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The IMAGE satellite observed EUV radiation at 30.4 nm which is scattered by helium ions in the plasmasphere. The imaging
data of extreme ultra-violet (EUV) from the IMAGE satellite provides the information about the global structure of the plasma-
sphere. We are developing a data assimilation technique which incorporates the IMAGE/EUV data into a two-dimensional fluid
model of the plasmasphere. Our approach consists of two steps. First, we estimate the initial state of the plasmasphere by t
linear inversion. Second, we estimate the temporal evolution of the plasmasphere from a sequence of EUV images by using tt
ensemble transform Kalman filter, which is one of sequential data assimilation algorithms. By combining a sequence of EUV
images and the dynamic model the plasmasphere, we estimate the spatial distribution of the plasmaspheric herium ions and t
electric potential. We will show the structure of the plasmasphere for some events, which are estimated with the data assimilatio
technique.
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Solar activity dependence of quiet-time photoelectron outflows and the field-aligned po-

tential drop in the polar cap

0000 ™ 0000Y,00002,000!t 00 00 3, Strangeway Robert4].McFadden James®P.
Naritoshi Kitamurd*, Kanako SekKi, Yukitoshi Nishimurd, Tomoaki Hort, Naoki Teradd, Strangeway Robert4].McFadden
James P.

l00o0o0000000O00O00,?0000000000000000,%30000000000000000O000O00,,4
0000000000000000,°000000000000000

ISTEL, Nagoya University?Dept. of Atmos. and Oceanic Science, UCLIepartment of Geophysics, Tohoku University,
“4Inst. of Geophys. and Planetary Phys.,UCEPS&pace Science Laboratory, UCBerkeley

Counter-streaming photoelectrons with energies of about a few tens of electron volts are present on the open field lines in th
polar cap, and the precipitating component is reflected photoelectrons by a field-aligned potential drop above the satellite [e.g
Kitamura et al., 2012]. To examine solar activity dependence of the photoelectron flows and the magnitude of the field-alignec
potential drop, we statistically investigate photoelectrons in the polar cap using the data obtained by the FAST satellite in ar
altitude range of 3000-4200 km during geomagnetically quiet periods under small field-aligned current conditions. We selectec
30 months when the apogee of the FAST satellite was located in the summer hemisphere from the months between July 19¢
and January 2009. The geomagnetically quiet period is defined as the times wikgnititex is less than or equal to 2+ for the
preceding 3 hours and when t8&&’M-H index ranges from -10 to 40 nT. The polar cap is defined by the lack of energetic ions
[Andersson et al., 2004]. The typical magnitude of the field-aligned potential drop during geomagnetically quiet periods tends
to decrease with decreasing solar activity (F10.7). Near the solar maximum, the typical magnitude of the field-aligned potentia
drop is 20-30 V, while it is about 10 V or smaller near the solar minimum. The flux of upgoing photoelectrons increases with
increasing solar activity. In contrast, the median of the net escaping electron number flux in each month during geomagneticall
quiet periods is almost unaffected by solar activity. This relation suggests that larger field-aligned potential drop prevents mos
of them from escaping.
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Relationship between low latitude electric field and global currents during geomagnetic
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Seasonal variation of equivalent current in the polar ionosphere
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We have statistically studied an equivalent current system in the polar ionosphere derived from ground-based magnetomet
network. It is well known that the ionospheric current system forms a twin-vortex pattern with flow cells on the dawn and
dusk sides. The anti-sunward current flow in the polar cap region tends to be tilted toward dawn even during negative IMF-By
condition. This deformation of the current pattern is generally interpreted to be caused by non-uniform ionospheric conductivity.

Our results show that the current intensity is greater in summer than in winter and the tilt angle of the current flow is greater
in winter than in summer. Furthermore, we found that diurnal variation of the magnetic field in the polar cap region averaged
during the geomagnetically quiet condition is similar to the solar quiet (Sq) variation observed at low to middle latitudes. These
results imply a possibility that the ionospheric current system in the polar region may be affected by the Sq current system.
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Solar zenith angle dependence of tweek reflection height during magnetically quiet time

and magnetic storms
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Reflection height of tweek atmospherics is an indicator of the height of the ionospheric D-layer. Variations in tweek reflection
height through the day-night boundary at Antarctic station were reported by Saini and Gwal (2010). The tweek reflection height
gradually varied from 64 km to 79 km at Indian Maitri station in Antarctica through three months (January-March) in both 2003
and 2005, showing variations of the tweek reflection height under the midnight sun at polar region. The descent (rise) of the
reflection height corresponds to increase (decrease) in electron density in the ionospheric D- and lower E-regions. Singh et ¢
(2011) reported the variations of the tweek reflection height observed in India during a solar eclipse of 22 July, 2009, which
occurred just after sunrise. The tweek reflection height decreased from about 94 km to 90 km during the sunrise. However, solz
zenith angle dependence of the tweek reflection height has not been studied statistically. In this study, we statistically investiga
the solar zenith angle dependence of the tweek reflection height, using long-term tweek data of 1976-2010 during magneticall
guiet time, and for 7 major magnetic storms occurred in 1978 - 1999. We pick up major magnetic storms with the Dst minimum of
less than -200 nT to know the difference between the storm time and quiet time. The tweek reflection height in the magnetically
quiet time rises from about 88 km to 96 km with increasing the solar zenith angle from 80 degrees to 105 degrees. In the
solar zenith angle range of 105 - 170 degrees, the tweek reflection height keeps at the height of 96 km. This shows that th
tweek reflection height under the sunset/sunrise condition is lower than that in complete nighttime, indicating the increase in the
electron density in the lower ionosphere due to the sunset/sunrise. The tweek reflection height during the magnetic storms al
shows similar solar zenith angle dependence with that in magnetically quiet time. However, the tweek reflection height during
magnetic storms is systematically entirely lower by about 2 km than that during magnetically quiet time. This shows the electron
density increase during magnetic storms.
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Current conservation of Equatorial Electrojet coupling to R1 current system
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Possible mechanism for current closure from polar to equatorial ionosphere via global Cowling channel is discussed. In ou
model, a global (primary) Hall current accompanied by two-cell type ionospheric convection induces polarization chargee at
the conductivity gradient region of dawn-dusk conductivity terminator and magnetic dip-equator. The secondary electric field
accompanied by this induced charge generates the secondary Hall current flows along the dawn-side terminator line to th
magnetic dip-equator. Resultantly, the global Cowling channel from polar to equatorial ionosphere via the terminator-line and
magnetic-dip equator could be formed. Our model shows that growing of equatorial electrojet (EEJ) is due to the converging
Hall current from polar region to the dawn side dip-equator and decaying of EEJ is due to the diverging Pedersen current fron
dusk-side dip-equator to the polar region. This mechanism can be applied to the EEJ disturbances accompanied by the sol
wind variations such as DP2-type magnetic field disturbances and many phenomena associate the equatorial enhancement an
depression of the geomagnetic field disturbances.
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Overshletldlng Electric Fields at Low Latitude as Observed with the HF Doppler Mea-
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The convection electric field penetrates from the polar ionosphere to low latitude and drives the DP2 currents in the globa
ionosphere with an intensified equatorial electrojet (EEJ). The electric field often reverses its direction, that is, the overshielding
occurs and causes the equatorial counterelectrojet (CEJ) during storm and substorms. The overshielding electric field has be
observed at the equator with the incoherent scatter radar in Jicamarca and SuperDARN radars in mid latitude. In low latitude
on the other hand, the HF Doppler measurements have been used to detect the electric field associated with the short-peri
disturbances such as the sudden commencements and geomagnetic pulsations (1-10min), but the overshielding electric field w
time scales of several 10s of min have not been reported. To detect the overshielding electric field in the low latitude ionosphere
we analyzed the Doppler frequency of the HF radio signals propagated over 120 km in Japan at frequencies of 5 and 8 MH:z
We compared the Doppler frequency deviations with the equatorial EEJ/CEJ and found that the overshielding electric field is
comparable to or even stronger than the convection electric field. These results suggest that the overshielding electric field wou
play an important role in the ionospheric disturbances at low latitude.
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Characteristics of azimuthally polarized Pi 2 pulsations on the morning side
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Relationships between auroral beads evolution and Pi pulsations at substorm onset
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Auroral beads often appeared during presubstorm onset phase, which has been considered as one of important auroral p
nomena relating to substorm expansion onset. Recently Motoba et al.,(2012) have reported optical signatures of auroral bea
evolution in all ? sky images observed at a conjugate pair ? station, Syowa in Antarctica and Tjornes in Iceland, in which aurora
beads appeared almost at the same time, as an inter ? hemispheric signature and the evolution was stable in the first stage,
then developed to a larger scale spiral form (undulations), at the same time at both the conjugate stations. These interhemisphe
similarities suggest that there must be a common driver in the magnetotail equatorial region. On the other hand, it has been we
known that Pi pulsation is another important signature at substorm onset. In this paper we examined relationships between aurol
beads evolution and Pi pulsation onsets during a few minutes before the substorm expansion onset for the 30 September 20
substorm event. Results show that there exist very good relationships between Pi pulsation onsets and auroral beads evolutio
particularly on the signatures for auroral beads sudden evolution to spiral structures and/or undulations, which was coincider
to appearance of Pi 2 pulsation, and auroral beads brightness enhancement, which accompanied Pi 1 pulsation onset. The
pearances of these Pi 1 and Pi 2 pulsations show a good conjugacy. These results show very good one-to-one corresponde
between auroral beads dynamics and Pi 1 and 2 onsets, suggesting a common physical mechanism controlling their dynami
in the magnetotail equatorial region.

Keywords: substorm, aurora, pulsations
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Convection and Birkeland currents associated with theta auroras: MHD modeling
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Production of polar cap patches
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A highly sensitive all-sky EMCCD airglow imager has been operative in Longyearbyen, Norway (78.1N, 15.5E) since Octo-
ber 2011. One of the primary targets of this optical observation is a polar cap patch which is defined as an island of enhance
plasma density in the F region drifting anti-sunward across the central polar cap. Since the electron density within patches i
often increased by a factor of 2?10 above that in the surrounding region, all-sky airglow measurements at 630.0 nm wavelengt
are capable of visualizing their spatial distribution in 2D fashion.

Although, in the last two decades, several efforts were made to capture the birth of patches in their generation region near tt
dayside cusp, it has been very difficult to directly image such an instant because the dayside part of the polar cap ionosphere
mostly illuminated by the Sun even in winter. In Longyearbyen, however, it is well-known that daytime aurorae can be observed
using ground-based optical instruments in a limited period near the winter solstice. This enables us to directly image how pola
cap patches are born near the dayside cusp region.

We present an event of polar cap patches on November 24, 2012, in which patches were generated within the field-of-view c
the all-sky camera located on the dayside. During a 4-h interval from 0500 to 0900 UT on this day, we identified several signa-
tures of poleward moving auroral forms (PMAF) in the equatorward half of the field-of-view, which are known as ionospheric
manifestations of dayside reconnection. Interestingly, patches were directly produced from such poleward moving auroral signe
tures and propagated poleward along the anti-sunward convection near the cusp. From this observation, we strongly suggest ti
polar cap patches can be directly produced by poleward moving aurora forms, i.e., the periodic occurrence of dayside equatori
reconnection process.
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Accelerated motion of a poleward-moving auroral form in the cusp
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Poleward-moving auroral forms (PMAF), the ionospheric signatures of flux transfer events (FTESs), are intermittent phenom-
ena observed in the cusp during negative interplanetary magnetic field intervals. Previous observations from ground-based opti
showed that PMAFs emerge from the poleward boundary of the stable cusp precipitation region, and move poleward, often ha\
ing a strong azimuthal component. In this paper, taking the advantage of a high-sensitivity all-sky imager, which is situated a
Longyearbyen, Svalbard, Norway, we present observations in which PMAFs can be distinguished inside the stable cusp precij
itation region. The 630.0-nm all-sky images taken with a time resolution of 4 s reveal that one of the PMAFs that occurred at
71100 MLT on 17 December 2012 moves poleward quasi-steadily inside the stable cusp region during approximately 3 min afte
its appearance near the equatorward edge, and then accelerates eastward immediately after it exits from its poleward bounde
Prominent acceleration is seen during approximately 2 min, suggesting that the duration in which the tension force works on th
newly opened field lines is a few minutes.

gooob:b0bbog,0bbo, 000, bbb obobo,oobobobooo
Keywords: aurora, cusp, particle precipitation, magnetic reconnection, all-sky imager
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Study of the relationships between auroral wave structures and the auroral acceleratic

region: Reimei observations
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The polarization of 4fce auroral roar emissions
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This is a report on the first polarization measurements of auroral radio emissions near 4 times the electron cyclotron frequenc
(f.e) in the Earth’s polar ionosphere. Sato et al. [2012] discovered auroral roar emissions near ionogphenibidh were
detected with a passive receiver installed in Svalbard, Norway (Invariant LAT 75.1N). The initial observations, performed for
about a year, showed thaf.4 roar emissions were detected from 5.27 to 5.70 MHz during moderate geomagnetic disturbances
in 22 days between May and September 2011 only from noon to evening, while no event occurred during the 2010-2011 winte
season. Examination of 2011-2012 polarization measurement data in Iceland (Invariant LAT 65.3N) reveals four evfjgnts of 4
roar emissions.#, roar in two events was observed to be left elliptically polarized with respect to the local magnetic field during
daylight hours. This polarization is consistent with the idea supported by the observation in Svalbard; the orfiginadrdis
mode conversion to the L-O mode of upper hybrid waves favorably generated under the conditign™off... . The other two
events showed thatf4 roar was right elliptically polarized during darkness hours. This polarization indicates that nonlinear
coupling of two upper hybrid waves may also works in the bottomside auroral ionosphere to generate R-X ook 4

goooo:gogobo,0booo,000o
Keywords: aurora, radio propagation, ground-based observation
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lonospheric Alfven resonance observed at a low-latitude station, Wakuya
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lonospheric Alfven resonance (IAR) can be identified in dynamic power spectrum plot as a spectral resonance structure in th
frequency range of 0.1 Hz - 7.0 Hz. Most of previous studies about IAR were done for mid- to high-latitudes. Only a few studies
reported IAR at low latitude station, Creta (33.1 deg geomagnetic latitude (GMLAT)) [e.g., T. Bosinger et al., 2004]. There is a
report that no IAR was found near Tokyo [Hayakawa, 2004]. We, however, observed a clear signature of IAR in data obtained by
an induction magnetometer at Wakuya (29.7 deg GMLAT). To our knowledge, this is an IAR observed at the lowest geomagnetic
latitude. Then we performed a statistical study using the induction magnetometer data recorded at Wakuya from 2007 to 200¢
The sampling rate of the data is 15 Hz. We identified IAR by a criterion that a spectral harmonic structure has three bands. IAF
occurred from evening to dawn with the maximum occurrence rate around 0300 LT. There is a seasonal variation that few event
were found in May to September, but there were a lot of events in October to April. The harmonic frequency gradually increases
over evening to post midnight, reaches the maximum around 0300 LT, and then decreases until dawn. The average frequen
difference between two adjacent harmonics dF also has seasonal change. dF is larger in winter than in summer. The occurrer
rate of IAR has no clear relation to the Dst index, while it has a weak negative correlation with the Kp index.
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o000 ™ o000 Y,ooooz2ooot!
Hidehiko Suzuki*, Chino Haruka, Yasuo Sant Makoto TagucHi

lopooo,?200000000
IRikkyo University,2Nayoro Observatory

boboooooobobooooooobooboboboooboooooobobobooooooooboobOobooooo
0e300nmIIO0D0COO0O000DOOO0DODODOO00ODOOOO00ODOODOOUOODOODODOUODOOODODODOOOD
0000000000000 00000000D0O0O0O0O0OC00OOD0O0000000000O0 Shiokawa et al., [2005] O
0 19990-20040 00000000000 (43.3N)000000 4M44N)U0O00O0OD0OO0OO0OO0O0DOOOOODOUOOOO
goOoOoOoOOOOOOCOOOOOCOOOCOOCOOCOOOCOOOO0O0OOOOOOOUOUOOOOg stable Auroral Red Arc
(SARArc)0 630.0nmMO 000000000000 O0O0OO0O (O KR)DODDO (O KkR)DODOODODOOOOOOUOOOOO
goobooooooooobboooooobbooooobOoobooobDoobbooboooobboooDooDboboOooo
000000000000000000000000000000000000000ODO0O0O000000000D (O
OO00O0O0OD0D0OD0ODO)0O Shiokawaetal., [2008] 0000000000000 0000O0O0OOOOOOOOO0O0O0O00O0O

gooobo:0booooo,boo,ob0bboboo,00b0,00
Keywords: Low latitude aurora, magnetosphere, imaging, Hokkaido, Nayoro

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. Jggg;gime

Union

PEM28-P09 go:booboboobo 00:50 230 18:15-19:30

000000000000000000000000
Statistical analysis of auroral breakups during magnetic storm

0o oo > oooo!
Takeuchi Ryot&*, Akimasa leda

l0gooog STEOD
ISTEL

boooooooooobobooboboboboboooooobooooobooobooobobooobooooooooboon
62-720 00 00000O0ODOOO0O00ODOOOO0O00O0O0O0O0ODOOO0O00OODOO0O0OODOOOOODODOOd
oooooboooooobobooboobooboooobobooooooboooMFODOOODOODOODOODOOOOODOO

gobOoooobOooobooooobooobooboooooooboboOobooboooooobooOooobooooobooooon
Oo00000O00000000O0000oOooOoOoOOOOOOOOOOOOOOPolarCOOOOODOODOOOOO
O0OO0OLiouetal. (20100 0000000000000 O0O0O0OOOOOOOOSCQUOUOOOOOOOOUOODOO
ooooooooosy™M-HOOOODOOOODO

goobooboooboobooooooooooobooboooooooobooobooobbooobooDboOoboo
cooooooooobooooooOoooooOoooooooooo0oooOoO0oMFBYyDOOOOOOODOOOO
obooobOobooooobobooonod

goood:gooobo,bood
Keywords: aurora, agnetic storm

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]gg‘;‘sgime

Union

PEM28-P10 go:booboboobo 00:50 230 18:15-19:30

SuperDARND O O0-00000D0O0O00ODOOODODOO (2013.2)
Status report on the SuperDARN Hokkaido East / West radars (2013.2)

000 "oool,ooooolYhoooo??o0O00Yhooos3ooo3,0000!
Nozomu Nishitani*, Tomoaki Hort, Mariko Teramotd, Tadahiko Ogawd Takashi Kikuchi, Akira Sessai Yukimatt) Masaki
Tsutsum?, Katsuya Sakoyama

0o STED,?200000000,20000000
ISTEL, Nagoya Univ.2NICT, ®NIPR

SuperDARNO O DO-0000O000OCO0O0DOOOO0ODOOOOODOOOO

000000 20060 11000000000 OOO00DOOOOO0ODOOO0OOOODOODODOOODODOOODOOO
ooboooobooooooobobooobobooooboooboooobooooooboobooooobooobbooboooooboon
O000000000ooooooOOO lcelandbO0OD0O0OO0OO0OO0OO0OO0OOOOOOOOOOOOOOOOOOOOOOOO
boocooooobobobooooobobobooooobooboobobobooobooboobOobOoboooooboon
booooooobooboboboobooooobooboboboooboooboooboobobobobooooooooboobon
gooooboboooobooboboboooobooooobobooobooboooo

oooooooooodo 2400gooooogoooooooo0oooooo0oooboboooooDboboogo
obooobobooobooo-0cobo0obooobooboooboobooooobooobOoboobooboooobooonoo
Oo00O000000000OoOooooogasTP) D000 oooooooooooooooooooooooooo
booooboobobobooooooooboboboooooooooboboooooooooboobooboooooon
oooooobooooooboooon

OOoOoO0D0O:superDARNOOO-O00O0O0O0O0OO0OO0O,000,000,00,000000,000O

Keywords: SuperDARN Hokkaido East / West radars, ionosphere, magnetosphere, thermosphere, dynamics, international cc
laboration

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]gg‘;‘sgime

Union

PEM28-P11 go:booboboobo 00:50 230 18:15-19:30

0000 SENSU SuperDARNIO OO DOOOOODOOOODOOO0O (2
Syowa SENSU SuperDARN imaging radar and the future perspective (2)

ooo™oooot
Akira Sessai Yukimatti, Natsuo Satb

'ooooooo
INational Institute of Polar Research

100500 0000000000000000000000DO0O0O0ODO0O SuperDARNOOOOOODOOO SENSUO
oobHFOOODOODOOOOOOODOOOOOODODOODOOOobOOObOOOobOOODODODOoOoDOoOoOoDbbOOobDbOOo
goooooooboboooobooooobobobooooooobobobooboooobOobobbooboobooDbOoD
ooooooooo0oooooo00oooooooDOoOO00O0O0DOFTED TCVOOOOOODOOOOOOD
ocoooobooooobo0oooooOooooo0ooooo0oooOooOooooOoboOooooOoo0 PMSEDOODOOOOOO
boooooooboboooobooboboboooooobooboboooooooobOobobooboooboooboOonn
uboooboobooooooo

OO0O000O:SuperDARNOODOO,000000,00000,0000,00000000
Keywords: SuperDARN, Syowa, imaging, Ml coupling, aurora, MLT region

1/1



Japan Geoscience Union Meeting 2013 0 ® ,’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

PEM28-P12 go:booboboobo 00:50 230 18:15-19:30

IMAGE FUV OO SuperDARNO O 00 O0OOQOOOOOOO
Deriving maps of field-aligned current from IMAGE FUV and SuperDARN
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Many efforts have been made for deriving the spatial distribution of field-aligned currents (FACs) in the high-latitude iono-
sphere. To date, however, it has been still difficult to construct a map of FACs as a snap shot without any assumptions. I
this study, we employ the ionospheric conductances estimated from the IMAGE/FUV auroral images together with the electric
field deduced from Super Dual Auroral Radar Network (SuperDARN), and then derive a map of FACs in the high-latitude.
The primary objective is to visualize the mesoscale structure of FACs in the vicinity of auroral bulges. If the 2D distribution
of the bulge-associated FACs is clarified, the closure of the substorm currents can be discussed in terms of the magnetosphe
ionosphere coupling system. We have estimated the distribution of FACs for two case examples, one on September 25, 2001 a
the other on January 12, 2002. During both intervals, nicely developing auroral bulges were observed by the IMAGE satellite ant
lots of backscatter echoes were obtained by the SuperDARN radars, which is a favorable condition for estimating the distributiot
of FACs in the vicinity of auroral bulge. We demonstrate how the procedure works in deriving the FAC system and discuss the
closure of the substorm current system from the initial results.
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lonospheric current identified by propagation characteristics of Pc5 and DP2
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It is well known that DP2 variation observed at the equator is a result of constructing of ionospheric current between polar
regions and equator [Kikuchi et al., 1996]. Furthermore, Motoba et al., [2002] mentioned that global Pc5 can be caused by
current systems similar to DP2 current system in lonosphere. However, mechanism and propagation path of such global curre
especially between polar regions and equatorial ionosphere are not well known.

To clarify connection path of ionospheric current system between polar and equatorial ionosphere, we analyzed globa
distribution of ULF pulsations using MAGDAS/CPMN network [K. Yumoto et al., 2006 and 2007]. In this study, we especially
focus on polarization, amplitude and LT dependence of ULF pulsations. The electric field data observed by HF radars are use
for identification of Cowling effect at the dip-equator and dawn-dusk terminator.
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Plasma density structure at scales of a few kilometers in the cusp
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