitter signals are observed. Observation of the VLF
transmitter signal is an effective to monitor disturbances in the lower ionosphere, but the energy of the precipitating electrons
cannot be determined directly from the VLF observations. In this study, we develop the disturbance model for the lower
ionosphere based on the ground-based IPA and EMIC wave data, and evaluate them by comparing observed anomalies in
the VLF transmitter signals. We analyzed the single IPA event observed in Athabasca, Canada on March 27, 2017. A two-
dimensional FDTD (Finite-Domain Time Difference) method is used to calculate the temporal variations of the magnetic
amplitude of the VLF transmitter signals (24.8 kHz) passing through the IPA region based on the IPA and EMIC data and
compared with the measured VLF data. Specifically, the location and width of the disturbances were determined with IPA
intensity data, and the temporal variation of the disturbance altitude was determined with EMIC wave data. When the altitude
of the disturbances in the lower ionosphere is ranged from 57 km to 86 km, the mean value of the magnetic field amplitude
attenuation due to the radio propagation anomaly is 11.4 dB in the observation and 11.0 dB in the numerical computation.
The duration of the anomaly is 13 minutes in the observation and 11 minutes in the numerical computation. Furthermore, it
has been confirmed that the electron energy required to reach this disturbance altitude range is in the MeV band, suggesting
that EMIC waves have a strong influence on the lower ionospheric disturbances.

REURE R CHRE LB A A Y A4 7 ba Y (EMIC) #Ehd, wER rAHE/ERICK DY ALY b T by
EHGHRFE T ZEELT 5 T EAHIEN TV, BELEI N7 T b dEEEICHE F LWL e oA —a < (IPA)
WHAET 2, TORHCFEIRICH 9 2 MU E 1. NEBEREE OEEL (Bl z25 &k U, VLF A EEKR D
CIEFEDMENIE NS, VLF GHXEBRE. N EMEOEL 2B 2HMAEBINTRTH S, Bl 5 9
BETOIIINF—FEBRETERZVEVIMNEND S, AIZE T, H ETEINIE N IPA & EMIC 187 — %
WD S NEREEEE OBELT TV ERFE L, IPA LRI U THAE Lz VLF #XEEIR O O/ & Higd 5 C
LiIck D, FOFMEEITS. FRHTHNE IPA A XY ME 20174 3 H 27 BIC AT ZO 7 YN A THIMIE Nz 1 BHHIT
5 BUEMNTICIE 2 00T FDTD i (RFEIZED D EAREZRE) ZH. IPA R ZEH T % VLF fk S
(24.8kH2 ODOEFURIEDOIEIZLICDNT, IPA £ EMIC T—&2 %3 LICEHE L. ET—Z LUz, BARIC
Li\ BELFAENE & EELEIE 2 IPA OFOERE T — ZIC X ORRE L, EELEEORZH) % EMIC IE)7—Zic X

BOE LTz FECEREEOEELES D 57786kmTH HIFIC, B AH I 1< X 2 BEFURIEE RO X, BIE
'C“ 11.4dB&t: D BTSSR T 11 0dB & 7% D iiFZ DI LI BN —ED R 5Nz, £z, REBRCHET O
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Multi-event analysis of simultaneous observation of isolated proton auroras using

all-sky cameras and the Van Allen Probes

#Kohki Nakamurd ,Kazuo Shiokaw&,Masahito Nos€, Tsutomu NagatsumaKaori Sakaguchi ,Harlan Spence,Geoff
Reeved) Funsten Herbett,Robert J. Macdowall,Charles W. Smith ,John Wygarft,John Bonnell
(ISEE®NICT,®Univ. New Hampshiré*LANL, ®°NASA/GSFC{®Univ. of Minnesota,”UCB

Proton auroras are generated by energetic protons precipitating from the magnetosphere through charge exchange collisions
with atmospheric particles in the ionosphere. In particular, isolated proton aurora (IPA), which has a thinly east-west stretched
structure, appears at subauroral latitudes associated with Pc1 geomagnetic pulsations. Previous studies suggested that the IPA
is caused by electromagnetic ion cyclotron (EMIC) waves which scatter pitch angle of energetic protons into the loss cone in
the magnetosphere and making their precipitation into the ionosphere. EMIC waves are considered to make rapid loss of the
radiation belt electrons into the atmosphere through wave-particle interaction. The IPA is the projection of the wave-particle
interaction region on the ionosphere. Thus, simultaneous observation of magnetospheric EMIC waves and IPAs is important
to understand the scale sizes and the mechanisms of the wave-particle interaction region. Nakamura et al. [JGR, 2020;
doi: 10.1029/2020JA029078] reported the correspondence between two IPAs observed at Athabasca and two localized EMIC
waves in the magnetosphere. In this study, we detected three events of simultaneous observation of IPAs and plasma and
electromagnetic variations in the magnetospheric source region of IPAs by using all-sky cameras deployed by the PWING
project (Athabasca, Gakona, Husafell, Magadan, Nyrola, Kapuskasing, Tromsoe, and Istok), ISEE Magnetometer Network,
and the Van Allen Probes satellites. As a result, we could find out three events during which the footprints of the Van
Allen Probes satellites passed near or over IPAs at Kapuskasing and isolated EMIC waves were observed by the satellites.
The events are on March 22 ("08:30 UT), April 22 ("06:40 UT), and September 7 ("04:00 UT), 2018. All events were
observed during geomagnetically quiet times. The equatorward boundaries of the EMIC waves correspond to the increase of
the energetic proton flux. The poleward boundaries of the EMIC waves correspond to the cliff-like plasma density decrease.
These characteristics were common to all three events. Large electromagnetic DC field variations, which are usually observed
during ordinary auroral arc crossings, were not observed during these IPA crossings. Based on these results, we will discuss
possible cause of localization of IPAs and EMIC waves in the magnetosphere.

Ja bk rA—nIid, BEKENSEIIIVEF—T1 N D IAR, EEEHE TR OR T & BRIAHMEZS L TR
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Pc1HiEAUIREN & [AHH L THIIRS %, JEfriizek b, IPA X, BEAURERHLTRET S EMA A A 7o by
(EMIC) WEhD, BT FNF—7 0 b2 ZOAa—VNICE Yy FARGELE S, BEEICH DIAFEE R & THRET S
CRMENTE s EMIC B, JEIK T-HH EAEH Z2 8% CHUEHHRTTRL T2 KRN ZIC RT3 L EZ b Tw
%, TNHDOT EMD, HSEDOEMIC B &, IR B/EHTEO BEEERGE Th 5 IPA O[FEIKHERNE.
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Kapuskasing, Tromsoe, IstbkD K7 A Z, ISEE Magetometer Netword &S /51, 35X T Van Allen Probed#i '
Z VT, Pl SUIRENIC 11 > THA LTz IPA & Z OREKIEFA IR D 7' X< - BRSO RN N>
N2 - it U7, 2 OASH. KapuskasindZ B CTRIFEBHI A N2 M2 3FIRDITFHT T LIcki Lz, 25
D HKE 20184 3 H 22 1 708:30 UT. 20184 4 A 22 [ "06:40 UT, 20184F 9 A 7 H "04:00 UTTH D, \Ihnd
WAERRTH o Tzo TNHOHITIE, TEDO Ty 7Y Y RV IPA £E UL IZZ Oz i@ UzRic, #ET
N7 L7z EMIC DB E M TH 0. Nakamura et al. [2020DFEHR & —8 LTz, Fz, BT Nz3XTO EMIC
WENOREEDORE D - 99K DIk, ZhENT T N2 T Ty 7 ANAMIC LR 28 - B 3EEN2MICED Uik
B L RNHBED D B T eV ot e, BEDT Y 7Y VI IPA EE UL IZZF DIz U zFRIC,
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Longitudinal extent of CNA observed by multipoint ground-based riometers dur-

ing storm-time substorms on August 25-28, 2018

#Yuto Katd),Kazuo Shiokaw&,Yoshimasa TanakaMitsunori Ozaki),Akira Kadokurd),Shin ichiro Oyam& ,Nozomu
Nishitani),Alexey Oinat8),Volodya Kurkir?),Martin Connor® ,Dmitry Baishe)

(1ISEE, Nagoya Uni{2NIPR/ROIS-DS/SOKENDAI?Kanazawa Univ{*ROIS-DS/NIPR{ Institute of Solar-Terrestrial Physics,
Irkutsk, Russid®Athabasca Unii?SHICRA SB RAS, YaSC SB RAS

Cosmic Noise Absorption (CNA) is a phenomenon caused by absorption of "30-MHz radio waves in the D-region iono-
sphere at altitudes of "90 km associated with high-energy (“30 keV) electron precipitation. Thus, the CNA enhancement in
the post-midnight to noon local times is consistent with the eastward drift and energization of electrons in the inner mag-
netosphere. However, there are few examples of CNA observations at multi-point stations distributed in longitude. The
longitudinal extent of CNA with its time evolution has also not been well understood. In this study, we investigated the
longitudinal extent of CNA by using simultaneous riometer observations at six stations at subauroral latitudes at Athabasca
(ATH; 54.6N, 246.4E, MLAT: 61.5N) and Kapuskasing (KAP; 49.4N, 277.8E, MLAT: 59.0N) in Canada, Husafell (HUS;
64.7N, 339.0E, MLAT: 64.9N) in Iceland, Istok (IST; 70.0N, 88.0E, MLAT: 65.9N) and Zhigansk (ZGN; 66.8N, 123.4E,
MLAT: 61.9N) in Russia, and Gakona (GAK; 62.4N, 214.8E, MLAT: 63.2N) in Alaska. These stations are located encircling
the earth at "60 MLAT by the PWING project. We have conducted simultaneous observation of CNA at these stations since
October 2017 and focused on a geomagnetic storm of August 25-28, 2018. We identified 8 isolated storm-time substorms,
and studied the relationship between the substorm onset and the CNA. For all the 8 substorms, some stations observed CNA
enhancements. In 5 out of 8 substorms, we found the CNA enhancements started around midnight and propagated eastward
around the Earth. This result indicates the eastward drift of high-energy electrons, which is the source of the CNA, due to
gradient and curvature drift in the geomagnetic field. In 2 out of the 5 cases, we found CNA propagated not only eastward
but also westward. We also studied correlation between CNA and ELF/VLF wave intensity at "1 kHz, and found a tendency
of positive and negative correlations for CNA below and above 0.2 dB, respectively. In the presentation, we will discuss the
longitudinal extent, local time dependence, and source mechanisms of CNA based on these observations.

FHBIMEE TN (CNA) (X, &I 3IVF— (30keV) B DO O IAFAICEHEL T, &/E 90km 3T T 30MHz m@
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MTTE S TWRW, Z T TAWIZETIE, 717 & D Athabasca (ATH; 54.6N, 246.4E, MLAT: 61.5N)Xapuskasing (KAP;
49.4N, 277.8E, MLAT: 59.0N) 7 2 > R Husafell (HUS; 64.7N, 339.0E, MLAT: 64.9N)11 37 @ Istok (IST;
70.0N, 88.0E, MLAT: 65.9N) Zhigansk (ZGN; 66.8N, 123.4E, MLAT: 61.9N)7” < A 71 Gakona (GAK; 62.4N, 214.8E,
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