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3D analysis of discrete arcs based on auroral computed tomography

# Yoshimasa Tanaka[1]; Yasunobu Ogawa[2]; Akira Kadokura[3]; Takanori Nishiyama[2]; Akimasa Yoshikawa[4]
[1] NIPR/SOKENDAI; [2] NIPR; [3] ROIS-DS/NIPR; [4] ICSWSE/Kyushu Univ.

We have studied the magnetosphere-ionosphere (M) coupling process in the auroral region by using data obtained fror
ground-based network observation. In this study we present three-dimensional (3D) distribution of discrete arcs observed il
Northern Europe on March 14, 2015 and interpret it in terms of the Ml coupling process. We focus on multiple vortex structure
in the discrete arcs, which was observed by the multi-point monochromatic imagers (wavelength = 427.8 nm) during 22:15-22:2(
UT.

We applied the auroral computed tomography method to the multiple monochromatic images. As a result, 3D distribution of
the optical emission and horizontal distribution of precipitating electron’s energy were obtained every 10 second during 22:15-
22:20 UT. It was newly found that the averaged energy of precipitating electrons was higher around the center of auroral vortice
where the total energy flux was also greater. This result can be explained by the Ohm'’s law along the field lines, i.e., the relatiol
that the field-aligned current is proportional to the field-aligned potential difference. In addition, the altitude profile of the 427.8
nm emission was similar to the electron density profile simultaneously observed by the EISCAT UHF radar. Thus, we could
estimate the height-integrated conductivity in the area of 150km x 300km from the optical emission with the MSIS atmosphere
model. By combining the ionospheric conductivity with the geomagnetic field observed by the IMAGE magnetometer network,
we will further investigate the distribution of the ionospheric current and field-aligned current, i.e., 3D current system for the
discrete arcs.
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lonospheric Polarization: Deformation of lonospheric Convection and Effects on
Magnetosphere

# Aoi Nakamizo[1]; Akimasa Yoshikawa[2]; Shinichi Ohtani[3]; Takashi Tanaka[4]
[1] NICT; [2] ICSWSE/Kyushu Univ.; [3] The Johns Hopkins University Applied Physics Laboratory; [4] REPPU code Institute

Recently [Nakamizo and Yoshikawa, 2019], we showed that the ionospheric polarization can deform the high-latitude iono-
spheric convection field, which is widely considered to be a manifestation of the convection field in the magnetosphere.

We performed in a potential solver 'the Hall polarization field separation’ modified from the complete separation theory/method
by Yoshikawa et al. [2013a,b]. We adopted dawn-dusk and north-south symmetric distributions of conductance and region 1 (R1
field-aligned current (FAC) to understand the essential effects of the conductance nonuniformity on the potential pattern elimi-
nating asymmetries arising from that of the conductance and FAC distributions themselves.

The pair of the primary field of the R1 system and each gradient of Hall conductance generates the Hall polarization field
and consequently causes potential deformations as follows. (a) The equatorward gradient causes clockwise rotation. (b) Tt
gradient across the terminator, together with the effect of the equatorward gradient, causes the dawn-dusk asymmetry. (c) Tt
high conductance band in the auroral region causes kink-type deformations. In particular, a nested structure at the equatorwa
edge of the band in the midnight sector well resembles the Harang Reversal. (It was also found that the Pedersen polarization
important because it determines the formation of the primary field, which is the source for the secondary field (Hall polarization
field)).

Result (a) explain the clockwise bias inexplicable by the IMF-By effect alone, the combination of (a) and (b) explain the clear-
ness and unclearness in the round or crescent shapes of the dawn-dusk cells depending on the IMF-By polarity, and (c) sugge
that the ionosphere may not need the upward-FAC for the formation of the Harang Reversal.

The above result suggests that the final structure of the ionospheric potential is established by the combined effects of th
magnetospheric requirements (external causes) and ionospheric polarization (internal effect). Our next question is how and
what way does the ionospheric polarization play a role in the convection and dynamics of the magnetosphere-ionosphere syste
through the coupling process?

We show that the ionospheric polarization actually controls the magnetospheric configuration/dynamics in a global MHD
model. The topic includes the dawn-dusk asymmetry of the magnetosphere, formation of the Harang Reversal in the magnet
sphere, and the NENL formation. We also show the effects of north-south conductance asymmetry due to the precession betwe
the rotation and magnetic axes of Earth on the magnetosphere. We will discuss the results, revisiting the M-I algorithm of curren
global models.
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Transpolar arc formation in the absence of an interplanetary magnetic field By switch

# koyu kyogoku[1]; Masakazu Watanabe[2]; Takashi Tanaka[3]; Shigeru Fujita[4]
[1] Earth and Planetary Sciences, Kyushu University; [2] Earth & planetary Sci., Kyushu Univ.; [3] REPPU code Institute; [4]
Meteorological College

The transpolar arcs is literally the large-scale aurora that extends across the polar cap in the Sun-Earth direction. Itis known thi
the transpolar arc tends to appear during periods of strongly northward interplanetary magnetic field (IMF). The arc, togethe
with the auroral oval, is also named 'theta aurora’ from the resemblance of the overall shape to the Greek letter theta. On
formation process of the transpolar arc is that triggered by an IMF By sign change. This formation process can be reproduce
by global magnetohydrodynamic (MHD) simulations. According the statistics by Kullen et al. [2002], however, transpolar arcs
associated with an IMF By change are minor, with the majority of the arcs appearing without an IMF By switch. The purpose
of this study is to clarify the formation process of transpolar arcs in the absence of an IMF By switch. Using the Reproduce
Plasma Universe (REPPU) code (Tanaka, 2015), we performed MHD simulations by trial and error and found several cases i
which the transpolar arc structure seems to be reproduced. One is the case when the IMF intensity is strong ("20nT) and the IM
clock angle (measured from due north) rotates from "60 degrees to "30 degrees. In this case, in the ionosphere, a region of op
magnetic flux intrudes into the dawnside or duskside plasma sheet from postmidnight or premidnight, respectively, toward the
dayside, thus forming a transpolar arc structure. In numerical MHD modeling, such transpolar arc formation that initiates on the
nightside has never been reported previously. In this presentation, we report the detailed analysis of this simulation. We als
discuss observations that may support the simulation results.
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lonospheric flow fluctuations at mid-latitudes during storms as seen by SuperDARN-Van
Allen Probes-Arase conjunctions
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Kasahara[5]; Shoichiro Yokota[6]; Mariko Teramoto[7]; Ayako Matsuoka[8]; Yoshizumi Miyoshi[1]; Iku Shinohara[9]; Louis J.
Lanzerotti[10]; Donald Mitchell[11]; Craig A. Kletzing[12]
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The recent Super Dual Auroral Radar Network (SuperDARN) observations show that ionospheric flow fluctuations of the
mHz or lower frequency range appear even in the subauroral to mid-latitude region during magnetic storm times. An interesting
feature of the flow fluctuations is that they appear to propagate azimuthally either westward or eastward, and occasionall
bifurcate toward the both directions. Taking a closer look with high spatial resolution measurements provided by the radar:
reveals that those flow fluctuations consist of meso-scale patchy structures of ionospheric convection with a significant latituding
flow component and a longitudinal scale of "1h MLT. The azimuthal propagation properties strongly suggest that westward-
drifting ions and eastward-drifting electrons of tens of keV in the inner magnetosphere can be the moving sources responsible fc
excitation of MHD waves seen by the radars at the ionospheric footprint. However, only few observations in the magnetospher:
have been reported on the source of the waves at the subauroral to mid-latitudes. Recent observations in the inner magnetospt
by the Arase satellite and the Van Allen Probes have provided a good opportunity to examine their magnetospheric counterpa
in further detail. On the basis of in-situ measurement of ring current particles and the magnetic field in the inner magnetosphere
we discuss the generation mechanism of the observed flux tube fluctuations in terms of resonant or non-resonant processes.
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Study of the occurrence characteristics of SAPS observed by the SuperDARN Hokkaidc
East Radar with the beam-swing technique

# Kento Oya[1]; Nozomu Nishitani[2]; Tomoaki Hori[2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.

We investigate occurrence characteristics of Sub-Auroral Polarization Streams (SAPS), using Super Dual Auroral Radar Net
work (SuperDARN). We mainly use the Hokkaido East radar data. In this study, we statistically analyze about 10-year data for
years from 2007 to 2016 and studied the occurrence frequency of flows that can be considered as SAPS, and their depender
on MLT and MLAT. We use the beam-swing technique, which calculates the real flow velocity and angle from the line of sight
velocity of all the radar beams. We set criteria for the SAPS event, i.e., the flow should exceed 150 m/s and have westwar
component. We obtained most of the overall characteristics of SAPS distribution that were reported in past studies, i.e., thi
equatorward shift of the high occurrence rate region with increasing MLT and geomagnetic activity. Some other characteristics
however, are different from those identified by past studies (e.g., Kunduri et al., 2017). The SAPS region seems to be expande
toward higher latitudes than the past studies, and the SAPS occurrence peak region is located at later MLTs. These differenc
might be due to the difference in geographic longitude, as well as the relative values between geographic and geomagnetic le
itudes (Far-East Siberia to Pacific vs North American region). We also found new characteristics, i.e., westward flows from
midnight to morning at relatively low geomagnetic latitudes, which could not be studied by the previous studies, probably due
to the limited fields of view at mid latitudes (equatorward of about 50 degrees geomagnetic latitude). Study of the seasonal an
solar activity dependence of SAPS distribution is also in progress.
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Multi-event study of SAPS Wave Structures observed by the SuperDARN radars

# Nozomu Nishitani[1]; Tomoaki Hori[1]
[1] ISEE, Nagoya Univ.

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

SAPS Wave Structures are wavy phenomena embedded in the Sub-Auroral Polarization Streams structure. It was first report
by Erickson et al. (2003), and was also reported using the SuperDARN radar network mainly in the mid-latitude region(e.qg.,
Makarevich and Bristow, 2014; Hori et al., 2018). Because of the limited number of examples studied so far, their generatior
mechanism is not fully understood yet.

One problem in identifying the SAPS wave structure in the SuperDARN data is that because the temporal resolution of the
standard SuperDARN operation mode is 1 to 2 minutes, so that the radar sometimes cannot identify the shorter-scale way
variations.

In this study we used the SuperDARN Hokkaido Pair of (HOP) radars data with special operation modes to study the wavy
variations of embedded in the fast flow structure. Using the data using the new fitting algorithm (fitacf Ver. 3) we had more
extended coverage of the echo regions. In this paper we focus mainly on the events on Sep 08, 2017 and Aug. 26, 201
Both events occurred near the peak of large geomagnetic storms. These events were registered by the SuperDARN radars w
higher temporal resolution (3 and 12 seconds respectively) camping beams. Using both camping beam data and 2-dimensior
data (with 1 to 2 min temporal resolution) we can discuss period, wavelength and propagation speed of these wave structure
Similarity and differences between these two events, as well as their possible generation mechanisms, will be discussed.
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Dynamics of the lonosphere/Plasmasphere System: Comparisons Between Arase/PW
Observations and the IPE Model Simulations
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[13] ICSWSE/Kyushu Univ.; [14] ISAS/JAXA

We compared an extreme erosion of the plasmasphere arising from the September 2017 storm between Arase observations
the lonosphere-Plasmasphere Electrodynamics (IPE) model simulations. The cold electron density is identified from the uppe
limit frequency of upper hybrid resonance waves observed by the Plasma Wave Experiment instrument onboard the Exploratio
of energization and Radiation in Geospace/Arase satellite. The electron density profiles reveal that the plasmasphere was sever
eroded during the recovery phase of the storm and the plasmapause was located at L = 1.6-1.7 at 23 UT 8 September 2017. T
is the first report of deep erosion of the plasmasphere (LPP &lt; 2) with the in situ observation of the electron density. The
Arase/PWE’s wide coverage of frequency (10 kHz - 10 MHz) enables continuous observation of electron density from sparse
magnetosphere to dense ionosphere and detection of the plasmapause even if it is during the deep erosion event. The degree o
severity is much more than what is expected from the relatively moderate value of the SYM-H minimum (-146 nT). We attempt
to find a possible explanation for the observed severe depletion by using both observational evidence and numerical simulation
Our results suggest that the middle latitude electric field had penetrated from the high-latitude storm time convection for severa
hours. Such an unusually long-lasting penetration event can cause this observed degree of severity.
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Variations of cosmic noise absorption (CNA) by energetic electron precipitation (EEP)
and changes of the auroral morphology

# Taishiro Miyamoto[1]; Shin-ichiro Oyama[2]; Yasunobu Ogawa][3]; Keisuke Hosokawal[4]; Satoshi Kurita[2]; Yoshizumi
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Temporal and spatial variations of the aurora morphology in association with substorm have been studied for more than hal
century. In this study we focus on pulsating aurora, which is characterized by quasi-periodic oscillations in the emission intensity
at periods of a few to tens of seconds, and auroral patches observed embedding in the pulsating aurora. Both types of aurc
are known as typical phenomena at the recovery phase of substorm, especially from midnight to dawn. It is known that thes
types of aurora are often accompanied by energetic electron precipitation (EEP) exceeding several hundreds of keV [Miyost
et al., 2015]. Elucidation of causality to produce pulsating aurora and EEP is an important theme to understand relationship
between the radiation belt and upper-middle atmosphere of the earth. Analyzing measurements from satellite observations al
ground-based optical/radio technique observations, the generation mechanism is thought to be mainly attributed to wave partic
interactions due to plasma wave and electrons in the magnetosphere. In this study, we study relationships between aurol
morphological changes, in particular spatiotemporal evolutions of patches and coinciding precipitations of the energetic electror

Some previous studies have presented changes in morphology from diffuse aurora to finger like structures and dependen
of magnetic local time of EEP [Shiokawa et al., 2014; Hosokawa and Ogawa, 2015]. The wave-particle interaction has beet
widely accepted with experimental evidences to support generation of pulsating aurora and EEP [Miyoshi et al., 2015; Kasahar
et al., 2018]. However, our understanding has not yet reached its maturity of presenting spatiotemporal evolutions of aurore
morphology and associated electron precipitation. Oyama et al. [2017] presented enhancements of cosmic noise absorpti
(CNA) coinciding with appearance of the patch structure but with only two events and the horizontal area to be analyzed was
relatively narrow with several hundred kilometers. In this study, we conducted observations to capture simultaneously time
evolutions and spatial distributions of auroral morphology and EEP by utilizing a network of Electron Multiplying Charge
Coupled Device (EMCCD) cameras operated by Japan and riometers operated by Finland in Scandinavia.

This study will present two events (March 6-7 and 29-30, 2017) with pulsating aurora and auroral patches. For the camera cour
of the portion where the overlapping the EMCCD camera and the field of view of the riometer, running average processing is
performed to remove the luminance fluctuation with a period of 40 seconds or more. After that, frequency analysis is performed
and spectra at each time are calculated. Among the frequency components, the spectrum of the emission intensity around t
main pulsation was extracted by removing the frequency component from 1 to 5 Hz corresponding to the internal modulatior
of the pulsating aurora, and was integrated in the frequency direction. The results were compared with the CNA. From the
transmission characteristics of the optical filter attached to EMCCD, the aurora measured by EMCCD camera is considered to k
emission layer around 100 km altitude represented by molecular nitrogen emission. On the other hand, although the sensitivit
characteristic of the riometer has a gradual dependence on the altitude, it may be considered that the measured CNA fluctuat
in accordance with the variations of the electron density around the altitude of 90 km. Thus, although the altitude represente
by each device is different, the relationship between the CNA and the intensity of the main pulsation has a linear relationship o
similar inclination before and after changes aurora morphology. This result indicates that the main pulsation synchronized witt
the precipitating electrons of several tens of keV changes the CNA.
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Syowa-Arase-Tjoernes conjugate observation of auroral breakup and pulsating aurora

# Herbert Akihito Uchida[1]; Ryuho Kataoka[2]; Kiyoka Murase[3]; Akira Kadokura[4]; Akira Sessai Yukimatu[5]; Shigeru
Fujita[6]; Ayako Matsuoka[7]; Shoya Matsuda[8]; Yoshiya Kasahara[9]; Masafumi Shoji[10]; Yoshizumi Miyoshi[10]; Iku
Shinohara[11]; Kazuo Shiokawa[12]; Yusuke Ebihara[13]; Satoshi Kurita[10]; Keisuke Hosokawa[14]
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College; [7] ISAS/JAXA; [8] ISAS/IJAXA; [9] Kanazawa Univ.; [10] ISEE, Nagoya Univ.; [11] ISAS/JAXA; [12] ISEE,
Nagoya Univ.; [13] RISH, Kyoto Univ.; [14] UEC

Auroral breakup and subsequent pulsating aurora were observed by ground-based high-speed imagers at Syowa station
Antarctica and at its magnetic conjugate station, Tjoernes in Iceland simultaneously on 22 September 2018. Arase satellite we
located on the magnetic field line connecting these two stations at that time and observed sudden increase in electron fluxes a
following decrease of geomagnetic y-component, and subsequent chorus emissions. The auroral breakup was characterized
its large longitudinal displacement of the initial brightening position in both hemispheres, while the subsequent pulsating aurora:
showed good conjugacy. The variation of chorus emission intensity observed by the Plasma Wave Experiment onboard Aras
satellite shows a good correlation with the intensity variation of pulsating aurora. We report the whole sequence of the event tt
examine the difference of the conjugate points derived from the observations and from several magnetic field models.
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Spatial distribution of multiple temporal variations of pulsating aurora

# Yuki Kawamura[1]; Keisuke Hosokawa[1]; Shin-ichiro Oyama[2]; Yoshizumi Miyoshi[2]; Yasunobu Ogawa[3]; Satoshi
Kurita[2]; Ryoichi Fuijii[4]
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Pulsating aurora (PsA) is a kind of diffuse aurora which almost always appears in the morning side during the recovery phas
of auroral substorm. PsA typically has two distinct temporal variations. One is so-called main pulsation whose period ranges
from a few to a few tens of seconds. The other is a few Hz modulation (internal modulation), which is occasionally seen during
the ON phase of the main pulsation. Previous studies have suggested that the temporal variation of PsA is characterized by way
particle interaction between whistler-mode chorus waves and high energy electrons in the magnetosphere. Especially, it has be
indicated that there is one to one correspondence between the amplitude variation of chorus waves and the luminosity modulatic
of PSA. However, there have been no studies which analyzed the spatial distribution of multi-scale temporal variations of PsA(i.e
the main pulsation and internal modulation).

To reveal the spatial characteristics of the multi-scale temporal variation of PSA, we need to perform frequency analyses
on multi-scale temporal variations of PsA by using data from high speed optical cameras capable of providing a wide spatia
coverage.

For this purpose, we make use of highly sensitive EMCCD cameras, which have been in operation in Sodankyla and Kevo
Finland, Tromsoe, Norway, and Tjautjas, Sweden. All-sky aurora images are taken with the temporal resolution of 0.01 sec. Th
temporal resolution of these cameras is sufficient to identify the multi-scale temporal variation of PSA. Note that in this study, to
make the analysis easily, the images have been down-sampling to 25 Hz.

In the frequency analysis, we have employed all-sky images taken on March 14, 15, and 23, 2018. We computed the averac
frequency of internal modulation from each pixel of the EMCCD cameras and derived the spatial distribution of their dominant
frequencies. Regardless of the magnetic latitude, the luminosity of pulsating patches was fluctuating with a similar frequency
We also derived the frequency spectrum of several pulsating patches existing at different locations in the north-south directiol
and found that these frequency spectrums of pulsating patches showed peaks at around 3 Hz. These results indicate that
frequency of internal modulation does not depend on latitude, and the frequency of internal modulation is highly collimated on 3
Hz.

Following the method mentioned above, we will also compute the average periodicity of the main pulsation and derive the
spatial distribution of main pulsation. In this presentation, we will discuss what factor controls the multi-scale temporal variation
of PsA by taking into account their latitudinal and longitudinal dependences.
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Large-scale signatures of pulsating aurora characterized by ambient parameters in the
magnetosphere

# Satoshi Ebukuro[1]; Keisuke Hosokawa[1]; Yoshizumi Miyoshi[2]; Shin-ichiro Oyama[2]; Yasunobu Ogawa[3]; Satoshi
Kurita[2]; Yuki Kawamura[1]; Ryoichi Fuijii[4]
[1] UEC; [2] ISEE, Nagoya Univ.; [3] NIPR; [4] ROIS

Pulsating aurora (PsA) is one of the predominant classes of diffuse aurora in the morning side. They are characterized b
quasi-periodic blinking of luminous patches. There are two types of periodicity in the brightness variation of PsA, that are main
pulsation and internal modulation. The main pulsation ranges from a few to a few tens of seconds, and the internal modulatior
which is often embedded within the ON time of the main pulsation, shows a few Hz modulation in brightness. A recent study by
Kasahara et al. [2018] indicated a one-to-one correlation between the luminosity of PsA, the electron flux in the loss cone an
the intensity of chorus waves near the magnetic equator. This result indicates that the observation of PsSA in the ionosphere c:
be used for monitoring the activity of chorus waves and resultant occurrence of wave-particle interaction in the magnetosphere

In this study, we conducted a frequency analysis for a PSA event which was observed by 100 Hz sampling EMCCD cameras i
Northern Scandinavia on March 28, 2017 (23:30 to 24:10 UT). By applying the Fourier analysis to data from all the pixels of the
cameras, we succeeded in deriving so-called frequency map, which shows the distribution of dominant modulation frequency ¢
PsA. We also estimated the spatial distribution of chorus waves by mapping the frequency distribution of PSA onto the equatoriz
plane of the magnetosphere with the Tsyganenko 04 model. As a result, we found that there were three regions showing differe
modulation characteristics. We named these regions region A, region B, region C which were divided by the difference in
periodicity. The equatorward most region (region A) only showed the internal modulation and the poleward most region (region
C) showed both the internal modulation and main pulsation. In region B, which is sandwiched by regions A and C, we only
observed the main pulsation. An interesting thing is the boundaries between these three regions were quite sharp indicating tt
similar sharp boundaries in the characteristics of chorus could have existed in the magnetosphere. We also employed outpt
from the ring current-atmosphere interactions model with self-consistent magnetic field (RAM-SCB) simulation runs for this
interval and found that the electron flux of more than 30 keV increases only in region A. We also found that the linear growth
rate becomes higher as L increases in the range of 4.75 to 5.75 where regions A and B exist. In the presentation, we foct
on regions A and B and discuss how the ambient parameters, such as linear growth rate, cold plasma density and energe
electron distribution, can contribute to producing the observed differences in the characteristics of chorus and PsA, especially tf
existence/absence of internal modulation.
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Optical observations of isolated proton aurora from low-altitude satellite during
magnetic storm

# Haruki Kawai[1]; Keisuke Hosokawa[2]; Yuta Hozumi[2]; Kazuo Shiokawal[3]; Satoshi Kurita[4]; Mitsunori Ozaki[5];
Takeshi Sakanoi[6]; Boris Shevtsov[7]; Igor Poddelsky[7]; Tero Raita[8]
[1] IE, UEC; [2] UEC; [3] ISEE, Nagoya Univ.; [4] ISEE, Nagoya Univ.; [5] Kanazawa Univ.; [6] Grad. School of Science,
Tohoku Univ.; [7] IKIR; [8] SGO

Isolated proton aurora (IPA) is a localized region of proton precipitation observed well equatorward of the main auroral oval.
IPA is considered to be caused by precipitation of protons scattered by electromagnetic ion cyclotron (EMIC) waves near the
equatorial plane of the magnetosphere. EMIC waves are thought to be generated by the energetic ring current ions (10-100 ke
having temperature anisotropy near the magnetic equator. EMIC waves play a role in rapid removal of relativistic electrons fron
the radiation belts during magnetic storms; thus, it is important to understand the behavior of IPA during magnetic storms tc
understand the loss of radiation belt electrons. It has been known that IPA tends to appear during the late recovery phase
magnetic storms. However, it has been difficult to monitor the occurrence of IPA continuously from the beginning to the end of
a single magnetic storm mainly due to the limitation in the availability of ground-based optical observations.

In this study, we investigated auroral images taken by IMAP VISI on International Space Station (ISS) and SSUSI on DMSP
satellites (F16-F19) obtained during a magnetic storm from June 22 to 30, 2015 (minimum Dst was less than -200 nT). We hav
extracted 38 IPA events in total. Most of them were observed in the recovery phase, which is consistent with the previous results
It was also identified that IPAs tend to be observed in the dusk sector during the high Kp interval. This tendency is also consister
with the previous statistical analysis of ground-based optical observations. We identified 4 intervals of simultaneous occurrenc
of IPAs at the magnetic conjugate points in the northern and southern hemispheres in the DMSP/SUSSI data, which confirme
that IPAs are caused by a single source region (region of EMIC wave) near the equatorial plane of the magnetosphere. In tf
presentation, we also show the longitudinal extent of IPA/Pc1/EMIC inferred by combining satellite measurements of IPA with
Pc1 observations by 3 induction magnetometer data on the ground.
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Auroral arc pulsation and pulsating aurora modulation associated with Pc5 field line
resonances

# Natsuo Sato[1]; Akira Sessai Yukimatu[2]; Yoshimasa Tanaka[2]; Tomoaki Hori[3]; Akira Kadokura[4]; Tohru Sakurai[5]
[1] NIPR; [2] NIPR/SOKENDAI; [3] ISEE, Nagoya Univ.; [4] ROIS-DS/NIPR; [5] Tokai University

There are two types of auroral luminosity pulsations. The first type is a short-period pulsation with the main period of a
few to a few tens of seconds, which is called pulsating aurora (PsA). The second type is a longer period pulsation in the Pc!
(150-600 s) period range, which is called long-period auroral pulsation. The long-period auroral pulsations have two categories
namely, an arc aurora luminosity pulsation and a patch aurora luminosity modulation. We examine the two different types of lonc
period auroral pulsations, which occur in association with the Pc5 field line resonances (FLRs). To understand the generatio
mechanism of the long period auroral pulsation we focused on the events in which the arc pulsation event and the parch intensi
modulation event are observed simultaneously. In generally arc aurora appears at just poleward side of patch aurora includir
pulsating aurora. In this study, we examined the temporal and spatial signatures of the two types of long period auroral pulsatior
using the data obtained by the ground and satellite coordinated observations.

F—0 T OFEENEHNICZT) T 2BI5ICE. AR D SR cEF T 2 HEHA —a I IREIOIREI A —1 =
(Pulsating aurora: PSA & E#AY PeSHIREAIRBIFT Y O 100 TEHT 3 EAHA —a IR#IDNH 5, Hic, BRI
F—aIRFodicid, A—a 57— I HBEHNCRET 22 A TNy FIRIREIA—0 5K ET 4 T2 —XA—1 5
DFEFEMNEIAMNCE T % 2 A T O 2 FEN H %,

AR TR ERPAA—a IIRENCERH L, A—0 27— k8 & IREhA —o ZEE AR S0 #Rlf] & & &1 50
SRR E NIaARY MCBEEE Y TS, A—aSORMERILGMT A 7S5 LERTHS L, F—1 57—
71373y FIRIRENA— 1 SRR O3 < @RI TRAE L, Sy FA—a SZ5H K 0 MDD THUT AN OEREZ R D
BT A A=Y XY FRTHZ &, A= T 7 —7RENE, $HrG7— 7 DI FEE LD D5@iE Z2 #hn U Ths i il
L. ZD%., HMEZFHDTHKT %o TOK D KR « ZZMIN7EZ A 100 O JEIH THIAIN S 10 RN FEERE DR E
N3, =/, REA—DIHEDT ¢ 72— XA —0 THEAFRENZ. 78y F IRz EDfLZ DIIRIEZE X IS
EHE 100 DI THEEDETT 2 214 T TH %,

AFER T, SR A U CHIRL ST KD LB 7t F D 2 iR A AT THlE N A —u o7 —7
IRE) & REh A — 0 Z I E PG O RIRE A N> b O LRl MU, Z OIS RAERHICHEE D footprint 2N 5 D
L AHEITAIE LTV ik 2 GOES-10& GOES-12f2 D Pcsigls 7 — 2 & D LUttt 217> 7z AT T O
A XY MENTFERZ HUDICHENTT %,



R0O06-14 25 ARF (6FK—Ib) B¥RY: 10 B 248 15:15-15:30

Dependence of the Auroral Electrojet Intensity on the Solar Zenith Angle and Dipole Tilt

# Shinichi Ohtani[1]
[1] The Johns Hopkins University Applied Physics Laboratory

The present study investigates the dependence of the local auroral electrojet (AEJ) intensity on solar illumination by statistically
examining northward geomagnetic disturbances in the auroral zone in terms of the solar zenith angle SZA. It is found that or
the dayside, both westward and eastward electrojets (WEJ and EEJ) are more intense for smaller SZA suggesting that the so
EUV-induced conductance is the dominant factor for the AEJ intensity. On the nightside, in contrast, the SZA dependence of th
AEJ intensity, if sorted solely by the magnetic local time (MLT), apparently depends on the station longitude and hemisphere.
However, if additionally sorted by the dipole tilt angle DTA, a consistent pattern emerges. That is, although SZA and DTA are
correlated, the SZA and DTA have physically different effects on the AEJ intensity. The nightside AEJ, especially the WEJ,
tends to be more intense for small&TA|. Moreover, whereas the WEJ is statistically more intense when the ionosphere is
dark, the EEJ is more intense when it is sunlit. The preference of the WEJ for the dark ionosphere prevails widely in MLT from
premidnight to dawn, and therefore, it cannot be attributed to the previously proposed processes of the preferred monoenerge
or broadband auroral precipitation in the dark ionosphere. Instead, it may be explained, at least morphologically, in terms of th
conductance enhancement due to the diffuse auroral precipitation, which is also prevalent from premidnight to dawn and is mor
intense in the dark hemisphere.
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Sources and Wave Characteristics of Hectometric Line Spectra found by the Arase
(ERG) satellite

# Kozo Hashimoto[1]; Atsushi Kumamoto[2]; Fuminori Tsuchiya[3]; Yoshiya Kasahara[4]; Yoshizumi Miyoshi[5]; Yuichi
Otsuka[6]; Atsuki Shinbori[7]; Tatsuhiro Yokoyama[8]; Isamu Nagano[4]; Ayako Matsuoka[9]
[1] Kyoto Univ.; [2] Dept. Geophys, Tohoku Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [4] Kanazawa Univ.;
[5] ISEE, Nagoya Univ.; [6] ISEE, Nagoya Univ.; [7] ISEE, Nagoya Univ.; [8] RISH, Kyoto Univ.; [9] ISAS/JAXA

We report on the excitation source and wave characteristics of the hectometric line spectra (HLS) in the wavelength range c
100 m observed by the Arase (ERG) satellite. Although HLS is mainly a line spectrum of constant frequency, there are also com
ponents whose frequencies fluctuate. In comparison fyiff3, etc., although the medium wave broadcasting wave cannot pass
through the ionosphere in the ordinary manner, it is thought that the broadcast waves can penetrate the ionosphere. Therefo
we considered the following mechanism [1].

1. Due to the presence of ionospheric disturbances such as plasma bubbles, the frequency of the broadcasting wave is convelt
to Z mode in the region equal to the plasma frequency.

2. The Z mode can exist from the L-mode cutoff frequency, which is lower than the plasma frequency, to the upper hybrid
resonance frequency.

3. Near the upper hybrid resonance frequency, instabilities at 1.5 times the cyclotron frequency can occur, and amplificatiol
of the broadcasting wave and natural excitation are observed.

4. Naturally excited ones fluctuate in frequency, such as continuum and artificially stimulated emissions in the VLF band, but
when a broadcast wave exists, the frequencies of the emissions are entrained to that of the broadcasting wave.

5. Due to the existence of ionospheric disturbance, Z mode is converted to L-O mode in the region where the frequency o
radio wave is equal to the plasma frequency and propagates in a wide range.

The following observation results were obtained to demonstrate these.

1. HLS waves were observed in the area considered to be inside the plasma bubble.

2. In the observation by GPS TEC, the density decrease due to a bubble was recognized.

3. Polarization was observed in some parts of the HLS wave,

4. When observed with high frequency resolution (1.2 kHz), the frequencies of integer multiples of 9 or 10 of 1 kHz corre-
sponding to those of the medium wave broadcasting waves were confirmed.

5. Trapped Z-mode waves which fill the whole possible region of the Z mode were confirmed. This is impossible by the
upgoing waves only.

6. Other natural excitations or waves possibly excited by the broadcasting waves were also observed.

As mentioned above, the mechanism considered so far is being confirmed.

[1] Hashimoto et al., Hectometric Line Specta found by the Arase (ERG) satellite, SGEPSS fall meeting, Nagoya, Japan, 201¢
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A new data display technique for magnetic pulsations

# Kazue Takahashi[1]; Balazs Heilig[2]
[1] JHU/APL; [2] Mining and Geological Survey of Hungary

We studied the spatiotemporal structure of ground magnetic pulsations on the dayside by displaying magnetic field perturbe
tions detected by the European quasi-Meridional Magnetometer Array (EMMA) as 2-D images in the magnetic L value versus
time space, called EMMAgrams. We generated EMMAgrams from observations made on 15 August 2015, including a previously
studied pulsation event associated with an interplanetary shock. In addition to signatures of field line resonance (FLR) drivel
by a cavity mode oscillation, we found poleward-propagating structures with L-independent periods in the Pc2 band. The Pc:
structures are attributed to periodic magnetohydrodynamic pulses (upstream waves) originating from the ion foreshock and proj
agating in the magnetosphere along the path proposed by Tamao. Ringing of local field lines at L-dependent periods (transiel
pulsations) is also clearly detected as dispersive poleward-propagating structures not only immediately after the shock impa
but also during time periods of less obvious external disturbances. A transient pulsation decays after a few wave periods, ar
cross-spectral analysis of transient pulsations detected at two stations with a small latitudinal separation indicates elevation of tt
cross phase in a band delimited by the FLR frequencies at the stations. Successive excitation of transient pulsations by variatio
of the solar wind dynamic pressure contributes to formation of similar cross-phase peaks that are widely used in magnetoseism
studies.
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Revisiting the energy conversion process of Birkeland current generation in the M-I
coupled system

# Akimasa Yoshikawa[1]
[1] ICSWSE/Kyushu Univ.

As shown by Vasyliunas [1970], the magnetospheric diamagnetic current has a finite divergece when it crosses the region with
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, which correspond
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 dynamical process that twists the plasma as FACs are generated due to the divergence of the diamagnetic currel
A conventional answer to this question is a mode conversion between the compressional mode and the Alfven mode when tt
diamagnetic current is growing (in inductive process). However, in principle, the magnetosphere-ionosphere coupling systen
forms a dissipative structure in the open solar-terrestrial system. Therefore, even in a macroscopic quasi-steady system, tl
constant conversion from the thermal energy to the magnetic energy and the internal mode conversion from magnetic compressi
to the magnetic shear should continuously take place. In this sense, we need to revisit the dynamical process of FAC. In thi
presentation, we will discuss what is the dynamical process and what is the quasi-steady state of FACs in a dissipative structu
of the open magnetosphere-ionosphere system.
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Resonant cavity mode with ionospheric inhomogeneity

# Junya Hiwatari[1]; Tomo-Hiko Watanabe[2]; Shinya Maeyama[2]
[1] Particle and Astrophysical Science, Nagoya Univ.; [2] Dept. Physics, Nagoya Univ.

The feedback instability in the IAR (lonospheric Alfven Resonator) region in Earth’s magnetosphere has been investigated by
many researchers. Inhomogeneity of the Alfven speed in the IAR causes a resonance known as a cavity mode (Lysak [1991]
Most of previous studies have neglected inhomogeneity of the ionosphere and treated it as a height-integrated conductive lay:
assuming that the thickness is much shorter than wavelength of the Alfven waves. However, a recent work claims that the heigl
dependence of ionosphere parameters has stabilizing effects of the feedback instability (Sydorenko and Rankin [2017]). On tt
other hand, low-frequency and long-wavelength modes associated with the field line resonance (FLR) have unstable solutior
even with the inhomogeneous ionosphere (Watanabe and Maeyama [2018]).

The purpose of this study is to elucidate what kind of influence the height dependent of ionospheric inhomogeneity has on th
cavity modes. In particular, we focus on the ion-neutral collision frequency in the ionosphere, and investigate the influence of
stabilization in each mode. In the study by Sydorenko and Rankin (2017) with the inhomogeneous ionosphere, they performed
linear numerical simulation where time development of plasma density is calculated from an arbitrary initial value. In contrast,
we performed the linear eigenvalue analysis so that we could distinguish the cavity modes due to IAR and other modes related
FLR, and could investigate them independently. It is expected to reveal differences between the two results, that is, Sydorenk
and Rankin (2017) and Watanabe and Maeyama et al (2018).

In the present study, we extend study the model used in Watanabe and Maeyama et al (2018) including the height dependence
the Alfven speed (Lysak [1991]) so that we can deal with the cavity and long-wavelength modes simultaneously. For comparisol
with the height-integrated ionosphere model, we employ the same normalization and numerical box size as those in Lysak (1991
Our linear analysis confirms that the ionospheric inhomogeneity strongly stabilizes the cavity mode. In a weak ionospheric
inhomogeneity, however, the cavity mode remains unstable. Simultaneously, we find that the ionospheric inhomogeneity ha
no serious impact on the low-frequency and long-wavelength modes related to FLR, which is also consistent to Watanabe ar
Maeyama (2018).

Furthermore, we has been working on the initial value analysis including the inhomogeneous Alfven speed profile. In the work
by Sydorenko and Rankin (2017), it was not clearly which modes are included in the simulation because the initial condition is
given by an arbitrary density perturbation. In contrast, our initial value analysis starting from the initial condition given by the
linear eigenfunction enables us to find time-development of the cavity mode related to IAR.
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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 dat
obtained from ETS-VIII synchronous orbit satellite and the MAGDAS ground stations (210 meridian chain), we found that the
Pi2 globally occurs after substorm onset and rapidly disappeared with several periods, while Pc4 continues during recovery pha:
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 is observed only at the nightside magnetosphere with sa
waveform on the ground. These results suggest that Pi2 propagate from nightside to dayside magnetosphere as a compressic
wave, while Pc4 is excited as shear Alfven wave at the nightside magnetosphere and propagate to the high latitude ionosphere

In this study, we further investigate one-to-one correspondence of the aurora activity and Pc4 generation and propagatiot
As a result of initial analysis by direct comparison of aurora activity captured by THEMIS all -sky camera data and the band
pass filter data of the Pc4 pulsation range (40-150s),we have confirmed the one-to-one correspondence of the propagation of 1
auroral structure (WTS,surge,etc.,) and the Pc4 generation characteristics at the same observational point. We also investig:
the relationship of the auroral fine structures generation (torches,omega bands and pulsating aurora) and geomagnetic pulsatic

In this talk, we will report the detailed aspects of these relations and introduce promotion of research for time developing
magnetosphere-ionosphere system during aurora substorm through investigation of aurora activity and geomagnetic pulsation
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Energetic electron precipitations showing ULF modulation observed by VLF/LF
standard radio waves

# Takuya Miyashita[1]; Hiroyo Ohya[2]; Fuminori Tsuchiya[3]; Hiroyuki Nakata[4]; Toshiaki Takano[5]; Kazuo Shiokawal[6];
Yoshizumi Miyoshi[7]; Nozomu Nishitani[7]; Martin Connors[8]; Simon G. Shepherd[9]
[1] Core Engineering, Chiba Univ.; [2] Engineering, Chiba Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [4]
Grad. School of Eng., Chiba Univ.; [5] Chiba Univ.; [6] ISEE, Nagoya Univ.; [7] ISEE, Nagoya Univ.; [8] Centre for Science,
Athabasca Univ.; [9] Dartmouth College

Possible mechanisms for how magnetospheric ULF magnetic pulsations modulate the precipitation of electrons have bee
proposed [Coroniti and Kennell, 1970]. lonospheric modulation due to ultra low frequency (ULF) Pc5 waves has been observer
by GPS-total electron content (TEC), high frequency (HF) Doppler sounders and SuperDARN HF radars. While modulation
in the lower ionosphere has been reported based on riometer and X-ray observations [e.g., Pilipenko et al., 2014; Belakhovsl|
et al., 2016; Brito et al., 2012], there are few reports from observations of VLF/LF transmitter signals. We investigate the D-
region signatures of the modulation due to the ULF waves using a network of very low frequency (VLF)/low frequency (LF)
standard radio waves. Such VLF/LF propagation is a useful probe to detect energetic electron precipitation with energy of mort
than 100 keV. The transmitter signals from NLK (USA, 24.8 kHz, L = 2.88), NDK (USA, 25.2 kHz, L = 2.98) and WWVB
(USA, 60.0 kHz, L = 2.26) were observed by a receiver at ATH (Athabasca, Canada, L=4.31). During 5:25 - 5:50 UT on 4
June, 2017, oscillations of the VLF/LF intensity and magnetic field delja @elta B, and delta B, around the NLK-ATH,
NDK-ATH and WWVB-ATH paths with periods of 180-240 s (the frequency: 4.2-5.6 mHz) were seen simultaneously. A
weak signature of geomagnetic substorm was observed by ground magnetometers. Doppler velocity in ground scatter echo
observed by SuperDARN HF radars along the NDK-ATH and WWVB-ATH paths also showed the same periods of the 180-240
s simultaneously. The locations of SuperDARN HF radars are Christmas Valley East and West radars(CVE and CVW) and For
Hays West radar(FHW). In this presentation, we will discuss the cause of these VLF/LF oscillations.
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On contribution of minor ion species to the ring current of Earth’s magnetosphere: Arase
(ERG) satellite observations

# Kanako Seki[1]; Kunihiro Keika[2]; Satoshi Kasahara[3]; Shoichiro Yokota[4]; Tomoaki Hori[5]; Kazushi Asamura[6]; Nana
Higashio[7]; Masayoshi Takada[8]; Yasunobu Ogawal9]; Ayako Matsuoka[10]; Mariko Teramoto[11]; Yoshizumi Miyoshi[5];
Iku Shinohara[12]
[1] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [2] University of Tokyo; [3] The University of Tokyo; [4] Osaka Univ.;
[5] ISEE, Nagoya Univ.; [6] ISAS/JAXA; [7] JAXA; [8] Earth and Planetary Science, Tokyo Univ.; [9] NIPR; [10] ISAS/JAXA;
[11] Kyutech; [12] ISAS/IAXA

Two major ion species in the ring current isTHand O ions. The H ions are considered to mainly originate from the
solar wind, while the @ ions come from the ionosphere. In addition to these ion species, some minor ion species such as
O™+ [e.g., Fennell et al., 1996] and molecular ions [e.g., Klecker et al., 1986; Seki et al., 2019] are known to exist in the ring
current. Nitrogen related ion species are also potential contributor to the ring current, since they are observed in the ion outflov
in the high-altitude ionosphere [e.g., Yau et al., 1993]. Previous observations indicate that geomagnetic activity dependences a
different between the ion species. However, difficulty in clear identification of the minor ion species prevents understanding of
transport mechanisms to cause the variations and their relative contribution to the ring current.

In this study, we investigated properties of OO™*, and molecular ions (£ /NOT/N,*) in the ring current based on
observations by the Arase (ERG) satellite and their relations to the solar wind and geomagnetic conditions. The ion compositio
TOF-mode data of the Arase satellite obtained by the MEPi and LEPI instruments, which detects the ions less than 180 keVi/c
are analyzed in details. The statistical analysis of molecular ions shows that the molecular ions exist in near-Earth space durir
most magnetic storms, while they are not detected during geomagnetically quiet periods. The existence of molecular ions eve
during small magnetic storms suggests that the magnetic storm is an effective driver of the ion loss from the deep terrestrie
ionosphere. On one hand;*® ions contribution becomes relatively large during geomagnetically quiet periods. We also report
on an attempt to identify N ions in the ring current. Based on the results, we discuss possible cause of the different geomagntic
activitiy dependences between the ion species.

References:

Fennell et al., AIP Conf. Proc., 383, 145, doi:10.1063/1.51527, 1996.
Klecker et al., Geophys. Res. Lett., 13, 632-635, 1986.

Yau et al., J. Geophys. Res., 98, 11205-11224, 1993.
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Statistical Property of Long Lasting Poloidal Pc 4-5 Waves and Its Relation withProton
Phase Space Density Variations

# Kazuhiro Yamamoto[1]; Masahito Nose[2]; Kunihiro Keika[3]; Craig A. Kletzing[4]; Charles W. Smith[5]; Robert J.
Macdowall[6]; Louis J. Lanzerotti[7]; Donald Mitchell[8]; Hyomin Kim[9]
[1] Geophysics, Kyoto Univ.; [2] ISEE, Nagoya Univ.; [3] University of Tokyo; [4] Department of Physics and Astronomy, Uol;
[5] Department of Physics, UNH; [6] NASA/GSFC; [7] NJIT; [8] JHU/APL; [9] NJIT

Particle acceleration is one of the most important issues in the inner magnetosphere because the spatial and energy distributic
of the ring current and radiation belt particles are dramatically changed through various acceleration mechanisms. Event studic
of the drift-bounce resonance have revealed that 100 keV protons, which is the main component of the ring current pressuri
often resonate with poloidal mode ultralow frequency (ULF) waves (e.g., Takahashi et al., 1990; Dai et al., 2013; Min et al., 2017,
Oimatsu et al., 2018). Therefore, the drift-bounce resonance between 100 keV protons and the poloidal waves can change t
ring current intensity, and the resonance should be examined in more detail to understand the ring current dynamics. However, tl
contribution of the poloidal waves to the acceleration of the ring current ions is not fully investigated. This is because substorm
injections and the convective electric field can cause variations of ion fluxes at less than 100 keV and mask the variations by th
wave-particle interaction.

To examine the effect of ULF waves on variations of particle distributions, we statistically analyzed energetic proton flux
data provided by the Van Allen Probes (Mauk et al., 2012). First we examined the occurrence distributions and storm phas:
dependence of long-lasting poloidal waves because such long lasting waves are related to significant variations of the proton pha
space density and hence their distributions and excitation mechanism is important. We found that the long lasting poloidal wave
are often observed 0-3 days after the main phase of CME driven storms. Superposed epoch analysis of the radial distributior
of the energetic protons revealed that the high occurrence rate of the poloidal waves is attributed to a steep earthward gradie
during the recovery phase.

Next, we selected the data period when tRBAT |is less than 10 degre¢SYM-H|is less than 15 nT, and the standard
deviation of the SYM-H index is less than 5 nT to exclude flux variations due to geomagnetic disturbances and the latitudinal
dependence. We obtained the ratio between the proton phase space density averaged over the long lasting poloidal wave inten
and that over no wave intervals. The proton phase space density during the wave intervals is greaterthan that during no wa
intervals at almost all energy and L-shell, but the phase space density enhancement is suppressed at a specified energy an
&gt; 4.5, where the poloidal waves are detected. Observed magnitude of the magnetic field and wave frequencies are used
examine the drift-bounce resonance condition. Assuming that azimuthal wave number (m) is "200, we find that resonance ener
well corresponds to the energy for the suppression of proton phase space density enhancement. Therefore, we consider that
drift-bounce resonance can cause the energy-dependent suppression of the proton phase space density enhancement. We
estimated the contribution of the suppression to ring current decay by using Dessler-Parker-Sckopke relation (Dessler &amy
Parker, 1959; Schopke, 1966) and we found that the variation of the Dst index due to the drift-bounce resonance is "0.6 nT.
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Study of storm-time Pc5 ULF waves excited by drift-bounce resonance with ring current
lons based on the drift-kinetic simulation

# Tomotsugu Yamakawa[1]; Kanako Seki[2]; Takanobu Amano[1]; Naoko Takahashi[3]; Yoshizumi Miyoshi[4]
[1] University of Tokyo; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] The University of Tokyo; [4] ISEE,
Nagoya Univ.

Storm-time Pc5 ULF waves are electromagnetic pulsations in the inner magnetosphere with the frequency of 1.67-6.67 mHz
and are considered to be generated by ring current ions associated with the injection from the magnetotail during substorm
The excitation mechanism and global distribution of Pc5 waves are keys to understand dynamic variation of the outer radiatiot
belt, since Pc5 waves are considered to contribute to the radial transport of radiation belt electrons [e.g. Elkington et al., 2003
Promising candidate of excitation mechanism of the storm-time Pc5 waves is the drift-bounce resonance [Southwood, 1976
Previous spacecraft observations suggest both drift resonance [e.g. Dai et al., 2013] and drift-bounce resonance [e.g. Oimatsu
al., 2018] excitation of ULF waves. Theoretically, Yamakawa et al. [2019] confirmed the drift resonance excitation of storm-time
Pc5 waves under the initial condition of phase space density (PSD) with north-south symmetry based on the global drift-kinetic
simulation. However, drift-bounce resonance excitation of ULF waves was not detected in the case of the symmetric initial PSC
distribution, while this type of resonance was suggested by some spacecraft observations [e.g. Oimatsu et al., 2018]. This stut
aims to investigate the condition for the excitation of ULF waves associated with drift-bounce resonance based on the globe
drift-kinetic model.

In order to simulate the excitation of the storm-time Pc5 waves, we perform a kinetic simulation for ring current particles using
GEMSIS-RC model [Amano et al., 2011], in which five-dimensional drift-kinetic equation for PSD of ring current ions and
Maxwell equations are solved self-consistently under the assumption that the first adiabatic invariant is conserved. In order t
simulate consequence of ion injection from the plasma sheet, we put a localized high-pressure region around midnight consistir
of H+ ions. We compare two cases of the initial velocity distribution; the Maxwellian velocity distribution with the isotropic
temperature of 16 keV (Case a) and the velocity distribution with asymmetric distribution in pitch angle direction in addition to
the background Maxwellian distribution (Case b). In Case a, the simulation results show the drift resonance excitation of botf
poloidal and toroidal mode waves in Pc5 frequency range in the dayside dusk sector. These waves are fundamental mode way
with azimuthal wave number m "~ 20 propagating westward. Global distribution of the excited Pc5 waves indicates that they are
excited where the local growth rate resultant from the positive PSD gradient in energy is positive [Yamakawa et al., 2019]. In
Case b, excitation of the 2nd harmonic poloidal-mode Pc3 ULF waves due to the drift-bounce resonance was also identified in th
dusk sector in addition to Pc5 ULF waves. The power spectra of both Pc5 and Pc3 poloidal mode ULF waves show correlatior
with the local growth rate. lons contributing to the growth of poloidal mode ULF waves tend to have the pitch angle of about 90
degrees for Pc5 waves and oblique pitch angle for Pc3 waves. We will also report on characteristics of excited ULF waves witt
a focus of the relative contribution of the drift and drift-bounce resonances.

References:
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Oimatsu et al., J. Geophys. Res., vol.123, No.5, 3421-3435, 2018.
Southwood, J. Geophys. Res., vol.81, No.19, 3340-3348, 1976.
Yamakawa et al., Geophys. Res. Lett., vol.46, No.4, 1911-1918, 2019.
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Relations between ULF waves and ion distributions in the magnetosphere: MMS
observations

# Satoshi Oimatsu[1]; Guan Le[2]; Masahito Nose[3]; Stephen Fuselier[4]
[1] Kyoto Univ; [2] NASA/GSFC; [3] ISEE, Nagoya Univ.; [4] Space Science and Engineering Division, SwWRI

Recent studies investigating wave-patrticle interactions between Pc5 waves and ions in the magnetosphere have shown selec
local enhancement of Oion fluxes due to drift-bounce resonance [e.g., Oimatsu et al., 2018; Zong et al., 2012; Yang et al., 2011].
However, there has not been a sufficient number of comprehensive studies that focused on the relation between ULF waves a
ion flux variations. As a result, it is not clear if ULF waves generally play an important role in modifying ion populations.
Recently, the Hot Plasma Composition Analyzer (HPCA) onboard the Magnetospheric Multiscale (MMS) constellation have
been making ion composition measurements in the energy range 1 eV to 40 keV in the magnetosphere. The present study us
the HPCA data to investigate the relation between ULF waves andrdl O ion distributions in the energy range below 40
keV. Fluxes of ionospheric origin Oions in the magnetosphere are correlated with solar wind speed and wave power in the Pc5
frequency band on the dayside, on the other haridflitkes do not show such correlation. In the presentation, we provide details
of these results and discuss the general influence of ULF waves on ion dynamics in the magnetosphere.
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Statistical analysis for trunk structure of ring current ions using Arase ion observations

# Ryosuke Fujii[1]; Yoshizumi Miyoshi[2]; Masafumi Shoji[2]; Kazushi Asamura[3]; Lynn M. Kistler[4]; Vania Jordanova[5];
Tomoaki Hori[2]; Shoichiro Yokota[6]; Satoshi Kasahara[7]; Kunihiro Keika[8]; Ayako Matsuoka[9]; Iku Shinohara[10]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISAS/JAXA; [4] ISEOS, University of New Hampshire; [5] LANL; [6]
Osaka Univ.; [7] The University of Tokyo; [8] University of Tokyo; [9] ISAS/JAXA; [10] ISAS/JAXA

The distribution of ring current ions is determined due to transportation, acceleration and loss process in the magnetospher
Various structures on energy spectrum are seen along the satellite orbit. Besides well-known structures such as 'nose’ or 'wedg
structures, 'trunk’ structures are newly found by Van Allen Probes. The structure looks like elephant trunk and the energy of
peak flux decreases toward the Earth. A case study by Van Allen Probes showed that 'trunk’ structures are seen in energ
spectrums of helium and oxygen. However, detail characteristics of 'trunk’ have not been well understood, and statistical surve!
using the long-term observation data is necessary. In this study, we investigate characteristics of 'trunk’ using Low-energ)
particle experiments-ion mass analyzer (LEPi) / Medium-energy particle experiments-ion mass analyzer (MEP-i) onboard the
Arase satellite from April 2017 to March 2019. A number of trunk structures in helium and oxygen ions as well as protons are
identified. We analyze the geomagnetic activity, local time, latitude and L-value dependences of the trunk. The minimum L-shell
of trunk is distributed mostly around L = 2.0 - 2.5 and off-equator, extending from dusk region to pre-midnight region. The
average of the minimum Al index and maximum Kp index during 1 day before observations of helium trunk structure are ~-400
nT and 2+ respectively. Previous studies suggested that impulsive enhanced electric field or a temporal gap of injection from th
tail region combined with charge exchange causes formation of the 'trunk’. Beside 'trunk’ structures, more typical 'nose’ events
and ’inverse trunk’ in which the typical energy gets increase in the lower L-shell are also found from the Arase observations.
We show statistical characteristics of 'trunk’ and 'inverse trunk’ from the Arase observations. Moreover, we discuss how charge
exchange affects the formation of the 'trunk’ by comparing with RAM-SCB simulations.
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First plasma and field observations in the magnetospheric source region of Stable
Auroral Red (SAR) arc by the Arase satellite

# Yudai Inaba[1]; Kazuo Shiokawa[2]; Shin-ichiro Oyama[3]; Yuichi Otsuka[2]; Atsuki Shinbori[1]; Yoichi Kazamal[4];
Shoichiro Yokota[5]; Satoshi Kasahara[6]; Kunihiro Keika[7]; Tomoaki Hori[3]; Ayako Matsuoka[8]; Yoshiya Kasahara[9];
Atsushi Kumamoto[10]; Yasumasa Kasaba[11]; Masafumi Shoji[3]; Yoshizumi Miyoshi[3]; Iku Shinohara[12]

[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] ASIAA,; [5] Osaka Univ.; [6] The University of
Tokyo; [7] University of Tokyo; [8] ISAS/JAXA; [9] Kanazawa Univ.; [10] Dept. Geophys, Tohoku Univ.; [11] Tohoku Univ.;

[12] ISAS/IAXA

Stable Auroral Red (SAR) arc is characterized by a 630.0 nm emission observed at subauroral latitudes. The energy c
precipitating electrons that cause the SAR arc emission is several electron volts (eV). Precipitation of low-energy electrons i
expected to occur due to spatial overlap between the plasmasphere and the ring current, where high-energy (more than 10 ke
ring current ions heat low-energy (less than 1 eV) electrons in the plasmasphere. Simultaneous observations of SAR arcs usil
the ionospheric satellite and ground all-sky cameras have been already done [e.g., Foster et al., 1994]. However, there has be
no report on in-situ measurements of plasma and electromagnetic fields in the inner magnetosphere, where the plasmasphe
plasma is heated by the ring current. In this study, we report simultaneous observations of a SAR arc at 22:04 UT on Marcl
28, 2017, by using an all-sky camera at Nyrola (62.34 N, 25.51 E, MLAT 59.4 N) at subauroral latitudes and the Arase satellite.
We analyze the all-sky camera data and the satellite data of this event to investigate the generation mechanism of the SAR al
Medium-Energy Particle Experiments lon Mass Analyzer (MEP-i) onboard the Arase satellite and electron density calculatec
from UHR frequency show that spatial overlap between plasmasphere (plume) and ring current occurs at the SAR arc crossin
This result is consistent with that expected from models [e.g. Kozyra et al., 1997]. We find interesting features in the electric field
data observed by the electric field detector of the plasma wave experiment (PWE/EFD) onboard the Arase satellite at the crossir
of the SAR arc. A negative excursion of the Ez component of the electric field (SM coordinate system) with an amplitude of “2.4
mV/m was observed at the crossing time. The Bx component of the magnetic field (SM coordinate system) was negative. Thu
the direction of the E x B drift is westward, which is consistent with the westward auroral motion observed in the SAR arc by the
ground all-sky camera. At the SAR arc crossing, the energy flux of oxygen ions around 10-keV is intensified. We will discuss
these observations in relation to the proposed SAR-arc generation mechanisms.
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Molecular ion upflow observed by EISCAT in conjunction with Arase during the
September 7, 2017 magnetic storm

# Masayoshi Takada[1]; Kanako Seki[2]; Yasunobu Ogawa]3]; Kunihiro Keika[4]; Satoshi Kasahara[5]; Shoichiro Yokota[6];
Tomoaki Hori[7]; Kazushi Asamura[8]; Yoshizumi Miyoshi[7]; Iku Shinohara[9]
[1] Earth and Planetary Science, Tokyo Univ.; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] NIPR; [4] University
of Tokyo; [5] The University of Tokyo; [6] Osaka Univ.; [7] ISEE, Nagoya Univ.; [8] ISAS/JAXA; [9] ISAS/JAXA

Molecular ions (QT/NO™/N, ™) originated from the ionosphere have been observed in the magnetosphere [e.g., Klecker et
al., 1986; Christon et al., 1994]. Recently, the Arase satellite also observed the molecular ions even in the small geomagnet
disturbance periods [Seki et al., 2019]. However, it is not revealed how these molecular ions are transported from the ionospher
especially in the low-altitude<"300 km) region where molecular ions are abundant. It is considered that some heating mech-
anisms such as ion frictional heating, ion resonance heating, and local plasma instabilities cause the ion upflow and transpc
molecular ions upward. The previous study of Peterson et al. [1994], on one hand, reported that these mechanisms cannot cre
ion upflows fast enough to overcome the loss of molecular ions by chemical reactions and transport them into the high-altituds
ionosphere where the ion outflows usually take place. Therefore, it is necessary to reveal what mechanism causes molecul
ion upflows. In this study, we aim at the observational assessments of molecular ion upflow mechanisms in the low-altitude
ionosphere based on a conjugate observation by the EISCAT radar and the Arase (ERG) satellite.

The EISCAT radar and the Arase (ERG) satellite have the conjunction event during the large magnetic storm with the minimum
Dst of -124 nT on September 8, 2017. During the event, the Arase satellite was located in the dusk-side inner magnetosphere a
observed molecular ions in the energy range of 12-180 keV/q. The EISCAT radar simultaneously observed the ion upflow (witk
the upward velocity of "50-150 m/s) from the low-altitude ionosphere ("250-400 km) together with strong ion hed#0gQ
K). The convective electric field was also enhanced by a factor of 2 in the same region. We estimated each term in the equatic
of motion for ions. The result indicates that the ion upflow reached stable equilibrium because the upward ion and electror
pressure gradients are balanced with the downward gravitational force. It is suggested that the ion upflow can take place fro
the low-altitude ionosphere due to the strong ion pressure gradient. We also estimated the flux decrease of molecular ions due
dissociative recombination. The,® (NO™) flux decreased to 1 ("0.001) % at 350 km compared with 280 km. The estimated
upflow flux of O,* (NOT) at 350 km is at least 10 ("10") m—2 s—!. These results indicate that the strong ion frictional heating
during magnetic storms enabled molecular ions to be transported upward from the low-altitude ionosphere and provide a sourc
of molecular ion outflows into the magnetosphere.

Reference:

B. Klecker et al.,Geophys. Res. Lett\ol. 13, 632-635, 1986.

Peterson et alJ. Geophys. ResVol. 99, 23257-23274, 1994.

Christon et al. Geophys. Res. Lett\Vol. 21, 3023-3026, 1994.

Seki et al.,Geophys. Res. Lett\Vol. 46, doi:10.1029/2019GL084163, 2019
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Field-aligned and transverse plasma accelerations and spatial distributions observed b
Reimei and FAST in the auroral regions

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

It is prevailingly known that the magnetic reconnection and shock mechanisms in the collisionless plasma systems are powerf
and universal particle accelerators, both of which can be directly observed in and near the terrestrial and planetary magnetosphe
in our solar system. Recently, the plasma wave-particle interaction mechanisms particularly in the radiation belts are also arousir
our interests from the viewpoint of the high-energy electron accelerations. While these are very important as fundamenta
plasma acceleration mechanisms in the magnetospheric plasma system, the terrestrial and planetary ionospheric plasma coulc
energized in the space-Earth/planet coupling regions represented by the polar auroral regions through the different or somewh
similar types of the plasma acceleration mechanisms, namely the field-aligned electric field accelerations and the transvers
ion accelerations due to the wave-particle interaction processes. These mechanisms are considered to drive the terrestrial
planetary atmospheric plasma outflows, which have to be more intensively investigated in coming decades because not only tl
planets in our solar system but the exoplanets should be comprehensively and integratedly understood from the viewpoint of tr
universal space-planet coupling system.

In particular, the continuous energy and mass transports in these near-Earth space are mostly controlled by the electromagne
field effects on the ionized atmospheric particles and the space plasmas. While state-of-the-art measurements in these import:
regions for understanding the space-Earth(planet) couplings have not been achieved yet, the previous space missions, represel
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 processes regarding the electrons and ions could be survey
in more systematic and carefully based on the database of these satellite missions. We, therefore, have been analyzing t
observational results made mainly by Reimei and FAST because these data are open, accessible, and easily investigated with sc
updated tools. The high-time resolution data obtained by these two satellites are available for studying the spatial distribution
or time variations of the space plasmas by field-aligned electric fields and the wave-particle interaction processes although the|
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 double-shell type wide field of view energy analyzer for simultaneous
electron and ion measurements in space

# Tomomi Takei[1]; Masafumi Hirahara[2]; Shoichiro Yokota[3]
[1] ISEE,Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] Osaka Univ.

In-situ observations of the charged particles such as electrons and ions filling the terrestrial and planetary magnetospher
and the interplanetary space, so-called the space plasma have been conducted by using satellites carrying particle instrumel
such as the top-hat type electrostatic energy analyzer. Essentially, obtaining three-dimensional velocity distributions of the spac
plasmas or energy-pitch angle distributions help us understand the dynamics of the space plasmas. Because the top-hat ty
analyzer is cylindrically symmetric and has a 360 degrees planar field of view, it can independently measure the wide angula
and energy distributions of incident particles. Also, three-dimensional velocity or energy-pitch angle distributions can be obtainec
by utilizing the satellite spin motion.

In general, the top-hat type electrostatic energy analyzers can measure the ions when a negative potential is applied to tl
inner electrode and the electrons by a positive potential with the outer electrode grounded. Therefore, in the design of the top-h
type analyzer, the sensor heads separate for the ion and electron observations, respectively. Because of the recent miniaturiza
of the satellites, the size, weight and space of the instruments mounted on the small and micro satellites are getting severe
restricted. However, if two sensor heads for electron and ion observations are combined into one sensor head, it is possible
save the size, weight and space on the small and micro satellites. Therefore, we have been developing double-shell type enel
analyzer which can simultaneously measure the ions and the electrons and have a wide field of view of 360 degrees with or
sensor head.

We optimized the shapes of the collimator and the double-shell dome-shaped electrodes so that the electrons and the ions w
appropriate energies pass through the inner gap and the outer gap by applying a negative potential to the central electrode and
of the collimator with the inner and outer electrodes grounded, respectively. We made the numerical simulations using SIMION
which is a charged particle simulator program and investigated the performance and characteristics as the electrostatic analyz
Consequently, we confirmed that the electrons and the ions can be analyzed with one sensor head by only applying negati
high voltage to the electrodes. Also, we investigated the performance of the energy analyzer with serration. We are conductin
the calibration experiment of MCP for two-dimensional position detection to investigate the angular resolution of the energy
analyzer by putting two-dimensional position detectable MCP at the exit of energy analyzer. So far, we use MCP assembly fo
the electron detection and we consider the detection unit using Time-Of-Flight velocity spectrometer for the discrimination of
the ion mass as the part where the ions are detected. The design of TOF-type mass analysis unit as ion mass analysis unit is
of subjects for future work.
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Study on integration of high speed particle detection circuit for particle sensor

# Motoyuki Kikukawa[1]; Hirotsugu Kojima[1]; Yoshifumi Saito[2]; Kazushi Asamura[3]
[1] RISH, Kyoto Univ.; [2] ISAS; [3] ISAS/JAXA

Plasma filling the space is very rarefied. lons and electrons in space plasma do not exchange their kinetic energies throug
their collisions but through plasma waves. This is so-called &quot;wave-particle interaction,&quot; and it is indispensable for
understanding space electromagnetic environments. A conventional observation method of wave-particle interaction is to transn
plasma wave spectrum and particle velocity distribution function from a satellite to the ground. This method has problems tha
the time resolution is larger than several tens of milliseconds and phase difference information of the plasma wave vector and tt
particle velocity vector is lost. Therefore, itis impossible to calculate the energy conversion amount quantitatively. WPIA (Wave-
Particle Interaction Analyzer) is a new sophisticated method. It calculates inner product of plasma wave vectors observed by
plasma wave receiver and particle velocity vectors of each particle observed by a plasma instrument on a satellite and determin
the energy conversion amount directly. The high relative time precision for detecting vectors of plasma waves and patrticles i
essential in the WPIA. This requires a synchronous performance of plasma wave receivers and particle instruments. We introdut
a system that feeds particle detection pulses of particle detectors into plasma wave receivers to achieve the synchronization. T
chip we developed consists of two stages. The first stage is the current-voltage conversion circuit. It picks up each current puls
and convert into voltage signals with enough amplitudes to drive the second stage. The second stage contains comparator &
peak-hold circuits. The comparator ensures picking up real signals by setting a threshold level and the peak-hold circuit has a ro
to keep the level to connect to a next stage. In this study, we designed the circuits so that it is within several nanoseconds frol
the arrival of a particle to the convergence of the detection signal. Conventional circuits are made of discrete electronic parts
That requires large resources in their sizes and weights. However, the chip we developed is small and light-weight. In this study
we integrate detection circuits using ASIC (Application Specific Integrated Circuit) technology and we aim to accommodate at
least 16 channels of circuits within 5 mm square chip.

In this presentation, we show the details of the chip designed for the particle detection circuits. We also examine the verificatior
test results in the operation of those circuits. Furthermore, we describe the development plan for the future WPIA systen
integration.
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Calibration of the plasma wave and particles dedicated to the measurement of the
S-WPIA of the Arase Satellite

# Jumpei Miki[1]; Hirotsugu Kojima[2]; Yuto Katoh[3]; Shoya Matsuda[4]; Yoshiya Kasahara[5]; Hiroyuki Nishizawa[5];
Mitsuru Hikishima[6]; Satoshi Kurita[7]; Masahiro Kitahara[3]; Satoshi Kasahara[8]; Yoshizumi Miyoshi[7]; Atsushi
Kumamoto[9]; Ayako Matsuoka[10]; Shoichiro Yokota[11]; Tomoaki Hori[7]; Kunihiro Keika[12]
[1] Electrical Engineering, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4]
ISAS/JAXA; [5] Kanazawa Univ.; [6] ISAS; [7] ISEE, Nagoya Univ.; [8] The University of Tokyo; [9] Dept. Geophys, Tohoku
Univ.; [10] ISAS/JAXA; [11] Osaka Univ.; [12] University of Tokyo

One of the science targets of the Arase satellite mission is to clarify the mechanism of the generation/extinction of relativis-
tic high-energy electrons accumulated in the outer radiation belt. It is thought that the wave-particle interaction is a plausible
mechanism for generation/extinction processes of relativistic electrons. For the purpose of observing the interaction between th
plasma wave and particles, the Arase satellite is equipped with the Software-type Wave-Particle Interaction Analyzer (S-WPIA)
In the S-WPIA, it is possible to evaluate the wave-particle interaction quantitatively by calculating the time change of kinetic
energy of particle by taking the inner product of the instantaneous vector of electric field of the plasma wave and the velocity
vector of a particle, or by observing the relative phase angle distribution between the instantaneous vector of the magnetic fiel
of the plasma wave and the velocity vector of a particle.

However, the data of the electromagnetic field obtained from the plasma wave observation device is affected by the amplitud
and phase by various amplifiers of the sensor and the observation device. In particular, the antenna impedance changes dyne
ically depending on the plasma environment around the satellite. Therefore, it is necessary to accurately calibrate the amplituc
and phase of the electromagnetic field vector of the plasma wave in consideration of the characteristics of the observer and tt
antenna and the plasma environment around the satellite. We picked up some events of the whistler-mode chorus waves. The
we compared the refractive index calculated from the calibrated electromagnetic field data with its theoretical value obtainec
from the Appleton-Hartlee equation.

On the other hand, when the plasma wave is obliquely propagating, the electromagnetic field does not rotate with a constal
phase change in the polarization plane. Therefore, the relative phase angle between the instantaneous vector of the magne
field and the velocity of a particle is unevenly observed. Then, it is necessary to make the observation possibility uniform by
weighting the distribution of the relative phase angle with the observation frequency. We uniformed the observation possibility
of the relative phase angle between the instantaneous vector of the magnetic field and the velocity of a particle, and corrected tl
distribution of the relative phase angle, and calculated the phase angle distribution between the plasma wave and a particle.

In the presentation, we will discuss the accuracy of the calibrated electromagnetic fields data of the plasma wave and the resul
of calibrating the relative phase angle distribution between the instantaneous vector of the magnetic field and the velocity vectc
of the particle, and aim to improve the accuracy of S-WPIA observation.
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Development of ASIC for energetic electron detector for future planetary explorations

# Shin Sugo[1]; Satoshi Kasahara[2]; Hirokazu Ikeda[3]; Hirotsugu Kojima[4]
[1] Earth and Planetary Science, Univ. Tokyo; [2] The University of Tokyo; [3] ISAS, JAXA; [4] RISH, Kyoto Univ.

Energetic electrons have been observed in all planetary magnetospheres in our solar system. Some fraction of these ele
trons precipitate into the atmosphere and deposit their energy. However, it is difficult to quantitatively evaluate the effects of
energetic electrons on the atmospheric dynamics and chemistry of outer planets and their satellites, due to the lack of detaile
measurements. For such future observations, it is important to cover the large solid angle, since the energetic electron flux is n
necessarily isotropic. Keeping this in mind, we develop an energetic (20 - 100 keV) electron detector which has hemispherica
field of view without the spacecraft spin. For planetary explorations, which place stringent limitation on payload mass, we aim
to miniaturize the sensor by applying the ASIC (Application Specific Integrated Circuit) technology to analog signal processing
circuits. It is composed of preamplifiers, shaping amplifiers, peak holders, and Analog-to-digital converters. We designed ar
ASIC so that its dynamic range and the wave form peaking time to Beé1@ind "1 us, respectively, in consideration of the
gain and the noise characteristics of the assumed detector (Avalanche Photodiode, APD). The performance was confirmed in t
simulation.
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A systematic analysis of charge exchange events in the Earth’s magnetosphere with
Suzaku

# Daiki Ishi[1]; Kumi Ishikawa[2]; Yuichiro Ezoe[1]; Yoshizumi Miyoshi[3]; Naoki Terada[4]
[1] Tokyo Metropolitan Univ.; [2] ISAS/JAXA,; [3] ISEE, Nagoya Univ.; [4] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.

Geocoronal solar wind charge exchange has been established by recent X-ray astronomical observations such as Suze
(Fujimoto et al. 2007 PASJ, Ezoe et al. 2010 PASJ). High charge state solar wind ions strip an electron from exospheric neutral
extending over 10 Earth radii, and then release soft X-ray photons when the electron cascades into the grand state. Geocorol
X-ray signals provide not only an immediate background for all the X-ray astronomical observations but also useful information
such as the exospheric density by using the data taken form solar wind monitoring satellites. In addition, its spatial distribution
is expected to be high at the dayside magnetosheath and the magnetospheric cusps, which leads to the imaging of the Eart
magnetosphere (Ezoe 2018 The astronomical herald).

In order to explore the geocoronal X-ray signals, we systematically analyzed all the archival Suzaku data which has one of th
highest sensitivities to soft X-rays. We searched the data for time variation of the soft X-ray background, and then compared i
with the simultaneously observed solar wind data (Ezoe et al. 2011 PASJ, Ishikawa et al. 2013 PASJ, Ishi et al. 2019 PASJ
Among 2031 data sets covering from 2005 August to 2011 September, 38 events showed the geocoronal X-ray signals (Ishikav
2013 Ph. D. thesis). We newly found 52 events from 1024 data sets covering 2011 October to 2015 May. These events cover ol
solar cycle. The number of the geocoronal X-ray events seems to correlate with the solar activity and the event rate is reletivel
high at the direction of the magnetospheric cusps. However, the geocoronal X-ray emissivity normalized by the solar wind protor
flux seems not to be particularly strong in the magnetospheric cusps. This is probably due to uncertainties of the solar wind io
ratio and/or the exospheric density. We report on a systematic analysis of charge exchange events in the Earth’s magnetosph
with Suzaku and discuss the representative events in combination with the simultaneously observed XMM-Newton data.

AR, X RS RE [9E <] R EDTEHIC K O, HIERIELL DR A X #78)E (Charge eXchnage, CX)Miiz L T &
7z (Fujimoto et al. 2007 PASJ, Ezoe et al. 2010 PASEIER)E CX Tidk. KFEEICE XN 2 mFEERE L 7214 >AY 10 it
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P RE R O LI T &, FHCKRBFA T T X E 72 KRG OEENE L 755 ¥ — A0 H A T HH %
{73 ETREINTVS (TLE] 2018 K A#H)o

Z TTHERIFIED > T X FRTH U TEVERE & ErEREZF5D 978 < RO RRT— 2 % LT HIERE I CX F9
ANV DRI 21T o T HEFNDBIAZ WREKZERE Uz B X FNy 7 759 > ROBREERHZE 285 L.
B OKGEELE & HEEMHEND % S OEHBRE CX & #4759 (Ezoe et al. 2011 PASJ, Ishikawa et al. 2013 PASJ,
Ishi et al. 2019 PASJ) $ 4 1Z 20054 8 AH 5 20114 9 HD 20317 —2 15 38 A XV FOMHICHEI L TV S (31
20131 LR, HICABEDTHET 20114E 10 HA S 20154 5 HD 10247 —Z 545 HHT 121 52 A XV R ERKEH L
Too TNBIE 1KMFEM 1LESE HN—F %, SBHIEDOA XY MMt e KGRI R 5N, ZOMmHERIE A
AT HBTEWEAMICH >z —T5. KBET T b2 75w 7 ZTHRIBE LTz CX FIRE A B E R mkAF &
Rond., TIKGEEPOA A e U EHERKEE ORI ZB O RNEENEEL TV EEZDNS, AHEH
Tld, 1TE L] BREICKZHERFEL CX FEA NV b ORI ORISR ZHE T 5 & L vlic, RENTARY ML
TIERIOHEZ JHE1 S % i XMM-Newton i 52 D7 — 2 2 L T s %o



R006-35 25 ARF (6FK—Ib) BERY: 10 B 26 B 9:00-9:15

Homogeneity of soft electron precipitation in the cusp for northward IMF

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

When IMF is northward, electrons and ions are injected into the cusp along open magnetic field lines after reconnectior
poleward of the cusp. It is well understood that the injected ions often produce the dayside proton auroral spot at 75-85 MLAT
at ionospheric heights, and that the cusp reconnection plays a significant role for the distribution of the cusp ion precipitation
In contrast, the electron precipitation in the cusp is rather homogeneous, and the redline cusp aurora, produced by the electr
precipitation, is generally less structured than that for southward IMF even if the northward component of IMF is strong. In
this study, using 630-nm aurora data from an all-sky imager at Longyearbyen, Svalbard, and precipitating electron/ion data an
field-aligned current data from the DMSP spacecraft traversing the region above the cusp auroras, we examined what is reflect
by the homogeneity of the cusp electron precipitation. From five winter seasons, we took more than 20 events for which the
630-nm aurora appears at latitudes higher than 75 MLAT, the DMSP observed the cusp ion precipitation concurrent with the
field-aligned current associated with northward IMF. Results of the analysis have shown that the solar wind speed is importan
for the homogeneity of the soft electron precipitation in the cusp for northward IMF. We discuss this result in terms of the electron
distribution in the upstream solar wind.
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Self-consistent particle simulation of falling tone emissions via nonlinear wave-patrticle
interactions

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

We perform one-dimensional electromagnetic particle simulations, to study fundamental processes of whistler-mode wavi
propagation from the equator and their interaction with energetic electrons. Approximating the dipole magnetic field by a
parabolic magnetic field, we assume a cylindrical model for particle dynamics with a parabolic magnetic field taken along the
axis of the cylinder, while we solve Maxwell’s equations including Poisson’s equation on the axis. The parallel electrostatic field,
which has been neglected in most studies on whistler-mode chorus emissions, is included in the simulation. We put an antentr
perpendicular to the background magnetic field, and oscillate the antenna current at fixed frequencies with different duration.

We observe falling tone emissions for a short triggering pulse with a frequency close to half the electron cyclotron frequency.
We also find rising tone emissions is generated with a long triggering pulse. Through the process of falling tone emissions, w
find entrapped particles generates the resonant current parallel to the wave magnetic field, which decreases the frequency of 1
seed waves near the equator. By changing the wave frequency and the length of the triggering wave packet, we can control ti
occurrence of rising and falling tone emissions.
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Statistical study on plasma heating around the reconnection separatrices in the
near-Earth magnetotail

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

Magnetic reconnection is an important physical mechanism that converts magnetic energy into thermal and kinetic energy ¢
plasmas. The energy conversion is mainly performed at the X point, while it is possible to occur in the reconnection separatri
regions where topology of magnetic fields changes (Petschek et al., 1964). Moreover, it was observationally confirmed tha
cold ions are accelerated in the plasma sheet boundary layer (PSBL) of the distant magnetotail (Saito et al., 1995). The mai
purpose of this study is to understand how ions and electrons are heated and accelerated through the boundary. Particularly,
perform a statistical study on the heating, using high time resolution data. lons around the boundary are known to be multiple
components (e.g., Ueno et al., 2001), and it is therefore necessary to discuss about variations of plasma characteristics at the le
of three-dimensional distribution function. In addition, in order to investigate the mixing of multiple-component plasma, plasma
data with high time resolutions are required to analyze short time-scale phenomena less than the ion cyclotron frequency ("1 F
in the plasma sheet). We statistically examine plasma heating around the separatrix regions by analyzing velocity distribution
observed by the MMS (Magnetospheric Multiscale) spacecratft.

An example of reconnection separatrix observations is the event from 06:27:15 to 06:32:15 on July 16, 2017. We use three
dimensional distribution function data (lon: 6.7 Hz, Electron: 33 Hz) obtained from FPI (Fast Plasma Investigation) and magnetic
field data (128 Hz) obtained from FGM (Flux Gate Magnetometer) on board the MMS1 spacecraft, which was located in the near
Earth magnetotail at GSM-X "-15.7 Re. The X component of the magnetic field decreased from 55 to 20 nT, and the X componen
of the ion bulk velocity perpendicular to the magnetic field increased from 0 to 150 km/s. This indicates that the spacecraft
passed through the boundary between the northern lobe region and the plasma sheet on the earthward side. Three-dimensic
distribution functions showed a low-energy component and high-energy beams in both parallel and anti-parallel directions tc
the magnetic field. The temperature of low-energy componeritskgV) increased from 30 to 170 eV. The temperature of the
parallel beam (pitch angles of 0-45 degrees) increased from 2 to 3.8 keV. The temperature of the anti-parallel beam (pitch angle
of 135-180 degrees) is approximately constant at about 2.5 keV.

In addition to such data-oriented analysis of multiple component plasma, we perform non-linear 2- or 3-component fits to three-
dimensional velocity distribution functions. This analysis is necessary to extract multiple components from complex velocity
distributions for a large number of events that we have already found in the MMS tail seasons. In this presentation, we shov
changes in extracted plasma parameters (temperatures, anisotropies, etc.) across the separatrix regions to discuss about he:
and mixing processes.
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Dependence of ion and electron temperatures on bulk flow speed in the near-Earth
reconnection regions

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

It remains an unresolved problem what determines the energy partition between ions and electrons during magnetic reconne
tion. It is thus important to investigate ion electron temperature ratio around the reconnection regions. Plasma in the Earth’
magnetosphere are heated up to 1-10 keV and stored in the plasma sheet in the magnetotail. Magnetic reconnection is a n
jor process that heats/accelerates plasma up to this energy range by releasing the magnetic energy accumulated in the Io
Heated/Accelerated plasma are transported both earthward and tailward as fast flows with a speed of several hundred kilomett
per second or faster. Such fast plasma flows have been observed in the plasma sheet [e.g., Angelopoulos et al., 1994] and
termed as bursty bulk flows (BBFs). It has been reported that the properties of plasma sheet plasma such as ion temperature
electron temperature.Jand ion electron temperature ratig T, depend on fast flow conditions and spatially vary [Kaufmann
et al., 2005, Wang et al., 2012, Runov et al., 2018]. However, there have been few studies which focus on macroscopic profile
of ion and electron temperatures around reconnection regions in the magnetotail.

In this study, we examine the average profiles of the temperatures and their ratio in the plasma sheet in the range of -25 R
<Xgsm <-15Rg and -10 R; <Y gsm <10 Rg by using data obtained from MMS for a period from May 1st to September
30th in 2017. We reconstruct both inflow and outflow regions of the reconnection using the X and Z components of the magnetic
field. We then present spatial characteristics of ion and electron temperatures and their ratio. We also examine the flow spee
dependence of the spatial characteristics.

Our analysis shows that;TT. and entropy increase as they get farther from the neutral point in the outflow region. The
entropy increase indicates nonadiabatic heatindT .Tin the outflow region are smaller than in the inflow region. Bottaiid
T. decrease with increasing flow speed for earthward flondd'not change when flow speed increases in the outflow regions
while T, decrease with increasing flow speed for tailward flow so thé&kTin tailward flow are larger than in earthward flow.

The results suggest that electrons are heated more effectively than ions on the separatrix. In addition, the results indicate th
less energy partitions into thermal energy when more energy partitions into kinetic energy if magnetic field in lobe regions are
constant.
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Observation of MeV protons by HEP/Arase in the inner belt and slot region

# Honoka Toda[1]; Wataru Miyake[2]; Takefumi Mitani[3]; Takeshi Takashima[4]; Yoshizumi Miyoshi[5]; Inchun Park[6];
Tomoaki Hori[5]
[1] Engineering, Tokai Univ.; [2] Tokai Univ.; [3] ISAS/JAXA; [4] ISAS, JAXA; [5] ISEE, Nagoya Univ.; [6] ISEE,Nagoya univ.

The Arase satellite was launched on December 20, 2016 for studying the radiation belt dynamics. The Arase is equipped wit
the high-energy electron experiments (HEP) instrument to observe high energy electrons. HEP is designed to measure electrc
with energies of 70 keV to 2 MeV. HEP often detects significant counts in the MeV energy range, though the Van Allen Probes
have observed less MeV electrons in the inner belt. We consider that this is due to contamination of high energy protons to HEF
We simulated HEP for the incidence of the energetic protons using by Geant4. The results show that protons of 1-2 MeV, &gt;
6MeV, and &gt; 60 MeV can be observed by HEP. We will report dynamics of MeV protons based on HEP observations.

H 5B HEICIEE T R IVF—E 2B % HEP (High-energy electron experiment@iifll#a & SN T 5. HEP
E HEP-H& HEP-LD 2 DDEY a—)IVAH D, TNZN70keVH 5 2 MeV DT RI)VF—BEFZHIET 5 X 5 IR
NLTW%. Van Allen ProbesDBEHIIIc &% &, MeV O )VF—F I BEHRNT TIRIZEAEFEELERWV. LML
HEP Tld MeV TXI)VF—HThiFOh 7 F B LTV, CHUZHEPOBRIC ST R VF—Ta b UANEA LT
W3 EEZ, Geantdic K A& VF—7"8 b VAFOETIVEHARERETT -T2, GeantdDFtEFEE TlX, HEP-HTIZ> 6
MeV & &gt; 60 MeV, HEP-L Tl 1-2 MeV &&gt; 60 MeV D71 k VANEA L TWS T EAVRENT. ZFDZERn 1 IZ
APOD S FREINZZEM DA L IZIEF—H LTS, TNEDH B, &gt; 60 MeV 71 h B L TIRZET, RN
ZEFEAERLNEZW. LML, &gt;6MeV 70k VIEAME DD O E LEAND, 1-2MeV 7' k I3
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Flux decrease of outer radiation belt electrons associated with solar wind pressure
pulse:A Code coupling simulation

# Hiroki Ito[1]; Yoshizumi Miyoshi[2]; Shinji Saito[3]; Yosuke Matsumoto[4]; Takanobu Amano[5]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] NICT; [4] Chiba University; [5] University of Tokyo

Relativistic electron flux of the outer radiation belt dynamically changes in response to solar wind variations. Variations of
solar wind cause the flux drop-out of the outer belt electrons. Magnetopause shadowing (MPS) has been proposed to cause ra
loss of relativistic electrons of the outer belt (e.g.,Kim et al.,2008). In general, it has been expected that MPS is a cross-fielc
transportation due to convection and/or the dayside compression of the magnetosphere. However, the gyro-radius of relativist
electrons of the outer belt seems to be too small compared with the spatial scale of gradient of the dayside magnetopause to esc
across the magnetopause. In this study, we investigate another escaping process of relativistic electrons into the interplanete
space. We conduct a code-coupling simulation of a test-particle simulation code (GEMSIS-RB: Saito et al., 2010) and a globa
MHD magnetosphere simulation code (GEMSIS-GM: Matsumoto et al., 2010). We calculate a number of trajectories of guiding-
center of electrons in electromagnetic fields calculated from GEMSIS-GM. In the simulation, electrons are initially distributed
from R. =6 to 11 with initial energies from 1 MeV to 10 MeV. Initial pitch angles of electrons are distributed from 50 degrees and
90 degrees. In this simulation, the solar wind dynamic pressure and the magnetopause stand-off distance change as follows;
The stand-off distance of the magnetopause is 1@ the initial dynamic pressure of 1.0 nPa, By of 0.005nT, B ;7
= 3.0 nT. [ii] The solar wind dynamic pressure increases to 2.5 nPa, and the magnetopause moves tthgHs period,
the pitch angle scattering of electrons with L value larger than 9.0 occurs by Drift Shell Bifurcation (DSB). [iii] The dynamic
pressure decreases, and the inflation of the magnetopause takes place. The stand-off distance of the magnetopause moves |
to 10 &quot;R&quot;_&quot;E&quot; . In this period, electrons with L value larger than 9.25 are scattered by DSB. During
phase [ii], the high-latitude magnetic reconnections occur at dawn-side. Several electrons are scattered by DSB and the mirr
points change to the high latitude where electrons can escape into the interplanetary magnetic field along the field line. Durin
the periods, the high-latitude reconnections occur at the high-latitude in the dusk side. In phase [iii], the trapped electrons in th
magnetosphere escape from the field lines that connect to the interplanetary magnetic field in both the dawn and dusk sides. T
flux decreases are found in not only higher-L shell but also the lower L-shell, because ExB drift by the induced dawn-to-dusk
electric fields cause the outward movement of relativistic electrons. As a result, some electrons move from closed magnetic fiel
to open magnetic field, which cause the loss of trapped electrons in the lower L-shells at least L = 8.75 during the inflation of the
magnetosphere. In our study, it is found that outward transport tends to occur at high energy, because electrons with large dri
velocity observes dawn to dusk electric field for large periods. The study reveals some electrons at outer radiation belt escape
high latitude into the interplanetary magnetic field along the field line, which are different process from the traditional MPS.
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Relative contribution of ULF and chorus waves to the radiation belt variation

# Naoko Takahashi[1]; Kanako Seki[2]; Mei-Ching Fok[3]; Yihua Zheng[4]; Yoshizumi Miyoshi[5]; Satoshi Kasahara[6];
Kunihiro Keika[7]; David Hartley[8]; Yoshiya Kasahara[9]; Yasumasa Kasaba[10]; Nana Higashio[11]; Ayako Matsuoka[12];
Shoichiro Yokota[13]; Tomoaki Hori[5]; Iku Shinohara[14]
[1] The University of Tokyo; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] NASA/GSFC; [4] NASA GSFC; [5]
ISEE, Nagoya Univ.; [6] The University of Tokyo; [7] University of Tokyo; [8] Univ. of lowa; [9] Kanazawa Univ.; [10] Tohoku
Univ.; [11] JAXA; [12] ISAS/IAXA; [13] Osaka Univ.; [14] ISAS/JAXA

Earth’s radiation belt exhibits a dramatic variation during the active condition of the magnetosphere such as magnetic storms
The dynamic variation of the radiation belt is, in part, contributed by various wave-particle interactions, including: (1) the
radial diffusion of electrons driven by ultra-low-frequency (ULF) waves in Pc5 frequency ranges (1.6-6.7 mHz) and (2) the local
acceleration caused by wave-particle interactions between whistler-mode chorus waves and radiation belt particles. Over tt
past decade, multi-point observations have separately shown the evidence for the contribution of ULF and chorus waves to tt
relativistic electron flux enhancement. However, comparison of the relative contribution of ULF and chorus waves has not beel
extensively studied yet.

Here we investigate the relative contribution of both waves to the relativistic electron flux enhancement during a specific
magnetic storm. The target event is 27 May 2017 storm, which is triggered by coronal mass ejections. Both Arase (post
midnight) and Van Allen Probe (RBSP)-B (dusk) detect the significant increase of relativistic electron fluxes during the early
recovery phase. Then the relativistic electron fluxes further enhance especially at L"4 during the middle recovery phase. The flu
enhancement is hardly seen during the late recovery phase. We examined L-value dependence of wave power during each orl
During the early recovery phase, ULF wave activity is high in wider L range (L=3.5-6), while chorus waves distribute around
L=4. On the other hand, ULF wave activity is low during the middle recovery phase, whereas chorus wave activity is higher than
the early recovery phase.

We also perform the comprehensive ring current model (CRCM) coupled with Block-Adaptive-Tree Solar-Wind Roe-Type
Upwind Scheme (BATSRUS) simulation in order to grasp the global contribution of waves. The simulation well reproduces the
global distribution of ULF waves. We also simulate the energetic electron dynamics. The estimated temperature anisotropy i
large during the period when chorus waves are observed by Arase and RBSP-B, especially with the energy of 10-40 keV. In thi
presentation, we will further discuss how observed chorus wave power can be estimated from the simulated electron dynamics
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Global spatio-temporal development of magnetospheric ELF/VLF waves based on
ground-satellite observation and RAM simulation

# Yuhei Takeshita[1]; Kazuo Shiokawa[2]; Yoshizumi Miyoshi[3]; Mitsunori Ozaki[4]; Yoshiya Kasahara[4]; Shin-ichiro
Oyama][3]; Martin Connors[5]; Jryki Manninen[6]; Craig A. Kletzing[7]; Vania Jordanova[8]; Dmitry Baishev[9]; Alexey
Oinats[10]; Volodya Kurkin[10]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] Kanazawa Univ.; [5] Centre for Science,
Athabasca Univ.; [6] SGO; [7] Department of Physics and Astronomy, Uol; [8] LANL; [9] IKFIA, SB, RAS; [10] Institute of
Solar-Terrestrial Physics, Irkutsk, Russia

The magnetospheric ELF/VLF waves are plasma waves generated by energetic electrons from several keV to tens of keV wit
temperature anisotropy at magnetospheric equatorial plane of the inner magnetosphere. These ELF/VLF waves with frequenci
lower than local half-gyro frequency (lower-band) can propagate to the ground along geomagnetic field lines. It is also known
that the ELF/VLF waves interact with electrons drifting longitudinally in the inner magnetosphere, and help accelerating accel-
erate them to relativistic energies. It is important to know the spatial-scale of magnetospheric ELF/VLF waves to estimate the
amount of generated relativistic electrons.

Takeshita et al. [submitted to JGR 2019] statistically investigated the longitudinal extent of the magnetospheric ELF/VLF
waves using six ground-based stations for two months, and showed the typical extent of the ELF/VLF waves as "80 degrees |
longitude. On the other hand, Jordanova et al. [JGR, 2010] investigated the global distribution of linear growth rate of whistler
mode chorus waves using global ring current-atmosphere interactions model (RAM), and showed that the region of large lineg
growth rate can extend “180 degrees in longitude during the geomagnetic storm of 22 April 2001.

In this study we investigate the spatio-temporal distribution of the source region of magnetospheric ELF/VLF waves using
three methods, (A) wave observation using ground based stations and satellites, (B) proxy of ELF/VLF waves using precipitating
electrons observed by POES/MetOP, and (C) linear growth rate calculated by RAM simulation during the geomagnetic storn
period from 26-30 March 2017.

(A) Wave observations are investigated using ground based observations at Athabasca (ATH; 54.7N, 246.4E, MLAT: 61.3N)
Kapuskasing (KAP; 49.4N, 277.8E, MLAT: 58.7N), Kannuslehto (KAN: 67.7N, 26.3E, MLAT: 64.5N) and satellite-based ob-
servations by ERG with an apogee in the pre-dawn sector and RBSP-A and RBSP-B with an apogee in the post-dusk sector.

(B) proxy of ELF/VLF waves were estimated by precipitating electrons observed by POES/MetOP satellites [e.g. Li et al.
2013, Chen et al. 2014]

(C) Global distribution of linear growth rate of ELF/VLF waves obtained by the RAM simulation [Jordanova et al. 2012]. The
self-consistent magnetic field and the Volland-Stern electric field are used as ambient magnetic and electric fields. The night-sid
boundary conditions are determined from plasma sheet flux measurements by LANL geosynchronous spacecraft.

We compared the global distribution of magnetospheric ELF/VLF waves deduced from these three methods. We found tha
the magnetospheric ELF/VLF waves with an extent from 0 MLT to 12 MLT associated with substorm onset were observed by
three methods. In this presentation, we will also report comparison with another geomagnetic storm event during 19-24 Noy
2017. Seven ground based stations are were operated during this event, so that we can estimate spatio-temporal developmen
waves in more detail.
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Mass- and charge-dependent ion energization in the near-Earth magnetotail: Arase
observations

# Kunihiro Keika[1]; Satoshi Kasahara[2]; Shoichiro Yokota[3]; Masahiro Hoshino[1]; Kanako Seki[4]; Takanobu Amano[1];
Lynn M. Kistler[5]; Masahito Nose[6]; Yoshizumi Miyoshi[7]; Tomoaki Hori[7]; Iku Shinohara[8]
[1] University of Tokyo; [2] The University of Tokyo; [3] Osaka Univ.; [4] Dept. Earth & Planetary Sci., Science, Univ. Tokyo;
[5] ISEQOS, University of New Hampshire; [6] ISEE, Nagoya Univ.; [7] ISEE, Nagoya Univ.; [8] ISAS/JAXA

The ion pressure in the inner magnetosphere is generally dominated by protons with energies of a few to a few 100s ke\
Oxygen ions of ionospheric origin,'Q can make a significant contribution to the ion pressure during geomagnetically active
periods. Our previous study (Keika et al., 2018, GRL) showed clear oxygen-proton differences in the contributing energies
(energy ranges that makes the dominant contribution to plasma pressure) in the outer part (L larger than 5) of the ring currer
region. The results provided in situ evidence of the contribution from mass-dependent/selective acceleration processes to
energization of the outer part of the ring current.

The present study extends this analysis toward different ion species, that is, ions with different mass and/or charge states th:
HT and O". We primarily use data from the MEP-i (Medium-Energy Particle experiments - ion mass analyzer) on board the
Arase spacecraft. MEP-i measures ions with energies of “10 to 180 keV/q and distinguishes between different ion species. W\
analyze the MEP-i data during the magnetic storms that occurred in May, July, and September 2017; the apogee of Arase w:
located on the night side. Contributing energies were higher for &tel O" than H~. Energy density of © was contributed
from higher-energy (higher than 100 keV) ions as well as lower-energy ions. For doubly-charged ions, contributing energies wer
similar, “50-"100 keV. &" energy density was also contributed from higher-energy (higher than 100 keV) ions. Contributing
energies per charge are higher for lower-charge-state ions. The results indicate that energization processes in the near-Ea
magnetotail are mass- as well as charge-dependent. This suggests that the ion energy gain in the magnetotail is not determir
by a complete displacement across the global electric field potential only. An important factor is likely the limited spatial scale
of the electric field associated with narrow flow channels during magnetic field reconfiguration (dipolarization), which can be
comparable to gyro-radii of heavy ions.
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Consideration of electron cyclotron harmonic waves and the environment observed by
the Arase satellite with linear analysis

# Airi Shinjo[1]; Hirotsugu Kojima[2]; Yoshiya Kasahara[3]; Yoichi Kazama[4]; Hideyuki Usui[5]; Yoshizumi Miyoshi[6];
Yasumasa Kasaba[7]; Shoya Matsuda[8]; S.-Y. Wang[9]; Sunny W. Y. Tam[10]; Atsushi Kumamoto[11]; Ayako Matsuoka[12]
[1] Engineering, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] Kanazawa Univ.; [4] ASIAA,; [5] System informatics, Kobe Univ; [6]

ISEE, Nagoya Univ.; [7] Tohoku Univ.; [8] ISAS/JAXA; [9] ASIAA, Taiwan; [10] ISAPS, NCKU, Taiwan; [11] Dept.
Geophys, Tohoku Univ.; [12] ISAS/JAXA

Electron cyclotron harmonic (ECH) waves are commonly observed in the low latitude region just outside the terrestrial plasma-
pause. They are purely electrostatic and their frequency spectra show harmonic structures. The observed ECH waves are clas
fied into two types. They are the diffuse ECH waves and the enhanced ECH waves. The diffuse ECH waves are weak and the
appear as continuous emissions that last for more than a few minutes. The enhanced ECH waves are the sudden enhancem
of the diffuse ECH in shorter periods.

We believe that ECH are excited by background electrons because of their intensity change, but observed velocity distribu
tion function don’t change simultaneously corresponding to the intensity of ECH. Moreover it’s difficult to explain emphasis of
enhanced ECH spectra from fundamental wave to high order wave by growth rate calculation with linear dispersion analysis
However there remain uncertain of results of linear analysis because we assume the distribution of cold core electron outside tt
observation range of low-energy particle experiments-electron analyzer (LEP-e). Electro static wave such as ECH have chara
teristic that their wavelength is short and that their phase velocity is very slow compared to other electromagnetic waves. The
Arase satellite has interferometry mode that observe phase velocity of such waves. In this paper, we calculate phase veloci
with ECH data observed by the interferometry mode and derivate temperature of cold core electron by comparing the results wit
dispersion relation. Using calculation results, we consider the plasma environment where ECH are excited.

EY A 70 ko & (ECH : Electron Cyclotron Harmonic wavels){E & & 7% {1l O #hER plasmapaus@Mil] CHEEIC
BT NSHER CTH 5, ECHIIRIFUCEEICIRENT 26 Th O, HAP: & ZDREE O I N S SRk
ExEED, ECHIZZDBEIC K> T DDXA ST 5NB, — DO E T LEiiZ OE N5\ diffuse
A7 &9 —DNIERINICH < 72 % enhanced? 7 7 TH %, Enhanced? 1 7’0 ECH 3% Ds&EZ{bAH S, HRETH
SOV F—HANTFRI NS, FRFICEI L T2 E TOEE S MHEMOZN 5, FiaZbz Rnizd
EMTETWVARY, Xz, $EBINTIC X 2 ERDFIHE T, enhanced? 4 7O TH % FHARW 5 @R D &
PNz % ECHDARY bVOSERZFHIHT 5 T & H#E LW, 72720, $IEMTClk, BRI TIRBITE Tk
WMERI 7 ETFORHRZREL TWED, ZOMBICHEETZHDZHR L TWD, —f, ECHDOX S REFERIT—i%
PNCIHENEL ., £z, ZONMEE S BT — RICHERNTIEFITE . Arasefii 2 Tld. DX 5 %E— RONHHE
G A BT EMTERZA LV Z—T U A M) E—RFZ2E- TS, ARETIE. TO ArasefiilBlc kb1 2—T
AMVUE—RICKZ ECHOBHF RN S, ZONH#EZKRD, ECHOZERFRZSIRL T, (i 7 EFDiRED
A A, ECHDREL TWB 7T ABRIBIC DOV TERZITI,
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Pitch angle scattering by electrostatic electron cyclotron harmonic waves based on Aras
observations

# Mizuki Fukizawa[1]; Takeshi Sakanoi[2]; Yoshizumi Miyoshi[3]; Yoichi Kazama[4]; Yoshiya Kasahara[5]; Shoya
Matsuda[6]; Ayako Matsuoka[7]; Shiang-Yu Wang[8]; Sunny W. Y. Tam[9]
[1] PPARC, Tohoku Univ.; [2] Grad. School of Science, Tohoku Univ.; [3] ISEE, Nagoya Univ.; [4] Institute of Astronomy and
Astrophysics, Academia Sinica, Taiwan; [5] Kanazawa Univ.; [6] ISAS/JAXA; [7] ISAS/JAXA,; [8] Institute of Astronomy and
Astrophysics, Academia Sinica, Taiwan; [9] ISAPS, NCKU, Taiwan

Pulsating auroras (PsAs) are thought to be generated by precipitating electrons scattered by lower-band chorus (LBC) wavi
near the magnetic equator through cyclotron resonance. One-to-one correlations between LBC wave intensity observed
satellites near the magnetic equator and PsA intensity obtained by ground-based all-sky imager have been reported by previo
studies [e.g., Nishimura et al., Science, 2010, Nishimura et al., JGR, 2011]. In addition, electrostatic electron cyclotron harmoni
(ECH) waves can also interact with magnetospheric electrons and scatter their pitch angle theoretically [e.g., Lyons, JGR, 1974
In our previous study [Fukizawa et al., GRL, 2018], we reported that not only LBC but also ECH wave intensity has correlation
with the PsA intensity using coordinated Exploration of Energization and Radiation in Geospace (ERG, also called Arase)
satellite and ground-based imager observations. Recently, Kasahara et al. [Nature, 2018] reported that LBC wave intensity he
correlation with electron flux inside a loss cone and pulsating auroral intensity based on coordinated Arase satellite and grounc
based optical observations. Their study confirmed that wave-particle interactions indeed occur between LBC waves and electrol
with the energy of 24.5 keV and cause pulsating auroral emissions. On the other hand, correlations between ECH wave intensi
and loss cone electron flux have not been reported yet. Therefore, this study aims to reveal whether wave-particle interactior
between ECH waves and electrons occur or not at the magnetic equator.

To verify whether ECH waves indeed scatter electrons into a loss cone, we compared ECH wave intensity with electron flux
inside the loss cone obtained with low-energy particle experiments-electron analyzer (LEP-e) onboard Arase. Cross-correlatio
coefficients between ECH intensity and loss cone electron flux in the energy range of 4-6 keV were statistically significant while
those between LBC intensity and loss cone electron flux in the same energy range were not statistically significant. To estimate tt
cyclotron resonance energy of ECH waves, we fitted the observed distribution function by a sum of four subtracted Maxwellian
components [e.g., Ashour-Abdalla and Kennel, JGR, 1978]. The dispersion relation was calculated with Kyoto University Plasmz
Dispersion Analysis Package (KUPDAP), which is a dispersion solver developed by the Space Group at Kyoto University, with
changing the wave normal angle of ECH waves from 84.00 degrees to 89.99 degrees. In the case that the wave normal angle
85.50 degrees, the growth rate has a peak at a frequency of 1.6 fce, where fce is the electron cyclotron frequency. In the case t
the wave normal angle is 89.00 degrees, the growth rate has two peaks at 1.3 and 1.6 fce. We suggest that wave normal an
was close to 89.00 degrees since ECH waves observed by OFA had two peaks at 1.1 and 1.6 fce. Using the dispersion relati
calculated by KUPDAP, we estimated the cyclotron resonance energy of ECH waves as a function of wave normal angle. Th
result indicates that the resonance energy reaches the energies of 4-6 keV which cross-correlation coefficients were statistica
significant if the wave normal angle is larger than 89.98 degrees. However, the calculated growth rate has single peak at 1.1 fc
when the wave normal angle is 89.98 degrees, which is inconsistent with the wave power spectrum observed by OFA. It woult
be necessary to take effects of wave propagation into account because the observed wave spectrum possibly contains ECH wa
not only locally enhanced but also propagated from different source region [e.g., Horne et al., JGR, 2003].

Unfortunately, we could not compare ECH wave intensity and loss cone flux with pulsating auroral intensity at the Arase’s
footprint due to contamination of sunlight. However, this study suggests that ECH waves scatter a few keV electrons which
contribute to cause auroral emission.
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Comparison of EMIC wave distributions between the magnetic equator and higher
magnetic latitudes

# Chae-Woo Jun[1]; Yoshizumi Miyoshi[2]; Yoshiya Kasahara[3]; Yasumasa Kasaba[4]; Shoya Matsuda[5]; Masafumi
Shoji[2]; Fuminori Tsuchiya[6]; Atsushi Kumamoto[7]; Ayako Matsuoka[8]; Iku Shinohara[9]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] Kanazawa Univ.; [4] Tohoku Univ.; [5] ISAS/JAXA, [6] Planet. Plasma
Atmos. Res. Cent., Tohoku Univ.; [7] Dept. Geophys, Tohoku Univ.; [8] ISAS/JAXA; [9] ISAS/JAXA

To understand the generation and propagation processes of electro-magnetic ion cyclotron (EMIC) waves between the magne
equator and higher magnetic latitudes, we performed a comparison study of spatial distributions of EMIC waves based on th
Van Allen Probes (RBSP) and Exploration of energization and Radiation in Geospace (ERG) observations. From 2017 to 201¢
we identified EMIC wave events observed by both satellite missions and categorized them with respect to wave bands (H-
and He+ EMIC waves) and relative satellite locations from the plasmasphere (inside and outside the plasmasphere). We four
two significant observational differences based on RBSP and ERG observations: 1) H+ EMIC waves observed by RBSP ar
dominantly observed outside the plasmasphere at 11-14 MLT at L™4-6 near the magnetic equator, while ERG observations ¢
higher magnetic latitudes showed no significant peak wave occurrence regions and relatively lower wave occurrence rates ths
RBSP observations, indicating that H+ band EMIC waves are easily damped due to unguided wave propagation. 2) For He
EMIC waves, RBSP observations showed peak wave occurrence regions at 9-14 MLT at L™4-6 inside the plasmasphere. He
EMIC waves observed by ERG have two different peak occurrence regions: 14-17 MLT at L™6-8 inside the plasmasphere, 5-°
MLT at L™8-11 outside the plasmasphere. In the presentation, we show the details of spatial distributions of EMIC waves betweel
RBSP and ERG observations and the relationship between EMIC waves and geomagnetic conditions.
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Rapid Precipitation of Relativistic Electrons caused by EMIC Rising-tones

# Satoko Nakamura[1]; Yoshiharu Omura[2]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.

On 23 February 2014, Van Allen Probes sensors observed quite strong electromagnetic ion

cyclotron (EMIC) waves in the outer dayside magnetosphere. The maximum amplitude was more than 14
nT, comparable to 7% of the magnitude of the ambient magnetic field. The EMIC waves consisted of a series
of coherent rising tone emissions. Rising tones are excited sporadically by energetic protons. At the same
time, the probes detected drastic fluctuations in fluxes of MeV electrons. It was found that the electron fluxes
decreased by more than 30% during the 1 min following the observation of each EMIC rising tone

emissions. Furthermore, it is concluded that the flux reduction is a nonadiabatic (irreversible) process since
holes in the particle flux levels appear as drift echoes with energy dispersion. We examine the process of the
electron pitch angle scattering by nonlinear wave trapping due to anomalous cyclotron resonance with

EMIC rising tone emissions. The energy range of precipitated electrons corresponds to the presumed energy
for the threshold amplitude for nonlinear wave trapping. This is the first report of rapid precipitation (&It;1
min) by the mechanism of relativistic electrons by EMIC rising tone emissions and their drift echoes in time
observed by spacecraft.
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Preferred region of nonlinear growth of whistler-mode chorus waves in the inner
magnetosphere: MHD and advection simulations

# Yusuke Ebihara[1]; Takuya Ikeda[2]; Yoshiharu Omura[3]; Takashi Tanaka[4]; Mei-Ching Fok[5]
[1] RISH, Kyoto Univ.; [2] Electronics, Kyoto Univ.; [3] RISH, Kyoto Univ.; [4] REPPU code Institute; [5] NASA/GSFC

Using a global magnetohydrodynamics (MHD) simulation and a drift advection simulation, we show preferred regions of non-
linear growth of whistler-mode chorus waves in the inner magnetosphere. The MHD simulation provides large-scale electric an
magnetic fields. A comprehensive inner magnetosphere-ionosphere (CIMI) model solves the advection of phase space dens
of electrons under the electric and magnetic fields obtained by the MHD simulation. We imposed the southward interplanetan
magnetic field condition on the boundary condition of the MHD simulation. Hot electrons penetrate deep into the inner region
due to a combination of the enhanced convection and substorm-associated electric fields. Cold electrons also drift sunward, r
sulting in a contraction of the plasmasphere. We obtained the following results. First, the nonlinear growth rates can be "3 order
of magnitude larger than the linear ones at wave frequency of maximum linear growth. Secondly, the optimum wave amplitude
is high outside the plasmapause, suggesting that the nonlinear growth is effective. These results imply that the nonlinear grow
of chorus waves is preferred to occur in the wide area outside the plasmapause, and that nonlinear growth of the chorus wav
could make a significant contribution to loss and acceleration of electrons trapped in the inner magnetosphere.
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Strong diffusion of energetic electrons by chorus waves in the dawnside magnetosphert

# Satoshi Kasahara[1]; Yoshizumi Miyoshi[2]; Shoichiro Yokota[3]; Yoshiya Kasahara[4]; Shoya Matsuda[5]; Ayako
Matsuoka[6]; Kunihiro Keika[7]; Tomoaki Hori[2]; Satoshi Kurita[2]; Iku Shinohara[8]
[1] The University of Tokyo; [2] ISEE, Nagoya Univ.; [3] Osaka Univ.; [4] Kanazawa Univ.; [5] ISAS/JAXA, [6] ISAS/JIAXA;
[7] University of Tokyo; [8] ISAS/JAXA

For sub-relativistic energetic electrons (10-100 keV), one of the promising loss mechanisms is precipitation into the atmospher
due to pitch-angle scattering by whistler chorus waves, but the efficiency of scattering has yet to be quantified. Using in-
situ measurements by ERG spacecraft, here we demonstrate that full filling of energetic electron loss cones occurs quite ofte
associated with moderate to intense (wave magnetic power of &gt;50 pT) chorus waves. Spatial distribution of loss-cone filling
indicates the efficient scattering takes placBVHtAT |&It; 1070 for the dataset used here, consistent with that of chorus waves.
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Dynamics of relativistic electrons interacting with whistler mode chorus emissions in the
outer radiation belt

# Yikai Hsieh[1]; Yoshiharu Omura[2]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.

Nonlinear whistler mode wave-particle interaction is one of the processes to generate energetic electrons in the Earth’s out
radiation belt. Applying test particle simulations with a large number of electrons and a pair of whistler mode chorus emissions
generated at the magnetic equator, we traced the electrons in various initial energies, pitch angles, gyrophases, and locatic
along a L=4.5 magnetic field line to build a set of Green’s functions to analyze the electron distribution functions in a kinetic
energy and pitch angle phase space. Setting up the initial distribution function and then employing convolution integral, we car
track the evolution of the electrons as interacting with consecutive chorus emissions. We compare the simulation results amor
three wave models. The first one is a pure parallel wave model. The others are obligue wave models with gradually increase
wave normal angles and the maximum wave normal angles are 20 degree and 60 degree. Multiple resonances result in high
probability of nonlinear trapping of electrons and the different tendency of pitch angle scattering. Hence the trapped electron:
for the oblique cases are scattered to a wider range of pitch angles than those for the parallel case. In addition, owing to th
subpacket structure of the waves, a single electron has a chance to be trapped by different resonances during the lifetime of
oblique wave. Oblique chorus emissions can accelerate 10-30 keV electrons to MeV level rapidly in a few wave cycles, which is
much faster than that of the parallel emission. In case of larger time scale, the pure parallel wave can accelerate electrons to mc
than 6 MeV. However, electrons with energy greater than 3 MeV cannot receive much energy from the oblique waves neithe
via cyclotron resonance nor Landau resonance. Therefore, when electrons reach MeV level, the acceleration rate becomes mt
slower, and the electrons only reach about 4 MeV after hundred cycles interacting with the oblique waves. This study first show:
evolution of the radiation belt electron flux through nonlinear interactions with oblique chorus emissions.
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Effects of convection electric field on nonlinear drift resonance between electrons and
Ultralow frequency waves

# LI LI[1]; Yoshiharu Omura[2]
[1] RISH, Kyoto Univ
ISPAT,PKU
; [2] RISH, Kyoto Univ.

We derive nonlinear equations describing drift resonant interaction between relativistic electrons and ultralow frequency wave:
in the presence of convection electric field based on Li et al. (2018). The equation of motion can be approximately expresse
in the form of nonlinear pendulum equations with the external driver (azimuthal inhomogeneity factor S), which is defined as
a ratio of driving amplitude to the square of trapping frequency. We compare the dynamics of electrons with different S values
at different resonant energies (corresponding to different ULF wave numbers). The trajectories of electrons show an obviou
transition from periodic motion to chaotic motion as wave number m becomes larger. We compute trajectories of a large numbe
of electrons with the same initial energy and L shell uniformly distributed around the earth, and follow the evolution of the
distribution function in energy and L shell phase space. We find that drift resonant electrons can remain trapped by the low-n
ULF waves under the strong convection electric field, while trajectories are significantly modified considering a high-m ULF
wave. The simulation results demonstrate that the convection electric field plays a role for the transport of the trapped electron
under high-m ULF waves but rarely affects the trapping motion under low-m ULF waves.
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Correlations of low-energy electrons with chorus emissions observed by ERG: An event
study

# Yoichi Kazama[1]; Hirotsugu Kojima[2]; Yoshizumi Miyoshi[3]; Yoshiya Kasahara[4]; Hideyuki Usui[5]; Iku Shinohara[6];

B.-J. Wang[7]; S.-Y. Wang]8]; Sunny W. Y. Tam[9]; Tzu-Fang Chang[10]; Kazushi Asamura[11]; Atsushi Kumamoto[12];
Fuminori Tsuchiya[13]; Yasumasa Kasaba[14]; Shoya Matsuda[15]; Masafumi Shoji[3]; Ayako Matsuoka[16]; Mariko
Teramoto[17]; Takeshi Takashima[18]
[1] ASIAA; [2] RISH, Kyoto Univ.; [3] ISEE, Nagoya Univ.; [4] Kanazawa Univ.; [5] System informatics, Kobe Univ; [6]
ISAS/JAXA; [7] ASIAA, Taiwan; [8] ASIAA, Taiwan; [9] ISAPS, NCKU, Taiwan; [10] ISEE, Nagoya Univ.; [11]
ISAS/JAXA; [12] Dept. Geophys, Tohoku Univ.; [13] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [14] Tohoku Univ.;
[15] ISAS/JAXA; [16] ISAS/IAXA; [17] Kyutech; [18] ISAS, JAXA

Interactions between electrons and chorus emissions have been studied by spacecraft in-situ observations, and in this stu
we report close relations of electrons with energies below 20 keV to upper-/lower-band chorus emissions observed by the ER(
satellite late on March 18, 2017. ERG was located in the post-midnight at L™6, crossing the magnetic equator. Around 23:45UT
the satellite observed an electron injection and chorus wave intensification. The observation indicates good correlations of fiel
aligned electron fluxes to both upper-band and lower-band chorus emissions and also relatively low correlation coefficients ir
between those bands. Moreover, electron energy distributions have a dip at the band gap. These results suggest that in t
event, low energy electrons were being scattered by upper- and lower-band emissions simultaneously toward the magnetic fie
directions by cyclotron resonance, resulting in less increase of parallel electron fluxes at the upper-lower band gap.
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Evaluation of Automatic Electron Density Determination by using a Convolutional
Neural Network: Arase PWE measurement

# Shoya Matsuda[1]; Tatsuhito Hasegawa[2]; Atsushi Kumamoto[3]; Fuminori Tsuchiya[4]; Yoshiya Kasahara[5]; Yoshizumi
Miyoshi[6]; Yasumasa Kasaba[7]; Ayako Matsuoka[8]; Iku Shinohara[9]
[1] ISAS/JAXA,; [2] University of Fukui; [3] Dept. Geophys, Tohoku Univ.; [4] Planet. Plasma Atmos. Res. Cent., Tohoku
Univ.; [5] Kanazawa Univ.; [6] ISEE, Nagoya Univ.; [7] Tohoku Univ.; [8] ISAS/JAXA,; [9] ISAS/JAXA

Electron number density is a key parameter for discussions of plasma wave generation/propagation, and wave-particle inte
action in the inner magnetosphere. The High Frequency Analyzer (HFA) is a subsystem of Plasma Wave Experiment (PWE
aboard Arase. The HFA measures wide frequency range (0.1-10 MHz) electric power spectra with a time resolution of 8 or 60 s
This covers a typical frequency range of Upper Hybrid Resonance (UHR) frequency in the inner magnetosphere. We develope
a technique for automatically determining UHR frequencies using a Convolutional Neural Network (CNN) to derive the electron
density along the orbit of the Arase satellite. In this study, we evaluate the performance of electron density determination by
using a CNN model from the point of view of science.
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Evolutions of energetic electrons associated with the coronal hole streams: Arase
observations

# Yoshizumi Miyoshi[1]; Satoshi Kurita[1]; Ryuho Kataoka[2]; Vania Jordanova[3]; Nana Higashio[4]; Takeshi Takashima[5];
Iku Shinohara[6]; Mariko Teramoto[7]; Takefumi Mitani[8]; Tomoaki Hori[1]; Inchun Park[9]; Ayako Matsuoka[10]; Satoshi
Kasahara[11]; Shoichiro Yokota[12]; Kunihiro Keika[13]; Yoshiya Kasahara[14]; Shoya Matsuda[15]; Fuminori Tsuchiya[16];
Atsushi Kumamoto[17]; Masafumi Shoji[1]
[1] ISEE, Nagoya Univ.; [2] NIPR; [3] LANL; [4] JAXA, [5] ISAS, JAXA,; [6] ISAS/JAXA; [7] Kyutech; [8] ISAS/IAXA, [9]
ISEE,Nagoya univ.; [10] ISAS/JAXA; [11] The University of Tokyo; [12] Osaka Univ.; [13] University of Tokyo; [14]
Kanazawa Univ.; [15] ISAS/JAXA; [16] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [17] Dept. Geophys, Tohoku Univ.

Large flux enhancements of relativistic electrons of the outer belt often observed associated with the high-speed coronal ho
streams. Both the solar wind speed and the southward IMF are important parameters to control the flux enhancement of electror
Previous studies have shown that the flux of enhanced electrons largely depend on the solar wind parameters, while the sol
wind parameter dependence of the evolution of the energy spectrum, especially highest energy, have not been well known. |
this study, we investigate evolutions of the energy spectrum during the high-speed streams after the Arase launch by using tt
energetic electron data from Arase/XEP/HEP/MEPe instruments. As a result, the hardening of the energy spectrum depends
the southward IMF after the stream interface crossing. Average heating rate of "20-30 keV/days at the heart of the outer belt ar
found from the analysis during the high-speed streams, and the heating rate depends on the southward IMF. During the perioc
continuous chorus wave enhancements are observed outside the plasmapause during the same periods, which suggests that ct
waves contribute to heating of energetic electrons.
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The remote observation Earth’s plasmasphere From EUV imager (PHOENIX) on board
ultra-small spacecraft.

# Kazuo Yoshioka[1]; Masaki Kuwabara[2]; Reina Hikida[3]; Ichiro Yoshikawa[4]
[1] The Univ. of Tokyo; [2] ISAS/JAXA,; [3] Frontier Sciences, Tokyo Univ.; [4] EPS, Univ. of Tokyo

The nano-spacecraft mission named EQUULEUS is now under development. It will be launched in 2020 as one of the payload
of SLS (Space Launch System) mission of NASA. EQUULEUS will fly to a the libration orbit around the Earth-Moon L2 point
and demonstrate trajectory control techniques within the Sun-Earth-Moon region for the first time as a nano-spacecraft. A sma
telescope in extreme ultraviolet named PHOENIX will be boarded on EQUULEUS. It consists of multilayer-coated entrance
mirror (diameter of 6 cm) and photon counting device with microchannel plate and resistive anode, and electronics parts. Th
reflectance of mirror is optimized for the emission line of ionic helium (wavelength of 30.4 nm) which is the important component
of the plasmasphere of the Earth. By flying far from the Earth, the entire image of plasmasphere can be obtained with 1-hou
temporal resolution . In this presentation, the mission concept and the design of the telescope, and the latest development sta
will be shown.
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Magnetohydrodynamic modeling of a polar cap bifurcation (exchange cell
configuration) for northward interplanetary magnetic field

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

When the interplanetary magnetic field (IMF) is northward, there occurs occasionally a bifurcation of the polar cap (an open
magnetic flux region) associating a large-scale transpolar arc. Upon the basis of observations, Watanabe et al. [2004] propos
the 'exchange cell’ configuration for a bifurcation process. The exchange cell configuration is a consequence of sequential recol
nection described as follows. First, Dungey-type reconnection on the dayside in one hemisphere produces open magnetic flu
The open flux is stacked on the dayside magnetopause, resulting in an overdraped lobe. Subsequently, in order to facilitate tl
tailward open flux transport, lobe-to-closed reconnection takes place in the same hemisphere. In the ionosphere in the oppos
hemisphere, this sequential reconnection produces an intrusion of open magnetic flux into the flankside plasma sheet (a clos
magnetic flux region) and creates the bifurcation of the polar cap. In numerical modeling, Tanaka (1999) demonstrated a magn
tohydrodynamic simulation indicative of the exchange cell configuration. However, subsequent simulation codes developed b
Tanaka have not been successful in reproducing the exchange cell configuration even for the same IMF conditions. It appears tf
the exchange cell does not occur under simple IMF conditions. For the purpose of reproducing the exchange cell configuratior
we performed the following simulation. In order to promote the overdraped lobe formation, we tilted the Earth’s dipole axis by
25 degrees (boreal winter). Similarly, in order to further Dungey-type reconnection in the summer hemisphere, we set the IMF
to Bx=5nT By=0, and Bz=5nT. We produced a quasi-stationary magnetosphere under these conditions and after that rotated tl
IMF clock angle from due north by 40 degrees in about 30 minutes without changing the IMF magnitude. With this simulation,
we obtained a solution with a polar cap bifurcation that is similar to the exchange cell configuration. In the presentation, we
report the detailed analysis of the simulation results. From this modeling, it is suggested that the Earth’s dipole tilt plays an
important role in forming the exchange cell configuration.

SR 2R E RS IE, Mo (BARETRREUIE) Ml U TR IV AR—5 =7 — U hEN5 Z L hdH
%, BINCEDE, Watanabe et al(2004) (33c#at )UHEEIC K AWt 0 I E T IV ETRE Uz, 3 U iE IZ DL R &
IiE—HDY ART T aVIcKDEL S, £TEBMO—FEERT Dungey!) 3% 72 a VX OBRENTZ 20, B
T EE E NI IR BRI 27 5 10— 7 (overdraped lobe DER E NS, FilW CHIRH = BEA\OHE T % 1=
&, [FAPEER TR MR E BRI AR T a7 a VT %, TO—HOEFE T, SOREBRO EE HEPE T 13 ARG R R A
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Process of magnetospheric cusp formation for infinitesimal northward interplanetary
magnetic field

# Tsubasa Hashimoto[1]; Masakazu Watanabe[2]; Ryuho Kataoka[3]; Shigeru Fujita[4]; Takashi Tanaka[5]
[1] Earth and Planetary Sciences,Kyushu Univ.; [2] Earth & planetary Sci., Kyushu Univ.; [3] NIPR; [4] Meteorological
College; [5] REPPU code Institute

The interaction between the solar wind and the magnetosphere is manifested in the development of the region 1 field-aligne
current system and the formation of the ionospheric two-cell convection. The energy source of the region 1 current system i:
the high-pressure plasma in the magnetospheric cusp. Thus, understanding the cusp formation process is one critical issue
magnetosphere physics. On the other hand, solar activity has been modulating anomalously since solar cycle 23. In particule
a prolongation of the minimum period and a weakening of the maximum period have been reported. If this trend continues,
it is expected that the interplanetary magnetic field (IMF) will become very small. Therefore, investigating the virtual cusp
for infinitesimal IMF (for which reconnection effects are minimal) in comparison with the normal cusp for southward IMF,
contributes significantly not only to better understanding of the solar wind-magnetosphere interaction but also to future predictior
of the global environment. For this purpose, we reproduced the magnetosphere under very small IMF using the Reproduc
Plasma Universe (REPPU) code (Tanaka, 2015). In the simulation, a quasi-steady state magnetosphere was produced under
solar wind and IMF conditions of density=5crh, Vx=-370km/s, Bx=0.0nT, By=-0.05nT, Bz=0.086nT (total intensity B=0.1nT
and clock angle 30 degrees), and temperature=340,000K. We then visualized the spatial distribution of electromagnetic energ
thermal energy and kinetic energy in the magnetosphere. From this analysis, we found a clear difference between the virtu:
cusp for infinitesimal IMF and the normal cusp for southward IMF. Normally, the cusp consists of the equatorward ’load’ in
which electromagnetic energy is converted to thermal energy and the poleward 'dynamo’ in which thermal energy is converted tc
electromagnetic energy. The dynamo on the high latitude side is the energy source for the region 1 current system. Although thi
structure does not change even for infinitesimal IMF, a salient feature for infinitesimal IMF is the imbalance between the load
and the dynamo. In the normal cusp, the load and the dynamo are almost balanced. However, in the cusp for infinitesimal IMF
the load is much smaller than the dynamo. This imbalance implies the existence of more than one energy supply route to th
cusp dynamo, with one of them emerging solely for infinitesimal IMF. In the presentation, we report the detailed analysis of the
simulation data and discuss the role of the cusp from the point of view of the functional aspect in the solar wind-magnetospher:
interaction.
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Magnetic field topology analysis of interchange-type reconnection using the shooting
method

# Yuma Sakai[1]; Masakazu Watanabe[2]; DongSheng Cai[3]; Shigeru Fujita[4]; Takashi Tanaka[5]
[1] Earth and Planetary Science,Kyushu Univ.; [2] Earth & planetary Sci., Kyushu Univ.; [3] ISIS, U Tsukuba; [4]
Meteorological College; [5] REPPU code Institute

Reconnection in the magnetosphere is classified into Dungey-type reconnection (IMF-to-closed and open-to-open) and interck
type reconnection (IMF-to-open and open-to-closed). While the former is well known, the latter is less well understood. Although
some phenomena indicative of interchange-type reconnection can be reproduced by global MHD simulations, there is nho in-dept
study that examined the separatrix structure, magnetic field line geometry, or magnetic field topology near the magnetic neutre
point. In the first place, itis not obvious whether interchange-type reconnection exists mathematically. In order to help understan
interchange-type reconnection, for the numerical solutions obtained by global MHD simulations, we attempt to determine the
global magnetic field topology and calculate the field-aligned electric fields on separatrices. The global topology is determinec
by the magnetic neutral points and the separators connecting the nulls. Since the separator is an intersection of separatrices
is necessary to determine the separatrix radiating from each neutral point. However, tracing the separatrix (a magnetic surfac
numerically is very difficult, and consequently successful cases were very few up until now. In this study, we trace separatrice:
using the shooting algorithm proposed by Krauskopf & Osinga (1999). In the presentation, we report the initial results of the
analysis and discuss the existence of interchange-type reconnection.
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Spatio-temporal evolution of the electron precipitation for the fast plasma flow in the
cusp

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

As the IMF southward component increases, fast poleward plasma flow occurs in the cusp region. Furthermore, there som¢
times occurs localized enhanced plasma flow in the fast poleward flow. These ehnaced flow regions are generally thought to be
the footprint of the flux transfer event (FTE), and there have been some reports that the fast plasma flow is accompanied with th
poleward moving cusp aurora. On the other hand, it is not well understood whether the electron precipitation distribution always
shows poleward-moving features or not. In this study, to understand the temporal and spatial evolution of electron precipitatior
during the fast plasma flow in the cusp, we analyzed data from simultaneous observations of an all sky imager, EISCAT Svalbar
Radar (ESR) in Longyearbyen Svalbard, and the Super Dual Auroral Radar Network (SuperDARN) Hankasalmi radar. Since th
increase in plasma flow is observed as an increase in ion temperature, we searched for events of fast plasma flow by requiri
that the ion temperature in the lower F region should be greater than 2000 K. We identified five simultaneous observation event
from the six winter seasons from December 2012 to January 2018. Four of the five events show that the enhanced electrc
precipitation occurs immediately equatorward of the region where fast plasma flow was observed, and in three of the four the
electron precipitation region does not show any poleward-moving features. Based on the result from the detailed analysis, w
discuss the temporal and spatial evolution of the electron precipitation region for the flow burst seen in the ionosphere.
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Origin of the nightside ionospheric convection system for oblique northward
interplanetary magnetic field

# Yuki Yoshimoto[1]; Masakazu Watanabe[2]; Takashi Tanaka[3]; Shigeru Fuijita[4]
[1] Earth and planetary science, Kyushu Univ.; [2] Earth & planetary Sci., Kyushu Univ.; [3] REPPU code Institute; [4]
Meteorological College

When the interplanetary magnetic field (IMF) is northward, there appears an ionospheric convection system on the nightsid
that depends on the By component of the IMF. For negative By, this convection is clockwise in the Northern Hemisphere wher
viewed from above the ionosphere and counterclockwise in the Southern Hemisphere when viewed from the Northern Hemi
sphere through the glass Earth. For positive By, the above-mentioned rotation direction reverses in both hemispheres. Taguchi
al. (1993) and Grocott et al. (2005) proposed that this convection system was a consequence of Dungey-type reconnection in tl
magnetotail. However, the idea is rudimentary, and a quantitative modeling is needed for further discussion. The purpose of thi
study is to clarify the origin of the above-mentioned nightside convection system by quantitative numerical modeling.

The Reproduce Plasma Universe (REPPU) code (Tanaka, 2015) solves the solar wind-magnetosphere-ionosphere coup!
system in a self-consistent manner by magnetohydrodynamic approximation. Using the REPPU code, we reproduced the B
dependent convection system in the simulated magnetosphere after integrating about 120 minutes under the IMF conditions |
B=5nT (intensity) and theta=35 degrees (clock angle). The locus of the vortex approximately coincides with the maximum of
the field-aligned current intensity, indicating that the convection system and the field-aligned current system are formed in ¢
self-consistent manner. We traced the current line from the field-aligned current peak in the ionosphere to the magnetospher
and identified the dynamo region where j.E is negative (with j and E being the current density and the electric field, respectively).
In the dynamo region, thermal energy is converted to electromagnetic energy. In addition, in the dynamo region, div(Vperp)
is negative (Vperp being the plasma velocity component perpendicular to the magnetic field). This result is interpreted by ex:
panding slow mode disturbances. The dynamo region is located at the end of the high pressure plasma region protruded fro
the plasma sheet into the lobe. The formation of this protrusion appears to involve interchange instabilities in the magnetotail
Therefore, we conclude that the conventional model in terms of Dungey-type reconnection in the magnetotail is incorrect for the
explanation of the By-dependent nightside convection system.
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Slow-moving faint aurora in the dayside polar cap for southward IMF

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

Poleward motion of the auroral arc in the cusp is a common feature for southward IMF. There is a category of that moving
auroral arc in which the arc appears with an initial brightening in a mesoscale region near the equatorward boundary of the cus)
and travels a long distance. This typical poleward moving auroral form is often identified as a detached arc immediately polewart
of the main redline auroral band in the daytime sector. In this study, by using the 630-nm aurora image data obtained by an all
sky imager at Longyearbyen, Svalbard, and the particle data from DMSP spacecraft, we present features of the moving redlin
aurora that can fall in a category that is different from that of the typical poleward-moving auroral form. Those redline auroras are
detached from the poleward boundary of the main auroral band, and seen deep in the dayside polar cap during southward IM
The aurora is very faint; intensities are mostly less than 1 kR. Simultaneous observations from the all-sky imager and the DMSI
spacecraft show that there exist multiple mesoscale regions of electron precipitation slightly enhanced from the backgroun
polar-rain type precipitation over the faint aurora in the dayside polar cap, demonstrating that the 630-nm emission is cause
by electron impact, not recombination. The simultaneous observation also shows that there is no concurrent ion precipitatio
over the aurora, indicating that this type of auroral arc does not fall in the category of cusp aurora. The detailed analysis of the
630-nm image data shows that the typical longitudinal length of the aurora is 0.2 to 0.4 MLT. The aurora moves poleward at
speeds of 100 - 300 m/s. Simultaneous observations with the SuperDARN radar at Hankasalmi shows that those speeds are mu
lower than the speed of the plasma convection in that region. The solar wind data and the SYM-H geomagnetic index indicat
that any significant change in the solar wind dynamic pressure did not occur at the appearance of this type aurora. From the:
characteristics, we discuss the generation mechanism of the slow-moving redline faint aurora in the dayside polar cap.
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MHD simulation of the auroras associated with the Sudden Commencement

# Shigeru Fujita[1]; Takashi Tanaka[2]
[1] Meteorological College; [2] REPPU code Institute

There are many SC studies concentrated on the magnetospheric and ionospheric disturbances associated with the prelimin,
impulse and the main impulse. These disturbances appear in the latitudes in and lower to the auroral oval. On the other han
the FAC also exhibits peculiar enhancement in the cusp region. This FAC probably relates to the shock auroras [Zhou and Tst
rutani, 1999; Zhou et al., 2003; Liu et al., 2011]. There are few simulation studies about the FAC in the cusp region at the SC
[Samsonov et al., 2010]. However, detailed studies about energy conversion in the dynamo region of the FAC and nature of th
plasma disturbances are not done yet. In the talk, we will present the topics about the shock auroras obtained by the global MH
simulation. We will also explain how the FAC is generated in the dynamo region, and what is the role of the reconnection in the
dayside magnetopause.
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Statistical analysis of equatorward boundary of auroral oval seen by FUV imager
onboard low-altitude satellite

# Sally Kyo[1]; Keisuke Hosokawa[2]; Sota Nanjo[2]; Haruki Kawai[3]
[1] IE, UEC; [2] UEC; [3] IE, UEC

There have been several experimental models expressing the spatial distribution of auroral oval, especially the dependence
the latitude of auroral oval on the level of magnetic disturbance (e.g., Kp index). However, the amount of data used for construct
ing such models was rather limited; thus, the models are still inaccurate especially during severely disturbed conditions.One ¢
the possible ways to overcome this limitation is to use a large dataset of FUV imaging from low-altitude satellite. In this study,
we make use of data from SSUSI FUV imager onboard the DMSP satellite at "850 km altitude.

By detecting the boundaries of the auroral oval automatically, we have performed a statistical analysis of the equatorwar
boundary of auroral oval.

During a case obtained on March 5, 2015, the signatures of auroral oval were captured by the imager when the satellite pass
the polar region from dusk to dawn. By carrying out a fitting with two Gaussian distribution to the dusk-dawn cut of the emission
intensity, we derived the equatorward boundary of auroral oval. In the presentation, we report the results of the statistical analyse
showing the dependence of the boudary location on Kp, Dst and IMF parameters. The long-term variation of the entire shape c
the auroral oval will also be discussed.
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Magnetospheric plasma density distribution on Japanese meridian plane

# Takahito Itoyama[1]; Hideaki Kawano[2]; Teiji Uozumi[3]; Shuji Abe[4]; Akimasa Yoshikawa[5]; Akimasa Yoshikawa
MAGDAS/CPMN Group[6]
[1] Earth and Planetary Sciences,Kyushu Univ; [2] Earth and Planetary Sci., Kyushu Univ.; [3] ICSWSE, Kyushu Univ.; [4]
ICSWSE, Kyushu Univ.; [5] ICSWSE/Kyushu Univ.; [6] -

To understand the mechanism of geomagnetic activity, it is important to monitor the spatial distribution of plasma density and
its temporal change.

In the magnetosphere, various disturbance waves are generated by the interaction between the magnetosphere and the s
wind. One of them is the fast-mode wave that propagates across the geomagnetic field lines. Then, FLR (field line resonanc
occurs at a position where the frequency of the wave is equal to the eigen-frequency of the geomagnetic field lines. Thu
generated field-line eigen-oscillation is observed in the ground magnetic field H component as the geomagnetic pulsation.

By applying the amplitude-ratio method and the cross-phase method to the data of two adjacent ground magnetometers, it
possible to know the FLR frequency and the plasma density can be estimated.

The purpose of this study is to investigate the spatial distribution of plasma density on the Japanese meridional plane. Althoug
the estimation of the spatial distribution of the plasma density has already been performed on the meridional planes of the Unite
States and Europe, but on the Japanese meridional plane, the estimation of the spatial distribution of the plasma density has r
yet been made because there are few pairs of observation points having distances generally thought to be suitable for the mett
(around 100km). However, in a previous research (thesis of Onoue), she succeeded in estimating the plasma density at tv
observation point pairs on the Japanese meridional plane which have a distance longer than the above-stated distance. Thereft
we make pairs of observation points on the Japanese meridional plane and estimate the plasma density for all the pairs. Since 1
FLR is observed on the dayside, if the spatial distribution of plasma density on the Japanese meridional plane is known, one c
the three meridional planes will always be on the dayside, and the plasma density can be estimated continuously.

So far, we have analyzed the data of all the pairs in 2011 in the same way as in the previous research (Onoue’s thesis). Bas
on the results obtained, we have improved the program for the FLR detection and analyzed the data on a day when the FLR w
clearly seen (found by Onoue). As a result, since the FLR was observed at three observation point pairs, the plasma densities
the three pairs were estimated from the obtained FLR frequencies.

We initially expected that the plasma density estimated by the two pairs would be close, because the L values of the midpoin
of the two pairs were close, but they were different by an order. Then, considering the possibility that the L value corresponding
to the obtained density is different from the L value of the middle point, the line between the two observation points of the pair
was divided into 100 segments having the same distance (measured in terms of L), and the plasma density was estimated |
each of them. Then, we planned to investigate whether thus obtained density range overlaps with the density range in the same
range calculated by a model based on spacecraft density measurements [Gallagher et al., 2000].

At present, as a step preceding the comparison with the model, we are identifying FLR events for all the station pairs for all
the days in 2011; for the identification, we first apply the Fast Fourier transformation (FFT) to the data for every 6144-second
segments, adjust the smoothing width in the frequency direction and time direction so that noise is not misidentified as FLR. We
then search for FLR events for each time segment. choose the first and the last of thus identified FLR events, and apply the FF
to all the timeseries data between the times of the first and the last events. We then finally determine if the FLR exists or not b
visual inspection of the graph of the amplitude ratio and the cross phase calculated from the FFT’ed data.
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Propagation of substorm-associated magnetic fluctuations in the meridional plane:
Multipoint ground-satellite observations

# Shun Imajo[1]; Masahito Nose[2]; Mari Aida[3]; Nana Higashio[3]; Haruhisa Matsumoto[4]; Kiyokazu Koga[5]; Akimasa
Yoshikawa[6]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] JAXA, [4] JAXA,; [5] JAXA; [6] ICSWSE/Kyushu Univ.

The propagation of substorm-associated magnetic fluctuations (e.qg., dipolarizations and Pi2 pulsations) has been investigat
by many researchers, but the propagation in the meridional plane is not well understood because the coverage of satellites
middle-latitude magnetosphere has not been enough. The QZS-1 satellite, which has a quasi-zenith orbit with an inclinatio
of 45°, an apogee of 6.6 Re, and an orbital period of 24 h, stays the middle-latitude magnetosphere in the close meridiai
of the MAGDAS/KTN magnetic observatory (AACGM MLAT=71°D located near the QZS-1 footprint, and the ETS-VIII
geosynchronous satellite.

We examined a substorm event during July 09, 2013 at 15:00-16:00 UT. During the event, QZS-1 was locatddl 131
and 23.5 h MLT. The ETS-VIII, THEMIS-D (a radial distance of 10 Re) and THEMIS-E (a radial distance of "7 Re) satellites
were located near the equator in the similar magnetic meridian. The dipolarization was first observed by THEMIS-D at 10 Re a
15:14:30 UT. Then, "1 min later, some magnetic changes were observed by ETS-VIIl and THEMIS-E. At the same time, the Pi2
pulsation was observed at the MAGDAS/KUJ magnetic observatory at low latitudes (AACGM MLAT52 T hese indicate
the inward propagation from 10 Re in the equatorial plane. QZS-1 observed a strong azimuthal magnetic field fluctuation 1-
min after the first dipolarization at THEMIS-D, indicating outward (poleward) propagation from THEMIS-D. On the ground,
the TIK magnetic observatory (AACGM MLAT=66°8 which is close to the footprint of THEMIS-D, observed negative bay
near-simultaneously with the dipolarization at THEMIS-D, while KTN observed the negative bay with a 13.5 min delay. We
suggest that the large delay time of the magnetic fluctuation at QZS-1 in the middle-latitude magnetosphere was associated wi
the crossing of field-aligned current during the poleward expansion of the substorm current system. Interestingly, although th
magnetic latitude of the QZS-1 footprint was slightly lower than that at KTN, the magnetic fluctuations started 1.5 min earlier at
KTN. This means that the fluctuation propagated the ionosphere to the magnetosphere.

We will further statistically investigate delay times between QZS-1 and ETS-VIII.
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Automatic identification of FLR events in the SuperDARN VLOS data by using the
Gradient methods
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The FLR (Field Line Resonance) excites the eigen-oscillation of a magnetospheric magnetic field line where the frequency o
an incoming wave matches the eigen-frequency of the field line. The FLR-generated eigen-oscillation has the following unique
manner of change in its amplitude and the phase: The amplitude is maximum, and the phase-change rate is maximum, at tl
resonance point. This feature enables the identification of FLR-driven events. They can be identified in the ground magnetic fiel
data and the ionospheric plasma velocity data. From thus identified eigen-frequency ('FLR frequency’ below) one can estimat
the magnetospheric plasma density along the field line which passes through the ground/ionospheric observation point.

In this study we use the SuperDARN radar data to identify the FLR: For each radar beam, the ionospheric plasma Velocity
along the Line of Sight (VLOS) of the beam is obtained. Unlike the ground magnetometer data, the SuperDARN data is two-
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 FLR events as possible. However, overlapping non-FLR perturbations often
hide FLR events. As a countermeasure to this problem, the Gradient methods (general name referring to both the amplituds
ratio and the cross-phase methods) have been applied to the ground magnetometer data; this method cancels out the overlapy
perturbations by dividing the data from a magnetometer by the data from another magnetometer having an adequate latitudin
distance from the other. The Gradient methods are effective since the FLR frequency tends to depend on the latitude mot
strongly than the overlapping perturbations.

The Gradient methods are also applicable to the SuperDARN VLOS data. The field of view of each beam is divided into Range
Gates (RGs below) having the same length along the beam. VLOS is obtained for each RG. Thus, each RG can be regarded a
virtual observatory.’

A difficulty in identifying FLR events in the SuperDARN VLOS data is that there is very large amount of two-dimensional
data, making it time-consuming to visually identify FLR events. The Gradient methods enable automatic identification more
easily than analyses of VLOS itself, since the Gradient methods yield positive-then-negative two peaks in the amplitude ratio an
a single negative peak in the phase difference, and the latter single peak is located between the former two peaks; this pattern
fairly easy to identify.

Another advantage of applying the Gradient methods to the SuperDARN VLOS data is that we can choose any distanc
between the two RGs to which the Gradient methods are applied, since, as stated above, RGs are evenly located along e
beam. It is expected that there is the best distance between two RGs to identify the FLR; This distance reflects the resonan
width, which is an important quantity reflecting the diffusion and dissipation of the FLR energy.

We have been developing a computer code to automatically identify FLR events, and checking its preciseness by comparin
the identified FLR events with visually identified FLR events. So far, we have applied the code to an FLR event visually identified
at a few locations (each location is specified by a set of a beam number and an RG number) of two radars (HAN and PYK). Fo
the most of those locations, the current version of the code has identified the FLR. It has also identified locations missed by visue
inspection. Furthermore, it has found a location where the FLR signal was possibly masked by overlapping perturbations. Fo
HAN, the best distance between two RGs was two in the RG number, corresponding to the latitudinal distance of 80 km. We als
plan to apply the code to other SuperDARN radars.
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One-to-one correspondence between the vertical evolution of AKR and global
high-correlation Pi 2: ARASE and MAGDAS observations
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At the onset of substorms, various phenomena appear different areas of the magnetosphere. Pi 2 and auroral kilometric radi
tion (AKR) are detected in a wide extent of the magnetosphere, and thus those are accepted as the indicators of substorm ons
[e.g. Saito, 1969; Gurnett et al, 1974]. AKR is believed to emanate from the auroral acceleration region, and the frequency
of AKR is almost equal to the electron gyro-frequency of the region. Therefore, we can remotely monitor the altitude of AKR
occurrence region with AKR frequency [e.Gurnett and Andersari981;Morioka et al, 2007]. It also means that vertical evo-
lution of auroral acceleration region can be remotely diagnosed with temporal variation of AKR frequencyWanigéa et al.

[2009] investigated AKR dynamics, and presented that there exist two-stage vertical evolution of AKR and auroral acceleratior
region.

Global high-correlation Pi 2 is observed on the night side and in a wide latitudinal range from high-latitude to the magnetic
equator with high-correlation wavefornypzumi et al, 2009]. Uozumi et al.[2011] found that global high-correlation Pi 2 is
also correlated with temporal variation of AKR power. This feature was further confirmed by a comparative study between AKR
observed by Arase satellite and Pi 2 observed by MAGDAS/CPMN netwddgzimi et al, SGEPSS fall meeting in 2018].
According to the studies dfflozumi et al.[2009, 2011, 2016], oscillation of global high-correlation Pi 2 is synchronized with
the oscillation of the field aligned current (FAC) of the substorm current wedge (S@MFjoka et al.[2009] suggested that
two-stage vertical evolution of auroral acceleration corresponds to the two-step reinforcement of the FAC of the SCW. So, it is
expected that there exists some correspondence between global high-correlation Pi 2 and vertical evolution of AKR.

In this study, we conducted a comparative study concerning temporal variation of AKR frequency range and ground Pi 2
pulsation with data sets obtained by the High Frequency Analyzer (HFA) of the Plasma Wave Experiment (PWE) on board the
Arase (ERG) satellite{asahara et al2018;Kumamoto et al. 2018] and the MAGDAS/CPMN equatorial ground magnetome-
ter [Yumoto et al, 2006]. We searched for AKR events during the interval from April to October 2017, and 40 AKR events were
selected. It is found that 33 out of 40 events exhibited that the maximum altitude of the AKR rapgg (Aodulated in the Pi 2
period range, and temporal variations aof,A. tend to be correlated with global high-correlation Pi 2. Our observation suggests
that one-to-one correspondence between each pulse of vertical evolution of AKR, FACs of SCW and global high-correlation Pi
2.
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Pi2 pulsations observed by the Arase satellite inside and outside the plasmapause

# Mariko Teramoto[1]; Ayako Matsuoka[2]; Yoshiya Kasahara[3]; Yasumasa Kasaba[4]; Atsushi Kumamoto[5]; Fuminori
Tsuchiya[6]; Shoya Matsuda[7]; Masahito Nose[8]; Reiko Nomura[9]; Satoshi Kurita[10]; Masafumi Shoji[10]; Shun
Imajo[11]; Yoshizumi Miyoshi[10]; Iku Shinohara[12]
[1] Kyutech; [2] ISAS/JAXA; [3] Kanazawa Univ.; [4] Tohoku Univ.; [5] Dept. Geophys, Tohoku Univ.; [6] Planet. Plasma
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The spatial structure of Pi2 pulsation relative to the plasmasphere has been studied using the magnetic and electric fie
observed from the equatorial orbiting satellite in the inner magnetosphere by Takahashi et al (2003; 1995). They showed that tf
nightside Pi2 pulsations in the inner magnetosphere, which have high coherence with those at low-latitude ground station, ar
dominated by the poloidal component (the radial and compressional components for the magnetic field and azimuthal compone
for the electric field). The amplitudes of the compressional magnetic field has maximum and azimuthal electric field and the
compressional magnetic field have maximum and minimum in the vicinity of the plasmapause, respectively. The phase of the
azimuthal electric field relative to low-latitude Pi2 pulsations on ground is 90 degrees in the plasmasphere. The radial profile o
the amplitude and phase of Pi2 pulsations can be explained by a plasmaspheric cavity mode resonance.

However, the latitudinal structure of Pi2 pulsations in the electric field has not been examined. We investigate the latitudinal
characteristics of off-equatorial Pi2 pulsations on the nightside and their relation to the plasmapause using the magnetic fiel
measured by the fluxgate magnetometer measured by the Magnetic Field Experiment (MGF), the electric field measured by tt
Electric field Detector (EFD), and electron density derived from the spectra measured by the High Frequency Analyzer (HFA)
from the Arase satellite.
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Arase observation of the source region of auroral arcs and diffuse auroras in the inner
magnetosphere
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Auroral arcs and diffuse auroras are common phenomena at high latitudes, though characteristics of their source plasma a
fields have not been well understood. We report the first observation of electric and magnetic fields and electron and ion spectr
features, including their pitch-angle distributions, in the source region of auroral arcs and diffuse auroras, using data from the
Arase satellite at L"6.0-6.5. The auroral arcs appeared and expanded both poleward and equatorward at local midnight frol
"0308 UT on 11 September 2018 at Nain (magnetic latitude: 660), Canada, during the expansion phase of a substorm, whi
diffuse auroras covered the whole sky after 0348 UT. The auroral arcs were characterized by purple and green emissions at t
top and bottom parts, respectively. Bi-directional field-aligned electrons with structured energy-time spectra were observed in th
source region of auroral arcs, while source electrons became isotropic and less structured in the diffuse auroral region afterwarc
We suggest that structured electrons were caused by upward field-aligned potential differences reaching high altitudes (730,0(
km) near Arase. The bi-directional electrons were probably caused by Fermi-type acceleration associated with the observed fie
dipolarization. Strong electric-field fluctuations and earthward Poynting flux were observed at the beginning of the arc crossing
and are probably also caused by the field dipolarization. The ions showed time-pitch-angle dispersion caused by reflection b
mirror force. These results indicate a clear contrast between auroral arcs and diffuse auroras in terms of source plasma and fie
and possible generation mechanism of auroral arcs in the inner magnetosphere.
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Estimation of the altitude of pulsating aurora emission by using five-wavelength
photometer

# Yuki Kawamura[1]; Keisuke Hosokawa[1]; Satonori Nozawa[2]; Yasunobu Ogawa[3]; Tetsuya Kawabata[2]; Ryoichi Fuijii[4]
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Pulsating aurora (PsA) is a kind of diffuse aurora which almost always appears in the morning side during the recovery phas
of auroral substorm. PsA is known to show two characteristic temporal variations. One is so-called main pulsation whose periot
ranges from a few to a few tens of seconds. The other is a few Hz modulation (internal modulation), which is often seen during
the ON time of main pulsation. In recent years, the altitude of ionization associated with PsA has been investigated in detail by
incoherent scatter radars. Such studies indicated that the altitude of PsA ionization is slightly lower in the morning side that tha
in the post-midnight. However, the altitude of PSA emission has not been examined in the past. Scourfield et al. [1971] propose
a method for monitoring significant changes in the emission altitude of PsSA by using the lifetime of excited state atoms O(1S)
seen in the optical observations. This method is also is useful for estimating the energy of precipitating electrons causing PsA
In this study, we performed a statistical analysis of the altitude of PSA emission by applying this method to multi-wavelength
optical observations of PsA.

We employed the five-channel photometer in Tromso, Norway (69.6N, 19.2E, 66.7MLAT), whose FOV is directed along the
magnetic field line. The five-channel photometer measured the auroral emissions at five wavelengths (427.8 nm, 557.7 nm, 670
nm, 777.4 nm, and 844.6 nm) with a temporal resolution of 400 Hz. In the analysis, we extracted the time series of main pulsatiol
at 427.8 nm and 557.7 nm and calculate the lifetime of O(1S) state by performing a cross correlation analysis between then
Then, we succeeded in deriving the distribution of lifetime showing a strong peak at 0.70 sec. This result is in good agreemen
with a previous study by Brekke and Henriksen [1972]. We also classified the events by magnetic local time and derived the
distribution of lifetime for each MLT sector. There is a tendency that the lifetime becomes shorter as going to morning side. By
using the model atmospheric density profile of 02, we derived the altitude of the 557.7 nm emission of PsA. The altitude of PsA
becomes lower as going to morning side, which indicates that the energy of PsA electrons tends to be higher in the later MLT
sector.

We will compare the temporal variations of the effective altitude of PsA estimated from the photometer and the altitude profile
of ionization observed by the European Incoherent Scatter (EISCAT) radars at the same time. In the presentation, based on t
current statistical analysis, we will discuss what controls the energy precipitating electrons of PsA.
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Computer simulations of pitch angle scattering process for pulsating aurora

# YOSHIKI ITO[1]; Shinji Saito[2]; Yoshizumi Miyoshi[3]
[1] ISEE; [2] NICT; [3] ISEE, Nagoya Univ.

Whistler mode chorus waves cause scattering and acceleration of energetic electrons in the inner magnetosphere, and rec
studies identified that chorus waves cause the pulsating aurora. The interaction processes have been modeled as diffusions in
velocity space, and the scattering rate depends on the wave amplitude. However, the recent studies indicate that the wave-parti
interactions with chorus waves are non-linear process, so that it is expected that the scattering rate will not simply depend on tf
wave amplitude. In this study, we investigate chorus wave amplitude dependence of electron scattering using the GEMSIS-RBV
simulation code. The GEMSIS-RBW simulation calculates variations of local pitch angle and energy by the imposed chorus
waves. In this simulation, chorus bursts that consist of multi rising tone elements are imposed at the equatorial plane, and the:
bursts propagate along the field line with L= 4. We calculate the trajectory of a number of electrons with initial energy of 50
keV. At small wave amplitudes, time variations of pitch angle and energy of electrons are similar to diffusive process. At large
wave amplitudes, both pitch angle and energy of electrons increase at the interaction with the first rising tone element, and the
they decrease at interaction with the second rising tone element. We classify these variations due to wave-particle interaction in
three categories; diffusion, phase-trapping and dislocation, by taking into consideration of the parameter rho. Here, the paramet
rho indicates the ratio of the wave-induced and the background inhomogeneity effects for the momentum change of the resona
electron. When rho&lIt;&lt; 1, variations of pitch angle and the energy of electrons are diffusive. When rho™1, both pitch angle
and the energy of electrons increase because of the phase trapping. When rho&gt;&gt; 1, both pitch angle and the energy ¢
electrons decrease because of the dislocation. In the simulation, energy and pitch angles of some electrons with rho™1 increa
due to the phase-trapping, which cause increase of rho. During the second interaction, energy and pitch angles with large rt
decreases due to dislocation, in which rho also decreases. During the third interactions, energy and pitch angles increase ag
due to the phase trapping. Therefore, variations of dislocation and phase trapping occur alternately due to variations of rhc
We also calculated the number of precipitating electrons with various wave amplitudes. The number of precipitating electrons
increase if the wave amplitude increases from 10 pT to 200 pT. However, as the wave amplitude increases more than 200 p
the number of precipitating electrons decreases. From this simulation, the simple relationship between the wave amplitudes ar
precipitating flux is not always satisfied due to the non-linear wave particle interactions, and the depression of the precipitating
flux is expected with the wave amplitude of more than a few hundred pT.
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Statistical study of EMIC wave-related electron precipitation at subauroral latitude

# Asuka Hirai[1]; Fuminori Tsuchiya[2]; Takahiro Obara[3]; Yasumasa Kasaba[4]; Yuto Katoh[5]; Hiroaki Misawa[6]; Kazuo
Shiokawa[7]; Yoshizumi Miyoshi[8]; Satoshi Kurita[8]; Martin Connors[9]
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Univ.; [5] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [6] PPARC, Tohoku Univ.; [7] ISEE, Nagoya Univ.; [8] ISEE,
Nagoya Univ.; [9] Centre for Science, Athabasca Univ.

Electromagnetic ion cyclotron (EMIC) waves are excited near the equatorial plane by anisotropic ring current ions. They
mainly propagate along magnetic field lines and are observed on the ground as Pc1 geomagnetic pulsations. Pitch angle scatter
of relativistic electrons by interaction with EMIC waves has been considered as one of the mechanisms to cause the loss of tt
outer radiation belt electrons. However, there are still questions left about the contribution of EMIC waves to the overall loss of
radiation belt electrons and possible conditions favorable to pitch angle scattering. Here, we performed the statistical study abo
EMIC waves and associated electron precipitation from November 2016 to June 2018. We used a ground-based magnetome
and man-made VLF radio wave receiver installed at Athabasca, Canada. VLF radio waves propagate in the earth-ionosphere wa
guide and are sensitive to ionization changes in lower ionosphere due to precipitating electrons with energies higher than 1C
keV. We identified EMIC wave events with two different ways: manual inspection and an automatic detection algorithm based on
Bortnik et al. (2007). At first, we manually detected EMIC wave events and electron precipitation that occurred simultaneously
with the EMIC wave activity. In the period of analysis, simultaneous observation of the magnetometer and VLF radio waves
were available for 286 days and we identified 162 EMIC wave events. We found that 19 of 162 EMIC wave events were clearly
associated with electron precipitation (12%). Electron precipitation occurred more often on the duskside than dawnside. Alsc
we found that the preferential condition for electron precipitation is the main phase of geomagnetic storms.

In order to investigate which properties in EMIC waves correlate with electron precipitation, we used an automatic wave
detection algorithm proposed by Bortnik et al. (2007). This technique allows us to remove incoherent noise signal from wave
spectra, identify only polarized EMIC waves whose intensity is well above the background noise level, and derive quantitative
spectrum information of the EMIC wave, such as wave frequency, bandwidth, and intensity. We applied this technique to the
induction magnetometer data at Athabasca and confirmed that it worked successfully as designed. In addition, we found th:
this was also useful to distinguish broad band ELF wave events (e.g. PilB) from EMIC wave events. We will show statistical
properties of EMIC waves derived from the automatic detection technique and their relation with the electron precipitation.
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Direct detection of nonlinear generation process of electromagnetic ion cyclotron
emissions observed by the Arase spacecraft
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Matsuda[5]; Yoshiya Kasahara[6]; Ayako Matsuoka[7]; Mariko Teramoto[8]; Takeshi Takashima[9]; Iku Shinohara[10]
[1] ISEE, Nagoya Univ.; [2] ISEOS, University of New Hampshire; [3] ISAS/JAXA; [4] Tohoku Univ.; [5] ISAS/JAXA; [6]
Kanazawa Univ.; [7] ISAS/JAXA; [8] Kyutech; [9] ISAS, JAXA,; [10] ISAS/JAXA

Electromagnetic ion cyclotron (EMIC) emissions with various frequency changes are observed by the Arase spacecraft. Th
EMIC rising tone wave has been previously studied by employing the wave-particle interaction analysis (WPIA) method to the
spacecraft data. By the method, we obtain the phase angle between the particle and wave field to analyze the nonlinear reson
currents controlling the energy transfer and the wave frequency drift. We use the WPIA method with the Arase electromagneti
field and ion particle data to analyze the nonlinear mechanism of the EMIC emissions with different frequency evolutions. The
WPIA on an EMIC falling tone emission, observed on 15th Nov, 2017, indicates that nonlinear resonant currents control the
frequency decrease and the significant wave growth. The existence of the proton hill predicted by the nonlinear growth theory i
shown in the phase angle distribution of the proton flux. The motion of the proton hill in phase space which forms the nonlinear
resonant currents is also discussed. Concurrent generation of the rising tone emission with the falling tone emission in differer
frequencies with the same proton energy is also suggested by the WPIA result.
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Test particle simulation of relativistic protons interacting with EMIC waves in Jovian
magnetosphere

# Tomohiro Sekine[1]; Yoshiharu Omura[2]; Danny Summers[3]; Yikai Hsieh[4]; Satoko Nakamura[4]
[1] Electrical Engineering, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] Memorial Univ. Newfoundland; [4] RISH, Kyoto Univ.

We perform a test particle simulation of interaction between relativistic protons and a coherent EMIC wave. The Earth’s
magnetic field cannot trap highly energetic protons above few GeV. On the other hand, in the Jovian magnetic field relativistic
protons can be trapped. Assuming parameters of the Jovian magnetosphere, we find very efficient proton acceleration proce
by the EMIC wave. In the process of acceleration, the Lorenz factor is increased and changes the resonance condition. Henc
parallel motion of resonant protons changes from opposite direction to the same direction of wave propagation. This proces
results in longer resonance time than that in nonrelativistic case. We construct the nonlinear interaction theory between relativisti
protons and coherent EMIC waves, and confirm that this process is the same as the Relativistic Turning Acceleration proces
of electrons interacting with whistler mode waves [1]. We also find that almost all protons can be trapped by EMIC waves
regardless of their initial gyrophases. We analyze this phenomenon, and confirm it is due to the same scattering at low pitc
angles as observed in electron-chorus interaction [2]. From these results, we find that a large portion of protons with low pitct
angles can experience RTA and some of them can attain the maximum energy as large as 9 GeV.
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Arase observation of electron pitch angle scattering by Electrostatic Cyclotron Harmonic
waves
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Electrostatic Cyclotron Harmonic (ECH) waves have been considered as one candidate to cause pitch angle scattering
electrons in the energy range from a few hundred eV to several tens of keV. Theoretical studies have suggested that electr
pitch scattering by ECH waves is enhanced at lower pitch angle near the loss cone. Due to the insufficient angular resolution c
particle detectors, it has been difficult to reveal the ECH-driven scattering based on electron measurements. This study repor
on variation in electron pitch angle distributions associated with intense ECH wave activity observed by the Arase satellite. The
variation is characterized by the decrease in fluxes at lower pitch angles near the loss cone, and energy and pitch angle depende
of the flux decrease is consistent with the region of enhanced pitch angle scattering rates predicted by the quasi-linear theor
This study gives the evidence for energy-pitch angle dependence of pitch angle scattering driven by ECH waves.
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Dynamics of energetic electrons accelerated by whistler-mode chorus waves in 1D, 2D,
and 3D magnetic field models

# Keita Takahashi[1]; Yoshiharu Omura[2]; Yikai Hsieh[3]; Satoko Nakamura[3]; Danny Summers[4]
[1] RISH; [2] RISH, Kyoto Univ.; [3] RISH, Kyoto Univ.; [4] Memorial Univ. Newfoundland

We evaluate the acceleration efficiencies of relativistic electrons under a 1D, 2D, and 3D model magnetic fields. We perforrr
test-particle simulations and analyze nonlinear trapping motions of resonant electrons in each model. As a chorus wave mode
we assume that a chorus wave packet generated at the magnetic equator propagates along the magnetic field to higher latituc
When we perform simulations with the whistler mode wave, the cyclotron resonance with energetic electrons occurs at the simila
timing in each model. Although we find relativistic turning acceleration (RTA) [1] to take place in each model, acceleration
efficiencies of resonant electrons are different in these models. In terms of the numerical Green’s function [2], we find a cleat
difference in time evolution of the distribution function in energy and equatorial pitch angle. The energy gap between resonan
electrons and non-resonant electrons in the 1D model is slightly different from those in the 2D and 3D models. This difference
is due to additional oscillations in the velocity phase space, which only occur in the 2D and 3D models. These oscillations occu
because the magnitude of the magnetic field changes during one period of relativistic cyclotron motion, affecting the nonlinea
trapping conditions of resonant electrons. These oscillations mainly affect number of trapped particles and we find obvious
differences in the dynamics of trapped particles among simulations of different magnetic field models.

References:

[1] Y. Omura, N. Furuya, D. Summers, Relativistic turning acceleration of resonant electrons by coherent whistler-mode waves
in a dipole magnetic field, Journal Geophysical Research, Vol. 112, A06236, doi:10.1029/2006JA012243, 2007.

[2] Y. Omura, Y. Miyashita, M. Yoshikawa, D. Summers, M. Hikishima, Y. Ebihara, and Y. Kubota (2015), Formation process
of relativistic electron
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Drift resonance of energetic electrons with Pc 4-5 ULF waves and modulation of
whistler-mode chorus
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Whistler-mode chorus emissions play significant roles in the acceleration and loss of energetic electrons in the magnetosphel
One of the important factors which control periodic enhancement of chorus emissions is ULF (Ultra Low Frequency) waves.
Jaynes et al. (2015) reported that the periodic variations of chorus emissions associated with the toroidal and poloidal compc
nents of Pc4-5 ULF waves, while chorus emissions enhanced twice during one wave period of the ULF waves. Previous studie
also suggested that enhancement of the temperature anisotropy of energetic electrons in the wave generation region should
required for the generation of chorus emissions. In order to investigate the correspondence between ULF waves and the intens
variation of chorus emissions, in addition to the wave observation, we examine variations of the flux and the pitch angle distribu-
tion of energetic electrons, which are simultaneously observed with these waves.

In the present study, we investigate the relationship between chorus emissions and ULF waves using particle and electroma
netic field observations made by the Arase satellite. We focus on the event observed by the Arase satellite from 2130 to 220
UT on March 27, 2017. The Arase satellite was located at the magnetic local time about 04:00, the magnetic latitude abou
-10 degrees, and the L-value about 6 during the event. From the observation of the Onboard Frequency Analyzer (OFA) of th
Plasma Wave Experiment (PWE), the Magnetic Field Experiment (MGF), the Medium-energy particle experiments - electron an-
alyzer (MEP-e) and the High-energy electron experiments (HEP), we found one-to-one correspondence among chorus emissior
toroidal mode ULF waves and energetic electrons; chorus emissions enhanced at the timings when the toroidal component:
magnetic field oscillation had a peak in the westward direction, and then the flux and the temperature anisotropy enhanced in tt
40-60 keV energy range. The one-to-one correspondence is inconsistent with Jaynes et al. (2015). In addition, we evaluate tl
resonance energy of the observed chorus emissions using the data observed by MGF and the High Frequency Analyzer (HFA)
PWE. We estimated the resonance energy at about 20-400 keV, so it is suggested that the intensity variations of chorus emissic
are caused by variations of energetic electrons.

We consider that the modulation of energetic electrons is caused by the drift resonance with the ULF wave. From the drift
resonance condition of electrons with 50 keV, the azimuthal wavenumber (m-number) can be estimated as 56-81 for the equi
torial pitch angle range from 0 to 90 degrees (c.f. Southwood et al., 1969). Then, the guiding center motion of electrons whick
resonates with the ULF wave assuming that the ULF oscillations in the electric field is 90 degrees late from those in the magneti
field, namely that the observed ULF wave is standing wave (c.f. Takahashi et al., 1996). Based on the assumed phase differen
the electric field component of the ULF wave oscillates radially outward at the timings when the fluxes of energetic electrons in-
crease. Then the electric drift velocity is directed westward, and make the drift velocity of energetic electrons smaller. Similarly,
when the electric field component oscillates radially inward, the fluxes of energetic electrons decrease, the electric drift velocity
is directed eastward and the drift velocity of energetic electrons becomes larger. We suggest that the azimuthal inhomogeneity:
energetic electrons due to the modulation of the drift velocity can be responsible for the observed flux fluctuations of energetic
electrons and resultant intensity modulation of whistler-mode chorus.
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Spatial scale of whistler mode waves in magnetic dips in the magnetosheath
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NASA, GSFC; [12] Denali Scientific; [13] IGPP, UCLA,; [14] Inst. of Geophys. and Planet. Phys., Univ. of California, Los
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In the terrestrial magnetosheath, intense whistler mode waves, called 'Lion roars’, are often detected around minima of sem
periodic fluctuations of magnetic field intensity. The whistler mode waves are efficiently generated near a local minimum of
magnetic field intensity along a field line due to the smallest resonance velocity. If a spacecraft passes through the effectiv
source region along the magnetic field direction, a reversal of the field-aligned component of Poynting flux is observed. One
of the important but not well-understood characteristics of wave is the spatial scale of the wave. Especially, because a singl
plain wave approximation is one of the important assumptions for analyses of waves, it is important to understand the spatic
scale for which the plain wave approximation is valid. In the present study, spatial scales of whistler mode waves in and arount
such Poynting flux reversals are studied using the data obtained by the four MMS (Magnetospheric Multiscale) spacecratft
Using the data during "7 km separation, which corresponds to "5-10 gyro radii of electrons with energies comparable to the
temperature, the observed phase difference of the whistler mode waves among the four spacecraft were compared with tl
prediction by the dispersion relation of plasma waves under the cold plasma approximation using the direction of the Poynting
flux and the minimum variance direction of the wave magnetic field, which corresponds to the direction of wave number vector
and was calculated for each rotation of the right-hand polarized wave in the plain perpendicular to the background magnetic fielc
Although the agreement between the predictions and observed phase differences were good out of the Poynting flux reversal, t
phase differences frequently deviated from the predictions in the Poynting flux reversal regions. This would be due to the co
existence of forward and backward propagating waves in the Poynting flux reversal regions. On the other hand, in 9 wave even
with Poynting flux reversals during the interval of "40 km separation, the correlation of phase and amplitude among spacecratf
were unclear and unstable. Thus, a few tens of electron gyro radii would be the upper limit of the spatial scale that the plain wav
approximation is valid for the whistler mode waves in the magnetosheath even in the cases where the background magnetic fie
do not have significant small-scale structures in much larger ion-scale magnetic dips.
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MeV electrons observed at the plasma sheet boundary in the inner magnetosphere

# lku Shinohara[1]; Tsugunobu Nagai[2]; Takefumi Mitani[3]; Nana Higashio[4]; Satoshi Kasahara[5]; Yoichi Kazama[6];
Shiang-Yu Wang[7]; Sunny W. Y. Tam[8]; Ayako Matsuoka[9]; Kazushi Asamura[3]; Shoichiro Yokota[10]; Takeshi
Takashima[11]; Yoshizumi Miyoshi[12]
[1] ISAS/IAXA,; [2] ISASIJAXA; [3] ISAS/IAXA,; [4] JAXA,; [5] The University of Tokyo; [6] ASIAA; [7] Academia Sinica;
[8] ISAPS, NCKU, Taiwan; [9] ISAS/JAXA,; [10] Osaka Univ.; [11] ISAS, JAXA; [12] ISEE, Nagoya Univ.

We report energetic electron bursts up to 1 MeV at the plasma sheet boundary observed by the Arase (ERG) satellite. Suc
higher energy electron bursts in the plasma sheet boundary layer have been rarely reported before. These events occur associ:
with substorm onsets, and they are observed when Arase enter the plasma sheet from the lobe region. The purpose of this stt
is to address where do the energetic electron bursts at higher latitude come from and what is the contribution of magnetota
reconnection and its associated acceleration process to the generation of the energetic electron bursts. The observed energ
electron bursts are different component from electron counter streams of 10-100 keV, which are usually observed in the plasn
sheet boundary layer, and they look like substorm injections. If the observed electron bursts are due to the substorm injection, tt
observation cannot be explained by the standard understanding of the injection because (1) The injection occurs in downstrea
of the magnetotail reconnection jets (in deep inside of the plasma sheet), and (2) energetic electrons observed at the plasma sh
boundary are thought to be directly accelerated from magnetotail reconnection sites. In this presentation, we will present resul
of detailed analysis on the structure of the lobe-plasma sheet boundary and discuss the possible scenario of the MeV electr
appearance in the plasma sheet boundary layer.
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Electric current evolution associated with the magnetic dipolarization observed by Arase
(ERG) in the inner magnetosphere

# Ayako Matsuoka[1]; Masahito Nose[2]; Yoshizumi Miyoshi[3]; Mariko Teramoto[4]; Reiko Nomura[5]; Akiko Fujimoto[4];
Yoshimasa Tanaka[6]; Manabu Shinohara[7]; Satoshi Kurita[3]; Iku Shinohara[8]; Yoichi Kazama[9]; Shiang-Yu Wang[10];
Satoshi Kasahara[11]; Shoichiro Yokota[12]; Takefumi Mitani[13]
[1] ISAS/JAXA; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.; [4] Kyutech; [5] NAOJ; [6] NIPR/SOKENDAI; [7]
Kagoshima National College of Technology; [8] ISAS/JAXA,; [9] Institute of Astronomy and Astrophysics, Academia Sinica,
Taiwan; [10] Institute of Astronomy and Astrophysics, Academia Sinica, Taiwan; [11] The University of Tokyo; [12] Osaka
Univ.; [13] ISAS/JAXA

At the substorm the cross-tail current in the plasma sheet is disrupted and diverges to the field-aligned current. The currer
disruption is closely related to the change of the magnetic field configuration, i.e., magnetic dipolarization. Meanwhile the field-
aligned current flows into the ionosphere and very possibly associated with the auroral illumination. The dynamic change of the
magnetic field configuration associated with the dipolarization propagates toward the low altitudes by the magneto-hydrodynami
(MHD) waves, which are confined in flux tubes as we have showed in previous presentations. The same MHD waves shoul
work to establish the field-aligned current flowing between the magnetic equator region and ionosphere.

The electric current configuration associated with the substorm has been studied mainly by the data from geosynchronous ort
satellites. We are studying the current evolution associated with substorm events at smaller L values observed by Arase (ERC
and its dismissal. The development of the field-aligned current is expected to affect not only the ionospheric plasma but also th
energetic plasma in the inner magnetosphere. It could be most effective in the transient period of the magnetic dipolarization b
the inductive effect. The plasma measurement data from Arase are examined to recognize the carrier of the field-aligned currer

In the presentation, we will show several events of the substorm and associated dipolarization events observed by Arase. V
discuss the process to establish the field-aligned current closure, as well as its contribution to the energetic plasma in the inn
magnetosphere.
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Longitudinal Structure of Oxygen Torus and Its Coincidence with EMIC Wave in the
Inner Magnetosphere

# Masahito Nose[1]; Ayako Matsuoka[2]; Atsushi Kumamoto[3]; Yoshiya Kasahara[4]; Mariko Teramoto[5]; Satoshi Kurita[6];

Jerry Goldstein[7]; Lynn Kistler[8]; Shun Imajo[9]; Satoshi Oimatsu[10]; Kazuhiro Yamamoto[11]; Yuki Obana[12]; lku

Shinohara[13]; Yoshizumi Miyoshi[6]; William S. Kurth[14]; Craig A. Kletzing[15]; Charles W. Smith[16]; Robert J.
Macdowall[17]; Harlan Spence[18]; Geoff Reeves[19]

[1] ISEE, Nagoya Univ.; [2] ISAS/JAXA; [3] Dept. Geophys, Tohoku Univ.; [4] Kanazawa Univ.; [5] Kyutech; [6] ISEE,
Nagoya Univ.; [7] Space Science and Engineering Div., SwWRI; [8] University of New Hampshire; [9] ISEE, Nagoya Univ.; [10]
Kyoto Univ; [11] Geophysics, Kyoto Univ.; [12] Engineering Science, Osaka Electro-Communication Univ.; [13] ISAS/JAXA;

[14] Dept. of Physics and Astronomy, Univ. of lowa; [15] Department of Physics and Astronomy, Uol; [16] Department of
Physics, UNH; [17] NASA/GSFC; [18] Univ. New Hampshire; [19] LANL

A recent study employing the Arase and Van Allen Probes A satellites at different MLT revealed that the O+ density en-
hancement in the inner magnetosphere (i.e., oxygen torus) does not extend over all MLT but is skewed toward the dawn, bein
described more precisely as a crescent-shaped torus or a pinched torus [Nose et al., 2018]. In the reported event, Arase flying
the morning sector detected an enhancement of the average plasma mass up to “3.5 amu around L=4.9-5.2, while Probe A flyi
in the afternoon sector observed no clear enhancements in the average plasma mass.

In the present study, we focus on simultaneous observations of the magnetic field and plasma waves made by the Arase a
Van Allen Probe B satellites on September 12, 2017. Orbital configuration of the satellites is opposite to that in the study by
Nose et al. [2018]; that is, Arase started from afternoon, traversed dusk with an apogee around MLT =19 hr, and arrived at pre
midnight, while Probe B was flying from morning to afternoon through noon. It is found that (1) only Probe B observed a clear
enhancement of the average plasma mass up to "4 amu around L™3.6 and MLT"9.2 hr; and (2) a H+-band electromagnetic ic
cyclotron (EMIC) wave appeared just outside the plasmapause where M is larger than approximately 2 amu. From the averag
plasma mass and the lower cutoff frequency of the EMIC wave, we can estimate that the oxygen torus for this event compose
of 79.9% H+, 4.3% He+, and 15.8% O+. This result implies that the crescent-shaped torus or the pinched torus is a gener:
feature of the O+ density enhancement in the inner magnetosphere. Using the linearized dispersion relation for EMIC waves
we calculated the growth rate of the H+-band EMIC wave, and found that cold O+ ions increase the growth rate of the H+-banc
EMIC waves. We suppose that the oxygen torus in the inner magnetosphere can lead to excitation of the H+-band EMIC wave:
resulting in their simultaneous observations.
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Extremely collimated electron beams observed by the ERG satellite

# Yoichi Kazama[1]; Yoshizumi Miyoshi[2]; Hirotsugu Kojima[3]; Yoshiya Kasahara[4]; Iku Shinohara[5]; Hideyuki Usui[6];
B.-J. Wang([7]; S.-Y. Wang[8]; Sunny W. Y. Tam[9]; Tzu-Fang Chang[10]; Kazushi Asamura[11]; Shoya Matsuda[12];
Masafumi Shoiji[2]; Ayako Matsuoka[13]; Mariko Teramoto[14]; Takeshi Takashima[15]
[1] ASIAA; [2] ISEE, Nagoya Univ.; [3] RISH, Kyoto Univ.; [4] Kanazawa Univ.; [5] ISAS/JAXA; [6] System informatics,
Kobe Univ; [7] ASIAA, Taiwan; [8] ASIAA, Taiwan; [9] ISAPS, NCKU, Taiwan; [10] ISEE, Nagoya Univ.; [11] ISAS/JAXA,
[12] ISAS/IAXA,; [13] ISAS/IIAXA,; [14] Kyutech; [15] ISAS, JAXA

The ERG satellite occasionally observes extremely collimated field aligned electron beams in high latitude regions at L™6
or farther. The electron beams are mainly flowing in the anti-parallel direction in the northern hemisphere and in the parallel
direction in the southern hemisphere, i.e. in the direction away from the ionosphere. Observations also show that the bean
are frequently counter-streaming along the field line. Phase space density distributions measured by the LEPe instrument reve
that the beams are collimated within several degrees in pitch angle, which indicates beam electrons of the ionospheric origir
According to a statistical study of beam events, the beams are seen more frequently when the AE index is larger. In addition, fiel
lines of the beams can be traced back to the auroral oval on the ionosphere. The observational results suggest that the extrem
collimated electron beams are most probably accelerated upward by a downward electric field in response to auroral activitie
and are streaming along the field line. Upward flowing electrons in low altitudes and also tailward electrons in the tail have beer
reported, and this beam observation at ERG locations can complete a global picture of electron beams.
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Isolated electrostatic potential structures observed by the Arase satellite

# Tomoe Taki[1]; Hirotsugu Kojima[2]; Yoichi Kazama[3]; Yoshiya Kasahara[4]; Yoshizumi Miyoshi[5]; Iku Shinohara[6];
Hideyuki Usui[7]; Shoya Matsuda[8]; S.-Y. Wang[9]; Sunny W. Y. Tam[10]; Ayako Matsuoka[11]
[1] Engineering, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] ASIAA, [4] Kanazawa Univ.; [5] ISEE, Nagoya Univ.; [6]
ISAS/JAXA; [7] System informatics, Kobe Univ; [8] ISAS/JAXA; [9] ASIAA, Taiwan; [10] ISAPS, NCKU, Taiwan; [11]
ISAS/JAXA

Plasma Wave Experiment (PWE) onboard the Arase satellite succeeded in observing several types of isolated potential stru
tures. They are completely electrostatic. Since they move (possibly along the ambient magnetic field) in a specific velocity, the
plasma wave receivers can observe their spatial potential variations as electric field waveforms in the time domain. The observe
waveforms are classified into several types including electrostatic solitary waves (ESW) discovered by the Geotail spacecraft i
the geomagnetic tail region in 1994. It is difficult to identify propagation velocities of electrostatic electric waves in general.
However, the Arase PWE has the capability to identify the propagation velocities of electrostatic structures. The function is
so-called &quot;interferometry mode.&quot; This mode makes use of one set of the dipole antenna as two monopole antenna
The individual receiver is connected with each monopole antenna. The time lag of observed waveforms between two monopol
antennas shows the propagation velocity. Once the propagation velocity is identified, it becomes possible to convert the observe
electric field waveforms into the spatial potential structures. In the present paper, we pick up events in which isolated electrostati
potential structures are observed by the Arase satellite and estimate the special potential structures by applying the interferome
methods.
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Effects of Active lon Emission on Double-probe Electric Field Measurements

# Honoka Okazaki[1]; Yohei Miyake[2]; Hideyuki Usui[3]
[1] Computational Science, Kobe Univ.; [2] Kobe Univ.; [3] System informatics, Kobe Univ

Spacecraft is subject to electrostatic charging due to plasma particle impact as well as photo- and secondary electron emi
sion. Spacecraft has a positive potential in tenuous plasmas of the outer magnetosphere, because the photoemission should |
dominant current source. The spacecraft charging will interfere with in-situ measurements of low-energy particles and electric
fields, and thus optimal designs to minimize the effects have been a long-standing issue. As one of such techniques, the Acti\
Spacecraft POtential Control (ASPOC) uses active emission of heavy ions from the spacecraft to reduce a spacecraft potenti
and is in practical use, e.g., in the Cluster and MMS missions. Although the technique has been proved to have a preferable effe
on low-energy ion measurements, its side effects such as modification of potential structures and the associated spurious elect
fields have been an unresolved issue.

A spacecraft with two pairs of probe extension booms is placed at the center of a simulation space that is filled with magne-
tospheric tenuous plasmas. Within the spacecraft spin plane, a heavy ion beam is emitted from the spacecraft in the directiol
of 45 and 225 degree with reference to a certain probe extension direction. The simulation model mimics ASPOC flown on the
MMS satellite. The probe electric field measurement is numerically simulated by acquiring a potential difference between the
probes attached at the boom tips. In this simulation, we consider the plasma convection to examine the effect of plasma wake
Several considerations are performed on the angle between the flow and probe extension directions in order to consider the fie
measurements during a spacecraft spin. Consequently, the simulations predict that the probes will measure a complex elect
field waveform in the spacecraft spin frame. The electric field waveform is influenced by the wake formed behind the charge
relaxation beam, in addition to that behind solid structures of the spacecraft and booms. We will present the initial results on the
significance of the wake formed behind the charge relaxation beam and its spin angle dependence.
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Validation of High-energy electron detector simulator for the HEP instruments onboard
Arase

# Takefumi Mitani[1]; Inchun Park[2]; Tomoaki Hori[3]; Taku Namekawal[4]; Kazushi Asamura[1]; Takeshi Takashima[5];

Satoshi Kasahara[6]; Satoshi Kurita[3]; Mariko Teramoto[7]; Nana Higashio[8]; Yoshizumi Miyoshi[3]; Iku Shinohara[9]

[1] ISAS/JAXA,; [2] ISEE,Nagoya univ.; [3] ISEE, Nagoya Univ.; [4] Earth and Planetary Science, Tokyo Univ.; [5] ISAS,
JAXA; [6] The University of Tokyo; [7] Kyutech; [8] JAXA; [9] ISAS/JAXA

The high-energy electron experiments (HEP) onboard the Arase satellite detects 70 keV-2 MeV electrons and generates
three-dimensional velocity distribution for these electrons in every period of the satellite’s rotation. Electrons are detected by
two instruments, namely, HEP-L and HEP-H, which differ in their geometric factor (G-factor) and range of energies they detect.
HEP-L detects 70 keV - 1 MeV electrons and its G-factor is 9.3 X*1€@? sr at maximum, while HEP-H observes 0.7 MeV - 2
MeV electrons and its G-factor is 9.3 x 1®cn? sr at maximum. The instruments utilize silicon strip detectors and application-
specific integrated circuits to readout the incident charge signal from each strip.

In order to deduce the distribution of incident electrons from the direction and energy detections in orbit, we have developed ¢
detector simulator using the Geant4 toolkit. Especially contamination due to high energy particles must be considered quantite
tively. We have also been working on electron irradiation experiments using HEP detector modules which are almost the sam
as the flight model in order to compare detailed simulations and experimental data.

We will present a comparison between results from the electron irradiation experiments and those from the detector simulato
And we will discuss its influence on the interpretation of the observational data obtained in orbit.
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Inter-channel calibration of the high-energy electron experiments (HEP) instrument
onboard the Arase satellite

# Tomoaki Hori[1]; Takefumi Mitani[2]; Takeshi Takashima[3]; Inchun Park[4]; Satoshi Kurita[1]; Mariko Teramoto[5]; Nana
Higashio[6]; Satoshi Kasahara[7]; Shoichiro Yokota[8]; Yoshizumi Miyoshi[1]; Iku Shinohara[9]
[1] ISEE, Nagoya Univ.; [2] ISAS/JAXA,; [3] ISAS, JAXA; [4] ISEE,Nagoya univ.; [5] Kyutech; [6] JAXA; [7] The University
of Tokyo; [8] Osaka Univ.; [9] ISAS/JAXA

Inter-channel comparison of electron fluxes measured by the high-energy electron experiments (HEP) instrument onboard tf
Arase satellite has been conducted with a focus on the apparent non-uniformity in detection efficiency and relative offset of the
background flux level between the channels. On the basis of the two-year data since the start of the prime mission, we hav
derived empirically relative efficiencies for all azimuthal channels of the HEP-L module. In the course of the inter-channel
comparison, we also confirmed that a few channels are significantly blocked by some structures on the surfaces of the satelli
and/or those extending from the satellite body. Considering all of those results, we have finally derived relative correction factor:
for azimuthal channels . The new set of correction factors significantly improves angular distribution spectra, such as pitch-angl
spectra of particle flux. The efficiency correction will be incorporated into Level-2 version 2 data products and the new data sef
will be made available soon.
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Study on calibration method for the gain and phase of electric waveform data acquired
by the Arase satellite

# Hiroyuki Nishizawa[1]; Yoshiya Kasahara[1]; Shoya Matsuda[2]; Hirotsugu Kojima[3]; Jumpei Miki[4]; Fuminori
Tsuchiya[5]; Atsushi Kumamoto[6]; Ayako Matsuoka[7]; Yoshitaka Goto[1]
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The Plasma Wave Experiment (PWE) on board the Arase satellite measures electric field from DC to 10 MHz, and magnetic
field from a few Hz to 100 kHz. The waveform capture (WFC) is one of subsystems of the PWE and is dedicated to measuring
waveform for the two electric components and three magnetic field components. WFC aims at detailed observation of plasm
waves in the VLF range such as chorus, hiss and lightning whistler in the Earth’s inner magnetosphere, but it is necessary to &
corrected for gain and phase using frequency responses of sensors and receivers. In particular, the electric field data needs to
corrected in consideration of the antenna impedance of the electric field sensor. Currently, this is corrected assuming a vacuul
but the characteristics of the impedance change depending on the electron density and temperature at the observation point.
the present paper, we introduce how to calibrate the gain and phase of electric waveform data using natural waves.

In this research, the effect of the impedance is estimated by calculating the refractive index value of the observed chorus b
two different methods and comparing the difference between the two refractive indexes.

In the first method, we calculate the refractive index by using the observation data. First, we convert the five components o
electric and magnetic waveforms into complex waveforms by Hilbert transform. Next, the refractive index is calculated using
these complex waveforms and wave normal vector (k vector) of a chorus element estimated using only three magnetic fiel
components. We calculate the refractive index using the frequency range in which the chorus wave is observed. It is note
that the obtained refractive index is a complex number. In another method, using the wave normal vector described above ar
the electron density at the observation point, we calculate the theoretical refractive index which satisfies dispersion relation o
whistler mode wave. In the calculation, we select the frequency with the largest intensity in the chorus element. By obtaining
the ratio of the absolute values of the two refractive indexes, it is possible to correct the gain of the electric field component. Or
the other hand, the phase of the electric field component can be corrected by calculating the argument of the complex refractiy
index obtained by the former method.

In this study, we evaluate the estimated results by comparing with the antenna impedance derived from the software calibratio
function implemented in the PWE.

HHBHRIIER SN TV S 7T A= )kd) - E5EHIES (PWE) Tld DC /5 10MHz E TOEFKT £ 8 Hz 5 100kHz
E TOWAEAZBNL TS, PWEDZEIRD—DTh D IHEHIEZER (WFC) Tld 20kHz £ TOER 2 K77
WIWADWI T — 22 BiHd %, WFCIE, HIERNE M SENTI—I AR A, BHHRAATEHEDVLF DT I XX
BKEIOREMEINZ QN LT 50, BEFT—21E, LU DZEROERERMEZ->T, 71> - MifHEHIE LRI N
WBIELWHEIET—2 %2135 2 EMNTERV, Fic, BRT—X2E, BRLVYOT7 VT FH AV E—X U A RERLTH
ET 208 H 5, BIEZEZH2E L THIEZTT> TWVEH, EERENAICE ) 2B FBERPREICK > T, A
V=RV AOREIZENT B, A TIE T DA Y E—X Y A% ERIEED BHEE T B HIEIC DN TR 2115,

AW TR, BIIENIEO—F RO, BITROERE DDA S HETEN L, TOERFIKTE LT, 7
VTFAVE—R Y ADF B TS B, —DHIE., BT —2EAWTEIREENT 2 51ETH B, £9. BHISS
R DT T — R 7 @A A L . BRI T OERIIE L . WS 3 K DAz N TRD Tz a—F ADEWHRN T -
IV (kX7 BL) OHEEEZ IO TIEITRZET %, 0. 3—5 AEIHHD RSN B HEHOREH O CEHEEZITS,
FEONERIESEIICR S, 5 —D2F., B L7za—F ADERAR 7 ML L, BHSIC I 2B 3 EE W
T, HEIOEEE R S BRGNS BT R 2 R D B H1ETH %, EHICBW T, Bl /za—F AL A FADRK
TR LIRS EPEE VWS, TOXIICLUTEBLE DDEFRN S, HiiHEDLE & % T & TERKDT DT A HliE
MARE L 2%, FTz. BIEDTIETRDIZERIEITROMEAD, BT ONAMEICAT S T %, AWFZE TIEHEE S Nkl
B PWERNICHESNTZY T b 2 7IRIFEEED I 5 NTA Y E—R 2V ADHEERER L KT % 2 L T #1795,



R006-P35 |/IF RAZ—815 BERS: 108 23H

b 5RMHE TR E Nc a— 2 APH) O BEk I TFE O

# JH VBOK (1], A7 e [A]; A A [2]; $2kk this 1]
[1] 4IRK; [2] ISAS/IAXA

Development on auto detection of chorus elements observed by the Arase satellite

# Shota Kurose[1]; Yoshiya Kasahara[1]; Shoya Matsuda[2]; Yoshitaka Goto[1]
[1] Kanazawa Univ.; [2] ISAS/JAXA

Wave-particle interaction plays an important role in affecting the environment in geospace. Particularly chorus waves are
closely correlated with the physics in the Van-Allen belt. Chorus consists of independent elements with their duration less thar
0.5s, and is classified into several types such as rising tone and falling tone according to its frequency pattern. The frequenc
range of chorus measured by the Arase satellite is nominally around a few kHz. In the present study, we introduce an imag
processing algorithm in order to detect the elements of chorus and distinguish their spectrum patterns in a systematic way.

We processed the images of spectra transformed by FFT from continuous waveform data observed by the PWE (PWE; Plasn
Wave Experiment) on board the Arase satellite. Regarding the image processing, we adopt image masking, smoothing, seco
derivative, erosion and dilation, labeling, and aspect map. The second derivative filter is designed optimizing the image date
Aspect map is used to identify the frequency pattern of the chorus element whether it is a rising tone chorus or a falling tone
chorus. The others are used to identify the time and frequency of the chorus elements. The followings are the sequence for ol
automatic detection algorithm. (1) smoothing and masking the original spectrogram, (2) calculating the second derivative, (3
performing erosion and dilation to the binary data, and (4) masking the original data according to the result from the process (3)
As a next step, we process the following sequence to determine the frequency pattern: (5) masking the smoothed data accordi
to the result from the process (3), (6) labeling each chorus element, (7) applying the aspect map algorithm to each element. |
the process (7), we make an aspect map calculating the gradient Hx along the x-axis (time) and Hy along the y-axis (frequency
respectively in the spectra image. Next we calculate T =«Hy. In case T is positive, the tilt direction is upper left or lower
right. While T is negative, the tilt direction is lower left or upper right. Finally we identify the chorus element as rising tone
when the number of cell with positive T is larger than the negative one, and vice versa.

In the present paper, we demonstrated that we could successfully detect the chorus elements with sufficiently large intensi
against the background noise level, and distinguish rising tone and falling tone.
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Evaluation of the calibration method of waveform data measured by the PWE/WFC on
board the Arase satellite

# Masahiro Kitahara[1]; Shoya Matsuda[2]; Yuto Katoh[1]; Yoshiya Kasahara[3]; Hirotsugu Kojima[4]; Mitsuru Hikishima[5]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] ISAS/JAXA; [3] Kanazawa Univ.; [4] RISH, Kyoto Univ.; [5] ISAS

The Waveform Capture (WFC) is a receiver of the Plasma Wave Experiment (PWE) on board the Arase satellite. The WFC
measures the electric and magnetic field waveform in the frequency range from a few Hz to 20 kHz and aims to detect plasm
waves related to the electron acceleration, such as whistler mode chorus emissions. A new type of instruments named Softwal
type Wave-Particle Interaction Analyzer (S-WPIA) is also installed in the Arase satellite to measure energy and momenturnr
exchange between plasma waves and particles directly and quantitatively. The S-WPIA requires the high-accuracy calibration ¢
both amplitude and phase of waveform data with a reasonable processing load so as to realize the onboard calibration. Genera
the signal passed through a receiver should be transformed into spectra in the frequency domain, be calibrated using a trans
function of the system, and be inverse-transformed into the time domain. In the case of actual data processing, raw data is filtere
by a window function in the time domain before applying short time Fourier transform to reduce the side lobe effect. However, a
non-negligible gradient of a transfer function causes the phase shift of a window function and thereby calibrated waveform dat:
are distorted in the time domain. To eliminate the effect of the window function shift, we suggest several methods to calibrate
waveform data accurately by performing simulation using simple sinusoidal signal and transfer function. In consequence, the
following two methods can reduce error to less than several percent of the input wave amplitude; (1) a Tukey-type window
function with a flat top region and (2) modification of the window function by estimating a phase shift at each frequency from the
gradient of a transfer function. We also apply these methods to actual data of the wave electric field observed by the PWE/WF(
and compare the calibrated data using the proposed methods with a limited data window to the data calibrated using a whole de
points with a rectangular window function. We conclude that the difference is less than several percent of the amplitude at the
frequency range of a few to ten kHz and that, on the contrary, the phase of waveform is slightly shifted in the lower frequency
range due to the limited data window. We need to take account of the relation between the frequency range of the electromagne
waveform and the window function in interpreting observation results.
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Development of ASIC-based fluxgate magnetometer (AFG) and its flight proof on
RockSat-XN sounding rocket

# Reiko Nomura[1]; Kazushi Asamura[2]; Ayako Matsuoka[3]; Hirokazu lkeda[4]; Hirotsugu Kojima[5]; Mariko Teramoto[6];
Masafumi Hirahara[7]; Yoshizumi Miyoshi[8]; Keisuke Hosokawa[9]
[1] NAOJ; [2] ISAS/IAXA; [3] ISAS/IAXA; [4] ISAS, JAXA,; [5] RISH, Kyoto Univ.; [6] Kyutech; [7] ISEE, Nagoya Univ.;
[8] ISEE, Nagoya Univ.; [9] UEC

For the magnetometer for space missions, reduction of its size and weight results higher potential of installation into the satel
lite and leads renewed scientific achievement, for example multi-point observations. In order to achieve such an ultra-sma
and light magnetometer with power saving and low noise, we developed an ASIC-based Fluxgate magnetometer (AFG) whicl
includes analog-ASIC in its circuit.

AFG is in the instrument package called PARM (Pulsating AuRora and Microburst) which is aimed to investigate the mech-
anism of microburst by in-situ observation. PARM joined one of the Ground Challenge Initiative, RockSat-XN program (or
G-CHASER student rocket), in order to investigate the microburst and its dependence on pulsating auroras. AFG and other thre
instruments, HEP, MEP, and AIC of PARM were installed into the NASA's RockSat-XN sounding rocket at Wallops flight facil-
ity of NASA in August 2018. AFG is placed on the top deck of the rocket where is suitable for avoiding the noise from rocket
systems itself. On 13 January 2019 at 09:13:00UT, the rocket was successfully launched from Andoya space center (69.29I
16.01E) in Norway and reached its altitude of 174km. During this flight, AFG has successfully observed the geomagnetic field.
In this presentation, we show the calibration and flight data of AFG to discuss its performance in the space environment.
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Auroral dynamics revealed by new visible and ultraviolet imagers for a future satellite
FACTORS and sounding rocket LAMP

# Takeshi Sakanoi[1]; Naoshi Yagi[2]; Masafumi Hirahara[3]; Kazushi Asamura[4]; Yoshizumi Miyoshi[5]; Shin-ichiro
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Kyoto Univ.; [12] University of Tokyo; [13] ISAS/JAXA

https://researchmap.jp/read0055426/?lang=japanese

We report science subjects, instrumental design, development plan and identification of issues of the visible and ultraviole
imagers for a future satellite project called FACTORS that aims to understand the coupling processes in the terrestrial magnet
sphere/ionosphere/thermosphere and the acceleration and transportation of the space plasma and neutral atmospheric partic
FACTORS stands for Frontiers of Formation, Acceleration, Coupling, and Transport Mechanisms Observed by Outer Spac
Research System that is proposed as a multi-satellite formation flight mission. This will be a community exploration mission
in Japanese space research, and the working group was approved by ISAS/JAXA. In this presentation, we mainly focus on vi
ible and ultraviolet remote imaging of auroral and airglow emissions. A visible imager (VISAI) on FACTORS will measure
small-scale auroral structures at a wavelength of auroral prompt emission at N2 1st PG with high-time ("0.1s) and high-spatia
("1 km) resolutions using a science CMOS or EMCCD. The FOV of 8 x 8 deg.”2 covers a 400 x 400 km"2 area viewed from
3000 km altitude. Combined with particle and electric/magnetic field data by FACTORS, we will reveal the time and spatial
variations of acceleration/scattering process in the complicated magnetosphere-ionosphere coupling system, and the high-spa
and high-time resolution imaging is essential to understand small-scale variations of Alfven aurora, pulsating aurora, etc. Cur
rently, we design a wide ("40 x 40 deg.”2) FOV far-ultraviolet imager (FUVI) which covers 2500 x 2500 km"2 area viewed from
3000 km altitude. We plan to adopt a filter wheel in FUV imager to change the wavelengths between O 135.6 nm and the Nz
LBH band at 140-160 nm. Wide-field multi-wavelength FUV images enable us to examine large-scale auroral dynamics like
westward-travelling surge during substorms, omega-bands, and provide us to understand the global thermospheric activity frol
the O/N2 airglow ratio. We examined precise orbit analysis for FACTORS, considering rocket launch conditions, inclination,
locations of apogee and perigee, and feasibility of simultaneous image-particle measurement in the winter hemisphere. We al:
plan to perform specific studies for CMOS/EMCCD detectors suited for this mission, and carry out radiation tests of detectors.

Related to FACTORS, we are now carrying out the ongoing sounding rocket project LAMP which is scheduled to be launched
at Poker Flat research range in winter of 2020 to clarify microburst; short-term relativistic electron precipitation probably as-
sociated with pulsating aurora. We are developing two CMOS cameras called AIC2 installed on a despun platform of the
LAMP rocket to derotate rocket spin. One camera AIC2-S1 measures N2 1st PG emission with a narrow-FOV and fast len:
(F-number=0.95, f=17 mm, FOV=28 x 28 deg."2), and another camera AIC-S2 measures Ol 844.6nm emission with a wide-FO\
(F-number=1.6, f=3.5 mm, FOV=106 x 106 deg."2). Both cameras used the ZWO ASI-180MM CMOS detector. AIC2-S1 will
take fine structure of pulsating aurora in the region more than 100 x 100 km"2 around the magnetic footprint with a few kilo-meter
resolution, while AIC2-S2 will cover from the magnetic footprint to the limb slantly looking westward from the rocket to avoid
dawn light contamination and obtain an altitude distribution of pulsating aurora in the both of E- and F-regions. Both cameras
have a high frame rate with 10Hz sampling. The imaging data combined with precipitating electron data in the wide energy
range enable us to investigate the relativistic electron precipitation microbursts that is probably caused by chorus waves in th
magnetosphere, and relationship to pulsating auroral emission.
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PARM-HEP Observation of Precipitating High Energy Electrons over Pulsating Aurora

# Taku Namekawa[1]; Takefumi Mitani[2]; Kazushi Asamura[2]; Yoshizumi Miyoshi[3]; Keisuke Hosokawa[4]; Yasunobu
Ogawa|5]; Yoshifumi Saito[6]
[1] Earth and Planetary Science, Tokyo Univ.; [2] ISAS/JAXA,; [3] ISEE, Nagoya Univ.; [4] UEC; [5] NIPR; [6] ISAS

The phenomenon called microburst that radiation belt particles precipitate to the Earth’s atmosphere is thought to be largel
related to the dissipation of high energy electrons in radiation belt. It is suggested that this phenomenon is caused by pitch ang
scattering of the magnetospheric particles by plasma waves, which is a mechanism similar to the cause of the pulsating auro
observed in the Earth’s polar region. There is a possibility that the origin of microburst can be clarified by proving simultaneous
occurrence of microburst and pulsating aurora, but observational verification has not been made yet.

For that purpose, we have developed a high-energy electron detector (HEP) for the observation of sub-relativistic - relativistic
energy electrons that make up the microburst. HEP is designed to measure electrons between 300 keV and 2 MeV with enert
resolution of 20% or less and with signal processing time of "5 us. Energy analysis is performed by the detection part of this
instrument using SSD (Solid State Detector). Performance tests of this instrument are carried out using a sealed radiation sour
and a high energy electron beam line. This instrument is installed as one of the core instruments of the PARM instrumen
package developed for the simultaneous observation of the pulsating aurora and microburst by the international student soundi
rocket experiment RockSat-XN and LAMP (Loss through Auroral Microburst Pulsation) sounding rocket experiment. We have
succeeded in obtaining the flight data on 13 January 2019 from RockSat-XN sounding rocket experiment. Since the rocket wa
unfortunately launched on the dayside under quiet condition, microbursts cannot be detected, and the data is considered to cont
contamination of protons from galactic cosmic rays, but even if it is subtracted, several hundred keV electrons are detected. O
the other hand, LAMP rocket experiments are prepared for launch in winter 2020. We load an anti-coincidence counter on HEF
mounted on LAMP to eliminate the effects of penetrating particles such as galactic cosmic rays. In this presentation, we will
show the outline and observation results of HEP as well as the current status of the preparation for the launch of LAMP.
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Status of GEO-X (GEOspace X-ray imager) mission
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GEO-X aims first observations of the dayside boundaries of the Earth’s magnetosphere in the vicinity of the Moon around the
next solar maximum. Soft X-ray emission below 2 keV is generated via charge exchange between high charge state solar wir
ions and neutrals in geocorona. Numerical simulations predict that this emission will allow us to image dayside structures of
the Earth’s magnetosphere such as magnetosheaths, cusps and shock front. For this purpose, we plan a small satellite carry
a miniaturized X-ray imaging spectrometer composed of a ultra light-weight X-ray telescope and a high speed readout X-ray
detector. In this paper, we describe development status and application of the new technologies for future planetary explorations
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Feasibility of Geomagnetic Observation by 2U-size CubeSat
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Geomagnetic observation by the satellite has been conducted by many institutes to understand the global structures of tl
ionospheric currents. Recently, nano-satellite named CubeSat whose dimension is less20aB0L@Em) are developed in
many universities. The features of CubeSat can be characterized as a short duration of development and in the extreme low-co

We started a development of CubeSat under collaboration with 10 colleges to observe the small perturbation of the geoma
netic field at the LEO. Focus of the observation is to understand the global distribution of the Sqg (Solar quiet) currents flowing in
the dayside ionosphere, and to try an in-situ observation of the InterHemispheric Field Aligned Current (IHFAC). In particular,
the IHFAC was theoretically predicted by Maeda [1974] and Fukushima [1979, 1991] to interpret the north-south asymmetry
in the potential pattern. However, the fine structures and natures of IHFAC have not been well understood, although there ar
several observations of IHFAC from the ground magnetic observation and satellite observations (e.g. Yamashita and lyemor
2002, and Park et al., 2002).

In this study, we propose the 2U-size CubeSat in which the fluxgate magnetometer is installed to observe the 3D fine structure
of Sq current system. The fundamental feasibility studies depending on the electric power budget, orbital life time, the commu-
nication capacity, and specification of the magnetometer show that the observation of the Sq current by CubeSat is well feasib
with a short duration of the development and quite low-cost.
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Test Observation of the Geomagnetic Perturbations by using the M| sensor
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Observation of the ionospheric current is important to clarify the structure of the ionosphere. Fluxgate (FG) sensor is usually
used to measure the ionospheric current. However, in case that the magnetometer onboard the CubeSat, it is difficult to inst
the FG sensor due to its size and cost. In order to solve these problems, we focused on Magneto-impedance (MI) sensor. N
sensor utilizes the magneto-impedance effect in which the impedance of an amorphous wire varies with an intensity of externe
magnetic field. MI sensor is small size and low-cost even while the sensitivity of MI sensor is almost equivalent to the sensor.
The aim of this study is to consider whether MI sensor could apply to actual geomagnetic observations, which include the Pc!
type geomagnetic pulsation.

In this study, the Ml sensor which we used has an analog output range of +/- 15[V] with measuring range of +/- 50000[nT]. The
voltage from Ml sensor is divided by 2/3 then input to the data logger with 24-bit ADC. In order to evaluate test data by the Ml
sensor, we also measured the geomagnetic field and temperature by MAGDAS magnetometer, which is a Fluxgate magnetome
made by Kyushu University.

As aresult, it is indicated that the Ml sensor used in this study has temperature drift of 10[nT/degreeC] and considerable nois
level to observe the magnetic pulsations. In this paper, we will discuss the feasibility of the calibration of the temperature drift
and reduce of the noise level.
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TOMBELEHN AN L T2, #Hlld 2019/02/130 5 2019/04/01DR, N ARZAESEE S (MLAT. =24.71° , MLON. =
201.55° ) Tifro7z. BHHIL7I=MI v oY DT —RIEEAF 2w 7 ART M IVOEH) N IRERAZIC DWW T L 7z,

ZOFER, $10[nTFC] FREDIRE R 7 "HNER SN, T, FHEFD /4 XLN)Uid 3InT| FETH S T LS
Motz ARTIE, IRERY T FOFEEORMEN T A ZJFISOWTRIE L, MM INESZFEd 5IcHiz>
TRIEDRREM 2w T 5.
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# TFE T [11; UK FORER [1]; A 15 [1]
[1] i Ly 5

Affection of mechanical characteristics of an extension boom to magnetic field
measurement using magnetometer onboard CubeSat

# Atsuhiro Ishida[1]; Kentarou Kitamura[1]; Hiroshi Fujimoto[1]
[1] NIT, Tokuyama College

We have started to develop a 2U-CubeSat which is characterized as a small sizg&da200cm]. The mission of the satellite

is to observe the small perturbations of geomagnetic field in the altitude less than 400km. In case of an actual geomagnet
observation, the remaining magnetic field on the satellite body and magnetic noise emitted from the electric circuit on board the
satellite often cause significant inaccuracy of the observation. In this study we made a test extension boom to reduce the the
inaccuracies. We also tested mechanical characteristics of the test extension boom using an acceleration sensor to understan
affection to the measurement of the magnetic field. As a result, the eigen-oscillation with a period of 15[ms] and amplitude of 1.46
- 11.67[m/2] which depends on the direction of gravity. This indicates that mechanics-origin artificial magnetic perturbations

imposed on the actual magnetic measurement might be decomposed using above results obtained in mechanical test.

ARG T & 400km P COERUEEIROBIHZ HrY & U7z MY T# 2 (CubeSaty #5# 9™ % (S Schi D
g5t > BEEE OFEIIDKEHINC G X 2 5082 G %, HRIC K 2 EREEROBIICE N T, EIROZER )
IS K> TEL B2 nT DL & UTEHIT 2085 D Wil iReE L LTI 1~0.1nTLU R ORGHE A £
RENBreDH, @HET Ty 7 AT — MESRHEEMERE NS, —RICEHRICERENTOENATVATLYI VY3 Y
AT LOBE TR ED DR A ADFEL, 7o, FEMKOTHIC X 5 RSO EANEHIICE 25 X
BT EMMSNTVS, T 5 LIWXGEH EOREZMZ 5 ToDIC AW TIEMRERMOERZHmE L TV05,

TR OMHRICHE L TIHRERIC K 2/ A XIERROR RSP HEVOEAIRIIEIC L 57 T4 X2 ORLER EDG
N5 R 25082 Bl T 20 EN D %o AWFETIERANE U 7 RIS O Sl 5 I g & > 9 72 akiE Uil
HfRIC BT 5 3HhIAE OZZ TR 25 HI Uz, MO 3Hld T ONEEDOZEE D JE I 15[ms] T, ki IZE ]
F3 ENCARAF Ui RIRIEDY 11.67[m/8], S MRIED 1.46[m/$] TH o7z, TS5 LIt Y BEOFAMIEEIC K> T, &
RN 2R T DT T A A2 FIEHIHICEB LEHIT—XICER T 5 e WP END, o, AR
REBNN R ZE AT E 2 1 LW Te®, BEMAD X 2T 7 KB JHIZL L AGHANC EE S 5, AT T1F
BNTeT—RZ2MET 2 LIC XD, BRANICHTS E N BT — 2 OIFRZE)D b Mg 7 — L O & X U2 Mk
DR TV VKB LI 2 T NN LD VIS DV THEGR T b
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BRI TR [1]; AT (OACKS [2]; A 4 [3]; B 2% [4]
[1] AL ¥ [2] AL, (3] AN - T 4] HEVEES

A Mission System of a CubeSat to Observe the lonospheric Current in the Low Altitude

# Taichi Fujihara[1]; Kentarou Kitamura[2]; Taku Takada[3]; Manabu Shinohara[4]
[1] NIT, Tokuyama KOSEN; [2] NIT, Tokuyama College; [3] Kochi-CT; [4] Kagoshima National College of Technology

In recent year, development and launch of a miniaturized satellite CubeSat has become popular worldwide. In this study, w
are planning to develop a CubeSat to observe the geomagnetic field in the altitude less than 400km. In general, the satelli
system consists from two subsystems which are bus system and mission system. Mission system owns a role for achieveme
of the mission while bus system for a basic function of satellite flight. Bus system has many common elements regardless o
satellites, so OPUSAT-KIT developed by Osaka Prefecture University is provided as standard bus system for CubeSat. Witl
the development of CubeSat, we use OPUSAT-KIT for bus system of the satellite while mission system is needed to be newl
developed. OPUSAT-KIT requests some processing from mission system. The purpose of this study is development of missio
system that meets the requirements from OPUSAT-KIT and mounts the magnetometer to observe the geomagnetic field.

JTAE, CubeSat MEEN S 1305 10cm  Hi 1kg FAE DV AT E N A IEFIC/ MY, BRETHZR/INUAN THE
DOFAFE, 15 EFDHFRINCEAIIC R > TWS. AT, 20224EE 0B EiF%EHIEL T &S 400kmLL R TOE
HEEER OB ZEMid 372D CubeSatDBiFZ1TS. —fRINIC, ANTHEH & OFEERE T & BRI
FROBEREZ FFD/N AR EHIERO B> EBEEZIT I G ESHEDI vy 3 Y 2FTT 7DD I v Y 3 VR SHEEK
INTWVS. NZARBEEBCTHEEENEZ L, INWHETIVE UTKIRIFL RN IR LI EH IR D H % CubeSatf]
FEHE)SZ F TOPUSAT-KIT| BMEEEN TV S, AWIZETld OPUSAT-KIT Z/N A% E L, OPUSAT-KITH 5 DERFIH
Tz Ule 5 A C, SEEtEERZEBIIT 2 2O Y 258 L7z 2 v > 3 > BBM(Bread Board ModelyD ¥z
1oz,

2w g VRO MOBC(Mission On-Board Computel] i ARM #LD7 > iR— K<+ 2> Mbed 2 L, WXt
DOHUYFT— %1% 3ch24bitADCZ /T L C MbedIZiE 5N 5. BEEEEROBINI T 1nT] L SORSGEE T fRRENEER E N
%. ZDlz, HHLIZI v a VERTO 1nT] LU N TORGEH OB &2 M5 5. ikt > P Bartington
% Spacemag-Litér 9 %. T ORKE P DOHIEL > YiF-60000[nT]H 5+60000[nTICH LT, HIIFEFEF-3[V] H
5+3[V] DA /I THS. ADC EINA R—J{ECTHAT 272 ADC DB MM 23[bit] £ 75 %. ZDIHH )1
FEDDRAEE 7.15+10°4[mV] &7 D, TDI v g YR TE 1UnT] LU RO REE T ORI OFHIDAEETH B T & hihf
RTE5.

FeIvya VREIERFO I v ¥ 3 R E OPUSAT-KIT DEFHEEE I ZHIE LIAEH 1.688W] Lk - 7z, oD
BINCZZ G HE T 5 721 (1) BEEa N HIC S0 (2) HIE CW (S THEFER, NTARAF—Y T T—27%ZH LIckE
(3) ATMHREIKIC A>Tz & &, FMIE(E CEIIT — 2 21 FIc X > ) > 7 (4) BEE A 9047 (5) HHERE R & i o
50%(6)FMIE{EHFIE 1043 (7) KFFYE, S IVFFEE I 3[W](8) AR CW IESHHN T 113 0.5[W](9) R FM &
ERFHEE 1T 3[W], EIRETS. FlOEX D #EED 1EMHOE N 1X-1.448]Wh] & &b, BUKTRIESEH &
DEHBENNRELBEZEATERVC ENDHS. ZDH5E, v yaryROEENME, FHT SRS
FIVOMERRRE, HEAFTEOME 217> T REN D 5.
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Antarctic large area network observation of auroral phenomena using unmanned syster
3)

# Akira Kadokura[1]; Hisao Yamagishi[2]; Masaki Okada[3]; Yasunobu Ogawa[3]; Yoshimasa Tanaka[4]; Ryuho Kataoka[3];
Herbert Akihito Uchida[5]; Yuichi Otsuka[6]; Natsuo Sato[3]
[1] ROIS-DS/NIPR; [2] National Inst. Polar Res.; [3] NIPR; [4] NIPR/SOKENDAI; [5] SOKENDAI; [6] ISEE, Nagoya Univ.

Several conjugate auroral events observed at Syowa Station and Amundsen Bay (by the Unmanned Auroral Observation syste
(UAQ)) in Antarctica, and observatories in Iceland during 2017 - 2018 are analyzed. We will also introduce our plan to install the
UAO-2 at Belgium Princess Elisabeth Antarctic station and an all-sky imager system at Indian Maitri Station in January, 2020.
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