R005-01
B&iE 1924 PM1 (13:45-15:30)
13:45~14:00

REMEIOD 7 b TRGHERRESEZDOHITEBERIM
#illA D NI MED N fRY, EH)I OEEY, 5 —EY
(U gk - AE7EERF, 2 fiHbEF, 3 44K ISEE,(* JLA/MEmER, G 4K ISEE

Large-scale research project ’Study of coupling processes in the solar-terrestrial
”

system

#Mamoru Yamamoto®), Yasunobu Ogawa?) ,Kazuo Shiokawa®) ,Akimasa Yoshikawa*),Kazumasa Iwai®)

(IResearch Institute for Sustainable Humanosphere, Kyoto University, *National Institute of Polar Research, ®Institute

for Space-Earth Environmental Research, Nagoya University,(*Department of Earth and Planetary Sciences, Kyushu

University, ®Institute for Space-Earth Environmental Research, Nagoya University

The Earth receives energy from the Sun by radiation and by the solar wind (the flow of high-speed particles) and balances
the energy by emitting infrared radiation. The material exchange between the Earth and surrounding space exists. We aim to
unify and quantitatively understand the coupling processes of the solar-terrestrial system. Combining space plasma physics
and the Earth’s atmospheric and hydrosphere science, we study the vast area as one complex system. It is to contribute
to space utilization and to enhance the prediction of space and atmospheric changes. We pursue observations, theory, and
simulations to accomplish the studies. In this research program, we develop an observation system that measures the entire
region of the solar wind, electromagnetic plasma, and atmosphere. We are proposing this large research project to Roadmap
2023 of the Ministry of Education, Culture, Sports, Science and Technology (MEXT). In the project we set the following
five research topics.

(1) Equatorial fountain

The energy and material flows that occur in all height regions of the equatorial atmosphere are named as “Equatorial
Fountain.” These processes from the bottom also cause various effects in the upper atmosphere. We establish Equatorial MU
Rdar (EMU radar) in Indonesia as main instrument for the studies.

(2) Energy inputs into polar upper atmosphere and its response

The energy/particle inflow results in auroral Joule heating and ion drag of the atmosphere. The ion outflow from the polar
ionosphere controls ambient plasma constituents in the magnetosphere. We will contribute the international EISCAT 3D
radar project that has started in northern Scandinavia since 2017.

(3) Solar wind propagation process

In order to clarify the acceleration and propagation processes of the solar wind from the sun and to accurately predict its
impact on the Earth, we develop a next-generation solar wind observation system and start observations. Clarifying the solar
wind acceleration mechanism and dramatically improving the prediction accuracy of the scale and arrival time of the solar
wind affecting the Earth.

(4) Global network of observation and data

We develop a global observation network of compact radio and optical remote sensing equipment from the equator to polar
region.

(5) Integrated analysis of observational data centered on IUGONET

The data from the above observations are accumulated in the data-sharing system (IUGONET). A comprehensive analysis
of the coupling process of the solar-terrestrial system will be conducted through the construction of an integrated database
and analysis system that links domestic and international satellite missions and numerical models.
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Elucidation of sporadic E layers by simultaneous observation of the neutral and

ionized atmospheres: RIDE rocket campaign
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Rocket Investigation of Daytime E-region (RIDE) campaign is to directly observe the neutral atmosphere, plasma
atmosphere, the electric field, and the magnetic field that generates the sporadic E layer with the S-310-46 sounding rocket
from Uchinoura in the summer of 2024. The objectives of this sounding rocket experiment are as follows:

(1) Elucidate phenomena in which the interaction between neutral atmosphere and plasma is important by combining
direct observations by the sounding rocket with a numerical model and ground-based observations.

(2) Complete measurement packages of the neutral atmosphere, plasma, and electromagnetic fields for sounding rockets
and satellites.

(3) Develop human resources for future deployment.

The daytime sporadic E layer around 100 km altitude is the target of the campaign. Elucidation of the interaction between
the neutral and plasma atmospheres, which is thought to be the cause of this phenomenon, will lead to the forecast of the
sporadic E layer, which has an impact on social systems such as radio propagation disturbance. Although there is a wide
range of ionospheric phenomena in which the interaction between neutrals and plasma is important, their elucidation has
not been sufficiently advanced due to the difficulty of simultaneous observation of both atmospheres. In this experiment,
comprehensive direct measurements of the neutral atmosphere, plasma atmosphere, and electromagnetic field will be made
at 90-130 km altitude during the ascent and descent of the S-310-46 rocket at 11-14 local time in summer at mid-latitudes.
This local time range is when the Es layer is expected to reach an altitude of around 105 km as it develops and the interaction
between the neutral and plasma atmospheres is expected to be intense. Combined with numerical model predictions,
the contribution of the electric field and wind in the formation of the Es layer can be clarified. In addition to this direct
measurement by the rocket, ground-based observations at multiple locations will be conducted to evaluate the temporal
evolution and spatial extent of the Es layer observed by the rocket and its effect on the anomalous propagation of radio waves
used in air navigation and other social systems.
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Development of 1U-size impedance probe for cube satellite missions
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Japan Aerospace Exploration Agency,®Kyoto university,(*Research Institute for Sustainable Humanosphere, Kyoto Univer-
Sity

Impedance probe has been used for measurements of the electron number density of the ionospheric and magnetospheric
plasma in many sounding rocket experiments and several satellites missions. Its accuracy within several percent in the elec-
tron number density measurement is a clear advantage with respect to other observation methods. It has not been, however,
applied yet in cube satellite missions which are increasing recently.

A small satellite mission for demonstrative experiments of wireless power transmission from Low Earth Orbit (LEO) satel-
lites to the ground started in Dec. 2022. In the experiments planned in 2025, in addition to the performance of the power
transmission, the effects of power transmission to the background plasma are required to be evaluated. So, the plasma mon-
itor instruments such as impedance probe, Langmuir probe, and plasma wave receiver are also planned to be installed not
only on mother satellite but also 6U-size daughter satellite, which is ejected from the mother satellite for additional power
transmission experiments between two satellites in space. The impedance probe for previous sounding rockets (e.g. SS-520-3
NEI/PWM) would be applicable as is to the mother satellite. However, for installation to the daughter satellite, downsizing
of the impedance probe instrument to 1U size is required.

Downsized impedance probe is also required in another mission: PCUBE (Probing, Controlling, and Understanding of
radiation Belt Environments). The purpose of PCUBE is to investigate the contributions of the density ducts in the mag-
netosphere on the loss processes of the radiation belt electrons on the basis of observation with LEO cube satellite, and to
make suggestions for future active experiments controlling density ducts and radiation belt electrons. In order to measure the
precipitating electrons and density structures of the ducts, electron analyzer and impedance probe are planned to be installed
on the cube satellite. The launch of the cube satellite is planned in 2026.

For two cube satellite missions mentioned above, development of 1U-size impedance probe has been started since Dec.
2022. In addition to the downsizing of electric circuit unit, shorter probe than the current one (1.2 m) would be preferable in
order to avoid the limitations in attitude control of cube satellites. Plasma measurements test with shorter probes (0.3m and
shorter) is planned using Space Chamber Laboratory of JAXA/ISAS in Sept. 2023.
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The study of an ionization gauge for observing the upper atmosphere on a sound-
ing rocket

#Nanami Tobita!) , Takumi Abe®) ,Wataru Miyake!),Makoto Tanaka®)

(1Tokai University, 2ISAS/JAXA,®Tokai University

Various phenomena occur in the lower thermosphere, but many of them are not well understood because of the complexity
of particle motion. To understand these phenomena, it is necessary to accurately measure physical quantities. We use an
ionization gauge, which is small, relatively simple in structure, and reliable, as a means of measuring atmospheric pressure
in the thermosphere on board a sounding rocket. We have installed an ionization gauge onboard the sounding rocket “S-
520-32” to get information on the neutral atmosphere in the lower part of the thermosphere by measuring the atmospheric
pressure during the flight. To obtain information on the atmospheric inflow observed on the sounding rocket from the pressure
measurement by the ionization gauge, an ionization gauge container was developed so that one can detect the direction of the
atmospheric inflow on the rocket. In other words, it is necessary for the container to have a structure that the inside pressure
changes depending on the inflow direction.

The pressure sensor was installed in the fabricated ionization gauge container and was mounted on the S-520-32 sounding
rocket to measure atmospheric pressure during flight. The rate of change decreased when the pressure reached about 10~2 Pa
at about 80 seconds after launch, and continued to gradually decrease until about 460 seconds. This gradual pressure change
is probably related to the outgassing from the inner wall of the container where the ionization gauge sensor was housed. From
about 87 seconds, sinusoidal changes in the measured pressure value with rocket spin were observed. This result shows that
countermeasures against outgassing are necessary to measure atmospheric pressure at high altitudes.

In this presentation, we describe further development of the ionization gauge to be installed on the S-310-46 sounding
rocket, which is scheduled to be launched in the next year, by discussing the installation configuration and necessary im-
provement of this ionization gauge system.

First, the direction of the atmospheric flow during the flight of the S-310 rocket was calculated using the attitude and orbit
data of the S-310-44 sounding rocket, which was launched from USC. In general, the thermal velocity of atmospheric parti-
cles is enough smaller than the velocity of the rocket, so the direction of the atmospheric flow observed on the rocket is in the
opposite direction of the velocity vector of the rocket. The information obtained from our calculation is the incident angle of
the atmospheric inflow to the ionization gauge with respect to the rocket axis during a rocket flight. In general, measurements
of sounding rockets are more important during ascent than during descent, when the rocket is affected by the wake.

Next, using the obtained angle of incidence of atmospheric flows during rocket flight, changes in measured pressure were
analyzed and compared when the angle between the rocket axis and the gas inlet of the ionization gauge was changed. When
the incident angle of atmospheric flows and the angle between the axis and the gas inlet is approximately equal, the measured
pressure was the largest. This is because the measured pressure is maximum when the atmospheric inflow is parallel to the
axis of the ionization gauge container.

The onboard ionization gauge container has a closed structure and is assumed to be affected by dynamic pressure in addi-
tion to the static pressure of the atmosphere. If the gas inlet of the ionization gauge is at an angle of more than 90 degrees
to the direction of rocket velocity leading to rocket spin, the increase in gas velocity due to rocket velocity has no effect
on the pressure measurement. In this case, only the atmospheric static pressure is measured, and this value is the minimum
value in one spin of the rocket. Because of the supersonic speed of the rocket, the dynamic pressure is greater than the static
pressure, and the measured pressure is expected to vary with the spin of the rocket during flight. The maximum pressure is
measured when the dynamic pressure has the largest effect on the measured pressure, i.e., when the axis of the ionization
gauge container coincides with the velocity vector of the rocket. To determine how much the pressure is expected to change
during rocket spin, the relative difference between the minimum and maximum pressure in the change in measured pressure
of rocket spin was calculated. At altitudes of 100-120 km during rocket ascent, the percentages were all greater than 15%. If
the difference between the minimum and maximum pressures is sufficiently large, it is possible to estimate the incident angle
of the atmospheric inflow on the sounding rocket.

Furthermore, we analyze if the ionization gauge system can detect a velocity shear of the neutral wind, which is probably
related to the sporadic E, as a meaningful change in the observed data. Assuming that a horizontal wind of 100 m/s in the
lower thermosphere, the magnitude of the pressure changes was calculated. It was found that a pressure difference of 1-9%
is expected at altitudes of 100-120 km during rocket ascent if the horizontal wind with a velocity of 100 m/s exists.
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A plan for a ground-based observation of noctilucent clouds in the polar region.
#Akiho Endo") ,Hidehiko Suzuki'),Rina Kawakami®),Ayune Masuda®)
(IMeiji University

Noctilucent cloud (NLC) images often contain very fine wavy structures ranging from several kilometers to several tens of
kilometers. These are thought to reflect small scale local atmospheric disturbances in the upper atmosphere. Satellite imaging
data cannot resolve these fine structures, and thus, ground-based imaging is an effective method to study the relationship
between fine structures in NLC and background disturbances in the upper mesosphere. However, previous NLC observations
have been conducted mainly in the Northern Hemisphere, as represented by Northern Europe [e.g. P.Dalin et al., AnnGeo-
phys.,2019] and the North American continent [e.g. James M.Russell III et al., JGR, 2014]. In contrast, there are very few
observations in the Southern Hemisphere. The reason for this asymmetry is that most of the best observation latitudes in the
Southern Hemisphere are in the ocean, and most of the land area of Antarctica is under the influence of the midnight sun,
which makes it difficult to detect NLCs because of a bright background sky condition. Therefore, opportunities for NLC
observations in the Southern hemisphere are quite limited. We have examined the feasibility to overcome this problem by
developing an optical imager specialized for noctilucent cloud observations [Nakamura et al., 2021]. Noctilucent clouds are
known to have a spectral peak at 400-500 nm in their radiance [Fogle and Rees,1972]. On the other hand, the background
spectrum in twilight sky attenuates in wavelengths shorter than 680nm. Therefore, there is the optimum wavelength band
for noctilucent cloud observation with the best signal-to-noise ratio (SNR) near this wavelength band. In this study, the most
suitable bandpass for NLC observations is proposed based on the ground spectral data acquired in the polar regions in twilight
time. We also report the expected observation period in the summer season if the new imager is installed in Syowa Station
(69.00S, 39.58E), Antarctic.
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A self-build FPGA-based data acquisition system for an upgrade of the Tromsoe

sodium lidar

#Ren Watabel) Takuo Tsudal),Takeshi Aokil) ,Sayaka Kariganel) ,Satonori Nozawa?) ,Tetsuya Kawabata2) Norihito
Saito? ,Takuya Kawahara®

(1University of Electro-Communications, ?Institute for Space-Earth Environment Research, Nagoya University, ®RIKEN, (*Faculty
of Engineering, Shinshu University

The sodium (Na) resonance scattering lidar is a laser remote sensing system that can detect Na in the upper mesosphere
and lower thermosphere (80-110 km altitudes). The Na lidar installed in Tromsoe, Norway, is equipped with a laser diode
(LD)-pumped laser system, which is highly stable and long-lifetime. The power of the LD laser is 4 W with a repetition rate
of 1 kHz. Because of such a high-power laser, the Tromsoe lidar is capable of simultaneous five-beam observations in five
directions. The inter-pulse period (IPP) is 1 msec, so the corresponding height coverage of this lidar is 0-150 km. Thus,
the Tromsoe lidar is designed for observations of Na layers at 80-110 km, so-called the normal Na layers. On the other
hand, recent observations by other lidars have revealed low-density Na events at higher altitudes (above 110 km, up to 170
km). Such Na events are expected to provide good opportunities for observations at the thermospheric heights. However, the
current height coverage of the Tromsoe Na lidar is insufficient for observations of such Na events at higher altitudes.

To improve the height coverage of Tromsoe Na lidar, we propose a time-delayed multi-beam observation method. In the
conventional method (i.e., the simultaneous multi-beam method), the laser pulses are split into multi directions, and each
pulse is transmitted in each direction simultaneously. In contrast, in the proposed method, laser pulses are transmitted in
each direction with a time delay. As a result, longer IPP can be obtained, which allow us to have a larger height coverage.
Moreover, the laser pulses do not have to be split in this method, and thus the signal-to-noise ratio (SNR) can be improved,
compared with the conventional method. These improvements are expected to be effective for observations of low-density
Na events at upper altitudes. In order to implement this method, we need a more flexible data acquisition system, which fits
to such a time-delayed multi-beam observation. In addition, a system for high-speed switching in the laser pulse direction is
also needed.

In the present work, we have been working on a self-build FPGA-based system that includes a multi-channel data acqui-
sition system and a precise time delay control system. In the initial stage, we developed an FPGA-based data acquisition
system, which has the same functions as the commercial data acquisition system. As a performance test of the developed
system, test observations were conducted by using the Na lidar at Tromsoe in mid-February 2023. From comparisons
between the developed and the commercial systems, it is found that Na signals were successfully detected by the developed
system, and its obtained signals were well consistent with those from the commercial system. Furthermore, as for the limit
in the counting of faster signals, the developed system achieved a limit of 17,000, while the commercial system had a limit
of 715,000. These results suggest that the developed system has a better dynamic range than the commercial system. In the
presentation, we will show an overview of the proposed method and the results of the performance tests in the developed
system. The current status of further developments for additional functions will be also reported.
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IMF dependence of midnight bifurcation of the thermospheric wind based on
nine winter measurements in Tromsoe, Norway

#Shin-ichiro Oyama'?) Keisuke Hosokawa®),Heikki Vanhamaki®),Anita Aikio®) Takeshi Sakanoi®,Lei Cai® Ilkka
Virtanen®) ,Kazuo Shiokawa'),Nozomu Nishitani),Atsuki Shinbori®), Yasunobu Ogawa?)

(Institute for Space-Earth Environmental Research, Nagoya University,(?National Institute of Polar Research,(®The
University of Electro-Communications,*University of Oulu,®Tohoku University

The ionosphere is partially ionized plasma, but the particle minority of ions plays an important role in controlling
dynamics of the thermosphere. Particle collision is the fundamental process for momentum transfer from ionospheric ions
to thermospheric neutral particles. The ionospheric plasma flow pattern at high latitudes depends on the direction of the
interplanetary magnetic field (IMF), and the pattern may be projected on the thermospheric wind. However, the dependence
is not yet well understood. This study derived statistical experimental features regarding the dependence of the thermospheric
wind at an F-region altitude, analyzing data for nine winter seasons from a Fabry-Perot interferometer (630 nm) and a
Dynasonde in Tromsoe, Norway. The wind pattern around midnight is different from the ionospheric plasma convection, in
accordance with the IMF direction. The zonal wind bifurcates immediately before midnight for IMF By<O0, but for By >0,
it inverts gradually into the postmidnight sector. Neutral wind streams, originating from higher latitudes, may cause the
dependence because of anti-sunward plasma flow distortion in the polar cap. In summary, this study concludes that the zonal
wind bifurcation at auroral latitudes is caused by the ion velocity bifurcation, and that advection from the polar cap region
affects the wind response time to the ion velocity bifurcation.
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A multi-event study of auroral intensifications in N2+ (0,0) Meinel band at 1.1 um
observed by the NIRAS-2 and the NIRAC

#Takanori Nishiyamal),Masato Kagitaniz),Yasunobu Ogawal),Takuo TsudaS),Yuki Iwasa4),Senri Furutachi3),Peter
Dalin” ,Noora Partamies® ,JFuminori TsuchiyaZ),Satonori Nozawa5),Fred Sigernes6)

(INational Institute of Polar Research,(zPlanetaIy Plasma and Atmospheric Research Center, Graduate School of Science,
Tohoku University, ®University of Electro-Communications,*National Metrology Institute of Japan, AIST,®Institute for
Space-Earth Environment Research, Nagoya University, University In Centre Svalbard,("Swedish Institute of Space
Physics, ®Planetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku University

Dayside aurora and polar patch are the key phenomena for understanding of the dayside magnetosphere-ionosphere-
atmosphere coupling process. These phenomena are being monitored by ground-based optical instruments in high latitude
region corresponding to polar cap and cusp, but the observations are done at limited geographic location and in limited
season for avoiding strong photon intensity of sky background. Alternatively, active/passive radio remote sensing such as
HF/VHF/UHF radar, GNSS and LF wave receiver are effective, but spatial and temporal resolutions by those measurements
are not sufficient generally in comparison to optical measurements.

We present simultaneous observations of No+ Meinel (0,0) band (hereafter, N+ (M)) aurora by cutting-edge short
wavelength infrared (SWIR) imaging spectrograph (NIRAS-2) and monochromatic camera (NIRAC) installed at Kjell
Henriksen Observatory (78°N, 16°E). NIRAS-2 is a 2-D imaging spectrograph with a fast optical system and high spectral
resolutions to challenge twilight/daytime aurora measurements from the ground. It is designed for SWIR wavelength from
1.1 to 1.3 microns in which sky background intensity is weaker than in visible subrange. In addition, NIRAC have been
developed focusing on aurora emissions of No (M). Ny + (M) is about two orders brighter than the N5 1st negative band at
427.8 nm (Remick et al. 2001), which means that the band can be a good indicator of energetic electron precipitations. Total
optical system is fast (F-number 1.5) and its FOV (84° x 68°) is slightly wider than that of the NIRAS-2. Thus, the NIRAC
is used as a twin instrument to the NIRAS-2 to help in interpreting meridional scan data obtained from the NIRAS-2.

On January 21 2023, Ny (M) intensification of associated with a band-shape aurora structure was observed by the
NIRAS-2 and the NIRAC by temporal resolutions of 30 seconds and 20 seconds, respectively. Additionally, the European
incoherent scatter Svalbard Radar (ESR) also observed electron density variations at the same time. Electron density
measured at altitude ranges from 100 km 120 km changed in the same way as No™ (M) intensity, which implies that a
primary source of No T (M) emissions is direct collisions of N5 by precipitating electrons penetrating down to around 100 km
altitude (up to 10 keV). However, the observation also demonstrated moderate correlations between Ny (M) intensity and
electron density above 140 km, which implies that different No™ (M) generation process, No charge exchange with O", may
work up to near 160 km and make a non-negligible contribution to No* (M) emissions. This hypothesis would be verified
with further radar observations or stereo imaging observations useful to estimate the vertical distribution of the emission
layers.

The observed No™ (M) spectrum show fine structures due to No™ rotational motions and it was successfully reproduced
by common molecular models for diatomics and non-linear least squares fitting. The estimated No™ rotational temperature
with 30-sec cadences mostly ranges from 200 to 400 K, which agrees with one in NRLMSIS 2.1 at 100 and 120 km altitude,
respectively. During a period where strong aurora intensification was seen, the rotational temperature was about 210 K
with an error of 15 K (1-sigma). In addition, the ESR demonstrated that a peak altitude of electron density also got down
to 100 km. These results are consistent with that a center altitude of No™ (M) emission layer gets lower associated with
more energetic particle precipitations. In this study, further analysis results based on the above case study and several similar
events will be presented.
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Atmospheric wave variability in the upper mesosphere based on ground-based ob-

servations of OH airglows ("1.3 1 m) in Longyearbyen

#Senri Furutachi®), Takanori NishiyamaQ) _Takuo Tsuda®), Yasunobu Ogawa2) JMasaki Tsutsumi2) ,Noora Partamies3) ,Satonori
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for Space-Earth Environment Research, Nagoya University

The energy and momentum of the atmospheric waves, such as atmospheric gravity waves, tides, and planetary waves, can
drive the zonal and/or meridional winds in the mesosphere and lower thermosphere (MLT), which are considered to be closely
related to the general circulation in the whole atmosphere. Thus, it is important to observe the activities of such atmospheric
waves in the MLT region, for more precise modeling research. Many observations of such atmospheric waves have been done
for many years. In particular, recent polar-orbit satellites have been providing global observations. On the other hand, in
addition to such satellites, higher resolution observations by ground-based observations are also important to resolve smaller-
or shorter-scale waves. For example, tides with higher frequencies (8- and 6-hours periods) in polar regions have not been
fully studied and poorly understood

As for the temperature observations from the ground, the rotational temperature of OH airglow has been extensively in-
vestigated in the past over 60 years. Recently, short-wavelength infrared OH airglow observations using InGaAs FPA (Focal
Plane Array) have been reported. The OH airglow intensity in this region is stronger than that in the visible subrange, and thus
more advanced airglow observations (e.g., with higher time resolution) can be expected. However, observations using the
short-wavelength infrared OH bands are still limited so far, especially in the polar region. In addition, auroral contamination
is one of the difficulties in airglow observations in the polar region. For example, there is a report that temperature measure-
ments using the OH (3,1) band ("1.5 p m) at Syowa Station, Antarctic (69.0 °N, 39.6 °N) included an underestimation of the
temperature possibly by "40 K due to auroral contamination. Therefore, a more robust method is needed for OH temperature
observations in the polar region.

In this research, we propose spectroscopic observations of the OH airglow in "1.3 p m, which would be expected to be
more robust to such auroral contamination. We have developed a brand new Near-InfraRed Aurora and airglow Spectrograph-
2 (NIRAS-2). It is an imaging spectrograph with InGaAs 2D FPA, which has a wide FOV of 55 degrees with a resolution of
0.11 degrees, and its wavelength resolution is variable with combinations of three slits, 30-, 60-, and 90- 1 m, and two volume
phase holographic gratings, 950- and 1500-lpmm. OH airglow observations are mainly performed using the low-dispersion
950-lpmm grating with 60- 1 m slits. The wavelength range is from 1195 to 1350 nm, targeting the OH (7,4) and (8,5) bands
and O2 IR band with a spectral resolution of 1.1 nm. The preliminary test observation in NIPR, Tokyo, showed that the
signal-noise ratio is better than its predecessor, NIRAS. The temperature data, estimated from the OH (8,5) band ("1.3 p m)
in the 10-minute integration, were well comparable with those from NRLMSISE-00. The estimated temperature error was a
few K, which is significantly better than that from NIRAS.

NIRAS-2) was installed at The Kjell Henriksen Observatory (KHO), Longyearbyen (78.1 °N, 16.0 °N) in late November
2022. Continuous 24-hour observations of the OH bands were made with 30-second exposures from November 23 to De-
cember 26, 2022, and then the OH observations were also routinely done for continuous two weeks in every month from
January to March 2023. OH rotational temperatures derived from the 30-minute integrations are in a good agreement with
the OH (6,2) rotational temperatures obtained from the spectrometer of the University Centre in Svalbard and the temperature
obtained from Aura/Microwave Limb Sounder. Moreover, we are working on data analysis to investigate the activities of
atmospheric waves, mainly atmospheric tides and gravity waves. In the preliminary analysis, we found clear 6- and 8-hour
wave activities in both the OH (7,4) and OH (8,5) bands data with 5-min resolutions. These results would be similar to the
previous results obtained at Eureka (80 °N) [Oznovich et al., 1997]. For further investigation, the results from the tempera-
ture observations will be then compared with wind observations from the co-located Nippon/Norway Svalbard Meteor Radar
(NSMR) [Hall et al., 2002]. In the presentation, we will show these results and give a more detailed discussion.
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Variations of winds from 70 to 120 km in the polar MLT region during the VortEx
campaign

#Satonori Nozawa'), Yasunobu Ogawa?) Masaki Tsutsumi?),Gerald A Lehmacher®

(Unstitute for Space-Earth Environment Research, Nagoya University, ?National Institute of Polar Research,®Clemson Uni-
versity

The Vorticity Experiment (VortEx) campaign was conducted from 17 to 25 March 2023 in northern Scandinavia. At 21:00
UT and 21:02 UT on March 23, two rockets were successfully launched (https://andoyaspace.no/news-articles/lift-off-for-
nasa-vortex/) from Andoya (69.3 deg. N, 16.0 deg. E). TMA (Trimethylaluminum) observations were made (see Figure).
The campaign was designed to study mesoscale structures in the wind field in the lower Thermosphere (90-120 km). The
EISCAT UHF radar, which has a capability to derive wind velocities between 90 and 120 km, was successfully operated at
Tromsoe (69.6 deg. N, 19.2 deg. E) during the campaign. We gathered 130 hours of EISCAT Special experiment (SP) time
from Japan, UK, Sweden, Norway, Germany (DLR) and Peer-reviewed Program (EISCAT), and made EISCAT UHF radar
observations during the campaign for 12 hrs every night from 17 to 25 March; we utilized scanning modes (so-called CP-2
type). Co-located MF radar and meteor radar at Tromsoe also made wind observations in the upper Mesosphere (70-100 km),
and also meteor radar at Alta (69.97 deg. N, 23.24 deg. E) as well. We analyzed the wind data, and derived wave compo-
nents in the upper Mesosphere and the lower Thermosphere. We will report observational results, in particular focusing on
variations of the semidiurnal tide between 70 and 120 km in the polar MLT region.

Vorticity Experiment (VortEx) & ¥ > R—23, 2023 4 3 H 17 H» 5 25 HiZE x4, 3 A 23 H 21:00 UT B &
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Zoary b¥xyrR—rOHIMNZ, EEHRE - NEREE (90-120 km; MLT f#I8) 1I281) 2 X Y 2 —F VE#EE S
JVEROEATH 2, ZORT v FF ¥ U R—VIZIFLEL T, BEDL —X—, 4 X—Y v —FOMl FEBRIZLED K
L7z FeaDZN—T1E br LAY (69.6 FEN, 19.2 fE E) iIcB1) 2 FEIHI% Efi L7z, EISCAT UHF L —& —O%f
ASEEEE, 3 3 17 Hh 6 25 HIZ» U THEB 12 RefSEME L 72 (BF 108 Kifi), Z @ EISCAT L —&X —FRrallgEksicix, H
AR, HWE, /v z— AVz—7Y, F4Y (DLR) B XU EISCAT Peer-reviewed Program 7> & SEERIRF R 23R X 1
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Digital camera image@Tromsg at 21:03:36 on March 23, 2023
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High resolution wind observations based on MF radar meteor echo measurements
#Masaki Tsutsumil), Toralf Renkwitz2),J orge Chau?
(INational Institute of Polar Research, 2Leibniz Institute of Atmospheric Physics

The MF (middle frequency) radar at Syowa Station (69S, 39E), Antarctic, has been applied to meteor wind observations
since 1999 [Tsutsumi and Aso, JGR, 2005], and recently redeveloped further to improve its time/spatial resolutions. Because
the duration of meteor echoes is proportional to the square of the radio wavelength, the duration of MF (2-3 MHz) meteor
echoes is more than 100 times longer than that of usual VHF (730 MHz) meteor echoes, indicating that the actual observation
time of MF radar meteor measurement can be significantly longer than that of a VHF system and that a more continuous and
dense measurement is possible under a geomagnetically quiet condition where MF radio wave can travel without significant
absorption or retardation. The redeveloped technique show horizontal wind velocities can be  estimated with a highly
improved time resolution of about 10 minutes in the height region of 80-115 km, and can even be resolved horizontally every
50 km or so within  the 10 minutes. Such resolutions are unprecedentedly high as meteor wind measurements [Tsutsumi,
SGPESS fall meeting, 2022; Tsutsumi et al., JPGU 2023].

This technique is now being further applied to MF radars at the northern mid-to-high latitudes, Saura (69N, 16E) and
Juliusruh (54N, 13E), routinely operated by Leibniz Institute of Atmospheric Physics. These radars are well equipped with
an interferometer capability with 9 and 6 receiver channels, respectively. We have found that existing archived data of these
radar systems can, at least partly, be applicable to the meteor echo analyses as those we have done with the Syowa system.
Some preliminary results of wind analyses are to be presented, and a future plan is also to be discussed. The high resolution
wind measurements by these radars would especially be beneficial for small scale atmospheric gravity wave studies in the
mesosphere and lower thermosphere.



R005-12
B&iE 1924 PM2 (15:45-18:15)
17:00~17:15

WBICHITZOHATNA X—J Y JEATRE SNEFERENT R kO
#Ed mED A FED
(378K, 2 BHIAA

Analysis of stationary wave events detected by OH airglow imaging observation

at Shirosato
#Satoshi Ishii!),Hidehiko Suzuki?
(IRikkyo University,(?Meiji university

The mountain wave (MW) is an atmospheric gravity wave generated by orographic forcing. Since the source of MW is fixed
at the ground, it is considered an important factor affecting atmospheric circulation in the upper atmosphere, coupled with the
seasonally changing lower-level wind field. Although various observations and numerical experiments have been conducted
to understand the excitation and propagation characteristics of MWs, few previous studies have focused on the propagation
process of MWs excited by small-scale mountains and the frequency of propagation into the upper atmosphere. Ishii et al.
(2022) analyzed satellite image data in which wave cloud generated by MWs were observed. Also, they used reanalysis
data (MERRA-2) and investigated the relationship between lower-level wind directions and orientations of mountain ridges
around the world. It was found that mountain waves are more likely to occur when the angle between the wind direction and
the orientation of the mountain ridge is between 60 and 90 degrees. Based on the analysis results, they estimated that many
small-scale ("100 km) MWs hotspots are scattered throughout the world. In Japan, Tohoku region and Hokkaido are showed
as MWs hotspots.

In this study, we have observed OH airglow to detect MWs which propagate from the troposphere to the mesopause
region at Shirosato, Ibaraki Prefecture (36.5 °N, 140.3 °E) from August 2021. The field of view (F.O.V.) of the imager is
approximately 100 km in the east-west direction and 200 km in the north-south direction. Because Shirosato is located in the
northern part of Ibaraki Prefecture, the southern part of the Tohoku region is also included in the F.O.V. The imager consists
of a consumer color digital camera (ILCE - 6000, SONY), a fisheye lens and a long pass filter. The color digital camera
had removed the originally installed filters that cut off infrared radiation. We detected two stationary wave events in January
2022. Both waves were observed for one to two hours and had horizontal wavelengths of 20 to 30 km. They were also similar
in that the wavenumber vector direction was tilted approximately 40 and 49 degrees to the north when east was 0 degrees. In
this presentation, we will report the results of observations from August 2021 to September 2022 and from April 2023. In
addition, by using the topography data and the reanalysis data as a vertical profile of the background atmospheric field at the
observation period, we will discuss the excitation sources and vertical propagation possibilities of the two stationary waves.
We will consider the frequency of generation and propagation into upper atmosphere of small-scale mountain waves.
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Current Status and Future Plans of MM-wave Multi-line Observation at Syowa
to Understand the Effect of EPP on the Atmosphere

#Akira Mizuno!), Taku Nakajima®), Tomoo Nagahama®) ,Gemma Mizoguchi'),Hirofumi Goto"),Ryuho Kataoka?), Yoshimasa
Tanaka?) Rikuto Koike® ,Mitsumu K Ejiri®), Yoshihiro Tomikawa?),Hikaru Suzuki® ,Fuminori Tsuchiya®) ,Isao Murata®), Yasumasa
Kasaba®) JSEE EPC Interdisciplinary Research Consortium®)

(Unstitute for Space-Earth Environmental Research, Nagoya University,(?National Institute of Polar Research,®Tohoku
University

It is well-known that energetic particle precipitation into the polar regions induced by the solar activity ionizes atmospheric
molecules, and the subsequent ion chemistry produces NO,, and HO,, leading to depletion of ozone.

We have been conducting long-term monitoring using a millimeter-wave spectrometer in two spectral lines of nitric
oxide (NO) and ozone (O3) above Syowa Station since 2012 to clarify the atmospheric response to the energetic particle
precipitation. However, we could not observe both lines simultaneously due to the limitation of the instantaneous bandwidth
of the millimeter-wave spectrometer, the two lines were observed alternately by switching the frequency setting of the
receiver system. To overcome this situation, a multi-frequency millimeter-wave spectrometer using a waveguide-type
frequency multiplexer was developed and installed at Syowa Station in 2020. Simultaneous observation of multiple emission
lines in the 230-250 GHz band, including CO additionally, was realized for the first time in the ground-based millimeter-wave
observations. But the originally planned performance was not achieved, due to some problems with damages of parts and an
incomplete cooling system setup. In 2022, we made a quick overhaul of the observing system, such as expansion of the FFT
spectrometer bandwidth from 2.0 GHz to 2.5 GHz, improvement of the IF circuit design, and reassemble the cooling system.
And finally, the spectrometer achieved originally planned performance.

Frequency switching method was used for the observations, which is less sensitive to sky inhomogeneities due to cloudlets
etc. because the same elevation angle is always observed and able to reduce dead time caused by rotational motion of the
switching mirror to change the elevation angles. CO in the 230 GHz band, two ozone spectra (J=71 7-6¢ ¢ and J=105 g-107 g)
and six NO spectra (F=7/2-5/2, 5/2-3/2, 3/2-1/2 with J=5/2-3/2 for each p,;=-— + and + — -) in the 250 GHz band were
detected significantly, while NOs in the 247 GHz band and HO.in the 250 GHz band were not detected so far.

Comparison of time series data of daily averaged NO column density with the flux of high-energy electrons (0-degree
telescope data of POES/METOP satellites) between August to the end of October 2022 shows that NO enhancement occurred
five times corresponding to the electron precipitations. The decay time of the NO column density after the steep increase by
the electron precipitation tends to shorten as the daylight hours increase from winter to spring, suggesting that the length of
decay time of NO column density reflects the photodissociation process.

The ozone data is currently being analyzed in collaboration with the Tohoku University group. Since the current retrieval
program was optimized to derive the stratospheric ozone amount, development of new analytical algorithms to improve the
accuracy of deriving ozone column densities above the mesosphere is a key issue.

In this presentation, we will report the current performance as a remote sensing instrument, problems that have become
apparent after one-year operation of routine observations, issues in future data analysis, and plans for future observations in
the Arctic polar cap region using the same type of mm-wave spectrometer system.
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Statistical Analysis of the Earth’s Atmospheric Molecular Constituents Response
during a Solar Eclipse Using Aura/MLS Data

#Tianliang Yang'-?), Tomoo Nagahama?),Akira Mizuno®, Taku Nakajima?)
(1Graduate School of Science, Nagoya University, ?Institute for Space-Earth Environmental Research, Nagoya University

A solar eclipse is a familiar natural phenomenon characterized by a short-term obscuration of solar radiation. It can provide
a unique perspective of a natural experiment on the short-term variations of the middle and upper atmosphere during a short-
term change in solar radiance. However, limited research or survey has been conducted on this short-term variability. For
example, Imai et al. (2015) used JEM/SMILES data to assess the impact of the January 15, 2010, annular solar eclipse on the
mesospheric ozone. However, there are few examples of observations on the variation of atmospheric molecular constituents
in the stratosphere and mesosphere during solar eclipses. This study examined the relationship between eclipse obscuration
rate and ozone variability for all eclipses from 2004 to 2023 using Aura/MLS data. We used the vertical ozone distribution
data (version 4.2) with AURA/MLS, and the obscuration rate at the time of the eclipse was calculated for each observation
point. Ozone variability was determined as the difference from the ozone data from orbits before and after the eclipse. In the
case of the total eclipse on December 14, 2020, we found that ozone concentrations increased at altitudes of 58 km to 67 km
during the eclipse. This is generally consistent with the results of Imai et al. (2015). Imai et al. (2015) also noted that the
relationship between solar radiation variability and ozone variability is due to differences in the mechanism of OH production
at different altitudes. However, our statistical analysis shows that the rate of ozone variability when the obscuration rate
is significant is lower than the relationship noted by Imai et al. (2015), which suggests that when the occultation rate is
significant in an eclipse, ozone loss due to OH may continue for a relatively long time and suppress ozone increase.
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Properties of ionospheric low-altitude ion upflows during CIR- and CME- driven
magnetic storms based on the EISCAT observations

#Masayoshi Takada'),Kanako Seki?),Yasunobu Ogawa®) ,Kunihiro Keika®

(INational Institute of Polar Research,(QDepartment of Earth and Planetary Science, Graduate School of Science, University
of Tokyo,®Department of Earth and Planetary Science, Graduate School of Science, The University of Tokyo

Molecular ions (O27/NO™/NoT) in the ring current of the terrestrial magnetosphere have been observed during the mag-
netic storms [e.g., Klecker et al., 1986; Seki et al., 2019]. These ions originate from the low-altitude ionosphere. In the
ionosphere, upward ion transports (upflows) supply sources of the ions outflowing to the magnetosphere. Since the molecular
ions usually exist in the low-altitude (<300 km) ionosphere and can be affected by neutral winds, the generation mechanisms
and properties of ion upflows to transport molecular ions are different from those of O™ [e.g., Ogawa et al., 2010; Yamazaki
et al.,, 2017]. In particular, their dependence on solar activities is one of the important properties to understand formation
mechanisms of the ion upflows. In a previous study by Ogawa et al. [2019], the characteristics of O™ ion upflows in the polar
ionosphere were investigated during CIR- and CME-driven magnetic storms by using EISCAT radars. They reported that the
upflows during CIR- and CME-driven storms have different dependence on magnetic local time. For the CIR-driven storms,
upward ion flux around noon was pronounced, while it was enhanced around midnight during the CME-driven storms. Their
study focused on the ion upflows in the altitude range between 400 and 500 km, where O™ is the dominant species, and
responses of the ion upflows to the different type of magnetic storms in the low-altitude ionosphere, where molecular ions
exist, are far from understood. The purpose of this study is thus to understand properties of ion upflows in the low-altitude
polar ionosphere during CIR- and CME- driven magnetic storms based on the long-term EISCAT observations.

We used data from the EISCAT ultra high frequency (UHF) radar at Tromso (Invariant Latitude: 66.12° N) and Svalbard
42m antenna radar (ESR) at Svalbard (Invariant Latitude: 75.10° N) during CIR- and CME-driven magnetic storms from
1996 to 2015. We used 5-minute time resolution data when the radar was looking along the magnetic field line. The iono-
spheric parameters such as electron density, ion velocity, and ion and electron temperatures were averaged between 250 and
350 km and we screened data to exclude unrealistic values. The results show that ion upflows in the low-altitude ionosphere
were mainly detected in the dayside and nightside at Tromso during both CIR- and CME- driven magnetic storms. On the
other hand, the upward flux at Svalbard was not enhanced in nightside but remarkable in dawnside after CIR-driven storms,
whereas it increased from the low-altitude region in the nightside only after CME-driven large storms. The ion upflows were
detected in the duskside at Tromso only during CME-driven large storms. We also estimated the generation mechanisms of
upflows by comparing ion and electron temperatures between pre-storm time and after storm onset. The frictional heating
mainly caused upflows during CME-driven storms at both locations and possibly in the dawnside during CIR-driven storms
at Svalbard, whereas the precipitation mainly caused upflows during CIR-driven storms at both locations and possibly in the
nightside during CME-driven small storms at Tromso.
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Triangulation of a STEVE observed at Athabasca, Canada on Sept 3rd, 2022
#Liwei Chen!),Kazuo Shiokawa®),Yuto Kato!), Takuma Tsuboi®),Connors Martin?
(nstitute for Space-Earth Environmental Research, Nagoya University, (2 Athabasca University

The Strong Thermal Emission Velocity Enhancement (STEVE) is a purplish westward surging arc which attracts much
attention from the scientific community since 2016. In this presentation, we present a unique triangulation campaign of a
STEVE observed on Sept 3rd, 2022, at Athabasca, Canada. For the first time we show the profile of STEVE altitude variation
over time in 1-min resolution, for both the visible purplish arc and the green fence structures. All these STEVE altitude
properties are obtained from triangulations made by several different cameras which were operated at two 24 km separated
observatories at Athabasca, Canada. We used two Nikon cameras to make the campaign observation. We also compare
the images from Nikon cameras and an Optical Mesosphere Thermosphere Imager (OMTI) to see the difference between
emissions at different wavelengths. The temporal profile of the visible STEVE arc shows that emission height around the
zenith of Athabasca was stable at 150-170 km during its presence ("0546-0633 UT), except for a short elevation to “200 km
at 0600 UT. The green fence structures appeared at 0549 UT when the intensity of the STEVE arc started to intensify and
only lasted for 7 minutes, and their altitude was maintained at "110 km. In this presentation, we compare these results with
previous STEVE studies about STEVE common properties, its possible generation mechanism, and its relationship with other
subauroral phenomena.
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Multiple-event study of substorm electric-field penetration based on simultaneous
observation of 630-nm airglow enhancements

#Saki Morita'), Kazuo Shiokawa®), Yuichi Otsuka'),Nozomu Nishitani'), Atsuki Shinbori), Takuya Sori'),Akiko Fujimoto® ,Akimasa
Yoshikawa?®) Michi Nishioka®) ,SEPTI PERWITASARI% ,Mamoru Yamamoto®

(Unstitute for Space-Earth Environmental Research, Nagoya University,?Kyushu Institute of Technology, ®Department of

Earth and Planetary Sciences, Kyushu University,(*National Institute of Information and Communications Technology,(°Research
Institute for Sustainable Humanosphere, Kyoto University

630-nm red airglow emissions at altitudes of 200-300 km are produced by dissociative recombination of Oo™. The
emission intensity is proportional to the product of OF and O, densities. The O is also proportional to the ionospheric
plasma density because it is a major part of the F-region plasma in the ionosphere. Therefore, the change of the product
of O and Oy densities due to the upward or downward motion of the ionosphere by a zonal electric field or a meridional
neutral wind leads to the variation of the 630-nm red airglow intensity. In other words, observation of the 630-nm airglow
modulation is equivalent to seeing the upward and downward motion of the ionosphere. One of the causes of moving
mid-latitude ionospheric plasma is the penetration of the transient magnetospheric electric field associated with substorms.
Region 1 currents dominate due to the development of a current wedge system at substorm onset, and a westward electric
field penetrates at mid-low latitudes on the night side. The direction of the associated ExB drift is diagonally downward,
which causes the ionospheric plasma to move to lower altitudes with higher O density. This process enhances the 630-nm
airglow emission. Shiokawa et al. [2000] reported only two events of two-dimensional observations of the 630-nm airglow
enhancement using an all-sky camera at mid-latitudes. However, there have been no other reports of the mid-latitude 630-nm
airglow modulations associated with substorms. Further, because Shiokawa et al. [2000] did not conduct a multi-observation
data analysis for the 630-nm airglow enhancement, the spatial and temporal variations of the 630-nm airglow enhancement
remained unknown.

In this study, we will increase the number of 630-nm airglow enhancement events with substorm by observing simul-
taneously with all-sky cameras installed at Rikubetsu (43.5°N, 143.8°E), Shigaraki (34.9°N, 136.1°E) and Sata (31.0°N,
130.7°E) in Japan. Further, we use various kinds of observation data obtained from the FM-CW radar installed at Sasaguri
(33.4°N, 130.3°E) by Kyushu University, SuperMAGs, GNSS receiver networks, Ionosondes, the DMSP F15 satellite, and
the SuperDARN Hokkaido East radar to clarify the characteristics of airglow and ionospheric variability due to electric field
penetration with substorms over a wide latitudinal range.

From 2002 to 2012, there were 1,800 days of FM-CW radar observations. Among them, we found five events of
simultaneous airglow enhancements at two or more stations. Substorm-like AL index decreases were observed with the onset
of these airglow enhancements. The occurrence probability of ’simultaneous enhancement at two or more stations” in the
“time when the weather is clear by confirming the all-sky camera on the day that FM-CW radar at Sasaguri is available” was
5.5 [hour]/6080 [hour]=0.09%, which is very rare. Three events occur during peculiar intervals, such as very large substorms
or giant magnetic storms (Halloween events). This suggests that in order to cause electric field penetration and simultaneous
airglow enhancement at mid- and low latitudes, there may be some necessary conditions in the substorm-like geomagnetic
variations and the background solar-wind, magnetospheric and ionospheric parameters. In this presentation, we investigate
possible mechanisms to cause airglow variations associated with substorm electric field penetration into the mid-latitude
ionosphere, based on a combined analysis of airglow, geomagnetic field, ionospheric and TEC variations, and solar wind
parameters.
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Superposed Epoch Analysis of mid-latitude ionospheric plasma flows after geo-
magnetic storms using SuperDARN radar observations
#Kohei Omori") ,Nozomu Nishitani!), Tomoaki Hori®),Simon Shepherd?)

(Unstitute for Space-Earth Environmental Research, Nagoya University,(?Thayer School of Engineering, Dartmouth College,
Hanover, NH, USA

Disturbance Dynamo is a dynamo process caused by neutral winds resulting from Joule heating of the polar regions during
a geomagnetic storm or substorm. Past studies have suggested that the Disturbance Dynamo process generates westward
plasma flows in the mid-latitude ionosphere with a time delay of about 10 hours from the onset of geomagnetic storms. How-
ever, there have been few statistical studies on the effect of Disturbance Dynamo on the mid-latitude ionospheric plasma flow
after geomagnetic storms, and the magnitude and time constant of the plasma flow variations caused by Disturbance Dynamo
are not clear from observations. In this study, we performed Superposed Epoch Analysis based on the peaks of Dst indices us-
ing data from three SuperDARN radar observations: Christmas Valley East (CVE), Christmas Valley East (CVW), Hokkaido
East (HOK), and Hokkaido West (HKW). The goal is to investigate the variation of mid-latitude ionospheric plasma flows af-
ter geomagnetic storms. The analysis covered over 300 storms between December 2006 and April 2023. The results showed
that the westward plasma flow velocity tended to increase around 45-48 degrees of geomagnetic latitude with a time delay of
about 10-20 hours from the peak of the Dst index. Additionally, the peak value of the Dst index and the amplitude and time
delay of the plasma flow velocity increase have little correlation. More detailed analysis and discussion will be presented.
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Assessing the performance of the double-thin-shell model for studying E-F cou-
pling using two dense observation networks in Japan

#Weizheng Fu®), Yuichi Otsuka®) ,Atsuki Shinbori®) ,Michi Nishioka?),SEPTI PERWITASARI?

(Unstitute for Space-Earth Environmental Research, Nagoya University, (?National Institute of Information and Communica-
tions Technology

Electrodynamic coupling between the ionospheric E and F regions is widely accepted as the underlying mechanism for the
generation of nighttime medium-scale traveling ionospheric disturbances (MSTIDs) at midlatitudes. Recently, the double-
thin-shell approach has proved to be a useful tool for studying the E-F coupling process, allowing the simultaneous observa-
tion of electron density perturbations with broad and continuous coverage in both E and F regions. GEONET (GNSS Earth
Observation Network System) is a dense network of ground-based GNSS receivers over Japan. However, previous results
have shown that the reconstruction performance for Es with small amplitudes is limited when only GPS total electron content
(TEC) measurements from GEONET are used. Fortunately, SoftBank Corp., a Japanese telecommunications provider, has
recently developed a dense independent GNSS observation network to improve positioning services. The use of this network
provides an opportunity to improve the resolution and accuracy of the double-thin-shell model. In this research, we analyze
the potential of the improved double-thin-shell approach by incorporating multi-GNSS observation data from both GEONET
and SoftBank. Solvability analysis and simulation results suggest that the spatiotemporal resolution and reconstruction per-
formance have been greatly improved. By using real observations on July 3, 2022 for a typical nighttime MSTID event, the
reconstruction results illustrate the ability and fidelity of the approach to discriminate between perturbations in the E and F
regions, especially in complex background conditions near the solar terminator. Based on these assessments, we conclude
that the incorporation of GEONET and SoftBank GNSS observation data holds significant potential for improving the double-
thin-shell model and advancing our understanding of MSTIDs.

Acknowledgement: TEC data were obtained from RINEX files taken from GEONET and SoftBank Corporation.
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Electric field Observed during Nighttime Medium Scale Traveling Ionospheric
Disturbance Occurrence by S-520-27 Sounding Rocket

#Miyuki Matsuyama®) ,Keigo Ishisaka?) Mamoru Yamamoto® ,Susumu Saito*), Toru Takahashi® ,Yuichi Otsuka®,Atsushi
Kumamoto”) ,Makoto Tanaka®) , Takumi Abe?

(IToyama Prefectural University,(?Faculty of Engineering, Toyama Prefectural University,(®Research Institute for Sus-
tainable Humanosphere, Kyoto University,(*Electronic Navigation Research Institute,°Electronic Navigation Research
Institute, CInstitute for Space-Earth Environmental Research, Nagoya University,("Department of Geophysics, Graduate
School of Science, Tohoku University, ®Tokai University, “Institute of Space and Astronautical Science, Japan Aerospace
Exploration Agency

The phenomena of propagation of electron density fluctuations are known as the Traveling Ionospheric Disturbance (TID).
The TID with short periods of 30 minutes to 3 hours is called the Medium Scale TID (MSTID). The MSTID occurs during the
day or night. This presentation will discuss the nighttime MSTID. The wave structure of the electron density in the nighttime
MSTID in the Northern Hemisphere extends in a northwest-southeast direction and propagates in a southwest direction. In
addition, the DMSP satellite observation shows that the electric field is perpendicular to the electron density wave structure
(Shiokawa et al, 2003). The Perkins instability has been proposed as the generation mechanism of the MSTID. However, it
cannot explain the growth rate and the propagation direction. In contrast, simulations revealed that the interaction between
the ionospheric E and F regions through the Earth’s magnetic field lines plays an important role (Yokoyama and Hysell,
2010). Therefore, on July 20, 2013, S-310-42 and S-520-27 sounding rockets were successively launched from Uchinoura
Space Center in Japan to simultaneously observe the E and F regions connected by the Earth’s magnetic field lines. In this
study, the electric field observed by S-520-27 is analyzed to investigate the contribution of the electric field to the MSTID
generation mechanism. This rocket was launched when the electron density structure in the northwest-southeast direction
was occurring. The electric field of the northeast direction was observed in the low electron density regions and the electric
field of the northwest direction was observed in the high electron density regions. The electric field was generated not only
perpendicular to the wave front but also parallel to it. In this presentation, we will explain the relationship between the
electron density structure and the electric field.
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Tomographic imaging of sporadic E-layer by sounding rocket S-520-32 observa-
tion

#Toru Takahashi®),Susumu Saito?:3),Mamoru Yamamoto®%) ,Manabu Shinohara®

(IElectronic Navigation Research Institute, 2Electronic Navigation Research Institute, ®Research Institute for Sustainable
Humanosphere, Kyoto University,(*National Institute of Technology, Kagoshima College

Sporadic-E (Es) layers is a thin and dense layer appearing from 90 to 120 km and have been studied over six decades.
Previous studies presented that the horizontal structure of the Es layer is likely to play an important role for the generation of
medium-scale traveling ionospheric disturbances (MSTIDs) due to E-F coupling via the earth’s magnetic field lines.

The sounding rocket S-520-32, which aimed to observe irregularities associated with the Es layer and MSTIDs, was
launched from Uchinoura Space Center (USC), JAXA (31.25 deg. N, 131.08 deg. E) at 23:20:00 JST (UT+9) on 11 August
2022. It transmitted the dual-band beacon signals (150 and 400 MHz) and received GNSS signals to separately observe the
total electron content (TEC) in the E and F region during the flight. The rocket flew between the E and F-layer and reached
an apogee of 270 km. It splashed into the sea around 23:28:43. During the rocket flight, the MSTIDs were seen in the TEC
map derived from the GNSS receiver network around the rocket trajectory. The ionosonde in Yamagawa, Kagoshima 44 km
away from USC detected the Es layer and the foEs and altitude of Es layer were approximately 4.2 MHz and 90 km.

We installed the beacon receivers at USC, Tarumizu (TRM) (31.49 deg. N, 130.70 deg. E), Kirishima (KRS) (31.73 deg. N
130.73 deg. E), and Satsumasendai (SND) (31.83 deg. N, 130.34 deg. E). These four sites almost aligned with the backward
extension of the line of rocket trajectory. Thus, the tomography technique could be attempted in the line to estimate the spatial
distribution of the Es layer.

The dual-band beacon signals were successfully received in all sites. The TEC values were derived from the phase dif-
ference of 150 and 400 MHz signals after removing the phase shift due to the rocket spin. The TEC observed at four sites
showed a similar trend and drastically increased when the rocket reached 116 km. This indicated that the path between the
receiver and the rocket crossed the Es layer. After that, the TEC values increased moderately until the rocket reached 200
km in descending interval. During the rocket went down below 200 km, the TEC values decreased and widely fluctuated,
implying the horizontal structure of the Es layer.

We performed the tomography analysis with the TEC values observed at four sites. The Es layer was found to be located
at 116 km in the tomography result, and its peak density was 6x10'° m~3. The Es layer distributed around 100 km distance
from the USC, but from 100 to 220 km, there was no single peak of electron density. The Es layer was found again around
220 to 300 km from the USC, but the altitude was lower by about 4 km and the peak density was smaller by 1-4x10'° m—3
than the Es layer around 100 km from the USC.

In this presentation, we will show the observation results as well as the comparison of it with ionosonde and onboard
instruments. Furthermore, we will compare the horizontal structure of the Es layer and the F-region structure to discuss the
E-F coupling process.
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Study of long-term variations in the sporadic E layer by using Japanese ionosonde
observations
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Institute of Information and Communications Technology

A sporadic E (Es) layer is one of the important ionospheric irregularities and disturbs wireless communications. In
this study, We examine the long-term trend of Es density and height by using long-term data of ionosonde observations at
Japanese 5 stations, i.e., Wakkanai(45.16 north latitude, 141.75 east longitude, during 1957-2022), Kokubunji(35.71 north
latitude, 139.49 east longitude, during 1957-2022), Yamagawa(31.20 north latitude, 130.62 east longitude, during 1965-
2022), Okinawa(26.68 north latitude, 128.15 east longitude, during 1972-2022), Syowa(69.00 south latitude, 39.60 east
longitude, during 1970-2022). To derive their long-term trend, we apply a multiple regression method with the ionosonde data.
The presentation focuses on variabilities of its altitude and intensity, and LT dependence. We also show trend correlations
with the background ionospheric E and F layers.
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Fine structure of sporadic E: simultaneous observations with HF Doppler sound-
ing system and MU radar in Japan
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Sporadic E (Es) layer is a layer of extremely high electron density that occurs mainly in summer at mid-latitudes around
100 km altitude. Es layer has been known to cause long-range anomalous propagation of radio waves in the VHF band be-
cause of the reflection due to an extreme increase of the electron density associated with Es layer. Es layer has been studied
for more than half a century using various instruments because of its influence on aeronautical navigation systems and radio
broadcasts that use the VHF band. It was revealed that quasi-periodic coherent radar echoes (QP echoes) were observed by
using the MU radar when Es layer occurs at night during summer months (Yamamoto et al., 1991). These echoes would
manifest fine-scale internal structure of Es layer during nighttime. It was also found that nighttime Es layers are related to
Medium-Scale Traveling Ionospheric Disturbances (MSTIDs), which occurs at the F region altitudes. In order to understand
the temporal evolution of these two phenomena, it is needed to understand the fine structure of Es layer. However, the spatial
extent of the fine structure has been unclarified because the coverage of the MU radar is limited.

In this research, we used the HF Doppler (HFD) observation in order to observe Es layer in a wide area. The HFD sounding
system transmits two continuous waves, 5.006 MHz and 8.006 MHz from Chofu, Tokyo and the reflected waves are received
at 11 observation stations in Japan. The system can detect the vertical motion of the ionosphere and dynamical characteristics
of various ionospheric phenomena from variations of the Doppler frequency and received signal intensity derived from the
received signal at multiple stations. The sampling rate of the raw waveform data is 100 Hz. The temporal resolution of the
Doppler frequency and received signal intensity is 10 sec. The HFD observation is known to observe characteristic (quasi-
periodic) Doppler spectral traces associated with Es layer, mainly at night during the summer season. This feature would
reflect the spatial structure of Es layer, which corresponds to QP echoes. If the identity of the quasi-periodic Doppler trace
and QP echoes is confirmed, it would be possible to observe the fine structure of Es layer in a wide area by using the HFD
sounders.

For this purpose, we conducted simultaneous observations of Es layer by using HFD and MU radar on eight nights (May
23-26 and June 6-9, 2022). During five nights, the MU radar detected clear signatures of QP echoes. In addition, we con-
firmed that quasi-periodic Doppler traces were observed in the HFD data obtained in Awaji station. The two observation
methods would have detected same Es layer because the difference in the timing of detection was small, about 10 — 20
minutes. The time lag would have been due to the location of the reflection point of the HFD observation in Awaji, which is
about 200 km away from the MU radar observation area. When the MU radar clearly detected Es layer, the difference in speed
between MSTIDs and Es layer was less than 20 %. This indicates that Es layer and MSTIDs propagated in tandem. Based
on this fact, the time needed for propagation of MSTIDs between observation areas of MU radar and HFD was calculated
by a cross-correlation analysis of GPS-TEC data. The estimated travel time was almost equal to the time lag in the Es layer
observation between the MU radar and HFD. Therefore, we conclude that the time lag of Es layer observation was due to the
difference of the observation areas, which further confirms that the quasi-periodic structures in the Doppler spectra of HFD
measurements are manifestations of QP echoes seen in data from coherent radars such as the MU radar.

It was confirmed that the two methods observed the internal structures of the same Es layer. Still, however, it is unclarified
what kind of spatial structure of Es layer is represented by the quasi-periodic Doppler traces observed by HFD. In order to
reveal the spatial structure of Es layer in a wide area, we conduct a cross-correlation analysis of received signal intensity
obtained at the HFD stations around the Kanto area, where the distribution of the receiving stations is dense. Also, we plan
to reconstruct 2D images of the QP echoes from the imaging observations made by the MU radar and compare them with the
quasi-periodic Doppler traces seen in the HFD measurements.
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Analysis of the spatial structures of the sporadic E layer

using aeronautical navigation radio - ILS Localizer
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The sporadic E (Es) layer is a phenomenon in which the electron density increases locally at an altitude of about 100 km
in the ionosphere. Normally, VHF radio waves above 100 MHz are not reflected at that altitude. However, the extremely
high electron density in Es sometimes reflects HF to VHF radio waves and causes anomalous propagation of such waves for
a long distance. Therefore, Es layer has a potential to cause interference to radio systems such as aeronautical navigation
systems. In this study, observations of Es using radio waves used for aeronautical navigation systems, in particular the ones
for the Instrument Landing System Localizer (ILS LOC), have been conducted in Kure, Japan.

The ILS LOC transmits radio waves in 108-112 MHz frequency range with amplitude modulation at 90 Hz on the left side
and 150 Hz on the right side of the runway as seen from the aircraft. Then, ILS provides information about the approach
course to airplanes based on the difference in the intensity of these two modulations (Difference in Depth of Modulation:
DDM). Since radio waves from the ILS LOC system have strong directivity, they may propagate anomalously over a long
distance due to reflection by the Es layer despite its low transmission power of 10 W. Recently, it has been reported that a
110.3 MHz radio wave, which seems to have been transmitted from the Localizer Type Directional Aid (LDA) at the Hualien
Airport in Taiwan, was received in Kure, using a software-defined radio receiver. However, the source of the signal has not
yet been confirmed and it is still unclear how the DDM data can be used for inferring the spatial structure of the Es layer. To
overcome these problems, in this study, we have been operating an ILS LOC receiver since in Kure, which was actually used
in the aircraft, and the direction of arrival of the radio wave has been measured continuously.

During summer seasons, we often observe a very strong signal at 110.3 MHz at Kure, which is possibly caused by
anomalous long-range propagation of VHF waves due to reflection by the Es layer. Analysis of the audio Morse code
obtained from our observation revealed that the VHF signal at 110.3 MHz received in Kure was transmitted from a Localizer
type Directional Aid (LDA) at Hualien Airport in Taiwan. The difference between the direction of Kure as viewed from
Hualien and the beam direction of the Hualien LDA is -0.68 degree. However, the most frequent DDM angle was slightly
different from the direction of Hualien. Moreover, during nearly half of the events during two summer seasons, significant
fluctuations were seen in the DDM angle. The statistical analysis using two years of measurement indicates that the
characteristics of the fluctuation of DDM (which is identical to the angle-of-arrival of the signal) change from case to case.
This implies that Es has a potential to change the propagation direction of radio waves used for the ILS Localizer system;
thus, the behavior of DDM values may be used for diagnosing the complicated spatial structure of Es.

In this presentation, we will report on the statistical analysis of the data obtained from the software receiver and ILS LOC
receiver for the anomalous Es propagation events in the summer seasons of 2021 and 2022. Furthermore, by introducing a
few cases of anomalous Es propagation in the summer of 2023, we will discuss how the characteristics of the DDM variation
reflect the spatial structure and dynamical characteristics of the Es layer through comparison with the two-dimensional maps
of Es from GPS-TEC ROTI and the radio wave observations of the Automatic Identification System (AIS) installed from
ships.
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Investigation of wintertime sporadic E layer intensification in 2009 using
COSMIC-1 and GAIA data
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This study investigated the generation mechanisms of wintertime sporadic E layer intensification (WEsLI) occurring
primarily in February 2009. It is known that EsLI shows the minimum in winter. EsLs are formed by vertical ion convergence
(VIC) driven by winds, and thus, EsLI variations relate to VIC variations. Our recent simulation demonstrated that SW2 tidal
amplification can cause WEsLI at mid-latitudes. However, the simulation was performed only in the mid-latitude ionosphere.
The global distribution of WEsLI and its driver is not fully understood.

In this presentation, we investigated the global distribution of WEsLI using FORMOSAT-3/COSMIC in 2009-2011.
Moreover, a comparison between the observed WEsLI distribution and simulated VIC distribution was conducted to reveal
the generation mechanism of WEsLI in 2009. The VIC was calculated from GAIA (Ground-to-topside model of Atmosphere
and Ionosphere for Aeronomy) data. WEsLI in 2009 occurred at the latitudes of 10-40 degrees N between 90 degrees E and
140 degrees W and the latitudes of 0-20 degrees N between 80 degrees W and 120 degrees W. WEsLI in the central and
western Pacific areas was evident. The observed WEsLI distribution resembled the VIC distribution driven by SW2, DW1,
DE2, and DE3 tides between 12 and 18 LT at 100-120 km altitudes. SW2 and DE3 tidal amplification controlled primarily
the WEsLI in 2009. We will discuss the mechanisms of tidal amplifications in the presentation.
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Horizontal inhomogeneity of the D-region ionosphere detected by OCTAVE
VLEF/LF observations network during X-class solar flares
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When solar flares occur, electron density in the ionosphere (60-100 km altitudes) increases because of intense X-rays.
So far, relationship between VLF (3-30 kHz) and X-ray flux has been reported (Paulin et al., 2010), although there are few
reports for horizontal inhomogeneity of the reflection height in the D-region ionosphere. The purpose of this study is to reveal
horizontal homogeneity of electron density in the D-region ionosphere during X-class solar flares using multi-path VLF/LF
(30-300 kHz) transmitter signals of “Observation of CondiTion of ionized Atmosphere by VLF Experiment (OCTAVE)”
network. The OCTAVE network is our originally worldwide VLF network for monitoring the D-region phenomena such like
solar flares, energetic electron precipitation, and acoustic waves and atmospheric gravity waves associated with earthquakes
and volcanic eruption. When solar flares occur, VLF/LF amplitude and phase vary with decreasing the reflection height.
The transmitters used in this study were NWC (21.817S, 114.167E, 19.8 kHz), JJI (32.05N, 130.82E, 22.2 kHz), JJY
(37.37N, 140.85E, 40.0 kHz; 33.47N, 130.18E, 60.0 kHz), and BPC (34.63N, 115.83E, 68.5 kHz). The receivers were
located at RKB (Rikubetsu, Hokkaido, 43.45N, 143.77E), ZAO (Zao, Miyagi, Japan, 38.10N, 140.53E), SGR (Sasaguri,
Fukuoka, Japan, 33.63N, 130.51E), KAG (Tarumizu, Kagoshima, Japan, 31.59N, 130.55E), and PTK (Pontianak, Indonesia,
0.003N, 109.37E), which are part of OCTAVE network. When the class of solar flares is X2.2, X2.7 and X4.9, amplitudes
of variations in the VLF/LF amplitude (A A) and phase (A P) were 2.9-24.9 dB and 24.8-420.0 degrees, respectively.
Using wave-hop method, we estimated reduction in reflection height (A h) from the observed A A and A P. The A h were
estimated to be 1.0-12.9 km for 16 paths, and showed that A h tends to increase with solar zenith angle in large solar flares.
In addition, we estimated the increase in electron density (A N) with azimuth angle using IRI-2016 model. As a result, the
difference of A N with the propagation direction was confirmed. A N of west to east propagation path was larger than that
of east to west one. In this presentation, we will discuss the horizontal inhomogeneity of the reflection height during solar
flares taking into account difference of VLF east-west propagation.



R005-27
B&E 1925 PM1 (13:45-15:30)
14:00~14:15

BEWAMEAZFOFRED Ty FEROREFEICOVT
#K WD, EOBE Y, A R
(UMK, 2 SR/ SR, G TR

Research on the characteristics of equatorial electrojet occurrence with a peculiar
decreasing trend

#Hikaru Ikesue!),Akimasa Yoshikawa?),Akiko Fujimoto®

(1Kyushu university,(?Department of Earth and Planetary Sciences, Kyushu University,®Kyushu Institute of Technology

During quiet magnetic field activity, various current structures exist in the dayside ionosphere, including Sq current, the
strong eastward current EEJ (Equatorial ElectroJet) and CEJ (Counter ElectroJet) that flow in the opposite westward direction.
(e.g., Stening; 1992, Rastogi; 1973, Yamazaki & Maute;2017)

EEJ driven by an eastward electric field are usually observed with an increased amplitude compared to the Sq current due
to the Cowling effect. However, there is a phenomenon in which the EEJ amplitude is equal to or smaller than that of the Sq
current during quiet magnetic field activity. We defined this phenomenon as a “peculiar EEJ” and analyzed it to understand
the characteristics and causes of its occurrence.

We used the magnetic field data observed at Ancon and Huancayo in Peru as equatorial stations and Eusebio as an off-dip
equatorial station in Brazil. Comparing between the amplitudes of the equatorial stations (Ancon and Huancayo) for EEJ
amplitude and the off-dip equatorial station (Eusebio) for lower latitude magnetic field amplitude which corresponds to Sq
current variations, we found that the peculiar EEJ was classified into roughly three types: (1) undeveloped type, which is
characterized with a full lack of EEJ amplitude, (2) sudden type, which shows a sudden drop of EEJ amplitude than lower
latitude magnetic field amplitude, and (3)other types.

The five-year analysis from 2016 to 2020 resulted that there are 57 events as the peculiar EEJ and the event number of
each type: undeveloped type, sudden type, other types are 21, 16, 20, respectively. The occurrence of the peculiar EEJ has
seasonal dependence: the undeveloped type in the summer solstice, the sudden type in the winter solstice. We suspect that the
seasonal dependence of EEJ and Sq current for the undeveloped type and the seasonal dependence of CEJ for the sudden type
may play a significant role in, respectively. In this presentation, I will report the results of further analysis using TEC, which
represents electron density, and ROTI, an electron density disturbance index, and discussion on the occurrence characteristics
and factors of the peculiar EEJ.

KBGEFRRRE, BHIEREE Tl Sq Bifie. WM = ICHEB L2 EEl, ZDKXOPER i3 CEl 2lZLH 35
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Quasi-6-Day Wave Modulation of the Inter-Hemispheric Field-Aligned Currents

(THFACs)

#Kumi Takayamal),Akimasa Yoshikawa2 , Yasunobu Miyoshi
(1Kyushu University,(?Department of Earth and Planetary Sciences, Kyushu University,(®Department of Earth and Planetary
Sciences, Faculty of Sciences, Kyushu University

3)

The quasi-6-day wave is a type of atmospheric wave generated by the latent heat heating associated with the cumulus con-
vection activity in the tropics [Miyoshi and Hirooka, 1999]. It propagates upward and affects the equatorial electrojet (EEJ) in
the ionosphere, which has been confirmed from satellite observations [ Yamazaki et al., 2018]. In addition, TIME-GCM cal-
culations shows that the EEJ reaches its maximum intensity around the equinoxes [Liu et al., 2014]. Inter-hemispheric field-
aligned currents (IHFACs) flow from the ionosphere of one hemisphere to the other through the magnetosphere, to resolve the
non-uniformity of ionospheric currents with divergent spatial structure that occurs between hemispheres [Fukushima, 1979].
The direction of the IHFACs changes in the morning, noon, and evening, and its intensity is highest in February and August
[S. Yamashita and T. Iyemori, 2002].

In this study, we used ground magnetic field data from MAGDAS, GSI, and INTERMAGNET to clarify the effects of
the quasi-6-day wave on the Sq current and the IHFACs. The ground magnetic field data used are the north-south (H) and
east-west (D) magnetic field components at 15 stations within the 210 geomagnetic longitude band and -42 to +35 geomag-
netic latitude during the 2007-2011 magnetic quiet period. Principal component analysis is a statistical analysis method that
can extract large components from any data and reveal its internal structure. We applied this method to the data to extract
the Sq-EEJ current system from the H/D components in the mid-low latitude region, and the IHFACs variation from the D
component in the magnetic equator. The amplitude of the variation with a period of about 6 days was extracted, and this
was taken to be the quasi-6-day wave. To show the latitudinal and seasonal structure of the quasi-6-day wave, the average
amplitude for each month over the 5-year timespan was calculated.

The results show that, in addition to the EEJ, the equatorial IHFAC and the mid-low latitude Sq currents are affected by the
quasi-6-day wave. It was also found that both the H and D components show seasonal variations, becoming stronger around
the equinoxes. This is consistent with the seasonal dependence of the quasi-6-day wave. The foci of the Sq current system
are affected only by the D component, indicating that the quasi-6-day wave on the D component increases in proportion to
the amplitude of the Sq current system. More results and discussion will be presented in this presentation.
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CEJ Effects on Plasma Bubble Generation
#Akihiro Kato? ,Akimasa Yoshikawa?),Akiko Fujimoto®)
(IKyushu university,?Department of Earth and Planetary Sciences, Kyushu University, ®Kyushu Institute of Technology

Plasma bubbles are ionospheric disturbances that occur in the magnetic equatorial region and are caused by Rayleigh-
Taylor instabilities. Therefore, an eastward electric field that enhances the equatorial electrojet current (EEJ) is a prerequisite
for plasma bubble generation, and the occurrence of the counter electrojet current (CEJ) with a westward electric field is
thought to suppress plasma bubble generation [e.g., Uemoto et al., 2010].  However, the relationship between the equato-
rial electrojet current structure and plasma bubble generation is not yet fully understood, as is spread-F, which appears by
plasma bubbles even during CEJ generation and has been observed in Peru, South America [Akiyama et al., 2018].

We analyzed ground-based magnetic field data on CEJ occurrence dates to investigate whether EEJ/CEJ-induced magnetic
field variations can be used as an indicator of plasma bubble generation. In this study, we analyzed the EEJ monitoring index,
EUEL, the S4-index, and ionosonde data, which indicate scintillation, for plasma bubble events in Peru. The following results
were obtained.

(1) On magneticaly quiet day (Kp = 3), the correlation between the EUEL integrated over 17-19 LT (Pre-sunset IEUEL)
and S4-index showed that plasma bubble events were suppressed when the pre-sunset IEUEL was negative.

(2) On magneticaly quiet day (Kp = 3), the correlation between the EUEL and plasma bubble events at sunset shows that
when the H component becomes positive again after the occurrence of a CEJ, the ionospheric F-layer height h’f increases and
a spread-F of about S4-index = 0.3-0.8 is generated.

(3) Furthermore, on magneticaly disturbance days (Kp >3) plasma bubble generation events were also identified in the
case of large CEJ growth after sunset .

The result of (1) indicate that there were CEJs that generate westward currents, making it difficult for plasma bubbles to
develop.

The result in (2) may have been caused by the eastward electric field becoming stronger around sunset (PRE: pre-reversal
enhancement). On the other hand, when the magnetic field was southward at sunset, h’f did not increase sufficiently (below
300 km) and a spread-F of less than S4-index=0.4 occurred. Therefore, the generation of plasma bubbles with large scintilla-
tion was related to the eastward-facing electric field at sunset.

The trend in (3) is currently being analyzed.

Based on the above results, the influence of the CEJ on plasma bubble generation will be discussed in this presentation.
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The Use of Ionosonde for Forecasting Post-Sunset Equatorial Plasma Bubbles: An
Observational Experiment in Southeast Asia

#Prayitno Abadi®)

(1Indonesian National Research and Innovation Agency

Equatorial plasma bubbles (EPBs) can negatively affect space-based technological systems. This study investigates the
potential of ionosonde to forecast the occurrence of post-sunset EPBs in the zonal direction using observational data from
four ionosondes near Southeast Asia’s magnetic Equator. A logistic regression model was used to establish a relationship
between the probability of post-sunset EPB occurrence and the evening vertical plasma drift (v). Results show that the
probability of EPB occurrence is close to zero, or the EPB cannot be generated when v is negative. Conversely, when v
is stronger than 30 m/s, the probability of EPB occurrence is greater than 0.90, meaning that EPB almost always occurs.
The probability of EPB occurrence is 1 when v is greater than or equal to 40 m/s. Using this model, the study found that a
single ionosonde in the Equator can optimally forecast the occurrence of EPBs up to a longitudinal distance of 30 deg from
its position. The accuracy of ionosonde in predicting the occurrence of EPBs above its location is approximately 0.80, and
the accuracy decreases by 10% for forecasting EPB occurrence at longitudinal distances of 30 deg. The results of this study
enhance our knowledge of the connection between the evening vertical plasma drift and the emergence of post-sunset EPBs
by utilizing the data obtained from the ionosonde. In addition, the study offers an essential insight into the recommended
coverage range of ionosonde for predicting EPB occurrence in the zonal direction, which can be utilized to strengthen the
regional space weather services.
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Strong ionospheric irregularities in sunlit conditions and its impact on GNSS-
based navigation systems
#Susumu Saito!), Toru Takahashi?) , Takayuki Yoshihara®
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Tonospheric delay which is proportional to the ionospheric total electron content (TEC) and scintillation caused by small-
scale irregularities are main error sources in GNSS. While ionospheric delays with large spatial scales can be corrected well
by the differential correction technique, it is difficult to correct when the ionospheric delay significantly changes in space.
The plasma bubble is the primary cause of such small-scale but large amplitude variation in the low magnetic latitude region.

Since the plasma bubble is know to occur in the night, most often from sunset to midnight, and rarely occur in the sunlit
condition, some GNSS-based air navigation systems are operated from sunrise to sunset to avoid the impacts by the plasma
bubble. While a few reports of plasma bubble occurrences around sunrise have been reported, their impacts on GNSS-based
air navigation systems have not been well studied.

From 20:00 to 22:30 UTC on 27 February 2023 (from 04:15 to 06:45 LT), strong ionospheric irregularities were observed
in Ishigaki (24.4N, 123.3N, 19.6 Mag.Lat). The irregularities were observed even after the local sunrise for more than 30
minutes. The event was characterized by irregular variation of the ionospheric delay (TEC) with occasional depletion of it
and strong scintillation, which are the characteristics of the plasma bubble. At the same time, the background ionospheric
delay (TEC) was enhanced in the western side of Japan. It was in the recovery phase of a magnetic storm commenced on
26 February 2023. These observational results indicate that the ionospheric delay (TEC) depletions with irregularities were
embedded in the TEC enhancement that looked similar to the event known as the storm induced plasma stream (Maruyama
et al., 2013).

By using closely separated GNSS receivers at Ishigaki Airport, the characteristics of the spatial variation of the ionospheric
delay (TEC) are estimated, and their impact on GNSS-based air navigation systems are evaluated.
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Extraction model of ionospheric echoes for time-series ionogram images based-on
penalized motion detection

#Yu Hiroshige" ,Akiko Fujimoto!),Akihiro Ikeda? ,Shuji Abe®),Akimasa Yoshikawa®)

(IKyushu Institute of Technology,(?Kagoshima National College of Technology,®Joint Support-Center for Data Science
Research,“Department of Earth and Planetary Sciences, Kyushu University

The ionosphere affects the operation of various systems, such as satellite and shortwave communications. For example,
fluctuations in the ionospheric environment cause disturbances such as satellite positioning errors and absorption of shortwave
radio waves. Therefore, it is important for space weather forecasting to continuously observe the ionospheric environment
in quasi-real time, in order to alert and mitigate propagation disturbances. One of the methods of ionospheric observation is
ionogram, which provides the height distribution of electron density in the ionosphere. However, ionograms contain not only
ionospheric echoes but also noise due to measurements and computational processing. Those noises in ionograms are more
abundant than the ionospheric echoes and comparable in the intensity to the ionospheric echoes.

The purpose of this work is to develop a method to generate ionogram images that are robust to such noise and easy to
measure parameters of ionospheric echoes. We propose a method to remove noise from ionograms and extract only the
ionospheric echoes automatically based on motion detection algorithm. By focusing on the time variability of the ionospheric
environment, we apply Background Subtraction Algorithm, one of the motion detection methods, to the parameter scaling of
the echoes.

Proposed model consists of two processing parts: weak signal reduction and penalized motion detection. As a preprocessing
step, a threshold based on the distribution of ionospheric echoes was established for each ionogram image, and weaker signals
were removed. Then, the motion detection was performed on the denoised ionogram time series data to separate signals into
ionospheric echoes and background noise. The motion detection method used in this work is a background subtraction method
with a penalty based on echo characteristics. We evaluated our model on 960 ionograms with high noise content (January
1, 2019, Sasaguri, Japan, using FMCW radar). We found that the penalized motion detection can extract ionospheric echoes
from ionograms with a large amount of noise.
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Improvement of 3-D ionospheric tomography based on GNSS-TEC with
ionosonde data assimilation and case analysis

#Taisei Nozakil) ,Susumu Saito?) Nicholas Ssessanga3),Mamom Yamamoto?)

(ICourse of Communications and Computer Engineering, Kyoto University,(zENRI, National Institute of Maritime, Port, and
Aviation Technology,®*D-Space, Department of physics, University of Oslo, Norway,(*Research Institute for Sustainable
Humanosphere, Kyoto University, *Research Institute for Sustainable Humanosphere, Kyoto University

Structures of the electron density in the ionosphere cause reflection, absorption, and delay of radio waves, which can
lead to interference in radio communications. Therefore, the observation of the ionospheric electron density is of great
importance. One of the methods to derive the ionospheric density profiles is the GNSS tomography, which estimates the
three-dimensional structure of the ionosphere from the GNSS-TEC observation data.

The original algorithm employed to cover the Japanese archipelago and the nearby surrounding region was the constrained
least-squared fitting method implemented by Seemala et al. (2014) and Saito et al. (2017). The method used the spatial
gradient of the electron density as the constraint, and in addition, introduced boundary conditions at the top and the bottom
to stabilize the results. While the original algorithm was stable and useful, it had problems with negative electron density in
the solution and overestimated the ionospheric peak height when the ionospheric height was low.

To solve these problems, Ssessanga et al. (2021) proposed an algorithm based on a 3D-VAR method by assimilating
ionosonde data. We further improved this algorithm by adjusting the background error covariance matrix(B), which specifies
the correlation of voxels in vertical and horizontal directions.

This study presents the analysis results of improved algorithm based on GNSS-TEC plus ionosonde data. The peak-height
of electron density is much more improved compared with the GNSS-only tomography algorithm.

We will also report case studies of 3-D ionospheric structure including those of the traveling ionospheric disturbance (TID)
associated with the Tonga eruption in January 2022 derived by the improved algorithm.
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Simulation study of atmosphere-ionosphere variations associated with the erup-
tion of Tonga volcano
#Hiroyuki Shinagawa'), Yasunobu Miyoshi?)

(nternational Research Center for Space and Planetary Environmental Science, Kyushu University,(?Department of Earth
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On 15 January 2022 significant variations in the ionosphere and the atmosphere were observed worldwide, which is clearly
associated with the eruption of Hunga Tonga-Hunga Ha’apai in Tonga. In this event, various kinds of phenomena have been
reported: (1) generation and propagation of atmospheric waves such as acoustic-gravity waves, Lamb waves, and Pekeris
waves, (2) TIDs (traveling ionospheric disturbances) concentrically propagating from the eruption site, (3) significant deple-
tion of TEC(total electron content) near the eruption site, (4) oscillations in TEC and the geomagnetic field with a period of
several minutes corresponding to acoustic resonance mode in the atmosphere, (5) variations in TEC/geomagnetic field in the
magnetic conjugates, (6) global neutral wind variations, and (7) occurrence of equatorial plasma bubbles.

To reproduce and understand the atmospheric-ionospheric disturbances driven by the eruption of the volcano, various sim-
ulation studies have been recently made. At the present time, some of the studies have successfully reproduced Lamb waves
and some gravity waves, producing traveling ionospheric disturbances (TIDs), and global thermospheric wind variations.
However, most of the present studies use a hydrostatic atmospheric model, which is unable to include vertical compressibility
of the atmosphere. Therefore, those models cannot reproduce acoustic shock waves, upward propagation of acoustic waves,
and atmospheric oscillation with a period of a few minutes generated by the vertical acoustic resonance. Although there
are a few simulation studies using a nonhydrostatic atmospheric model, various approximations and assumptions are made
to express the atmospheric disturbances driven by the volcanic eruption. At the moment, existing atmosphere-ionosphere
models related to the volcanic eruption are not very realistic.

To better reproduce the atmosphere-ionosphere variations driven by the volcanic eruption, we employed an axisymmetric
3-D nonhydrostatic atmospheric model and the whole atmosphere-ionosphere coupled model GAIA. In this simulation, a
sudden temperature change in the eruption point is given to the nonhydrostatic atmospheric model, and then the calculated
neutral wind variations are incorporated into GAIA to simulate ionospheric variations driven by the eruption.

We found that the simulation can produce various kinds of atmospheric waves generated by the eruption, such as acoustic
waves, gravity waves, Lamb waves, Pekeris waves, and TIDs concentrically propagating from the eruption site, and atmo-
spheric oscillations with a period of a few minutes. In addition, the results indicate that the eruption generates supersonic
shock waves in the volcanic region, leading the extremely large vertical oscillations in the thermosphere and ionosphere.
However, there are still quantitative disagreements between observations and simulations about TEC variations in the mag-
netic conjugate region of the eruption site, and significant TEC decrease near the Tonga region after the eruption.

We will present the results of the simulation and discuss similarities and differences between simulations and observations.
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Variations in the D-region ionosphere after the 2022 Tonga volcanic eruption
using AVON VLF/LF transmitter signals
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(1Graduate School of Engineering, Chiba University,(*Planetary Plasma and Atmospheric Research Center, Graduate
School of Science, Tohoku University,(®University of Shizuoka,(*Institute of Atmospheric Physics, Czech Academy of
Sciences,(5Center for Environmental Remote Sensing, Chiba University
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The Hunga Tonga-Hunga Ha ‘apai volcano in Tonga (in southern Pacific, 20.54S, 175.38W) explosively erupted around
04:10 UT on 15 January, 2022, and large pressure variations occurred from the volcano. Large and medium scale traveling
ionospheric disturbances (LSTID and MSTID) due the eruptions were observed (Themens, 2022), which were caused by
Lamb wave excited by the eruptions. In addition to the Lamb wave, Pekeris waves were generated by the eruption (Watanabe
et al., 2022). The Lamb waves are a kind of acoustic one, and propagate horizontally with phase velocity of 310 m/s. On
the other hand, Pekeris waves are internal resonance mode that propagate horizontally with phase velocity of "240 m/s. The
Pekeris waves have anti-phase between upper and lower stratopause, while the Lamb waves are in-phase vertically. The
energy of the Pekeris waves is closed between stratopause and mesopause, so amplitude of Pekeris waves becomes large in
the height range of 45-85 km. However, variations in the D-region ionosphere due to the Lamb and Pekeris waves associated
with the eruptions has not been revealed at all. In this study, we investigate variations in VLF/LF transmitter signals and
atmospheric electric field (or potential gradient) to understand coupling between the D-region ionosphere and atmosphere
associated with Tonga volcanic eruptions of 15 January, 2022. The VLF/LF transmitters used in this study were JJY (60 kHz,
Japan), JJ1(22.2 kHz, Japan), and BPC(68.5 kHz, China). The receivers were Tainan (TNN, 23.07N, 120.12E) in Taiwan,
where is one of Asia VLF observation network (AVON). We used 0.1-s sampling amplitude data. Unfortunately, there were
no phase data for all paths on that day. The minimum distances of the JJI-TNN, JJY60kHz-TNN, and BPC-TNN propagation
paths from the Tonga volcano were 8167.7 km, 8311.6 km, and 8499.9 km, respectively. The atmospheric electric field
has been observed in Chiba University (CHB), (35.63N, 140.10E), Japan, and Studenec (STU), Czech Republic (50.26N,
12.52E). The distances of CHB and STU from the Tonga volcano were 7789.5 km and 16634.7 km, respectively. At arrival
times of Lamb (7307 m/s) and Pekeris waves ("235 m/s), both variations in VLF/LF amplitudes were observed. The period
of the variations was 3.3-16.7 min. (1-5 mHz). Amplitude of the variations in VLF/LF amplitudes due to Pekeris wave was
larger than that due to Lamb wave, which is consistent with simulation of neutral winds. At arrival time of Pekeris wave,
variations in atmospheric electric field were seen at CHB and STU in spite of ground-based observations. Period of the
variations in atmospheric electric field due to Pekeris wave was 1.7-16.7 min. (1-10 mHz). Ground-based geomagnetic data
at Kakioka also showed similar variation with the VLF/LF amplitudes. Electron density in the D-region varied by Lamb
and Pekeris waves. The atmospheric electric field on the ground may vary via global electric circuit, because amplitude of
Pekeris wave is very small on the ground. In this presentation, we will discuss the mechanism of the phenomena in detail.
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Anisotropy of Lamb wave generated by the Tonga volcanic eruption and its
relation to anisotropic distribution of Ne fluctuations
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(IKyoto University,(?F-Factory Co., Ltd.,(*Swedish Institute for space physics,(*Chulalongkorn University,® Asahi
University, SNASA/GSFC

The eruption of the Tonga submarine volcano on January 15, 2022 generated the Lamb wave which orbited the Earth a
few times. The global ionospheric electron density disturbance observed as GPS-TEC variation was generated along with
the passage of the wave. A clear difference in amplitude and frequency of the TEC variation can be seen between the west
side of the volcano (Asian region).and the east side (America region). That is, large-amplitude and short-period (<300
sec) GPS-TEC fluctuations were widely observed after the passage of the Lamb waves in Asia, while the amplitudes were
relatively small in the Americas. Various factors, such as the difference in local time when Lamb waves pass, are conceivable,
but from the analysis of pressure data, it was found that the amplitude and waveform of the Lamb waves themselves, which
are the cause, have a fairly clear anisotropy. An attempt is made to quantitatively compare the magnitude and spectrum of
barometric and TEC fluctuations.
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Periodic Oscillations of Doppler Frequency Excited by the Traveling Ionospheric
Disturbances Associated with the Tonga Eruption
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The enormous eruption of the Hanga Tonga-Hunga Ha’apai volcano on January 15, 2022 caused atmospheric waves with
propagating the Earth, inducing ionospheric disturbances across diverse temporal and spatial scales. A High-Frequency
Doppler (HFD) sounding system in Japan identified distinctive ionospheric disturbances exhibiting periodic oscillations in
the Doppler frequency with an approximate period of 4 minutes. This study investigated these periodic oscillations by
comparing them with the observed Total Electron Content (TEC) data from the Global Navigation Satellite System (GNSS).
The observed periodic oscillations in Doppler frequency showed distinct S-letter shaped variations, indicating the passage
of Traveling Ionospheric Disturbances (TIDs) around the reflection point of the HFD sounding system. These periodic
oscillations were prior to the arrival of tropospheric Lamb waves triggered by the Tonga eruption. Analysis of the GNSS
TEC data made clear that the TID responsible for the periodic oscillations was stimulated by tropospheric Lamb waves at
the conjugate point in the southern hemisphere. Specifically, the electric field perturbations generated by Lamb waves in
the southern hemisphere are projected along magnetic field lines to the sensing area of the HFD system in the northern
hemisphere. The periodic oscillations were observed only in the path between the Chofu transmitter and the Sarobetsu
receiver. This observational results suggests an elongated meridional structure for the TID. The Doppler frequency variations
were estimated using a simplified model of TID propagation and the resulting motion of the reflection points. The vertical
motion of the reflection point associated with the periodic oscillations was estimated to be approximately 1 km. Periodic
fluctuations with a duration of approximately 4 minutes are occasionally observed in conjunction with earthquakes, known
to be attributed to the resonance of acoustic mode waves propagating between the ground and the lower ionosphere. Thus,
a comparable resonance structure in the southern hemisphere, induced by the passage of tropospheric Lamb waves triggered
by the Tonga eruption, emerges as a plausible source of the TID detected in the northern hemisphere.
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Generation of equatorial plasma bubble after the 2022 Tonga volcanic eruption
based on the analysis of Arase and GNSS-TEC data
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Equatorial plasma bubbles (EPBs) are “holes in the ionosphere” that occur in the equatorial ionosphere, where the
electron density drops by two orders of magnitude compared to that in the surrounding area. Because the EPBs have
a spatially disturbed electron density structure inside the depressed region, they severely affect satellite positioning and
communications. Therefore, predicting and forecasting when and where plasma bubbles occur is one of the important issues
in space weather research. On 15 January 2022, the explosive eruption of the undersea volcanic eruption off the coast of
Tonga, which is said to occur once every 1,000 years, caused a powerful shock wave and pressure wave all over the world,
and the pressure wave generated a high-speed tsunami. Upper atmospheric and ionospheric observations have confirmed that
the eruption’s influence penetrated the troposphere and stratosphere to reach the ionosphere at the top of the atmosphere.
Further, the eruption caused a plasma bubble in the equatorial ionosphere. In this study, we analyzed Arase and Himawari-8
satellite, ionosonde, and GNSS-TEC observation data to demonstrate that an air pressure wave triggered by the Tonga
volcanic eruption could cause the generation of an equatorial plasma bubble. The most prominent observation result shows
a sudden increase of electron density and height of the ionosphere several ten minutes to hours before the initial arrival of
the air pressure wave in the lower atmosphere. The propagation speed of ionospheric electron density variations was “480 —
540 m/s, whose speed was higher than that of a Lamb wave (315 m/s) in the troposphere. The electron density variations
started larger in the Northern Hemisphere than in the Southern Hemisphere. The fast response of the ionosphere could be
caused by an instantaneous transmission of the electric field to the magnetic conjugate ionosphere along the magnetic field
lines. After the ionospheric perturbations, electron density depletion appeared in the equatorial and low-latitude ionosphere
of the Asia-Pacific region and extended at least up to +/-25° in geomagnetic latitude. The apex altitude was estimated as
2000 km, corresponding to the lower plasmasphere. Such EPBs have been rarely observed except for a storm-time case. The
above results observationally demonstrated the formation process of EPBs through the disturbances in the lower atmosphere,
which had little observational support until now. It will greatly help in understanding the factors involved in generating
ordinary EPBs. Further, our observational fact suggests that space weather research, focusing on the mechanism and forecast
of EPB generated by solar activity, should also include natural phenomena occurring on the Earth’s surface, such as volcanic
eruptions, in the research targets.
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Analysis of Traveling Ionospheric Disturbances associated with typhoons using
HF Doppler and GPS radio occultation observations.
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(1Graduate School of Science and Engineering, Chiba University,(?Graduate School of Engineering, Chiba University,®Graduate
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HF radio waves are usually reflected in the F region of the ionosphere. The reflection height of the radio waves is
determined by ionospheric electron density. HF Doppler (HFD) sounding systems are able to capture the temporal variations
of reflected altitudes as Doppler frequency. The temporal resolution of the HFD sounding system is several seconds, which
is quite high compared to other ionospheric observation systems. The use of multiple receiving stations makes it possible to
observe the distributions and movement of the disturbances in the horizontal direction. GPS radio occultation observation is
a method used to investigate altitudinal variations in the ionosphere. This observation can observe the electron density at an
altitude of 150-500 km. Because there has been no previous study of the three-dimensional spatial structure of ionospheric
disturbances associated with typhoons, the purpose of this study is to analyze the structural characteristics of ionospheric
disturbances associated with typhoons using HFD soundings and GPS radio occultation observations.

Typhoon strength is classified according to maximum wind speed by the Japan Meteorological Agency. This study
analyzes typhoons with wind speeds of 33 m/s or higher, classified as strong typhoons. To investigate the disturbances by the
HFD sounding system operated by the University of Electro-Communications and the other four institutes, the targets are the
typhoons that have made landfall in Japan.

As an initial analysis, we analyzed the ionospheric disturbances associated with Typhoon No. 14 (Asian Name:
NANMADOL) in 2022. This typhoon formed over the seas south of Japan on September 14, 2022, and made landfall in
Kagoshima Prefecture on September 18 with a strong scale. We analyzed the short-wavelength component of the ionospheric
disturbances using GPS radio occultation observations. The spectral intensities were compared using wavelets, and an
increase in the intensity of the variations at wavelengths from 2 km to 32 km was confirmed on September 18. In the
occultation observation at 13:00 UT on September 18, the observation path was quite close to the reflection point of the Onna
Observatory of the HFD observation. Therefore, the temporal variation of the time-series data of the Doppler frequency
obtained at Onna Observatory, an increase in the intensity with a period of around 10 mHz was observed in approaching the
typhoon. Although the peak frequencies of variation intensities are different, it is natural to consider that typhoons cause
these disturbances. In the future, we will analyze the spatial structure of the fluctuations and clarify the fluctuations of other
target events.
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Analysis of ionospheric disturbances propagating along different paths due to
earthquakes using HF Doppler observations
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It is known that large-scale natural disasters such as earthquakes, tsunamis, and volcanic eruptions generate atmospheric
waves, which cause ionospheric disturbances. The generation mechanisms of coseismic ionospheric disturbances can be
classified into the following two categories.

(a) Rayleigh waves propagating on the earth’s surface from the epicenter excite acoustic waves that reach the ionosphere
(b) Acoustic waves generated by ground motions at the epicenter reach the ionosphere directly

Although the characteristics of propagation along paths (a) and (b) have been analyzed in the previous studies, there are few
studies that analyzed both types of disturbances generated by the an earthquake with an observation system. Therefore, the
purpose of this study is to identify disturbances propagating along paths (a) and (b) using an HF Doppler (HFD) observation
system, and to clarify the frequency characteristics of them.

HFD observation can observe the vertical motions of the ionosphere at the midpoint of transmitter and receives of radio
waves at frequencies.

The observation system used in this study is conducted by the University of Electro-Communications and four other insti-
tutions. The transmitter is located at the Chofu campus of the University of Electro-Communications, and receivers used in
this study are located at Iitate, Kakioka, and Oarai.

Propagation times of the acoustic waves along paths (a) and (b) were calculated and compared with HFD data. The prop-
agation time along path (a) was calculated as the sum of the arrival time of the seismic wave just below the reflection point
and the propagation time of the acoustic waves from the ground to the reflection points. The arrival time of seismic waves
was determined using seismic data from F-net, a broadband seismic observation network operated by the National Research
Institute for Earth Science and Disaster Prevention. The NRLMSISE-00 standard atmospheric model was used to obtain the
vertical profiles of atmospheric temperature to calculate the acoustic wave propagation time. The propagation time along path
(b) was calculated by ray tracing for the acoustic waves to reach each HFD reflection point.

In this study, frequency analysis data of HFD observation data and HFD waveform data were obtained for the Iwate Nairiku
earthquake at 8:43 (JST) on June 14, 2008, the Sanriku-oki earthquake at 11:45 (JST) on March 9, 2011 and Hamadori earth-
quake at 17:16 (JST) on April 11, 2011.

In these data, there are two types of variations propagating along path (a) and path (b).The intensity of the disturbances was
dominant in different frequency bands for the former and the latter, with the former being dominant in the broad frequency
band from 20-60 mHz and the latter being dominant in the low frequency band below 20 mHz and in the high frequency band
above 40 mHz.

In this study, the neutral air particle velocity along paths (a) and (b) is calculated from the Doppler frequency.

Assuming that the observed Doppler frequency is caused by acoustic waves propagating in the vertical direction or from
the epicenter to the observation point, the neutral air particle velocity along paths (a) and (b) can be estimated by converting
the plasma vertical velocity into the neutral air particle velocity.

Comparison of the neutral air particle velocities at the reflection heights of 5 MHz and 8 MHz radio waves at litate dur-
ing the Sanriku-oki earthquake shows that the velocities for 8 MHz are smaller than those for 5 MHz. This result may be
attributed to the attenuation of acoustic waves by the atmosphere. [ We will continue to analyze the characteristics of the
vertically propagating acoustic waves excited by Rayleigh waves and the obliquely propagating acoustic waves generated by
the ground motion at the epicenter by making comparisons for other events and observation points.
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A study on the relationship between NO column density and high-energy electrons
based on the mm-wave observation at Syowa station

#Hirofumi Goto®),Akira Mizuno"), Taku Nakajima®), Tomoo Nagahama®)

(Institute for Space-Earth Environment Research, Nagoya University

We have carried out millimeter-wave spectroscopic observation of minor constituents in the middle atmosphere, such as
nitric oxide (NO) and ozone, at Syowa Station (69.00° S, 39.85° E) in Antarctica since 2012 and at Tromsoe, Norway (69.35°
N, 19.14° E) in the Arctic since 2016 to study the effects of energetic particle precipitation into the polar regions induced
by the solar activity. We presented the results of short-term test observation of NO at Tromsoe, Norway, over 75 days
from December 26, 2018, to March 10, 2019 (Goto et al., SGEPSS 2021). In this report, we will present the results of the
analysis of the NO observation data over 10 days from March 22, 2023, to March 31, 2023, obtained by the multi-frequency
millimeter-wave spectrometer (Mizuno et al., SGEPSS 2023), which started routine observations at Syowa in July 2022.
Correlation studies between the NO column density, proxies of geomagnetic activities, and energetic particle precipitations
were performed using the same analysis method applied to the Tromsoe data.

The FFT spectrometer used in this observation has a bandwidth of 2.5 GHz, which is 2.5 times broader than that of the
spectrometer used in the Tromsoe observation, making it possible to simultaneously observe the spectra of six hyperfine
structure lines of NO at relatively nearby frequencies. Averaging the column densities derived from these hyperfine structure
lines is expected to improve the accuracy of determining column densities. Therefore, we derived NO column density at
Syowa using 12-hour integrated six spectra at 250.796436 GHz, 250.436848 GHz, 250.440659 GHz, 250.448530 GHz,
250.815594 GHz, and 250.816954 GHz. As at Tromsoe, the atmospheric temperature in the region where NO is present
was assumed to be a constant 200 K, and the NO emission lines were assumed to be optically thin. The average error in the
column density this time was 0.73 times that at Tromsoe, which means that the error in the column density could be reduced
while shortening the integration time, i.e., time resolution.

For the data analysis period, the Dst index decreased drastically from March 23 to March 24, 2023, peaking at about -150
nT. During the period, NO column density increased to 6.5%10'* cm~2 on March 24 and remained nearly constant before
increasing further at the end of March 25 to a peak of about 1.2%10'% cm™2. After that, it decreased to about the same level
as on March 24 and remained almost constant until March 28. This suggests that NO may have increased due to electrons
accelerated by the geomagnetic disturbance. Therefore, we compared NO column density with the electron flux data obtained
by the MEPED 0° telescope in the five POES/METOP satellites. For the comparison, we used the L-value and MLT of the
satellite observations to select the electron flux data that were most likely to precipitate onto Syowa. As a result, it was found
that the NO column density increased on March 24 and at the end of March 25 after the increase in electron flux observed by
the satellites on March 23 and March 25, respectively. On the other hand, a more significant increase in electron flux was also
observed on March 22, but there was no significant corresponding increase in NO column density. We will discuss the cause
of the increase by referring to other observation data and report the correlation between the NO column density and energetic
electrons.
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Spectroscopic measurement of 427.8-nm aurora using a Fabry-Perot interferom-
eter at Tromsoe, Norway on March 24, 2023

#Taiki Kikuchi®) ,Kazuo Shiokawa?),Shin ichiro Oyama'), Yasunobu Ogawa®),Junichi Kurihara®)
(Institute for Space-Earth Environmental Research, Nagoya University, ?Institute for Space-Earth Environmental Research,
Nagoya University,(*National Institute of Polar Research, *Hokkaido Information Univeristy

Several satellite missions have reported the existence of ions that originated from Earth. Before OGO6 discover an abrupt
enhancement of the N density in the high latitude region during magnetic storms (Taylor et al., 1975), No* had been
considered not to exist in high altitude regions due to its short lifetime. The OGO6 observation suggested that they are trans-
ported to high altitudes from Earth. Blue sunlit aurora seen before dawn has been considered as a consequence of the Ny ™
upflow. The wavelength of Ny auroral emission observed from the ground becomes longer due to the Doppler shift when
N, T is moving upward. Fabry-Perot interferometer (FPI) can measure the velocity of ions from the amount of the Doppler
shift. FPI observations of the 427.8 nm aurora have not been made due to its band structure. However, the establishment of
this method makes it possible to observe N+ upflow in the low-altitude ionosphere during aurora appearance. We observed
the auroral 427.8 nm emission by FPI at Tromsoe, Norway, in winter of 2022-2023. The one-day average of No™ upflow
velocity from FPI observations was 202 m/s on March 24, 2023 (min Dst = -163 nT), while the temporal variation of the
velocity suggests significant ambiguities of the measurements. We evaluate the reliability of these velocity measurements
through model calculations of interference fringes considering the random noise and band emissions at multiple wavelengths
of the 1st Negative Band of No ™.
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Spatial transmission pattern measurements of a Faraday filter for Na lidar day-
time observations

#Takuya Kawahara'),Satonori Nozawa?),Satonori Nozawa®), Takuo Tsuda®),Toru Takahashi®),Tetsuya Kawabata?),Satoshi
Wada®),Keigo Kobayashi),Shunsuke Nomura®)

(1Faculty of Engineering, Shinshu University, ?Institute for Space-Earth Environment Research, Nagoya University, *RIKEN
Center for Advanced Photonics, RIKEN,(4University of Electro-Communications, *ENRI

A Na lidar at Tromsoe is upgrading the receiver system for the thin Na atom observations in the lower thermosphere
(<200km). The Na atom density at this altitude region is expected to be only "2-3 atoms/cm3 compared with “2,000
atoms/cm3 at the Na layer peak ("90 km). To achieve the high S/N ratio measurement, even at nighttime, an ultra-narrowband
optical filter, such as a Faraday filter, is necessary to reject the background skylight. The Faraday filter comprises a heated
Na cell in a strong magnetic field (i.e., 200 mT) between two polarizers. The Faraday rotation and the Zeeman effect can
achieve ultra-narrow optical bandpass ("10 GHz or "0.01nm at 589 nm).

We assembled a transmission diagnosis system at 589 nm wavelength based on two narrowband DFB lasers (1064 nm and
1319 nm) at the RIKEN facility. We conducted the transmission profile measurements of the Faraday filter by changing the
optical pass in the filter.

In this talk, we discuss the results of the transmission measurements and the filter’s performances. We present a newly
developed Na cell.
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Development of a Neutral Mass Spectrometer for the Observation of the Iono-

spheric Atmosphere
#Masahiro Yonedal),Akinori Saito!), Yoshifumi Saito?
(1Graduate School of Science, Kyoto University, ?ISAS, JAXA

The ionospheric neutral atmosphere affects ionospheric currents through the collisions between plasmas, which makes
it necessary to observe the neutral atmospheric density and composition to understand the ionospheric plasma phenomena.
However, neutral mass spectrometers for the in-situ measurements of the ionospheric neutral atmosphere have rarely been
installed on flying objects such as sounding rockets and low-earth orbit satellites in recent observations because they tend to
be big and heavy. Some empirical models are used instead of actual observation data, but they refer to the old and limited
observation data, and new observations are desired.

In our study, we are developing a small mass spectrometer for the observation of the ionospheric neutral atmosphere which
can easily be installed on flying objects. The instrument is planned to be used for S-310-46 sounding rocket, which will be
launched from Uchinoura, Kagoshima in the summer of 2024. The objective of the experiment is to reveal the formation
process of daytime sporadic E layers and the instrument will provide the density profile of dominant components in the at-
mosphere such as O, Oy and Ny from about 90 km to 130 km. We are currently developing the flight model of the instrument
for the experiment.

The mass spectrometer is based on TRITON, which is a time-of-flight neutral mass spectrometer developed by ISAS/JAXA
for the Lunar Polar Exploration project (LUPEX) to measure water particles in lunar soil. In usual time-of-flight neutral
mass spectrometers, particles are reflected one time, but TRITON and our instrument adopt the trajectory including three
reflections, which enables a high mass resolution with a small size. We have finished designing and manufacturing the mass-
analyzing part, and we will report the results of the tests.

At the same time, we are developing an inlet part called an antechamber. An antechamber is necessary to thermalize the
particles which enter the instrument with the relative speed of the rocket. Furthermore, an antechamber can improve sensi-
tivity because the inside density is enhanced compared to the outside density. We have finished designing considering these
functions. In the rocket experiment, the measurement starts a few minutes after the launch and the contamination of the
particles adsorbed on the inner wall of the antechamber can be a problem. In order to reduce the impact of the contamination,
we plan to conduct baking with some heaters and nitrogen purge just before the launch. We will additionally report the results
of some experiments which we made to evaluate the effect of these operations.
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A study on the impact of Sprites on the Global Electrical Circuit by ELF electro-
magnetic wave observation

#Uichi Furutani®),Akimasa Yoshikawa? ,Akihiro Tkeda®

(1Kyushu University,(?Department of Earth and Planetary Sciences, Kyushu University, ®Kagoshima National College of
Technology

ELF electromagnetic field data show instantaneously excited phenomena called ELF transients. Previous studies have
suggested that ELF transients are closely related to sprite generation. However, further research is needed on its detailed
relationship. In addition, it has been pointed out that sprites may contribute to the electrical coupling between the mesosphere
and the ionosphere in the Global Electrical Circuit. It is important to understand sprites in considering realistic models of the
Global Electrical Circuit. In this study, we analyzed magnetic field data of induction magnetometers during sprite generation
to clarify the relationship between sprites and ELF transients and their role in the Global Electrical Circuit. As a result, ELF
transients were observed in most sprites, but some were not observed. In this presentation, we will discuss the reasons why
ELF transients associated with sprites are not always observed from two aspects: lightning discharges that cause sprites and
the Global Electrical Circuits.

ELF B 7 — XWX ELF F > Y x> b EMEN BB AREKP R oN 3, ZAF TORITIHIRICE VT ELF
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Interhemispheric coupling between winter stratosphere and summer mesosphere
#Takuma Adachi'), Yasunobu Miyoshi®)
(IDept. Earth & Planetary Sci, Kyushu Univ

Observations show that the temperature in the summer polar mesosphere are closely related with the temperature in the
polar stratosphere. This phenomenon is called interhemispheric coupling, and its mechanism remains unclear. In this study,
we examine the 6-year period from 2016 to 2022 using an atmosphere-ionosphere coupled model (GAIA model) (horizontal
grid point count 128:64, vertical resolution 150 layers). Detailed analysis was conducted for 2019 and 2020, when the SSW
occurred in midwinter. Changes in the temperature, zonal and meridional winds, and vertical wind in the summer mesosphere
during the SSW were studied. Our result indicates that the impact of the SSW on the summer mesospheric circulation has
interannual variability. Furthermore, by comparing the present result with the observation by the Himawari satellite, we will
discuss the interhemispheric coupling process during SSWs.

MR B 22 7 ¥ OB S B B 22 AR (Stratospheric Sudden Warming : SSW) FERF IS, B Mg E o R E
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A Relation between bending angle gradient of GNSS RO and refractive index gra-

dient
#Toshitaka Tsuda® ,Adi Noersomadi?),Cholianawati Nani?)
(1Research Institute for Sustainable Humanosphere, Kyoto University, ?National Research and Innovation Agency (BRIN)

This study is concerned with the bending angle of microwave, passing through the Earth’s atmosphere in the GNSS radio
occultation (RO) experiment. We focus on a relation between the height derivative of the bending angle with the refractive
index gradient.

A refractive index model for a dry atmosphere is constructed at 0-110 km, employing a temperature profile published by
NOAA. We assume concentric atmospheric layers with a height interval of 100 m, which are horizontally uniform. Using the
Abel inversion, a bending angle profile is computed. We found that the bending angle is mostly contributed by the layers near
the tangent height; 1/3, 1/2 and 4/5 of the bending angle is attributed to the height range about 1 km, 2 km and 7 km above
the tangent point, respectively.

We developed a simple ray tracing model, where the bending is approximated by a circle within every atmospheric layers
with a thickness of 100 m. Curvature of the ray is calculated, referring to the general relation between the impact parameter
and the refractive index gradient (Lehn, 1985). By connecting partial pay paths at interface of the spheres, a smooth ray path
is constructed for the tangent height ranging from 100 m above the ground up to 70 km altitude every 100 m. The ray tracing
model is consistent with the Abel inversion result less than 1% of discrepancy, except below about 5 km altitude.

We found the refractive index gradient at the tangent altitude correlates reasonably well with the height derivative of the
bending angle. Because the refractive index gradient in a dry atmosphere is mostly determined by the Brunt-Vaisala frequency
squared, height derivative of the bending angle can be utilized as a measure of atmospheric stability.

In the retrieval procedure of GNSS-RO, observed bending angle is optimized by combining a model atmosphere at high
altitudes for suppressing the effects of ionospheric noises, resulting in a possibility to induce artificial modification of the
bending angle profile. This study suggests that the original bending angle without optimization is useful for detecting atmo-
spheric thermal structure. We further apply this method to identify characteristics of the tropopause and stratopause using
recent GNSS-RO data.
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Temperature retrieval in the middle atmosphere using Himawari-8/AHI limb-
sounding data

#Takuo Tsuda®,Yoshiaki Ando!) ,Hiromu Nakagawa?) ,William Ward®) Masaki Tsutsumi®®) Yuta Hozumi®7") Keisuke
Hosokawal),Ken Murata®

(IUniversity of Electro-Communications (UEC),(*Tohoku University,®University of New Brunswick (UNB),(*National
Institute of Polar Research (NIPR),(®Graduate University for Advanced Studies (SOKENDALI),(®National Aeronautics and
Space Administration (NASA),("Catholic University of America (CUA),(®National Institute of Information and Communi-
cations Technology (NICT)

Himawari-8 is the Japanese Geostationary Earth Orbit (GEO) meteorological satellite, that is equipped with Advanced
Himawari Imager (AHI). Himawari-8/AHI provides full disk images every 10 min in 16 observation bands, including three
visible bands: blue (0.47 p m), green (0.51 g m), and red (0.64 p m). These full disk images are normally used as nadir
observations mainly for meteorological purposes. On the other hand, the full disk images by Himawari-8/AHI can also
provide limb-sounding data utilizing the edges of images with near-global coverage. As an example, there are a couple of
reports on polar mesospheric cloud (PMC) observations by Himawari-8/AHI limb-sounding.

In the present work, we consider temperature retrieval in the middle atmosphere as a further application using Himawari-
8/AHI limb-sounding data. In the limb-sounding, Rayleigh scattering of the sunlight can be observed, and thus we can
obtain height profiles of line-of-sight (LOS) integrated Rayleigh scattering signals. By inversion methods, such as the Abel
transforms, the onion peeling, etc., the LOS-integrated signals can be converted into local signals, which could be considered
to be proportional to the local number densities of the atmospheric molecules. Then, applying the Rayleigh scattering
temperature lidar technique, height profiles of temperature can be derived from height profiles of the local signals under an
assumption of the hydrostatic equilibrium. There are a couple of previous works demonstrating this kind of temperature
retrieval method using limb-sounding data from low-Earth-orbit (LEO) satellites. On the other hand, there is no previous
example of GEO satellites, which have an advantage in providing continuous observations from a fixed point in space. In the
presentation, we will show our initial data analysis for temperature retrieval in the middle atmosphere using Himawari-8/AHI
limb-sounding data, and discuss the potential of the retrieved temperature data.
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Development of a numerical model for atmospheric hydrodynamic escape in early
Earth driven by celestial impacts

#Tatsuki Nawal), Tomoki Kimura®) ,Tatsuya Yoshida?) ,Naoki Terada?

(ITokyo University of Science,?Department of Geophysics, Graduate School of Science, Tohoku Universit

The primordial atmosphere of early Earth was likely formed from hydrogen-based solar nebula gas and water vapor and
carbon dioxide ejected from the Earth’s interior by celestial collisions and other events. The atmospheric gases were lost
by hydrodynamic escape from the early Earth (Yoshida et al., 2020). About 3.8 billion years ago, when life emerged, the
Earth was in the middle of or just after the Late Heavy Bombardment Period (LHBP) with frequent celestial impact events.
Although many studies addressed atmospheric escape due to a single large-scale impact event during LHBP (Shuvalov et
al., 2013), there has been no study for atmospheric escape due to frequent and small celestial impact events. Therefore,
the total contribution of the celestial impacts to early Earth’s atmospheric escape has yet to be quantified. In this study, we
combined a numerical model of hydrodynamic escape due to solar X-ray - Ultraviolet (XUV) heating proposed by Yoshida
et al. (2021) with our newly developed model for the atmospheric heating by small-scale frequent celestial impact events as
an energy source, with which we assess the effect of celestial impact events on the Earth’s atmospheric environment when
life began. Based on the impact flux distribution measurement for the diameter of craters formed in the lunar Nectaris basin
(Marchi et al., 2012) and the scaling law between the crater and impactor diameters (Morbidelli et al., 2018), we obtained
a relation between the impactor diameter and impact flux during the late heavy bombardment. With the obtained impactor
diameter-flux relation and an analytical model for the kinetic energy of an impactor entering the atmosphere (Collins et al.,
2005), we derived the altitude distribution of the atmospheric heating rate by the impactors during celestial impact events
over about 200 million years. As a result, the frequent and small celestial impacts during the late heavy bombardment were
found to be a heating rate of "107(-10)[J/m"3/s] at altitudes of 0-500 [km]. Also, the instantaneous heating rate for a single
small impact was “10"3[J/m"3/s] at altitudes of 0-500 [km]. This is comparable to atmospheric heating rates of “107(-8) -
10"°(-11)[J/m"3/s] at altitudes of 1000 - 190000 [km] due to the XUV heating during the same period. We are implementing
this impactor heating rate model in the hydrodynamic escape model of Yoshida et al. (2021). The current status will be
presented in this presentation.
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2 b= a VIR FIIHIER K SEGR IR 2 RIKE R OFEO 2R IIMHI N TVWRV, £ T TAMET
W&, FEfTHFSE (Yoshida et al., 2021) THRE I N7z, KBRS (XUV) MBS AT 2R RKBR O BEE T v
12, il x A F—JRe U UM RREEREOBICARICHE I N AT IV —ET A EHAAD Z 2I2 L5 T,
KRG & BT FIRGERS T 2L —2ayE(T5, AU XD, EMEEROHBRATERRICEBWT, KK
BHEOMETHERFMT 2, . AOXZ XY RBHICTER IR L — X2 —DERICHT 3EHET 5 v 7 2507
(Marchi et al., 2012) &, 71 — X —BERLEHEREDOEZRZD X7 — 1V > 7] (Morbidelli et al., 2018) 12 & h. RHiFHREE
B 2EHEREDERYL 75 v 7 ZOMBRRERD )z, 2L TREDOKGEAROERPEE = 2L X -2 2id
R U 7= 5L (Collins et al, 2005). 2. FoNERE—T7 7 v 7 20BN EHAAL Z 2T, 2 FEEDOBDOKIK
BHREOC, KRB I N2 MAROBES G EER Lz, Z0MR, BRIFEREH O RIKEZZ, S 0-500[km] T
“10°(-10)[J/m*3/s] DIMEEE S DO Z L Wb otz ZHRFERIAD, & 1000-190000(km] 2B 5. K% XUV 2 X
2 REMEE107(-8) - 10°(-1D)[I/m"3/s] L REEETH 5, F7=. 1 BIO/NRIKEZZIC & 2 BRI 22 NER13710°3[1/m"3/s]
THD, KiE XUV 2L TIHEBICEWINRARTH 5, T ORIKEEHFEE /L%, Yoshida et al. (2021) DE F /NI
B AGAA, MO E D TANIZTENIENRGECRD S I 21— a Y ETHI FETH 5, RERTI
Z DREREHET 5,



R005-P10
RXZ—3 :9/26 AMI/AM2 (9:00-12:30)

ELFINBE Y EISCAT L —2 —O&AERZRAVWTHIAHL TIEDALEFICIE
B ES—NHEFBEEDRESHICEZ B3R

#HF D, NI FED, R HEA D, IE  EiE 2, Artemyev Anton®), Angelopoulos Vassilis*),Zhang Xiaojia®
(L RARER, 2 MuthRF, G SR - B - HBRPER,( ) 7 4 =7 RFER S AR F R ARER T AR

Effects of mirror force for precipitating electrons on altitude profiles of electron
density with ELFIN and EISCAT observations

#Tomotaka Tanaka®), Yasunobu Ogawa?), Yuto Katoh®),Mizuki Fukizawa?),Anton Artemyev?), Vassilis Angelopoulos®), Xiaojia
Zhang®)

(IThe Graduate University for Advanced Studies, SOKENDAI,(QNational Institute of Polar Research,(3Department of
Geophysics, Graduate School of Science, Tohoku University,(*University of California, Los Angeles,®University of Texas
at Dallas

Energetic Electron Precipitation (EEP) causes various phenomena, such as aurora emissions and variations in atmospheric
compositions via collisions with the atmosphere. To quantitatively study the effects of EEPs on the atmosphere is one of
the essential fundamentals for understanding how precipitating electrons with various pitch angle distributions ionize the
atmosphere. However, the basic processes involved in the propagation of precipitating electrons and the production of
secondary electrons still need to be well understood. Katoh et al. [under review] recently suggested by numerical simulations
that the magnetic mirror effect can vary the altitude profile of atmospheric ionization. Therefore, the purpose of this study is
to understand observationally the mirror effects on atmospheric ionization so that we would verify the numerical simulation
results.

In this study, we used simultaneous observation data of ELFIN satellites and EISCAT radars as well as numerical
simulation data for connecting them. The ELFIN satellites consist of two CubeSats flying in formation on nearly identical
orbits at an altitude of around 450 km, observing pitch-angle resolved fluxes of electrons in the 50 -7000 keV energy range
from September 2018 to September 2022. We used altitude profiles of electron density at altitudes of 60 - 170km observed
with the EISCAT Tromso UHF/VHF radars. We found 42 events which are simultaneously observed by EISCAT radar in
Tromso [19.2 E, 69.6N] and ELFIN satellite in the region within & 2 degree latitude and + 5 degree longitude from Tromso.
Among them, 33 events had significant ionization by EEP at altitudes below 100 km. We adopted the numerical simulation
used in Katoh et al., which is a particle transport simulation using the Monte Carlo method. This simulation allows us to
quantitatively investigate how the mirror force could affect the atmospheric ionization rate and production of secondary
electrons, especially backscattering electrons. Specifically, we calculated, with the numerical simulation, the altitude profile
of the collision rate of all the precipitating electrons under two conditions, with/without the mirror effect. Inputs of the
energy and pitch-angle profiles of electron flux were used for the data observed by ELFIN satellites. We plan to compare and
verify the characteristic of the altitude profile of the ionization-rate/electron-density based on that collision rate with that of
electron density simultaneously observed by EISCAT radars.

First, we studied how the mirror effect varied the altitude profile of collision rate below 100 km using the 7th January 2021
simultaneous event. We found that the mirror effect made a difference in the collision rate if we considered the energy and
pitch-angle profile of precipitating electron flux observed with ELFIN satellites. The collision rate with the mirror effect was
about half of that without the mirror effect. As Katoh et al. suggested, electrons out of the loss cone reduce the collision rate
at altitudes between 60 and 80km because they are bounced at a mirror point so that the number of electrons penetrating the
low-altitude atmosphere decreases.

According to the result of the numerical simulation, it is useful to verify differences between with and without the mirror
effect on the atmospheric ionization and the production of secondary electrons if many precipitating electrons have pitch
angles near the loss cone angle. We found 4 events, 5th October, 27th November, 16th December in 2021, and 29th March in
2022, have distributions as mentioned.

In this presentation, we will discuss if the mirror effect makes some differences in atmospheric ionization by comparing
with altitude profiles of the electron density simultaneously observed by EISCAT radar.
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Analysis of plasma waves observed by LFAS/WFC onboard the SS-520-3 sound-
ing rocket

#Takahiro Zushi®),Satoshi Kurita?) Hirotsugu Kojima?),Keigo Ishisaka®),Atsushi Kumamoto® ,Kazushi Asamura®,Yoshiya
Kasahara® Mitsunori Ozaki®),Ayako Matsuoka” ,Reiko Nomura®) ,Makoto Tanaka®),Shoichiro Yokota'®), Takumi
Abe® Keisuke Hosokawa'l), Yasunobu Ogawa'?), Yoshifumi Saito®

(INational Institute of Technology (KOSEN), Nara College,(*Research Institute for Sustainable Humanosphere,
Kyoto University, Faculty of Engineering, Toyama Prefectural University,(*Department of Geophysics, Graduate
School of Science, Tohoku University,®Institute of Space and Astronautical Science, Japan Aerospace Explo-
ration Agency,(°Kanazawa University,("Graduate School of Science, Kyoto University,(®Japan Aerospace Exploration
Agency,®Tokai University,('°0Osaka University, ' Graduate School of Informatics and Engineering, University of Electro-
Communications,(*2National Institute of Polar Research,(*3National Institute of Polar Research,(**National Institute of
Polar Research,(®Department of Solar System Sciences, Institute of Space and Astronautical Science, Japan Aerospace
Exploration Agency

It is known that ions in Earth’s upper atmosphere are accelerated and escape into space at the polar cusp region. The
SS-520-3 sounding rocket was designed to understand the acceleration mechanism of escaping ions. Previous rocket
experiments and satellite observations suggest that broadband extremely low frequency (BBELF) waves are involved in
ion acceleration. For this reason, SS-520-3 is equipped with plasma wave and DC electric field instruments called the
Low-Frequency wave Analyzer/ System (LFAS). The LFAS has two types of receivers, WaveForm Capture (WFC) and
Electric Field Detector (EFD). The frequency range of the WFC is 10 Hz to 10 kHz, and that of the EFD is DC to 400 Hz.
Both receivers obtain the electric field from two orthogonal pairs of dipole electric sensors. Due to telemetry limitations, the
WEC performs single-channel waveform observations until 330 s after launch, and dual-channel observations between 330 s
and 630 s, when the rocket is expected to be near apex height.

The SS-520-3 sounding rocket was successfully launched on November 4, 2021 from Ny Alesund, Spitsbergen, Norway.
Two LFAS receivers operated successfully during the flight. However, due to sensor problems, two of the four sensor
elements were not deployed and one was deployed later than planned. As a result, the LFAS observed the electric field in an
orthogonal monopole configuration. From the observation result of the WFC, we found waveforms similar to the previously
reported BBELF waves. However, the WFC waveform showed a large-amplitude, low-frequency, periodic noise originating
from the undeployed antenna. We attempted to reduce the effect of noise by using EFD single probe data to analyze BBELF
in more detail. In the presentation, we will show the detailed analysis result of the WFC observation data.
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Electron precipitation and decelerated ion flux at the polar cusp observed by LEP
on the SS-520-3 sounding rocket
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(10saka University, ?Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency,®Japan Aerospace
Exploration Agency, *Graduate School of Science, Kyoto University

The escape of the upper atmosphere is a universal phenomenon not only for the Earth but also for other terrestrial planets.
Elucidating the physical mechanisms is important for understanding and predicting the atmospheric evolution that leads to the
diversity of planetary atmospheres, and its scientific significance is not limited to the planets of the solar system. Scientific
observations to verify theoretical studies are essential to elucidate the escape mechanism of the upper atmosphere, and the
Earth’s upper atmosphere is the most easily observable target among solar-system planets.

The SS520-3 sounding rocket experiment was conducted on November 4, 2021 at Ny-Alesund to observe in situ the ac-
celeration and heating of outflowing ions at the top of the ionosphere above the Earth’s cusp. One of the instruments was a
low-energy particle experiment (LEP), which we developed.

The LEP is a pair of analyzers that analyze the energies of ions and electrons below 10 keV. The two analyzers are com-
pletely identical in shape, and both pass incident electrons and ions pass through ultra-thin carbon films and measure the
secondary electrons emitted from them. Therefore, both detectors (MCPs) are of the same form for electron measurement,
which is a characteristic of LEP. The SS520-3 sounding rocket experiment was also an opportunity to prove this new tech-
nology.

The SS-520-3 sounding rocket experiment was conducted as scheduled and the LEP acquired about 10 minutes of observa-
tion data. We report here the observations of accelerated electron precipitation and decelerated ion flux, which are considered
to be the characteristics of the polar cusp.
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Four-Minute Total Electron Content Fluctuations over Japan after the 2022
Hunga Tonga Hunga Ha’apai Volcanic Eruption

#Yuichi Otsuka'),Weizheng Fu?)

(Unstitute for Space-Earth Environmental Research, Nagoya University, Institute for Space-Earth Environmental Research,
Nagoya University

Tonospheric disturbances following impulsive events, such as earthquakes, volcanic eruptions, and powerful explosions,
have been observed using various techniques. Fluctuations in the Total Electron Content (TEC) and magnetic field with
a period of approximately 4 minutes are frequently observed following such ground-based disturbances. These 4-minute
fluctuations are believed to be caused by the resonance of acoustic waves between the surface and lower thermosphere.

After the volcanic eruption of Hunga Tonga-Hunga Ha’apai on January 15, 2022, various ionospheric variations were
observed. In this study, we analyzed TEC data collected from a dense Global Navigation Satellite System (GNSS)
observation network operated by SoftBank Corp. Time resolution of the TEC data is 1 second. We observed intermittent
TEC variations with a period of approximately 4 minutes over Japan between 11:30 and 13:30 UT on January 15, 2022. Our
research aims to investigate the two-dimensional structures of these 4-minute TEC variations.

Acknowledgements: The SoftBank’s GNSS observation data used in this study was provided by SoftBank Corp. and
ALES Corp. through the framework of the "Consortium to utilize the SoftBank original reference sites for Earth and Space
Science”.
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Analysis of current structure in the sporadic E layer using magnetic data obtained
by sounding rocket experiment
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The sporadic E layer is a region of high electron density that occurs suddenly and locally in the ionospheric E region, and
is known to reflect radio waves in the VHF band (30 to 300 MHz). When the direction of the horizontal wind in the neutral
atmosphere varies with altitude and has a shear structure along the vertical direction, ions above and below converge at an
altitude between them and form a sporadic E layer, since their motion is affected by the earth’s magnetic field (Wind Shear
theory). The sporadic E layer appears at an altitude of about 100 km, where the means of direct observation is limited to
sounding rockets. Due to the limited opportunities for direct observation, many things about the electromagnetic nature of
the sporadic E layer remain unknown. It is meaningful to derive the altitude distribution of the electric current density from
the magnetic field measured by sounding rockets for the advanced understanding of the sporadic E layer.

The sounding rocket S-310-38 was launched from Uchinoura Space Center (USC) in Kagoshima Prefecture on February 6,
2008 and reached an altitude of 160 km. The sporadic E layer was confirmed by imaging observation with a Magnesium Ion
Imager (MII) and the electron density observation with an Impedance probe onboard the rocket. The rocket was equipped
with a Digital Fluxgate magnetometer (DFG), that measures three orthogonal components of the magnetic field (one is along
the rocket’s axis and the others are in the spin plane around the axis) at a sampling frequency of 200 Hz. In order to subtract
the modeled magnetic field and obtain the fluctuation component, it is necessary to determine the attitude of the rocket. At-
tempts to determine the attitude of the rocket were made by the observation with a star imaging attitude meter, but because
the observation was in an area with too much sunlight, the information on the star positions could not be obtained and the
attitude of the rocket could not be determined. The attitude of the rocket was estimated by assuming that the point the rocket
axis was directed moved on a true circle by the precession motion of the rocket.

The sounding rocket S-520-29 was launched from USC on August 17, 2014 and reached an altitude of 243 km. The spo-
radic E layer was also confirmed by two MIIs and a Langmuir probe. Similar to S-310-38, the magnetic field observation was
performed by a DFG at a sampling frequency of 200 Hz. S-520-29 was equipped with an attitude control system, and it was
planned to direct the rocket’s axis toward the zenith, but it did not work as expected. Although a very large precession with a
radius of about 33 degrees occurred as a result, the attitude of the rocket was determined by the attitude sensor.

In this study, we analyzed the fluctuation component of the magnetic field measured during the flight, and derived the
density of the electric current flowing inside and outside the sporadic E layer. Among the parameters included in the general
Ohm’s law equation expressing the electromagnetic relationship, the electrical conductivity is given by observations of the
electron density and models. Although the electric field and the neutral wind velocity were not directly observed, their struc-
ture consistent with the current density distribution was inferred. Furthermore we discussed how the ionosphere is heated by
converting the kinetic energy of ions and electrons into Joule thermal energy.
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Horizontal structures and movements of sporadic E layers observed with
ionosonde receiver networks

#Yuki Kojo") ,Akinori Saito"),Michi Nishioka?)

(IDepartment of Geophysics, Graduate School of Science, Kyoto University,(?National Institute of Information and
Communications Technology

The sporadic-E (Es) layers are high plasma density layers that appear suddenly in the E region of the ionosphere, around
100 km altitude. It is known that tidal winds play a major role in the formation and movement of Es. The horizontal move-
ment of Es has been studied with various observational methods and numerical simulations. Continuous TEC observation
has been used to capture the horizontal structure of Es, although Es height cannot be measured. Es height is important
because wind is critical to the motion of Es and the distribution of wind is dependent on height. The advantage of ionosonde
observation is the ability to measure the altitude. Ionosonde network can detect horizontal structure and movement of Es.
However, the distances among four ionosonde facilities of NICT in Japan are longer than typical Es scale, so it is hard to
investigate horizontal movement of Es. In this study, we performed multistatic observations with two networks of ionosonde
and receivers to investigate the horizontal structure and movement of Es over Japan.

In the observation networks, two ionosonde receivers are newly installed around ionosonde of NICT Radio Observation
Facilities at Yamagawa, Kagoshima in June 2023. They are located at Aso and Miyazaki, performing a tristatic observation.
The distance is 190 km between Yamagawa and Aso, and 100 km between Yamagawa and Miyazaki. Radio waves emitted
from the ionosonde are reflected by the Es layers above the midpoint between the ionosonde and the receiver, and the
reflected waves are received by the receiver, which measures the electron density of the Es above the midpoint. We compare
the data from the ionosonde vertical observations with the data over the midpoints obtained from the receivers. The horizontal
scale of the Es layers is estimated by determining whether the same Es layer is observed at multiple observation points based
on the correlation between the density and altitude changes of Es. In the tristatic observation, the direction and velocity of
Es horizontal movement are also calculated from the difference in observation time at each site. This network will make
simultaneous observation with sounding rocket experiment, RIDE campaign to be launched from JAXA Uchinoura Space
Center in Kagoshima in the summer of 2024.

Another ionosonde network consists of an ionosonde at Kokubunji, Tokyo and a receiver at Oarai, Ibaraki, performing a
bistatic observation. The distance between ionosonde and receiver is 120 km.

In this study, we will discuss the horizontal structure and horizontal movement of the Es layer with data from these two
ionosonde networks.
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Comparison between the Ca+ and the sporadic E layers observed at Syowa
#Mitsumu K. Ejiril’z),Takanori Nishiyamal’Q),Takuo T. Tsuda® ,Katsuhiko Tsuno®,Yuki Koj05),Akin0ri Saito® ,Michi
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(INational Institute of Polar Research,2Graduate University for Advanced Studies, SOKENDAI,(SUniverSity of Electro-
Communications, *RIKEN, RAP,(SDepartment of Geophysics, Graduate School of Science, Kyoto University,(GNational
Institute of Information and Communications Technology,(”Graduate School of System Design, Tokyo Meteropolitan
University, ®Faculty of Engineering, Shinshu University

Sporadic E (Es) layer is the thin layer of enhanced electron density forms at the height between 90 and 120 X km in
the mesosphere and lower thermosphere (MLT) region. The wind shear theory is widely accepted as the mechanism of the
formation of the Es layer in the mid-latitudes and the daytime Es has usually higher plasma density than the nighttime Es.
Among the ions that drift vertically due to the vertical shear of neutral horizontal winds, the long-lived ions that form the
core of the Es layer are metal-atom ions supplied by meteoroids to the MLT region. On the other hand, the Es layer in the
auroral zone is usually seen during the night hours and has been mostly associated with magnetic and auroral activity. It is
known that the value of foEs obtained by ionosonde observation increase with the motion of an auroral arc or band from a
low elevation angle to a position near the zenith. However, it is unknown if there is a contribution of the metal-atom ions
to formation and lasting of the Es in the auroral zone as in the mid-latitude. A resonance scattering lidar developed by the
National Institute of Polar Research (NIPR) was installed at Syowa (69S, 40E), Antarctic in 2017 and successfully obtained
Ca™ density profiles 6 nights in total in Spring of 2017 and 2018. In this presentation, we will discuss a relationship between
a metal-atom ion and the Es layer by comparing the temporal variation of Ca™ density with foEs data obtained by the NICT
ionosonde at Syowa Station.
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Trial of Ionospheric FM-CW Distance Measurement by HF Doppler Observation
System
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(I The University of Electro-Communications
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Observations of ionospheric disturbances using the High Frequency Doppler (HF Doppler: HFD) sounding have been
carried out in various latitudes since the early 1960s. In Japan, ob-servations have continued for the past "50 years, and the
Doppler shifts imposed at the time of reflection at the ionospheric E and F regions have been used to study traveling ionospher-
ic disturbances (TIDs), sporadic E (Es), and various ionospheric phenomena caused by energy input from the magnetosphere
or lower atmosphere. The University of Electro-Communications (UEC) started HFD observations using the standard radio
JJY (Communica-tions Research Laboratory) in 1977, and has conducted multipoint observations by operating a number of
receivers at multiple stations in Japan. After the stop of HF JJY transmission, in order to continue ionospheric researches
using HFD, the experimental radio transmission station JG2XA was newly established in 2001 which employs radio waves
at 5006 kHz and 8006 kHz, which are close to the frequencies used by JJY. An overview of the HFD project data from the
experiments are available at "http://gwave.cei.uec.ac.jp/"hfd”.

Since the beginning of this transmitting station, CW for Doppler observation and Morse code as an identification signal
for the transmitting station are transmitted. The Doppler shift from the target is obtained by receiving CW reflected at the
ionosphere, which has a reflec-tion surface in a specific electron density region. However, which reflection mode of the target
resulted in the data was often determined by empirically or through comparison with another observation.

The following requirements are needed to improve the transmitter system: 1) need to be consistent with the existing
observation data, 2) need to measure the reflection altitude quantitatively with a distance resolution of several kilometers, and
3) need to meet domes-tic radio regulations to obtain an additional radio wave license.

To measure the propagation distance, FM-CW is considered with a sweep range of 150 kHz and repetition of 20 Hz
(Namiki et al., JpGU 2022). Frequency and time will be synchronized between transmitter and receiver precisely via GPS.
An indoor experiment was conducted by transmitting conventional CW and additional FM-CW signal together. Both ranging
and Doppler signal were detected simultaneously by a receiver with an additional sweep frequency converter (Namiki et al.,
SGEPSS, 2022).

An addition of the FM-CW radio type and a change of the transmitting system were approved in March 2023. Transmission
with the new system has been operational and the received data is being compared with the previous Doppler data. Since
the start of the operation of the new system, -3 mHz steady deviation has been observed for both the 5006 and 8006 kHz
transmission. This frequency bias is attributed to the frequency generator in the new system and is confirmed to be negligible
for usual Doppler measurement within = 4 Hz Doppler range (Namiki et al., JpGU, 2023).

If we measure the ionospheric height at a distance of about 80-570 km with our FM-CW ranging technique, the frequency
of the baseband signal at the receiver side will range from 1.6 kHz to 15 kHz, which is far from the Doppler frequency range
of £ 4 Hz. There is a need for receiving system different frequency processing to handle the ranging signal. We report
the results of a study of data processing method for the coexistence of new FM-CW ranging and conventional CW Doppler
observation.

FHI K v 75 — (HF Doppler: HFD) % W /- EREEEELOBINE. 1960 FK0 5 H 4 RAEE T I B W Tk
fTONTE], HARIZBWTS, #ZE 50 FIFZIThz- THHEDRES X, BEEE B, F 880 50 KHBICHI T X h
72Ky o= 7 bEHAVT, BIRMEERHEEILSRARI T4 v 27 EFR #BKED LLETERAGLDZ XL F—
TAHES ZFDOIFEBTORTE TV 2,

BRUBERETIE, 1977 2 6 "IREMEER R 1Y GRAERATSR 2 F A L7 HFD 8#ll % Bts L. K% E
NOEBRTZET S I L2 ZmBllZEML TE7%, Mk IY 25 IEE %, 2001 2 51F, HFD I &
2 BEEBET e OMERE D 7= D12, PERMEH L T\ HBUIE W 5006 kHz ¥ 8006 kHz @ 3E %Kil (Continuous Wave :
CW) ZiXET 2R JG2XA 2B L. £ZEROEHZHRITITWVWS, HFD Yuy =7 rOoME e lE 7 — X
37 http://gwave.cei.uec.ac.jp/ hfd" IC TR I N TWVWS, LM TEAAI D, BHIHDO CW X EROHHIIES & LT



DE—NREENEEIN. BHr T ERFEOEFEEERTORNEZ b OBHMBE TR SN CW 2ZEL T, Z—
ForDPED Ry 75— 7 bRBLATWS, LELEND, ZOF—XREYDRGFE—FDR—% v b 5EU M
RTH2D0E, RERINSHER T 2 2B OBH T — & ¥ DB TIRET 2 Z e B %h - 7z,

REERBUBEADERE LTIE, (1) /EROBHRIF— 2 L 0BEMENENZ . (2) TERBERINICHERI L T\W=H
ROBEE, FEBZ IR 2 AP TORFEE Y LT km OFHESRRECERMCINET 2 2, (3) EAMHER
R D EHEZ i 7 U CEIRAFGENN e SR A ORI 2 IS 35 Z & BT b,

Z T, ERFRIED T 2Ly BREEANDBE S ICEDE, Bl 27 A ~HIEERAEZBINT 2 =D EHREE
Fre L TEMLTWREENTHREDR SN2 FM-CW B OBIMZE MG L7z, GPS THEA 723552 (5 s o R [A 1
% ¥ h. HF # FM-CW (Z X 2 BHEE ORI E 2175 72012, X—% v FOHBEEE L ROZHFHHE D S HED - T
150kHz D#51% 20Hz THR53 3 & & ##3 L 7= (Namiki et al., JpGU, 2022), FM-CW (2 & 2 BEHEE FREEHE D et 2
TCIZ, BENTHITOZEY AT LI ¥ — 2B L 728 CIEREEHE B Z 1TV, BEREX A VHMIETEELTV3
CW Ky 75 —%EY AT LICYBINCEEZBMLIATRXA YRIETH->TH, CW & FM-CW O [a]REE I A3 Af
RETH 2 Z ¢ Z2HER L 7= (Namiki et al., SGEPSS, 2022),

DM, FEERMDOR T 7 AFMER - TEHE T HEM L., 2023 4 3 HIZ FM-CW EiEA X 0B e #&iF—=Xo
FHHBERICED SNz, FEEREOFEMALM N, FHIHTZEORIEZ TR Ky 75 -85 — X v oLt %
ol 22, HEBOZER L A T-3mHz ODEFENRINDED b/, EEROBEEI 0y 7L D7 A
5 GPS NEEfibo BB EZ NS, TAHZzEHDO Fy 75— 7 F2EHIT 2 5 2 TR, ERTE2BEOEL
TH5Z ¥k ZMER L 7= (Namiki et al., JpGU, 2023), EEHORMEFES L LTLE Y Y Ak GPSDO Z K L2#ER, F
BRRAEEBEBNDNAL 7 ZATH 2 Z e HIAL 7z, EERMOREIERINED S5 h, BIEIX CW 2 HEIFRE Lis
5 FM-CW r E— L2 DE(E% HEIMNICERYZ S E L REEE OBIMCI D HA TV S, HHEIIED DI, %G
BRI O BFHEM & FIRC, ZEEIORELEDLE LY Sh b, ELEMEREKLZEBRO T X3 EE X 80-570km 2
s Zens, FHEENERBICEIN5E 1.6kHz 225 15kHz Oz & 2 Z e pfE a3, B+ 4Hz %
RRTB74 970y 7 23RO E L -5 2 CrIFb L., BEREEIREZ M T 2 LA RD s TWE, ZIET >
TFRHFLEO D DEFA L. 150 kHz ##51D FM-CW 2 {EkD CW Fv 75 -8l 2 HEFE X8 3 72HD 7 — XL
HA R BE LRI OWTIRE 21T 5,



R005-P18
RXZ—3 :9/26 AMI/AM2 (9:00-12:30)

EISCAT 3D L= —8RIICAITI- 1 /7 - B3 E — LBRRIC & 5 EREE 1+ 2 RE
BB FADIRE

#UGE EHEL D NI BME D, R B2, FEL LY, A RS Y, e s Y

(i, 2 50K, ik

Feasibility study of ionospheric ion velocity reconstruction method for monostatic
and multi-beam EISCAT 3D radar observation

#Mizuki Fukizawal), Yasunobu Ogawal) ,Koji Nishimura?, Takanori Nishiyamal) _Taishi Hashimoto!), Takuo Tsuda3
(INational Institute of Polar Research, ?Kyoto University,®University of Electro-Communications

EISCAT_3D radar (E3D) is the world’s first multi-static phased-array incoherent scatter radar to observe the three-
dimensional (3-D) distribution of ionospheric physical parameters with high temporal resolution. E3D is planned to consist
of a central active (transmitting/receiving) site (“core”) and four receive-only sites. Currently, the core site in Skibotn,
Norway (geographic latitude (GLAT): 69.340 degrees, geographic longitude (GLON): 20.313 degrees), and receiving
sites in Karesuvanto, Finland (GLAT: 68.463 degrees, GLON: 22.458 degrees) and Kaiseniemi, Sweden (GLAT: 68.267
degrees, GLON: 19.448 degrees) are under construction. The E3D is capable of deriving the 3-D distribution of ionospheric
ion velocity vectors from multi-beam observations from at least three stations. These observations will contribute to the
understanding of the magnetosphere-ionosphere-thermosphere coupling process. The E3D observation is scheduled to start
in 2024 with one station, followed by a three-station observation system. In this study, a method to reconstruct the 3-D
distribution of ionospheric ion velocity vectors from line-of-sight (LOS) ion velocity observation data by monostatic and
multi-beams was investigated.

In the Common Program of E3D, which is the common experiment to all member countries of the EISCAT Scientific
Association, a total of 27 beams (10 low-elevation beams, 10 high-elevation beams, and 7 meridional beams) are suggested
to be used for observations. For the low-elevation beams, the azimuth and zenith angles were determined so that the beam
points are equi-latitudinally spaced on the meridian +/-150 km east-west from the core site at an altitude of 250 km. The
azimuth and zenith angles of the high-elevation beams were then determined by tracing the magnetic field lines from the 110
km altitude of these beams to the 250 km altitude and passing through these points. For the meridian beams, we determined
four beams with elevation angles of 30 and 60 degrees for azimuth angles of 0 and 180 degrees, respectively; two beams with
vertical and magnetic zenith directions; and two beams with an azimuth angle of 180 degrees and elevation angle of 60 +/- 6
degrees.

From the LOS ion velocity observations at an altitude of 250 km by the 27 beams determined in this way, the ion velocity
vectors were derived using data from three adjacent observation points. The number of grids (north-south x east-west)
connecting the three adjacent points was 8 x 2 grids for a range of 4+/-30 km in the east-west direction from the core site
and 6 x 4 grids for a range of +/-150 km. The spatial resolution in the north-south direction was approximately 30 km and
60 km, respectively. In order to generate pseudo-E3D observation data, the atmosphere-ionosphere coupling model GAIA
(Ground-to-topside model of Atmosphere and Ionosphere for Aeronomy) was used. The projected component of the GAIA’s
ion velocity to the 27 beam directions in E3D was obtained as the E3D LOS ion velocity observation data. The ion velocity
vectors were then derived from the pseudo-E3D observation data at three adjacent points. As a result, the original GAIA data
were reproduced well. However, since this derivation assumes that the ion velocity is constant at the three adjacent points, it
was confirmed that the error tends to be large at the edge of the field of view, where the spacing between the three beams is
large.

As another method, a linearly constrained least-squares problem is set up and the ion velocity vector is derived using the
Lagrange multiplier method. As a constraint condition, the ionospheric ion velocity above the 200 km altitude is assumed
to follow the E x B drift, and the rotation and divergence of the ion velocity in the horizontal plane are given zero based
on Gauss’s law and Faraday’s law under the conditions of electric neutrality and a steady state magnetic field. Under these
conditions, we are considering problem setups that minimize the first- and second-order derivatives of the ion velocity in the
spatial direction. In the presentation, we will also show the results of these methods.

The dataset used for this study is from the GAIA project carried out by the National Institute of Information and
Communications Technology, Kyushu University, and Seikei University.
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Imaging Observation of Ionospheric Field Aligned Irregularities by the PANSY
radar at Antarctic Syowa Station

#Daisuke Kagawa®), Taishi Hashimoto?),Akinori Saito®) ,Koji Nishimura
(IKyoto University Graduate School of Science,*National Institute of Polar Research, ®Department of Geophysics, Graduate
School of Science, Kyoto University,(4Research Institute for Sustainable Humanosphere, Kyoto Univ.
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Program of Antarctic Syowa MST/IS radar (PANSY radar) is the large atmospheric and VHF-band radar located at the
Antarctic Syowa Station. This radar has the capability of observing plasma quantities at altitudes of 100-500km using
the ionospheric incoherent scatter (IS). In 2015, the PANSY radar performed the first ionospheric IS observation in the
Antarctica. This radar also has a frequency of 47MHz, so it can observe the echoes of field aligned irregularities (FAIs) in
E-region. If FAIs have a space scale of half wavelength of radio waves, they are coherently backscattered, so the PANSY
radar observes the coherent echoes from 3-meter-scale FAIs in E-region. In order to suppress contamination from the FAI
echoes during the IS observation, Hashimoto et al.(2019) separated the FAI echoes from IS echoes by the multichannel signal
processing technique using the antenna array for observing FAIs ("FAI array”). On the other hand, if we utilize this method
to observe FAIs, we can resolve E-region FAIs in detail and measure their motion.

PANSY radar has the array for observing meteors (Meteor array) as well as the FAI array. The FAI array has the degree
of freedom only of azimuth angles because its antennas are positioned linearly, whereas the Meteor array can observe FAIs
three-dimensionally because the five antennas of the Meteor array are positioned areally. Therefore, we expect that we
transmit the radio waves using the FAI array and receive the FAI echoes using the Meteor array. However, it is expected that
the Fourier imaging or the Capon imaging cannot accurately measure the spatial structures caused by the antenna pattern.
FAI echoes are generally observed if the conditions that radio waves are perpendicular to FAI are satisfied. The grating
lobes, however, are generated because the distance of adjacent antenna are wide, so it is considered that the “ghosts” are
also mistakenly generated in the non-echoing region. Therefore, due to remove their effects and provide the accurate spatial
structure, we conducted deconvolution based on ”Matching Pursuit”. In this algorithm, we subtract the receive pattern of the
Meteor array in each iteration. This algorithm makes smaller the responses of the non-mainlobe region, such as grating lobes
and sidelobes, because the antenna pattern are subtracted, so we can suppress the “ghosts” and conduct high-resolution FAI
imaging observation.

In this presentation, we will introduce the result of application of imaging method based on the "Matching Pursuit” which
can remove the effects of the antenna pattern and conduct accurate and high-resolution FAI observation.
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Development of an Autonomous Method for Equatorial Spread-F from SEALION
Ionosonde Data
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University of America

We have developed an automatic detection method for nighttime (1800-0600 LT) equatorial spread-F (ESF) from
SEALION (SouthEast Asia Low-latitude Ionospheric Network) FMCW ionosonde data. ESF in this study is classified into
three categories: range (Q), frequency (F), and mixed (M). We compared our result with the manual scaling in March and
September 2013. The comparison with the manual scaled data shows "91%, 85%, and "89% match for Q, F, and M types,
respectively. We analyzed the seasonal and local time variation at Chiang Mai in 2013. The seasonal and local time variation
shows a good agreement with the previous studies which indicate high occurrence during equinoxes and pre midnight.
The longitudinal and latitudinal variations were analyzed by comparing three different stations: Chiang Mai, Chumphon,
and Cebu. The results show that the occurrence is significantly higher in Chumphon and Cebu which are located near the
magnetic equator.
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Effects of ionospheric phenomena on precise positioning
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“Council for the advancement of space weather forecast” was held in the first half of 2022 by the Ministry of Internal
Affairs and Communications.
(https://www.soumu.go.jp/main_sosiki/kenkyu/space_weather/index.html)

In the council, “Working group on space weather alert criteria” was established and a new alert system was discussed. It
is reported that there is no clear international space weather standard for positioning derived from user-side requirements and
the threshold for issuing a warning should be quantitatively determined.

(https://www.soumu.go.jp/menu_news/s-news/01tsushin05_02000047.html)

In this study, we focused on real-time kinematic (RTK) positioning, which uses dual frequency for precise positioning.
RTK positioning errors were analyzed with GEONET observation network data developed by the Geospatial Information
Authority (GSI) . Two GEONET stations with a distance of 10 km or less between the stations were selected. One station
is used as a reference point whose position was already know and the other is used as an assumed station whose station was
unknown. The RTK positioning was conducted for the assumed station, and the fix rate of the positioning was analyzed. It
was found that fix rates declined during daytime in spring and fall, and nighttime in summer. The former coincides with
a period when ionospheric total electron contents are large, while the latter coincides with a period when medium scale
traveling ionospheric disturbances often appears.

In this presentation, the effects of ionospheric phenomena on precise positioning will be clarified based on the results of
RTK positioning accuracy analysis as a start point of determining the threshold for a new alert system.
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Investigation of different behaviors of TEC and NmF2 during large geomagnetic
storms using polar variable GAIA

#Chihiro Taol) ,Hidekatsu Jin?) ,Hiroyuki Shinagawa2) ,Yasunobu Miyoshi?’) ,Hitoshi Fujiwara4)

(INational Institute of Information and Communications Technology, ?International Research Center for Space and Plane-
tary Environmental Science, Kyushu University, ®Department of Earth and Planetary Sciences, Faculty of Sciences, Kyushu
University,(*Seikei University

Behaviors of observed total electron content (TEC) and maximum F-region electron density (NmF2) are similar during
medium geomagnetic storms while they are sometimes different during large geomagnetic storms. More significant NmF2
decrease during TEC increase has been reported for more penetration electric field, higher electron temperature case, and
morning sector of the initiation of the geomagnetic storms, from model experiments [Jin et al., 2008].

We are extending the GAIA, Ground-to-Topside Model of Atmosphere and Ionosphere for Aeronomy, to include the mag-
netospheric variation via electric field deposition and auroral electron precipitation at the polar region and penetration of the
electric field toward mid-to-low latitude. Using the polar variable GAIA, we have investigated the behavior of TEC and NmF2
during large geomagnetic storms. Evaluation of the model and 3-dimensional distribution of the electron density during the
events will be discussed in the presentation.
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Characteristics of Mid-Latitude Plasma Bubble During a Geomagnetic Storm on
March 23-24, 2023 using GNSS and Arase Satellite Data
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After sunset, a plasma density depletion (plasma bubble) often occurs at the bottom of the F region over the equator. Plasma
bubbles are sometimes extended from the equator to mid-latitudes during geomagnetic storms. Many researchers have
studied the characteristics of the mid-latitude plasma bubbles during geomagnetic storms using in-situ satellite observation
data. The longitudinal width of mid-latitude plasma bubbles remains unknown, since inclinations of the ionospheric satellites
are too low to adequately observe the mid-latitude ionosphere. In this study, we report characteristics of the mid-latitude
plasma bubble during a geomagnetic storm on March 23 and 24, 2023, using the Global Navigation Satellite System (GNSS)
and the Arase satellite data. We used Total Electron Content (TEC) and Rate of TEC Index (ROTI) derived from GNSS data,
along with electron density estimated from the in-situ plasma wave data observed by the Arase satellite.

ROTI enhancements, associated with plasma bubbles, appeared over the magnetic equator in the evening sector around
00:30 UT on March 24 during the main phase of the geomagnetic storm. The enhanced ROTI region extended to the
mid-latitudes around 45 N in geomagnetic latitudes in (or within) the American sector. The TEC depletion region also
extended to the mid-latitudes. During this time, the Arase satellite passed through the northern part of the mid-latitude
plasma bubble around 35 N in geomagnetic latitudes at an altitude of 500 km. The electron density showed a depletion
from 8.65x10"11 m-3 to 5.65x10"11 m-3 ("40% decrease). The location of electron density depletion corresponded to
the enhanced ROTI and decreased TEC regions. The estimated longitudinal width of the electron density depletion was
approximately 535.5 km.

Previous studies based on high inclination satellites such as DMSP and Swarm have reported spatiotemporal variations
of mid-latitude plasma bubbles during geomagnetic storms. However, these satellite data cannot provide the longitudinal
distribution of the plasma bubble, and the longitudinal structure of the plasma bubble remained unknown. For the first time,
the present study revealed the longitudinal distribution of the mid-latitude plasma bubble during the geomagnetic storm, with
the Arase satellite observation data. Our analysis results indicate that the longitudinal width of the electron density depletion
at the mid-latitudes as observed by the remote sensing observation data (GNSS) corresponds to that as seen in the in-situ
observation data (Arase satellite).
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