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Overview of the SS-520-3 Sounding Rocket Experiment
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In order to understand the particle acceleration processes that cause the ion outflow by making in-situ observation of the
wave-particle interaction in the polar cusp, SS-520-3 sounding rocket was successfully launched from Ny-Alesund on 4
November 2021.

Although SS-520-3 was planned to be launched in December 2017, the launch was postponed due to mal-function of the
timer equipment that was found during the final stage of the integration test. After fixing the timer equipment problem, we

had no launch opportunity until 2021. During the postponement period, the solar activity decreased to the solar minimum
around the end of 2019 and started to recover afterwards. It was good for the SS-520-3 sounding rocket experiment that the
solar activity in November 2021 recovered to the level similar to that in December 2017. The opportunities that satisfy the
launch condition were rare around the solar minimum since the latitude of cusp became higher comparing the apex latitude
of SS-520-3.

An M-class flare occurred two days before the scheduled two-week launch window that started on 3 November. A halo
CME was observed in conjunction with this flare and reached Earth around 2000 UT on November 3, which triggered the
magnetic storm on November 4.

SS-520-3 was launched at 10:09:25UT with the launcher setting Azimuthal angle of 202.4deg. and Elevation angle of
80.7deg. The condition of the ionosphere before and after the launch was monitored by 32 m and 42m antennas of the
EISCAT Svalbard Radar and the launch timing was decided mainly by confirming that the electron temperature increased at
the altitude of 350km where the apex of the rocket was traced down along the magnetic field line. The trajectory of the rocket
was mostly as planned with the apex altitude of 742.011km (at +487.0s 10:17:32UT) and the impact range of 1353.861km
(at +993.5s 10:25:59UT).

SS-520-3 was equipped with 9 onboard instruments including DFG: Digital Flux Gate magnetometer, LFAS: Low
Frequency Analyzer System, TSA: Thermal ion Spectrum Analyzer, LEP: Low Energy Particle experiment, IMS: Ion Mass
Spectrometer, FLP: Fast Langmuir Probe, NLP: Needle Langmuir Probe, NEI/PWM: Plasma and Wave Monitor, and SAS:
Sun Aspect Sensor. Judging from the obtained data, SS-520-3 succeeded in flying in the mantle, cusp, and LLBL during the
time period around the Apex above 700km altitude and afterwards. All the onboard instruments succeeded in obtaining data
during the SS-520-3 flight in the cusp.

SS-520-3 sounding rocket experiment is a part of the comprehensive observation campaign including ground-based radar
and optical observations. SS-520-3 sounding rocket experiment is also one of the projects participating in “A Grand
Challenge Initiative (GCI) Cusp program” that is a large-scale international collaboration for targeting advancement in the
common understanding of cusp region space physics.
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Variation of ion current in the current - voltage characteristics obtained by Lang-

muir Probe onboard “SS-520-3” sounding rocket
#Takumi Abe!)
(ISAS/JAXA

Ion outflow along the geomagnetic lines of force from the polar ionosphere have been reported since 1970’s based on the
sounding rocket and satellite observations. The ionospheric cusp is known as a particular region where the largest flux of
the ionospheric ion is observed. In November, 2021, in Svalbard, Norway, JAXA and the related organizations conducted a
sounding rocket ’SS-520-3" campaign whose purpose is to elucidate the plasma acceleration/heating mechanism responsible
for the ion outflow/upflow in the ionospheric cusp region. A combination of the high time resolution in-situ rocket measure-
ments and the ground-based optical and radar observations makes it possible to approach such an important science topic. In
comparison with other experiments, the feature of this campaign is to try to make an in-situ measurement of wave-particle
interaction which is believed to play a primary role in the ion energization. Sounding rocket ’SS-520-3” was launched at
11:09:25 CET from the SvalRak facility at Ny-Alesund in Svalbard, Norway, after confirming that the rocket would traverse
a region of the ion upflow. A total of 9 science instruments were installed on the rocket. Observations of thermal plasmas by
FLP (Fast Langmuir Probe) instrument onboard the rocket will be discussed in this presentation.

A cylindrical probe with a length of 200 mm and a diameter of 3 mm was adopted to the FLP. The probe is directly biased
by a triangular voltage with an amplitude of 4 V with respect to the rocket potential and a period of 100 msec so as to provide
the current-voltage relationship. A current incident to the probe was sampled with a rate of 6400 Hz and amplified by two
different gains (low and high) so that it can measure in a wide range of the plasma density. In order to measure the ion current
as well as the electron current, the amplifier has an offset voltage of +0.5 V. The electron temperature and number density can
be derived from a relationship between the incident current versus voltage applied to the probe.

The obtained FLP data were good enough in quality to estimate electron temperature and density. In our study, ion current
in addition to electron current is subject to be analyzed since the main objective of this rocket campaign is to investigate the
thermal ion upflow in the cusp region. Results obtained so far from our analysis are summarized as follows:

1) The FLP successfully made its measurement during both upleg and downleg of the rocket flight, which means that the
local electron temperature and density can be estimated.

2) The observed electron density is larger than the predicted value, which suggests a possible traverse of the rocket through
a region of the electron precipitation.

3) The ion current exhibits unusual behavior in the current — voltage characteristics. The cause of such a particular com-
ponent is now investigated.

4) A ratio of electron to ion random currents significantly changed during the flight, which may be caused by a change in
a ratio of electron to ion temperature. However, the ratio may be related to an existence of the ion upflow somewhere along
the rocket trajectory.

In this presentation, we will focus on a spatial/temporal variation of ion current in the current - voltage characteristics. A
latest result from our analysis of FLP data will be presented in more detail.
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Plasma wave and DC electric field observations by the SS-520-3 sounding rocket
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The SS-520-3 sounding rocket experiment was planned to clarify the ion outflow phenomenon in the polar cusp region.
Heating/acceleration transverse to the geomagnetic field lines is known as one of the acceleration processes for obtaining
the velocity for the ions to flow out, and the wave-particle interaction is considered the primary mechanism of the heat-
ing/acceleration. For this reason, an instrument for DC electric field and plasma waves, called Low-Frequency wave Analyzer
System (LFAS) is on board the SS-520-3. LFAS is composed of three blocks: electric field sensors (LFAS-S), pre-amplifiers
(LFAS-Pre), and receivers. LFAS has two types of receivers with different observation bands: Electric Field Detector (EFD)
covers DC and the ELF range (DC - 400 Hz), and WaveForm Capture (WFC) covers the VLF range (10 Hz — 10 kHz).
In addition, WFC has Software Wave-Particle Interaction Analyzer (SWPIA) to measure wave-particle interaction directly.
SWPIA generates clock signals for synchronous observation between plasma wave and particle. The signal is sent to two
particle instruments: Thermal and Supra-thermal ion energy-mass Analyzer (TSA) and low-energy Ion energy-Mass Spec-
trometer (IMS). The sounding rocket was launched on 4th November 2021 from Ny Alesund, Spitsbergen, Norway. During
the flight, two receivers of LFAS including SWPIA were successfully worked. However, problems with LFAS-S caused two
of the four sensor elements to not extend and one to extend later than scheduled. As a result, LFAS observed the electric field
in an orthogonal monopole configuration. In the presentation, we will show the detailed design and the initial result of LFAS.
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The characteristics of electron energy distribution observed in the S-310-44
#Daiki Umeoka®), Takumi Abe?), Wataru Miyake!)
(Tokai Univ., 2ISAS/JAXA

Many sounding rockets have been launched in the mid-latitudes around Japan. The electron temperature and density have
been measured most frequently. Analysis of the electron temperature data shows that the electron temperature increases
locally in the lower ionosphere around noon in winter. It is known that this phenomenon is most likely to be observed
when a rocket passes near the center of the Sq current system that locates in the mid-latitudes of the winter hemisphere.
Ground-based observations of the magnetic field and theoretical studies have shown that this Sq current system exists in the
ionosphere E region at an altitude of approximately 100-140 km, counterclockwise in the northern hemisphere and clockwise
in the southern hemisphere on the day side. The S-310-44 sounding rocket experiment aimed to elucidate the generation
mechanism of such a high-temperature layer of plasma near the center of the Sq current system in the lower ionosphere. In
this study, the current-voltage characteristics and electron energy distribution of the Fast Langmuir Probe (FLP) data acquired
in this experiment are analyzed, and the scientific characteristics of the observation results are discussed. The FLP on board
S-310-44 differs from ordinary Langmuir probes. An AC voltage of a small amplitude is superimposed on the applied voltage.
By extracting the second harmonic components of the current variation in this way, the second differential coefficient of the
probe’s V-I characteristic can be estimated (second harmonic method) and the energy distribution derived. In this study, the
energy distribution was first obtained from the second harmonic component of the probe current and the probe voltage, and
an unusual energy distribution was found at a certain altitude. In the S-310-44 experiment, two peaks were observed in each
voltage sweep after 90 sec from the rocket launch (altitude above 110 km), whereas the energy distribution of ionospheric
electrons only shows a single peak that suggesting that electrons obey to a Maxwellian distribution. To investigate the cause of
this unusual distribution, the spin phase was calculated when multiple peaks were observed. This is because the current values
of the peaks vary with the spin period and have a maximum in a particular direction. The results of this analysis show that
the low-energy peak has a maximum in the direction of the rocket RAM (south-east), which suggests that it is affected by the
wake around the rocket, and that the probe measures background ionospheric electrons. On the other hand, the high-energy
peak has a current maximum when the probe is pointing westwards and its behavior is different from that of the low-energy
peak. This may be due to plasma other than the usual ionospheric electrons. In the presentation, the characteristics of this
high-energy peak will be discussed in detail.
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Ionospheric TEC measurement with S-520-32 sounding rocket and in-house de-
veloped equipment
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This presentation reports the first results from the rocket-to-ground total electron content (TEC) measurement with the
JAXA sounding rocket S-520-32. The rocket will be launched in August or September 2022 from JAXA Uchinoura Space
Center (USC). The rocket consists of a dual-band (150MHz and 400MHz) beacon (DBB) transmitter and antennas that are
developed in-house at Kyoto University. To support the experiment we deploy four DBB receivers in Uchinoura, Tarumizu,
Satsuma-Sendai, and Kirishima.

We measure TEC from the phase variation of two radio signals that propagate from the sounding rocket to the ground. We
have been developing digital beacon receivers for the ground site. But for this experiment, we newly developed a transmitter
and antennas on board the rocket. The transmitter generates 1W at both frequencies based on a unique phase-locked loop
LSI Si5338 that can generate at most four different timing signals that are almost perfectly phase coherent. The antenna is a
compact inverse-L type that is attached to the skin of the rocket, and two sets of antenna elements for I150MHz and 400MHz
signals are arranged in each antenna body. Using four antenna elements we transmit right-handed circular polarized radio
signals to the ground. This development was fully conducted in-house mainly at Kyoto University.

In the presentation, we will show the setup of both the on-rocket transmitter and on-ground receiver. Preliminary results
from the experiment would be included as far as these in-house equipments worked fine during the rocket flight.
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Initial analysis of GNSS-TEC observed with S-520-32 sounding rocket
#Hiiragi Uegaki®), Yuki Ashihara®), Hitoaki Uetani®), Keigo Ishisaka®)
(IFaculty of Advanced Engineering, NIT Nara, ?NIT Nara, ®Toyama Pref. Univ.

Earth’s upper atmosphere is ionized due to X-rays and ultraviolet rays contained in sunlight and it forms cold plasma region
which is called ionosphere. Ionospheric disturbances causes satellite-based communication failure and positioning error of
GNSS. Spatial structure observation of ionospheric electron density is indispensable for elucidating the generation process.
Ionospheric observations are often performed by ground-based remote sensing methods such as Ionosonde and GNSS-TEC.
Ionosonde can observe altitudes below the electron density peak in the F region, and GNSS-TEC can observe the total electron
content on the propagation path between satellite to receiver. However, the spatial structure of electronic density is not known
from them.

For this reason, we proposed rocket GNSS-TEC tomography method as a new approach to the ionospheric observation. To
evaluate this method, S-520-32 sounding rocket is equipped with a GNSS-TEC receiver and fly over the boundary between
the E and F regions of the ionosphere. Then we can obtain TEC data separated in F region and E region.In this presentation,
we show the initial analysis results obtained on S-520-32, and discuss.
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Initial Analysis of Electric Field Observation during MSTID Occurrence by
S-520-32 Sounding Rocket

#Miyuki Matsuyama'), Keigo Ishisaka®, Yuki Ashihara®), Mamoru Yamamoto®), Atsushi Kumamoto®), Hidetaka
Shirasawa®, Takumi Abe”

(IToyama Pref. Univ.,?Toyama Pref. Univ.,®Elec. Eng., NIT Nara,*RISH, Kyoto Univ.,®Dept. Geophys, Tohoku
Univ.,(°ICT Edu. Center, Tokai Univ.,("ISAS/JAXA

The Medium-Scale Traveling Ionospheric Disturbance (MSTID) is a plasma instability which occurs in the middle latitude
ionospheric F region mainly at night in summer. It is a wave structures of electron density elongated northwest to southeast,
100-200 km horizontal wavelength and southwestward propagation. In the past, it was thought to be generated by the
Perkins instability. The wave front directions of the MSTID and Perkins instability correspond, but their growth rates and
propagation directions do not. Therefore, as a mechanism to compensate for this, it is thought to be generated by projected
the polarization electric field by imbalance structure of the sporadic E layer onto the F region. In order to verify this
assumption, S-520-32 sounding rocket will be launched from Uchinoura Space Center of JAXA. This rocket will observe
horizontal and vertical structure of electron density in the E /F regions. In addition to the electron density structure, the
rocket will observe the in-situ electric field by the Electric Field Detector (EFD). The electric field observation is one of the
important parameters of this rocket, and can allows us to confirm whether a polarized electric field is actually generated
during the MSTID occurrence. In this case, the electric field generated in the northeast-southwest (southwest-northeast)
direction, which is tuned to the wave structure of the electron density, is expected to be observed. In this presentation, we
will show the initial analysis of the electric field.
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VHF to UHF scintillation by using satellite and rocket beacon signals
#Toru Takahashi®), Susumu Saito?), Mamoru Yamamoto®), Manabu Shinohara®)
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The ionosphere plays an important role as a communication path between a ground-ground and satellite-ground. The ir-
regularity of the plasma density in the ionosphere is often generated from a few tens of kilometers to a few meters. Notably,
irregularities on the scale sizes of hundreds of meters to a few kilometers cause fluctuation in the radio wave transmitted from
the Global Navigation Satellite System (GNSS) satellites. Previous studies presented small-scale ionospheric irregularities
were generated by cascading of the large-scale irregularities. Therefore, it is essential to observe large (a few km) scale
irregularities simultaneously with small (several 100s m) scale irregularities.

The beacon satellites is transmitting the VHF (150 MHz) and UHF (400 MHz) signals and National Oceanic and Atmo-
spheric Administration (NOAA) satellites is transmitting the 137 MHz signal. The km scale irregularities cause the scin-
tillation of those signals and thus we observe the variation of beacon signal amplitude to evaluate the km scale irregularity
generation and growth simultaneous with the GNSS signal observation. In addition, the sounding rocket S-520-32 will be
launched from Uchinoura, Kagoshima, which aims to observe irregularities associated with the Es layer and medium-scale
traveling ionospheric disturbances (MSTIDs) and it will transmit dual-band beacon signals (150 and 400 MHz) in August or
September 2022. We will try to observe the beacon signals from the sounding rocket.

The beacon receiver was developed at Chofu, Tokyo, as a test observation. After that, we relocated the beacon receiver
to the National Institute of Technology, Kagoshima College, Kirishima (31.73 N, 130.73 E) in July 2022. The scintillation
caused by the equatorial anomaly expanding northward is likely to be observed in there. In addition, the beacon signals
transmitting from S520-32 can be observed.

In this presentation, we will describe our system and present observation results conducted at Chofu, Kirishima. The re-
sults of the rocket campaign will also be presented. The results are compared with the ROTI (rate of TEC index) map, which
represents the existence of ionospheric irregularities. Future plans to extend our observation to equatorial regions will also be
presented.
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Design of container for ionization gauge on a sounding rocket to observe the upper
atmosphere

#Nanami Tobita®), Takumi Abe?), Wataru Miyake®)

(1Tokai Univ.,(2ISAS/JAXA,®Tokai Univ.

In a thermospheric atmosphere, the ionized atmosphere can move in a different direction from the neutral atmosphere by
electromagnetic forces. When collisions between the ionized and neutral particles are dominant, momentum is transported,
further complicating the particle motion in this system. Although there are many unique phenomena in the upper atmosphere,
these remain unsolved due to this complexity.

There are various methods for observing the thermospheric atmosphere, but it is possible to estimate the atmospheric den-
sity if the pressure is measured and the temperature is known. We adopted the ionization gauge because of its small size,
simple structure, and reliability as a way of measuring atmospheric pressure in the thermosphere on a sounding rocket, to
estimate the density of the neutral atmosphere in the lower thermosphere. Since information on the neutral atmospheric wind
is also important for studying the mechanism of phenomena, we would like to challenge the possibility of obtaining infor-
mation not only on the atmospheric density but also on the atmospheric wind speed. To enable estimation of atmospheric
wind velocity from the gauge measurements, we discuss a design of a gauge container so that we can find the direction of
atmospheric wind observed on a rocket: a structure of a container that allows the internal pressure to vary depending on the
direction of the incident direction.

For the direction of the expected atmospheric flow on a rocket, we referred to the attitude and orbit data of the S-520-26,
which was launched from USC in 2012. The angle between the axis of the rocket and the velocity vector was calculated
using the data: latitude, longitude, altitude, elevation angle, and azimuth angle of the rocket position at 179-461 seconds after
the launch. The calculated angle showed a sinusoidal change due to the rocket’s corning motion, with a gradually increasing
central value. Since the thermal velocity of atmospheric particles is generally less than that of the rocket, the direction of the
atmospheric flow on the rocket is the opposite direction of the rocket’s velocity vector. Therefore, this calculated angle is the
angle of the incoming wind with respect to the rocket axis during the flight.

Our calculation shows that the inflow direction is 30-45 degrees to the gas inlet at altitudes below 200 km during the as-
cending. Therefore, the gauge should be designed so that the pressure value varies with the angle in the range.

We designed and prepared three different containers in which the pressure value of the ionization gauge changes according
to the influent angle of the gas and conducted experiments using the Space Science Chamber at ISAS to reproduce the lower
thermospheric atmospheric environment. A small chamber was set up inside the space science chamber, and gas was intro-
duced from outside of the Chamber and flowed out through a nozzle to create an artificial gas flow. A gauge was placed in
front of the nozzle, and the pressure was measured with an internal sensor. The rotary table to which a container was fixed
was rotated in a 5-degree step from -70 to 70 degrees, and the pressure was measured.

We compared a gradient of the measured pressure with angle. The container structure with the largest gradient was deter-
mined to be the most suitable container design for the purpose.

When an ionization gauge is directly mounted, it is difficult to accurately measure the background pressure of atmospheric
particles because the translational kinetic energy of the particles generated by the supersonic movement is added to the ther-
mal kinetic energy. A spherical container, called the Paterson probe, is used to make measurements without being affected by
the energy generated by the rocket’s motion. Two types of containers, in which ion gauge was put, were installed on the S-
520-32: this spherical gauge container and the gauge container designed in this study. By comparing the two, the background
pressure and the pressure dependent on the dynamic pressure on the rocket will be measured. In this report, we present the
results of the measurements.
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Global enhancement of magnetic ripples after the 2022 Hunga Tonga Hunga
Ha’apai volcanic eruption

#Toshihiko Iyemori'), Tadashi Aoyama?), Yoshihiro Yokoyama®), Vijak Pangsapa®), Thanawat Jarupongsakul®, Yasuharu
SanoG), Yoko Odagi7), Yoshikazu Tanakal), Satoshi Taguchis), Akinori Saitog), Kornyanat Hozumil?®

(IKyoto Univ.,(F-Factory Co., Ltd.,(®Swedish Institute of Space Physics,(*Chulalongkorn Univ.,(°Faculty of Science,
Chulalongkorn Univ.,(6 Asahi Univ.,("WDC for Geomagnetism, Kyoto Univ.,(8Grad school of Science, Kyoto Univ.,(?Dept.
of Geophysics, Kyoto Univ.,(!NICT

After the huge eruption of the Hunga Tonga Hunga Ha’apai submarine volcano on January 15, 2022, a pressure wave so
called "Lamb wave” went around the Earth. After the passage of the pressure wave, the Swarm satellites observed amplitude
enhancement of magnetic ripples and electron density fluctuations in low and middle latitudes on the dayside, and the
enhancement lasted two or three days. At a low latitude observatory in Phimai, Thailand, after the passage of pressure waves,
an enhancement of short period oscillations of GPS-TEC and that of geomagnetic field were observed, and they lasted at
least a few hours after the passage of the wave front. From these event analyses, it is suggested that the pressure wave which
went around the Earth caused short period oscillations of magnetic field and electron density in the upper atmosphere which
at least lasted a few hours after the passage of the pressure wave front.
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Periodic variations of Doppler shift observed with HF Doppler sounding in asso-
ciation with the 2022 Tonga volcanic eruption

#Hiroyuki Nakata'), Keisuke Hosokawa?), Susumu Saito®), Yuichi Otsuka®), Ichiro Tomizawa®
(1Grad. School of Eng., Chiba Univ.,?UEC, ®ENRI, MPAT, *ISEE, Nagoya Univ.,(>SSRE, Univ. Electro-Comm.

The Tonga volcanic eruption that occurred on January 15, 2022, at 4:00 (UTC) was an extremely large eruption. It has
already been reported that TEC variations associated with the Tonga eruption propagated globally (Lin et al., 2022; Saito
2022; Themens et al., 2022). One of the characteristics of the ionospheric variations associated with the Tonga eruption is
that the variations also occurred at conjugate points. In Japan, pressure variations of about 2 hPa, which arrived directly from
the eruption, were observed from 11:00 UT to 12:00 UT, about 7 hours after the eruption. TEC variations were also observed
earlier than the arrival of the pressure variation. It is thought that the TEC variations were caused by pressure changes propa-
gated to Australia, which is the conjugate point of Japan, and that the variations propagated over Japan through magnetic field
lines. In fact, TEC variations were observed in Australia about one and a half hours after the eruption, which is consistent
with the TEC variations that occurred over Japan.

With the occurrence of ionospheric variations over Japan, Doppler frequency variations have also been observed in HF
Doppler observations. Ionospheric fluctuations were observed at most of the stations. In addition, at Sarobetsu station, a
characteristic periodic Doppler frequency variation was observed at 5006 kHz transmitted from Chofu. The period of this
variation was about 4 minutes and showed the wavy fluctuation seen like the occurrence of traveling ionospheric disturbances
(TIDs), characterized by the simultaneous observation of three frequencies at a certain time. From the TEC observations,
the ionospheric disturbance propagated east-west, and the wavefront followed a north-south direction. Chofu-Sarobetsu has a
north-south propagation path and is parallel to the wavefront. In this situation, it is possible to satisfy the radio wave reflection
condition at three points on the ionosphere in the radio wave propagation between Chofu and Sarobetsu. The propagation
paths of Chofu-Okinawa and Chofu-Awaji were also relatively long-distance propagation like Sarobetsu, but such variations
were not observed in these propagation paths. This is because the reflection condition was not satisfied as in Chofu-Sarobetsu
because the propagation path was perpendicular to the wavefront of the ionospheric disturbances.

In this eruption, it has been reported that Lamb waves propagated far away from the volcano and that atmospheric gravity
waves were generated and followed the Lamb wave. In the simulation results, it is found that the atmospheric gravity waves
were trapped in the region between the ground and the lower ionosphere and their period was about 4 minutes (Nakajima,
2022). Ionospheric disturbance generated by these gravity waves propagated to the opposite hemisphere, which caused fluc-
tuations around Japan.
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Equatorial plasma bubbles observed over longitude 100°E sector after Hunga
Tonga-Hunga Ha’apai eruption on January 15, 2022
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There have been some reports on the plasma bubble detection at mid and low latitudes after the huge eruption of the Hunga
Tonga-Hunga Ha’apai submarine volcano in the South Pacific on January 15, 2022, at 04:14 UT. The eruption released
enormous energy into the atmosphere, and the pressure wave went around globally. The coupling from the upper atmosphere
could trigger the electron density fluctuation in the ionosphere. Pre-reversal enhancement (PRE) causes uplift of the bottom
side ionosphere and is considered one of the conditions for EPB seeding. The moderate magnetic storm commenced on 14
January 2022 followed by its recovery phase on January 15, 2022. An enhanced electric field due to the magnetic storm
could also enhance the ExB drift and amplify the PRE around the sunset terminator causing a favorable condition for the
EPB seeding.

Chumphon is considered a magnetic equator station as it locates at geographic 10.72 degrees N, 99.37 degrees E, where is
at geomagnetic 1.33 degrees N, 172.19 degrees E based on IGRF-13. The new VHF radar is operated at the frequency of
30.65 MHz. This study reports strong Equatorial Plasma Bubbles (EPBs) observed by the new VHF radar over Chumphon,
Thailand on January 15, 2022. The overhead radar beam detected the EPB as high as 750 km altitude. TEC enhancement
in the Equatorial Ionization Anomaly (EIA) region is also detected by the GNSS network in Thailand on January 15, 2022.
GNU Radio Beacon Receiver (GRBR) in Bangkok, Thailand also detects the enhanced S4 index. We will also report
positioning error information regarding the event. Though the cause of the detected plasma bubble is still unclear, we report
the preliminary results and seek a fruitful discussion.

There have been some reports on the plasma bubble detection at mid and low latitudes after the huge eruption of the Hunga
Tonga-Hunga Ha’apai submarine volcano in the South Pacific on January 15, 2022, at 04:14 UT. The eruption released
enormous energy into the atmosphere, and the pressure wave went around globally. The coupling from the upper atmosphere
could trigger the electron density fluctuation in the ionosphere. Pre-reversal enhancement (PRE) causes uplift of the bottom
side ionosphere and is considered one of the conditions for EPB seeding. The moderate magnetic storm commenced on 14
January 2022 followed by its recovery phase on January 15, 2022. An enhanced electric field due to the magnetic storm
could also enhance the ExB drift and amplify the PRE around the sunset terminator causing a favorable condition for the
EPB seeding.

Chumphon is considered a magnetic equator station as it locates at geographic 10.72 degrees N, 99.37 degrees E, where is
at geomagnetic 1.33 degrees N, 172.19 degrees E based on IGRF-13. The new VHF radar is operated at the frequency of
30.65 MHz. This study reports strong Equatorial Plasma Bubbles (EPBs) observed by the new VHF radar over Chumphon,
Thailand on January 15, 2022. The overhead radar beam detected the EPB as high as 750 km altitude. TEC enhancement
in the Equatorial Ionization Anomaly (EIA) region is also detected by the GNSS network in Thailand on January 15, 2022.
GNU Radio Beacon Receiver (GRBR) in Bangkok, Thailand also detects the enhanced S4 index. We will also report
positioning error information regarding the event. Though the cause of the detected plasma bubble is still unclear, we report
the preliminary results and seek a fruitful discussion.
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Characteristics of ionospheric disturbances after the Tonga volcanic eruption us-
ing GNSS-TEC and SuperDARN radar data

#Atsuki Shinbori®), Yuichi Otsuka®), Takuya Sori®), Michi Nishioka®), SEPTI PERWITASARI®), Takuo Tsuda®), Nozomu
Nishitani”)

(1ISEE, Nagoya Univ.,(2ISEE, Nagoya Univ., ®ISEE, Nagoya Univ.,*NICT,®NICT, UEC, ("ISEE, Nagoya Univ.

To elucidate the characteristics of electromagnetic conjugacy of traveling ionospheric disturbances just after the 15 January
2022 Hunga Tonga-Hunga Ha’apai volcanic eruption and their generation mechanism, we analyze global navigation satellite
system (GNSS)-total electron content (TEC) data and ionospheric plasma velocity data obtained from the Super Dual Auroral
Radar Network (SuperDARN) Hokkaido pair of radars. Further, we use thermal infrared grid data with high spatial resolution
observed by the Himawari 8 satellite to identify surface air pressure waves propagating in the troposphere as a Lamb mode.
After 07:30 UT on 15 January 2022, two distinct traveling ionospheric disturbances propagating in the westward direction
appeared over Japan with the same structure as those at magnetically conjugate points in the Southern Hemisphere. These
ionospheric disturbances were observed approximately 3 hours before the initial arrival of the surface air pressure waves.
Corresponding to these traveling ionospheric disturbances with their large amplitude of 0.5-1.1x10716 el/m™2 observed in the
Southern Hemisphere, the plasma flow direction in the F region of the ionosphere changed from southward to northward.
At this time, the magnetically conjugate points in the Southern Hemisphere were located in the sunlit region at a height of
105 km. The amplitude and period of the plasma flow perturbation are “100-110 m/s and “36-38 min, respectively. From the
plasma flow signature, we estimated the magnitude of a zonal electric field as 72.8-3.1 mV/m. Further, there is a significant
phase difference of "10-12 min between the total electron content and plasma flow perturbations. This result implies that
an external electric field variation generates the traveling ionospheric disturbances observed in both Southern and Northern
Hemispheres. Considering that the magnetically conjugate points in the Southern Hemisphere correspond to a sunlit region,
we can interpret that the origin of the external electric field is an E region dynamo driven by the neutral wind oscillation
associated with atmospheric acoustic waves and gravity waves. Finally, the electric field propagates to the F region and
magnetically conjugate ionosphere along magnetic field lines with the local Alfven speed, which is much faster than that of
Lamb mode waves. From these observational facts, it can be concluded that the E region dynamo electric field produced in
the sunlit Southern Hemisphere is a main cause of the two distinct traveling ionospheric disturbances appearing over Japan
before the arrival of the air pressure disturbances. Therefore, we can obtain important information of surface air pressure
waves and relate tsunami from such ionospheric disturbances as seen in GNSS-TEC observation data.
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Geomagnetic conjugacy of plasma bubbles extending to mid-latitudes during a
geomagnetic storm on March 1, 2013
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After sunset, a plasma density depletion (plasma bubble) often occurs at the bottom of the F region over the equator.
It is widely accepted that plasma bubbles are caused by the Rayleigh-Taylor instability mechanism. It is well known that
plasma bubbles have been generated by eastward electric fields after sunset during the main phase of geomagnetic storms.
Since plasma bubbles are formed along magnetic field lines and extend to higher altitudes and latitudes, they have been
observed in both hemispheres at geomagnetic conjugate points. On the other hand, conjugate observation of storm-time
plasma bubbles extending to mid-latitudes has not yet been performed although storm-time plasma bubbles often extend to
mid-latitudes. In this study, we report the geomagnetically conjugate structure of a plasma bubble extending to the mid-
latitudes and the asymmetrical structure of the decay of the plasma bubble during a geomagnetic storm. We investigated
the temporal and spatial variations of plasma bubbles in the Asian sector during a geomagnetic storm on March 1, 2013,
using global navigation satellite system (GNSS)-total electron content (TEC) data with high spatiotemporal resolutions. The
first important point of our data analysis results is that the plasma bubble extended from the equator to the mid-latitudes
with geomagnetic conjugacy along the magnetic field lines. The TEC data showed that the plasma bubbles appeared in the
equatorial regions near 1500 E after sunset during the main phase of the geomagnetic storm. From ionosonde data (h’F:
virtual height) over both Japan and Australia, they suggest that a large eastward electric field existed in the Asian sector.
Finally, the plasma bubbles extended up to the mid-latitudes ("430 geomagnetic latitude) in both hemispheres, maintaining
geomagnetic conjugacy. The second point is that the mid-latitude plasma bubble disappeared 1 — 2 hours earlier in the
northern hemisphere than in the southern hemisphere at close to midnight. In the northern hemisphere, the ionospheric
virtual height decreased near midnight, followed by a rapid decrease in the total electron content and a rapid increase in the
ionospheric virtual height. These results imply that the mid-latitude plasma bubble disappeared as the background plasma
density decreased after midnight due to the recombination resulting from the descent of the F layer. Therefore, we can
conclude that mid-latitude plasma bubbles can be asymmetric between the northern and southern hemispheres because of the
rapid decay of plasma bubbles in one of the hemispheres.
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Simultaneous observations of plasma bubbles with HF Doppler sounding system

and all-sky airglow imager in Taiwan
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Plasma bubbles are regions of electron density depletion in the equatorial ionosphere appearing at altitudes above 200 km.
Plasma bubbles, that develop to higher altitudes near the magnetic equator, are observed at low latitude regions 10-20 degrees
away from the magnetic equator. Plasma bubbles are known to cause disruptions of global navigation satellite systems and/or
degradations of their positioning accuracy. For this reason, various studies have been conducted on plasma bubbles. Chum et
al. (2016) conducted a statistical study of Doppler spectrograms obtained from HF Doppler sounding systems in Taiwan, and
suggested that plasma bubbles can be detected as oblique spreading structures in the Doppler spectrograms. However, it is
not known what properties of plasma bubbles reflect the microstructure (striated structure) of the disturbances that are caused
by the plasma bubbles (the oblique spread structures) in the Doppler spectrogram.

The purpose of this study was to analyze striated structure of the oblique spread structures in the Doppler spectrogram by
simultaneous observations with an all-sky airglow imager in Tainan, Taiwan and an HF Doppler sounding system in Taiwan.

As aresult, it was confirmed that branch structures of the plasma bubble have striated structures corresponding to the time
when the branches reach the intermediate reflection point and that the number of branch structures and the number of striated
structures coincide approximately with each other. This suggests that striated structures of the oblique spread structures in
the Doppler spectrogram corresponds to the branch structures of the plasma bubbles.

On the other hand, four of the six branches reached the latitude of the intermediate reflection point, which did not match the
six branches of the striated structure. This is inconsistent with the fact that the Doppler spectrogram reflects only data from
reflections at intermediate reflection points. This suggests that the Doppler spectrogram does not reflect only the reflection
data at the intermediate reflection point, but also the scattering data from other scattering points. Therefore, I analyze not
only the intermediate reflection points but also the scattered points to determine whether the oblique spread structures in the
Doppler spectrogram reflects reflection or scattering.

The change in Doppler shift due to the change in the position of the plasma bubble was determined to determine if it was
reflection or scattering. The calculation method was based on the velocity and position of the plasma bubbles calculated
from the keogram, and the Doppler shift was calculated from the change in radio propagation distance. In addition, the
reflection altitude was estimated by comparing the calculated Doppler shift with the measured Doppler shift. By comparing
the estimated reflection point with the scattered point, I intend to confirm whether the scattered data is reflected in the Doppler
spectrogram.
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Solar Flare effects on the High Latitude Electrodynamics
#Shibaji Chakrabortyl) , Nozomu Nishitani?, J oseph B.H. Baker®, John M. Ruohoniemi®)
(lVirginia Tech, 2ISEE, Nagoya Univ.,(3Space@VT,(4ECE, Virginia Tech,

A solar flare is a space weather event that causes a transient in the ionospheric system at sub-auroral, middle, and lower
latitudes, commonly known as the solar flare effect (SFE). However, flare peaking beyond X-class or higher can impact
current systems at auroral and polar latitudes. Using ground-based radars and magnetometers located in high latitude North
American sectors, we conducted an event study on the X9.3 flare on 6 September 2017. We found: (i) SuperDARN radar
located at Saskatoon (auroral latitude, dawn sector) observed a sudden appearance of ionospheric scatter following the flare;
(i1) SuperDARN Inuvik radar, located at polar latitude, recorded a sudden reduction in plasma flow velocity; (iii) significant
enhancement in geomagnetic field intensity observed by ground magnetometers, which lasted about 3-hours; (iv) several
SuperDARN radars located at the nightside also recorded a change in plasma convection. Apparently, the sudden appearance
of ionospheric irregularity structures near auroral latitudes-dawn sector and the change in nightside ionospheric plasma flow
at auroral latitudes are related to a change in the ionospheric Hall/Pederson conductivity and current system. In addition, the
longer lasting intense geomagnetic field variations detected by the magnetometer stations suggest a change in the day-night
ionospheric current system. Finally, the reduction in plasma flow velocity observed by a polar latitude radar is predominantly
driven by the reduction in efficiency of mechanical energy conversion in the dayside solar wind-magnetosphere-ionosphere
(SW-M-I) interaction. This work demonstrates flare effects on auroral currents, nightside effects, and a reconfiguration of MI
coupling morphology.
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Study of mid-latitude ionospheric convection during geomagnetic storms using the
SuperDARN radar data
#Kohei Omori!), Nozomu Nishitani®)
(1ISEE, Nagoya Univ.

, Tomoaki Hori®)

Geomagnetic storm is a phenomenon in which the geomagnetic field decreases in the mid- and low-latitudes of the Earth due
to the influence of the enhanced ring current in the magnetosphere. During geomagnetic storms, the plasma convection pattern
changes in the mid-latitude ionosphere due to a variety of factors such as auroral oval expansion, subauroral polarization
stream (SAPS), penetration and overshielding electric fields, and disturbance dynamo. To investigate the characteristics
of mid-latitude ionospheric convection during geomagnetic storms, we performed a superposed epoch analysis of plasma
velocities observed by Super Dual Auroral Radar Network (SuperDARN) by referring to the onset time of geomagnetic storms
as the reference epoch. In this study, we have analyzed about 200 geomagnetic storms that occurred between December 2006
and December 2018, using data from the Hokkaido East and West radars. Just after the onset of geomagnetic storms, there was
an equatorward expansion of high-latitude convection around 60 degrees magnetic latitude and an intensification in westward
flow at slightly lower latitudes, which appeared to be SAPS. Approximately 20 hours after the storm onset, there was a
continuous increase in westward flow around 40 degrees to 50 degrees magnetic latitude, presumably due to the disturbance
dynamo. In the presentation, we discuss the results of an analysis using more radars.
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Statistical analysis of wave parameters of polar-type MSTIDs observed by a
630-nm airglow imager at Nyrola, Finland

#Masaki Sato!), Kazuo Shiokawa®), Shin ichiro Oyama®34), Yuichi Otsuka®), Arto Oksanen?)

(1ISEE, Nagoya Univ.,(®Jyvaskylan Sirius ry, Jyvaskyla, Finland,(®National Institute of Polar Research, Tokyo,
Japan,(4University of Oulu, Oulu, Finland,(°National Institute of Polar Research, Tokyo, Japan,(6University of Oulu,
Oulu, Finland

Medium-scale traveling ionospheric disturbances (MSTIDs) are one of the ionospheric plasma density structures and are
observable through 630-nm airglow images. Shiokawa et al. (2012; 2013) and Yadav et al. (2020) reported polar-type
MSTIDs whose propagation direction changes with auroral brightening and magnetic field disturbances, based on airglow
imaging observation at Tromso (69.6 °N, 19.2° E; magnetic latitude: 66.7°N), Norway. One report, MSTID observed
at Shigaraki, Japan (34.8°N, 136.1°E; magnetic latitude: 25.4°N), which is located at mid-latitude, shows no similar
propagation direction change (Shiokawa et al., 2003). However, there has been little statistical analysis of the wave
parameters of MSTIDs occurring between the polar regions and middle latitudes. In this study, we statistically analyzed the
wave parameters of MSTID observed by an airglow imager from the PWING project at Nyrola (62.3°N, 25.5°E; magnetic
latitude: 59.4°N), Finland, which is located south of Tromso. The period analyzed was from January 23, 2017, to September
30, 2021. We found 11 cases of MSTIDs during this period, the majority of which were found to be of the polar type, whose
motion changes associated with auroral brightening and magnetic field disturbances. By analyzing these 11 MSTID cases,
we found that the low-latitude boundary of the polar-type MSTID is 61° £ 2°N for geographic latitude and 58° £+ 2°N
for magnetic latitude. In addition, the occurrence probability, velocity, wavelength, oscillation period, wave front directions
and propagation direction of these MSTIDs were derived and compared with the Tromso and Shigaraki results. The results
showed that the occurrence probability of MSTIDs at Nyrola is 1.9%, which is lower than that at Tromso (more than 50%)
and Shigaraki (~ 30%). More than half of the wavelengths were less than 100 km, which tends to be smaller than in the
mid-latitudes. In the presentation, we will discuss the differences in the causes of MSTIDs occurring in the mid-latitudes and
those occurring in the polar regions based on these comparisons.
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Simultaneous conjugate observations of energy of pulsating auroral electrons by
Arase satellite, all-sky imagers and EISCAT radar
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Auroras are classified into two broad categories: discrete auroras, which have a distinct arc-like shape, and diffuse
auroras, which have an indistinct patchy shape. Most of the diffuse auroras are known to show a quasi-periodic luminosity
modulation called pulsating auroras (PsA). Magnetospheric electrons are scattered through wave-particle interactions with
chorus waves and precipitate into the ionosphere, being referred to as  “PsA electrons”. Recent studies demonstrated that
sub-relativistic electrons originating from the radiation belt precipitate into the ionosphere during intervals of PsA. It was
also pointed out that the energy of PsA electrons tends to be higher when the shape of the optical structure is patchy. These
facts suggest that the loss process of such highly energetic electrons in the magnetosphere can be visualized by observing the
shape/distribution of PsA and the energy of PsA electrons. In order to test and further validate this visualization method, it
is crucial to understand what factors control the morphology of PsA and the energy of PsA electrons, although past studies
have not sufficiently examined PsA and electron precipitation in this regard.

In this study, the Arase satellite, ground-based all-sky imagers, and the European Incoherent SCATter (EISCAT) UHF
radar were used in combination to carry out simultaneous observations of PsA. We investigated the relationship between
the morphology of PsA and the energy of PsA electrons by using the data set. First, the energy spectra of PsA electrons
were estimated from the ionization profile obtained by EISCAT with an inversion technique, a modified version of CARD
originally developed by Brekke et al. (1989). The estimated spectra were compared with those of energetic electrons
observed by LEP-e and MEP-e onboard Arase. As a result, it was confirmed that when the footprint of the satellite was close
to the sensing area of EISCAT, the energy spectra of precipitating PsA electrons and their temporal variation were in good
agreement with those of magnetospheric electrons within the loss cone at the satellite location. In addition, the energy of PsA
electrons tended to change in accordance with the transition of the morphology of PsA. Specifically, when the boundary of
the patch structure is distinct, the energy of the corresponding PsA electron exceeded 10 keV. Based on these observational
results, we hypothesize that both the morphology of PsA and the change in the energy of PsA electrons are controlled by
the existence of ’ducts,” which are tube-like regions where the electron density is lower or higher than the surrounding area.
Those duct structures guide chorus waves along the magnetic field to propagate to higher latitudes. In order to test this
hypothesis, now we are analyzing PWE data obtained by Arase to infer the spatial structure of electron density in the source
region of PsA. In this presentation, we introduce the observational results and discuss the factors controlling the morphology
of PsA and energy of PsA electrons by showing the electron density estimates.
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A Study of Variations of Plasmaspheric Total Electron Content during Magnetic
Storms by Using the GPS Total Electron Content Data
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Total electron content (TEC) is an integration of the electron density along a ray path from satellite to receiver, which
can be measured by dual-frequency Global Positioning System (GPS). However, the measured TEC contains inter-frequency
biases inherent with satellites and receivers, which cannot be ignored in original TEC. Previous study has developed a method
to separate ionospheric TEC from the inter-frequency biases by using the least square fitting procedure.[1] In this method,
plasmaspheric TEC (PTEC) is not considered. However, it is known that the PTEC can be 10-50% of the ionospheric TEC.
Considering the satellite zenith angle dependence on slant factor which converts the slant TEC to vertical TEC, PTEC could
be included in the estimated inter-frequency bias. Therefore, we have analyzed the inter-frequency bias data obtained from
approximately 9,000 receivers over the world. Storm events on September 2017 have been investigated to compare with
Arase satellite observation data. In the first event, the Dst index reached a minimum of -122 nT at 2 UT on September 8§,
PTEC decreases by 2.85 TECU on September 8 by using GPS-TEC data and decreases by 1.10 TECU at around 17 UT on
September 8 by using Arase satellite data, then recovers. In the second event, the Dst index reached a minimum of -54 nT
at 10 UT on September 28, PTEC decreases by 0.59 TECU on September 28 by using GPS-TEC data and decreases by 0.63
TECU at around 21 UT on September 28 by using Arase satellite data, then recovers. The result shows the variation of PTEC
deviation obtained from GPS-TEC data and Arase satellite observation data commonly shows that PTEC decreases after the
onset of magnetic storm and recovers gradually. PTEC with high spatial and temporal resolutions during geomagnetic storms
on March 2013, November 2017 and August 2018 is also investigated. It is shown that the bias at middle and low latitudes
decreases during main phase of the three magnetic storms and bias decrease tends to be large at the longitudinal sector which
is located in the nightside when the main phase starts. This result indicates occurrence of erosion process in the plasmasphere
during the main phase of magnetic storms. Therefore, this study indicates the validity of GPS data on measuring PTEC
variations.
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Study of the ionospheric spatial correlation
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In this study, we make a study for the Ionospheric spatial correlation scale. Firstly, the ionospheric horizontal spatial
correlation study was conducted to collect global TECmap data from TEC Production that provided by the Jet Propulsion
Laboratory (JPL). We use the monthly-averaged TEC over the world to calculate the deviation of the TEC and then the spatial
correlation coefficient matrix of the deviation is also derived. According to the definition of correlation distance in statistics,
the spatial characteristic scale is retrieved in the Zonal and meridian directions, and their variation of solar activity levels,
geomagnetic field configuration conditions and seasonal conditions are investigated in details. Then, we using COSMIC
occultation data, ion concentration profile data interpolation to establish electronic density three-dimensional grid data, the
error covariance matrix of each level, and the error of the ion concentration in the vertical direction help poor matrix, analysis
and study its time and space distribution at different heights, and its distribution in the vertical direction, The correlation scale
model in the vertical direction of the ionosphere is constructed.
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O+ distribution in the nightside ionosphere reconstructed from ISS-IMAP/EUVI
data
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The International Space Station-lonosphere-Mesosphere-Atmosphere Plasmasphere cameras (ISS-IMAP) mission oper-
ated a suite of imagers on board the International Space Station (ISS). One of the imagers, EUVI-B, was designed to observe
extreme ultraviolet (EUV) emissions at 83.4 nm scattered by O+ ions. However, our previous study (Nakano et al., 2021) has
concluded that EUVI-B mostly observed 91.1 nm emission due to recombination between O+ ions and electrons. This means
that the EUV intensity observed from EUVI-B is approximately proportional to the line-of-sight integral of the square of
O+ density. The EUVI-B data are thus useful for tomographic reconstruction of O+ distribution in the nightside ionosphere
where EUVI-B was operated.

In this study, we have reconstructed O+ distribution in the nightside ionosphere from the EUVI-B data. We integrate mul-
tiple images acquired in each ISS orbit to obtain the three-dimensional O+ distribution in the vicinity of the orbit. Combining
the reconstruction results for multiple ISS orbits, we obtain the temporal evolution of the ionospheric structure such as the
equatorial anomaly. We will demonstrate some results of the reconstruction and discuss their scientific implications.
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Generation mechanism for the intra-seasonal enhancements of wintertime spo-
radic E layers
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Present simulation provides a mechanism for intra-seasonal enhancements of wintertime sporadic E layers (WiEsLs). EsLs
are highly dense plasma layers appearing in the ionospheric E region. During the wintertime, EsL intensity shows its min-
imum, which is partially because wind shears are weak in winter. Nevertheless, it has been reported that the intra-seasonal
intensity enhancements of EsLs occur during the wintertime. One possible mechanism is considered to be major meteor
showers such as the Geminid meteor shower. However, the intra-seasonal intensity enhancements of WiEsLs can occur not
accompanied with the major meteor showers. Their cause has remained unclear. In this study, WiEsL simulation were per-
formed by our ionospheric model coupled with neutral winds of a whole atmospheric model. The model succeeded generally
in reproducing the intra-seasonal intensity enhancements of WiEsLs observed by an ionosonde at Kokubunji. We found that,
in the simulation, zonal wind shears intensified at around 6 LT and 18 LT between 100 and 120 km altitude, and caused the
intra-seasonal intensity enhancements of WiEsLs. In the observation, WiEsL intensity showed enhancements at the same
local time. Thus, it was concluded that zonal wind shear intensification can drive the intra-seasonal intensity enhancements
of WiEsLs. In this presentation, we will discuss causes of the wind shear intensification.
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fichblzoTERT 3 WS, Es BHREOEHNLZHNA 4/ YV Y FEEANC X DG XN T X, 4% Es BOZEHIMN®
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TE5ZEREIILTze BT MTATT LR Z T U 7RG, 2010 F£& 2011 FFI2EERT, 2009 FIZBWT6LT &
18 LT TIPS 7 2SEE 100 — 120 km BICHAELTED. ZOMWHEFEESS 72 Bs J@EEOFHIN LR %
FEXE TV, EBEDOA A VU FHEITS, 2010 4 2011 FI2HART, 2009 £0 6 LT ¥ 18 LT {341 Es EifiE
BLEALTWE Z 2R L, IOHOFRI S, FHNCTHTVE ZEZ LN TELLFTORD > 7 BEHMNEH %R
L. B o AD Y 7HLZE Es BlEDOZHHN FREZREIETVS RO, ARETRELBICHARS 7
L o 2FREICOWTHERT 2 FETH %,
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Study of nighttime midlatitude E-F coupling in geomagnetic conjugate regions
using multi-source data

#Weizheng Fu®), Tatsuhiro Yokoyama?), Nicholas Ssessanga®), Guanyi Ma*), Mamoru Yamamoto
(IRISH, Kyoto Univ.,?RISH, Kyoto Univ.,*DSpace, Department of Physics, University of Oslo,(*NAO, Chinese Acad.
Sci.,®RISH, Kyoto Univ.

5)

Nighttime midlatitude medium-scale traveling ionospheric disturbances (MSTIDs) are frequently observed in geomagnetic
conjugate regions simultaneously. Previous observation results and theoretical analysis have underscored the importance
of E-F coupling in MSTID generation and the postulation of hemisphere couple ionosphere. In this paper, the conjugate
MSTIDs are studied to elucidate the causes and effects of E-F coupling in the interhemispheric coupled ionosphere. The
hemisphere-coupled electrodynamics over Japan and Australia are observed and analyzed by using total electron content
(TEC) measurements, supplemented with multi-source observations in ionogram, electron density, ion drift, neutral wind, and
magnetic field. For the first time, observation results support the evidence that F-region geomagnetic conjugate irregularities
in both hemispheres are mainly driven by the Es layers in the summer hemisphere. The Es layer is only observed in the
summer hemisphere, subsequently triggers local E-F coupling and interhemispheric coupling. In the winter hemisphere, Es
layers show dissipation during the interhemispheric coupling process. The thermospheric winds play an important role in the
generation and development of MSTIDs, and the amplitude of MSTIDs is observed to vary with the meridional wind direction
in respective hemisphere. Further, the observed interhemispheric field-aligned currents suggest non-equipotential magnetic
field line, which may lead to the amplitude asymmetries in the conjugate MSTIDs. The magnitude of interhemispheric field-
aligned currents, related with the Es-layer intensity, may explain the later formation of conjugate irregularities in the winter
hemisphere.
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Substructure of sporadic E layer as viewed by long-range propagation of aeronau-
tical navigation signal

#Shumpei Tabuchi®), Keisuke Hosokawa?), Susumu Saito®), Jun Sakai?), Ichiro Tomizawa®, Toru Takahashi®), Hiroyuki
Nakata®

(1UEC,(UEC,®ENRI, MPAT,*SSRE, Univ. Electro-Comm.,®ENRI, MPAT,®Grad. School of Eng., Chiba Uniyv.

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. The radio waves reflected by the Es layer can propagate anomalously for a long distance; thus, Es layer has a
potential to cause interference to radio systems such as aeronautical navigation systems.

The aeronautical navigation uses the frequency band of 108-118 MHz to provide navigation information to aircrafts. The
Instrument Landing System Localizer (ILS LOC), which is the focus of this study, 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 as seen from the aircraft.
Then, ILS provides information about the approach course based on the difference in the intensity of these two modulations
(Difference in Depth of Modulation: DDM). Since the output radio wave has strong directivity, it may cause anomalous prop-
agation over a long distance due to reflection by the Es layer. 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, Hiroshima, Japan, using a software 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 newly installed an ILS LOC receiver in Kure, which was actually used in the aircraft, and
the direction of arrival of the radio wave was measured continuously.

During an anomalous propagation event on May 17, 2021, the ILS LOC receiver also received the 110.3 MHz radio signal.
From the analysis of the received Morse code, it was confirmed that the radio signal actually arrived from Hualien. The
difference between the direction of Kure as viewed from Hualien and the beam direction of the Hualien LDA is -0.68 deg.
However, the most frequent DDM angle obtained during four months from May to August 2021 was slightly different (the
mode of DDM values was -0.48 deg) from the direction of Hualien (-0.68 deg). This may be because the beam direction of
the ILS LOC at the Hualien Airport changes due to the propagation direction and the spatial structure of the Es layer.

We have also investigated the deviation index (ROTI) of total electron content from GPS receivers during the intervals of
anomalous propagation. The midpoint between Kure and Hualien, which is considered to be the reflection point of the Es
layer, is located in sea areas. Therefore, in the case of a weak Es layer, it may not be possible to confirm the occurrence and
propagation direction of Es layer only by using ROTI. However, in the three cases on May 27, June 8, and June 30, 2021,
when anomalous propagation by Es was detected, Es signature in ROTI map was observed to move in the southwesterly
direction from Honshu to southern Kyushu. The variation of the angle-of-arrival calculated from the DDM values shows that
the angles are not always constant during the anomalous propagation, and there is sometimes a systematic decreasing trend.
In particular, on June 30, 2021, there was a characteristic change in the angle, which continuously decreased by about 1.5
degrees in about 30 minutes. Based on the direction of motion of Es layer inferred from the ROTI mapping and the change in
the angle-of-arrival on June 30, 2021, it can be suggested that Es layer has a wedge-like shape in its bottom part, which may
explain the peak of the difference in the angle-of-arrival. This means that the motion and spatial of Es layer can be inferred
from the change in the angle calculated from DDM of the ILS LOC receiver.

In the presentation, we show the statistics of the occurrence of anomalous propagation from Hualien in the two summer
seasons in 2021 and 2022. We also discuss the characteristic change of the DDM values during the anomalous propagation
as an indicator of the spatial structure and the motion of the Es layer.
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PRI DT 2 BEARIRDE U 2 HEND D 5. EH LD I N —TOREDHFICE->TC, V7 b7 = 7 ZEHEHHAL T,
HARORERATIZBWTEEOIEHEZEEO ILS LOC B0 /7 H$E~8 (Localizer Type Directional Aid: LDA) 75 5 34(8
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Improvement of an automated detection method and study of statistical charac-
teristics of the sporadic E layer using the method

#Masahiro Takahi), Keisuke Hosokawal), Susumu Saito?), Jun Sakai®)
(1UEC,(2ENRI, MPAT

The Sporadic E (Es) layer is an ionospheric phenomenon having extremely increased electron density that frequently oc-
curs at altitudes around 100 km in mid-latitude regions during summer. The enhanced electron density increases the critical
frequency, causing radio waves in VHF frequency band, that normally penetrates through the ionosphere, to be reflected,
resulting in anomalous propagation over long distances. As one of the fundamental features of the Es layers, it has often been
reported that many of them have a two-dimensional frontal structure.

Radio waves for aeronautical navigation operative in VHF frequency band are reflected by the Es layer. In order to establish
automated detection methods, it is required to evaluate the impact of anomalous long-range propagation on aircraft onboard
equipment. In addition, the use of automated detection methods facilitates statistical studies using large amounts of data and
is expected to be useful in predicting the occurrence of the Es layer in the future. However, no automated detection method
has been established to date.

Therefore, we developed a method that employs the Hough transform and automatically detects frontal structures of the
Es layer as a line-segment using a computer by inputting a ROTI map. The detection period was set to 00:00-06:00 UT on
120-240 days of year in 2019-2022. If two line-segments which have similar orientations were detected within 15 minutes,
the velocity was also calculated using the displacement in the normal direction.

The results of the detection showed that inputting data within the divided areas led to output more consistent with visual
detection than inputting data from the entire region (i.e., all Japan area). However, in some cases where multiple Es layers
appeared in the area targeted for detection, the visual judgment and the detection results did not match. In the velocity calcu-
lations, north-south propagation was calculated more frequently than east-west propagation.

The detection within the divided areas made it possible to detect each of the two Es layers occurred in the entire Japan at
the same time, and thus the detection results were close to visual judgment. On the other hand, since the method proposed in
this study detects the Es layers as a single line-segment, it is still difficult to deal with the occurrence of multiple Es layers
at one part within the divided areas. To solve this problem, it is necessary to select areas that does not contain multiple Es
layers, but since the phenomenon is sporadic, manual selection of areas should have limitations. As for the velocity results,
the distribution of ROTI data points in some areas are extended more in the east-west direction, and the line-segments tended
to elongate more in the east-west direction, resulting in an increase in the number of calculated velocities in the north-south
direction, which is the normal direction of the line-segment. In the area around Okinawa, movements of GPS satellites should
have a huge impact on the calculation due to the small number of ROTI data points. In the presentation, we compare the
motional characteristics of the Es layer in comparison with similar statistics based on manual estimation of the velocity.
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Local time and seasonal variability of the D-region Ionosphere using OCTAVE
observations
#Yuma Nozakil, Hiroyo OhyaQ), Fuminori Tsuchiya?’), Kenro Nozaki®, Hiroyuki Nakata®, Kazuo Shiokawa®

(1Graduate School of Science and Engineering, Chiba University, ?Engineering, Chiba Univ.,(®Planet. Plasma Atmos. Res.
Cent., Tohoku Univ.,(*UEC,®Grad. School of Eng., Chiba Univ.,ISEE, Nagoya Univ.

Daytime electron density in the D-region ionosphere varies depending on the solar zenith angle, which is a function of
local time (LT) and season. In addition to the regular variation, D-region variations associated with various factors have been
reported, for example, solar flares, geomagnetic storms, earthquakes, volcanic eruptions, and sudden stratospheric warming
(SSW) [Lastovicka, 2006; Pal et al., 2017]. The detailed investigation of these factors is required to understand the D-region
characteristics. In this study, we investigate seasonal and LT dependences of the D-region ionosphere using low frequency
(LF) transmitter signals. The transmitter and receiver were JJY (60kHz, 33.47N, 130.18E) and RKB (Rikubetsu, Hokkaido,
43.45N, 143.77E), respectively. For removing effects of geomagnetic storms, we used international 5 quietest days (Q-days)
for each month based on Kp index determined by GeoForschungsZentrum (GFZ) Potsdam. The daytime (or nighttime) mean
value of amplitude and phase for each day (A cqn and Py,cqrn) Was subtracted from instantaneous values (A; and P;) to
determine the perturbations in amplitude (A A) and phase (A P),i.e., A A=A;-Aean and A P=P;-P,,cqy. In daytime, both
A A and A P were large during 09:00-15:00 LT. Variations in A A and A P were large in January. A A was large in summer
and winter, while A P was large in spring and fall. Calculated A A based on wave-hop method was larger during sunrise
and sunset than that around 09:00-15:00 LT, which is opposite to the observation. The change in A P between observed
and calculated results was opposite during sunrise/sunset. The calculation results showed that the A P was large in summer.
In observations, both A A and A P were larger in January than those in other months, although only A A was large in
calculation. The increases in the A A and A P in January 2017 could be associated with sudden stratospheric warming.
Mean temperature at 10 hPa in the region where the latitude and longitude were >60N and 110E-170E, respectively, based
on JRA-55 dataset, and the LF amplitude had two similar periods of 5 and 21 days. In this presentation, we will discuss the
differences between the observed and calculated A A and A P, and cause of disturbances on the observed results for January
2017.
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Horizontal inhomogeneity detected by OCTAVE VLF/LF observations during a
X-class solar flare

#Masaharu Nakayamal), Hiroyo Ohya2), Fuminori Tsuchiya?’), Kazuo Shiokawa?®), Kenro Nozaki®, Hiroyuki Nakata®
(IChiba Univ.,(zEngineering, Chiba Univ., ®Planet. Plasma Atmos. Res. Cent., Tohoku Univ., ISEE, Nagoya Univ.,®Grad.
School of Eng., Chiba Univ.,(SUEC

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 ionopshere. The purpose of this study is to reveal
horizontal homogeneity of electron density in the D-region ionosphere during a X-class solar flare using multi-path VLF/LF
(30-300 kHz) transmitter signals of “Observation of CondiTion of ionized Atmosphere by VLF Experiment (OCTAVE)”
network. When solar flares occur, VLF/LF amplitude and phase vary with decreasing the reflection height. The transmitters
used in this study were NWC (21.8178S, 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 KAG (Tarumizu,
Kagoshima, Japan, 31.59N, 130.55E), PKR (USA, 65.125N, 147.488W), and RKB (Rikubetsu, Hokkaido, 43.45N, 143.77E),
which are part of OCTAVE network. A X2.2-class solar flare occurred at 08:57 UT on 6 September, 2017. During the solar
flare, amplitudes of variations in the VLF/LF amplitude (A A) and phase (A P) were 2.65-14.73 dB and 31.0-150.25 degrees,
respectively. Using wave-hop method, we estimated reduction in reflection height (A h) from the observed A A and A P.
When the reference height was assumed to be 78.08-84.99 km, the A h were estimated to be 1.0-4.8 km for BPC-KAG,
BPC-RKB, JJY40-KAG, JJY60-RKB and JJY40-RKB paths. The difference in the A h for each path would be caused by
distance between the sub-solar point and each path, and sunset effects. In this presentation, we will discuss the horizontal
inhomogeneity of the reflection height during the solar flare in detail.

KBG7 V7 05RET 5 e, @Ik XL b BHEE (EE 60-100km) OB TEEN LA T2, ZAE T, VLF -
30kHz) ¥ X7 5 v 7 Z0OBBRIFEHE I TWB 2 (Paulin et al.. 2010). EEEE D fEIBIC BT 3 KSTEE D I/KE N E
DARE—HIZ DOV TOHREFITIFE A TN TWRY, KiFFFED HYIE, “Observation of CondiTion of ionized Atmosphere
by VLF Experiment (OCTAVE)” % v k7 — 2 D<= L F 32 VLF/LF (30-300 kHz) %EEE5ZH VT, X 77 2Kk~
L 7RO BEHEE D HIC B 2B TFEEDOKEAMOARE—MEHLPICTE22ThHhE, K7L 7HRET S L,
VLF/LF ORIE & MK EE DK I > TELT %, EFRIE NWC (21.817S, 114.167E, 19.8kHz) , JIT (32.05N,
130.82E, 22.2kHz) , JJY (37.37N, 140.85E, 40.0kHz; 33.47N, 130.18E, 60.0kHz) and BPC (34.63N, 115.83E, 68.5kHz)
AL, ZE/E. OCTAVE v Fv—2ZD—¥TdH % KAG (EIRERME/KT, 31.59N, 130.55E). PKR CKHE.
65.125N, 147.488W). RKB (dvig#EkERIi, 43.45N, 143.77E) %M@M L7z, 201749 H 6 H 08 I 57 4 (UT) I
X227 ADKBG I VT HREELE, TOKE7 L 7D, VLFLF OfRIE (A A) i (A P) oFFBRIZZAZFTHh
2.65~14.73dB. 31.0~150.25 FET®H - /=, wave-hop EZH VT, BHIZNTZA ABIUAP»LKHEENEREA
h Z2H#E L7z, EESE% 78.08-84.99km ¥ L7-34. BPC-KAG, BPC-RKB, 11Y40-KAG, JIY60-RKB, JJY40-RKB /%
ZTlE, A hild 1.0-48km 2 HEEI Nz, BXZADA h DEWI, KBEFEER R DOEH,. BLUOHROBEIC L
5H5DTHb, AFEKTIE. KEG7 L 7RO R EEDIKETADORG—HIZONTEFEL < FHAT 2,
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Fit of Atomic Oxygen Ion-Neutral Collision Cross Section at Ionospheric Temper-
atures

#Akimasa Ieda®)

(1ISEE, Nagoya Univ.

Atomic oxygen and its ion are major species in the ionosphere of Earth, Venus, and Mars. Collision between them controls
the structure of ionosphere, and is expressed by collision cross section or frequency models. Recently, it is insisted that the
textbook high-energy type model should be replaced by wide-energy type models. However, there are three wide-energy
type models and it is not clear which of the three models is the most appropriate for ionospheric studies. In particular, the
valid temperature range of their fits was unclear, although it was probably approximately between 300 and 2000 K, which is
typically sufficient only for quiet-time Earth’s F-region ionosphere.

The present study clarifies differences between the three models and proposes a new fit by including the curved-trajectory
effect in the fitting basis function. As consequence, the valid temperature range is improved to be 75-9000 K, which is prac-
tically sufficient for the whole ionosphere of Earth, Venus, and Mars, including rare occasions.

MRRTF L2044, HiEKk - 8 - KEOBHE LN 2 FELN FRETH 5, Wk FROEZ. EZeWimeE
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REDES W wide-energy X4 TOETADIELWI EDRENTZ, T D wide-energy X4 S 3 DDET DD
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Examination of meteor echos observed by HF Doppler sounding
#hiroki saito!), Hiroyuki Nakata®) , Hiroyo Ohya®), Keisuke Hosokawa®)
(1Chiba University,(?Grad. School of Eng., Chiba Univ.,(*Engineering, Chiba Univ.,(*UEC,

It is known that ionospheric disturbances occur at an altitude of 80 120 km when meteors enter the Earth’s atmosphere. The
plasma associated with meteors entering is called a meteor trail and reflects radio waves in the HF and VHF bands due to its
plasma density. Since most of the meteor radio observations have been performed using VHF band radio waves, meteor radio
waves were observed using radio waves in the HF band in this study. Meteor echoes are classified into Underdense echoes and
Overdense echoes by the scattering mechanism. The signal intensity at Underdense echo is exponentially attenuated. Om the
other hand, the signal intensity at Overdense echo is remains constant for a while, and then it is rapidly attenuated. In addition,
there are differences in the observed Doppler shifts between Overdense and Underdense echoes. While the Undedense echo
reflects the movement of the meteor trail due to the neutral wind, the Overdense echo reflects the radial spread speed of
the meteor trail. We have examined meteor echos observed by the HF Doppler sounding system utilized by the University
of Electro-Communications and four other institutions. The transmitter of this system is located the Chofu Campus of the
University of Electro-Communications. Since meteor trails are located at altitudes of 80 to 120 km, radio waves are reflected
at these altitudes, which is lower than the usual reflections. We used Doppler data received at the Fujisawa, Sugito, Kakioka,
Orai, and Kashima stations using 8 MHz radio waves transmitted from the Chofu campus. The event examined in this study
occurred at 20: 30: 27 JST on October 25, 2014. In the meteor echo, radio waves are reflected under the condition that
the incident angle is equal to the reflection angle. We found the reflection points that satisfies this condition. From the
signal intensity of the observed meteor echo, it was clear that the observed meteor echos are the Overdense echo because the
temporal variations of signal intensities have same features as the Overdense echoes. The duration of the meteor echo was
much longer than that obtained by VHF radar. This is because the lifetime of the echo is proportional to the square of the
wavelength. Because the meteor echo in this event is categorized as the Overdense echo, the Doppler shift is related to the
speed of the radial diffusion of the meteor trail. Therefore, assuming that the trail is diffused, and the reflection point of the
echo moves vertically downward, the speed of radial diffusion of the meteor trail can be estimated by the temporal variation of
the Doppler shift at the time of meteor occurrence. Then, we also estimated it using the relation equations from the previous
statistical results (Fish and Barkey, 1998). As a result, the speed of radial diffusion almost coincided in Kakioka, Oarai,
and Kashima. Assuming that wind speed was the same at the reflection points and the meteor trail has moved in a certain
direction, we estimated the speed and direction of the neutral wind from the Doppler shift and compared it with the neutral
wind model. As a result, the wind speed almost coincided with the model, but the wind directions were almost inconsistent.

TRENEE 80~120 km DHIBRAKUZIZEA L T, KD T LU S EHZE L -RICEBEICHEEDNFET 2 Z eI N
TW3., ZOREE Y LTAEL 2 77 X~EMEMRIF e MEh, ETFEEOHEIMC LY HF, VHF WO ER % K85 5%
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PHEALT, MBRKES -0 2iTo7-. BT —R@3HEBEIC L > T v EF—FrAza—F—nN—F
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T T MZBEVREDD, TR —F AT a— PRI X ARERMOBE, F—N—F 2T a—3iiER
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2HF Fy 78l 272 BB ENRETa—2FH L. &K, HF Ky 75 —8HITIE. BRIEES
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Gravity wave and TID analysis using horizontal phase velocity spectrum: advan-
tage of M-transform and tips for better performance
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Phase velocity spectrum of the airglow images obtained by 3-D Fourier transform, i.e. M-transform, introduced by
Matsuda et al. (2014) is the power spectrum of airglow intensity perturbation in horizontal phase velocity domain. This
method quantitatively displays the wave energy of transient wave packets of the gravity waves, and clearly shows the wind
filtering effects, direction of momentum, and possible source of the gravity waves. M-transform can also be used to analyze
TID (Traveling Ionospheric Disturbance) characteristics observed in the GPS/TEC maps (Perwitasari et al., 2022). It has
further been applied to the horizontal mapping of Doppler velocity observed by SuperDARN HF radar (Hazeyama et al.,
2022). The software package of M-transform is delivered as an open software on the web site of National Institute of Polar
Research. This presentation reviews the M-transform analysis applied to various dataset with different sampling in time
and horizontal space, and discusses the advantage of M-transform analysis. Further discussed will be the tips for better
performance of the M-transform when used to various new datasets, that could help a wider usage of the M-transform.
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Airglow and aurora observation by all-sky imagers onboard Antarctic research

vessel “Shirase”

#Saki Yamashina®), Akinori Saito?, Takeshi Sakanoi?), Takuo Tsuda®), Takeshi Aoki®), Mitsumu K Ejiri*), Takanori
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Satellites are widely used to observe the ionospheric structures [1]. However, low orbit satellites have the disadvantage
that it is difficult to separate temporal and spatial changes because their positions of the observations are variable, and geo-
stationary satellites have the disadvantage of low spatial resolutions and limited observational areas. Wide-area observations
have been conducted with grand-based all-sky imagers networks which can measure horizontal two-dimensional structures.
Although the number of ground-based observational stations with imagers is increasing, they are limited to land, and the
ionosphere over the ocean has not been sufficiently observed. In order to fill these observational gaps, we developed vessel-
borne all-sky imagers that cancel the vibration of the vessel, and mounted them on the Antarctic research vessel ”Shirase”
to conduct ionospheric observations on its routes between Japan and Antarctica. The small imagers (ZWO: ASI 183 mm
Pro, approx. 410 g) were mounted on a 3-axis attitude-stabilized gimbal, and observations were conducted on three round
trips between Tokyo and Syowa station over three years. A short wavelength observation (630.0 nm) was conducted with an
exposure time of 19 seconds in the first year, a multi-wavelength observation (630.0 nm and 670.0 nm) with an exposure time
of 8 seconds in the second year, and a multi-wavelength observation (630.0 nm and 760.0 nm) with an exposure time of 18
seconds in the third year. 630.0 nm emission corresponds to atomic oxygen airglow and F-region aurora, while both 670.0 nm
and 760.0 nm emissions correspond to OH airglow and E-region aurora. Since the positions and directions of observations
by the vessel-borne imagers differ from image to image, these were determined from the Shirase’ position/attitude data and
the Shirase’s structures captured in the images. To identify the observed phenomena, emission altitudes were assumed (250
km for 630.0 nm emission and 100 km for 670.0 nm and 760.0 nm emissions), images were calibrated and converted into
geographical images. During the three years of observations, OI 630.0nm airglow, OH airglow and aurora were successfully
observed, and then we will report the results of these observations in this presentation. The observed phenomena will also be
compared with data of total electron content observed by the GNSS receiver, which was installed on “Shirase” in the second
and third year cruises, and with other spacecraft-borne and ground-based observation data.
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Low-frequency sound measurements using the MOMO?7 sounding rocket
equipped with infrasound sensors
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Introduction

Sound propagation in the Earth’s atmosphere is closely related to parameters such as temperature, wind, and air density.

In the stratosphere, the mesosphere, and the thermosphere, which are considered to be the most difficult areas for in-situ
observation sounding rockets are the best methods to measure the sound at altitudes of 30 km or more. In this study,
infrasound sensors and buzzers were installed in the sounding rocket "MOMO” operated by a private company. We measured
the propagation of the buzzer sound at each altitude, and also observed impulsive sound generated with fireworks launched
from a near site of the rocket launcher. In addition, the shock wave emitted when the rocket itself reached the speed of sound
was observed by using 9 sensors deployed on the ground and sensors abroad the rocket.

Purpose of the rocket experiment

The first purpose is to measure the signal strength of the buzzer sound inside the rocket at each altitude to investigate the
propagation of sound at each altitude. The second one is to measure the sound generated with the fireworks on the ground by
using the sensors abroad the rocket.

The third one is to observe the shock wave generated when the rocket descends with exceeding the sound speed , both on
the ground and in the sky, to investigate how the shock wave propagates.

Observation Results

The sounding rocket MOMO?7 developed by Interstellar Technologies Inc. was launched at 17:45 JST on July 3, 2021 in
Taiki, Hokkaido, Japan.

Data of the infrasound sensor aboard the MOMO7 was acquired up to a maximum altitude of approximately 98 km during
a time period of T+433 seconds after the launch(T) when to communications ground station were established.

The infrasound wave form data observed with the payload sensors shown in figurel.

Until T+120 seconds as noisy sound of the rocket engine combustion was observed, so the sound pressure values fluctuated
violently. From there, the engine completed combustion at T+120 seconds, and the buzzing sound waveform could be
observed up to around the highest altitude. However, no firework sound was observed and the buzzer sound did not show
much variation than expected in attenuation at each altitude between 60 km™98 km. From the data obtained with the payload,
a large amplitude signal was observed at T+ approximately 240 seconds. All ground-based sensors observed a shock wave
that may have been generated during the rocket’s descent.

Discussion and Conclusion

The lack of change in the attenuation of the buzzer at each altitude is thought to be due to the fact that the vibration of the
buzzer entered the sensor through the base.

As for the fact that the sound of the fireworks could not be observed in the sky, the fireworks were No. 4 fireworks under
the restriction of the town of Taiki, and they were launched at a distance of about 14 km from the launch site of the rocket. It
is thought that the sound was attenuated and did not reach the target due to the distance and insufficient power. As a measure
for improvement, it would be better to increase the number of fireworks and launch them along the coast as close as possible
to the rocket launch site.

The large signal observed at T+240 seconds was generated at an altitude of 98 km while the rocket body was accelerating
at 286 m/s. This signal may have been generated immediately after the shock wave was generated. If so, it can be interpreted
that the speed of sound is 286 m/s at an altitude of 98 km.

In this study, we were able to observe the buzzing sound up to an altitude of 98 km, and concluded that it is effective in
predicting the propagation of sound at different altitudes. In the next experiment, it is necessary to replace the buzzer with a



device that expels air instantaneously to mitigate the resonance with the base. Since shock waves were observed at all of the
ground sensors, we would like to use grid search to identify the source of the shock waves from the ground sensor side and
investigate how the shock waves propagate.
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A study of 8 hr and 6 hr atmospheric waves in the polar MLT region above Trom-
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We have investigated characteristics of 8 hr and 6 hr atmospheric waves in the polar upper mesosphere and lower thermo-
sphere (MLT) from 80 to 110 km above Tromsoe, Norway (69.6 deg N, 19.2 deg E). Aims of this study are to reveal (1)
relative importance of 8 hr and 6 hr waves to a 12 hr wave (probably, semidiurnal tide) in the wind dynamics and the thermal
structure, (2) vertical structures (wavelengths) of the 8 hr and 6 hr waves, and (3) importance of the 8 hr and 6 hr waves on
the convective and dynamic instabilities in the polar MLT region.

Short periodic tidal waves are less known than diurnal and semidiurnal tidal waves even though an amplitude of the 8 hr
tide sometimes becomes comparable to that of diurnal tidal wave in the polar MLT region [Thayaparan, 1997; Younger et al.,
2002]. Solar heating, and nonlinear interactions between the diurnal and semidiurnal tides are thought to generate the 8 hour
tide [Thayaparan, 1997; Akmaev, 2001; Younger et al., 2002; Moudden et al., 2013]. A modeling study by Smith [2001]
showed the solar heating was a dominant source of generation of the 8 hr tide at high latitudes. Pancheva et al. [2021] using
meteor radar wind data (1 hr/2 km resolutions) at Tromsoe reported that the vertical wavelength of the 8 hr tide in November
shows the longest among months, and is larger than 100 km.

By using the Lomb-Scargle method, we have derived 12 hr, 8 hr, and 6 hr components using wind (110 nights) and temper-
ature (192 nights) data obtained by the sodium LIDAR at Tromsoe. Data with their data length longer than 16 hours are used
here, and only data whose normalized amplitudes being larger than 99% significance level are used. Maximum amplitudes
of the 8 hr wave ranges from 14 (9) m/s to 128 (156) m/s with an average of 44 (47) m/s in the northward (eastward) wind
data for 110 (110) nights, and ranges from 4 K to 33 K with an averaged of 12 K in the temperature data for 162 nights. The
6 hr component has amplitudes from 11 (12) m/s to 153 (93) m/s with an average of 43 (41) m/s in the norward (eastward)
wind data for 104 (105) nights. In the temperature data, it ranges from 4 K to 29 K with an average of 13 K for 178 nights. It
is found that both the 8 hr and 6 hr components have usually smaller amplitudes than the 12 hr component in the wind data,
while they are comparable to those of 12 hr in the temperature data.

In the talk of Nozawa et al. in JpGU2022, we reported the relative importance of the 8 hr and 6 hr waves to the 12 hr wave,
so this talk will focus on results of the latter two aims: we will report vertical structures (wavelength) of the 8 hr and 6 hr
waves between 80 and 110 km, and their importance on the convective and dynamic instabilities in the polar MLT region.
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Dynamics of the polar mesopause region inferred by the long-term OH airglow
observation at Syowa Station, Antarctic

#Satoshi Ishii’), Hidehiko Suzuki®, Yoshimasa Tanaka?), Masaki Tsutsumi®%), Makoto Taguchi®, Mitsumu K Ejiri®%),
Takanori Nishiyama®*), Akira Kadokura?)

(IMeiji univ.,(?ROIS-DS/NIPR/SOKENDALI, ®NIPR,*SOUKENDALI, °Rikkyo Univ.

OH (8-4) airglow (emitting at an altitude of about 86 km) spectral observations with an OH spectrometer have been
conducted at Syowa Station, Antarctic, during the winter season from February, 2008 until October, 2019. We selected
data acquired under the clear sky condition without the influence of the moonlight by a sky condition judgment method
(Ishii et al., SGEPSS2021) and derived the rotational line intensity of OH airglow (OH airglow intensity) and the rotational
temperature for 12 years (from 2008 to 2019). We detected distinct intensity variations with various time scales; (1) a decadal
scale that may be caused by the solar cycle, (2) seasonal intensity variations with a maximum around April and a minimum
around the winter solstice, (3) relatively long-time scale events that lasted for several days and (4) relatively short-time scales
of several tens of minutes to several hours. For the case (3), the rotational temperature also increased for several days. The
case (4) is not like a wavy (sinusoidal) variation caused by atmospheric gravity waves often seen in the mid-latitude region,
but asymmetric amplitudes of intensity variations were observed, with a sharp peak on the enhancement side.

The intensity of OH airglow is thought to be a fluctuation due to changes in atmospheric composition in the upper polar
mesosphere associated with the energetic particle precipitation and the vertical transport of air masses with rich [O] from
altitudes higher than the OH airglow layer. Therefore, we compared the peak altitude of the airglow layer, temperature
distribution, and timing of the vertical transport enhancement with satellite data from TIMED/SABER, AURA/MLS. The
results showed that the (1) (3) variations can be generally understood by the supply of oxygen atoms associated with vertical
transport to the OH layer. Regarding the variations (4), we focused on the relationship with auroral particles, which had
been reported only once by Suzuki et al. (2009). We extracted energetic particle precipitation events from the cosmic noise
absorption (CNA) data from the riometer observations at Syowa Station and conducted a superposed epoch analysis of OH
airglow intensity for three hours before and after the events. As a result, the OH airglow intensity was observed to decay for
about an hour after the events.

In this presentation, we will discuss the mechanisms of OH intensity variations detected over Syowa Station at various time
scales and summarize the specific dynamics occurring in the upper polar mesosphere region.
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Gravity wave analyses in the Antarctic lower thermosphere based on MF radar
meteor observations at Syowa (69S)

#Masaki Tsutsumi®)

(INIPR

MF (Middle Frequency) radars have long been used to measure wind velocity in mesosphere and lower thermosphere
based on correlation analysis techniques [e.g., Reid, 2015]. The motion of atmosphere weakly ionized by solar insolation
is measured in the technique. The ionized atmosphere is usually horizontally stratified, and radar echoes from such layered
atmosphere are mostly obtained in the vertical direction. However, there also exist echoes coming back from large off-vertical
angles. Meteor echoes are such type of echoes often detected at night (winter time in the polar region) mostly above 80 km.
Because of the low radio frequency (2-3 MHz) the duration of MF radar meteor echoes is two orders longer than that of VHF
meteor echoes. Thus, meteor echoes often dominate the MF radar echoes when the background atmospheric ionization is
relatively low, and meteor winds can be estimated up to nearly 120 km altitude [Tsutsumi et al., 1999; 2001]. These meteor
echoes have been used to compensate the known problem of MF radar correlation technique above about 90 km, and been
applied to tidal wave and mean wind analyses at Syowa station (69S, 39E), Antarctic, since 1999 [Tsutsumi and Aso, 2005].
However, the time resolution of estimated winds has not necessarily been high enough for gravity wave studies, unfortunately.

We have recently redeveloped the MF radar meteor measurement technique and found that MF meteor winds are able to
be estimated with time resolution of 1 hr or even much better resolution of 10 min under preferable ionosphere conditions.
Combined with the conventional correlation analysis technique, we can now study gravity waves in a wide height range of
60-110 km. Seasonal and height variations of gravity wave energy are to be presented based on 20 years of reanalyzed meteor
and correlation winds.
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Characteristics of inertia gravity waves over Syowa Station “Comparison between
the PANSY radar and the ERAS reanalysis™
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(IPolar Science, SOKENDALI, ?NIPR, 3Graduate School of Science, Univ. of Tokyo

Gravity waves (GWs) are atmospheric waves whose restoring force is buoyancy. They are originated mainly from moun-
tains, jet-front systems, and convection, and can modify a global wind structure through momentum transport and deposit.
They do not only decelerate the upper part of the mesospheric jets, but also affect the horizontal winds in the lower strato-
sphere and contribute to driving the global meridional circulation. However, GW observations are not enough to verify their
behaviour especially in the Antarctic, due to the harsh environment there. In addition, GWs have a wide range of horizontal
wavelength (i.e., from several km to several thousand km) and period (i.e., from Brunt-Vaisala period (approximately 5 min-
utes) to inertial period (over 12 hours)), which makes it difficult to reproduce GWs in the entire frequency range even in the
state-of-the-art atmospheric models in spite of the recent increase of the model resolution. In order to implement the effect
of subgrid-scale phenomena into the models, which are not explicitly represented, GW parameterizations are introduced. In
general, nonorographic GW parameterization assumes nearly constant wave sources and instantaneous upward propagation,
but in reality, the wave sources are not constant and GW's propagate horizontally as well (Sato et al., 2009; Geller et al., 2013;
Plougonven et al., 2020). Thus, it is required to constrain the GW effect in the models based on observations which cover the
whole frequency range of GWs and estimate the GW momentum transport in the Antarctic.

Intermittency, a measure of how transient or intermittent a GW event is, has recently received much attention. Even if the
total amount of momentum flux is the same, continuous, small amplitude events deposit momentum to higher altitudes, while
sporadic and large amplitude events deposit momentum to lower altitudes. As a result, the structure and strength of the driven
meridional circulation depend on the GW intermittency (Hertzog et al., 2008). In Antarctica, intermittency has been studied
using super pressure balloons (Hertzog et al., 2012) and the Program of the Antarctic Syowa MST/IS radar (PANSY radar) at
Syowa Station (Minamihara et al., 2020), suggesting differences in the characteristics of intermittency due to different wave
generation mechanisms and wave filtering.

Our purpose of this study is to investigate the characteristics of sporadic and large amplitude GW events that can have a
large impact on the overall momentum transport, and also to investigate how well the reanalysis data reproduces the GW
events in the Antarctic. We used the PANSY radar for the observation data and the ERAS reanalysis for the reanalysis data.
The PANSY radar, which was installed at Syowa Station (69S,40E) in 2011, observes vertical profiles of three-dimensional
winds in the troposphere and lower stratosphere with high accuracy and fine temporal and vertical resolution (Sato et al.,
2014). It is the only instrument in the Antarctic that enables us to capture GWs in the almost entire frequency range. The
ERADS reanalysis is the latest meteorological reanalysis dataset provided by the European Centre for Medium-Range Weather
Forecasts. The ERAS data is distributed at 137 vertical levels from the surface to 0.01 hPa with a horizontal spacing of 0.25
degree every 1 hour.

We use three dimensional winds of the PANSY radar and the ERAS reanalysis during the period of October 2015 to
September 2016, in which the PANSY radar was continuously operated (Minamihara et al.,2018). The inertia-GWs are
extracted by applying a bandpass filter with a cutoff period of 4-24 h and a cutoff vertical wavelength of 0.8-8 km. As a
result, we found many similar wave-like structures between the PANSY radar and the ERAS reanalysis. In order to examine
the propagation characteristics of inertia-GWs, we use a hodograph analysis. It utilizes the feature that the hodograph (i.e.,
vertical change of the horizontal wind vector drawn in the zonal and meridional wind space) becomes an ellipse, in which
the amplitude, intrinsic period, vertical wavelength, phase velocity, and group velocity of GWs can be estimated. Although
the hodograph analysis generally has an ambiguity of horizontal propagation direction by 180, we exclude it by covariance
of major axis amplitude u;;and vertical wind w and vertical wave number m (Minamihara et al.,2018). Since the GWs are
assumed to be quasi-monochromatic in the hodograph analysis, three dimensional winds are separated into components with
upward and downward phase velocities by a two-dimensional Fourier transform. This procedure makes it possible to extract
quasi-monochromatic GW events that were previously impossible to extract.

The results of the hodograph analysis show that the inertial period and the direction of the horizontal wavenumber vector
are correlated. On the other hand, vertical and horizontal wavelengths were found to be overestimated by ERAS. We also
plan to discuss altitude variations in the reproducibility of momentum fluxes.
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Study of vertical propagation of quasi-four-day waves during the December 2018
SSW event

#Hiroki Takeda®), Yasunobu Miyoshi2)

(IDept. Earth & Planetary Sci, Kyushu Univ.,(?Dept. Earth & Planetary Sci, Kyushu Univ.

Sudden stratospheric warming (SSW) is a large scale meteorological event occurring mostly in the stratosphere during the
northern hemisphere winter. During the SSW event in late December 2018, using meteor-radar in china and AURA/MLS
satellite observations, Ma et al (2019) pointed out that the quasi 4-day wave (Q4DW), which is a westward moving wave
with the zonal wavenumber 2 was excited in the 50-60 km height region, and propagated into the upper mesosphere However,
it is not clear that the global structure of the Q4DW and its impact on the general circulation in the mesosphere and lower
thermosphere (MLT). In this study, using an atmosphere-ionosphere coupled model (GAIA), we investigate the vertical and
latitudinal propagations of the Q4DW during the 2018 SSW event. using a Fourier transform and band-pass filter with 3.0-
5.0day window were applied to extract the Q4DW. Our results indicate that the Q4DW amplitude after the SSW event has
maxima at 20N and 100km height (8 m/s) and at 20S and 110 km height (6 m/s). This means that the Q4DW propagates from
the stratosphere in the Arctic region to the lower thermosphere in the southern hemisphere. Detailed analysis and discussions
concerning traveling planetary waves during SSW events will be shown.

RBEZEAAR (SSW) BEAZEDOHEBEICBVWTRET 2 KRR ZARERTH 3, 2018 £ 12 A FAICHEL -
SSW Tix, Maetal(2019) Tl&. FEICBI2TEL — XBHEB L X AURA/MLS 12 X 2 BHFER D 5. SSW O FARE
WCHPEIRE 2 DFE[A EHE 4 HIEDEER 50~60km T XN EAANBIEL TWa Z e BMiEMIh T3, BERERZ
TTEBOLN-HHAD 4 HIEOEELPHOICT 2 2213 TE 3. ¥4 HESHIERO KEERICE X 288 L b
77 D TN EREVE AN DA AR IR SO IR D IEREII AR TH 5, 2 Z TR TR, 2R&KE-EHEE ST TV
(GAIA) ZHW3 Z & T, SSW KO REE D & HEE - THREABEADHE 4 HEORIBITOWTHL 2T S Z e 2 HN
L7z HELLT, GAIAETLDYI 2Ll —ya VERED LICT7 =) ZEBPANY FRRA 7 4 VR % W THA
2o 3-5 HEMHMS ZHE Lz, ZORE, SSW BAERTOHE 4 HIFEORIEIZEE S5 0 km OIb#E 75 BT T, M
K (RAME 10m/s) LRoTED, MAHQKEPER T2 I8 TEL, SSW HAELSKHER T 2 L% 4 HIEORIEIX
S 100km f/r, AbfE 20 A (RKME 8m/s) THALNB XDk o7z, T/, FMFERO REABER TS, HE4
HEOIREOA (FBKME 6m/s) DA SN, ZNSDEHRL D, % 4 HEOIRIEDO KD SSW ORI - TR
BB TR - SOPEERBIAN B L TW B Z 2 B3 ah o7z, S&IE. i SSW FAERICE S /- RKEK O
HrEfT> Z 2T, SSW RHZEBI 2 KEFE DFIESCEE OV TOFMZIRED TV E W,
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DW]1 Tidal Enhancements in the Equatorial MLT During 2015 El Nino: The Rel-
ative Role of Tidal Heating and Propagation
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Ground-based and satellite observations have shown that the tidal component DW1 in

the equatorial mesosphere and lower thermosphere (MLT) was enhanced in July — October 2015, which was an intense
El Nino year. This enhancement is reproduced in the 21 years reanalysis-driven model simulation by the Ground-to-topside
model of Atmosphere and Ionosphere for Aeronomy (GAIA). Our analysis shows the (1,1) Hough mode dominates this
tidal enhancement, and its peak amplitude was 74% higher than that under neutral (non-ENSO) conditions at 90 km. The
corresponding tidal heating was found to increase by 5%, which can explain 7% of the (1,1) enhancement. To explain the
remaining enhancement, we quantitively examined the upward propagation condition by calculating the vertical wavenumber
and the latitudinal shear of the zonal wind. The analysis reveals that the vertical wavenumber between 18 and 60 km was one
standard deviation smaller than that under neutral conditions. The latitudinal zonal wind shear also decreased in 18 — 30 km.
These results suggest smaller dissipation and damping of the (1,1) mode during its upward propagation, which dominantly
contributed to the tidal enhancement at 90 km altitude. This decrease in the vertical wavenumber and the wind shear can
be reasonably explained by the eastward phase of the quasi-biennial oscillation (QBO) in the lower stratosphere. This study
suggests that the overlapping of the 2015 EI Nino with the eastward phase of the QBO induced the large enhancement of the
DW1.
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DW?2 tide enhanced by equatorial tropospheric ozone variation due to El Nino.
#Masaru Kogure'), Huixin Liu"), Hidekatsu Jin®)
(IKyushu University, >NICT

Thermal tides transport their energy and momentum vertically from the lower to the upper atmosphere. Thermal tides
also drive a neutral wind in the E-region, causing the geomagnetic solar quiet variation. One of primary tidal sources is
atmospheric heating (i.e., atmospheric absorption of solar radiative and latent heating) strongly affected by the meteorological
phenomenon (Chapman & Lindzen, 1970). Water vapor and rainfall are primary sources of atmospheric heating in the
equatorial region and are strongly modulated by El Nino. Some studies have shown the impacts of the El Nino modulation on
tides via the water vapor and rainfall modulation (Lieberman et al., 2007; Liu et al., 2017; Pedatella and Liu, 2012; Kogure
et al., 2021).

On the other hand, ozone also absorbs solar radiative heating and generates tides. While ozone is well known as a primary
heat source and tidal source in the stratosphere(Chapman and Lindzen, 1970), tropospheric ozone is well known as one of
the greenhouse gases, as well (IPCC, 2013; Cooper et al., 2014). El Nino modulates a longitudinal variation of tropospheric
ozone over the equatorial region, which possibly influences tidal activity in the mesosphere and lower thermosphere (MLT).

To investigate the impact of the ozone variation on equatorial tides, we performed two simulations by using the GAIA
model (Ground-to-topside Atmosphere Ionosphere model for Aeronomy)(Jin et al., 2012) from September 2006 to 2007
March (El Nino phase). An ozone variation in runl is prescribed as zonally symmetric values while that in run2 is prescribed
as an El Nino pattern (based on Omen et al., 2013), i.e., positive anomaly (26% at maximum) in 50-120degreeE and negative
anomaly (11% at maximum) in 120-300degreeE between 7 and 17 km altitudes (its maximum at 12 km). Both zonal mean
values are the same.

We compared both tidal amplitudes and found, in run2, an increase in DW2 (diurnal tide with wavenumber 2) up to 0.3 K
("1 m/s) at 100 km altitude. We decomposed the DW2 temperature perturbation into Hough mode functions, and this DW2
enhancement is attributed to the first symmetric propagation mode. Also, the enhancement of the first symmetric mode was
found between the troposphere and MLT, suggesting the enhancement of the DW2 in the troposphere propagates into the
MLT. Therefore, our results suggest that the ozone El Nino pattern in the troposphere strengthens the DW2, which propagates
into the MLT. This presentation will show those results and discuss a dynamical mechanism of the DW2 enhancement.
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Development and evaluation of Aurora Computer Tomography using multiple
wavelength auroral images

#Mizuki Fukizawa'), Yoshimasa Tanaka®), Yasunobu Ogawa?), Keisuke Hosokawa®), Kirsti Kauristie?), Tero Raita®
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Auroral computer tomography (ACT) is a method for reconstructing the three-dimensional structure of auroral emission
intensity and the two-dimensional distribution of precipitating electrons from auroral images at a single wavelength observed
by cameras installed at multiple locations on the ground. The method we have developed has used only auroral images
of nitrogen molecular ion emission at 427.8 nm wavelength. Since the peak altitude of auroral emission varies with
wavelength, the emission intensity ratio between different wavelengths contains information on the characteristic energy of
the precipitating electron flux. Sharp structures will also be reconstructed using brighter auroral emission images. Therefore,
ACT using auroral images at multiple wavelengths can provide more reliable reconstruction results.

In this study, auroral images of oxygen atom emission at wavelengths of 557.7 nm were incorporated into the ACT analysis
method using the GLOW model. The auroral emission intensity at 557.7 nm is several times brighter than that at 427.8 nm.
We used auroral images at 427.8 nm obtained from Abisko (geographic latitude (glat): 68.36, geographic longitude (glon):
18.82), Kilpisjarvi (glat: 69.05, glon: 20.78), and Skibotn (glat: 69.35, glon: 20.36) and those at 557.7 nm from Kilpisjarvi,
Skibotn, and Tromso (glat: 69.58, glon: 19.23). The relative sensitivities between the six images were determined by the
five-fold cross-validation method. The golden segmentation method was implemented to reduce the computational cost,
whereas a trial-and-error method was previously used to narrow the search area by a grid search method. Using this newly
developed ACT with multi-wavelength images, we plan to reconstruct the 3D distribution of emission intensity of discrete
and pulsating auroras and show the dependence of the upper and lower limits and peak altitudes of auroral emission on
auroral morphology and magnetic local time.

F—moarv¥a—X+EST77 4 (ACT) &, M EZHIFICHREINIX T ICL > THAlSh-B—ERD A4 —
O SEENSA—1 FIFRNEED 3 RTHEEPE NETD 2 XM 2 EER T3 TETH 2, ThETRADEFEL
TEEFEHI. KE4278mm OEESTFA A VHENXDOF —u SHBEOARFHLTER, F—a ¥ OV —7EEIX
BRICK-> TR 2720, BR2BRBOFENEELIETETF Y 7 v 7 20K EZ I X —DEREED, /2. KE
WX o THRNREN R 2720, LHHAZWEEDOA—0 SEBEFH T2 22T, Py —hErHETE 22
MR N3, LEdoT, BHEEOA—0 SHEHEEZHWT ACT 2175 22T, XD EEEDD 2 BREIERE2ES 2
EMWTE 3,
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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®), Masaki Tsutsumi®), Toru Sato®), Kaoru Sato®
(IKyoto univ.,2NIPR,®Dept. of Geophysics, Kyoto Univ.,(*RISH, Kyoto Univ.,(®ILAS, Kyoto Univ.,(®Graduate School of
Science, Univ. of Tokyo

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.

In this research, we conduct the experimental observation of E-region FAIs in 19th November 2021. In this experiment, we
transmitted the radio waves using the FAI array and received the FAI echoes using the meteor array installed for observing the
meteor. The FAI array has the degree of freedom only of azimuth angles, whereas the meteor array can observe FAIs three-
dimensionally because the five antennas of the meteor array are positioned areally. First, FAI imaging was performed using
the Capon method for FAIs observed in this experiment, but it was found that 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 was considered that the “ghosts” were 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 the CLEAN algorithm.
In this algorithm, we subtract the transmit pattern of the FAI array and 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 CLEAN algorithm which
can remove the effects of the antenna pattern and conduct accurate and high-resolution FAI observation. Also, we try to find
out physical processes of FAI generation and the spatial structure of FAIs.
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SENSU SuperDARN - progress in Japanese Antarctic Research Project Phase X
#AKkira Sessai Yukimatu®)
(INIPR/SOKENDAI

A new phase-X 6-year Japanese Antarctic Research Expedition (JARE) project (2022-2028, JARE64-69) started this spring,
including Prioritised Research Projects (PRPs) and long-term monitoring observation. SENSU SuperDARN Syowa radars
observation operated by NIPR has become an essential long-term scientific monitoring observational research since this phase
X JARE project for long-term stable contribution to broader coverage of magnetospheric, ionospheric and upper atmospheric
research and applications, which can also contribute to the PRP particularly on space weather and space climate research -
“Aurora Xcosmic” project proposed by Kataoka et al. Their proposal tries to reveal the impact of high energy particles on
the Earth’s atmosphere with cosmic ray observations and new spectral riometers, etc. and also to understand the geospace
environment quantitatively under a lower solar activity where polar cap region observation, such as optical imager network
in Antarctica, is essential and important for understanding and predicting geospace under recently started lower solar activity
condition after about a half-century long high solar activity period in collaboration with theoretical and simulation studies.
In the proposal, SuperDARN is characterised as one of the important tools to provide the global ionospheric condition to
contribute to the research. We will discuss mid- to long-range tangible and realistic scientific strategy of SENSU/SuperDARN
research including the PRP on space weather/climate and required/desired technical improvement for more stable, near-
maintenance-free and more flexible and advanced operation including upgrading antennae and transmitters and imaging
capability during JARE phase X period and future, as well as progress so far for coming JARE 64 for 2023 observation.
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Supra-thermal ions observed by TSA/IMS onboard the SS520-3 sounding rocket

#Kazushi Asamural), Taku Namekawa?), Shoichiro Yokota3), Hirotsugu Kojima4), Satoshi Kurita®), Takahiro Zushi®,
Keigo Ishisaka”™, Atsushi Kumamoto®, Ayako Matsuoka?, Reiko Nomural®), Yoshifumi Saito!)

(1ISAS/JAXA,(2Earth and Planetary Science, Tokyo Univ.,30saka Univ.,(*RISH, Kyoto Univ.,®RISH, Kyoto Univ.,®National
Institute of Technology , Nara Col,(7T0yama Pref. Univ.,8Planet. Plasma Atmos. Res. Cent., Tohoku Univ.,(gKyoto
University, 12 JAXA, 11 ISAS

On November 4th, 2021, the SS520-3 sounding rocket was launched from Ny Alesund, Spitsbergen, Norway during a
severe geomagnetic storm. The main objective of the SS520-3 mission is to reveal ion acceleration mechanisms as a source of
ion outflow in the magnetospheric cusp region. It was confirmed that the rocket passed through the cusp region based on the
observations of low-energy ions. Two ion energy-mass spectrometers were installed onboard SS520-3. One is Thermal and
Supra-thermal ion energy-mass Analyzer (TSA), and the other is low-energy Ion energy-Mass Spectrometer (IMS). These
two instruments jointly observe ions with energies from <1eV/q up to 20 keV/q with species identification, which covers
higher-energy component of accelerated ions in the polar ionosphere. During the flight, TSA/IMS successfully observed
cusp ion precipitations which are continuously detected. On the other hand, upgoing ion flux were minor, but weak flux
enhancement was observed with energies from 1 to 10 keV/q in perpendicular direction throughout the flight. It might be an
indication of the upflowing ions, since they are considered to be accelerated in the perpendicular direction by wave-particle
interactions. We will report on the observations and the initial results regarding TSA/IMS.
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Observation of low-energy electrons and ions by LEP on the SS520-3 sounding

rocket
#Shoichiro Yokota'), Yoshifumi Saito?), Kazushi Asamura®), Ayako Matsuoka®), Reiko Nomura®
(10saka Univ.,(?ISAS,®*ISAS/JAXA,*Kyoto University, >JAXA

The phenomenon of accelerated upper-atmospheric outflow is universal 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 acceleration and outflow mechanisms of the
upper atmosphere, and the Earth’s upper atmosphere is the most easily observable target.

The SS520-3 rocket was launched from Ny-Alesund on November 4, 2021 to observe the acceleration and heating of out-
flowing ions at the top of the ionosphere in the polar cusp region. The low-energy particle instrument (LEP) was installed
along with magnetic and electric field sensors as observation equipment.

LEP contains a pair of sensors that analyze the energy of electrons and ions below 10 keV. The two sensors are completely
identical, and both measure secondary electrons emitted from ultra-thin carbon foil when incident electrons and ions pass
though it. Therefore, the uniqueness of LEP is that two sensors use detectors (MCPs) for electrons. This means that a single
tophat-type electrostatic analyzer can be used for both ions and electrons if the polarity of the high-voltage power supply con-
nected to the spherical electrode can be changed. An example of use is when resources are limited in deep space exploration
where plasma observation is not the main purpose. For LEP, the SS520-3 rocket experiment was an opportunity not only to
conduct scientific research through observation, but also to prove this new technology.

The SS-520-3 sounding rocket has observed the precipitation of accelerated electron and decelerated ion, which are con-
sidered to be the characteristics of polar cusp. We will report the LEP observation results.
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Lower hybrid resonance (LHR) frequency measurements in the ionosphere by SS-
520-3 NEI/PWM

#Atsushi Kumamoto!), Hirotsugu Kojima?), Keigo Ishisaka®), Takahiro Zushi?), Satoshi Kurita®), Yuto Katoh!), Takumi
Abe?), Yoshifumi Saito®

(IDept. Geophys, Tohoku Univ.,?RISH, Kyoto Univ.,(*Toyama Pref. Univ.,(*National Institute of Technology , Nara
Col,°ISAS/JAXA,Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.,("ISAS/JAXA,®ISAS

The lower hybrid resonance (LHR) frequency in the ionosphere has been measured by NEI/PWM (Number density of
Electron measurement by Impedance probe/Plasma Wave Monitor) onboard the Sounding Rocket SS-520-3. SS-520-3 was
launched from Svalbard on Nov. 4, 2021 to perform observations of the ion acceleration and heating processes in the cusp
region. The NEI/PWM was successfully operated during the flight and background electron number density and plasma wave
spectrogram along the rocket trajectory were obtained. In addition, NEI/PWM was designed to measure the probe capacitance
Cp not only in a frequency range around upper hybrid resonance (UHR) frequency (0.1 to 20 MHz) but also in a frequency
range around LHR frequency (5 to 11 kHz) in order to estimate ion composition in the ionosphere.

As shown by Balmain [1964], the impedance of short dipole antenna in a plasma around UHR frequency can be derived
using the dielectric tensor with terms of electron. The probe impedance in a plasma around LHR frequency also can be
derived using the dielectric tensor with terms of electron and ion. It is expected that a pair of minimum and maximum is
once found around LHR frequency in each frequency sweep of the probe capacitance measurement. In the observation, such
frequency profile was found only when the probe is in the wake. In addition, the frequency profile was found multiple times
in one frequency sweep. They were beyond our expectations.

We consider that they are explained as follows: On the basis of the probe capacitance model mentioned above, the fre-
quency profile of the probe capacitance at LHR becomes unclear when the electron collision frequency is higher than 300 Hz.
The electron collision frequency depends on the electron temperature and ion number density [Nicolet, 1953]. If assuming
that the electron temperature is 1500 K [Kitamura et al., 2011], and ion number density is 4x10° /cc (from electron number
density measured by NEI) around the apex of SS-520-3, the electron collision frequency is estimated as 350 Hz. In the wake,
the electron temperature is higher and the ion number density is lower than those outside of the wake, and the frequency
profile at LHR is unclear. If the ion number in the wake is 2x10° /cc, the electron collision frequency is less than 170 Hz and
the frequency profile at LHR becomes clear. Since the ion thermal velocity (70.9 km/s) is less than the velocity of the rocket
(3 km/s), it is considered that the ion wake with a length of 0.9 m is formed and fluttered. It would be why the frequency
profile are found multiple times in one frequency sweep. If we can consider that they are frequency profiles around LHR
frequency, the LHR frequency at an altitude around 700 km is estimated as 7 to 9 kHz, which suggests ion composition with
O+ of 90% and H+ of 10 %.
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Broadband electric field fluctuations observed by LFAS/WFC onboard the SS-
520-3 sounding rocket

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

(IRISH, Kyoto Univ.,(?National Institute of Technology , Nara Col,3Toyama Pref. Univ.,(*ISAS/JAXA,®Dept. Geophys,
Tohoku Univ.,(®Kanazawa Univ.,("Kyoto University, ®Osaka Univ.,(*UEC,"°NIPR, ' NIPR, (2, I3UEC,(**NIPR, (1°ISAS
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The SS-520-3 sounding rocket campaign is planned to investigate the escape of ionospheric ions from the cusp region.
It has been suggested that the ion escape is originated from the ion acceleration/heating by plasma waves in the direction
perpendicular to the ambient magnetic field. The broadband extremely-low-frequency (BBELF) waves have been proposed
as a candidate to cause the ion acceleration/heating. The SS-520-3 sounding rocket is equipped with instruments to measure
plasma and electromagnetic fields to reveal the mechanism for the ion acceleration/heating by plasma waves. Low-Frequency
wave Analyzer System (LFAS) is developed to measure the BBELF waves during the flight of the sounding rocket. LFAS
consists of two pairs of dipole electric field sensors in the rocket spin plane and two different receivers which cover the
different frequency ranges. WaveForm Capture (WFC) measures electric fields in the frequency range from 10 Hz to 10 kHz
with a sampling rate of 40 kHz. Because of the telemetry limitation, waveforms of two dipole sensors are available for 300
seconds. The data acquisition is programmed to start 330 seconds after the launch of the rocket so that the observation covers
well near the apex height, where the BBELF waves are expected to be present.

The sounding rocket was launched at 10:09:25 UT on 4th November 2021 during a severe geomagnetic storm, reaching
its apex height of 742 km at 489 seconds after the launch. Two electric field waveforms were successfully obtained by
WEC for 300 seconds although the failure of the electric field sensor extension results in the orthogonal monopole sensor
configuration. Analysis of the waveforms obtained by WFC shows that broadband electric field fluctuations are observed
after the rocket reaches the apex height. The waveforms of the fluctuations are quite similar to those of BBELF previously
reported [Wahlund+, 1998]. Utilizing the orthogonal monopole configuration, the interferometry technique can be applied to
the waveforms to deduce the phase velocity and wavelength of the waves. In the presentation, we will show an overview of
the WFC measurements and the initial results of the interferometry analysis.
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Analysis of DC electric field in the cusp region observed by SS-520-3 rocket

#Yui Enomoto"), Keigo Ishisaka?), Satoshi Kurita®), Hirotsugu Kojima®), Takahiro Zushi®), Atsushi Kumamoto®, Yoshifumi
Saito”), Takumi Abe®)

(lToyarna Pref. UniV.,(2T0yama Pref. Univ., 3RISH, Kyoto Univ.,(4Ky0t0 Univ.,®National Institute of Technology , Nara
Col,(®Dept. Geophys, Tohoku Univ.,(TISAS, SISAS/TJAXA

The region called the cusp is near the surface where the lines of magnetic field close. Some physical phenomena are
observed in the cusp region due to the downward flow of high-energy plasma particles from the solar wind or the magneto-
sphere. The SS-520-3 rocket was launched in November 2021 to observe ion heating and acceleration due to the interaction of
atmospheric ions and waves over the Arctic region. The SS-520-3 sounding rocket payload is equipped with low frequency
wave analysis system (LFAS) with two set of orthogonal double probes to measure both DC and AC electric fields in the
spin plane of the payload by using the double probe method. The Electric Field Detector (EFD) is one of the instruments
in the LFAS. The EFD observe the DC electric field and extreme low frequency components less than 400 Hz. The EFD
electronics was normally operating but only two of the four antennas were normally extended. However, the two antennas
extend on different axes. In the case of the S-520-27 sounding rocket, the electric field detector was outputted the potential
difference measured by probes extended on different axes. We compared the electric field waveform measured by a normal
double probe system with the electric field waveform by a probe extended on a different axis. As a result, both electric field
waveforms were almost the same. Therefore, we obtained the electric field waveform using single probe data observed by
two antennas extended on the different axis measure by the EFD onboard the SS-520-3 sounding rocket. In this presentation,
we will describe the derivation of the DC electric field vector using the single probe data observed by the SS-520-3 sounding
rocket.
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Geomagnetic field observed by DFG onboard the SS-520-3 sounding rocket
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Digital-type FluxGate magnetometer (DFG) is installed in the SS-520-3 sounding rocket which is aimed to investigate the
cusp region by in-situ observation. DFG includes ASIC-based circuit for an axis in the spin plane and is placed on the top
deck of the rocket where is suitable for avoiding the noise from rocket systems itself. On 4th November 2021 at 11:09:25LT,
the rocket was successfully launched from the Svalbard Rocket Range (78.55N, 11.51E) of Andoya space center in Norway
and it reached to 756km. The AFG successfully operated and observed the geomagnetic field during its flight. We did the
onboard calibration with the flight data and derived the attitude of the sounding rocket. Also, we will discuss the field-aligned
current observed during its flight.
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Development of GNSS receiver optimized for rocket GNSS-TEC observation
#Hitoaki Uetani), Yuki Ashihara?)
(1Faculty of Advanced Engineering, NIT Nara, >NIT Nara

Various disturbance phenomena occurring in the ionosphere are a major factor in the degradation of GNSS positioning
accuracy.Since GNSS is becoming increasingly important as a social infrastructure, not only for automotive applications but
also for agricultural equipment and drones. It is important to observe ionospheric disturbance phenomena and elucidate the
mechanism of their occurrence.

Ready-made GNSS receiver can be mounted on sounding rocket, some problems are to be occurred, such as unstable
reception and loss of accuracy are expected due to the high dynamics of rocket motion. However, since the motion of the
observation rocket can be accurately predicted, the TEC accuracy can be improved if the Doppler shift predicted in advance
can be reflected in the parameters of the GNSS internal receiver and positioning engine.

In this study, a software radio is configured using FPGA and ADC to enable the manipulation of parameters by in-house
GNSS receiver. We have succeeded in receiving and demodulating GNSS signals and positioning, multi-channel reception
and positioning with FPGA alone, and have also produced software for receiver control and monitoring that runs on a PC.
Currently, we are optimizing the operation of the receiver for onboard use on a sounding rocket.
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Preliminary evaluation of Real-Time Kinematic (RTK) positioning error during
ionospheric disturbances periods

#Michi Nishioka!), Takuya Tsugawa')
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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 Geographical Survey Institute
during ionospheric disturbance periods at the end of October 2021 (https://swc.nict.go.jp/report/topics/view.html?ids=202111291740).
It was found that fix rates of the positioning clearly decreased for stations with rover stations separated by about 10 km. In
this presentation, we show initial result of the analysis as a start point of determining the threshold for a new alert system.
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Solar and geomagnetic activity dependence of 150 - km echoes observed by the
Equatorial Atmosphere Radar

#Tatsuhiro Yokoyamal), Rieko Takagi1>2), Mamoru Yamamoto?)
(IRISH, Kyoto Univ.,?Now at KDDI Corporation

The occurrence characteristics of 150-km echoes in low-latitude regions arestudied using the Equatorial Atmosphere Radar
(EAR) in Indonesia. The long-term observation of the 150-km echoes by the EAR enables us to study the occurrence
characteristics of 150-km echoes statistically. It is shown that the occurrence rate of the 150-km echoes observed by the EAR
shows a semiannual variation with two peaks in solstices and a negative correlation with both the EUV flux and Sigma Kp
index, that is, the solar and the geomagnetic activity. Geomagnetic activity correlates with the occurrence rate of 150-km
echoes observed one day after when the Sigma Kp was measured. However, the occurrence rate is always low during the high
solar activity period regardless of the geomagnetic activity. While the seasonal variation and the solar activity dependence
of the occurrence of 150-km echoes are consistent with previous studies, this is the first time a negative correlation with
geomagnetic activity is reported.
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VHF radar observation of downward moving field-aligned irregularities in the F
region over Chumphon, Thailand
#Yuichi Otsuka®, Kazuo Shiokawa®), Kornyanat Hozumi®), Michi Nishioka®), Takuya Tsugawa®), Susumu Saito®),

Pornchai Supnithi®), Punyawi Jamjareegulgarn® , Mamoru Yamamoto™
(1ISEE, Nagoya Univ.,(2ISEE, Nagoya Univ., ®NICT,*NICT, SENRI, MPAT, ¢ KMITL,("RISH, Kyoto Univ.

Plasma bubble is a localized plasma density depletion in the ionosphere. The plasma bubbles are generated at the magnetic
equator through the Rayleigh-Taylor instability. The plasma density depletion moves to higher altitude by ExB drift due
to the eastward polarization electric field generated in the plasma bubbles. On the other hand, Tulasi Ram et al. (2020)
have reported downward development of field-aligned irregularities (FAIs) observed by the Equatorial Atmosphere Radar
at Kototabang in Indonesia, which is located at low magnetic latitude (10 deg S dip latitude). The FAIs appeared at higher
altitude at post-sunset, and extended to lower altitudes. In this study, by using a VHF radar at Chumphon in Thailand, located
near magnetic equator, downward moving FAI echo regions were observed at the post-midnight on July 24, 2022. Around
midnight (17 UT), FAI echo appeared around 300 km in altitude with narrow altitude range (less than 20 km). From 17:30
UT, the echo region extended to higher altitudes, and reached an altitude of 500 km. The downward extension of the echo
region was also observed. The downward moving echo region was separated from the upward extending echo region. All-sky
airglow imager install at the Chumphon radar site observed 630-nm airglow intensity depletion extending in the meridional
direction. In order to compare the FAI echo region with the airglow structures, the FAI echo regions are mapped on the
surface at the 630-nm airglow layer (250 km in altitude) along the magnetic field line. We found that the FAI regions moving
upward and downward coincide with the airglow depletion, and that the airglow intensity was enhanced at the west of the
airglow depletion. This result indicates that the plasma bubble in which FAI existed was embedded in the airglow enhanced
region, where the F layer descent to lower altitudes increasing the airglow intensity. The downward motion of the FAI echo
region may be caused by the downward motion of the F layer.
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Experimental verification of FM-CW ranging capability in a new shortwave
Doppler observation system

#Noriko Namiki®), Keisuke Hosokawal), Kenro Nozaki®), Jun Sakai®), Ichiro Tomizawa?), Toyoshi Arisawa
(1UEC
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Our team of shortwave Doppler (HF Doppler: HFD) ionospheric disturbance observers launched our experimental station
JG2XA for transmitting observation signals in 2001 on the premises of the University of Electro-Communications (UEC). It
is constantly transmitting observation signals of 5006 kHz and 8006 kHz, 200 W each (Tomizawa et al., 2003). Ionospheric
disturbances are studied using Doppler shift of HF continuous wave (CW) reflected from the ionosphere. It is characterized
by receiving non-directional radio waves emitted from Chofu, where the university is located, over a wide area using antennas
installed at 11 locations in the country. From multi-point observation data, it is possible to observe how the regions where
reflection, scattering, and transmission in the ionosphere move in a three-dimensional space in the horizontal and vertical
directions together with the directivity.

The outline of the HFD project and data is open to the public in "http://gwave.cei.uec.ac.jp/"hfd”.

We reported the additional ranging plan during HFD renovation in the previous JPGU meeting (Namiki et al., 2022).
Receivers have been replaced by software radios since 2020 (Nakata et al., 2021). In this paper, we report the results of an
indoor experiment in which the distance was measured simultaneously with the current HFD observation by combining a
transmitter and a receiver.

The ranging function by Frequency Modulated Continuous Wave (FM-CW) is expected as follows:
+ Determine the reflectance altitude quantitatively in units of 2-3 km, which has been determined by experience.
* Time resolution is improved by setting the sweep period to 50 ms.
+ Enhancement of interference rejection capability by sweeping.

The new observation system aims to ensure the continuity of the current observation results by superimposing FM-CW
ranging signals between the identification codes while maintaining the continuous CW transmission without switching.

If the signal generation timing is matched for transmission and reception, the reflection distance of the ionosphere can be
obtained from the relational expression r = ¢ f;,/2f” (r = distance, ¢ = speed of light, f; = beat frequency, f* = rate of frequency
change).

We constructed a prototype low-power radio transmitter and receiver pair closely installed in a laboratory. The transmitter
and the receiver are synchronized to the reference signal. Although the actual range between the transmitting and receiving
antennas is nearly zero, we confirmed pseudo range variation by differing frequency between transmitting and receiving
sweep signals. We obtained negligible range error when the receiver is synchronized to the transmitter accurately.

As aresult, it was confirmed that the conventional CW wave for Doppler observation and the new FMCW wave for ranging
did not interfere with each other. Based on this result, we plan to add a distance measurement function to the existing new
observation system.
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Long-term variations in the sporadic E layer over Japan from ionosonde observa-
tions.

#Sorai Teraoka'), Huixin Liu®), Michi Nishioka®), Masaru Kogure®)

(IKyushu University, ?Kyushu Uni., ®NICT,*Kyushu University,

A sporadic E (Es) layer is one of the important ionospheric irregularities and disturbs wireless communications. In this
study, we investigate how Es is modulated by increased CO2. We examine the long-term trend of Es by using long-term data
of ionosonde observations at Japanese 4 stations, i.e., Wakkanai(45.16 north latitude, 141.75 east longitude, during 1948-
2021), Kokubunji(35.71 north latitude, 139.49 east longitude, during 1957-2020), Yamagawa(31.20 north latitude, 130.62
east longitude, during 1965-2020), Okinawa(26.68 north latitude, 128.15 east longitude, during 1972-2021). To derive their
long-term trend, we apply a multiple regression method with the ionosonde data. The presentation focuses on variabilities
of its occurrence frequency and intensity, and latitudinal dependence. We also show trend correlations with the background
ionospheric E and F layers.
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Three-dimensional propagation characteristics of MSTIDs obtained by HF
Doppler sounding and GPS-TEC observations

#Yuki Nishiyamal), Hiroyuki Nakata?l, Hiroyo Ohyal), Keisuke Hosokawa2), Michi Nishioka®, SEPTI PERWITASARI®)
(1Graduate School of Chiba Univercity,?Graduate School of Informatics and Engineering, University of Electro-
Communications, ®National Institute of Information and Communications Technology

In Japan, MSTIDs frequently occur at nighttime in summer and daytime in winter. MSTIDs are caused by Perkins
instability in summer and atmospheric gravity waves in winter (Otsuka et al.2021). Their period and velocities are 15 to
60 minutes and the velocity is 100 to 200 m/s respectively. However, the three-dimensional structures of MSTIDs are still
unclear. Although there have been many studies about MSTIDs, most of them discuss horizontal characteristics. There
are few studies about vertical characteristics. Therefore, the purpose of this study is to examine the three-dimensional
structure of MSTIDs by HF Doppler sounding and GPS-TEC observations. HF Doppler sounding used in this study utilizes
radio waves at different frequencies the vertical motions of the ionospheric plasma at different altitudes are obtained as
Doppler shifts from the different reflected altitudes. It is also possible to calculate the horizontal propagation directions and
propagation velocities of MSTIDs by comparing data from multiple receiving points. In this study, Doppler frequencies
with a time resolution of 10 seconds observed at Sugadaira, Oarai, and Fujisawa by 5.006 MHz and 8.006 MHz radio waves
were used .We also used GPS-TEC data for examining electron density variations at higher altitudes than HF Doppler
sounding. The advantage of GPS-TEC data is that the disturbances occurred over wide area of Japan can be examined. In
this study, GPS-TEC data with a time resolution of 30 seconds was obtained from 32 satellites and more than 1000 receiver
combinations. The altitude of the ionospheric pierce points is assumed to be 300 km in this study. We analyzed the TEC
fluctuations occurred on December 13, 2013 around the observation points Sugadaira, Oarai, and Fujisawa in the HF Doppler
observations.

In the present event, the HF Doppler soundings observed the variations of Doppler frequencies of 5.006 MHz and 8.0006
MHz. Reflection height of these radio waves were 140 km for 5.006 MHz and 185 km for 8.006MHz. The directions of
propagations at both altitudes were almost the same, but the propagation velocity was about 30 m/s faster at 185 km than at
140 km. Moreover, in the GPS-TEC observation, the direction of propagation was also in the southwest direction and the
propagation velocity was over 200 m/s. These results indicate that the direction of propagation is the same regardless of
altitude, but the propagation velocity increases with altitude.
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Spectral Analysis of Mesospheric Gravity Waves and Traveling Ionospheric Dis-
turbances in Airglow Images at Darwin and Sata

#Takuma Tsuboi), Kazuo Shiokawa'), Yuichi Otsuka®), Hatsuki Fujinami'), Takuji Nakamura?), David Neudegg®

(1ISEE, Nagoya Univ.,>NIPR, ® Adelaide Univ.

Atmospheric gravity waves (AGWs) and medium-scale traveling ionospheric disturbances (MSTIDs) in the upper atmo-
sphere affect the atmospheric circulation and the radio-wave transmission including satellite positioning. These waves can be
observed in nocturnal airglow images. Thus, spectral analysis of airglow images provides propagation direction and intensity
of these waves. In this study, we calculated the horizontal phase velocity distribution of AGWs in the mesosphere-lower-
thermosphere (MLT) at 90-100 km altitude, and MSTIDs in the F-region ionosphere at 200-300 km altitude by applying the
3-dimensional spectral analysis method of Matsuda et al. [JGR, 2014] to the airglow images obtained at Darwin (12.4°S,
131.0°E) in Australia from 2001 to 2019 and Sata (31.0°N, 130.7°E) in Japan from 2000 to 2020. Darwin and Sata are lo-
cated nearly at geomagnetic conjugate points, but geographically Darwin is located at lower latitudes than Sata. The climate
and surrounding topographic conditions are very different between Darin and Sata. In this presentation, we discuss the simi-
larity and difference of airglow spectra between Darwin and Sata, considering the difference of the geographic and magnetic
characteristics.

The spectra of AGWs in the MLT region show that the poleward power spectral density (PSD) is stronger in summer and
weaker in winter at both stations. The ERAS database provided by European Centre for Medium-Range Forecasts (ECMWF)
show clear characteristics of seasonal variation of tropospheric convection, suggesting that the tropospheric convection is a
possible source of AGWs in the MLT region.

The spectra of F-region MSTIDs show that the westward PSD is stronger in summer at both stations. The stronger PSD in
summer in Darwin is different from previous and present observations of stronger PSD in summer over Japan, if we consider
symmetry of MSTIDs between northern and southern hemispheres. A weak positive correlation was observed between PSDs
of MLT region AGWs and higher F-region MSTIDs, suggesting partial connection between the AGWs and MSTIDs sepa-
rated by over 100 km in altitude. In this presentation, we will discuss possible causes of this result by looking into spectral
comparison of individual events.

Acknowledgement
The operation of the all-sky imager at Darwin has been carried out with support of the Space Weather Services (SWS) of
the Bureau of Meteorology, Australia.
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Effects of the 2022 Tonga volcanic eruption on the D-region ionosphere based on
observation of AVON VLF/LF transmitter signals

#Hiroyo Ohya'), Fuminori Tsuchiya?), Masashi Kamogawa®), Tomoyuki Suzuki®), Jaroslav Chum®), Tamio Takamura!
(1Engineering, Chiba Univ.,(>Planet. Plasma Atmos. Res. Cent., Tohoku Univ.,®Dept. of Phys., Tokyo Gakugei
Univ.,*Education, Gakugei Univ.,(> ASCR,(®CEReS, Chiba Univ.
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The Hunga Tonga-Hunga Ha ‘apai volcano in Tonga (in southern Pacific, 20.54S, 175.38W) explosively erupted during
04:10-04:30 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. Due to magnetic conjugate effect, the northern hemisphere TIDs appear three
hours prior to the arrival of the Lamb wave (Lin et al., 2022). Both direct and conjugate TIDs match with the theoretical
dispersion relation of the atmospheric Lamb and gravity modes. However, D-region behavior for the Tonga eruptions has
not been revealed yet. In this study, we investigate variations in VLF/LF transmitter signals and atmospheric electric field
(or potential gradient) associated with Tonga volcanic eruptions of 15 January, 2022 to understand D-region ionosphere
and atmosphere coupling. The VLF/LF transmitters used in this study were JJY(60 kHz, Japan), JJI(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, JJIY60kHz-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), Seikei High School (SHS, Tokyo, 35.72N, 139.57E), Japan, and Studenec (STU),
Czech Republic (50.26N, 12.52E). The distances of CHB, SHS, and STU from the Tonga volcano were 7789.5 km, 7830.4
km, and16634.7 km, respectively. The first variations in pressure data were seen around 10:57 UT and 19:03 UT on 15
January in CHB and STU, respectively. The propagation velocity was 310-320 m/s, which is typically propagation velocity
of atmospheric Lamb waves. The VLF/LF amplitudes for all three paths showed the similar period around the first arrival
time of the Lamb waves. The common periods for multi-paths were 4-6, 8-10, 20, and 50 minutes. There were significant
coherences (0.45-0.72) of more than 95-% confidence levels between atmospheric pressure at CHB and two LF amplitudes
with a period of 14.4 minutes. On the other hand, after arrival time of the Lamb wave, the atmospheric electric field at CHB
showed similar variations with the pressure data at CHB. The periods of the variations were 40-50 and 80-100 minutes. The
amplitude of the variation in the atmospheric electric field at CHB and STU was similar after arrival time of the Lamb wave
at each site. There were variations in atmospheric electric field with a period of 10-100 minutes at CHB at the first (direct)
and second (rounding the Earth) arrival times of the Lamb waves. The conductivity in the atmosphere might change due to
Lamb wave excited from the Tonga volcanic eruptions. In this presentation, we will report and discuss the phenomena in
detail.
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Visualization of gravity wave hot spots at the upper mesosphere with airglow
imaging observation by IMAP/VISI

#Yuta Hozumi®), Akinori Saito?), Jia Yue®), Takeshi Sakanoi®), Hanli Liu®, Atsushi Yamazaki®

(INICT,®Dept. of Geophysics, Kyoto Univ.,®NASA Goddard Space Flight Center,*PPARC, Grad. School of Science,
Tohoku Univ.,(*National Center For Atmospheric Research, 6 JAXA/ISAS

A global characteristic of gravity wave activity at the upper mesosphere is derived with airglow image data set of
IMAP/VISI. Nadir-viewing imaging from satellites provides an excellent opportunity to study gravity waves in the upper
atmosphere on a global scale. Compared to limb and occultation experiments, nadir-viewing instruments have good
horizontal resolution and sensitivity to gravity waves with short horizontal wavelengths. The Atmospheric Infrared Sounder
(AIRS) aboard the Aqua satellite and The Cloud Imaging and Particle Size (CIPS) instrument on the AIM satellite have
revealed stratospheric gravity wave activity characteristics. In the mesosphere, however, the global characteristic of gravity
wave activity is less studied based on nadir-viewing instruments compared to the stratosphere. In this study, mesospheric
gravity waves are studied with a 3-year data-set (from 2013 to 2015) by the Visible and Near-Infrared Spectral Imager of the
Ionosphere, Mesosphere, upper Atmosphere and Plasmasphere mapping mission (IMAP/VISI). Gravity waves are detected
based on the O2(0-0) atmospheric band (762 nm), the typical emission peak of which is around 95 km altitude. In the
analysis, we focus on gravity wave peak events, in which the airglow variance exceeds a threshold. The occurrence frequency
of the peak events is derived for each season, and the hotspots of gravity waves are located. The results show the hotspots of
gravity waves over the Andes and North America, both are well-known hotspots reported by previous studies of stratospheric
gravity waves.
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Bright airglow structures in the equatorial mesosphere observed by ISS-
IMAP/VISI

#Akinori Saito!), Takeshi Sakanoi?, Yuta Hozumi®
(IDept. of Geophysics, Kyoto Univ.,(?PPARC, Grad. School of Science, Tohoku Univ., ®NICT

International Space Station-Ionosphere, Mesosphere, upper Atmosphere and Plasmasphere mapping (ISS-IMAP) mission
frequently observed bright band-like structures of the mesospheric airglow in 762nm wavelength with Visible and near
Infrared Spectral Imager (VISI) instrument. VISI’s nadir-viewing observation captured two-dimensional structures of
the airglow from the molecular oxygen between September 2012 and August 2015. The FOV width of VISI’s 762nm
observations was 600 km in the direction perpendicular to the ISS trajectory, and longer than 10,000km along the trajectory.
Bright band-like structures that stretched in the zonal direction, and have higher emission than 3k Rayleigh In the equatorial
region were one of the outstanding structures observed by VISI. Statistical analysis revealed that the occurrence of the bright
band has the first maximum in March and the second maximum in August. It appeared in the pre-midnight local time sector
and is located around the geographical equator. It tends to appear in the longitudinal sector from -100 degrees to +100
degrees. It has low occurrence rate in the longitudinal sector over the Pacific Ocean. The GAIA model indicates that the
enhancement of the 762nm airglow is caused by the enhancement of the atomic oxygen in the mesosphere not only by the
downward diurnal tidal wind but the convergence of the meridional neutral wind on the equator. The intensity of the bright
band can be a proxy of these wind system in the mesosphere. The features of the bright band-like structures of the 762nm
airglow, and their generation mechanism will be discussed in the presentation.
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Image analysis of the polar vortices of Venus observed by LIR
#Temma Sugawa®), Makoto Taguchi®)
(IRikkyo Univ.,(?Rikkyo Univ.

Atmospheric temperature at the cloud tops of Venus around an altitude of 65 km decreases with latitude, but it is known
that there are high-temperature regions near the poles and cooler regions around them. The high-temperature regions rotate
around the poles, and called as the polar vortices, where zonal wavenumber 0, 1 and 2 shapes of the temperature distribution
predominate [Garate-Lopez et al. 2013; Sato et al. 2014]. Previous studies have derived a rotation period of about -2.8 to -3.2
days and about -2.2 to -2.5 days for the northern and southern polar vortices, respectively, but the cause of the difference in
the rotation periods of the northern and southern polar vortices is unknown [Schofield et al, 1983; Garate-Lopez et al, 2013].
In addition, no observational studies have yet investigated the relationship between Venusian atmospheric dynamics and the
temperature structure in the polar regions.

The Venus orbiter Akatsuki has been orbiting around Venus in an almost equatorial plane since December 2015. Longwave
Infrared Camera is one of the cameras onboard Akatsuki, still obtaining images of brightness temperature around the cloud-
top altitudes every day. In this presentation, we report temporal variations of the rotational period and the center position
of rotation of the polar vortices, and the comparison with atmospheric dynamics at mid- and low-latitudes, using brightness
temperature data observed by LIR.
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Variations in polar mesospheric clouds observed by Himawari-8/AHI

#Takuo Tsuda®, Yasunobu Miyoshi?), Yuta Hozumi®), Yoshiaki Ando"), Keisuke Hosokawa'), Hidehiko Suzuki®), Ken T.
Murata®), Takuji Nakamura®, Jia Yue®), Kim Nielsen”)

(1UEC,(Dept.  Earth & Planetary Sci, Kyushu Univ.,*NICT,*Meiji univ.,"NIPR,(NASA Goddard Space Flight
Center,("Utah Valley University,®Utah Valley University, ?Utah Valley University

To advance polar mesospheric cloud (PMC) observations by Advanced Himawari Imager (AHI) onboard the Japanese
geostationary-Earth-orbit (GEO) meteorological satellite Himawari-8, we have developed a PMC detection method for
application to the Himawari-8/AHI full-disk images. The PMC detection method consists of two steps: detection in stronger
PMC signals in the first step and detection in weaker PMC signals in the second step. By using this two-step detection, we
eliminate false detections as much as possible and enhance detection sensitivity. As a result, the PMC detection sensitivity
by Himawari-8/AHI is well comparable to that by Cloud Imaging and Particle Size (CIPS) onboard Aeronomy of Ice in the
Mesosphere (AIM). By analyzing the detected PMC data, various PMC variations such as quasi 5-day waves and mid-latitude
extensions can be revealed. Among the variations, we focus on interhemispheric coupling, specifically a relationship between
PMC occurrence rates in the summer hemisphere and sudden stratospheric warmings in the winter hemisphere.
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The causes of the 2020 and 2021 noctilucent cloud appearance events in Hokkaido,
Japan.

#BENG AUN PEHY), Hidehiko Suzukil), Takuo Tsuda?, Yuta Hozumi®), Satoshi Ishii!), Yuriko Nakamura®l)

(IMeiji univ.,(?UEC,®NICT

Noctilucent Clouds (NLCs) are known to be seen at high latitudes during the twilight period in the summer hemisphere.
However, in recent years, NLC appearance at lower latitudes is increasing. In Japan, NLCs were first sighted in Hokkaido
in 2015. They were subsequently observed again in 2020 and 2021. Especially in the summer of 2020, 4 cases of NLC
events were observed. This was the first time in which multiple cases were confirmed within one season in Japan. According
to previous research, NLCs shown in the middle latitude regions are mainly due to the transportation of NLC particles
from higher latitude (i.e colder) regions by a horizontal wind. If this hypothesis is correct, the detection of NLCs in the
mid-latitudes would increase when plenty of NLC particles are generated at high latitudes and effectively transported by
meridional wind. In this study, the atmospheric temperature distribution in the upper mesospheric region of the Northern
Hemisphere mid-high latitudes in 2020 and 2021 was investigated by using data from NASA’s polar-orbiting meteorological
satellite Aura/Microwave Limb Sounder (MLS), and the intensity and phase of NLCs transportation from north to south was
investigated by using geostationary Japanese meteorological satellite Himawari 8. Both data are then analyzed and compared
with several methods. The lowest latitudes of the noctilucent clouds appearance around 70-80°E and 150-160°W are retrieved
from processed Himawari 8 data, and their time-series variations and periods of variation were analyzed. Based on the results
of these analyzes, we present a discussion on the causes of noctilucent cloud appearance events in Hokkaido in 2020 and
2021.

T2 ZE (Noctilucent Clouds, NLCs) [ ZEFEROFESHBERICEWT, HOHATE HiXZROREH THAl AL TV
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Cause of noctilucent clouds appearance in middle latitude regions observed by
airline jets

#Masahiro Omote?), Hidehiko Suzuki®), Yuriko Nakamura®), Satoshi Ishiil), Ayako Matsumoto?

(1Meiji Univ.,(2ANA HOLDINGS INC.

Noctilucent clouds (NLCs) have been known as a phenomenon observed mainly from high latitudes. However, in recent
years, they have been frequently observed in mid-latitudes as well. For example, NLCs were observed for the first time in
Hokkaido, Japan in June 2015 [Suzuki et al. 2016]. The expansion of the NLCs area to lower latitudes is possibly caused
by a global increase in the greenhouse effect leading the global warming. Therefore, accurate and continuous monitoring
of the frequency of NLC appearance in the mid-latitudes is important to know the progress of global warming. To improve
the observation opportunities of NLCs in the mid-latitudes, Suzuki et al. [2022] conducted aircraft observations on a trial
basis from June 8 to July 12, 2019, and successively found NLCs in the mid-latitudes on 8 of 13 flights. In this study, the
mechanism of NLC appearance in the middle-latitude area is discussed based on this data. According to the previous studies,
NLC appearance in middle latitude areas is thought to be a result of the transportation of ice clouds by background winds
from high latitudes. Since NLC particles would sublimate quickly if they pass through high-temperature regions during
transportation, NLC particles detected in middle latitudes were considered to pass through only cold areas. Therefore, we
traced back the history of advection from the detection location and compared it with the temperature distribution in the same
altitude region by satellite data (AURA/MLS) to verify whether the transport mechanism is possible. The results indicate
that in most cases the NLCs most likely encountered a high-temperature region during transport. However, since satellite
data represent an averaged temperature in a wide area, the possibility remains that high and low-temperature regions are
distributed in the area and the NLCs may have passed through low-temperature regions. Since aircraft observations can also
capture the spatial structure of NLCs while flying in the longitude direction, the zonal structure of mid-latitude NLCs can
also be derived. In some events, there is a remarkable wavy structure in the longitude direction with a horizontal wavelength
of 7300 km, which may reflect the non-uniformity of the temperature distribution described above. In this study, we analyzed
several mid-latitude NLC events observed by the jet, satellite data, and wind velocity models to discuss the mechanism of
mid-latitude NLC appearance.

THER, FREBREHCHIINZ2EHERTH 2 EZLNTWED, TEFREEF CHHEZICHIIXhTWS, HA
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HHBERFICBWTHIEMICEMRT 2 Z 2k, HBERBERICLOETE R 2 L TEETH 3, PRERICBI 2ENLEEDH
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Weight reduction of tethered balloon observation system for noctilucent cloud ob-
servation and results of test flights

#Ren Suhara!), Taku Takadal, Shinya Ueta?), Satoshi Ishii®), Keisuke Kato3), Hidehiko Suzuki®
(ITMCIT,®NIT, Kochi College, ®Meiji univ.

Noctilucent clouds are icy clouds that form at the mesospheric interface at approximately 85 km altitude and reflect sun-
light from below the horizon before sunrise and after sunset. Traditionally, this phenomenon has been observed around the
summer solstice in the summer hemisphere, primarily at high latitudes (50-70 degrees latitude). However, in recent years it
has been observed in mid-latitude locations, such as Hokkaido, Japan, expanding the area of occurrence. This expansion is
thought to be attributable to environmental changes due to increasing greenhouse gases. We are aiming to conduct regular
observations of noctilucent clouds as an indicator of the degree of global warming at very high altitudes.

In July 2021, we conducted a balloon test flight at Nayoro City Observatory in Hokkaido. In order to solve the problems
encountered during the test flight, we studied ways to reduce the weight of the observational equipment mounted on the
balloon and to reduce the blurring of the camera images obtained.

First, we reviewed the combination of on-board components and decided on a combination of a data transmitter, a GoPro
camera, and a simple gimbal. A GPS sensor, temperature/humidity sensor, 9-axis sensor, and barometric pressure sensor
were attached to the data transmitter, and Raspberry Pi was used as the microcontroller. The data transmitter was housed in
a waterproof plastic case. The simple gimbal was constructed using a GoPro camera attachment and fixed to the plastic case
for filming.

Next, we studied ways to suppress camera shake in the sky. In the July 2021 experiment, many of the still images taken in
time-lapse mode showed the moon and city lights extending horizontally. This was attributed to the twisting of the string to
which the camera was attached, which caused the camera to rotate during the exposure. To investigate the effect of camera
shake on the captured images, we measured acceleration and angular velocity, which were calculated from image differences
during video capture, by subjecting the camera to typical patterns of variation, such as rotational motion due to torsion, single
pendulum motion, and conical pendulum motion. The acquired data showed that rotational motion by torsion and conical
pendulum motion caused a significant change in the horizontal direction, which is the cause of image blurring, while the
single pendulum motion had a limited effect.

In August 2022, a tethered balloon experiment is scheduled to be conducted in Oarai, Ibaraki Prefecture, and the results of
the test flight and improvements will be reported.
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Development of a Neutral Mass Spectrometer for Ionospheric Observations
#Masahiro Yoneda®), Akinori Saito!), Yoshifumi Saito?
(1Graduate School of Science, Kyoto University, 2ISAS

We are currently developing a neutral mass spectrometer for ionospheric observations in preparation for the sounding
rocket experiment scheduled for 2024. The neutral atmospheric composition in the ionosphere is an important parameter
for understanding not only thermospheric variations but also ionospheric variations, because it affects the plasma density
through ionization and recombination processes and contributes to electric field variations through the electric conductivity.
However, in recent in-situ ionospheric observations by artificial satellites and sounding rockets, the atmospheric composition
has rarely been measured, and empirical models such as MSIS have been used. Since the observational data which these
empirical models are based on are limited and there are discrepancies between the actual spatial and temporal variations and
the models, new in-situ observations of the atmospheric composition are desired. Therefore, we are developing a neutral mass
spectrometer to measure the neutral atmospheric composition at the ionospheric altitudes onboard low earth orbit satellites
and sounding rockets. The instrument being developed will be installed on S-310-46 sounding rocket targeting sporadic
E layers in 2024. In the rocket experiment, the neutral atmospheric composition of O, Oy and Ny, which are the major
components in the lower part of the ionosphere up to an altitude of 130 km, will be mainly obtained to clarify the formation
process of sporadic E layers. This neutral mass spectrometer is based on an instrument developed for lunar exploration by
ISAS/JAXA, and adopts a time-of-flight system with triple reflections to provide sufficient resolution with its small size.
The instrument needs to be downsized for the installation on the sounding rocket, and its design and performance evaluation
were carried out by numerical simulations. In parallel, the development of an antechamber was also conducted. When the
spectrometer is mounted on a flight vehicle, particles enter the instrument with relative velocity of the vehicle, which can
result in some difficulties in measurements such as sensitivity degradation. Therefore, before particles enter the instrument,
they are captured in a spherical antechamber attached in front of the particle intake and collided with the inner wall to slow
them down to about their thermal velocity. In addition, the atmospheric density inside the antechamber is higher, which can
increase the measurement sensitivity. These performances were estimated in the design phase. For the next step, we will
manufacture the instrument, evaluate its performance and acquire its characteristics through tests, and then verify them in the
sounding rocket experiment.
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Faraday filter transmission measurements with a narrowband 589 nm light source
for the Na lidar observations at Tromsoe

#Takuya Kawahara®), Norihito Saito?), Takuo Tsuda®), Hatsumi Hyodo®), Satonori Nozawa®), Tetsuya Kawabata®), Satoshi
Wada?

(1Faculty of Engineering, Shinshu University,?ASI, RIKEN, ®UEC,“ISEE, Nagoya Univ.,

An Na lidar at Tromsoe is currently at a stage of 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 atms/cm3 compared
with 72,000 atoms/cm3 at the Na layer peak ("90 km). To achieve the high S/N ratio measurement, even at the nighttime, the
ultra-narrow optical filter such as a Faraday filter is necessary to reject the background skylight. The Faraday filter consists
of a heated Na cell placed in a strong magnetic field (i.e., 200 mT) between two polarizers. Using the Faraday rotation and
the Zeeman effect, ultra-narrow optical bandpass ("10GHz or "0.01nm at 589 nm) can be achieved.

We assembled a transmission diagnosis system at 589 nm on the basis of two narrowband DFB lasers at RIKEN. The more
robust system is already used for the lidar observations. The details of the DFB laser system and the measured Na-saturation
spectrums for the absolute frequency reference are presented by Hyodo et al. at the SGEPSS fall meeting, 2022. Using the
same light source, the transmission profile measurements of the Faraday filter can be conducted.

In this talk, the results of the transmission measurements are discussed, and the performance of a commercially available
Na cell is evaluated. A newly developed Na cell is also presented.
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Sodium saturation spectroscopy using distributed feedback lasers

#Hatsumi Hyodo), Norihito Saito?), Takuo Tsuda!), Ren Watabe!), Satonori Nozawa®), Tetsuya Kawabata
Kawahara®)

(1UEC,ASI, RIKEN,®ISEE, Nagoya Univ.,(*Faculty of Engineering, Shinshu University,

3), Takuya

Sodium (Na) resonance scattering lidar is a means of laser remote sensing capable of measuring temperature and wind
velocity in the mesospheric and lower thermospheric (MLT) region (the altitude range from 80 to 110 km). To perform
such lidar observation, it is important to tune the laser frequency to a resonance line of Na for accurate measurements of the
Doppler broadening (related to the temperature) and Doppler shift (related to the wind velocity) in the Na resonance fluo-
rescence spectrum. The Na saturation spectroscopy can produce fine structures (<10 MHz), called Lamb dips and crossover
peaks, in the Na resonance fluorescence spectrum, and these structures can be used as the absolute frequency standards for
accurate laser frequency control. Narrow linewidth distributed feedback (DFB) lasers have the potential for several applica-
tions, e.g., telecommunication and trace molecular gas detection. In addition, the DFB lasers have advantages as stable and
compact laser systems. Generally, to obtain a Na D2 resonance light (589 nm) by use of DFB lasers, nonlinear frequency
conversion, i.e., sum frequency generation (SFG) or second harmonic generation (SHG), is needed. As a result of this kind of
wavelength conversion (with 20 mW DFB lasers), the obtained output power, however, becomes normally a few 1 W, which
is normally not enough to induce saturation in the Na saturation spectroscopy experiments. Therefore, the previous study
performed the Na saturation spectroscopy experiments using the amplified 589 nm light source composed of a configuration
of master oscillator fiber amplifier and a high-efficiency wavelength conversion module, which is a waveguide periodically
poled lithium niobate.

In this study, we have developed a new optical system for Na-saturation spectroscopy using a low-output power 589 nm
light source with a few p W obtained in SFG by mixing two DFB lasers, without the fiber amplifier and the high-efficiency
wavelength conversion module used in the previous study. First, based on the theory of Na hyperfine structures, we modeled
Na transitions inside of the Na vapor cell in Na-saturation spectroscopy experiments and investigated the Na saturation by
changing the model parameters. As the result, we found the importance of the beam waist size of the laser (i.e., the 589-nm
coherent light), which can affect the laser intensity as well as the advection rate. Then, based on the theoretical investigations,
we developed an efficient optical system, in which we added lenses to increase the intensity in the Na cell. With the increase
in the intensity, the Na D2 hyperfine structures such as Lamb-dips and crossover-peaks were successfully observed with an
input power of 6 1 W. In further experiments, we optimize the tuning method of the laser frequency and the cell temperature,
the measurements, and the data analysis of measured data. These experiments can be compared with theoretical calculations
by the developed model, and thus we evaluate the performance of our Na saturation spectroscopy for further improvements.

In the presentation, we will present experimental results from the developed optical system along with theoretical calcula-
tions from the developed model, and then discuss the current performance of our Na-saturation spectroscopy experiments.
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Development of a resonance scattering lidar for simultaneous observation of

meteoric metal atom and ion
#Mitsumu K. Ejiri?, Masayuki Katsuragawa®), Ayaka Hashimoto®, Sota Kobayashi®), Takuo Tsuda®), Takuji
Nakamura®?)
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In a transition region between neutral atmosphere and geospace plasma (80 - 500 km), the vertical mass transport process
has still to be revealed because simultaneous measurement of neutral atmosphere and plasma is quite difficult. There are
layers of metal atoms and ions in the mesosphere and lower-thermosphere region produced by meteoric ablation. The
meteoric ablation occurs mainly around 80-120 km, so metal layers are usually observed below 120 km. However, there have
been many recent reports confirming the presence of metal atoms at altitudes higher than that by resonant scattering lidar
observations. A simulation study conducted by Chu and Yu (2017) to investigate a possible source of thermospheric iron
layers observed at McMurdo Station in Antarctica suggested that metal atoms may be incorporated into vertical transport in
geospace with ionization and neutralization, moving over a wide altitude range. Simultaneous observation of the vertical
density profiles of metal atoms and ions and tracking their temporal changes could provide observational evidence of
large-scale vertical mass transport in the transition region. Calcium is the only metal that can be observed in both atom (Ca)
and ion (Ca™) by ground-based resonant scattering lidar observations. To measure temporal variation in vertical density
distributions of Ca and Ca™, as a dynamical tracer in this region, we started to develop a resonance scattering lidar system,
which has an injection-locked Ti:Sapphire laser; a multi-frequency, nanosecond pulse, and a broad frequency tenability. In
this presentation, we will introduce the new lidar system and show some preliminary results of test observations.
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Clarifying Horizontal Vectors of Magnetic Fields Using Principal Component
Analysis

#Kumi Takayamal), Akimasa Yoshikawa“’, Yasunobu Miyoshi
(IKyushu Univ.,(?Kyushu Univ.,®Dept. Earth & Planetary Sci, Kyushu Univ.

2) 3)

Principal Component Analysis (PCA) is a statistical technique that transforms and reduces correlated multivariate data
into a small number of uncorrelated variables called “’principal components” We are currently investigating the effectiveness
of this method using several different approaches.

In this study, we use this method to derive basis functions for each station and each month from the data of the ground
magnetic field during magnetic quiet days of the MAGnetic Data Acqusition System/Circum-pan Pacific Magnetometer
Network (MAGDAS/CPMN) from 1992 to 2004. Then we reconstruct daily variations using these basis functions. In
particular, the global current structure of the horizontal component was reconstructed from the first to the third principal
components to visualize the as equivalent current.

In this study, we compared the following two approaches in generating the dispersion matrix to construct this basis
function.

(1) Applying PCA to the northward component (H) and the eastward component (D) of the magnetic field, respectively.

(2) Applying PCA as a vector with horizontal components (v H*> +D? ).

As a result, the first principal component showed daily variations of the geomagnetic field (Sq-EEJ current system) in both
methods, while the second and third principal components, the method (1) more clearly shows the current structure driven
by the wind upwelling and suction of the atmospheric semidiurnal tides. On the other hand, the method (2) has a clearer
structure of the Interhemispheric Field-Aligned Current IHFAC) that bridge both the northern and southern hemispheres.
In this presentation, we will report the results of a discussion on how these different methods for obtaining basis functions
affect the extraction of information from current systems.

These results strongly suggest that principal component analysis is a useful method for understanding ionospheric-
atmospheric vertical coupling.
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The impacts of the 2019 southern hemisphere SSW on the general circulation in
the mesosphere and thermosphere

#Keisuke Yamamoto!), Yasunobu Miyoshi®)

(IDept. Earth & Planetary Sci, Kyushu Univ.

Stratospheric Sudden Warming (SSW) is an event in which atmospheric temperature in the polar stratosphere rises by
several tens of kelvin within a few days. The previous studies indicated that cooling and warming occurred in the polar
mesosphere and lower thermosphere, respectively. In this study, we focus our attention on the impacts of SSW in the southern
hemisphere that occurred in September 2019 on the general circulation in the mesosphere and thermosphere, and similarities
and differences between southern hemisphere SSW and northern hemisphere SSW. In this study, an atmosphere-ionosphere
coupled model (GAIA) simulation was used. Our results indicate that the meridional circulation in the mesosphere and
thermosphere are influenced by the 2019 SSW. It is noteworthy that the vertical wind in low latitudes and north hemisphere
in the mesosphere and lower thermosphere (MLT) is also affected by the 2019 SSW. These features are similar to those in the
northern hemisphere SSW events. However, the magnitude of the meridional circulation in the MLT during the 2019 SSW
is somewhat weaker than that during the SSW events in the northern hemisphere. Detailed results and discussions will be
shown in the poster.
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The zonal wind variation in the mesosphere and lower thermosphere caused by
the stratospheric Quasi-Biennial Oscillation

#Ryo Sugata®), Yasunobu Miyoshi')
(IDept. Earth & Planetary Sci, Kyushu Univ.

The stratospheric Quasi-Biennial Oscillation (QBO), which is a quasiperiodic oscillation of the equatorial zonal wind with a
period of about 27 months, is one of the most prominent phenomena in stratosphere. Previous studies suggested that the QBO
affects the general circulation not only in the middle and high latitudes but also in the mesosphere and lower thermosphere
(MLT). The purpose of this study is to investigate impacts of the QBO on the general circulation in equatorial MLT region
and to identify its excitation mechanism. GAIA model data from July 2007 to June 2017 was used in this study. This analysis
focuses on how atmospheric waves originating from the troposphere are modulated by the stratospheric QBO and how they
affect the zonal mean flow in the equatorial MLT region. The results showed that the amplitudes of the Kelvin wave with
2-5day periods and were influenced by the QBO. For example, the Kelvin waves has larger amplitudes during the easterly
phase of the QBO. By analyzing the zonal wind acceleration due to these waves, we discuss how the QBO affects the general
circulation in the equatorial MLT region.
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