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Origin and structure of the LLBL elucidated by the global simulation
#Takashi Tanaka®)
(IREPPU code institute

Adopting REPPU (REProduce Plasma Universe) code level 8, we reproduced the solar wind-magnetosphere-ionosphere
(S-M-]) interaction when the interplanetary magnetic field (IMF) is obliquely northward, and investigated the relationship
between the low-latitude boundary layer (LLBL) and the projection structure of ionospheric convection cells. When the IMF
is obliquely northward, the ionospheric convection cells consist of a central lobe + round merging cell (which constitutes
the exchange cycle), a reciprocal cell on the opposite side in the morning and evening, a nighttime cell, and two viscous
cells at low latitudes. In the magnetosphere, the medium-speed LLBL is formed between the high-speed solar wind and the
low-speed magnetospheric interior. From the connection of magnetic field lines, the outer half of the LLBL is projected onto
the lobe cell, and the inner half onto the round-merging cell. From the origin of the lobe + round merging cell, it is estimated
that both the open and closed magnetic field lines in the LLBL have been the IMF until recently, and especially the open
magnetic field lines in the outer half have been the solar wind until more recently. It is not surprising that the LLBL contains
particles similar to solar wind particles. Such projection structure is consistent with satellite observations which show that
the outer half of the LLBL only appears when the IMF is northward, and that the nature of the particles is more similar to
magnetosheath particles. These results indicate that the LLBL is a passway for anti-sunward convection involving an open
magnetic field. The LLBL is Kevin-Helmholtz (KH) unstable, and KH waves propagating along the inner boundary of the
LLBL penetrate deep into the magnetosphere. This wave can drive two viscous cells, one in the morning side and one in the
evening side, which consist only of closed magnetic field.
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Stationarity, space charge distribution, and energy transfer in the quasi-steady
magnetospheric convection electric field

#Yusuke Ebihara!), Masafumi HIRAHARA??), Takashi TANAKA®)

(IKyoto University, (?Nagoya University, ®Kyushu University

The dawn-dusk electric field on the dayside is known to persist in the magnetosphere when the interplanetary magnetic
field (IMF) is southward. Two fundamental questions arise regarding the queasy-steady convection electric field. First,
is the quasi-steady dawn-dusk convection electric field in the magnetosphere caused by space charge that deposits in the
magnetosphere? Secondly, how is the quasi-steady electric field sustained? Using the basis of global MHD simulations, we
obtained the following results and inferences. (1) Near the equatorial plane, positive space charge dominates the duskside
magnetosphere, while the negative space charge dominates the dawnside magnetosphere. (2) Space charge accumulation in
the magnetosphere alone cannot account for the dawn-dusk electric field. Instead, plasma motion plays a primary role in
generating the dawn-dusk electric field as previously suggested. (3) Steady convection electric field can be established when
plasma flow remains steady. Even under such steady conditions, magnetic energy is continuously transferred from the solar
wind to the polar ionosphere, as manifested by integral curves of the Poynting flux vector. This unidirectional energy flow
is associated with the convective plasma motion that produces the steady dawn-dusk electric field. (4) The magnetosphere
basically maintains equilibrium through a balance of unidirectional energy flow from the solar wind to the ionosphere. (5)
When the equilibrium is partially disrupted (for example, in the near-Earth tail region during the substorm growth phase),
the electric field becomes inductive. For the large-scale convection electric field, whether the electric field is electrostatic or
inductive depends on the state of equilibrium.
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Current structures from magnetic field configurations in Mercury’s nightside
magnetosphere

#Takuro Ogawa®), Iku SHINOHARA?, Go MURAKAMI?)

(IThe University of Tokyo, (2Japan Aerospace Exploration Agency/Institute of Space and Astronautical Science

It is widely known that Mercury’s magnetosphere is like Earth’s. There may be many structures that are unique or like
Earthe’s but are different in time scale and spatial scale since the strength of Mercury’s magnetic field and physical parameters
such as solar wind are different. MESSENGER is the only satellite that orbited and observed Mercury’s magnetosphere for a
long time. However, its details are still unknown because there were many constraints on the MESSENGER observation.

Focusing on the magnetic field observation of MESSENGER, we find a characteristic depression structure in the nightside
magnetosphere. Even in a series of orbits where the satellites pass over almost the same region, this depression structure
may or may not be observed. This observational feature suggests that this structure changes on a time scale of a few hours.
The structure is observed over a wide region in the nightside magnetosphere. Several previous studies have concluded that
this structure is due to the tail current sheet crossing, and no in-depth studies have been conducted. However, when we
focus on the magnetic field components that create this depression structure, we find that the main components are different
between those observed near Mercury and those observed on the magnetotail side of the magnetosphere. This suggests that
the depression structure observed, especially near Mercury, is caused by some magnetospheric structure other than the tail
current sheet.

In this study, we refer to this structure as a ”dip” and conduct an analysis using both magnetic field and plasma data.
Our results indicate that the dip is closely related to nightside currents, previously unresolved in detail, based on magnetic
field-derived current calculations, plasma temperature, and its dependence on solar wind dynamic pressure. These findings
suggest that the ring current in Mercury’s nightside magnetosphere plays a crucial role.

In this presentation, I will report on the status of our research.
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Kaguya observations of potential electron-only magnetic reconnection signatures
on the lunar mini-magnetosphere

#Kohei Ogino®, Yuki Harada'), Yoshifumi Saito?), N. Masaki Nishino®, Shoichiro Yokota®), Futoshi Takahashi®),
Hisayoshi Shimizu5), Yoshiya KasaharaG), Atsushi Kumamoto”

(IDepartment of Geophysics, Graduate School of Science, Kyoto University, CInstitute of Space and Astronautical Science,
Japan Aerospace Exploration Agency, (®*Graduate School of Science, Osaka University, (“Department of Earth and Planetary
Sciences, Kyushu University, (°Earthquake Research Institute, University of Tokyo, (*Information Media Center, Kanazawa
University, (7Graduate School of Science, Tohoku University

Magnetic reconnection is a fundamental process in space plasma that causes particle acceleration by converting elec-
tromagnetic energy into charged particle energy. Recent observations by the MMS mission first reported electron-only
magnetic reconnection in a thin current sheet (thinner than the ion inertial length) in the Earth’s turbulent magnetosheath
region, accompanied by electron outflow jets in the absence of ion outflow jets (Phan et al., 2018). Since the lunar
crustal magnetic anomalies (LMAs) also exhibit spatial scales smaller than the ion characteristic scales, recent ARTEMIS
observations (Sawyer et al., 2023), numerical simulations (Stanier et al., 2024), and laboratory experiences (Rovige et al.,
2024) suggested that the electron-only magnetic reconnection can also occur on LMAs. However, direct observations of
electron-only magnetic reconnection on LMAs have not been reported partly because the time resolution of the instruments
onboard typical lunar orbiters is not sufficient to resolve such an electron-scale phenomenon. In this study, we focus on
Kaguya’s low-altitude ("30 km) and high-time resolution data of charged particles and electromagnetic fields. We identified
an electron-scale current sheet crossing from magnetic field data, as well as simultaneous super-ion-Alfvénic electron
acceleration in the minimum variance L direction, Hall magnetic fields with polarity consistent with the electron jet direction,
and a flux-rope-like signature, which suggests the occurrence of multiple X-line magnetic reconnection. Our observational
results reinforce the ideas that electron-only magnetic reconnection can occur in the plasma environment near LMAs and
that LMAs offer interesting plasma-physics laboratories to investigate the fundamental nature of electron-only magnetic
reconnection.
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Estimation of a spurious electric field arising from spacecraft charging and pho-
toelectron cloud using PWE/EFD onboard ARASE

#Tsubasa Konno, Tomoko NAKAGAWA?), Tomoaki HORI®?), Yasumasa KASABA®*, Shoya MATSUDA®, Yoshiya
KASAHARA®), Yoshizumi MIYOSHI®, Fuminori TSUCHIYA®), Atsushi KUMAMOTO®, Atsuki SHINBORI®), Ayako
MATSUOKA™

(ITohoku Institute of Technology, (*Tohoku Institute of Technology, (*Institute for Space-Earth Environmental Research,
Nagoya University, (*Tohoku University, (°Kanazawa University, (*Nagoya University, ("Kyoto University

The most commonly used spaceborne technique for electric field measurement is the double probe method, which measures
the potential difference between a pair of identical probes extending from the spacecraft. The potential of a sunlit probe in a
tenuous plasma becomes positive due to the balance of photoelectron current and the ambient electron current. A bias current
applied to the probe reduces its potential to be lower than that of the spacecraft potential. In a tenuous plasma, the electric
field measurement using double probes can suffer from a spurious sunward electric field due to photoelectrons emitted from
the spacecraft and the positive charging of the spacecraft body. The photoelectrons are emitted from the sunlit side of the
spacecraft and the center of the photoelectron cloud is thought to be shifted toward the sun, attracting the surface charge of
the spacecraft. The resultant pair of charges localized on the sunlit side induce a dipole-like electric field pointing sunward.
This local electric field is registered as a sinusoidal curve of the potential difference between the two probes as a function of
the phase of the satellite’s spin motion. Imbalance of the sheath potentials between the two probes can also be detected as a
sunward spurious field. The sunward-side probe collects more photoelectrons emitted from the spacecraft, decreasing the
probe potential, while the anti-sunward probe loses more escaping photoelectrons due to the positively charged spacecraft
body, increasing the probe potential.

For a precise analysis of the ambient (natural) electric field, it is desirable to estimate the spurious electric field and then
subtract it from a measured electric field. In this study, an attempt is made to estimate the spurious electric field from the
potential difference obtained by Plasma Wave Experiment (PWE) / Electric Field Detector (EFD) onboard the Arase satellite.
Our estimation of the spurious electric field was based on the following assumptions: 1) an observed electric field is a sum of
natural and spurious fields, 2) the natural electric field is perpendicular to the background magnetic field, and 3) the spurious
electric field points sunward. For selected cases in which the background magnetic field was parallel to the spin plane, we
estimated the x-component (sunward in the spin plane) of the spurious electric field.

Monthly statistics starting from April 2017 to March 2024 revealed the presence of the spurious electric field during
periods in which the electron density was less than 100 cm 3. A linear relationship is identified between the x-component
of the spurious electric field and the log of electron density (log n,) in the range 10 <n, <100 cm™2 in 2/3 of the months
in which the estimation was available. Using the linear relationship, the spurious electric field was estimated as a function
of the electron density. In some cases, the x-component of the spurious electric field followed that of the observed electric
field. Subtraction of the spurious component from the observation improved the ratio of the sunward component with respect
to the magnitude of the electric field. In some other cases, however, the estimation was not successful and over-subtraction
occurred. We investigated a possibility that the spurious electric field deviated from the sun direction due to the photoelectron
cloud guided by the background magnetic field, but there was no clear correlation found between the over-subtraction and
the direction of the background magnetic field.

The relationship between the spurious electric field and log n. disappeared in 2018-2020. The fitting parameters of the
regression line were examined to see if there is any correlation with F10.7 intensity as an indicator of the solar UV, but the
reason for the loss of the linear relation in 2018-2020 is not yet understood.

BHRICLZBBHEACTZLHVWLNEZ TV Te—7ETlE, HEILSHEIREZ o7 —7HOBMERGT
W32, HRPTOT I AP H 2BHEOEMI, FLT XA bDMABTFERCEELSORMENETFERE D
DODEVWTIRE D, HIEPDPRNVEREERTIZEICEE S, 70— ICEBTEEAT I, 7 2B REMRGT 2. 7
0—70BEMITED TS5 XBMIEL ZET 572D, 220070 —7OBEMAITFHEBOBS 2 KMT 5 2 212k
%o

ZOFETEHIIE N -EBHIE, BEFEEORWE ZITKEAFDOKT R E 28N H 5, TAUIEARB L E 212
&, FHINC X o TAUATIHREMEG rEZ2 005, TORKE LT, HEIPSONEBETFEL EOHENBENLEZ D
NTVW3, KEFEIHED> SKBGTMICH-> THHEN, HEFEOHFLIHERAMPFENMICKR S X5 AL Vi) s



KA TNE e TRENE, ZORREL 2B TFEHIE 70— TRIOBMERVICIEZLEEZ DL D, KEARAOD
BRLESBE LTiiians, 35 —20FEKE LT, KBHROTa— 7 TIOLEFEI L DEFEMICE o TEMHT
B, o 7 a— 7?@5Hp{ﬂ”ﬁ‘%ﬁ&ﬂj%‘ﬂt"H;?i)fiii?‘éty)o)ﬂ‘T//'\’ﬂ/Ki BENHED DL 2EMDD
RO, ERONEFERPEMT 270 70— 7B L LKHR. Tr—T D> — RBAMDE NI KRG HOE
fiZEr LTHRians e dEI LN 5,

N ERP LT BHMH O, B D ZHE L TEHIME» 52 LG Z ek 5 b, AL TIE.
HoBEHED T F X< ikE) - BILEHIES (Plasma Wave Experiment / Electric Field Detector, PWE/EFD) @ 7 — & 72 &
EHOHEELRASZ, 22T, BHAINZBHIIERDK D L BT 572D, Qﬁaﬁiﬁﬂiﬂﬁﬂﬁﬁﬁ%tlﬁﬁ L. #&
PIEGEIRGAEETEREST 2, INOEREEZ 22, NTMESEED ALY Vi L BTG . #BUESD
KIGHBR DD HEETE S, 2017 E4 A5 2024 E3 HFTOTF—X%E 1 2AZ Kknﬂﬁ_btk A, BTEE 100
cm ™3 LUK CHEMUEBESORELHER SNz, BB, ZOBETFHEEILX PWE/HFA 2 X - T UHR AEE»5RD 5N7-H D
Thd, HEENTELADI S 2/3 1%, BTEED 10 cm—2 - 100 cm 2 OHIFHTE 15 O & FLIFE LS ORI
WpiAH SNz, MEEE, SEUEBESZETFEEOBEBE LTHE L]z 24, Bl SN 2EH DO KRG AR I
B R25E5dDo7z, B LBUSZEAIES»5E LI ¥, KBAZ RS OHEBENSEEINTZ, Lr L 2k
WOB I FEL WL DI TR, BRICELIIWTLESIHAS D o7, NBEBTEVPERMIGITH A F S THREESH
KEGH A% f8 & R WATRENE %2 % 2 72205, db%@%@ﬁﬁt%%@%b?l%ﬁ%’ ZREEEIE A 2 o T2

BB OHEEM & BT HEE O L OIS A LNV — 1% 2018 4F - 2020 FIEF L TWz, K%
R LR L 725 DD, REIE DD - TWiRW,



R006-06
B4&ig : 11126 PM2 (14:50-16:20)
16:05~16:20:00

UHR BEFEE T — X EFHRD Arase HEICH T H5HEBMU—BFEE DA
18 BERL 1), S8 HEIE D, 70 0 2), 50 1), R s D, R ), I B ), e A D
(LR, C Zti A%, O AEARBIAFTR ORI, (¢ SL T3k

Correlation of spacecraft potential to the latest electron density data observed by

Arase
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Recently, the electron density derived from the upper hybrid resonance (UHR) frequency onboard the Arase has been
fully updated, leading to a significant improvement in reliability. Using this latest data, we have re-examined the correlation
between spacecraft potential and electron density, with low-energy electron data.

Since March 2017, Arase has been orbiting in Geospace for about 7 years, continuously providing diverse datasets that
contribute to determining electron density and temperature. These plasma parameters are fundamental for understanding the
structure of the ionosphere, plasmasphere, and magnetosphere. Those are also important to control wave dispersion, growth,
damping, and propagation paths. On Arase, UHR frequencies are identified by a combination of automated detection and
visual inspection from the PWE/HFA (Plasma Wave Experiment/High-Frequency Analyzer) electric field spectra (10 kHz -
10 MHz), with a time resolution of 1 min. Electron density is derived from UHR frequency with the background magnetic
field strength measured by MGF. This method enables accurate determination of electron density, including low-temperature
electrons below 37 eV(the lower detection limit of the LEPe set from May 2017). However, difficulties arise in regions
where strong waves appear near the UHR frequency, or in low-density environments with weak UHR signals. Other previous
satellites have used direct particle measurements of low-energy ions (and electrons), but such instruments are generally
hard to capture cold populations. Cold plasma dominates in the inner magnetosphere, so the density estimation by particle
instuments require some assumptions for cold populations below the detection limit.

Spacecraft potential itself can serve as a rough indicator of electron density. The floating potential in plasma is determined
by the balance between photoelectron emission due to solar UV radiation and incoming plasma electron current. As it
depends on surface materials, secondary electron yield, spacecraft geometry and attitude, as well as ambient electron
temperature, the accuracy of density inferred from spacecraft potential is limited. However, it offers a useful density proxy
except in eclipse conditions as a direct measurement at 1-spin (~ 8 s) resolution without assumptions or visual identification.
Moreover, it may provide estimates of the temperature of cold electrons not measured by LEPe.

Previously, correlations between spacecraft potential and UHR-derived density appeared excessively poor in the low-
density regions (<1 /cc ; corresponding to electron plasma frequencies below "10 kHz). Consequently, the UHR electron
density data was comprehensively updated in 2024, yielding significantly improved reliability. In this study, we use the
updated datasets (April 2017 - December 2024) to re-evaluate potential — density correlations, incorporating low-energy
electron data.

First, we re-evaluated the correlation between spacecraft potential and UHR density after the update. Specifically, we
divided the MLT into 8 sectors and are investigating the correlations in each sector. Whereas the previous data showed large
scatter in the low-density regime (<1 /cc), the updated densities display much stronger convergence. A robust correlation
between spacecraft potential and log (electron density) is clearer in the dayside where hot electrons are not so many.
Nevertheless, in the nightside and outside the plasmasphere, deviations persist at low densities, where spacecraft potential
tends to appear lower than expected. This could be explained by enhanced inflowing electron currents in the plasma sheet.

Accordingly, we started the quantitative evaluation with LEPe moment data for electron density and temperature above
37 eV, for the influence of thermal conditions on spacecraft potential. Furthermore, we intend to investigate the relationship
with solar UV flux, which can affect the photoelectron outflow current.

The stability of probe potential is critical for the accurate electric field measurements in magnetospheric and ionospheric
plasmas. The present study will also provide a basis for the measurement accuracy of electric field and electron density
observations by similar probes onboard the BepiColombo/Mio Mercury orbiter, which commenced its orbital observations in
2026. Both Arase and Mio are equipped with relatively short antennas (15 m, compared with 50 m on Geotail and Cluster).
In low-density regions where the Debye length exceeds the antenna length, the probe potential may become biased toward
the spacecraft potential rather than the ambient plasma potential, leading to an apparent underestimation of the spacecraft
potential. Furthermore, the operational strategy of Arase, in which the bias current supplied to the probes had been limited to
50% of the photoelectron emission current, may have enhanced this effect. Since June 2025, the bias current has increased
to 80% of the photoelectron emission current, and a reassessment of these effects will be conducted once the updated UHR
electron density data become available.
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Observation of rotational temperature meridian distribution of N, 1PG using hy-
perspectral camera (HySCAI)

#Katsumi Ida'), Mikirou Yoshinuma®), Yusuke Ebihara®

(INational Institute for Fusion Science, (?Research Institute for Sustainable Humanosphere, Kyoto University

A hyperspectral camera for auroral imaging (HySCAI) has been installed at the KEOPS (Kiruna Esrange Optical Platform
Site) of the Swedish Space Corporation (SSC) in Kiruna, Sweden, and observations have been underway since 2023. HySCAI
features two gratings: one with 500 grooves per millimeter (mm) covering a broad spectral range of 400 — 800 nm with a
spectral resolution of 2.1 nm (full width at half maximum, FWHM), and another with 1,500 grooves per mm capable of
covering a narrow spectral range of 123 nm with a high spectral resolution of 0.73 nm.

We focused on the auroral breakup that began around 17:30 UT on January 1, 2025. This breakup was associated with a
large substorm with minimum SML index exceeding -2000 nT, and is characterized by intense red color. During this breakup,
HySCAI measured the red region (620 — 720 nm), including the OI (1D) 630.0 nm line, which is the cause of the red aurora,
and the vibrational-rotational levels of the Ny 1PG molecule at the following bands: (8,5) 646.7 nm, (7,4) 654.5 nm, (6,3)
662.6 nm, (5,2) 670.1 nm, (4,1) 679.0 nm, (3,0) 687.6 nm, and the Meinel system (3,0) 685 - 690 nm, (4,1) 705 - 710 nm.
HySCAI can distinguish them individually. In the red region, prior to the breakup of the red aurora (approximately 6 minutes
before), an increase in Ny 1PG was observed. During the breakup of the red aurora, the OI (1D) 630.0 nm line was much
brighter than Ny 1PG. This aurora breakup with intense red color lasted approximately 50 minutes. The ratio of each band of
the molecular vibrational-rotational levels of Ny 1PG was not constant during this period, and a clear temporal variation was
observed.  From the spectral shapes of each band of the molecular vibrational-rotational levels of No 1PG during the red
aurora breakup, the meridional distribution of nitrogen’s rotational temperature was obtained.

The figure shows (a) the nitrogen spectrum observed at zenith angles of -56° (south) and 41° (north), (b) the nitrogen
spectrum calculated using rotational temperature and vibration temperature as parameters, and (c) the meridional distribu-
tion of rotational temperature. ~ The shape of the spectrum changes with rotational temperature, becoming upward-sloping
at low rotational temperatures but flattening or downward-sloping as rotational temperature increases. By comparing with
model calculations, rotational temperatures can be estimated at each point. As a result, significant differences in rotational
temperature were observed, with a minimum of 340 K on the south side and a maximum of 570 K on the north side.
Subsequently, this temperature difference decreased over time, and during the latter half of the breakup, the distribution of
rotational temperatures became nearly flat.
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Space plasma precipitation and repelling processes by field-aligned electrostatic
potential in auroral arc and hole

#Masafumi HIRAHARAY), Yusuke EBIHARA?), Takeshi SAKANOI®)

(1ISEE, Nagoya Univ., ?RISH, Kyoto Univ., ®PPARC, Tohoku Univ.

Electric fields along local magnetic field line are one of effective mechanisms for accelerating space plasmas, as repre-
sented by the cases of neutron stars and planetary auroras. In the terrestrial polar regions, anti-earthward electrostatic fields
along geomagnetic field lines can accelerate electrons in space plasmas into the Earth’s upper atmosphere, generating bright
and dynamic auroras characterized by arcs, curtains, curls, etc. One of the acceleration mechanisms producing “inverted
V”-shaped features in energy-time/latitude distributions of precipitating auroral electrons, as observed in low-altitude space
missions, is due to anti-earthward parallel electrostatic fields. The field-aligned electrostatic potentials, ranging from tens of
volts to tens of kilo volts, are a consequence of the dynamo process generated in the dynamically changing magnetosphere.
Our satellite instruments observed clear ion flux depletion in the energy range corresponding to localized field-aligned elec-
trostatic potential above the satellite, which was coincidental with the electron precipitation forming the inverted-Vs. With
advanced instruments onboard a microsatellite in low-altitude polar orbit, we detected recurring ion precipitation signatures
accelerated by earthward parallel electrostatic fields, coinciding with electron flux depletion in the energy range smaller than
the electrostatic potential. These precipitating ion signatures were observed in aurora-void regions, which we call “auroral
holes” here, a conception newly defined after “coronal hole” of the Sun. These signatures provide persuasive double clues
for the earthward electrostatic fields that accelerate ions toward the Earth and prevent electrons from penetrating the upper
atmosphere although results in the past satellite missions might show the similar signatures.
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Temporal evolution of low-energy electron precipitation in longitudinally elon-
gated moving cusp auroras

#Kazuki Yashima®), Satoshi Taguchi'), Haruto Koike®), Keisuke Hosokawa?)

(IDepartment of Geophysics, Graduate School of Science, Kyoto University, (?Graduate School of Communication Engi-
neering and Informatics, University of Electro-Communications

When the interplanetary magnetic field has a southward component, precipitation of low-energy electrons is enhanced in
the cusp region above the ionosphere. Within the cusp, particularly in its high-latitude portion, the precipitation is further
intensified in elongated structures that extend longitudinally. These regions often exhibit dynamic motion lasting several min-
utes, with some drifting poleward. Ground-based observations of the 630-nm aurora show that such longitudinally elongated
precipitation regions typically extend a few hundred kilometers, and can occasionally reach lengths of 400 km or more. Low-
altitude satellite observations have demonstrated that enhanced precipitation of electrons with energies below a few hundred
eV is responsible for the intensification of the 630-nm cusp aurora. However, the temporal evolution of the moving electron
precipitation region remains difficult to resolve from only satellite measurements. We have recently developed a methodol-
ogy that incorporates the GLOW model (including the Meier model of electron precipitation) with 630-nm all-sky auroral
images to derive the two-dimensional distribution of the differential energy flux of low-energy electrons within a roughly
circular region with a diameter of approximately 1400 km centered on the aurora observation point. In the present study, this
methodology is applied to moving cusp auroras that extend longitudinally over "400 km. We analyzed 630-nm auroral images
obtained from an all-sky imager at Svalbard and identified several events of longitudinally elongated moving cusp auroras.
Using the aforementioned method, we investigated the temporal evolution of the electron differential energy flux within these
regions. The results consistently revealed a characteristic temporal sequence: a rapid enhancement of the flux, followed by a
quasi-stable phase, and then a monotonic decrease. The significance of this temporal sequence is discussed in the context of
Alfvénic electron acceleration processes occurring in higher-altitude regions above the aurora.
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Conjugate Observations of Faint Diffuse Emission at Subauroral Latitudes Using
Arase and Ground Cameras: Multiple Event Analysis

#Masaki Gomi'), Kazuo SHIOKAWAY, Yoshizumi MIYOSHIV), Yuichi OTSUKAY, Shin-ichiro OYAMA"), Martin
Connors?), Atsuki SHINBORI"), Tomoaki HORI"), Chaewoo JUNY, Kazuhiro YAMAMOTO"Y), Iku SHINOHARA®,
Kazushi ASAMURA®), Satoshi KASAHARA®), Kunihiro KEIKA®), Shoichiro YOKOTA®), Fuminori TSUCHIYA®),
Atsushi KUMAMOTO®, Yoshiya KASAHARAT), Yoichi KAZAMA®), Shiang-Yu Wang®, Sunny W.Y. Tam”), Ayako
MATSUOKA'?)

(nstitute for Space-Earth Environmental Research, Nagoya University, (2?Athabasca University, (*Japan Aerospace Explo-
ration Agency, (“Tokyo University, (°Osaka University, (*Tohoku University, ("Kanazawa University, (®Academia Sinica
Institute of Astronomy and Astrophysics, Taiwan, (°National Cheng Kung University, (\°Kyoto University

Discrete auroras such as STEVE and SAR arcs, typically observed at subauroral latitudes, have extensively been studied
using all-sky imagers on the ground. On the other hand, diffuse emissions at subauroral latitudes have not well been studied.
In this study, using high-sensitivity all-sky airglow cameras installed in Canada and Alaska, we have newly identified faint
diffuse emissions at a wavelength of 557.7 nm with intensities of 300-1000 Rayleighs, which spread equatorward of the
conventional auroral oval. We have analyzed 11 events of these faint diffuse emissions with conjugate plasma and field
measurements by the Arase satellite in the inner magnetosphere. Conjugate observations of such diffuse emissions at
subauroral latitudes and their corresponding magnetospheric source region have not been previously reported. These diffuse
emission regions exhibited patchy structures in one case, while in the others they showed no distinct spatial structures but
instead spread longitudinally with almost the same brightness across the field of view of the all-sky imager. In all 11 analyzed
events, the magnetospheric conjugate regions corresponding to the emissions were located inside the plasmasphere, where
plasma-sheet electrons with energies of several keV were simultaneously observed. At the same time, no plasma-sheet
ions with such energies were detected. Plasma waves were observed in 8 events, including narrow-band plasmaspheric hiss
(1 event) and lower-band chorus waves (1 event), both of which can cause cyclotron resonance scattering of plasma-sheet
electrons. In the events without wave activity, emission intensifications associated with substorm onsets were observed
(1 event). These results suggest that precipitation of plasma-sheet electrons into the ionosphere, driven by substorms and
pitch angle scattering due to wave-particle interactions in the plasmasphere, is responsible for the formation of faint diffuse
557.7-nm emission regions equatorward of the auroral oval. However, in two events no corresponding waves or substorms
were identified, and the cause of the emission remains unclear.

F—uaomOTSBEEMMNBET IV 74— I TlE. STEVER® SAR 7—2 D X5 BFERT 4 A2V — 1
F—aIPHEINTVWE, LEL, 73— oHDT 4 72— —a IOV TRE TSRS TV, Kif
FHTE, ALKV T A —u IR BINLEERERR I X 7 EHWT, ZRETREHIATWEA—m T — ULk
D BHRFRERNCILAD B E 557.7 nm T 300-1000 R DFHWTF 4 7 2 — X RFEHEBEH L RH L2, 512, Ho58
BRICX > TZOFNBEBIHIC T 2HKEEEE 11 BRI Lz ZOXI RV TA—a IWMIENET 4 72—
R 2 DK IR NS EEEO R Zh FTITbhTuRY, INSDT 1 7 2 — ARFEHEEIE. 16
TRy FHEEERL, ZRLATIHIE- E D 2 LHEERRL T, 2RI X 7 OHBENTRESANICHE UHH 2 X O
MIEDRBEHEER LT AL 1L BIOTRTDOA XY T FEOLEBICHG T 3K EEEE 77 X~ BAIChiE L
THD, ZAIVF =D keV D7 X<y — MEFHZRIFICBHLZ, 2O, BkeViQD T I7AI— 4 F
BRI SN o7z, Tz, FARICT S A FEENBEHZ A28 FHH D, ITIFIRXvy—METFELEHAImtRr
CHIEER G XSRS X< B X (1) % lower-band chorus I8 (1 §]) 285 2 6] F1E U =1 Eh a3 8]
N0 72HITIE, TR =2 DREICE DRIEELRSNT (1H), chbpZehrd, TIXv—bETH
BT R —LRWEEINC & By FAREUC X 2 BHEADRE D AAD, F—m T4 — oL &k h HIEBEH OMHEE T &k
ZENTED, 90T 4 72— ARFEE 557.7 nm OEXFBOIER IR TWBE EZ 2, 2770, ML T 2B 7
X b =R WHIS 2HB D, ZFOREIZDD - TV,



R006-11
B4&i% . 11726 PM3 (16:40-18:25)
17:40~17:55:00

ﬁﬁﬁ??‘//ﬁ-)l«m:&51&7517%%3&1&%@%& CAMERS: IAW RKEADEF
#1198, 51| GAIE 2, YRR 159, BT A Y
O, Tz, © 3 AR, Bk 2t QunaSys

Phase Mixing and Formation of Low Plasma Density Region by Nonlinear Am-
pere Force: Implication for IAWs Development

#Kosuke KAWAKAMIY), Akimasa YOSHIKAWA?), Keiichiro FUKAZAWA?), Hayato HIGUCHI®

(IKyusyu univeristy, ?Kyushu university, (*Research Institute for Humanity and Nature, (*QunaSys

Ionospheric Alfven Resonators (IARs), located in the upper terrestrial ionosphere, play crucial roles: they confine Alfven
waves due to the background Alfven velocity gradient and serve as acceleration regions for inertial or dispersive Alfven
waves. Thus, they have been regarded as one of the key regions for understanding the formation processes of auroral acceler-
ation regions. Previous observations in IARs have revealed the presence of low-density plasma structures, extending several
kilometers in the perpendicular direction and organizing in the altitude direction according to the resonance frequency, ac-
companied by electron and ion acceleration [Aikio et al., 2004; Chaston et al., 2006]. Among these findings, two aspects -
(1)the development of perpendicular fine structures and (2)the decrease in plasma density - are essential conditions for the
significant development of inertial Alfven waves. Based on this, a previous study [Lysak and Song, 2008] assumed the pres-
ence of density cavity regions and simulated Alfven wave propagation, demonstrating that phase mixing leads to the evolution
of perpendicular structures. Furthermore, other studies [Streltsov and Lotko, 2008; Sydorenko et al., 2008] focused on the
formation processes of low-density plasma regions via parallel nonlinear Lorentz force. Their simulations showed that the
parallel nonlinear force associated with standing Alfven waves in the IAR expels plasma from the antinodes of the standing
wave, thereby forming altitude-dependent density structures partially consistent with observations.

In this study, we extend these works by considering not only the parallel but also the perpendicular nonlinear Ampere
force. We hypothesize that this additional contribution can more efficiently generate low-density plasma structures that are
consistent with observations, both in the perpendicular and altitude directions. We perform two-dimensional multi-fluid MHD
simulations [Toth et al., 2009] to investigate the self-consistent process from formation of low-density plasma regions to the
subsequent development of perpendicular structures through phase mixing. Our results show that low-density regions formed
by the perpendicular nonlinear Ampere force play the similar role as the assumed density-depleted regions in previous studies,
leading to phase mixing and the perpendicular fine structures. In this presentation, we will report these results and discuss
future perspectives.
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Pulsating aurora electrons observed by LAMP sounding rocket
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(4Tohoku University, (°National Institute of Information and Communication Technology, (*University of New Hampshire,
(TUniversity of Towa, (8Johns Hopkins University, (’Goddard Space Flight Center, NASA, (°Nagoya City University, (! The
United States Air Force Academy, ('?University of Alaska

Pulsating aurora is a type of diffuse aurora characterized by quasi-periodic variations, typically with periods ranging
from a few to a few tens of seconds. The over-darkening, a decrease in brightness by several tens of percent relative to the
background, which often occurs immediately after an increase in brightness during the pulsation “ON” phase.

We investigated pulsating aurora and associated over-darkening phenomena using electron data from EPLAS and optical
data from AIC, both onboard the LAMP sounding rocket, launched on March 5, 2022 from the Poker Flat Research Range,
US. EPLAS measured electrons in the 5 eV-15 keV energy range, while AIC observed optical emissions in the 667-680 nm
and 844-848 nm wavelength ranges. During the flight, multiple pulsating aurora and over-darkening events were observed.
Near the rocket apex, the optical aurora emission at the magnetic footprint decreased from 3,000 Rayleigh to 1,300 Rayleigh.
At the same time, EPLAS detected a "50% reduction in downward energy flux, particularly at energies above 5 keV. An
energy dispersion of precipitating electrons was also detected during the darkening phase. The inverse energy dispersion
at the lowest energy of precipitating electrons around 5 keV was found, which is consistent with Miyoshi-Saito model that
considers the propagation effects of chorus waves. To better understand the mechanism, we performed numerical simulations
of wave-particle interactions. In this presentation, we will show detailed variations of precipitating electron spectra and
pitch-angle distributions during the over-darkening events and compare the observations with numerical simulations to
discuss possible mechanisms responsible for the over-darkening.
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Event Analysis of Chorus-Wave-Induced Electrons with LEO Satellite Surface
Charging Using Arase and DMSP Satellite Data
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Satellites operating in space can experience surface charging depending on the surrounding plasma environment (e.g.,
Gussenhoven et al., 1985). Electrostatic Discharge (ESD) caused by surface charging can seriously affect satellite operations,
such as by damaging solar panels. Therefore, assessing and preventing risks due to charging and discharging is an important
issue for the safe operation of satellites, and future realization of satellite surface charging prediction is anticipated. Previous
studies (Gussenhoven et al., 1985; Frooninckx and Sojka, 1992; Anderson, 2012) have confirmed that surface charging
mainly occurs in the premidnight region, caused by high-energy precipitating electrons that also drive discrete aurora in the
same region. On the other hand, recent studies have confirmed that surface charging also occurs, albeit rarely, in the morning
region (e.g., Xuejie et al., 2017), where the regions do not overlap with discrete aurora. Therefore, this study focuses on
surface charging of low-altitude satellites during diffuse aurora in the morning region.

To detect surface charging events of low-Earth orbit (LEO) satellites, plasma observation data from the DMSP F16 satellite
are used. On May 06, 2022, from 17:31:21 to 17:31:44UT, surface charging occurred on the DMSP F16 satellite, where
electron fluxes increased in the 1 - 20 keV energy range, showing characteristics of diffuse aurora. At this time, the Arase
satellite, which was located about 1 hour in magnetic local time (MLT) away from DMSP F16, observed chorus waves in the
magnetosphere. The resonant electron energy at the magnetic equator when chorus waves were observed was estimated to
be 8.874 — 26.93 keV. These electrons are consistent with the diffuse auroral electrons that caused surface charging of the
satellite. From this, a scenario can be considered in which high-energy electrons, pitch-angles scattered by chorus waves,
precipitate from the magnetosphere into the ionosphere along magnetic field lines, and when a low-Earth orbit satellite passes
through the precipitation region, surface charging occurs. These results suggest that chorus waves excited in the morning
magnetosphere may contribute to the occurrence of surface charging on low-Earth orbit satellites.
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Nonlinear Evolution of Wave Packets of EMIC Rising-tone Emissions
#Yoshiharu Omural), Huayue Chen?, Xueyi Wang2), Yikai Hsieh?)
(1Research Institute for Sustainable Humanosphere, Kyoto University, (2 Auburn University

Electromagnetic ion cyclotron (EMIC) waves with rising tone frequency are frequently observed in the inner magneto-
sphere. They play a critical role in the loss process of the radiation belt electrons. We performed a one-dimensional hybrid
simulation in a dipole magnetic field in the presence of energetic protons with temperature anisotropy. Through interaction
between the protons and thermal fluctuations of the transverse electromagnetic fields, a coherent wave gradually grows at
the frequency and wavenumber with the maximum linear growth rate. The interaction between the coherent wave and the
energetic protons in the presence of positive gradient of the dipole magnetic field results in formation of a proton hole in the
velocity phase space, giving rise to the resonant current JE (<0) parallel to the wave electric field. As reported in our previous
study [1], the wave amplitude and the JE maximize at the same location. Along with the formation of JE, the JB (>0) parallel
to the wave magnetic field also formed which contributes to variation of the wave frequency and wave number through the
nonlinear dispersion relation. As observed at a fixed position, the frequency and the wavenumber do not change in the grow-
ing phase of the wave packet. Both frequency and wavenumber start to change after the wave amplitude is maximized. The
wave packet with the increased frequency and the wavenumber propagates slower than the foregoing wave packet with the
original frequency, because the group velocity decreases with the increasing frequency. There arises a spatial gap between
the original wave packet and the new wave packet with the increased frequency, resulting in formation of two distinct wave
packets. The frequency increase and the separation process of the wave packet are repeated through space-time evolution
of the wave packets, resulting in formation of several subpackets of an EMIC rising-tone emission. The wave growth with
frequency increase is interpreted with the nonlinear wave growth theory [2, 3]

[1] Chen, H., Wang, X., Lin, Y., Zhao, H., et al. (2025). Nonlinear proton dynamics in the formation of rising - tone
EMIC wave subpackets. Geophysical Research Letters, 52, e2025GL115834

[2] Omura, Y., J. Pickett, B. Grison, O. Santolik, et al. (2010), Theory and observation of electromagnetic ion cyclotron
triggered emissions in the magnetosphere, J. Geophys. Res., 115, A07234, doi:10.1029/2010JA015300

[3] Shoji, M., and Y. Omura (2013), Triggering process of electromagnetic ion cyclotron rising tone emissions in the inner
magnetosphere, J. Geophys. Res. Space Physics, 118, 5553 — 5561, doi:10.1002/jgra.50523.
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Observational evidence of nonlinear growth of whistler-mode waves in foreshock
structures obtained by the MMS spacecraft

#Naritoshi Kitamura®), Takanobu AMANO?), Yoshiharu OMURA®), Yoshizumi MIYOSHI?, Yuto KATOH®), Hirotsugu
KOJIMA®), Sun-Hee Lee”®), Masahiro KITAHARA?), Scott A. Boardsen®'?, Rumi NAKAMURA!D, Daniel J.
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Russell'”), Robert J. Strangeway'”), Per-Arne Lindqvist'®), Robert E. Ergun'®), James L. Burch?®)

(INagoya University, (?The University of Tokyo, *Kyoto University, (*Nagoya University, (°*Tohoku University, (6Kyoto
University, ("Catholic University of America, ®NASA Goddard Space Flight Center, (®Tohoku University, ("°University of
Maryland in Baltimore County, (!*Space Research Institute, Austrian Academy of Sciences, '2JAXA, (*3The University of
Osaka, *Denali Scientific, ("®Laboratoire de Physique des Plasmas, CNRS/Ecole Polytechnique, (Institut Polytechnique
de Paris/Sorbonne Université/Université Paris-Saclay/Observatoire de Paris, (!”University of California, Los Angeles,
(18Royal Institute of Technology, (**University of Colorado, Boulder, (?°Southwest Research Institute

To demonstrate observational evidence of nonlinear wave growth, we present an electron distribution function exhibiting
significant nongyrotropy near the cyclotron resonance velocity during a whistler-mode wave event in a foreshock structure.
This nongyrotropic electron distribution function is predicted by a nonlinear wave-particle interaction theory for coherent
large-amplitude waves [e.g., Omura, EPS, 2021]. An electron phase space hole is generated in the distribution functions due
to the phase trapping motion of cyclotron resonant electrons around the resonance velocity in the presence of an appropriate
magnitude of inhomogeneity. Electrons with such a nongyrotropic distribution function exchange energy and momentum
efficiently with whistler-mode waves. The Magnetospheric Multiscale (MMS) spacecraft observed whistler-mode waves in a
foreshock structure, which is called the Short Large-Amplitude Magnetic field Structures (SLAMS). By applying the method
of wave-particle interaction analyzer (WPIA) to data obtained with the Fast Plasma Investigation Dual Electron Spectrometer
(FPI-DES) and the search-coil magnetometer (SCM), we identified an electron phase space hole, which was suitable for
wave growth; the hole appeared at an appropriate gyro phase angle relative to the whistler-mode wave magnetic field only
near the cyclotron resonance velocity. The gradient of the magnetic field intensity along the magnetic field line during the
time intervals was suitable for wave growth due to the phase trapping motion of resonant electrons. A loss cone of heated
electrons escaping from the high-pressure part of the foreshock structure played an important role in generating temperature
anisotropy for wave growth. When such a distribution function encounters a gradient of magnetic field intensity with an
appropriate magnitude, whistler-mode waves grow rapidly due to the nonlinear growth mechanism. Because fluctuations in
magnetic field intensity exist in foreshock structures, it is probably common for electrons to encounter such a magnetic field
gradient, and there must be many opportunities for nonlinear whistler-mode wave growth in foreshock structures.
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Characteristics of the low-frequency magnetic field variations coincided with
whistler chorus observed by Arase

#Ayako Matsuoka'), Mariko TERAMOTO?, Yoshiya KASAHARA®, Mitsunori OZAKI®), Shoya MATSUDA®,
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(IGraduate School of Science, Kyoto University, (?Kyushu Institute of Technology, (*Kanazawa University, (*Nagoya
University, (°Institute for Space-Earth Environmental Research, Nagoya University, ((JAXA

We are investigating the magnetic field variations in association with the relativistic electrons in the inner magnetosphere.
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. The frequencies of whistler chorus waves are generally ranging 0.1 - 0.8 fce (fce is
the equatorial electron cyclotron frequency) but often dramatically dropped and became much lower than the commonly
observed frequencies of whistler chorus waves.

Our statistical result on the spacial distribution of the low-frequency whistler chorus waves shows that it occures more
frequently near the magnetic equator on the nightside, which is consistent with the mechanism proposed in previous studies,
in which whistler chorus waves are excited by energy supplied by high-energy electrons injected from the plasma sheet.
Meanwhile, we found that the low-frequency whistler chorus waves were also observed on the dayside, and it would be
suggested that those chorus waves are excited by non-thermal electrons that reached the dayside from the nightside plasma
sheet. Moreover, the low-frequency whistler chorus waves substantially often occur even at low magnetic activities (Dst
<40nT). Our statistical results show that the low-frequency whistler chorus is more common phenomena than already
reported.

In our presentation we focus on the wave activities also at further lower frequencies. In the low-frequency whistler
chorus events, the frequencies at which the waves have substantial intensity extends to the frequencies lower than proton
cyclotron frequency. We will discuss the characteristics of the low-frequency whistler chorus waves associated with the
magnetospheric disturbance phenomena, e.g., dipolarization and bursty bulk flow from the night-side plasma sheet.



R006-17
B&ig : 11/27 AM1 (9:15-10:45)
10:00~10:15:00

#UR WA D, e REA D, BEAS B D, ARttt 2, K S48 2, B R S, W B Y, NI BRE Y, I AGE D),
W %7 O, SpA HT D, LA f15L 2, AFE RS, REE RSB0 ), BERE B 1O, JE BEE S), A ik ), I E Y

G BERE, @ BIRAY, G il EAY, 4 ENIRBbIERT, © BLOEE A, O 5HR, T UNTRERY, G smuig, O
RBEAR2ER B, 10 FUgtReE, (W i 22t oe B S e

ULF-Modulated Whistler Mode Wave and Electron Precipitation Observed by

EISCAT and Arase

#Kohki Tachi', Yuto KATOHY), Atsushi KUMAMOTOY, Yoshiya KASAHARA?, Shoya MATSUDA?), Atsuki
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HORI®), Yoshizumi MIYOSHI®), Tku SHINOHARA!!)

(IDepartment of Geophysics, Graduate School of Science, Tohoku University, (?Emerging Media Initiative, Kanazawa
University, GInstitute for Space-Earth Environement Research, Nagoya University, (*National Institute of Polar Research,
(5University of Electro-Communications, (°Graduate School of Science, Kyoto University, ("Kyushu Institute of Technology,
(8Tokyo University, (?Osaka University, (!°Department of Earth and Planetary Science, Graduate School of Science, The
University of Tokyo, (' Japan Aerospace Exploration Agency/Institute of Space and Astronautical Science

We report analysis results of ULF waves observed by the Arase satellite, whistler-mode waves modulated by ULF oscil-
lations, and precipitating electrons with ULF-period modulation observed by EISCAT during a conjugate event. Although
ULF-period modulations of whistler-mode waves and precipitating electrons have been reported previously, conjugate
observations have not yet been presented. Whistler-mode waves are thought to play an important role in the acceleration
and loss processes of high-energy particles in the inner magnetosphere, and have been actively discussed in recent years.
Recent studies also suggest that ULF waves influence the generation and propagation of whistler-mode waves, leading to
phenomena such as whistler-mode waves enhanced at ULF periods and ducted propagation of whistler-mode waves guided
by ULF waves. In this study, we investigate whether the flux of precipitating electrons is modulated at the ULF period
through whistler-mode waves modulated by ULF oscillations.

The target event occurred between 02:00 and 03:00 UT on 23 October 2024. During this interval, the Arase satellite was
traversing the dawn sector at magnetic local time 05:00 and L = 7.2, where it observed Pc5-band ULF waves with a period
of about 300 s, as well as lower-band whistler-mode chorus waves whose intensity varied in synchrony with the ULF period.
Simultaneously, electron fluxes in the 12 — 100 keV range exhibited periodic variations with the same timescale. At the
same time, the EISCAT radar, located near the magnetic footprint of Arase, detected periodic enhancements of ionospheric
electron density above 60 km altitude. This indicates intermittent precipitation of electrons with energies up to "100 keV
from the magnetosphere into the ionosphere. Data analysis revealed a strong positive correlation between the intensity of
whistler-mode waves observed by Arase and the electron density variations observed by EISCAT.

The observed electron precipitation is considered to be caused by pitch angle scattering due to whistler-mode waves. For
whistler-mode waves to resonate with electrons in the observed energy range, they need to propagate to high latitudes along
a field line at least the magnetic latitude of 18 degrees apploximately. While the resonance energy near the loss cone is below
10 keV at the magnetic equator, it increases to several hundred keV at the observed latitude. To discuss the resonance energy
in more detail, we perform ray-tracing calculations to evaluate the propagation angle and location of the waves along their
ducted paths, and calculate the resonance energy at each point. These results are then directly compared with the energy
characteristics of precipitating electrons observed by EISCAT. Furthermore, we use ground magnetometer data from IMAGE
stations to examine the spatial extent of this event. This study contributes to advancing our understanding of wave — wave
and wave — particle interactions among ULF waves, whistler-mode waves, and high-energy electrons.
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Direct Evaluation of the Inhomogeneity Parameter as Evidence of Nonlinearity in

Chorus Wave - Induced Electron Acceleration
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Whistler-mode chorus waves play important roles in the acceleration and loss of energetic electron populations in the
Earth’s inner magnetosphere. Previous studies have reported that the generation of chorus waves, a type of whistler-mode
waves, is accompanied by rapid variations in electron pitch angle distributions [Fennel et al., 2014; Kurita et al., 2018]. This
phenomenon is characterized by the deformation of electron distribution in the velocity space where effective wave-particle
interaction is expected and the electron flux drastically increases within the resonance range of cyclotron resonance.

In this study, we analyzed variations in electron flux associated with chorus waves using observation data from PWE,
MEP-e, and MGF onboard the Arase satellite in order to deepen our understanding of such phenomena. During the
observation period from March 2017 to October 2018, 46 events were visually identified, and we compared the range of
deformations in electron pitch angle distributions with the resonance range calculated from the observed chorus waves for
each event. As a result, it was found that the observed deformations in electron pitch angle distributions can be explained by
first-order cyclotron resonance with the chorus waves in many of the identified events.

It is also noted that rapid variations in the electron pitch angle distribution, occurring on time scales ranging from a
few seconds to several tens of seconds, are not always adequately explained by conventional quasi-linear diffusion theory
[Kurita et al., 2018, 2025; Saito et al., 2021]. In this study, we further investigated to clarify whether these rapid variations
are associated with nonlinear wave — particle interactions. Specifically, we calculate the ratio of wave-induced effects to
background inhomogeneity effects p y [Saito et al., 2016] and classify the electron scattering processes for each event,
thereby quantitatively evaluating the degree of nonlinearity. In the presentation, we discuss the results of this nonlinearity
evaluation and their implications.
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Lightning-Generated Whistler wave coupling and its effects on electrons in the

inner magnetosphere using ERG and WWLLN
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Lightning discharges in the Earth’s atmosphere emit electromagnetic waves over a broad frequency spectrum. In the Very
Low Frequency (VLF) range, energy can penetrate upwards into the ionosphere, propagating as whistler-mode waves into
the inner magnetosphere. These waves are known to cause pitch-angle scattering of radiation belt electrons, leading to their
precipitation into the atmosphere. While one-to-one correlations between single lightning events and subsequent electron
precipitation have been established, the long-term impact of global lightning activity on the total trapped electron population
remains an open question. Martinez-Calderon et al. (2020) conducted a year-long comparison of global lightning activity,
measured by the World Wide Lightning Location Network (WWLLN), with trapped electron fluxes observed by the Van
Allen Probes. They did not find the expected clear long-term connection between increased lightning activity and decreased
radiation belt fluxes. A more recent analysis incorporating WWLLN, Van Allen Probes, and Arase data for 2018 yielded
similar results (manuscript in preparation).

To explain the above, we assumed that the propagation efficiency of whistler waves from the atmosphere to the magneto-
sphere is highly variable and potentially low. This study statistically quantifies this efficiency using data from Arase (PWE,
MEP-e, HEP) and WWLLN. Focusing on the 30 days of peak global lightning activity in 2018, we applied the methodology
of Zheng et al. (2016) to determine the correspondence rate between whistlers and lightning strokes. For exceptionally
large-amplitude whistler events, we also conducted targeted case studies on concurrent electron data to identify direct
signatures of pitch-angle scattering. Our approach provides key observational data on lightning-whistler coupling efficiency,
addressing the inconsistencies between models and long-term observations.
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Development of a CubeSat Electron Measurement Technology for Observing
Ducted Wave-Particle Interactions in Low Earth Orbit
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Plasma waves in the Earth’s magnetosphere play a significant role in space environment dynamics by accelerating and
scattering charged particles. For example, whistler-mode chorus waves are generated near the magnetic equator and are
known to cause pitch-angle scattering of energetic electrons. As these waves propagate to higher latitudes, their resonance
energy with electrons increases, leading to the precipitation of quasi-relativistic and relativistic electrons into the atmosphere.
It has been suggested that such waves can be guided by field-aligned density enhancements, or “ducts,” enabling efficient
propagation to higher latitudes without significant scattering. However, direct observational evidence of this process
remains scarce. To test the hypothesis of high-energy electron precipitation driven by ducted waves, we are developing the
Low-Earth Orbit Electron Sensor (LEON) for the IMPACT project. LEON is a compact detector capable of covering a wide
energy range of 10 — 1000 keV with a single instrument, enabling observations from seed electrons before interaction to
quasi-relativistic/relativistic electrons afterward. In-situ measurements of precipitating electrons from low-Earth orbit (500
— 600 km) will provide decisive evidence of wave — particle interactions occurring within ducts. Few detectors can achieve
such wide energy coverage within the 1U CubeSat form factor. LEON employs a hybrid configuration, using an Avalanche
Photodiode (APD) for low energies and a Solid-State Detector (SSD) for high energies. In this presentation, we report on
the performance evaluation of a 1.5-mm thick SSD and noise-mitigation simulations. Laboratory tests with 57Co and 207Bi
sources confirmed that the SSD provides sufficient energy resolution (eg. FWHM = 7.8 keV at 122 keV). Monte Carlo
simulations were also conducted to design aluminum shielding against background from sunlight and protons. The results
demonstrate that, with optimized shielding, LEON can effectively measure electrons from 25 to 1600 keV, covering the
target science range while suppressing proton contamination.
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Development of a Time-Series-Based Software for Sferic Noise Removal in Mag-
netospheric ELF/VLF Wave Analysis

#Yuto Ito?), Kazuo SHIOKAWA'), Claudia Martinez-Calderon®, Jyrki Manninen®), Martin Connors®)

(nstitute for Space-Earth Environmental Research, Nagoya University, (?University of Oulu, Finland, (} Athabasca Univer-
sity, Canada

Analyzing dynamic spectra of magnetospheric ELF/VLF waves, generated through interactions in the magnetospheric
plasma, offers useful information for understanding the plasma state However, when these waves are received on the ground
using antennas, noise by sferics produced by lightning makes it difficult to identify magnetospheric waves on the dynamic
spectra. In this study, we developed software to remove the noise from sferics while preserving the waveforms of magne-
tospheric ELF/VLF signals as much as possible. We used data with a 40-kHz sampling rate obtained in 2024 at Athabasca,
Canada, and Oulujirvi, Finland, through the PWING project. Since sferics appear as short pulses lasting only a few hun-
dred milliseconds, they are detected as broadband features in the spectrum, particularly at higher frequencies, and frequently
overlap with magnetospheric ELF/VLF waves. In contrast, magnetospheric ELF/VLF waves vary over several milliseconds
or seconds, much more slowly than sferics. Therefore, we considered it more appropriate to address sferic noise in the time
domain rather than in the frequency domain. Our method detects sferics as noise in the time domain and attempts to remove
them through interpolation. A simple method of setting values to zero when amplitudes exceed a threshold was found to
spread spectral contamination into the low-frequency range. Furthermore, when interpolation was performed by averaging
spectra before and after the removed intervals, we found that using intervals that were too long led to removal of more than
50% of the data. To address this, we attempted to optimize the procedure to minimize the removed intervals. In this presenta-
tion, we will report these results, including noiseremoval approaches using machine learning, and discuss the validity of the
proposed sferic-removal methods.
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Hardness of precipitating particle energy spectrum revealed by spectral riometer:
May 2024 storm event
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(The Graduate University for Advanced Studies, SOKENDALI, (2National Institute of Polar Research, NIPR, (3Joint
Support-Center for Data Science Research, ROIS, (*Kitami Institute of Technology, KIT, °The University of Electro-
Communications, ©Institute for Space-Earth Environmental Research, Nagoya University, ("Sodankyla Geophysical
Observatory, University of Oulu

Spectral riometers in Finland observe cosmic noise in the frequency range of 20 — 55 MHz, and the frequency spectra of
cosmic noise absorption (CNA) derived from the observations are expected to provide estimates of the altitude distribution
of electron density enhancements in the "50 - 100 km region. However, only one case study has attempted to derive altitude
distributions of electron density enhancements using a spectral riometer, in which the results during an electron precipitation
event showed good agreement with simultaneous EISCAT radar observations. This indicates that, although the spectral
riometer has sufficient capability to capture the characteristics and temporal variations of mesospheric electron density
enhancements, our understanding of these processes remains limited.

In May 2024, an extreme magnetic storm occurred, during which the Dst index reached — 400 nT. During the 16-day
period from May 1, which included this storm, frequent enhancements of mesospheric electron density were observed by
the spectral riometer at Kilpisjérvi, Finland. These enhancements were caused by phenomena such as high-energy electron
precipitation associated with substorms, X-ray emissions associated with solar flares, and high-energy proton precipitation
during proton events.

In this study, we focused on the fact that the slope of the CNA frequency spectrum obtained by the spectral riometer is
expected to serve as an indicator of the hardness of the energy spectrum of precipitating particles, i.e., the characteristic
altitude of electron density enhancements. More specifically, the key parameter is the spectral index, defined as the absolute
value of the slope in the relation CNA o< £~ where f is the frequency of cosmic radio noise and n is the spectral index. The
CNA spectrum is known to follow a curve with n = 2 when electron density enhancements occur only above an altitude of 70
km. In contrast, when enhancements occur below 70 km, the spectral index decreases toward 0 as the characteristic altitude
becomes lower.

In this presentation, we will show that the temporal variation of the spectral index during proton and electron precipitation
events agreed well with the features expected from other observations and previous studies. For proton precipitation events,
the spectral index became smaller when the flux of >10 MeV protons relative to >50 MeV protons observed by the
GOES-18 satellite was smaller, i.e., when the precipitating proton energy spectrum was harder. For electron precipitation
events associated with substorms, the MLT distribution of the spectral index showed that the value was around 2 near
midnight, while it tended to be smaller than 2 in the morning side. This tendency is consistent with previous studies reporting
that precipitating electron spectra become harder in the morning side. In contrast, the number of flare events was too small
to obtain sufficient results.

These results demonstrate that the spectral index can serve as an indicator of the hardness of the energy spectrum of
precipitating particles and suggests that the spectral riometer is a useful tool for elucidating the characteristics of mesospheric
electron density enhancements.
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Statistics and propagation of unusual ‘high frequency’ VLF bursty-patches from
multi-point observations

#Claudia Martinez-Calderonl), Jyrki Manninen2), Kazuo Shiokawal), Yoshiya Kasahara3), Shoya Matsudag), Tku
Shinohara4), Yoshizumi Miyoshil), Atsuki Shinboril), Miroslav Hanzelka5), David Pisa®

(Unstitute for Space-Earth Environmental Research, Nagoya University, Japan, (?Sodankyla Geophysical Observatory,
Sodankyla, Finland, (3Graduate School of Natural Science and Technology, Kanazawa University, Kanazawa, Japan,
(4Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency, Sagamihara, Japan, (°GFZ Helmholtz
Centre for Geosciences, Potsdam, Germany, (SInstitute of Atmospheric Physics, Prague, Czech Republic

In the magnetosphere, Extremely Low (ELF) and Very Low Frequency (VLF) plasma waves occur naturally in the 3
Hz to 30 kHz frequency range. Through wave-particle interactions they influence radiation belt dynamics, accelerating
electrons or scattering them into the atmosphere. Bursty-patches are a recently identified class of VLF emissions, occurring
at frequencies above half the equatorial electron gyrofrequency (fce/2) at the corresponding L-shell of observation. Usual
VLF waves should not be able to propagate to the ground at these frequencies and locations. However, they have been
observed at multiple ground-based stations with little information on their occurrence rates or propagation characteristics.

In this study, we use data from VLF receiver stations in Finland to discuss the properties and specific propagation of
bursty-patches to the ground. We mainly analyzed 1 year of data from Kannushleto (KAN, MLAT=65.0N, L=5.5) and
Oulujarvi (OUJ, MLAT=61.3N, L=4.4) to assess overall occurrence rates, as well as investigate simultaneous and conjugated
observations. We also present preliminary results from the Angeli station (ANG, MLAT=66.1N, L=6.3). From a unique
conjugate event (showing one-to-one correspondence) observed by KAN, OUJ, and the Arase satellite in the magnetosphere,
we also investigated the wave propagation characteristics using polarization and ray tracing analysis.
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Global CNA response to a magnetic storm: a simulation study
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Laboratory, (‘Beihang University, ®NICT, (6The University of Electro-Communications

Cosmic Noise Absorption (CNA) is caused by enhancements in electron density in the D-region ionosphere through ener-
getic electron precipitation (EEP). It has been widely used as a reliable tracer of EEP from the ground. Recent global network
observations (Kato et al., 2024) revealed the longitudinal evolution of EEP; CNA enhancements typically expand eastward
in association with particle injections. To investigate the global evolution of CNA during a magnetic storm, we employ the
global simulation RAM-SCBE (Jordanova et al., 2023), which models the evolution of the electron distribution function, the
plasmasphere, and wave — particle interactions. The GLOW model (Solomon, 2017) is then used to calculate the ionization
profiles driven by electron precipitation obtained from RAM-SCBE. Our results show that CNA first appears in the morning
sector and subsequently drifts toward the dayside, reflecting the drift motion of energetic electrons and the distribution of
whistler-mode wave activity. In this presentation, we will present simulation results on the global evolution of CNA and
discuss how CNA variations depend on the energetic electron distribution and whistler-mode waves in the magnetosphere.
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ULF wave radial diffusion of radiation belt electrons during the May 2024 super

geomagnetic storm
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(Unstitute for Space-Earth Environmental Research (ISEE), Nagoya University, (Institute for Space-Earth Environmen-
tal Research (ISEE), Nagoya University, International Research Center for Space and Planetary Environmental Science,
Kyushu University, (*World Data Center for Geomagnetism, Kyoto, Graduate School of Science, Kyoto University, (°Faculty
of Engineering Department of Space Systems Engineering, Kyushu Institute of Technology, (°Planetary Plasma and Atmo-
spheric Research Center, Graduate School of Science, Tohoku University, ("Graduate School of Natural Science and Tech-
nology, Kanazawa University, (®Institute for Space-Earth Environmental Research (ISEE), Nagoya University, (°Institute of
Space and Astronautical Science, Japan Aerospace Exploration Agency

The acceleration mechanism of radiation belt electrons is a crucial research issue in magnetospheric plasma physics in
terms of particle acceleration and space weather. While the local acceleration of radiation belt electrons by plasma waves
has been extensively studied in recent years (Thorne, 2010; Reeves et al., 2013; Thorne et al., 2013), radial diffusion is also
considered as an important factor that redistributes radiation belt electrons from the region of the local acceleration to other
locations (Ma et al., 2018). Previous studies of the radial diffusion caused by ultralow frequency (ULF) waves developed
empirical models of the radial diffusion coefficient under various geomagnetic activity levels (Brautigam and Albert, 2000;
Brautigam et al., 2005; Ozeke et al., 2012, 2014; Sandhu et al., 2021; Murphy et al., 2023). However, these models do not
cover the highest levels (Kp >7, where Kp is the Planetary K index), and thereby event analysis is required to obtain an
accurate radial diffusion coefficient during the G4 (Kp = 8, 9-) and G5-class (Kp = 90) geomagnetic storms. Therefore, to
understand the role of ULF waves in the radial diffusion of electrons during the highest geomagnetic activity, we investigated
the ULF wave activity during the G5-class geomagnetic storm in May 2024. In the early recovery phase of this storm, the
Arase satellite (Miyoshi et al., 2018) detected toroidal waves with a large amplitude (60 nT peak-to-peak) in the dawn sector
(9-11 MLT hours) on May 11, 2024. Although the toroidal waves were detected deep in the magnetosphere at L >2.5, their
frequency ranges from 2 to 6 mHz, corresponding to the Pc 5 range. We also analyzed the geomagnetic field observed at
the International Monitor for Auroral Geomagnetic Effect (IMAGE) stations near Arase’s ionospheric footprint. Using the
amplitude-phase gradient method (Pilipenko and Fedorov, 1994), we identified the frequencies of field line resonance (FLR)
at the altitude-adjusted corrected geomagnetic (AACGM) latitudes between 47 to 59° . The FLR frequencies obtained from
the ground-based observation were close to Arase’s observation and gradually decreased with AACGM latitude. These re-
sults demonstrate that the toroidal Pc 5 waves observed by Arase are standing Alfvén waves excited through FLR. Using the
formula derived by Ozeke et al. (2014), we calculated the radial diffusion coefficients of a 950 keV electron for the toroidal
Pc 5 waves with an assumption of m = 3, where m is the azimuthal wave number. The diffusion coefficient of the electric field
reached “10 day~! around L = 4.6, an order of magnitude larger than that of Kp = 6 calculated by Ozeke et al. (2014). Given
that the local peak of the phase space density of "1 MeV electrons is located at L <4, we suggest that the toroidal standing
Alfvén waves transport the "1 MeV electrons from the location of the local peak to an outer region within a few hours.
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Influence of the Weak Intrinsic Magnetic Field on the Development of Magnetic

Storms Based on Global Drift-Kinetic Simulations
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Earth’s intrinsic magnetic field strength is one of the most critical parameters in geospace. It has decreased by “30%
over the past 2000 years [Olson and Amit, 2006]. The decrease will change quasi-static parameters of the magnetosphere-
ionosphere-thermosphere system [e.g. Cnossen et al, 2012]. It will also change transient phenomena of magnetosphere
like substorms and magnetic storms. A previous study examined the dependency of auroral substorms on the intrinsic
magnetic field by global MHD simulations [Ebihara et al., 2020]. However, the effect of intrinsic magnetic field strength on
the development of magnetic storms is still unclear, because in the inner magnetosphere, kinetic processes, which are not
included in the MHD approximation, are dominant.

We investigated the development of magnetic storms and ring current and associated excitations of ULF waves, using a
magnetosphere-ionosphere coupled model [ Yamakawa et al. 2023] which combines GEMSIS-RC [Amano et al. 2011] and
GEMSIS-POT [Nakamizo et al. 2012]. In GEMSIS-RC, the 5D drift-kinetic equation and Maxwell’s equations are solved
self-consistently. GEMSIS-POT solves ionospheric electric potential for the height-integrated ionosphere. In the coupled
model, distribution of plasmaspheric cold plasma is also evolved based on a continuity equation. Simulations were conducted
for three cases: the present Earth (Case 1), a planet with a weak (2/3 of Case 1) intrinsic magnetic field and high ionospheric
conductivity (Case 2), and with the weak magnetic field and standard ionospheric conductivity (Case 3). Case 1, 2, and 3
correspond to Run 1, 3, and 5 of global MHD simulations (Ebihara et al. [2020]), respectively. For each case, we applied
R1-FAC to the ionosphere and set the temperature and density of the plasma sheet according to the corresponding run.

From the obtained distributions of the ring current ions, SYM-H index with the Dessler-Parker-Sckopke relation is
estimated to evaluate the development of magnetic storms. The minimum value of SYM-H index turned out to be in the
following order: Case 3 <Case 2 <Casel, and SYM-H index declined more rapidly in Cases 2 and 3 than in Case 1. The
total kinetic energy of the ring current was the smallest in Case 2, and almost the same in Cases 1 and 3. Although the total
kinetic energy of the ring current decreases under weak intrinsic magnetic field cases, the decrease is smaller relative to the
reduction of the intrinsic dipole magnetic energy in the denominator of the DPS relation, which results in a larger decrease
of the estimated SYM-H index in Case 2 than in Case 1. We also found that in the weak intrinsic magnetic field cases,
ring current azimuthal development is faster in the duskside. This is because ring current developed closer to Earth in the
cases, which leads to larger drift frequencies of ring current ions. Excitations of fundamental ULF waves due to injection
of ring current ions are identified in all cases: dayside Pc5 and dawnside Pc4. Under the weak intrinsic magnetic fields, the
amplitude of excited ULF waves was smaller in the dayside and larger in the dawnside. In the presentation, we will also
discuss the reason in detail.
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Spacecraft charging of the Arase (ERG) satellite
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Spacecraft charging can cause satellite malfunctions; therefore, understanding the conditions under which charging occurs
is crucial for the safe operation of satellites. Spacecraft charging arises from an imbalance between the inflow and outflow
of charged particles. Previous studies have long investigated the conditions for spacecraft charging, suggesting correlations
with the temperature and flux of ambient electrons [e.g., Davis et al., 2008]. In addition, during eclipse periods, photoelectron
emission ceases due to the absence of solar illumination, making the spacecraft more prone to negative charging.

When charging occurs, ultra-low-energy ions (on the order of 0 — 10 eV) are attracted by the spacecraft potential. These
ultra-low-energy ions are difficult to detect during non-charging periods because of the low sensitivity of particle instruments
at the lowest energy range. In this study, we utilize the charging state of the Exploration of Energization and Radiation in
Geospace (ERG; Arase) satellite to investigate the physical characteristics of ultra-low-energy ions, particularly oxygen ions,
which are usually undetectable. This provides new insight into the circulation of oxygen in the Earth’s magnetosphere.

We analyzed the ion density and temperature during spacecraft charging events observed by Arase in eclipse. Our results
show that, in most cases, the H+ density during charging was significantly lower than the electron density derived from
wave data. The contribution of ultra-low-energy H+ to the total H+ density was generally less than 5%, and at most 15%.
Regarding the O+/H+ density ratio, values were typically below "25%, but in some events exceeded unity. This is much
higher than previously reported O+ fractions in the near-Earth magnetosphere (70.4), suggesting the possibility that H+
measurements may have been saturated during these events. To validate the reliability of these observations, further analyses
using independent diagnostics, such as wave data, are required.
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Long-term Variations of He++ Ions in the Inner Magnetosphere: Observations by
Arase LEP-i
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He++ ions in the inner magnetosphere primarily originate from the solar wind and can serve as a tracer of solar wind-origin
ions. However, their spatial and temporal variations remain poorly understood due to the limited number of satellite observa-
tions with sufficient mass resolution. The Low-Energy Particle (LEP-i) instrument onboard the Arase satellite provides high
mass resolution and enables clear discrimination among ion species, including He++. In this study, we analyzed Time-of-
Flight (TOF) data from LEP-i with a 10-min time resolution to investigate the long-term variations of He++ ions in the inner
magnetosphere and their dependence on L-shell. Our analysis covers the period from the declining phase of Solar Cycle 24
through the rising phase of Solar Cycle 25.

We found that the ratio of He++ and H+ (19 keV/q) has a clear solar cycle dependence. The ratio varies distinctly be-
tween the outer (L = 4.5) and inner (L <4.5) magnetosphere, suggesting differences in loss time scales, likely due to charge
exchange process. Furthermore, we found that the He++/H+ ratio observed by Arase LEP-i is correlated with solar wind
speed, which is similar variation to the He++/H+ ratio in the solar wind. Unlike previous studies, observations by the Arase
satellite’s LEP-i instrument suggest that He++ counts depend on both solar activity and geomagnetic activity. These findings
suggest that He++ ions in the inner magnetosphere retain signatures of their solar wind origin and serve as useful tracers of
solar wind-origin plasma in the inner magnetosphere.
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Geocoronal atomic hydrogen number density: Estimation using energetic ions ob-
served by the Arase satellite

#Akimasa Ieda'), Naritoshi KITAMURAY, Yoshizumi MIYOSHI"), Tomoaki HORI"), Kazuhiro YAMAMOTOY, Chaewoo
JUNY), Shoichiro YOKOTA?), Satoshi KASAHARA®), Kunihiro KEIKA®), Tku SHINOHARA®

(nstitute for Space-Earth Environmental Research, Nagoya University, (?Osaka university, (*University of Tokyo, (*JAXA

The geocorona is a part of the neutral atmosphere of the Earth above an altitude of 2000 km. It consists of low-energy
hydrogen atoms and plays a key role in controlling the decay rate of geomagnetic storms through charge-exchange reac-
tions with high-energy ions. However, the number density of geocoronal hydrogen shows discrepancies of up to a factor of
two among models based on ultraviolet satellite observations and numerical simulations, and its density during geomagnetic
storms remains poorly understood. In this study, we estimate the geocoronal hydrogen density using high-energy (10 - 100
keV) ions measured by the Arase satellite. The apogee of Arase is 6 Earth radii, with an orbital period of 9.4 hours. Our
method includes comparing ion fluxes between a given pass and subsequent passes one to two orbits later to calculate ion
decay rates. The decay rates, together with charge-exchange cross-section models, are then used to derive the geocoronal
density. Because this method requires the absence of ion injections, it is best suited for analyzing the recovery phase rather
than the main phase of geomagnetic storms.

We analyzed the geomagnetic storm that began on May 10, 2024, with a particular focus on intervals when Arase stayed
near the magnetic equatorial plane. At that time, the magnetic position of Arase corresponded to L= 3 Earth radii. Accord-
ing to existing models, the geocoronal density at this location is estimated to be 5 - 10 x 10"8 m”™-3. Our results show that
during the early recovery phase (May 12), the geocoronal density reached 50 x 10”8 m”-3, several times higher than the model
prediction. In contrast, during the late recovery phase (May 14), the density was 8 x 10”8 m"-3, consistent with the model.
These findings suggest that the negative ionospheric storm occurring in the early recovery phase may have caused heating
and expansion of the neutral atmosphere, thereby enhancing the hydrogen density.
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Slow recovery of the plasmaspheric electron density during the May and October
2024 severe geomagnetic storms

#Atsuki Shinbori'), Naritoshi KITAMURA?), Kazuhiro YAMAMOTO?), Atsushi KUMAMOTO®), Fuminori TSUCHIYA®,
Shoya MATSUDA®), Yoshiya KASAHARAS), Mariko TERAMOTO®, Ayako MATSUOKAT), Yuichi OTSUKA?), Takuya
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(Unstitute for Space-Earth Environmental Research, Nagoya University, (?Nagoya University, Institute for Space-Earth En-
vironmental Research, Nagoya University, (Tohoku University, (°Kanazawa university, (°Kyushu Institute of Technology,
("Kyoto University, ®NICT, ONICT, 1°JAXA

The spatial distribution of electron density in the ionosphere shows a severe change during geomagnetic storms and sub-
storms driven by solar wind disturbances. Electron density variations and irregularities can cause total signal blackouts during
strong scintillation periods and enhance satellite positioning errors. We analyzed Global Navigation Satellite System (GNSS)
- total electron content (TEC) and Arase satellite observation data to elucidate the slow recovery of the plasmaspheric electron
density during the May and October 2024 geomagnetic storms. To identify the electron density variation in the ionosphere, we
calculated the ratio of the TEC difference (rTEC), which is defined as the difference from the 10-quiet-day average TEC nor-
malized by the average value. Additionally, we estimated the electron density in the plasmasphere and inner magnetosphere
from the upper frequency limit of the upper hybrid resonance (UHR) waves observed by the Arase satellite. Consequently, an
L-t plot of the electron density showed that the plasmasphere shrank up to L = 1.5-2.5 after a sudden commencement of both
geomagnetic storms. During the storm recovery phase, the plasmapause gradually shifted to a higher L-shell. The electron
density in the plasmasphere recovered the geomagnetically quiet-time level on a 3- or 4-day scale. The timescale of the plas-
maspheric refilling was much longer than that of other coronal mass ejection (CME)-driven geomagnetic storms during the
Arase era. The rTEC in the Northern Hemisphere showed that an enhancement in the rTEC value occurred at high latitudes
(60° - 70° in magnetic latitude (MLAT)) in the daytime (10 — 14 in magnetic local time (MLT)), approximately 1 h after
the storm onset. Subsequently, a tongue of ionization (TOI) formed in the polar cap owing to the enhancement of two-cell
convection in the high-latitude ionosphere during the main phase of geomagnetic storms. Both geomagnetic storm events
showed that the rTEC was globally depleted during the recovery phase. The depletion indicates the occurrence of a negative
storm owing to a neutral composition (O/N2) change driven by the energy input from the magnetosphere in the high-latitude
thermosphere. Furthermore, it took more than 3 days for the plasmaspheric electron density to recover the geomagnetically
quiet-time level. The coincidence of the long refilling timescale of the plasmasphere and the depletion of the rTEC suggests
that a strong negative storm impedes plasmaspheric refilling for the severe geomagnetic storms.
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Development of ion energy-mass spectrometer “ULTIMA” for suprathermal ion
observations.

#Kohei Takeuchi®), Kazushi ASAMURA?), Shoichiro YOKOTA®), Yoshizumi MIYOSHI"

(Unstitute for Space-Earth Environmental Research, Nagoya University, (2Japan Aerospace Exploration Agency, (®Osaka
University

In the Earth’s magnetosphere, ions of both solar wind origin and ionospheric origin coexist lonospheric ions such as N+,
O+, and molecular ions have energies of about 0.1 eV in the ionosphere and are accelerated to several tens of eV before
escaping into the magnetosphere. However, the mechanism responsible for this acceleration remains unclear. To clarify
this mechanism, we are developing a new ion energy-mass spectrometer “ULTIMA(Ultra Low energy Thermal Ion Mass
Spectrometer Analyzer)”. With this instrument, we aim to investigate variations in the ion distribution functions associated
with ion heating at ionospheric altitudes and to analyze the interactions between ions and plasma waves. The instrument
mainly consists of two components: an electrostatic energy-per-charge analyzer and a mass analyzer. For the mass analyzer,
we employ a Time-of-Flight (TOF) method with a Linear Electric Field (LEF) system, enabling the high mass resolution
necessary to distinguish N+ from O+. We are currently conducting performance evaluation tests of the mass analyzer using
the engineering model. We report on the results of laboratory beam experiments.
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Ionospheric Joule heating and neutral density variations at low Earth orbits dur-
ing geomagnetic storms

#Heikki Vanhamaki®), Marcus Pedersen'), Anita Aikio®), Lei Cai"), Milla Myllymaa®), Colin Waters?), Jesper Gjerloev®),
Bharat Kunduri®

(lUniversity of Oulu, Finland, (2University of Newcastle, Australia, 3The Johns Hopkins University, USA, (4Virginia Tech,
USA

During geomagnetic storms intense Joule heating causes thermal expansion of the upper atmosphere, thus increasing satel-
lite drag at low Earth orbits (LEO). This chain of events often begin when high-speed stream/stream interaction regions
(HSS/SIR) or interplanetary coronal mass ejections (ICME) impact Earth’s space environment. In the “Joule heating effects
on ionosphere-thermosphere coupling and neutral density (JOIN)” project we determine the statistical distribution of the
auroral Joule heating in the northern hemisphere during geomagnetic storms using SuperMAG, SuperDARN and AMPERE
data. This is compared with the large-scale atmospheric density variations at LEO observed by the Swarm, GRACE and
GRACE-FO satellites.

Based on superposed epoch analysis of 231 geomagnetic storms between 2014 and 2024, it is found that the Joule heat-
ing in the ionospheric E-region and neutral density enhancements at LEO show different characteristics depending on the
geomagnetic storm driver. The Joule heating has a faster increase at the beginning of the storm main phase when the storm
is initiated by a HSS/SIR or sheath region of ICMEs, while a more gradual and longer lasting increase is found in storms
driven by magnetic clouds within ICMEs. The thermospheric density enhances gradually during the storm main phase and
the enhancements are typically largest (median peak increase of 120%) and longest-lasting for storms driven by MC due to
the prolonged interval of intense Joule heating.
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Status of GEO-X mission

#Yuichiro Ezoe!), Ryu Funase®?®), Yoshizumi MIYOSHI®, Hiroshi Nakajima®), Ikuyuki Mitsuishi*), Ryota Fuse®), Yosuke
Kawabata®), Hiroyuki Koizumi®), Shintaro Nakajima?), Kumi Ishikawa'), Masaki Numazawa®, Yuki Satoh®, Koichi
Hagino®), Yosuke Matsumoto®, Keisuke HOSOKAWA™), Daiki ISHI?, Munetaka Ueno?, Atsushi Yamazaki®), Hiroshi
Hasegawa?), Makoto Mita?), Takefumi MITANI?), Masaki FUIIMOTO?), Yasuhiro Kawakatsu?), Takahiro Iwata®), Tomok-
age Yoneyama®), Kazuhisa Mitsuda®), Junko Hiraga'?), Satoshi KASAHARA®), Hironori Sahara®), Yoshiaki Kanamori'®),
Kohei Morishita'?)

(ITokyo Metropolitan University, (2ISAS/JAXA, GUniversity of Tokyo, (Nagoya University, (°Kanto Gakuin University,
(6Chiba University, ("University of Electro-Communications, ®Chuo University, (?NAOJ, \Kwansei Gakuin University,
(I Tohoku University, (*?Kyushu University

The interaction between the solar wind and Earth’s magnetosphere, encompassing processes related to mass, momentum,
and energy transportation, represents a critical scientific theme not only in solar-terrestrial science but also in astronomy
and space weather research. To date, observations with solar wind monitors and in-situ satellites measuring plasma and
electromagnetic fields within Earth’s magnetosphere have investigated this phenomenon across a wide range of scales, from a
few kilometers to tens of Earth radii. However, due to the limitations of point measurements, a comprehensive understanding
of the global picture of the Earth’s magnetosphere, including changes in the magnetospheric shape driven by transient solar
wind variations, remains elusive, with current knowledge largely limited to averaged behaviors.

GEO-X is a novel small satellite mission designed to advance our understanding of solar wind-magnetosphere interactions
through soft X-ray imaging of the dayside magnetospheric boundary, particularly the magnetosheath and cusp regions (Ezoe
et al. 2023 JATIS). By using solar wind charge exchange (SWCX) X-ray emission, GEO-X will enable global imaging of the
magnetosphere. Aimed for launch in 2027, the mission will utilize a rideshare opportunity followed by orbital maneuvers to
conduct magnetospheric observations. The X-ray emission data will provide new insights into the Earth’s magnetosphere.
Complementary to XRISM, which conducts high-precision spectroscopy in low Earth orbit, GEO-X will offer a perspective
through global imaging observations, contributing to a deeper understanding of the SWCX emission. Equipped with a
propulsion system to perform orbital maneuvers, GEO-X holds engineering significance as a small exploration satellite. This
presentation reports on the mission objectives of GEO-X, along with the latest developments in its observational instrument
and satellite bus.
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Solar Activity Dependence of Micro Type III Solar Radio Bursts Based on Long-

term GEOTAIL Observations
#Takemaru Kato!), Satoshi KURITA?), Hirotsugu KOJIMA?)
(1Research Institute for Sustainable Humanosphere, Kyoto University, (?Kyoto University

This study analyzes long-term observations from the Plasma Wave Instrument (PWI) aboard the GEOTAIL spacecraft to
clarify the relationship between Micro Type III solar radio bursts and solar activity. GEOTAIL was launched in July 1992
as a Japan — U.S. joint mission and observed plasma waves in Earth’s magnetotail for “30 years. The PWI/SFA subsystem
covers 5.62 Hz - 800 kHz (electric field) and 5.62 Hz — 12.5 kHz (magnetic field) with a temporal resolution of 8 — 64 s.

Previous studies indicate that Micro Type III bursts are a class of solar radio emission that differ from classical type I1I
bursts in typical intensity and occurrence rate. Classical type III bursts are thought to arise when Langmuir waves driven by
electron beams near the Sun convert to escaping electromagnetic waves that are then detected near Earth. Whereas classical
type III bursts are commonly associated with solar flares, Micro Type III bursts are not; they are believed to result from
continuous acceleration processes near active regions, with sources near the edges of closed-field coronal streamers [A.
Morioka et al.,2015]

Using GEOTAIL’s multi-decadal dataset, we examine variations in occurrence rate and statistical properties across the solar
cycle that could not be captured in short-term studies. We first assess instrument noise in detail to verify data reliability over
the full mission and to quantify how noise levels vary across years and antenna configurations. We then develop an automated
detection pipeline to efficiently identify Micro Type III bursts and to characterize statistical trends such as occurrence rates
and intensity distributions. This extends prior event-based analyses to a long-term, systematic evaluation. We further quantify
correlations with the international sunspot number and assess spatial associations with active regions. Our results show that
Micro Type III activity closely tracks solar-cycle variability, with pronounced changes in occurrence rate at specific activity
phases. In this presentation, we report characteristics of the GEOTAIL/PWI dataset and the occurrence properties of Micro
Type III bursts revealed by our long-term analysis, and we outline prospects for cycle-by-cycle characterization and for
constraining the underlying generation mechanisms.
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Signatures of energetic electron precipitation observed with OCTAVE VLF/LF
transmitter signals

#Kakeru YOSHIIV, Hiroyo OHYAY), Fuminori TSUCHIYA?), Conner MARTIN®), Nozomu NISHITANI®

(IGraduate School of Science and Engineering, Chiba University, Japan, (?Planetary Plasma and Atmospheric Research
Center (PPARC), Tohoku University, Japan, (BCenter for Science, Athabasca University, Canada, (“]nstitute for Space-Earth
Environmental Research (ISEE), Nagoya University, Japan

Ultra low frequency (ULF, <5 Hz) -modulated energetic electron precipitation (EEP, 100 keV to 1 MeV) occurs during
substorms in the Athabasca sub-auroral zone (Miyashita et al., 2018), and that ULF-modulated EEP also occurred by low-
ering of mirror point during geomagnetically quiet time (Brito et al., 2012; Tanaka et al., 2022). However, the underlying
mechanism remains unclear. In this study, we investigate oscillations in amplitude and phase of very low frequency (VLF, 3
— 30 kHz) and low frequency (LF, 30 — 300 kHz) transmitter signals due to EEPs. The aim is to elucidate their generation
mechanisms by comparing with ground-based magnetic field data and ionospheric plasma dynamics observed by the Super
Dual Auroral Radar Network (SuperDARN) HF radar. We investigated an EEP event that occurred during the recovery phase
of a geomagnetic storm on May 29, 2017. VLF/LF amplitude oscillations with periods of 3 - 4 minutes were observed
on multiple propagation paths over North America. In particular, anti-phase variations were found between the NDK (the
frequency of transmitter: 25.2 kHz) - Athabasca (ATH) and WWVB (60.0 kHz) — ATH paths. Furthermore, SuperDARN
observations showed significant Doppler velocity perturbations to the east of ATH, accompanied by moving echoes detected
across multiple beams. Further details will be discussed in the session.
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The correlation between the luminosity variation of pulsating aurora and energy
spectra of precipitating electrons
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Hampshire, Durham, New Hampshire, USA, (5Department of Physics, the United States Air Force Academy, Colorado, USA,
(6Department of Physics and Astronomy, University of Towa, Iowa City, Iowa, USA, ("Johns Hopkins University Applied
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Aurorae observed in the nightside auroral zone are primarily classified into two broad categories: discrete aurorae, which
have clear and distinct spatial structures, and diffuse aurorae characterized by vague and indistinct patchy shapes. It is known
that most of diffuse aurorae exhibit quasi-periodic luminosity modulations on timescales of a few to a few tens of seconds,
and these are referred to as pulsating aurora (PsA). The energy of the precipitating electrons causing PsA tends to be higher
than that of those causing typical discrete aurorae, and we refer to these precipitating electrons here as  “PsA electrons”.
The tail of the energy spectra of PsA electrons often extends to a few tens/hundreds of keV. Such sub-relativistic electron
precipitation can be explained by whistler-mode chorus waves, which are generated near the magnetospheric equatorial plane
and propagate along magnetic field lines, scattering electrons through wave-particle interactions at high latitudes. Regarding
the relationship between PsA electrons and auroral emissions, simultaneous observations by the Reimei satellite, using an
electron detector and a multi-spectral auroral camera, suggest that a flux modulation, whose electrons energy is above a few
keV, is the primary cause of the luminosity modulation of PsA (Miyoshi et al., 2015). However, the duration of those earlier
observations was as short as a minute and focused on a small area. As a result, the detailed correlation between the luminosity
modulation of PsA and the energy spectrum of PsA electrons during relatively longer intervals (e.g., over several minutes)
has not yet been clarified. This issue fundamentally stems from the absence of a long-duration spacecraft mission capable of
conducting continuous electron measurements in the regions where PsA occurs.

To address these issues, we conducted a correlation analysis between PsA electrons and auroral brightness over a period
of several minutes and an area spanning more than 500 km. We used in-situ low-energy electron data obtained from the
EPLAS (Electron PLASma Detector) onboard the LAMP (Loss through Auroral Microburst Pulsation) sounding rocket and
PsA emission intensity data obtained from an EMCCD (Electron Multiplying Charge Coupled Devices) all-sky camera in
Alaska during the launch window. The launch window of the LAMP sounding rocket window was from 11:29 to 11:38 UT
on March 5, 2022, and the EPLAS instrument covered an energy range from 5 eV to 15 keV. Meanwhile, the EMCCD all-sky
camera in Venetie, Alaska, observed the region containing the magnetic footprint of the rocket during the launch window
with a temporal resolution of 100 Hz.

In this study, we focused specifically on the continuous transition of the characteristics of PsA electron precipitation and
the corresponding optical morphology of the aurorae as the rocket flew in the latitudinal direction. In the initial phase of the
flight, a clear quasi-periodic modulation was observed in the energy flux around 10 keV, and high-contrast PsA was observed
by the ground-based all-sky imager. However, as the rocket moved to higher latitudes, this modulation gradually became
indistinct, and the optical contrast of the PsA also decreased. Subsequently, the 10 keV modulation disappeared, while steady
electron precipitation around 1 keV became prominent. During this period, the faint background emission became stronger
than the pulsating component of the PsA. In the final phase of the flight, the steady precipitation of PsA electrons around 1
keV and the modulation of the energy flux around 10 keV occurred simultaneously, exhibiting a complex morphology where
the PsSA was superimposed on a bright background emission. The presence of such remarkable differences in the character-
istics of precipitating electrons and corresponding optical emissions depending on latitude suggests the possibility that the



properties of chorus waves may systematically change with latitude (e.g. Lower Band Chorus and Upper Band Chorus occur
simultaneously). In the presentation, we plan to discuss the factors that determine the correlation between PsA electrons and
auroral emissions, including a comparison with past observations from the Reimei satellite.
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Statistical study of pulsating auroral types and high-latitude chorus waves based

on Arase - ground conjugate observations
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Pulsating aurora (PsA), which is characterized by quasi-periodic luminosity modulation of 2 — 30 sec, is a common
aurora associated with “10 keV electron precipitation. During PsA, much higher energy (i.e., sub-relativistic/relativistic)
electrons sometimes precipitate into the ionosphere. The highly energetic electrons penetrate into lower altitudes and induce
ozone depletion in the mesosphere and upper stratosphere. In our previous study, we have observationally proposed a
physical process in which wave propagation latitudes, the energy of scattered electrons, and patchy structure of PsA are
controlled by “density ducts”. However, no previous study has statistically investigated the relationship between chorus
wave propagation, the energy of electron precipitation, and auroral types, which is necessary to understand importance of the
density ducts.

In order to examine the relationship, we make a statistical analysis of simultaneous PsA and chorus wave observation data
from 2017 to 2024. These simultaneous conjugate observations were archived with the Arase satellite and multi-point ground
instruments in Scandinavia. We identified a total conjunction duration of 25.5 hours under the following conditions: 1)
Arase was located at the absolute value of magnetic latitudes higher than 10°, 2) auroral structures related to magnetospheric
plasma waves can be identified. The identified auroral structures were categorized into diffuse auroras, amorphous pulsating
auroras (APA), patchy pulsating auroras (PPA), patchy auroras (PA). First, we compared auroral types with the presence or
absence of chorus waves. When chorus waves were observed (Case 1), 84% of auroras included PPA/PA. In contrast, when
chorus waves were not observed (Case 2), 86% of auroras were diffuse auroras or APA. In Case 1, the occurrence frequency
increased toward the morning sector. In addition, we derived the background electron density from the UHR frequency
measured with Arase for each event, and we found some events demonstrating a clear correlation between chorus wave
intensity and background electron density variations. In this presentation, we show the observational results and discuss the
background processes of energetic electron precipitation during PsA, focusing on density ducts.
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Categorization of the Factors of Loss Cone Electron Input in Higher-Latitude

Regions of the Inner Magnetosphere
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Whistler mode chorus waves are detected primarily outside the plasmapause from the nightside to the dayside in the inner
and outer magnetosphere. They scatter electrons in pitch angles and cause electron precipitation into the Earth’s upper
atmosphere. While nightside chorus waves are frequently observed at geomagnetically disturbed times around the magnetic
equator, dayside chorus waves are much more detected ranging from the equator to higher latitudes (e.g., Meredith et al.,
2012). The resonance energy tends to become higher in the off-equatorial regions due to larger magnetic field intensity.
Electron measurements with the sounding rockets and numerical simulations have suggested that “sub-relativistic electron
precipitation is caused by interactions with chorus waves propagating to higher latitudes (Miyoshi et al., 2010; Namekawa
et al., 2023). Furthermore, the previous statistical survey of loss cone electrons by Takahara et al. (2025) also indicates the
contribution of higher-latitude chorus waves to tens of keV electron precipitation in the regions of MLT >3 h at L=5 - 6.

In situ loss cone electron observations have just recently been enabled by electron analyzers onboard the Arase satellite
that is capable of electron measurement with high angular resolution enough to resolve small loss cone angles in the
magnetosphere. Moreover, the Arase satellite performs electron measurements up to |MLAT|= 40° , providing superior
spatial coverage compared to other satellites. In this study, we investigated and categorized the loss cone input events for
electrons with energies of 7 — 88 keV in the higher latitude regions (10° <|MLAT|<40° ) observed by the Arase satellite
from March 2017 to March 2022. This study aims to reveal and quantify the contribution of each factor by examining direct
measurements of loss cone electrons.

We found that chorus waves are the primary cause of loss cone input as for higher-energy (29 — 88 keV) electrons (Type
1), and the occurrence probability decreases as with increasing magnetic latitudes. This spatial distribution may result from
the spatial distribution of the resonance energy defined by the ambient magnetic field intensity and electron density and/or
the less occurrence of intense chorus waves at higher latitudes. Besides, we also found another category of event (Type 2)
which are characterized by the simultaneous detection of chorus waves although the resonance energies of them are too
high compared to the energy range of observed loss cone electrons. Type 2 events are found to frequently occur around the
dawnside (MLT =3 - 9 h) at 20° <|MLAT|<40° . They occur with reduced electron densities or fpe /fce (fpe and fce are
the local electron plasma frequency and electron gyro frequency, respectively) values and are sometimes accompanied by
Langmuir waves. We also found that Type 2 events occur more frequently for lower-energy (7 — 24 keV) loss cone electron
input from the nightside to the dawnside (MLT=21 - 9 h). Additionally, contributions of whistler hiss waves were identified,
and events with broadband electrostatic noise (BEN) were also detected. In this presentation, we present the results of a
categorization of loss cone input factors for 7 - 88 keV electrons and discuss the possible factors contributing to Type 2
events.
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Short-term and long-term energetic electron precipitation induced by whistler-
mode chorus waves
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Nonlinear wave-particle interaction with whistler-mode chorus waves is one of the processes that drive energetic electron
precipitation in the Earth’s inner magnetosphere. Using the Green’s function method, we investigate the precipitation rates of
electrons interacting with both parallel and oblique lower-band chorus emissions around the outer radiation belt. We analyze
both short-term effects (within a single emission) and long-term evolution ("tens of minutes) of electron precipitation. Our
results confirm that when chorus waves propagate obliquely to the background magnetic field, electrons are generally more
likely to be precipitated than in the case of parallel chorus waves. For short-term precipitation, namely the one-to-one
correspondence between electron precipitations and chorus elements, we demonstrate that the majority of precipitation arises
from nonlinear scattering (phase bunching) of cyclotron resonance, while smaller fractions result from Landau resonance and
2nd cyclotron resonance in the oblique chorus cases. For long-term precipitation, referring to the evolution of precipitation
during events with consecutive chorus emissions, we find that oblique chorus waves are more effective than parallel waves
at driving electrons toward low equatorial pitch angles, ultimately leading to enhanced precipitation. Additionally, we derive
pitch angle scattering rates and verify precipitation processes governed by nth-order cyclotron resonances for both parallel
and oblique chorus waves. The pitch angle scattering rates provide valuable insights for improving the prediction of space
weather phenomena such as pulsating auroras and microbursts.
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Empirical wave power models of whistler-mode chorus waves deduced from the
Arase observation
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Whistler mode chorus waves play crucial roles in the Earth’s inner magnetosphere dynamics through wave-particle inter-
actions. In particular, stochastic acceleration by chorus waves is responsible for the creation of relativistic electrons in the
Earth’s outer radiation belt during geomagnetic disturbances. The quasi-linear diffusion regime can describe the stochastic ac-
celeration, and modeling works based on that regime 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
the normal angle of chorus waves, which significantly 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 magnetic latitude de-
pendence of this distribution needs to be incorporated into the model to correctly evaluate stochastic acceleration of electrons
during the propagation of chorus waves from the magnetic equator to higher latitudes.

We aim to develop the empirical chorus wave model based on the Arase satellite observation, which describes the wave
power distribution as a function of L, magnetic latitude, and magnetic local time. We have statistically investigated the
frequency spectra of wave magnetic fields obtained by the Onboard Frequency Analyzer (OFA), a part of the Plasma Wave
Experiment onboard the Arase satellite. The wave power of chorus waves is derived from the OFA-SPEC dataset, and the
wave power is modeled so that the parameter can be used as input for the quasi-linear diffusion model. We report on the
integrated wave power distributions of lower-band and upper-band chorus waves as a function of L, MLAT, and MLT. We
derived the wave power distributions of the waves with and without wave power close to the instrument noise level. The input
parameters of the quasi-linear diffusion model are derived from the obtained distributions. We will discuss the use case of the
chorus wave models with and without the wave power close to the instrument noise level, together with quasi-linear diffusion
rates evaluated from the wave power obtained from the constructed models.
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Characteristics of whistler-mode waves that generate electrostatic emissions ob-
served by the Arase satellite
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Whistler-mode electromagnetic waves are observed in the Earth’s magnetosphere. These waves are excited near the
magnetic equator and propagate toward higher latitudes. Whistler-mode waves are typically observed in the frequency range
0.1-0.8fce, where fce is the equatorial electron cyclotron frequency. Whistler-mode waves are observed in two frequency
bands with power gaps near 0.5 fce. Whistler-mode waves are associated with various nonlinear phenomena and the
important role of acceleration processes in the magnetosphere. The STEREO satellite observed an oblique whistler-mode
wave with distorted electric field. This distortion is from the plasma density fluctuations which driven by the electrostatic
field of the whistler-mode wave [Kellogg et al., 2010]. In ISEE satellite, the beam mode electrostatic bursts modulated
by chorus waves have been observed [Reinleitner et al., 1982], and this modulation is caused by the Landau resonance of
electrons and the chorus wave [Reinleitner et al., 1983]. Van Allen Probes observed Langmuir waves modulated by chorus
waves [Li et al., 2017]. However, in these previous studies, only a few cases have been analyzed.

To further examine the electrostatic emissions associated with chorus waves, we perform a statistical analysis based on
plasma wave data obtained by the Arase satellite, which observes from equator to middle latitudes. As a result, in addition to
the chorus-modulated electrostatic waves reported in previous studies, we found a new type of electrostatic waves modulated
by longer periods. Furthermore, we found that differences in modulation are dependent on the parallel electric potential of
the whistler-mode waves. The mechanism of chorus-related electrostatic waves is investigated through both observations
and simulations [Xin An et al., 2019; Ma et al., 2024]. The electrostatic waves we found have not been examined by
simulations. In this study, we will perform simulations to investigate the modulation characteristics of electrostatic waves. In
this presentation, we will mainly report the analysis results on the Arase observations and also introduce plans for numerical
simulations.
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Statistical analysis of the isolated electrostatic potentials in the inner magneto-
sphere
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It is known that isolated electrostatic potential exists in the Earth’s magnetosphere, and is observed as pulse-like solitary
waves by satellite electric field observations. Regarding such electrostatic solitary potentials, it has become clear that the
properties of solitary waves in the inner magnetosphere observed by the Arase satellite differ significantly from those previ-
ously known. Solitary waves in the magnetotail, which have been studied using Geotail observations, are known to have no
perpendicular component relative to the background magnetic field and to have a sheet-like potential structure [Matsumoto et
al.,1994]. On the other hand, the waveforms in the inner magnetosphere are diverse and may have perpendicular components.
Since the existing sheet-like structure is not suitable for the properties of these waveforms, the potential structure in inner
magnetosphere is unclear.

In this study, we collected many solitary wave events from the observation result of WFC onboard the Arase satellite, and
performed statistical analysis to elucidate the detailed properties of solitary waves in the inner magnetosphere. For event
collection, we applied peak detection to long-term WEC electric field waveform data to extract numerous pulse-like solitary
waves. We classified the obtained events based on waveform shape and examined correlations between these waveform shape
and their observed locations, background magnetic field strength. This presentation shows the results of the analysis of such
events and discusses the potential structure estimated from the results.
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Statistical analysis of low-frequency components of Broadband Electrostatic Noise

observed by ARASE
#Tsuyoshi Kanetake!), Taketoshi MIYAKE", Yoshiya KASAHARA?
(1Toyama Prefectural University, (?Kanazawa University

Broadband Electrostatic Noise (BEN) is a plasma wave observed in the magnetosphere. This wave is observed as an
electrostatic wave with a broad spectrum ranging from low-frequency mixed frequencies to electron plasma frequencies,
and occurs in various regions of the magnetosphere, including the plasma sheet boundary layer. BEN is composed of two
types of waves: low-frequency components and high-frequency components. It has been confirmed that the low-frequency
components of BEN are waves with electric fields perpendicular to the magnetic field. The objective of this study is to perform
statistical analysis of the low-frequency components of BEN based on observations from the scientific satellite Arase, and
to clarify the detailed conditions for the generation of BEN’s low-frequency components and their relationship with the
surrounding plasma environment. In previous studies, waves considered to be the low-frequency component of BEN were
extracted using machine learning. In this study, we will confirm the direction of the electric field relative to the magnetic
field for waves considered to be the low-frequency component of BEN and analyze waves with a large vertical electric
field component relative to the magnetic field using various plasma parameters such as observation location, magnetic field
strength, and ion energy.
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Effect of the Background Magnetic-Field Geometry on the Dispersion Relation in
Cold-Plasma Using a Local Field-Aligned Frame

#Ko ISONO"), Akimasa YOSHIKAWA?), Yuto KATOH"), Atsushi KUMAMOTO")

(I Tohoku University, (?Kyushu University

The Earth’s magnetosphere, structured by the terrestrial magnetic field and the solar wind, undergoes substantial variations
driven by solar-wind dynamics. The spatial distribution and direction of the geomagnetic field are among the most important
factors governing plasma phenomena observed near Earth. Characterizing and assessing the magnetic-field structure is there-
fore essential for understanding physics processes in magnetosphere.

We analytically investigate how inhomogeneities in the background magnetic field affect on the dispersion relation in a
cold plasma based on our previous work of a local frame to quantify magnetic-field curvature and strength gradients, which
enables us to evaluate magnetic-structure in arbitrary local regions (Yoshikawa, JpGU, 2023). Most previous studies of cold-
plasma waves either assume a spatially uniform magnetic field (e.g., Baumjohann, 1996) or rely on numerical calculations
that discretely approximate inhomogeneous fields (e.g., Kimura, 1966). While the latter can reproduce spatial variation, they
make it difficult to disentangle how individual geometric quantities of the background field—such as strength gradients, cur-
vature, and torsion— contribute to the dispersion relation and propagation characteristics.

Using a local field-aligned frame, we derive and examine the dispersion relation including first-order gradients of the back-
ground field. We assume a wavenumber that is constant along a given field line to isolate the influence of the background
geometry from effects due to wavenumber variation. Our analysis shows explicitly, at the level of the dispersion relation, that
the background magnetic-field structure, especially the geometric term associated with field-line convergence, introduces an
imaginary component in the wavenumber and thereby directly modulates the wave amplitude. We also find that torsion and
curvature predominantly affect the amplitude to first order. In addition, we perform numerical calculations of plasma-wave
propagation in locally measured magnetic fields to assess the applicability of the analytical framework and evaluate the effects
of the inhomogeneity quantitatively.
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A Case Study of EMIC Waves Observed During an Injection Event in Jupiter’s
Magnetosphere Based on Juno’s Observation

#Tomofumi Noguchi®), Yuto Katoh'), Atsushi Kumamoto®

(IDepartment of Geophysics, Graduate School of Science, Tohoku University

Unlike Earth’s magnetosphere, the dynamics of Jupiter’s giant magnetosphere are dominated by the planet’s rapid rotation
and its interaction with heavy ions supplied by moon Io. Plasma waves in this environment are a crucial subject of study
for understanding energy transport and particle acceleration. This research focuses on a case in which Electromagnetic Ion
Cyclotron (EMIC) waves were observed during an injection event in Jupiter’s magnetosphere, where electrons and ions with
a broad energy range from several keV to hundreds of keV are rapidly injected radially inward. The study is based on an
analysis of data from the Juno spacecraft.

One excitation process for plasma waves like EMIC waves is temperature anisotropy in high-energy particles, where their
temperature is predominantly perpendicular to the magnetic field lines. In Jupiter’s magnetosphere, injection events are con-
sidered a primary mechanism for generating this anisotropy. It is thought that injections in the Jovian magnetosphere occur
when high-energy particles are injected into the inner magnetosphere due to phenomena such as interchange instability (Mauk
et al., 1999). Adiabatic heating associated with the inward radial transport during these injection events is expected to create
strong temperature anisotropy in the velocity distribution of the high-energy particles. While recent studies have observed
whistler-mode chorus waves caused by high-energy electrons with injection-induced temperature anisotropy in Jupiter’s mag-
netosphere (Ma et al., 2024), there have been no reports of observational cases showing a clear association between particle
injections and EMIC waves. Investigating whether injection-associated EMIC waves, which are frequently observed in
Earth’s magnetosphere, also occur at Jupiter is important for clarifying the details of particle acceleration processes in the
Jovian magnetosphere and for exploring universal physical laws through comparison with Earth’s magnetosphere.

This study aims to elucidate the details of Jupiter’s magnetospheric dynamics and wave generation, as well as to confirm
the contribution of wave-particle interactions and to make comparisons with Earth. For this purpose, we identified and inves-
tigated a case of the simultaneous occurrence of an injection event and EMIC waves using observational data from the Juno
spacecraft. From observations by the Jovian Auroral Distributions Experiment (JADE) (McComas et al., 2017) around 05:00
UT on May 22, 2022, in the equatorial region at a distance of 15 - 20 Jovian radii (R ;) from the center of Jupiter, signs of
an injection event were confirmed by a sharp increase in the energy flux of electrons and ions in the 0.1 — several tens of keV
range. Meanwhile, concurrent magnetic field observations by the Magnetometer (MAG) (Connerney et al., 2017) revealed
significant magnetic field fluctuations.

A detailed analysis of these magnetic field fluctuations was conducted using Wavelet analysis and polarization analysis
based on the Singular Value Decomposition (SVD) method (Santolik et al., 2003). The results confirmed a wave phenomenon
with an intensity exceeding 102 nT?/Hz lasting for about 5 minutes. This wave exhibited left-hand polarization, quasi-parallel
propagation, and a frequency below the local oxygen ion cyclotron frequency. Based on these wave characteristics, it is con-
sidered that the identified event captured EMIC waves generated in association with an injection event.

While there have been reports of EMIC waves in Jupiter’s magnetosphere, such as those originating from pickup ions from
the moon Io (Cao et al., 2025) and in the outer magnetosphere (90 R ;) (Yuan et al., 2024), the present study is the first report
of EMIC waves associated with an injection event in the inner magnetosphere.
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Statistical properties of the distribution of EMIC waves in the magnetosphere ob-
served by the Cluster satellite in 2011-2022

#Miyashita Shunuske®), Katoh Yuto!), Santolik Ondiej?, Grison Benjamin®), Kumamoto Atsushi®)
(IDepartment of Geophysics, Graduate School of Science, Tohoku University, Institute of Atmospheric Physics of the
Czech Academy of Sciences, Prague, Czech Republic

Electromagnetic ion cyclotron (EMIC) waves are important for the loss of radiation belt electrons and ring current ions.
After being excited by an instability driven by the temperature anisotropy followed by nonlinear wave-particle interactions
occurring near the magnetic equator of the inner magnetosphere, EMIC waves propagate parallel along the magnetic field
lines with left-handed polarization. As the waves propagate to higher latitudes, their wave normal angles with respect to
the magnetic field increase. At latitudes where the wave frequency is the same as the crossover frequency, the polarization
changes from left-handed to right-handed, called polarization reversal. After the polarization change to right-handed , EMIC
wave cannot interact with radiation belt electrons. By utilizing this characteristic and investigating the location where polar-
ization reversal occurred, it is possible to estimate the range in which EMIC waves can interact with radiation belt electrons.

Previous statistical studies of EMIC waves using Cluster data have been performed in the period from 2001 to 2010(Allen+
2015,2016). We extend the analysis to the period from 2011 to 2022 to investigate the statistical properties especially polar-
ization characteristics of EMIC waves in different solar cycles. The period from 2011 onwards corresponds to solar cycle 24,
whose solar activities were weaker than those in solar cycle 23. Furthermore, since the Cluster’s orbital coverage has changed
since the earlier studies, extending the statistical analysis to the period of 2011-2022 is expected to yield new insights into
EMIC wave characteristics under different solar activity levels and spatial coverage. The Cluster’s polar orbit provides a
unique advantage, enabling us to investigate EMIC wave properties at higher latitudes and throughout a wider range of L-
shell.

In the present study, we show statistical distribution on the occurrence probability, spatial distribution, and polarization
characteristics of EMIC waves in the magnetosphere observed by Cluster which cover the range of magnetic latitude up to
60 degrees and L-values up to 15. In particular, in order to investigate the relationship between magnetic latitude and po-
larization characteristics, the most frequent values and standard deviation of wave polarization derived by the SVD method
were calculated. In this result, As latitude increases, a tendency toward right-handed polarization was observed, while no
correlation was found in the standard deviation values. Furthermore, when the distribution was examined using L-values and
MLT, left-handed polarization was observed even in high-latitude regions, with L-values exceeding 10. The data suggests that
the plasma environment of the outer magnetosphere is reflected. This region has a lower concentration of heavy ions than the
inner magnetosphere, but estimating the extent of left-handed polarization in the radiation belts still necessitates an analysis
of its dependence on geomagnetic activity. This presentation will also address these points and report comprehensive analysis
results of EMIC waves in the entire magnetosphere and radiation belt region.
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EMIC Waves in the Magnetosphere: Attempts to Derive Ion Composition Using
Polarization Analysis by the Arase Satellite
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Electromagnetic ion cyclotron (EMIC) waves are low-frequency, circularly polarized electromagnetic waves excited by
anisotropic ion distributions. These waves exhibit frequency characteristics based on each ion’s cyclotron frequency, while
their frequencies and polarizations depend on the density of each ion species. Thus, if the wave is sufficiently strong and
the signal-to-noise (S/N) ratio is high, it is potentially possible to estimate the ion composition of the surrounding plasma.
A key phenomenon for this plasma diagnostic is mode conversion, where the wave polarization switches between R-mode
(right-hand polarized) and L-mode (left-hand polarized). The boundary frequency of this conversion, known as the crossover
frequency, contains crucial information on the ambient ion composition. Particle instruments onboard satellites often struggle
to detect low-energy ions below 10-20 eV. Therefore, investigating EMIC waves enables the inference of ion species and their
compositions, providing insights into magnetospheric dynamics.

Previous observations by the Akebono satellite and Radiation Belt Storm Probes (RBSP) have identified EMIC waves asso-
ciated with various ion species, as well as mode conversion events that are useful for estimating ion composition [Matsuda et
al., 2015; Miyoshi et al. 2019]. However, only one mode conversion event has been reported by the Arase satellite [Miyoshi
etal., 2019, Fig.2], and ion compositions have not been extensively discussed. The inference of ion compositions from EMIC
wave observations in planetary magnetospheres can also be applied to BepiColombo (arriving at Mercury in November 2026),
Juno (having conducted close flybys at the Galilean satellites) [Satoh et al., in preparation], and JUICE (orbiting Jupiter from
2031), and the application to these missions has to be prepared.

This study aims to investigate EMIC waves more comprehensively using magnetic field data from the Arase satellite and
determine the distribution and dynamics of cold ion compositions from the topside ionosphere to the plasmasphere. We focus
particularly on low altitudes, where He™ and O™ are expected to be more abundant. We primarily use 1,024 Hz waveform
data from Wave Form Capture (WFC) [Matsuda et al., 2018] (EMIC-Burst data: obtained intermittently from 2017 to October
2018, during periods when the triaxial magnetic field waveform data from the search coil were available) on PWE, and also
the ambient magnetic field data from Magnetic Field Experiment (MGF) [Matsuoka et al., 2018] onboard the Arase satellite,
which can observe EMIC waves at frequencies above several tens of Hz with high frequency resolution in regions including
the topside ionosphere.

We first searched for “EMIC waves with sufficient S/N and broad frequency coverage over HT, He™, O™ cyclotron fre-
quencies” in WFC EMIC-burst data. We then selected events near perigee (R<2.5Re) that exhibited sufficient intensity and
mode conversion, allowing for the derivation of ion composition. For these events, we applied analysis methods previously
used for Akebono and RBSP to estimate ion composition. Specifically, we performed polarization analysis with the singular
value decomposition (SVD) method [Santolik et al., 2003] and identified the EMIC waves based on their polarization prop-
erties: polarization ellipticity, wave normal angle (WNA), which indicates the propagation direction, and planarity. Finally,
we derived ion compositions by identifying cutoff and crossover frequencies, which provide information on the ambient ion
population.

From March 2017 to October 2018, we identified approximately 100 EMIC mode conversion events, predominantly con-
centrated on the dayside (08-14 MLT). The derived ion composition ratios from these events confirm that the relative abun-
dance of HT decreases, while that of He™ increases, with decreasing altitude. This result is consistent with the International
Reference Ionosphere (IRI) model and previous studies [Miyoshi et al. 2019], thereby indicating that ion compositions can
be reliably inferred from Arase EMIC wave observations. As of August 2025, we are actively refining our analysis methods
to obtain more precise ion composition ratios. Furthermore, we are attempting to extend our analysis period to after Novem-
ber 2018. We have already confirmed that, even with the constraint of a missing triaxial magnetic field component in the
EMIC-burst data from this period, cutoff and crossover frequencies can still be identified from wave intensity and polariza-
tion information. We also plan to consider the use of data from the Hisaki space telescope to cross-validate our results, as it
can be used to estimate exospheric neutral H, He, and O populations during the same period.
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Study on the Propagation Characteristics of the EMIC Waves Observed at Multi-

ple Points using ray tracing
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The near-Earth space environment is strongly influenced by plasma waves and high-energy particles. Electromagnetic ion
cyclotron (EMIC) waves play a key role in controlling the precipitation of high-energy ions and relativistic electrons in the
inner magnetosphere. Furthermore, EMIC waves exhibit complex propagation characteristics such as reflection and cutoff,
governed by dispersion relations that depend on the ion composition of the ambient plasma. Therefore, analyzing EMIC wave
propagation provides valuable insights into the ion composition and spatial structure of the magnetospheric plasma.

In this study, we focus on the fine-structured EMIC wave event simultaneously observed on April 18, 2019, by Arase and
RBSP-A and two ground-based stations at Gakona and Dawson (Matsuda et al., 2021). We analyze its propagation charac-
teristics using the ray tracing method. Matsuda et al. (2021) have suggested that EMIC waves are spatially localised and may
propagate

through ducts along magnetic field lines comparing the wave spectra measured at the locations of Arase and Van Allen
Probes as well as ground stations. However, the specific shape of the ducts and the source regions of the EMIC waves have
not been sufficiently examined in a manner consistent with all observational facts. In the present study, we conducted a series
of ray tracing simulations by systematically varying the initial conditions (e.g., source location, frequency, and initial wave
normal angle) as well as environmental parameters such as ion composition and duct geometry. We evaluated the relation-
ships between these parameters and wave propagation characteristics, and attempted to identify the conditions under which
simultaneous multi-point observations could be reproduced.

In this presentation, we will share the results of our analysis concerning the geomagnetic and plasma conditions that enable
the observed multi-point detection of EMIC waves, and discuss how ion composition and duct structures influence EMIC
wave propagation.

Reference
Matsuda et al., Geophysical Research Letters, doi:10.1029/2021GL096488, 2021.
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Statistical Study of High-Frequency EMIC Waves with the Arase Satellite
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HFEMIC waves are electromagnetic ion cyclotron (EMIC) waves with high frequency and a narrow bandwidth (A f
< 0.1fcp, f <fcp). Previous case and statistical studies (Teng et al., 2019; Asamura et al., 2021; Min & Ma, 2024) have
suggested that HFEMIC waves are likely driven by low-energy (< 100 eV) protons with temperature anisotropy (T L >T
/). In particular, Asamura et al. (2021) analyzed simultaneous observations of HFEMIC waves and increases of low-energy
proton fluxes from the Arase satellite. Using wave — particle interaction analysis, they showed that protons lost energy
through the interaction, and this energy was

used to excite the waves.

Low-energy protons with temperature anisotropy (T L >T /) have been reported to be widely present in the inner
magnetosphere (Wu et al., 2022), and they are considered the free energy source of HFEMIC waves. However, a statistical
study using Van Allen Probes data (Teng et al., 2019) reported that HFEMIC waves occurred mainly in the morning and noon

sectors, and no HFEMIC waves were reported on the nightside.

In this study, we extracted HFEMIC wave events from Arase satellite data and carried out a statistical analysis again, in
order to confirm whether the excitation process of HFEMIC waves reported by Asamura et al. (2021) is general. Wave
normal angles and polarization properties were considered in the event selection. As a result, HFEMIC waves were also
found in the nightside region, where they had not been identified by the Van Allen Probes.

In this presentation, based on these findings, we discuss possible factors related to the occurrence of HFEMIC waves in the
nightside region, such as the temperature anisotropy of low-energy protons, background electron density, the fpe/fcp ratio,
and geomagnetic activity. We also compare our results with the statistical study of EMIC waves using Arase satellite data
(Jun et al., 2023), to further improve our understanding of HFEMIC waves.
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B X OFEIIZE (Teng et al., 2019; Asamura et al., 2021; Min & Ma, 2024) 2 & b, HFEMIC BIiRERE G (T L >T
1) DHBZJEZALF— (S100eV) 71 bz K o THREI XN 2 A[REMNE W Z EAVRENT WS, FHT (Asamura et
al., 2021) T, HHEHEIC K o THISR SN/ HFEMIC e (R v¥F—TJv b > 7 5 v 7 MO EREH 7 — & %
AT L. TRE) - BT EER AT R E W T, HFEMIC e HEERT 2 7 a b Y IEBRICZ A LF—2KWN, £0
IANF—PHEOFRICHEONTNE Z e ZIHLMIT L,

BRI NF—DEEREAE (TL>T /) OH3 70t VNI SEICA FET 22 eAMEINTED (Wuet
al., 2022). HFEMIC IFO HH T AL X —HTH 2 EZ 5N TWS, LA L. Van Allen Probes D7 — X % 7=
(Teng et al., 2019) D#EEHAZETIE. HFEMIC 0 HBiA5 MLT IO W TIE EICEH R S BMICR s hTts b, wHlTi
WX TV,

ZOEIREROS . AETIE. HEIICIE HFEMIC Dl 7 1t 253 Asamura et al. (2021) TRE N7z L5 7%
SOV TH R0 I eI 27012, HOEHET —XZHWT HFEMIC A XY M Z#Hzicmt L. BE
RATTHT 2 il A7z NIRRT § 2 i

AR 2 Z B LT, AT OEE,. Van Allen Probes TIIHERR X 722 o 7= IFEIBIC BT % HFEMIC D
FAEDHS 2 2o 72,

AREELTIE., COFAEEE 2, HHGEERIC HFEMIC HOHBICBFRT 2 E R Y LT, BiEE: L TORT R L ¥ —
JutroRERSE, TRETEE., fpe/fcp b, HBSFHEOEEIIOWTHEMT %, /2. DOEHEEZHVE
EMIC ¥ D#iEIHI%% (Junet al., 2023) ¥ B LE# 21TV, HFEMIC 123 2 R % X 512D %,



R006-P17
RXAR—1:11/25 AMU/AM2 (9:15-12:35)

#Jun Chae-Woo®), =4f fi#li U, 3@ &8 U, (L f154 1, KIM Khan-Hyuk®, LEE Jun-Hyun?®), BORTNIK Jacob®), 5 &
o), Ft M1k O SR HETE D, G S, R F S, B B —EE ), MSE Fb 10, A5 BEE 1Y, AR fih 10, KA
®T o

(U g5 B2 i i BRBRIE AT 22T, ((Kyung-Hee University, Suwon, Korea, (*Korea Astronomy and Space Science Insti-
tute, Daejeon, Korea, (* Atmospheric and Oceanic Sciences, University of California Los Angeles, Los Angeles, USA, © 52

HMTAI LB SRS, (O mUksy, (T JUNT3ERE, ® BUURE, O KBR2E, (10 SRk, (1 LR

Discovery of hidden EMIC wave branches: Evidence of molecular and metallic
ion contributions in the inner magnetosphere
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The cold ion composition plays an important role in defining various wave branches in the dispersion relationship of electro-
magnetic ion cyclotron (EMIC) waves. EMIC waves are typically identified within three major wave branches: H-, He-, and
O-band EMIC waves, which are associated with major ion species (H+, He+, and O+) in the Earth’s magnetosphere. How-
ever, recent studies suggested that other ions (e.g., He++, N+, and O++) can contribute to creating additional wave branches
depending on geomagnetic environments. Molecular ions can be supplied to the inner magnetosphere during the active solar
period and/or high-speed solar wind conditions [Nagatani et al., 2024]. Sporadic E-regions or the lunar surface can be a
candidate for supplying Fe+ in the inner magnetosphere [Lin et al., 2025]. While it is expected that molecular and metallic
ion contributions have been hypothesized theoretically, their observational evidence has not been identified. From the point
of view of observations, it is difficult to distinguish such low-frequency (LF) EMIC waves from typical ultralow-frequency
(ULF) pulsations in the Pc 3-5 bands (2-100 mHz). In this study, we present the first satellite evidence of EMIC wave events
observed below the gyrofrequencies of oxygen, molecular ions, and metallic ions observed by the Arase satellite. We inves-
tigated the characteristics of LF EMIC waves to discriminate from typical ULF waves. LF EMIC waves had left-handed and
linear polarization sense with the field-aligned wave normal angles and non-zero Poynting vector in the ambient magnetic
field direction, indicating similar wave properties as typical EMIC waves. We also found that LF EMIC waves used to be
observed near the boundary between the tail lobes and the plasma sheet boundary layer (PSBL) on the nightside. They are
also frequently detected on the dayside of the magnetosphere with a broad bandwidth. These waves sometimes show phase
differences between the electric and magnetic fields of 45 or 135 degrees. If the observed waves can be categorized as EMIC
waves, these LF events imply the presence of significant molecular and metallic ion populations in the inner magnetosphere.
This finding contributes to the task of estimating the fraction of molecular and metallic ions in the inner magnetosphere using
the dispersion relationship of EMIC waves. We discuss the underlying physical mechanism causing low-frequency EMIC
waves and the possibility of LF EMIC wave-particle interactions, as well as the implications for cold ion compositions.
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Modulation of Lower Hybrid and ECH Waves by ULF Waves in the Earth’s Mag-
netosphere
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ULF waves, with their characteristic periods ranging from a few seconds to several minutes, are known to interact with var-
ious plasma waves, including chorus wave and EMIC waves, which play a key role in particle acceleration and wave-particle
interactions.  In this study, we report for the first time the periodic modulation of lower hybrid waves by ULF waves, reveal-
ing a novel interaction that occurs near the troughs of ULF wave fields. At the same time, we observe the periodic excitation
of ECH waves.  The excitation and disappearance of these waves, confined to the troughs of the ULF waves, suggest a new
mechanism of wave interaction. Additionally, the ULF waves are diagnosed as drift-mirror modes. These findings highlight
the periodic coupling of ULF, lower hybrid, and ECH waves and provide new insights into their interaction dynamics in the
magnetosphere.
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Analysis of characteristic low-frequency waves observed by the scientific satellite
Arase
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In this study, we apply machine learning to electric field spectrum images obtained by the electric field detector (EFD)
mounted on the scientific satellite Arase to perform classification and analysis. First, we extracted and classified low-
frequency waves from 1,987 spectrum images obtained between March 21, 2017, and August 31, 2022. As a result, 175
wave events showing relatively broad-band spectral structures were extracted, and k-means clustering and hierarchical clus-
tering were applied using the duration, frequency band, and center frequency of each wave as features. This allowed us to
exclude images without clear wave structures and classify the extracted waves into six types.

We analyzed the relationship between the classified wave events and the observation location (magnetic local time, L value),
occurrence frequency, magnetic field strength, magnetic field disturbance, low-frequency hybridization frequency (LHR), and
ion energy density. In particular, by comparing the frequency distribution of waves in each cluster with the ion composition
and magnetic field strength, we evaluated the physical environment in which the waves are mainly excited and propagated.
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Analysis of Narrowband Low-Frequency Waveforms Observed by the Scientific
Satellite ARASE
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In this study, we classify and analyze narrowband low-frequency waves observed by the Electric Field Detector (EFD) on-
board the Arase scientific satellite. We identified 280 narrowband low-frequency waves and analyzed these waves. Is suggest
that frequency variations of the narrowband low-frequency waves are influenced by the surrounding plasma environment.
Next, we extended the observation period to March 21, 2017 - August 31, 2022, and applied machine learning at an hourly
resolution with improved classification methods. We identified 3,876 narrowband low-frequency waves, and classified these
waves into 10 distinct categories. We analyzed observation locations, magnetic field strength, and magnetic disturbances, and
found that these narrowband low-frequency waves are frequently observed on the nightside of the Earth with strong magnetic
field during geomagnetically quiet periods. We are going to analyze the relation these waves with ion cyclotron frequency,
lower hybrid frequency and ion energy characteristics, and identify the conditions for generating narrowband low-frequency
waves.
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Power Line Harmonic Radiation Observed by the PWING Network
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We study Power Line Harmonic Radiation (PLHR), electromagnetic emissions from ground-based power systems. In par-
ticular, we focus on how geomagnetically induced currents (GICs), driven by rapid magnetic field variations during space
weather events, influence the generation and intensity of PLHR. We show that during geomagnetically disturbed periods,
when GIC levels increase significantly, PLHR intensities are enhanced, most notably at even harmonics. To quantify this
effect, we use high-resolution wave data from the ground-based PWING stations, combined with local magnetometer mea-
surements to characterize GIC strength and global geomagnetic indices for comparison. The results reveal how PLHR
changes with geomagnetic conditions and what factors determine its intensity. PLHR properties are examined across dif-
ferent locations and local times; in addition, with propagation direction analysis applied to selected cases to assess source
characteristics.
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Two-dimensional distribution of the plasma density obtained by applying the
DTFT to the FLR data from SuperDARN radars
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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.

Tonosphere-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.

We have so far applied the gradient methods to VLOS for a few events after SI's, and identified an FLR event in which
ionosphere-backscattered signals and sea surface-backscattered signals were simultaneously observed. The mass density was
thereby estimated using both scatters. As a result, the latter was significantly smaller than the former in the nearby place.
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 developed codes to apply the Discrete-Time Fourier Transform (DTFT) method to timeseries data in
general. This method is designed to be applied to timeseries data with a constant sampling time. An advantage of this method
is that it can calculate the Fourier Transform (FT) at any frequency (below the Nyquist frequency).

We have developed the DTFT codes and as a result of applying them to the above-stated ionosphere-backscattered
signals and the sea surface-backscattered signals simultaneously observed at the radar, we judge that the DTFT generally
provides smaller density differences between ionosphere-backscattered signals and sea surface-backscattered signals than
the FFT. Based on this judgment, we will apply the DTFT to sea surface-backscattered signals simultaneously observed by
a SuperDARN radar for different events, and obtain the two-dimensional (2D) distribution of the magnetospheric plasma
density within its field of view. After that, we will combine densities obtained by a few radars simultaneously observing the
same event, and obtain the larger-scale 2D density distribution. We will present the results with details at the meeting.



R006-P23
RXAR—1:11/25 AMU/AM2 (9:15-12:35)

SuperDARN - il FREHE - B 5 EHEICK 3 1/4 KRB IGHISIRE) DR ERA
#EAC Ad D, FEA 22, M1 D), Y8 B Y, SEAR BT Y, B 7R 2, 174 ® 9, Waters Colin L.7), Sciffer
Murray D.”), Lysak Robert L.®), Ponomarenko Pavlo V.9, Hussey Glenn?), =4F il 2), #afd 7 10, A& & 1D, LB
Sfd 1O Tl 1)) AR i 1), R E 1Y)

O FURERFH, C iR, C BLOBREAY, U AHEBERY - FHHIERBEITZEA, © N TERY, CB® - > 27
LHFZERERE  [ENI MR 2FT, ("The University of Newcastle, (®University of Minnesota, (?University of Saskatchewan, (19
FHERARE, O bR, (12 SR, (8 i 22 se R 5etsts S RIER ST

Quarter-Wave Resonances: Coordinated Observations by SuperDARN, Magne-

tometers, and Arase
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Between 00:00 and 02:00 UT on 23 November 2022, during exceptionally quiet geomagnetic conditions, a clear ultra-low
frequency (ULF) wave in the Pc5 band (2.4 mHz) was observed in the duskside subauroral region by two Canadian
SuperDARN radars. The wave showed a periodic Doppler velocity signature resembling a “caterpillar” with northeastward
(anti-sunward) propagation and an azimuthal wave number of “12. Ground magnetometer data revealed latitude variations in
amplitude and phase consistent with field line resonance (FLR), peaking near 66° magnetic latitude.

The Arase satellite, whose ionospheric footprint crossed the caterpillar wave region, detected toroidal oscillations in both
electric and magnetic fields at magnetically conjugate locations in the inner magnetosphere. These oscillations showed
strong coherence with ground observations. Importantly, the electric field led the magnetic field by "45° in phase. This
phase relationship suggests the wave included both a standing mode and a propagating component that carried energy toward
the northern ionosphere.

Electron densities of "21-25 cm”-3 at the satellite location were inferred from the upper hybrid resonance (UHR) frequency
obtained by PWE/HFA. From this density, the resonance frequency of a fundamental half-wave mode was estimated to be
"3.9 mHz, higher than the observed frequency ("2.4 mHz). This difference suggests the observed wave may instead be a
quarter-wave mode , which typically occurs at 1.5-1.7 times lower frequency than the half-wave.

Numerical simulations using a 2.5-dimensional dipole magnetosphere model also reproduce quarter-wave characteristics.
Previous studies have shown that quarter waves are favored during quiet geomagnetic conditions and when ionospheric
Pedersen conductance differs by a factor of five or more between hemispheres. Both conditions were satisfied in this event,
supporting the quarter-wave interpretation.
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We report recurrent tailward-propagating auroral arcs associated with Kelvin-Helmholtz (KH) instabilities on January 2,
2011. During northward IMF, THEMIS satellites detected KH waves at the dawnside magnetopause boundary layer, down-
stream of the quasi-perpendicular shock. During the KH period, ground-based all-sky imager observations at Resolute Bay
revealed auroral arcs detached from the poleward boundary of the auroral oval and propagating tailward. Concurrent DMSP
satellite measurements identified multiple arcs on the dawnside and detected upward field-aligned currents with electron-only
precipitation over the arcs, suggesting a solar wind origin. These combined observations demonstrate that KH instabilities
play a key role in energy transfer between the solar wind, magnetosphere, and ionosphere.
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Non-uniform excitation of storm-time Pc5 ULF waves in the inner magnetosphere:
Van Allen Probes and Arase observations
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(1ISEE, Nagoya University, (*Johns Hopkins University Applied Physics Laboratory, (*The University of Tokyo, (*Nagoya
University, ISEE, Nagoya University, (*Kyoto University, ("Kyushu Institute of Technology, (*ISAS, JAXA, (®Tohoku Uni-
versity, 1°Kanazawa University

Storm-time Pc5 ULF waves can be generated by the wave-particle interaction with ring current ions in the inner magneto-
sphere. Since Pc5 waves can drive the radial diffusion of radiation belt electrons, understanding the excitation of Pc5 waves
is a key issues in the study of the inner magnetosphere. Southwood [1976] proposed that the drift-bounce resonance was a
candidate excitation mechanism of ULF waves. However, where and how storm-time Pc5 waves are generated are still open
to discussion. Recently, Yamakawa et al. [2025] investigated the excitation of Pc5 waves observed by GOES satellites based
on the GEMSIS magnetosphere-ionosphere coupled model and simulation results qualitatively reproduced the observed Pc5
waves. Previous simulation studies have shown that wave properties such as wave frequency and azimuthal wave number are
not uniform but different at different locations [ Yamakawa et al., 2019; 2020]. The purpose of this study is to investigate what
causes non-uniform excitation of storm-time Pc5 waves in the inner magnetosphere based on multi-spacecraft observations.

This study focuses on the magnetic storm on 27 February 2018. To investigate ULF waves excited by ring current ions,
magnetic field and proton flux data of RBSP-A (EMFISIS and RBSPICE) and ERG (MGF and LEPi) were used. During the
early recovery phase of the storm, poloidal Pc5 waves (2-4 mHz) were observed outside the plasmasphere simultaneously
by RBSP-A and ERG. Results suggest that wave frequency is similar between the two spacecrafts. However, using the ion
sounding technic, we find that the azimuthal wave numbers are different: -60 for ERG and -20 for RBSP-A (both westward
propagation). The drift resonance condition is well satisfied for both spacecrafts and resonance energy is estimated to be 10-
25 keV/q for ERG and 70-100 keV/q for RBSP-A. We consider that the difference of the azimuthal wave number is caused
by the difference of resonance energy. We will also report on the instability condition of the excited ULF waves and future
plans about the simulation of ULF waves during this storm.
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Observational study of kinetic Alfvén waves in the mid-latitude magnetosphere
using the Arase satellite
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Kinetic Alfvén waves (KAWs) are electromagnetic waves with a perpendicular wavelength on the ion Larmor radius ( p
;) scale. KAWs have a parallel electric field component (6 E;;), accelerating ions and electrons along a magnetic field line
from several hundred eV to a few keV [e.g., Hasegawa, 1976]. KAWs are observed in various regions, such as the solar wind
[e.g., Bale et al., 2005], the dayside magnetosphere [e.g., Gershman et al., 2017], the inner magnetosphere [e.g., Maynard et
al., 1996], the nightside magnetotail [e.g., Chaston et al., 2012], and the plasma sheet boundary layer (PSBL) [e.g., Wygant
et al., 2002].

In particular, the Polar satellite observed KAWs in the PSBL at altitudes of 4 - 6 Rg and reported parallel ion and elec-
tron beams of 1 — 2 keV, which were considered to be generated by the KAWs [Wygant et al., 2002]. However, the Polar
observations had some limitations. For instance, the magnetometer had a 4 Hz Nyquist frequency, which prevented it from
detecting higher-frequency components of kinetic Alfvén waves (KAWSs). Additionally, particle instruments of Polar, which
measured velocity distribution functions, operated with a 13-second cycle, making it challenging to resolve variations in the
distribution on shorter timescales.

To overcome these observational limitations, this study utilizes high-resolution field and particle data from the Arase (ERG)
satellite. We analyze an event from 22:25 to 23:25 UT on September 1, 2022, when Arase was at a magnetic latitude of 38
° . This mid-latitude region is crucial for understanding the propagation of KAWSs from their equatorial source region. The
plasma parameters observed during this event were number density of “0.1 cm™3, ion temperature of a few keV, electron
temperature of several hundred eV, and a magnetic field strength of “270 nT. The ion plasma beta in this environment is com-
parable to the electron-to-ion mass ratio (3 ; = m./m;), under which condition one can expect to observe KAWs. During this
event, we identified an electric field enhancement at several Hz, which was associated with an enhancement of the electron
energy flux from several hundred eV to several keV. Such observations are essential for understanding particle acceleration
mechanisms, like the formation of several keV high-energy beams through nonlinear Landau resonance [Saito et al., 2025]
and their connection to auroral processes.

To detect KAWSs, we calculated the power spectral densities of the perpendicular electric (8§ E ) and magnetic (6 B )
field components using the Morlet wavelet transform. We found that their amplitude ratio, | 6 E | |/| & B |, in the several-
Hz range is consistent with the KAW dispersion relation, which means that the electromagnetic field fluctuation can be the
KAWs. During time intervals when this dispersion relation was satisfied, we also observed that the pitch angle distributions
of protons and electrons were concentrated in the parallel (0° ) and anti-parallel (180° ) directions, suggesting parallel ac-
celeration by KAWs. Furthermore, this event presents a good opportunity for conjugate observations with the THEMIS-A
satellite located near the magnetic equator. In this presentation, we will report the results of these analyses and discuss the
propagation and particle acceleration processes of KAWs.
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Gyrokinetic and reduced simulations of the feedback M-I coupling in dipole con-
figuration
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Feedback instability has been investigated as one of the possible mechanisms for explaining spontaneous growth of auroral
arcs in the magnetosphere-ionosphere coupling system. Our previous simulation models employing the straight field-line
geometry have demonstrated that the secondary growth of the Kelvin-Helmbholtz instability leads to nonlinear deformation
of arc structures and triggers transition to the Alfvenic turbulence. In the gyrokinetic simulation, we could further confirm
parallel acceleration of auroral electrons in the dispersive Alfvenic turbulence.

Recently, we have extended our simulation model to a dipole geometry both for the reduced MHD and gyrokinetic cases.
In the former, we have found convective growth of arcs and transition to turbulence followed by the auroral spreading in the
latitudinal directions. The linear and nonlinear gyrokinetic simulations in the dipole field provide the first verification of the
feedback instability in a kinetic system with the mirror force effect.

Comparison of the simulation results with the Reimei observation data is also in progress, and may be discussed at the
meeting.
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The visualization experiment for extracting eigenvalue of MHD system velocity
Jacobian from large-scale M-I coupling simulation

#Shinnosuke Saito?), Akimasa YOSHIKAWA?), Takashi TANAKA®)
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he Earth’s magnetosphere hosts diverse phenomena driven by solar wind interactions, yet many underlying mechanisms
remain unresolved. To address this, we focus on Alfvén waves, fundamental MHD modes that transport information and
energy along magnetic field lines. Alfvén waves can be categorized into shear Alfvén waves, oscillating perpendicular to the
field and propagating along field lines, and magnetosonic waves, spreading within the magnetic plane. In the magnetosphere,
they undergo mode conversion and resonance, contributing to auroral emissions, ionospheric current variations, and other
phenomena observed by ground-based and satellite instruments. Thus, visualizing and analyzing Alfvén waves is crucial for
understanding magnetospheric dynamics.

We employ the REProduce Plasma Universe (REPPU) code, a magnetosphere — ionosphere (M — 1) coupled simulation
developed by Prof. Takashi Tanaka at Kyushu University, to visualize Alfvén waves and examine their propagation. REPPU
solves the MHD equations in the magnetosphere and the Hall - Pedersen current system in the ionosphere on a unique
dodecahedral triangular mesh. The MHD calculations use a finite-volume scheme with TVD interpolation and Roe’s method.
A key point is that Roe’s method inherently performs eigen-decomposition of the flux Jacobian, where the eigenvectors
correspond to Alfvén wave modes. In this study, we extract these eigenvectors directly from the REPPU code and visualize
them, enabling a direct analysis of Alfvén wave dynamics.

In this presentation, we validate the new visualization approach and demonstrate Alfvén wave propagation under southward
IMF conditions as well as their response to high dynamic pressure IMF. These results provide new insights into energy
transport and disturbance propagation in the magnetosphere, offering a pathway toward clarifying the generation mechanisms
of geomagnetic activity mediated by Alfvén waves.
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Analysis of the Spatial Distribution Characteristics of Pi2 Geomagnetic Pulsations
on the Dusk Side
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Pi2 geomagnetic pulsations are transient oscillations with periods of 40 — 150 seconds, observed globally at substorm
onset, and mainly generated in the nightside magnetosphere. Investigating their spatial distribution and propagation charac-
teristics is essential for understanding the magnetosphere — ionosphere (M — I) coupling system. The goal of this study is
to clarify the global M — I coupling system at substorm onset by characterizing the spatiotemporal properties of Pi2.

In our previous studies, we analyzed data from the MAGDAS/CPMN network along the 210° meridian chain and the
North — South America chain. These studies suggested that nightside Pi2 are associated with the Biot — Savart component
of fast-mode waves and SCW oscillations, dayside Pi2 are related to ionospheric currents, and morning-side Pi2 are associ-
ated with the day — night boundary current. However, the generation mechanism and propagation process of dusk-side Pi2
remain poorly understood.

In this study, isolated substorm events occurring within three hours around the local E-layer sunset were selected from the
2011 MAGDAS/CPMN magnetometer dataset, and the spatial distribution of dusk-side Pi2 was analyzed. As a result, 40
events were identified, showing the following three characteristic features:

(1) In the H component, the phase is delayed toward higher latitudes in the Southern Hemisphere, while in the D compo-
nent, the phase reverses across the DAW region.

(2) At ZGN, the H component alone shows an earlier phase.

(3) A phase reversal is observed only at two high-latitude stations in the Northern Hemisphere.

This presentation describes the detailed analysis and discusses the propagation processes inferred from these characteris-
tics.

Pi2 I IRENZ. T ICRMIBRENCERZF D, 37 2 b — 2B RERANICBIH S 1 2 A 40~150 B D Ze5ER)
BIRETH 2, ZDZREMIMLMEEZ IS 2T 5 2 L id, BXIE-EHESSROMBICEWTEHEHETDH 5, K
FEDEBAMIIZHINZ, Pi2 ORFZEMFEZEIAS 2 2T ¥ 7 X b —a0FIRICBIT 2 M-I K ERO 2K G2 # =
M3z eTHhs,

IhETORKA DIFFETIZ, MAGDAS/CPMN G EEIA v b v —2 D 210 EHRRUEREIL 7 X V) A CTEHEIS N
F—XEBRHWNTHENZ L TH D, %M Pi2 1Z fast wave D 2 W E SCW IREBIDO ¥t « Box— Lo, B Pi2 (X B HEES
Wi, A Pi2 I3 BEIERETRICREET 2 2 e A RBEINTWE, — AT, Y HHECEHIEN 3 Pi2 DKL EHLER IS
WTIEE T Ic XN TWRWD,

7 ZCAWFZE Tl MAGDAS/CPMN RESEHEIR v F 7 — 2 D 2011 D F — & » 5 E B HIEA1E 3 B 7 iy 7
A N—LPRELTNWDETF—XEEE LT, YA Pi2 OZEEPISH 2 BT UTze ZOREHR, 40 4 X FEE XN, U
RO 3D DR R BB DR X 720

(DH B CTREEBRDEEE I THAEINENRTE D, D T DAW 25 AL TS KEE L TWw 3,

(2) H 57T ZGN D AN

(3) JLEBRERREE 2 B S O A TS KIEEL TW3

AFRTIE, ZOODOENEROFEMY . 22 ORMD SHEE XN 2 EHGRRIC OV TOEREZRR S,



R006-P30
RXAR—1:11/25 AMU/AM2 (9:15-12:35)

HOEHEORAICL IRAERICE T ERE A ORELLOEE
T R 1, BRER 5B D, <R FR ORI D), S5 K %), R A 2), 9 I D), =4 il Y, R A Y
(O RBRE, @ RS0, O s RAYYE: - A HUERBRBEIFIAN, (4 A2 iF B S

Estimation of outflow ratios of various ions during magnetic storms based on
Arase satellite observations

#Hyota KAIEDAY, Shoichiro YOKOTAY), Kentaro TERADAY), Satoshi KASAHARA?), Kunihiro KEIKA?), Tomoaki
HORI®), Yoshizumi MIYOSHI®), Tku SHINOHARA®

(I The University of Osaka, ®University of Tokyo, *ISEE, Nagoya University, (“ISAS/JAXA

Various studies have been conducted to elucidate the escape mechanism of the Earth’s atmospheric ions. Heavy ions in
the magnetosphere, such as O", NT, and molecular ions (No*, NO™, O, ™), originate only from the ionosphere; therefore,
observations of these ions may provide valuable information about atmospheric escape. Since the ionospheric N*/O¥ ratio
varies with altitude and latitude, simultaneous observations of N* and O can yield information about the altitude and lati-
tude dependence of their outflow processes. Therefore, it is important to observe N and O™ simultaneously. Because NT
has a mass-to-charge ratio close to that of O™, it is thought that both ions follow almost the same outflow paths. However,
the similarity of their mass-to-charge ratios makes it difficult to distinguish N* from O in particle measurements made in
space. Consequently, there are few studies that distinguish between O and N*.

To estimate the outflow ratios of various ions from the Time-of-Flight (TOF) measurements of the Medium-energy particle
experiments Ion Mass Spectrometer(MEP-i) onboard the Arase satellite, we utilized the simulation software “The Stopping
and Range of Ions in Matter (SRIM)”. By fitting the simulated TOF distributions to observational data, we were able to
distinguish N™ from O™. Using this method, we investigate the relative abundance of N™ and O™ outflows during magnetic
storms and discuss their outflow processes and pathways.
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Gradual and sudden energization of outflowing oxygen ions near the high-latitude
magnetopause
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Among the oxygen ions originating from the ionospheric cusp, those with relatively higher energies can access the high-
altitude cusp (above several Earth radii) and subsequently escape into the high-latitude magnetosheath along open field lines.
Although escaping oxygen ions into the magnetosheath have been reported in many observations, their dynamics near the
high-latitude magnetopause remain poorly understood. Using data from the Cluster Ion Spectrometry, we analyzed more
than 40 events in which field-aligned beams of oxygen ions were observed near the high-latitude boundaries. In most events,
the beam energy is several hundred eV in the lobe/mantle region and increases to several keV, sometimes exceeding 20 keV
at the boundary. We identified two types of energy change in the energy-time spectrograms: gradual increases and sudden
increases. The gradual increase may be attributed to cyclotron resonance and the centrifugal acceleration, which operate over
timescales much longer than a gyroperiod, whereas the sudden increase may be caused by non-adiabatic acceleration due to
sharp spatial gradients in the convection electric field, which operates on timescales comparable to a gyroperiod, possibly
associated with dayside magnetopause reconnection. We present statistical results on the occurrence of these two types of
energy change, and discuss their occurrence in relation to the background magnetic field structure and solar wind conditions.
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First evidence of field line curvature scattering effect on heavy ion species: prop-
erty of isotropic distribution boundaries
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This study provides the first observational evidence of the field line curvature (FLC) scattering effect on heavy ion species
(He+, He++, and O+) in the inner magnetosphere. FLC scattering theory predicts that, for a given energy per charge, ions
with a higher mass-per-charge ratio have larger gyroradii and will thus become isotropic on more dipolar magnetic field lines
closer to Earth. To verify this prediction, we used Arase satellite data to determine the L-shell of the isotropic distribution
boundary (IDB) for each ion species and compared their locations relative to the proton IDB. We found that the observed
order of the IDBs (O+, He+, He++, H+ from lowest to highest L-shell) was consistent with FLC scattering predictions,
particularly under specific conditions: high proton IDB L-shells (L >7), higher energies (80 — 180 keV/q), and in the
postmidnight sector. However, the order deviates from theory at lower L-shells, lower energies, and premidnight, suggesting
that other isotropization processes may become dominant in these conditions. These results indicate that FLC scattering is an
important mechanism for the loss of energetic heavy ions from the outer ring current region via isotropization and subsequent
precipitation into the atmosphere.
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Estimation of spurious sunward electric field observed by double probes onboard

Arase and Geotail
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In a tenuous plasma, electric field observations using the double probe technique suffer from spurious sunward electric
field arising from photo-electron emissions from spacecraft. An attempt was made to estimate the spurious electric field
component assuming that 1) an observed electric field is a sum of natural and spurious fields, 2) the natural electric field is
perpendicular to the background magnetic field, and 3) the spurious electric field points the sun. A sunward component of the
spurious electric field in the spin plane can be calculated for selected cases in which the background magnetic field is parallel
to the spin plane. The spurious electric field components estimated from Arase PWE/EFD data exhibited a relationship with
ambient electron density obtained by Arase PWE/HFA.

The spurious electric field arising from the asymmetric photoemission should be more pronounced for spacecraft such
as GEOTAIL or Mio, whose spin axes are nearly perpendicular to the sun-spacecraft direction. Estimation of the spurious
electric field in the GEOTAIL electric field observation was carried out by using EFD and MGF data from January 1,
1994 to February 28, 1994 in ISAS/ Data Archives and Transmission System (DARTS). The result was investigated with
the spacecraft potential observed by EFD and the plasma density observed by LEP also opened in DARTS. Differently
from Arase cases, the spurious electric field of GEOTAIL observation decreased in low density plasma (less than 10
cm<sup>-3</sup>) due to high spacecraft potential.
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A Machine Learning Approach for Improving UHR Frequency Determination in
the Inner Magnetosphere

#Takumi Sadob), Shoya Matsuda?), Yoshiya Kasahara®)

(1Kanazawa University

Electron density is one of the important properties of space plasma, especially for understanding the wave-particle in-
teractions in the inner magnetosphere. The upper hybrid resonance (UHR) frequency is commonly used as a proxy of the
local electron number density, since the UHR frequency is a function of electron number density and local electron cyclotron
frequency. In order to determine the UHR frequencies from electric field spectra, several semi-automatic identification tech-
niques have been developed. For example, Kumamoto et al. (2018) proposed a hybrid approach by combining an algorithm
and visual inspection to determine the UHR frequencies measured by the High-Frequency Analyzer (HFA) and the Onboard
Frequency Analyzer (OFA) of the Plasma Wave Experiment (PWE) aboard Arase. However, these methods require significant
human effort and their reproducibility remains limited in cases where identification is challenging. In this study, we devel-
oped and evaluated an automatic UHR frequency detection model based on a convolutional neural network (CNN) model. To
improve the accuracy of the UHR frequency determination, we included the additional machine learning inputs (e.g., local
electron cyclotron frequency, Mcllwain-L value, magnetic local time, magnetic latitude, geomagnetic activity indices, and
spacecraft potential). Hasegawa et al. (2019) used the orbital information and geomagnetic indices and evaluate the average
of the mean absolute error (MAE) of the determined UHR frequencies over the entire dataset. On the other hand, our study
evaluated regional and geomagnetic conditional dependence of the determined UHR frequencies by the CNN model. We
found that the additional inputs improve the accuracy of the UHR frequency determination in a specific magnetic local time
region.
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Recent updates of Level-2/-3 datasets of the LEPe instrument on the Arase satel-
lite
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We present recent updates of the datasets of the Low-Energy Particle Experiments - Electron Analyzer (LEPe) onboard the
Arase satellite. Calibration for LEPe data requires evaluating the effects of background radiation and estimating the absolute
sensitivity of the detector channels. Accounting for such factors, our calibration method consists of the following steps:
(1) evaluation of sensitivity differences between the background channel and the electron channels, (2) relative sensitivity
correction among the electron channels, and (3) estimation of the absolute quantum efficiency of the micro-channel plates
(MCPs). In each calibration step, the data process is modeled using parameters to incorporate temperature dependence and
time variation of detector properties. On March 1, 2023, the MCP voltage was increased to enhance electron detection
sensitivity. In response to the voltage increase, the calibration parameters have recently been updated for measurement data
after the voltage change operation. The newly calibrated data with versions ”05” and ”06” are going to be released shortly.
Alongside the update of the dataset, we also refined data structure of LEPe Level-2 and Level-3 datasets in Common Data
Format (CDF) for more consistent naming of variables, better index ordering, and also excluding rarely-used packet data, to
improve data usability. In this presentation, we will introduce the updated datasets, discuss MCP detector degradation, and
highlight the improvements made to the new data structure.
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Spatio-temporal evolution of electron phase space density in the radiation belt-
plasma sheet transition region during substorm

#Yuki OTAY), Yusuke EBIHARA"Y), Takashi TANAKA?)

(1Kyoto University, Research Institute for Sustainable Humanosphere, ?°KYUSYU UNIVERSITY

For the rebuilding of radiation belts, two theories, the internal acceleration theory and the external supply theory, have
been proposed as mechanisms, and in both theories, the phase space density (PSD) of electrons in the transition region
between the radiation belt and the plasma sheet is important. To understand the fluctuations in the PSD of electrons, it
is necessary to track a large number of electron orbits. However, in the transition region between the radiation belt and
the plasma sheet, the curvature radius of the magnetic field lines is close to the cyclotron radius, so the bounce-averaging
approximation or the gyrocenter approximation may not always be applicable. To track electron trajectories, it is necessary
to solve the equations of motion sequentially, but the characteristic timescale of large-scale geomagnetic disturbances such as
substorms (100 — 1000 seconds) is long compared to the cyclotron period (0.1 milliseconds), making this computationally
challenging. Furthermore, since the global magnetohydrodynamic (MHD) simulation REPPU uses an unstructured grid,
complex interpolation calculations are required to obtain the magnetic and electric fields at arbitrary positions and times.
Therefore, we significantly reduced the time required for interpolation calculations by pre-assigning the fields to a simple
orthogonal coordinate grid. In this study, we focused on the time period when magnetic dipolarization associated with
substorms occurred, placed test particles on concentric circles at the magnetic equatorial plane and a geocentric distance of
7 RE, and traced them backward in time. Assuming a distribution function at the simulation boundary, we reconstructed the
PSD using the phase space mapping method. As a result, we confirmed that the PSD of electrons with energies below 60
keV increased in a relatively wide region on the night side, and that the PSD of electrons with specific energies about 100
keV increased selectively in a narrow region around midnight. Upon examining the acceleration process along the electron
trajectory, we found that the first adiabatic invariant is generally conserved from the far side of the plasma sheet to 7 RE,
but since the trajectory depends on the gyro phase, the gyro-center approximation cannot be applied, and it is possible that
two different types of acceleration are occurring. We will examine the spatio-temporal evolution in the PSD of electrons
associated with substorms from the perspective of their dependence on energy, pitch angle, and gyro phase, and discuss the
details.
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MeV electrons observed at near-Earth plasma sheet boundary
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We have reported that energetic electron bursts over 300 keV up to MeV occur at the plasma sheet boundary. In this study,
using an 8-year dataset of Arase (ERG) observations of electron burst events, we try to address where the energetic electron
bursts at higher latitudes come from and their acceleration process. The pitch angle distribution of 100-200 keV electrons
typically shows an enhancement in parallel flux, which is consistent with common observations in the plasma sheet boundary
layer. However, the higher energy portion of the energetic electron bursts exhibits a perpendicular flux enhancement,
resembling typical dispersion-less injection events. The magnetic field line model suggests that the Arase satellite was
located in a transition region between dipole-like and tail-like fields. This leads to the interpretation that the higher-energy
electron bursts may result from electron acceleration in the downstream region of the magnetotail reconnection site. We
will present the statistical features of these electron burst events in the near-Earth plasma sheet boundary layer, discuss the
origin of MeV electrons based on particle dynamics, and compare their distribution functions with those observed in the
magnetotail.



R006-P38
RXAR—1:11/25 AMU/AM2 (9:15-12:35)

UARX—BZAWHY T b —A%iﬁﬁ?&@%l*)Lﬁ—%?ﬁ%?ﬁ’lﬁ@ﬁﬁ%
AL HLE D, BTG . K120, [ S
(O BEGHAAR, © 4 R HHRBIHIE, © [ I_Ufﬁﬁﬂﬂbﬁnf'ﬁ (oL ke

Characteristics of high-energy electron precipitation before and after substorm

using riometer

#Ayaka OOYAMA), Keisuke HOSOKAWA), Shin-ichiro OYAMA?2%%) | Yoshimasa TANAKA®)
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It is well known that, immediately after substorm onsets, highly energetic electrons precipitate from the magnetosphere
into the ionospheric D region (60 — 90 km altitude), causing low-altitude ionization. Ionization in the D region, which is the
low-altitude part of the ionosphere, is detected as “absorption spikes” in cosmic noise absorption (CNA) using a riometer. In
previous studies, riometer operating at a single frequency was used, which limited the ability to estimate the energy range of
precipitating electrons based on the observed frequency dependence of CNA and conduct comprehensive statistical analyses.
In this study, we examined frequency dependence and statistical properties of CNA variations using a spectral (i.e., multi-
frequency) riometer (20 — 55 MHz) in Kilpisjérvi, Finland (KIL; 69.07N, 20.75E). Using a substorm list by Forsyth et
al. (2015), we identified 4,506 substorms over two years from 2023 to 2024. To investigate the typical pattern of electron
precipitation, Superposed Epoch Analysis (SEA) was applied to characterize variations in CNA around substorm onsets, with
the zero epoch-time is set to the substorm onset.

The SEA results reveal a slight decrease (about 0.03 dB) in CNA approximately 20 min before onset, suggesting a temporal
reduction in electron precipitation before onset. This behavior during the growth phase may be a precursor of substorm
onset (or substorm-related ionization) in the CNA data. Additionally, SEA with MLT sorting showed propagation of CNA
enhancements from midnight to eastward at 30 MHz, indicating eastward drift of high-energy electrons in the magnetosphere.
The estimated zonal propagation speed at ionospheric altitudes was estimated to be approximately 4.65 km/s during the initial
phase. However, all the events we used include cases where other substorms occurred before and after, so we cannot rule out
the possibility that the observations were affected by multiple overlapping events. To investigate this trend in more detail, we
analyzed 1,693 isolated-substorms (no other substorm within == 3 hours) at 30 MHz. In the SEA with the isolated-substorms,
eastward propagation was more clearly identified, with a slower eastward speed of approximately 2.35 km/s, indicating
that isolated substorms produce cleaner CNA features. From the derived propagation speeds, it was found that electrons
precipitating into the D region after substorm onset propagate eastward at speeds of a few kilometers per second, rather than
westward. The propagation eastward is attributed to the grad-B drift in the magnetospheric equatorial plane. It should be
noted that the propagation velocity includes the Earth’s rotational velocity. For a given observation site at latitude 6, the
rotational velocity is expressed as v =(2 7 Re cos 0)/(24 X 3600) where Re is the Earth’s radius. At Kilpisjérvi, this value
is approximately 0.16 km/s. Since the rotational velocity varies with latitude, it depends on the location of observation.

In the presentation, we will discuss how the substorm-related CNA varies based on substorm size, season, event isolation,
and the magnetic latitude of the riometer location.
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Understanding the Magnetosphere-ionosphere coupling during two low latitude
auroras on 28 February 2023 and 24 April 2023
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Low latitude auroras are seen during large geomagnetic disturbances when precipitation of electrons from the inner mag-
netosphere occur. Stable Auroral Red (SAR) arcs formed from the overlap region between outer plasmasphere electrons and
ring current ions contribute to the 630 nm (red) emission in the equatorward edge of the auroral oval. Broadband flux of low
energy electrons from the inner magnetosphere causes red-green auroras at low latitudes. However, the red emissions alone
are usually seen because the green emissions are hidden below the horizon. Recent observations of the low latitude auroras
at Rikubetsu (magnetic latitude, 34.70 N) in Japan in the rising phase of solar cycle 25 have shown unusual red-green aurora
of comparable intensity. Two such events occurred during the geomagnetic storms on 28 February 2023 and 24 April 2023
(F10.7=157.9 and 135.5, SymHMin = -161 nT and -233 nT). In this paper, we study the magnetosphere-ionosphere coupling
during these events by modelling the plasmapause location using OBMO03 model and ring current particle populations using
BATSRUS+RAM-SCB model to understand the causative physical mechanisms.
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Observation of Fine Structures in Diffuse Aurora with a High-Spatial-Resolution
Camera: Manifestation of Secondary Instabilities
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Diffuse auroras including pulsating auroras are frequently observed in the morning sector during the recovery phase of
auroral substorms. They are often distributed in a wide area and last for several hours. These auroras sometimes patchy
spatial structures, but the processes responsible for their formation remain unclear. Electron Multiplying Charge Coupled
Device (EMCCD) cameras have been widely used to study pulsating auroras. Their electron-multiplying mechanism enables
high signal-to-noise ratio observations even for faint emissions at high temporal resolution. However, the limited number of
pixels and narrow dynamic range of EMCCD cameras restrict detailed analyses of spatial brightness distributions, contrast,
and small-scale features. To overcome these limitations, we used a quantitative Complementary Metal Oxide Semiconductor
(qCMOS) camera with high spatial resolution and wide dynamic range. The qCMOS system provides a spatial resolution of
0.1 km near zenith and preserves brightness contrasts without saturation. This capability allows us to visualize fine structures
inside diffuse auroras and along patch boundaries in detail. The images were calibrated using star maps and mapped onto the
geographic coordinates, enabling us to combine multiple fields of view and quantify the spatial scale and drift velocity of
auroral structures with high accuracy.

We analyzed patchy diffuse auroras observed by the qCMOS camera at Skibotn, Norway (69.35N, 20.36E), during 04 —
05 UT on February 2, 2025. During this interval, finger-like structures were identified along the outer boundary of diffuse
auroras. A wavy boundary with a wavelength of 10 — 25 km appeared on the southwestern edge of an eastward-drifting
patch (100 — 150 m/s). These undulations developed into finger-like forms with phase speeds of 120 - 250 m/s. The
observed scales, drift velocity, and timing of appearance were consistent with the structures attributed to pressure-driven
instability reported by Shiokawa et al. (2010), suggesting that instability was involved in their formation. In addition, we
identified smaller-scale wavy patterns on the side of one finger-like structure, which had been difficult to resolve with the
spatial resolution of previous observations. This feature had a wavelength of 3 - 5 km and appeared on the northwestern
side of a bright finger. It propagated northeastward along the boundary as the finger developed. This behavior suggests
that velocity shear associated with the nonlinear development of pressure-driven instability excited a secondary Kelvin —
Helmholtz instability (KHI). Thus, observational evidence directly suggesting a transition from pressure-driven instability
to KHI in diffuse auroras has been scarce, and this study provides one of the first cases that clearly captured this process.
We will discuss the generation and evolution of these auroral fine structures as a possible transition from pressure-driven
instability to KHI.
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Fine-scale visualization of initial development of auroral beads :Multi-event anal-
ysis using a high-spatial-resolution camera
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masa TANAKA®)
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(3National Institute of Polar Research

During the early stage of the expansion phase of substorms, discrete auroras with enhanced optical luminosity are seen
to fill the entire sky, which is called auroral breakup. This study focuses on a phenomenon called “auroral beads,” which
have attracted attention as a precursor of auroral breakup. Auroral beads are bead-like spatial structure of auroras that appear
immediately before the auroral breakup. Beads have a spatial scale of several kilometers to several tens of kilometers, grow
while propagating in the longitudinal direction, and eventually form large vortical structures. Based on its magnetic conju-
gacy and the exponential time evolution of luminosity, plasma instability in the magnetotail is thought to be involved in their
formation. However, the specific mechanism has not yet been identified. Previous studies often used all-sky cameras with a
low spatial resolution, which were not sufficient to capture the site of formation or the initial development of auroral beads at
the ionospheric altitude. Further high-resolution observations in the ionosphere may reveal the spatiotemporal characteristics
of bead structures, and help to understand how plasma instabilities in the magnetotail are projected onto the ionosphere. Thus,
by utilizing the new qCMOS camera with a relatively narrower field-of-view, more detailed observations will be possible.

This study analyzes three cases of auroral beads using the qCMOS camera, in Skibotn, Norway (69.35N, 20.36E), which
has a higher spatial resolution than conventional all-sky cameras. We analyzed three events respectively appeared on Novem-
ber 10, 2023, December 21, 2024, and December 24, 2024. As for the geomagnetic activity, substorm-induced variations
of the geomagnetic X component (negative bays) were detected at Kilpisjarvi with amplitudes of about 200 nT, 300 nT, and
250 nT, respectively, and increases in the AE index of about 200 nT, 500 nT, and 600 nT were observed, suggesting that
these beads events were observed in association with small to moderate substorm activities. The camera is equipped with a
lens with a field of view of about 70 degrees and a BG3 filter to measure only the prompt emissions. The qCMOS camera
has a spatial resolution of 1024 x 576 pixels and a temporal resolution of 20 FPS, enabling high-speed imaging of aurora
with approximately 0.1 km spatial resolution near the center of the field of view. This allows us to detect smaller auroral
beads at earlier stages of their development, which has been difficult to observe with conventional EMCCD cameras (256
x 256 pixels). These observations provide important dataset for understanding the generation mechanisms of beads in the
magnetotail by monitoring auroral development at ionospheric altitudes.

To clarify the spatiotemporal evolution of auroral bead structures, we analyzed three events in which auroral beads were
clearly observed within the narrow field-of-view of the qCMOS camera. The images were mapped and flat-fielded to geo-
graphic coordinates, and we analyzed the north-south and east-west keograms, continuous auroral images, and the temporal
variation of the brightness and wavenumber in the regions containing the beads. In the case of the event on November 10,
2023, we found that wave-like structures with scales less than “10 km propagating eastward were visible in the background-
subtracted images starting approximately five minutes before the auroral bead structures became prominent. During this
pre-bead period, the east-west wavenumber was observed to decrease, and a two-stage growth in brightness was identified.
These wave-like structures may correspond to the seed perturbations for the instability that drives the formation of auroral
beads. In the event on December 21, 2024, we observed that a bead-like structure initially developed, temporarily faded, and
then reformed, indicating a more dynamic development process. In the event on 24 December 2024, the camera captured
motion of an auroral arc and subsequent rapid development into clearer bead-like structures. Among the three events, the
beads appeared at different locations within the field of view (to the north, near zenith, and to the south) suggesting that
the apparent spatial characteristics of auroral beads may vary depending on the viewing angle. In the presentation, we will
show the temporal evolution of these three auroral bead events and discuss the time development of propagation speed and
wavenumber.

TR — L2 DBFEMETIX, HENSEWT 4 A7V — A —u IR EHEDRLTLOCAON, 2hext—mo T
LA Ty TR KRR TIE, A—m o774 27y 7ORIRE LTHEHBEATWS (F—mob—X EIh?3
HRIEHTZ. A—mo—X&, F—u 73714277y TRIICENZMN e —XIRO A —1 5T, B km 2 58+
km OZERI R 7 — VRS, BHERGIRL AR OHREL, RN KRERBMELZERT 2 2 WS REE R, mEib
ERCOMEIE NS, BESTEHEBINCRERE T 2705, RKBEREID 77 X~ RLEMEDZDERICES LT
WBEEZLONEN, FOEMARNZRX I =X LDOREICIEE > TV, U, TERMZEDZ 222G E DR\ 42



KAHRXFZANTW7-0, BHEEEICET 54 —1 F v — XDERGHTFERRE 2 +ICiEZ 3 e T E R
Mol TH B, 5, BEMIFREC X2 BHETOEED» S, ¥— XEDORFZEMP LRI EZHS 2T 5 Z 2 i,
WRERHTD T 7 A AL ERN D X 5 ICEEMEICIRE SN 20 2R 2mEE 20185, LirL, 2D X5 %M
FEICHE S WT, AT, 3T L@ Z B L2 IAEE L > X2 W2 qCMOS 7 X I X 28l 2RI 22,
T, *—0 7 Y — XD ERFZEM 7 RREBRI Z 1T - 7=

KIFFETIE, TERDERH X T & D B EEBEE DE qCMOS # X 5 %2 HWT, +—n 5 ¥ — X DEBOER Ot
%fTo72. qCMOS # X Z1%./ )L = —®d Skibotn (69.35N, 20.36E) IZ%E XL TH b, fHTIZ 2023 4 11 A 10 H, 2024
F£ 12821 H,2024F 12 A24 HO 3 PIOF — RITH U TEMML . H R 70) RBIGFTOLETH 2 F LAY LEIZ
B35 3 HNCHES BEEIEENE, 372 b — A & A HIBEA X B DEE) (negative bay) %347 200 nT, 300 nT,
250 nT & E OIRIE TN X 1, AE 88D K3 200 nT, 500 nT, 600 nT Erﬁf@ 27226, INEELD & LD Y T
AP —AZEYRIZF—0 S — XA TWEEZZONS. I X T2, H1EFA 700 BEOLEHEFL >~ X v LD
F—uSHDOAEBET S BG3 74 LR —PEEINTVWS. AFFETHWS qCMOS H R Z 2 M REE 0.1 km 2F
L, WERIIBMLRETH o 72 X /NS BUHERBEOF —0 S — X522 2 2 L ZAREICT 5. BUS XN 3 HE O
131024 X 576 272 TH D, fE2RD EMCCD 5 X 7 ¥ HR L THY 8 i D Z2IfR G E % 5. 20 FPS O &l 0 fiRaE 12
X0, RATHELFEEI I D/NE W 10km LTFO L — G L 2 0% %2 X D EBICIEZ 2 2 e T = 2h b ORE
X, BEEEEETOE — XOREEFHEMCENT 2 2 TRKEET TOAERR 7 =X LREHN Y D45 3 EEZBNIE
WEE5Z22ZehlifFxhs.

qCMOS 71 X 5 OHEFNT & — XMl X L7z 3 FloERIC LT, HEEBIEAND= v ¥ 72 77y b7 4 —
WNF 4 v ZRTD, EAL - Bl A 25 A F—10 5 P — XDEKEHE, A —1 5 — XS Em o, B RmZ
L2 MBHT L7=. 2023 4F 11 A 10 HEHITIE, A —1 5 ¥ — XORENEELT 2 5 DBERND &, WRED 251V FEi
WBOWTHAGH|T 2 KK 10 km BED/NRA 7 — LVOBFIRBEI R Z TWE ZEBHL IR o7, ORI IZB W
T, FROBA ¥ HEDHRICZEBOBEENR oz, PRSI, 4+ —u F v — XOBRENE Y 72 2 R EE0RE
WHIELTWAATREMD B 5. £72, 2024 4F 12 A 21 HOBPFIZE L T, ©— XD & 5 REEN T EHRDTHr 6 —F
INED, BURA7? — 728 L T — XD TE 2 X5 RIRZ BB RSN 2024 F 12 A 24 HOFITIX, A—w 5
T LD e, HE R Y — XEEDAMICER SN 8 ZABRZ 5N Ths 3 DDHITIE, B — X2 h X
7 OFEFIR U AL, RIEMA AL, MANCEEL TB D, A X > T — XD ZEMNED A X /TR 2 0[REMEDN H
BZed ol BERTIE, 2A5D 3504 -1 5 —XDRKMKEELZRL, GIGEE BB OBMER, S, ¥ —X
DIEFGRIRICOWTOHEREZITS.



R006-P42
RXAR—1:11/25 AMU/AM2 (9:15-12:35)

EISCAT 3D L—4—%ZRBWIBETEFIRILF—IRYT MLOKESTHOHTE
HIGER B 12 NI 22 123, | B E 129)
(O E it fn, (2 %’ﬁ/ﬁﬁﬁnﬁ%ﬁmk%, F— ZH 4 v RILER AR SRR T — A A Rk R —

Estimation of the horizontal distribution of the precipitating electron energy spec-
trum using EISCAT 3D radar
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The CARD method estimates the energy spectrum of precipitating electron flux from the E-region electron density height
distribution obtained by the European Incoherent Scatter (EISCAT) radar. This method was developed in 1989 and has been
widely used. However, the conventional EISCAT radar is practically a unidirectional instrument using a large aperture an-
tenna. It can only estimate the spectrum at a single point along the magnetic zenith. In contrast, the EISCAT_3D radar will
be able to observe the ionosphere in three dimensions using a phased-array antenna. The aim of this study is to develop a
method to estimate the horizontal two-dimensional distribution of the precipitating electron energy spectrum from the three-
dimensional electron density distribution obtained by the EISCAT _3D radar.

First, we prepared a typical electron energy spectrum, which is often observed in a discrete aurora, as the true model. The
energy distribution was defined as a combination of a Gaussian distribution with a characteristic energy of 5 keV and a one-
sided power-law component. The power-law slopes were 1 on the low-energy side and 3 on the high-energy side. The spatial
distribution of the total energy flux was assumed to follow a Gaussian distribution. It had a peak of 40 mW/m?, a uniform
offset of 10 mW/m?2, and a full width at half maximum of 47 km in the north — south direction. In the east — west direction,
the center of this north — south Gaussian was set to meander with a sinusoidal amplitude of 20 km and a wavelength of 200
km. From this true-value spectrum, a three-dimensional (3D) electron density distribution was created. This was done by
solving the electron density continuity equation under the steady-state assumption. Models for the ionization rate, neutral
atmosphere, and effective recombination coefficient were adopted from previous studies.

For estimating the precipitating electron spectrum, the electron density height profile along the magnetic field lines was
required. Therefore, we used the coordinate system (X, y, z) = (East, North, Magnetic Zenith). The prepared 3D data were
then sampled according to the 27-beam configuration planned for the EISCAT_3D Common Programme. Finally, observation
noise was added to generate synthetic data. The electron density values at 27 beam points in each altitude plane were spatially
interpolated. This interpolation was used to construct the electron density height profile along the magnetic field line at each
grid point.

When the least-squares estimation, as in the conventional CARD method, was applied to the 3D observation data, the total
energy flux was reproduced with an accuracy better than 5 mW/m?2, and the average energy with an accuracy better than 2
keV. This result held within a region of & 25 km east - west and £ 50 km north — south around the magnetic zenith. How-
ever, some oscillations remained in the estimated energy distribution. To address this, reconstruction was performed using
maximum a posteriori estimation. In this approach, two smoothness priors were imposed: (i) the second-order derivative in
the energy direction and (ii) the spatial second-order derivative between adjacent grids. As a result, the oscillations were sup-
pressed, and the 5 keV peak was more clearly resolved compared with the least-squares method. Nevertheless, oscillations at
high energies were not fully eliminated, and further improvements to the design of the prior distribution are planned in future
works.
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Long-term Statistical Analysis of Auroral Kilometric Radiation Observed by Geo-
tail: Applied Automated Detection Technique
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Auroral Kilometric Radiation (AKR) is the most intense radio emission from the Earth. It is generated by precipitating
energetic electrons along auroral field lines by electron cyclotron resonance. Its intensity correlates with the field-aligned cur-
rent density, while its frequency is related to the source altitude through the local electron cyclotron frequency. Consequently,
AKR provides a valuable diagnostic of both the auroral electron precipitations and their acceleration altitude. The objective
of this study is to investigate these statistical characteristics, including their dependence on solar activity.

We performed a long-term statistical analysis of AKR, covering nearly three decades (September 1992 — June 2022) using
the Plasma Wave Instrument (PWI) onboard the Geotail satellite. This dataset enables us to investigate AKR occurrence and
characteristics over 3 solar cycles.

Since Solar type-III bursts also overlap the AKR frequency range (from several 10s kHz up to 500 - 600 kHz), their auto-
matic removal is essential for robust statistics. In previous studies by the Wind spacecraft, a method using 3-second standard
deviations of the spin-axis antenna (Waters et al., 2021) and its extension with the criteria combining frequency and temporal
continuity (Fogg et al., 2022).

We modified those methods and applied the long-term dataset of high-quality measurements from the Geotail Plasma Wave
Instrument (PWI) Sweep Frequency Analyzer (SFA), covering nearly 30 years from September 1992 to June 2022. Compared
with Wind, Geotail needs two major challenges. (1) It lacks a spin-axis antenna, so the angle between the antenna and the
radio wave direction varies with the spin (period: ~3 second), producing artificial spin modulations which Wind spin-antenna
data does not have. (2) The SFA Band-5 (100 — 800 kHz), the most suitable for AKR, requires 8 seconds for one frequency
sweep, so it limits the ability to get short-term fluctuations used in Wind. In order to overcome these issues, we identified
AKR with following three criteria: (A) Larger time variability: To mitigate spin-induced fluctuations, we deleted the spin
modulation by averaging a longer averaging window (168 s: three 8-s cycles and 8 spin periods), and picked up AKR with a
threshold based on the standard deviation of time variations (e.g., 4.65 X 10~3 W/m?/Hz). (B) Larger frequency variability:
Since AKR shows stronger frequency fluctuations than solar type-III bursts, we set an additional threshold on the standard
deviation across frequency (e.g., 2.65 X 1073 W/m?/Hz, 32 channels, 175 kHz). © Larger temporal continuity: To exclude
short-lived type-III bursts, we require events to satisfy a wide frequency wave (e.g., 30 channels, 160 kHz) with the continuity
of 528 seconds (allowing short gaps of up to 168 seconds). By combining these criteria, contamination from solar type-III
bursts was substantially reduced.

Next, we applied a distance correction (normalized to 30 Re, assuming an r* decay) and start the investigation how the
factors controlling AKR appearance and strength are affected with solar activity. The analysis covers the full 30-year Geotail
mission period (1992 — 2022). We started the solar maximum (2000 and 2014) and the solar minimum (1996 and 2009),
to examine correlations with the solar cycle. Our preliminary analysis yields the following results. (1) AKR occurrence
frequency (time fraction of AKRs above a threshold intensity) tends to increase during periods of low solar activity. (2) AKR
intensity (frequency-integrated power) does not show a simple or strong correlation with solar activity.

Solar activity can affect AKR through ionospheric conductivity and magnetospheric activity. For examples, it is known
that the appearance, strength, and frequency range of AKR show diurnal and seasonal variations associated with the angle of
the magnetic axis relative to the Sun (Morioka et al., 2013). These variations are thought to arise from changes in ionospheric
conductivity and the configuration of the magnetosphere, and clarifying their relationship with solar activity may provide
further insights into these processes. Moreover, frequency variations in AKR could shed light on the dependence of auroral
electron acceleration altitudes—linked to magnetosphere — ionosphere coupling— on.

Our analysis will address the dependence of AKR intensity and occurrence frequency in (i) the entire frequency range
(78.125 — 625 kHz), (ii) the high-altitude region (low-frequency range, < 200 kHz), and (iii) the low-altitude region (high-
frequency band around 500 kHz), with the following three factors: (A) Geomagnetic indices: AKR intensity and occurrence
can correlate with AE, Kp, and Dst, and their respective influences will be examined separately. (B) Local time dependence:
Since AKR is more observed on the nightside, so the local time effect will be distinguished. © Magnetic latitude dependence:
AKR is emitted above both polar region and is more readily observed at high latitudes (MLAT| = 20° ). Near the magnetic
equator, propagation shadow can also occur near the Earth.



In this presentation, we will report on these initial results.
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Retitive occurence of Polar Rain Aurora Across the Solar Cycle
#MUTSUKI NISHIZAWAY), Keisuke HOSOKAWA"), Larry Paxton?), Yongliang Zhang?
(1University of Electro-Communications, *The Johns Hopkins University Applied Physics Laboratory

Auroras are luminous phenomena that occur when charged particles precipitate into the upper atmosphere (altitude “100 —
300 km) along the magnetic field lines, where they excite and subsequently de-excite atmospheric oxygen atoms and nitrogen
molecules, emitting light. The electrons responsible for auroras do not always come directly from the Sun but are often
accelerated in the Earth’s magnetotail (plasma sheet). These electrons precipitate into the polar region along closed magnetic
field lines, forming a ring-shaped auroral oval centered on the magnetic pole. As a result, during moderately disturbed
conditions(i.e., during southward IMF conditions), auroras are absent in the polar cap region. However, on December 25,
2022, during an interval of exceptionally low solar wind density ("0.5 cm ™3 or lower), a large auroral structure covering the
entire polar region was observed (Hosokawa et al., 2024). The unique physical mechanism responsible for this phenomenon
was suggested to be polar rain precipitation, generated by a direct influx of solar wind electrons into the polar ionosphere.
This type of aurora is observed near the geomagnetic poles and is called polar rain aurora (PRA; Zhang et al., 2007). High-
energy ("keV) electrons in the solar wind, known as “Strahl,” directly precipitate along open magnetic field lines, producing
spatially uniform emissions in the polar cap. Under typical solar wind conditions, for example southward IMF conditions,
auroras do not appear in the polar cap. PRA becomes evident only when the solar wind density is exceptionally low and the
Interplanetary Magnetic Field (IMF) is directly connected to the Earth’s magnetic field. Because PRA is an extremely rare
phenomenon, with fewer than ten reported cases, it has not been widely recognized as a major auroral category.

To investigate the characteristics and origin of this unique aurora, we conducted a long-term statistical analysis using
SSUSI data from the DMSP F16, F17, and F18 satellites. The study covers the period from 2005 to 2023. We analyzed trans-
polar auroral images obtained in the Lyman-Birge-Hopfield short-wavelength channel (140 — 150 nm) through line-scanning
observations in imaging mode. The DMSP satellites operate in a Sun-synchronous polar orbit at an altitude of 850 km,
completing a full orbit in "97 minutes. During the analysis period, at least two of the three DMSP satellites were operational
simultaneously, allowing us to obtain large-scale images of auroras in the polar cap at “50-minute intervals. From the dataset,
we identified PRA events and then examined their occurrence frequency, hemispheric distribution, and corresponding solar
wind plasma and IMF conditions using NASA’s OMNIWeb database. As a result, we detected 14 PRA events over the past
two decades, ranging from weak, localized occurrences to strong events covering the entire polar cap. Furthermore, for
the first time, we identified a repetitive occurrence of PRA with a cycle of 25 - 30 days. PRA events were particularly
concentrated during periods of significantly reduced solar wind density, and their "27-day recurrence pattern suggests a
potential relationship with Corotating Interaction Regions (CIR). When categorized by solar cycle, we found that during the
solar maximum transition of Cycle 25, intense PRA events occurred frequently, whereas only two weak events were detected
in Cycle 24. This suggests that PRA occurrence frequency is influenced by the overall strength of solar activity. For Cycle
23, we did not check day-by-day coverage for the entire period; however, previous studies have reported PRA cases within
this cycle that also exhibited similar periodicity (e.g., two cases reported by Foster et al. (1976) showed the same “27-day
periodicity). Nevertheless, not every “27-day recurrence was accompanied by a PRA event; in some cases, it appeared only
after skipping one or two “27-day cycles. This suggests that, even under similar solar wind conditions, additional factors
beyond low-density conditions are required for PRA to occur. Future work will include a full day-by-day survey of Cycle 23
to clarify its relationship with solar activity.
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Occurrence Characteristics of Quasi-Co-rotating Auroras Observed at Syowa Sta-

tion, Antarctica, during 2023 - 2024

#Yukino Sato!), Yoshimasa TANAKA?), Ryuho KATAOKA?3:4), Takanori NISHTYAMA?), Yasunobu OGAWA®)

(IThe Graduate University for Advanced Studies, (2National Institute of Polar Research, ®Okinawa Institute of Science and
Technology, (*Research Organization of Information and Systems

Auroras with unusual stationary patches were first reported at Poker Flat Research Range (PFRR), Alaska, in October
2000, and were named the “Evening Corotating Patch (ECP) aurora” [Kubota et al., 2003]. Subsequently, Toyoshima (2003)
identified 44 similar events and named them “Quasi-Corotating (QC) aurora.” Due to geographical restrictions, previous
studies have been scarce, and the statistical characteristics are poorly understood.

We present a statistical analysis of QC auroras using data from a monochromatic 391.4 nm all-sky camera at Syowa Sta-
tion, Antarctica (2023 - 2024). We identified 23 events that occurred in the evening sector (until 20 MLT) and retained their
shape and position for more than 20 minutes. Their occurrence peaked around 15 MLT, earlier than previously reported, and
most events occurred under quiet conditions (Kp = 1 — 3), consistent with Toyoshima (2003). In September 2025, we will
install a multi-wavelength all-sky camera at PFRR, Alaska. In this presentation, we report the Syowa results and outline the
new system.

2000 £ 10 HiZ 7 5 A7 - Poker Flat Research Range (PFRR) T, #7527 X —IZIZIXE UK B HERF L 72 5 & RIR RS
I & DT 2%y FIKA — 1 7 25 X 41, Evening Co-rotating Patch (ECP) aurora & {31 & 417z [Kubota et
al., 2003], ECP aurora {34+ —n1 7 F — L OFREM] (L=5~8) & L. FIZ 01 557.7 nm B X U N2+ 427.8 nm THl
M, FkeV~10keV REOKE FEFIRIFE S b, Z0O%k. 85 (2003) 1ZEMHEGZ 44 FRE L. BEICE3
[BHAE3ICE S Bl & THESLOlR A — 1 5 (QC aurora) | £ %f{iF7z, UL L. HIPFEAYHIFYSS QC aurora D557 7
D7 DHEFFNIRE S, FEHERIZTE L Tw 2,

AR TIE, BRIEMICERE XN/ 3914 0m 2K A X5 (2023 - 2024) X b, 23 2t U, FEAERZ 91 % T
L7z, MM, Y5t 72— @HIBEE» S 20 MLT £T). 20 7LLE, IZEEIEDL ST, BluTtuwiWwWgEEe L
Too MAREMNE, BESUHAR: (MLT) 2S5 RACHARTH 3 IFREW 20, KD R WMLT oA —a 7 38HltEx s v
SHEDH 2, DR, QCaurora 1X 15 MLT fhiic ¥ — 27 2#FH, 85 (2003) kb REWREFICHET2 Z 2 25
R U7 <1 Kp=1-3 DR EERICHAE L, B (2003) OFERY 3 —HT %, SHRIIFE TR X 5 =X 2 DRI
DL BT, 205F9IHID 7 AN THRZRZHERELR I AT %FHE L, QC aurora DEHIZ AT 2 FET
Hb, RFERTIX, BMEMTE SNz QC aurora D7 — RFENTHER Y. 77 XA TOEHS 27 2 DWEIZOWTHI
EH5 %,
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[1] Kubota, M., et al. (2003), Evening co-rotating patches: A new type of aurora observed by high sensitivity all-sky
cameras in Alaska, Geophys. Res. Lett., 30(12), 1612. https://doi.org/10.1029/2002GL016652

[2] Toyoshima, S. (2003), Characteristics of Quasi-corotating Aurora and Remote Sensing of Magnetospheric Dynamics.
Master Thesis, Department of Geophysics, Tohoku University, Japan
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Spatiotemporal Evolution of the Storm-Time Ring Current Inferred from Low-

Latitude Geomagnetic Observations
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(1Graduate School of Science, The University of Tokyo, (?Earthquake Research Institute, The University of Tokyo,
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The spatiotemporal evolution of the ring current during geomagnetic storms is fundamental to understanding the magne-
tospheric current system and overall magnetospheric dynamics. Previous studies have examined the ring current intensity
and its magnetic local time (MLT) asymmetry mainly through geomagnetic indices such as SYM-H/ASY-H and SMR. In
this study, we use geomagnetic field data from a dense global network of low-latitude observatories ((MLAT|= 10 - 30° )
to investigate the temporal development of the storm-time partial ring current. We focus on two superstorms that occurred in
2024 and compare their features with those of other intense and moderate storms.

The analysis is based on geomagnetic data from 14 low-latitude INTERMAGNET observatories. From the horizontal
component, we subtract the quiet-time baseline and the diurnal variation (Sq). Using the residuals, we construct UT — MLT
maps binned at 3 h in UT and 2 h in MLT. These maps are then processed with harmonic fitting in the MLT direction.

Our results show that the partial ring current initially expands from midnight (00 MLT) toward the noon — dusk sector (12
— 18 MLT) during the main phase, followed by a shift toward noon (12 MLT) in the early recovery phase. This progression
likely reflects plasma injection from the midnight sector, subsequent westward drift of energetic ions, and eventual escape
through the dayside magnetopause. The observed spatiotemporal evolution indicates that open drift paths of ring current ions
persist even during the recovery phase. We further compare the characteristics of superstorms with those of intense storms
(SYM-H minima between — 100 and — 200 nT) and moderate storms (SYM-H minima > — 100 nT) to clarify similarities
and differences in ring current ion dynamics and the associated partial ring current system.
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Observation of the Earth’s Plasmasphere in Extreme Ultraviolet by PHOENIX

onboard EQUULEUS
#Masaki KUWABARAY, Kazuo YOSHIOKA?), Go MURAKAMI®), Ichiro YOSHIKAWA®)
(1Rikkyo University, (*The University of Tokyo, (*Japan Aerospace Exploration Agency, (*The University of Tokyo

The Plasmaspheric Helium ion Observation by Enhanced New Imager in eXtreme ultraviolet (PHOENIX) onboard the
6U CubeSat EQUULEUS is a compact extreme ultraviolet telescope optimized for the He II 30.4 nm emission line, which
originates from resonant scattering of solar radiation by plasmaspheric He ion. The Earth’s plasmasphere is a torus-shaped
region of cold plasma surrounding the Earth, whose dynamics are strongly influenced by geomagnetic disturbances. Imaging
the plasmasphere in EUV provides a direct method to study its global structure and temporal evolution.

PHOENIX, despite its small size, consists of a multilayer-coated mirror, a metallic thin filter, and a photon-counting
detector, achieving an angular resolution better than 0.19 degree and a temporal resolution shorter than 1.5 hr. In May 2023,
during EQUULEUS’s cruise to the Earth - Moon Lagrange point 2, PHOENIX successfully obtained global meridian-view
images of the plasmasphere. The results clearly revealed plasma density structures aligned with dipole-shaped geomagnetic
field lines and captured the shrinkage of the plasmasphere associated with a geomagnetic disturbance on May 6. These
achievements represent the first global imaging of the plasmasphere using an ultra-small instrument, highlighting the potential
of nano-spacecraft to perform advanced space plasma observations.

In addition to these imaging results, ongoing work applies the Minimum L Algorithm to map the plasmapause position onto
the geomagnetic equatorial plane based on line-of-sight brightness profiles. Preliminary analysis also indicates an inward
motion of the plasmapause during the same disturbance event, demonstrating that the mapping technique can reproduce
and quantify the plasmaspheric erosion observed in the images. This presentation will show both the established imaging
results and the ongoing efforts toward quantitative plasmapause mapping, highlighting the expanding scientific potential of
PHOENIX for future planetary and magnetospheric exploration.



R006-P48
RXAR—1:11/25 AMU/AM2 (9:15-12:35)

ATHERUT—FOKRERABNICE S, FEALEIBEREROBRKET T X
b—LICHS ERORE - 2/ - KERKEFEDZER

i K 1), TR A0 )

0K, @ UK

Statistical Analysis of Substorm-Associated Deformations of the Equatorial Tail
Magnetopause Observed by Satellites

#Ryota Nakamura'), Hideaki KAWANO?)

(1Kyushu University, ?Kyushu University

Substorms are typically categorized into three phases: the growth phase, the expansion phase, and the recovery phase.
During the growth phase, southward interplanetary magnetic fields (IMF) arriving from the Sun become anti-parallel to the
geomagnetic field at the dayside magnetopause, triggering magnetic reconnection. The reconnected field lines are carried
by the solar wind into the magnetotail, where they accumulate. In the expansion phase, a Near-Earth Neutral Line (NENL)
forms around 20 — 30 Re in the magnetotail. Magnetic reconnection at the NENL generates high-speed plasma flows di-
rected both earthward and tailward. During the recovery phase, the IMF turns northward, leading to a gradual restoration of
the magnetospheric configuration.

This study aims to investigate the deformation of the magnetotail magnetopause associated with substorms by analyzing
satellite data near the magnetic equatorial plane. Previous studies have identified two types of transient events: the Temporary
Out-going Event, where the GEOTAIL satellite briefly exits the magnetosphere and re-enters [Kawano et al., 2000], and the
Temporary Getting-In Event, where the satellite briefly enters the magnetosphere from the outside and exits again [Shirotani,
Master’s Thesis, 2017]. These events are believed to be associated with substorms: the former with the equatorial tail-plasma
flow toward the NENL to compensate the decrease in the plasma density near the NENL due to high-speed plasma flows
during the expansion phase, and the latter with magnetic flux accumulation during the growth phase.

A preceding study (Tsukamoto, Undergraduate Thesis, 2022) analyzed approximately nine years of data from the GEO-
TAIL and WIND satellites, along with the AU/AL indices provided by the World Data Center for Geomagnetism, Kyoto
University. By relaxing the event selection criteria from Shirotani’s study, Tsukamoto increased the number of identified
events and found that the time difference between the substorm onset and the start of the Temporary Out-going Event tends
to increase with distance from X = -30 Re in the GTL_X coordinate. However, the number of analyzed events was still
insufficient in terms of the statistical significance of this feature.

In this study, we aim to improve upon previous results and discover new insights by incorporating additional data from
the THEMIS satellites to increase the number of events. In this presentation, we will report on the analysis of all the events
consisting of the events newly identified in the THEMIS data and the above-stated GEOTAIL events.
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Observation of the west-shift of the South Atlantic Anomaly with using geomag-

netic data from MGF on board the Arase Satellite
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and Astronautical Science

There is an area called “South Atlantic Anomaly: SAA” above Brazil where the geomagnetic field is weaker than sur-
rounding area and a lot of high energy particle fall in this area. When the spacecraft approaches SAA, some breakdowns may
occur due to high energy particles falling from radiation belt. Also, it is known that SAA is moving particularly to the west
and the amount of change is approximately 0.2 degrees per year [Jones et.al., 2016]. Therefore, when we operate spacecrafts,
it is important to check the position of the SAA and make some measures such as avoiding that area.

In this research, we investigate geomagnetic field at altitudes below 2,000 km by using some data in near Earth obtained
by Magnetic Field Experiment (MGF) which is scientific magnetometer onboard the ARASE satellite [Matsuoka et.al., 2018].
We examined spatial distribution by calculating the difference between the magnetic field observed by MGF and the Inter-
national Geomagnetic Reference Field (IGRF) 14 model every year from 2017 to 2024. By conducting differential analysis
with IGRF model, we can extract local and annual geomagnetic field fluctuations obtained from satellite observations based
on the main geomagnetic field originating from the inside of the Earth. This method enables quantitative tracking of phe-
nomena such as the westward shift and expansion of the SAA. From 2017 to 2022, particularly at altitudes of 800 km, we
confirmed that the weak magnetic field region observed above Brazil was moving westward and that the difference region
was expanding.

The weak geomagnetic field region has been observed in detail by the Swarm satellites, orbiting at altitudes of 450km
[Finlay et al., 2020]. On the other hand, Arase Satellite has been covering the medium altitude region including 460~1000km.
Thus, we can reveal the spatial extension and annual changes of the SAA in this region.

75 DV EZRBIFE T A RSO B & D 55V T H S mRPEEREH (South Atlantic Anomaly: SAA) T
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Clustering Analysis and Extraction of Representative Field-Aligned Current Pat-
terns Using AMPERE Data
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Field-Aligned Currents (FACs), which connect the Earth’s magnetosphere and ionosphere, form large-scale current systems
in response to solar wind variability and play a crucial role in understanding the magnetosphere — ionosphere (M-I) coupling
process. In particular, the spatial distribution and temporal evolution of high-latitude FACs are essential for understanding
magnetospheric dynamics and for space weather forecasting. However, traditional statistical models and empirical recon-
structions (e.g., Weimer, 2001) are based on averaged FAC structures and are limited in their ability to capture the diversity
of observed current patterns and nonlinear state transitions.

Recently, Kunduri et al. (2020) demonstrated that deep learning models can be used to predict future distributions of FACs
by treating AMPERE FAC maps as time-series image data. Their results suggest that FAC structures tend to evolve in tem-
porally and spatially ordered patterns, which indicates the potential usefulness of unsupervised machine learning approaches
for extracting typical current structures and classifying dynamic states.

In this study, we apply principal component analysis (PCA) and k-means clustering to global FAC maps obtained every 10
minutes from the AMPERE (Active Magnetosphere and Planetary Electrodynamics Response Experiment) project using the
Iridium satellite constellation. The objective is to extract representative spatial patterns of high-latitude FACs in a data-driven
manner. We are currently conducting data preprocessing and initial clustering analysis, and the results will be presented at
the conference.

HIERRREAUE © TS 2 S NIRRT AR TR (Field-Aligned Currents, FACs) (X, KBBEDZEENCIEE L TARBICIERK X
NBZBERMRTH D, WKE—BHEEGSBEOHERICB W TEERKE 2R3, FICEEEEREICB % FAC D%
iR R R ORI, FHRRA TP SEREOLRIC L o TRAIRTH 5, Lo L. MEROHEE T LRREER
FIFEHL (il © Weimer, 2001) & FAC O FMEICHEOWTE D, B A 5 h 2 2R BRI IERE K EER
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SE4E. Kunduri et al. (2020) 1&. AMPERE O FAC = v 7% B8 E 7 AS15 5 2 £ T FAC OIF3IMI75 2215
Mz THFRTRETH 2 Z e 2 L7, TOMRIE. FAC HiEDRZE-ANC —E DTN X -V It -oTER T2 %
AL TED, Fhlm UEBIHAEIC X 282 — U gL REMEORTNIC S A2 RR T 25 DTH 5,

RS T, Iridium 3BEHEERIC X - THS E 7z AMPERE (Active Magnetosphere and Planetary Electrodynamics
Response Experiment) @ 10 77[F@ « £k FAC < v Fici LT, £ 771 (PCA) BL U k-means 7 7 XX ¥ 7%
W3 22 2T, miEE FAC BEDORERIRZE/M AR -2 27— ZEEINICHE T2 22BN 35, BIfE. 7—4
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Estimation of Auroral Currents in Ultracool Dwarfs Based on 3D Global Magne-
tohydrodynamic Simulations
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Auroral emissions occur when charged particles surrounding an astronomical body are accelerated along magnetic field
lines by energy input from the stellar winds, planetary rotation, or intrinsic magnetic fields, and subsequently collide with
the atmosphere. The detection of auroral emissions thus serves as a key indicator of the presence of both magnetic fields
and atmospheres. If auroral emissions are detected from exoplanets, they would provide direct evidence of magnetic fields
and atmospheres, significantly contributing to the assessment of planetary habitability. Auroral radio emissions exhibit cir-
cular polarization (Wu & Lee, 1979), allowing them to be distinguished from other astrophysical radio sources, such as
stellar radio bursts, which are typically weakly polarized. To prioritize observational targets among the many known exo-
planets, researchers have employed theoretical and numerical estimations of auroral radio power using models such as the
magnetosphere-ionosphere (M-I) coupling framework (Nichols & Milan, 2016) and global 3D MHD simulations (Turnpenney
etal., 2020). These studies suggest that the typical auroral radio power of hot Jupiters is approximately 105 W. Nevertheless,
only one marginal detection of auroral radio emission from an exoplanet has been reported to date (Turner et al., 2021), which
requires further model validation and refinement with the observation data.

In this context, ultracool dwarfs (UCDs) have recently attracted attention as promising analogs for testing auroral models
relevant to exoplanets. Several UCDs with rapid rotation (periods of a few hours) and strong surface magnetic fields (several
kilogausses) have exhibited intense, highly circularly polarized radio bursts, which are likely the auroral radio emissions
(e.g., Hallinan et al., 2006). Nichols et al. (2012) and Turnpenney et al. (2017) extended their magnetosphere-ionosphere
(M-I) coupling models originally developed for Jupiter and Saturn (e.g., Hill, 1979) to UCD’s auroral processes using input
parameters of UCD’s typical environment. While these studies successfully reproduced observed radio power levels, some
of the input parameters, including plasma angular velocity profiles and mass loading rates, remain largely uncharacterized,
which introduced considerable uncertainty in the obtained auroral radio power.

Here, we conduct a three-dimensional global MHD simulation (Fukazawa et al., 2005) for UCDs that utilizes only well-
constrained parameters, leading to a reduction of model uncertainty. This approach minimizes assumptions and enables a
more self-consistent modeling of magnetospheric dynamics. Based on this simulation, we derived the auroral current and
estimated the auroral radio power as a function of ionospheric Pedersen conductance. For example, the total auroral current
of the UCD LSR J1835+3259 was estimated to be "1 X 10'° A in our simulation. By comparing our results with VLA
observations of LSR J1835+3259 (Hallinan et al., 2008), we inferred that a Pedersen conductance of approximately 1 — 10
mho is required to reproduce the observed radio power ("10'°-10'¢ W). This estimate is consistent with another independent
estimation from the M-I coupling model (0.1-10 mho) presented by Satyagraha et al. (SGEPSS 2024). These results suggest
the validation of our model. In future work, we aim to extend this methodology to hot Jupiters and Earth-like exoplanets to
further validate our model and support future observational strategies. Here, we present the current status of our study.
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Large-scale FAC pattern and SW-M-I coupling 2

#Ao0i Nakamizo®), Akimasa YOSHIKAWA?), Hiroyuki NAKATA®), Keiichiro FUKAZAWA®), Takashi TANAKA?)
(INational Institute of Information and Communications Technology (NICT), (?Kyushu University, (*Chiba University,
(4Research Institute for Humanity and Nature (RTHN)

The motivation for this study arises from a question: While it is observationally known that the Field-Aligned Current
(FAC) patterns change depending on factors such as the IMF orientation, can they also be influenced by ionospheric con-
ductance? Here note that we are targeting the FAC pattern, not the electric potential pattern for which we have reported on
various types of deformation and its causes in our past research.

Since FAC is driven by the SW-M-I dynamics, we investigate this issue using a global MHD model. We performed the
simulations with various combinations of conductance distributions and IMF orientations:

(1) Uniform conductance distribution

(2) Distribution including only the increase due to solar illumination

(3) Distribution including an increase in the auroral zone

IMF-By values were considered as zero, positive, and negative.

As an initial result, we found that when there is auroral enhancement in the conductance distribution, the FAC patterns
exhibit dawn-dusk asymmetry. We will show further details, including other results and discussions related to SW-M-I cou-

pling.
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Hybrid particle simulation for ions dynamics in Mercury’s inner magnetosphere
#Toramaru TAKAMURA"), Hideyuki USUIY, Yohei MIYAKEY), Masaharu MATSUMOTO?
(1Kobe University Graduate School of System Informatics, (2Information Technology Center, Fukushima University

Mercury, like Earth, has an intrinsic magnetic field. However, because it is the innermost planet of the Solar System and its
magnetic field is weak, it responds sensitively to solar wind fluctuations, creating a unique magnetospheric environment with
characteristics similar to but distinct from Earth’s magnetosphere. Due to the harsh environment, past in situ observations
have been limited to Mariner 10 and MESSENGER. Much remains unknown about the plasma environment of Mercury’s
magnetosphere, particularly its internal current structure and associated particle dynamics. The ongoing BepiColombo in-
ternational mission is expected to provide more detailed observational data, and advance prediction of the physical picture
through simulation studies is crucial. In this study, we employ a three-dimensional hybrid code, which treats ions as particles
and electrons as fluids, focusing particularly on the solar wind condition during the BepiColombo flyby. In addition to plasma
structures derived from the hybrid runs, we also track ion trajectories using test particle simulations using electromagnetic
field data obtained from the hybrid simulations and analyze their dynamics in detail.
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Interaction between topology and plasma dynamics of the solar wind-magnetosphere
system in the northward IMF conditions (2)

#Shigeru Fujita'), Masakazu WATANABE?), Takashi TANAKA?), Dongsheng CAI®)

(Unstitute of Statistical Matheematics, (*Kyushu University, (*University of Tsukuba

Fujita et al. [2025] discussed the quasi-steady magnetic field structure of the solar wind-magnetosphere system under
northward IMF conditions. Their discussion was framed from the perspective of the interaction between magnetic topology
and plasma dynamics. In addition, they demonstrated that the vacuum magnetic field, which is produced by the superposition
of the Earth’s dipole field and the IMF, preserves the fundamental topological form of the solar wind-magnetosphere system.
This topology provides the fundamental magnetic field structure necessary for magnetic reconnection between the IMF and
the Earth’s magnetic field. They further pointed out that the vacuum magnetic field represents the ground state of the system.
Based on this finding, they argued that the quasi-steady magnetic field structure is determined by the balance between two
forces: the deformation force exerted by plasma and the restoring force that tends to return the field to its ground state.
Furthermore, the magnetic reconnection process is inherently built into this magnetic structure. From this viewpoint, the
process of magnetic reconnection is naturally incorporated into the overall description.

We apply the above theory to a detailed poster discussion of the magnetic field structure and plasma distribution in the
solar wind-magnetosphere system under northward IMF conditions. The topics we will address include:

(1) the relationship between the magnetic field structure and plasma distribution in the tail, and the resulting plasma flow;

(2) the contribution of topology to the generation of plasma sheets and the flow path of the electromagnetic energy carried
by them;

(3) the current distribution leading to a magnetic field structure deformed from the vacuum magnetic field.

References
Fujita, et al. (2025), Fundamental physical processes of the steady solar wind-magnetosphere system in the northward
IMF condition, submitted to EPS.
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Interlinkage of closed and interplanetary magnetic flux in the magnetotail during
northward interplanetary magnetic field periods

#Masakazu WATANABEY, Takashi TANAKA?), Dongsheng CAI®), Shigeru FUJITA®

(IKyushu University, (?Kyushu University, (*Nagoya University of Commerce and Business, (*Research Organization of
Information and Systems

In global magnetohydrodynamic simulations for northward interplanetary magnetic field (IMF), interlinkage of closed and
interplanetary magnetic flux sometimes appears in the magnetotail. This indicates that the basic 2-null, 2-separator structure
of the magnetosphere is broken, at least locally. Due to numerical errors etc., however, the location of the new nulls that are
breaking down the 2-null, 2-separator structure has long been a mystery. We here propose a model in which the new nulls
appear near the two original nulls that constitute the 2-null, 2-separator structure. That is, the original magnetic null (one in
each hemisphere) multiplexes to form a null cluster (null region), and the magnetic flux interlinkage is formed within the null
region. The simplest magnetic topology of the clustering is a 4-null, 4-separator structure, with two nulls in each hemisphere
and four separators connecting them. If we trace the reconnection sequence expected in the 4-null, 4-separator structure
from the simulation results, the formation process of the magnetic flux interlinkage is obtained in a natural way. The key
reconnection is IMF-lobe reconnection that occurs simultaneously in both hemispheres (the so-called dual lobe reconnection,
DLR). In the 2-null, 2-separator structure, IMF-lobe reconnection normally occurs independently in the northern hemisphere
and in the southern hemisphere (or in the dawn hemisphere and in the dusk hemisphere), forming independent magnetic flux
circulations. The DLR mixes the two magnetic flux circulations; therefore, a steady magnetic flux circulation is no longer
maintained.
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Design and development of visible and far ultraviolet auroral imagers for the fu-
ture satellite mission FACTORS

#Takeshi Sakanoi®), Ichiro YOSHIKAWA?), Satoshi ISHII®), Mizuki FUKIZAWA®, Takanori NISHIYAMA®), Atsushi
YAMAZAKI®), Kazushi ASAMURA®), Yoshizumi MIYOSHI®)

(1Graduate School of Science, Tohoku University, ?*The University of Tokyo, (*Rikkyo University, (NIPR, CISAS/JAXA,
(6Nagoya University

We report the recent status of design and development of auroral imagers at visible and far-ultraviolet (FUV) wavelengths
for the future satellite mission FACTORS. In addition, we also concern the science objectives with these imagers. FACTORS
stands for Frontiers of Formation, Acceleration, Coupling, and Transport Mechanisms Observed by the Outer Space Research
System, which will be proposed as a next generation polar orbiting formation flight multi-satellite mission. Major scientific
targets are: 1) energy transport in the magnetosphere-ionosphere (MI) coupling system and their relationship to small-scale
auroral phenomena, 2) particle transport in the MI system by ion outflow, and. Observation of small-scale plasma parameters
and simultaneous auroral imaging data obtained with multi-satellite measurements in the altitude range from “300 km to
~3500 km enable us to understand dynamical spatial and time variations in the MI coupling system, such as an Alfvenic wave
acceleration and small-scale discrete aurora. Field-aligned current, particle distribution function, and Poynting flux obtained
with FACTORS are the key parameters to reveal small-scale aurora.

We are designing and developing visible and FUV imagers for this mission. To observe dynamical morphology of small-
scale aurora, both visible and FUV images are required to have high-spatial and high-time resolution capability. For the
visible camera, called VISAI, we require the spatial resolution of "1km x1km at apogee ("3500km altitude) with a time res-
olution of "1 to 10 frame/sec and the sufficient sensitivity for auroral intensity of “1 kR. Target auroral emission should be
permitted lines for the high-time resolution imaging, and N2 1PG (670nm) or N2+ ING (391 or 428nm) is candidate. We
have established high-spatial and high-time resolution auroral imaging measurement with MAC on the Reimei satellite and
AIC on the LAMP rocket. We require the capability of VISAI to achieve the field- of-view (FOV) of 8deg x 8deg which
mapped area on the auroral emission layer is "500km x 500km with the spatial resolution of “1.5km x 1.5km when the satel-
lite is at the apogee. We carried out the optical design of objective lens (f=120mm, F/1.5). We are selecting an appropriate
CMOS sensor to satisfy the required FOV and spatial resolution.

We developed the engineering model (EM) of VISAI with a candidate CMOS detector (Caeleste, ELFIS2), a commer-
cial objective lens (Tholab, f=200mm, F/8.3), and an interference filter 620nm with the bandwidth (FWHM) of 3nm. We
calibrated the sensitivity of VISAI-EM using the integrated sphere in NIPR on Jan. 7, 2025. By changing the intensity of
integrated sphere from 1kR/nm to 100kR/nm (at 630nm), we captured 100 images for each exposure time (1s, 0.1s, 0.01s) .
We also measured dark frame by turning off the lamp of integrated sphere. Using these data, we determined the read noise
of 21 count r.m.s., dark noise in a room temperature of 1000 count/s/pix with the A/D conversion unit of 0.259 el/count,
which is consistent with the specification of the Caeleste ELFIS2 CMOS. We estimated the counts for the case of VISAS by
converting the counts using the lens parameters between the EM lens and FACTORS lens including pixel binning. We finally
examined the SNR of auroral image including the read noise, dark noise, and photon shot noise, and validated that SNR of
~20 with a 0.1 s exposure time for 1kR auroral intensity.

Concerning the FUV imager, called FUVI, we are discussing to observe only OI 135.6nm aurora or both of OI 130.4nm
and 135.6nm. We designed the FOV of FUVI of 14deg x 14deg, which is wider FOV of VISAI The advantage of FUVTI is the
capability of FUV auroral observation in a sunlit condition. To avoid the solar contamination in the visible range, we adopt
the image intensifier (IT) with MCP as a 2D array detector. We fabricated the candidate II without coating of the photocathode
(i.e., bare MCP) for FUVI. Using this II, we developed the engineering model (EM) of FUVI, and going to test it with UV
light in FY2025 to check the performance of bare II. In addition, we will investigate the coating material of photocathode
(e.g., Csl) to gain signal-to-noise ratio obtaining better sensitivity of FUV aurora and sufficient suppression of solar visible
contamination. We will procure the II with coating, and make testing or the capability to compare with the bare II.
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Evaluation of input-output frequency characteristics for digital-type fluxgate
magnetometer

#Hayato Tanaka'), Ayako Matsuoka?

(IDivision of Earth and Planetary Sciences, Graduate School of Science, Kyoto University, (2Data Analysis Center for
Geomagnetism and Space Magnetism, Kyoto University

Recently the target of space exploration is expanded to the wider area in the solar system. As a result, observation
instruments of wider variety are installed on a single spacecraft and the technology for the in-situ observation has been
developed to design the feasible spacecraft. Digital-type fluxgate magnetometer, which is small and power-saving compared
with the conventional analog-type, is more suitable for the future exploration by spacecraft, on which more various and
smaller observation instruments would be installed. Meanwhile the devices and materials used for instruments on spacecraft
require a high degree of reliability and must be tolerant of the severe space environment, e.g., high and low temperatures
and radiation. The reliability and environment tolerance strictly restrict the available device, material and design of the
instruments. A Field Programmable Gate Array (FPGA), a digital logical processor, is used for the most processing of
the pickup signal from the sensor of the digital-type fluxgate magnetometer. The goal of this research is to develop the
processing in the FPGA of a digital-type magnetometer with improved performance over conventional one while overcoming
these limitations.

This study and development are based on the design of a digital-type fluxgate magnetometer developed for the SS-520-3
sounding rocket experiment. Since the output data from the magnetometer to the magnetic-field input depend on the
frequency of the magnetic field time variation, the frequency characteristics of the response of the magnetometer should be
evaluated with high accuracy. We numerically simulated and modeled the frequency characteristics and derived the overall
transfer function of the digital-type fluxgate magnetometer. When the frequency response of the model was compared with
the actual breadboard device designed similarly to the digital-type fluxgate magnetometer installed on the SS-520-3 sounding
rocket, differences were identified. These differences are supposed to be caused by the disagreement of characteristics of the
modulation process of the signal, particularly a phase detection unit. The fluxgate magnetometer modulates the AC pickup
voltages into DC signals corresponding to their amplitude. In the numerical model, the phase detection unit’s computations,
performed in the FPGA, may not be exactly simulated by the model due to the shortage of accuracy in the numerical
expression of the frequency characteristics of the modulation operations. Therefore, to conduct a more detailed comparison
between the actual device and the model concerning the FPGA’s operations, we established a new evaluation method. This
method involves generating a simulated pickup signal within the FPGA and extracting the phase detection output. This
allows us to obtain the frequency characteristics of the phase detection unit in isolation, enabling us to compare and revise
the frequency characteristics of the model and the actual device for just the phase detection unit. By modifying the model
based on this comparison, we aim to achieve better agreement between the frequency characteristics of the model and the
actual device.

In this presentation, we will show this new evaluation method for a more detailed investigation of the frequency character-
istics of the FPGA-based phase detection unit and discuss its results. Furthermore, we will discuss the suitable scheme to
define the FPGA parameter design to enhance the performance of digital-type fluxgate magnetometers.
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Development of an electric field measurement system in space plasmas using a

preamplifier based on a floating power supply
#Keita TANAKAY, Satoshi KURITA?), Hirotsugu KOJIMA?)
(1Graduate School of Engineering, Kyoto University, ?RISH, Kyoto University

In the observation of electric fields in space plasma, electric field detectors must cover a wide frequency range, from DC to
10 MHz, with high sensitivity. Because plasma is a dispersive medium, the impedance of electric field sensors is a function of
frequency, and impedance matching between the sensor and preamplifier is impossible. An extremely high input impedance
is required for the preamplifier to improve observation sensitivity. Additionally, electric field sensors exhibit complex features
in measuring DC electric fields, influenced by the electrostatic potentials of the sensors and spacecraft charging.

The Japanese conventional design for preamplifiers features two independent units, each dedicated to DC or AC measure-
ment, respectively. However, this structure leads to an impedance drop due to the interaction of the input impedances of two
amplifiers, which declines sensitivity, especially in DC measurements.

On the other hand, European and U.S. missions have used floating power supply preamplifiers that automatically follow the
DC voltage of the sensor by supplying power to the preamplifier at a potential independent from the satellite with an isolated
DC/DC converter, and by using the output potential of the preamplifier as the potential reference of the converter. The input
impedance in this method is theoretically infinite.

In this study, we propose a floating power supply preamplifier utilizing a bootstrapping power supply consisting of transis-
tors, rather than isolated DC/DC converters, which are commonly used in conventional floating power preamplifiers. This is
intended to operate in the same way as a European or U.S. floating power supply preamplifier, generating a constant current
from the satellite’s internal high-voltage power supply to create a floating potential independent of the satellite’s potential,
and using the preamplifier’s output as the reference for the floating potential. This device does not need a DC/DC converter in
the floating power supply, thereby eliminating the effect of switching noise on the observation results, which was a problem
with the European and American types. Moreover, since the floating power supply system uses only one preamplifier, it can
prevent sensitivity degradation in DC measurements, which was a problem with conventional Japanese satellites.

Through performance evaluations, we have confirmed that this design has a good DC response and linearity within & 98.5
V, a flat frequency response up to approximately 3 MHz, and a low noise level comparable to that of the Arase satellite in
operation.

In this presentation, we will show the outline and details of the new preamplifier under development, as well as the results
of the performance evaluation of the test circuit.
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Development of a Compact and Low-Power Plasma Wave Receiver Compatible
with CubeSat Platforms

#Takahiro Zushi®), Kosuke YAMAMOTO?), Hirotsugu KOJIMA®)

(INational Institute of Technology, Nara College, (*Kanazawa University, (®Kyoto University

In recent years, the use of CubeSats has gained significant momentum. However, due to the extremely limited resources
available on CubeSats, scientific applications have been restricted to basic observational missions. On the other hand, the use
of CubeSats in scientific observation offers significant advantages for mission cost reduction and the realization of multi-point
simultaneous observation missions. In this study, we develop an extremely compact and low-power plasma wave instrument
suitable for using in CubeSats.

To achieve miniaturization, we developed the analog circuitry for the plasma wave instrument as an Application-Specific
Integrated Circuit (ASIC). The IC includes a band-limited filter, main amplifier, and anti-aliasing filter. We successfully
implemented circuitry for six electromagnetic field channels within a 5 mm X 5 mm chip. For further miniaturization and
power reduction, we selected the low-power RP2350 processor for the digital components. The processor controls the six-
channel analog-to-digital converters and performs Fast Fourier Transforms. Additionally, the analog circuitry was designed
to allow adjustable bandwidth, dividing the entire observation bandwidth into three bands. The receiver performs FFTs on
each band to calculate the frequency spectrum across the entire bandwidth. This approach enables significantly reduces the
time spent in high sampling rate A/D conversion and decreasing power consumption.

In the presentation, we will shows the detailed design of the ASIC and the instrument, along with performance evaluation
results of the breadboard model.
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Development of Radiation Monitor for Space weather measuring Electrons (RMS-
e) for Himawari-10

#Taku Namekawa®), Kaori SAKAGUCHIY, Kenichi Otsuji®), Inchun Park), Shinji SAITO"), Takefumi MITANI?)
(1National Institute of Information and Communications Technology, CZJAXA

Radiation Monitor for Space weather measuring Electrons (RMS-e) is an electron detector that will be installed on the
next geostationary meteorological satellite Himawari-10 to provide continuous observations of high-energy electrons in the
geostationary satellite orbit over Japan. Current space weather forecasting in Japan is based on observations from the GOES
satellites, which have different conditions from the space environment around the geostationary satellite orbits over Japan.
RMS-e will provide continuous observations of energetic electrons in geostationary satellite orbits over Japan, which are
critical for improving the accuracy of space weather forecasts in Japan.

RMS-e consists of two sets of stacked solid-state detectors (SSDs) made of silicon semiconductors called RMS-e lo and
RMS-e hi. RMS-¢e lo and RMS-¢ hi are designed to measure electrons with energies in the range of 50 keV to 1300 keV and
0.8 to 6 MeV, respectively. The energy resolution of RMS-e lo is 26% for 50 keV electrons and that of RMS-e hi is 15.8%
for 1 MeV electrons based on the results of electron irradiation tests performed on the engineering model (EM) of RMS-e up
to last year. An improvement in energy resolution is confirmed based on the results of electron irradiation tests performed on
RMS-e EM this year after implementing noise reduction measures. Qualitative confirmation of the effect of the collimator,
which determines the field of view of RMS-e lo and RMS-e hi, has also been completed based on the results of electron
irradiation tests.

We are currently developing a proto-flight model (PFM) of RMS-e with the aim of supplying observation data in 2029. In
this presentation, we report on the development status of RMS-e and the results of the irradiation tests conducted on RMS-e
EM.
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Development of a General-Purpose High-Speed Analog Front-End ASIC for
Plasma Particle Instruments on board Satellites

#Shimon TAKAHASHIY, Kazushi ASAMURA?), Takahiro ZUSHI®), Satoshi KURITA"), Shoichiro YOKOTA®), Hirot-
sugu KOJIMAY)

(IKyoto University, (*Japan Aerospace Exploration Agency, (*National Institute of Technology, Nara College, (*Osaka
University

Simultaneous, multi-point measurements by multiple satellites are indispensable for the detailed observation of spatially
non-uniform space plasma. However, the substantial resources required for multi-satellite missions have limited their
implementation. Therefore, instrument miniaturization is a critical challenge to expanding opportunities for such multi-point
observations. An effective solution is to implement the instrument electronics using Application-Specific Integrated Circuits
(ASICs). We have been developing a high-speed preamplifier ASIC for a Time-of-Flight (TOF) type ion energy-mass
spectrometer. This ASIC amplifies weak current pulses from the sensor and provides a Low-Voltage Differential Signaling
(LVDS) output. Ion beam irradiation experiments have confirmed that this preamplifier has sufficient time resolution for
the TOF-type analyzers. This study aims to evolve this preamplifier into a general-purpose, high-speed analog front-end
ASIC applicable not only to ion energy-mass spectrometers but also to a wide range of particle instruments, such as electron
analyzers, by incorporating a signal-counting function. To achieve this, we have newly designed a counter circuit, an on-chip
reference voltage/current source for internal bias generation, and a Digital-to-Analog Converter (DAC) for generating an
adjustable threshold voltage to discriminate signals from noise and tune the preamplifier sensitivity. In this presentation, we
will report on the performance evaluation of a prototype chip integrating these new circuits.
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Concept design of high-sensitive high-energy electron analyzer using position sen-
sitive semiconductor detectors

#Takefumi Mitani')

(1Japan Aerospace Exploration Agency

To understand the underlying mechanisms of high-energy electron generation and loss in the Earth and planetary magneto-
sphere, we are developing a compact and highly sensitive high-energy electron analyzer. The ERG (Arase) satellite, launched
in 2016, is equipped with the high-energy electron analyzer (HEP), that uses silicon strip detectors to detect electrons that
have passed through a pinhole. These detectors consist of segmented electrodes that divide the silicon detector into multiple
channels. Each channel outputs a signal when hit by an electron, and these signals are processed using a custom-designed IC
(ASIC) to measure the position and energy of the incident electrons.

However, this design has a significant constraint: the processing speed of the measurement system. The ASICs used in
ERG/HEP process all channels simultaneously after receiving a signal from one electrode, which takes around 100 microsec-
onds per energy measurement, making it difficult to measure high counting rates. Due to this constraint, we had no choice
but to design a smaller opening and detector in order to reduce the number of incoming particles.

To fundamentally improve this design, our research aims to develop an ASIC that can read out multiple channels inde-
pendently in parallel. The envisioned ASIC will have a lower energy resolution compared to the ASIC in ERG/HEP but
still provide sufficient performance for electron measurements. Moreover, each channel will be able to process signals in-
dependently, which is a significant departure from previous designs. For example, with one silicon semiconductor detector,
we would need to process signals at 8§ MHz without any parallel processing. However, by dividing the electrodes into 64
segments and processing them in parallel, we can reduce the processing rate to around 125 kHz per channel.

This presentation will outline the concept design of an high-energy electron analyzer using our envisioned ASIC and present
future development plans.
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