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Magnetospheric Substorm Observed by QZS, ETS-VIII and MAGDAS on October 25,

2010 - Preliminary result-
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In this study, we analyzed magnetic field variations observed by the quasi-zenith satellite QZS [Matsumoto et al., 2011] anc
the geostationary satellite ETS-VIII [Koga and Obara, 2008] during magnetospheric substorms. The field configuration quickly
changes from tail-like to dipole-like after expansion phase of magnetospheric substorms. The magnetic data from MAGDAS
(MAGnetic Data Acquisition System) [Yumoto et al., 2006] low- latitude station were used to identify the onset of magneto-
spheric substorms. At the onset of the magnetospheric substorms, Pi 2 magnetic pulsations occur globally in the magnetosphe
We focus on the October 25, 2010 substorm event. On the day, the isolated substorm occurred around 13:30UT. The azimuth
distance between QZS and ETS-VIIl is about 2Re. They moved eastward at the speed of about 1.7Re/hour.

The following results are obtained;
(1) X-component (azimuthal) variation observed by QZS and ETS-VIII changed from negative to positive (Westward is posi-
tive sense) within 10 minutes. It means the QZS and ETS-VIII crossed the very thin plasma sheet.

(2) Y-component (compressional) variation observed by QZS changed from positive to negative (Northward is positive sense
after substorm onset. It means that QZS was located inside Substorm Current Wedge (SCW) at 13:33-13:38UT and then QZ
moved outside SCW.

On the other hand, Y-component variation observed by ETS-VIII increased except 13:38-13:43UT period. ETS-VIII was lo-
cated outside SCW in this period due to traveling of ETS-VIII. After that ETS-VIII was located inside SCW again. It indicates
that SCW expanded eastward.

The difference of Y-component variation between QZS and ETS-VIII indicates that a transition region of the SCW is about
0.3 Re.



Japan Geoscience Union Meeting 2011 Jd
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. . p'a "
Geoscience
I‘%‘Ei‘?"..
PEMO031-03 00d:103 Ood:50 260 09:00-09:15

ETS-VIIIO MAGDASO OO YAPO OO OOO Pi20 00 O
Correlation of Pi 2s Observed by ETS-VIII and MAGDAS/YAP
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Pi 2 is an impulsive geomagnetic pulsation with the period range from 40 to 150 seconds. Pi 2 is believed to be globally
detectable with aurora breakup. Propagation modes of Pi 2 depend on geomagnetic latitude , local time and so on[cf. Yumoto ¢
al., 2001].

In this study , we analyzed similarity and time lag of Pi 2s observed by ETS-VIII (Engineering Test Stellite-VIIl ; M.Lat=-7.88
, M.Lon=218.56 , Hight=36000km)[Koga and Obara , 2008] and by MAGDAS(MAGnetic Data Acquisition System)[Yumoto et
aI 2006] station located at the magnetic equator ,YAP(M.Lat=1.49 , M.Lon=209.09) , using cross-correlation. For the analysis
we selected 88 Pi 2 events which showed clear Pi 2 pulsation (p-p more than 0.3nT) during 19:00-03:00LT. The analysis perio
covered a year from 16 September 2008 to 31 August 2009.

From the analysis , the following results are obtained:;

(1)The correlation coefficient between Y-component(compressional) of ETS-VIII and H-component(compressional) of YAP
is the highest for combinations of each components, X-, Y-, Z- components of ETS-VIII and H-, D-, Z- components of YAP.

(2)The correlation coefficient betweenY-component of ETS-VIII and H-component of YAP depend on local time. In the sector
19:00-21:00LT , 45% of Pi 2s shows positive correlation. In the sector 21:00-03:00LT , 68% of Pi 2s shows positive correlation.

(3)Time lag of Pi 2s from Y-component of ETS-VIII to H-component of YAP also depends on local time. In the sector 19:00-
21:00LT , 19% of Pi 2s shows good coherency and time delays of at ETS-VIII 20-75 sec earlier than at YAP. In the sector
21:00-01:00LT , 67% of Pi 2s shows good coherency and time delays of at ETS-VIII 25-50 sec earlier than at YAP.
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Observations of escaping and reflected photoelectrons by the FAST satellite in the pole
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The polar wind process is strongly controlled by solar radiation. Modeling studies suggested that escaping photoelectron:s
which are produced by solar extreme ultraviolet radiation, originating from the polar cap ionosphere drive the polar wind which
includes heavy ions. A photoelectron driven polar wind models described by Wilson et al. [1997] indicated that a potential drop
(about 60 V), which reflects most of the escaping photoelectrons, exists at high-altitudes (aputd achieve zero field-
aligned current. Although presence of such a potential drop was reported for some cases [Winningham and Gurgiolo, 1982
Horwitz et al., 1992], the statistical characteristics of the potential drop (e.g., potential difference, and occurrence frequency
have not been studied in detail.

We have statistically examined the photoelectron spectra obtained by the electron spectrometer aboard the Fast Auroral Sne
shot (FAST) satellite at about 3800 km altitude during geomagnetically quiet periods near solar maximum. The data obtaine
from 2 to 16 July 2002 (quiet-time: about 50 orbit passes) are used for the statistical study. In this period, the apogee of the FAS’
satellite located at high latitudes in the Northern (summer) Hemisphere. Magnetic field data are used to estimate field-aligne
currents. The reflected photoelectrons, which were likely reflected by a potential drop, were almost always (about 90%) observe
in the region of a weak field-aligned current (-116~7-1.6<10~7 A/m? mapped to 1000 km altitude). The typical potential
difference estimated in the present study is about 20 V, which is about a half of that predicted by photoelectron driven polatr
wind models [Wilson et al., 1997; Su et al., 1998]. When the potential difference are above 20 V, the typical number flux of the
reflected photoelectrons with energy below the potential difference is about 90% of that of the escaping photoelectrons in th
same energy range. The high reflection rate supports the presence of field-aligned electric fields.
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On the origin of low-energy downward electrons in the polar cap ionosphere
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A brief southward excursion of IMF is thought to cause a short-period enhancement of the magnetosheath plasma precipitatio
along the reconnected magnetic field lines, and of the electron density at F2 peak altitudes in the cusp. Our survey for the hig
time resolution data from EISCAT Svalbard Radar found events in which multiple enhancements of the electron density in the
cusp were detected during a brief southward excursion of IMF. One of the clear events shows that three enhancements occurr
within about 2 minutes of each other. This time interval is much shorter than the mean time between successive auroral even
in the cusp, i.e., 6 min. Simultaneous observations of the plasma precipitation by DMSP spacecraft show that the cusp electrc
precipitation region has a few spatial boundaries in terms of the energy and energy flux of the precipitating electrons. We conside
how these spatial boundaries can be incorporated in the multiple enhancements of the electron density detected by the radar, ¢
present a picture for the phenomenon triggered in the ionospheric cusp by a brief southward excursion of IMF.
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The dynamic variations and numerous types of spatial distributions found in the auroral emissions have been well-known a
one of the most remarkable and exciting phenomena in the Earth’s polar magnetosphere. The Reimei satellite mission, startir
the scientific observations at 650-km altitudes in the late 2005, has been providing us with the high-time/spatial resolution au
roral data with the novel observation function realizing simultaneous conjunction measurements of the auroral emissions at th
ionospheric altitudes and the auroral plasma particles in the topside ionosphere. The multi-spectral auroral camera (MAC) witl
1.1-km resolution over a 70-km x 70-km area at the auroral altitudes (110 km) are imaging a number of spatial distributions
and time variations of auroras simultaneously with energy spectra of the energetic (10 eV - 12 keV) plasma over the full-pitch
angle range by auroral electron/ion energy spectrum analyzers (ESA/ISA). The geomagnetic field data are also investigated f
elucidating the correlation of the transversely accelerated ions (TAIs) with the field-aligned currents carried by invisible thermal
electron flows which could not be detected by the electrostatic plasma analyzer on Reimei due to the lowermost energy limitatior
These features of the Reimei mission imply that the satellite observation dataset could reveal the closed correlation between t
structures and variations of auroral arcs/bands and the precipitating electron components accelerated mainly by quasi-static fiel
aligned potential structures and kinetic (dispersive) Alfven waves above the Reimei orbit. We could also investigate the fine-scall
relations among the auroral electron signatures, field-aligned current properties, and TAIs, by being mapped on the auroral emi
sions. The detailed comparisons based on these high-quality auroral image/particle data would derive the newest comprehens
knowledge which has not been obtained for several decades. For instance, Reimei firstly showed that rapidly varying invertec
V electron components are highly correlated with small-size active auroras like rotating auroral vortices, high-speed streamin
shear-type arcs, flushing ray-type auroras, etc. It is also common that the downward electron conics and the associated upwe
wide-energy electron bursts are observed in association with dynamically changing auroras at the lower energy range than tt
inverted-V electrons. In this paper, we report several characteristic observational results from the comparative study on the type
and dynamics of auroras and the fine properties of auroral particles using Reimei.
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High-speed imaging of auroral microstructures
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We have been conducting high-speed (100 Hz) imaging observations of auroral microstructures since January 2010 at Pok
Flat Research Range (PFRR), Alaska. For example, from the observations in the last winter season, we showed evidence tf
auroral folds were periodically formed in a breakup arc and the luminosity is exponentially increased for about 10 sec before al
auroral breakup onset. The evolution of turbulent microstructures and the formation of folds may be interpreted by the nonlinea
evolution of inertial Alfven wave (IAW) turbulence in the thin current sheet. In this presentation we report the development and
initial results of a new optical instrument system installed at PFRR since November 2010. Using a Hamamatsu EMCCD cam
era, we are conducting 180 Hz and 250 Hz imaging of the breakup aurora for the first time to search unexpectedly fast aurore
phenomena, and to understand the electron acceleration mechanisms associated with dispersive Alfven waves in collaboratic
with Tohoku University and University of Alaska, Fairbanks. We use a telephoto lens of 300mm/F2.8 to resolve the finest scale
of aurora with attaching a BG3 filter to see only the prompt emissions from molecular nitrogen.
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Fine-scale structure of aurora in the sub-auroral region
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Auroras sometimes appear in the equatorward of the main auroral oval. The "sub-auroral” aurora has been observed sin
1970’s, and known to consist of faint patches. The Reimei satellite revealed its complicated, fine-scale structures of the sut
auroral aurora. The observation was made by optical and particle instruments on board the Reimei satellite near the equatorwa
edge of the main auroral oval. The aurora has the following characteristics: (1) A full width at half maximum (FWHM) value
is as low as only "1.8 km from optical measurements, and “0.6 km from particle measurements at the ionospheric altitude, whic
is much smaller than previously determined. (2) Using the IGRF model, the FWHM value of 0.6 km corresponds to 9 km in the
equatorial plane (L™5), which is "10 times smaller than the gyroradius of typical protons in the inner magnetosphere. (3) The
velocity distribution function of precipitating electrons is comparable to that of the trapped ones and does not demonstrate an
plateau or positive gradient in the distribution at high energies greater than "1 keV. (4) The aurora was observed in geomag
netically quiet condition. (5) A geosynchronous satellite observed a significant increase in the plasma pressure of hot electror
in comparison with that of hot ions. The structuring of the aurora may be attributed to scattering processes of hot electrons a
was previously suggested. If the structured aurora is a visual manifestation of the cold plasma that determines the growth of th
waves scattering the hot electrons, an issue will be the extremely small scale of the cold plasma. Possible mechanisms leadi
to the extremely small scale structure of the cold plasma will be discussed.
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Relation between drift oscillations of auroral patches in the morning sector and ULF pul-

sations
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A statistical study of auroral upward field-aligned current using THEMIS electron data
A statistical study of auroral upward field-aligned current using THEMIS electron data

Sungeun Lek, Kazuo Shiokawh, J.P. McFaddeh) Yukitoshi Nishimurad
Sungeun Lek, Kazuo Shiokawh, J.P. McFaddeh) Yukitoshi Nishimurad
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Using plasma sheet electron density and temperature obtained from the electrostatic analyzer (ESA) onboard the THEMIS-I
satellite from Nov. 2007 to Jan. 2010, we have statistically investigated thermal current and conductivity to find where and wher
the field-aligned potential difference is formed. The thermal currep} ppresents the field-aligned current carried by mag-
netospheric electrons without field-aligned potential difference, and can be estimated from the field-aligned gumithj
was introduced by Knight (Planet. Space Sci., 1973). The Knight relation for the field-aligned current assumes a Maxwellian
distribution of magnetospheric electrons in the plasma sheet, while the THEMIS electron data do not show a single Maxwellian
Therefore, we have also examined thermal current by integrating the downward electron flux without the Maxwellian assump-
tion. Through a comparison of the thermal current with the typical auroral current, which is shown by lijima and Potemra (JGR,
1976), we can roughly estimate the magnitude of the field-aligned potential difference. We found that in the dawn side innel
magnetosphere (source of the region 2 upward field-aligned current), both of the thermal currents with/without the Maxwellian
assumption are comparable to or higher than the typical auroral current, particularly during active timelQ8EnT). On the
other hand, in the dusk side outer magnetosphere (source of the region 1 upward field-aligned current), both thermal curren
are smaller than or comparable to the typical auroral current. It means that the potential difference may be necessary in the du
region 1 current. In case of the field-aligned potential difference is formed, the field-aligned current is on the fettion, |
where K is the conductivity that represents the efficiency of the upward field-aligned current. This relation was shown by Lyons
(JGR, 1980). From the relation between the typical auroral current and the conductivity estimated by our study with Maxwellian
assumption, we conclude that 1-10 kV of the filed-aligned potential difference is necessary on the dusk side region 1 upwar
field-aligned current.

0O 00O 00 : Field-Aligned Current, Plasma Sheet, Field-Aligned Potential Difference
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