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Spatiotemporal variation of 3D distribution of discrete auroral arcs

#Yoshimasa Tanaka®), Yasunobu Ogawa?) ,Mizuki Fukizawa?) Keisuke Hosokawa®),Akira Kadokura®) , Takuo Tsuda®
(1Joint Support-Center for Data Science Research/National Institute of Polar Research,(*National Institute of Polar
Research, ®University of Electro-Communications, *Joint Support-Center for Data Science Research/National Institute of
Polar Research,(5University of Electro-Communications

We have analyzed the three-dimensional (3D) distribution of the discrete auroral arcs observed in Northern Europe on
March 14, 2015, by using Aurora Computed Tomography (ACT), which is a method for reconstructing 3D distribution of
auroral optical emission from monochromatic images taken at multi-point imager network. We compared the obtained height
profiles of optical emission at 427.8nm wavelength with those of the electron density observed by the EISCAT UHF radar
and found that they were very similar each other. On the other hand, the electron density estimated by the ACT analysis was
smaller than that observed with the radar by a factor of about 2 and it was not clear what made the difference.

We recently improved the ACT method mainly with respect to the following points; (1) the determination of the relative
sensitivity between imagers, (2) the reconstruction using multi-wavelength monochromatic images, (3) the reconstruction
considering the temporal variation of electron density, and (4) the validation of the reconstruction result by simulation under
realistic conditions. In this study, we present reanalysis results of the discrete arcs by using the improved ACT method. We
compare the electron density estimated by ACT with the EISCAT radar observation and further discuss the spatiotemporal
variation of the 3D distribution of the discrete arcs.
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Study of spatial structure of the omega-band aurora using ground-based multi-
wave length cameras and magnetospheric satellites
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Geomagnetism and Space Magnetism, Kyoto University,(®National Institute of Polar Research,(?National Institute of Infor-
mation and Communications Technology, ®Japan Aerospace Exploration Agency,(®Japan Aerospace Exploration Agency

The omega band aurora is an aurora that appears from the late expansion phase to the recovery phase of a substorm. It is
known to have a latitudinal auroral structure with a discrete auroral feature on the poleward side and a pulsating auroral struc-
ture on the equatorial side. The omega band typically drifts eastward from midnight to dawn-side. Previous ground-based
studies indicated that there are strong upward and downward Field Aligned Currents (FACs) embedded in the omega band
aurora. While several characteristics of the omega band aurora have been reported, the flux and characteristic energy of pre-
cipitating electrons that cause the aurora and the relationship between them, and the FACs are not yet clear. In this study, we
have analyzed the optical emission at 427.8 nm and 844.6 nm of the omega band aurora with an EMCCD camera located in
Tromso (69.6N degree: geographic latitude, 66.7N degree: magnetic latitude), and we have derived the spatial structure of the
characteristic energy and downward energy flux of the precipitating electrons from the ratio of intensities of these emissions
at the two wavelengths. As a result, no significant differences are found in the characteristic energy in the east-west direction,
while the downward energy flux on the western side of the omega band is larger than that on the eastern side. In addition,
during an omega band aurora event on March 2, 2017, the MMS satellites carried out a conjugate observation with the all-sky
camera in Tromso on the magnetospheric side of the omega band. The satellites observed upward and downward FACs near
the equatorial plane when their footprint was located within the omega band. The horizontal structure of the observed FACs
is spatially smaller than that of previous studies based on ground-based observations, and we suggest that the spatial structure
of FAC embedded in the omega band is smaller than previously thought.
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A shock aurora and the delay of its three optical signatures observed at 21 MLT
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We report on the observation results of the interplanetary shock that reached Earth on 26 February 2023 and the resultant
shock aurora. A rapid increase in the solar wind dynamic pressure caused by CME or CIR is known to cause geomagnetic
activity called the geomagnetic sudden commencement (SC), and auroras called the shock aurora. Both propagate from the
midday, i.e., the arrival region, to the night side based on the observation by the magnetometer network and the satellite
imager. However, the night-side observation of the shock aurora is limited because the night-side-driven auroras, triggered
by the ring current and/or plasma sheet activities, often contaminate the shock aurora. In this study, we report the observation
results of the shock aurora associated with an SC detected at 19:24 UT on 26 February 2023, which happened when
geomagnetic activity was nearly quiet. We used three digital cameras located in Kiruna, Sweden, and Skibotn, Norway, at 21
MLT.

In this event, we identified three auroral signatures with clear time delay, while two forms are often reported in the
dayside cases. There was a brightening of the pre-existing weak arc (19:25 UT, poleward), a faint red emission (19:28 UT,
equatorward), and a green discrete aurora with a spiral structure (19:31 UT, in between them in all-sky images). Data from
the magnetometer network in Lapland suggested that the intensity of the upward field-aligned current (FAC) was strongest at
19:27 UT, three minutes after the onset. In the presentation, we discuss the relationship between the three types of signatures
and the SC, the difference in propagation speeds of aurora and FAC, and the spatiotemporal development of the ionospheric
current system estimated from the auroral morphology.
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Possible roles of ducted propagation of chorus waves in controlling the character-
istics of pulsating aurora
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Most of the diffuse auroras are known to show a quasi-periodic luminosity modulation called pulsating aurora (PsA).
Magnetospheric electrons causing PsA are generally scattered through wave-particle interactions with whistler-mode chorus
waves in the magnetosphere and precipitate into the ionosphere, being referred to as ”PsA electrons”. Previous studies
clarified that sub-relativistic electrons originating from the radiation belt also precipitate down to lower altitudes together
with PsA electrons, and strongly ionize the middle atmosphere [Miyoshi et al., 2015]. Recent numerical simulations
suggested that precipitation of PsA electrons having an energy of tens of keV to sub-relativistic range require chorus waves
to propagate to higher magnetic latitudes (MLAT) of “20 deg and to resonate with the trapped highly energetic electrons
[Miyoshi et al., 2015, 2020]. However, there have been no simultaneous observations simultaneous observations of PsAs and
chorus waves showing such propagation to high latitudes; thus, we still do not quite well understand under what conditions
PsA electrons become harder and precipitate down to lower altitudes.

To address this issue, we have investigated a PsA event from 02:10 to 04:15 UT on January 12, 2021, during which
simultaneous observations with the Arase satellite, ground-based all-sky imagers and the European Incoherent SCATter
(EISCAT) radar were conducted. Analyzing the simultaneous measurements, we tried to clarify the relationship between the
morphology of PsA and the energy of PsA electrons, and then to understand what factors control the relationship. One of the
main results is that, when the shape of PsA was patchy, the energy of the corresponding PsA electrons exceeded tens of keV.
In addition, during this interval of relatively harder precipitation, chorus waves were observed by PWE/OFA on-board Arase
at MLAT higher than 20 deg. Furthermore, 1) the energy flux of scattered electrons obtained by Medium-Energy Particle
Experiments — Electron Analyzer: MEP-e onboard Arase, 2) the filling ratio of loss cone at the satellite location, and 3) the
energy flux of PsA electrons estimated from EISCAT showed similar temporal variations. On the basis of these observational
results, we hypothesize that the spatial structure of PsA and the energy of PsA electrons are controlled by the existence
of “density ducts,” which are tube-like regions where the electron density is lower or higher than the surrounding area.
Those structures guide chorus waves along the magnetic field, allowing them to propagate to higher MLAT. In order to test
this hypothesis, we compared the irregularity of the background electron density measured by Arase in the magnetosphere
with the emission intensity of PsA patches at the spacecraft’s footprint. The irregularity of "2— 18% in the electron density
possibly due to the existence of ducts show a good spatiotemporal correspondence with the emission intensity of PSA patches,
which supports the above-mentioned hypothesis. However, the current hypothesis was proposed based on a single case study,
and its universality, the background parameters and the physical process have not yet been understood well. To further test
the hypothesis, we conducted a similar comparison using waves/particle data in the magnetosphere and the ionization profiles
and optical data in the ionosphere obtained during other conjugate observations of PsA. In the presentation, we will show
the observational results from multiple event analyses and discuss the background parameters of the ducts, the formation
process, and the validity of the ducts as one of the factors controlling the morphology of PsA and the energy of the PsA
electrons.
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Wide energy electron precipitation associated with pulsating aurorae: Arase-
EISCAT conjugate observations and simulations
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Wave-particle interactions with lower-band whistler-mode chorus (LBC) waves near the magnetic equator result in electron
precipitation with energies from a few to a few tens of keV, leading to the diffuse and pulsating aurora (PsA). In addition
to the low-energy electrons, recent studies have shown that relativistic electrons with energies from several hundreds of
keV to several MeV are scattered by LBC waves propagating towards higher latitudes along field lines, and these electrons
precipitate into the thermosphere as well as the mesosphere in association with PsA (Miyoshi et al., 2015, 2020, 2021).
To understand electron precipitation over a wide energy range associated with PsA, we investigate an energetic electron
precipitation event observed at Tromsoe, Norway, from 02:00 to 06:00 UT on March 12, 2022, using data from the Arase
satellite and the European Incoherent Scatter (EISCAT) radar. First, we use the inversion method to estimate an energy
spectrum of precipitating electrons from the height profile of electron density obtained by the EISCAT radar. The result
shows precipitation of electrons over a wide energy range, and particularly strong precipitation is observed for low-energy
(<several tens of keV) electrons. Next, we estimate the electron lifetimes using the quasi-linear pitch angle diffusion
coefficient derived from the plasma wave and the ambient magnetic field data obtained from the Arase satellite. The result is
that the estimated lifetimes are shorter than the strong diffusion limit especially for low-energy electrons, which is consistent
with the EISCAT observations. We estimate the lifetimes as a function of the magnetic latitudes, and we find that the chorus
waves observed at the Arase satellite position do not contribute to causing precipitation of hundreds of keV electrons, and
propagation of LBC waves to the higher magnetic latitudes is important to cause wide energy electron precipitation. Finally,
we conduct a data-driven simulation (GEMSIS-RBW, Saito et al., 2012) including non-linear wave-particle interactions.
As similar to the quasi-linear analysis, strong precipitation of low-energy electrons has been reproduced in the simulation.
Our integrated study combining with the data analysis and data-driven simulations strongly suggest that chorus waves
propagating to high latitudes cause precipitation of electrons over a wide energy range.
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Intense low-energy electron precipitation associated with poleward expansion of

red auroras near the nightside polar cap boundary
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Auroras often show poleward expansion near the nightside polar cap boundary, some of which are accompanied with clear
red emission. This type of emission is caused by the rapid motion of intense low-energy electron precipitation, which is
believed to be accelerated by Alfven waves that are occurring along the magnetic field lines connecting to the plasma sheet
boundary layer. Previous studies based on satellite observations have unveiled the detailed energy profiles of that low-energy
electron precipitation, and their spatial features. However, how the low-energy precipitation develops, which plays a crucial
role in the dynamic poleward motion of the red aurora is still unknown. In this study, to understand the temporal character-
istics of the low-energy electron acceleration, we created a group of models to derive the 2-D distribution of the low-energy
electron flux from the 630-nm all-sky imager data obtained at Longyearbyen, Svalbard, by utilizing the Global Airglow
model. We also tested the validity of those models by using examples of the conjugate observation of red auroras by the
all-sky imager at Longyearbyen and low-energy electron precipitation by the DMSP satellite. We report on the characteristics
of the variability of the intense low-energy electron precipitation revealed by applying our models to a large number of all-sky
image data that captured the poleward expansion of red auroral arcs near the nightside polar cap boundary, and discuss what
they imply for the injection of the Alfven waves along the magnetic field lines connecting to the plasma sheet boundary layer.
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AuroraXcosmic project to study the atmospheric ionizations in southern polar

cap
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Japanese Antarctic research program AJ1007 (Space environmental changes and their effects on the Earth’s atmosphere
explored from the polar cap region, 2022-2027), auroraXcosmic project in short, is supported by NIPR/JARE. We are
studying space weather and space climate from Antarctica to understand how the Earth system is open to space, focusing on
the southern polar cap where the atmosphere is directly affected by various types of energetic particles from space. In this
presentation, we would like to share the current status of the project, such as all-sky camera development and the installation
plan via the international collaborations, with new model development toward the space weather reanalysis data study.
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Future Problems of SC research
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There is a model that divides the SC disturbance field Dsc into DL + DPpi + DPmi, but this is related to the interpretation
of the waveform distribution on the ground, and does not give the full picture of the SC phenomenon. The SC observed on the
whole earth and in the whole magnetosphere shows different faces depending on the latitude, altitude, LT of the observation
point. By analyzing each of the faces we can know the complex reactions of the system composed of the magnetosphere,
ionosphere and conducting earth. The current issues for this analysis are summarized below.

1. SC as a nonlinear phenomenon: large amp litude SC.

la: Instantaneous formation of radiation belts,

1b: Presence of large and short pulses in the magnetosphere,

1c: Response of the magnetosphere and ionosphere.

2. SC in the polar cap.

2a: Observation of the new polar cap current system proposed by Fujita et al.(2021),

2b: IMF dependence of polar cap SCs,

2c: Polarization of SCs.

3. SC in middle and lower latitudes.

3a: Relationship between equatorial enhancement and polar electric field,

3b: SC D/Y component behavior,

4. Solar wind shock/discontinuity of the pre-satellite era.

These issues are discussed with examples.

Many Japanese have contributed to SC research since Prof. Aikitsu Tanakadate, who was the coordinator of the SC
committee at IGGU-STME (the predecessor of the current IUGG-IAGA) . The number of citations of papers seems to be
the highest among Japanese. I hope that many people will join SC research and that this tradition will be preserved.
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Relation between field-aligned current (FAC) dynamo and evolution of geomag-
netic substorm

#Yusuke Ebiharal), Takashi Tanaka?

(IResearch Institute for Sustainable Humanosphere, Kyoto University, ?Kyushu University

Field-aligned currents (FACs) are known to give rise to enhancements of the ionospheric currents that characterize the
evolution of geomagnetic substorms from the growth phase to the recovery phase. The generation of the FACs is a key in
understanding the geomagnetic substorm, but it is a long-lasting issue. By incorporating a new method into the global mag-
netohydrodynamics (MHD) simulation, we have identified key regions that act as the generator of the FACs, that is, FAC
dynamos. Hereinafter, we call it an FAC dynamo. In the FAC dynamo, (1) the field-perpendicular current is converted to
FAC, (2) plasma performs negative work against the magnetic tension force so as to excite the Alfven waves, and (3) rate
of change in the FACs is nonzero, according to Ampere’s and Faraday’s laws. We backtraced packets of the Alfven waves
from the ionosphere to the magnetosphere, and identified two regions that probably act as FAC dynamos. One is located in
the flank (low-latitude) magnetopause region, which generates most of the Region 1 FACs. Solar wind plasma pulls newly
reconnected magnetic field lines. When the Region 1 FACs develop, the two-cell ionospheric convection is enhanced, giving
rise to the geomagnetic disturbances that characterize the growth phase of the geomagnetic substorm (Ebihara and Tanaka,
2022). The other one is located in the near-Earth region in the nightside equatorial region. Azimuthally flowing plasma driven
by the near-Earth reconnection pulls the magnetic field lines so as to generate the Region 1-sense FAC. When the Region
1-sense FACs arrives at the Earth, substorm expansion begins (Ebihara and Tanaka, 2023). From these results, it can be said
that the evolution of the geomagnetic substorm is characterized by the development of the FAC dynamo. We will overview
the FAC dynamos in the magnetosphere by showing 3-dimensional distribution of them, and relation to the magnetospheric
and ionospheric disturbances.
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The magnetosphere-ionosphere convection in the northward IMF condition and
the null-separator structure

#Shigeru Fujita'),Masakazu Watanabe?),DongSheng Cai®), Takashi Tanaka®)

(1Joint-support center for data science research/The Institute of Statistical Mathematics,(?Department of Earth and Planetary
Sciences, Graduate School of Science, Kyushu University,(3ISIS, U Tsukuba,*International Research Center for Space and
Planetary Environmental Science

The magnetosphere-ionosphere convection in the northward IMF condition has three modes; one is the round cell convec-
tion confined in the polar cap (the lobe cell), the next is round cell convection crossing the open-closed boundary (the merging
cell), the last is the crescent cell convection in the nightside polar cap [Tanaka, 1999]. The crescent cell convection crosses
the open-close boundary. Tanaka [1999] and Watanabe et al. [2005] revealed that crescent cell convection belongs to the
exchange cell convection. We reconsidered how these convections occur under the null separator structure of the magnetic
field lines when IMFBz is positive and IMFBYy is negative.

The main findings of this research are as follows;

1) The cylinders of the null-separator structure form the lobes. The cylinders have slots open to the solar wind. Solar wind
plasma can enter the lobe through this slot. The plasma pressure increases in this slot region in the lobe. This structure is the
plasma bulge [Tanaka et al., 2017]. Furthermore, when IMFBYy is negative, the plasma entering the lobe, when viewed from
the tail, convects in two vortex modes: clockwise on the equator near the plasma sheet and counterclockwise on the opposite
side.

2) We examined the streamlines of plasma convection originating from the solar wind. There are two modes of convection
streamlines. We consider the streamlines starting the solar wind in the northern hemisphere.

First, the convection streamlines starting from the pole side of the separator line and penetrating the cusp traverse a segment
of magnetic field lines extending from the northern ionosphere to the null point of the overdraping field.

Second, among the convection streamlines generated from the opposite side of the separator line, those that cross the field
line segment from the null point of the overdraping magnetic field line to the solar wind in the northern hemisphere enter the
lobe of the southern hemisphere at first and reach the lobe of the northern hemisphere.

3) The solar-wind magnetic field lines carried by the convection starting from the pole side of the separator line (the first
case of #2) first cause reconnection with the open magnetic field lines passing through the northern hemisphere null point.
After that, the magnetic field lines ride on the counterclockwise convection in the lobe mentioned in 1). This results in round
cell convection in the ionosphere. When the starting point of convection in the solar wind is close to the separator line, the
convection crosses the open/close boundary. At this time, whenever convection crosses an open-close field line boundary,
reconnection occurs at the northern hemisphere null point. Conversely, the convection that started from a slightly distant
place causes reconnection only once at a null point in the northern hemisphere and then becomes lobe cell convection that
convects only within the lobe.

4) The convection from the solar wind on the equator side of the separator line (the second case of #2) first causes recon-
nection at the null point in the southern hemisphere. After that, it crosses the closed magnetic field line region of the plasma
sheet and enters the northern hemisphere. In the northern hemisphere, it enters the lobe’s clockwise convection region. This
creates crescent cell convection in the ionosphere.

Tanaka, T. (1999), Configuration of the magnetosphere-ionosphere convection system under northward IMF conditions
with nonzero IMF By, J. Geophys. Res., 104(A7), 14683-14690, doi:10.1029/1999JA900077.

Tanaka, T., T. Obara, M. Watanabe, S. Fujita, Y. Ebihara, and R. Kataoka (2017), Formation of the Sun-aligned arc region
and the void (polar slot) under the null-separator structure, J. Geophys. Res. Space Physics, 122, doi:10.1002/2016JA023584.

Watanabe, M., K. Kabin, G. J. Sofko, R. Rankin, T. I. Gombosi, A. J. Ridley, and C. R. Clauer (2005), Internal reconnection
for northward interplanetary magnetic field, J. Geophys. Res., 110, A06210, doi:10.1029/2004JA010832.
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Magnetic field topology of polar cap bifurcation

#Masakazu Watanabe!) ,DongSheng Cai?) ,Peikun Xiong?),Shigeru Fujita®), Takashi Tanaka®

(IDepartment of Earth and Planetary Sciences, Graduate School of Science, Kyushu University, Institute of System
and Information, University of Tsukuba,(®Joint-support center for data science research/The Institute of Statistical
Mathematics, “International Research Center for Space and Planetary Environmental Science, Kyushu University

The polar cap is defined as the region of closed magnetic fields in the ionosphere and forms usually a simply connected
disk. In global magnetohydrodynamic simulations for northward interplanetary magnetic field (IMF), there often occurs
a phenomenon in which the simple connectivity is broken. For example, an "island” or “exclave” of the open flux region
emerges inside the dawnside or duskside auroral oval. Interestingly, under this configuration, closed field lines and IMF
lines are tangled in the magnetotail. We refer to such a non-disk polar cap as just described as a “bifurcated” polar cap.
Although polar cap bifurcation can occur even for steady solar wind or steady IMF conditions, it occurs almost certainly
with a 40-50min timelag after a solar wind or IMF jolt impinges on the magnetosphere. The basic magnetic field structure
of the magnetosphere consists of two magnetic nulls and two separators connecting them (the 2-null, 2-separator structure).
Polar cap bifurcation indicates the breakdown of the basic structure. In this study, we propose a magnetospheric magnetic
topology model that produces the polar cap bifurcation. Although the basic structure with the two nulls (an A type null in
the Northern hemisphere and a B type null in the Southern Hemisphere) is still retained, each null becomes multiple to form
a cluster (a null cluster of A type in the Northern Hemisphere and a null cluster of B type in the Southern Hemisphere).
The multiplied nulls are expected to be higher order in the sense that they cannot be expressed by linear approximation.
Although the internal structure of the null cluster is still unclear, this null clustering model can successfully explain the polar
cap bifurcation and the associated tangling of closed lines and IMF lines in the magnetotail.
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Scattered perpendicular flow speed in the dayside reconnection regions due to
change in the IMF Bz direction

#Tsubasa Hashimoto!),Akimasa Yoshikawa?) , Takashi Tanaka)

(IDepartment of Earth and Planetary Sciences,Graduate School of Science, Kyushu University,(?Department of Earth and
Planetary Sciences, Kyushu University, ®International Research Center for Space and Planetary Environmental Science,
Kyushu University

In the dayside magnetopause, southward Interplanetary Magnetic Fields (IMFs) are known to form a continuous reconnec-
tion flow by Dungey cycle reconnection. On the other hand, northward IMFs form a magnetic barrier due to the accumulation
of the northward IMFs. This magnetic barrier is disrupted when southward IMFs reach the dayside magnetosheath region and
reconnect with northward IMFs. In this study, we implemented the 3D MHD Reproduce Plasma Universe (REPPU) code to
reproduce this phenomenon and discover its features. We visualized the magnetic field lines and the plasma flow perpendicu-
lar to the magnetic field lines (Vperp). Simulation results revealed a scattered Vperp pattern due to reconnection between the
incoming southward IMFs with the accumulated northward IMFs. The reason of the occurrence of this phenomenon was that
the in-flow magnetic field strength of this IMFs reconnection was weaker than the Dungey cycle reconnection. Therefore, the
reconnection jet became slower and the magnetic field lines did not immediately move downstream from the reconnection
region, which caused the scattering of the plasma flow. In this presentation, we will describe this phenomenon, and the input
conditions of this IMFs reconnection, including the feature of the scattered Vperp distribution.
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Outflow jets from lobe reconnection: Roles of shear flow in reconnection

#Haruto Koike® ,Satoshi Taguchi?)

(IDepartment of Geophysics, Graduate School of Science, Kyoto University,(>Division of Earth and Planetary Sciences,
Graduate School of Science, Kyoto University

One of the key parameters controlling magnetic reconnection is the bulk flow that is predominantly aligned with the
reconnecting magnetic field. Several simulation studies and theoretical predictions have suggested that the reconnection rate
and the outflow jet speed can be reduced as flow shear in the bulk flow increases. More recent simulations have indicated
that the reconnection rate is not necessarily affected by the presence of shear flow. Further studies need to be done to clarify
the role of shear flow in the reconnection process. For the northward interplanetary magnetic field, reconnection can occur
at high latitudes of the Earth’s magnetopause, where the magnetosheath flow in the tailward direction acts as shear flow. In
this study, we investigate the role of shear flow in reconnection on a basis of data from high-latitude lobe reconnection events
observed by spacecraft. We first devised an automated lobe reconnection detection routine that can apply for data from Cluster
spacecraft, and then collected the lobe reconnection events by examining data obtained by Cluster-3 spacecraft for more than
5 years. The statistical analysis revealed that the ion outflow jet tends to increase as the velocity of the magnetosheath flow
tangential to the current sheet increases. This indicates that a process is occurring that ion acceleration is enhanced as the
shear flow increases. It was also found that the ion temperature in the outflow jets tends to be higher in the earthward flow
region than in the tailward flow region, suggesting that the conditions under which flow shear is occurring act to heat the ions.
We will discuss these tendencies in terms of the turbulent nature of the Hall electric field which is caused by complicated
counterstreaming ion distribution consisting of the downstream-flowing magnetosheath ions and the earthward-flowing ions
from reconnection.
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Dependence of ion and electron properties in the central plasma sheet on the solar
wind conditions: Long-term Geotail observations

#Kanako Seki') Ryosuke Saeki?) ,Kunihiro Keika'), Yoshifumi Saito®),Iku Shinohara®), Yukinaga Miyashita®:®)

(I Department of Earth and Planetary Science, Graduate School of Science, University of Tokyo, *?Former student of Grad-
uate School of Science, Nagoya University, ®Institute of Space and Astronautical Science, Japan Aerospace Exploration
Agency,*Korea Astronomy and Space Science Institute, ®Department of Astronomy and Space Science, Korea University of
Science and Technology

Observations have shown that conditions in the Earth’s plasma sheet is largely changed by the solar wind conditions. There
is good correlation, for example, between solar wind density and plasma sheet density. The cold and dense plasma sheet is
formed under northward IMF (interplanetary magnetic field), while the hot and tenuous plasma sheet is formed under south-
ward IMF [e.g., Terasawa et al., 1997]. From these facts, the major plasma source of the plasma sheet is considered to be the
solar wind and the plasma supply mechanisms depend largely on the IMF orientation. One of the important parameters to
give us a clue of the supply mechanisms is the temperature ratio between ions (T;) and electrons (T.). The solar wind plasma
is heated as entering into the magnetosphere. The temperature ratio (T;/T.) in the magnetosheath is often higher than that in
the plasma sheet. Wang et al. [2012] showed that there is dawn-dusk asymmetry of T;/T, in the plasma sheet. However, how
ion and electron temperatures and their ratio change with the solar wind conditions is far from understood.

Utilizing long-term magnetotail observations by the Geotail spacecraft at tailward distances of 10-30 R, during a period
over a solar cycle from 1995 to 2006, we here investigate statistical properties of the central plasma sheet (CPS). We con-
ducted statistical analyses with calibrated LEP-EA ion and electron data as well as the magnetic field data onboard Geotail.
We selected CPS observations and derived temperature and density using the same method and criteria as Terasawa et al.
[1997]. The results show that the plasma sheet density (temperature) has a good correlation with the solar wind density
(kinetic energy) throughout the solar cycle. We find clear dawn-dusk asymmetry in T;/T.. The average T;/T, is higher on
the duskside than on the dawnside only under northward-Bz-dominant IMF conditions. Observations also indicate that the
dawn-dusk asymmetry of T;/T. is caused by high-density, low temperature, and high-T,/T. plasma entry from dusk, which
has properties similar to the magnetosheath plasma. The IMF dependence of the T;/T. asymmetry cannot be explained by
previously considered the magnetic drift effects [e.g., Wang et al., 2012]. Our statistical results suggest that the shocked solar
wind plasma can easily enter the duskside plasma sheet rather than the dawnside during northwad IMF periods. A possible
scenario to explain these observations is an asymmetric plasma entry by Kelvin-Helmholtz instability (KHI), since previous
studies have suggested higher occurrence frequency of KHI in the duskside than dawnside [e.g., Bouhram et al., 2005; Taylor
et al., 2012]. In the presentation, we will also report on empirical models of the central plasma sheet ion and electron temper-
atures as well as density based on the long-term observations.

References:

Terasawa, T., et al., Geophys. Res. Lett. (1997), 24, 935-938, doi:10.1029/96GL04018.

Wang, C.-P, et al., J. Geophys. Res. (2012), 117, A08215, doi:10.1029/2012JA017658.

Taylor, M. G. G. T, et al., Ann. Geophys. (2012), 30, 1025-1035, doi:10.5194/angeo-30-1025-2012.
Bouhram, M., et al., Ann. Geophys. (2005), 23, 1281-1294, 10.5194/angeo-23-1281-2005.
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Energy, pitch angle, mass and charge dependent acceleration of ions in the near-
Earth plasma sheet during substorms

#Yuta Mizuno®), Yusuke Ebiharal), Takashi Tanaka?

(1Research Institute for Sustainable Humanosphere, Kyoto University, ?International Research Center for Space and Plane-
tary Environmental Science, Kyushu University

The energetic ions are known to be abruptly enhanced in the near-Earth plasma sheet during the substorm expansion. Re-
cent studies have shown that the enhancements of the ions depend on energy, mass and charge, but the reason is not well
known. We have investigated energy, pitch angle, mass and charge dependent acceleration of H, He and O ions in the near-
Earth plasma sheet during substorms by tracing the ions backward in time in time-dependent magnetic and electric fields
obtained by the global magnetohydrodynamics (MHD) simulation. When the dipolarization of the geomagnetic field lines
takes place, the ions are accelerated adiabatically and nonadiabatically. The significant acceleration occurs near the equato-
rial plane where the curvature radius of the magnetic field line is small. The acceleration is found to depend entirely on the
location in the near-Earth plasma sheet. ”Void structures” (Nakayama et al., 2016) appear in energy- time spectrograms in
particular regions, in which acceleration of the ions does not occur at low energies. The degree of the acceleration in the void
structures is found to depend on mass and pitch angle. We will discuss the dependence of the acceleration of the ions, or
furthermore, the dependence of the differential flux of the ions which are correlated with the acceleration, and compare with
satellite observations.
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Loading loss-cone distributions in particle simulations

#Seiji Zenitani) ,Shin ya Nakano?)

(1Space Research Institute, Austrian Academy of Sciences,2The Institute of Statistical Mathematics, Research Organization
of Information and Systems

The loss-cone distribution is one of the most characteristic velocity distributions in space plasmas, in particular in the
inner magnetosphere. Many scientists study wave-particle interaction and other issues by means of kinetic simulations in a
loss-cone distributed plasma, such as the subtracted Maxwellian, the Dory-type loss-cone (DGH in short) distribution, and
the kappa loss-cone (KLC) distributions. This presentation will provide numerical recipes to initialize loss-cone type velocity
distributions.

First, we propose rejection algorithms to initialize the subtracted Maxwellian. Depending on the shape parameter beta,
one can select an appropriate envelope distributions to efficiently generate the distribution. Second, we propose a simple
algorithm to initialize the DGH distribution. Third, inspired by algorithms for the student’s t-distribution and for the DGH
distribution, we construct a novel algorithm to initialize a Summers-type KLC distribution.

All these distributions have a hole rather than a loss cone near the velocity center, because the density cavity is modeled
by the perpendicular velocity. To better express the loss cone, we propose to use a pitch angle instead. To this end, we
propose a transform algorithm that converts a spherically-symmetric distribution into a loss-cone distribution. This allows us
to generate a loss-cone and KLC distributions from the Maxwell and kappa distributions straightforwardly.
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A New Technique for Space Plasma Measurements Using Floating-mode
Avalanche Photodiode Combined with Electrostatic Energy Analyzer

#Masafumi Hirahara?) ,Seishiro Tanaka? ,Hinako Kataoka? ,Satoshi Kasahara® ,Shin Kubo?®
(Unstitute for Space-Earth Environmental Research, Nagoya University, Institute for Space-Earth Environmental Research,
Nagoya University, ®*Graduate School of Science, The University of Tokyo,*Clear-Pulse Co., Ltd.

A novel type of instrumental development based on a “floating-mode” avalanche photodiode (APD) combined with an
electrostatic energy analyzer was conducted toward future space plasma exploration missions. A “cusp-type” electrostatic
analyzer (MEP-e: Medium-energy particle experiments-electron analyzer) with normal-mode (non-floating-mode) APD
onboard the ERG (Arase) satellite for the geospace exploration was able to cover an energy range up to “87 keV and
a wide angular coverage with a 360-deg. field-of-view (FOV). Although the original lowermost energy of MEP-e is ~7
keV, the combination of the floating-mode APD with the cusp-type analyzer could lead us to more comprehensive and
accurate electron measurements in a much wider energy range from a few eV to hundreds of keV. While this measurement
concept was originally initiated before the ERG mission formally started, our recent experimental results verified that this
“combination” technique could drastically improve both the quality and quantity of the space plasma observations, firstly in
terms of the electron energy analyses. While a high voltage power supply of "+5 kV, depending on the APD performance, is
needed for the floating mode, several APD properties, represented by rough energy analysis capability for noise reduction by
double energy discriminations, low dark count, compact dimension, and lightweight, could be valuable and promising also in
the floating-mode APDs combined with electrostatic analyzer. When this advanced type of in-situ measurement technique is
employed, for instance, in a small satellite mission under stringent resource restrictions, wide-energy/angular distributions of
electrons in space could be captured by a single sensor head on a spin-stabilized satellite. It, moreover, would be possible to
detect energetic ions beyond 5 keV/q and discriminate He2+ of the solar wind origin from H+ as the major ion species of the
space plasma when the polarities of high voltages to the floating-mode APD and the inner shell of the electrostatic analyzer
could be switched to be negative in the identical sensor head. The measurement technique developed in our experimental
activities indicates that the single sensor head is alternately available for both electron and ion measurements in space.
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A two - stage deflection system for the extension of the energy coverage in space

plasma three - dimensional measurements
#Satoshi Kasahara') ,Ryo Tao?), Yoshida Emiko?),Shoichiro Yokota®)
(I The University of Tokyo, >The University of Tokyo, ®Osaka University

The in situ measurement of charged particles plays a key role in understanding space plasma physics. Velocity distribution
functions of ions and electrons have been acquired with electrostatic analyzers onboard spacecraft. Since conventional energy
analyzers (e.g., top-hat electrostatic analyzers) have essentially a two-dimensional field of view, the solid angle coverage is
achieved with the aid of spacecraft spin motion or with additional entrance deflection systems in front of the electrostatic
analyzer. In the latter case, however, the full angular scan is realized only in the lower energy range (typically only up to 5
— 15 keV/e), due to the limitation of the electric field applied to the deflector. Here we propose a novel deflection system
for extending the energy coverage up to tens of keV. This is especially useful for plasma observations in situations where the
anisotropy of the energetic part (>10 keV) of charged particles plays an essential role in plasma dynamics and hence is of
significant interest.
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New method for calibrating Arase HEP-L data using XEP data and Geant4

simulation of MeV electron contamination

#Milla Kalliokoski®),Kazushi Asamura®) Iku Shinohara®) Takefumi Mitani*),Tomoaki Hori®),Yoshizumi Miyoshi®),Nana
Higashio!), Takeshi Takashima®

(1Japan Aerospace Exploration Agency,(?Japan Aerospace Exploration Agency,®Japan Aerospace Exploration Agency/Institute
of Space and Astronautical Science,(*Japan Aerospace Exploration Agency, Institute of Space and Astronautical
Science,®Institute for Space-Earth Environmental Research, Nagoya University, ®Institute for Space-Earth Environe-
ment Research, Nagoya University

The Arase satellite observes the dynamics of the Earth’s radiation belts, including the electron fluxes over a wide energy
range from a few electronvolts to several MeV. The measurements of the Arase high-energy electron experiment (HEP)
instrument have been previously calibrated based on the modeled response functions of the instrument’s energy channels.
This utilized Geant4 simulations of electrons impacting the detectors of the instrument when arriving through the collimator
hole. The current study presents a new, additional method for calibrating the HEP-L instrument data by exploring the level
of contamination at the "100 keV energies caused by penetrating MeV electrons. The estimation is performed using a Geant4
simulation of the HEP-L instrument, where the energy deposition of 1-10 MeV electrons to the detector layers is modeled.
These MeV electrons do not only enter the instrument through the collimator but have enough energy to penetrate through
the outer structure of the instrument. In the simulation, the electrons are initialized isotropically over a hemispherical dome
around the instrument. The simulation results of the response of the HEP-L instrument’s keV energy channels are used
to estimate the level of contamination in the actual HEP-L measurements. Additionally, the actual measurements of MeV
electrons from the extremely high-energy electron experiment (XEP) are utilized in the comparison and calibration. HEP-L
measurements are also compared to measurements at the similar energy from the medium-energy particle experiment electron
analyzer (MEP-e). The ratio of HEP-L and MEP-e fluxes is analyzed based on the level of MeV electron flux measured by
XEP and the contribution of MeV electrons at lower energies is taken into account based on the Geant4 simulation. The
new correction factors derived from MeV electron contamination are applied to comparisons of Arase data with Van Allen
Probes observations during close conjunctions of the spacecraft. In particular, the pitch angle distributions are studied as they
shed light on the wave-particle interactions occurring in the radiation belts. Previous comparisons have considered only the
omnidirectional fluxes which offer a limited view of the radiation belt dynamics.
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Subtraction of spurious sunward electric field component generated by photo-

electrons and spacecraft charging

#Tomoko Nakagawal) _Tomoaki Hori2),Satoko Nakamura3), Yasumasa Kasaba®) ,Masafumi Shojiz) ,Yoshizumi Miyoshi5) ,Shoya
Matsuda® ,Yoshiya Kasahara” ,Iku Shinohara®

(UInformation and Communication Engineering, Tohoku Institute of Technology, ®Institute for Space-Earth Environmen-
tal Research, Nagoya University,(*Nagoya University,(*Planetary Plasma and Atmospheric Research Center, Graduate
School of Science, Tohoku University, °Institute for Space-Earth Environement Research, Nagoya University,(*Kanazawa
University,("Emerging Media Initiative, Kanazawa University, ®Japan Aerospace Exploration Agency/Institute of Space and
Astronautical Science

The Electric Field Detector (EFD) of the Plasma Wave Experiment (PWE) instrument onboard the Arase satellite measures
the magnetospheric electric field with two sets of double probes. The electric field measurement of Arase suffers from a
spurious pseudo-sunward electric field component induced by spacecraft charging and photoelectrons. When detecting the
spurious sunward electric field, EFD recorded a distorted waveform of spin modulation in the electric potential difference
between the probes and the spacecraft. It is found that the distorted waveform is due to a combined electric potential applied
by two model charges each representing the photoelectron cloud and spacecraft charging. Fitting some parameters of the
two charges to the observed waveforms, we estimated the amounts of the two charges and the positions of the center of
the photoelectron cloud. In this fitting process, it is assumed that the spacecraft charting is displaced by 1 m from the
center of the trajectory of the spin motion of the probes toward the direction of the photoelectron cloud. The resultant fitted
parameters have successfully reproduced the observed distortion in the waveforms of the potential difference. By subtracting
the distorted component, we try to derive the magnetospheric electric field from raw potential waveforms obtained by Arase.
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Low-cost magnetometers using MI sensors: Estimation of magnetospheric plasma
mass density from multi-point observation
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Ishikawa®) Hiroshi Ichihara® Takeshi Kawano®),Yoshihiro Iwanaga® Shunichi Tatematsu® Seiki Asari”),Hideyuki
Hirahara”) ,Megumi Kaito”),Shingo Nagamachi”) ,Shuichi Watanabe®),Daisuke Yamauchi®)

(Unstitute for Space-Earth Environmental Research, Nagoya University,(2School of Data Science, Nagoya City
University, ®Department of Geophysics, Graduate School of Science, Tohoku University, *Graduate School of Science and
Technology, Hirosaki University, ®Earthquake and Volcano Research Center, Graduate School of Environmental Studies,
Nagoya University,(®Aichi Steel Corporation,("Kakioka Magnetic Observatory, Japan Meteorological Agency,®Japan
Marine Science Foundation, Mutsu Marine Laboratory

Magneto-impedance (MI) effect was discovered about 25 years ago and a micro-size magnetic sensor that utilizes this
effect becomes commercially available. We made some modifications to the commercially available MI sensors as they
can cover the range of the geomagnetic field. For the period of March 30 to April 27, 2018, we conducted experimental
observations of geomagnetic field variations with the MI sensors at Mineyama observation site, which is located about 100
km north-west of Kyoto. Data obtained with the MI sensors were compared with those from the fluxgate magnetometer
that has been working at the site. Results showed that the MI sensor recorded geomagnetic variations with amplitudes of
"1 nT that were also detected with the fluxgate magnetometer. This suggests that MI sensors are useful for research in
geomagnetism or space physics, although they are much less expensive than fluxgate magnetometers.

Nomura [2021] developed a triaxial magnetometer which is composed of the MI sensors, Raspberry Pi, low-cost 24-bit
A/D converters, and stable power supply circuits. This magnetometer is named MIM-Pi, and the cost of MIM-Pi is about
one-tenth of that of fluxgate magnetometer. However, the result of the test at Inabu observation site in Japan showed that
MIM-Pi had step noises with amplitudes of 2 — 3 nT which originated from an A/D converter. Therefore, we replaced
the A/D converter with a new A/D conversion module (ADPi) and confirmed that modified MIM-Pi did not have such step
noises. Long-term observation at Inabu with MIM-Pi has been performed since November 19, 2021 to January 14, 2022. The
results show that MIM-Pi can record Sq variations and geomagnetic pulsations with amplitudes of 1 — 2 nT that were also
detected with the fluxgate magnetometer. We also performed long-term observation at Kakioka Magnetic Observatory and
found that MIM-Pi can identify Pc4 pulsations. To install MIM-Pi in a field, we made a jig for MI sensors and a case for the
controller. The continuous observations with MIM-Pi’s have been started at Kawatabi Observatory from September 9, 2022,
at Shirakami observation site from November 15, 2022 and at Mutsu observation site from May 31, 2023. Comparing the
acquired geomagnetic data with temperature data, we found that the data acquired by MIM-Pi was affected by temperature
variations. We also found that Pc4 and Pi2 pulsations were recorded with MIM-Pi. From the frequencies of Pc4 pulsations,
we estimate the plasma mass density in the inner magnetosphere. In presentation, we will show the MIM-Pi data and initial
analysis results about the estimation of the plasma mass density. Future deployment of MIM-Pi in Tohoku-Hokkaido region
will be also discussed.
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Modeling of charge exchange X-ray emission associated with the Earth’s magne-
tosphere

#Daiki Ishi") ,Kumi Ishikawa?), Yuichiro Ezoe?), Yoshizumi Miyoshi®) ,Naoki Terada®)

(1Japan Aerospace Exploration Agency, Institute of Space and Astronautical Science,*Tokyo Metropolitan University, ®Institute
for Space-Earth Environement Research, Nagoya University,(*Department of Geophysics, Graduate School of Science,
Tohoku University

We report on modeling of soft X-ray emission produced in the Earth’s magnetosphere. Highly charged solar wind ions
produce soft X-rays through charge exchange (CX) with neutral materials in the Earth’s exosphere. The magnetosheath
and cusps should be growing in soft X-rays due to dense populations of solar wind plasma and exospheric neutrals, which
provides a means of X-raying the Earth’s magnetosphere (e.g., Ezoe et al. 2018 JATIS). This emission is problematic for
astronomical observations due to temporally variable foregrounds that often contaminate signals from astronomical objects
(e.g., Ezoe et al. 2011 PASJ, Ishikawa et al. 2013 PASJ, Ishi et al. 2019 PASJ). However, it remains difficult to predict its
contamination level.

We built an empirical CX model by combining an exospheric hydrogen distribution model, CX cross section values based
on ground experiments and theoretical calculations, solar wind ion data taken with WIND and ACE satellites, and magnetic
field models of the Earth’s magnetosphere (Ishi et al. 2023 PASJ). We then compared model results with five Suzaku
observations of bright CX events where the strongest oxygen emission lines can be seen. The modeled intensities of OVII
emission lines were consistent with the observed ones except for an intense geomagnetic storm event, while those of OVIII
emission lines were underestimated by a factor of 5-10. After scaling, our model reproduced OVII and OVIII light curves
including short-term variations due to line-of-sight directions traversing cusp regions during an orbital motion. In this paper,
we discuss these results as well as future prospects with XRISM and GEO-X.
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Evolution of M-I convection depending on the Alfven conductance as simulated
by global MHD model with Alfvenic coupling

#Aoi Nakamizo®) ,Akimasa Yoshikawa®%) Hiroyuki Nakata®)Keiichiro Fukazawa®) , Takashi Tanaka®)
(INICT,®Faculty of Science, Kyushu University, ®Graduate School of Engineering, Chiba University,(* Academic Center for
Computing and Media Studies, Kyoto University, °i-SPES

In global magnetosphere models, the magnetosphere-ionosphere coupling process is conventionally described in the fol-
lowing manner. (1) First, at the inner boundary, which is usually placed at the altitude of 2 — 3 Re, the distribution of FAC is
calculated from the magnetic field. (2) The FAC is mapped to the ionospheric altitude and input to the ionospheric potential
solver. (3) Then the calculated potential is mapped back to the inner boundary and the magnetospheric bulk velocity is up-
dated there.

Here we would like to point out that this conventional coupling scheme has two issues.

The first issue is about the way of exchanging information of physical quantities at the inner boundary. The ionospheric
input, FAC, is specified only by the magnetic field, whereas the quantity updated by ionospheric output is only the velocity.
Therefore, the current continuity, momentum and energy conservations are not guaranteed before and after this procedure.
The second issue concerns the ionospheric potential solver. The potential solver calculates the electrostatic potential so that
it is consistent with the input FAC for the given conductance distribution. This means that it is designed to generate no FACs
in the ionosphere. However, in reality, the ionospheric current divergence will be released partially to the magnetosphere due
to the finite Alfven conductance.

Considering these two issues of the conventional scheme, a new scheme called Alfvenic Coupling was proposed by
Yoshikawa et al. [2010]. In this scheme, both the magnetic field and velocity disturbances (FAC and potential) are input
to the ionospheric solver and updated with the required consistency for the current closure condition including the Alfvenic
disturbances.

We have implemented this scheme into the global MHD model to investigate the dynamics of M-I coupled system. In this
study, we perform simulation by setting a fixed ratio of the Alfven conductance to the Pedersen conductance to examine the
effect of the Alfvenic coupling. As the ratio increases, the ionospheric potential is intensified, and its distribution is more
deformed. This tendency is consistent with a theoretical prediction [Yoshikawa & Fujii, 2018]. We will also show how the
evolution of magnetospheric convection field differs for the convectional and Alfvenic coupling schemes.
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Development of Affine connections to describe 3D evolving magnetic vector fields

and its application to space physics
#Akimasa Yoshikawa')
(I Department of Earth and Planetary Sciences, Kyushu University

We have developed a new connection form to describe the magnetic vector field as a set of different magnetic field lines
(vector bundles) and their interrelationships.

In this methodology, the geometry of magnetic field lines as spatial vector curves is grasped by employing magnetic field
lines as the principal curves of the Frenet dynamic coordinate system, and by connecting the principal and secondary normals
of neighboring magnetic field lines, vector curves are formed.

By adopting this connection form, the magnetic field vector space is filled by the connected local orthonormal coordinate
system.

Conventional vector analysis applied to vector bundles of various physical quantities that emerge there can be uniquely
described by the torsion and curvature of the principal, normal, and subnormal vector curves of the magnetic field that form
the 3D network, as well as their spatial gradient distributions of vector amplitude.

In this talk, I will reconstruct the spatial geometry of the current distribution associated with the spatio-temporal evolution
of the magnetic field using this framework, and discuss the importance of linking the development of physical and geometric
quantities through specific examples for various types of Ohm’s law for magnetic fields induction.
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Alfvenic features at 500 km altitude for the cusp aurora

#Satoshi Taguchi®) ,Haruto Koike!),Keisuke Hosokawa?)

(IDepartment of Geophysics, Graduate School of Science, Kyoto University,(?Graduate School of Informatics and Engineer-
ing, University of Electro-Communications

Previous studies based on satellite observations have shown that Alfvenic features can be seen in the cusp, coexisting with
the low-energy electron precipitation. It is not yet well understood how those Alfvenic features are related to the temporal
characteristics of the cusp aurora, such as the increase in aurora brightness near the equatorward boundary of the main cusp
region, and the poleward motion of the cusp aurora detached from the main cusp region. In this study, we examined data
from the conjugate observation of cusp auroras obtained at a wavelength of 630 nm by a ground-based all-sky imager and the
electric and magnetic fields obtained at the cusp at an altitude of about 500 km by the SWARM spacecraft. The result of the
analysis shows that there is a common signature consistent with Alfven wave trapping at frequencies of 0.6 Hz to 1.2 Hz, and
that the electric field power of the wave varies depending on the relative position inside the cusp or the time elapsed since the
initial brightening. We discuss the reasons for this dependence.
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il.’the altitude distribution of electron conic source estimated with the Arase satel-
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Exploration Agency/Institute of Space and Astronautical Science

We examined the source altitude of electron conics by analyzing high-angular resolution electron data obtained by the
Arase satellite. We surveyed electron conic events between August and September 2017 and identified electron conics
with ion beams observed at an altitude of “30,000 km above the auroral acceleration region, on 31 August, 16 September
and 25 September. Assuming that the observed electron conics have adiabatically moved upward from the source altitude
and undergone a potential difference along the dipole field line, we fit energy-dependent loss cone curves to the electron
flux distribution of the conics to estimate the mirror ratio and the potential difference between the source and the satellite
altitude. The center and the upper edge of the source altitude of electron conic were estimated to “5000 km and ~10,000 km,
respectively, from the estimated mirror ratio. The source altitude of electron conic approximately matched the simultaneously
observed AKR source altitude, at which a parallel electric field is formed. This result suggests two hypotheses for the
generation of electron conics: electron heating due to time-varying electric fields that accelerate auroral electrons, and
diffusive heating due to waves, such as electrostatic waves seen around this altitude. We also compared the phase space
densities of downward and upward electrons to determine their heating rates. The heating rate is proportional to the potential
drop below the satellite, indicating that a large parallel electric field is associated with the electron conic generation.
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Modeling of acceleration of outflowing ions in the storm-time cusp
#Naritoshi Kitamura®),Alex Glocer?
(nstitute for Space-Earth Environmental Research, Nagoya University, ?NASA Goddard Space Flight Center

In this presentation, we show the results of simulations of ion outflows associated with soft electron precipitation, frictional
heating, and acceleration due to broad band ELF (BBELF) waves in an idealized cusp region during geomagnetic storms.
The cusp region has been regarded as a major source of magnetospheric O™ (and heavy ions) [e.g., Lockwood et al., JGR,
1985], which increases greatly during geomagnetic storms [e.g., Greenspan and Hamilton, JGR, 2002; Nose et al., JGR,
2005]. Under southward IMF conditions, the cusp becomes very thin in the latitudinal direction [e.g., Newell and Meng,
JGR, 1987; Zhang et al., JGR, 2005]. Since a poleward flow is expected in the cusp under southward IMF conditions due to
the dayside reconnection on magnetic field lines at the equatorward edge of the cusp, flux tubes cannot stay long time in the
cusp. Thus, ion acceleration in the cusp seen from a convecting flux tube is not expected to last for a long time. Here we show
the results of simulations of ion outflows with 2-min acceleration. Under the assumption of the latitudinal width of the cusp
as 1 degree and the poleward convection velocity as 1 km/s, a convecting flux tube can stay in the cusp about 2 minutes. To
investigate effects of soft electron precipitation, frictional ion heating, and ion acceleration due to broad band ELF (BBELF)
waves on ion outflows, we used the kinetic polar wind outflow model (kinetic-PWOM) [Glocer et al., JGR, 2018], which uses
the particle-in-cell approach with Monte Carlo collisions above 1000 km altitude. Although ion upflows (upward ion bulk
flow much slower than the escaping velocity) around several hundreds of kilometers are driven by soft electron precipitation
and frictional ion heating, the upward velocities are insufficient for most of O to reach the altitude where acceleration due
to waves become efficient within the time to pass through the cusp. O density and flux at high altitudes near the cusp are
controlled mostly by acceleration due to BBELF wave. Because it is impossible to travel long distance within a limited time
interval (2-min here) of the acceleration, local acceleration rate and initial O™ density at the altitudes where acceleration is
effective are more important as compared with supply from the ionosphere as ion upflows. Based on this result, the solar
zenith angle (sunlit or dark) at the ionospheric footprint and solar activity, which have a large impact on the temperature
and scale height of O™, can also be an important factor in determining O outflow fluxes near the cusp during geomagnetic
storms.



R006-28
AR 1926 AM2 (10:45-12:30)
12:15~12:30

#IN KEE YD, R S, B IR Y, A B Y, kAR B0, B B O, Bk #se D
(R, Bk - B, G B0k - B G RO - B - e, O e e v 20—, (6 R, (T S

Terrestrial-origin O+ ions below 1 keV near the Moon measured with the
KAGUYA satellite

#Daisuke Yamauchi®), Yuki Harada?) ,Kunihiro Keika®),Kazuhiro Yamamoto®),Aiko Nagamatsu5) ,Shoichiro Yokota®, Yoshifumi
Saito”)

(nstitute for Space-Earth Environmental Research, Nagoya Univ, ?Graduate School of Science, Kyoto University, ®Department
of Earth and Planetary Science, Graduate School of Science, The University of Tokyo,(4Graduate School of Science, The
University of Tokyo,Tsukuba Space Center, Japan Aerospace Exploration Agency,(®Osaka University,("Department of
Solar System Sciences, Institute of Space and Astronautical Science

Currently, lunar exploration is being planned by many countries. Among them, NASA plans to build a near-lunar manned
base “Gateway” as part of a lunar exploration program called the Artemis Program. One of the main objectives of the
Gateway is to elucidate the ion composition around the Moon. Prior to the launch of the Gateway, it is important to investigate
the ion composition around the Moon using data from the lunar orbiter KAGUYA, which was launched by Japan in 2007.
Results of such studies will be useful for a future analysis of the Gateway data. According to a previous studying using the
KAGUYA data by Terada et al. [2017], O+ ions with energies of 1 — 10 keV, which are considered to be accelerated ions of
Earth origin, were abundant only when the Moon was located within the Earth’s plasma sheet. O+ ions with energies below
1 keV were often observed when KAGUYA was positioned on the dayside of the Moon, and thus were concluded to be ions
of lunar origin. This previous study examined in detail only one particular day (April 21, 2008) when the Moon was located
within the Earth’s magnetotail. However, it is possible that some O+ ions with energies below 1 keV are also of terrestrial
origin. In this study, we analyze O+ ions with energies below 1 keV for two typical events when the Moon was located
within the magnetic lobe. It is found in three time intervals (14 - 21 UT on June 19, 2008, 14 — 24 UT on June 7, 2009,
and 11 — 12 UT on June 8, 2009) that O+ ions coming into the polar angle of 0 degree — 22.5 degree of the PACE/IMA
instrument have larger counts than those into the polar angle of 67.5 degree — 90 degree, indicating that these O+ ions are
possibly terrestrial origin. We also statistically investigate the correlation between the Earth’s geomagnetic activity and the
difference of the count ratios of O+ ions to the moon ions (Na+ and Al+) between the polar angles O degree — 22.5 degree
and 67.5 degree — 90 degree using the whole mission data from KAGUYA between October 4, 2007 and June 11, 2009. In
presentation, we will discuss the contribution of the low-energy O+ ions of terrestrial origin to the lunar environment.
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Evolution of energy spectrum during electron accelerations in the outer radiation
belt
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(Unstitute for Space-Earth Environement Research, Nagoya University, ?National Institute of Information and Communica-
tions Technology, ®Research Institute for Sustainable Humanosphere, Kyoto University,(*Kanazawa University,® Department
of Geophysics, Graduate School of Science, Tohoku University,(GNational Institute of Polar Research,(?Graduate
School of Science, Kyoto University,®Institute for Space-Earth Environmental Research, Nagoya University,(?Nagoya
University,1°Japan Aerospace Exploration Agency, Institute of Space and Astronautical Science, (! Japan Aerospace Explo-
ration Agency/Institute of Space and Astronautical Science,'2The University of Tokyo,'3Osaka University,(*Department
of Earth and Planetary Science, Graduate School of Science, The University of Tokyo,('®Japan Aerospace Exploration
Agency,6Graduate School of Science, Kyoto University,(!”Planetary Plasma and Atmospheric Research Center, Graduate
School of Science, Tohoku University,('8Emerging Media Initiative, Kanazawa University

The Arase satellite has observed the inner magnetosphere since 2017 and thereby provided long-term data of
plasma/particles and field/waves. Our previous investigations have revealed the presence of glowing peaks in the
phase space density located just outside the plasmapause, indicating that non-adiabatic acceleration takes place in the small
fp/fc region. In this study, we investigate the evolution of the energy spectrum during electron accelerations outside the
plasmapause. We evaluated the time scales associated with the spectrum hardening, and the result shows that the equivalent
temperature increase of the energy spectrum is a few tens keV/day. We compare them with a simulation of electron
accelerations driven by wave-particle interactions and discuss possible acceleration mechanisms for electrons just outside the
plasmapause.
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Characteristics of energetic ions contributing to the storm-time ring current:
Long-term observations by Arase/MEP-i
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This study investigates plasma transport and energization in the inner magnetosphere and the near-Earth magnetotail. It is
well known that the inner magnetosphere is composed of plasma with a wide range of energies, from eV to MeV. The plasma
pressure is contributed mostly from ions with energies of “1 to a few hundreds of keV. The energetic ions are primarily
transported from the near-Earth plasma sheet and energized during the transport. The spatial distribution of the energetic
ions and its temporal evolution determines the variations of the plasma pressure in the inner magnetosphere and in turn the
buildup and decay of the ring current.

The distribution function of the energetic ions in velocity space is a key to fully understanding the storm-time energetic
ion dynamics. This study thus examines the temporal and spatial variations of phase space densities of energetic ions for
different values of the first adiabatic invariant (mu). We identify the mu values that make the most significant contribution
to the total plasma pressure. We then focus on the dependence of the contributing mu values on the radial distances and ion
species. We primarily use data from the MEP-i (Medium-Energy Particle experiments - ion mass analyzer) on board the
Arase spacecraft. MEP-i measures ions with energies of “10 to 180 keV/q and distinguishes between different ion species.
The mu values covered by MEP-i depends mostly on the radial distance because the magnetic field strength on the Arase
trajectories changes predominantly with the radial distance. We confirm that the MEP-i energy range can cover typical
contributing mu values, 0.05 to 0.5 keV/nT, in a wide range of the radial distances.

We conduct a statistical study for 37 magnetic storms observed by the Arase spacecraft in 2007 to present: 10 intense
storms with the minimum Dst (Dst_min) smaller than -70 nT and 27 moderate storms with Dst_min between -70 and -50 nT.
We perform the energy spectral analysis for different ion species to identify the contributing mu values, for each of three
different storm phases: the main phase, around storm maximum, and early recovery phase. The MEP-i observations show
that the plasma pressure is maximized at L of 3 to 4; the maximum pressure is predominantly contributed from ions with mu
values of 0.1 keV/nT or slightly lower on average. The results suggest that lower-energy ions of hot plasma sheet populations
(typically 1-10 keV) make the important contribution to the core part of the storm-time ring current. At higher L shells, L>4,
the contributing mu values are 0.1 keVnT or higher, up to 0.3 keV/nT, and more importantly, different between ion species.
It is higher for heavier ions such as O+ than H+. The results suggest that heavier ions are energized more preferentially in the
near-Earth magnetotail and that mass-dependent energization processes contribute to the plasma pressure in the outer part of
the ring current.
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Statistical analysis of magnetospheric molecular ions from the Arase observa-

tions
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Institute of Polar Research,(SDepartment of Earth and Planetary Science, Graduate School of Science, University of
Tokyo,®University of New Hampshire

In the Earth’s magnetosphere, several kinds of ions originate from both the solar wind and the ionosphere. Molecular ions
in the magnetosphere are originated in the Earth’s ionosphere. The Arase satellite has observed various kinds of ions since
2017, using two ion analyzers, LEPi and MEPi, which cover the energy range from 10 eV/q to 180 keV/q.

Using the data from the MEPi instrument, a previous study has investigated variations of molecular ions in response to
magnetic storms and solar wind conditions, and molecular ions have been observed in the inner magnetosphere even during
small magnetic disturbances [Seki et al., 2019]. However, observations about molecular ions are still relatively limited in
comparison to other ion observations, and mechanisms of molecular ion outflow from the ionosphere as well as the long-term
variations in the magnetosphere have not been well known.

In this study, we analyzed the time-of-flight (TOF) data from LEPi [Asamura et al., 2018] onboard Arase to investigate
variations of molecular ions in the inner magnetosphere and their correlation with magnetic activity condition as well as the
solar cycle. LEPi covers the energy range from 10 eV/q to 25 keV/q and obtains flux as a function of energy and TOF. The
TOF measurements of LEPi have been operated in the outbound pass every four revolutions around the Earth. The estimated
counts of molecular ions are derived by fitting the empirical function using a non-linear least square method to the TOF
profiles. The count data are calibrated with the long-term trend of the MCP efficiency of the LEPi instrument.

Using this data set, we investigate relationships between molecular ion counts and geomagnetic index as well as solar wind
parameters. The results indicate that molecular ion counts exhibit a significant correlation with magnetic storms (Sym-H
index) as well as solar wind speed. Moreover, we found that molecular ions and oxygen ions have similar responses to these
parameters, suggesting that the same mechanisms contribute to outflows of both the oxygen ions and the molecular ions. We
found the long-term variations associated with the solar cycle. It is worthwhile to note that counts of the molecular ions have
increased significantly after the commencement of the 25th solar cycle, suggesting that the solar EUV largely controls the
scaleheight of molecular ions in the ionosphere and counts of the molecular ions in the magnetosphere increase.
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Statistical study of the overlap region between plasmasphere and ring-current
ions using the Van Allen Probes satellites
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In the Earth’s inner magnetosphere at the region about 4-6 times of the Earth’s radius, low-energy dense plasma in the
plasmasphere partially overlaps with the high-energy plasma regions called the ring-current. The interaction of these two
plasma regions through Coulomb collisions and various electromagnetic waves causes acceleration and disappearance of the
particles. Past conjugate observations using magnetospheric satellites and ground-based all-sky cameras have shown that
Stable Auroral Red arcs, Isolated Proton Aurora, and STEVE, which are optical phenomena seen at subauroral latitudes,
always originate in this region. However, there are limited number of conjugate observations between magnetospheric satel-
lites and ground-based all-sky cameras, and no statistical analysis has been conducted about the overlap of the plasmasphere
and the ring-current region. This study aims to statistically characterize the geomagnetic index, local time, and solar activity
dependence of the overlap region using the Van Allen Probes-B satellite in the inner magnetosphere. We defined the region
of overlapping of plasmasphere and ring-current ions as the region where the plasma density is higher than 300 cm”-3 and
total ion energy flux is higher than 5x10710 keV cm”-2 s”-1 sr™-1 for the HOPE ion energy range of 0.001 - 55.650 keV. This
criterion of overlap is defined based on our previous study of the source region of STEVE, SAR arcs and red/green arcs
using 9 ground-satellite conjunction events (Sugimura et al., JpGU2023). We found 50570 data points of overlaps during the
3-year data a from January 2015 to December 2017. The preliminary analysis shows that the plasmasphere and ring current
overlap most frequently from midnight to dusk local times. From superposed epoch analyses, the AL index is ranging from
-200 nT to -250 nT during +-3 hours from the overlap time. The SYM-H index was ~-25 nT during the overlapping time.
These results indicate that the overlapping of plasmasphere and ring-current ions occur during geomagnetically active time
from midnight to dusk local times. This result indicates the preferable condition of STEVE and SAR arcs at subauroral
latitudes.
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Severe erosion of the plasmasphere caused by the ring current particle injection
into the deep inner magnetosphere
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The geomagnetic storm that commenced on 8 September 2017 has a Dst minimum of -147nT and appears to be a
medium-sized magnetic storm at first glance, but it is known that it is a peculiar magnetic storm in various ways. For
example, it is an extreme erosion of the plasmasphere to around L=1.6, and a strong SAPS generation.

To investigate the cause of the extreme erosion of the plasmasphere during the Sep 2017 magnetic storm, data from plasma
wave and plasma particle measurements onboard the Arase satellite are analysed and compared with the same data during
the Aug 2018 magnetic storm.

Using the low-energy and mid-energy plasma instruments (LEPi, LEPe, MPEi, MEPe) onboard the Arase satellite, we can
comprehensively investigate the fluxes of electrons and ions with different energies. Also, the in-situ electron density can be
estimated by using the upper hybrid resonance frequencies detected from the plasma wave spectrum obtained by the plasma
wave experiment (PWE).

In the September 2017 event, the ion pressure peaks around L = 2.7-3.0, whereas in the August 2018 event it peaks around
L ~3.5. In addition, the electron pressure has a peak around L™2 in the September 2017 event, whereas it has a peak around
L=5.5 in the August 2018 event. These differences could be related to the stronger Ey field input into the magnetosphere by
the solar wind during the September 2017 event.

The above plasma pressure implies that the September 2017 magnetic storm has an eastward current inside L<3. When
this current forms a current closure with the ionosphere, the electric field created by the charge-up is the dawn-to-dusk
E-field which is in the same direction as the global convection E-field. This would be the cause of the extreme erosion of the
plasmasphere.
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Pressure and temperature distribution of ions/electrons in inner magnetosphere
during CIR/CME driven storms using Arase satellite
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Geomagnetic storms are caused by corotating interaction regions (CIRs) associated with high-speed solar wind streamers
(HSSs), and coronal mass ejections (CMEs). Due to the large-scale solar wind structures, there are significant differences
of the storm evolutions between these two storm drivers. These differences involve the dynamics of radiation belts, the
ring current, the Earth’s plasma sheet, magnetospheric convection, and the saturation of the polar cap potential etc. It
has been shown that ion and electron distributions of CME/CIR-driven storms are different, especially for recovery phase
[Miyoshi and Kataoka, 2005]. The plasma temperature and rate of ion heating in the plasma sheet are important elements
of understanding how the dynamics of the ring current and the magnetosphere vary between these two types of storms. We
will examine statistically the spatial and temporal distribution of electrons and ions pressure/temperature during main phase,
early recovery and late recovery phases for the selected CIR and CME storms using in situ plasma/particle data obtained by
Arase during 2017-2022.
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“Catapiller-like” ULF waves detected by SuperDARN during SuperDARN-Arase
conjunctions in Fall 2022
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During a four-month period spanning from September to December 2022, special time observations using the SuperDARN
radars were conducted approximately five days per month in support of Arase conjunctions. These observations were
targeted to observe auroral and subauroral phenomena on the nightside and duskside. The objective of the observations
was to elucidate physical processes of auroral and subauroral phenomena through a comparison of data obtained through
interleaved normal scans with simultaneous observations made by the ground-based instruments and the Arase satellite.

On 23 November 2022, an ultra-low frequency wave in the duskside subauroral region was observed simultaneously by
multiple radars in North America. Because the wave signature in the format of the Range-Time-Intensity (RTI) plot looks
very similar to a caterpillar showing periodic oscillation in the Doppler velocity data, it is referred to as the “caterpillar-like
ULF wave event” here. The center frequency of this wave was 2.3 mHz, and waves with a similar frequency were also de-
tected in geomagnetic data from the stations within the SuperDARN radars’ field-of-view. The amplitude of the geomagnetic
waves varied significantly with latitude, having a peak around 67° magnetic latitude while those in the radar observations
appeared around 70°. From a comparison between the SuperDARN and GNSS-TEC observations, the detrended TEC
showed similar periodic oscillations to the Doppler velocity perturbations observed by the SuperDARN radars. The phase
difference between the detrended TEC and Doppler velocity perturbations was 120-1800. This result suggests that the TEC
oscillations are driven by an external electric field originating from the magnetosphere.

The ionospheric footprint of Arase traversed the region of caterpillar ULF wave signatures on the duskside. A spatial
distribution of the electron density derived from the upper limit frequency of the upper hybrid resonance waves showed
no abrupt decrease associated with a plasmapause crossing. This result implies that the plasmasphere extends beyond the
apogee (6.1 Re) of the Arase satellite. Therefore, the observed region of ULF signatures is located inside the plasmasphere.
A ULF signature in the toroidal component with a period similar to that of the ULF waves on the ground was captured by
MGF onboard Arase during the traversal over the ionospheric ULF region. In the presentation, we show the longitudinal
extent of the caterpillar ULF event, which looks confined to a narrow region near the dusk terminator. We also discuss the
possible generation mechanism of the waves in terms of the so-called quarter ULF wave typically occurring in a region of
interhemispheric difference in the ionospheric conductivity.
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Excitation of internally driven ULF waves of a weakly magnetized planet based

on the magnetosphere-ionosphere coupled model

#Tomotsugu Yamakawa'),Kanako Seki?), Takanobu Amano®, Yoshizumi Miyoshi*),Naoko Takahashi® ,Aoi Nakamizo®) ,Kazuhiro
Yamamoto®

(IDepartment of earth planetary science, Graduate School of Science, University of Tokyo,(*Department of Earth and
Planetary Science, Graduate School of Science, University of Tokyo,®University of Tokyo,Institute for Space-Earth
Environement Research, Nagoya University, (°National Institute of Information and Communications Technology,®Graduate
School of Science, The University of Tokyo

The inner magnetosphere is the region where the dipole magnetic field is dominant and strong. Since the footprint of the
magnetic field is connected to the ionosphere, the environment of the inner magnetosphere is affected by the condition of
the ionosphere. During geomagnetic storms, energetic particles are injected from the plasma sheet and form the ring current.
Southwood [1976] proposed that ring current ions can excite ULF waves through the drift-bounce resonance, which are
called as internally driven ULF waves. ULF waves are important to understand the energy input from the magnetosphere to
the ionosphere, since ULF waves are associated with the FAC. Recently, Yamakawa et al. [2022] could reproduce two types
of internally driven ULF waves on the dayside and the duskside based on the magnetosphere-ionosphere coupled model.
Yamakawa et al. [2023, submitted] developed the simulation code for updating the density of cold plasma and investigated
the effects of the dynamics of cold plasma on the excitation of ULF waves. Simulation results showed the excitation of Pc4-5
ULF waves near the plasmapause in addition to two types of ULF waves in the case of constant density [ Yamakawa et al.,
2022]. These studies suggest that the excitation of ULF waves and formation of ring current are affected by the condition of
the ionosphere and the plasma sheet. It is important to investigate the formation of ring current and the excitation of ULF
waves of weakly magnetized planets in order to understand the magnetosphere of exoplanets and future Earth. However, the
structure of ring current and the plasmasphere and the excitation of ULF waves of weakly magnetized planets are far from
understood.

We investigated the formation of ring current and the excitation of internally driven ULF waves based on the
magnetosphere-ionosphere coupled model between GEMSIS-RC [Amano et al., 2011] and GEMSIS-POT [Nakamizo
et al., 2012]. GEMSIS-RC model solves 5-D drift-kinetic equation for ion PSD and Maxwell equations self-consistently.
GEMSIS-POT is a 2-D potential solver in the ionosphere. In this study, we report on internally driven ULF waves in the case
of a weakly magnetized planet, whose magnetic field strength is about one-third as strong as the present Earth (10000 nT at
the surface). We changed the distribution of Region 1 FAC and conductivity because of the decrease of the intrinsic magnetic
field.

Simulation results showed the excitation of Pc5 waves on the dayside and nightside. The Pc5 waves on the dayside were
generated by the drift resonance. By comparing with the case of the present Earth, the change of ion drift frequency resulted
in the change of the wave excitation region. We will also report on global distribution of ULF waves and growth rate.
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A drift Kinetic simulation of ULF wave excitation based on multi-point spacecraft

observations

#Kazuhiro Yamamoto) ,Kanako Seki?) ,Tomotsugu Yamakawa?), Takanobu Amano?® ,Aoi Nakamizo® , Yoshizumi Miyoshi6)
(1Graduate School of Science, The University of Tokyo, ?Department of Earth and Planetary Science, Graduate School
of Science, University of Tokyo,(®Department of earth planetary science, Graduate School of Science, University of
Tokyo,*University of Tokyo,®National Institute of Information and Communications Technology, ®Institute for Space-
Earth Environement Research, Nagoya University

In the terrestrial magnetosphere, ultra-low frequency (ULF) waves are excited by a variety of external and internal energy
sources. High-speed solar wind and perturbation of the solar wind dynamic pressure are external drivers of ULF waves (e.g.,
Kepko et al., 2002; Zhang et al., 2010). The ULF waves driven by the external sources can accelerate energetic ions (Zong
et al., 2012; Oimatsu et al., 2020) and relativistic electrons (Elkington et al., 1999) through the drift/drift-bounce resonance
(Southwood et al., 1969). Therefore, these ULF waves are important for the energy dynamics in the magnetosphere. Because
solar wind parameters can show dramatic variations at the same time, these external drivers of ULF waves can coexist. This
makes it difficult to distinguish the excitation mechanism(s) of ULF waves for a particular event. Using a global ring current
model, we discuss the possible excitation mechanisms of the ULF waves observed on 29 October 2013.

We conducted a global drift-kinetic simulation of the ring current (Amano et al., 2011) coupled with an ionospheric
potential solver (Nakamizo et al., 2012). During the event, the solar wind dynamic pressure showed a step-like variation, and
a moderate substorm (AL ~-470 nT) was triggered. Both toroidal and poloidal ULF waves were detected by Van Allen Probes
on the duskside. From the observations of Iridium satellites, we found that the Region-1 field aligned current (R1FAC)
gradually reached greater than 1.0 uA/m? in the expansion phase. The spatiotemporal variations of RIFAC were fitted with
the Gaussian function to calculate the electric field potential in the ionosphere. With the fitted R1FAC distributions, we
obtained a simulation result in which toroidal ULF oscillations of the electromagnetic fields were continuously excited. Their
Poynting flux along a field line indicates that electromagnetic field perturbation propagates from the southern ionosphere to
the magnetic equator in all MLT sectors except for the noon sector. This result suggests that the energy source of the toroidal
oscillations is in the southern ionosphere on the nightside. To identify the cause of the toroidal waves, we changed the input
parameters of RIFAC and the ionospheric conductivity. First, we fixed the location of a current sheet of RIFAC and only
the current density was changeable. With this setting, we found that the toroidal oscillations still existed. If we fixed the all
parameters of R1FAC, the toroidal oscillation disappeared. Next, we mirrored the background ionospheric height integrated
conductivity in the southern ionosphere to the northern ionosphere. In addition, we used the background conductivity not
on 29 October 2013 but on the autumnal equinox day (23 September 2013) to weaken the north-south asymmetry of the
conductivity. As a result, the toroidal oscillations were still generated. We concluded that the temporal variation of R1FAC
directly/indirectly drives the toroidal oscillations even if there is no north-south asymmetry of the ionosphere. If the toroidal
oscillation we found is not an artificial signal, the temporal variation of the intensity of field aligned currents is a new driver
of ULF waves which has been overlooked in previous studies.
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Construction of wave power and wave normal angle models of chorus waves
based on the Arase PWE/OFA observation

#Satoshi  Kurita),Yoshizumi Miyoshi®),Yuto Katoh®),Shinji Saito®),Shoya Matsuda®),Yoshiya Kasahara® Satoko
Nakamura”), Ayako Matsuoka®),Iku Shinohara®)

(1Research Institute for Sustainable Humanosphere, Kyoto University, ?Institute for Space-Earth Environement Research,
Nagoya University,®Department of Geophysics, Graduate School of Science, Tohoku University,(*National Insti-
tute of Information and Communications Technology,(®Kanazawa University,*Emerging Media Initiative, Kanazawa
University,("Nagoya University,(®Graduate School of Science, Kyoto University,(°Japan Aerospace Exploration
Agency/Institute of Space and Astronautical Science

Whistler mode chorus waves play crucial roles in the dynamics of the Earth’s inner magnetosphere through wave-particle
interactions. In particular, it has been considered that stochastic acceleration by chorus waves is responsible for the creation
of relativistic electrons in the Earth’s outer radiation belt during geomagnetic disturbances. The stochastic acceleration has
been described by the quasi-linear diffusion regime, and modeling works successfully reproduce observed flux increase
in radiation belt electrons during geomagnetic disturbances. The quasi-linear diffusion model of chorus waves requires
information on wave power and wave normal angle of chorus waves, which greatly changes the timescale for the acceleration
of relativistic electrons. The model describes the wave power distribution as a function of frequency using a Gaussian
function. The wave normal angle distribution for a fixed wave frequency is also represented by a Gaussian function. The
magnetic latitude dependence of these distributions needs to be incorporated into the model to include stochastic acceleration
of electrons during the propagation of chorus waves from the magnetic equator to higher latitudes. It is also worthwhile to
construct the wave power and wave normal angle models of chorus waves as input parameters of test-particle simulations
which can describe nonlinear aspects of wave-particle interactions between electrons and the waves.

The purpose of this study is the development of the empirical chorus wave model based on the Arase satellite observation,
which describes the wave power distribution as a function of frequency, wave normal angle distribution for a fixed wave
frequency, and the MLAT dependence of these distributions. We have statistically investigated spectral matrices obtained by
the Onboard Frequency Analyzer (OFA), which is a part of the Plasma Wave Experiment onboard the Arase satellite. The
wave power and wave normal angle of chorus waves are derived from the OFA-MATRIX datasets, and these parameters
are modeled so that the parameters can be used as inputs of the quasi-linear diffusion model. We report on the wave power
distribution of chorus waves as a function of normalized frequency (f/fce) and wave normal angle distribution of chorus
waves at a fixed normalized frequency. The MLAT dependence of these distributions is also shown in the presentation. The
input parameters of the quasi-linear diffusion model will be derived from the obtained distributions, and diffusion rates will
be shown using the parameters derived from the Arase observation.
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Statistical investigation of rapid change of electron flux caused by chorus waves

observed by Arase

#Seiya Tokudal), Takahiro Zushi?),Satoshi Kurita3),Hirotsugu Kojima4),Satoshi Kasahara® ,Shoichiro Yokotaﬁ),Yoshiya
Kasahara” ,Shoya Matsuda®),Satoko Nakamura? , Atsushi Kumamoto!®) ,Fuminori Tsuchiyall) ,Ayako Matsuoka'?), Yoshizumi
Miyoshil?’) JIku Shinohara!¥

(INational Institute of Technology, Nara College,(*National Institute of Technology (KOSEN), Nara College, ®Research
Institute for Sustainable Humanosphere, Kyoto University,(*Kyoto university,®The University of Tokyo,®Osaka
University,"Emerging Media Initiative, Kanazawa University,(®Kanazawa University,(Nagoya University,1°Department
of Geophysics, Graduate School of Science, Tohoku University,(!! Planetary Plasma and Atmospheric Research Center,
Graduate School of Science, Tohoku University,(mGraduate School of Science, Kyoto University,(lglnstitute for Space-Earth
Environement Research, Nagoya University,('4Japan Aerospace Exploration Agency/Institute of Space and Astronautical
Science

In the Earth’s inner magnetosphere, wave-particle interaction plays an important role in the acceleration and loss of
energetic electrons. Kurita et al. (2018) reported a deformation of electron pitch angle distribution caused by the upper band
chorus observed by the Arase satellite. In this event, it is shown that the deformation appears where effective wave-particle
interaction is expected in the velocity space and the electron flux increases within the resonance range of cyclotron
resonance. In this study, we analyzed the deformation of electron pitch angle distribution associated with chorus waves from
the observation result of MEP-e and PWE onboard the Arase satellite in order to understand this phenomenon. We extracted
events showing a sudden increase in electron flux in association with the activation of chorus waves from observation data of
MEP-e and PWE.

From the observation data from March 2017 to May 2018, 72 events were found in which electron flux change and chorus
waves were observed simultaneously. In this study, the 72 events obtained were classified into three categories: events that
changes from the high energy band, events that change in all energy bands simultaneously, and events that change from the
low energy band. Among these events, events that changes in all energy bands simultaneously and changes from low energy
band are considered that resonances occur in the observation region of the Arase satellite. In this presentation, we will show
the result of analysis of these events and discuss the characteristics of the resonance of chorus waves with electrons.
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Influence of nonlinear EMIC waves on relativistic electrons in the outer radiation
belt using the in-situ observations

#ChaeWoo Jun'),Yoshizumi Miyoshi!),Satoko Nakamura') Masafumi Shoji'),Tomoaki Hori®),Jacob Bortnik? Larry
Lyons?) , Takefumi Mitani®), Takeshi Takashima®),Iku Shinohara®),Ayako Matsuoka®),N. Higashio®

(Unstitute for Space-Earth Environement Research, Nagoya University,(?Atmospheric and Oceanic Sciences, University of
California Los Angeles, Los Angeles, USA,Japan Aerospace Exploration Agency, Institute of Space and Astronautical
Science,*Graduate School of Science, Kyoto University

EMIC wave-particle interaction is believed to play a significant role in the dynamics of energetic particles in the mag-
netosphere. Particularly, nonlinear processes can cause rapid losses of relativistic electrons in the outer radiation belt. We
recently found the triggering condition for nonlinear EMIC waves by the distortion of the dayside magnetic field in response
to the intensification of the solar wind dynamic pressure. In other words, the increase in the solar wind dynamic pressure is
the preferred condition for nonlinear EMIC triggering emissions. In this study, we investigate the variations of relativistic
electron distributions between structureless EMIC waves and nonlinear EMIC rising-tone emission events due to dayside
magnetospheric compression by the solar wind dynamic pressure using the Van Allen Probes and Arase satellites. In the
preliminary result, the residual flux variations on MeV electrons and EMIC waves are observed simultaneously, and we find
a clear phase space density depression of relativistic electrons in timing when EMIC waves are observed. The residual fluxes
of 0.5-5 MeV electrons exhibit a similar repletion period of a few minutes with the observed EMIC rising-tone emissions,
supposing that these fluctuations might be related to rapid loss of relativistic electrons due to nonlinear process. We discuss
the underlying physical dynamics causing losses of relativistic electrons in the outer radiation belt by EMIC wave-particle
interactions.
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Evolution of electron temperature anisotropy associated with injections and its
relation to chorus wave excitation

#Iku Shinohara') Jingxuan Yang®),Yoichi Kazama?) ,Shiang-Yu Wang? ChaeWoo Jun® Satoshi Kasahara®) ,Shoichiro
Yokota®),Kunihiro Keika®) ,Tomoaki Hori®) ,Kazushi Asamura®) ,Takefumi Mitani'),Ayako Matsuoka®

(1Japan Aerospace Exploration Agency/Institute of Space and Astronautical Science,(*Academia Sinica Institute of
Astronomy and Astrophysics,®The University of Tokyo,*Osaka University, ®Institute for Space-Earth Environmental Re-
search, Nagoya University, ®Graduate School of Science, Kyoto University,("Japan Aerospace Exploration Agency, ®Japan
Aerospace Exploration Agency, Institute of Space and Astronautical Science,(’Graduate School of Science, Kyoto
University,(19Graduate School of Science, Kyoto University

Recent explorations of the inner magnetosphere reveal that whistler chorus waves play an essential role in accelerating
and losing high-energy electrons. It is believed that electron temperature anisotropy is the free energy of chorus wave
excitation and is provided by injections from the magnetotail. However, since there are fewer plasma observations in the
inner magnetospheric region, the reality of the distribution of the electron temperature anisotropy is not well understood.
Based on a statistical analysis of electron temperature anisotropy in the inner magnetospheric region using data obtained
from low-energy and medium-energy electron instruments (LEP-e and MEP-e) onboard Arase (ERG), we confirmed that the
boundary of the temperature anisotropy distribution is consistent with the marginal condition of the temperature anisotropy
instability. Further, we also examined the contribution of injections to temperature anisotropy by focusing on data obtained
during injection events. Our preliminary result does not show that electron injections distribute around the marginal condition
of the instability. The result is partly because we evaluated the temperature anisotropy of electron injections using the
average value of 10 minutes time scale, and temperature anisotropy associated with injections might be smeared out. This
presentation will discuss the time and spatial evolution of temperature anisotropy associated with electron injections and its
relation to instability conditions.
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Statistical analysis of densities and temperatures of cold and hot electrons
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Chang'!),Shoya Matsuda'?) ,Fuminori Tsuchiya'®),Atsushi Kumamoto®),Yasumasa Kasaba'®) Masafumi Shoji®) ,Masahiro
Kitahara® ,Satoko Nakamura'®), Ayako Matsuoka'®) Mariko Teramoto'”)  Takeshi Takashima'?), Iku Shinohara'®)

(1 Academia Sinica Institute of Astronomy and Astrophysics, ?Institute for Space-Earth Environement Research, Nagoya
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Initiative, Kanazawa University,(*Department of Geophysics, Graduate School of Science, Tohoku University,(” Department
of Computational Sciences, Graduate School of System Informatics, Kobe University, ®Institute for Space-Earth Environ-
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Agency, M Institute of Space and Plasma Sciences, National Cheng Kung University,('2Kanazawa University, '*Planetary
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Studying dynamics of plasmas is essential for understanding the global activities of waves in the Earth’s inner magneto-
sphere. We performed a statistical analysis on densities and temperatures of cold and hot electrons in relation to whistler
mode chorus waves. It is said that whistler chorus is triggered by injected hot electrons from the plasma sheet. However, a
result of the data analysis indicates that hot electrons in the midnight sector are almost temperature isotropic, which does not
make a growth rate positive in the quasi-linear theory. In the presentation, we will explain the results of our data analysis and
discuss electron dynamics and their relation to whistler mode waves.
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Wave amplitude dependence of energetic electron precipitation associated with
pulsating aurora: Test-particle simulations

#Shinji Saito!), Yoshizumi Miyoshi?)

(INational Institute of Information and Communications Technology, ®Institute for Space-Earth Environement Research,
Nagoya University

Pulsating aurora is a kind of diffuse aurora with pulsation of a few Hz. The optical emission of pulsating aurora is due to
intermittent electron precipitation into the atmosphere from the outer radiation belt of the earth’s magnetosphere. Whistler
mode chorus waves generated in the magnetosphere are a plausible candidate to scatter the trapped radiation belt electrons
into the loss cone.

In this study, test-particle simulations by GEMSIS-RBW are carried out to study the influence of large amplitude whistler
chorus mode waves on energetic electrons precipitation. The simulations show that the electron flux close to the loss cone
are reduced by the scattering when the whistler mode chorus waves nonlinearly trap the electrons close to the loss cone.
On the other hand, nonlinear dislocation process scatters electrons into loss cone from the pitch angle away from it. The
parameter study as a function of the wave amplitude indicates that the nonlinear scattering process has an important role for
the suppression of the electron precipitation. The amount of electron precipitation flux is not a linear function of the wave
amplitude of whistler mode chorus waves. The high amplitude whistler mode chorus waves could influence on the energetic
electron precipitation associated with the emission of pulsating aurora.
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Pitch angle scattering rates and energetic electron precipitation caused by chorus
emissions in the inner magnetosphere
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Energetic electron scattering is highly affected by whistler mode chorus emissions in the Earth’s inner magnetosphere.
Whistler mode chorus emissions are usually observed with oblique wave normal angles (WNAs), and the different WNAs in-
fluence the electron motions. This study aims to reveal the relation between wave WNAs and energetic electron precipitation,
and to verify the processes of nonlinear resonances that result in electron precipitation. We utilized test particle simulations
and the Green’s function method to trace energetic electrons scattered by a pair of chorus emissions. We apply 12 chorus
wave models with four various WNA sets (the maximum WNA are 0 deg, 20 deg, 60 deg, and 90% of resonance cone angles)
and three wave amplitude sets (the maximum wave magnetic fields are 2.1 nT, 300 pT, and 50 pT) at L. = 4.5. Besides,
we theoretically derive the pitch angle scattering rates of resonant electrons. According to the simulation results and the
theoretical pitch angle scattering rates, we find that: (1) Wave amplitudes are the most important factor affecting energetic
electron precipitation; (2) Under the same wave condition, in general, the precipitation rates of low-energy (tens of keV)
electrons are higher than those of high-energy (hundreds of keV) electrons because the pitch angle scattering rates of the n =
1 cyclotron resonance is higher for low-energy electrons than for high-energy electrons; (3) For large amplitude waves, the
precipitation rates of the very oblique chorus waves are about 1.5 times greater than those of the parallel waves and about 1.2
times greater than those of the slightly oblique waves. It is because of active nonlinear trapping (n = 0 and n = -1 resonances)
and nonlinear scattering (n = 2 resonance); (4) In the large amplitude and very oblique case, electrons can precipitate from
the initial equatorial pitch angles >40 deg around 100 keV because of the strong nonlinear trapping via the n = -1 cyclotron
resonance.
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PCUBE: Probing, controlling, and understanding of radiation belt environments
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Astronautical Science, ®Kyushu Institute of Technology

The Earth’s outer radiation belt varies dynamically during geomagnetically disturbed periods; once disappears in a few
hours and appears again. The physics controlling the rapid loss and reformation processes has not been fully understood yet.
We started the project PCUBE (Probing, controlling, and understanding of radiation belt environments) to investigate the
rapid loss process of radiation belt electrons by plasma waves by (1) developing a radiation belt model fully incorporating
rapid loss, (2) measuring the radiation belt loss process by originally developed instruments onboard a CubeSat, and (3)
analyzing spacecraft data measured in terrestrial and Jovian magnetospheres.

Recent studies clarified that the radiation belt varies more dynamically than conventionally expected due to the rapid
loss process by electromagnetic plasma waves. We proposed the numerical Green’s function method (Omura et al., JGR
2015), which enables us to reproduce the variation of the radiation belt for several hours, considering the rapid loss process
occurring in the time scale of less than 1 second. We further develop the proposed method for electromagnetic ion cyclotron
waves and the effect of the plasma duct, which concentrates plasma waves along a specific field line where the plasma density
is enhanced from those of the surroundings. Our project tries to confirm a hypothesis that the efficient loss of radiation belt
electrons occurs along the plasma duct.

To investigate the relationship between the plasma duct and the rapid loss process of radiation belt electrons, we need
to observe the relativistic electron precipitation and the plasma density structure simultaneously in the Earth’s upper
atmosphere. We develop a high-energy electron detector and a plasma density probe. The electron detector makes use of the
avalanche photo-diode, which we employed in the energetic electron detector onboard the Arase satellite [Kasahara et al.,
EPS 2018]. The developed detector covers a wide energy range from tens to millions of electron volts. By measuring the
energy dependence of precipitating electrons into the Earth, we clarify the roles of electromagnetic waves in the radiation belt
loss process. We also develop the plasma density probe by miniaturizing the 1-m length plasma probe used in conventional
sounding rocket experiments. We will install the originally developed probes into a CubeSat to measure the loss of radiation
belt electrons inside the plasma duct.

We study the rapid loss and acceleration processes of the radiation belt electrons by analyzing in situ observation data of
spacecraft. Since the period of our project corresponds to the interval of enhanced/maximum solar activity, we can analyze
the dynamical behavior of the radiation belt. We also analyze the observation data in Jupiter’s magnetosphere, the largest
in our solar system. We investigate the rapid ion acceleration process that is possible to occur around Jupiter based on data
analysis and simulation studies.

Because radiation belt electrons cause satellite anomalies and radiation exposure in space, the method controlling radiation
belt has been investigated for decades. Our project reveals the fundamental physics of the rapid loss of radiation belts,
developing the theoretical basis to control the radiation belts.
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Preliminary results from the first PBASE campaign observation of subauroral-
latitude auroras at Athabasca, Canada, on Sept. 2023

#Kazuo Shiokawal),Liwei Chen®) ,Rei SUGIMURAY) Martin Connors?)

(Unstitute for Space-Earth Environmental Research, Nagoya University, 2 Athabasca University, ®Institute for Space-Earth
Environmental Research, Nagoya Univ,(* Athabasca University

The international joint research of geospace variability by combining multi-point ground and satellite observations and
modeling (PBASE program) has been launched in December 2022 as a 7-year program of Japan Society for the Promotion of
Science (Grant-in-Aid for International Leading Research, 22K21345, https://www.isee.nagoya-u.ac.jp/dimr/PBASE/). The
PBASE program aims to contribute to understanding and predicting geospace variabilities by combining ground-based and
satellite observations and modeling, covering a wide area in both altitude and latitude/longitude directions. The program
plans to coordinate campaign observations using ground-based instruments in winter seasons in 2023, 2024, ans 2025. In
this presentation, we will report a preliminary result obtained from the first PBASE ground-satellite campaign observation
of subauroral-latitude auroras at Athabasca, Canada, on September 8-14, 2023. We install two Nikon color cameras at the
AUGO-I site (54.71N, 246.69E, magnetic latitudes: “62 degree) in the Athabasca University campus and the AUGO-II site
(54.60N, 246.36E) which is 25 km separated, in order to make a triangulation of auroral structures, such as STEVE and
SAR arcs, typically observed at subauroral latitudes. We also operate an all-sky airglow imager of the Optical Mesosphere
Thermosphere Imagers (OMTIs) and an EMCCD camera at AUGO-II, and a low-cost ZWO camera at AUGO-1. Conjugate
observation with the Arase satellite is planned at 13:00 UT on September 8, 12:00 UT on September 10, and 08:00 UT on
September 15.
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Energetic electron precipitation associated with omega-band auroras during a
magnetic storm

#Koyo Takano!),Keisuke Hosokawa'),Shin ichiro Oyama?®), Antti Kero®) , Yoshizumi Miyoshi?), Yasunobu Ogawa®),Satoshi
Kurita®)

(1 The University of Electro Communications, ?Institute for Space-Earth Environmental Research, Nagoya University,(*National
Institute of Polar Research,“Sodankyla Geophysical Observatory, ®Research Institute for Sustainable Humanosphere, Kyoto
University

Auroras are classified into two broad categories: discrete auroras, which have a clear and distinct shape, and diffuse
auroras, which have a vague and blurred shape. Most diffuse auroras show quasi-periodic brightness modulations, which
are known as “Pulsating Aurora (PsA)”. Along with the appearance of PsA, a large-scale wavy auroral structure called
the “omega band” is often identified. Recent studies have demonstrated that highly energetic (sub-relativistic) electrons
of radiation belt origin sometimes precipitate into the atmosphere during appearance of PsA and omega band. To date,
however, the spatial distribution of such electron precipitations during omega bands has not yet been clarified in detail. In
particular, characteristics of electron precipitation during a storm-time omega band has not been investigated due to a lack of
good examples during large geomagnetic storms. One of the possible methods to reveal this issue is to visualize the spatial
distribution of ionization in the lower ionosphere by combining optical data from ground-based all-sky cameras and the
Cosmic Noise Absorption (CNA) measurements by riometers.

In this study, we investigated the spatiotemporal variations of CNA associated with omega bands that occurred during a
geomagnetic storm by combining the observations of high-speed EMCCD all-sky cameras with a temporal resolution of 100
Hz, installed at four locations in Scandinavia (Tromsoe, Tjautjas, Sodankyla, Kevo), and spectral riometers installed at seven
stations in the same region. Specifically, we examined an event of omega bands during a Coronal Mass Ejection (CME)
type geomagnetic storm on March 23-24, 2023. By combining the optical data from the four EMCCD cameras, it was found
that the torch structures of the omega bands drifted eastward quasi-periodically across the fields-of-view of the cameras. A
comparison between the temporal variations of CNA and optical data indicated that the CNA significantly increased when the
torch structures passed through the sensing areas of the riometers. Furthermore, by directly comparing the spatial structure
of the omega bands and the CNA variations at the seven locations, we found that the CNA increased not in a region of
discrete aurora along the edge of the omega band, but in regions inside and outside of the torch structure that was embedded
in diffuse auroras. This suggests that harder electron precipitations, probably of radiation belt origin, occurs in the regions
inside and outside the omega band structure where the morphology of aurora is more characterized by diffuse structures. In
the presentation, we will discuss the spatial/temporal relationship between the storm-time aurora including the omega bands
visualized by the wide-area imaging with the EMCCD cameras, and the synchronizing enhancements of CNA, as well as
their relationship with magnetic field variations at the magnetospheric counter part responsible for the particle precipitation.
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A study of the auroral morphology seen immediately after substorm onset and its
dependence on distance from the onset location

#Momoka Matsuoka®) ,Shin ichiro OyamaQ) ,Keisuke Hosokawa®), Yoshizumi Miyoshi4) ,Yasunobu O gawa5) ,Satoshi Kurita
(1Nagoya university, ?Institute for Space-Earth Environmental Research, Nagoya University,®Graduate School of Informat-
ics and Engineering, University of Electro-Communications, *Institute for Space-Earth Environement Research, Nagoya
University, ®National Institute of Polar Research,(®Research Institute for Sustainable Humanosphere, Kyoto University
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Temporal and spatial evolution of auroras associated with substorms has been widely investigated on various spatiotem-
poral scales by many researchers. In a typical pattern, equatorward-shifted auroras at the substorm growth phase abruptly
increase the intensity at the substorm onset with expanding rapidly poleward. After this substorm expansion phase, diffuse
auroras including pulsating auroras are developed in the whole sky. In case where a ground-based all-sky camera is operated
close to the substorm onset location near midnight, the camera may capture a series of these changes in auroral morphology.
On the other hand, in case where a ground-based all-sky camera is operated off dawn side from the substorm onset location,
auroras with a gentle horizontal gradient in brightness may occur only in a portion of the field of view, coinciding with auroral
brightness increases, but more unclear horizontal structure different from that near the onset location. We need further studies
on the auroral morphological evolution around the substorm onset, considering relative distance to the onset location. A
valuable method to retrieve this issue in an experimental manner should be a statistical analysis of auroral images taken from
multiple ground-based optical cameras for many substorm events estimating the relative distance between the onset location
and the camera field of view. This study examined the relative distance in latitude and longitude using auroral images taken
immediately after substorm onsets.

The analysis was performed using auroral images taken with eight all-sky cameras operated in northern Scandinavia and
Alaska in winter 2016-2022 and SuperMAG substorm lists and magnetic field data. Assuming an emission altitude of 100
km, the latitudinal coverage by all cameras installed in Northern Scandinavia and Alaska are 59.3 to 77.7 degrees and 56.

6 to 72.7 degrees, respectively. The optical filters mounted on cameras were RG665, which passes light at wavelengths
longer that approximately 665 nm, and BG3, which cuts light at wavelengths between 500 and 700 nm. Both filters are
suitable for measuring prompt auroral emission. For this analysis, onset times and locations were taken from a substorm list
issued by SuperMAG. Of the substorm onset events listed up for the period covered by this analysis (in total, 1949), 34 events
were selected under following four criteria.

1. Substorm onsets after 22 magnetic local time (MLT) at clear night with intervals of at least 2 hours and 30 minutes from
the preceding and following onsets, respectively.

2. Minimum value of the SML index reaches -400 nT or lower within one hour after the substorm onset.

3. A single minimum value of SML index for one hour after the substorm onset.

4. Less than one hour difference between substorm onset longitude and longitude of a station to meet the SML minimum.

Results of this analysis suggested that diffuse auroras were found in more wide range of the relative longitude from the
onset location than discrete auroras. In addition, discrete auroras tended to be identified more frequently at higher latitudes,
while diffuse auroras showed the opposite trend. Analysis of the relative distances in latitude and longitude to the substorm
onset location showed that both type of auroras was distributed in a wider latitudinal range at the east side of the onset lo-
cation. Furthermore, diffuse auroras tended to invade the higher latitudes with displacing eastward from the onset location.
Considering the latitudinal standard deviation of the substorm onset position, discrete auroras tended to occur at latitudes
closer to the onset location.
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On the global characteristics of Pi2 and Pc4 wave generation associated with sub-
storms

#Akifumi Hashimoto!),Akimasa Yoshikawa?® ,Teiji Uozumi
(1Kyushu University,(?Department of Earth and Planetary Sciences, Kyushu University,*International Research Center for
Space and Planetary Environmental Science, Kyushu University
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Various magnetohydrodynamic waves exist in the Earth’s magnetosphere. Among them, geomagnetic fluctuations with pe-
riods ranging from 0.2 to 1000s are called geomagnetic pulsations, especially those with periods ranging from 45 to 150s and
continuous waveforms are called Pc4 pulsations, and those with impulsive waveforms are called Pi2 pulsations. Although Pi2
pulsations are well known to be observed at substorm onset, Pc4 pulsations observed at the explosion phase and the recovery
phase of substorms aren’t yet well understood in terms of their originating factors and emergence characteristics.

Li. Yan et al., (2000) investigated the dependence of the amplitude of the horizontal component of Pi2 pulsations on mag-
netic latitude and local time, and found that the amplitude decreased in the order of midnight, evening, and noon at the local
time where the observation stations were located, and became smaller as the stations were located at lower magnetic latitude.

Furthermore, Imajyo et al., (2017) suggested that the dayside Pi2 is observed as an oscillatory component of the ionospheric
current that extends into the daylight portion.

On the other hand, the Pc4 pulsation was discussed by Shishime’s master paper (2013).1t reported that Pc4 pulsations were
observed from the explosion phase to the recovery phase of the substorm at nightside high latitudes, while it was significantly
attenuated at mid and low latitudes, and appeared to be hardly propagated.

However, these results were only obtained from event studies at specific local times, and the global aspect of the event
hasn’t been clarified. In this presentation, I will discuss the global transmission pathways and M-I coupling circuits formed
by the Pi2 and Pc4 pulsations excited during substorms by contrasting their occurrence characteristics.
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Identification of the Mercury’s magnetospheric structure based on a statistical
survey of MESSENGER magnetic field data
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Physics, University of Pisa

Mercury has a magnetosphere similar to the Earth. The boundaries that define the magnetosphere, such as bowshock
(BS) and magnetopause (MP), have been identified in previous studies. In contrast, Mercury’s magnetosphere has different
situations from the Earth, such as the solid planetary body occupies a large volume, the solid surface is exposed to space,
and the typical spatial and time scales are smaller and shorter than those of the Earth so that it is more susceptible to solar
wind variations. Previous studies, e.g., Winslow et al. (2013), identified BS and BP using magnetic field data obtained from
MESSENGER. However, these studies focused on the BS and MP identifications, and structures and variations of magnetic
fields found in other areas are not necessarily discussed. In this study, we try to find unique regions or events different from
Earth by using MESSENGER magnetic field and plasma data and attempt to interpret these phenomena without necessarily
assuming analogies from the Earth’s magnetosphere.

This research also intends to prepare for Mercury’s magnetospheric science by the BepiColombo fleet. BepiColombo/Mio
has onboard instruments that can observe the plasma environment around Mercury more comprehensively than MESSEN-
GER, so it is important to focus on regions and events of interest in advance for efficient data analysis. Since the region
classification is the first step for magnetospheric science, this preliminary study will facilitate research after BepiColombo’s
arrival. In this presentation, we will present the initial results.
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Status of GEO-X mission

#Yuichiro Ezoe"), Yoshizumi Miyoshi?) ,Masaki Numazawa® , Yosuke Matsumoto®) ,Keisuke Hosokawa®),Satoshi Kasahara® ,Daiki
Ishi”),Atsushi Yamazaki®), Takefumi Mitani®

(ITokyo Metropolitan University, ?Institute for Space-Earth Environement Research, Nagoya University, ®Cluster for Pio-
neering Research, RIKEN, “Institute for Advanced Academic Research, Chiba University,(5Graduate School of Informatics

and Engineering, University of Electro-Communications,(®The University of Tokyo,("Department of Physics, Graduate
School of Science, Tokyo Metropolitan University, 8The Institute of Space and Astronautical Science, Japan Aerospace
Exploration Agency,(®Japan Aerospace Exploration Agency, Institute of Space and Astronautical Science

GEO-X (GEOspace X-ray imager) mission is a Japanese small satellite mission aiming at visualization of the Earth’s
magnetosphere by X-rays and revealing dynamical couplings between solar wind and magnetosphere. In recent years, X-ray
astronomy satellite observations discovered soft X-ray emission originated from the magnetosphere due to charge exchange
between solar wind ions and exospheric

neutrals. From observational and theoretical studies, this emission is expected to increase largely in the sheath region
because of the large ambient plasma density. Therefore, the boundary region between the bow shock and the magnetopause
will be detected with the strong soft X-ray emission.

We are developing GEO-X to realize this global imaging of the magnetosphere by X-ray observations for the first time.
It is a 750 kg class small satellite carrying a novel compact X-ray imaging spectrometer. The satellite having a large delta
v (>7700 m/s) to increase an altitude from piggyback launch to GTO is necessary. For this purpose, a hybrid kick motor
composed of liquid N20 and polyethylene is attached to the spacecraft. A wide FOV (>5x5 deg) and a good spatial
resolution (<10 arcmin) X-ray (0.3-2 keV) imager is also onboard. We aim to launch the satellite around the next solar
maximum.

GEO-X (GEOspace X-ray imager) (33EREE S O X #RG & 22 & 2 KGRI 3 2 KBS E OB g% i3
NI TH 5, E, X MRHEE I$3<) REK X > THIERD LD 5] X APBF I TV S Z 29
PoT&ER, KIGRIZEENZ 2l 4 > BHIROEEBARKTD 2B EME» BT 2BV, EDNWLETFIA
AU TRIEENICE D 2 TR T 2BMIARICICE2DDTH S, 25 LizH, BllHllE X CHRTHD» S, KGR
77 A EEIIEHERERHEOBRENTRES 220, XEEHOBHIKSE D 7 v — U RE2ARETH 5 2
CIRBEINTE T,

Z ZTEHRAZ I TORSE X FHRGE 1T 5 /NE#EE GEO-X OB EZEDTWD, HEERIIN S0kg T, av
R IHPOBBRETH D BBREOHMAD X BIRIGINEELBRT 2, HEIZ GTO REANDHED 25 AEICHIEE
e iTi o T, BERETH 2 WEE O 0 & OEEIE AJBEIC 3 2 KB DHEER (delta v >"700 m/s) 5D, Z Z T N20
ERVIZFLIUDPOERINA Ty RFv ITE—X— ’E’?‘Eiﬁ—fw‘: LTHWS, SRAIZEEIZAHRE (5x5 deg) oEN7-fA
FE 3 fi#RE (10 arcmin) 2B L, MXEMEEL DR T %, 715 LF3EZTHKERAOMA TS % 2020 FAF1EX % H
FBLTEBD, REHETEFHEOBIRICOWTHET 5,



R006-P07
RZXZ—1 1924 PMI1/PM2 (13:45-18:15)

EQUULEUS B# OiEimEMRFEE (PHOENIX) (IC& 3B TS5 X YEDIRE
#EM R D, RE O OEEYD HE %3, H)N o~
(1 gk - FreER, (2Rikkyo Univ., (ISAS/JAXA

Remote observation for Earth’s plasmasphere by EUV telescope (PHOENIX) on-
board nano-spacecraft EQUULEUS

#Kazuo Yoshiokal) Masaki Kuwabara®) ,Go Murakami®),Ichiro Yoshikawa?)

(IGraduate School of Frontier Sciences, The University of Tokyo,,(2Rikkyo University,(?’lnstitute of Space and Astronautical
Science, Japan Aerospace Exploration Agency

6U-size nano-spacecraft mission named EQUULEUS has been launched in November 2022 as one of the sub-payloads of
NASA’s Space Launch System. After the launch, the instrumental checkouts have been conducted along with orbital control
for Earth-Moon L2 point (EML?2). An ultra-small telescope for extreme ultraviolet (EUV) named PHOENIX is boarded on
EQUULEUS. It consists of multilayer-coated mirror (diameter of 6 cm with Mo/Si coating), metallic bandpass filter, and 2-D
photon counting device with microchannel plate and resistive anode. The reflectance of the mirror and transmittance of the
filter are optimized for the emission line of ionic helium (wavelength of 30.4 nm) which is the second major component of
the plasmasphere of the Earth. The field of view of PHOENIX is set as 11.8 degrees which corresponds to around 10 Earth
size seen from moon. By flying far from the Earth, the entire image of plasmasphere can be obtained in one flame of the
PHOENIX FOV. In this presentation, the mission concept and the design of the telescope, and the status of PHOENIX in
orbit will be shown with some initial observational results.
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Establishment of low energy electron detection methods using floating APD for a
development of a small-size electron analyzer

#Shoki Yabumoto!),Kazushi Asamura®), Takefumi Mitani®),Mariko Teramoto!), Tomoya Iwase!) ,Kentarou Kitamura®)
(IKyushu Institute of Technology,?Japan Aerospace Exploration Agency,®Japan Aerospace Exploration Agency, Institute
of Space and Astronautical Science

The purpose of this study is to develop a small-size electron analyzer fitted with a nano-satellite for in-situ measurements
of auroral electrons. The analyzer uses an APD (Avalanche Photodiode) as an electron detector instead of an MCP (Micro
Channel Plate) in order to improve uncertainty of quantum efficiency for the detection. However, APD is not sensitive for
elections with energies less than a few keV in general. We apply +4.5kV to APD which is electrically floated from ground.
In this case, energy resolution becomes much worse if we only use output signals generated by APD. Therefore, APD is
used in combination with an electrostatic energy analyzer. In this study, electron beams were irradiated to APD which was
electrically floated from ground. We got clear signatures of incoming electrons when the beam energy was higher than 2
keV. However, the APD also detected stray electrons accelerated by the floating potential of APD. The effect due to the stray
electrons should be removed in order to evaluate the detection performance of APD for lower energy electrons. Currently we
are designing the new experimental setup which removes the stay electrons reachable to the APD.

We will report on the results of the laboratory testing and design of the experimental setup.
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(Avalanche Photodiode) 2322 LTW3, L L, APD ZZD X E T3 keV U ROBTFIKE 2 H 2720
7. APD 2K ZFEMH» Stk L. 77 AB KV BEOEEZMMT 2 28Ik TAREFZIEL CGHIIT 2 2 &
Y L7z, ZOHE. APD BATIHEZ AV F —B TN T3 ANF 0B HREE L 23720, FET X =0
BT, ZO®%REIC APD RELET %, AR TR 70 —T 4 78 APD W, KT L F—F IS 25H
TRE% EENC X o THER L 72, EERTITIEYI ERE %2 FH T APD AJHEAS 4500V £ 7423 XS5 ICEBEZEIML, H2E
Fx N TETE—L2%2BH L2, APD HFHEBEHWTZ AL -0 2T o MR, 2keV U EDET VY — 24
WL CIXBERERSAREON, —H. ASETDEFOEMICEZE L BICHE T2 - RETICE 2 EBbI 391
PEELTELNTED., 2keV IFOBEBFIZOVWTIE, #ity 7 v 7OEB WS IOTEIBERIRIE o TV,
Z T RETH APD ANHEICEE LR VWEMMEZEIAKS I 21— a YITX o THEILTWS, AFEXRTIE, E
SLAPD IS X 3B FEHEBROMEL S I 2L —Y a YORBRITOWTERET %,



R006-P09
RZXZ—1 1924 PMI1/PM2 (13:45-18:15)

#ERM D, BN M2 W RE YD, % BE Y, =4F  fHH ,Wang Bo-Jhou!),Wang Shiang-Yu'), Tam

S.-W.-Y.9 Chang T-E9), &5 #ith D, KaH HH S, LB sBid 9, ek EE 10 40 BEE '™, /Mg B Y JuE
B 100 dh OB T 1D, M BT 1), SFAR FET 'Y Takashima Takeshi?, 5 & 1%

(LASTIAA, 52, K ISEE #f,(* %K ISEE,® £ K ISEE,(*ISAPS, NCKU,(7 &R A, G SR A%, O gtk - # - &

BT 5 R KR,00 gk - B - ke, (0 gideok - 3L O2TAR&ISEE, (13 mi#fkae, (14 fuT ok, (5 S2HihF, /= i hhs

Development of a new data calibration for the LEPe instrument on the Arase
satellite

#Yoichi Kazama®) ,Kazushi Asamura?),ChaeWoo Jun®) ,Tomoaki Hori*),Yoshizumi Miyoshi®),Bo-Jhou Wang"),Shiang-Yu
Wang!),S.-W.-Y. Tam®, T.-F. Chang®, Yoshiya Kasahara™ ,Shoya Matsuda®) ,Fuminori Tsuchiya® ,Atsushi Kumamoto'®), Yasumasa
Kasaba'!) Masafumi Shoji*),Masahiro Kitahara!®) Satoko Nakamura'?),Ayako Matsuoka'?) Mariko Teramoto'*) Takeshi
Takashima?,Iku Shinohara'®

(1 Academia Sinica Institute of Astronomy and Astrophysics,(2Japan Aerospace Exploration Agency,®Institute for Space-
Earth Environmental Research,*Institute for Space-Earth Environmental Research, Nagoya University,®Institute for
Space-Earth Environement Research, Nagoya University, CInstitute of Space and Plasma Sciences, National Cheng Kung
University,("Emerging Media Initiative, Kanazawa University,®Kanazawa University, ?Planetary Plasma and Atmospheric
Research Center, Graduate School of Science, Tohoku University, (!’ Department of Geophysics, Graduate School of Science,
Tohoku University,(' 'PPARC, Graduate School of Science, Tohoku University,(?Nagoya University,(*Graduate School of
Science, Kyoto University,('*Kyushu Institute of Technology,*>Japan Aerospace Exploration Agency/Institute of Space and
Astronautical Science

We are now developing a new data calibration method for the LEPe (Low-energy particle experiments - electron analyzer)
instrument onboard the Arase satellite. The calibration method currently being applied is built based on LEPe measurement
data until the end of 2020. Since 2021, the detection efficiencies of the electron channels have decreased relatively to that of
the background channel. This efficiency difference is probably due to degradation of the electron channels, as the electron
channels receive a higher influx of electrons compared to the background channel. To take the time variation of detection
efficiencies into account, a newly developed calibration method introduces a time parameter to the detection efficiency
model. In this presentation, we describe the details of the new calibration method, which is useful for scientists to know
accuracy and limitations of physical quantities obtained by the LEPe instrument.
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Development of onboard software for miniaturized plasma wave receiver
#Kosuke Yamamoto!), Takahiro Zushi')Hirotsugu Kojima?)
(1National Institute of Technology, Nara College, >Kyoto university,®Kyoto university

In recent years, CubeSats, standardized small satellites with a cubic size of 10 cm, have gained popularity and are actively
used for scientific observations. These CubeSats are expected to play a critical role in plasma wave observations by increasing
the observation opportunities and enabling simultaneous multi-point observations with high spatial resolution. However, due
to their limited size and power constraints, it is difficult to install a high-performance plasma wave instrument on a CubeSat.

To address this issue, we propose a miniaturized and power-efficient plasma wave receiver specifically for use on CubeSats.
This new type of receiver is designed to reduce power consumption in spectrum observation by dividing the observation band
into multiple frequency bands in the analog circuit and reducing the sampling frequency in the lower frequency bands. In
addition, we are developing these analog circuits as Application-Specific Integrated Circuits (ASICs) to minimize circuit size.

In this receiver, the RP2040 is used for circuit control and digital signal processing such as fast Fourier transform. The
RP2040 is a low-power microcontroller with two ARM Cortex M0+ CPU cores. While the Cortex MO+ is power efficient,
its computational performance is not high, so an efficient implementation is needed to perform control and digital signal
processing for the RP2040. In this study, our goal is to develop onboard software for the RP2040 that provides the control
and digital signal processing needed for the plasma wave receiver.

In our presentation, we will show a detailed overview of the developed software and the results of the performance evalua-
tion.

JTEE, CubeSat ¥ PR3 10 cm 3153 4 R DIZHEL X W - /NI R ofT 5 EiFsiEmL ts b, HEEEILicB L
T CubeSat 2SFEMINCFIHEN T WS, 77 A<EEFBHNCBWTDH, BRI 2 ES U S22/ R D 2 R RIRE
H%ERT 2720121, CubeSat ZEELREENEZRE-TLEZI OIS, LrL, TOICEERER T 7 X~ HEETHIEEE %
CubeSat IZHEHE T2 Z L. HEOAZIPHBBEHOMELSR#ETH 3,

F 41X, CubeSat NOEHE % RIEX /NI OBEBENRIH T 5 A< KEZEREREREL TV, ZOHZER
. 77 u I B W TR B O BRI A EI L RERAR OS> 7)) v FREREE FF 5 Z 8 TAR
7 FOVERNZ BT 2 BB 2 KIEICIEBATBELR R LTW3, 512, 20 Xk5h7Fu a2 EHERER Y L
THFE T3 Z T, HEE2/MULT 2, ZOZEHRTBVT, OBE2AKOFHIEBE L OEHT7 — ) TEBED T 1+ ¥ XIUE
SUEZ, Mivf7vaybe—5—TH5 RP2040 VS FTETH %, RP2040 1% CPU =27 & LT ARM Cortex
MO+ % 2 D88 L T3, Cortex MO+ ZBENTH 2 —F., HAMREREEL hwizd, #lJlr 74 P2V ESUEE
RP2040 DA THITT 2 72 DITIIRNRA R FENBRE L 72 5, RIFFETIE. RP2040 I2BWT 77 A< REIZ(E I HE
YRAHEEB X NEEEERTEA ARV 7 Y 2 7 OREETI,
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Development of suprathermal ion energy-mass spectrometer for observations in

the polar ionosphere

#Kenya Terasawa®),Akari Nagatanil) Kazushi Asamura?,Yoshizumi Miyoshil)

(Unstitute for Space-Earth Environement Research, Nagoya University,(2Japan Aerospace Exploration Agency,®Japan
Aerospace Exploration Agency, *Institute for Space-Earth Environement Research, Nagoya University

In the inner magnetosphere, there are oxygen ions, nitrogen ions, and molecular ions which flow out from the ionosphere
along the earth’s magnetic field line. The cold ionospheric ions with energies below several eV are heated to tens of eV,
which has been observed by the past satellite observations. However, possible mechanisms for the ion outflow have not been
understood. While the pressure gradient drives the outflow of light ions such as protons and helium ions, the mechanism
is difficult for heavy ions such as oxygen ions and molecular ions. In order to clarify the ion outflow mechanism, we
are developing suprathermal ion energy-mass spectrometer for the LAMP-2 sounding rocket experiments and the future
polar orbiting satellite mission "FACTORS”. There are two objectives for in-situ observations of suprathermal ions in
the topside ionosphere. The first is to clarify the outflow mechanism for heavy ions originated from the ionosphere. The
second is to identify heating mechanisms, e.g., wave-particle interactions and joule heating at the ionospheric altitudes. The
instrument consists of an electrostatic energy-per-charge analyzer and a TOF (Time-Of-Flight) based mass analyzer using the
linear-electric field (LEF) method. The LEF method provides much finer mass resolution comparing to the normal (field-free)
TOF analyzer. Design of the instrument is being optimized with numerical simulations in which particle trajectories inside
the instrument are traced. In this presentation, we will report on the current status of the development and future plan..
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Development of High energy electron analyzer onboard the LAMP-2 sounding
rocket

#Takefumi Mitani'),Kazushi Asamura®), Yoshizumi Miyoshi?),Keisuke Hosokawa®)

(1Japan Aerospace Exploration Agency, Institute of Space and Astronautical Science, ?Institute for Space-Earth Environe-
ment Research, Nagoya University, ® University of Electro-Communications

The LAMP-2 ( Loss through Auroral Microburst Pulsations — 2) project is planned to elucidate the effects of energetic
electrons from the Earth’s magnetosphere on mesospheric neutral atmospheric modulations and atmospheric outflows.

We are designing and developing high-energy electron detectors (HEP) for LAMP-2. The LAMP-2 HEP is designed to
achieve higher sensitivity and temporal resolution, while following the design of HEP instrument onboard the RockSat-XN
(launched in January 2019) and LAMP (launched in March 2022) rocket experiments. The previous HEP had the total thick-
ness of the silicon about 5 mm by stacking silicon semiconductor detectors (SSDs), while in LAMP-2, the thickness is about
8 mm to improve the detection efficiency at higher energies, 3 MeV. To increase the effective area, 28 mm square (upper
layer) and 48 mm square (lower layer) SSDs are used. In addition, the speed of data processing will be increased. It takes 5
microseconds for the LAMP HEP to determine the energy of one incident electron. For LAMP-2 HEP, we are considering a
design that would complete the process in 1 microsecond.

In this presentation, we will report the results of the SSD evaluation using radioisotopes and the sensitivity calculation
using the Geant4 simulator.
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Development of the real-time steady-state noise reduction module for
plasma wave waveforms on FPGA

#Shinnosuke Mizunol),Yoshiya Kasahara®) ,Shoya Matsuda?)

(1Kanazawa University

Measuring plasma wave is indispensable to understand the plasma physics through wave-particle interaction in the magne-
tosphere. To precisely measure weak plasma waves, it is important to suppress artificial noises originated from spacecraft. We
have conventionally installed a wave sensor on the tip of long extension mechanisms to reduce the artificial noises. However,
it is technically difficult to install such long extension mechanisms in a small and lightweight nano-satellites. Thus, we need
to develop a new technique to suppress the artificial noises contaminated in the observed waveform data. Since real-time sig-
nal processing needs a heavy computational cost, we have developed the several FPGA modules to realize real-time onboard
processing under the limited computation resources.

In this study, we develop an FPGA module for noise reduction using the spectral subtraction (SS) method. Our proposed
method is able to estimate quasi-stationary noise spectra contaminated in waveform data and subtract them from the wave-
form. We apply a recursive filter method to estimate the quasi-stationary noise spectrum by updating the previously estimated
noise spectrum. By changing a parameter called forgetting factor, we can adjust a time constant of noise estimation while
keeping a small memory usage on the FPGA.

We develop a noise reduction module for an Intel FPGA to confirm that the noise reduction can be performed well in the
simulation. In this presentation, we report the overview of our noise reduction module and the results of the evaluation of
noise reduction performance
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Examination of method to separate noise from natural magnetic field measured

on geostationary satellite

#Naoko Takahashil) ,Kaori Sakaguchil),Aoi Nakamizo),Shun Imaj02)

(1National Institute of Information and Communications Technology,*Data Analysis Center for Geomagnetism and Space
Magnetism, Graduate School of Science, Kyoto Univ.

We examine the method to separate spacecraft noise from natural magnetic field measured on a geostationary satellite.
The real-time measurement of magnetic field using in situ observation is one of powerful tools to immediately capture the
magnetic storm. The separation of spacecraft noise from natural magnetic field is required, particularly using the magnetic
field measurement without boom. In this study, the Fast Independent Component Analysis (FastICA) is introduced, which has
applied for magnetic field data detected by two magnetometers onboard the first Quasi-Zenith Satellite (Imajo et al., 2021).

First, we evaluate the noise separation accuracy using GOES satellite data assuming that two/three/four magnetometers
will be onboard a geostationary satellite. The magnetic field data including artificial noises, which factor depends on the
distance from the noise source, are made from GOES satellite data. The noises are then separated from natural variations
by FastICA. The noise separation accuracy is better when magnetometers are far away from each other. The number of
magnetometers does not depend on the accuracy, which is not consistent with the suggestion in Imajo et al., (2021). However,
the noise separation accuracy is better using more magnetometers when the noise amplitude is quite larger than the amplitude
of natural variations (factor of about 10).

Next, we perform the noise separation method for ground magnetic field data assuming that the noise pattern is unknown.
The ground experiment indicates that spiky noises with a period of about 2 min can be separated from natural variations. The
period of spiky noise is similar with the oscillation related to the global distribution of magnetosphere (i.e., Pc5 pulsations),
which suggests that the FastICA can be useful for the magnetic field measurement for the space weather.
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Analysis of electromagnetic field structure in the auroral acceleration region using
3D collisional Hall MHD simulation

#Kousuke Kawakami®),Akimasa Yoshikawa?) ,Keiichiro Fukazawa
(IKyushu University, ?Department of Earth and Planetary Sciences, Kyushu University,® Academic Center for Computing
and Media Studies, Kyoto University

3)

Understanding the formation and development of auroral particles and their acceleration mechanisms is a subject of interest
in both theoretical and observational studies. Previous research has explored the double layer hypothesis and kinetic Alfven
waves [Ergun et al. 2004, Chaston et al. 2002] to explain the formation of these particles. Recent observations from the ERG
satellite have provided evidence that auroral particle acceleration occurs at altitudes above 30,000km [Imajo et al. 2021].
However, the physical processes responsible for the formation and evolution of these acceleration regions remain unclear.

This study focuses on the Auroral Cavity region, which is observed concurrently with the acceleration region, and aims
to understand the development of the electromagnetic field and accompanying plasma diffusion based on the plasma density
depletion in the Ionospheric Alfven Resonator (IAR) [Streltsov et al. 2008, Sydorenko et al. 2008]. As a first step in our
research, we are currently developing a 3-D collisional Hall MHD simulation that can accurately describe the evolution of
the electromagnetic field in M-I coupling system. Unlike the thin-layer approximation, our simulation incorporates the mo-
mentum exchange due to collisional effects between the ionic and neutral fluids and provides a more realistic the ionospheric
response [ Yoshikawa, 2013]. Additionally, the simulation enables us to illustrate electron field-aligned acceleration and pon-
deromotive forces acting on the MHD fluid, which are associated with the nonlinear evolution of Alfven waves under the fluid
approximation. This description allows us to explore the structure formation theory as a preliminary step towards introducing
kinetic theory. In this presentation, we will outline the simulation scheme and present initial results.

F—a FRFDOEHBITOWT, ZHE T double layer IR FEFHAY Alfven {72 & D NIE SR DR & BRI O A ©
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Statistical study on broad band ELF waves in and near the cusp

#Naritoshi Kitamura'),Lynn Kistler?),Masafumi Hirahara') Eric Lund®?)

(nstitute for Space-Earth Environmental Research, Nagoya University, ?Institute for the Study of Earth, Oceans, and Space,
University of New Hampshire, ®College Brook Scientific

The ionosphere is an important source of magnetospheric plasma, especially for heavy ions with low charge states. The
region near the cusp is one of the most important regions for ion outflows. Although ion acceleration perpendicular to the
magnetic field by broadband ELF waves is thought to be important for driving ion outflows near the cusp, even the intensity of
the waves is not well understood. We statistically investigate the energy input to the ionosphere and the ELF waves using data
obtained by the Fast Auroral SnapshoT (FAST) satellite. The precipitating electron number density and Alfven Poynting flux
in and near the cusp (0900 — 1500 MLT) exhibit a relatively good correlation with a broadband ELF wave intensity at "10
Hz, which is close to the local O cyclotron frequency at “4000 km altitude. The correlation coefficients tend to be higher in
summer or equinox than those in winter, while occurrence of very large intensity waves is apparently large in winter. Because
the background plasma density is expected to small in winter, the background plasma condition may also affect the wave
intensity in addition to the energy input to the ionosphere. The power law index of the electric field wave spectra between 10
and 200 Hz are — 0.5 and — 2.5 in most of cases, when the wave intensity was sufficiently larger than the noise level and
fast survey data with a sampling frequency equal to or better than 512 Hz are available.
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Polarization properties of BBELF waves contributing to ion acceleration in the

cusp region observed by the Akebono satellite

#Shuji Onosawal), Yuto Katoh? ,Yoshiya Kasahara® , Tsutomu Nagatsuma4),Atsushi Kumamoto
(IDepartment of Geophysics, Graduate School of Science, Tohoku University, ?Department of Geophysics, Graduate School
of Science, Tohoku University,(3Emerging Media Initiative, Kanazawa University,(4Nati0nal Institute of Information and
Communications Technology

)

The Earth’s polar ionosphere supplies plasma containing multi-species ions such as H*, He*, O, and molecular ions to
the magnetosphere. Hydrodynamic theories can explain outflows of light ions (H™ and He™) but are not enough to explain
outflows of heavy ions. Outflowing O ions ions are often observed as ion conics resulting from transverse acceleration
followed by the adiabatic motion due to the mirror force. The non-Maxwellian distribution indicates wave-particle interac-
tions play an essential role in the heavy ion outflow process. One of the most important plasma waves in the acceleration
mechanism is BBELF waves. BBELF waves are characterized by their spectra showing (1) amplitude decreases following
the power law from DC to several kilohertz, (2) electromagnetic in the frequency range below f.o, where f o represents the
cyclotron frequency of oxygen ion, and (3) electrostatic in the frequency range higher than f.o. Ishigaya (2017) analyzed
six ion heating events observed by the Akebono satellite. They found that the ratio of the electric field amplitude to the
magnetic field amplitude (E_w/B_w) exceeded 10°8 m/s, larger than the Alfven speed ("2 x 10°6 m/s), in the frequency range
between fcH and fLH in intense heating events, where fcH and fLH indicate the cyclotron frequency of proton and the lower
hybrid resonance frequency, respectively. Their results suggested the importance of the enhancement of electrostatic waves
in the frequency range from f.p to 1z in addition to the enhancement of waves below f.c in intense ion acceleration events.
However, the properties of wave mode have not been clarified yet.

In this study, we study the properties of plasma waves observed by the Akebono satellite during the intense ion acceleration
events reported by Ishigay(2017). Firstly, we have constructed a new, 0.5-sec resolution dataset from wave spectrum data
measured by VLF/MCA and the DC magnetic field data observed by MGF onboard the Akebono satellite, which enables
us to analyze the oscillation direction of the wave electromagnetic field with respect to the ambient magnetic field and its
frequency dependence. Secondly, we reanalyze the intense heating event observed on 11 February 1990, 18:00-18:15 UT
in the northern cusp region reported by Ishigaya(2017) to investigate how the intensities of the wave electromagnetic field
depend on the oscillation direction with respect to the ambient magnetic field in the frequency range up to 1 kHz. Finally, we
compare the observed oscillation direction and frequency dependence with the polarization characteristics derived from the
dispersion relation in cold plasma.

Results of the analysis show that the intensities of the electromagnetic field variations in the frequency range from f.z to
fr ;7 enhanced at a certain direction with respect to the ambient magnetic field. Based on the cold plasma dispersion relation,
R-mode waves exist in the frequency range from f . to f1 . The observed properties rule out R-mode waves propagating
neither parallel nor perpendicular to the ambient magnetic field and suggest the presence of obliquely propagating R-mode
waves during the event. We discuss the resonance condition between obliquely propagating R-mode waves and ions based on
the observed properties.



R006-P18
RZXZ—1 1924 PMI1/PM2 (13:45-18:15)

H bﬁrl]g_tﬁ/ 'J*Tlﬁ_ B& 9] JL_JD* %@ﬁn'l'ﬂljﬁg*ﬁ

#EE B D R OB, %E ZS, EmRM 7E— Y Wang  Shiang-Yu?), IR FIs O M BT O, =4 i
DoHE RS, BEH B—E Y, R R 10 5 B Y

(UK, (2 ETRE TR, C Brikar, (ASIAA,C a7, (6 mt#fR2, (7 44K ISEE,® 4K ISEE B, KBA, (10 Bk -
(11 4,k ISEE

Statistical survey of energetic electron precipitation observed by the Arase satel-
lite

#Rino Takahara® Jku ShinoharaQ),Satoshi Kasahara®, Yoichi Kazama?) ,Shiang-Yu Wang4) ,Kazushi Asamura5),Ayako
Matsuoka® , Yoshizumi Miyoshi”),ChaeWoo Jun®),Shoichiro Yokota®) ,Kunihiro Keika'®), Tomoaki Hori'!)

(I The University of Tokyo,®Japan Aerospace Exploration Agency/Institute of Space and Astronautical Science,®The Univer-
sity of Tokyo,* Academia Sinica Institute of Astronomy and Astrophysics,(®Japan Aerospace Exploration Agency, ©Graduate
School of Science, Kyoto University, Institute for Space-Earth Environement Research, Nagoya University, ®Institute for
Space-Earth Environmental Research,(°Osaka University,(!°Department of Earth and Planetary Science, Graduate School of
Science, The University of Tokyo, ! Institute for Space-Earth Environmental Research, Nagoya University

Energetic electron precipitation from the magnetosphere into the upper atmosphere driven by the wave-particle interactions
has received a lot of attention. For example, pulsating aurora is thought to occur when tens of keV electrons trapped in the
inner magnetosphere are scattered into the loss cone by whistler-mode chorus waves generated near the magnetic equator
and thereby fall into the upper atmosphere.

Kasahara et al. (2018) has demonstrated that the resonant scattering by chorus waves causes the pulsation of auroras,
by showing a correlation between switch on/off of whistler wave activity and the modulation in loss cone electron flux.
The detailed correlation study was enabled by the high angular resolution, sufficient to resolve small loss cones, of the
Medium-Energy (10-90keV) Particle experiments - electron analyzer (MEP-e) onboard the Arase satellite.

On the basis of the results by Kasahara et al. (2018), we try to statistically examine the contribution of wave-particle
interaction to energetic electron fluxes inside the loss cone using MEP-e. In the case of the Earth’s magnetosphere, the
loss cone angle is about a few degrees. We therefore analyzed the distribution of electron fluxes whose pitch angle is
<2 degrees and >178 degrees from March 2017 to September 2019 to clarify the observation occurrence frequency and
spatial distribution of precipitating electrons. The result shows that precipitating electrons are observed around L=6 from
the nightside to the dawnside. This result is consistent with the region where whistler waves are generated [e.g., Teng et
al. (2019)]. We plan to extend this analysis to the Low-Energy (60eV-10keV) electron analyzer (LEP-e) and analyze the
characteristics of electron precipitation over the wide energy range of LEP-e and MEP-e (60 eV to 90 keV).
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Investigation of the pitch-angle distribution of energetic electrons using ERG/Arase
satelliteData

Pankaj Soni') #Yoshizumi Miyoshi®, Tomo Hori"),Satoko Nakamura') Mitani Takefumi® ,Takeshi Takashima®),Iku
Shinohara!), Ayako Matsuoka®)

(Ipostdoctoral Fellow at ISEE, Nagoya University

The charged particles of solar origin enter the Earth’s magnetosphere and get trapped in the closed magnetic cavity.
The energies of these particles vary from a few keV to a few MeV. The flux of these magnetospheric trapped particle
first decreases, and then increases during geomagnetic storms. The correlation of electron flux variation and its effect on
the change of pitch-angle distributions is not well understood. The purpose of this study is to understand the variation
of energetic electron flux and pitch-angle distribution of the outer radiation belt during different phases of geomagnetic
storms. We chose geomagnetic storms from 2017 to 2022 with SYM-H less than -40 nT. Using the Arase’s High-Energy
Electron (HEP), and Magnetic Field Experiment (MGF) data sets, we have derived the pitch-angle distribution as a function
of L, energy, and storm phases. We fitted the Legendre function with sixth-order of accuracy to model the pitch-angle
distribution and classified them into three types: pancake, butterfly, and flattop. In this presentation, we present the storm
phase dependence of pitch-angle distribution for multi-hundred and multi-MeV electrons.
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Estimation of low-energy electron temperature using Arase satellite interferome-

try observations

#Tomoe Takil),Satoshi Kurita? Airi Shinjol),Satoko Nakamura®) ,Hirotsugu Kojima4),Yoshiya Kasahara5),Shoya
MatsudaG),Ayako Matsuoka”, Yoichi Kazamag),Shiang-Yu Wangg) ,W. Y. Tam Sunnyg),ChaeWOO Jun®, Yoshizumi
Miyoshill) JIku Shinohara!?

(IDepartment of Electrical Engineering, Graduate School of Engineering, Kyoto University,(?Research Institute for Sus-
tainable Humanosphere, Kyoto University, ®Nagoya University,(*Kyoto university, ®Emerging Media Initiative, Kanazawa
University,(GKanazawa University,(7Graduate School of Science, Kyoto University,(SAcademia Sinica Institute of Astron-
omy and Astrophysics, “Institute of Space and Plasma Sciences, National Cheng Kung University: Tainan, TW,1°Institute
for Space-Earth Environmental Research,'Institute for Space-Earth Environement Research, Nagoya University,(2Japan
Aerospace Exploration Agency/Institute of Space and Astronautical Science

Electron Cyclotron Harmonic (ECH) waves are a type of plasma waves observed in the magnetosphere. They are
characterized by a harmonic structure with peaks occurring at integer multiples of the electron cyclotron frequency. ECH
waves have a wave vector direction close to the perpendicular direction of the background magnetic field, with electric field
oscillations perpendicular to the background magnetic field. In this study, we attempt to estimate the dispersion relation by
calculating the phase velocity of ECH waves.

We analyzed the phase velocity of ECH waves using the interferometric observations from the Arase satellite. The Plasma
Wave Experiment (PWE) on the Arase satellite consists of four antennas, of which two are considered as monopole antennas
for the interferometric observations. Specifically, the differential measurements between antenna V1 and V2, and the satellite
ground are performed. Antennas V1 and V2 rotate every 8 seconds due to the satellite spin.

We calculated the phase difference of ECH waves and obtained their spin dependence. From the numerical calculations,
we proposed a method to estimate the unobserved electric field components based on the spin dependence. Using this
method, we determined the wave number at each frequency from the phase velocity and examined the dispersion relation.
By comparing the theoretical dispersion curve, we attempted to estimate the electron temperature of the cold population that
corresponds to energies lower than the measurement range of the Low-Energy Particle Experiments - Electron Analyzer
(LEP-e). We have analyzed several events and found that the frequency-wavenumber relationship generally agrees with the
dispersion curves for low-energy electron temperatures of a few eV.

We will continue to consider the causes of some disagreement parts for better agreement and will also apply the analysis
to more events.
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Direct detection of ion pitch angle scattering by plasma waves in space plasma
#Masafumi Shoji!) ,Kenya Terasawa'), Yoshizumi Miyoshi®),Lynn Kistler'),Kazushi Asamura®),Yasumasa Kasaba®), Yoshiya
Kasahara®), Ayako Matsuoka® ,Satoko Nakamura® Iku Shinohara”

(Unstitute for Space-Earth Environmental Research, Nagoya University, ?Japan Aerospace Exploration Agency, ®Planetary
Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku University,(*Emerging Media Initiative,
Kanazawa University, ®Graduate School of Science, Kyoto University,(®Nagoya University,("Japan Aerospace Exploration
Agency/Institute of Space and Astronautical Science,(®Nagoya University,(®Japan Aerospace Exploration Agency/Institute
of Space and Astronautical Science

Energy exchange between charged particles and plasma waves have been supposed to contribute to loss and energization of
plasmas in the magnetosphere. Especially, electromagnetic ion cyclotron (EMIC) waves can cause acceleration and scattering
of ions in a wide energy range. It has been suggested theoretically that when energy is transferred from ions to EMIC waves,
the pitch angle of ions decreases and ions precipitate into the Earth’s ionosphere. The energy transfer between the plasma
waves and ions can be evaluated by calculating the inner product of the wave electric field vector and the ion velocity vector
using wave-particle interaction analysis (WPIA). We have expanded the WPIA method to directly detect the pitch angle
scattering of protons by EMIC waves. On June 21, 2021, the Arase satellite successfully observed intense EMIC waves by
PWE/EFD and MGF and deformation of the pitch angle distribution of ions by LEP-i simultaneously. We applied the WPIA
analysis and detected the pitch angle scattering and the energy exchange. Significant Lorentz force works to decrease pitch
angles of ions. At the same time, several protons increase their energy with increasing their pitch angles. These are the first
direct evidence of the pitch angle scattering between EMIC waves and protons in the space plasma. We compare the WPIA
results with the theoretical diffusion curve in the velocity distribution function. We also discuss what parameters contribute
to the saturation and decay of EMIC wave amplitudes.
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Pcl pulsations simultaneously observed at low- to high-latitude stations and by
the Swarm satellites during the March 2023 storm

#Masahito Nose'?),Kazuo Shiokawa?),Liejun Wang®),Bill Jones®)

(1School of Data Science, Nagoya City University, ?Institute for Space-Earth Environmental Research, Nagoya
University,(3Geoscience Australia

Pcl geomagnetic pulsation is considered to be an electromagnetic ion cyclotron waves excited by the temperature
anisotropy of plasmas in the magnetosphere. Previous satellite studies [Anderson et al., 1992; Usanova et al., 2012;
Keika et al., 2013] reported that Pc1 pulsations are predominantly observed in the outer magnetosphere at L.>>7 at daytime
centered around 13 — 18 MLT. They are seldom detected in the inner magnetosphere at L<4). On the ground, MLT
distribution of Pc1 pulsations at high- and mid-latitudes (L>4) is similar to those of the satellite observations [Saito et al.,
1969; Plyasova-Bakounina et al., 1996]. However, Pcl pulsations at low-latitude (L.<4) show the complete different MLT
distribution with the frequent occurrence at nighttime with a peak at 03 - 06 MLT [Saito et al., 1969; Kawamura et al.,
1981]. The occurrence rate of low-latitude Pcl appears to be larger than that in the inner magnetosphere at L<4. This
implies that low-latitude Pcl pulsations are not caused by a direct entry of Pcl pulsations from the magnetosphere onto
the ground along the geomagnetic field line, but due to waves indirectly propagated from the magnetosphere, although the
indirect propagation path is still unclear.

We have been constructing a latitudinal network of induction magnetometers in the Russian Far East-Asia-Oceania sector
and successfully detected Pc1 pulsations in the wide latitudinal range from — 21 degrees to 64 degrees geomagnetic latitude
at 10 — 15 UT on March 25, 2023. This event was observed in the premidnight sector during the recovery phase of a
large magnetic storm (SYM-H minimum = — 163 nT). The Swarm satellites were flying near the same MLT and provided
simultaneous measurements of geomagnetic field variations that are related to the Pcl pulsations detected at low-latitude.
In this talk, results of data analysis are presented and the propagating path of EMIC waves from their excitation region to
low-latitude ground stations will be discussed.
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Methods to increase the precision of the frequency of FLR in SuperDARN VLOS
and the magnetospheric density

#Hideaki Kawano!),Akira Sessai Yukimatu?) ,Nozomu Nishitani®, Yoshimasa Tanaka® ,Satoko Saita®),Tomoaki Hori®)
(IDept. Earth Planet. Sci., and i-SPES, Kyushu Univ.,?NIPR/SOKENDAIISEE, Nagoya Univ.,(*NIPR/ROIS-
DS/SOKENDALI, ®NITkit

Some of the fluctuations in the solar wind, including those causing sudden impulses (SI), propagate into the magnetosphere
and excite eigen-oscillations of the magnetic field lines and the frozen-in plasma via the mechanism called field-line
resonance (FLR). It is known that the gradient methods enable us to effectively extract FLR signals from observed data.
From the identified FLR frequency, one can estimate the mass density of plasma along the magnetic field line because, in a
simplified expression, "heavier’ field line oscillates more slowly.

We have been applying the gradient methods to the VLOS (Velocity along the Line of Sight) data of the SuperDARN
radars. The radars emit azimuthally-collimated beams of radio waves in the HF range, and some of them are backscattered by
the ionosphere, while some others are backscattered by the ground and sea surface. From the Doppler shift of backscattered
signals, one can calculate VLOS. Ionosphere-backscattered signals yield VLOS of the horizontally-moving ionospheric
plasma (at mid- to low latitudes, VLOS also has a vertical component because the ambient magnetic field is tilted), while
ground/sea-backscattered signals yield VLOS corresponding to the vertical motion of the ionospheric plasma because the
length of the ray path of a beam can only be changed by the vertical motion of the ionosphere.

For a 30-min-interval event after an SI, we applied the gradient methods to VLOS data obtained from different beams and
range gates, and successfully identified the FLR in both the ionosphere-backscattered signals and sea surface-backscattered
signals. The mass density was thereby estimated using both scatters. As a result, the latter was significantly smaller than the
former. This significant difference could come from a fairly large frequency spacing of the FFT analysis due to the fairly
small duration (30 min) of the event. Thus, we have been trying a few methods to increase the frequency resolution.

We have already started testing the zero-padding method, and successfully obtained higher frequency resolution. We
estimated plasma densities from these higher-precision FLR frequencies and confirmed that the above-stated density
difference between the ionosphere-backscattered signals and the sea-backscattered signals became smaller. We have also
noticed that the Hanning data window deletes most of the first oscillation just after the SI, having the largest oscillation
amplitude. We have been examining the effect of this deletion on the FLR frequency estimation, including trying another
data window called the Placnk-taper window. We have also started trying the direct Fourier Transformation and the AR
(AutoRegressive) method. In this presentation, we report the progress of these examinations and tests.
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Evolution of subauroral polarization streams as observed during SuperDARN-
Arase conjunctions in Fall 2022
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Obana® ,Akira Sessai Yukimatu” ,Kunihiro Keika®),Satoshi Kasahara®),Shoichiro Yokota!®) Satoko Nakamura!l), Yasumasa
Kasaba'?) Atsushi Kumamoto'®) ,Fuminori Tsuchiya'®), Yoshiya Kasahara'®), Ayako Matsuoka'®) Yoichi Kazama'”),S.-Y.
Wang!'™),S. W. Y. Tam'®) ,ChaeWoo Jun'?) Iku Shinohara®®)

(Institute for Space-Earth Environmental Research, Nagoya University,?Graduate School of Informatics and Engineering,
University of Electro-Communications, ®Institute for Space-Earth Environmental Research, Nagoya University,“Institute
for Space-Earth Environement Research, Nagoya University, ®*Kyushu Institute of Technology,®International Research
Center for Space and Planetary Environmental Science, Kyushu University,("National Institute of Polar Research / The
Graduate University for Advanced Studies, SOKENDALI, ®Department of Earth and Planetary Science, The University of
Tokyo, ®The University of Tokyo,°Osaka University, (! Nagoya University,(?PPARC, Graduate School of Science, Tohoku
University,('*Department of Geophysics, Graduate School of Science, Tohoku University,(!*PPARC, Graduate School of
Science, Tohoku University, "> Emerging Media Initiative, Kanazawa University,(!®Graduate School of Science, Kyoto
University,('” Academia Sinica Institute of Astronomy and Astrophysics,("* ISAPS, NCKU,*Institute for Space-Earth
Environmental Research,(*°Japan Aerospace Exploration Agency/Institute of Space and Astronautical Science

A comparative study on two subauroral polarization streams (SAPS) is conducted based on simultaneous observations
of the Super Dual Auroral Radar Network (SuperDARN) and the Arase satellite during the Fall 2022 SuperDARN-Arase
campaign observations. The purpose of this study is to investigate how the ion injection front evolves in the equatorial
magnetosphere as a SAPS emerges and subsequently intensifies. Both two SAPS events occurred in association with weak
(AL >7-200 nT) substorms. The westward flow including that of the auroral oval was distributed primarily at magnetic
latitudes of “67 deg to ~75 deg over the dusk to evening sector, while the footprint of Arase was located around ~17-18
magnetic local time. Despite those similarities in the spatial configuration, however, Arase saw a series of energetic ion flux
enhancements due to substorm injection at almost the same timing as a SAPS intensified in one of the two events, while
it saw injected energetic ions with a significant time delay ("20 min) from the SAPS appearance in the other event. We
speculate that the Arase position relative to the injection fronts was different between the two events, causing the observed
difference in timing of the injection encounter. In the talk, more detailed results of the observations made by other satellites
and ground instruments are presented and further discussed in terms of the evolution of SAPS and the ring current ions.
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Effects of ULF oscillation on the duct propagation of whistler-mode chorus emis-
sions

#Koki Tachi’),Yuto Katoh') Atsushi Kumamoto!) Fuminori Tsuchiya®),Yasumasa Kasaba?) Satoshi Kurita®),Yoshiya
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University,*Emerging Media Initiative, Kanazawa University, ®Graduate School of Science, Kyoto University,(®Kyushu
Institute of Technology, "Institute for Space-Earth Environement Research, Nagoya University, ®Nagoya University, ?Japan
Aerospace Exploration Agency/Institute of Space and Astronautical Science

Whistler-mode chorus emissions are coherent electromagnetic plasma waves observed in the dawn sector of the inner
magnetosphere during a geomagnetically disturbed period. Previous studies suggested chorus emissions play essential roles
in the acceleration of relativistic electrons in radiation belts and in the pitch angle scattering of keV electrons contributing
diffuse/pulsating aurora. Recent studies showed that the duct propagation of chorus to a high latitude region results in the
precipitation of relativistic electrons. However, despite the investigation of the chorus for more than half a century, the
condition controlling the generation and propagation of the chorus has not been fully understood. In Ono et al. [2020], the
event observed by the Arase satellite on March 27, 2017, was analyzed, and the modulation of the chorus by Pc4-5 toroidal
mode ULF waves was discussed. It is understood that the fluctuation of tens of keV electron flux caused by ULF leads to
the modulation of chorus intensity. On the other hand, in the same event, the chorus was shown to propagate parallel to the
magnetic field lines up to a magnetic latitude exceeding 10 degrees, suggesting the possibility of duct propagation. In the
present study, we examine the roles of ULF waves from the point of view of the duct propagation of chorus emissions as well
as the generation process of chorus emissions. We also propose a model of the duct propagation of whistler-mode waves due
to the contribution of the compressional component of ULF waves.

First, we evaluate the effect of the magnetic field variation on the refractive index of whistler-mode waves. According to
Smith et al. [1960], the refractive index depends not only on density but also on the magnetic field intensity. Setting the
amplification factor x and y for the magnetic field intensity and electron density, respectively, we obtain a dependence of the
refractive index due to the variation of either the magnetic field or number density. The obtained dependence shows that a
decrease in the magnetic field intensity leads to a refractive index change corresponding to an increase in the electron density.
Under the condition where the range of the variation is less than 10% of the background level, the effects of variations of
the number density and the magnetic field intensity to the refractive index are comparable, while the change of the magnetic
field is relatively significant.

Next, we examine whether the magnetic field fluctuations observed in the event on March 27th resulted in significant
refractive index changes. In the event, during the time interval from 21:30 UT to 22:00 UT, the Arase satellite was located
at 1.76.3-6.1, 04:00-04:12MLT, and from -12.7 to -10.1 degrees MLAT. The total magnetic field intensity changed within
10% with respect to the ambient magnetic field under the presence of ULF waves. Here we assume that the number density
of the background plasma is constant during the event. The observation result shows that chorus emissions propagating
parallel to the background magnetic field appear at timings corresponding to the decrease of the total magnetic field due to
the compressional component of ULF waves. The observed property can be explained by the model we propose; chorus
emissions are generated around the magnetic equator through the flux enhancement of keV electrons due to toroidal mode
ULF waves, and then the generated chorus emissions propagate away from the equator guided by the duct structure produced
by the compressional ULF waves. In addition, we evaluate the effect of the density variation on the duct propagation during
the event. There is a possibility that density variation also occurred during the event with a magnitude similar to the magnetic
field variation. The total magnetic field variation, in this case, was about 3%, corresponding to 2.7% of the density variation.
Since the analysis of UHR data includes time periods that are difficult to distinguish, further investigation is necessary. We
also report the results of analysis on other events of duct propagation of chorus emissions under the presence of ULF waves.
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Analysis of low frequency whistler chorus waves observed by Arase

#Yugo Tamamura'), Ayako Matsuoka'), Mariko Teramoto®), Yoshiya Kasahara®),Mitsunori Ozaki* ,Shoya Matsuda®, Yoshizumi
Miyoshi®),Satoko Nakamura” Iku Shinohara®)

(1Graduate School of Science, Kyoto University,(?Kyushu Institute of Technology, ®*Emerging Media Initiative, Kanazawa
University, (“Institute of Science and Engineering, Kanazawa University,("Kanazawa University, ®Institute for Space-Earth
Environement Research, Nagoya University,("Nagoya University,(®Japan Aerospace Exploration Agency/Institute of Space
and Astronautical Science

The radiation belts are torus-shaped zones at 2-6 Earth radii distance from the center of the Earth, where high energy
particles are trapped by the Earth’s magnetic field. It is known that the acceleration and loss of the energetic particles in
the radiation belts are deeply related with the energy transfer by electromagnetic waves. Whistler chorus wave is one of
the electromagnetic wave modes considered to relate with the acceleration and loss processes in the radiation belts. They
are generally observed at 10-80% of the local electron cyclotron frequency, and have the peak intensity at just below the
half of the local electron cyclotron frequency. While the whistler chorus waves at around half of the electron cyclotron
frequency have been studied by many researchers in view of the contribution to the acceleration and loss of the energetic
particles, low frequency (ELF) whistler chorus waves at frequencies below 10% of the electron cyclotron frequency have
not yet been well studied. Cattell et al. (2015) statistically investigated the whistler chorus waves during geomagnetic
storms observed by Van Allen Probes and found that their frequencies often dramatically dropped and became much lower
than the commonly observed frequencies of whistler chorus waves. Such low-frequency whistler chorus waves have been
observed at low magnetic latitudes and relatively high L values. Analysis of the pointing flux suggested that these waves
originated in the magnetic equator region and propagated along the magnetic field lines to high latitudes. In this study we
analyze the magnetic field data obtained by the Arase satellite, study the properties of ELF whistler chorus waves and discuss
their contribution to the energy transfer process. As the first step, we analyze typical events of ELF whistler chorus waves
measured by the fluxgate and search coil magnetometers onboard the Arase satellite. In the future, we will analyze also
simultaneous electric field and plasma particle data to clarify the energetic exchange between the ELF whistler chorus waves
and particles in the radiation belts.
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Propagation characteristics analysis of NWC transmitter signals observed by the

Arase satellite

#Taiyo Ushiyama®), Yoshiya Kasahara®),Shoya Matsuda®),Fuminori Tsuchiya?),Atsushi Kumamoto®) ,Ayako Matsuoka® , Yoshizumi
Miyoshi®) ,Satoko Nakamura®), Iku Shinohara®

(1Kanazawa University, > Tohoku University, ®Kyoto University,(*Nagoya University, 2ISAS/JAXA

Propagation direction of plasma waves is crucial to understand the environment of the terrestrial inner magnetosphere.
Several methods have been proposed to determine the propagation direction of plasma waves using electromagnetic field data
obtained by scientific satellites. However, evaluating the accuracy of determined direction of natural plasma waves is difficult
because there are several uncertainties to compare with the theoretical wave propagation direction. In this study, we analyze
the propagation direction of artificial signals transmitted from the North West Cape (NWC) transmitter in Australia using the
electromagnetic waveform data observed by the Arase satellite. We statistically evaluate the propagation characteristics to
validate the accuracy of the estimation results.

First, considering the characteristic that a VLF signal propagate roughly along a magnetic field line, we extract the time
periods when the magnetic footprint of Arase was in *+ 10 degrees geographic latitude and longitude from the position
of NWC station. Second, we collect the NWC signal events from the waveform data observed by the Waveform Capture
(WFC) of the Plasma Wave Experiment aboard the Arase satellite. We analyze the electromagnetic power spectrum, WNA
(wave normal angle), polarization, planarity, and the angle of pointing vector against the magnetic field line of the signals to
investigate their characteristics. We found that the amplitudes of the signals were modulated in many of the cases, and the
WNASs of these events showed rapid changes within a short period. We also conduct a hodograph analysis of the events, and
confirmed that most of events is plausibly a single wave. As a next step, we investigate the relationship between amplitudes
and WNAs, revealing a positive correlation between the signal amplitude and the stability of the WNA. We determine a
typical WNA by taking a moving average of the sum of squares of the amplitudes with a 5-degree interval and normalized
it by the observation time length. Finally, we investigate the relationship between the determined WNA and the magnetic
latitude of the observation point. The results showed that the WNA tended to increase as the distance from the NWC station
increased.
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