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Simultaneouspulsating aurora and microburst observationswith ground-based
fast auroral imagersand CubeSatFIREBIRD-II
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We reporttherelationshipbetweemulsatingauroraandrelativistic electronmicroburstusingsimultaneou®bservatiorof
ground-based fast auroriatagersand the FIREBIRD-IICubeSat fothe firsttime.

Miyoshi etal. (2020)hagroposedhatboth of the 10 keV electronthatgeneratepulsatingauroraandmicroburst(high-
speedmodulationof MeV electronat 1 Hz or higher)arecausedy choruswavespropagatingalongthefield line. However,
simultaneoupulsatingauroraandmicroburstaverenot reportedsofar. In this study,we examinedhe datatakenby ground
opticalauroralEMCCD imagers(100 FPS,BG3 grassfilter) at two locations(Sodankyla67.37degreenorth, 26.63degree
east)andTjautjas(67.31degreenorth,20.73degreesast))andhigh-energyelectrondata("220keV to >1 MeV) obtainedby
alow-altitude(4337632km) satelliteFIREBIRD-II CubeSaFlight Unit 4 (FU4)to clarify therelationshipbetweerpulsating
auroraand microburst. We found oneeventwhenFU4 passedver the pulsatingauroralpatchat latitude 67.1 degreenorth
andlongitude23.1 degreeeast(L = 5.4) during the period from 00:28:16UT to 00:28:19UT on October8 ,2018. FU4
observedhe energy-dispersegrecipitatingelectronsj.e., sub-relativistic/relativistienicroburst,from “210eVto "MeV. On
theotherhand,all-sky imagersobservedhulsatingauroralvariationswith atypical periodof 2 secwith internalmodulations
of 300ms("3Hz). Similar 3Hz modulationsverealsoseenin the high-energyelectronprecipitationsbtainedwith FU4. We
carriedout detailedanalysisof thetimings of the electronprecipitationsn the energyrangehigherthan™220keV thetiming
of the pulsatingauroralemission.We foundthatthe starttime of the pulsatingauroralemissionwas 585 mslaterthanthose
of theelectronprecipitationdn the energyrangehigherthan™220keV. We calculatedhe velocity dispersiorof precipitating
electronswhich havebeentheoreticallyderivedin Miyoshi et al.(2010,2020nnd Saitoet al.(2012),at L = 5.4to explain
the delaysestimatedabove.In this analysiswe assumedhatthe electrondensityn of 10 /cm”3is constan@alongthe same
field line, the sweeprateof therising toneelemento 2 kHz/s,andusedthe dipole magnetidfield model. Thetime accuracy
of FIREBIRD andEMCCD to the UniversalTime is = 55 msand + 10 msrespectively.The estimatedselocity dispersion
curvesreproduceoverall trend of the observedenergydispersionby FU4 andEMCCD. The resultsconfirmedfor the first
time the theoreticalpredictionby Miyoshi et al.(2020)that the relativistic electronmicroburstis a high-energytail of the
pulsatingauroraelectronsandshowthatthe choruswavespropagatingrom the magneticequatorto the high-latitudescause
wide energy electroacatteringrom a few keV to MeV.
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