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One-dimensional numerical simulation and empirical construction of Pseu-
dostreamer

#Kyogo Tokoro!), Munehito Shoda®), Shinsuke Imada®)

(1 The University of Tokyo

The Earth’s surrounding space, where human activities take place, is constantly exposed to the supersonic plasma flow
from the Sun, known as the solar wind. The solar wind can sometimes cause disruptions to artificial satellites and power
infrastructure, leading to potential chaos in social systems. To mitigate these impacts, it is essential to predict the density and
velocity of the solar wind near Earth. The SUSANOO model, currently in operation by the National Institute of Information
and Communications Technology, serves as an example of such predictive models. This model estimates the solar wind
velocity at 25 solar radii using an empirical model based on the expansion factor of magnetic flux tubes (Wang & Sheeley
1990, Arge & Pizzo 2000), and calculates the solar wind velocity and structure beyond this point by directly solving the
magnetohydrodynamic equations (Shiota et al. 2014). While this empirical formula is effective in regions with relatively
simple magnetic structures, such as coronal holes, it has been suggested that it tends to overestimate the solar wind speed
in the region between coronal holes of the same magnetic polarity, known as the pseudostreamer (Riley et al. 2015). This
is thought to be due to the non-monotonic distribution of the magnetic flux tubes within the pseudostreamer, with roughly
20% of flux tubes exhibiting non-monotonic expansion factors. In other words, whenever a pseudostreamer appears, there
is a risk of a significant decrease in the accuracy of space weather models, including SUSANOO. Therefore, this study
aims to develop a new empirical solar wind speed formula that accurately accounts for the pseudostreamer. To consider the
effects of the non-monotonic expansion of the pseudostreamer, we performed one-dimensional solar wind MHD numerical
simulations, varying the shape parameters of the magnetic flux tubes for both monotonic and non-monotonic cases. As
a result, we found that even under conditions that yield the same speed prediction in the Wang-Sheeley model, cases
could arise where the speed is reduced by up to several hundred km/s, the density increases by about three times, and the
temperature decreases to about half. These results are consistent with observational data indicating that the solar wind from
pseudostreamers tends to have relatively low speeds. Furthermore, a parameter survey of approximately 80 cases indicated
that the weighted integral of the expansion factor is a more effective feature than the convergence value of the expansion
factor used in the WS rule, allowing a unified description of both regular coronal holes and pseudostreamers. Our findings
suggest the potential for improving solar wind velocity models without new observational data.
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Characteristics of sunspots that increase the interplanetary magnetic field
#Minami Yoshida'-?), Toshifumi Shimizu®-?), Shin Toriumi?), Haruhisa Iijima®
(I The University of Tokyo, ZISAS/JAXA, (3Nagoya University

The solar “open” magnetic field in the solar corona extends into the interplanetary space with the solar wind to create
the heliosphere. The magnetic field structure of interplanetary space is important as the basis for space weather. Therefore,
magnetic field development is a key to understanding how solar activity creates the heliosphere and interplanetary space.
However, comprehensive interplanetary space magnetic field (IMF) observations are difficult. Therefore, understanding the
structure of the heliospheric magnetic field has been advanced by estimating the open flux from observable photospheric
magnetic field information and comparing it with the IMF observed in situ near the Earth. However, the understanding is still
poor, as there is a problem that the estimated values underestimate the in situ observed values by a factor of 2-5 (Linker et al.,
2017). Yoshida et al. (2023) suggest that the photospheric magnetic field at mid- and low-latitude is important to increase the
open flux.

In this study, we investigate how low-latitude active regions during the solar maximum contribute to the evolution of the
open flux. First, the dipole sunspot groups were placed in magnetograms and the magnetic field was diffused for one year by
the surface flux transport model. The sunspot parameters are latitude, longitude, and sunspot tilt angle. Second, the coronal
magnetic structures and open flux were calculated by magnetograms using the potential field source surface (PFSS) model. As
a result, the open flux extending from sunspot groups tended to increase up to 3-4 months after sunspot emergence, depending
on the tilt angle of the sunspot group and the latitude of emergence. Further analysis shows that the simulated increase in
open flux is produced by the equatorial magnetic dipoles, which are formed by a largely tilted sunspot group sheared by
the differential rotation. Comparing these results with observations is expected to provide a detailed understanding of the
structure leading from solar low-latitudes to interplanetary space.
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Solar cycles and extreme space weather events in the Medieval Solar Activity Max-
imum
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(IMusashino Art University, (2National Institute of Polar Research, (®National Institute of J apanese Literature, (4Yamagata
Univ., ®Tohoku Univ., (®Hirosaki Univ., ("Nagoya Univ.

4), Toru Moriya®), Mirei Takeyama®), Sakurai

Solar activity indicates centennial and longer-term variations in addition to the basic decadal-scale cycles. Such long-term
variations sometimes result in extremely high solar activity periods, such as the Medieval Solar Activity Maximum. During
this time, several large sunspots and red auroral events were recorded in the literature. In this presentation, we report solar
cycles based on the annually measured carbon-14 content in tree rings from around 1190-1120 CE, one of the periods when
the Sun was most active. We find that solar cycles were modulated to be shorter compared to the modern period. Comparison
with extreme space weather events and solar cycles suggests that extreme events can also occur near the minima of solar
cycles during such high solar activity periods.
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Contribution to space weather research by SOLAR-C
#Shinsuke Imada®)
(IThe University of Tokyo

As a fundamental step towards answering how the plasma universe is created and evolves, and how the Sun influences
the Earth and other planets in our solar system, the proposed mission is designed to comprehensively understand how mass
and energy are transferred throughout the solar atmosphere. Understanding the solar atmosphere, which connects to the
heliosphere via radiation, the solar wind and coronal mass ejections, and energetic particles, is pivotal for establishing the
conditions for life and habitability in the solar system. SOLAR-C is a mission designed to provide a conclusive answer to the
most fundamental question in solar physics: how does the interplay of magnetic fields and plasma drive solar activity? The
most significant examples of this interplay are atmospheric heating and explosive energy release, such as flares and coronal
mass ejections (CMEs). Thus, the two primary science objectives for SOLAR-C are:

I. Understand how fundamental processes lead to the formation of the solar atmosphere and the solar wind.

II. Understand how the solar atmosphere becomes unstable, releasing the energy that drives solar flares and eruptions.

In order to advance our understanding of the mysterious Sun, especially of the origin of the hot solar atmosphere and the
occurrence of the solar flares, the SOLAR-C mission concept tackles the scientific objectives by taking the following unique
approaches:

A. To seamlessly observe all the temperature regimes of the atmosphere from the chromosphere to the corona simultane-
ously,

B. To resolve elemental structures of the solar atmosphere and track their changes with sufficient cadence, and,

C. To obtain spectroscopic information on dynamics of elementary processes taking place in the solar atmosphere.

Towards answering how and when the Sun causes disturbances to the Earth and other planets, quantification of physical
conditions in and around the flare-productive active region obtained from SOLAR-C observations will advance our under-
standing of the physical processes of the solar flares and eruptions. The knowledge will be utilized to develop new algorithms
of flare predictions and estimate impacts on the terrestrial environments with the help of other observations and theoretical
modeling. It is expected that in the forth-coming decades, humanity will expand its territory to the Moon and Mars. The
knowledge obtained by SOLAR-C will be utilized to predict space environments of the Earth, Moon, Mars, and beyond,
supporting the sustainable space exploration.
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Temporal change of high reconnection rate environment in the solar coronal mag-
netic field before the solar flare in AR11158

#Koji Kondoh")

(1Research Center for Space and Cosmic Evolution, Ehime University

Solar flares are thought to be explosive releases of magnetic energy due to magnetic reconnection. On the other hand, we
have demonstrated the relationship between the magnetic reconnection rate and the magnetic field strength ratio and shear
angle on both sides of the current layer through large-scale and high-spatial resolution numerical calculations of asymmetric
magnetic reconnection. In this presentation, we report on the identification of regions with magnetic field strength ratios and
shear angles that may lead to high magnetic reconnection rates in the solar coronal magnetic field before a solar flare, and the
results of investigating their temporal variations and their relationship with solar flares.
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Enhancement of an Explainable AI Model for Solar Energetic Particle Event Pre-
diction and Analysis of its Decision Rationale

#Naho Fujita?), Yuta Kato'?), Kanya Kusano?), Chihiro Mitsuda''?), Yasuhide Ishihara®

(IFujitsu Limited, Institute for Space-Earth Environmental Research, Nagoya University

As human activities in space, such as the Artemis program, become increasingly ambitious, ensuring safety in the space
environment is important. To address this, Fujitsu Ltd. and Tokai National Higher Education and Research System (THERS)
entered into a comprehensive agreement in early 2023 to conduct joint research on space weather. A key focus of this research
is Solar Energetic Particle (SEP) events, which are mostly triggered by solar flares (SFs) and coronal mass ejections (CMEs),
and can pose risks to human health and space systems.

This study builds upon our previous work developing an explainable AI model for SEP event binary prediction. We utilize
Wide Learning, a technology developed by Fujitsu, to perform multi-class classification of SFs. This model classifies SFs
into three categories: those not associated with SEP events, those associated with SEP events below S2 threshold (based on
NOAA scales, >10 MeV, >= 100 pfu), and those associated with SEP events abobe S2 threshold.

We enhanced our previous model by incorporating data from Solar Cycle 25, including approximately 20 new SEP events
identified by July 2024. The dataset comprises 56 features derived from GOES/XRS X-ray data, SDO/HMI magnetic field
data, and the x -scheme flare prediction data (Kusano et al. 2020).

The strength of Wide Learning lies in its ability to not only predict but also provide insights into its decision-making pro-
cess. The model automatically extracts categorical features and numerical patterns that are significantly associated with each
prediction class. This allows us to analyze the specific conditions that differentiate flares associated with different SEP event
severities.

This presentation will discuss these results of our model enhancement achieved by new data and expanding to a multi-class
classification approach. We will also delve into the analysis of the decision rationale provided by the Wide Learning. This
analysis provides valuable insights driving SEP event occurrence and severity, ultimately contributing to more reliable space
weather forecasting and risk mitigation for future space exploration.
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Solar Wind Parameter Dependence of the Radiation Belt Electron Flux Variations
using the XAI technique

#Yuta Nishimiyal), Yoshizumi Miyoshi2), ChaeWoo Jun®), Tomoaki Hori%), Takefumi Mitani®), Iku Shinohara®, Takeshi
Takashima®, Nana HigashioG), Kazushi Asamura”, Shinji Saito®, Daikou Shiota?®

(Unstitute for Space-Earth Environmental Research, Nagoya University, (2Institute for Space-Earth Environemental Re-
search, Nagoya University, (Institute for Space-Earth Environmental Research, (“Institute for Space-Earth Environmen-
tal Research, Nagoya University, (°Japan Aerospace Exploration Agency, Institute of Space and Astronautical Science,
(6Japan Aerospace Exploration Agency/Institute of Space and Astronautical Science, ("Japan Aerospace Exploration Agency,

(8National Institute of Information and Communications Technology, (?National Institute of Information and Communica-
tions Technology (NICT)

The radiation belt is a region in the inner magnetosphere where the most energetic electrons in geospace are trapped by
the Earth’s magnetic field. Significant variations in energetic electron flux occur during magnetic storms, and a continu-
ous increase in the outer belt electron flux often leads to satellite anomalies. Thus, forecasting flux variations of energetic
electrons is crucial for mitigating these risks and is a key aspect of space weather research. We have developed a forecast
model for outer belt electron flux variations using a recurrent neural network (RNN) with a long short-term memory (LSTM)
architecture. This model utilizes electron flux data obtained by the Arase/HEP and XEP instruments, which observe electrons
in the energy range of “100 keV to "3 MeV, along with solar wind parameters. Furthermore, we have incorporated Shapley
Additive exPlanation (SHAP) from eXplainable Artificial Intelligence (XAI) into our model to analyze the relative contribu-
tion of the input parameters affecting electron flux variations. The SHAP values indicate that both the solar wind speed and
the time-integrated southward IMF significantly contribute to the flux enhancement. Solar wind speed is the primary factor,
accounting for more than 50% of the flux enhancement, with the southward IMF Bz also playing a significant role. Solar wind
density at >5/ cm3 contributes to the loss of electron flux. These findings using SHAP are consistent with previous statistical
analyses. We also performed a similar SHAP analysis to compare the relative contributions of these input parameters for the
electron flux variations between CME- and CIR-driven storms in different L-shell regions. The results show that southward
IMF is more effective for flux enhancement in CIR-driven storms and lower L-shell regions compared to CME-driven storms
and larger L-shell regions. The diagnostic of the radiation belt variation using XAI not only improves the forecasting skill
with Al but also enhances our understating of parameter dependencies on the radiation belt flux variations.
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Analysis of the surface charging events and their plasma environment of the Van
Allen probes

#Masao Nakamura®), Daichi Matsui®)

(I Department of Aerospace Engineering, Osaka Metropolitan University

Spacecraft surface charging is induced by the interaction of ambient plasma with the spacecraft surface and sometimes
causes spacecraft anomalies due to electrostatic discharging (ESD) in the inner magnetosphere. We studied surface charging
events of the Van Allen Probes using their Electric Field and Wave (EFW) instruments and their Helium Oxygen Proton
Electron (HOPE) sensors from 2012 to 2019. During daylight, almost all surface charging (< — 10 V) events are observed
in the region from night to dawn where L. >4 Re, and during the first three years, which correspond to the solar maximum
phase. Analysis of the period shows that the large integral flux of high-energy (>8 keV) electrons is a necessary condition
for negative charging. However, the charging rate is less than 0.2, even under severe flux conditions. Statistical analysis
indicates that secondary electron emission induced by sufficient electron flux with energies in the hundreds of eV prevents
negative charging in the inner magnetosphere. In the last five years, which correspond to the solar declining and minimum
phases, almost no charging events are observed, even though severe plasma conditions, which are similar to those of the first
three years, occur occasionally in the declining phase and rarely in the minimum phase. We discuss the effects of surface
material degradation due to years of exposure, resulting in an increase in the secondary electron emission coefficient, and
how to model the plasma environment for the statistical analysis of surface charging in the inner magnetosphere.
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Development of Radiation Monitors for Space Weather (RMS) on Geostationary
Earth Orbit Satellite

#Shinji Saito?), Kaori Sakaguchi®), Kenichi Otsuji'), Taku Namekawa'), Inchun Park!), Naoko Takahashi®), Kaisei Enoki®),
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Takuya Tsugawa'), Ryutaro Suzuki®), Naoto Kadowaki®)

(INational Institute of Information and Communications Technology, (*Japan Aerospace Exploration Agency, Institute of
Space and Astronautical Science, (*Tokyo City University
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X-ray Investigation of non-thermal plasma in ’X10,000,000-class” flare of the RS
CVn binary star

#Miki Kurihara!®), Wataru Iwakiri®), Masahiro Tsujimoto®, Ken Ebisawa'*®), Shin Toriumi®, Shinsuke Imada®), Yohko
Tsuboi?), Kazuki Usui®), Gendreau Keith®, Arzoumanian Zaven®

(IThe University of Tokyo, (2Chiba University, *ISAS, (*Chuo University, °NASA GSFC

Flare phenomena in stars, including the Sun, are based on common physical processes, albeit on different scales. Insights
of plasma heating and evolution gained from studying giant stellar flares, which are rare on the Sun, are expected to provide
a deeper understanding of the flare mechanisms and their ripple effects on the surrounding environment. In this presentation,
we focus on the non-equilibrium ionization (NEI) processes in plasma and report on the X-ray spectroscopic observations of
a GOES X10,000,000-class flare that occurred in an RS CVn-type binary system.

In the case of sudden stellar flares, it is expected that in addition to the collisionally ionized equilibrium (CIE) plasma with
a temperature of around T ~ 107 ~ 8 K, which is the main component of X-ray emission, NEI plasma also exists. However,
observational evidence for NEI in flares is still scarce. In solar flares, the time scale to reach CIE is very short, on the order
of tens of seconds. On the other hand, in giant flares on active stars, longer time scales are expected, but capturing and
analyzing sudden flares, whose occurrence location in the celestial sphere cannot be predicted, is challenging with a single
X-ray instrument. We overcame this difficulty with the "MANGA (MAXI and NICER Ground Alert)” project, which started
in June 2017. This system detects transient objects with the wide-field, low-sensitivity all-sky X-ray monitor MAXI, and then
immediately follows up with high statistics X-ray observations using the narrow-field NICER instrument, both payloads on
the International Space Station.

In our analysis, we focused on a flare event that occurred in UX Arietis (UX Ari), one of the representative success cases
of MANGA, on August 17, 2020. Approximately 90 minutes after the detection by MAXI, NICER successfully conducted
observations before the flare peak for the first time and continued to observe until the flare had significantly decayed, for about
five days. In the 0.5-8 keV range, the peak X-ray luminosity was 2 X 1033 erg s~ !, and the total X-ray emission energy
during the flare was ~ 1038 erg. We investigated the possibility of NEI plasma by examining the intensity ratio variations of
the Fe XXV He a and Fe XXVI Ly a emission lines. While the X-ray spectrum across the entire flare was consistent with
a CIE plasma model, during the rising phase of the flare, the spectrum could also be explained by an ionizing plasma model
that deviated from CIE. Additionally, we estimated the flare loop size to be 3 X 10'! cm and the peak electron density to be
approximately 4 X 100 cm™ 3.
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ERMLZELE 7L 7 OBFIIBWTIE, X o Tma e %2 T~ 107 - 8 K OHEERES (CIE) 75 X~ 12/l
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Reproduction of electron density in the lower ionosphere during solar flares by
PHITS code

#Shinnosuke Kitajimal), Kyoko Watanabel), Hidekatsu Jin2), Chihiro Tao?), Satoshi Masuda3), Michi Nishioka?, Kiyoka
Murase®)

(1National Defense Academy of Japan, (?National Institute of Information and Communications Technology, (*Nagoya Uni-
versity, (4National Institute of Polar Research

Solar flare emissions cause ionization of the ionosphere and rapid variation in electron density. Shortwave fadeout (SWF)
is caused by increased electron density in the lower ionosphere, primarily due to flare X-ray emission. There are several
simulation models for the whole global atmosphere, which can provide electron density variations throughout the ionosphere
in solar flare emissions (e.g., GAIA: Jin et al., 2011; WACCM: liu et al., 2010). However, these models do not calculate the
electron density variations in the lower ionosphere accurately. In order to estimate the occurrence and magnitude of SWF, it
is necessary to accurately estimate the altitude distribution of electron density variation in the ionosphere during solar flare.

In this study, we use the PHITS code (Sato et al., 2024), a particle transport and collision simulation code using the Monte
Carlo method, to reproduce electron density variations in the lower ionosphere due to flare X-ray emission. We input the
GOES X-ray data into PHITS to simulate the ionization rate (q) in the ionosphere. At this time, we also derived the effective
recombination coefficient (a .yr) using the electron density (n.) observed by EISCAT from n.2 =q/a . rf- The a c5f
values are almost consistent with a .7y data during solar flares in the daytime given by Gledhill (1986). Then we reproduced
the electron density (n.) in the lower ionosphere using obtained a .yy values. Finally, we compare the electron density
calculated by PHITS with the electron density observed by EISCAT during the daytime since 2010. The electron density by
EISCAT is reproduced within the range of 1 ¢ standard deviation of the electron density by PHITS.

The occurrence and magnitude of SWF can be known from the minimum reflection frequency in the ionogram (f,,,;y),
and the variation of f,,;,, value during solar flare corresponds to the electron density variation in the lower ionosphere. We
simulated f,,;,, values using the electron density calculated by PHITS. Then, we compared their simulated f,,;, with ob-
served f,,,;, and validate the reproduction of electron density by PHITS. The correlation coefficient between the simulated
and observed f,,,;,, values is 0.87, and the true positive rate of blackouts is ~80%. In this presentation, we will discuss the
reproduction of electron density variations using PHITS in comparison with electron density calculated by GAIA model.
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Solar Hydrogen Lyman line emissions from solar flares and their effects on the
Earth’s ionosphere

#Ryosuke Okubo'), Kyoko Watanabe), Shinnosuke Kitajima®), Satoshi Masuda®), Akimasa Ieda®), Hidekatsu Jin®), Chihiro
Tao®), Michi Nishioka®

(INational Defense Academy of Japan, Institute for Space-Earth Environmental Research, (*National Institute of Informa-
tion and Communications Technology

It is well known that solar EUV emission (10-124 nm) significantly contributes to the ionization of the Earth’s ionosphere.
Among them, the Lyman-alpha line (Ly a, 121.6 nm) is the hydrogen line with the largest irradiance, making up more than
half of the EUV irradiance from the transition region (Fontenla et al., 1991). Therefore, Ly a is considered to influence
the ionization of the ionosphere. However, Ly a does not have enough energy to ionize the oxygen and nitrogen atoms
and molecules that are abundant in the Earth’s atmosphere. On the other hand, Lyman-beta (Ly {3, 102.6 nm), has a shorter
wavelength than Ly a and sufficient energy to ionize oxygen molecules. Understanding how solar EUV emission, including
these Lyman lines, affects the ionization of the Earth’s atmosphere is crucial importance for space weather.

Due to its strong irradiance and expected influence on space weather, Ly a has been observed by many satellite instru-
ments. Currently, GOES/EUVS-E is observing the time variation of Ly a and Solar Orbiter/EUI is observing the image
of Ly a. Milligan et al. (2020) showed the relevance of the Ly a to space weather phenomena by investigating the time
variations of soft X-rays, Ly a, and the Kakioka magnetometer (reflecting the response of the ionospheric E-layer) during
the X1.8-class flare on September 7, 2011. They concluded that Ly a emission affected the ionospheric E-layer because the
Ly a peak preceded the Kakioka magnetometer’s peak, while the soft X-ray peak occurred later than the Kakioka magne-
tometer’s peak. However, Ly a cannot ionize atoms and molecules in the ionospheric E-layer. Therefore, Ly {3 or other
shorter-wavelength EUV emissions with similar time variations to Ly a could have affected the ionosphere.

In this study, we first investigated the behavior of Ly a observed by GOES/EUVS-E and Ly 3 obtained from SDO/EVE
during solar flares. We investigated 40 M-class or larger flares that occurred between 2010 and 2014. We found that the time
variations of the Lyman lines during flares were almost identical for both Ly a and Ly [3. However, the increase rates in
irradiance of Ly 3 was more than 2.5 times higher than that of Ly a. Additionally, all EUV emissions, including Lyman
lines, reached their peaks several minutes earlier than soft X-rays.

Furthermore, to investigate which wavelengths of solar flare EUV emission affect the ionization in the Earth’s ionosphere
at which altitudes, we used the GAIA model (Jin et al., 2011), which can simulate ionization in the Earth’s ionosphere by
inputting the flare spectrum. The results of the GAIA simulations show that Ly (3 has a significant impact on ionization in
the ionospheric E-layer (altitude 90-150 km). In particular, it was confirmed that Ly {3 ionizes nearly half of the oxygen
molecules (O») at an altitude of around 100 km.

In this presentation, we will also report on the results of comparing these GAIA calculations with observations from
ionosondes to verify the actual impact of Ly [3 on the ionospheric E-layer.

KI5 EUV it (10-124 nm) (3HIREBHE OBBICKECFELTWL BN TWS, 2D K EUV S D
HTH I ~vrafi (Ly afl, K 121.6 nm) 3RS HEIEVWKERTH D, EFED S D EUV BHOF7M Rz
i T3 (Fontenlaetal, 1991), D7, Ly aftldBEEEOBBICHDHEL TWIEZ LN TVSEM, Ly affld
HIER K RN B EICIEE T 2MBASLERDOFT - D FE2BEM T 2 AL X — %2> TW0iRWV, —h, ALKEDIA <>
MTHdI74~> B (Ly BFRL. IR 102.6 nm) 1. Ly afik b dHVIKELZHFD, RS FEA 4 LT 201 +5
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Development of Upper Atmospheric Assimilative Model using GAIA

#Hidekatsu Jin"), Satoshi Andoh?), Chihiro Tao'), Yasunobu Miyoshi®), Hiroyuki Shinagawa®), Hitoshi FUITWARA®)
(INational Institute of Information and Communications Technology, (?National Institute of Information and Communica-
tions Technology, (®Department of Earth and Planetary Sciences, Faculty of Sciences, Kyushu University, (4International
Research Center for Space and Planetary Environmental Science, Kyushu University, (°Seikei University

Prediction of the earth’s ionosphere and thermosphere is an important topic of space weather research, since the variation
in these regions have impacts on the GNSS applications and communications as well as satellite operations.

For the purpose of upper atmospheric prediction, we are developing a data assimilative model using a whole atmosphere-
ionosphere model called GAIA and ionospheric observations. We adopt an ensemble Kalman filter approach, in which the
most probable solution is obtained in considering observation errors and model uncertainties. It is necessary for the approach
being effective that the model uncertainty is well reproduced by the ensemble. For this reason, we first selected several
uncertain parameters used in GAIA by examining the sensitivity of the model output to those parameters and incorporated
the parameters into the data assimilation scheme. We will introduce our data assimilation method and report its prediction
performance.
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Development of all-sky camera network over Antarctica
#Ryuho Kataoka'), auroraXcosmic project!)
(INational Institute of Polar Research

We report the latest development status of international all-sky camera network over Antarctica under the auroraXcosmic
project (NIPR/JARE/AJ1007, 3rd year of 6 year project). We successfully started two-wavelength observations (391.4 nm
and 630.0 nm) at Syowa station since March 2023, and we will install identical observation suites at Davis and Casey stations
in the polar cap area since March 2025. Further, we will install modified versions at Dumont d’Urville and Concordia
("magnetic pole) stations since March 2025. We discuss the future development (wind generator system etc.) to realize the
unmanned observation at Dome Fuji II.




R010-15
B&E :11/27 PM1 (13:15-15:15)
14:30~14:45

SHRBZRAS LUV L—HA—BAZRAV:. YT —LEDOBRICE|T S ERS
OB DR

#PK 9536 1, F)1| BEIE 2), Ohtani Shinichi®), A &1 4

ka2, 2 fUR/FE2EmT2eRE, GTHU/APL, 4 fLT K

Statistical analysis of electromagnetic field response during substorms on
day/night sides using global magnetic and radar data

#Moe Hayashi'), Akimasa Yoshikawa?), Shinichi Ohtani®), Akiko Fujimoto®)

(IDepartment of Earth and Planetary Sciences, Graduate School of Science, Kyushu University, (?Department of Earth and
Planetary Sciences, Kyushu University, (*The Johns Hopkins University Applied Physics Laboratory, (Kyushu Institute of
Technology
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Diurnal and Seasonal Variations of Quiet-Time Geomagnetically Induced Cur-
rents in Power Transmission Systems in Japan

#Shun Idei"), Satoko Nakamura®), Yoshizumi Miyoshi®), Yusuke Ebihara®), Shinichi Watari®)

(Mnstitute for Space?Earth Environmental Research, Nagoya University, (*Nagoya University, *Institute for Space-Earth En-
vironement Research, Nagoya University, (‘Research Institute for Sustainable Humanosphere, Kyoto University, (°National
Institute of Information and Communications Technology

This study investigates the characteristics of long-term variations in geomagnetically induced currents (GICs) in Japan,
with a focus on the Kanto region. In response to the recent growing awareness of GIC risks in geomagnetically low- to
mid-latitude regions, observations at several points in Japan islands have been conducted (Watari et al. (2021), Nakamura
et al. (2017)). However, these studies have primarily concentrated on periods of high geomagnetic activity, and GICs in
Japan during magnetically quiet intervals have not been well understood. Although GIC amplitudes during quiet periods
are relatively small, continuous currents may still have the potential to impacts on underground gas pipelines. Therefore,
we focus on the characteristics and causes of GICs during magnetically quiet intervals in Japan. Additionally, we evaluated
techniques to calculate GICs using the geomagnetic field observations. In this study, we selected five geomagnetically quiet
days each month based on the Kp index . We analyzed the average diurnal variations of both GIC and geomagnetic variations
for each season (spring/summer/fall/winter) using Superposed Epoch Analysis. Our findings indicate a strong correlation
between the diurnal variation of GIC and the diurnal variation of the Sq current. Furthermore, we used the method developed
by Ebihara et al. (2021) to estimate GIC from the geomagnetic data in the ground. The calculated GIC accurately reproduced
the observed diurnal patterns, except for specific time periods in UT (LT), demonstrating that the magnetic fields generated
by the Sq current can account for the observed GIC variations. We conclude that the diurnal and seasonal variations in GIC
in Japan are predominantly caused by geomagnetic variations associated with the Sq current.
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Estimation of geomagnetically induced current (GIC) using the global MHD sim-
ulation of the magnetosphere 7

#Shinichi Watari®), Aoi Nakamizo?), Yusuke Ebihara®)

(INational Institute of Information and Communications Technology, (?National Institute of Information and Communica-
tions Technology, (®Research Institute for Sustainable Humanosphere, Kyoto University

‘We have been studying the calculation of geomagnetically induced current (GIC) using the result of the NICT global MHD
simulation with real-time solar wind data as input. It is necessary for the GIC calculation to consider (1) calculation of geo-
magnetic filed variation using the simulation, (2) calculation of electric field variation from the geomagnetic field variation,
and (3) calculation of GIC from the electric field variation. We have developed a method to calculate electric field variation
at high latitude with 2 degrees by 2 degrees resolution using the magnetic field variation obtained from the simulation and the
underground conductivity model and a method to calculate GIC using a simplified power line model. We have also developed
a method to calculate electric field variation at low latitude using the Burton model with cross polar cap potential calculated
by the simulation. Occurrence of geomagnetic storms has increased according to progression of solar cycle 25 and large
GICs associated with them also have increased. We will report the GIC observation and the calculation using the result of the
simulation on several magnetic storms.
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Hinode observation of long-term variation of magnetic fields in the Sun’s polar
regions in Cycle 24 and 25
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Multipoint spacecraft measurements of the ICME structure in October 2021
#Yumi Bamba'), Takuya Hara?), Ryuho Kataoka®), Katsuhide Marubashi®), Kazumasa Iwai*), Tomoaki Hori®), Daikou
Shiota"), Go Murakami®), Beatriz Sanchez-Cano® , Daniel Heyner”, Ingo Richter”), Hans-Ulrich Auster”)

(1National Institute of Information and Communications Technology, (?SSL/UCB, (®National Institute of Polar Research,
(Institute for Space-Earth Environmental Research, Nagoya University, (°Institute of Space and Astronautical Science, Japan
Aerospace Exploration Agency, (6University of Leicester, UK, ("Institute for Geophysics and extraterrestrial Physics, Tech-
nical University of Braunschweig, Germany

We study a coronal mass ejection (CME) structure that propagated through the inner heliosphere in October 2021, which
was simultaneously observed by the five spacecraft including BepiColombo, Solar Orbiter, Parker Solar Probe, STEREO-A,
and ACE located at different radial distances and heliospheric longitudes. Interestingly, at least four of the five observed a
dip-like signature in the magnetic field embedded in the CME. We investigate the cause of the dip-like signature on the basis
of both in-situ solar wind data and solar surface data. We identified and examined the flare-triggering structure of the M1.6
flare, which is likely to cause the CME; however, there is no clear evidence that the flare also caused a dip-like signature in
the CME being ejected. We then inferred that the dip-like signature represents a planer magnetic structure (PMS) embedded
in the CME-driven sheath. A result of the minimum variance analysis (MVA) applied to the observations confirms that the
magnetic field vectors associated with the dip-like signature lied along the plane perpendicular to the minimum variance
direction, which planer structure is consistent with characteristics of PMS proposed by previous studies. We discuss how the
dip-like signature was distributed in the CME sheath and how it formed. Our MVA results suggest that the magnetic field
of the dip-like signature was distributed along the shock surface at least at the Solar Orbiter and ACE locations. We further
suggest on the basis of the estimated shock parameters that the CME-driven shock had been developed more furiously than
usual during the initial phase of its propagation in the inner heliosphere.
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Solar Microwave Observations with the Yokosuka Radio Polarimeter (YoRP)
#Kyoko Watanabe!), Masumi Shimojo?), Kazumasa Iwai®), Satoshi Masuda®

(INational Defense Academy of Japan, (*National Astronomical Observatory of Japan, (Institute for Space-Earth Environ-
mental Research, Nagoya University

X-ray (0.1-10 nm) and extreme ultraviolet (EUV: 10-124 nm) emissions from the Sun ionize atoms and molecules in the
Earth’s upper atmosphere and contribute to the formation of the ionosphere. The ionosphere is used for satellite and terres-
trial communications. Since the ionospheric environment fluctuates with the 11-year solar cycle and sudden space weather
phenomena such as solar flares, it is necessary to monitor and predict the ionospheric environment to keep a stable commu-
nication environment.

Observations of solar X-rays and EUV emissions, which have a large impact on the ionosphere, are limited to the period
of satellite operation. On the other hand, microwave emissions from the Sun can be observed on the ground. It is known
that there is a good correlation between solar microwaves and solar EUV emissions, and microwave at 2.8 GHz (F10.7) have
traditionally been used as proxies for EUV emission when estimating the impact of solar emissions on the Earth’s upper at-
mosphere, including the ionosphere. Recently, however, it has become clear that F10.7 alone cannot explain the actual affect
to the Earth’s upper atmosphere, because the variation of the EUV spectrum varies with wavelength. For this reason, studies
such as Zhang & Paxton (2018) have recently been conducted to reproduce solar EUV radiation from multiple frequencies of
radio observation data using machine learning.

Therefore, we have also studied the reproduction of variations in the EUV emission spectrum due to solar cycles and solar
flares by machine learning methods using multi-frequency microwave observation data from the Nobeyama Radio Polarime-
ters (NoRP). The variation of the EUV emission spectrum due to solar cycles is successfully reproduced by a machine-learning
model. The frequencies of microwaves contributing to the reproduction of EUV spectrum is also investigated, and it is found
that low-frequency radio waves such as 1 GHz and 2 GHz contributed significantly to the reproduction of EUV spectra. On
the other hand, for the EUV emission spectrum during solar flares, the SDO/EVE observation data are used to reproduce the
total amount of EUV emissions at each wavelength for each flare event. During flares, good correlations are found between
the EUV spectra and microwave emissions at higher frequencies, such as 17 GHz and 35 GHz.

Thus, radio emission data over a wide range of frequencies are needed to understand space weather conditions. In Japan,
radio emissions have been observed in Toyokawa and Nobeyama for more than 70 years, but the observed frequencies are
limited to seven: 1, 2, 3.75, 9.4, 17, 35 and 80 GHz. A new solar radio observation system to obtain the dynamic spectrum
of microwave including these frequencies has now been installed at the National Defense Academy of Japan. In this presen-
tation, we introduce the Yokosuka Radio Polarimeter (YoRP) and reports on the latest data acquisition status.
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Current Status of the YOTSUBA-KULOVER Satellite for Precise Geomagnetic

Observations

#Kentarou Kitamura®), Hirokazu Masui'), Shuji Abe?, Teiji Uozumi?), Mariko Teramoto"), Akiko Fujimoto!), Akimasa
Yoshikawa?), Meng Cho'), YOSTUABA-KULOVER Team'?)

(1Kyushu Institute of Technology, (*Kyushu University, (*Kyushu Institute of Technology, (® Department of Earth and Plane-
tary Sciences, Kyushu University

Since the first launch of the CubeSat in 2003, many universities and institutes have been developing the CubeSat for the
purpose of the aerospace educations. As the commercial use and science observations came to increase from 2013, the num-
ber of CubeSat launches exponentially increased. Although many universities in Japan also started many CubeSat programs,
their missions are mostly focused on the technology demonstrations.

YOTSUBA-KULOVER satellite is a 2U size CubeSat developed under the collaboration between Kyushu Institute of Tech-
nology (Kyutech) and Kyushu University to observe the geomagnetic field variations associated with Field Aligned Currents
(FAC) and Current Wedge (CW) due to the substorms and with Interhemispheric Field Aligned Current (IHFAC) during the
quiet period. The development of the satellite was conducted mainly by the undergraduate students as a human resource devel-
opment program. The aim of this program is to implement an actual scientific mission other than a technology demonstration
in the student satellite program. The bus and mission systems were developed by Kyutech and Kyushu Univ., respectively.

The mission system consists of two components that are fluxgate magnetometer and compact general-purpose camera for
embedded microcontrollers. In order to reduce the cost and risk for the development, COTS (Commercial Off-The-Shelf)
components were employed. The Basic specifications of the magnetometer are as followings: (1) full scale measurement
range is +/- 60 uT, (2) noise floor is less than 50pT at 1Hz, (3) weight is 94g, (4) dimension of the electronics is 90.2mm x
95.9mm, (5) current consumption is 35mA in full range field (5V) and 8.5mA (3.3V). The satellite will be deployed from
the International Space Station with the inclination of 51deg and the altitude of approximately 400km. These specifications
and orbit conditions enable us to observe the storm/substorm related current systems like a substorm current wedge and the
low-mid latitude ULF pulsations with the lower frequency like PC5.

The development of Flight model of YOTSUBA-KULOVER satellite has completed and necessary environment tests,
which are integration test, thermal vacuum test, vibration test etc, were also finished. Currently, several governmental pro-
cedures, like frequency coordination, safety review, and procedure of space activity law, are ongoing. It is scheduled to
handover to JAXA by autumn in 2024, and to be released from ISS in early 2025.
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Forecast of CIR-driven geomagnetic storms using the deep neural networks
#Naoko Takahashi!), Naoto Nishizukal)
(1National Institute of Information and Communications Technology

The magnetospheric disturbances is one of the essential indicators for the space weather forecast. The condition in the
Earth’s magnetosphere strongly depends on the solar wind variation associated with, for example, coronal mass ejection
(CME) and/or co-rotating interaction region (CIR). Here, we focus on CIR-driven geomagnetic storms, which are originated
from high-speed plasma flow from coronal holes. It is known that the solar wind variation mainly depends on the location and
scale of coronal holes. In particular, the solar wind emitted from coronal holes near the solar equatorial region are likely to
cause a drastic change of ring current, resulting a geomagnetic storm that can be detected as a global change of magnetic field
both in space and on the ground. One of the difficulties for the geomagnetic storm forecast is that the interaction between
solar wind and magnetosphere includes nonlinear processes. In addition, different characteristics for each storm event make it
difficult to predict geomagnetic storms only using physically based simulations. In this study, we aim to develop the machine
learning model for the prediction of CIR-driven geomagnetic storms.

We have developed a regression prediction model of solar wind that have been applied from the solar flare prediction
model using deep neural networks (DeFN). First, the database of coronal holes (location coordinates, area) and solar wind
(speed (Vsw), plasma density (Nsw), IMF Bz, IMF magnitude (IMF Bt)) is made from the observation data in 2017-2021 for
learning. The parameters for coronal holes are derived from by SDO spacecraft data, while solar wind parameters are derived
from DSCOVR spacecraft. In addition, we make the database without CME-driven storm events to forecast pure CIR-driven
storm events. The magnetic storm list is provided from Kakioka Magnetic Observatory. Based on the magnetic storm list,
CME-driven storm events are defined as that CME is observed by SOHO/LASCO at a few days before the onset of magnetic
storm. We exclude the data from 1-day before to 3-days after the onset from the database.

We perform the 1-day, 2-days, and 3-days forecasts for the solar wind variations in 2022. The model can tentatively
forecast Vsw, Nsw, and IMF Bt, with the root-mean-square errors (RMSEs) for 1-day forecast of “60 km/s, "8 /cc, and "3.5
nT, respectively. The accuracy for 2-days and 3-days forecasts is "25-60 % worse than 1-day forecast. On the other hand,
IMF Bz cannot be forecasted because the related parameters of coronal holes (i.e., magnetic field of solar surface) are not
included in the current database. We also find that the forecast accuracy using the database without CME events is almost
the same as that using the database with CME events, which is due to a small number of relatively large-scale CME events in
2022.

We are now improving the model to forecast solar wind parameters (in particular IMF Bz) with a fine accuracy.
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Comparative study of magnetic field data and PC index in the boundary region of
the auroral belt

#Koki Tateishi'), Akimasa Yoshikawa?)

(IDepartment of Earth and Planetary Sciences, Graduate School of Science, Kyushu University, (?Department of Earth and
Planetary Sciences, Kyushu University

The polar regions are the source of space weather phenomena such as auroras due to the inflow of energy from the sun. In
particular, the polar cap is directly connected to the solar wind, and the understanding of various magnetospheric-ionospheric
coupling phenomena that occur there is very important for understanding space weather as a system.

The Polar Cap index (PC index) is an important index to monitor the magnetospheric-ionospheric coupling in the polar cap,
which is derived from the magnetic field variation in the polar cap and solar wind data. It is derived from polar magnetic field
variations and solar wind data and is used as an indicator of the behavior of geomagnetic activity and ionospheric currents in
the polar cap [Toroshichev et,al, 1988]. However, geomagnetic fluctuations in the polar cap are expected to be superimposed
by complex factors that cannot be captured by the PC index alone, such as convective interactions with the auroral zone and
magnetic field effects due to field line currents along the magnetic field. In this study, in order to examine such complex
effects closely, in addition to the PC index, we also analyzed ground-based magnetic field data from the Davis station (DVS)
of the MAGDAS (Magnetic Data Acquisition System), which is located near the polar cap boundary, ground-based magnetic
field data from SuperMAG The objective of this study is to contribute to the understanding of space weather phenomena
through the elucidation of phenomenology in the polar regions by performing a comprehensive analysis of magnetic field
data and solar wind data from the Davis station (DVS) of MAGDAS (Magnetic Data Acquisition System), which is located
in the polar region.

As part of this study, we first compared the seasonal dependence of the solar wind electric field and PC indext to investigate
the effect of ionospheric currents on PC index, which is considered to strongly reflect solar irradiation conditions. As a result,
a higher correlation was confirmed for the vernal and autumnal equinoxes than for the summer solstice, when the ionospheric
current is considered to be more strongly and longer excited due to solar irradiation and higher electrical conductivity. This
result may reflect the influence of the Russell-McPheron effect, in which magnetic reconnection occurs more frequently due
to the relationship between the rotation axis and the Earth’s orbital plane.

In order to remove the influence of the Russell-McPheron effect, the time when reconnection is predominant and the solar
wind turns to the south was selected, and the correlation between the DVS magnetic field change data and the solar wind
electric field in the frequency band where the ionospheric current contribution appears was investigated under conditions
where the ionospheric current is expected to be generated. This is expected to properly capture the seasonality of space
weather phenomena due to sunlight conditions. In this presentation, we will discuss the analytical results obtained at the
present stage and future prospects.
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Independent Component Analysis of Pi2 Pulsations to Explore the Substorm M-I

Coupling System -Global Analysis near the terminator-
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Pi2 magnetic pulsations are known to be observed globally at the onset of the magnetospheric substorm expansion phase,
and they serve as a useful natural signal for understanding the propagation of magnetic field variations in the magnetosphere
and ionosphere, leading to research on their generation mechanisms and propagation paths.

Tokunaga et al. (2007) used independent component analysis to separate the predominant component in the nighttime
mid-low latitude region from those in the daytime magnetic equator and nighttime high latitude regions. The results indicate
the complexity of the propagation path of Pi2 observed on the ground: the direct propagation of fast waves is the dominant
component in the nightside mid-low latitudes, while in the nightside high latitudes, the dominant component is associated
with FAC oscillations, and the signal also reaches the dayside magnetic equator. Furthermore, Imajo et al. (2017) showed
that the equivalent current components of Pi2 distributed from the nightside to the dayside are consistent with the simulated
ionospheric current pattern of Pi2. These results suggest that the polar nightside region and the dayside mid-low latitude
region may be connected through the formation of an ionospheric current system.

Thus, while the global distribution of Pi2 at midnight and the coupling between the nightside polar and dayside regions
have been clarified to some extent, it remains unclear how these signals transition near the terminator. We have been studying
the initial phase of the substorm magnetosphere-ionosphere global coupling system by understanding the global onset char-
acteristics of Pi2. In this study, we report the results of a survey of Pi2 near the terminator. The dataset used was obtained
from the 210° magnetic meridian chain of the MAGDAS/CPMN magnetic field observation network. The generation char-
acteristics of Pi2 observed as the 210° magnetic meridian chain approached the terminator were analyzed using independent
component analysis. During the post-sunrise and pre-sunset events, the magnetic field variation of Pi2 was consistent with the
dayside equivalent current system, and a delayed arrival of the H component of Pi2 was observed over high latitude regions.
In the shaded region, a feature that can be interpreted as the Biot-Savart component of the nightside substorm FAC current
system was observed, with its arrival delayed compared to that of Pi2 in the sunlit region. In the presentation, we plan to
present more detailed Pi2 patterns for each local time and discuss the global model deduced from these results.
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Development of supports for handmade globe using 3D printer
#YUKINOBU KOYAMA"Y)
(IKINDALI University Technical College

The Ministry of Education, Culture, Sports (MEXT) defines A (Art) in the broad sense of STEM (Science, Technology,
Engineering, and Mathematics) as well as arts, culture, and life. The MEXT is promoting cross curricular STEAM education.
The digital globe Dagik Earth can be considered as a tool for STEAM education and to stimulate interest in space weather.

This allows you to switch content such as clouds and aurora, contributes to a multifaceted understanding of the Earth. A
sub-project of the Dagik Earth project is handmade globe. This is an outreach tool that uses scissors to cut out stickers with
clouds, aurora, etc. drawn on a map, and pastes them onto the capsules of capsule toys to create handmade globes. It has
the potential to expand its reach to younger age. Current handmade globes can be placed on a stand and used for ornamental
purposes (Art), but care must be taken when aligning them to the tilt of the earth’s axis. In order to resolve this issue, we used
a 3D printer to develop a support for handmade globes that can be installed to match the tilt of the earth’s axis.

By inserting magnets, it is possible to rotate the globe along the earth’s axis and to attach and detach the globe with various
contents such as clouds and aurora. The magnets embedded in the base plate allows it to represent the tilt of the earth’s axis
even when attached to a blackboard, so it can also be used in classes. Assuming that it would be provided in the form of a
capsule toy familiar to children, the support was made into an assembly type so that all parts could be enclosed in the capsule.
Since modeling using 3D printers is not suitable for mass production, we are currently prototyping mass-produced products
using silicone molds and two-part mixed resin.
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