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Simulation of full energy spectrum of pulsating aurora electrons:Implication for the
PARM sounding rocket experiment

# Yoshizumi Miyoshi[1]; Shinji Saito[2]
[1] ISEE, Nagoya Univ.; [2] Nagoya Univ.

Pulsating aurora is caused by intermittent precipitations of a few &amp;#8211; tens keV electrons from the plasma sheet
These precipitations are caused by the pitch angle scattering with whistler mode chorus waves. We have proposed a model «
precipitations for wide energy electrons from a few keV to more than MeV [Miyoshi et al., 2010, 2015a, Saito et al., 2012]. If
the chorus waves propagate to the higher magnetic latitude along the magnetic field line, the resonance energy becomes hi
enough to cause precipitations of MeV electrons. Several observations have supported this model; sub-relativistic and relativisti
electrons simultaneously precipitate into the atmosphere associate with the pulsating aurora. In order to investigate detail
energy spectrum of pulsating aurora electrons, we conduct a simulation on the wave-particle interactions between chorus wav
and bounced-electrons along the field line. The simulation result shows that the lower-band chorus waves can cause wic
energy electron precipitations from a few keV to more than MeV. At the low-altitude, we observe elements of precipitating
electrons with the energy dispersion in the energy-time diagram. The consecutive rising tone elements cause both the intern
modulations of precipitating electron flux around 10s keV and the individual bursts at sub-relativistic and relativistic energy
range, i.e., microbursts of energetic electrons. The results indicate that the internal modulations of the pulsating aurora electrot
and microbursts of sub-relativistic/relativistic electrons are same origin through the wave-particle interactions with the chorus
waves. This possibility will be confirmed by the PARM observations onboard the sounding rocket experiments RocSAT-XN
(Andoya, Norway) in January 2019 and LAMP (Poker Flat Research Range, Alaska, US) in January 2020.
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Development of the Medium-energy Electron Detector for the PARM Rocket Mission

# Shin Sugo[1]; Oya Kawashima[2]; Satoshi Kasahara[3]
[1] Earth and Planetary Science, Univ. Tokyo; [2] Earth and Planetary Science, UT; [3] The University of Tokyo

In the Earth’s magnetosphere, relativistic-energygV) electrons are trapped in the region called radiation belt. It is well
known that these high-energy electrons rapidly drop out during the geomagnetic storm main phase, but the physical mechanis
to be responsible is not exactly known. Although several hypotheses are proposed, they have not been well quantified. Therefor
it is unclear which is the major cause of the loss of the radiation belt electrons. One candidate is the electron precipitation by pitcl
angle scattering via cyclotron resonance with whistler mode chorus waves. In order to evaluate this mechanism quantitatively
the amount of precipitating high energy electrons should be measured. Nevertheless, in the magnetosphere, where the scatter
occurs, it is difficult to identify precipitating electrons because of the small size of the loss cone. On the other hand, in the
ionosphere, where the precipitating electrons can be directly measured, it is not easy to identify chorus waves that correspor
to the precipitating electrons, since chorus waves do not propagate in exactly parallel to the geomagnetic field, and not alway
reach the ionosphere with the sufficient intensity). The Pulsating AuroRa and Microbursts (PARM) mission proposes anothe
method, to observe the pulsating aurora (PsA) in the ionosphere instead of the chorus waves, since this type of aurora is drive
by chorus wave in the magnetospheric equator. Based on this idea, the PARM mission delivers particle and field instruments fc
RockSat-XN, a sounding rocket in US to be launched from Andoya, Norway, in January 2019. The four instruments are high
energy electron detector (HEP), medium energy electron detector (MED), aurora imaging camera (AIC) and asic-onboard flu;
gate magnetometer (AFG). We developed MED, which measures electrons with energies from 20 to 100 keV. We first evaluate
performances of electronics boards in the unit level, then assembled the sensor, and finally verified integrated performance
such as low noise levek3keV) and sufficient attenuation of the incident sunlight. MED passed environment tests without any
problems, and now it is mounted on the RockSat-XN's deck.
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PARM: Observations of microburst pecipitation of high-energy electrons based on the
RockSat-XN sounding rocket

# Kazushi Asamura[1]; Yoshizumi Miyoshi[2]; Keisuke Hosokawa[3]; Takefumi Mitani[1]; Taku Namekawa[4]; Takeshi
Sakanoi[5]; Mizuki Fukizawa[6]; Naoshi Yagi[7]; Satoshi Kasahara[8]; Shin Sugo[9]; Oya Kawashima[10]; Reiko
Nomura[11]; Mariko Teramoto[12]; Masahito Nose[13]

[1] ISAS/JAXA; [2] ISEE, Nagoya Univ.; [3] UEC; [4] Earth and Planetary Science, Tokyo Univ.; [5] Grad. School of Science,
Tohoku Univ.; [6] PPARC, Tohoku Univ.; [7] Geophys. , Tohoku Univ.; [8] The University of Tokyo; [9] Earth and Planetary
Science, Univ. Tokyo; [10] Earth and Planetary Science, UT; [11] JAXA, [12] ISEE, Nagoya University; [13] ISEE, Nagoya

Univ.

Microbust precipitation of high-energy electrons (higher than appox. 100keV) is frequently observed by low-altitude satellite.
Recently, the microburst precipitation was successfully reproduced by numerical simulations based on pitch-angle scatterings
the electrons due to whistler mode chorus waves at off-equator region. Since the whistler mode chorus waves are likely relate
to the pulsating aurora activities, one can expect that relationship between the microburst precipitation and the pusating aurora

We have built PARM (Palsating AuroRa and Microburst) instrument package to perform in-situ direct plasma measurements
of the microburst phenomena during the pulsating aurora. PARM consists of high-energy electron instruments (HEP and MED
20keV - 2MeV is covered), an auroral imager (AIC), and a magnetometer (AFG, a fluxgate magnetometer powered by the state
of-art ASIC device). PARM is already installed in the RockSat-XN sounding rocket operated by NASA Wallops, and will be
launched in January, 2019 from Andoya, Norway.

In addition, we are participating in the LAMP (Loss through Auroral Microburst Pulsations) sounding rocket mission led by
NASA GSFC and U. of New Hampshire, which will be launched in December, 2019. We will also provide an instrument package
and coordinated ground-based observations to LAMP.

We will report on a status of PARM.
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Effects of geomagnetic field and cold plasma on the generation of isolated proton auror:
at sub-auroral latitudes

# Tomohiro Inoue[1]; Mitsunori Ozaki[1]; Satoshi Yagitani[1]; Kazuo Shiokawa[2]; Yoshizumi Miyoshi[3]; Yuichi Otsuka[2];
Atsuki Shinbori[4]; Ryuho Kataoka[5]; Yusuke Ebihara[6]; Takuya Tsugawa[7]; Michi Nishioka[7]; Martin Connors[8]
[1] Kanazawa Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] ISEE, Nagoya Univ.; [5] NIPR; [6] RISH, Kyoto

Univ.; [7] NICT; [8] Centre for Science, Athabasca Univ.

Electromagnetic ion cyclotron (EMIC) waves in the magnetosphere cause pitch angle scattering of high-energy (several ke
“tens of keV) ions via wave-particle interactions. Then, isolated proton aurora (IPA) is observed on the ground. EMIC waves
propagate along the magnetic fields line from the source region and are observed as Pcl waves on the ground. In order to und
stand the effects of geomagnetic field and cold plasma on the wave-particle interactions, we investigated the curvature effects
background magnetic field and cold plasma density on the generation of EMIC waves.

In this study, we calculated the curvature of magnetic field line near the magnetic equator to estimate the curvature effects o
the generation of the IPA. The IPA and related Pc1 waves were observed at Athabasca, Canada, using an all-sky EMCCD came
(110 Hz sampling) and an induction magnetometer (64 Hz sampling) at 05:30-06:00 UT on 17 February, 2017. The spectra
characteristics of Pcl waves changed from discrete elements to broadband waves when the IPA moved from higher latitudes
lower latitudes. Then, the gradient of magnetic field line near the magnetic equator, which is calculated by Tsyganenko 200:
model, became 15% smaller. The observation results support the importance of curvature characteristics for spectrum charact
istics of EMIC waves.

Next, we compare the IPA observed at 01:30-02:00 UT on 2 January, 2016 at The Pas, Canada, with the differential total elec
tron content (TEC) to investigate the relationship between cold plasma density and IPA. The TEC distribution can be equivalen
to the cold plasma density in the plasmasphere. We observed two IPAs showing a clearly spatial gap between them. In the gz
region of IPAs, we observed the increase of differential TEC value related to the spatial gap of IPAs. The gap region of IPAs was
seen at 63.4 degrees in the invariant latitude and the observed local maximum in the distribution of differential TEC near the ga
region of IPAs was seen in the vicinity of the gap at 64.7 degrees. Since the resonant energy of ions becomes small in the ca
of high plasma density, the IPA is not generated. Therefore, the existence of local maximum in the differential TEC indicates the
importance of cold plasma density at the boundary of plasmapause for the generation of IPA.

These observations suggest that the curvature characteristics and cold plasma density are important in the generation of IPA.
this presentation, we will discuss the analysis results of the curvature characteristics and cold plasma density for the generatic
of IPA in detail.
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Ground-space coordinated observations of Pc5 auroral arc pulsations and field line
resonances in the post midnight sector

# Natsuo Sato[1]; Akira Sessai Yukimatu[2]; Yoshimasa Tanaka[2]; Tomoaki Hori[3]; Akira Kadokura[1]; Tohru Sakurai[4]
[1] NIPR; [2] NIPR/SOKENDAI; [3] ISEE, Nagoya Univ.; [4] Tokai University

We report results from a detailed analysis of a Pc5 poleward moving auroral arc (PMAA) pulsation event using the ground-
based THEMIS all-sky imager and magnetometer network observations and the coordinated onboard THEMIS-A, D, E satellites
It is found that (1) Pc5 PMAA pulsations occur in association with the enhancement of magnetic field and electric field oscilla-
tions observed near the equatorial plane of the magnetosphere, (2) the magnetic field, electric field, and velocity data observe
by THEMIS-A, D, E show latitudinal/radial wave amplitude and phase shift structures, which is consistent with the field-line
resonances (FLRs) theory, (3) ion and electron flux in the energy range of "2-20 keV shows negative modulation in associatio
with the FLRs oscillations, (4) Y component of velocity data show large ("40-50 km/s) velocity shear between THEMIS-D and
E, where the orbit of THEMIS-D is almost the same as the orbit of THEMIS-E in X and Z position, but that is 0.2 Re separation
in Y position, (5) enhancement of FLRs oscillations in the magnetosphere is ahead of auroral pulsations in the ionosphere ar
the period of FLRs oscillations is longer than that of auroral pulsations, (6) statistical results show that the occurrence maximun
on magnetic local time is around 03 and that on solar wind speed is around 700 km/s. It is suggested the observed Pc5 PMA
pulsations are enhanced by FLRs oscillations produced by the Kelvin-Helmholtz instability-driven surface waves at the magne
topause. We will discuss the mechanism how to produce the field-aligned electric field that is directly relating to the generatior
of auroral pulsations.
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Bounce Resonance between 10 keV Protons and Poloidal Pc4 waves Observed by Va
Allen Probe A

# Kazuhiro Yamamoto[1]; Masahito Nose[2]; Kunihiro Keika[3]; David Hartley[4]; Charles W. Smith[5]; Robert J.
Macdowall[6]; Donald Mitchell[7]; Hyomin Kim[8]
[1] Geophysics, Kyoto Univ.; [2] ISEE, Nagoya Univ.; [3] University of Tokyo; [4] Univ. of lowa; [5] Department of Physics,
UNH; [6] NASA/GSFC; [7] JHU/APL; [8] NJIT

We report the bounce resonance between 10 keV protons and poloidal Pc4 waves with a wave frequency of 7.2 mHz observe
by Van Allen Probe A on 28th January 2014. There were two onsets of the poloidal waves at 2010 and 2055 UT with simultane:
ous proton flux oscillations at 11.2-24.7 keV for the first event and at 8.3-17.4 keV for the second event. We determined that the
poloidal waves are second harmonic waves. The onset coincidence of the waves and the flux oscillations implies a causal rel
tionship between the second harmonic poloidal waves and the low energy protons. These proton flux oscillations are embedds
in the injection of protons, suggesting the injection may create unstable particle distribution and excite the waves. Using the iot
sounding technique (e.g., Min et al., 2017; Takahashi et al., 2018), we confirmed eastward propagation of the poloidal waves (r
>0) and m is estimated to be 170-270.

The m number of poloidal waves excited by the bounce resonance was not concerned in previous studies (e.g., Hughes
Kivelson, 1978; Liu et al., 2013), because they assumed a resonance condition of W@~where w is a wave frequency and
w; is a bounce frequency. We estimated the m number from a more general form of the resonance conditiory GvNwmw
where w; is drift frequency (Southwood et al., 1969), with the wave frequency of 7.2 mHz and the resonance energy of protons
of 710 keV), and obtained m "+270 for the bounce resonance (N = +1). Therefore, the bounce resonance with eastward proj
agating waves indeed took place in this event. It has been considered that westward propagating waves are generated throt
drift-bounce resonance (e.g., Takahashi et al., 1990; Dai et al., 2013; Oimatsu et al., 2018). This study, however, suggests th
eastward propagating waves are also excited through the bounce resonance.

From the ion sounding technique, we also examined the radial gradient of the phase space density.The steep radially-outwa
gradient of the proton phase space density was found at the two onsets of the waves. This indicates that the injected protol
enhance the phase space density in the outside region, and the resulting outward gradient provides energy for the waves.
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Reimei and FAST observations on acceleration and transport processes of the electron
and ions in the midnight auroral regions

# Masafumi Hirahara[1]; Naritoshi Kitamura[2]
[1] ISEE, Nagoya Univ.; [2] University of Tokyo

http://www.isee.nagoya-u.ac.jp/ hirahara

Expecting new findings and essential understandings about the space-Earth coupling processes and mechanisms, several ir
vative space exploration missions are now being developed or under preparation for proposal and realization in all of the majo
space agencies in the world. Also in Japan, we are leading the FACTORS(Frontiers of formation, acceleration, coupling, an
transport mechanisms observed by the outer space research system) mission by using multiple compact/micro satellites to
launched during 2025-2027.

The most important mission target of these space explorations is the magnetosphere-ionosphere-thermosphere coupling, whi
could also be applied to universal phenomena observed in the vicinities of magnetized/unmagnetized planets with atmospher
in our solar system and even exoplanets whose atmospheres are interacting directly with stellar winds. In the terrestrial cas
firstly the midnight auroral regions are most crucial because they are characterized by the most essential and complicated plast
and upper atmosphereic dynamics and electromagnetic phenomena initiated and affected through the whole magnetosphe
ionosphere-thermosphere coupling processes. In particular, the continuous energy and mass transports in these near-Earth sy
are mostly controlled by the electromagnetic field effects on the ionized atmospheric particles and the space plasmas.

While state-of-the-art measurements in these important regions of understanding the space-Earth(planet) couplings have r
been achieved yet, the previous space missions, represented by DE-1/2, Viking, Freja, Akebono, POLAR, FAST, CLUSTER-II.
and Reimei, have being providing us with considerable elemental knowledge. Particularly, the acceleration and transport pro
cesses regarding the electrons and ions could be surveyed in more systematic and carefully based on the database of these satt
missions. We, therefore, have been analyzing the observational results made mainly by Reimei and FAST because these data
open, accessible, and easily investigated with some updated tools. The high-time resolution data obtained by these two satellit
are available for studying the spatial distributions or time variations of the space plasmas by field-aligned electric fields and the
wave-particle interaction processes although there are not made any simultaneous observations by Reimei and FAST.

In this presentation, we discuss the similarities and differences seen in the Reimei and FAST observations by focusing on th
dynamics of the electrons and ions at the altitudes ranging from 400-4000 km in the midnight polar regions.
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Development of one-chip spectrum type plasma wave receiver using analog digital
mixed-signal ASIC

# Takahiro Zushi[1]; Hirotsugu Kojima[1]; Yoshiya Kasahara[2]; Takuya Hamano[3]; Mitsunori Ozaki[2]; Satoshi Yagitani[2];
Yuya Tokunaga[2]; Shunsuke Kamata[4]
[1] RISH, Kyoto Univ.; [2] Kanazawa Univ.; [3] Kanazawa Univ.; [4] RISH, Kyoto Univ

Plasma waves are an essential target for understanding electromagnetic environments in space. Thus, plasma wave observat
by scientific satellites have been carried out. The plasma wave instrument is composed of electromagnetic sensors, pre-amplifie
and plasma wave receivers. Plasma wave receivers are categorized into two types based on its data format: one is wavefo
receivers and other is spectrum receivers.

Plasma wave receivers require high-quality analog circuits to process weak signals, and it leads to an increase in the area
the receiver; however, demand for miniaturizing spaceborne instruments is increasing. We have been developed miniaturize
plasma wave receivers using application-specific integrated circuits (ASICs). We realized greatly miniaturization by developing
the ASIC for analog circuits which occupied the especially large area in the conventional receivers. However, the onboard digita
processing is important in the recent plasma wave receivers, and the digital part of the receiver also occupies the large area. F
further miniaturization, we develop a mixed-signal ASIC that includes all of the components of the plasma wave receiver.

Currently, we are developing an ASIC for the spectrum type receiver. The receiver is composed of three components: th
analog part, the analog to digital converter (ADC), and the digital part. The observation frequency range of the receiver is from
10 Hz to 100 kHz. The main role of the analog part is amplifying and bandlimiting signals picked up by sensors. In addition,
the analog part can be switched its observation frequency range because the receiver measures the observation frequency b
by dividing it into three frequency bands: 10 Hz &amp;#8211; 1 kHz, 1 kHz &amp;#8211; 10 kHz, and 10 kHz &amp;#8211;
100 kHz. The digital part includes the fast Fourier-transform (FFT) module and the controller. The FFT module calculates
the frequency spectrum from the observed waveform. The controller controls all components in the receiver. To measure thre
observation bands in turn, the controller sends control signals to the analog part, the ADC, and the FFT module.

We successfully developed the analog part and the ADC by the ASICs. The size of the developed analog part is 4.3 mm x 1.
mm, and the power consumption is 36 mW. The developed ADC has a 14-bits resolution and 33 MHz max sampling frequency
and its circuit size is 3.2 mm x 0.8 mm. We verified the function of the digital part by implementing on an FPGA. In addition,
we developed and verified the receiver using the ASIC for the analog part and the ADC, and the FPGA for the digital part. In the
presentation, we will present the detailed design and performance of the developed receiver and each component.
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Small Plasma Waveform Capture Receiver on the analog-digital mixed ASIC chip

# Shunsuke Kamata[1]; Takahiro Zushi[2]; Hirotsugu Kojima[2]; Yoshiya Kasahara[3]; Tsubasa Takahashi[3]; Takuya
Hamano[4]; Mitsunori Ozaki[3]; Yuya Tokunaga[3]; Satoshi Yagitani[3]
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Space is filled with subtle plasma, so-called space plasma. Since space plasma is basically collisionless, plasma particl
exchange their own kinetic energies and moments through plasma waves. Observing plasma waves allows us to understa
physical processes occurring in the space plasma. However, the size of a plasma wave receiver on board satellites tends to
large to meet science requirements.

In order to reduce the required resource for plasma wave receivers, our research group has been attempting to miniaturi:
plasma wave receivers using ASIC (Application Specific Integrated Circuit) technology.

In the present paper, we focus on the development of a small waveform capture receiver based on an analog-digital mixed chi
The waveform capture receiver is a receiver to acquire waveform data of plasma waves sampled directly. The amount of origine
waveform data is large, so itis difficult to send them to a ground station without data compression. The onboard data compressic
is realized by a digital part of a plasma wave receiver. On the part of the digital processing, we succeeded in implementing th
data compression logic on the FPGA in Kanazawa University. By using the logic in the FPGA, our research introduces the dat:
compression logic onto an analog-digital hybrid chip. The target of our research is to achieve the ultimate miniaturization by
putting both analog part and digital part which are in the waveform capture type receiver into one chip. In this presentation, the
digital filters used in the waveform compression are implemented on the ASIC chip and its operation verification was carried out

On the other hand, we modified the analogue part to reduce the noise level of the receiver developed in the previous researc
The dominant noise of the developed ASIC analog part is that coming from the switched capacitor filter. Note that the switchec
capacitor filter is a type of active filter comprising amplifiers, capacitors, and switches. The role of the filter is to prevent from the
aliasing effect by an A/D converter. We analyzed the noise source inside the switched capacitor filter by computer simulation:s
and modified the circuits. The simulation results show the flicker noise of some broadband amplifiers is dominant in the low
frequency range. Then, to reduce the flicker noise of the switched capacitor filter, we redesigned the gate area by enlarging tt
gate area to nine times as much as that in the previous design while keeping the ratio of the gate width and the gate length «
some MOSFETs of the amplifier. As a result, we expect to reduce noise by 10 dB in the low frequency band. In the prototype of
the redesigned chip, we confirmed the success in decreasing the noise level of the switched capacitor filter.

In this presentation, we present the details of the design of the circuits implemented on the chip and its performance of th
chip.
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Improvement of space environment tolerance in a plasma waveform receiver by using
ASIC technology

# Yuya Tokunaga[l]; Mitsunori Ozaki[1]; Satoshi Yagitani[1]; Takahiro Zushi[2]; Hirotsugu Kojima[2]
[1] Kanazawa Univ.; [2] RISH, Kyoto Univ.

We have been investigating plasma waves (A few Hz to 10 kHz) to understand the magnetospheric dynamics. To captur
plasma waves, we use a waveform receiver. It is required reduction of physical resources (mass, volume and power etc.), a wit
operating temperature range (-60 to +100 Celsius degrees) and a high radiation tolerance (350 krad or more). We have be
developing a waveform receiver by using ASIC (Application Specific Integrated Circuit) technology in order to reduce physical
resources with a high tolerance for space environments. However, the conventional ASIC waveform receiver (hereinafter calle
ASIC receiver) was not accepted the requirements of environment tolerance. The main purpose is to achieve -60 to +100 Celsit
degrees of operating temperature range and 350 krad or more of radiation tolerance for the ASIC receiver.

The conventional ASIC receiver did not operate at -60 Celsius degree in the circuit simulation result. The reference current:
for the amplifiers in the conventional ASIC receiver are supplied by an external bias resistance (32k ohms) connected to th
voltage source. The fluctuation rates of reference current are approximately plus or minus 6% in -60 to +100 Celsius degrees.
is not sufficient, because a threshold voltage of CMOS changes by ambient temperature. We added a temperature compensat
circuit into the new ASIC receiver in order to supply the reference currents without the external bias resistance. By using the
circuit simulation, we estimated the effects of the temperature compensation circuit on the operating temperature range (-6
to +100 Celsius degrees). From the simulation results, the fluctuation rates of reference current supplied by the temperatul
compensation circuit were approximately plus or minus 30% (-60 to +100 Celsius degrees), which is better for improving the
operating temperature range. The new ASIC receiver can operate in the requirement of operating temperature range.

The radiation tolerance of conventional ASIC receiver cannot satisfy the requirement of 350 krad or more because the base
amplifiers of the conventional ASIC receiver are weak for radiation. To improve the radiation tolerance, the surface area of
amplifier in the new ASIC receiver was designed approximately 3.5 times larger than that for the conventional ASIC receiver.
We did the radiation test for the conventional and new ASIC receivers by using the gamma ray of 400 krad to evaluate the
radiation tolerances. From the radiation test results, the output noise (at 2.5 Hz) of conventional ASIC receiver degraded b
approximately 6 dB from 310 krad. However, the output noise of new ASIC receiver was no change during the radiation test
(until 400 krad). We consider the large surface area of amplifier can decrease occurrence rate of electron-hole pairs by radiatio
The new ASIC receiver can operate in high radiation environments like a planetary mission.

In this presentation, we will present the improvement of space environment tolerance in a plasma waveform receiver by usin
ASIC technology in detail.
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Transmission of ULF electric field to low latitude in magnetosphere-ionosphere current
circuit as observed with HF Doppler sounder

# Takashi Kikuchi[1]; Kumiko Hashimoto[2]; Ichiro Tomizawa[3]; Yusuke Ebihara[4]; Yukitoshi Nishimura[5]; Tsutomu
Nagatsumal6]
[1] ISEE, Nagoya Univ.; [2] KIU; [3] SSRE, Univ. Electro-Comm.; [4] RISH, Kyoto Univ.; [5] UCLA; [6] NICT

The geomagnetic sudden commencement (SC) and Pc5 pulsations often appear at high latitude and equator with the amplitu
decreasing as the latitude decreases but increases at the dayside geomagnetic equator. The SC and Pc5 are caused by the
netospheric currents and DP2-type ionospheric currents that flow from the polar ionosphere and are intensified by the Cowlin
effect at the equator (Araki, 1994; Motoba et al., 2002). The electric fields of the SC and Pc5 have been observed with the HF
Doppler sounders at low latitude, which are well correlated with the equatorial electrojet (EEJ) (Kikuchi et al., 2016; Motoba
et al.,, 2004). These observations suggest that the electric fields are potential fields associated with the ionospheric curren
To confirm that the Pc5 electric field is transmitted through the magnetosphere-ionosphere current circuit, we made correlatio
analyses between the Pc5 electric fields at low latitude and geomagnetic Pc5 at high latitude and equator on both the day- al
night-sides. We show that the Pc5 electric fields are well correlated with the global DP2-type ionospheric currents in the sam
manner as the SC electric fields. To identify the location of the field-aligned currents (FACs) feeding the ionospheric currents, we
show that a stormtime Pc5 changed its polarity at 64 degs in the morning and 58 degs in the afternoon sectors. The reversal of t
polarity may indicate the location of the FACs. We further show that the low latitude PC5 is larger in amplitude on the nightside
than on the dayside, suggesting that the PC5 around the midnight is strongly affected by the direct effects of the FACs. W
further show that electric fields of the ULF pulsations with periods covering the Pi2 (1-3 min) are well correlated with the EEJ.
Consequently, the ULF range electric fields at low latitude are associated with the DP2-type ionospheric currents flowing from
the high latitude to the equator. The ULF electric fields are transmitted from the magnetosphere to the equatorial ionospher
through the magnetosphere-ionosphere current circuit, carried by the transverse (Alfven) waves and TMO mode waves in th
magnetosphere and Earth-ionosphere waveguide, respectively.
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Highly structured FACs near the poleward boundary of the duskside auroral oval during
geomagnetically quiet conditions

# Yoshihiro Yokoyama[1]; Satoshi Taguchi[1]; Toshihiko lyemori[2]; Keisuke Hosokawa[3]
[1] Grad school of Science, Kyoto Univ.; [2] Kyoto Univ.; [3] UEC

The concentric rings of the Region 1 and Region 2 field-aligned current systems are well-defined large-scale features in th
high-latitude ionosphere. The duskside part of the Region 1 sometimes has very strong current intensities, while the Region
can be extremely diminished mostly for northward IMF. In this study, using multispacecraft SWARM data and ground-based
aurora imager data, we clarify the features of the highly structured field-aligned currents embedded in the diminished dusksid
Region 1. The magnetic field measurements from SWARM A and SWARM C after May 2014 are ideal for understanding the
highly structured field-aligned currents because they are "5 to “10 s apart along track. By examining magnetic field data obtaine
by these satellites in the duskside sector during geomagnetically quiet conditions, we took many events in which relatively
large amplitude small-scale (less than 100 km along track) variations are embedded in the diminished Region 1. We found the
in almost all cases the relatively large amplitude small-scale variations are fairly well correlated between the SWARM A and
lagged ("5 to "10 s) SWARM C data. This indicates that the observed magnetic field variations represent the spatial structure c
the multiple field-aligned currents, not the Alfven wave. There is no doubt that several pairs of upward/downward field-aligned
currents occur in the diminished Region 1. Examination of the all-sky imager data obtained at Longyearbyen, Svalbard during
the passage of SWARM A and SWARM C through the field-of-view of the all-sky imager reveals that those multiple pairs of
the field-aligned currents were in the region of the modest auroral intensification near the poleward boundary of the auroral ova
DMSP particle observations are also consistent with the existence of the multiple field-aligned current pairs. We will show the
occurrence characteristics of the highly structured field-aligned currents in the duskside Region 1, and discuss the possibility ¢
the generation of the multiple pairs of the field-aligned currents in the low-latitude boundary layer.
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Suzaku observations of Jupiter X-rays around solar maximum

# Masaki Numazawal[1]; Yuichiro Ezoe[2]; Kumi Ishikawa[3]; Takaya Ohashi[4]; Yoshizumi Miyoshi[5]; Tomoki Kimura[6];
Yasunobu Uchiyama[7]
[1] Physics, Tokyo Metropolitan Univ.; [2] Tokyo Metropolitan University; [3] ISAS/JAXA,; [4] Tokyo Metropolitan Univ.
; [5] ISEE, Nagoya Univ.; [6] Tohoku University; [7] Physics, Rikkyo Univ.

We report on results aSuzakuobservations of Jupiter X-rays in 2012 and 2014 and discuss future observational prospects.
Recent X-ray observatories have discovered X-ray emission from objects in our solar system (Bleaav2407). Jupiter is
the largest and magnetic strongest planet in the solar system.

Suzakufound the diffuse X-ray emission in 1-5 keV associated with Jupiter’s radiation belts around solar minimum in 2006
thanks to its low background X-ray CCDs (Ezekal. 2010). However, its emission mechanism was unclear. We thus conducted
additional Suzakuobservations in 2012 and 2014 around solar maximum and successfully found the diffuse X-ray emission.
From its power-law spectrum and no significant change of X-ray flux in 1-5 keV, we concluded that it is most probably caused
by inverse-Compton scattering of solar photons by tens MeV electrons in the Jupiter'’s magnetosphere.
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Importance of mass-loading energy extraction from the solar wind to the ionosphere
through positive feedback M-I coupling

# Masatoshi Yamauchi[1]; Rikard Slapak[2]
[1] IRF-Kiruna; [2] EISCAT HQ

http://www.irf.se/%7Eyamau/index.html

Cluster statistics in the high-latitude magnetospheric boundary (exterior cusp, magnetosheath, plasma mantle) showed that i
loss rate from the open part of the polar magnetosphere increases exponential to Kp up to Kp=7, with number density ratio ¢
O/H about 1% in average. This means that the mass density of escapiognipared to the solar wind is about 20%, which can
no longer be ignored. In fact, Cluster observed substantial deceleration of the solar wind H+ while acceleratiom p€ma
mantle. The conservation of anti-sunward momentum means, for inelastic mixing iot@he H* flow, that the kinetic energy
is no longer conserved, with about 10% loss when thiewBlocity reach the H velocity. The energy conversion rate, simply
calculated from the momentum conservation, is proportional to total mass flux (&) into the incident solar wind and to the
square of the solar wind velocity {42), and not dependent on the injection area or solar wind density.

Unlike Mars or comets where the energy is converted to cycloid motion (random gyration), magnetic connectivity to the
ionosphere (load) for the Earth’s case allows the energy is converted to the electric current in the Magnetosphere-lonosphe
coupling system. Applying the observed @alue and area, this means'0'! W, and is large enough to explain the electric
current system flowing in the cusp region, which is the most intense current system in the dayside.

Since the ion heating due to the Joule heating of such an ionospheric current system is the main driver of the ion outflow, th
entire cycle constitute a positive feedback energy extraction, explaining the observed exponential dependence of the escaping fl
to Kp or solar wind velocity. Inversely, it is difficult to explain the exponential dependence to Kp without such a positive feedback,
because the solar wind dependence gives only near-linear dependence to the solar wind &quot;coupling function&quot;, which i
at most usw* but not exponential. Considering the ancient condition that corresponds to Kp=9-10, the mass-loading is extremely
important in the atmospheric evolution.

Thus the ionosphere and escaping ions in the M-I coupling system is more important than we traditionally thought. The presen
positive feedback model with the mass-loading effect assumes that information of &quot;deceleration&quot; propagate upstrear
faster that the information of transversal electric field caused byd€flection (shift of the guiding center), such that electric
field by the H™ deceleration appears before @ickup motion.
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High temporal / spatial resolution observation of SAPS perturbations using the
SuperDARN Hokkaido West radar stereo mode

# Nozomu Nishitani[1]; Tomoaki Hori[1]; Mariko Teramoto[2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya University

http://cicr.isee.nagoya-u.ac.jp/hokkaido/

We show the results of the high temporal resolution / two-dimensional observation of small-scale SAPS wavy perturbations
during the September 8, 2017 geomagnetic storm, using the stereo mode operation of the SuperDARN Hokkaido West (hkw
radar. The Hokkaido West radar, deployed in October 2014, is the second SuperDARN radar located in Hokkaido, Japan and or
component of the SuperDARN HOkkaido Pair of (HOP) radars. The Hokkaido West radar deploys stereo mode scan systen
where the radar can emit two radar beams with two different radar frequencies and beam directions simultaneously. Using thi
stereo mode, it can monitor the ionosphere and upper atmosphere both with 1 min 2-dimentional scan and 3 sec camping bea
enabling both two-dimensional (1 min) and high temporal resolution (3 sec) data acquisition. We succeeded in observing the
SAPS perturbation signatures having various temporal scale of from 1 min to several tens of minutes. One of them is disturbanc
from 1228 to 1234 UT, with about 1 min periodicity and 10 degrees longitudinal wavelength, propagating westward. The
temporal scale of SAPS perturbation is obviously shorter than previously reported values (about 5 mins). Possible generatio
mechanisms of these perturbations will be discussed. Coordinated study with the Arase spacecraft is also in progress.
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Study of lonospheric Conductivity Dependence of the Subauroral Polarization Streams
using the SuperDARN Hokkaido East HF Radar

# Yuting Zhang[1]; Nozomu Nishitani[2]; Tomoaki Hori[2]
[1] Electrical Engineering, Nagoya Univ.
; [2] ISEE, Nagoya Univ.

In this study, we investigate characteristics of the subauroral polarization streams (SAPS), focusing on ionospheric conductivit
dependence, especially the solar zenith angle(SZA) dependence, using the Super Dual Auroral Radar Network (SuperDARN
Hokkaido East radar, National Oceanic and Atmospheric Administration (NOAA) Polar Operational Environmental Satellites
(POES) system and Meteorological Operational Satellite Program of Europe (MetOp) system data. The time span for the prese
study is from 2008/1/10 to 2016/12/31, and we limited the time range of the analysis to 3-8 UT (12-17 LT). In addition, in order to
achieve a more precise mapping of scattering locations, we applied a new empirical virtual height model introduced by [Chishan
et al., 2008] to the SuperDARN Hokkaido East radar. The new model uses different coefficients in the model when mapping
backscatter targets propagate via different propagation paths. We found 60 SAPS events over seasons except for summer, and
each event we examined the SZA and the peak Line-of-sight velocity observed in the SAPS, in order to identify the threshold o
the possible SZA and illuminated ionospheric altitude for SAPS to be generated. We also took into account the effect of EUV
absorption in the atmosphere. As a result of the statistical study, we find that SAPS tend to appear when the SZA is larger than ¢
degrees, and that the minimal threshold of illuminated ionospheric altitude for SAPS occurrence is about 126 km, which is just
above the altitude of the peak of Pedersen conductivity. This result suggests that the low background Pedersen conductivity pla;
an important role in the generation of SAPS by leading to a positive feedback which enlarge the electric filed that consequentl
generates SAPS. In addition, in order to investigate the magnetospheric electric field during SAPS events, we are collecting th
conjunction observations of SAPS by the Arase satellite and SuperDARN Hokkaido East radar. By using the electric field datz
and patrticle flux data provided by Arase, we expect to examine the variation of the electric field when SAPS occurs, which would
help us further understand the mechanism of SAPS.
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High-resolution identification of the FLR in the SuperDARN data by using the gradient
method

# Hideaki Kawano[1]; Akira Sessai Yukimatu[2]; Nozomu Nishitani[3]; Yoshimasa Tanaka[2]; Satoko Saita[4]; Tomoaki
Hori[3]
[1] Earth and Planetary Sci., Kyushu Univ.; [2] NIPR/SOKENDAI; [3] ISEE, Nagoya Univ.; [4] NITkit

The FLR (Field Line Resonance) takes place where the frequency of an incoming wave matches the eigenfrequency of magn
tospheric magnetic field lines. The FLR can be identified from the unique manner of change in the amplitude and the phase of th
FLR-related waves across the resonant point. From the ground-identified FLR frequency one can estimate the magnetosphe
plasma density.

Since the field-line eigenfrequency oscillates the ionospheric plasma, too, one can identify the FLR from the ionospheric
plasma velocity. We have used the line-of-sight plasma velocity (VLOS) data obtained by SuperDARN radars to identify the
FLR and estimate the magnetospheric plasma density. Unlike the ground magnetometer data, the SuperDARN data is twi
dimensional, enabling two-dimensional estimates of the magnetospheric equatorial plasma density and magnetospheric regi
identification.

To achieve that, it is important to identify as many as possible FLR events. Overwrapping of non-FLR waves/perturbations
&quot;hides&quot; FLR events. As a countermeasure to this problem, the so-called gradient method has been applied to th
ground magnetometer data; this method cancels out the overwrapping signals by dividing the data from a magnetometer by tt
data from another magnetometer having an adequate distance from the other along the same meridian. This method is effecti
since the FLR frequency tends to depend on the latitude more strongly than the overwrapping signals.

The gradient method is also applicable to the VLOS data from the SuperDARN radar. We have been doing that, and the initia
analyses have led to the identification of FLR from VLOS's at adequately separated two Range Gates. More details will be
presented at the meeting.

FLR (Field Line Resonande & &, KFAEGEED S HEXIE PR A » it L T < 2B OB, XA N OHiek
FCIR DRSS IHRD [E A HREN A 4L & 17 CAEIC 72 B 070 T SHIRBISAVE U CRENIRE G IREIDME S N2 BHR ThH 5, Z
DIRME & NS IEIS EBE O 5 TR IR E B/ S 2 — 272 /R DT, FLRevent& [HETE %, Z LT, ZDRENEZ
FAWT, Bl L TW ARV ORSIE 7S A< HES Rz Eh BHEETE %,

B THREE IREN X AR 'S A EIREI S B2 DT, BEE TS XA OBEOT— 258 FLR ZFAETE., &KL
SuperDARN radar$C X > THIl & M7z B #EE 75 X< i#E (VLOS: Line-of-sight velocity)D 7 — 2 1C FFT Z i U 7248
2R« HH LU T FLR Z[AE UZ O DK E 7S A E 2 HEE LTV %, SuperDARNIEH R /15T & 7
75 0 FEHEEE D 2 JOTHEEZ E R ICHIE TE 2 DT, MEERER O 7S AEELME 2 0tHICHiETE, 79X
7 ERSE NI O [FE DR 5 L BARFE N B,

2. ZOAIE, FLREZERECHELZNCKDARY MIEHEOTHENEETH 5, i ERgSE T & EEE
T AMEEHRICE FLR DISNORHE) « BEDERE L TR EHNL L, ZHUCKD FLROFEEDHEL < %%,

C OREDMRROZC, H EREGIEHTIC B TIAAHAER - IRIEHE LRI N S HESIHVEN TV, Thid. FLR
FEBENSREE AT ED RO DI U T, HE L TV AIEE) - iRENE 70— )V TRERIFED FLR X D g9V EHZ 0
DT, MEHFIMNTHEEICHENTZ 2 DO SIFIDT— 2 DItz & 2 HTHEBEWH) % cancel outl T FLR KD AHLD
HHNTES, LW0HIEDTH S,

T OJ5iEqmE SuperDARND VLOS 7— X IC &M TRE L £ 2 b, FALIEZF DMtz s Uiz, i FREIEHL
BICHINT5EDE LT, % —L0 Range Gates (RG&E T %, 2 DD RGsD VLOS 7 — ZITNifHAEE - HikigLt
LT %, ISR E LT, TOHRICED FLR DERFEEHSR 262 R L TWa, X2 DREDHKEIX 2D
O RGsHIDHHHC EKFT 2 HZ2 I L TW5, TOREM. 72T OBOERICDOWTIERY TORERITHIAT 2,
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Revisiting the dynamic process of field-aligned current generation

# Akimasa Yoshikawal[1]; Teiji Uozumi[2]; Aoi Nakamizo[3]; Shinichi Ohtani[4]
[1] ICSWSE/Kyushu Univ.; [2] ICSWSE, Kyushu Univ.; [3] NICT; [4] The Johns Hopkins University Applied Physics
Laboratory

As shown by Vasyliunas [1970], the magnetospheric diamagnetic current has a finite divergece when it crosses the region wit
a finite B gradient and connects to the Field-Aligned Current (FAC). A pressure gradient force, the origin of the diamagnetic
current in a force balance to the Ampere force, never twists plasma flow. While for the development of magnetic shear, whict
corresponds to FAC, combination of Ampere’s law, Faraday’s induction law and MHD Ohm’s law require the gradient of plasma
vortex along B-field. In other words, for the existence of a quasi-steady FAC in the MHD scheme, the plasma vorticity along the
B-field is inevitably required.

Of course, for the development of plasma vorticity, we need a dynamical process that twists the plasma. What is the dynamic:
process that twists the plasma as FACs are generated due to the divergence of the diamagnetic current? A conventional ans\
to this question is a mode conversion between the compressional mode and the Alfven mode when the diamagnetic curre
is growing (in inductive process).However, in principle, the magnetosphere-ionosphere coupling system forms a dissipative
structure in the open solar-terrestrial system. Therefore, even in a macroscopic quasi-steady system, the constant convers
from the thermal energy to the magnetic energy and the internal mode conversion from magnetic compression to the magnet
shear should continuously take place. In this sense, we need to revisit the dynamical process of FAC. In this presentation, w
will discuss what is the dynamical process and what is the quasi-steady state of FACs in a dissipative structure of the ope
magnetosphere-ionosphere system.
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Multiple electron precipitation spots in the cusp and subsequent equatorward expansiol
of aurora beyond the cusp

# Satoshi Taguchi[1]; Kohei Takasu[1]; Keisuke Hosokawa[2]; Yasunobu Ogawa[3]
[1] Grad school of Science, Kyoto Univ.; [2] UEC; [3] NIPR

Aurora image data obtained from ground based all-sky imagers have shown that multiple brightening spots often appear in th
cusp. This indicates that the electron precipitation having a relatively large energy flux can occur in a patchy manner. In this stud
we understand how the appearance of those electron precipitation spots in the cusp is related to a midday lower-latitude auror
expansion feature, which is sometimes seen in the near-noon meridian equatorward of the cusp. This feature represents t
electron precipitation having a large energy flux expands equatorward beyond the cusp. On the basis of observations of daysi
auroras from an all-sky imager at Longyearbyen, Svalbard, and in situ observations of precipitating particles and magnetic fielt
from DMSP spacecraft that flew over the aurora, we identified an event in which the intense cusp electron precipitations becam
localized in a narrow range of MLT near noon, and eventually the aurora started to expand equatorward of the cusp. Thi:
observation suggests a close relationship between the occurrence of the electron precipitation spots in a narrow range of ML
and the subsequent equatorward expansion of the electron precipitation region beyond the cusp. We will show detailed resul
about the motion of the auroral spots by analyzing the aurora images obtained at two wavelengths, 557.7nm and 630.0 nm, ai
discuss the cause of the equatorward expansion of the electron precipitation region beyond the cusp.
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Statistical Study of Selective Transport of Energetic Oxygen lons During Magnetic
Storms Observed by Van Allen Probes in 2013-2017

# Kenji Mitani[1]; Kanako Seki[2]; Kunihiro Keika[3]; Matina Gkioulidou[4]; Louis J. Lanzerotti[5]; Donald Mitchell[4]; Craig
A. Kletzing[6]; Akimasa Yoshikawa][7]; Yuki Obana[8]
[1] ISEE, Nagoya Univ.; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] University of Tokyo; [4] JHU/APL; [5]
NJIT; [6] Department of Physics and Astronomy, Uol; [7] ICSWSE/Kyushu Univ.; [8] Engineering Science, Osaka
Electro-Communication Univ.

The ion transport from the plasma sheet to the ring current is the main cause of the development of the ring current. The
energetic (&gt;150 keV) ring current ions are known to be transported diffusively in several days [e.g., Gkioulidou et al., 2016].
Mitani et al. 2018 suggested that energetic oxygen ions are transported closer to the Earth than protons due to the diffusiv
transport caused by a combination of the drift and the drift-bounce resonances with Pc3-5 ULF waves during the April 24, 2013
magnetic storm. We hereafter call the energetic oxygen transport as the selective transport. In order to understand its occurrer
conditions and roles in the ring current development, we investigate the phase space densities (PSDs) between protons and o:
gen ions with the first adiabatic invariants (&amp;#181;) of 0.1 keV/nT-2.0 keV/nT observed by Van Allen Probes at L™3-6 during
90 magnetic storms in 2013-2017. We identified the selective transport as an event in which that oxygen PSDs increases whi
proton PSDs do not increase in &gt;0.5 RE band of L-shells in &gt;0.5 keV/nT range of &amp;#181;. Among the 90 storms,
33% were accompanied by the selective transport events. The selective transport tends to occur in the night-dusk sector and in t
lower-L shells during larger storms. When the selective transport occurs, the enhancements of Pc4 and Pc5 oscillations obtain
by wavelet analysis of ground magnetic field data (e.g. from the CARISMA and THEMIS GMAG) are detected in global MLT
at L&gt;4 and at L&gt;3, respectively. It suggests combination of the drift-bounce resonance with Pc4 oscillations and the drift
resonance with Pc5 oscillations can be the cause of the selective transport of energetic oxygen ions. Contribution of the selecti
transport to the magnetic storm intensities is roughly estimated to be "20 % at most.

Reference:

Gkioulidou, M., A. Y. Ukhorskiy, D. G. Mitchell, and L. J. Lanzerotti (2016), Storm time dynamics of ring current protons: Im-
plications for the long-term energy budget in the inner magnetosphere, Geophys. Res. Lett., 43, 4736-4744, doi:10.1002/2016G

Mitani, K., K. Seki, K. Keika, M. Gkioulidou, L. J. Lanzerotti, D. G. Mitchell, and C. A. Kletzing (2018), Radial transport of
higher-energyoxygen ions into the deep inner magnetosphere observed by VanAllen Probes, Geophys. Res. Lett., 45, 4534-45.
doi:10.1029/2018GL077500.
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Characteristics of hot/cold components of magnetospheric plasma derived from
two-component fits of velocity distribution functions

# Ryuta Asami[1]; Kunihiro Keika[2]; Masahiro Hoshino[2]; Yoshifumi Saito[3]
[1] Earth and Planetary Science, Univ. Tokyo; [2] University of Tokyo; [3] ISAS

Heating and acceleration of magnetospheric plasma have been studied using in-situ plasma and field observations. A larg
number of observations reported two distinct plasma populations with different temperatures in the Earth’s magnetosphere [e.¢
Seki et al 2003]. However, the dominant heating/acceleration mechanisms and regions are not well understood. Moreover,
remains unclear whether the heating/acceleration mechanisms depend on mass. Only a few satellite missions have been a
to observe the thermal component of magnetospheric plasma with mass determination. Therefore, a small number of studie
focused on mass-dependent processes in the typical energy rahd® (keV) of magnetospheric ions. In this study, we first
separate the plasma into hot and cold populations, and then perform statistical analysis for each population.

The Fast Plasma Investigation (FPI) instrument on board the MMS satellite, which is in a low-inclination elliptical orbit with
an apogee of about 24 Re and a perigee of about 1000 km, measures the three-dimensional distribution function in velocity spa
every 4.5 seconds in an energy range of a few eV to 40 keV [Pollock et al. 2016]. Using data for a period of September 201¢
to September 2017, we examined density and temperature spatial distributions for hot and cold plasma populations. Specificall
we performed two-Maxwellian fitting to the observed three-dimensional distribution functions. Two different populations were
clearly identified inside the magnetosphere, but not in the magnetosheath. Next, we divided an equatorial plane into 0.5 Re
0.5 Re bins and then calculated the median of density and temperature for each bin for each population. The hot plasma has
higher temperature on the dusk side than on the dawn side. Also, in the presence of two component plasmas, the temperatt
of the hot plasmas is several tens of times higher than that of the cold plasma. We will perform similar analysis with the data
obtained by the HPCA instrument on board MMS to investigate mass dependence of the heating/acceleration mechanism. W
will also discuss the acceleration and mixing processes of cold plasma by focusing on oxygen ions of ionospheric origin.
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A concept and numerical design of double-layered top-hat type electrostatic energy
analyzer

# Tomomi Takei[1]; Yutaka Ohkawa|2]; Masafumi Hirahara[3]
[1] Division of Particle and Astrophysics,Nagoya Univ.; [2] Particle and Astrophysical Science, Naioya Univ.; [3] ISEE,
Nagoya Univ.

It is well known that the terrestrial and planetary magnetospheres and the interplanetary space are filled with charged particle
such as electrons and ions, which are so-called the space plasma, and in-situ observations of the space plasmas have b
conducted by using numerous satellites carrying particle instruments, such as the top-hat type electrostatic energy analyzel
Essentially, obtaining three-dimensional velocity distributions of the space plasmas or energy-pitch angle distributions helps u
understand the dynamics of the space plasmas. In the top-hat type electrostatic energy analyzer, a potential difference is appli
between two dome-shaped electrodes separated by a gap so that the charged particles with an appropriate energy pass thro
the gap between these electrodes to be detected as signals. Furthermore, the top-hat type analyzer is cylindrically symmetric a
has a 360 planar field of view, which means the top-hat type analyzer can independently measure the distributions of the angle
and energy of incident particles and also that three-dimensional velocity or energy-pitch angle distributions can be obtained b
the satellite spin motion. Because of this advantage, the top-hat type electrostatic energy analyzers have conventionally be
installed in the satellites such as INDEX and ERG of Japan in order to measure the space plasmas.

The top-hat type electrostatic energy analyzers can measure the ions when a negative potential is applied to the inner electro
and the electrons by a positive potential with the outer electrode grounded. In the prevailing design of the top-hat type analyzel
the sensor heads separate for the ion and electron observations, respectively. In accordance with the recent miniaturization
the satellites, the weight and space of the instruments mounted on the small and micro satellites are getting severely restricte
If two sensors are combined into one sensor head, it is possible to save both weight and space on the small and micro satellite
Therefore, we are now developing double-layered top-hat type electrostatic energy analyzer which can simultaneously measu
the ions and the electrons with the same sensor head.

Our concept is to combine two sensors into one sensor head for electron and ion observations, and we design the shapes
the collimator and the double-layered dome-shaped electrodes for applying a negative potential to the central electrode wit
the inner and outer electrodes grounded. In this design, the electrons and the ions with appropriate energies pass through t
inner gap and the outer gap, respectively. We have been making the numerical simulations using SIMION as a charged partic
simulator program in order to investigate the performance and characteristics as the electrostatic analyzer and confirmed that t
electrons and the ions can be analyzed with the same sensor head. So far, we are considering the detection unit using Time-(
Flight velocity spectrometer for the discrimination of the ion species as the part where the ions are detected after the electrostat
energy analysis, and an assembly of micro channel plates is being expected for the electron detection.
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Monitoring systems for characterizing charged-particle beams in the calibration facilities
for space-borne instruments

# Yutaka Ohkawal[1]; Tomomi Takei[2]; Masafumi Hirahara[3]
[1] Particle and Astrophysical Science, Naioya Univ.; [2] Division of Particle and Astrophysics,Nagoya Univ.; [3] ISEE,
Nagoya Univ.

For the space explorations, particularly the in-situ observations of the planetary space and upper atmospheres of the Earth a
planets, technologies related to particle instruments are very important in order to carry out quantitative in-situ measurements
space plasmas and atmospheric neutral particles. As one of the experimental facilities necessary for the developments of the
particle instruments, advanced beamline calibration facilities are crucial for performing the calibrations of the particle instruments
by emitting electron or ion beams simulating the space and upper atmospheric particles in vacuum chambers. The characteristi
of the beamline facilities largely affect the calibration results of the particle instruments so that the homogeneities of the two-
dimensional (2D) distributions of cross sections and the energy and angular dispersions of the beam fluxes are very importal
in the developments of the particle instruments. However, these characteristics of the beamlines have not been investigated
guantitatively and routinely so far.

Since we are constructing the beamline calibration facilities in our institute of Nagoya University, we should also develop
a beamline monitoring system as an important component of our facilities in order to systematically obtain various types of
data regarding the beamline characteristics. Our beamline monitoring system consists of two subsystems: one is for monitorin
the 2D cross sections of the beam fluxes and another for measuring the energy and angular dispersions according to horizon
displacement. The subsystem monitoring the 2D cross sections of the beam fluxes is almost completed by combining horizont
and vertical linear motion stages and a multi-anode Micro Channel Plate assembly (MCP), and we have already developed
C#-language program package that controls the instruments, obtains count data from the MCP, compensates time variations
the beam fluxes, and finally displays contour maps of the 2D cross sections of the beam fluxes. In addition, this subsystem ce
carry out the 2D monitoring measurements in response to various circumstances for calibrating particle instruments.

On the other hand, the subsystem monitoring the energy and angular dispersions is now under development, which can meas
spatial dependences of energy and angular dispersions on the horizontal displacement. This monitoring system consists of tv
axial turntables, a linear motion stage, a compact cylindrical electrostatic analyzer with a pin hole and a single-anode MCP. W
have almost built a program using LabVIEW, which controls the turntables and the linear stage, sweeps the voltages applie
to the electrostatic analyzer, adjusts the parameters of the beamline, and obtains count data from the MCP. The compariso
between SIMIOMN1 simulation results on the electrostatic analyzer and experimental results using the energetic ion beams with
energies of 3 to 6keV have verified the properties of the energy and angular dispersions of the beams.

In this presentation, we will give the overview of our beamline monitoring systems and discuss the data showing the beamline
characteristics in order to consider the application toward future developments of the particle instruments.

x1 : lon and Electron Optics Simulator program
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Remote sensing of the magnetic reconnection rate at the separatrix boundary

# Takuma Nakamura[1]
[1] IWF, OeAW

In the Earth’s magnetotail, magnetic reconnection releases stored magnetic energy and drives global magnetospheric conve
tion. The rate at which magnetic flux is transferred from the reconnection inflow to outflow regions is determined the reconnection
electric field E at the X-line. This so-called reconnection rate is a key parameter to evaluate the efficiency of the reconnection
process and the resulting energy conversion. In this study, a remote sensing technique to obtain thegssdk & multi-point
spacecraft observation is proposed. In this technique, the increment of the reconnected magnetic flux is estimated by integratir
the in-plane magnetic field during the sequential observation of the reconnection separatrix boundary by multi-point measure
ments. We tested this technique by applying it to virtual observations in a two-dimensional fully kinetic particle-in-cell simulation
of magnetic reconnection without a guide field, and confirmed that the estimated reconnection rate indeed agrees well with th
exact rate computed at the X-line. We then applied this technique to an event observed by the Magnetospheric Multiscale (MMS
mission when crossing an energetic plasma sheet boundary layer during an intense substorm. The estimated reconnection r
for this event is E"15 mV/m, which is nearly one order of magnitude higher than a typical value of magnetotail reconnection.
Given that past studies have found & the order 1 mV/m during weak geomagnetic activities, these results indicate that the
local Er in magnetotail reconnection may be an important parameter controlling the amplitude of geomagnetic disturbances.
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Investigation of the magnetic neutral line region with the frame of two-fluid equations

# Yuki Kobayashi[1]; Yasunori Tsugawa[1]; Naritoshi Kitamura[2]; Akimasa leda[3]; Yoshizumi Miyoshi[1]; Shinsuke
Imadal4]; Yoshifumi Saito[5]; Shoichiro Yokota[6]; Shinobu Machida[4]
[1] ISEE, Nagoya Univ.; [2] University of Tokyo; [3] ISEE, Nagoya Univ.; [4] ISEE, Nagoya Univ.; [5] ISAS; [6] Osaka Univ.

Magnetic reconnection is a basic physical process by which energy of magnetic field is converted into the kinetic energy of
plasmas. In recent years, the MMS mission consisting of four spacecraft has been conducted to elucidate the physical mechani
of magnetic field merging in the vicinity of magnetic neutral lines that exist in the central part of structures. In this study, we
examine the causal relationship between electron and ion dynamics in the frame of two fluid equations.

In the initial report using MMS data, Torbert et al. [2016] evaluated the anomalous resistivity based on generalized Ohm’s law.
However, the verification what kind of wave is responsible for the anomalous resistivity was left as an open question.

In this study, we try to clarify this issue, adopting two-fluid equations to the two events which occurred around 2015-10-
16/ 13: 07 UT and 2016-11-23/07:49UT. In the two-fluid equations, all terms other that the collision term R can be directly
evaluated from observational data, so that the value of R which can be regarded as anomalous resistivity in collisionless magnet
reconnection. By comparing absolute values of electron collision term with observed wave intensities, we investigated what Kinc
of wave is responsible for the anomalous resistivity. As a result of the analysis, the absolute value of electron collision term anc
the intensity of the lower hybrid waves (LHWSs) were found to be highly correlated, indicating that LHWs were responsible for
anomalous resistivity. Theoretically, the collision terms represent internal forces exerted between electrons and ions, so that the
collision terms should be anti-correlated. Such a tendency can be seen for the first event, but not seen for the second event, whi
may depend on the spacecraft separations. In fact, the separations were about 13 km and 7 km for the first and second ever
respectively.
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Daniel J.[7]; Giles Barbara L.[7]; Moore Thomas E.[8]; Paterson William R.[7]; Pollock Craig J.[9]; Russell Christopher[10];
Strangeway Robert J.[11]
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Observation of whistler mode waves near the local minimum of magnetic field intensity
in the magnetosheath mirror structures

# Naritoshi Kitamura[1]; Satoko Nakamura[2]; Takanobu Amano[3]; Yoshiharu Omura[4]; Yoshifumi Saito[5]; Shoichiro
Yokota[6]; Scott Boardsen[7]; Daniel J. Gershman[7]; Barbara L. Giles[7]; Thomas E. Moore[8]; William R. Paterson[7]; Craig
J. Pollock[9]; Christopher Russell[10]; Robert J. Strangeway[11]
[1] University of Tokyo; [2] RISH, Kyoto Univ.; [3] University of Tokyo; [4] RISH, Kyoto Univ.; [5] ISAS; [6] Osaka Univ.; [7]
NASA/GSFC; [8] NASA, GSFC; [9] Denali Scientific; [10] IGPP, UCLA; [11] Inst. of Geophys. and Planet. Phys., Univ. of
California, Los Angeles

Wave-patrticle interactions are thought to play a crucial role in energy transfer in collisionless space plasmas in which the
motion of charged particles is controlled by electromagnetic fields. However, in general, it is not easy to discriminate whether &
spacecraft which observed waves had been in an effective wave generation region or outside of it at the time of observation. In t
terrestrial magnetosheath, intense whistler mode waves, called 'Lion roars’, are often detected around minima of semi-periodi
fluctuations of magnetic field intensity. It is expected that whistler mode waves are efficiently generated near a local minimum
of magnetic field intensity due to the smallest resonance velocity. We report the detailed characteristics of such whistler mod
waves using the data obtained by the four MMS (Magnetospheric Multiscale) spacecraft. Using four spacecraft magnetic fielc
data, we can derive magnetic field gradient. From limited amount of burst data of whistler mode waves with clear semi-periodic
fluctuations of magnetic field intensity in the intervals of appropriate spacecraft separations ("25 or “40 km) in Phase 1A, we founc
that reversals of gradient of magnetic field intensity along the magnetic field correspond to reversals of field-aligned componen
of Poynting flux around minima of semi-periodic fluctuations of magnetic field intensity. Such a characteristic is consistent with
the idea that the whistler mode waves are efficiently generated near the local minima of magnetic field intensity and propagat
toward regions of larger magnetic field intensity along the magnetic field lines on both sides. This result confirms that reversal
of the field-aligned component of Poynting flux that is measurable even by a single spacecraft is useful to find good candidates
effective wave generation regions along field lines. In such regions, electron distribution functions have characteristics which ar
consistent with those near the centers of mirror mode structures. Since anisotropy depends on energy, simple approximation
bi-Maxwellian distributions is not usable to estimate linear growth rates at such locations. Pancake or an outer edge of butterfl
electron distributions from “100 to "400 eV are good candidates for effective wave generation at the local minima of magnetic
field intensity along field lines.
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Tomography analysis of westward traveling surge observed in February, 2018

# Yoshimasa Tanaka[1]; Yasunobu Ogawa[2]; Akira Kadokura[2]; Takanori Nishiyama[2]; Akimasa Yoshikawa][3]
[1] NIPR/SOKENDAI; [2] NIPR; [3] ICSWSE/Kyushu Univ.

We conducted a campaign of ground-based network observation using multi-point monochromatic imagers and the EISCAT
UHF radar in the northern Europe during February 14-17, 2018. The purpose of this campaign is to derive 3 dimensional (3D
current system of various mesoscale auroral vortex structures (e.g., spirals, westward traveling surges, and omega bands) &
guantitatively estimate the ionospheric effect on the formation of them. During this period, high-speed solar wind stream (HSS)
originated from coronal holes on the solar surface and associated corotating interaction region (CIR) in front of the HSS arrivec
in the Earth’'s magnetosphere and auroral activity was high. Fortunately, we observed various types of auroras during this perio
such as auroral breakups, poleward expansions, westward traveling surges, omega bands, etc. In this study we focus on 1
westward traveling surge observed around 22:45 UT on February 16. The strategy of data analysis is as follows. First, wi
apply the auroral computed tomography (ACT) method to multiple auroral images for reconstructing 3D structure of the auroral
emission, and then calculate height-integrated ionospheric conductivity by using the empirical atmospheric model. Seconc
we derive the equivalent ionospheric current from the ground-based magnetometer network data. Finally, we estimate the 3|
current system (i.e., horizontal ionospheric current and field-aligned current) and horizontal distribution of the electric field by
combining the ionospheric equivalent current with the conductivity. In the presentation, we will show the preliminary results of
the tomography analysis.
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Theoretical analysis of magnetosphere-ionosphere coupling via drift-Alfven wave

# Seiya Nishimura[1]; Tomo-Hiko Watanabe[2]
[1] Hosei Univ.; [2] Dept. Physics, Nagoya Univ.

The feedback instability is caused by the coupling of the perturbation in the ionosphere and the Alfven waves in the magne
tosphere, which is a theoretical model describing the spontaneous development of the aurora arc. When a pressure gradien
formed in the magnetosphere, the dispersion relation of the Alfven waves changes due to diamagnetic drift, and the response
the magnetosphere also changes. We investigate how the electron diamagnetic drift in the magnetosphere affects the feedb:
instability. We extend the dispersion relation of the conventional feedback instability to include the electron diamagnetic drift in
the magnetosphere, and analyze it for typical parameters of the ionosphere and the magnetosphere. As a result, it is obsen

that the effect of electron diamagnetic drift enhances the linear growth rate on the higher wavenumber side, and the frequenc
characteristics qualitatively changes.
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Magnetic Topology inducing the substorm

# Takashi Tanaka[1]
[1] REPPU code Institute

Now, the substorm can be reproduced by the global simulation, and the mechanism of the substorm has become clear witho
including estimations. Although the growth phase is a strengthening of convection, flow does not reach the center of the plasm
sheet, but becomes reflux toward the dayside passing through the surface of the plasma sheet. In this flow pattern, shear moti
induces the quiet arc. The thinning is due to the sweeping out of magnetic flux from the inner edge of the plasma sheet b
convection. It is not due to the increase in lobe pressure.

Seeing most globally, the onset is a change in convective path. This change is a state transition of convection system. After tt
transition, flow passes through the center of the plasma sheet, reaches the inner magnetosphere, and returns toward the day
from there. The transient tip is observed as the dipolarization front. The state transition is a change in force balance. The BBI
and the injection are parts of the change in force balance. Injection at transient stage forms a compact pressure regime which a
as the near Earth dynamo and generates an onset current system. The dipolarization corresponding to the injection is an incre:
of magnetic tension, but not a decrease. In the expansion phase, the ionospheric Hall current generates polarization and fort
the WTS (westward traveling surge).

A large question left is the NENL formation process. What occurs if we inspect the NENL formation correctly? To do this, the
null-separator structure is required. Under the northward IMF (interplanetary magnetic field), there are two nulls near the cusj
of both hemispheres, forming the 2 null 2 separator structure. The deformation process from the 2 null 2 separator structure t
the NENL formation is a key of substorm topology. It can be understood through three phases.

Phase 1: After a southward turning of the IMF, old 2 nulls retreat tailward, and new 2 nulls corresponding to the southward
IMF are formed on the day side in the low latitude region. From new nulls, null lines extend along the frank magnetopause to
old nulls.

Phase 2: The plasma sheet reconnection (also the early stage of the lobe reconnection) proceeds in the remnant tail struct
formed under the northward IMF. In this structure, the retreating nulls change the configuration of the tail magnetic field to
form a By outstanding structure in the plasma sheet just behind the dipole magnetic field. Strange to say, this deformatior
involves intersecting cross of magnetic fields. Similarly, retreating nulls generate magnetic field lines connecting themselves an
the midnight inner mganetosphere. At the midnight reconnection point, a mixing occurs between different magnetic field lines
through the By component. This process leads to the formation of the core By.

Phase 3: When By dominated magnetic fields of the plasma sheet is swept out downtail as the plasmoid, outer layers o
the northern and southern sides contact to make the near earth tail shift to the state of the lobe reconnection. The midnigl
reconnection point is expanded to a line, and strong tension is activated in the x direction.
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Energy flow from solar wind to ionosphere during substorm: Global MHD simulation

# Yusuke Ebihara[1]; Takashi Tanaka[2]; Naoki Kamiyoshikawa[3]
[1] RISH, Kyoto Univ.; [2] REPPU code Institute; [3] RISH, Kyoto Univ.

The ultimate source of the energy involved by magnetospheric disturbances is the solar wind. When a large amount of the solz

wind energy enters the magnetosphere, magnetospheric disturbances, such as a substorm, occur. Using global magnetohyzt
dynamics (MHD) simulation, we investigated the flow and conversion of the energy originated in the solar wind for substorms
under different solar wind conditions, specified by the southward component of interplanetary magnetic field (Bs), the solar winc
velocity (Vsw), the solar wind density (Nsw). We defined a solar wind effective cross-sectional area in which all the integral
curves of the Poynting flux (S-curve) entering the magnetosphere pass through. About 33-88% of the magnetic energy enterir
the magnetosphere is converted from the solar wind kinetic energy. Since the contribution from the solar wind kinetic energy
is large, the intake magnetic energy is not simply proportional to V&wBeynting flux), nor NswVsw (kinetic energy flux).
The effective area decreases with Bs, Vsw, and Nsw, which also makes the relationship between the solar wind parameters a
the intake magnetic energy complicated. The stored energy and the released energy in the lobe are also found to depend
the solar wind parameters, suggesting that the loading-unloading processes are also regulated by the solar wind condition. T
ionospheric Joule heating rate is well correlated with the intake magnetic energy at onset, and during the substorm expansio
This can be explained by the simulation result that both the directly driven and unloading processes are regulated by the sol:
wind condition.
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Substorm-time plasma properties at geosynchronous orbit

# Akira Morioka[1]; Yoshizumi Miyoshi[2]; Fuminori Tsuchiya[3]; Yasumasa Kasaba[4]; Hiroaki Misawa[5]
[1] PPARC,Tohoku Univ.; [2] ISEE, Nagoya Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [4] Tohoku Univ.; [5]
PPARC, Tohoku Univ.

Geosynchronous orbit is located near the inner edge of the plasma sheet, and is an ideal location to study the delivery of plasn
sheet plasma and the coupling between the magnetosphere and ionosphere through the auroral field line. We present some c
studies of plasma properties at geosynchronous orbit during substorms, using the Magnetospheric Plasma Analyzer (MPA) ir
struments onboard Los Alamos National Laboratory (LANL) satellites. A typical example showed that, (1) plasma density (both
electrons and ions) began to increase about 20 min before the substorm onset and showed maximum value just before the on:s
and then they decreased, (2) electron and ion temperatures were rather constant during the growth phase and suddenly incree
at the onset, and (3) temperature anisotropy showed different manner between electrons and ions: Tperp/Tpara of electrons beg
to decrease about 20 min before the substorm onset, and Tperp/Tpara of ions showed sudden decrease just at the onset for a s
time. These variations of plasma density, temperature, and anisotropy during substorm would be the manifestation of the glob:
magnetospheric development and local M-I coupling process. We will show detailed plasma properties at geosynchronous orb
during substorms and discuss the substorm process around the inner edge of the plasma sheet.
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A compressible response of auroral ionosphere induced by the dipolarization

# Osuke Saka,[1]
[1] Office Geophysik

Key points
During a short interval ("5 min) following the dipolarization, a local accumulation of ionospheric plasmas by convection surge
produced compressibility of the auroral ionosphere.

The plasma accumulation produced parallel electric fields in accordance with the Boltzmann relation by exciting ion acoustic
wave.

The accumulation generated electrostatic potential of the order of 100 kV and FACs therefrom. The potential thus produce
may double the atmospheric electricity.

Density accumulations in equatorward latitudes expand poleward because of their nonlinear evolution analogous to an upstres
propagation of a shock in traffic flow.

Compressive ionosphere is not a mere boundary of the magnetosphere but a source region directly producing magnetosphe
processes.
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MMS and Geotall satellite observations of a substorm onset

# Akimasa leda[1]; Naritoshi Kitamura[2]; Yoshifumi Saito[3]; Shoichiro Yokota[4]; Craig J. Pollock[5]; Barbara L. Giles[6];
C. T. Russell[7]; Shinobu Machida[8]; Tsugunobu Nagai[9]; Atsushi Kumamoto[10]; Fuminori Tsuchiya[11]; Yoshiya
Kasahara[12]; Yoshizumi Miyoshi[13]
[1] ISEE, Nagoya Univ.; [2] University of Tokyo; [3] ISAS; [4] Osaka Univ.; [5] Denali Scientific; [6] NASA/GSFC; [7]
UCLA; [8] ISEE, Nagoya Univ.; [9] Tokyo Institute of Technology; [10] Dept. Geophys, Tohoku Univ.; [11] Planet. Plasma
Atmos. Res. Cent., Tohoku Univ.; [12] Kanazawa Univ.; [13] ISEE, Nagoya Univ.

A substorm occurred at 1752 UT on August 4, 2017 with a peak of -700 nT in the AL index 6 min later. MMS and Geotalil
satellites were located in the plasma sheet boundary layer in the magnetotail, and were separated by 2 Re: MMS satellites we
located at (X, Y) = (-18.4, 3.0) Re in aberrated GSM coordinates, and Geotail at (-16.8, 3.1) Re. These satellites were locate
northward from a model neutral sheet by 1.4 and 2.4 Re respectively. At 1744 UT (8 min before the substorm onset), MMS
observed a magnetic dipolarization but no ion flows. In contrast, Geotail observed an ion earthward flow (150 km/s) beginning
30 s before the dipolarization. Since The MMS satellites, which were located closer to the neutral sheet, did not observe ior
flows, it is inferred that there were no ion flows closer to the neutral sheet. These results suggest that magnetotail ion flov
associated with substorm onsets are observed closer to the tail lobe rather than in the central plasma sheet.
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Observation Project of Sq currents by the CubeSat deployed from ISS

# Kentarou Kitamura[1]; Kazumasa Imai[2]; Taku Takada[3]; Manabu Shinohara[4]; Makoto Wakabayashi[5]; Kazumasa Imai
KOSEN Space Renkei[6]
[1] NIT, Tokuyama.; [2] NIT, Kochi; [3] Kochi-CT; [4] Kagoshima National College of Technology; [5] Electrical Engineering,
Niihama N.C.T; [6] -

Sq (Solar quiet) currents flowing in the dayside ionosphere have been considered as a significant subsequence of Mesosphe
lonosphere-Magnetosphere coupling. In particular, it is well known that the flow pattern of Sq currents shows the north-soutk
hemispheric asymmetry due to the different ionospheric conductivities in the winter and summer hemispheres. This indicate
that the asymmetry of the potential must be kept by the energy balance between each hemisphere through the field line.

An InterHemispheric Field Aligned Current (IHFAC) was theoretically predicted by Maeda [1974] and Fukushima [1979,
1991] to interpret the north-south asymmetry in the potential pattern. Several ground magnetic observations and satellite obse
vations suggested an existence of the IHFAC in the noon sector and both the morning and evening terminators. However, th
detailed morphology of the IHFAC is not well understood yet, despite that the direct detection of the IHFAC at Low Earth Orbit
(LEO) was reported in the observation by several satellites.

In order to investigate the Sqg current system including the IHFAC, the in-situ observation by a CubeSat (2U size satellite emit-
ted from ISS) is planned in collaboration with 10 national colleges which belong to National Institute of Technology (KOSEN).
The fluxgate magnetometer is onboard the CubeSat to observe small perturbations of the magnetic field. After the ejection fror
the ISS, the CubeSat will gradually glide down to the upper atmosphere due to the strong atmospheric drag and finally burn u
in it. The duration of possible observation is estimated for more than 50 days.

The CubeSat can be characterized by short development period (less than 3 years) and low cost (less than 100,000USD). \
are considering an actual utilization of this extremely low-cost CubeSat to more realistic science mission. This concept enable
us to conduct the multi-satellite in-situ observation in fairly low budget compared to conventional satellite missions.
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Magnetosphere-ionosphere connection of storm-time Region-2 FAC and ring current:
Arase and AMPERE observations

# Shun Imajo[1]; Masahito Nose[2]; Ayako Matsuoka[3]; Satoshi Kasahara[4]; Shoichiro Yokota[5]; Mariko Teramoto[6];
Kunihiro Keika[7]; Tetsuo Motoba[8]; Brian Anderson[9]; Reiko Nomura[10]; Akiko Fujimoto[11]; Iku Shinohara[12];
Yoshizumi Miyoshi[13]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISAS/JAXA; [4] The University of Tokyo; [5] Osaka Univ.; [6] ISEE,
Nagoya University; [7] University of Tokyo; [8] STEL/Nagoya Univ.; [9] JHU/APL; [10] IGEP, TU Braunschweig; [11]
Kyutech; [12] ISAS/JAXA; [13] ISEE, Nagoya Univ.

Storm-time region-2 field-aligned currents (R2 FACs) are believed to be connected between the ring current region and th
ionosphere, but this connection has not yet been clarified by simultaneous in situ observations. We quantitatively confirmed th
connection of upward R2 FACs during July 16, 2017 and June 18, 2017 storm events using coordinated magnetic observatiot
by the Arase satellite and the Active Magnetosphere and Planetary Electrodynamics Response Experiment (AMPERE) includin
the Iridium constellation. The upward FACs were determined by drastic changes in the azimuthal magnetic field at Arase in
the off-equatorial (magnetic latitude of 23<3@ostmidnight inner magnetosphere. The magnetic latitude of the FAC projected
onto the ionosphere was consistent with the ionospheric FAC observed by the AMPERE/Iridium. Using the conservation of the
ratio between the current density and the total magnetic field along the field line, we showed that the current between Arase ar
Iridium was almost conserved, meaning that a large portion of the R2 FAC was driven in the low-latitude inner magnetosphere
We also calculated the plasma pressures bfdfd O ions and pressure-driven currents that are considered to be a source of
storm-time R2 FACs and examined their relationship for the first event. Thpr@ssure contributed significantly to the inner
part of the total azimuthal current. The total pressure and pressure-driven current peaks were located inside and outside the FA
respectively. A simple model calculation indicated that this spatial relationship can be explained by the day-night asymmetry of
magnetic field.
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Analysis of Pc5 Wave Characteristics observed by MMS spacecraft

# Makoto Suzuki[1]; Takanobu Amano[2]; Naritoshi Kitamura[3]
[1] Earth and Planetary Science, Univ. of Tokyo; [2] University of Tokyo; [3] University of Tokyo

The presence of high-energy charged particles is common in the geospace environment. In particular, the radiation belt is fille
with the highest energy (several hundreds of keV to several tens of MeV) particles. The acceleration of radiation belt electron:
is a topic of great interest in space physics (Millan and Thorne, 2007).

Ultra-Low-Frequency (ULF) waves having periods between 2 to 10 min called Pc5 waves are believed to play a role for the
acceleration of radiation belt electrons. In particular, the waves which have low azimuthal wavenumber (m-a@6jbere
capable of accelerating particles via the drift resonance (Schulz and Lanzerotti, 1974). On the other hand, high n=rlitihber (
Pc5 waves (Storm-time Pc5s) that appear during geomagnetic storms may also be important (Ukhorskiy et al., 2009). Suc
storm-time Pc5s may be excited by plasma instabilities caused by an enhanced patrticle transport from the plasma sheet to t
inner magnetosphere during a geomagnetic storm. The drift-mirror instability caused by pressure anisotropy is one of the mo:
plausible candidates.

Such ULF waves likely to be generated by the drift-mirror instability are more frequently observed@&where the MMS
(Magnetospheric Multiscale) spacecraft observations are available (Takahashi et al., 1990). With the MMS observations, wi
can perform both single-spacecraft and multi-spacecraft analysis methods independently. Comparisons between these meth
enable us to verify the accuracy of the method based only on single-spacecraft measurement. In particular, the estimation
m-number is important in considering the resonance condition between Pc5 waves and particle. However, since observations
the inner magnetosphere are usually made with a single satellite, it is difficult to obtain reliable estimates for the m-numbers. Th
MMS observations are thus useful to test the applicability of single-spacecraft analysis methods in the inner magnetosphere.

In this study, we present results of such analysis for Pc5 waves observed by the MMS satellite on the dusk side in the mag
netosphere on September 1, 2015. We applied the multi-spacecraft timing method for selected time intervals and obtained
wavelength of several thousands of km, westward propagation with a propagation speed of 30-40 km/s in the spacecraft fram
We also performed Minimum Variance Analysis to estimate the wave propagation directions and obtained consistent results. W
will also apply other single-spacecraft methods and discuss the accuracy by comparing results obtained with different methods
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Effects of the inclination and rotation of Earth’s magnetic axis on the near-Earth plasma
environment in global MHD model

# Aoi Nakamizo[1]
[1] NICT

Recently, we have shown that the ionospheric Hall conductance distribution, owing to the polarization field generated by its
nonuniformity, largely control the magnetospheric configuration and dynamics by using a global MHD model. The effects of
the ionospheric conductance on the magnetosphere were also reported by previous studies based on other global models;
example, the current-voltage relationship in the solar wind-magnetosphere-ionosphere [Fedder and Lyon, 1987] and the plasn
pressure distribution in the near-Earth region [Ridley et al., 2004]. These studies indicate that the ionospheric conductance is or
of the most important settings in the global models to accurately simulate the magnetosphere.

On the other hand, in the development/improvement of the global MHD model in NICT, which was originally developed by
Tanaka [1994] and Tanaka et al. [2010], introducing the inclination and rotation of Earth’s magnetic axis with respect to the
rotation axis has been remained as one of the most difficult problems. In other words, in the present model, the precession b
tween the magnetic axis and the rotation axis is not included. This means that the simulated magnetosphere will show a differel
structure and temporal development than the actual magnetosphere, particularly during the summer and winter seasons.

We, for the first time, equivalently introduce the precession by rotating the background conductance distribution due to solal
illumination (i.e., depending on the geographic coordinate) with respect to the geomagnetic coordinate. (Improvement of the
conductance setting in the auroral region is the next challenge.) In this paper, we will show how the near-Earth plasma environ
ment is changed by this improvement.
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Axisymmetric conductivities of Jupiter’s middle- and low-latitude ionosphere

# Yuki Nakamura[1]; Koichiro Terada[1]; Chihiro Tao[2]; Naoki Terada[3]; Yasumasa Kasaba[4]; Hajime Kita[5]; Aoi
Nakamizo[6]; Akimasa Yoshikawa[7]; Shinichi Ohtani[8]; Fuminori Tsuchiya[9]; Masato Kagitani[10]; Takeshi Sakanoi[11];
Go Murakami[12]; Kazuo Yoshioka[13]; Tomoki Kimura[14]; Atsushi Yamazaki[15]; Ichiro Yoshikawa[16]
[1] Geophysics, Tohoku Univ.; [2] NICT; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4] Tohoku Univ.; [5] Tohoku
Univ.; [6] NICT; [7] ICSWSE/Kyushu Univ.; [8] The Johns Hopkins University Applied Physics Laboratory; [9] Planet. Plasma
Atmos. Res. Cent., Tohoku Univ.; [10] PPARC, Tohoku Univ; [11] Grad. School of Science, Tohoku Univ.; [12] ISAS/JAXA,;
[13] The Univ. of Tokyo; [14] Tohoku University; [15] ISAS/JAXA,; [16] EPS, Univ. of Tokyo

lonospheric Hall and Pedersen conductivities are important parameters in determining the electric potential distribution anc
plasma convection in a magnetosphere-ionosphere system. At Jupiter, meteoric ions generated by meteoroid ablation are expec
to play a major role in the ionospheric conductivities [e.g., Cloutier et al., 1978]. Hall and Pedersen conductivities are expected t
be axisymmetric at Jupiter due to the long lifetime of meteoric ions. This study aims to evaluate the modification of the potential
distribution and plasma convection in the inner magnetosphere caused by the axisymmetric ionospheric conductivities at Jupite

There have been observational constraints on the effect of the ionospheric conductivities to the plasma convection in th
inner magnetosphere. Observations by the Hisaki satellite revealed that the brightness intensity of the lo plasma torus chang
asymmetrically between the dawn and the dusk sides and this change coincided with a rapid increase in the solar wind dynam
pressure. Such change can be explained by the existence of a dawn-to-dusk electric field of "4-9 [mV/m] around lo’s orbit
[Murakami et al., 2016]. The dawn-to-dusk electric field can be generated by the dawn-to-dusk asymmetry of the ionospheric
electric potential caused by the Region 2 like field-aligned current.

In order to evaluate the contributions of meteoric ions to the Jovian ionospheric conductivities and dawn-to-dusk electric
field in the inner magnetosphere, we developed a 3-D photochemical model and a 2-D ionospheric potential solver. Our 3-L
photochemical model includes chemical reactions taken from Kim et al. [1994, 2001], vertical thermal diffusion of ions, mass
deposition rate of meteoric atoms and ions by meteoroid ablation, and ionization by precipitating electrons. The input parameter
of field-aligned current are the Region 2 like current with reference to Khurana [2001] and axisymmetric Hill current. Our
2-D ionospheric potential solver was developed using the methods in Nakamizo et al. [2012]. First, we calculated the globa
distribution of ionospheric conductivities using ion and electron density profiles acquired from the photochemical model. Second
we calculated the ionospheric potential distribution and the resulting dawn-to-dusk electric field in the inner magnetosphere.

Our simulation results showed that the largest contributions to the Hall and Pedersen conductivities occur in the meteoric iol
layer, and the conductivities are axisymmetric in the middle and low latitudes. Meteoric ions dominate the ion densities betweer
300 km and 400 km altitudes. The peak electron number density1€*3[m~3], which located at the meteoric ion layer around
370 km, and "£10'"! [m—3] at the H" peak around 1000 km. We confirmed that electron density profile is almost constant at any
local time due to the long lifetime of Hand meteoric ions. We confirmed that the ionospheric conductivities reach their maxima
at the meteoric ion layer, and the height-integrated Hall and Pedersen conductivities become axisymmetric at middle and lov
latitudes at Jupiter. At high latitudes, the conductivities indicate the dawn-to-dusk asymmetry associated with the Region 2 like
field-aligned current.

We will discuss the modification of the potential distribution in the ionosphere and the dawn-to-dusk electric field in the inner
magnetosphere at Jupiter, due to the axisymmetric conductivities at the middle and low latitudes caused by meteoric ions ar
the dawn-to-dusk asymmetric ionospheric conductivities at high latitude caused by the Region 2 like current. Furthermore
comparison between our results and the Hisaki observations will be also discussed in the presentation.
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Automatic identification of FLR and analysis of the magnetospheric plasma density
during magnetic storms

# Masataka Sasaoki[1]; Hideaki Kawano[2]; lan R. Mann[3]; Kanji Hayashi[4]; Akimasa Yoshikawa[5]; Akimasa Yoshikawa
MAGDAS/CPMN Group[6]
[1] Earth and Planetary Sci., Kyushu Univ.; [2] Earth and Planetary Sci., Kyushu Univ.; [3] The University of Alberta; [4] none;
[5] ICSWSE/Kyushu Univ.; [6] -

The plasma density in the magnetosphere is a fundamental quantity of the magnetosphere, and it is important for understandi
phenomena occurring in the magnetosphere such as magnetic storms. The plasma density can be directly observed by satelli
but their simultaneous spatial coverage is limited. On the other hand, ground magnetometers densely cover the Earth surfac
and from their data one can estimate (by a method described below) and make two-dimensional snapshots of the magnetosphe
equatorial density.

In our research, we estimate the magnetospheric plasma density by using the FLR (Field-Line Resonance). The FLR fluctuate
the H-component of the ground magnetic field in a unigue manner; by using this feature, the FLR is identified and the FLR
frequency is determined by applying the cross-phase and the amplitude-ratio methods to the data from two magnetomete
closely placed in the north-south direction. Because there are several meridional magnetometer chains in Canada, it is possible
make detailed two-dimensional snapshots of the magnetospheric equatorial density in the area to which Canada is mapped alc
field lines.

In the conventional approach, the FLR has been visually identified in the plots of the cross phase and the amplitude ratio, bt
it takes considerable time and efforts. Thus, in our research, we have improved the automatic-identification program which hire
a new algorithm [Kitagawa, master thesis], applied it to the data of the Halloween event (2003/10/28711/1) for which the plasme
density was estimated in other papers, and confirmed the preciseness of our program.

As a case study, we have analyzed a magnetic storm (2011/9/26710/1) by using the data from Canada and estimated the plas
density. As a result, we have confirmed that the plasma density increased in the main phase of this storm. In relation to this, w
are investigating the position of the plasmapause during this storm. Considering this and other features of this storm, we wil
clarify the cause of the increase of plasma density and report the result.
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Experimental observations of geomagnetic field with magneto-impedance sensor

# Masahito Nose[1]; Kentarou Kitamura[2]; Yukinobu KOYAMA[3]; Haruhisa Matsumoto[4]; Ayako Matsuoka[5]; Hitoshi
Aoyama[6]; Takeshi Kawano[6]
[1] ISEE, Nagoya Univ.; [2] NIT,Tokuyama.; [3] NIT, Oita College; [4] JAXA; [5] ISAS/JAXA,; [6] Aichi Steel Corporation

In geomagnetism or space physics, magnetic field variations are usually measured with the fluxgate magnetometer. Th
instrument has a high resolution of the order of 0.1 nT or less, which is enough to detect various geomagnetic phenomena, su
as geomagnetic pulsations, Sq variations, and geomagnetic storms. However, since one fluxgate magnetometer generally cos
few tens of thousand US dollars, it is difficult to deploy network observations with a limited amount of research grants.

Magneto-impedance (M) effect was discovered about 25 years ago and a micro-size magnetic sensor that utilizes this effe
becomes commercially available. It costs approximately 500 US dollars for a single-axis sensor. We made some modification
to the commercially available Ml sensors as they can cover the range of the geomagnetic field (+-50,000 nT). For the perioc
of March 30 to April 27, 2018, we conducted experimental observations of geomagnetic field variations with the M| sensors
at Mineyama observation site, which is located about 100 km north-west of Kyoto. Data obtained with the MI sensors were
compared with those from the fluxgate magnetometer that have been working at the site. Results showed that the MI sens
recorded geomagnetic variations with amplitudes of "1 nT that were also detected with the fluxgate magnetometer. This sugges
that Ml sensors are useful for researches in geomagnetism or space physics, although they are much less expensive than fluxg
magnetometers. In presentation, we will display observation data from both the Ml sensors and the fluxgate magnetometers
Mineyama. Future plans will be also discussed.
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Statistical analysis of field-aligned currents in the northern polar cap regionwith Swarm
satellites

# Toshihiro Yamauchi[1]; Keisuke Hosokawa[1]; Shinichi Ohtani[2]; Kazuo Shiokawa[3]; Yuichi Otsuka[3]
[1] UEC; [2] The Johns Hopkins University Applied Physics Laboratory; [3] ISEE, Nagoya Univ.

One of the dynamical phenomena occurring in the polar cap is so-called polar cap arcs. Polar cap arcs are generally aligne
with the noon-midnight meridian; thus, they are sometimes called Sun-aligned arcs. It is well known that the dawn-dusk motion
of polar cap arcs depends on the By component of interplanetary magnetic field (IMF). However, the details of their source
region and generation mechanism have not yet been clarified. To discuss such unresolved problems, it is necessary to elucid
the M-I coupling process occurring above polar cap auroras. One possible approach to understanding the M-I coupling in th
vicinity of aurora is to examine the spatial structure of field-aligned currents (FAC). Within auroral arcs, the energetic electrons
precipitate downward from the magnetosphere into the ionosphere along the magnetic field line and then upward FAC flows fron
the ionosphere to the magnetosphere. By measuring FAC, it is possible to understand the M-I coupling process above polar c:
arcs. In the past, FAC was derived indirectly from the temporal variations of the magnetic field measured by the low-altitude
satellites such as DMSP and CHAMP. However, since these observations are single satellite measurement, it was necessary
assume that the structure of arcs does not change so much in the direction along the arcs. However, when the horizontal structt
of FAC and the satellite orbit are close to parallel, the assumption is often invalid and it would be difficult possible to measure
the FAC structure accurately.

To resolve this problem, the geomagnetic observation satellite Swarm has been conducting formation flight observation witt
multiple satellites. It consists of Swarm A, B, and C, and among them Swarm A and C fly nearly parallel on the almost same
orbit. Therefore, it is possible to estimate FAC using dual satellites. This dual-satellite method makes it possible to estimate
FAC regardless of the geometric relationship between the FAC structure and the satellite orbit. In this study, we conducted
statistical analysis using dual-satellite method FAC data, and examined the dependence of polar cap FAC characteristics on IV
and season. First, we extracted 4335 signatures of upward FAC in the polar cap, whose current density is larger thah 0.5 Am
Many of them were located on the dayside,which are FAC in the cusp. Since our focus is on FACs associated with polar cap arc
in the central polar cap, such dayside FACs was excluded from the statistics. As a result, the total number of FAC signatures |
1808. We confirmed that there are the dependences of FAC occurrence on both the IMF Bz and By. In addition, it was also foun
that the occurrence of high FAC region depends on season. In the presentation, we will discuss the origin of these dependenc
on IMF and season in detail.
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The THEMIS reveal morphology of Pc4 pulsations and auroral streamer excited after
substorm onset

# Maki Hatae[1]; Akimasa Yoshikawa[2]; Teiji Uozumi[3]
[1] Dept. of Earth and Planetary Sci.,Kyushu Univ.; [2] ICSWSE/Kyushu Univ.; [3] ICSWSE, Kyushu Univ.

It is well known that Pi2 pulsations are excited on substorm onset. However, it is not yet clarified about morphology of
Pc4 pulsations frequently observed during expansion phase to recovery phase of substorm. Pc4 is expected to relate earthw
plasma flow due to the depolarization of earth’s magnetic field and associated vortex generation.Therefore, it would become vet
important indicator for investigation of magnetospheric dynamics after substorm onset.

In this study, by using the magnetic data obtained from ETS-VIII synchronous orbit satellite and the MAGDAS/CPMN ground
stations (210 meridian chain), we found that the Pi2 globally occurs after substorm onset and rapidly disappeared with sever:
periods, while Pc4 continues during recovery phase but only at the nightside high latitudinal region (above sub aurora region)
Furthermore, by using THEMIS satellites, it is found that Pi2 can be captured at the dayside magnetosphere, while Pc4 i
observed only at the nightside magnetosphere with same waveform on the ground.

These results suggest that Pi2 propagate from nightside to dayside magnetosphere as a compressional wave, while Pc4
excited as shear Alfven wave at the nightside magnetosphere and propagate to the high latitude ionosphere.

In this presentation, we will discuss about detail of the above results and, report an initial result obtained from comparative
study between aurora emission and Pc4 pulsations by using electromagnetic data from THEMIS satellites, aurora activity fron
THEMIS all sky camera, THEMIS magnetic field data, and global MAGDAS magnetic filed data.
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Extraction of the two-dimensional flow pattern and fluctuations from a sequence of
auroral images

# Shin’ya Nakano[1]; Yasunobu Ogawa[2]
[1] The Institute of Statistical Mathematics; [2] NIPR

Since aurorae are associated with various magnetospheric processes, aurora observation is a promising way to monitor t
magnetosphere. Nowadays, routine aurora imaging observations with high time resolution are conducted at many observatic
sites, and aurora imaging data have become widely available.

We are developing a technique for obtaining physical quantities from aurora image data. In our technique, the variations o
an aurora are decomposed into a persistent component (no blink) and residual fluctuations. The persistent component sho
drift motion, which is possibly associated with the large-scale magnetospheric electric field. The residual fluctuations are relate
with the pulsating aurorae, which would be related with magnetospheric plasma waves. The persistent component and the flo
pattern of its drift motion can be extracted by using an approximation of the Kalman filter algorithm. Since each auroral image
which consists of a large number of pixels is high-dimensional data, it requires high computational cost to apply the standarc
Kalman filter algorithm. In order to reduce the computational cost, we represent the drift velocity distribution on an image by a
stream function expanded using 36 basis functions. In addition, each uncertainty covariance matrix is approximated by a diagon
matrix. These approximations enable us to obtain an efficient algorithm for estimating the persistent component and the flov
pattern. We will describe the outline of the proposed method and demonstrate some results.
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Motion of isolated proton aurora observed by ISS-IMAP VISI: multi-event analyses

# Haruki Kawai[1]; Keisuke Hosokawa[2]; Yuta Hozumi[2]; Ryuho Kataoka[3]; Yoshizumi Miyoshi[4]; Kazuo Shiokawal[5];
Satoshi Kurita[4]; Takeshi Sakanoi[6]; Boris Shevtsov[7]; Igor Poddelsky[7]
[1] IE, UEC; [2] UEC; [3] NIPR; [4] ISEE, Nagoya Univ.; [5] ISEE, Nagoya Univ.; [6] Grad. School of Science, Tohoku Univ.;
[7] IKIR

Isolated proton aurora (IPA) is a localized region of proton precipitation sometimes observed at latitudes lower than the mair
aurora oval. The generation mechanism of IPA is based on pitch angle scattering of protons by electromagnetic ion cyclotrol
(EMIC) waves through the wave-particle interactions at the magnetic equator. Thus, IPA has temporal and spatial correlation
with Pc 1 observed on the ground. However, large-scale spatial characteristics and dynamic properties of IPA are still unclee
because of limited number of observations from space. In this study, we use auroral images taken by ISS-IMAP VISI on
International Space Station (ISS) obtained during three years from September 2012 to August 2015. Six cases of IPA, some «
which continued to be observed for consecutive multiple paths, are found.

During the first event on August 20, 2015, IPA was observed during one single path at &amp;#8211;60 MLAT. The ground-
based induction magnetometer observation at Magadan in the northern hemisphere (similar local time) showed an intense activi
of Pcl wave (0.7 - 1 Hz) during the period of this IPA. During the second case on 24 July 2015, IPA was observed during four
continuous paths at -62 MLAT. An enhancement of Pcl wave was detected at Magadan slightly before the IPA interval. This
slight discrepancy is probably due to the hemispheric and longitudinal difference in the EMIC activity. In this case, IPA moved
from the nightside to the morning side and the eastward speed 160 &amp;#8211; 320 m/s. During the third event on Augus
18, 2015, IPA was observed for two continuous paths at -62 MLAT. The Pcl wave was high active at around 1 Hz from 16
UT to 17 UT at Magadan. In this case, the IPA moved westward from the post-midnight to pre-midnight at a speed of 220
m/s. The longitudinal motion of IPAs seen during the second and third events could be associated with the background E x E
drift by co-rotation electric field of relatively colder plasma or convention electric filed in the magnetosphere. The difference
(i.e., eastward or westward) in the direction of IPA motion will be discussed in comparison with the ionospheric plasma drift
measurements by SuperDARN. In the presentation, some initial analyses of data from MAXI-RBM, which measures high-energ)
electron precipitation, will also be demonstrated to discuss simultaneous precipitation of radiation belt electrons in the region o
IPA.

N7 0 b A —uF (IPA) A —0 54— UL KX O EREEICA SN RANGE T 0 b A —1 5 Th b, MsIvE
HILC EMIC 8 & DM EIEHIC K > T+ E Yy FARGEL 22T, HiEROBESERKICKHE DAL L TERENS &
EZBNTWVA, EMIC IFENIH ETEIIT 22 D TES, TNETOMFICK ST, IPA & PCIDFEITIIRERY « 22
MBS % T D> T b, LA L, IPA ITFERIEDMEW T2 DEIIFFINZ N T A0, DR
TR SRS BN M 75 & OFRIAAHEA TRV, F 7o, IPA OFEKICIE. MeV A — X — DT 3 )V F— 2Okt E
FHETLTWA T e EBIHINICHEEINTE D, BT E OB Z T 5 5 A TH. ZTOZE MG 2 ILEIC
BT BT EAROENT VS, AFE T, EHEFHAT— 3 > (ISS)ICHBHK E N iz s tiRfGEEE (1SS-IMAP
VISI) ZHW TR E Nz 20124 9 Ah5 20154E 8 AE TD 3 FEMOT—X7Z Wiz, VISI OB EX 630nm,
650nm, 762N K U Z D FIETH S, ISSOHLEMRIAN 51.6ETH Sz, IPAZEZDA—1 T 28T Z %1%
2T LEZ VDT TIRERWD, 3EMOT—2H5 640 IPA ZHiH Uiz, 6 Hl2THmE FERTOREMI 72> TW53
A, AU & SO A 7 2y R EREERAI TR E VOIS, ISSHEAINREMEE TIRFIT A ENTESBC
LILEBEDTHB, TNHOHEMPOHICIE, EED/ SR> THINENZEDEH 0. HEOBEIEIEZ T 5
T EMAREL IR0 TV, SN H—/ S A THIE NIz & EE0 SA TS N2 HRIOFE 3 DOHEFNT DOV THE
2179

20154F 8 H 20 HIC, WA -60 /2. O4MLT T IPA DIl E Nz, 22X —)VIZERPEIC 600kmAEfE, FHILIC
100KmMFRFE THPE /T ISR T 7273w FARDZEMIMEIE 278 LT\ e, T OWFRIHIC, R WIEERD MagadanT
. IRVERED PeAMEIIENTE O, EMIC IEENC X % ©y FAEEL L OREMEDRB E N5, 20154F 6 H 24 HOH
BITIlE. RERREREE -60 FEAHET. 23 MLT 05 03 MLT I/ T 4 DO/ S A TEHIIE N Tz, ZZRIRA 7 —)VId R
PEIC 280kmFEE . mdLIC 160kmARE THFE SISO T 7273y FIRDZERIMHEZ /R L TW iz, TD & X, JL¥ERD
MagadanC#iHll E N7z Pc 1 (& 18 UTHHIX 1.1 Hzf\HE THENKE L Z> TWEM, ZNLREEENREL LS TH
59, YERBXUREND LEEZZ DI 1 LOMOHR NG TbDEEZ NS, FHITIE, IPAEDLTD
WAIRZ A Z 755 WA SEENC T TREI L Tz, #RESTMOBELEEE 2 DHE 3 DHD/SADRTEB X Z



160 m/isTH D, 3/8SZAHMNS 4 AHOMTHEIB X ZF 320 mIsSFEETH > 1z, 20154 8 H 18 HICEIHIE Nz Fifilid.
WAHERE -62 T T, 02 MLT A5 03 MLT I/ T 2 DOiE S A TERIE N Tz, 2224 — )UIZ R PEIC 400km
FERE. FadbIC 100KkmALRE THPG /T ISR T 7273y FARDZERIMEE 2 R L Tz, AL FERD MagadanTEIMIE 17z
Pc 11 IPA BEIIE N TS 16 UTH S 17 UTICWI T L HzABETHEN R 7> THH . EMIC JKH) & ORI EMEA
REEND, TOHEHFIE, IPA X 20154 6 H 24 HOFH| & Bz 0 sl S AN mh - TRENT 5 &0 Rl e+ -
Tz, BETMOBINEE BB XZ 220 mIsTH -7z, IPA DFREETHOBENS. WEE TS X~ OHElEERE U
CIEHREHICEK S EXB RU T h KL TWSEDEEZ 5N %, Super DARNL— X —{d5> DMSP# 20D K1 7 k
A—=R =l X>THELNE TR LT 5 T & T, IPA DBEHEE & 50k & OBEMEZFIX, i 2 610 IPA D
(EIRTRIOENIC DWW THEIRT %, Tz, ISSICHEHKE N TV S MAXI-RBM 1T X % il % RO RIFHEH 7 — X
WKOWTHBELIRZAZR— B TED, ZOYHERERET 2T ETH S,
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Plasma flow profiles associated with moving mesoscale cusp auroras

# Yunosuke Nagafusa[l]; Satoshi Taguchi[1]; Yasunobu Ogawal2]; Keisuke Hosokawa[3]
[1] Grad school of Science, Kyoto Univ.; [2] NIPR; [3] UEC

A cusp mesoscale aurora form whose motion has a poleward component is thought to be accompanied with mesoscale twi
vortex plasma flow, and the plasma flow is likely to be relatively fast in the vicinity of the region where the two vortices contact
with each other. Since the intense aurora tends to occur in the area of one vortex, which is associated with upward field aligne
currents, relatively fast flow would be present near the boundary of the aurora. To understand detailed relationships betwee
relatively fast flow and the moving mesoscale aurora in the cusp, we examined data from simultaneous observations of an all sk
imager and the EISCAT Svalbard Radar (ESR) located in Longyearbyen, Svalbard. Results of statistical analyses suggest that t
location of the fast plasma flow does not always fit in the above-mentioned picture. We discuss the result in terms of the shap
of the mesoscale aurora and the direction of the background plasma flow.

A ATHEBICIE, W& OMEER D2 E > TBHTE AV AT —)VOA—aIh LI LIEHET S, 2Ot—nmT
MR < Heo TV B FEICIE, EIE OIBTRETRZES 79 X< OMMEIE L. ZDOMICIIRT 2753 Kot & o]
TEDOMWMMBHEL T, 2 DDWMNEBICEHNTVDE EEZ LN TS, TOD twin-vortex E7 /)L T, 2 DOMWMB AN G
IERTT I AIDHENDHL I3 L EZSNTED (Taguchi et al., 2018) 1 DDA —OINEE S KL, 4A—0
F DIKFEFADILED O DEFAHE T T I A OFNDHEL H>TWVaB T EWMIRFE NS, AWZETIE. 7I XA DiN
MEL T2 2 TV BERDIE, ERICA—T T DOKFFRDILMN D OEEFRAHEICIE L TR D0, £z, LD XS &EHIC
F—a I OEHROEDHD @< A—aZOuiAHMEF D) ICECTWBONZIHEMIT 2,

COHMDS, AW TIE A=) IVEEE DA — 15 A A— v — & EISCAT Svalbard Radar (ESRJ X 2 [FlR¢HE
T — 2 27 HT LTz 630 nmODIEETHELNIZAY R — )LD AT A —1 5 O i, i Liz4—a <
M. ESROEET ¥ 7 F DY —LOJjMZdEE LTV 536772 2012450 5 2015504 Z (12 H & 1 ) O'flT—%
MHWD Lz, ESRTHONZBDVEDTH LA A VIREZ, TIXAYDRNDEE ZKMT %, ESROA A Vil
EOTF—=2%ELil, L—2—DHBZY]> THEEL T AV X7 —)LOL—aI 0D LD TSI A< DmNAH
HENTHEL o TV B DD ZIHNT, A —1 T DR E BRIROREIC > T, 7T A DINNHEL 75> TV S5
MEDXIINEEEZZDNICOWVTHRET %,
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Revisiting minimum variance projection for multi-spacecraft data analysis

# Yasuhito Narita[1]
[1] IWF Graz

Minimum variance projection is a powerful tool in the multi-spacecraft data analysis. Theoretical construction of the minimum
variance projection is revisited and discussed in view of the maximum likelihood for a Gaussian form by using the data covariance
as a proxy of the noise covariance in the measurement. An error estimate is suggested, too. The minimum variance projectic
can be extended to decompose the measured multi-spacecraft data into different components or shapes.

BN T IRIEIHA B OZ SR B O T — Z NI BN TR RT3 7 — 2T FETH O, & D DI IEEIfRT
WKL DN TWVD, /N IEOHGRNA L RZ2 CEBRBOREN S HEST T LIk b, RN ETIE T — 2 fifthT
WCEBWTHIEEOHE S EE ) A ZOHGHMOREE LTS TWB T W%, RIEOHSMNSTE L /N LD
i (B L RMEEKE) FMME faElc k%, v “RIEERILEZHAGDEZ T LICK D, BT — 2 2B DR
BB RS % T L & ATREIC R B,
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Characteristic distance between auroral brightening spots along the equatorward
boundary of the cusp

# Satoshi Kose[1]; Satoshi Taguchi[1]; Keisuke Hosokawa[2]
[1] Grad school of Science, Kyoto Univ.; [2] UEC

Mesoscale auroral brightenings observed near the equatorward boundary of the cusp are thought to be the ionospheric signat
of the beginning of intermittent reconnection on the dayside magnetopause, i.e., a flux transfer event (FTE). Multiple brightening
spots often appear along the equatorward boundary of the cusp. Our understanding of the location of the multiple brightenin
spots is lacking. In this study, we clarify the characteristic distance between the multiple brightening spots along the equatorwar
boundary of the cusp. We examined 630-nm aurora data obtained by a ground-based all-sky imager at Longyearbyen, Svalbs
during seven winter seasons. Results of statistical analyses show that there exists a characteristic distance between two nei
boring spots, which is 0.2 to 0.5 hour in MLT during southward IMF. Results also show that there are several intervals when the
distance is kept at "0.4 hour in MLT. We discuss whether these results simply reflect the occurrence of the FTE or suggest somnr
additional processes of electron precipitation, which are not related to the FTE.

H AT OFEREEFTICEHN S XY A —)LDA—a 5 OBDEE, <7 % b ¥ —ASEFEE & DI T 3 )L F—
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EF55DEH BN, JLfE IMF BERSZDORNOE & Tld. 4 —1 5 OEEEE M & ORI % S > TR
LTV, TOXIEA—1Tid, FEORETBIMNILHEAIcE, FETAREORAERREZE DT Ehbh> T
%, HATIZEHE. MLT TARBEREOEEZE B, TOMCHNRS L 1 DD XY A7 —)VOF —1 5 BYEOREE /5D
BT 78, AATORENBIFICH O IRVHEIH THEBOA —a ARy RHARL LENSGEEH 5, iz,
INHDARY FAY prenoonflll & postnoorfll D EE SICEHNRTNDMNMICDNT, IMF DEPARRITHDED> Tnb T &
ETNETOMENSD > TS, LM LEDND, EEOA—OIHYEARY DXL EBENBRIC, ZN50 MLT
FIaDOMRICEDL A HEIXIE E A EHS MR > TWIEW, AfFETIE, A—HIE2RA A—I v —DHEFNNSIA LG
bNETF—2%EE LI, BHAZA7OREERICIA S A—a I8t Ry N ORI OEEHC D 2 HEZH ST %,

OV AY—E 4 ZUVICREINTVEERA A=V vy —IC K> THEE NIz 630 nmD A —1 S5 57— X2 fiftki L
2o TNETOMFRICKD, TOT—2%ffioTHRATOREMDBENMIRIRDEND LD >TWND, TDT
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Dependence of the ion-to-electron temperature ratio on flow speed in the plasma shee

# Kaori Watanabe[1]; Kunihiro Keika[2]; Masahiro Hoshino[2]; Yoshifumi Saito[3]; Naritoshi Kitamura[1]
[1] University of Tokyo; [2] University of Tokyo; [3] ISAS

Plasma in the Earth’s magnetosphere are heated up to 1-10 keV and stored in the plasma sheet in the magnetotail. The m:
netotail plasma can be accelerated by magnetic reconnection, which occurs to release the magnetic field energy. The accelera
plasma are transported both earthward and tailward as fast flows with a speed of several hundred kilometers per second or fas!
It has been reported that the properties of plasma sheet plasma such as ion temperature, electron temperature, and the ion
electron temperature ratio depend on fast flow conditions and spatially vary [Kaufmann et al., 2005, Wang et al., 2012]. However
it is not well understood how transport and acceleration of the magnetotail plasma depend on mass and/or charge.

In this study, using plasma data obtained from the FPI instrument on board MMS, we first examine the flow speed depen
dence of the ion-to-electron temperature ratio in the plasma sheet. We use the data for a period from June to August 201
when MMS was flying in the near-equatorial magnetotail in the regiongf X<-25Rg and -15R; <Y g5y <15Rg. We divide
observations into three different groups according to flow speed: slow flow d¥pt (<100 km/s), middle flow event (100
km/s< |V | <400 km/s), and fast flow even;,,,|>400 km/s). We then investigate the occurrence distributions of the plasma
temperatures and the ion-to-electron temperature ratio for each group.

The results show that both ion and electron temperatures increase with increasing flow speed. On the other hand, the occurrer
distribution of the ion-to-electron temperature ratio does not differ between the three groups. We also investigate differences be
tween earthward flow and tailward flow. For earthward flow events, the trend is similar to the above-mentioned results. For
tailward events, ion temperature and the ion-to-electron temperature ratio of fast flow events show larger value than those of ar
other flow events. We also examine how the ion-to-electron temperature ratio differs between dawn and dusk sides and betwet
high beta (around center of the plasma sheet) and low beta (around boundary of the plasma sheet) regions. No significant diffe
ences of the ion-to-electron temperature ratio are seen in both cases. The results may suggest that the mass dependence of ple
acceleration in the magnetotail reconnection is not related to the reconnection rate. We will discuss about what determines tr
occurrence distribution of the ion-to-electron temperature ratio.
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Response of electrons in near-Earth space to solar wind, and possible region where
electromagnetic waves are excited

# Takuya Ikeda[1]; Yusuke Ebihara[2]; Takashi Tanaka[3]; Mei-Ching Fok[4]
[1] Electronics, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] REPPU code Institute; [4] NASA/GSFC

http://space.rish.kyoto-u.ac.jp/people/2016/takikgmia/index-j.html

The Earth is surrounded by energetic charged particles. The population of the energetic charged particles is called radiatic
belts. The growth and decay of the radiation belt are critical issues because these particles are hazardous to artificial satellit
and human activities in space. To understand the growth and decay of the radiation belts, we need to understand two differe
processes. One is an adiabatic process in which adiabatic invariants of the particles are conserved. The other one is a nc
adiabatic process in which the adiabatic invariants are violated. The non-adiabatic process is thought to occur when the particle
interact with electromagnetic waves. The electromagnetic waves are excited when a certain condition of lower energy particle
is set up by the adiabatic process. Toward the understanding of the radiation belts, we used the global magnetohydrodynami
(MHD) simulation (Tanaka, 2015; Ebihara and Tanaka, 2015) together with the advection simulation called Comprehensive
Inner Magnetosphere-lonosphere (CIMI) model (Fok et al., 2014). By MHD simulation, we calculated the response of the
magnetosphere to the simulated solar wind change and by advection simulation, calculated the time evolution of the phase spa
of electrons. In MHD simulation, we imposed the following parameters to obtain steady state magnetosphere; the solar winc
velocity of 400 km/s, the density of 5 /cc, the y component of interplanetary magnetic field (IMF) of 2.5 nT and the z component
of IMF of 5 nT. To simulate an interplanetary (IP) shock, we changed the solar wind velocity to 980 km/s and the z component
of IMF to -5 nT. In advection simulation, we gave electron temperature and density inferred from MHD simulation at the outer
boundary. For an initial condition, we used AE8 model and kappa distribution. Using the velocity distribution function obtained
by the advection simulation, we calculated the linear growth rate of the whistler-mode chorus waves as a response to IP shoc
and subsequent southward IMF. When the IP shock arrives at the dayside magnetosphere, the following occur subsequent
An increase in the hot electron density results in the increase in the number of electrons near resonance velocity (eta). A
increase in the magnetic field results in an increase in the perpendicular temperature of electrons, giving rise to an increase
the temperature anisotropy of resonant electrons)(A he linear growth rate of the whistler-mode chorus waves increased. At
substorm expansion phase, the following occur subsequently. The enhanced electric field transports hot electrons deep inwal
giving rise to an increases in the hot electron density, the eta and’Be linear growth rate increases. We discuss the evolution
of the region where the whistler-mode chorus waves can grow in response to the arrival of IP and the substorm.

HiERDE P 3 S TV F =R DD BN TH D, @b F—KFOREEERZ PSR &5, &I bF—hi
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Current generator of the dayside cusp/mantle field-aligned current system

# Masakazu Watanabe[1]; Takashi Tanaka[2]; Shigeru Fuijita[3]
[1] Earth & planetary Sci., Kyushu Univ.; [2] REPPU code Institute; [3] Meteorological College

The important elements of a large-scale magnetosphere-ionosphere current system include the magnetospheric dynamo t
maintains the voltage of the current system constantly and the current generator that produces the field-aligned currents (FAC
constantly. For the so-called region 1 and region 2 current systems, recent development of numerical simulation has almo:
clarified the physical processes of the above two elements. That is, the dynamo and the current generator are formed nearly
the same place, with the slow mode disturbance responsible for the dynamo and the Alfven mode disturbance responsible f
the FACs being coupled. In anticipation that the same mechanism is applicable to meso-scale FAC systems, this study focus
on the current generator of the dayside cusp/mantle FAC system. Here, the cusp/mantle currents indicate those associated w
the cusp/mantle particle precipitation in the noon sector as identified by low-altitude satellites. This FAC system is known
to be controlled by the dawn-dusk component (By) of the interplanetary magnetic field (IMF). Observations by low-altitude
satellites indicate that when IMF By is positive, in the Northern Hemisphere, there appears a pair of FAC sheets flowing into the
ionosphere on the equatorward side (midday region 1) and flowing away from the ionosphere on the poleward side (region 0). Th
flow directions are opposite in the Southern Hemisphere. When IMF By is negative, the above-mentioned flow directions revers
in both hemispheres. Concurrent precipitating particles imply that the midday region 1 on the equatorward side corresponds t
the magnetospheric cusp, whereas the region 0 on the poleward side corresponds to the plasma mantle. Using the Reprod
Plasma Universe (REPPU) code developed by Tanaka [2015], we successfully reproduced the region 1/region 0 system in tt
noon sector. Based upon the results of this simulation, we discuss the current generator of the cusp/mantle FAC system in deta

15 P - BRI BB IR DO B RRIC . E B2 MR 9 2 SR8 & 1 & LI i i 2 2 e B
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It AR E TR 2 1E % Alfven modefB &L G 9 %, [ARROBERED XV X7 —)LOERRICEHEHTE 2D TIEEVS T
Bt b, AFHIBRNA X T - < 2 MV IR ERROEERRICERZ Y TS, CTTEIHART -V ML
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Characteristics of CME- and CIR-driven ion upflows in the polar ionosphere

# Yasunobu Ogawa[1]; Kanako Seki[2]; Kunihiro Keika[3]; Yusuke Ebihara[4]
[1] NIPR; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] University of Tokyo; [4] RISH, Kyoto Univ.

We investigated how velocity and flux of ionospheric ion upflows vary during magnetic storms driven by corotating interac-
tion regions (CIRs) and coronal mass ejections (CMESs), using data from the European Incoherent Scatter (EISCAT) Tromso
UHF and Svalbard radars between 1996 and 2015. The characteristics of ion upflows were compared with ion and electro
temperature variations measured with the EISCAT radars, and also joule heating rate, electric field, and field-aligned currer
(FAC) distribution derived from the Weimer model. Upward ion velocity increases in the nighttime at 66.2 degrees geomagnetic
latitude just after the CIR- and CME-driven storms, corresponding to electron temperature enhancements due to soft particl
precipitation and also ion temperature enhancements in the strong westward electric field region. The CME-driven storms hav
larger upward ion flux ("1.7x10°13 m-2s-1) than those under the CIR-driven storms ("0.3x10713 m-2s-1). In the daytime, ion
upflows are seen at 75.2 degrees geomagnetic latitude, with an upward flux of typically 10713 m-2s-1 for small CIR and CME
storm cases. Substantial ion upflows last for a few days after the storm onsets under small CIR storms, whereas they last f
only a day under small CME storms. Under both the cases, the substantial ion upflows are associated with an enhancement
the Region 1 FAC, eastward electric field and Joule heating rate. For large CME storms, substantial ion upflows are absent in tf
daytime probably due to equatorward expansion of the auroral oval.
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In-situ observations of slow-mode shocks in the near-Earth magnetotail made by
multiple spacecratft

# Mizuho Araki[1]; Masahiro Hoshino[1]; Kunihiro Keika[1]
[1] University of Tokyo

http://www.eps.s.u-tokyo.ac.jp

Magnetic reconnection which converts magnetic energy into thermal and kinetic energy of plasmas is an important physica
mechanism of plasma heating and acceleration. Particularly in the Petschek-type reconnection, plasma acceleration and he
ing of the plasma in the slow-mode shocks formed at the separatrices must be taken into consideration. The structure of tf
slow-mode shocks in the distant-tail of the Earth’s magnetosphere have been investigated by in-situ observations made by tt
GEOTAIL satellite (Saito et.al, 1998). It is observationally estimated that 3 "20% of all ions entering the shocks are heated in
the fore-shock region. It is, however, not fully understood what determines this ratio is how it is related with the ion-to-electron
temperature ratio.

In this study, we utilized multi-spacecraft in-situ observations of the slow-mode shocks associated with magnetic reconnectiol
in the near-Earth magnetotail. We used data obtained from FPI (Fast Plasma Instrument) and FGM (Fluxgate Magnetomete
on board the MMS satellite. We investigated events satisfying the one-dimensional Rankine-Hugoniot (RH) relations in which
temperature anisotropy and heat flux are taken into account.

FPI (for burst-mode data) provides three-dimensional distribution function of ions (10eV “30 keV) with a time resolution
"150ms and electrons (10eV ~30 keV) with the resolution of "30ms, and FGM provides vector magnetic field data with "8ms
resolution. To determine the shock normal, we used the VSSz method (Vinas and Scudder (1986), Szabo (1994)). In the previol
studies, shocks were assumed planer, but MMS multi-spacecraft observations will enable us to examine the shock shape.

An event of the slow-shock crossing was observed by MMS1_ &SM "22 RE on 17 June 2017. Errors in the upstream
and downstream of the 6 conserved quantities in the RH relations were within 30%. The upstream and downstream flow speet
satisfied the slow-mode shock conditions.We found that cold ions were heated in the fore-shock region. Similar characteristic
are seen in other events. We will examine the detail structures in the fore-shock region and the transition layer and variations c
velocity distribution functions to discuss heating and acceleration processes around the slow-mode shocks.

References:

Yoshifumi Saito, Toshifumi Mukai and Toshio Terasawa, Kinetic Structure of the Slow-mode Shocks in the Earth’'s Magneto-
tail, New perspectives on the Earth’s Magnetotail, Geophysical Monograph 105, 1998

Adolfo F. Vinas and Jack D. Scudder, Fast and Optimal Solution to the Rankine-Huogniot Problem, J. Geophys. Res,, 91, 3¢
1986

A. Szabo, An improved solution to the Rankine-Huogniot problem, J. Geophys. Res,, 99, 14,737, 1994
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Variations of the dayside magnetosheath and the cusp and their relations to the substor
sequence (Il)

# Shigeru Fujita[1]; Takashi Tanaka[2]; Masakazu Watanabe|[3]
[1] Meteorological College; [2] REPPU code Institute; [3] Earth & planetary Sci., Kyushu Univ.

In the last JpGU meeting, we explained the physical mechanisms of formation of a transient shock in the magnetosheath durin
the growth phase of a substorm, and its disappearance after the growth phase by using a global MHD simulation and its relatic
to the substorm sequence. In that talk, we clearly explained formation of the shock in the magnetosheath, but it was not so cle:
to explain the disappearance mechanism. This mechanism seems to be related to plasma depression in the near-Earth pla:
sheet in the substorm expansion phase. We will investigate this mechanism based on the simulated plasma behavior. In additic
we notice that the plasma depressions in the near plasma sheet appear so frequently. This will be also touched in the talk. In tl
talk, we will summarize the formation mechanism of the shock, and present new findings about the plasma disturbances whic
cause disappearance of the shock.
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Direct measurement of plasma transport process via kinetic Alfven waves near the
dayside magnetopause

# Yasuto Hoshi[1]; Hiroshi Hasegawa[2]; Naritoshi Kitamura[3]; Yoshifumi Saito[4]
[1] Earth and Planetary Sci., Univ. of Tokyo; [2] ISAS/JAXA,; [3] University of Tokyo; [4] ISAS

Plasma transport via kinetic Alfven waves (KAWSs) has been a candidate process to drive transport of the solar wind plasm:
into the magnetosphere. In order to verify the transport process from in-situ plasma measurements, it is necessary for plasn
measurement to have a time resolution of about 1 sec or less, which is a typical wave period of KAWSs near the magnetopaus
This time resolution was not achieved by conventional missions, but has recently been achieved by the NASA's Magnetospheri
Multiscale (MMS) mission (150 msec for ions and 30 msec for electrons) launched in 2015. In this study, we investigate the
plasma transport process via KAWs by analyzing the plasma data obtained by the MMS spacecraft as follows: we compar
the velocity moment for particles that satisfy the condition for the Landau resonance with KAWSs with the velocity of resonant
particles predicted by a linear theory (Izutsu et al., 2012). From the above analysis, we quantitatively assess the particle transpc
process induced by KAWSs.
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Analysis of Low-Frequency Electric Field Antenna Impedance Aboard GEOTAIL

# Yasufumi Sawada[1]; Satoshi Yagitani[1]; Tomohiko Imachi[1]; Mitsunori Ozaki[1]; Hirotsugu Kojima[2]
[1] Kanazawa Univ.; [2] RISH, Kyoto Univ.

The GEOTAIL spacecraft has two types of wire antennas to observe low-frequency electric fields of space plasma waves. Fc
obtaining the accurate electric fields observed with such antennas (i.e., for accurate calibration of electric-field receivers), it i
important to know the effective length and impedance of each antenna in magnetospheric plasmas. So far we have analyzed t
characteristics of the effective lengths of the wire antennas. On the other hand, the antenna impedance varies with ambient plasi
parameters. GEOTAIL can directly measure the antenna impedances in-situ. Since the exact calibration of electric fields has be
difficult, 'typical’ values of antenna impedance measured in several regions in the magnetosphere were used for calibration. |
is necessary to know the accurate impedance at each location of GEOTAIL, for accurate analysis of propagation characteristi
(polarization, Poynting vector, etc.) of plasma waves.

In this study, we estimate accurate antenna impedance values by using chorus emissions in the magnetosphere observed
the wave form capture (WFC) of the plasma wave instrument (PWI). For the whistler mode waves like chorus emissions we cat
theoretically evaluate their propagation characteristics, to obtain the theoretically expected electric field components only fron
the wave magnetic field observations by search coil magnetometers. Then we derive the theoretical values of refractive inde:
and compare them with the observed electric field components, to estimate the detailed variation of the antenna impedance.
the presentation, we will quantitatively discuss the impedance characteristics of the electric antenna onboard GEOTAIL in the
Earth’'s magnetosphere.
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New observation of MF/HF radio emissions in the northern Scandinavia

# Yuka Sato[1]; Atsushi Kumamoto[2]; Yuto Katoh[3]; Yasunobu Ogawa[4]; Akira Kadokura[4]
[1] NIT; [2] Dept. Geophys, Tohoku Univ.; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4] NIPR

We have launched a new research project of ground-based observation of MF/HF radio emissions. As a first step, we insta
a new dedicated instrumentation at the KAIRA (Kilpisjarvi Atmospheric Imaging Receiver Array) site in Kilpisjarvi, Finland
(Latitude: 60.07 N, Longitude: 20.76 E) in the summer of 2018. It is a passive receiving system designed to realize a high-
resolution spectral, interferometric and polarization measurements using 4 loop antennas and a software-defined radio (SDI
receiver, USRP (Universal Software Radio Peripheral). This SDR receiver can implement high-speed, flexible digital signal
processing of RF signals and obtain high-resolution spectra pauselessly throughout the night in a wide frequency range up
6 MHz. One of the main research subjects of this project is radio emission spontaneously emitted from aurora. There ar
long-known three types of MF/HF auroral radio emissions identified at ground level: auroral hiss, medium frequency burst
(MFB), and auroral roar. In addition, recent studies have resulted in ground-level detection of auroral kilometric radiation and
discovery of a natural radio emission betwegndnd 2f.. Investigation into the generation of these emissions not only offers
a tool of great promise for remote sensing of ionospheric plasma processes and parameters but also gives the foundation 1
understanding various radiation mechanisms that occur in planetary magnetospheres and plasma in space. In combination w
a similar passive receiver system previously installed in Svalbard and Iceland and future EBBGXperiments, observation
with this new instrumentation will provide a first-time opportunity to reveal spatiotemporal variations of macro and fine structures
of MF/HF auroral radio emissions associated with substorm evolution. In this presentation, we show detailed specification of
this instrumentation and some initial results.
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Development of an FPGA module for spectral matrix

# Takuya Hamano[1]; Mamoru Ota[2]; Yoshiya Kasahara[3]; Shoya Matsuda[4]; Yoshitaka Goto[3]
[1] Kanazawa Univ.; [2] Toyama Prefectural Univ.; [3] Kanazawa Univ.; [4] ISAS/JAXA

hamano@cie.is.t.kanazawa-u.ac.jp

Plasma wave observation has been carried out using scientific satellites to study various kinds of plasma wave propagating
the Earth’s magnetosphere. Because the amount of waveform data measured by the wave receiver is enormous compared to
telemetry capacity, it is necessary to perform onboard signal processing for the purpose of data reduction to realize efficient da
transmission to the ground stations. Signal processing on FPGA (Field Programmable Gate Array) is one of such solutions und
the conditions of low power consumption and high speed processing.

We developed an FPGA module for the data production of spectral matrix that is useful for direction finding of the plasma
waves and verified its function by simulation. According to the verification result, it was confirmed that electromagnetic field
waveform data can be processed in real time with this module. As a next step, it is necessary to evaluate data qualities usir
real observation data, because the calculation with the FPGA module is done in fixed point operations. In the present study, w
present the evaluation results of the spectral matrix generated by the developed FPGA module using the observation data frc
the PWE (Plasma wave experiments) on board the Arase satellite.

In the presentation, we report the configuration of the design and the performance of the spectral matrix module, and finally
show the evaluation results of the generated spectral matrices when we feed the waveform data obtained by the PWE on boz
the Arase satellite.
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Wave vector analysis using multi-spacecraft observation on ULF waves in the
magnetosphere

# Yasunori Tsugawa[1]; Shinobu Machida[2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.

Wave vector analysis techniques utilizing multi-spacecraft observations, such as the four spacecraft of the Cluster missior
have been developed in this decade [e.g., Narita, 2017]. Recent Magnetospheric Multiscale (MMS) mission enable us to resol\
smaller wavelength in the ion kinetic range for the first time. It is important to measure the wave vectors directly by in-situ
observations for estimating the energy transportations and diffusion coefficients. We applied the wave vector analysis technique
to ULF waves in the terrestrial magnetosphere, including the electromagnetic ion cyclotron waves and their rising tone emission:s
The estimated frequency-wave vector distributions agree with those calculated by the linear theory, but tend to disagree when tt
spacecraft are close to the wave sources.
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Simulation of nonlinear damping for obliquely propagating whistler-mode wave

# Takeshi Nogi[1]; Yoshiharu Omura[2]
[1] RISH, Kyoto University; [2] RISH, Kyoto Univ.

We perform two-dimensional electromagnetic particle simulation to study fundamental characteristics of whistler mode wave-
particle interaction involved in chorus emissions propagating oblique to the background magnetic field. We assume periodic (x
y) system with the parabolic magnetic field taken in the x-direction. With the electrostatic components parallel to the magnetic
field, which have been neglected in the previous simulation studies on chorus emissions, the distribution function in position cat
have a great influence on the simulation results. Assuming energetic electrons with anisotropic subtracted bi-Maxwellian velocity
distribution function at the equator, we first put particles under harmonic bounce motion under a parabolic magnetic field. We
next follow the motions of the particles adiabatically without any waves to obtain an equilibrium state as the initial distribution
for the particle simulation. It is necessary to put many super-particles in a grid cell to suppress the thermal fluctuation. With
8,192 particles per cell, we have confirmed a good agreement of the wave growth in the parallel direction with the linear growth
rate. We next put an array of antennas perpendicular to static background magnetic field and oscillate the antenna current wi
phase delay, which satisfy matching condition for wave phase at boundaries. Oblique propagating whistler-mode wave witt
variable frequency is excited from phased array antenna. In addition to the nonlinear trapping of energetic electrons through th
cyclotron resonance, another nonlinear trapping of electrons by the Landau resonance takes place. Structures of the nonline
trapping potentials changes with a varying frequency, affecting the efficiency of energy transfer between the wave and energet
electrons. We study nonlinear evolution of the wave packet, and competing processes of both resonances in accelerating t
energetic electrons to higher energies.
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Automatic detection of flash aurora by a deep learning technique

# Toki Genda[1]; Mitsunori Ozaki[1]; Satoshi Yagitani[1]; Kosuke Imamura[l]; Kazuo Shiokawa[2]; Yoshizumi Miyoshi[3];
Shin-ichiro Oyama[3]; Ryuho Kataoka[4]; Yusuke Ebihara[5]; Keisuke Hosokawa[6]
[1] Kanazawa Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] NIPR; [5] RISH, Kyoto Univ.; [6] UEC

High energy charged particles move along geomagnetic field lines and precipitate into the Earth’s atmosphere, then aurore
are shown on the ground. In other words, the aurora is a clue to know the behavior of high energy charged particles in the
magnetosphere from the ground. In order to prevent damage to commercial satellites and astronauts by geomagnetic storms,
have studied automatical detection of aurora by deep learning techniques. In this study, we focus on a specific aurora which w
call flash aurora.

The flash aurora shows a patchy structure with a small spatial scale (less than several tens of km) and a sudden emissi
less than one second. It can be different with pulsating auroras showing a quasi-periodic (several to tens of seconds) variatic
of the brightness. It is difficult to detect a lot of events by visually looking because the shape of flash aurora changes with
the emission time of several tens to hundreds of milliseconds, which is difficult to capture with human eyes. We conducted
automatic detection of flash aurora appearance using a deep learning technique. The observed auroral data used high frame |
all-sky EMCCD images (100 Hz sampling and 256 times 256 pixels) observed at Gakona (Alaska). We used a convolution neure
network (CNN), which is known that CNN has particularly excellent for image recognition. For learning data, we use visually
classified a Keogram image (2400 times 720 pixels, 1-minute period) that obtained by segmenting the north-south cross sectic
of all-sky EMCCD data in a time-series order and dividing it into square blocks (30 times 30 pixels, 750-ms period). These are
classified into 4 types such as pulsating aurora, flash aurora, noise, no aurora and noise. When we actually detect the flash aur
by using the CNN, the area that pulsating aurora showing luminosity variations with several seconds is detected as pulsatin
aurora, and the area that aurora emitting for less than one second is detected as flash aurora. Therefore, we found that detec
results applying to the Keogram images were appropriately classified. When we analyzed the test data using the CNN created
this time, its accuracy was 95.25%.

In this presentation, we will report our automatic detection method of flash aurora and its accuracy in detail.
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Rocket experiments Rocksat-XN and LAMP, and a a future satellite mission FACTORS
for understanding aurora and upper atmosphere

# Takeshi Sakanoi[1]; Kazushi Asamura[2]; Masafumi Hirahara[3]; Masatoshi Yamauchi[4]; Tima Sergienko[5]; Yoshifumi
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We report two rocket experiments Rocksat-XN and LAMP for understanding high-energy electron precipitation associated
with pulsating aurora, and also present a future satellite mission FACTRS which aim to understand the coupling processes in tf
terrestrial magnetosphere/ionosphere/thermosphere. In-situ and remote-sensing observations are essential to understand con
cated auroral phenomena. Recent advances of measurement techniques enable us to obtain precise auroral and plasma pararn
with high-time and spatial resolutions even using a commercial-based instrument, and it is worth to propose rocket/space expe
iments based on unique idea.

We are now carrying out two sounding rocket projects, Rocksat-XN/PARM and LAMP/PARM2. The Rocksat-XN rocket is
scheduled to be launched from Andoya, Norway in January 2019. In this rocket we carry out simultaneous auroral imaging anc
medium- and high-energy electrons to understand the generation and loss process of high-energy electrons associated with
sating aurora. The auroral imaging camera (AIC) will measure the optical thickness and imaging of pulsating aurora at magneti
footprint of rocket. AIC observes mainly N2 1PG aurora with the RG-665 filter, Watec 910HX CCD and wide FOV lens (FOV
of 96 deg x 75 deg). So far, we completed all of the tests in Japan, such as intensity calibration, electrical interface tests, env
ronmental (vacuum, vibration and thermal) tests and confirmed their sufficient performances. We have shipped the instrumen
to NASA Wallops, and are now carrying out interface tests there. In addition, we started another rocket experiments LAMP
under collaboration with University of New Hampshire, and two auroral imagers will be installed to measure different auroral
emissions. LAMP will be launched in winter of 2019 from the Poker Flat research range.

Further, we started discussion on a future mission called FACTORS (Frontiers of Formation, Acceleration, Coupling, and
Transport Mechanisms Observed by Outer Space Research System) as a community exploration mission in Japanese apace
search after the success of the ERG mission. This will measure the precise structure of auroral acceleration region, partic
transportation between ionosphere and magnetosphere, and thermosphere-ionosphere coupling using two formation flight sat
lites. Possibility of third satellite by Sweden is now in under discussion. We mainly concern on optical and ultra-violet remote
sensing of aurora and airglow for this mission. A visible imager will measure small-scale auroral structures at a wavelength of
auroral prompt emission line with high-time ("0.1s) and high-spatial ("1km) resolutions using EMCCD. The FOV of 8 x 8 deg
covers an area of 400 x 400 km viewed from altitudes of 3000 km. The far-ultraviolet (FUV) imager adopts a wide ("50 x 50 deg.)
FOV objective mirror system which covers "3000 x 3000 km area viewed from 3000 km altitude. FUV imager adopts a filter
wheal to change the wavelength between O 135.6 nm and the N2 LBH band at 140-160 nm to estimate O/N2 ratio. Wide-fielc
N2 image enable us to examine large-scale auroral dynamics like westward-travelling surge during substorm, and O/N2 image
provide us to understand the global thermospheric activity.
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The Pulsating Aurora (PsA) is one of the auroral phenomena whose emission intensities are modulated quasiperiodically i
a few to tens of seconds. This quasiperiodicity is accounted for periodic precipitation of a few to tens of keV electrons which
is thought to be generated by pitch angle scatterings due to whistler mode chorus waves in the magnetosphere. The PsA al
has fine internal modulations, which are thought to be related to the repetitive appearance of rising tone elements of the lowe
band chorus waves in a short interval (a few Hz). On the other hand, microburst precipitations of relativistic electrons are ofter
observed by low-altitude satellites. Recent numerical simulations successfully reproduce these microburst precipitations witl
a few Hz modulations by taking into account the pitch angle scattering with the whistler chorus elements at high latitudes.
However, relationship between the PsA internal modulations and the microbursts is still unknown.

We have developed a high-energy electron detector (HEP) in order to understand the relationship between PsA and the electr
microburst precipitations. HEP is designed to measure electrons with energies ranging from 300 keV to 2 MeV with high-time
resolution. Minimum energy resolution of HEP is less than 5 %, and 1 event processing time is less than 5 us based on th
laboratory experiments using 1 MeV electron beam. HEP is a part of PARM (Pulsating AuroRa and Microburst) package to be
onboard the RockSat-XN sounding rocket which will be launched from Andoya, Norway in winter season of early 2019. PARM
consists of four instruments, High Energy Particle detector: HEP, which is above-mentioned, Medium Energy particle Detector:
MED, Auroral Imaging Camera: AIC, and ASIC FluxGate magnetometer: AFG. Energy range of electron measurement providec
by PARM is extended by MED down to 20 keV.

In this presentation, we will show the outline and test results of HEP as well as the current status of the preparation for the
launch of RockSat-XN.
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We are developing an Aurora Imaging Camera (AIC) for the pulsating auroral experiment Pulsating AuRora and Microburst
(PARM) on the Rocksat-XN rocket which is scheduled to be launched in January 2019 at Andoya space center to clarify the
relationship between high-energy electron precipitation and pulsating aurora (PsA). In this presentation, we mainly focus on th
development and current status of AIC, and also report the mission purpose and plan.

It is suggested that high energy electrond Q0 keV) precipitate down to about 70 km altitude during the PsA [Miyoshi et
al., 2015]. However, there is no simultaneous observation between such high-energy electrons of and PsA. On the other han
Jones et al. [2009] estimated the thickness of the PsA to be 15-25km by ground radar observations. However, there are no dire
measurement of the thickness of PSA by rocket.

PARM consists of an intermediate energy (20 - 100 keV) electron detector MED, high energy (several hundred keV - 2 MeV)
electron detector HEP, fluxgate magnetometer AFG, and auroral camera AIC. AIC will observe the thickness of the emissior
layer of PsA directly and captures horizontal distribution of PsA fluctuation at the magnetic footprint.

As a development of AIC, we conducted sensitivity calibration experiment, performance evaluation, assembly, environmenta
test. AIC consists of detector unit AIC-S and power/data processing electric unit AIC-E. AIC-S consists of a CCD camera
(Watec 910 HX), wide-angle lens (F value:1.6, focal length:3.5 mm) with a field of view in the vertical direction of 96.4 degrees
and in the horizontal direction of 74.0 degrees, and an optical filter (RG665) that transmits light with a wavelengébof
nm. Although the number of CCD pixels is 756 x 482, 24 x 30 pixel binning is performed for data compression and sensitivity
improvement, and the spatial resolution of one frame <316 bin. The imaging interval of AIC data is 100 ms and the
exposure time is 67 ms.

We carried out the development of AIC, such as sensitivity calibration using the integrating sphere of he National Institute of
Polar Research on March 12, 208, focus alignment, and environmental tests. To estimate sensitivity of PSA emission, we mu.
take into account the spectra of PsA in the wavelength range of RG665 filter since the integrating sphere emission is continuun
We used typical PsA spectra obtaine at 3:00-4:00UT on March 3, 2017 at Norway Tromso. However, the spectral range wa
limited in the 480-880, while the CCD on AIC has a sensitivity up to 1025 nm. Thus, we infer the PsA spectra in the range of
880-1025 nm by Hunten [1958]. As a result, S/Bland S/N>18 are expected to obtain when PsA intensity is "10 kR, and 50
kR the exposure time of 67ms. The saturation level of the AIC is estimated B8 kR, which is sufficient to observe the
auroral intensity integrated along the limb direction.

The AIC focus adjustment was conducted on 12th to 13th July 2018. Taking image data for the target far from 85, we
adjusted the distance between lens and CCD detector using precise shim rings. Environment tests (vacuum, vibration test, a
temperature) of AIC were conducted from 18th to 20th July 2018, and we confirmed sufficient performances of AIC. In the
vibration test, random vibration of 10 Grms, sine wave vibration at maximum of 7G were put in the Z axis direction. For the
X and Y axes, random vibration of 7.6 Grms was conducted respectively. In the temperature, putting AIC in the thermostat we
changed the temperature from 0 to 50 degree at atmospheric pressure level, and confirmed the performance of AIC.
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