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A coherent modulation of pulsating aurora at Pc5 frequency
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Ground and satellite magnetometer observations and all-sky video images revealed that the Pc5 pulsations that occurred in
January 1994 showed a wide distribution in longitude from Alaska, USA (0 MLT) to the Hudson bay, Canada (11 MLT) and in
latitudes from 62N (L=4.5) to 70N (L=8.5).

Auroras in all-sky image were composed of field line resonance (FLR) in higher latitudes in 67-70N and pulsating aurora

(PsA) in lower latitudes in 62-67N.
It is found that the PsA, FLR, and field magnitude at the geosynchronous altitudes were all oscillated coherently at Pc5 peri

odicities.

We conclude that the coherent modulation of FLR and PsA are attributable to toroidally and poloidally polarized Pc5 pulsa-
tions, respectively, generated by the polarization splitting of the Alfven spectrum by the finite plasma pressures.(1), (2).

References
1. Klimushkin, D.Yu., Mager, P.N., Glassmeier, K.-H., 2004. Ann.Geophys.
2. Saka, O., Hayashi, K., Klimushkin, D.Yu, Mager, P.N., 2014. JASTP.
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Generation of pulsating aurora: Role of cold electron and electric field
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High- resolutlon correlation analysis between VLF/ELF chorus waves and pulsating au-
rora observed at Athabasca, Canada
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Relativistic electron precipitations in association with diffuse aurora
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It has been widely thought that diffuse auroras are generated by electron precipitations in the energy range from a few keV t
tens keV. Recent simulation results based on the quasi-linear theory showed that the scattering by whistler-mode waves plays
important role in the production of precipitating electrons responsible for diffuse auroras. A test particle simulation on electron-
whistler interactions shows that relativistic electrons can be scattered into the loss cone simultaneously with the electrons i
the energy range from a few keV to tens keV. Thus, it is expected that relativistic electrons precipitate into the atmosphere ir
association with diffuse auroras if whistler-mode waves contribute to generation of diffuse auroras. To examine this hypothesis
we investigated conjugate observations of SAMPEX and the all sky camera at Syowa Station on the dawn side, where diffus
auroras are frequently observed. In this study, we show a case study that relativistic etedtdde\{) precipitations observed
by SAMPEX are associated with the diffuse aurora observed at Syowa Station. The SAMPEX observation shows that the
enhancement of precipitating relativistic electrons are well correlated with that of precipitelB@ keV electrons, indicating
that electrons in the energy range from a few keV to 1 MeV precipitate into the atmosphere simultaneously. It is observationa
evidence that whistler mode waves contribute to generation of diffuse auroras.
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Refilling of Plasmasphere
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Satellite observations have revealed that ions are heated in the ionospheric polar region and are flowing to the magnetosphe
The fluxes of H+, He+, and O+ are "1011 ions m-2 s-1, 1011 ions m-2 s-1, "1010 ions m-2 s-1, 1010 ions m-2 s-1 during the
solar maximum and “1010 ions m-2 s-1, "109 ions m-2 s-1, "109 ions m-2 s-1 near the solar minimum condition, respectively.
The large amount of ions, including heavy ions such as O+, contributes the refilling of plasmasphere and inner magnetospher
The ions are formed often as conics / transversely accelerated ion in the topside polar ionosphere. To understand the refillir
process, the refilling time scale and the effects to the structure and dynamics of plasmasphere and inner magnetosphere,
have developed a three dimensional model of Atmosphere ? Plasmasphere including Electrodynamics (APE model). The mod
calculates densities, velocities and temperatures for electron, 02+, N2+, NO+, O+, He+ and H+ at altitudes from 90 km to 10 Re
and for N2, 02, O, He and H in the thermosphere, and electric fields in the ionosphere, plasmasphere and inner magnetosphe
We calculate also parallel and perpendicular components of ion and electron temperatures to include the effect of perpendicul
heating of ion in the polar ionosphere. The results show clearly the importance of ion heating in the polar region for the structure
of plasmasphere, the refilling and the response to the magnetic disturbance.
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M/Q=2 lon Cyclotron Whistlers Observed by Akebono
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HIERA XTI EHETHRET 2HE MBI > Tl SN2 VLF IKEITH D, Bl 225 & kO THIEREG AN
FIERT 2 OB IHEOHEZ EDBIICK > THRESNTVS. ZLOHEEBNIC X ZHRELS, ERERAAT
B kHZ LR DR A ZFE— R (A RK) ORI THZ ENHSNTWS., —/T, EROAF VM T 5T
SAHTIE, HY OV 170 b VERBUL T CA 4 E— R (ERDREK) OF 5 XE#HMERigeTh 5. Tl
BHRA AT ORERENITE, EJICHT OY A7 bayEEzEE Rl TERS %D, ZORIcA/+>E—FRDY
0 24— N\—JE A T T O — D E— REBRZ Y, FERDIFREOA L YA 70 bkayia AW E NS
TENHB[1]. A4 YE—ROI7ORXA—N— i, TIRXHDOA L VHKIC K> TEFTZ SN TE
D, AX VA0 bayiA AT OERORETZENTT 2 2 & T, GIRE EOA A AR EHEE T % T EHAEET
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Watanabe et al.[2} ISIS-21 X 28D 5, @ 1,360 km{sHEIicMIQ=2 A A DIFER "B T 544 A 71 b
Oy RAASEFA LU, WBIEZF0AL 42 %, BHEI MBI Nz DY LHEHIL, deuteron whistled #4157 7z.

AWZETIE, HITIIOHED VLF BEIBIIEEEIC X - TN S Nz ELF FOEBRSIE 23T U, 8ie L
EEV, S 4,500kmFE TS NZ"MIQ=2 A A>T A ra ha YA AT B RET S, TNSBIRSATIC
Hett Dt LW 7eMIQ=2 A F VIMEET BT & T, HF E— R & Het E— RD DDA F > E— RDORIC, #Hiric
MIQ=2 A AV E—RWELTZC L ERBTEEDTHS.

ELFNVLF FD 7o AxE & 75 Ak 1 & O BELEF ORI, 20154 B _ EIFDFE T T 5 IAHHIBRN
RS BB R ERG[3] T Y A T AHIIBF SN TED, IHEIFFITHEHENTWS. £, TI9ARBENOA
F UM EMS C LI, raytracings ED@EEE Y I 2 L— a3 Y EITI OORFERE LTEIERICEETHS. £
T, MIQ=2 A A A7t by kA AT 2582 < OGNS, HFIEOHEEOHEN/1/3—T 2 LK DA
F AR E S E D AT DV T EFANT 5.

[1]Gurnett, D. A., S. D. Shawhan, N. M. Brice, and R. L. Smith (1965), lon cyclotron whistlerGeophys. Res.70(7),
1665-1688, doi:10.1029/JZ2070i007p01665.

[2]Watanabe, S., T. Ondoh (1975), Deuteron whistler and trans-equatorial propagation of the ion cyclotron RiasiséerSpace Sci.
vol. 24, 359-364.

[3]Miyoshi, Y., Ono, T., Takashima, T., Asamura, K., Hirahara, M., Kasaba, Y., Matsuoka, A., Kojima, H., Shiokawa, K.,
Seki, K., Fujimoto, M., Nagatsuma, T., Cheng, C.Z., Kazama, Y., Kasahara, S., Mitani, T., Matsumoto, H., Higashio, N., Ku-
mamoto, A., Yagitani, S., Kasahara, Y., Ishisaka, K., Blomberg, L., Fujimoto, A., Katoh, Y., Ebihara, Y., Omura, Y., Nose, M.,
Hori, T., Miyashita, Y., Tanaka, Y.-M. and Segawa, T. (2013) The Energization and Radiation in Geospace (ERG) Project, in
Dynamics of the Earth’s Radiation Belts and Inner Magnetospteste D. Summers, |. R. Mann, D. N. Baker and M. Schulz),
American Geophysical Union, Washington, D. C.. doi: 10.1029/2012GM001304
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Sub-packet structures in the EMIC triggered emission observed by the THEMIS probes
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We analyse Electromagnetic lon Cyclotron (EMIC) triggered emission by the data from the THEMIS probes. These phenom-
ena have recently received much attention because of the possibility of their strong interaction with energetic particles in the inne
magnetosphere in spite of their scarceness in observations[1,2,3]. For 1400-1445 UT on 9 September 2010, THEMIS A, D and
observed strong EMIC waves with rising tone emissions. The probes were located near the dayside magnetopaucfela 8 R
radial distance from the Earth, 13 MLT, and a few degrees of the geomagnetic latitude. During this time interval, the geomagneti
field was very distorted by the variation in the solar wind. We assume these emissions were excited around minimum-B pocket
in accordance with the magnetospheric compression. It is found the rising tone emissions comprise of some smaller rising tone
which are called "sub-packet structures’[4]. We compare these observed sub-packet structures with the nonlinear wave grow!
theory developed by Omura et al. [5]. The observed relationship between the amplitudes and frequencies of the emissions a
well explained by the theory, and it is also found that the threshold and optimum amplitudes for the nonlinear growth agree well
with the observed dynamic spectra.

[1]Pickett, J. S., et al. (2010), Cluster observations of EMIC triggered emissions in association with Pc1 waves near Earth’s
plasmapause, Geophys. Res. Lett., 37 (9), doi: 10.1029/2010GL042648.

[2]Shaji, M., and Y. Omura (2012), Precipitation of highly energetic protons by helium branch electromagnetic ion cyclotron
triggered emissions, J. Geophys. Res., 117 (A12), doi:10.1029/2012JA017933

[3]Omura, Y., and Q. Zhao (2012), Nonlinear pitch angle scattering of relativistic electrons by EMIC waves in the inner mag-
netosphere, J. Geophys. Res., 117 (A8), d0i:10.1029/2012JA017943.

[4]Shoji, M., and Y. Omura (2013), Triggering process of electromagnetic ion cyclotron rising tone emissions in the inner
magnetosphere, J. Geophys. Res. Space Physics, 118, 5553?5561, doi:10.1002/jgra.50523.

[5]0mura, Y., J. Pickett, B. Grison, O. Santolik, I. Dandouras, M. Engebretson, P. M. E. Decreau, and A. Masson (2010),
Theory and observation of electromagnetic ion cyclotron triggered emissions in the magnetosphere, J. Geophys. Res., 115 (A’
doi:10.1029/2010JA015300.
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Statistical analysis of ionospheric Pi2 pulsations observed at mid and low latitude by the
SuperDARN Hokkaido radar
Statistical analysis of ionospheric Pi2 pulsations observed at mid and low latitude by the
SuperDARN Hokkaido radar
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Ultra-low-frequency waves with the periods of 40-150 s are categorized as Pi2 pulsations, which occur over a wide rage o
latitude in the night side at substorm onsets. To identify the generation mechanism of Pi2 pulsations, a number of studies usin
different devices such as ground-based magnetometers and satellites have been carried out. These study provide spatial propel
of Pi2 pulsations on the ground and in the inner magnetosphere and suggested that high- and mid-latitude Pi2 pulsations a
associated with Alfven waves in the auroral region, while the cavity mode resonance established in the plasmasphere by the fa
mode waves has been proposed as a possible Pi2 source at mid and low latitudes.

The interaction of Pi2 pulsations with the ionosphere creates current systems that modify the amplitude and spatial scale size
the waves. In order to construct a coherent view of Pi2 signals measured by ground-based magnetometers, radars and satellif
the effect of the ionosphere needs to be understood.

In present study, statistical studies of Pi2 pulsations in the ionosphere were performed with the SuperDARN Hokkaido radal
at Rikubetsu (AACGM magnetic coordinates: 36.814.%). The radar can observe the Doppler velocity of ionospheric plasma
due to the electric field of Pi2 pulsations in the mid- and low-latitude ionosphere. We investigated the spatial characteristics
of the similarity, amplitude ratio, and cross phase between Pi2 pulsations observed by the radar and a ground magnetomet
Memanbetsu (MMB) which is located close to the radar site. We will present the results and discuss the interaction of Pi2
pulsations with the ionosphere.
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Pi pulsations in the near-earth magnetotail at substorm onset
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The THEMIS satellite observations showed that Pi 1 and Pi 2 period range oscillations of the magnetic and electric fields
play an important role at a substorm onset in the near-Earth magnetotail. They associated energetic particle accelerations towe
the inner magnetosphere. The energetic particle accelerations were observed with very similar oscillation signatures to the Pi
and Pi 2 period range oscillations observed in the magnetic and electric fields.. This observation suggests that the Pi 1 and Pi
period range oscillations might play an important role for contribution to the auroral particle accelerations at substorm onset ir
the near-Earth magnetotail . The examination has been done on a substorm event observed on 28 February, 2009 at a THEN
GBO station, Kuujjuaq (KUUJ) (Mag. Lat.=66.89 N, Mag. Lon.=13.23 E, Mag. Midnight =4.15 UT, L-value = 6.4 ) in the west
coast at the high latitude of the North America Continent. This substorm event was simultaneously observed in the near-Eart
magnetotail by the three THEMIS satellites, THEMIS-A, -E, and ?D located in the midnight region at "8 Re, "8 Re and ™11
Re, respectively. The data examined in this study are the magnetic field, all-sky images (ASI) and keograms (ASK) obtained &
KUUJ and the satellite observations of the magnetic field, electric field, and the electron and ion energy spectra in the ESA peil
and peer data. The results show very interesting facts of the Pi 1 and Pi 2 period range oscillations in the magnetic field an
auroral activities observed on the ground and their conjunctions of the magnetic, electric fields, and the associated accelerat
particles in the near-Earth magnetotail. The implication of this work provides the importance of the Pi 1 and Pi 2 period range
oscillations for controlling the substorm onset plasma processes in the near-Earth magnetotail.

F—U— F: & EY L, 7 A S — L, P i R
Keywords: Magnetospheric Physics, Substorm, Pi pulsations
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Substorm onset process: Ignition of auroral acceleration and related substorm phases
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The substorm onset process was studied on the basis of the vertical evolution of auroral acceleration regions derived from aur
ral kilometric radiation (AKR) spectra and Pi pulsations on the ground. The field-aligned auroral acceleration at substorm onse
demonstrated two distinct phases. Low-altitude acceleration (h"3000-5000 km), which accompanied auroral initial brightening
pre-breakup Pi2, and direct current of ultra-low frequency (DC-ULF) pulsation, was first activated and played an important role
(pre-condition) in the subsequent substorm expansion-phase onset. Pre-breakup Pi 2 is suggestive of the ballooning-mode we
generation, and negative decrease in DC-ULF suggests increasing field-aligned current (FAC). We called this stage the substol
initial phase. A few minutes after this initial phase onset, high-altitude acceleration, which accompanied auroral breakup anc
poleward expansion with breakup Pi 1 and Pi 2 pulsations, suddenly broke out in an altitude range from 8000-16000 km. Thus
substorm expansion onset originated in the magnetosphere-ionosphere (M-I) coupling region, i.e., substorm ignition in the M-
coupling region. It is suggested that current disruption and subsequent violent energy release from the tail region take plac
after this ignition. Statistical investigations revealed that about 65% of earthward flow bursts observed in the plasma sheet wer
accompanied by enhanced low-altitude AKR, suggesting that flow braking of bursts causes FAC and resulting low-altitude field-
aligned acceleration in the M-I coupling region. On the basis of these observations, we propose a substorm onset scenario
which FAC that originated from the braking of plasma flow bursts first enhances low-altitude acceleration (substorm initial phase
onset), and then the increasing FAC induces current-driven instability in the M-I coupling region, which leads to high-altitude
acceleration and resulting substorm expansion-phase onset.

F—T—R: BT A =L, =07, g, Y7 X ~— LG
Keywords: substorm, aurora, acceleration region, substorm onset
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drivers of the magnetospheric convection
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We present here the role of the plasma bulk flow in generation of the magnetosphere-ionosphere convection. Traditionally, th
magnetospheric convection is studied with the perpendicular flow because this flow is equivalent with the speed of migration o
the magnetic field. For example, the perpendicular force balance equations are utilized in discussion of the dynamo generatic
(ExJ<0) in the cusp-mantle region [Tanaka, 1995]. However, since the plasma kinetic energy flux and the internal energy flux
are transported along the plasma bulk flow, it is evident that the plasma bulk flow should be considered in generation of the
magnetospheric convection. In

addition, the global MHD simulation reveals that the plasmas are accelerated into the cusp from the magnetosheath along tt
magnetic field. Thus, the plasma bulk flow transports energy into the magnetosphere.

At first, we discuss the dynamo in the cusp-mantle region based on the full set of physical principles (mass conservation
momentum conservation, and energy conservation). As a result, the load in the lower-latitude side of the cusp is invoked b
plasma compression due to sudden deceleration of the field-aligned flow from the magnetosheath. The adiabatic assumpti
invokes pressure enhancement associated with plasma compression. Thus, energy should be supplied to compensate incre
in the plasma pressure. As the kinetic energy is much smaller than the electromagnetic energy in the magnetosphere, the el
tromagnetic energy is converted to the thermal energy. Therefore, the load appears in the lower-latitude side of the cusp. O
the other hand, in the cusp-mantle region, plasmas are squeezed with the field-aligned flow toward the lobe region. This yield
plasma rarefaction, which eventually invokes energy conversion from the thermal energy to the electromagnetic energy. Thus
the dynamo appears. This process is also explained in terms of the slow mode expansion fan in the cusp-mantle region.

Next, we define an unique magnetospheric energy convection in the dayside magnetosphere. It is noted that the Poyntir
flux activated in the cusp-mantle region is transported across the dayside magnetosphere to the dayside magnetopause.
electromagnetic energy is totally deposited here. The deposited electromagnetic energy is converted into the thermal energy
the magnetopause. Then we need a mechanism of transporting this thermal energy elsewhere. The MHD simulation shows tl
thermal energy and the high-speed solar-wind kinetic energy are transported into the cusp from the magnetosheath. This flo
goes to the mantle region. Then, the thermal energy transported from the magnetosheath via the cusp is partially converted in
the electromagnetic energy in the cusp-mantle region. Finally, the loop of energy convection is completed.

The magnetospheric energy convection is unique because the energy convection and the mass convection show quite differe
behavior. On the other hand, in the normal fluid like the atmosphere, the energy convection is related to the mass convection |
the atmospheric global circulation (convection).

F—T— R R, MHD &2 2 L— 5 >, )L 2 7 B—, T3V — 258, R T 3OVE— I, 1 A 72 A &
Keywords: magnetospheric convection, MHD simulation, bulk flow, energy conversion, magnetospheric energy convection, cusj
dynamo

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

PEM37-12 2414 F#fi:4 H 30 H 15:15-15:30

THEMISEHII & MHD > 2 2 L— 3 Y2 WLk 5 A< — Mo B %7

F A )1 DZBUSIEINC B 5% ,

Sudden pressure enhancement and tailward retreat in the near-Earth plasma sheet: THE
observation and MHD simulation

YAO YAO ** ; WZ 5 #filifi * ; FHH il 2
YAO, Yao'* ; EBIHARA, Yusuké ; TANAKA, Takash?
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'Research Institute for Sustainable Humanosphere, Kyoto UnivéfSBBRC, Kyushu University

Plasma pressure enhancement is one of the drastic substorm-associated phenomena in the inner magnetosphere. In a subs
occurred on 1 March 2008, four of THEMIS (Time History of Events and Macroscale Interactions during Substorms) probes were
almost aligned along the sun-Earth line, which was suitable for investigating spatial-temporal evolution of the near-Earth plasm:
sheet in a substorm. They observed a sudden increase in the plasma pressure at the innerprob& &t followed by the
outer probes (at7.5,~8.3, and~10.4 Re), that is the high pressure region propagates tailward. Hereinafter, we call this sudden
pressure enhancement (SPE). We compared the observations with simulation results of a global magnetohydrodynamics (MHI
simulation, and found a fairly good agreement between them in terms of the followings. (1) Tailward propagation of the SPE
can be seen only at off-equator after the substorm onset. In the equatorial plane, an earthward propagation of the SPE precec
the tailward propagation. (2) Observations from the three inner probes show that the SPE consists of two enhancements. TI
first one is attributed to the convergence of bulk flow energy flux, namely flow braking. The latter one is due to the convergence
of the thermal energy flux and subsequent inflation of the plasma sheet. (3) Plasma flow turned from the tailward-and-toward
the-equatorial-plane to earthward-and-away-from-the-equatorial plane near the onset from the simulation results. We discuss tl
spatial-temporal evolution of the plasma flow and the magnetic field during the substorm.

F—T—R: BT A r—L, THEMISHEBH], 7 0—/N)UMHD &2 2 L—3 3 v, 75 AR EHO 28N
Keywords: substorm, THEMIS observation, Global MHD simulation, Sudden pressure enhancement
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Evolution of theta aurora during strong positive IMF Bz and varying IMF By condition
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Formation of the theta aurora, which appears under the condition of northward IMF and greater IMF magnitude, is investigatec
from the analysis of the numerical MHD simulation. The theta aurora is caused by the transient convection after a sign chang
of IMF By. This transient convection must include a replacement of lobe field lines from old IMF orienting fields, a rotation of
plasma sheet to opposite inclination, and a reformation of ionospheric convection cells. In the midst of these reconfigurations
old and new convection system must coexist in the magnetosphere-ionosphere system. In this stage, the polar cap and tail lok
are continuously encroached by the new open field lines connected to the new IMF. Whereas magnetic field lines accumulate
in new lobes tend to rotate the outer plasma sheet in the opposite direction, the old merging cell convection still continues t
generate closed field lines that must return to dayside against the new lobe formation. As time progresses, the growth of ne
lobes results in the blocking of the return path toward dayside of closed field lines generated in the old merging cell to form
the kink structure in the plasma sheet. Losing their return path, these closed field lines generated from old lobes accumulate
on the night side. The theta aurora appears at the foot point of these accumulated closed field lines. In the presentation, v
will demonstrate some observational results brought by satellites and ground based instruments, which support above mention
hypothesis for theta aurora foramation.

F—7U— R SRR, L E IMF, 289 % IMF By, >—%2A4—0Z, I aL—y 3 v, Bl
Keywords: IMF, Strong northward IMF, Varying IMF By, Theta aurora, Simulation, Observation
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Substorm Onset: Correlation between Ground and Space Observations
Substorm Onset: Correlation between Ground and Space Observations

CHENG, Chid* ; CHANG, T. F?
CHENG, Chid* ; CHANG, T. F?

IPlasma and Space Science Center, National Cheng Kung Univérsiiifute of Space and Plasma Sciences, National Cheng
Kung University
!Plasma and Space Science Center, National Cheng Kung Univétsgtitute of Space and Plasma Sciences, National Cheng
Kung University

The observations of substorm onset phenomena in the magnetosphere and ionosphere are examined to study their correlat
and to understand the substorm onset mechanism. In particular, we examine the Pi2 wave structure, propagation, frequen
and growth rate in the magnetosphere observed by the THEMIS satellites in the near-Earth plasma sheet and the structure a
propagation of the substorm auroral onset arcs. We show the correlation between the substorm onset wave-like arcs and t
Pi2 pulsations in terms of wave structure, propagation, and the exponential growth of arc intensity and Pi2 wave amplitude. Ir
particular, the azimuthal mode numbers of the Pi2 waves and the wave-like arc structure are estimated to be “100-200. TF
correlation between the ground and space phenomena strongly supports the kinetic ballooning instability (KBI) as the cause ¢
substorms. KBI is the most natural mechanism for explaining the unstable Pi2 waves in the strong cross-tail current region an
the KBI parallel electric field can accelerate electrons along the magnetic field lines into the ionosphere to produce the substorr

onset wave-like arcs.

F—7— R: substorm, magnetospheric dynamics, THEMIS observation
Keywords: substorm, magnetospheric dynamics, THEMIS observation
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Investigation of substorm triggering mechanism based on THEMIS data
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Global MHD simulations of magnetosphere and 3-dimensional visualization
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Keywords: global MHD simulation, current generation mechanism, vorticity and compressibility, roles of MHD modes, magnetic
reconnection, magnetospheric dynamics
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Two-spacecraft reconstruction of a three-dimensional magnetic flux rope at the Earth’
magnetopause
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We present first results of a data analysis method, developed by Sonnerup and Hasegawa [2011], for reconstructing thre
dimensional (3-D), magnetohydrostatic structures from data taken as two closely spaced satellites traverse the structures. T
method is applied to a flux transfer event (FTE), which was encountered on 27 June 2007 by at least three (TH-C, TH-D, an
TH-E) of the five THEMIS probes and was situated between two oppositely directed reconnection jets near the subsolar magne
topause under a southward interplanetary magnetic field condition. The recovered 3-D field indicates that a magnetic flux rop
with a diameter of about 3000 km was embedded in the magnetopause. The FTE flux rope obviously had a significantly 3-C
structure, because the 3-D field reconstructed from the data from TH-C and TH-D (separated by 390 km) better predicts magnet
field variations actually measured along the TH-E path than does the 2-D Grad-Shafranov reconstruction [Hau and Sonneru
1999] using the data from TH-C (which was closer to TH-E than TH-D and was at about 1000 km from TH-E). Such a 3-D nature
suggests that reconnected field lines from the two reconnection sites may have been entangled in a complicated way through th
interaction with each other. The generation process of the observed 3-D flux rope is discussed on the basis of the reconstructi
results and anisotropy of observed electron pitch-angle distributions.

Reference:

Hau, L.-N., and B. U. O. Sonnerup (1999), Two-dimensional coherent structures in the magnetopause: Recovery of statit
equilibria from single-spacecraft data, J. Geophys. Res. Space Physics, 104, 6899-6917.

Sonnerup, B. U. O., and H. Hasegawa (2011), Reconstruction of steady, three-dimensional, magnetohydrostatic field an
plasma structures in space: Theory and benchmarking, J. Geophys. Res. Space Physics, 116, A09230, doi:10.1029/2011JA01¢€
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