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Estimation of energy of precipitation electrons during magnetic storms by riome-

ter and camera observations
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Auroras are broadly classified into two categories: discrete auroras, which have clear and distinct shapes, and diffuse auro-
ras, which have vague and blurred shapes. Among diffuse auroras, those that exhibit quasi-periodic brightness modulations
are known as “Pulsating Aurora (PsA).” The appearance of PsA is often accompanied by a large-scale wavy auroral structure
called the “omega band.” Recent studies have shown that highly energetic electrons of radiation belt origin sometimes
precipitate into the atmosphere during the appearance of PsA. To further investigate this phenomenon, we examine the
correlation between auroral emission intensities and Cosmic Noise Absorption (CNA). Additionally, by using an atmospheric
model to quantitatively calculate CNA and the absorption spectral index, we will explore the relationship between the index,
the energy of precipitating electrons, and the ionization altitude. Through this approach, we aim to estimate the energy
of precipitating electrons at riometer observation sites, using CNA as a proxy, and then visualize the characteristics of the
energy of precipitating electrons in a two-dimensional fashion within the observation area where cameras can detect emission
intensity during the occurrence of omega bands.

In this study, we investigated the spatiotemporal variations of CNA associated with substorms that occurred during a
geomagnetic storm by combining observations from high-speed EMCCD all-sky cameras installed at four locations in
Scandinavia (Tromsg, Tjautjas, Sodankyld, and Kevo) and spectral riometers located at five stations in the same region
(Abisko, Kilpisjdrvi, Sodankyld, Kevo, and Oulu). Specifically, we analyzed two substorms that occurred during a Coronal
Mass Ejection (CME) type large geomagnetic storm on March 23-24, 2023. We found that the torch structures of the omega
bands drifted eastward quasi-periodically across the cameras’ fields of view of the cameras. A comparison between the
temporal variations in CNA and optical data indicated that CNA significantly increased when the torch structures passed
through the riometers’ sensing areas. Additionally, by directly comparing the spatial structure of the omega bands with
CNA variations at the five locations, we discovered that CNA increased not in regions of discrete auroras along the omega
band’s edge, but within and outside the torch structures filled with diffuse auroras. Furthermore, during the substorm on the
24th, ground-based observations from the European Incoherent Scatter radar (EISCAT) revealed stepwise variations in the
altitude distribution of electron density, suggesting the presence of high-energy electron precipitation causing ionization at
lower altitudes. In the presentation, we will focus on the latitudinal distribution of auroras during geomagnetic storms, with
a particular emphasis on omega bands, through visualizing them through wide-area imaging, and highlighting the increase in
CNA observed during such events. Additionally, using the GLOW model, we will theoretically calculate CNA and derive the
absorption spectral index in relation to characteristic energy, thereby clarify the relationship between the absorption spectral
index, the specific energy of precipitating electrons, and the ionization altitude caused by these electrons. Finally, we will
estimate the energy of precipitating electrons based on observation data from multiple riometers and discuss its validity as
well as its relationship with the spatial structure of auroras.

F—uJik HABLREEZ LT o X7V —br—uot, BREEELLET 4 72—t —n 7 Z0HINS, T4
72 —XA—u 7 OFTHEFHICHREZED RS D% TRkEI4 —nr 7 (Pulsating Aurora: PsA)| Y FER, PsA OH
BUCHEN T X TNV R EFHENZBIROA —a SHGER R ONZ 23D %, MEDHIFKIZE > T, PsA DA
fEoTPsA BHLE BT TR, MEBRHFICGERZFHOGEZ AT —EFIERL TS Z AL o7z,
LoLl. ZHFTOWRTIE. ARXIANY REEROBIHTE TR RO AL F —PREME A0S 2 o
TW3 LIEE RV, RIFFETIE, 2023 4F 3 HICHAE L2 KEELBSERICE XN 2A XY FizonT, AR
7 R LY F X — &% BN 8RR E R IEIY (Cosmic Noise Absorption: CNA) DEIFFERHIZ TV, I X T2k o THHlSH
7RGRE Y OMHBEZHET 2, /2. KKREFAZHVT, CNA BXUORINZR<Z P UIEEZERBMNICERT 22,
WED, B REFI ALY —, BHEEOBEBREMGT 5, ZAUCED, CNAZN L T2 TY A X — X
BHAIZBII AR TEFOIIAF—ZHE L. FRAH Y FFAERICH X 5 BFNEE 2R T % 2 8HEROMRTE
FOIZANF—FMEE XTI ARLT 2 e 2 HNE T3,

AFFE T, LD 4 Higi (Tromsoe, Tjautjas, Sodankyla, and Kevo) 123 E XT3 EMCCD EERIBEEKH X 5
Y. AU < ALERD 5 Hig (Abisko, Kilpisjarvi, Sodankyla, Kevo, and Oulu) IZ8E XL TW 3 22 b LY F X — X OEHH]



PHABDEBZ Z 22X o T, WMKERICHE LY 7 X F—AI12FE5 CNA ORZERZEE 2 X7, BARRIzIE,. 2023
f£3 H 2324 HIZ2 I THRAELZanr FEERE (Coronal Mass Ejection: CME) B! DRIED K & WHESUR D A2 & 0]
P TRELEZZDODY TR b —LDFEFNZOWTIENT ZITo72, T3, BERFLSHIFIAFOR =DV XA LITH
T, ARIANY PRS2 b —FHEEPERAMCHEELEMZICRFY 7 P LTWEZ 2290 > 72, EMCCD £
KARXFIZE > THELNELEREUGH HIER LT 75 L AT MY F X — R 515507 CNA T O RRZ/
BB UEER, P —FMEEDNY 4 X — X OBHEEZEIE T2 X4 2 27T CNA BEFICHAL TW 2 e HL
otz oy XNV ROZERMEEL S HETHE LN CNA Bl 7 — 2 2EZMCHERT 2 22k b, Bl
FEHIR O RARE AN BRI LR CNA OB LW Doz, 612, 3H 24 BRXEELEZZ2HOY T X
b — AT, BONIETHEEL L — & — (European Incoherent SCATer rader: EISCAT) 12 & 2l & IS, ETEEDE
ERm OB R EEP MR I N, i, KEETEHES S EZITEANF —ETHRTOFEERBT 5, HR
Tk, WREREROF —0 S DBRESFE. A RXTANY FICEEEY TELSIEBREICEI DAL, A XY M
FET 2 CNA O KBS ORI OWTIRE T %, 72, ZWMAEFNFHEE TV (GLOW £71) ZHWT CNA %
HERANCEM L, R AL F — 2 RINA RS MUVEBOBGREEN T2 221k b, BINARY MUEBEBETNETFOD
BAM I ALF - ERETHS SR ITERSEOBBRE RS, FALIHEIWT, ZHEY F X —XDEIF— X
POBERETFIILX—2HE L, ZOZYERF—10 5 OZE/MEE L ORI O WTERT 5,



