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Roles of magnetic reconenction induced by the Kelvin-Helmholtz vortex in the solar wind
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We have performed two and half dimensional full particle simulations of the MHD-scale Kelvin-Helmholtz vortex (KHV).
The KHV has been believed to cause direct entry of the solar wind plasma into the magnetosphere across the low-latitude ma
netopause under northward IMF conditions. Indeed, KHVs have been frequently observed around the low-latitude magnetopau:
when the IMF is northward. In order to understand the precise solar wind entry mechanism related with the KHV, a number
of numerical simulations have been performed. Nevertheless, there is still no comprehensive understanding of the actual el
try mechanism. Since the size of the observed KHVs is of MHD-scale, it may be expected that the behavior of the KHV can
be described by the ideal-MHD equations. In the ideal-MHD, however, the frozen-in condition does not allow plasmas to be
transported across the magnetic boundary. This indicates that non-ideal MHD effects should be considered to truly understar
the actual entry mechanism. Fortunately, recent developments of computer resources allow non-ideal MHD simulations of th
MHD-scale KHV to be performed. Such simulations have revealed that magnetic reconnection induced by the KHV can cause th
effective solar-wind entry along reconnected field lines. Furthermore, our particle simulations are quantitatively confirming the
actual entry rate of the solar-wind plasma via the vortex-induced reconnection. In this presentation, we will present the particle
simulation results and discuss how important the KHYV is in the solar wind entry into the magnetosphere.
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Contribution of kinetic Alfven waves to the formation of the low-latitude boundary layer
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One of the biggest problems in magnetospheric physics is to understanding how the solar wind plasma enters the magn
tosphere and forms the low-latitude boundary layer (LLBL) during northward interplanetary magnetic field periods. Several
processes have been suggested including: (1) magnetic reconnection at the poleward-of-the-cusp in both hemispheres, (2) rec
nection or turbulence within well-developed Kelvin Helmholtz vortices on the flank magnetopause, and (3) diffusive transport
induced by wave-particles interactions.

Regarding the third process, we revealed from test particle simulations that transverse and compressional fluctuations via k
netic Alfven waves (KAWS) can cause selective transport associated with their perpendicular wavelengths. Applying the result:
to a magnetopause crossing event in which the existence of the KAWSs had been identified, we successfully found that KAW:
can actually transport solar wind plasma across the magnetopause. In this presentation, we will show applications to variot
magnetopause-crossing events and discuss whether the KAWs can contribute to the formation of the LLBL.
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Statistical visualization of the Earth’s magnetosphere with THEMIS probe data
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Reconstruction of quaS|-stat|c plasma structures In spacetlme from in-situ measurement
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Even after the advent of multi-spacecraft missions such as Cluster and THEMIS, it has been difficult to distinguish betweer
spatial and temporal variations from in situ measurements. This is partly because most data analysis methods do not accomn
date both features. For example, the original version of Grad-Shafranov (GS) reconstruction (Sonnerup and Guo, 1996; Hau ar
Sonnerup, 1999), the method for recovering two-dimensional magnetohydrostatic structures from in situ measurements, assurr
that the structures are time independent (as seen in a proper frame of reference) over the interval to which the method is applie
However, actual structures may be evolving, even if slowly, during that interval. We present a novel method for reconstructing
such slow evolution of quasi-static structures (Hasegawa et al., 2010), which is an extension of the original GS method. The
method is tested by use of synthetic data from numerical simulations of time-dependent magnetic reconnection, and the resul
from application to Cluster observations of a flux transfer event at the dayside magnetopause are presented. We also show tt
multipoint information allows for the size of the reconstruction domain to be increased, and for proper estimation of the orienta-
tion of the invariant axis, along which gradients are assumed to be negligible.

References:
Hasegawa, H., B. U. O. Sonnerup, and T. Nakamura (2010), J. Geophys. Res., 115, A11219, doi:10.1029/2010JA015679.

Hau, L.-N., and B. U. O. Sonnerup (1999), J. Geophys. Res., 104, 6899-6917.
Sonnerup, B. U. O., and M. Guo (1996), Geophys. Res. Lett., 23, 3679-3682.
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Reciprocal ionospheric convection cells during northward interplanetary magnetic field

periods
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It is known that the dayside ionospheric convection at small interplanetary magnetic field (IMF) clock angles (less than or
equivalent to 30 degrees) exhibits twin reverse cells in both hemispheres. Traditionally, this convection pattern has been intel
preted in terms of lobe cells circulating in the open field line region of the ionosphere. Recently, the lead author has shown :
flaw of this conventional view and suggested the existence of a new magnetic flux circulation mode that involves reconnectior
between open and closed field lines. This circulation mode is termed the interchange cycle. A consequence of the interchang
cycle is the appearance of a reverse cell circulating in the closed field line region. This convection cell is called reciprocal cells.
The reciprocal is unique to the interchange cycle and can be used as an identifier of the circulation mode. The lead author has al
shown a "proof of existence” of the ionospheric situation that is expected for the interchange cycle. However, an observationa
approach is always subject to various limitations. For example, determining the open-closed field line boundary is suggestive bt
not definitive. The purpose of this paper is to check whether global magnetohydrodynamic (MHD) simulations can reproduce
reciprocal cells as observed, to further support the existence of the interchange cycle. For this purpose, we performed sevel
simulation runs, changing IMF clock angles. We found that MHD simulations could reproduce reciprocal cells qualitatively, but
the reproduction was not perfect quantitatively. For example, the reciprocal cell intensity (potential drop) was much smaller thar
the observations. In this paper, we compare simulation results with observations in various aspects and discuss their difference
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global MHD simulation
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We reproduce the magnetospheric reconfiguration under a southward and duskward interplanetary magnetic field (IMF) cor
dition by a numerical magnetohydrodynamics (MHD) simulation.

To investigate the relative displacements of the geomagnetic conjugate points, we trace both footprints of the geomagneti
field lines during the magnetospheric reconfiguration under positive and negative IMF By conditions. Several substorm-like fea-:
tures, namely the formation of a near Earth neutral line, fast Earthward flows and tailward release of the plasmoid, occur abot
1 hour after southward turning of the IMF. The field line traced from the near-Earth magnetotail was strongly distorted toward
dusk (dawn) in the north and toward dawn (dusk) in the south after the substorm onset under the positive (negative) IMF By
conditions. The maximum relative displacement in the longitudinal direction of both footprints is 4.5 (5.5) hours in magnetic
local time for the positive (negative) IMF By case.

While observational studies have indicated that the IMF orientation is the main controlling factor of the relative displacement
of the conjugate points, this simulation study with constant IMF orientation shows that the substorm-related magnetic field vari-
ations and the field aligned currents (FACs) are likely to play a major role.

goooo:gogooboo,ooodad
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Eigenfrequency of geomagnetic field line in a global MHD simulation
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Shear Alfven waves propagating along the geomagnetic field line form standing waves along filed line. The magnetic field
intensity and the plasma mass density affect the velocity of shear Alfven waves. Thus temporal and latitudinal variations in the
field-line eigenfrequency are potentially caused by variations in the field-line length, the magnetic field intensity, and the mass
density along the field line.

We estimated the eigenfrequency by numerically solving the standing Alfven wave equation along the geomagnetic field in &
global MHD simulation. The magnitude of diurnal variation in the eigenfrequency becomes larger according as the latitude in-
creases. In low latitudes, the eigenfrequency agrees with that estimated with empirical magnetospheric model (TS04). Howeve
in high latitudes, the rate of variability estimated in a global MHD simulation is larger than the empirically-based assessment.

In this study, we compared the diurnal variations in the eigenfrequencies observed at the vicinity of Syowa Station, Antarctica
and Dunedin, New Zealand with the estimated eigenfrequencies. We found that the global MHD simulation is adequate to repro
duce variations in the eigenfrequency at dawn and dusk. The geomagnetic field lines started are extend toward the night sectol

These distorted field lines are not adequately reproduced by the empirical models.
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for diffuse auroral emissions _ o
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It has been thought that the source of diffuse auroral emissions is scattered plasma sheet electrons into the loss cone by so
wave-particle interactions. Both ECH waves and whistler-mode chorus have been thought to be the contributors to the productio
of diffuse auroral electrons since they can resonate with plasma sheet electrons. A question which wave mode dominantly col
tributes to the production of diffuse auroral electrons has been discussed for more than four decades and there is still controver
on the magnetospheric physics. A recent study done by Thorne et al. [2010] reveals that whistler-mode chorus is dominantl
responsible for the production of diffuse auroral electrons. While, there are some observational suggestions that ECH wave
cause diffuse auroral electron precipitations. [e.g., Nishimura et al., 2010; Liang et al., 2010]. Furthermore, the diffuse aurora
electron precipitations derived by Newell et al. [2009] can be observed where no intense chorus emissions are occurred as sho
by the THEMIS statistical survey [Li et al., 2009].

The scope of this study is to investigate distributions of average amplitudes of ECH waves near the equatorial magnetosphe
in the region of 5< L < 10 to consider their role in production of diffuse auroral electrons. This study is an extended work
done by Meredith et al. [2009] that investigated ECH wave intensity and occurrence in the regienLo47 near the equator
(IMLAT | < 3 deg) by the CRRES wave measurements. The THEMIS Filter Bank (FBK) data were used to investigate the ECH
wave distributions and the data obtained from June 1 2007 to November 30 2010 were used for the analyses. The magnei
equator is determined from the T89 magnetic field model and the magnetic latitude is also estimated from the ratio of the loca
magnetic field intensity to the equatorial magnetic field intensity based on the model.

We firstly derived the magnetic latitude distributions of ECH waves and their dependence on the geomagnetic activity. We se
selection criteria of ECH emissions since the FBK data have very low frequency resolution which prevent us from determination
of wave mode precisely. The results are consistent with the previous study about the latitudinal distributions. The magnetic loca
time distributions of ECH waves near the equatbtl(AT | < 3 deg) were derived using the same selection criteria. The derived
magnetic local time distributions showed that ECH waves are observed at higher L-shel§ @n the night side and the mean
amplitudes enhance as geomagnetic activity level increases. Furthermore, as geomagnetic activity level increases, ECH em
sions tend to be observed on the dusk side magnetosphere. The regions mentioned above correspond to the region where tt
are no intense chorus waves [Li et al., 2009] but diffuse auroral electrons are observed by the low altitude satellite measuremen
[Newell et al., 2009]. This indicates that ECH waves contribute to the production of the diffuse auroral precipitations to some
degree. Thus, it is suggested that the spatially combined electron precipitations due to resonant interactions with ECH waves al
whistler-mode chorus make the global morphology of diffuse aurora.

gogoob:boboooooboboobo,0ooobb,oo0obbb,00obLDbbobo
Keywords: Diffuse aurora, wave-particle interaction, ECH wave, Whistler-ode chorus, pitch angle scattering, pitch angle diffu-
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Pc 4 is a continuous pulsation with a period from 45 to 150 seconds, and Pi 2 is an impulsive pulsation with a period from
40 to 150 seconds (cf. Saito, 1969). In the present paper, we compared magnetic north-south Y-component data obtained fro
ETS-VIII (Engineering Test Satellite-VIll ; Koga and Obara,2008) satellite (GG Lon.=146, L=6.6) and H-component data at the
MAGDAS/Yap station (GG Lat.=9.50, GG Lon.=138.08, GM Lat.=1.49, GM Lon.=209.06, L= 1.00 ; K. Yumoto et al.,2006 and
2007) during one month of April, 2009, in order to clarify wave characteristics of Pc 4 range pulsations observed at the geosyn
chronous orbit and near its projection point on the surface of the earth. Moreover, we investigated the local time dependence ¢
occurrence of Pc 4 range pulsations with 20 min. shorter and longer durations at the ETS-VIII orbit. The longer duration Pc 4
pulsations were furthermore analyzed to examine the correlation of Pc 4 waveforms between the ETS-VIII satellite and the Yaj
station on the ground.

The following results were found;

(1) Pc 4 range pulsations with 20 min. longer duration at the ETS-VIII satellite occur frequently around 09 h and 13-16 h local
time(LT). The occurrence frequency shows a dawn-dusk asymmetry with a dusk-side peak.

(2) The occurrence distribution of Pc 4 range pulsations with duration less than 20 min. at ETS-VIII shows a similar local time
dependence of Pi 2 pulsations observed at the CPMN/GUA station in the nighttime (see Yumoto et al., 2001), where the GUA
station is located near the geomagnetic longitude of ETS-VIII.

(3) Pc 4 range pulsations with duration more than 20 min. show an in-phase relation between ETS-VIII and YAP during 09h
-15 h LT, while out-of-phase relationship during 16h - 24 h LT.

These observational results suggest that the longer- and shorter-duration Pc 4 range pulsations can be explained by using
4 excited by K-H instability in daytime and Pi 2 during substorm onset in nighttime, respectively.

Oo0oooD:00000,00 80,0000,000000,0000
Keywords: Pc 4, ETS-VIIl, MAGDAS, local time dependence, geosynchronous orbit
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Poleward boundary intensifications (PBIs) are nightside auroral disturbances at the poleward boundary of the auroral oval ar
have been suggested to be the manifestation of nightside reconnection. However, there have been no simultaneous observati
of PBIs and nightside reconnection, so that the association between PBIs and the formation of the near-Earth neutral line (NENL
X~ -20to -30 Re) and distant neutral line (DNL: X ~-100 Re) is still unclear.

We have performed coordinated observation of PBIs and nightside reconnection, using the THEMIS all-sky imagers (ASISs)
and outer spacecraft (THEMIS B and C). In the present study, we present two case studies on 23 February 2009 and 10 Mart
2010. We focused on enhancements of PBIs in the ionosphere along with fast tailward flows in the magnetotail that were sug
gested to be originated from the NENL.

On 23 February 2009, THEMIS B and C were located at X ™ -17 and -23 Re, respectively. In this event, pseudobreakup oc
curred “7 min after the PBI enhancements. Both spacecraft observed fast tailward flows associated with enhancements of the Pl
It suggests that the enhancements of the PBI were closely associated with the formation of the NENL. We found multiple bipolal
signatures in the north-south component of a magnetic field during fast tailward flows. The signatures had a few min periods an
were associated with periodic enhancements of the PBI. We suggested that the bipolar signatures of Bz represented success
plasmoid releases from a single NENL.

On 10 March 2010, THEMIS C was located at X ™ -50 Re in the magnetotail, when enhancements of PBIs were detected ir
the field of view of ASls. In this event, a substorm was identified at "06:17 UT. 20-60 min prior to the onset, enhancements of
PBIs were associated with fast earthward flows at X ™ -50 RE, which were suggested to be originated from the DNL. On the othe
hand, enhancements of PBIs several min before the onset were associated with plasmoid ejection from the NENL. These resu
suggested that both NENL and DNL could be the manifestation of PBIs.
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