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Development of data analysis method for the era of magnetospheric multipoint
satellite observation

#Tsukasa NakamutgAkimasa Yoshikaw?

(IDepartment of Earth and Planetary Sciences, Kyushu Univétsiagulty of Science ,Kyushu University

Until now, most direct magnetospheric surveys have been carried out using a single satellite. However, in recent years,
missions using multiple satellites, such as the CLUSTER-II launched by ESA in 2000, have begun, and this trend is expected
to increase in the future.

When the magnetic field is observed by a single satellite, the time-varying component of the magnetic field data recorded
by the onboard magnetometer (Lagrange derivative) includes "the time-varying component of the magnetic field at the fixed
point where the satellite is located (Eulerian derivative)” and ” The magnetic field variation component caused by the satellite
crossing a spatially non-uniform region of the magnetic field (cruising effect)” is superimposed. And these two elements
cannot be distinguished in principle. The advantage of multi-satellite magnetic field observation is that it is possible to
(1) derive the Eulerian derivative and (2) derive the basic information on the spatial geometry of the magnetic field (twist,
curvature, and flux density gradient of the magnetic field lines) inside the formation flight of multi-satellites. We have
developed a method to derive such basic information from a formation flight of four satellites. Aiming at the practical
application of this method to satellite missions, we have started a study to estimate the phenomena actually occurring in
computer space from the hypothetical acquired data by the formation flight of four satellites using MHD simulation. In this
research, we are improving the open-source magnetohydrodynamic analysis software "OpenFOAM” to reproduce the 3D
space-time evolution of magnetic fields and plasmas, and verifying the above algorithm, with a view to testing it in repeatable
experiments with high reproducibility. In this presentation, we will discuss the initial results of this experiment and its
application to the magnetosphere-ionosphere coupled MHD simulator currently in operation.
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Development of a three-dimensional global ionospheric electrostatic potential solver

#Takuya ljuirt),Akimasa Yoshikaw&
(IKyushu Univ.2ICSWSE/Kyushu Univ.

We are developing a global ionospheric electrostatic potential solver to investigate a magnetosphere-ionosphere-atmosphere
coupling system. There are mainly two problems in previous studies. First, some potential solvers focus on the coupling of
magnetosphere and ionosphere, and others focus on the coupling of atmosphere and ionosphere. However, only a few solvers
that consider both couplings at the same time. Second, some solvers adopt the dipole magnetic field model and the thin
shell model. The thin shell model regards the ionosphere as an infinitely thin layer assuming that the radial component has
extremely low current density. These assumptions are valid at a high latitudinal ionosphere, but they are not suitable at a low
and middle one.

To solve these problems, we implemented the International Geomagnetic Reference Field (IGRF) model and assumed the
equipotentiality of the magnetic field line. The latter comes from the fact that parallel conductivity is much larger than Ped-
ersen and Hall conductivity. Moreover, as the most important point of this solver, we can reconstruct the three-dimensional
distribution of any quantities, such as electrostatic potential and current density, from the equipotentiality, even though the
equation for electrostatic potential is a two-dimensional elliptic partial differential equation. The input parameters are dis-
tribution of conductivity, neutral wind, current density from magnetosphere (Region-1 FAC and Region-2 FAC), and date.
We used the modified magnetic apex coordinate system for implement the equation. At the present stage, we calculate a
distribution of conductivities by using NRLMSISE-00 and IRI-2016 for number densities and temperatures, and leda [2020]
for collision frequencies. In this talk, we will introduce the development process of this solver and report the initial results of
numerical simulations.
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A study on the geometrical evolution of magnetic fields
#Akimasa Yoshikawd
(IDepartment of Earth and Planetary Sciences

The time evolution of the magnetic field as a vector field is characterized by the time evolution of the magnetic flux density
and the time evolution of the magnetic field direction. In general, the magnetic field is not spatially uniform, the magnetic flux
density has a spatial gradient, and magnetic field lines have geometrical structures such as curvature and twist. According
to the Maxwell-Ampere law, the spatial structure of such a magnetic field is determined by the current distribution. At the
same time, on a macroscopic scale, the current structure is accompanied by the Ampere force, which determines the spatial
structure of the plasma velocity field through the force balance acting on the plasma motion, and the collapse of force balance
triggers the time evolution of plasma motion. In particular, in MHD, the motion of the plasma across the magnetic field
line excites the electric field and of which curl activates the time evolution of the magnetic field. Therefore, it is possible
to uniquely determine what type of geometrical structure plasma motion causes the time evolution of magnetic flux density
gradient, curvature and twisting of the magnetic field lines.

In this presentation, we will explain the general formulation describing the spatial geometry of the magnetic field as a
vector field and its time evolution. By using this formulation, we will develop a discussion linking it to physical processes, in
order to propose a more essential method of magnetic field analysis.
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Electron acceleration mechanism in ionospheric polarized PBI: A new solution

using 3D fluid electron acceleration simulators
#Hayato Higuchi), Akimasa Yoshikaw?
(IKyudai (2ICSWSE/Kyushu Univ.

The auroral oval poleward boundary auroral intensification (PBI) had been regarded the reSdistnt neutral line
reconnection” effects in the ionosphere. On the other hand, Ohtani and Yoshikawa., [2016] proposed a model in which PBI is
the result of polarization process caused by plasma flows didsigside reconnection” approaching the conductivity gradient
region of auroral oval. This model is an application of the theory of ionospheric polarization-Alfvenic field aligned current
(FAC) proposed by Yoshikawa et al., [2013]. According to this model, Alfven waves upwelling from the ionosphere to the
magnetosphere accelerate electrons downward and generating explosive auroral intensification. This is a new concept of the
auroral process that has never existed in magnetospheric physics before. The purpose of our research is to investigate Alfven
wave coupling between regions and 3D plasma wave-electromagnetic interaction, which explains the essential question of
the above physical process, ” As a result of ionospheric polarization, how can upward Alfven waves upwelling from the
cold ionosphere induce explosive downward electron acceleration?” Our goal is to reveal Alfven wave coupling between
regions and 3D plasma wave-magnetic field interaction. As an initial step, we have developed 3D fluid electron acceleration
simulators to recreate the auroral electron acceleration process associated with ionospheric polarized PBI and are constructing
a more comprehensive auroral electron acceleration model. These simulators can reproduce the plasma oscillations as wave
equilibrium solutions as well as the macroscopic dynamics of the electromagnetic field, however, the step width is limited to
the plasma frequency band (10°5 "1077/s) because of CFL conditions. Therefore, the computational cost is very high (7(10°5
x N"3) where N is the number of cells and step=10"5). In our research, the following two simulators cover the propagation
process of the reflected Alfven wave from the ionosphere to the magnetosphere with the interaction between the ion-electron
fluid and magnetic field after the ionospheric response. (1) Form the initial structure of the Alfven wave propagated by
Hall-MHD. (2) Reproduce the plasma wave-magnetic field interaction in the Hall-MHD wave by simulating the two-fluid
model (e. g. Shumlak et al., [2003]), which makes fluid through the first principle Vlasov-Maxwell equations system by
taking the distribution function moments. This method can track the evolution of the electromagnetic field and the detailed
plasma behavior in the system within a realistic computational cost. The main purpose of our research is to obtain evidence of
electron acceleration of 1 keV~10 keV per patrticle of electron energy by using the above two simulators under the conditions
of ionospheric polarized PBI.

In this presentation, we will start with a basic understanding of PBI, and explain the background, methods, and conditions
of the Hall-MHD and the perfect two-fluid simulator introduced to prove the new PBI hypothesis, and then we will discuss
the physics of the calculation results.
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Estimation of geomagnetically induced current (GIC) using the global MHD sim-

ulation of the magnetosphere
#Shinichi Watari),Aoi Nakamizd’,Yusuke Ebihar&
(INICT,NICT,(®RISH, Kyoto Univ.

The National Institute of Information and Communications Technology (NICT) is performing the real-time global magneto-
hydrodynamics (MHD) simulation of the magnetosphere by the improved REProduce Plasma Universe (REPPU) code to
predict a risk of surface charging of satellites and aurora activities. As the input data, this simulation uses the data from the
Deep Space Climate Observatory (DSCOVR) satellite, which observes solar wind at the L1 point of approximately 1,500,000
km in the solar direction from the Earth. As the result, it is possible to predict variations in the magnetosphere approximately
an hour ahead. We will report on the estimation of geomagnetically induced current (GIC) using the global MHD simulation.

The electric field and current in the ionosphere are calculated by projecting the field-aligned current on the inner boundary
of the simulation at 3 Re to the ionosphere. The variations of geomagnetic field on the ground can be obtained from the
calculated ionospheric current using the Bio-Savart’s law.

At high latitudes, GIC can be estimated using the geomagnetic field variations obtained by the simulation because con-
tribution of the aurora electrojet to them is large. However, contribution of the ring current to geomagnetic field variations
during geomagnetic storms is large at middle and low latitudes. We examined to estimate the variations by the ring current
using the cross-polar cap potential obtained from the simulation and compared them with the GIC data. In this regard, the
GIC observed at substations around the Kanto area in association with the geomagnetic storm was analyzed.
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What Condition is Necessary for the Large Solar Eruption of AR 12673 Before
September 6 20177

#Satoshi InouE,Yumi Bamba),Daiki Yamasaki*)

(ICSTR, NJIT{2Astronomical Observatory, Kyoto Universifi{AR, Nagoya UniversitySpace-Earth Environmental Re-
search, Nagoya University

The understanding of "when”, "where” and "how” the solar flares take place is one of the long-standing issues in solar
physics. The solar flares are widely considered as release phenomena of the free magnetic energy accumulated in the solar
corona. Hence, sheared or twisted magnetic field lines are required but this is not a sufficient condition to produce solar
flares. The understanding of how the sheared or twisted magnetic field lines before the flares destabilize or lose the equilib-
rium should be considered to clarify the trigger problem. If there are no any triggers, magnetic fields might stay in stable even
though those accumulate enough free magnetic energy to cause flares.

Solar active region (AR) 12673, which appeared on September 2017, produced many M and C-class flares before the
X-flares occurred. Yamasaki et al. found that highly twisted lines are already formed which have a potential to cause the
X-flares as of September 4, but the magnetic field was stable for 2 days before the X-flares occurred. We conducted a hypo-
thetical experiment by using a magnetohydrodynamic (MHD) simulation to explore a necessary condition for the eruption, as
of September 4, in the region where the X-flares occurred on September 6th. We used a non-linear force-free field (NLFFF)
as the initial condition of the simulation. The NLFFF was reconstructed from the photospheric magnetic field observed on
September 4 which corresponds to 2 days before the first X-flare. As a result, although the NLFFF was stable to small distur-
bances where the residual force worked on the NLFFF, the eruption could be achieved if the strongly twisted lines with more
than one-turn were formed through the reconnection and the magnetic flux reached more than about®7 Maxdell.
Moreover, we estimated a ratio of the magnetic flux of the highly twisted field lines and the overlying field lines which sur-
round them. We found that when the flux ratio was approximately over 0.1, the twisted lines could be driven upward without
depending on the decay index and eventually meet a condition of the torus instability.
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Simulation study on the deformation of magnetic field in interplanetary CMEs
#Minami Mori*),Daikou Shiot& ,Kanya Kusand
(1ISEE, Nagoya Univ2NICT

Coronal mass ejections (CMESs) are the largest eruption in the solar system. CMEs carry huge plasmas in the solar corona
of 10711 to 10713 kg into interplanetary space at velocities of a few hundred - thousand km/s. CMEs can affect a variety of
space weather conditions when they collide with the magnetosphere of the earth. In particular, the magnetic field of CMEs
is a serious factor of space weather disturbance, because the southward component of the magnetic field in CMEs could
cause the geomagnetic field storm. In this study, we focus on the interaction between interplanetary CME (ICME) and the
background solar wind, especially the deformation of ICME magnetic field structure due to the CME-solar wind interaction.

We performed three series of MHD simulations of ICME propagation in the inner heliosphere using SUSANOO-CME
(Shiota & Kataoka, 2016) with the aim of elucidating the basic mechanisms of the deformation. In order to explore the
basic processes, we adopted the following two assumptions: First, the velocity and magnetic field of the background solar
wind were assumed to be isotropic to avoid the effect of the complicated anisotropy of the solar wind; Second, a CME with
spheromak-type internal magnetic field is launched from a same position of the inner boundary of the computational domain.
In Series 1, a CME with different magnetic field orientations was launched into the background solar wind with no magnetic
field. The major axis of the internal spheromak field is assumed to be along the solar equator and facing west or east. Here,
we used four different cases in which the toroidal and poloidal components of the spheromak magnetic field are inverted,
respectively. In Series 2, an identical CME (the same as one of Series 1) was launched into the background solar wind with
different magnetic field strengths. In Series 3, the same CME with different initial velocities was launched into the solar wind
of standard magnetic field strength.

As the results of Series 1, it was found that the magnetic flux at the front part of the spheromak is compressed in the
direction of motion and expands laterally due to the interaction with the solar wind in the early stage just after the CME
injection. As the result of Series 2, we found that the magnetic flux of the CME rotates and the major axis of the spheromak
tends to tilt in the radial direction. The stronger the solar wind magnetic field, the faster the rotation speed. This rotation
of ICMEs may be caused by the tilting instability of spheromak. Finally, in Series 3 we measured the tilt angle in terms of
the orientation of spheromak torus on the equatorial plane and investigated the dependency of the tilting on the CME speed.
The result was consistent with the model of the tilting instability. These calculations imply that not only the hydrodynamic
interaction with the solar wind but also the magnetohydrodynamic interaction has a significant impact on the magnetic field
deformation of ICMEs. Based on the simulations, we will also discuss the prediction of the magnetic field of ICME.
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Prediction of arrival of CME and its magnetic field with ensemble SUSANOO-
CME simulation: examination of prediction indices

#Daikou Shiot&®) ,Ryuho Kataok&,Yuki Kubo!),Kazumasa Iway

(INICT,2NIPR®ISEE, Nagoya Univ.

The predictions of CME arrival to the Earth and the southward magnetic field brought by the CME flux ropes are one of
crucial tasks for space weather forecast. We recently have developed a new prediction system of CME impact (arrival of CME
and magnetic field) with MHD simulation SUSANOO-CME (Shiota & Kataoka 2016). In this system, based on automatically
collected real-time observations, we can conduct ensemble MHD simulation of different set of 10 input parameters of each
CME. However, we still need to study how we should select and disperse the input parameters to obtain better prediction of
CME arrival and its impact.

In this study, several time profiles of in situ observation of solar wind and IMF (V, dV&dlt,Bz, etc.) were selected to
examine their suitability for indices of space weather disturbances. For example, the profile of dV/dtis a candidate of the index
of shock fronts, but, in the simulation, has uncertainty due to coarse spatial resolution of the simulation. We examined the
relationship between the uncertainty and CME parameters. To increase ensembles members and compensate the uncertainty
due to CME direction, we also use several sampling positions in vicinity of Earth positions in a single simulation. The
ensemble results are combined to describe a prediction method as a probability distribution.

As similar to the profile of dV/dt, we also examined suitability of other indices and their sensitivities of the input CME
parameters to the prediction results of each index.
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A machine learning approach to fill the data gaps of the solar wind profiles causing
large magnetic storms

#Ryuho Kataok&,Shin ya Nakand

(INIPR,2The Institute of Statistical Mathematics

The solar wind data at the Earth’s position have data gaps for many of large magnetic storms. The data gaps have prevented
the detailed understanding of the solar wind structures which can drive large magnetic storms. We used a limited number
of recent magnetic storms without data gaps in the solar wind parameters as the training data set for a machine learning
technique called Echo State Network, to output the continuous solar wind data. The obtained metrics have merit and demerit,
compared with the other gap-filling methods. Based on the continuous solar wind profiles via the machine learning technique,
we discuss the solar wind structures causing large magnetic storms.
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Simulations of the solar wind: toward the physics-based space weather prediction
#Munehito Shodd,Kazumasa Iwa! ,Daikou Shiot&
(1SS0, NAOJZISEE, Nagoya UniviéNICT

Due to the widespread social infrastructures using space technologies, the human society becomes vulnerable to space
weather disturbances that originate from the solar activities. Space weather forecasting, the technology to predict these
disturbances in advance, will become increasingly important. One of the most important factors in space weather forecasting
is the solar wind velocity and its spatial structure. To qualitatively and accurately predict them from other observables, it
is necessary to we need to solve multiple unsolved problems, including: 1) the global structure of the solar magnetic field,
2) the density and velocity of the solar wind corresponding to each magnetic field structure (magnetic field line), and 3) the
propagation of the solar wind from the vicinity of the Sun to the Earth. In the current widely used models, space weather
forecasting is realized by predicting the global magnetic field by the potential-field source-surface method (PFSS method)
and the empirical model of the solar wind velocity. Global MHD simulations of the heliosphere (e.g. SUSANOO) usually
uses such empirical models as their inner boundary. However, it has been found that the optimal parameters of the empirical
solar wind velocity, which is the basis of the space weather model of this kind, vary greatly with solar activity cycle and
solar rotation phase. In addition, the empirical models are found to be incapable of reproducing the solar wind velocity in
some specific magnetic configurations. The limited performance of the empirical model is one of the major obstacles to
high-precision space weather forecasting.

In this study, we evaluate the performance of the first-principle solar wind simulations in predicting the solar wind
velocity to investigate the possibility of a physics-based solar wind velocity model and space weather forecast model. In
recent years, solar wind simulations have made rapid progress, and together with observations by the Parker Solar Probe, we
have been able to reproduce the solar wind with very high accuracy. In particular, the model that the solar wind is heated
and accelerated by magnetohydrodynamic waves has been found to be promising. In this study, we calculate the global
magnetic field structure of the Sun using the PFSS method, simulated the solar wind acceleration along each magnetic field
line based on wave scenario, and compared the obtained solar wind velocity with the IPS observation data to evaluate the
velocity prediction performance of the simulation. The simulation results show that the physical model is able to predict the
solar wind velocity at high latitudes with much higher accuracy than the existing WSA method. On the other hand, in the
mid-to-low latitudes, the performance of the physical model was comparable to that of the WSA method. However, it cannot
be said that the physical model is inapplicable in the mid-to-low latitudes because both the extrapolation of the magnetic field
is prone to large errors in such regions. Our results imply that physics-based space weather forecasting, with the physics-
based prediction of solar wind speed, is highly feasible.
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Astronomical observation in visible-infrared wavelength and space weather
#Kei Sand)
(IKyutech

For astronomical science, we have conducted electromagnetic observations in visible and infrared wavelengths with ground-
based and space telescopes. Our main objective is to measure the extragalactic background light (EBL) in these wavelengths.
The EBL consists of entire radiation emitted throughout the cosmic history and serves as a crucial quantity to reveal cosmo-
logical evolution of stars and galaxies. For example, we recently succeeded in first launch of Cosmic Infrared Background
Experiment 2 (CIBER-2), which is an international sounding-rocket project to observe electromagnetic spectrum and spatial
fluctuation of the EBL from space. To measure the EBL intensity accurately, it is important to study a foreground emission,
zodiacal light, which is caused by scattering of sunlight by interplanetary dust and thermal emission from the dust. Therefore,
we have also observed the detailed electromagnetic spectrum of the zodiacal light by using ground-based telescopes.

In observation of visible to infrared electromagnetic waves from space, some physical phenomena related to space weather
can be observed as well. For one thing, the hydroxyl radical (OH) in the middle atmosphere is influenced by solar ultraviolet
radiation and produces emission lines in near-infrared wavelengths. Such lines can be observed from ground-based telescopes
with high spectral resolution. In analysis of the time variation, a strong positive correlation between OH and Mgll index has
been reported. For another thing, space infrared observation of zodiacal light reportedly found a moving interplanetary dust
cloud which is likely associated with the solar coronal mass ejection.

In this presentation, we will introduce our astronomical observations and space whether phenomena which can be observed
by visible to infrared electromagnetic waves.
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Statistical study on the effect of solar flare emission spectra on the Earth’s iono-
sphere using numerical simulations

#Shohei Nishimotb ,Kyoko Watanab® ,Hidekatsu Ji®, Toshiki Kawat),Shinsuke Imada, Tomoko Kawaté)

(INDA, ®NICT,ISEE, Nagoya Univ*NIFS

The X-rays and extreme ultraviolet (EUV) emitted during solar flares can rapidly change the physical composition of the
Earth’s ionosphere, causing sudden ionospheric disturbances and other space weather phenomena (Dellinger 1937). There-
fore, to understand how solar flare emission spectra affects the ionosphere, it is important to have an accurate understanding
of the solar flare emission spectra. Solar flares with a long duration have a large effect on the ionosphere due to the large total
energy (Qian et al., 2010). So, it is also important to accurately estimate the emission profile of solar flare.

The model based on physical process of the flare is useful for this purpose. We verify the extent of reproducing the flare
emission spectra using a newly developed simple method based on the physical process of the flare loop (Kawai et al., 2020).
In this method, we convert the soft X-ray light-curves observed during flare events into EUV emission spectra using a one-
dimensional hydrodynamic calculation and the CHIANTI atomic database (Dere et al., 2019). We examin&tiéare
time-integrated irradiance” andEUV flare line rise time” of the EUV emissions for 21 events by comparing the calculation
results of the proposed method and observed EUV spectral data. Proposed method succeeded in reproducing the EUV flare
time-integrated irradiance of Fe lines which have relatively higher formation temperature, as well as the 5.5-35.5 nm band.
For the EUV flare line rise time, there was acceptable correlation between the proposed method estimations and observations
for all Fe flare emission lines (Nishimoto et al., 2020).

We used the solar flare emission spectral models and the Earth’s whole atmospheric model to study the effect of X-rays
and EUV emissions from flares on the ionosphere. For the solar flare emission spectral models, we used the physical model
described above and an empirical model, the Flare Irradiance Spectral Model (FISM; Chamberlin et al., 2020). For the Earth’s
whole atmospheric model, we used the Ground-to-Topside Model of Atmosphere and lonosphere for Aeronomy (GAIA; Jin
et al., 2011). We compared the total electron content (TEC) variations corresponding to various solar flare emission spectra
for 6 X-class flare events that occurred from 2010 to the 2021. The results show that the wavelengths of solar flare emissions
that mainly affect TEC variations are soft X-raysi0 nm) and EUV emissions (especially 28-30, 32-34 nm).
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Relationship between solar flare X-ray, EUV and Lyman-alpha emissions and the

Dellinger phenomenon
#Shinnosuke Kitajimid,Kyoko Watanab®€,Shohei Nishimot® ,Munechika Arad,Chihiro Tad’,Michi Nishioka?)
(INDA,®NICT

It is well known that the rapid increase in solar flare emissions ionizes atoms and molecules in the Earth’s atmosphere,
increases the electron density in the ionosphere, and causes space weather phenomena such as radio wave communicatiot
failures (e.g., Woods et al., 2000). In particular, X-rays (0.1-10 nm) and Extreme Ultraviolet (EUV, 10-120 nm) emissions
are thought to mainly affect electron density fluctuations in the ionosphere. However, Lyman-alpha (121.6 nm) is also
considered to be one of the wavelengths affecting the lower ionosphere (e.g., Nicolet and Aikin, 1960). The communication
failure caused by the increase in electron density in the ionosphere D region (60-90 km) is called the Dellinger phenomenon
(Dellinger 1937).

The occurrence of the Dellinger phenomenon can be known from the minimum reflection frequengyé&ue observed
by the vertical incident ionosonde. It has been reported that,thevalue increases when the Dellinger phenomenon occurs
from statistical studies. And the,f,, value fluctuation depends mainly on the peak X-ray intensity of flare (flare class) and
the solar zenith angle (e.g., Tao et al., 2020). However, since there are several observations in whighvhled is not
proportional to the flare class, the relationship between flare emission spectra and the electron density in the ionosphere D
region is not clearly understood.

In this study, we compared flare emissions (X-rays, EUVs and Lyman-alpha) observed by the Geostationary Operational
Environmental Satellite (GOES) /X-ray Sensor (XRS), Extreme Ultraviolet Sensors (EUVS), the Solar and Heliospheric
Observatory (SOHO)/Solar EUV Monitor (SEM) and the Solar Dynamics Observatory (SDO)/ EUV Variability Experiment
(EVE) with the f,,;,, values observed by the ionosonde operated by the National Institute of Information and Communications
Technology (NICT) at Wakkanai, Kokubunji, Yamakawa and Okinawa. We studied 38 flare events which were larger than
M3-class occurred during the daytime (9:00-18:00 JST and solar zenith a®flead) between 2011 and 2014. First,
we compared the,f;,, values with the GOES/XRS, EUVS and SOHO/SEM data. We found good correlation with shorter
wavelength flare emission. However, Lyman-alpha emission did not contribute to the incregge dftfese results suggest
that (especially shorter) X-ray emission may be effective in the occurrence of the Dellinger phenomenon. Then next, to
identify the flare emission wavelengths that mainly affect the increasg;invalues, we compared the variation ¢f;f,
values with the EUV spectra using the SDO/EVE data. In this presentation, we will report on these results in detail.
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Research on the causes of specific solar flare effects (SHkn the dip equator
#Akihiro Yasunag& ,Akiko Fujimotc® ,Akimasa Yoshikaw&
(IKyusyu univercsity2ICSWSE/Kyushu Univ{?Kyutech

X-rays and ultraviolet rays associated with solar flares reach the Earth and stimulate an ionization of neutral particles in the
daytime ionosphere, which changes the ionospheric current in a very short time, and this effect can be observed as drastically
changing geomagnetic field perturbations [Campbell, 2003]. There are two types of magnetic field perturbations: positive
SFE, in which the magnetic field becomes stronger than just before a solar flare, and negativin 83Fkch the magnetic
field becomes weaker [Yamazaki et al., 2009].

Rastogi et al. (1996) stated that the positive variation of the magnetic field (SFE) through the equatorial region is a result of
the enhanced equatorial electrojet (EEJ), while the negative variation] 8Fhe morning and evening side of dip-equator
is a result of the enhanced counter electrojet (CEJ).

However, generation of SR&round local noon dip equator is also reported [Rastogi et al., 2003; Yamazaki et al., 2009;
Rastogi et al., 2013]. Yamazaki et al. (2009) reported two uniquex8kts. They suggested that this phenomenon may
be caused by an increase in electrical conductivity in the lower part of the E layer due to X-class flares and the penetration
of a westward electric field into the magnetic equatorial region due to the northward turning of the interplanetary magnetic
field (IMF) Bz. On the other hand, Rastogi et al. (2013) examined the same event and proposed that this typevas SFE
enhanced partial CEJ by solar flares. However, reports ort8kte are limited, and it remains an open question what kind
of ionospheric environment causes SFE

To clarify the generation mechanism of the unique §HEis indispensable to understand the detailed structure of the
ionospheric current system. The purpose of this study is to understand the generation mechanism of urnigreesi-E
noon time by developing a methodology that can quantitatively analyze the geomagnetic variations during solar flares times.

In this study, we investigated the relationship between the amplitude of equivalent current variations converted from the
ground magnetic field and latitude for 6 cases of SFE and 4 cases ef $¥fa sets are magnetic field data from MAG-
DAS/CPMN and X-ray data from GOES satellite. As a first result, in the events where only SFE occurred, a W-shaped
fluctuation was observed: the increase rate was the largest around the dip equator, the increase rate decreased as the latitude
increased, reached a minimum around 20-30 degrees north-south, and the increase rate increased again toward higher lati-
tudes. On the other hand, no such latitudinal dependence was observed in the event wkeceBFdel. In this presentation,
we will examine the initial results by increasing the number of cases and report the physical mechanism that causes the global
structure of SFE and SRE
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Effects of solar activities on sporadic E layers
#Hiroyuki Shinagaw& ,Chihiro Tad’,Hidekatsu Ji, Yasunobu Miyost ,Hitoshi Fujiwara
(INICT,?Dept. Earth & Planetary Sci, Kyushu UnifEaculty of Science and Technology, Seikei University

Sporadic E (Es) layers are narrow layers with high electron densities, and appear sporadically at altitudes between 90 km
and 120 km. Among the many kinds of space weather disturbances, the Es layer is one of the most important phenomena
because it significantly affects radio communication and broadcast systems as well as air-navigation systems, which use
high-frequency (HF) and very high-frequency (VHF) radio waves. It is widely accepted that vertical wind shear generated
by atmospheric waves such as atmospheric tides, planetary waves, and gravity waves propagating from the lower atmosphere
play a primary role in the formation of Es layers. Although a number of studies about the effects of solar activities (X-ray and
EVU variations) on Es layers have been done using observational data of the ionosphere, it is still not certain whether or not
there is a relationship between solar activities and Es layers. We have employed the whole atmosphere-ionosphere coupled
model GAIA to investigate the solar activity dependence of the physical conditions in the altitude region of Es layers. Initial
results in our analysis indicate that the dependence of neutral wind in the region on solar activities is very weak, while there
is a significant dependence of ionospheric electric field on the solar activities. We are now studying the dependence of Es
layers on the neutral wind change as well as on the electric field change caused by solar activity conditions. We will report
the results of studies of those problems using the GAIA simulation.
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Correlation of steep ionospheric delay gradient parameters as a threat to GBAS
in the low magnetic latitude region

#Maho Nakamurd,Susumu Saitd, Takayuki Yoshihar&

(ENRI, MPAT,2ENRI

Spatial gradient in the ionospheric electron density is a threat to differential GNSS systems such as the GNSS ground-based
augmentation system (GBAS), because it may cause spatial decorrelation of differential correction between the reference
station and a user. Steep spatial ionospheric gradients in the low magnetic latitude region are caused mainly by the equatorial
plasma bubble (EPB). Past studies by the authors have also confirmed that the occurrence of steep electron density gradients
is consistent with the occurrence characteristics of EPB. Although the mechanism of EPB development has been studied
extensively for a long time, the development conditions under which a gradient with a width of several tens of kilometers that
threatens GBAS have not been clarified.

Parameters that characterize the ionospheric delay gradients, which is called ionospheric threat model are used for the
safety design of GBAS. The parameters include the slope, depth, width, and moving speed. GBAS has to be safe against the
worst case combination of these parameters. The ionospheric delay gradient parameters are usually treated as independent
ones, and therefore any possible combinations of them have to be considered, which may result in unrealistic extreme worst
cases. To ensure integrity even for such extreme cases, availability of GBAS may be degraded. To reasonably exclude such
unrealistic cases, it is effective to analyze the correlations of the parameters. Although we have collected and analyzed
parameters of steep ionospheric delay gradients, correlations between all possible combinations of gradient parameters have
not been analyzed yet. In addition, we try to clarify the conditions that the gradient develops to be a threat from the analysis.

We used the single-frequency-carrier-phase based and code-aided technique to precisely estimate the slope of ionospheric
delay gradients. lonospheric delays derived with dual-frequency observations are used to derive the width, depth, and speed.
We presents the results of correlation analysis of the gradient parameters when the steep spatial gradients occur.
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Impacts of VHF anomalous propagation on aeronautical navigation systems and
the Es layer structure and dynamics

#Susumu Saitd,Keisuke Hosokawa,Jun Saka?,Ichiro Tomizawa?)

(IENRI, MPAT,2UEC*SSRE, Univ. Electro-Comm.

The sporadic E (Es) layer is an ionospheric layer with very high electron density and appears at altitudes around 100km.
Due to its very high density, VHF radio waves from the ground can be reflected and propagate over a long distance. It
has been well known that the FM radio signals with their frequency below 100 MHz can be reflected by the Es layer and
propagate over anomalously long distances. Recently, even the aeronautical radio navigation signals such as the localizer
(LOC) of instrument landing system (ILS) or VHF omni-directional radio range (VOR) in the frequency band from 108 to
118 MHz can also propagate over long distances via Es layer reflection. The ILS-LOC is an ground-based radio navigation
system which is used to provide aircraft with its relative deviations with respect to the center of the designated course. The
VOR provides the direction from the aircraft to the VOR station. In a specific geometry where the receiving station is in the
main beam of an ILS-LOC, the signal strength of the anomalous propagation signals could exceed the maximum acceptable
interference level.

We have been operating receivers of VHF anomalous propagation signals at 8 stations in Japan. We have installed an
airborne ILS LOC/VOR receiver in May 2021 at Kure (34.25N, 132.53E) where strong signals at 110.3 MHz are often
observed. We observed a number of events where the strength of the 110.3 MHz signals was significantly enhanced and the
airborne receiver simultaneously indicated course deviations for the received signals. We identified the signal coming from
Hualien Airport, Taiwan by their Morse tone signals. The indicated course deiviations were consistent with the geometry of
Kure and Hualien. Thus, we confirmed that the anomalous propagation of the ILS-LOC signals by the Es layer could result
in interference to the aeronautical radio navigation systems.

We also found that the indicated course deiviations fluctuate even when the signal strength is high enough for the airborne
receiver to stably track the signals. The observed fluctuations in the course deviation may be due to the movement of the
Es layer which reflects the signals. Structure and dynamics of the Es layer at the reflection point, which is usually around
the mid-point between the transmitting and receiving stations, could be investigated by analyzing the variation of the course
deviation indicated by an ILS-LOC receiver.
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HF-START web tool: A web interface for HF radio wave users
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HF-START web tool: A web interface for HF radio wave users

#Kornyanat Hozum? ,Chihiro Tad),Hiroyuki Nakat&’,Susumu Saitd,Kenji Nakayam& ,Michi Nishiokal),Masato Nagahat,
Hidekatsu Ji®, Takuya Tsugawa,Mamoru Ishif)

(INICT,2Grad. School of Eng., Chiba Uni?ENRI, MPAT

Communication and positioning technologies play an essential role in social ICT infrastructure today. The "ionosphere”
fluctuates greatly every day due to solar activity and the space environment and greatly influences radio wave propagation.
Radio waves in the HF band have long been used in communications and broadcasting, but they are still widely used in
shortwave broadcasting, aircraft communications, and amateur radio. Communication environments such as shortwave band
communication range and available frequencies change dramatically due to ionospheric fluctuations. Therefore, shortwave
broadcasting, aircraft communications, and amateur radio operations are affected by ionospheric fluctuations. In this talk, we
will introduce the HF-START web tool, a web system that provides information on how radio wave propagation changes with
realistic ionospheric conditions.

Communication and positioning technologies play an essential role in social ICT infrastructure today. The "ionosphere”
fluctuates greatly every day due to solar activity and the space environment and greatly influences radio wave propagation.
Radio waves in the HF band have long been used in communications and broadcasting, but they are still widely used in
shortwave broadcasting, aircraft communications, and amateur radio. Communication environments such as shortwave band
communication range and available frequencies change dramatically due to ionospheric fluctuations. Therefore, shortwave
broadcasting, aircraft communications, and amateur radio operations are affected by ionospheric fluctuations. In this talk, we
will introduce the HF-START web tool, a web system that provides information on how radio wave propagation changes with
realistic ionospheric conditions.
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Development of an autonomous FM-CW ionospheric observation system based on
reinforcement learning

#Toru Mikuriyal) ,Akiko Fujimoto"),Shuji Abe?) ,Akihiro Ikeda’) ,Akimasa Yoshikaw&

(IKyutech2ICSWSE, Kyushu Univi3KNCT,(*ICSWSE/Kyushu Univ.

Equatorial Plasma bubbles (EPBs) of the ionospheric irregularities are known to cause GPS positioning errors and radio
wave propagation abnormalities. Recently, numerical experiments have advanced the understanding of the local generation
mechanism of EPBs, but the development of environmental field controlling the generation and suppression of EPBs has not
yet been fully clarified. This study aims to reveal observationally the structure and generation mechanism of environmental
fields in inner-magnetosphere and ionosphere that is linked to the development of EPBs.

We focus on a three-dimensional coupling system of ionospheric E-F regions controlling equatorial jet current (EEJ)
as a model that connects the pre-sunset EEJ, pre-reversal enhancement (PRE) at near sunset, and EPBs after sunset. Ir
order to detect this coupling system, we have developed a multi-ionospheric observation project with FM-CW (Frequency
Modulated Continuous Wave) radar, MAGDAS (MAGnetic Data Acquisition System) magnetometer network and SDR-
based scintillation detector. The FM-CW radar has two kinds of observation modes: one is lonosonde mode and the other is
Doppler mode. FM-CW radar enables continuous multi-mode ionospheric observation by switching between the detection of
time evolution from PRE to plasma bubble by lonosonde mode and the observation of F region electric field by Doppler mode.
We have developed a new "autonomous FM-CW control system” without the manual operation schedule. The new FM-CW
system consists of the supervised machine learning and reinforcement learning by using several ionospheric disturbance
triggers. In the presentation, we will explain the new FM-CW control system and show the result of examination.
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Progress of the SDR-based dual-band scintillation detector development and its

application for space weather study
#Shuiji Abé), Akiko Fujimoto? ,Akimasa Yoshikawa?®)
(1]CSWSE, Kyushu UniviZKyutech3Kyushu Univ.

The upper part of Earth’s atmosphere located from about 60km to 1000km altitude is ionized by solar ultraviolet and X-ray
radiation, called the ionosphere. There are many disturbances in the ionosphere, and these fluctuations changes ionospheric
condition temporally and spatially. As a result, waves passing through the ionosphere are affected by these disturbances. One
of the phenomena caused by these disturbances is the ionospheric scintillation, which is a rapid intensity and phase changes of
radio waves passing through the ionosphere. Therefore, the observation of ionospheric scintillation is equivalent to observing
the state of the ionosphere, which is very important for space weather research.

We manage a worldwide magnetometer and FM-CW network, called MAGDAS, and produced many results related to
space weather research by using these data. For further growth of our science, we are developing the SDR (Software-
Defined Radio) -based scintillation detector system. The system is based on the USRP N210 with WBX daughter board
from Ettus research as the front end. It uses two GPS antennas; one is large multiband antenna with multipath mitigation
for observation and the other is small antenna for GPS Disciplined Oscillator. The signal processing software is based on
some open-source products. For the initial observation, we installed the system at Ito, Fukuoka Japan (33.60N, 130.22E, in
Geographic Coordinate), and the data quality observed by our system have confirmed by comparing it to nearby GEONET
reference stations. In the second place, we installed the system at Sasaguri, Fukuoka, Japan (33.64N, 130.51E) where is
one of the magnetometers and FM-CW radar station of MAGDAS. This composition enables us to observe GPS scintillation
simultaneously with magnetic field variation and ionosphere plasma density profile, which helps our understanding about
magnetosphere and ionosphere coupling during the upcoming solar maximum. In this paper, we will present the initial results
of these observations.
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Plan of installing the imaging capability to the SuperDARN Hokkaido East radar

for better spatial and temporal resolution
#Nozomu Nishitart), Tomoaki Hort), Yoshiyuki Hamaguch?

(1ISEE, Nagoya Univ.

The Super Dual Auroral Radar Network (SuperDARN) is a network of High-Frequency (HF) radars located at high- and
mid-latitudes. It provides information on the global distribution of ionospheric convection and plasma density changes with
a typical temporal resolution of 1 to 2 minutes, corresponding to the Nyquist frequency of 4 to 8 mHz. Sometimes this
frequency range is insufficient to monitor ionospheric / upper atmospheric space weather phenomena with relatively short
time scales (smaller than a few mins). The following are 2 examples:

1. SAPS wave structure. Sometimes SAPS contains temporal variations of the order of about 1 to a few tens of minutes.
In order to consider their generation mechanisms, it is necessary to monitor the two-dimensional distribution of ionospheric
convection with a temporal resolution of less than 1 min.

2. Coseismic ionospheric disturbances. Triggered by a big earthquake, the SuperDARN radar observed ionospheric plasma
perturbations with a temporal scale of about 1 min or more and the propagation velocities up to several km/s. In order to
discuss their generation and propagation mechanisms, it is necessary to operate the radar with a temporal resolution of less
than 1 min.

Temporal resolution better than 1 min is difficult to achieve with the typical (traditional) SuperDARN operation modes
covering the whole radar field of view. In order to overcome this difficulty, we are planning to install an imaging radar receiver
system consisting mainly of USRP (Universal Software Radio Peripheral) receiver units, to the SuperDARN Hokkaido East
radar. We succeeded in testing a 4-channel subset prototype receiver system in July 2020. Based on this achievement, we
are planning to build a full-set 20-channel receiver system. The latest status and detailed scientific objectives of the imaging
receiver system will be presented.
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Seasonal and long-term variations in the Schumann Resonance observed at Kuju
Japan

#Akihiro Ikeda, Teiji Uozum?) ,Akimasa Yoshikaw& ,Akiko Fujimota® ,Shuji Abe”)

(IKNCT,2ICSWSE, Kyushu Univi2ICSWSE/Kyushu Univ{*Kyutech(*ICSWSE, Kyushu Univ.

The Schumann resonance (SR) is the global resonance of electromagnetic waves generated by global lightning activity.
The resonance is formed by the Earth-ionosphere cavity and the specific resonance frequency appears in ground magnetic
field variation. Thus, the SR reflects both global lightning activity and ionospheric conditions and varies considerably with
location.

In order to use the SR parameters for studying earth’s climate and so on, we need a better understanding of SR parameters
at a specific observatory. For the first step, we examine power and frequency of first-mode and second-mode of SR observed
at Kuju, Japan (KUJ; M.Lat. = 23.4 degree, M. Lon. = 201.0 degree) during 10-years from 2003 to 2012.

The first mode and second mode of the Schumann resonance (SR1 and SR2) well reflected global lightning activity. The
variation in the amplitude of SR in a day showed peaks which correspond with the three major thunderstorm centers, hamely,
African, Asian, and American. Also amplitudes of these peaks depended on season.

The long-term variation of SR frequency depended on the solar EUV flux. Especially SR1 frequency in H (horizontal
northward component) well correlated with EUV flux. This suggests that the SR frequency is controlled by the electron
density in the ionospheric D region. From the variation of SR frequency, we estimated that the density in the ionospheric D
region changes by about 15% from the solar minimum to the solar maximum.
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Characteristics of dusk-side IHFAC polarity during storm and quiet times
#Akiko Fujimoto") ,Akimasa Yoshikaw& ,Manjula Ranasingtfé,Chandana Jayarathe
(IKyutech{2University of ColombdICSWSE/Kyushu Univ.

The Inter-Hemispheric Field-Aligned Current (IHFAC) is one of the major current systems causing changes in the ge-
omagnetic field at low and middle latitudes. IHFACs flow from the summer hemisphere to the winter hemisphere in the
dawn sector and from the winter hemisphere to the summer hemisphere in the noon and dusk sectors (Fukushima, 1994).
The recent in-situ satellite and ground-based observations have reported the dusk-side current polarity of IHFACs are often
inconsistent with the Fukushima’s IHFACs model. We investigated whether the dusk-side IHFACs polarity is consistent or
not with the current direction predicted by Fukushima’s IHFACs model, by using long-term ground-based equatorial magne-
tometer data at Davao (Philippines) from 1998 to 2020. We found that there were seasonal dependences of the appearance
of the dusk-side IHFAC of the Fukushima model type (the same IHFAC polarity between the noon and dusk sectors). The
polarities of dawn-side and noontime IHFACs agreed with the Fukushima model irrespective of season: the IHFACs during
solstices flow from the summer hemisphere to the winter hemisphere in the dawn sector and from the winter hemisphere to
the summer hemisphere around the noon sector. The occurrence rate of the dusk-side IHFAC of the Fukushima model type
was high around June and December solstices. In contrast, the dusk-side IHFACs, which are inconsistent with the Fukushima
model type, dominated from the September to November months and occurred at slightly rates around the March equinox.
The remarkable solar cycle dependence of IHFACs were exhibited in the dusk sector. Especially, large IHFACs flowed in the
dusk sector during the declining phase of the solar cycle. It is also clear that the noontime and dusk-side IHFACs polarities
reversed at the different intersection months. Seasonal variations of dD showed asymmetry in both dawn and noon sectors.
In contrast, the seasonal dusk-side dD variations were symmetric. In this paper, we will demonstrate the polarity of IHFAC
during storm time and quiet time.
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Feasibility Study of Space Weather Observation by CubeSat in LEO
#Kentarou Kitamurf ,Mengu Chd),Akimasa Yoshikaw&?®) , Teiji Uozum#®), Shuiji Abe?) ,Mariko Teramotd’ ,Akiko Fujimoto!)

(ILaSEINE/Kyutech2ICSWSE/Kyushu Univ{?ICSWSE/Kyushu Univ.

Recently the concept 6fLean Satellite” has been proposed to emphasize that the essential advantages of the nano-satellites
are a short-period development and an affordability, rather than their size and weight themselves.

Conducting the science observations, especially lean satellites enable us to implement the experimental test in orbit and
preliminary observations prior to conventional satellite missions. The EU conducted the QB50 program which is an inter-
national network of CubeSat for multi-point, in-situ observation in the lower ionosphere (Thoemel et al., 2014). Total 36
CubeSats have been launched into orbit in 2017 by QB50 program.

Kyushu Institute of Technology (Kyutech) has developed and launched 19 satellites since 2006, including several science
missions such as the observation of the plasma density in the ionosphere by Double Langmuir Probe, the observation of Total
Electron Content (TEC) by using Chip Scale Atomic Clock (CSAC), and experimental test of store and forward of the data
observed on the ground stations. Moreover, the bus system developed for the series of CubeSat (Birds Satellites) has been
disclosed as open-source protocol from Kyutech in 2021.

Based on these achievements, we newly start the ionospheric observation project by 2U size CubeSat under collaboration
with Kyushu University as part of human resource development program from 2021. The program will be conducted by
mainly under-graduate students to focus on the nature of Interhemispheric Field Aligned Current (IHFAC) (Fukushima 1979,
Tomas et al., 2009). We propose the CubeSat which make in-situ observation of the Sq current system including IHFAC at
the LEO in the altitude of "400km. The feasibility of CubeSat with 2U-size structure is considered for the electric power
budget, communication capability, and specification of the magnetometer.

In this paper, we discuss the science of the hemispheric asymmetry of potential associated with Sq current system and
resultant IHFAC from the concept of lean satellites applications, and implications of the program for the future observation
of space weather sciences.
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Mid-term research plan and future vision of NICT space weather forecast
#Takuya Tsugawa,Mamoru Ishit), Yuki Kubo!), Tsutomu NagatsumgKaori Sakaguchi,Daikou Shiot& ,Hidekatsu Jil,
Aoi Nakamizd) ,Michi Nishioka"),Chihiro Tad’,Naoto Nishizuk& ,Kornyanat Hozumt?,Kennichi Otsujt),Shinji Saitd’,
Hiroyuki Shinagaw& ,SEPTI PERWITASARY ,Naoko Takahashi,Mitsue Derd),Yuta Hozum?b)

ANICT

The National Institute of Information and Communications Technology (NICT) has started the 5th mid-term research
plan (FY2021-2025) in April 2021. In order to steadily operate space weather monitoring and forecasting, Space Weather
Forecast Service Group has been established in Space Environment Laboratory of NICT, and a new R&D plan was launched
to improve the accuracy of space weather monitoring and forecasting, and to provide information that meets the user needs.

For monitoring space weather information, we will upgrade and stabilize the domestic solar and ionospheric observation
systems, and expand the ionospheric observation network in Southeast Asia through international cooperation projects. We
will also promote researches to develop space environment sensors onboard geostationary satellites. For providing more ac-
curate space weather forecasting information, we will develop forecasting systems using numerical models of the solar wind,
magnetosphere, and ionosphere, as well as data assimilation and Al technologies, and use them in forecasting operations. For
providing space weather information that meets the user needs, we will keep the communication with users by space weather
users’ committee which was established in 2015.

Some of specific outcome goals would be stable use of high-precision positioning/navigaion with QZSS, support for lunar
and planetary exploration by providing space weather information, and mitigation of space weather disasters by providing
benchmarks. We would like to discuss about future visions for space weather forecasting.
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CHARMS (CHarging And Radiation Monitors for Space weather) mission

#Kaori Sakaguchi,Mamoru Ishit), Takuya Tsugawd, Yuki Kubo", Tsutomu NagatsumaKenichi Otsuiji’,Shiniji Saitd”,
Yuta Hozumb), Takefumi Mitan?), Takeshi Takashint,Hiroaki Miyake®)

(INICT,ISAS/JAXA,BTOKYO CITY UNIVERSITY

Spacecrafts in space are always exposed to the risk of malfunctions and failures due to changes of space environment.
Particularly, geostationary satellites are inevitably exposed to severe risks such as electrostatic discharge (ESD), total ionizing
dose effect (TID), and single event effect (SEE) because of high space radiation environment. To mitigate and avoid risks, it
is necessary to monitor space environment constantly near satellites, issue forecasts and warnings promptly based on latest
observation to encourage specific actions, and secure time for operators to respond before a catastrophic failure occurs. In
addition, by monitoring accumulated charges in a satellite as well as space environment, it is possible to directly identify
changes of a satellite’s material in response to changes of space environment. Such results can be reflected in the guideline of
satellite design standards for designing satellites that are resistant to changes of actual space environment. As of 2021, Japan’s
space weather forecast is based on space radiation data observed by the U.S. meteorological satellite GOES. However, there
is a difference between space environment over the U.S. and that over Japan. In order to protect Japanese satellites, which are
responsible for our social infrastructure like communication, navigation, weather service, it is necessary to monitor status of
space environment around them. So, we have started to develop onboard sensors to measure high-energy electrons and proton:
existing in radiation belts, plasma sheets, solar energetic particles, and galactic cosmic rays, and an internal charging sensor
to measure charges in satellite materials as CHARMS (CHarging And Radiation Monitors for Space weather) mission. This
mission aims to improve monitoring and forecasting of space weather by installing these sensors on the next geostationary
satellite launched into a longitude where Japanese satellites are densely located.

FHEMON THEE, FHERRAEIC X 2BEESTREGNRET 2V A7 EHICHO &bE THH I NS,
I i EBOE R R RO T R T 2 ST B 728, #EiE (ESD) , b—%)LV K= (TID) ¥ > 7 A
N2 MR (SED ZHDOEN AZICRE S INT WS, SOV A7 2K, [T %7201, #EnpEoFHERES
B HINCEHT % & I BRI L2 (RS 72D DT - Bz U, Bzl S0 %49 3 aiic S350
)59 % DO 2R T 208 hH 5, HICERE L FARFCHEOWEIRNEEHICE T 5 T & T, THRELZH
ISR B iR A OIRBEZ L 2 EHEINCHR T 5 T &, F-, BERFHEREIC Z OMRE IR L T, FHEREEZH)IC
RV EZ R BI85 C EENIFTE %, 2021FHIF,. BAEOFHRL T, KEDOK S E GOES
PEHI 2 FH MR O T — 2 Z#HHEL LTRIH LTV, UL L. KE 22 L BAE FZEOFHEREICIZ AR D
3. BAEOHEA > T 5725 N THEORRDTDICIE. ZOHEREOFFHEOBEZ 1R T 2 08N H 5,
Z T, FHBREEZINCNT 2 RAE O EEE ORI AR EEENE LT, BEHERR T I A — b K%
ALV F R R FHREOM I AV F—E TR - B rellEd 2HEHERt I —& ., BHEMROREIR
HEm BT ZINEMH B VT —OBRICET Lz, chboEszr, BAEOHENRD BELBEEADIT B L&
INTHBEEERICERT 2 T 2ick D, BHPE EZEDOFHRKKRDIRNERAR T TFROEELZHIET,



R010-27
Zoom meeting C : 11/4 PM1 (13:45-15:30)
14:45~15:00

*%JJ:E)LLF 12@5&5)‘%\%"”*?&?‘}3‘% RERHIRE ') X 7 DIREE
HFOEIBWTIT

Verification of internal charging/discharging risk of radiation belt electrons on

spacecraft in geostationary orbit
#Shinji Saitd), Tsutomu NagatsumgKaori Sakaguchi
aNICT

Highly energetic electrons with energies from several tens keV to MeV, referred as electron radiation belts, are quasi-
permanently trapped in the magnetosphere. It is well known that co-rotational interaction region (CIR) associated with
fast solar winds and coronal mass ejection (CME) causes the electron flux enhancement/depletion in hours to days. These
energetic electrons induce internal charging by accumurating in spacecraft materials. The discharge occurs by reaching at a
threshold value of the electric field associated with the charge accumulation, which causes the degradation of materials and
influences on electronic equipment by electromagnetic emmision from the discharge. In order to grasp the risk of damage
due to the discharge, it is necessary to directly observe the charge accumulation or to utilize an internal charging model using
actual observation data.

In this study, we develop an internal charging model, which is modeled by an equvalent circuit of a resistor (R) and
a capacitor (C), to verify the discharge risk in the spacecraft dielectric materials. We apply electron flux data obtained
from GOES satellite in solar cycles 23 and 24 to the RC charging model and find that the charge accumulation in the
materials becomes faster during the decline phase of solar cycles than other solar phase.By assuming a threahold level of
the accumulation triggering the discharge, we found that the discharge risk by the internal charging in solar cycle 24 was
higher than cycle 23. This corresponds to a period when Himawari, a meteorological satellite currently in operation, had
several problems. In this presentation, we report the verification of charge/discharge risk of spacecraft in the geocynclonous
orbit using actual long-term observation data.
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Development of radiation belt forecast model based on the recurrent neural net-
work

#SATOSHI FUKUOKAD, Yoshizumi Miyosh#), Tomoaki Hor?), Takefumi Mitan?), Takeshi Takashints,Nana Higashi®,
Iku Shinohar& ,Daikou Shiot& ,Shinji Saitd),ChaeWoo Juh

(11SEE,Nagoya Universit{?ISEE, Nagoya Unii3ISAS/JIAXA,AISAS, JAXA,BIAXA, 6ISAS/IAXA,("NICT,

(8]SEE, Nagoya Univ.

The relativistic/sub-relativistic electron flux variations often cause serious damage to the satellites operating in space
through the dielectric charging. In order to forecast flux variations of these hazardous electrons, various forecast meth-
ods have been developed, based on physical-based simulations and empirical models for the high energy electrons. As a
method with physics-based simulations, the SUSANOO, which operates a code-coupling simulation of the heliosphere and
radiation belts, provides MeV electron flux variations for the next couple of days. As those employing the empirical mod-
eling, the linear prediction filter (LPF) and the auto-regressive moving average (ARMA) have been commonly used for the
forecast of MeV electrons at geosynchronous earth orbit (GEO). Recently, machine learning techniques have widely been
used for the space weather forecast, for example, ionospheric variations, the flare prediction, etc. In this study, we have de-
veloped a forecast system of relativistic/sub-relativistic electron flux variations based on a long short-term memory recurrent
neural network (LSTM-RNN). As the training data, we used the solar wind data and energetic electron flux data observed by
Arase/HEP and XEP instruments at different L-shells of the outer belt. The developed network provides time variations of
the energetic electron flux at L = 4, 5 and 6 using the solar wind data as input parameters. In this presentation, we evaluate
how the solar wind parameters affect the temporal variation of the high-energy electron flux on the basis of the developed
neural network model. We also report the results from another network developed using the nearly-real-time space weather
data of Arase, with a view to the real time space weather forecast.
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Characteristics of large amplitude SCs
#Tohru Araki)
(IFormerly Kyoto University

When the magnetosphere is suddenly compressed by a strong solar wind shock wave which produces a geomagnetic
sudden commencement (SC) , the magnetopause near the geocentric distance R = 10Re on the day side sometimes crosse
the geosynchronous orbit (R = 6.6Re) and enters the inside. At this time, the dayside size of the magnetosphere is reduced
to about half producing large SCs, and properties of the observed SCs are expected to be different from those of ordinary
amplitude SCs. Here we make analyses of the large-amplitude SCs to study the response of the magnetosphere to strong
compression.

The Kakioka Observatory has published a list of SCs from 1924 to the present. The large amplitude SC events for the
analysis are selected from this list. According to it, the H component amplitude of most SCs is in the range of 10-30nT. The
SCs of 50nT or more are less than 5%, and SCs of 100nT or more are about 1% (18 by March 2021, 3 of 200nT or more).

KFEVE BRI K - THESUEIMD2EME & N CHIREGIRUAZ L (SO AVE U ARE, JEMEA TR UL, BRI HLOERE
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B ORAIY A XV cHii N ENB T eicizh, BTN SCEREL x> T, ZTOWEMEHOH « /NMEFD
SCLidfias LEbNs, SCIEIHSEDIEEHIGEDWILICRNL > TEIeM, T OKRIRIE SCZNTd UL, @H
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Research on the Poler to Mid-latitude lonospheric Response During Substorm

Based on Magnetic and Electric Field Observations
#Moe HayasHi ,Akimasa Yoshikaw& ,Akiko Fujimotd® ,Shinichi Ohtarf)
(IKyushu Univ.(2ICSWSE/Kyushu UnivZKyutech{*The Johns Hopkins University Applied Physics Laboratory

The purpose of this study is to comprehensively understand the evolution of global 3D current system from polar to
equatorial ionosphere during substorms.

There are two types of current systems in the polar ionosphere: the R1-current linked to the magnetospheric convection
system, and the R2-current linked to the pressure gradient in the inner magnetosphere [lijima and Potemra, 1976, 1978]. In
addition to these currents, when a substorm onset is occurred by a strong plasma injection, a current wedge (CW) is generated
by the plasma vorticities at the edge of the plasma flow. It has the same current polarities as the R1-current system. At the
lower latitude of the CW, an R2-type current system develops by increasing the plasma pressure. It weakens the effect of
ionospheric current associated with the CW system reaching low latitudes and equatorial regions. This is called a shielding
effect. Furthermore, it sometimes overcomes the effect of CW, and grows of current systems in the opposite direction. This
is called an over-shielding effect. (Kikuchi et al.,1996 ; Nishida.,1968).

The ground magnetic field disturbances during substorms are generated by not only the ionospheric currents, but also the
field-aligned currents (FACs) accompanied by the growth of the CW. These effects are particularly large in the mid- and
low-latitude. It is difficult to determine from the magnetic field data alone whether the magnetic field variation is due to the
ionospheric current system or to the remote field effect of the CW current system. A direct comparison of ionospheric electric
and magnetic field data is essential for a better understanding of the causes of magnetic disturbances.

In this presentation, we report the results of a study of poler to mid-latitude ionospheric variability during auroral substorm
using electric field data from the HF Doppler radar and magnetic field data from SuperMag and MAGDAS installed by
Kyushu University in Palatunka, Russia, and ionospheric plasma convection data from SuperDARN. We found that there are
two patterns of electric field variations at mid-latitudes, near the upward of the current wedge. This variation is expected to
reflect the polar electric field polarity. In this presentation, we compare and analyze the pattern of polar ionospheric plasma
convection by SuperDARN with the electric field fluctuations in the mid-latitudes.
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Numerical analysis of ionospheric polarization to reveal the generation mecha-

nism of poleward boundary intensification
#Masaru Morisawsd ,Akimasa Yoshikaw& ,Shinichi Ohtani*)
(IKyushu Univ.(2ICSWSE/Kyushu Univi3The Johns Hopkins University Applied Physics LaboratdrfgGSWSE

We numerically investigated ionospheric polarization for revealing the generation mechanism of PBI, which stand for
poleward boundary intensification, an auroral intensification at the poleward boundary of the auroral oval. PBI is generally
considered to be the ionospheric manifestation of the distant reconnection in the magnetotail [e.g., Lyons et al., 2011], but
this theory cannot explain the recent reports of PBIs characteristics [e.g., Zou et al., 2014]. That's why Ohtani and Yoshikawa
[2016] proposed the new idea that PBI occurred associated with ionospheric polarization due to fast polar cap flows. To prove
this new theory, they conducted a numerical analysis and confirmed that ionospheric polarization causes reflected Alfven
waves larger than incident Alfven waves.

However, their analysis did not consider the effect of the evolution of ionospheric conductivity, so only the initial process
of PBI was investigated. In this study, our model includes it and can investigate not only the initial process but also the
time evolution of ionospheric polarization. In general, the evolution of the conductivity only considered the effect induced
by precipitated electrons associated with field-aligned currents (FAC) [e.g., Sato, 1978]. In addition to this, the effect of
the advections in the perpendicular direction of magnetic lines was also considered in our study. Moreover, while previous
studies have been analyzed in the electrostatic process, this study eliminated the process by introducing the induction effect
in the rotating current system.

As a result, noticeable changes were found in the time variations of electric conductivity and induced FAC. For the time
variation of electric conductivity, the precipitated electrons are more significant than the advection effect. Because of that,
induced upward FAC changed in space, and we successfully reproduced the north-south structure of PBI. Also, in contrast to
the small contribution of the Hall polarization in the initial process, upward FAC induced by Hall polarization is comparable
to the one induced by Pedersen polarization in the evolution process, suggesting the importance of the Hall polarization. In
this presentation, we will discuss the above results, including future issues.
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Quasistatic mesoscale field-aligned currents embedded in the diminished large-

scale Region 1 current: Dawn-dusk asymmetry
#Yoshihiro Yokoyam& ,Satoshi Taguchi, Toshihiko lyemor?)
(1IRF,(2Grad school of Science, Kyoto Uni¥?Kyoto Univ.

Irregular magnetic perturbations embedded in the diminished large-scale Region 1 current are prominent during prolonged
northward IMF conditions. Our recent study for the duskside sector (Yokoyama et al., 2020) has shown that there occur rela-
tively low-energy ion precipitation (down to a few hundred electron volts) and low-energy electron precipitation (lower than
200 eV) in the regions of the quasistatic mesoscale field-aligned currents that produce these irregular magnetic perturbations,
and that the solar wind proton density is a controlling factor for the current density of the FAC. We have suggested an interpre-
tation, which states that several pairs of FACs are generated in the duskside LLBL through a mechanism related to the solar
wind plasma entry processes that can be more easily attained as the northward component of the IMF increases. A probable
explanation is the phenomenon of reconnection inside the vortices of the Kelvin- Helmholtz (KH) waves. In this study we
extend our previous research by examining the dawnside mesoscale FACs. By utilizing magnetic data obtained by SWARM
satellites during the period from January 2017 to December 2020, we investigated the dependence of the dawnside FACs on
the IMF, and solar wind plasma parameters. The results of the analysis show that the occurrence ratio of the mesoscale field-
aligned current in the dawnside sector also has a strong dependence on the northward IMF condition. The results also show
that there are weak dawn-dusk asymmetries in the occurrence ratio against the |M&#Br the dawnside sector, the occur-
rence ratio is higher for negative IMRBthan for positive IMF B-, while there is no clear tendency in the duskside sector.

We also show that for our dawnside sector events the IMF with negafiven@e often forms the Parker-Spiral orientation.
This tendency agrees with the

one from an earlier study, i.e., the KH instability preference for the dawn flank during the Parker-Spiral orientation, which

consolidates our interpretation.
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