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Ground-satellite observations of high-frequency EMIC waves beyond the Pcl range

# Kaori Sakaguchi[1]; Reiko Nomura[2]; Kazuo Shiokawal[3]; Chae-Woo Jun[4]; Jacob Bortnik[5]; Craig A. Kletzing[6]
[1] NICT; [2] JAXA; [3] ISEE, Nagoya Univ.; [4] STEL, Nagoya Univ; [5] UCLA,; [6] Department of Physics and Astronomy,
Uol

Several high frequency geomagnetic pulsations beyond the Pc1 frequency range were observed by mid-latitude ground-bas
induction magnetometer at Moshiri, Japan. We found that VVan Allen Probe B observed magneto sonic wave (MSW) and electro
magnetic ion cyclotron (EMIC) waves during the inbound orbit from L=4 to 2 simultaneously with one of ground high-frequency
Pcl events on September 11, 2015. Appearances of MSW preceded to EMIC waves. This conjugate observations indicate tt
mid-latitude high-frequency Pc1 pulsations beyond the range result from propagations of EMIC waves existing deeply inside the
inner magnetosphere, and the source of EMIC wave is probably MSW. In the presentation, we show the details of analyzed resul
both ground and satellite data including these wave polarizations. In addition, we show statistical characteristics of occurrenc
time, duration, magnetic local time, spectral type, and relation to geomagnetic storm of high-frequency Pcl at mid latitudes ir
2015.
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Sequence of Pi2 Pulsations and Poloidal Standing Alfven Waves Observed in the
Midnight Sector

# Kazue Takahashi[1]; Craig A. Kletzing[2]; Nana Higashio[3]; Masahito Nose[4]; Shun Imajo[5]; Hideki Koshiishi[6]; Reiko
Nomura[3]
[1] JHUAPL; [2] Department of Physics and Astronomy, Uol; [3] JAXA; [4] DACGSM, Kyoto Univ.; [5] WDC for
Geomagnetism, Kyoto Univ.; [6] JAXA

Pi2 pulsations are routinely observed in the midnight sector during substorms. These are considered to be large-scale fg
mode waves, which propagate to various latitudes on the ground. We report a sequence of Pi2-band oscillations observed by t
Van Allen Probes (RBSP) spacecraft in the midnight sector during a moderately active period on 24 March 2013. In the time
series plots of the electric and magnetic field data from each RBSP spacecraft, all events appear similar with a classical Pi:
type wave packet structure. However, cross-phase analysis of the wave fields from the two RBSP spacecraft reveals that sor
wave packets represent poloidal mode standing Alfven waves with a large ("50) azimuthal wave number (m). Data from grounc
magnetometers, the ETS-VIII spacecraft, and the QZS1 spacecraft indicate radial localization of the high-m waves. Presenc
of high-m poloidal waves in the midnight sector during substorms means that we need to be careful in interpreting Pi2-banc
pulsations in the inner magnetosphere.
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Radial transport of high-energy oxygen ions into the deep inner magnetosphere observe
by Van Allen Probes

# Kenji Mitani[1]; Kanako Seki[2]; Kunihiro Keika[3]; Matina Gkioulidou[4]; Louis J. Lanzerotti[5]; Craig A. Kletzing[6];
Donald Mitchell[4]
[1] ISEE, Nagoya Univ.; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] University of Tokyo; [4] JHU/APL; [5]
NJIT; [6] Department of Physics and Astronomy, Uol

It is known that proton is main contributor of the ring current and oxygen ions can make significant contribution during major
magnetic storms. lons are supplied to the ring current by radial transport from the plasma sheet. Convective transport of lowel
energy protons and diffusive transport of higher-energy protons were reported to contribute to the storm-time and quiet-time rin
current respectively [e.g., Gkioulidou et al., 2016]. However, supply mechanisms of the oxygen ions are not clear. To characteriz
the supply of oxygen ions to the ring current during magnetic storms, we studied the properties of energetic proton and oxyge
ion phase space densities (PSDs) for specific magnetic moment (mu) during the April 23-25, 2013, geomagnetic storm observe
by the Van Allen Probes mission. We here report on radial transport of high-energy (mu is over 0.5 keV/nT) oxygen ions into the
deep inner magnetosphere during the late main phase of the magnetic storm. Since protons show little change during this peric
this oxygen radial transport is inferred to cause the development of the late main phase. Enhancement of poloidal magnet
fluctuations is simultaneously observed. We estimated azimuthal mode number less than 5 by using cross wavelet analysis wi
ground-based observation of IMAGE ground magnetometers. The fluctuations can resonate with drift and bounce motions of th
oxygen ions. The results suggest that combination of the drift and drift-bounce resonances is responsible for the radial transpa
of high-energy oxygen ions into the deep inner magnetosphere. We also report on the radial transport of the high-energy oxyge
ions into the deep inner magnetosphere during other magnetic storms.

It is known that proton is main contributor of the ring current and oxygen ions can make significant contribution during major
magnetic storms. lons are supplied to the ring current by radial transport from the plasma sheet. Convective transport of lowel
energy protons and diffusive transport of higher-energy protons were reported to contribute to the storm-time and quiet-time ring
current respectively [e.g., Gkioulidou et al., 2016]. However, supply mechanisms of the oxygen ions are not clear. To characteriz
the supply of oxygen ions to the ring current during magnetic storms, we studied the properties of energetic proton and oxyge
ion phase space densities (PSDs) for specific magnetic moment (mu) during the April 23-25, 2013, geomagnetic storm observe
by the Van Allen Probes mission. We here report on radial transport of high-energy (mu is over 0.5 keV/nT) oxygen ions into the
deep inner magnetosphere during the late main phase of the magnetic storm. Since protons show little change during this peric
this oxygen radial transport is inferred to cause the development of the late main phase. Enhancement of poloidal magnet
fluctuations is simultaneously observed. We estimated azimuthal mode number less than 5 by using cross wavelet analysis wi
ground-based observation of IMAGE ground magnetometers. The fluctuations can resonate with drift and bounce motions of th
oxygen ions. The results suggest that combination of the drift and drift-bounce resonances is responsible for the radial transpc
of high-energy oxygen ions into the deep inner magnetosphere. We also report on the radial transport of the high-energy oxyge
ions into the deep inner magnetosphere during other magnetic storms.
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Van Allen Probes observations of drift-bounce resonance and energy transfer between
energetic protons and poloidal Pc4 wave

# Satoshi Oimatsu[1]; Masahito Nose[2]; Kazue Takahashi[3]; Kazuhiro Yamamoto[4]; Kunihiro Keika[5]; Craig A.
Kletzing[6]; Charles W. Smith[7]; Robert J. Macdowall[8]; Donald Mitchell[3]
[1] Geophysics, Kyoto Univ; [2] DACGSM, Kyoto Univ.; [3] JHU/APL; [4] Geophysics, Kyoto Univ.; [5] University of Tokyo;
[6] Department of Physics and Astronomy, Uol; [7] Department of Physics, UNH; [8] NASA/GSFC

Poloidal Pc4 wave and proton flux oscillation due to the drift-bounce resonance are observed in the inner magnetosphere c
the dayside near the magnetic equator by the Van Allen Probes spacecraft on 2 March 2014. The flux modulation is observed |
the energy range of 67.0 keV to 268.8 keV with the same frequency of poloidal Pc4 wave. We estimate the resonant energy t
be “120 keV for pitch angle of 20-40 degrees or 140-160 degrees, and 170-180 keV for pitch angle of 40-60 degrees or 120-14
degrees. The drift-bounce resonance theory gives the resonant energy of 110-120 keV, which is consistent with the observatic
for small pitch angle, but slightly higher than the observation for large pitch angle. We consider that this discrepancy of the
resonant energy is due to the drift shell splitting. In order to examine the direction of energy flow between protons and the wave
we calculate the sign of the gradient of proton phase space density (df/dW) in both outbound and inbound paths. Results showe
positive gradient in both paths, which means that the energy is transferred from the protons to the wave. During the appearan
of poloidal Pc4 wave, the Dghdex shows a sudden increase of "6.7 nT. We estimate the total energy loss of the ring current
from the recovery of the Dgindex and the variation of proton flux by the drift-bounce resonance. The estimated energy loss is
almost comparable for both cases. Therefore, we suggest that the energy transfer from the ring current protons to the wave v
the drift-bounce resonance cause the increase eiidix.
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Time evolution of radiation belt electrons resonating with chorus and EMIC emissions

# Yuko Kubota[1]; Yoshiharu Omura[2]
[1] RISH, Electric engineering, Kyoto Univ.; [2] RISH, Kyoto Univ.

Using results of test particle simulations of a large number of electrons interacting with a pair of chorus emissions, we create
Green'’s functions to model the electron distribution function after all of the possible interactions with the @awes[et al.,
2015]. Assuming that the waves are generated in a localized range of longitudes in the dawn side, we repeat taking the col
volution integral of the Green’s function with the distribution function of the electrons injected into the generation region of
the localized waves. From numerical and theoretical analyses, we find that electron acceleration process only takes place ef
ciently below 4 MeV. Because extremely relativistic electrons go through the wave generation region rapidly dueBip ayned-
curvature drift, they don’'t have enough interaction time to be accelerated. In setting up the electrons after all interaction with
chorus emissions as initial electron distribution function, we also compute the loss process of radiation belt electron fluxes due t
interaction with EMIC rising-tone emissions generated in a localized range of longitudes in the dugkigidé&a]and Omura,
2017].

References

Omura, Y., Y. Miyashita, M. Yoshikawa, D. Summers, M. Hikishima, Y. Ebihara, and Y. Kubota (2015), Formation process of
relativistic electron flux through interaction with chorus emissions in the Earth’s inner magnetoshi@eephys.Res. Space
Physics 120, 9545-9562, doi:10.1002/2015JA021563.

Kubota, Y., and Y. Omura (2017), Rapid precipitation of radiation belt electrons induced by EMIC rising tone emissions local-
ized in longitude inside and outside the plasmapailisBeophys.Res. SpacePhysics 122,293-309, doi:10.1002/2016JA023267.
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New type of spectrum plasma wave receiver using one-chip analog-digital mixed ASIC

# Takahiro Zushi[1]; Hirotsugu Kojima[1]; Yoshiya Kasahara[2]; Takuya Hamano[3]; Tsubasa Takahashi[2]; Mitsunori
Ozaki[4]; Satoshi Yagitani[2]; Yuya Tokunaga[2]; Shunsuke Kamata[5]; Hiroshi Yamakawa[1]
[1] RISH, Kyoto Univ.; [2] Kanazawa Univ.; [3] Kanazawa Univ.; [4] Electrical and Computer Eng., Kanazawa Univ.; [5]
RISH, Kyoto Univ

Plasma waves are important observational targets for scientific missions investigating space plasma phenomena. In rece
missions, fast Fourier transform (FFT) -based receiver is commonly used as a spectrum receiver of the plasma wave instrumel
The FFT-based spectrum receiver has advantages in its high time and frequency resolution. In addition, it can share the circt
with a waveform receiver. However, it has a disadvantage in the difficulty of adjusting its receiver dynamic range to the dynamic
range of target signals in a wide frequency range, because the expected signal intensities of natural plasma waves strongly depe
on their frequency ranges. This disadvantage is also seen in waveform receivers.

In order to overcome this disadvantage of an FFT-based spectrum receiver, we propose a new type of FFT-based spectri
plasma wave receiver that realizes the adjustable wide dynamic range to the expected signal intensities with keeping high tirr
and frequency resolutions. The new receiver measures and calculates the whole spectrum by dividing the observation frequen
range into three bands: bands 1, 2, and 3, which span 1 Hz - 1 kHz, 1 kHz - 10 kHz, and 10 kHz - 100 kHz, respectively. The
receiver is composed of analog components, analog to digital converters (ADC), FFT module, and controller. Since it require:
many analog and digital components, its size becomes large. To reduce the size of the receiver, we develop all analog and digi
components as a mixed-signal Application-Specific Integrated Circuits (ASIC) chip.

We have successfully designed all components of the receiver, and we have verified analog components and ADC whic
developed as an ASIC chip. The dimension of the analog circuit that contains various filters and amplifiers is 4.21 mm x 1.1€
mm, and the power consumption is 36 mW. The ADC has a 14-bit resolution and 33 MHz max sampling rate, and its size anc
power consumption at max sampling rate are 3.2 mm x 0.8 mm and 700 mW, respectively.

In the presentation, we will introduce detailed design and specification of the new spectrum receiver and each component.
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Interaction of ULF waves with different ion species: Pitch angle and phase space density
implications

*J. Renl1], Q. G. Zongl[2], Y. Miyoshil3], X. Z. Zhoul4], Y. F. Wang[5], R. Rankin[6]
[1] Magnetosphere, Nagoya Univ.

ULF waves can accelerate/decelerate the charged particles including the ring current ions via drift-bounce resonance, which
play an important role in the dynamics of ring current during storm times. This study compares the different behaviors of oxygen
ions (10.5-35.1 keV) and protons (0.3-12.3 keV) which simultaneously interact with Pc5 ULF waves observed by Cluster on 3
June 2003. The ULF waves are identifiedas the fundamental mode oscillations. Both oxygen ions and protons show periodic
energy dispersion and pitch angle dispersion signatures, which satisfy the drift-bounce resonance condition of N=2. The different
behaviors of oxygen ions and protons include (1) the resonant energy of oxygen ions is higher than that of protons due to mass
difference; (2) the phase space density (PSD) of oxygen ions show relative variations (3.6&amp;#8211;6.3) that are much larger
than that of protons (&It;0.4), which indicates a more efficient energy exchange between oxygen ions and ULF waves; (3) the
PSD spectra show that oxygen ions are

accelerated, while protons are decelerated, which depend on the radial gradient of their PSD; (4) the pitch angle distributions
(PADs) of the oxygen ions and protons show negative slope and bidirectional field-alignedfeatures, respectively, which is related
to the preexisting state of ion PADs before the interaction with the ULF waves. In addition, the resonant ions with peak fluxes
tracing back to the magnetic equator are always collocated with the accelerating (westward) electric field, which indicate that the
ions are mainly accelerated near the magnetic equator and the electric field intensity of ULF waves peaks there.


Kimie Fukai
テキストボックス
*J. Ren[1], Q. G. Zong[2], Y. Miyoshi[3], X. Z. Zhou[4], Y. F. Wang[5], R. Rankin[6]
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Development of convection to the substorm

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

In this paper, we try to elucidate the generation mechanism of the field-aligned current (FAC) and coexisting convection.Fromn
the comparison between the theoretical prediction and the state of numerical solution from the high-resolution global simulation
we obtain the following conclusions about the distribution of dynamo, the magnetic field structure along the flow path that
diverges Poynting flux, and energy conversion promoting the generation of electromagnetic energy.

The dynamo for the region-1 FAC, which is in the high-latitude-side cusp-mantle region, has a structure in which magnetic
field is compressed along the convection path by the slow mode motion. The dynamo for the region-2 FAC is in the ring current
region at the inner edge of the plasma sheet, and has a structure in which magnetic field is curved outward along the convectic
path.

Under these structures, electromagnetic energy is generated from the work done by pressure gradient force, in both dynam
for the region-1 and region-2 FACs. In these generation processes of the FACs, the excitation of convection and the formatio
of pressure regimes occur as interdependent processes.This structure leads to a modification in the way of understanding t
Dungey convection.

Generation of the FAC through the formation of pressure regimes is essential even for the case of substorm onset. Detaile
event sequence leading to the substorm onset is reproduced from a high-resolution global MHD simulation. The ionospheri
onset does not coincide with neither launch in the midtail nor arrival to the inner magnetosphere of the dipolarization front. The
near-earth dynamo due to the squeezing causes the onset before the arrival of the BBF flow from the NENL.

The arrival of flow to the equatorial plane of the inner magnetosphere occurs two minutes after the onset, when the WTS start
to develop toward the west. The expansion phase is further developed by this flow. Looking at the present result that the ons
sequence induced by the near-earth dynamo reproduces the details of observation quite well, we cannot avoid to conclude tf
the current wedge (CW) is a misleading concept.
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Pathway and conversion of energy at substorm expansion onset

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

Substorm expansion onset is a long-standing unsolved issue in magnetospheric physics. One of the central issues is abr
intensification of upward field-aligned current (FAC) that is responsible for accelerating electrons downward and emitting bright
aurorae. Based on the results obtained by the global magnetohydrodynamics (MHD) simulation, we present energy flow an
energy conversion associated with the upward FACs that manifest the onset of substorm expansion. The cusp/mantle regic
transmits electromagnetic energy to almost the entire region of the magnetosphere. A part of electromagnetic energy is stored
the lobe in the growth phase. When reconnection takes place in the near-Earth tail region, the stored energy is released in additi
to the continuously supplied one from the cusp/mantle dynamo. Two types of pathways of energy seem to be involved in the
generation of the onset-associated FACs. The first type is related to the earthward fast flow associated with reconnection on tl
nightside. The electromagnetic energy coming from the lobe splits into the thermal energy and the kinetic energy. The kinetic
energy is then converted to the thermal energy and the electromagnetic energy, in association of flow braking. The second type
that the plasma coming from the lobe goes into the inner magnetosphere directly. The electromagnetic energy is converted to t
thermal energy, followed by the electromagnetic energy at off-equator. The near-Earth dynamo region, where the electromagnet
energy is generated, seems to be embedded in the convection system. In this sense, the expansion onset may be regarded
sudden, local intensification of the convection.
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Hose-collar Aurora and Moving Theta Aurora: Simulation and Observation

# Takahiro Obara[1]; Kyoko Mimura[2]; Shigeru Fujita[3]; Takashi Tanaka[4]
[1] PPARC, Tohoku University; [2] Geophysics, Tohoku Univ; [3] Meteorological College; [4] REPPU code Institute

Hose-collar aurora is one of the manifestation of the sun-aligned polar car arcs for constant IMF By and positive Bz. The
narrowed polar cap is associated with bordered morning and evening sides sun-aligned arcs. The horse collar region and t
void will be relatively steady phenomenon on a global scale. We have examined the results of MHD simulation for the case of
constant IMF By during northward IMF condition. Results demonstrate that plasma sheet has been inclined due to the IMF By
which leads to the expansion of morning side auroral oval into the northern polar cap for IMF By &lt;0. In the simulation, we
have newly found the bulge structure, which is the expansion of evening side auroral oval in the northern polar cap region. W
further found i) vertical closed magnetic field lines, connecting the both hemisphere in the evening sector and ii) field aligned
current structure, elongated sun-aligned direction.

On the contrary there appears an arc forming a single large-scale bar in the central polar cap. This aurora is known as the the
aurora. The theta aurora is a phenomenon associated with a switch of the IMF By during northward IMF condition. The theta
aurora is non-stationary, although the appearance of the arc itself is similar to sun-aligned arcs. We have examined the results
MHD simulation for the case of IMF By polarity change. The trans polar arc appears in the morning sector in the northern polar
cap and it moves dusk ward as time goes on. In this stage, the polar cap and tail lobes are continuously encroached by the n
open field lines connected to the new IMF. Whereas magnetic field lines accumulated in new lobes tend to rotate the outer plasn
sheet in the opposite direction, the old merging-cell convection still continues to generate closed field lines that must return tc
dayside against the new-lobe formation. The growth of new lobes results in the blocking of the return path toward dayside o
closed field lines generated in the old merging cell to form the kink structure in the plasma sheet. Losing their return path, thes
closed field lines generated from old lobes accumulated on the night side and leads to the formation of theta aurora.

In the talk, we will compare simulation results with observations for the hose-collar aurora as well as the theta aurora.
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A new scenario for substorm MI-coupling : An ionospheric driver

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

A new scenario of substorm MI-coupling is proposed, in which transient westward electric fields transmitted from the mag-
netosphere build up a stable negative potential region in the auroral zone ionosphere through differences in the mobility o
collisional ions and collisionless electrons. Field-aligned currents are generated from the negative potential region in the iono
sphere to accomplish the MI-coupling. The ionospheric driver proposed here is distinguished from the magnetospheric source ¢

the field-aligned currents.

Build up of the negative potential region in the ionosphere is affected by the ion-neutral and electron-neutral collisions in the
ionosphere. This means that the onset timing and following development of auroras may differ in the individual ionosphere, evel

if the uniform electric fields are transmitted from the magnetosphere.
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New Interpretation of PBI: Can the ionospheric polarization FAC induce explosive
electron acceleration?

# Akimasa Yoshikawal[1]; Shinichi Ohtani[2]
[1] ICSWSE/Kyushu Univ.; [2] The Johns Hopkins University Applied Physics Laboratory

A new idea for interpretation of the poleward boundary intensification(PBI) of aurora emission is proposed by Ohtani and
Yoshikawa [2016]. In their model, as the polar cap flow approaches the auroral oval, field aligned currents (FACs)are induced b
the polarization effect at the poleward boundary of auroral oval because of divergence of ionospheric current accompanied by tt
polar cap flow at the steep gradient of conductivity. Their model could explain some features of PBIs summarized by Zou et al.
[2014] such as horizontal extension of PBIs along the boundary of auroral oval. According to the Ohtani and Yoshikawa [2016],
ionospheric polarization can produce upward FACs enough to explain the PBIs in amplitude of current density. However, the
ionospheric E-layer is filled with cold and dense plasma, an expected downward electron velocity accompanied by polarizatiol
FAC of an upward shear Alfven wave is only the order of several tens of m/sec, which alone has a difficulty in explaining auroral
emission of PBIs.To understand a generation process of PBIs of auroral emission, we need to clarify the acceleration process
downward electrons during shear Alfven wave excited by the polarization effect, is propagating to the magnetosphere from th
ionosphere. In this study, we consider the kinetic process of electron acceleration during shear Alfven wave crossing the densi
cavity region just above the ionosphere, which are characterized by the steep gradients of the Alfven velocity and electron inertic
length. We will discuss how the generation process of super Alfvenic electrons by the inertial Alfven wave at the electron cavity
region can be applied to the PBIs of auroral emission.
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Formation and Development of Poleward Boundary Intensifications of Auroral Emission

# Shinichi Ohtani[1]; Tetsuo Motoba[2]; Akimasa Yoshikawa[3]
[1] The Johns Hopkins University Applied Physics Laboratory; [2] STEL/Nagoya Univ.; [3] ICSWSE/Kyushu Univ.

The present study is motivated by a recently proposed idea that the poleward boundary intensification (PBI) of auroral emissio
is an effect of electrostatic polarization. As the fast polar cap flow approaches the auroral oval, field-aligned currents (FACs) ar
induced at the poleward boundary because of the steep gradient of ionospheric conductance, which may be associated with 1
formation or intensification of an auroral form. In this study we examine four PBI events and address how well the observed
longitudinal extension and associated current systems can be explained in terms of ionospheric polarization. The observatiol
are summarized as follows: (1) the PBIs actually take place equatorward of the open-closed boundary; (2) the PBIs are collocate
with an upward FAC, which closes with an adjacent downward FAC through the ionosphere forming a longitudinally extending
convection channel; (3) the PBIs extend longitudinally in the same direction as the longitudinal convection; (4) the PBIs extend
both eastward and westward immediately following the arrival of the fast polar cap flow; (5) in one event ground magnetic
variations can be explained by a moving upward FAC, which suggests that the current system associated with the PBIs is nc
unique. Whereas caution needs to be exercised in generalizing these results, they suggest that the ionospheric polarization pl:
an important role in the formation and evolution of the PBIs. It is also suggested that the spatial development of the PBIs may bt
preconditioned by preceding auroral activity and preexisting ionospheric convection.
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Application of a global magnetospheric-ionospheric current model for dayside and
terminator Pi2 pulsations

# Shun Imajo[1]; Akimasa Yoshikawa[2]; Teiji Uozumi[3]; Shinichi Ohtani[4]; Aoi Nakamizo[5]; Peter Chi[6]
[1] WDC for Geomagnetism, Kyoto Univ.; [2] ICSWSE/Kyushu Univ.; [3] ICSWSE, Kyushu Univ.; [4] The Johns Hopkins
University Applied Physics Laboratory; [5] NICT; [6] IGPP, UCLA

Pi2 magnetic oscillations on the dayside are considered to be produced by the ionospheric current that is driven by Pi2
associated electric fields from the high-latitude region, but this idea has not been quantitatively tested. The present study nume
ically tested the magnetospheric-ionospheric current system for Pi2 consisting of field-aligned currents (FACSs) localized in the
nightside auroral region, the perpendicular magnetospheric current flowing in the azimuthal direction, and horizontal ionospheri
currents driven by the FACs. We calculated the spatial distribution of the ground magnetic field produced by these currents usin
the Biot-Savart law in a stationary state. The calculated magnetic field reproduced the observational features reported by previol
studies; (1) the sense of the H component does not change a wide range of local time sectors at low latitudes; (2) the amplituc
of the H component on the dayside is enhanced at the equator; (3PTdwmponent reverses its phase near the dawn and dusk
terminators; (4) the meridian of thé-component phase reversal near the dusk terminator is shifted more sunward than that near
the dawn terminator; (5) the amplitude of tBecomponent in the morning is larger than that in the early evening. We also
derived the global distributions of observed equivalent currents for two Pi2 events. The spatial patterns of dayside equivaler
currents were similar to the spatial pattern of numerically derived equivalent currents. The results indicate that the oscillation of
the magnetospheric-ionospheric current system is a plausible explanation of Pi2s on the dayside and near the terminator. The
results are included in an accepted paper by Imajo et al. [2017, JGR].
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Effects of lonospheric Hall Polarization Field on Magnetospheric Structure and
Dynamics in Global MHD Simulation

# Aoi Nakamizo[1]; Akimasa Yoshikawa[2]; Takashi Tanaka[3]
[1] NICT; [2] ICSWSE/Kyushu Univ.; [3] REPPU code Institute

In some settings and parameterizations in global MHD magnetosphere models, we especially place importance on the descri
tions for low-altitude region, that is, the magnetosphere-ionosphere (M-I) coupling and boundary conditions imposed on MHD
variables, and we expect that they largely control the M-I system. In order to advance our understanding of the M-I system
from the viewpoints of the above interest and to simulate accurately the magnetosphere, we are investigating the responses
magnetosphere for different treatments of low-altitude region.

The science question of the present study is how and in what way the ionospheric Hall polarization field generated by the Hal
conductance inhomogeneity impacts the convection and dynamics in the magnetosphere. The background of this challenge
a recently proposed concept of ionospheric control based on generalized theory for ionospheric polarization/Cowling channe
formations [Yoshikawa et al. 2008; 2013; 2017]. This challenge is important for practical use as well because at the present
uncertainties in the conductance estimation remains both in the observational and simulation studies.

We perform simulations for the following pairs of conductance setting and upstream boundary conditions. As for the conduc-
tance setting, we test four cases; Hall part of conductance sefby &5 (the default setting), 2, 5, and uniform distribution
(1.0 [S]), where R is the ratio of Hall to Pedersen conductance. As for the upstream condition, we test three cases of IMF-By
polarity; positive, negative, and 0-By. The solar wind parameters and IMF-Bz are common to all cases. IMF-Bz is changed from
northward to southward during the course of simulation runs.

The results are summarized as follows.

(a) Asymmetry / symmetry of the large-scale structure: As for the cases of uniform Hall conductance, the magnetosphere i
completely symmetric with respect to both the XY and XZ-planes under 0-By. Under the finite IMF-By, the magnetosphere
shows asymmetry consistent with the By-polarity. As for the cases of non-uniform Hall conductance, the magnetosphere show
global asymmetry even under the condition of 0-By. The asymmetry becomes severe for jargéhiRresult indicates that the
ionospheric Hall polarization field obviously one of the important factors to deform the magnetospheric structure.

(b) Location and timing of the Near-Earth Neutral Line formation: Location becomes closer to the earth and timing becomes
earlier for larger R;, compared to the cases of uniform Hall conductance. The deference seems to be related to combined effec
of twist of magnetic field lines due to the Hall polarization field and energy/current closure between the magnetosphere anc
ionosphere.

(c) Near-earth convection field during the growth phase: In the cases of non-uniform Hall conductance, an inflection structure
of equatorial convection is formed around premidnight sector inside R =gL0nsidering that the region 2 FAC is not suf-
ficiently developed in MHD models, the structure is considered to be a convection reversal often shown in the Rice Convectior
Models. Previous studies regard the structure as Harang Reversal in the magnetosphere. On the other hand, in the case of unifc
Hall conductance with 0-By, such structure is not formed and the convection is completely symmetric. This result indicates tha
Harang Reversal may not be formed without the effect of ionospheric Hall polarization field.

The above initial research strongly suggests that the ionospheric Hall polarization plays a significant role in the M-I system
definitely. In this presentation, we will report the detailed analysis for the above items.
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Theoretical analysis of the magnetosphere-ionosphere coupling via Alfven waves in
non-uniform magnetic field

# Tomo-Hiko Watanabe[1]; Shinya Maeyama][1]; Yuki Miwa[1]
[1] Dept. Physics, Nagoya Univ.

To clarify a spontaneous formation process of auroral arcs, we have carried out theoretical and numerical analyses and sin
ulations of the magnetosphere-ionosphere coupling based on the feedback instability which has been applied to a variety «
magnetic field configurations, such as the simple uniform field, the dipole field, and the magnetic field sheared by large-scal
field-aligned currents. Numerical analysis of the feedback instability in case with the sheared field has shown increase of th
field-line-resonance (FLR) frequency in a high wavenumber region as well as enhancement of the instability growth rate. The
increase of the resonance frequency is roughly explained by an analytic solution of the damped oscillation, while its detailec
behavior in a weak shear case is still an open issue. In the present study, we have applied a perturbative analysis to the eige
value equation of FLR which enables us to accurately estimate the resonance frequency. We would discuss the detailed resu
including its application to the dipole configuration.
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FF-MIT: A Formation Flight Mission by Innovative Compact Satellites Exploring the
Magnetosphere-lonosphere-Thermosphere Couplings

# Masafumi Hirahara[1]; Yoshifumi Saito[2]; Hirotsugu Kojima[3]; Nobutaka Bando[4]; Yuichi Tsuda[4]
[1] ISEE, Nagoya Univ.; [2] ISAS; [3] RISH, Kyoto Univ.; [4] ISAS/JAXA

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

We are planning to launch the first Japanese formation flight satellite mission for quantitatively investigating the terrestrial
magnetosphere-ionosphere-thermosphere coupling mechanisms, namely the MIT system. The recent progress and latest st
of this mission, so-called FF-MIT, will be shown in this presentation. FF-MIT would be carried out on the basis of integrated
in-situ and remote-sensing observations using 2-4 compact/micro satellites in a polar orbit at altitudes of about 300-4000 kir
The most important science target of FF-MIT is the demonstrative and quantitative investigation concerning the physical pro-
cesses and mechanisms controlling the space-Earth connections, represented by the MIT system. The observational objecti
of FF-MIT could be listed as follows: (a) Transports and conversions of plasma and electromagnetic energies across the spac
Earth boundaries, (b) Planetary/space plasma accelerations and mass escape via the wave-patrticle interactions, (c) Respons
the neutral atmosphere to space plasma activities via the plasma-neutral interactions. The satellite and instrumental configur
tion/specification and the cluster launch capability/strategy by an Epsilon rocket of JAXA would be clarified and fixed within
a year in the framework of the FF-MIT working group, which will be proposed in this year to ISAS/JAXA. We have already
made some of fundamental assessments of the technical feasibilities on the mission scenario and the instrumental specific
tion/development, particularly regarding some crucial technical subjects with engineering groups in JAXA and design/fabrication
teams in manufacturers. This paper will be devoted also to address the updated results obtained in these engineering activities,
instance, the possibility of the orbit insertion for the multiple compact satellites by a single Epsilon launch, the formation flight
configuration and its control by satellite propulsion system, the attitude control required for the mission objectives. We are alsc
expanding the possibilities of substantial international collaborations, for instance with EISQARd ALIS4D. We would
like to start the pre-project (phase-A study) of the FF-MIT mission in a year in order to realize the fascinating demonstrative
research based on the cutting-edge space measurements and the powerful ground-based observations in mid 2020s.
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Suzaku observation of terrestrial diffuse X-ray emission associated with coronal mass
ejection

# Daiki Ishi[1]; Kumi Ishikawa[2]; Yuichiro Ezoe[3]; Takaya Ohashi[4]
[1] Physics, Tokyo Metropolitan Univ.; [2] ISAS/JAXA,; [3] Tokyo Metropolitan Univ.; [4] Tokyo Metropolitan Univ.

We report on Suzaku observation of terrestrial diffuse X-ray emission associated with coronal mass ejection (CME). X-rays
from the Earth are emitted form two regions and by different mechanisms (Bhardwaj et al. 2007). One is bremsstrahlung
emission by accelerated electrons in the polar regions. The other is line emission from the whole atmosphere surrounding tr
Earth. The line emission is caused by scattering of solar X-rays and solar wind charge exchange (SWCX) between solar win
ions and exospheric atoms. Since SWCX occurs even in tenuous atmosphere such as planetary atmospheres, we can explore
Earth’s exosphere and magnetosphere.

In order to explore the terrestrial environment from SWCX emission, we analyzed all the Suzaku archival data to find an even
where strong enhancement is accompanied by the passage of CMEs (Ishikawa Ph. D thesis 2013, Ishi et al. 2016). Associat
with the M-class solar flare on 2013 April 11, CMEs occurred and reached the Earth on April 13. However, the SWCX emission
delayed from about 1 day from the arrival of CMEs, suggesting that more ions are contained in the magnetic cloud than the insid
of CME shock waves. In addition, we confirmed strong emission lines from magnesium and silicon in addition to oxygen and
carbon seen in most solar winds. It may be derived from high temperature plasma heated by solar flare. We discuss these rest
in the context of the plasma transport process in the magnetosphere.
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Estimation of precipitating energy of proton aurora at geomagnetic conjugate points

# Yuki Takahashi[1]; Makoto Taguchi[2]; Akira Kadokura[3]
[1] Rikkyo Univ; [2] Rikkyo Univ.; [3] NIPR

Intensity of proton aurora is weaker than that of electronic aurora so that observation of proton aurora is difficult. However, due
to improvement in the sensitivity of observation instruments, observations of proton aurora have been increasing. Observation
proton aurora at geomagnetic conjugate points was carried out by using a scanning photometer at Iceland and Showa Station
Sato et al. [1986], who measured intensities of H-beta 486.1 nm along geomagnetic meridians. However, there are no observ
tions after that. For this reason conjugacy, an emission intensity ratio of both hemispheres, and spatial /temporal relationship c
proton aurora with the electron aurora have not yet been studied.

Observation of proton aurora is more difficult than that of electron aurora, because it is much weaker than electron auroras
which can be contamination in observation of proton aurora. We tried to estimate intensities of proton aurora from all-sky im-
ages of proton aurora and its background obtained at Showa Station, but we found it very difficult to strictly extract intensities
of proton aurora. To estimate intensities of proton aurora by eliminating background of electron aurora spectral observation i
required. Therefore, we have developed a Proton Aurora Spectrograph (PAS) which measures proton aurora along a geomagne
meridian.

PAS has a narrow field-of-view along a geomagnetic meridian of 180 degree, which is accomplished by a variable-width slit
placed at the focal plane of an all-sky optics. Light that passes through the slit is converted to a parallel beam and fed into
transmission diffraction grating. Then a space vs wavelength image is projected on a CCD witli@R24ixels. Pixel counts
are increased by 22 pixel binning. PAS is designed to observe a wavelength range from 417 nm to 579 nm with a spectral
resolution of 1.9 nm. Bl 427.8 nm and Ol 557.7 nm as well as H-beta 486.1 nm are included in this spectral region. PAS
was installed at the optical observation site at Tjornes in Iceland which is one of a pair of geomagnetic conjugate points in early
September 2016. In addition, it will be also installed at Showa Station in 2017(2018) and will start conjugate point observation.
Observation by PAS in Iceland started on September 27, 2016, and ended on April 26, 2017. An image was obtained every 3 mi
with an exposure time of 177 sec from September 27, 2016 to December 8, 2016 and every 1 min with an exposure time of 5
sec from December 12, 2016. The change in the exposure time is due to increase of sensitivity by updating the CCD camera.

It is possible to estimate energy of precipitating protons by the Doppler shift amount of proton aurora emissions. During this
observation period, more than 10 events of proton aurora are identified. We estimated the temporal change of brightness at 48¢
nm, 427.8 nm, and 557.7 nm and the temporal change of energy of precipitating protons using image data obtained during tf
last season. The results will be introduced in the presentation, and its interpretation will be discussed. For the data obtaine
the last season we have found two problems. One is inhomogeneity of sensitivity the zenith angle. This arose from difficulty
in adjusting the width of variable slit to be constant. Another is insufficient spectral resolution to obtain an energy distribution
of precipitating protons. Then, a fixed width slit will be introduced to PAS in Iceland. Geomagnetic conjugate observation of
proton auroras will be conducted from March 2018 at Tjornes in Iceland and Showa Station.
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Development of triggering system for ground based high-speed aurora imagers

i

# Herbert Akihito Uchida[1]; Ryuho Kataoka[2]; Akira Kadokura[2]; Yusuke Ebihara[3]
[1] SOKENDAI; [2] NIPR; [3] RISH, Kyoto Univ.

Ground-based High-speed Aurora Imagers (HAIs) have been deployed worldwide and it is important to synchronize the clock:
at remote stations, such as geomagnetic conjugate stations of Syowa station, Antarctica and Tjornes, Iceland. It is therefo
necessary to assure the timestamp of every image within the error of millisecond order for the best data comparison at conjuga
positions.

New controlling system is proposed using a newly developed triggering circuit board called &quot;UTC-board&quot; for
Hamamatsu EMCCD and sCMOS cameras, which is playing important roles as the ground-based support observation of ER
project. Observation using this system achieved time stamp accuracy within 3.125 milliseconds (imaging at 320 frames pe
second). The design specification guarantees the timestamp accuracy within 11 microseconds and is applicable to high spe
observations with higher time cadence in the future.

We introduce the analysis results of the time fluctuation of pulsating aurora simultaneously observed at the magnetic conjugat
point between Iceland and Syowa Station using this system. The success of developing and installing the new triggering syste
leads to high reliability of time based analysis and robustness of timestamps with less data gaps for ground-based HAI data.
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Ground-space coordinated observations of Pc 5 auroral arc pulsations

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

Morphological signatures of Pc 5 auroral arc pulsations observed on the ground are as follows: 1) East-west-aligned auror:
arcs elongated "1000-3000 km, 2) Luminosity pulsations associated with poleward moving pulsation with recurrence period o
"2-10 minutes (Pc 5 range), 3) Occurrence region is located at just the poleward side of commonly observed pulsating auror
in the post midnight sector (occurrence peak is "03 MLT), 4) Auroral structure is band-type diffuse aurora, 5) Luminosity is
much higher than pulsating aurora, 6) Ground-based magnetic field variations (Pc 5 magnetic pulsations) are associated wi
the luminosity pulsations. We also examined the data obtained by the THEMIS spacecraft whose footprint traversed near th
region of Pc 5 auroral arc pulsations observed on the ground. Particle and field characteristics observed by the spacecraft are
follows: 1) Electric field variations and plasma velocity modulations show one to one correlation with the Pc 5 auroral luminosity
pulsations, 2) Magnetic field variations also show the same periods but the wave form is not so clear as that of electric field an
plasma velocity variations, 4) Occasionally electron flux shows the same modulation. In this study we will examine in more
detailed characteristics of Pc 5 auroral arc pulsations and their related phenomena using the data obtained by the ground-spz
coordinated observations. Then we will discuss the generation mechanism of Pc 5 auroral arc pulsations.
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Statistical study of phase relationships between magnetic and plasma thermal pressure
In the near-earth magnetosphere

# Katsuki Nishi[1]; Kazuo Shiokawa[1]
[1] ISEE, Nagoya Univ.

The auroral finger-like structures appear in the equatorward part of the auroral oval in the diffuse auroral region, and contribut
to the auroral fragmentation into patches during substorm recovery phase. In our previous presentations, we reported the fir
conjugate observation of auroral finger-like structures using the THEMIS GBO cameras and the THEMIS satellites, which was
located at a radial distance of "9 Re in the dawnside plasma sheet. In this conjugate event, we found anti-phase fluctuation
plasma pressure and magnetic pressure with a time scale of 5-20 min in the plasma sheet. This observational fact is consiste
with the idea that the finger-like structures are caused by a pressure-driven instability in the balance of plasma and magnet
pressures in the magnetosphere. Then we also searched simultaneous observation events of auroral finger-like structures with
RBSP satellites which have an apogee of 5.8 Re in the inner magnetosphere. Contrary to the first result, the observed variati
of plasma and magnetic pressures do not show systematic phase relationship. In order to investigate these phase relationst
between plasma and magnetic pressures in the magnetosphere, we statistically analyzed these pressure data using the THEMI
satellite for one year in 2011. In the preliminary analysis of pressure variation spectra, we found that out of phase relationshij
between magnetic and plasma pressures occupied 40 % of the entire period of study. In the presentation, we will discuss the
results in the context of relationships between the pressure fluctuations and the magnetospheric instabilities that can cause aurc
finger-like structures
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Auroral kilometric radiation and poleward expansion: Geotail and all-sky observations

# Akimasa leda[1]; Yukinaga Miyashita[2]; Shinobu Machida[3]; Tsubasa MIURA[4]; Takahiro Kawashima[1]
[1] ISEE, Nagoya Univ.; [2] KASI; [3] ISEE, Nagoya Univ.; [4] ISEE, Nagoya University

Auroral breakup is characterized by auroral brightening and poleward expansion (PEX). At the time of auroral breakup, the
auroral kilometric radiation (AKR) is intensified at hundreds of kilohertz and this frequency range often expands down to tens of
kilohertz. These high- and low-frequency AKRs are sometimes separated by a few minutes. However, there is a controversy o
whether this high- or low-frequency AKR corresponds to PEX in global images, presumably because of the limited sensitivity of
global images.

In this study, we identified PEX using ground-based all-sky images and compare it with AKR observed by the Geotail satellite.
We first identified an auroral breakup at 1941:18 UT +- 41 s on 10 March 1999 using global images taken by the Polar satellite
A corresponding traveling compression region was observed at 1941 UT by the Geotail satellite located at 30 Re down the tall
indicating that magnetic reconnection occurred. We then studied corresponding all-sky images taken at Kevo observatory (66.
magnetic latitude, Finland). As a result, the auroral breakup was identified at 1941:00 UT, and the PEX was ongoing at 1941:4
UT. In contrast, Geotail observed high- and low-frequency AKRs respectively at "1941:20 UT and 1942:40 UT.

These observations indicate that PEX corresponds to the high-frequency AKR, not to the low-frequency AKR, which was
initiated at least 1 min after PEX. At the beginning of the low-frequency AKR, another aurora was initiated equatorward from
the poleward boundary of the auroral bulge. However, this intense auroral did not move poleward but equatorward. Thes:
results indicate that the low-frequency AKR does not necessarily correspond to the beginning of PEX, but essentially implies the
initiation of intense aurora.

F—1 T OEFENREDE CF—a IR &, YEHMICIEA —1a Z O mkk (poleward expansion, PEXE R &
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JEFEBARAREICIE. AKR DVRE O, K 72REBEEE YR (8100 kH2 A SIRE RS B 10 kH2 XTI % T &A%
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. RFZEMRORIRDdIc, PEXDFIN R Rz TH 5 L Bbns,
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CNEOBIZLET 5 & PEXRIGIE. @Al AKR BIIERHCMIG LT D KA AKR BIERHCMIGE S, Z D
1M ERITH o 7eo oo (KRR AKR AVE UK, i ERREBTE, BOmoA—n I h%E4E LTI,
COA—n Z B & D LAREIICAIE U, 0l T3 7% < ARiflic s Lic, DLEORRIC KD, (K5 AKR Bllh
3. 9 LY PEXFHARICIEISE S, AEMICIZEOA— 0 S OREISHIST 5 EEX BNS,



R006-24 218 A B¥RY: 10 B 198 10:00-10:15

F—1 T 1@ & WRUATRG G DI B K M OSBRI 350 2 IR RS ERHI

# 1S 50K [1]; 5 Z1E [1]; MTH 2L [2]; Pak =28 [3]; = 3 [4]
[1] B RFEHBRIE, [2] 4K - ISEE; [8] 1Y 7 4 V=7 K¥E0 ¥ 2BV ZAHK; [4] % KT HEBRIT

Simultaneous all-sky and multi-satellite observations of auroral breakup and magnetic
reconnection

# Takahiro Kawashima[l]; Akimasa leda[1]; Shinobu Machida[2]; Yukitoshi Nishimura[3]; Tsubasa MIURA[4]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] UCLA; [4] ISEE, Nagoya University

A substorm is a large-scale disturbance including auroral breakup in the ionosphere and magnetic reconnection in the ma
netotail. Two predominant models of the substorm time history have been proposed: the near-Earth neutral line (NENL) mode
and the current disruption model. The former is of outside-in type with tailward propagation of the disturbance, whereas the
latter is of inside-out type with earthward propagation of the disturbance. To determine such time histories of such substorm
using aurora all-sky and magnetotail multi-satellite observations, the National Aeronautics and Space Administration (NASA) is
conducting a mission named the "Time History of Events and Macroscale Interactions during Substorms (THEMIS)”.

The time history of a substorm is expected to be best clarified when satellites are aligned along the tail axis. A substorn
occurred under such a satellite distribution on 0743:42 UT February 27, 2009, and we investigated the auroral breakup and fa
plasma flows produced by the magnetic reconnection in this substorm. The THEMIS satellites observed that a northward mag
netic field variation propagated earthward. Because this earthward propagation is consistent with the NENL model, observatio
of a substorm onset after the magnetic reconnection was expected. However, the substorm onset was observed in the all-s
images before the magnetic reconnection, as noted in a previous study.

In this study, we report that another earthward fast plasma flow occurred before the substorm onset, indicating that anothe
magnetic reconnection occurred before the substorm onset. In addition, we confirm that the above mentioned post-onset ma
netic reconnection occurred simultaneously with auroral poleward expansion, within a 1-min period. These results support th
NENL model and further suggest that the two-step development of magnetic reconnection is a key component of the substort
time history.

YT A =L, BHEICET S 40 BRI EIC BT A A S RS AR EHSTH S, DY
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1< B R 7T AR RE 9 % inside-outt, %5 X EL LB RS & #iBk 7T I m i 9 % outside-il TH %, TD X
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NASA IZ & % Time History of Events and Macroscale Interactions during Substorms (THEMB) EEE N T\ 5,
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Association between substorm onsets in auroral all-sky images and geomagnetic Pi2
pulsations

# Tsubasa MIURA[1]; Akimasa leda[2]; Mariko Teramoto[3]; Takahiro Kawashima[2]
[1] ISEE, Nagoya University; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya University

Substorms are explosive disturbances in the magnetosphere and ionosphere of Earth. Substorm onsets are often identified us
sudden auroral brightenings (auroral breakup) or geomagnetic Pi2 pulsations. These auroral brightenings and Pi2 pulsations &
supposed to occur simultaneously within approximately 1 min of each other. However, as auroral brightenings typically include
a two-stage development, this simultaneity is not straightforward.

In this study, we clarify the correspondence between Pi2 pulsations and auroral brightenings, including the two-stage devel
opment. The first stage of the development is the sudden brightening of an auroral arc near the midnight (initial brightening)
and the second stage is the poleward expansion of the auroral arc. We compared all-sky images (3 s resolution) in Canada a
geomagnetic observations (0.5-1 s resolution) in North and Central America, using data from the THEMIS project. In this study,
we examined three substorms events that exhibit evidence of the two-stage auroral development.

In the first event (4 March 2008), an auroral initial brightening occurred at 0533:57 UT and a poleward expansion was observe
at 0538:12 UT (4 min after the initial brightening) in Gillam (magnetic latitude:66.@ngitude:333 , MLT:22.9). In contract,
the Pi2 pulsation started at 0539:30 UT, which is closer to the time of the poleward expansion, in Carson City (magnetic lati-
tude:45.0 , longitude:304 ). and San Juan (magnetic latitude:27,%ongitude:6.53 ). Thus, we consider this Pi2 pulsation as
corresponding to the poleward expansion rather than the initial brightening. This correspondence was also seen in the other tv
events, suggesting that it is not exceptional. We interpret that the Pi2 pulsation corresponds to the poleward expansion becau
both are caused by the magnetic field dipolarization, which is a drastic change that propagates from low- to high-latitude fielc
lines.
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A statistical study of near-Earth magnetotail evolution duing substorms and
pseudosubstorms with THEMIS data

# Kento Fukui[1]; Shinobu Machida[2]; Yukinaga Miyashita[3]; Yoshizumi Miyoshi[1]; Vassilis Angelopoulos[4]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] KASI; [4] UCLA

Substorms and pseudosubstorms (pseudobreakups) are very similar phenomena. In terms of auroral morphology, pseuc
substorms are generally more localized and more short-lived, compared with substorms, and are not accompanied by polewa
expansion. We examined auroral development for events from November 2007 through April 2010, using data from THEMIS
all-sky imagers. We defined events accompanied and not accompanied by poleward expansion as substorms and pseudos
storms, respectively. To understand the cause of auroral development, we investigated temporal and spatial development of t
near-Earth magnetotail during substorms and pseudosubstorms, based on superposed epoch analysis of THEMIS data. We 1
that Vx begins to increase at -9:5X(GSM)>-11.5 Re around onset for both substorms and pseudosubstorms. This seems to be
due to earthward flows caused by magnetic reconnection. The northward Bz also increases around onseXat-19.5 Re
both substorms and pseudosubstorms. The amount and rate of Bz change are larger for substorms than for pseudosubstorms
the earthward (-7.5-X>-9.5 Re) and tailward (-10.5X>-12.5 Re) regions, Bz increases substantially for substorms, whereas
it does not increase very much for pseudosubstorms. These results indicate that dipolarization is weaker for pseudosubstorr
than for substorms, and the dipolarization region does not spread extensively for pseudosubstorms. We, therefore, suggest
current disruption related to dipolarization does not develop tailward and hence auroral poleward expansion does not occur fc
pseudosubstorms. Meanwhile, the plasma and magnetic pressures increase-Xt>6/% Re after onset in association with
dipolarization, particularly for substorms. The total pressure (the sum of the plasma and magnetic pressures) prior to the onsi
is larger in that region for substorms than for pseudosubstorms. At-X5-8.5 Re the total pressure hardly differ between
substorms and pseudosubstorms. Thus we conclude that the spatial gradient of the total pressure is a key that determines whet
the current disruption takes place, that is, whether initial activation develops into a substorm or into a subsiding pseudosubstorm
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Toward a unified model of substorm

# Shinobu Machida[1]; Kento Fukui[2]; Yukinaga Miyashita[3]; Akimasa leda[4]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] KASI; [4] ISEE, Nagoya Univ.

Numerous models of substorms have been proposed so far, and they are roughly divided into two categories, i.e., the outside-
category that is represented by the near-Earth neutral line (NENL) model and the inside-out category represented by the curre
disruption model or the ballooning instability model. Controversies have been raised for many years over the validity of those
models. However, in recent years we have obtained important clues to solve this long-standing issue by analyzing THEMIS
probe data for substorms and pseudo-substorms separately. [Fukui et al., 2017]

The key is the plasma pressure in the equatorial region, and it was about 1.3 times higher in substorms, than the pseud
substorm in the region between X "-7 and -8 Re. However, no difference was found beyond X "-10 Re. Therefore, the spatia
gradient of the plasma pressure in the region of X ”-7.5 Re must be a necessary condition for the occurrence of substorm. Abru
earthward flows originated from the catapult current sheet relaxation and subsequent magnetic reconnection at the NENL ju:
prior to the onset is a common signature for both substorm and pseudo-substorm, which seems to be essentially a result of t
tearing instability in the magnetotail. [Uchino and Machida, 2015] The subsequent earthward flows must initiate some instability,
quite likely the ballooning instability around the flow braking region.

Substorms do not occur only with the magnetic reconnection. If there is enough plasma pressure gradient, the system ce
develop into a substorm. Otherwise, it will end up with a pseudo-substorm. We emphasize that both NENL model and the bal
looning instability model are partially correct but incomplete, and the true model of substorm can be constructed by synthesizing
multiple models of substorm including at least these two models.

CNETIHEZ DY T A P—LETIVHIEREINTVE D, ZNE5OKEHTDEDIZ, NENL (Near-Earth Neutral
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OFERBZFHN O HES5 NIz, [Fukuietal., 2017]
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A ground-based observation plan for aurora spectrum in near infrared wavelength
(1.0-1.6 microns) at Syowa Station

# Takanori Nishiyama[1]; Makoto Taguchi[2]; Hidehiko Suzuki[3]; Takeshi Sakanoi[4]
[1] NIPR; [2] Rikkyo Univ.; [3] Meiji univ.; [4] Grad. School of Science, Tohoku Univ.

The motivation of this study is further understanding of dayside magnetosphere and terrestrial atmosphere coupling systel
by using continuous observation with high temporal and spatial resolutions. Dayside aurora, polar patch, and airglow should b
key phenomena for the understanding. In particular, those phenomena in near infrared (NIR) wavelength are crucially importar
because lower background sky luminosity by Rayleigh scattering may allow us to conduct ground-based optical observatiol
even in dayside. Continuous dayside optical monitoring in aurora region and cusp give us a clue to understanding of substort
pre-onset sequences at cusp region, magnetopause dynamics related to solar wind shocks, and wave-particle interactions du
electromagnetic ion cyclotron waves and whistler mode chorus. However, NIR aurora has a total lack of its spectral informatior
with enough resolution to make a feasibility study in comparison to that in visible wavelength.

We are now planning ground-based spectroscopic observation in NIR wavelength ranging from 1.0 to 1.6 microns, which
covers auroral emissions i,NLst Positive (1.2 microns) and;N Meinel (1.1 and 1.5 micronsypnesl974;Zhouetal., 2007].
This observation will start at Syowa Station (693) 39.6E) in Antarctica from March 2018 when austral summer ends. We
designed a narrow field spectrometer with medium-high spectral resolution that mainly consists of Czerny-Turner type imaging
spectrometer (HORIBA, iHR320) with one entry port and two exit ports. This spectrometer has two mirrors and three diffractive
gratings in a rotating turret. A toroidal mirror for collimating corrects for astigmatism so that the tangential (resolution optimized)
and sagittal (imaging optimized) focal planes cross at the center of the focal plane. Another larger focus mirror allows the entire
flat field to be used without vignetting. Collecting optics, equipped outside the spectrometer, are a gold coated off-axis paraboli
mirror and a NIR longpass filter for removal of secondary diffracted light in visible wavelength. Two detectors for two exit ports
are NIR-photomultiplier tube (PMT) module with thermoelectric (TE) cooling system (Hamamatsu, H10330C-75) and InGaAs
camera with 640 x 512 pixels and TE cooling in 4 stages (Photon etc., ZephIR 1.7). NIR-PMT module in combination with an
exit slit measures precisely individual emission spectrum with high resolution of 0.006 nm. On the other hand, InGaAs camer:
covers wider spectral ranges (200 nm, 45 nm, 25 nm) and medium spectral resolutions (0.31 nm, 0.070 nm, 0.038 nm) dependit
on the three gratings (150 gr/mm, 600 gr/mm, 900 gr/mm). The two detectors cannot be operated simultaneously but can &
easily switched by a software. Additionally, Argon lamp is used as calibration source for measured wavelength in a range fron
1.0 to 1.6 microns.

In this presentation, we are going to report a final configuration of the spectrometer and a current status of this project. Result
of test observations at Tachikawa (38\7 139.4E), including a first light of OH airglow emissions around 1.5 microns, will be
also demonstrated and subsequently discussed the specification of the spectrometer in detail.
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Direct measurements of energy transfer from hot protons to EMIC waves observed by
MMS during Pc5 waves in the outer magnetosphere

# Naritoshi Kitamura[1]; Masafumi Shoji[2]; Masahiro Kitahara[3]; Yoshizumi Miyoshi[2]; Hiroshi Hasegawal4]; Satoko
Nakamura[5]; Yuto Katoh[3]; Yoshifumi Saito[6]; Takanobu Amano[7]; Mariko Teramoto[8]; Reiko Nomura[9]; Daniel J.
Gershman[10]; Adolfo F. Vinas[11]; Shoichiro Yokota[6]; Barbara L. Giles[11]; Thomas E. Moore[12]; William R.

Paterson[11]; Craig J. Pollock[13]; Christopher Russell[14]; Robert J. Strangeway[15]; Stephen Fuselier[16]; James L.
Burch[17]
[1] ISAS/JAXA,; [2] ISEE, Nagoya Univ.; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [4] ISAS/JAXA; [5] RISH, Kyoto
Univ.; [6] ISAS; [7] University of Tokyo; [8] ISEE, Nagoya University; [9] JAXA; [10] NASA/GSFC, Univ. of Maryland; [11]
NASA/GSFC; [12] NASA, GSFC; [13] Denali Scientific; [14] IGPP, UCLA, [15] Inst. of Geophys. and Planet. Phys., Univ. of
California, Los Angeles; [16] Space Science and Engineering Division, SwRI
; [17] Southwest Research Institute

Wave-patrticle interactions have been suggested to play a crucial role in energy transfer in collisionless space plasmas in whic
the motion of charged patrticles is controlled by electromagnetic fields. We report the temporal variation of energy transfer from
hot anisotropic protons to electromagnetic ion cyclotron (EMIC) waves during a compressional ULF wave event using the date
obtained by the four MMS (Magnetospheric Multiscale) spacecraft traversing the duskside outer magnetosphere. For the ULI
wave, the period was about 2-5 minutes (Pc5 frequency range), and the magnetic and ion pressures were in antiphase, st
that the total pressure remained almost constant. They were likely mirror mode type structures. The burst ion data from Fas
Plasma Investigation Dual lon Spectrometer (FPI-DIS) with a time resolution of 150 ms are available for two of the EMIC
wave events during the ULF wave. Electric field data from the double probes were not usable to analyze the wave electrit
field due to the fluctuation with a frequency of “0.1 Hz likely caused by ion beams from Active Spacecraft Potential Control
(ASPOC) neutralizers. However, perpendicular electric fields were estimated using the cross product of the cold ion velocity ant
the magnetic field. To directly detect energy transfer from hot protons to EMIC waves, we apply the Wave-Particle Interaction
Analyzer (WPIA) methodfukuharaetal., 2009;Katohetal., 2013]to the data. The energy transfer rate by cyclotron resonance
was calculated as the wave component of the perpendicular electric fields and ion current perpendicular to the magnetic fiel
around the resonance velocity which is called the resonant current. The energy transfer rate peaked at the local minima «
magnetic field intensity, which corresponds to the maxima of the ion pressure in the compressional ULF wave. This resull
indicates that the spontaneous EMIC wave generation is affected by ULF waves, and preferential locations for the cyclotror
resonant energy transfer are magnetic field intensity dips. In these dips, both of the relatively low resonance velocity due to sma
magnetic field intensity and the enhanced hot proton flux can contribute to the enhanced energy transfer from hot protons to tf
EMIC waves by cyclotron resonance.
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Mass dependence of ion temperature spatial distributions in the magnetosphere

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

Heating and acceleration of magnetospheric plasma have been studied using in-situ plasma and field observations. Howev
dominant heating/acceleration mechanisms and areas are not well understood. Moreover, it remains unclear whether the he
ing/acceleration mechanism depends on mass. It is thus necessary to investigate ion velocity distributions for several majc
species in a wide energy range including typical ion energies in the magnetosphere. However, there were a few satellite missiol
that can observe the thermal component of magnetospheric plasma with mass determination. There have been therefore a sn
number of studies that focus on mass-dependent processes in the typical energy:fahf§eéV) of magnetospheric ions.

In this paper, we investigate heating and acceleration mechanisms of magnetospheric ions by comparing spatial variations
H+, He+, and O+. We use the data obtained by the HPCA instrument on board the MMS satellite which is in a low-inclination
elliptical orbit with an apogee of about 12 Re and a perigee of about 1000km. The HPCA instrument can measure H+, He+, an
O+ in afew eV to 40 keV energy range with a time resolution of about 10 seconds. Using 20-min averaged data for the period o
September 2015 to September 2016, we examined density and temperature spatial distributions. First, we divided an equator
plane into 0.5 Rex 0.5 Re bins and then calculated median of density and temperature in each bin. Next, we focused on arounc
noon and midnight where the satellite stayed near the magnetic equator.

The results show that the temperature of He+ increased in the near-Earth regions (r smaller than 9Re) compared to H+ ar
O+ in both daytime and nighttime. We found a difference in temperature radial gradient between ion species at r smaller that
9 Re, and the gradient was smaller for any ions beyond 9 Re. On the night side, the parallel component of the temperature t
the background magnetic field (T//) shows mass dependence larger than the perpendicular component (Tperp). On the oth
hand, no difference between the components is seen on the day side. These results suggest that the dominant acceleration/hee
mechanism is different between He+ and O+, or there is a phenomenon that selectively heats only He+. We will also investigat
differences/similarities in behavior between hot plasma and cold plasma. In addition, we will analyze velocity distribution func-
tion data for typical events of stronger temperature radial gradient of He+ than H+ and O+.
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High time resolution plasma sheet - lobe boundary observation by FPl on MMS

# Yoshifumi Saito[1]; Naritoshi Kitamura[2]; Shoichiro Yokota[1]; Hiroshi Hasegawa][3]; Barbara L. Giles[4]
[1] ISAS; [2] ISAS/IAXA,; [3] ISAS/IIJAXA; [4] NASA/GSFC

Plasma sheet - lobe boundary (PSBL) in the Earth’s magnetotail is a special region that is surrounded by plasma sheet wif
hot plasma and lobe with cold plasma. Velocity dispersed ion and electron beams are the characteristic signature of the lo
energy particles in the PSBL. Three components of ions such as lobe cold ions, earthward flowing and tailward flowing velocity
dispersed ions are often observed at PSBL in the near-Earth magnetotail. Geotail observations revealed that the plasma she:
lobe boundaries between near-tail to far-tail region can be identified as slow mode shocks that contribute to the heating of th
lobe cold ions in addition to the heating in the region near magnetic reconnection line. Although the ion heating process at th
slow-shock plasma sheet - lobe boundaries were also investigated using Geotail low energy particle data obtained by LEP-E/
and EAe, it is still unclear due to the low time resolution ion measurements. The cold ions were heated nearly within one
sampling time (12 seconds) of LEP-EAIi. Since MMS was launched on 12 March 2015, MMS has been continuing to produce
highest quality data ever we had. MMS mainly observed dayside magnetic reconnection region for two years after the launct
After May 2017, MMS started observation of the night side reconnection region. The same group that developed the low energ;
particle experiment (LEP) on Geotail has been participating to the development of one of the instruments on MMS that is FPI-
DIS (Fast Plasma Investigation - Dual lon Sensor). Design, fabrication, assembly, and the initial tests of the 16 Flight Model DIS
sensors were made in Japan collaborating with U.S. and French colleagues. One FPI-DIS sensor is composed of two Top-H
type electrostatic analyzers looking at two directions (45 degrees apart) and controlling electronics common to the two analyzer:
There also exist FOV (Field Of View) scanning deflectors at the entrance of the analyzers. The time resolution to obtain 3D
distribution function of DIS is 4.5 sec for the fast survey mode, and 150 msec for the burst mode. The electron sensors FPI
DES (Dual Electron Sensor) that is simultaneously operated with DIS has much higher timer resolution of 30 msec for the burs
mode. We will search for the slow-shock plasma sheet - lobe boundaries by using electron and ion data obtained by FPI-DIS an
FPI-DES, and magnetic field data. We will report the variation of the ion distribution function accompanying ion heating at the
slow-shock plasma sheet - lobe boundaries.
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Investigation of the magnetic neutral line region with the frame of two-fluid equations

# Yuki Kobayashi[1]; Shinobu Machida[2]; Naritoshi Kitamura[3]; Yoshifumi Saito[4]; Akimasa leda[5]; Shinsuke Imada[2];
Yoshizumi Miyoshi[1]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] ISAS/JAXA,; [4] ISAS; [5] ISEE, Nagoya Univ.

Magnetic reconnection is a basic physical process by which energy of magnetic field is converted into the kinetic energy
of plasmas. In recent years, MMS mission consisting of four spacecraft has been conducted aiming at elucidating the physic:
mechanism of merging the magnetic fields in the vicinity of the magnetic neutral line that exists in the central part of the structure.
In this paper, we examine the magnetic field frozen in relation near the magnetic neutral line as well as the causal relationshi
between electron and ion dynamics in the frame of two fluid equations. It is thought that the electron dissipation region with the
thickness of about the electron inertial length surrounds the magnetic neutral line, and the ion dissipation region with the thicknes
of about the ion inertia length further surrounds them. Theoretically, it is shown that electrons are frozen-in to the magnetic fields
while ion-frozen-in relation is broken in the ion dissipation region. However, when we examined the observational data around
1307 UT on October 16, 2015 when MMS spacecraft passed through the vicinity of the magnetic neutral line [Burch et al.,
Science 2016] , it was confirmed that the frozen-in relation was not established for electrons in the ion dissipation region. In
addition, we found that intense wave electric field activities in this region. From the spectral analysis of the waves, it turned out
that their characteristic frequencies are the lower-hybrid and electron cyclotron frequencies.In the framework of the two-fluid
equation, we can evaluate the values of each term of the equations of motion for both ions and electrons except for the collisio
term from MMS spacecraft data. Therefore, it is possible to obtain collision terms for both species. Since magnetospheric plasm
is basically collisionless, it is considered that the collision term is due to anomalous resistivity associated with the excited wave:
. On the other hand, in the usual two-fluid equation system, the two vectors corresponding to the collision terms of ions anc
electrons have the same absolute value. Because the force exerted between the two is the internal force, they should face exa
in the opposite direction. However, the vectors corresponding to the collision terms obtained by using the actual data did no
satisfy such a condition. In the previous presentation (JpGU, 2017), we reported that the momentum carried by the waves cann
be neglected, and also some instrumental error for measuring physical parameters may cause such a discrepancy. Moreover,
frequency of the low-hybrid wave is about 10 Hz, so that its period is100 ms which is almost the same to the sampling time of
150 ms for the ion measurement. Therefore, the time average is not sufficient to evaluate the collision term correctly, and it i
natural that term does not cancel out with the electron collision term.After careful examination, we conclude that the effect of
the anomalous resistivity in the ion dissipation region acts to some degree that cannot be ignored in the equation of motion of th
two-fluid system.
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A statistical study of slow-mode shocks observed by MMS in the dayside magnetopaust

# Nehpreet Kaur Walia[1]; Kanako Seki[2]; Masahiro Hoshino[3]; Naritoshi Kitamura[4]; Yoshifumi Saito[5]; Shoichiro
Yokota[5]; Craig J. Pollock[6]; Barbara L. Giles[7]; Thomas E. Moore[8]; Roy Torbert[9]; C. T. Russell[10]; James L.
Burch[11]
[1] Univ. of Tokyo; [2] Dept. Earth & Planetary Sci., Science, Univ. Tokyo; [3] University of Tokyo; [4] ISAS/JAXA; [5] ISAS;
[6] Denali Scientific; [7] NASA/GSFC; [8] NASA, GSFC; [9] Univ. of New Hampshire; [10] UCLA; [11] Southwest Research
Institute

Petschek’s reconnection theory [1964] provides a means for faster reconnection by creating X-line geometry with two pairs of
slow-mode shocks. Earth’s magnetosphere acts as a natural laboratory to investigate the presence and role of these slow-mc
shocks. Considerable amount of studies have reported the presence of the slow-mode shocks in the magnetotail [e.g. Feldmar
al., 1987; Saito et al., 1995; Eriksson et al., 2004] but only a few have reported the slow-shocks in the magnetopause [Walthot
et al., 1994; Sonnerup et al., 2016]. The slow-shocks are observed in the magnetosheath side and/or magnetosphere side of
magnetopause. These studies suggest that strong pressure anisotropy and presence of cold ions could play an important rol
determining the structure of the slow-mode shocks in the magnetopause. These studies also report the presence of rotatiol
discontinuity and theoretical studies have also indicated that the magnetopause consists of multiple MHD discontinuities [e.g.
Hau and Wang, 2016]. The solar wind conditions as well as the local conditions in the magnetosphere can affect the structure ¢
the magnetopause. One of the reasons of the small number of the slow-shock events reported for the magnetopause is the I
of the high time resolution data to separate multiple discontinuities before MMS. Thus, an exhaustive study with many events is
needed to understand the underlying physics of the slow-shocks in the magnetopause.

Here we present a statistical study of slow-mode shocks in the dayside magnetopause crossings observed by MMS (Ma
netospheric Multiscale). For this study, we used the data from FGM and FPI instruments onboard the MMS satellites. Fas
survey data were analyzed froni ISept, 2015 to 3% Jan, 2017. For event selection, we checked the southward IMF mag-
netopause crossings with jgV(.., is greater than equal to 200 km/s). We ensured the presence of the magnetosheath side in
our events by using Plasma Beta greater than 1 apddds than 1 conditions. The events obtained by using this criterion were
then checked by using burst mode data and incomplete magnetopause crossings were removed to get a set of 71 full crossir
from the magnetosheath to the magnetosphere. Ranking-Hugoniot analysis was applied on these crossings after determini
two separate deHoffmann-Teller frames for each side. Out of these 71 crossings, 23 magnetopause crossings were identified
the slow-mode shocks. Among the 23 events, 13 events contained slow-shock on the magnetosheath side whereas 10 contail
slow-shock on magnetosphere side. We will report on the relation of these slow-mode shocks with solar wind conditions and the
local parameters as well as on their relative location to other discontinuities in the magnetopause.
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The spatial structure of magnetospheric plasma disturbance estimated by using magne
data obtained by LEO satellites.

# Yoshihiro Yokoyama[1]; Toshihiko lyemori[2]; Tadashi Aoyama[3]
[1] SPEL, Kyoto Univ.; [2] WDC for Geomagnetism, Kyoto Univ.; [3] Graduate School of Science, Kyoto Univ.

Field-aligned currents with various spatial scales flow into and out from high-latitude ionosphere. The magnetic fluctuations
observed by LEO satellites along their orbits having period longer than a few seconds can be regarded as the manifestations of sj
tial structure of field aligned currents.This has been confirmed by using the initial orbital characteristics of 3 SWARM-satellites.
From spectral analysis, we evaluated the spectral indices of these magnetic fluctuations and investigated their dependence
regions, such as magnetic latitude and MLT and so on. We found that the spectral indices take quite different values between t
regions lower than the equatorward boundary of the auroral oval (around 63 degrees’ in magnetic latitude) and the regions high
than that. On the other hands, we could not find the clear MLT dependence. In general, the FACs are believed to be generat:
in the magnetiospheric plasma sheet and boundary layer, and they flow along the field lines conserving their currents.The theo
of FAC generation [e.g., Hasegawa and Sato ,1978] indicates that the FACs are strongly connected with magnetospheric plasr
disturbances. Although the spectral indices above are these of spatial structures of the FACs over the ionosphere, by using t
theoretical equation of FAC generation, we evaluate the spectral indices of magnetospheric plasma disturbance in FAC’s gene
ation regions. Furthermore, by projecting the area of fluctuations on the equatorial plane of magnetosphere (i.e. plasma shee
we can estimate the spatial structure of magnetospheric plasma disturbance.

In this presentation, we focus on the characteristics of disturbance in midnight region and discuss the relations to the substorr
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Growth and decay of cusp electron precipitation along the reconnected field lines

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

Immediately after the open magnetic field line is created by reconnection, magnetosheath electrons and ions stream into t
reconnected open flux tube. At low altitudes the injected ion energy flux tends to decrease with increasing distance from th
origin of the open flux, and this feature is well understood. For the injected electrons, however, it is still not understood how
the electron precipitation along the reconnected field lines changes with increasing distance from the origin of the open fluy
tube. In this study we examined the growth and decay of the electron precipitation along the reconnected open field lines b
using observations of moving cusp auroras, which are thought to be caused by bursty and/or patchy reconnection, from an a
sky imager at Longyearbyen, Svalbard. We analyzed 630 nm aurora image data obtained at a time resolution of approximate
10 s. The results of the analysis show that the distance from the origin of the open flux is not an important parameter for the
cusp electron precipitation along the reconnected field lines, and that to what extent the motion of the reconnected field lines i
east-west aligned is important. We discuss this feature in terms of the intensification of associated field-aligned currents.



R006-36 218 A B¥RY: 10 B 198 14:30-14:45

Strongly enhanced plasma lines observed by the EISCAT Svalbard Radar during the
International Polar Year

# Yuka Sato[1]; Yasunobu Ogawa[1]; Nickolay Ivchenko[2]; Nicola M. Schlatter[2]
[1] NIPR; [2] School of Electrical Engineering, Royal Institute of Technology KTH, Sweden

The plasma line (PL) is one of the signatures in the incoherent scatter radar spectrum and appears at frequencies up- and dov
shifted from the transmitted signal by a few MHz. These frequency shifts respectively correspond to the frequencies of the down
and up-going scattering Langmuir waves plus the Doppler shift caused by the bulk motion of the electron gas. Although intensity
of the PL is sometimes below noise level, it is occasionally enhanced and detectable in the presence of certain nonthermal featur
of the electron distribution function, such as local or magnetic conjugate photoelectrons and aurorally generated supratherm
(secondary) electrons. Especially during auroral activities, PL frequency and power may drastically change both with altitude
and with time as reported from several case studies [e.g., Wickwar, 1978; Valladares et al., 1998; Kirkwood et al., 1995]. In
companions paper [lvchenko et al., submitted to Ann. Geophys.], data from the European Incoherent Scatter (EISCAT) Svalbar
Radar (ESR) during the International Polar Year (IPY, from March 2007 to February 2008) are analyzed for statistical occurrence
of enhanced PL. In this study, we use the same data set but focus on strongly enhanced plasma lines (sPL) with intensity high
than 0.1 K/Hz. Occurrence peak of sPL is found near 4 UT and 14 UT (7 MLT and "17 MLT), while occurrence frequency of
enhanced PL becomes higher when photo-electrons caused by the Sun’s EUV radiation are present. While occurrence frequer
of enhanced PL is highest in summer (May-Jun) and lowest in winter (Nov-Jan), occurrence frequency of sPL is higher in spring
(Feb-Apr) than in other seasons. Occurrence of sPL is mostly below about 180 km altitude, whereas enhanced PL appears ov
the measured altitude range up to 278 km. Occurrence of sPL shows clear Kp dependence through the year: higher occurren
frequency during higher Kp values. Both up- and down-shifted sPL were usually observed near both edges of the observe
frequency range until November 2007 (73.2 and 4.8 MHz; the latter should be aliasing) and near a center of the frequency rang
after December 2007 (3.2 MHz). This frequency concentration may be attributed to 2-4 eV dip in the electron distribution
function caused by excitation of vibration levels in MNilsson et al, 1997], which results in low Landau damping and strong
enhancement of Langmuir waves.
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lonospheric electric field oscillations associated with Sudden Commencement seen by
SuperDARN radars and ground magnetometers

# Kouhei lida[1]; Nozomu Nishitani[2]; Tomoaki Hori[2]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.

Sudden Commencement (SC) is observed mainly as a sudden increase of the H-component of geomagnetic field at low la
tudes. Past studies showed that it is caused by a sudden compression of the magnetosphere associated with rapid increases o
solar wind dynamic pressure. At middle and high latitudes, SCs cause perturbations associated with twin vortex type ionosphers
currents. It was reported that the disturbance of the ionospheric current and the electric field associated with SC consists typical
of the Preliminary Impulse (PI) and the Main Impulse (MI). Previous studies reported that some of SC-associated electric fielo
disturbances observed by SuperDARN radars show only the two successive pulses of Pl and MI, while some others are accor
panied by damped oscillations of the ionospheric electric field lasting for about several tens of minutes to an hour with periods
of several minutes. The reason why both types of SC-associated disturbances can occur, however, have not yet been underst
well. We examine the cause of the difference between the two kinds of SC events, using SuperDARN radars in the norther
hemisphere covering "40 to 90 degree geomagnetic latitudes. For the analyzed period from January 2011 to December 2015, 2
SC events were identified and 61 events out of them were accompanied by the ionospheric electric field oscillations immediatel
following Mls, as observed by at least one SuperDARN radar.

We contrast 183 events (only Pl and MI) with 61 events (oscillation following Mls) and find that the average of magnitude of
dynamic pressure change does not seem to be the cause of the difference between the two types of disturbance associated \
SC events. Regarding the magnetic local time (MLT) dependence of the ionospheric electric field oscillations, the occurrence
rate is somewhat high from 15:00 MLT to 18:00 MLT. The seasonal variation of the occurrence rate tends to be lower in summel
than in winter. We discuss the cause of the MLT dependence and the seasonal variation. In addition to the statistical study, w
also made a detailed analysis of individual events. The result shows that some of them have global structures in the longitudin:
direction, while the others have local structures (seen by only one or two radars).
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Statistical study of lonospheric Conductivity (SZA) Dependence of the SAPS using the
SuperDARN Hokkaido East HF Radar

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

In this study, we investigate characteristics of the subauroral polarization streams (SAPS), focusing on the solar zenith ar
gle(SZA) dependence using the Super Dual Auroral Radar Network (SuperDARN) Hokkaido East radar, National Oceanic anc
Atmospheric Administration (NOAA) Polar Operational Environmental Satellites (POES) system and Meteorological Opera-
tional Satellite Program of Europe (MetOp) system data. The time span for the present study is from 2008/1/10 to 2016/12/31
which contains over 3180 days, and we limited the time range of the analysis to 3-8 UT (12-17 LT). We found 60 SAPS events
over seasons except for summer, and for each event we examined the SZA and the peak Line-of-sight velocity observed in tt
SAPS, in order to identify the threshold of the possible SZA and illuminated ionospheric altitude for SAPS to be generated. To
the best of our knowledge, this is the first detailed study of SAPS-associated SZA. As a result of the statistical study, we finc
that SAPS tend to appear when the SZA is larger than 98.5 degrees, and that the minimal threshold of illuminated ionospheri
altitude for SAPS occurrence is about 100 km, which is near the altitude of the peak of Pedersen conductivity. This result sug
gests that the Pedersen conductivity plays an important role in the generation of SAPS. We should take into account the effect «
HF propagation geometry, and EUV absorption in the atmosphere. We also need to study inter-hemispheric conjugacy of SAP
using the SuperDARN Buckland Park HF Radar whose location is roughly conjugate to SuperDARN Hokkaido East HF Radar,
in order to study further the conductivity dependence.
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lonospheric convection during disturbed periods observed by the SuperDARN radars in
the premidnight and postmidnight sectors

# Nozomu Nishitani[1]; Tomoaki Hori[1]; Joseph B.H. Baker[2]; John M. Ruohoniemi[3]; Simon G. Shepherd[4]; William A.
Bristow[5]; Ayako Matsuoka[6]; Mariko Teramoto[7]
[1] ISEE, Nagoya Univ.; [2] Space@VT; [3] ECE, Virginia Tech; [4] Dartmouth College; [5] UAF; [6] ISAS/JAXA; [7] ISEE,
Nagoya University

Sub-Auroral Polarization Streams (SAPS) are one of the main disturbance signatures in the ionospheric convection at subaur
ral latitudes. Their generation is related to a wide variety of factors such as ring current distribution, solar wind / magnetospheric
conditions, ionospheric conductivity etc. Expansion of the Super Dual Auroral Radar Network (SuperDARN) field of view into
mid-latitudes and the launch of the inner magnetosphere spacecraft made it possible to study the SAPS dynamics in the fram
work of the global convection and magnetospheric disturbances. In this paper we discuss one event of the SAPS and concurre
convection signatures on Apr 4, 2017, observed by the mid-latitude SuperDARN radars. Together with the enhancement / dece
of the SAPS in the premidnight sector, the mid-latitude SuperDARN radar observed the intensification / weakening of the east
ward convective flows in the postmidnight sector. Furthermore, these eastward flows were enhanced together with the magnet
perturbations observed by the ERG / Arase satellite located in the same local time sector, probably associated with the substol
expansion onset. Detailed study of the ionospheric convection dynamics including SAPS, as well as their relation to solar wind
IMF condition changes, or substorm / storm developments will be reported.
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Plasmaspheric mass-density estimation from an FLR event simultaneously observed b
two SuperDARN radars

# Hideaki Kawano[1]; Akira Sessai Yukimatu[2]; Nozomu Nishitani[3]; Yoshimasa Tanaka[2]; Satoko Saita[4]; Tomoaki
Hori[3]; Kouhei lida[5]
[1] Earth and Planetary Sci., Kyushu Univ.; [2] NIPR/SOKENDAI; [3] ISEE, Nagoya Univ.; [4] NITkit; [5] ISEE, Nagoya Univ.

Geomagnetic pulsations include field-line eigen-oscillations generated by the field-line resonance (FLR). Their frequencie:
depend on the plasma density along the field line. The FLR frequency is expected to change sharply across the plasmapau:
because of the sharp density change there. Since the pulsations oscillate the ionospheric plasma, too, there could exist case
which SuperDARN radars monitor the two-dimensional (2D) distribution of the FLR frequency, from which we can estimate 2D
plasma-density distribution on the magnetospheric equatorial plane, including the 2D location of the plasmapause. We have be:
looking for such cases in the data from the SuperDARN Radars near the occurrence times of Sudden Commencements (SC
which are known to frequently cause pulsations.

In this paper we present a case in which, at the time of an SC, two SuperDARN radars simultaneously observed plasme
flow oscillations whose amplitudes and phases had latitude dependence typical to the FLR. The field-of-views of the two radar
overlap, and thus it is possible that 2D features, such as the 2D flow directions, of the oscillations are estimated. From thu
obtained information, it is possible that 2D plasma density distribution is estimated with high precision. More details will be
presented at the meeting.
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GEO-X: X-ray imaging of the Earth’s magnetosphere

# Yuichiro Ezoe[1]; Yoshizumi Miyoshi[2]; Satoshi Kasahara[3]; Kumi Ishikawa[4]; Tomoki Kimura[5]; Masaki Fujimoto[6];
Yasuhiro Kawakatsu[7]; Takahiro lwata[8]; Atsushi Yamazaki[8]; Hiroshi Hasegawa[8]; Masaki Numazawa[9]; Kazuma
Takeuchi[10]; Daiki Ishi[9]; Takaya Ohashi[11]
[1] Tokyo Metropolitan University; [2] ISEE, Nagoya Univ.; [3] The University of Tokyo; [4] ISAS/JAXA,; [5] RIKEN; [6]
ISAS, JAXA; [7] JAXA/ISAS; [8] ISAS/JAXA; [9] Physics, Tokyo Metropolitan Univ.; [10] Tokyo Metropolitan Univ.; [11]
Tokyo Metropolitan Univ.

We present status of a future Japanese X-ray micro satellite mission concept GEO-X (GEOspace X-ray imager). X-rays ar
emitted from the Earth’'s magnetosphere via solar wind charge exchange.

GEO-X aims at first X-ray imaging of the Earth’'s magnetosphere, especially structures of the dayside boundary such as cusy
and magnetosheath. A compact and light-weight X- ray imaging spectrometer is being developed and the satellite bus system
being designed.

With GEO-X, we can obtain information on response of the Earth’s magnetosphere to solar winds, chemical composition of
solar winds, spatial distribution of geocorona, and also foreground emission for X-ray astronomical observations.
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Validities of wave vector analysis techniques using multi-spacecraft observation in the
magnetosheath and magnetosphere

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

There are some difficulties in identifying wave vectors uniquely even if their wave modes are assumed. Wave vector analysi:
techniques utilizing multi-spacecraft observations have been developed in this decade [e.g., Narita, 2017]. Recent Magnett
spheric Multiscale (MMS) mission enable us to resolve smaller wavelength in the ion kinetic range. It is important to assess
the validities of the wave vector analysis techniques utilizing multi-spacecraft observations. We applied several techniques t
synthetic and observed data.

The wave telescope or k-filtering techniques [Neubauer and Glassmeier, 1990; Narita et al., 2011] are based on the directic
of arrival estimation by array antennas. Gershman et al. [2017] performed Bellan’s method in which pre-Maxwell Ampere’s law
is assumed [Bellan, 2016] with use of the current density determined by the curlometer technique [Dunlop et al., 2002]. Thes
techniques can provide the wave vectors with a high accuracy, though not always. The accuracy depends on specific paramet
and situations, e.g., the wave vector direction with respect to the spacecraft formation. The frequency-wave vector distribution
estimated using observed data by MMS in the magnetosheath and magnetosphere well agree with those calculated by the line
theory, but tend to disagree when the spacecraft are close to the wave sources.
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Structure of the Hall magnetic field in dayside magnetic reconnection inferred from
MMS data

# Makoto Yano[1]; Tsugunobu Nagai[2]; Naritoshi Kitamura[3]; Yoshifumi Saito[4]; C. T. Russell[5]; Barbara L. Giles[6]
[1] Earth and Planetary, Tokyo Tech; [2] Tokyo Institute of Technology; [3] ISAS/JAXA; [4] ISAS; [5] UCLA, [6] NASA/GSFC

Magnetic reconnection is one of the most important processes for understanding the interaction of the solar wind with Earth’
magnetosphere. In the Earth’s magnetosphere magnetic reconnection can occur at the dayside magnetopause and magnetote
is known that the asymmetric reconnection tends to occur at the dayside magnetopause because of the properties of the mag
tospheric and solar wind plasmas. In previous simulations of asymmetric reconnection, the bipolar pattern of the Hall magnetic
field is suggested. The observations by Magnetospheric Multiscale (MMS) mission have revealed that there is quadrupolar pa
tern of the Hall magnetic field in the dayside asymmetric reconnection.In this study, we analyze several reconnection events t
improve our understanding the Hall reconnection pattern by using MMS data. In addition, we focus on current system to confirnr
the relationship between the Hall current and the Hall magnetic field in each pattern. We find both quadrupolar and bipolat
patterns. In the quadrupolar pattern, the Hall magnetic field has two peaks in the ion diffusion region. On the other hand, in the
bipolar pattern, the Hall magnetic field has one peak. We also confirm that the Hall currents generated by ion and electron flow
produce the Hall magnetic field.Furthermore, we reveal that the Hall magnetic field of bipolar pattern can be classified as twc
types. In each type, the position where the Hall magnetic field peaks and the Hall current reverses is different. In first type, the
position is between electron inflow region in the magnetospheric side and electron outflow region. In second type, the position i
between electron outflow region and electron inflow region in the magnetosheath side or inside the electron outflow region.Fron
this result, we consider that asymmetric properties influence not only the contribution of inflow in the magnetospheric side to the
Hall current but also the variety of electron flows in the ion diffusion region.
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Outflowing lon Ring Distributions and their Correlation with Low-Frequency Wave
Spectra Observed in/near the PSBL by MMS

# Masafumi Hirahara[1]; Naritoshi Kitamura[2]; Karlheinz Trattner[3]; Stephen Fuselier[4]; Christopher Russell[5]
[1] ISEE, Nagoya Univ.; [2] ISAS/JAXA; [3] LASP, Univ. Colorado; [4] Space Science and Engineering Division, SWRI
; [5] IGPP, UCLA

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

We report the recent findings of the ring-type velocity distribution functions of the outflowing ions and their correlation with
the low-frequency wave spectra observed in/near the plasma sheet boundary layers(PSBLSs) by the NASA MMS(Magnetospher
Multiscale) spacecraft during the magnetotail crossing phase in 2016. It is most likely that the tailward-flowing ion beams in the
tail lobe/mantle regions at the distance of about 10 Re would be energized in the directions perpendicular to the local magnetsi
fields through the wave-particle interaction in the gyro-frequency ranges due to the plasma wave activities enhanced in the PSB
before these ion components are injected into the plasma sheet. The ion composition measurements discriminating the io
species have been done by the HPCA (Hot Plasma Composition Analyzer), which could provide us with the 3-dimensional
velocity distribution functions about every 30 seconds at the slowest. The fluxgate magnetometer data of three magnetic fiel
components are also available with 128 Hz based on the observations by the FGM on an extended mast. The gyro-frequenci
of the ions in the PSBL are less than 1 Hz even for protons, and the fluxgate magnetometer data indicate that the spectra |
lower-frequency waves are more intensified particularly in the PSBL probably because of the two-beam instability caused by
high-speed counter streams of proton in the PSBL. In this presentation, we exhibit some events based on the HPCA and FGI
observations in the mid-distance magnetotail in the MMS dataset for discussing the wave-particle interaction mechanisms actin
on the outflowing ion beams in/near the PSBL. These observational results imply that the wave-particle interaction would play ar
important role also in the plasma energization of the outflowing ions of ionospheric origin in the PSBL and their transport from
the magnetotail lobe/mantle to the plasma sheet while the transversely accelerated ions caused by the wave-particle interacti
processes have frequently been observed by a number of polar-orbiting satellites in the auroral magnetosphere. It is gettir
more obvious that the comprehensive research for the wave-particle interaction mechanisms in the space plasmas would be mq
essential and universal in the space physics and any relevant research fields.
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Two-dimensional electromagnetic particle simulation of whistler-mode triggered
emissions

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

We perform two-dimensional electromagnetic particle simulations to study basic characteristics of whistler-mode
wave particle interaction involved in chorus emissions propagating oblique to the static magnetic field. We assume
a simple periodic (x, y) system with the magnetic field taken in the x-direction. Assuming energetic electrons

with an anisotropic bi-Maxwellian velocity distribution function, we first test the linear whistler-mode instability
driven by temperature anisotropy to confirm the numerical property of the simulation code. With the electrostatic
components parallel to the magnetic field, which have been neglected in the previous simulation studies on chorus
emissions, we find the linear phase of the instability is much affected by the Electrostatic thermal fluctuations.

It is necessary to put many super-particles in a grid cell to suppress the thermal fluctuation. With 30,000 particles
per cell, we have confirmed a good agreement of the wave growth in the parallel direction with the linear growth
rate. We next put an array of antennas with obliquely aligned to uniform magnetic field, and oscillate the antenna
current with a variable frequency below the electron cyclotron frequency to excite a large amplitude whistler-mode
wave obliquely propagating to the static magnetic field. In addition to the nonlinear trapping of energetic electrons
through the cyclotron resonance, another nonlinear trapping of electrons by the Landau resonance takes place.
Structures of the nonlinear trapping potentials changes with a varying frequency, affecting the efficiency of

energy transfer between the wave and energetic electrons. We study nonlinear evolution of the wave packet, and
competing processes of both resonances in accelerating the energetic electrons to higher energies.
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Nonlinear damping of oblique whistler mode waves through Landau resonance

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

Nonlinear trapping of electrons through Landau resonance is a characteristic dynamics in oblique whistler-mode wave particl
interactions. The resonance velocity of the Landau resonance at quasi-parallel propagation becomes very close to the paral
group velocity of whistler-mode wave at frequency around Q.5dausing a long distance of resonant interaction and strong
acceleration of resonant electrons (Hsieh and Omura, 2017). We demonstrate these effective accelerations for electrons with hi
equatorial pitch angle (greater than 60 degrees) by test particle simulations with parameters for the Earth’s inner magnetosphe
at L=5. In the simulations, we focus on slightly oblique whistler mode waves with wave normal angle less than 20 degrees.
Analyzing the wave electric fiell and the resonant currehitwhich is composed of electrons undergoing the Landau resonance,
we find that thel dot E is mainly positive, which denotes the damping of the wave. Furthermore, we confirm that this positive
J dot E is dominated by transverse componépt,,, dot E,,,, rather than by longitudinal componedy,,., dotE,,.,. The
simulation results reveal that the Landau resonance contributes to the nonlinear damping. do0vsHistler mode waves.
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Pitch Angle Scattering of Energetic Electrons by Plasmaspheric Hiss Emissions

# Miwa Tobita[1]; Yoshiharu Omura[2]; Danny Summers[3]
[1] RISH, Kyoto Univ.; [2] RISH, Kyoto Univ.; [3] Memorial Univ. Newfoundland

We study scattering of energetic electrons in pitch angles and kinetic energies through their resonance with plasmaspher
hiss emissions consisting of many coherent discrete whistler-mode wave packets with rising and falling frequencies. Using tes
particle simulations, we evaluate the efficiency of scattering, which depends on the inhomogeneity ratio S of whistler mode
wave-particle interaction. The value of S is determined by the wave amplitude, frequency sweep rate, and the gradient of th
background magnetic field. We first modulate those parameters and observe variations of pitch angles and kinetic energies
electrons with a single wave under various S values so as to obtain basic understanding. We then include many waves into tt
system to simulate plasmaspheric hiss emissions. As the wave packets propagate away from the magnetic equator, the nonlin
trapping potential at the resonance velocity is deformed, making a channel of gyrophase for untrapped electrons to cross tt
resonance velocity, and causing modulations in their pitch angles and kinetic energies. We find efficient scattering of pitch angle
and kinetic energies because of coherent nonlinear wave-particle interaction, resulting in electron precipitations into the pola
atmosphere. We compare the results with the bounce averaged pitch angle diffusion coefficieaddal on quasi-linear theory,
and show that the nonlinear wave model with many coherent packets can cause scattering of resonant electrons much faster tt
the quasi-linear diffusion process.
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Impulse noise reduction techniques using audio signal processing for natural
electromagnetic waves

# Takumi Dejima[1]; Mitsunori Ozaki[2]; Satoshi Yagitani[3]; Kazuo Shiokawal[4]; Akihiro Hirano[5]; Martin Connors[6]
[1] Kanazawa Univ.; [2] Electrical and Computer Eng., Kanazawa Univ.; [3] Kanazawa Univ.; [4] ISEE, Nagoya Univ.; [5]
Faculty of Electrical and Computer Engineering, Kanazawa Univ.; [6] Centre for Science, Athabasca Univ.

We have been conducting the ground-based observations of VLF emissions (100 Hz to tens of kHz) at the sub-auroral latitude
The ground-based observations can continuously measure VLF emissions at a fixed L with a high time resolution. However, th
observed data include various kinds of noises added during the long wave propagation. In order to reduce the effect of th
noises, we have applied noise reduction techniques based on audio signal processing. The observed data include the station
(white noise and hum noise etc.) and impulse noises (atmospheric noise and artificial clock noise etc.). In our previous study
we developed a stationary noise reduction technique by using spectral subtraction method and an adaptive filter. The simulatic
results showed that the input signal-to-noise ratio was improved by more than 10 dB.

In this study, we have developed an impulse noise reduction technique. It is difficult to extract VLF emissions above 5 kHz
(such as auroral hiss) because the impulsive lightning sferics are dominant in this frequency range. For the artificial impulsive
noise, such as the one caused by GPS pulses, we can estimate a standard model of digital clock waveform. However, it is diffict
to apply the standard waveform model to sferics, because natural impulsive noises cannot by expressed as autoregressive mod
A sferic pulse is much shorter than a VLF emission. So we use an averaged spectrum intensity from the data before and aft
the sferic pulse to interpolate the spectrum intensity. It is important to detect sferic pulse with a high accuracy to interpolate
the data. We used test signals consisting of simulated sferic pulses, hum noises (saw-tooth waves), and white noises to evalu
the detection performance of sferics. We detected sferic pulses using a fixed threshold amplitude. The detection results show:
20% false detection for using the original test signals and 4% false detection for using high-pass-filtered (cutoff frequency of &
kHz) test signals. By reducing hum noises with the high-pass filter, the detection accuracy was improved. In the future, we will
consider the use of the neural network to further improve the detection performance of sferics.

In this presentation, we will discuss our noise reduction techniques for the VLF emissions in detail. The proposed noise
reduction methods by using audio signal techniques can be applied not only to VLF but also to ULF waves. We believe that this
study can be significantly contributed to reduction in the cost and time for a conventional EMC test.

WAE TSNS VLF 23 v ¥ 3 Vid, @I )VF—RTOE Y FAELLIBRICRKE L FLG LTV, A,
WA CHREH L DR 2 T4 —a I T VLF T3 v ¥ 3 > (10 Hz~$(1 kHz) Ol B 2 @i 217 -
TW5, i EENE, #2EN & b U CEREEBIRR 2 [EE D Ll D e ORI REE Tl T X 2 8mh d .
U U, 1 EENI B R-DEiS TR UM DN EE N REDH 5, TNFE T, EMC iRER-O R T O/ %2
19 Vol fTiERITOTERD, TANGTOHRENRDH > ZTDID, FAlE VLF T3 v ¥ 3 A af & e
TH5HT EICERL, SEHESUEHEINC X 2 MEEREOME 217> T b, ERIEEIHS OIS T U5 M1,
ERHEE (AOMEELT A VSR E) LV AMMEE (BEOERD 7Oy VSR E) O 2N D5, EHHE
WKBELTIR. ART RMIVY T RS2 q VEREILT « V2L, BEESUMOSE T—Ricikbn s HiEzEfv
5 LT, 10dBLLE SN ZRETESLC L EV I al—ra V> THERT AT &N T,
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Small Plasma Waveform Capture Receiver by using analog-digital mixed chip

# Shunsuke Kamata[1]; Takahiro Zushi[2]; Hirotsugu Kojima[2]; Yoshiya Kasahara[3]; Tsubasa Takahashi[3]; Takuya
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Kanazawa Univ.

Space is filled with subtle plasma, so-called space plasma. Since space plasma is basically collisionless, plasma particl
exchange their own kinetic energies and moments through plasma waves. Observing plasma waves allows us to understa
physical processes occurring in the space plasma. That is why plasma wave receivers have been installed in many satellit
which explore the space environment. On the other hand, the necessity of the simultaneous observations with multiple satellite
is widely recognized in order to separate spatiotemporal variation of phenomena. However, it is difficult to execute multiple
satellite missions using the conventional medium and large size of satellites, because of the limitation of the resources fo
launching. The way to break this restriction is to use small, or ultra-small satellites. The number of launching small or ultra-
small satellite in recent years is increasing. However, since plasma wave receivers require a plenty of resources in their size al
weight, they do not meet the limited resource of small satellites or ultra-small satellites.

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

There are two types of plasma wave receivers. They are a waveform capture receiver and a spectrum receiver. They a
composed of analog circuits, digital circuits, and A / D converters. The analog circuits consist of various kinds of filters and
amplifiers. The main roles of the digital circuits are an FFT calculation in the spectrum receiver, and a data compression in the
waveform capture receiver.

In the present paper, we focus on the development of a small waveform capture receiver based on an analog-digital mixed chi
The waveform capture receiver is a receiver to acquire the waveform data of plasma waves. The amount of original waveforn
date is large, so it is impossible to send to the ground station continuously. Since in order to increase the number of the shots
observations, it is necessary to reduce the data size, the data compression by the digital circuits is crucial.

In a previous study, the design of the ASIC implementing analog circuits of both spectral type and waveform capture type
plasma wave receivers have been already conducted. From this study, we succeeded in greatly miniaturizing the plasma wa
receiver. Moreover, on the part of the digital processing, we succeeded in the hardware design on the FPGA developed &
Kanazawa University. Based on these technologies, our research introduces the data compression logic implemented on t
FPGA with an analog-digital hybrid technology in an ASIC chip that implements the analog section. The target of our research
is to achieve the ultimate miniaturization by putting both analog part and digital part which are in the waveform capture type
receiver into one chip.

The logic configuration of the FPGA can be used as well as ASIC one. It is possible to develop ASIC based on HDL
(Hardware Description Language) data. We develop the design of the ASIC with waveform compression circuits based on HDL
The designed logic is installed on the same chip in which the analogue circuit of the waveform revceiver.

In this presentation, we present the details of the waveform compression logic design in the waveform capture receivers realize
on the ASIC. Moreover, we explain the results of its operation verification, and guidelines for further development as a more
advanced waveform capture receiver in the future.
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Impact of interplanetaly shock on electrons in the inner magnetosphere

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

Interplanetary (IP) shock is known to disturb energetic trapped electrons adiabatically and non-adiabatically in the inner mag
netosphere. Growth of the whistler mode chorus waves are known to occur where electron anisotropy in the keV-range is large
To understand the adiabatic and non-adiabatic processes in response to the IP shock, we need to track the overall evoluti
of the electrons from keV to MeV ranges. We used the global magnetohydrodynamics (MHD) simulation and drift advection
simulation (CIMI). We used the AE8 model for the electrons with energy greater than 40 keV, and the kappa distribution with
energy less than 40 keV as the initial condition of the phase space density of the trapped electrons. We changed the parameter
that corresponds to temperature of the electrons from 0.5 keV to 10 keV. We obtained the following results. 1) The temperatur:
anisotropy (=1-Tperp/Tpara) increases to 0.3. The temperature anisotropy seems not to depe) dheeconvection electric
field increases when the southward interplanetary magnetic field follows the interplanetary shock. The electrons with energy ¢
the keV to 10 keV range are transported inward. The flux of the electron seems to depen@pMviEen a substorm expansion
starts, the electrons are transported inward together with electrons newly injected from the nightside plasma sheet.

SR M2 RE R IC K > TR BEINIC 351 B BB IR - Bt S N3 C LIZRHBN TV, —FA. RV
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% R T T\ DB R B 7= DI, keVHN S MeV ﬁ'kb‘b"(@f“b\lz’\}b:\: HIPHIC DUV TR FE & JE
WrEGERE AR T 208D 5, S 3 Xe/ a— VERFA (MHD) Y2 al—yayeEBEBFOBFRY I al—
vay (CIMD) ZHv, BN KGR ST A—27%25 % WG EE 7O ERE iRz, Bifiv I al—y 3
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RIS DWW T Ay 2302 RE Ul TRIEICHE T 237 A—% Ey & 0.5 keVH 5 10 keVICZ L X8, #IHAIKRE
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TER Uz, IBERGMER By ICKTE LRV, 2) 232 M2 M@ S O E &I MM X ORERZERIYS: IMF) B EEns &
FHAESDERE O, 1710 keVAFOE FIFHIBR S ICEA I NS, TOETTTv 7 AT E) ICKELMKEFET S, 3) VTR
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H+ and O+ ion heating by electromagnetic ELF waves in the dayside cusp region basec
on Akebono observation

# Yuki Ishigaya[1]; Atsushi Kumamoto[2]; Yoshiya Kasahara[3]; Yuto Katoh[4]; Shoya Matsuda[5]
[1] Tohoku Univ.; [2] Dept. Geophys, Tohoku Univ.; [3] Kanazawa Univ.; [4] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.;
[5] ISEE, Nagoya Univ.

The Earth’s dayside cusp region is one of main origins of ion outflow. Ground, rockets, satellites observations reported ion
heating/acceleration like transversely accelerated ions (TAl) and ion conics with simultaneously bipolar electric field and plasme
waves which contribute to ion heating/acceleration in region from the ionosphere to the magnetosphere within a geocentri
distance of several Re. [Chaston et al. 2004; Waare et al., 2012; Lund et al., 2012]

Broadband Extremely Low Frequency waves (BBELF), which enhance in wide frequency range in ELF bands, is one of
such plasma waves observed in the dayside cusp. Kasahara et al. [2001] reported that BBELF was observed with more strol
intensity in the dayside cusp than in other latitude and MLT region, and that it was observed in altitudes range from 275 km
to 10,500 km in the dayside cusp by the Akebono satellite. They also reported that BBELF consisted of two components, the
electrostatic component up to proton gyrofrequency or lower hybrid frequency and the electromagnetic component below oxyge
ion gyrofrequency. Moreover, they indicated that there was correlation between energy density of TAl and ion conics heated u
to 100eV and electric field spectral density of BBELF below 10 Hz, which is lower than proton and oxygen ion gyrofrequencies,
and that heated ions were found only when the electric field spectral density of BBELF is larger than the threshold intensity of
0.1 [(mV/m}].

In the analysis of correlation between TAI and ion conics and electric field of BBELF by Kasahara et al. [2001], ions were
not divided by their species. In this study, we divide kind O" ions using data from ion mass spectrometer, and investigate
the correlation with intensity of BBELF below oxygen ion gyrofrequency. We use datasets of thermal ions below 25 eV and
electromagnetic field in a frequency range from 3.18 Hz to 17.8 kHz observed by Akebono Suprathermal lon Mass spectromte
(SMS) and VLF Multichannel Analyzer (MCA) in the dayside cusp in a sector of 10-14 MLT and in invariant latitude of 65-80
degree. Data selection criteria are as follows: Increase of magnetic field intensity of BBELF below oxygen ion gyrofrequency
from the average is more than 2sigma, and the ion counts of 4 channels in perpendicular directions with respect to earth’s magne
field or all channels enhance. As a result of statistical analysistofirl O™ ions heating in an altitude of 4000-8000km in a
period from January to February, 1990, we found that the counts of heatadid¢Ha part of @ ions showed positive correlation
with electric field spectral density. However, the counts of the other partdb@s did not show clear correlation. The threshold
intensity of BBELF as reported by Kasahara et al. [2001] was also found in this study. The threshold intensity of BBELF for H
ions was 0.1[(mV/m?)], as large as reported. However, the threshold intensity of BBELF foidds was 0.01[(mV/n?), less
than that for H ions.

Our results suggest that the correlation between heated ions and BBELF intensity reported by Kasahara et al. [2001] mainl
indicated the correlation between heated H+ ions and BBELF intensity, and that O+ ions are heated more efficiently by BBELF.

In order to clarify the mechanism of the threshold as shown in this study, we are going to perform further analysis of heating
events of each ion in consideration of other parameters such as ion temperature and density, which affect the threshold leve
Singh et al. [2007] reported based on particle simulation that the electrostatic wave was generated by the relative drift betwee
light and heavy ions accelerated by the electromagnetic component of BBELF and that it accelerated ions. We can understar
that the two-step acceleration suggested by the simulation generates the threshold. We are also going to perform event analy
and comparison with the physical process in the simulation.

HIER D B A A T RIS TR O 1 A > 2 KIS 5 A4 27 b 7 u—DORERDO O DL UTEELEE]
ZHSOTWB EEZLNT NS, i oy y b HEBINC X D BEEE LD D SE O Re X T, WO IEE M
WIIAAE NS A A (TAD) A F Oy I RIREDAF VHNER, IS & [FRHIC, BB O ER I BN D AR DL
ENTED., WAWGEE CTELPRENIR EICKD A F IE, InEMNEE, EEEE A DSBS L Tng &%
Z BN TW3, [Chaston etal. 2004; Waare et al., 2012; Lund et al., 2012]
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FOTRITMAEI NI TAl A F A=y VAL H+OY A 71 b a U EEEZ a5 10HzZLL RO AR Ui
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Imbalance between the electron and ion precipitations in the cusp for northward IMF

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

When IMF is northward, magnetosheath electrons and ions are injected into the cusp via high-latitude reconnection polewar
of the cusp. The injected ions (protons) often produce the spot-like proton aurora at 75 - 85 MLAT in the dayside ionosphere,
and the brightness of the proton aurora increases during intervals of high solar wind dynamic pressure. In this research w
examine the features of the cusp electron precipitation for northward IMF using observations of cusp auroras from an all-sky
imager at Longyearbyen, Svalbard, and in situ observations from the DMSP spacecraft. We analyzed the 630 nm auroral imac
data from the all-sky imager and the precipitating particles and ion drift data from the DMSP spacecraft. The simultaneous
observations from the all-sky imager and the DMSP spacecraft during intervals of high solar wind dynamic pressure reveal tha
the precipitating electron energy flux is much smaller and less structured than the precipitating ion energy flux in the reverse
convection region, producing weak 630 nm auroral emissions in the high-latitude part of the cusp. The statistical analysis of the
integral number flux data from the DMSP spacecraft also shows that there exists a prominent imbalance between the electrc
and ion precipitations for northward IMF. Using solar wind parameters other than dynamic pressure and spatial distributions o
the cusp electron precipitation, which is obtained from the aurora data, we discuss what determines the imbalance.
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Magnetospheric dynamo driving the dayside cusp/mantle field-aligned current systems

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

The field-aligned current (FAC) systems in the dayside cusp/mantle region are controlled by the dawn-dusk (By) componen
of the interplanetary magnetic field (IMF). Observations by low-altitude satellites indicate that when IMF By is positive, in the
Northern Hemisphere, there appears a pair of FAC sheets flowing into the ionosphere on the equatorward side (midday region
and flowing away from the ionosphere on the poleward side (region 0). The flow directions are opposite in the Southern Hemi-
sphere. When IMF By is negative, the above-mentioned flow directions reverse in both hemispheres. Concurrent precipitatini
particles imply that the midday region 1 on the equatorward side corresponds to the magnetospheric cusp whereas the regior
on the poleward side corresponds to the plasma mantle. Although this morphology is well established, as for the understandin
of the magnetospheric source processes driving those currents, there has been almost no progress in the past two decades.
is because it is very difficult to investigate the physical processes in the magnetosphere from observations. To overcome th
difficulty, using the solar wind-magnetosphere-ionosphere simulation code developed by Tanaka [2015] (the Reproduce Plasn
Universe (REPPU) code), we examined the dayside FAC systems. We found the following.

(1) Midday region 1 and region O currents are closed in the high plasma pressure region in the magnetosphere located at
geocentric distance of about 10 Re (the so-called 'cusp’). The field-perpendicular current connecting the two currents does nc
simply flow latitudinally but spirally encircles the high-pressure region several times making the current loop coiled.

(2) The poleward side of the high-pressure region is a dynamo (releasing electromagnetic energy) while the equatorward sic
of the high-pressure region is a load (accumulating electromagnetic energy). The dynamo process is interpreted in terms ¢
expanding slow mode disturbances.

(3) The prenoon or postnoon region 0 current closes with the dawnside or duskside region 1 current in a near-Earth (about 6 F
in geocentric distance) dynamo region. The field-perpendicular current in the dynamo region directly connect the two current:
and forms a simple current loop. Thus, the postnoon or prenoon current system is obviously different from the midday current
system.

BID A AT+ < > MIVIEEIC BN 2 1B TR TR IS B M 2R R O~ 1Ky (IMF By) ICHilfid s, K&
FROBIMNC K2 L. IMF By D IED & ZDOIEERTIE. (KAEEMAITIXBEEEICA D (midday region 1 @I TIEE
NS5 H% (region 0 2 J8 LAHOINEE FRET S — FABN S, FBYERTIXEROMEMIC/ES, IMF By BEDE
XIiE. WPEERE & LROBROM E IIKIRT %, B PR CTHIz 7T Ak & OBIfRIE. (KREEHID midday region
1A AT, EREENOD region 0V > FIUISHIGL TS, TNHDBEHIIIFIIHL SN TODEH, IR FRER
ZERE S D REKIE T D 7T AIBIEOHERIE T D 204E[IF & A EHEA TR, ZOHIHIE, Bi B OYEEFE 2 B
MHAANS Z LIFIFFICNHTZEN S TH 5, TOREHEZTIARS 572, Tanaka [20150 FA%E U 7o KRR — i s — =R Al
Bl%&RIal—¥3>3—F (Reproduce Plasma Universe (REPRWY- R) % W CTRMITA R /1R B IR RO HEZ1T-5
Tzo TORERLITDOZ EDh o7z,

(1) Midday region 1& region OlEHULEEE 10ReFRED EE TS AR HHIEK (Wbw2 hAT ) THL TV, i
B SEmEBRISHEAMICEE SR TOA DT ARL, SETT AHEZ D A S8 ARICHE S fER LT
IA VIRDFBHN—TEIEKT %,

(2) EEEHOEREEMNN XA FET @R OVF—HIHD . (EEAIde—F @R VF—ER) Tds,
XA FEERIINER T 2 BESORERETL THHTE %,

(3) EED S - Y RICEEN - HTRACEI NS region 0l E] - 410D region 1& FEEGIIHIERT < 0O (HiuCFR
6RefEfE) XA FEMHTHE TW5, XA FEHEHOFEEERIZ 2 DOERZEEEC, BMAERL— 72K
%, LIzhoT. EBNSEINT: & CTAICEHN2ERRIERBICHN 2B RREIEHASMICE LS,



R006-P14 215 Poster B¥RY: 108 16 H

AT DFRERIETFICIT B A A — )LD F —1 5N OREE 7 itk

#/NiE R [1]; BT IR [AD; 1 R 2]
[1] HUREE; [2] FEsEK

Characteristics of the longitudinal distribution of mesoscale auroral intensifications near
the equatorward boundary of the cusp

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

We examined auroral image data from an all-sky imager at Longyearbyen, Svalbard in order to understand when and how th
mesoscale auroral intensifications occur near the equatorward boundary of the cusp in the high-latitude ionosphere. Detaile
analyses of the data obtained from the intervals when IMF had a southward component show that multiple intensifications ten
to occur in the very close MLT meridians within about one minute. We discuss what features of flux transfer events can explain
these characteristics.

BD A AT T, JbmE IMF BZBR<IZ & A EDGEEIC, KDoA —a I mhmmssze > TREL TV
%, TR T—RACEEZ & DB T 3V F—DIRNETOR PRI ERI LTNWAE DX S A —aT0BEI,
Hh I D TR %[5 L 72 meridian scanning photomet@rr — Z R KA A—T ¥ —D T — R ZRE DR TY] -
1A 7S NCBWTHIECFEE N, TOMEDNHASMCENTETWS. flZE, WmmEiciids4+—a I 0%
LRI 4 DRRENRZNE VS HEDRLND. AWK TIE, ERAA—Iv—DOHTNLSILLIGENST—X7%E
LI, MAZICBETSA—nI05%, HXATOMREABEFICIBNTAY X7 —)VOE % & DEGICHEN 2 H T 5.
TS KD, FHEOREICIR> TA—a I 2R TV A HEEICIIIZ S Nah > IHEBOBRE TIZIFRRICE X 285 %
oSS, —F, BEAMICELS —HEEE Ko TlmEICBEIT 2 X5 RBHRIIHR T EZEK L TN 5.
OY7 Ay —E 4 TUCREINTOEZRRA A=Y —I1C& >, IMF B EAE D% & DRSS N7z 630 nm
DA =TT T—RZMHT Uz, 1 XA T OFEREROLFT & A X7 — )V OB EDZERTY A Ll —EDIRHEREA LT,
AN 27— )V DN E 2R & MLT &7z, postnoonll & prenoonll TOEND A X MM AE { Eix % IMF
By KIFMEDILWVEIFIOD MLT THHN A T &ITINA T, 1KRREED MLT OHFiFNTORMME LT, FED MLT TH
HMET % L, HRICEFED MLT THEXEDRC 2WHANH 5 T & IZHLNMCE>Tz. TNHOERERTIE, 1 %
OWRRRRENEETHZ bbb o, HNCAEETH A2 ES G LIERLME T 5. £k, WKExY
b R—ATD flux transfer even®d £ D X 5 I L BIEHD T 5 N2 DMIC DN Tikam 9 5.
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Magnetic nulls generating the theta aurora

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

We investigated the topological structure of magnetic field lines above the theta aurora from the high-resolution simulation.
First, we create a quasi-stationary solution under the stationary northward interplanetary magnetic field (IMF) with By-. At this
time, the IMF magnitude is somewhat strengthened. Under this condition, 2 null 2 separator structure is obtained. Then the IMI
is changed to IMF By +. Soon, the oval in the morning (afternoon) side in the northern (southern) ionosphere peels off towarc
high latitudes to form the theta bar. A new polar cap appears behind the theta bar. Then, we analyze the solution showing tt
theta aurora. The topology of the dayside separator line changes little from that before the IMF By reversal. In the northerr
hemisphere, the null point and stem line move from the morning side to the afternoon side. Magnetic field lines passing througl
the dayside null point in the northern hemisphere (southern hemisphere) lead to the low latitude edge of the new polar cap that
on the afternoon (morning) side of the southern (northern) ionosphere. On the other hand, the topology of the nightside separat
line changes drastically after the IMF By reversal. On this separator line, two new nulls are formed in the tail. These nulls
indicate the structure of the saddle point bifurcation null. Magnetic field lines passing through the northern (southern) thete
aurora bifurcate from the northern (southern) null in the nightside. These magnetic field lines form the separatrix between opel
magnetic field lines of new and old polar caps.

FfRRE M-l F5B Y 2 al—ravicko> T, 7—&—F—0 5 EZSGO Ao YV —fgEE Nz, £9tmE
IMFBY- DIRRE CHEE W R E D, T DIFIC IMF DFfEZ 00 § 5, TOFRMAFTIE, B<HIBNTWS, 2X)L2t
NL—Z2—KEEMES NS, RITIMFBY HIcF 2>V 9 5%, LIXSH LT, db (F) PBERTE TG (FiR) floA4—N
JUDNERERE T NI, RGP A TICEEIT A K HIC LT, T—X—A—aIBEHEI NS, TOHRKICIE. Fily
MR HN S, KICH LOEGE DR 2RO 555D 1S % 56 2R OEZ R %, 7— 2 —F—a I 0L LT
WABIRFTE, BHIOE L —2—F 1 > OkhEld. By KinhTE ZEED RV, 72720, XVsie stemid, JEEERT,
R BT RANCEITT %, dLFERD (REEERD) B XV S 2@ 5 80800&. m ek AEEeRD) &Ml Crai
) IS TEZH LWV DEBEORICEN S, Thuck L, mlle/ SL—2—F 4 >0 b RaY—id, By KGR & Kk
LT B, " SL—2—F 4 LTk, BHIC2 0 RefEE ATz T AL, HilzizX VN 2DTES, TNhbH
DA )ViZ, saddle point bifurcatior® )L DFEIEZ /RS, LD (FD) 7T—Z—F—n T xima w18, wMOILRl (i
i) XL S5 UEREICE S, N5 OmIRRIE. BrlHMED openiéZicxf LT, separatrixt 7% > T\ %,
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Evolution process of the theta aurora inferred from the analyses of global MHD
simulation data

# Kyoko Mimura[1]; Takahiro Obara[2]; Shigeru Fujita[3]
[1] Geophysics, Tohoku Univ; [2] PPARC, Tohoku University; [3] Meteorological College

The theta aurora sometimes appears in the polar cap region when IMF (Interplanetary Magnetic Field) By polarity reversa
under the northward IMF condition. This aurora is thought to be caused by the plasma sheet which penetrates in the lobe regic
by IMF By polarity reversal.

The magnetic field structure change associated with the theta aurora has not been studied sufficiently yet. The present pay
tries to elucidate the structure change by using the global MHD simulation. It is known that the 2-null 2-separator structure is
created in the northward IMF condition. This structure is basically established in the superposition of a dipole field of the Earth
and a uniform magnetic field of the IMF (Watanabe and Sofko, 2008). We call it null-separator structure.

There are many previous studies about the theta auroras. However, temporal evolutions of plasma processes in the magnetosj
ionosphere system during the whole life span of the theta aurora activity, that is to say, during the IMF By polarity reversal, have
not been studied in detail yet. In order to reveal the plasma processes in the magnetosphere-ionosphere system, we perfo
MHD simulation by changing IMF By polarity from negative (-4.3nT) to positive (+4.3nT) under the northward IMF condition
(Bz=4.3nT). It is also our target to elucidate the magnetic field structure evolution during the IMF By polarity reversal. Sim-
ulation results seem to show there are three stages of the theta aurora evolution from the view of plasma disturbances in t
magnetosphere. The first stage can be defined as the phase when the plasma convection in the dayside lower altitude magn
sphere changes its direction. The second one is the phase when the bar of the theta aurora (a tongue of enhanced pressure to
the lobe region) appears and becomes gradually smaller. The last stage is the phase where a new plasma tongue is extended f
the plasmasheet to the lobe and finally decays. From the viewpoint of the magnetic field structure, it is revealed that the revers:
of By polarity causes rapid shift of the null points to the points opposite to the original null point position with respect to the noon
meridian. At the same time, the null points corresponding to the old By condition are separated from original null points and
shift to the downstream direction of the solar wind. Then, 4-null 4-separator structure is created on the magnetosphere (Tanal
et al. 2010). In this presentation, we will talk mainly about deformation of the magnetic field structure associated with the By
reversal and associated transformation of plasma sheet.

IMF(Interplanetary Magnetic Fieldp Bz {77 WE. DX b dba& OIRM F T, By B (F15 1857) DFF 5D IRELT % &
M 7 — 7 WHBIL, =243 —aIWRETEehdb, TOT—IEFNHIETVEDRE TSI A — M
KDOTIAITHH, THUZ IMF O By DIFSHRIEELIZC LIk D TSI ARy — i a—JEEici@A LT e
DERLTWVWB EEZSNTWVS,

=2 A —n T HBIROMGEEDZIE, FLEXFANEN TR, A TETld. 7 a—YUMHD ¥ al—
Va YO THESGRGEDZ L ZIHE MM LK D & Uz, £z, Ut IMF QIR Tl HIBRRGAE I 2null-2separator
EWVIRHEICE S T EMHIENT WS, T O, Wiy & —bkiY 2 Bl dbE i & I TE % (Watanabe
and Sofko, 2008) C 1% null-separatofis & FE5,

V=2 A= FICDNTDEL DIATHGEN D 50, > —2A—a I HBRIHD SHAE T, 9745 IMF By OfEfEN
KHEHR OREAIE ., BRI B % 79 A OBFZEIC DWW T, EEFHMICIEIIZRE S N TRV, BEAE- BB 5
%75 AROFERFSMICT S72HIC, IMF L& (Bz=4.3nT ORI FT. IMF By Otttz (-4.3nT) »bH
IE (+4.3nD ICZ{LTEMHD ¥ 2 Lb—ya yzR 7Lk, £z, IMF By OISR ORGSO Z L2 A %
TELHEE LTV, Y2 al—ya VR, BAEICBT % 7T ARZELOBSEN S, ¥— 24— DRE B
Wi, miEERE (OPGU,201Y L7z&HIc, 3DDT 2 —AMFET ST &Rl TW5, #1772 —X1E, BREOIKE
JERETD T T ARTRNZ DM EEZ 5 EEDONMHEERTSHT LN TES, H2T71—ATiE, >—&4—n
Z (U= D> TOU 2 @EEESE) O/N—DHN, RLITNE KD, &REDT = — ATl #Hiifzz @ EmRED
TR — M5 —TJHEBICHT TIRAEMICIRS 755, BEREOBIEN 5. By OO KRG, [EFFFHRICH
LU CIed XV SATE & SOOI OV SR 208> 7 b &2 T EMHL MR o7z, AR, du By SHSHRT
% X VIFTED XV SoBEE N, KIGED RGNS 7 835, Kic, BB IS 4-null-4Aseparatoffis AV AR &
N% (Tanakaetal 2010, SEIOFELTIE, Fi< By Kz & BT 2 EGHHES 72 A< ¥ — hDEFIC DN TN S,
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Simulation study on dependence of substorm evolution on solar wind condition

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

A substorm is one of the remarkable disturbances occurring in the magnetosphere. It is known that the substorm is happene
frequently when the interplanetary magnetic field (IMF) is southward and solar wind velocity is high. However, the physical
process to determine substorm scale is not well understood. We reproduced substorms by using global MHD simulation, foun
auroral electrojet flowing in the ionosphere and investigated the dependence of substorm evolution on solar wind condition. Sole
wind speed 372.4 km/s and northward 5.0 nT IMF was given, we created the stationary state of the magnetosphere. Then tt
solar wind parameters were changed in step function as follows and substorms were generated. 3 kinds of solar wind spe¢
such as 300 km/s, 500 km/s and 700 km/s and 5 kinds of northward IMF Bz such as -1.0 nT, -3.0 nT, -5.0 nT, -7.0 nT and
-9.0 nT were assumed and the total of 15 simulations were performed. In order to objectively evaluate substorms intensity
onset was identified with reference to the method proposed by Newell et al. (2011). This method uses the SME index extend
the AE index. In this study, the geomagnetic variation generated by ionospheric Hall current is obtained every 1 degree fron
the magnetic latitude 40 degrees to 80 degrees and in every 0.5 hours in the magnetic region direction, then the upper and t
lower envelope of the geomagnetic variation is regarded as SMU index and SML index, respectively. The larger the solar winc
speed, the larger the southward IMF, the more the onset tends to be faster. This tendency is consistent with the onset occurrer
probability indicated by Newell et al. (2016). Furthermore, the minimum value of the SML index within 30 minutes from the
start of onset tends to decrease as the solar wind speed increased and as the southward IMF was larger. A rapid decrease of
SML index can be explained by a rapid increase of the field-aligned currents flowing in and out of the nightside ionosphere. This
means that electromagnetic energies flowing into the ionosphere increase abruptly. The analogy with electric circuit indicate
that the ionosphere is a load and dynamo is necessary in the magnetosphere. We will discuss the physical process defines
SML index from the point of energy flow from the solar wind to the ionosphere.

YT A b — L EIEHERRE G E TR T A HE L BEHSO—DTH 5, U7 A b— LIZSER 22 MES (IMF) AR
ZFTHhD, KGEEENKENVE ZICHELRTV I ENAIENT VS, LHMLENS, YT A M—LOREZRD %
YHEERRIE X < D> TWiERW, FAieBid 7 a— /U MHD 2 al—y 3 Y EHWTY T A M—LZ2HE L, BEE
EHRNDY v NERE RS, KBRS BEEEZE Uz, KBR)EUERE 372.4 km/s dbmZ 5.0 nTD IMF 25 %,
RSB DEFAIREZAER L Tzo T DEARIGEINT A—2 2L FOXIICAT Y THBINCEZ, YT A M—LEFHESE
1o GE LTz KR EGEEE X 300 km/s 500km/s 700km/s® 3 f§%EH, IMF Bz (3-1.0nT. -3.0nT. -5.0nT. -7.0nT. -9.0nT
D SHT., it 15D TH 5, HEICY 7 A b— LD ZFHEid 5728, Newell et al. (2011 % L7 Fiti%z
BEICA Yy NERE LTz, TOTET AE F5E8URNIRE LTz SMEFEEE VWS £ DTH %, AWIFETIE SME F55UE

SRS A0S 80 F T LT &, WEAUHITRETIANC .55 & & I BEEE R — )V EBIRDME B W2t 2 ke, B
DaERR7Ze SMU, MO TEHRE SML & Uiz, KEFEDMENREZIWNZE, BEIEED IMF BAREWVIZE, 28y b
WREBHEADH -7z, THid Newell etal. (2016)C/RENT NS A 2y FREDHEREFAMN TS 5, £, 4>
2 MEAEA B 3077 AN D SML O i/ IMEIZ KB EUEE DK Z NI ERMIE D IMF WA ZWVIE E/NE GRS HEMDH -
7z SML 58D SIS BRI TR A 3 2 IR R TR ETR O S T T E %, ZHUIEBEREIC AS T 2 FE
IANF—DOZMEZERTZEDTH S, BXNIE L OKHE TEHBEIIAMTHZD T, MEKEICZAFENLETH
%, AHEEXTIIRGEDSEHEICES ZRIVF—DOFENEMNROBMT, YT A —LDKRZIEHD S YHEERIC
DV d 2 TETH S,
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Field-aligned auroral acceleration region propagating in the direction perpendicular to
the plasma convection

# Tomokazu Oigawa[1]; Satoshi Taguchi[1]
[1] Grad school of Science, Kyoto Univ.

It has been reported that discrete auroral arcs in the duskside Region 1 current sometimes propagate in the direction perpend
ular to the background plasma flows, i.e. in the latitudinal direction, at speed of several km/s. Recent satellite observations hav
shown that the differential energy flux of particles above the discrete auroral arc is characterized by high energy, several ke
electrons, which is known as the inverted-V arc, and there also exist associated upward field-aligned currents and field-aligne
potential drops accelerating electrons. In this study we report the initial result from the calculation of the propagating field-
aligned acceleration region in the assumed geometry of the duskside Region 1 and the associated magnetosphere. We discuss
importance of the distribution of the enhanced pressure in the limited region of the duskside magnetosphere.

4 15l Region LB IRREREKIC W T, discreter— 57 — 7B, RO T T ARTRICHEAST 2 HE /T
100 m/sh SEL km/sDRE TRENT 2SN ME SN TNV S, £z, BEOHEEND S, T D discreted—a 57 —7>
D EHTIE, BikeVA—R—DIZ ) F—DEFOME FIC K> THEMN TSNS, Wb 3 inverted-VORSE D ETE L.
FUCTHENEEEE D SHREAN RN S EMED XY AT — VORI IIRERNMECTWE T b TERE, TD
KA —aTHARIZ., MEHANCEKkMISETORIEEICASZ R EZL L, BEOTIATRORBENDP>L D
EERSTZO AT E a0 ALIIHNITHS EEZOND, TOXS EmEOBHZFHAT 2 XA = AL E
FZHS M EN TR,

AHIFECIE. #7500 Region TN IFREREE L . ZUSDAEN B KB MEEE ET LS 3 T L2k b, IR
HEREIR DY 75 A= RIS E RS % TSRS % AlREME A R 72 AR A S 9 %, £9. BstE L LT Region
LERDEFEINTERENTOBRNEZETIVE Uiz, ZOFEBOEEDGANC., WA LEIFEON iR 5% % LT,
SRR 2 R T AIC o 8. ZUCHES HEZEIC X D, BR%O Region 1ERHICED K 5 B AV XA r—)LDin
WA EBRISENEA L ENZ O ERDIz, Z LT, 0D L& iR TR E R & DR TR s fEs 2 B R D 7z,
JESIDHIA A & Z ORFRZILICBIET 2 (/ST A—2 2L X85 & T, BHREFHHT ZICIMHEERTHSD
MOV TERLUIERERET 5,
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Statistical analysis of FAC-ionospheric current circuits simultaneously observed by QZS
in space and MAGDAS on the ground

# Yuta Abematsu[1l]; Hideaki Kawano[2]; Nana Higashio[3]; Haruhisa Matsumoto[4]; Alexey MoiseeV[5]; Dmitry Baishev[5];
Teiji Uozumi[6]; Shuji Abe[7]; Akimasa Yoshikawa[8]; Akimasa Yoshikawa MAGDAS/CPMN Group[9]
[1] Dept. Earth Planet. Sci., Kyushu Univ.; [2] Earth and Planetary Sci., Kyushu Univ.; [3] JAXA; [4] JAXA; [5] IKFIA, SB,
RAS; [6] ICSWSE, Kyushu Univ.; [7] ICSWSE, Kyushu Univ.; [8] ICSWSE/Kyushu Univ.; [9] -

FACs (Field-Aligned Currents) have been observed by geosynchronous satellites, polar-orbit satellites, ground magnetomete:
etc. There are many papers on them. However, there are limited number of papers which reported cases in which an FAC we
simultaneously observed by a satellite and a set of ground magnetometers for a long time. We analyze magnetic data from QZ
(Quasi-Zenith Satellite) run by JAXA and MAGDAS (MAGnetic Data Acquisition System) run by the International Center for
Space Weather and Education (ICSWSE), Kyushu University. QZS has a tilted geostationary orbit, and its footpoint moves bu
always stays near a set of three ground magnetometers (Kotel’'nyy, Tixie, and Chokurdakh) in Siberia. Therefore, it is possible ti
simultaneously observe FAC-ionospheric current circuits for a long time by using QZS and the Siberian MAGDAS. We intend
to study them on a statistical basis, and the results will be presented at the meeting.

g5 2 RN 2 10 1RREER (Field-Aligned Current; FAQ &, EBBEREEENR & 5 A U TS E—EREE R T3 )L F—
ZHNET %o TDIW. Z DRAEIRO PRI P BREE R OBRIC B W TEHEETH 5,

CNETIC FAC ki Wus . Mo s, M EIEr, GEICK > THIE N TE D 2HOHEHINH 5, L
MUGEMS, [Al—0D FAC Z ERIIC D7z > THIE &3t b TRIFFHEI L 72 Bl D 7a w0, JAXA DTS % HE K THE &
(QZS; Quasi-Zenith Satellijel #ZE E N TV 2115 & JUNKAERRFH RS - HE 1 > % — (ICSWSE; International
Center for Space Weather Science and Educatiof).Cr & 7% > TiEH 9 % HgE& B = v =7 —2 MAGDAS (MAGnhetic
Data Acquisition Systemz i % &, FEdDi@ D . [Al— FAC O ERFHFERFBIHIA I HETH 5,

QZS i IEHE ICHEER A 40 [ L HUEHLOR 0.1 2Rz Bzl x & 5728, QZS O footpointid >\ 7 {F3Iic
RIEHAES %, TDIH. QZS &\ 7 D MAGDAS Bl 7 i > TIRl— FAC 7z RIFHEIFRIFBENId 2 C & A AlEET
H5,

AWFEDOE 5 —DOFRIE. QZSIFHL B =G EIC RIFHIET 5 LM TESRTHSD, TDIDH, TNET
RSB O I - E S PSBL(Plasma Sheet Boundary Layé&rjfifi % FAC & ERRIBIHITE %,

AFEE T, 2010/10/1-2013/3/31DWIRNIC 517 % QZS & MAGDAS I K& % [Fl— FAC DO ERFREFFEIHIC DV T D
FHEATORSRIC OV TIE T %, £z, FRFERIFIOHICIE FAC & A5G Uz BB E T Z MAGDAS DM L7z A XY
FEFEL TV D, TNUCDVTEMET %,
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Stream function of global ionospheric plasma velocity distributions estimated from
SuperDARN data

# Shin’ya Nakano[1]; Tomoaki Hori[2]; Kanako Seki[3]; Nozomu Nishitani[2]
[1] The Institute of Statistical Mathematics; [2] ISEE, Nagoya Univ.; [3] Dept. Earth & Planetary Sci., Science, Univ. Tokyo

Dynamics of ions in the inner-magnetosphere are highly controlled by electric field in the magnetosphere-ionosphere systen
The SuperDARN provides valuable information on the ionospheric plasma drift velocity distribution which can readily be con-
verted into the electric field distribution. However, there are some wide gaps in the spatial coverage of the SuperDARN, althoug!
the field of SuperDARN has been gradually expanding by the deployment of new radars. In addition, each radar give only the
line-of-sight component of drift velocity and the data are frequently missing. We propose a new approach for estimating the
global distribution of drift velocity by combining an empirical global model and the SuperDARN data. The gaps in the spatial
coverage of the SuperDARN are filled with the empirical model. In addition, the divergence free condition is used as a constrain
for the estimation. If plasma drift velocity is assumed to be divergence-free, we can consider a stream function yielding the
plasma velocity distribution. We express the stream function by a linear combination of kernel functions, and obtain the drift
velocity distribution by estimating this stream function from the SuperDARN data. We will demonstrate a preliminary results
obtained by our proposed method.
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Geomagnetic storm in Dst and Aipdices

# Masahiko Takeda[1]
[1] Data Analysis Center for Geomagnetism and Space Magnetism, Kyoto Univ.

Dst and Apindices were compared as indicators of geomagnetic storm. They are estimated from geomagnetic data of the
observatories in the different latitudinal zone. Therefore, it is expected that these two indices show different behavior in the storn
time. In this presentation, time variation of these indices in some storm time and discussed the problem of the determination ¢
the storm period.
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Observation of current system in the vicinity of polar cap aurora by all-sky imager and
Swarm

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

Polar cap aurora is a class of discrete aurora that is sometimes observed in the polar cap region when the interplaneta
magnetic field (IMF) is directed northward. Polar cap auroras are further divided into several types. One is poleward moving
polar cap aurora (PMPCA), which move poleward periodically in the morning side. The other is sun-aligned arcs (SAA), which
are mostly directed towards the Sun and move in the dawn-dusk direction in close association with IMF By. Although these polal
cap auroras are expected to have different generation mechanisms and source regions, details are not yet clarified. To discl
these unresolved problems, it is necessary to elucidate the M-I coupling process above polar cap auroras.

One possible approach to understanding the M-I coupling in the vicinity of aurora is to examine the spatial structure of field-
aligned currents (FAC). Within auroral arcs, the energetic electrons precipitate from the magnetosphere into the ionosphere alor
the magnetic field line and FAC flows from the ionosphere to the magnetosphere. By measuring FAC, it is possible to understan
the M-I coupling process above polar cap auroras. In the past, FAC was derived indirectly from the temporal variations of the
magnetic field measured by the low-altitude satellites such as DMSP and CHAMP. However, since these observations are sing
satellite measurement, it was necessary to assume that the structure of aurora does not change during the overpass of the sate

To resolve this problem, in this study, we make use of the magnetic field from the Swarm satellites. Swarm consists of
three satellites Swarm A, Swarm B, and Swarm C, and it observes magnetic field at three points at the same time at a tempor
resolution of 50 Hz. Swarm A and C are flying roughly along the same orbit at an altitude of about 460 km. By combining
these two satellites, it is possible to calculate the FAC density without assuming temporal variations as spatial variations. In thi
study, by combining data from Swarm and an all-sky air glow imager of (OMTIs ) at Resolute Bay in Canada, we investigate the
relationship between polar cap aurora and FAC. In particular, we examine FAC derived from single and dual satellite method:
during a simultaneous observations of polar cap aurora on February 28, 2016.

During the interval of interest, a SAA type polar cap aurora was observed over Resolute Bay from 0500 UT to 0700 UT. The
poleward part of the arc was split into two parts. Swarm A and C passed the structure along the direction almost parallel to the
arc at 0617 UT. The satellites also crossed one of the splitted arcs at 0616 UT. During the interval of the crossings, we derived ]
FAC density from Swarm A, 2) FAC density from Swarm C, and 3) FAC density from A and C through the dual satellite method.
Regarding the FAC densities derived from the single satellite method, the relationship between the crossing of the optical arc ar
enhancement of upward FAC is unclear. On the other hand, FAC derived from the dual satellite method shows a good agreeme
with the optical intensity variation along the satellite track. This difference may be due to the fact that the track of the satellites
was almost parallel to the arc and it was difficult to observe magnetic field changes across the arc. In contrast, for the FAC
derived by the dual satellite method, Swarm A and C sandwiched the arc, which is a favorable situation for the calculation of
FAC. In the presentation, we will report other examples of simultaneous observations of polar cap auroras, especially rapidl
moving PMPCA type and discuss the validity of using FAC derived from the dual satellite method.
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Shock-upstream whistlevaves observed by MMS spacecraft

# Yasuhito Narita[1]
[1] IWF Graz

With the advent of the MMS mission, it has become possible to study electron-scale plasma phenomena in situ in space,
logical extension of what has been done using the Cluster mission on the ion-scale physics. Here | show two MMS events o
electron-scale whistlers in the shock-upstream region, ahead of Earth’s bow shock. Using the magnetometer data and the wa
telescope projection method, the magnetic fluctuation energy is determined not only as a function of the frequencies but als
as a function of the three-dimensional wavevectors. The wave dispersion relation can then directly be compared between tt
observations and the wave or instability theories. One case is a foreshock wave event, upstream of the quasi-parallel sho
Whistlers propagate nearly along the magnetic field. The other case is a shock-foot event, upstream of the quasi-perpendicul
shock, and here again, whistlers are observed that propagate obliquely to the mean magnetic field. An important lesson is th
the whisler waves are excited ahead of the shock wave regardless the geomertry or angle of the upstream magnetic field to t
shock normal direction. Excitation of the whistlers is an important channel of the energy dissipation of the collisionless shocks.
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Adjustment of the offset level for the simplified magnetometer using Ml sensor

# Kentarou Kitamura[1]; Rei Tanaka[2]; Masahito Nose[3]; Teiji Uozumi[4]; Akimasa Yoshikawa[5]
[1] NIT,Tokuyama.; [2] NIT, Tokuyama College; [3] DACGSM, Kyoto Univ.; [4] ICSWSE, Kyushu Univ.; [5]
ICSWSE/Kyushu Univ.

Geomagnetic observation to understand plasma dynamics in the magnetosphere has been conducted by many investigators fi
the nineteenth century. In order to observe the magnetic perturbation with the accuracy of 0.1 nT, the fluxgate magnetomete
has been usually installed in many artificial satellite as well as on the ground observations.

Kanno and Mori (1997) suggested that a permeability of an amorphous wire varies with the intensity the ambient magnetic
field strength. This causes a linear proportional relationship between a skin-depth of the RF current in the wire and an ambier
magnetic field. The magnetic sensor by using this basis was produced as the Ml (Magneto-Impedance) sensor.

In this study we attempt to apply the Ml sensor to an actual magnetometer for the geomagnetic observation. In order to us
the MI sensor in the actual geomagnetic observation, it is required to modify the electronic circuit such as the removal of the
AC coupling to measure the DC field. The dynamic range of output voltage is from 0 to 5 V which corresponds to +/- 4000 nT
of the magnetic variations. However, the output voltage for the total magnetic field intensity could not be calibrated so that the
output voltage often saturates with the large geomagnetic field. We develop a sensor case with the solenoidal coil to adjust tt
offset level, and installed the prototype magnetometer at Sasaguri test field in March, 2017. The measured data obtained in th
test observation shows the strong temperature dependence of the MI sensor although the offset level of the magnetic field cou
be well adjusted. These results indicated that we need more reasonable contraption to compensate the temperature depende
of the Ml sensor.
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Development of a general-purpose FPGA module for spectrum analyses

# Takuya Hamano[1]; Mamoru Ota[2]; Yoshiya Kasahara[2]; Yoshitaka Goto[2]
[1] Kanazawa Univ.; [2] Kanazawa Univ.
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Plasma wave observation has been carried out using scientific satellites to study various kinds of plasma wave propagatir
in the Earth’s magnetosphere. Because the amount of waveform data measured by wave receiver is enormous compared to
telemetry capacity, it is necessary to perform onboard signal processing for the purpose of data reduction to realize efficient da
transmission to the ground stations. Signal processing on FPGA (Field Programmable Gate Array) is one of such solutions und
the conditions of low power consumption and high speed processing.

We have developed a FPGA module for the data production of spectral matrix that is useful for direction finding of the plasma
waves. In the previous trial, however, we utilize IP (Intellectual Property), which is a designed circuit block provided by FPGA
vendor. Such vendor-dependent IP is useful for the efficient development of the design and evaluation of the modules, but |
cannot be applied to the FPGAs made by the other vendors. In addition, because the internal structure is a black box, it i
impossible to apply it for space use. For this reason, we developed a non-IP dependent FPGA module having a same functic
in the present study. A spectral matrix is derived from cross correlation matrix of 6 components of electromagnetic waveforms.
We developed a FPGA module that consists of only non-IP modules and an averaging process of spectral matrices. Finally, w
evaluated the performance and found that the developed modules are satisfactory with operation, consumption of resources, a
processing time. In the presentation, we report the configuration of the design and the results of evaluation of the productio
process of spectral matrix we developed.
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Development of auroral visible and ultra-violet imagers for future sounding rocket and
small satellite missions

# Takeshi Sakanoi[1]; Yoshizumi Miyoshi[2]; Kazushi Asamura[3]; Keisuke Hosokawa[4]; Masafumi Hirahara[5]; Yoshifumi
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We report feasible design of compact-sized optical system for imaging and spectrometer in future space and rocket mission
In particular, we focus on the auroral rocket project G-CHASER which will be launched from Andoya, Norway in January 2019.
Recent progress in imaging and spectroscopy in the ultra-violet and visible ranges enable us to study detailed mechanisms of &
roral acceleration process as well as wave-particle interaction in geospace. We are now discussing possibilities of next-generati
satellites which will measure auroral and thermospheric phenomena, and also plan to carry out rocket experiments for pulsatin
aurora (PsA). In this presentation, we will give scientific issues to be solved in the auroral and thermospheric studies, and th
most recent status of space-based missions.

We propose a visible auroral camera for G-CHASER rocket in addition to medium and high-energy particle detectors. In this
rocket mission, we particularly concern on PsA phenomena to understand the loss of the Earth’s radiation belts due to precip
tation of high-energy magnetospheric electrons through the wave-particle interaction. We will observe the optical thickness o
pulsating aurora and the time-dispersed curve in electron energy spectra using the high-time resolution simultaneous optical al
particle data. The data is useful to imply the impact of high-energy electrons on the Earth’s atmosphere, in particular, the possibl
change of ion chemistry including ozone (O3) due to precipitation of MeV electrons during PsA. We have started designing of
auroral imaging camera (AIC) for this rocket mission. AIC mainly consists of optical objective lens, CCD and electronics. We
use a commercial-based fast lens with a wide field-of-view (FOV) of 90 (azimuthal) x 180 (vertical) deg. We adopt a Watec
WAT-910HX as a CCD detector. This is a half inch (6.45 x 4.84 cm) CCD with pixels of 768 x 494, and the binning of 384
x 30 pixels is made by the electronics to have a 2 x 16 bin image. The electronics also provide appropriate power supplies fo
the CCD, FPGA to control the CCD exposure timing, and data production for common electronics of the rocket system that is
transferred to the ground. The candidate of target auroral emission is the O2 A-band at 762 nm, and/or N2 emission. We wil
complete the detailed design within this year and fabricate in early 2018.

In addition we are now discussing on the possibilities for future small- and micro-scale satellites to understand the small-scal
aurora and the coupling system between magnetosphere and ionosphere. We carried out the conceptual design of auroral can
assuming that the satellite is three axis stabilized and its apogee is 3000 km. For the visible imager, the target is auroral N2 1
emission at 670 nm and/or O2 A-band emission. The focal lens of objective lens is 100mm with Fno of 1.5, and the preferrec
detector is 1k x 1k EMCCD with pixels of 1024 x 1024 of which each pixel size is 13 x 13 um. Then, the FOV is 7.6 X 7.6
deg, which enable us to cover 400 x 400 km and 200 x 200 km with spatial resolution of 2 km/bin and 1km/bin (assuming 5-pix
binning) viewed from altitudes of 3000 km and 1500 km, respectively. For the ultra-violet imager, we discussed the feasible
FOV size viewed from 3000 km altitudes, and considered that the FOV in the range from 34 x 34 deg (1800 x 1800 km at the
ionosphere) to 51 x 51 deg (2700 x 2700 km at the ionosphere) is preferable. We designed the wide and fast objective system |
using Aplanat mirrors (FOV=40 x 48 deg, Fno=2.4). The candidate of target auroral emission is the N2 LBH band at 140-160
nm. We also concern the feasibility of 2D detector among CCD, CMOS and IICMQOS, mirror coating to improve reflectivity and
filter to block the H-Ly alpha of geocoronal emission at 122 nm.
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Development and evaluation of FPGA modules for digital processing part in the
SS-520-3/LFAS
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The rocket SS-520-3 experiment will be performed in winter, 2017 to study acceleration and heating mechanism of heavy ion:
in the cusp region. We are responsible for the development of the digital data processing part of WFC (Waveform Capture) ir
LFAS (Low Frequency Analyzer System) mounted in the SS-520-3 rocket.

LFAS contains two pairs of dipole antenna, and two receivers nhamed EFD (Electric Field Detector) and WFC. The WFC
measures electric field in the VLF range below 10 kHz and generate digital data which consist of one channel of spectrum an
two channels of waveform. It is necessary to sample waveform with accurate timing to study energy exchange process betwee
plasma waves and plasma particles via wave particle interaction directly and quantitatively by SWPIA (Software-type Wave
Particle Interaction Analyzer).

Three FPGASs will be installed in the LFAS. One FPGA is supplied to the WFC digital part and the others are used for a
common digital part of LFAS. In the PWA (Plasma Wave Analyzer) mounted in the SS-520-2 rocket experiments, the data
flow was quite complicated between the DSP and the CPU to process the telemetry data using waveform compression and FF
However, in the WFC digital part mounted in the SS-520-3, these processes are executed in parallel on the FPGA and functior
are integrated on one chip, that achieved drastic speed up of data processing and reduction of the board size. In addition,
a counter to secure the synchronousness between waveforms and particles, SWPIA counter is generated in the FPGA. In t
waveform compression module, subband compression is carried out every 1,024 points. In the spectrum generation module o
set of 512 points of FFT followed by two combinations of 1/8 decimation and 512 points of FFT are performed in parallel, and
the logarithm amplitude is finally calculated. It observes spectrums of three frequency bands, that is, 1 kHz - 10 kHz, 100 Hz - 1
kHz and below 100 Hz. Both the compressed waveform and spectrum data are transmitted to another FPGA which is responsib
for a common digital part of LFAS. It performs telemetry transmission processing afterwards. The data output from the WFC
digital is 8 bits parallel and 4 bits of status data are additionally transmitted for the purpose of data identification. Furthermore, ¢
data latch clock is provided from the WFC digital to the common digital part for the data reception.

We have already developed FPGA modules of waveform compression as well as spectrum processing, and they work fa
enough to process the data within real-time. We also confirmed that the total amount of generation data is within telemetry
transmission capacity. Specifications for the controller of AD converter, the packet generation unit, and the interface among
peripheral circuits were fixed, and the development was completed. Finally, environment tests such as vacuum test and vibratic
test of LFAS have been safely completed.

In the presentation, we report further detailed signal processing section of the developed WFC digital part, the I/F amon
peripheral circuits and evaluation results of the performance tests.
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SS-520-3 Observation of Plasma Particles in the Cusp Region

# Taku Namekawa[1]; Tatsuya Hasegawa[2]; Kazushi Asamura[3]; Shoichiro Yokota[4]; Yoshifumi Saito[4]
[1] Earth and Planetary Science, Tokyo Univ.; [2] Earth and Planetary Science,Tokyo Univ.; [3] ISAS/JAXA,; [4] ISAS

In the terrestrial magnetosphere, plasma particles with a wide energy range from &lt; 1eV to MeV exist simultaneously. These
particles are generated and/or transported via interactions with plasma waves. These ions in the cusp region are often obsen
to be accelerated, heated and flowing out of the magnetosphere. However, acceleration and transport processes of these parti
are still unknown.

We will launch SS-520-3 sounding rocket from Svalbard in order to understand the acceleration mechanism of escaping ion
from ionosphere in the cusp region. SS-520-3 will be launched near the winter new moon in 2017 targeting the dayside cus
region aiming to reach over 800 km. In this experiment, EISCAT radar observation from the ground and optical observation will
be simultaneously made.

In this rocket, &quot;Low-energy ion instruments: LEP - EISAi&quot;, &quot;Low-energy electron instruments: LEP -
EISAe&quot;, &quot;Low-energy ion mass analyzer: IMS&quot; and &quot; Thermal and supra-thermal ion analyzer: TSA&quot;
are onboard in order to observe low energy (1eV/q “several keV/q) plasma particles escaping from ionosphere.

LEP is a top-hat type electrostatic analyzer, which can measure both ions and electrons by switching the polarity of the higt
voltage applied to the analyzer.

TSA and IMS are energy mass spectrometer combining a top hat type electrostatic and a time of flight mass spectrometer. S
520-3 will be the first opportunity to flight verify TSA's functions such as an extension from rocket/satellite body and a control
of analyzer potential that is quite important in the future thermal and supra-thermal ion observation by spacecraft.

We will also try to decide the energy flow between plasma waves and plasma particles by conducting direct observation o
wave particle interaction using TSA-IMS and low frequency wave analysis system (LFAS) as Wave-Particle Interaction Analzer
(WPIA). The heating and acceleration mechanism of the particles by the wave which leads to the outflow of the ionized atmo-
sphere particles will be studied from the in-situ data obtained by this experiment.

In this presentation, we will show the outline and the test results of the plasma particle sensors as well as the current progre:
in the preparation of the rocket flight.
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DC electric field observation project in dayside cusp region by SS-520-3 sounding rocke

# yasuhiro kano[1]; Keigo Ishisaka[2]; Hirotsugu Kojimal[3]; Yoshifumi Saito[4]
[1] Toyama Pref. Univ.; [2] Toyama Pref. Univ.; [3] RISH, Kyoto Univ.; [4] ISAS

From past rocket experiments it has been observed that heating and acceleration of ions occurs in the cusp region. It is
boundary region between open magnetic force lines toward the night side and a closed magnetic force lines toward the day sid
It is known from the observation results so far that a large amount of ion is flowing out from the polar. In order for heavy
ions supposed to be bound by the earth’s gravity to flow out of the upper atmosphere, some kind of acceleration and heatin
phenomenon must be working. However, it's physical phenomenon has not been elucidated. We launch the rocket equipped wi
each instrument toward the cusp region in order to observe the physical quantity for the investigation of the ion acceleration an
heating phenomenon in plan of SS-520-3 sounding rocket project in the winter of 2017. In this project, we also analyze the DC
electric field, which is thought to be directly involved in ion acceleration and heating phenomena. The electric field detector
(EFD) mounted on the rocket uses a 5 m antenna on two by two on diagonally line and used as two sets of 10 m dipole antenna
Therefore, it is possible to perform accurate electric field observation and obtain detailed DC electric field data. Then, using
the observation data of EFD, electric field vectors are derived to show the electric field structure in the cusp region, and we ar
planning to investigate whether the electric field is affecting the ion acceleration and heating phenomenon.
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