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Auroral substorm is one of the most important phenomena to understand the
magnetospheric and ionospheric plasma dynamics. This thesis is dedicated to
observationally constrain the mechanism of the energy release in the ionosphere
associated with the substorm, using ground-based high-speed imagers. The
ground-based high-speed imaging system was newly developed by the author. As a
unique point, the frame rate is selected to be 100 fps, which is high-speed enough to be
able to capture the new auroral phenomena beyond human eyes and the classical video
rate at ~30 fps. Optical filter and optical system were omitted, and standard C-mount
lenses were directly attached to the EMCCD camera, so that we can simply replace the
fish-eye lens to telescope lens to change the field-of-view. The newly developed
imaging systems were installed by the author at both northern and southern magnetic
conjugate stations at Tjornes station in Iceland (magnetic latitude of 66.27°) and at
Syowa Station in Antarctica (magnetic latitude of —66.33°). The author attended the
JARE overwinter expedition, to realize both all-sky and narrow field-of-view
high-speed imaging at Syowa Station. A total of more than 200 TB images were
recorded in HDDs. The most notable scientific results were then obtained from the
successful campaign observation among those conjugate ground-based stations and the
Arase satellite on September 22, 2018, which is the main scientific content discussed
in very detail in this thesis.

The first finding is pertaining to the asymmetric development of the poleward
expansion at the auroral breakup as identified at the north-south conjugate points. The
initial brightening auroras were longitudinally shifted for 1.7-2.3 magnetic local time
(MLT) from the nominal conjugate points, which is consistent with the empirical
relationship dependent to the Y component of interplanetary magnetic field.
Interestingly, the subsequently observed propagating auroras directed in opposite
directions at northern and southern conjugate points, i.e. eastward propagation in the
northern hemisphere and westward propagation in the southern hemisphere. Since the
propagating directions correspond to the direction of the asymmetric ionospheric
equivalent currents at the northern and southern conjugate points, it is suggested that
the ambient ionospheric Hall current plays the essential role to cause the asymmetric
development, as was theoretically expected from the global simulations by Ebihara and
Tanaka (2015b; 2018). The result explained above was published in Geophysical



Resecarch Letters (Uchida et al., 2020).

The high-speed imaging makes it possible to further examine the expected shear
motion of auroras which should appear at the leading edge of propagating auroras. As
an additional material from the published paper of Uchida et al. (2020), it is found that
the identified shear motions are in opposite directions to the expected directions from
the simulation works by Ebihara and Tanaka in both hemispheres. The discrepancy
may contribute to the improvement of future global simulations. It is also needed to
observationally examine that similar shear motions can be identified in many other
events of poleward expansion in our data set of high-speed imaging.

The second finding was made during the early recovery phase of the same
substorm, by using the ground-based high-speed imaging and the in-situ burst-mode
observation of plasma waves at the Arase satellite. Against to the standard knowledge
of pulsating auroras which contain an intensity variation at a few or several seconds
with 3+1 Hz modulation, a rapid pulsating aurora at ~20 Hz was identified by our
narrow field-of-view imager at Syowa station. The ~20 Hz pulsating aurora was not
detected by our all-sky imager. The Arase satellite simultaneously observed ~20 Hz
intensity variations of whistler mode waves, providing the first evidence that whistler
mode waves can cause the pulsating auroras in the fastest regime well beyond the
well-known 3 Hz modulation.

This thesis therefore successfully demonstrates that the high-speed imaging
observation of auroras beyond human eyes is essentially important to newly identify
and to understand the fine-scale auroral dynamics and to visualize the wave-particle
interactions occurred in the magnetosphere. Future works must include a development
of maintenance-free observation system to continue the high-speed observations. Also,
a new development of the browsing system is needed to quickly look into the huge data
to find further interesting events, other than the substorm event on September 22, 2018.
This thesis provides some basic ideas to those new developments, based on the

experience obtained throughout our research activities.



e el

RS )

Results of the doctoral thesis screening

BLimXEERR

me in Full

E "R pmE ~A<i b Be

# SCRE B Study of auroral breakup and pulsating aurora by high-speed imaging at
north-south magnetic conjugate stations

WEROMEKBE A KBRPLZ TR AT — T BEREEICHEA L, HMIEROMBIKICEE~ 724
—BSHEZBERILTWVWE, 2ORXANF—MHEORRHARF—n FBETHS., B
B A —m FEHBE—ZIZELEBICIE, A —u T L HICERHNICHKE B
DIRTAREI A —m Z BB, PR THBLRRE~LEBERBTL2ZL T, EBHETOR ALY
—fERPEET D, CO—EOH A 7 NVEHTAN—LBHRLLTHLATED, TOR
R PHRU ER -4 E, TORFOA DA LAHRITHEIEDER 2O P LA R EE
LT3,

HiEHEIE, BFEERICIBNWT, 20— 7@BELREA—0T0RFicoWT, MH
PR L BERE Y A ZOBRMT -2 2BBL, TROOREAN =X LDV TRIE
Lz, &0 EEMIZIE, BAOARD SRR o7z R EomIb¥Ek 2 4 s (BB s 71 =
FUF, MRERALEEIND) TRAKIC, I—0ORBIAT AL TA—2 FE8A%
KL, EHICEFOHMARLEIZ, A— v 7 RADRE L2277 A~REZEZEMNET S
(Hod MERIBELTWEEWS, @O THEMEORVWEILH E - BFERIEE S
BF—FEy hERBTHIZELICRL, ZOREMRMBITZITI ZLICI Y ETEMICEER
Lz, BEENRHLEARIL, SHOBBEETALICLILE - RIELREEZRET, 7=
F—LHBOLAMAICRKWCERT IO MBI S,

FBI1FET, A—u 7R b—L20EANZHAAL, T T BEPRBH I —o T 0%k
THREOBMBEZELDLLOTHD, E2EI, AFEA— v I RBI AT L2OBEBIZET
DHMBEBRAREN TS FEIETIX . HAERAIBTA2A—a 7B O R, FiC 2018
FI9H2BRIBITL, HL¥HELOXF Y o _X—VBHBRIZZA DA LZBAEBR
HEATWS,

% 4 ¥ (X, Uchida et al. (2020, Geophysical Research Letters)|iZ#B# S 7= R 4
D, A= 7 BENELEEERICBOTHEAHEMKICHEELEZFAZRLTVS, bbbt
WMEOTFT— 2 EDORy NV —2 BT — 2 20AEDEDIZLET, T— 0 SBEOE
BHERBICKERBESORERSOEE & F NI X 2 EEEE oM AL I e 2 EE %
HEZREZLTWAHIEWVWIRMEBEN Thom LRI EERMRTH S, 2. BF
G EE» LEMITE LT, RAGHE T34 — o 7P 0RELZFTFML-ER., LEEH L
FESL2VWRENBB SN TWVWDLIZLEZHLNILTEY, SHEOBRBEY Iz —
I VRICKERTREEZAZ/RLEZ-oTVS,

EHEI, BAETTRLEA— v BRBIRAELERB I — 0 S ICHTAMERRET
b5, MIEBEAERSTHINENIRGA—e FICBEL T, T TIIEPDEMLO ERE I



WT, boE@HETHAN N2 =R EBORELBH L —H—FREBRbhAEZ & 2R
Lizobiz, MEOHERBZLTIIOMITHBREFTLTND, FETREI, HHEHE
ENNR—APE—FTRbb—IFHNICRAFMISMBEOBRE ZIToERHOT — & iz
RN/ 20Hz2BBEDOa—F7 AWENOMELER L RRIC, th ETH 20 Hz 12 o & 22 Ik
BA— e 7R3 BELTWEZLEZBANCHDTRIELEZIETHD, LML ETHE
T, RBIA—o >0 Hz OBEZRICEALTCa—FAFHEO—F—HIENER S
NTWEHR, ELIC—HEVAEELERICBVWTLH 2 RHLEEELRRRELE LS.

FOETIISBROMENRORECERE, FTEIBMABAbL TS, T—r 7 &
BLIRBA—oFZELT, WFhbE—DA X METIZLABARRED N, 5% 0D
LVEENLRMAEBRLETHIZLIL,. BEHLRBELELTHATH B,

BRI ORE - BB - BRI EZBE LTV, MEEMEHMOBLERE L L TRELEZME
O EBRAIT—F L, ERPORATHEOBAT — 2 2B 65b¥2d L0 d HMRETE
BLT, B SEESRIERRELE, W —HEOWEBRBEZET LA LIE, B
LEMREBZITORBAZALELOELTALFMIRETHE, PTHLMAOFET
BEEEY @D, BEOR VBRI EZ RS- EHTH EHEZTEAREZ CHY ., 4%
DEBJ~OHFLREW, UEOHEANS, BEOFEMBILOAFLLTRE+L2THS L
BOLND, L-oT, BEEZB2T. EEHRIHEL (BHRE) 0FMERETIORLSE
bLWEE2BE—HTRDE,



	
	15-1_極域・内田（論文要旨）
	15-1_極域・内田（課程博士）


