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Spatio-temporal variability of non-propagating and poleward propagating pulsat-
ing aurora in the torch
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Pulsating auroras are quasi-periodic blinking auroras with intervals of a few seconds to a few tens of seconds and occur
over a wide area from just after auroral break-up to the day side. Recently, they have been the focus of interest as it has
been suggested that relativistic electrons precipitating in the pulsating aurora contribute to the destruction of the mesospheric
ozone. Magnetospheric satellites have revealed that the precipitating electrons that generate the pulsating aurora are driven
by pitch-angle scattering due to wave-particle interactions near the magnetic equatorial plane. However, satellite observations
are unable to separate spatio-temporal variations, and it has not been clarified what produces the difference between pulsating
auroras that pulsate with and without propagation. In this study, we aim to identify the type of pulsating auroras and their
spatio-temporal variability through cooperative observations by an all-sky camera and the European Incoherent Scattering
(EISCAT) radar in the northern part of the Scandinavian Peninsula.

We conducted cooperative observations with the EISCAT VHF radar at Tromso (69.58 degrees N, 19.23 degrees E) and
all-sky cameras at Tromso, Skibotn (69.35 degrees N, 18.82 degrees E) and Kilpisjarvi (69.05 degrees N, 20.36 degrees E) on
25-26 March 2023. A non-propagating pulsating aurora was observed when the polar boundary of the torch passed over the
EISCAT radar observation point from 01:00-01:10 UT on 26 March 2023. The torch structure then moved to the north, and
the interior of the torch passed over the EISCAT radar observation point from 01:30-01:40 UT, and a poleward propagating
pulsating aurora was detected. The peak height of the observed electron density was 94-102 km for the non-propagating pul-
sating aurora and 101-105 km for the propagating pulsating aurora. This suggests that the non-propagating pulsating aurora
at the polar boundary of the torch has a higher mean energy of precipitating electrons than the poleward propagating pulsating
aurora inside the torch.

The precipitating electrons that cause the pulsating aurora precipitate into the ionosphere due to pitch angle scattering
caused by cyclotron resonance with the chorus waves generated near the magnetic equatorial plane. The resonance energy in-
creases as the chorus waves propagate along the magnetic field lines from the magnetic equatorial plane. It has been proposed
that a duct structure is necessary for the high magnetic latitude propagation of the chorus wave. In other words, the existence
of a duct structure at the polar boundary of the torch is thought to allow chorus waves to propagate along the magnetic field
lines and generate non-propagating pulsating auroras in the ionosphere. On the other hand, inside the torch, there is no duct
structure, and the chorus waves propagate off the magnetic field lines to the outer L-shell. This results in causing electrons
to precipitate into the ionosphere from the inner to the outer L-shell in turn, which may generate a poleward propagating
pulsating aurora in the ionosphere. To confirm this hypothesis, we compared the propagation time of the pulsating aurora in
the ionosphere with the propagation time of the chorus wave in the magnetosphere and the electron precipitating time. All-
sky images showed that it took about 10 seconds for the pulsating aurora to propagate from 67.0 degrees magnetic latitude
to 68.3 degrees magnetic latitude. On the other hand, using the Tsyganenko magnetic field model TS0S, the time taken for
an electron to precipitate from the magnetosphere to the ionosphere was calculated to be t1 = 0.79 s for a 30 keV electron
from the magnetic equatorial plane at L = 6.6 to an altitude of 100 km. The time taken for the chorus wave to propagate
obliquely from the magnetic equatorial plane at L = 6.6 to L = 7.3, corresponding to a magnetic latitude of 68.3 degrees, was
t2 = 0.2 s. The time taken for the electron to precipitate from that point to an altitude of 100 km was t3 = 1.3 s. Therefore,
it is difficult to explain the poleward propagation of the pulsating aurora by the oblique propagation of chorus waves since
the time difference between the electrons’ precipitation at magnetic latitude 67.0 degrees and their precipitation at magnetic
latitude 68.3 degrees is t2 + t3 - t1 = 0.64 s, which is much shorter than the propagation time of the pulsating aurora of about
10 s.

Another possible mechanism for the poleward propagation of pulsating auroras is the radial outward propagation of cho-
rus wave excitation regions in the magnetospheric equatorial plane. The geomagnetic data observed by the magnetometer
at Tromso with a time resolution of 10 s confirmed geomagnetic pulsations with a period of about 60 s and 100 s. As the
period of the geomagnetic pulsation is longer than the propagation period of the pulsating aurora, geomagnetic data with a
higher temporal resolution will be analysed to discuss the relationship between the geomagnetic pulsation and the outward
propagation of the chorus wave excitation region.

Generalized-Auroral Computer Tomography will also be conducted using auroral images at wavelengths of 427.8 nm and
557.7 nm observed by all-sky cameras at Tromso, Skibotn and Kilpisjarvi to investigate spatiotemporal variations in the 3D



emission intensity and mean energy of the precipitating electrons of the poleward propagating pulsating aurora.

ARENA — 1 71380 S B OMB RN RIR T 24 —n 5 THD, A—u 771477 v FEkD» BRI
WO CTEVEFTRET 2, L, KEA —o 79l N3 2 E0mNEFIHEEA Y Y OIcHFS L TwasZ
PRBINTEOFEHEZED TWVWS, REIA—v 72 REIE LM NE RSB LI OEE-N FAHEERIC XL %
Yy FAMELIC X > THEIZNS 2 e AMKBEBAIHERIC K V@I TS, L L, HEBNCIXRZEHESH O
BEDTRIRETH D, ZOHTRIAT 2IREA — 0 7 L B ZERDIESTIREA — v 7 0EWH ML > TEAR SN 0
KOWTREIAIATOVARY, ZZTRIFETIE. AD YV FE7EEIEICRE I N2 K I X 7 2 BINIEFIBEEL
(EISCAT) L — X — DIBRIBIHNC & o THRENA — v 5 OREHZ FE Lah o 2 DRZEHZEF 25621232 Z L 2B
35,

FA1X. 2023 £ 3 H 25 - 26 HIZ Tromss (69.58° N, 19.23° E) IZiR®& X #17z EISCAT VHF L — & — ¥ Tromsg.
Skibotn (69.35° N. 18.82° E). Kilpisjirvi (69.05° N. 20.36° E) 0 3 #if{ic#iE X h 722K H X 5 O FEH % 5
L7ze ZLT, 202343 A 26 H 01:00- 01:10 UT {2 EISCAT L — & —#lll5 % b —F OfEEAR 2 EE L, JEEH]
oA —n I 38Nz, 2% —FREEILANCBEI L, 01:30 - 01:40 UT i21% EISCAT L — & — 81l 5k
Z b —FONERNEE L. WA TG OREN A —a 7 88l E iz, ot 2SN BEFEEDO Y — 7SI
EREEREIA — 1 52394 - 102 km, EREEREIA — 2 Z27101 - 105km TH o7z, T4 b —FOEHABERDOIE S
EINREN A — v S D2 b —F ONEOMGAERARE A —a Z XD B TEFOFEEHZ LT 2@ T & 2R
T 5,

BRENA — v 7 25| S 2 M FEFIIRSORERHETRE L a - XFe DY A Zu b Y HIBIC X2 ¥y FAR
BLICE D BHEEICE TS 2, 2L TZORBI XL F —13a— 5 REPHKIRET 2 SBEFRICIR > Tl 212>
THMS 2, 2— 7 APOEMKEELEIICIEX 7 MEEPLETH 2 LREEINTWDE, Thbb, M —F OMmHAPER
TRE 7 MEEPFEL Ta— 7 APLHIHITIH - TR T 2 2 L TEME CIHEMEOIRE A —a S 03%4E T 2 ¢
EZbN%, AT, b=FOHNETIIX 7 MEEPFEL T, 32— 7 ARPBIRENNTIHED L > = Vicmiis
% Z 2T, BFHEAEID LMD L > = Vicfh - TIEFICEREBICK 52 2 T, EEEE T3 mml s 2 kE)
A—a IDBRETE2DOTERVDPEZOND, ZORIMEIEDID 2 7-DIZEREICB T 2REI A — v 5 OB &
KETDa— 7 AP DRI & BEF O FRFEZ R Uz, 2RKEGEHRE L ZAREA — 1 I DPHAXHEE 67.0
D5 68.3 EETEIRICT 2 DI2hh 2 RENEH 10 W TH 57z, —7 T Tsyganenko #5E 7V TS05 Z#H L Thx
B2 o BEE T TOBRT O N ZEHELEZE 24, L=6.6 DBEFER 2 S 30keV OEFHEE 100 km FTHER
FT2DZh05REE 1 =079 TH o7z, Ty a— T APWDH L = 6.6 DRESTMET 2 S BEEHEE 68.3 BIZHIET 3
L=73 ETRDEIT 2D 2K 1 2=02MTHDH., ZOHLEH»SEE 100 km FTETFLETT 2 DIhDh
LR 3=13Th o7z, ZD/, WKHEE 67.0 BICETHEERL T OMKIERE 683 BICETHERTZET
DIFEIZIZ 2 +3-t1 =06 BTH D, IRENA —1 J OEMFFREK 10 ICHARTIEFFE IR N 2D, 23— F RAFEDOHRD
B CIREN A — v Z OMT I aitZ S 2 DIFEE L W,

ZDMMONRENA — 1 Z DM AHEMR X 1 =X 4 & U THESKEFREE N T O 2 — 5 RIS O 8% 77 mstE = s
WMEZ 53, TromsglIFRIE X NTRATEHT & O B X -5 fERE 10 oM< T — 2 2R L7z 24, &
60 FEIHA & #9100 RO B SIRBI D R X e & OHIBEKUIRE) O FHAARE) 4 — v 5 O EMUEIA & R TRV
B, OB ERED B OIS T — 2 Z @t U, il <IREh & 2 — 5 RIS O S 25 & DBRICOWTER
WIS TETDH D,

% 7z, Tromsg, Skibotn, Kilpisjarvi IZFXB X N7z2KH X 712K > THEIX NZEE 427.8 nm, 557.7nm 4 —80 5

EfREHOWT—RtA—n7as¥a—X s E7 77 4 2FEM L. WGRGEEEREA — 0 7 0 3 RTFOCHEE R
BFOFE T AL F - DIRFZEMEFNCOVWTHRET 2 TETH 5,



