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Energy Parameters of the Incident Auroral Electrons Derived
by the Intensity Ratio of Auroral Emissions
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and Takeo HiRASAWA!

Abstract: Average energy and total energy flux of the incident electrons
in active auroras are estimated by using the intensity ratio of auroral emissions
measured with a multi-channel photometer at Syowa Station, Antarctica, in
1990. To avoid possible ambiguities which are mainly caused by quenching
effects on meta-stable species and complex excitation processes, we used in-
tensity ratios of the emissions of allowed transitions such as 844.6 nm (OI), 670.5
nm (N:1PG), and 427.8 nm (N;*ING). Measured intensity ratios were directly
compared with a result of model calculation of auroral emissions. The esti-
mated energy parameters in active auroras showed a rapid change of average
energy as well as total energy flux of electrons associated with pulsating auroras
and intense auroral arcs. Average energy and total energy flux of the auroral
electrons determined by the present method were consistent with the result of
the previous in-situ observations of precipitating electrons. Our data analyses
on active arcs in break-up phase showed that usage of the 427.8 nm emission
has difficulty due to a scattering effect of the atmosphere. Usage of 670.5 nm
emission in place of 427.8 nm made it possible to evaluate the energy parameters
of electrons even in the vicinity of intense auroral arcs.
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BT « KM & &\ o Tk 2 RBERIEHICBE L - T 5D TH D4, FTHRETH
FO=RNF -4 —r FOBEBEYHEH ST HIREHRBRO—DLL> T 5. HIKEER
DEBCHFET D EEL DR TV D4 — » FRFORBIBIMEFRRE, ZOETRF=*
NF = LEBECHET O TH B0, REZOFEFRITBHECONDTUIW IR, ATHE
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H, HHRZE (¥ GATTINGER and VALLANCE JONES, 1972; REEs and Luckey, 1974;
REeEs and ROBBLE, 1986) #lflHF4E (% 1¥ REES et al., 1976; MCEWEN et al., 1981;
VALANCE JONES et al., 1987; STEELE and MCEWEN, 1990) 73/T3>31T % 7-. REes and LUCKEY
(1974) % 557.7 nm, 630.0 nm, 427.8 nm A O MEHHEL AV TAHEFFH =515 —
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FREOBER) o 427.8 nm X (BENF A4 v ING v F: FEEE) ol T5HEL X HE
DR TETORE=3 ¥ —dtar , MCXDZBETETEEEUN X EEL TS, ¥
7= VALLANCE JONES ef al. (1987) 117 4 b A — & —#NC X 2 MR E] (I (630.0 nm)/
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TLESHAEI B CTELLV D LD, SbIL, MHFEHGIIUDLERIEC L5 =
FAF-FHRRL E Y ELOERELEMETH D, EReA — e JEEICHESI A — =
SEFICOWTORBIFIIIEF CEME S D & 7c b (ONo and HIRASAWA, 1992). =D X 5 7«
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S5 —MBIEZ Ny 75— BB A E 4 %5 FPDIS (Fabry-Perot Doppler Imaging System) »
ARV — v 7 OREBRINER S hic.
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Fuc s\ TiL, R0 THEHR (10, 7) 2 b OBEANOHF LA THCFHHE S h TR b, c ok
% 630.0nm HE OEREEF O ROMPFIC 1T L UTIHEFREELE-> T hb
ARERALG v _A R EBINCIET 5720, N* 1PG v 25 A% (5,2) RV (8,5 7
5 v FIZTRFBFCENE L. &ES I FEECHES v Figh AT 5 (SCHEMANSKY and
VALLANCE JONES, 1968) 75, Fip7 4 V& —OFEBERIEIISA 4 5.1nm KX 5.0nm &0
BEhotoRkiEr LA THS. K2 RZEHEK7 » b 2 — 2 - OXFREENRY, TAEK1
CEDRNAF A =2 =R T. H2RRINDZLO5CIRL TF 4 VR ILOFERADHNK
i, BREEA (1°) IR A —r xR 1 RO vy XREBLTRCTPRS
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Fig. 1. A block diagram of an auroral observation system at Syowa Station
in 1990. The system consists of a SIT auroral TV camera, a scanning
photometer (three wavelengths of 630.0, 427.8, and 486.1 nm), a fix direc-
tional photometer (427.8 nm), a multi-channel photometer (427.8, 557.7,
630.0, 646.9, 670.5 and 844.6 nm), a monochromatic imager by using
CCD camera, and a Fabry-Perrot doppler imager.
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Fig. 2. System layout of an optical block of the multi-channel photometer.
BEERARBCOWTR=AF T An ) KEREFL2L D (BIAY + b =7 A5, RI28)
2, FAHRICOVTik GaAs OREEAFHEOL D (B 7 + + = 7 2#8; R 636) AMEH X
nic, ThLORBEFHEEE IS VA VETHIEEE —BROTHEEBR 1 X2V/hEw
EWVOFHE RS T 5. RBTHEETORE (£ 650 V~1000 V) 11 EEMANHID Hhic
TEOBRBEERATCLIHKEINS. BEEVSAVRRELLI RS 0D, BEERETC
REz v r—AxEL, —10°C fRichi. XETFHEFCTREIA-ESIIER-
BEEBYITOITV TV IRELE, A4V Ty I2T 0-10V DEBELRAALBEIEIH



168

5.

NEFEFE ¢ TR o SRR « SFEBRE

7 4 b A — X — OERRERIERFERFEZRC R T 5 EERREY B E#SEZ F v

Table 1.

£1 LHEE7+ A — 2 —HFERBORK AT A — & —

Optical parameters of the multi-channel photometer.

Interference filters

Equivalent

CH Spectral features intensity of
Wavelength (—20°C) Band width calibration lamp
1 N2 1PG (5,2): 670.5nm 668.0 nm 5.1 nm 11.7kR
2 N2 1PG (8,5): 646.9 nm 644.1 nm 5.0 nm 7.46 kR
3 OI (*D): 630.0 nm 629.7 nm 2.0 nm 2.42kR
4 N;* ING (0,1): 427.8 nm 427.8 nm 2.2nm 37R
5 OI (1S): 557.7nm 557.9 nm 2.5nm 1.22kR
6 OI (3p®P): 844.6 nm 844.7 nm 5.5nm 55.3kR
7 Ol (3p®P): 844.6 nm 844.4 nm 2.5nm 24.3kR
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ERIht.
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RIKRLICEORZ » b 2= —=THBRILF - 213 F— K& L a— & — 2T 12 bit ¥
ED AD B#EZIRBEEND D, +— v 7 KIMEIH 10~% 100kR (R: Rayleigh) &
10" BEOHMER(LYHS. ZOBEYRER SRR THLHITIL 12 bit © A/D FBTIL
FAF Iy Z VvV ORRRELTLE S D, A r /7 v 7RI D F— 22 EML TR
FBToAArWmbhi. M3 RE 75+ vx1 (E1ERB) ©o0ToOREEUR 77 v
TOAMNERER LA DO TH A, FEIRLTFT— 21X R2bit 74, o2 LF—2 L LTF
—xva—&— (DR-200) X hEHFE I, v 7 ) v 7B — r 5 HOBEEEE
OB AT 57 10Hz B 5k 20Hz & Shie.
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10min 10min 10min
data data data

D
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2] Bl 3—F uenx2
|7 8
Jav ok 5656Bytes
La— KB Ay H - 28Bytes
F—2E 28Bytes
7—-F& 2Bytes/Word

R4 KF s A7CHE-GFBSINDT7 4 PA—Z—=F—2D7 3y =<y }
Fig. 4. Format of the edited photometer data recorded on an optical disk sys-
tem.
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BB X R 7 — 213, B AERNCTLAXIM4D7 » -7y PCRESH, B
BTSSR € v & — DEEH (HITAC M-680D) I CTEE I hAHT 1+ A 7ICiL
BERTVS, FRBROE AT 2—x— (BRABLKET 1 277 54 VAL ORIE,
BREE, HRRES ) 7 U— 2 VER, WRELe 27 v TRERR, KFEATDHO
Vwy AR AN R USNAKET — %) BRE2OLSCEREBCTT 7  ATRELY
XDO7 AV ELTEBINT 5.
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Table 2. File names of data base for the photometer measurements carried ou
at Syowa Station in 1990. The data base contains calibration data oJ
the photometer, logarithmic amplifiers, and observation log giving the
date and the time of observation’s start and end.

F—2xy b 7 pad
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r 77 v TEIE(E
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F— 2 {H, BEBRA  RTAROT -2~ -2
PHO90. ZERO HF v AR ADER U~ (ERRIETOERIE

HIFBEF — 2 ~N— =~

3. F-oSHEFREREACTETET XV - OHEE
3. F—=aFREETIL
Fe o SEEREL L D ARHBTO 5 AF -T2 -2 =R HEETHLDITL, EFTE
SAHEITREAT AT A — & —CRIET 54— r ZRRBELRD, ThHOBELLER
BIE & A BT 2 HEN E DR, 4 —r FREBEDHECILUTOEF VAR SR T
Wb,
1) k& =EF ;o 2Tk MSIS-86 (HepIN, 1987) 2 Shie. 7487 A =& —i
1990 45 9 A 23 H 21 B (UT) i8035 b O AR S it bEO KRR 7 1 %1
7z,
%) ABEFARZ b TREH= R AF— Eo (eV), = v¥ —ig W (eV), &=
*N¥—77y71lmmymﬂmﬂ%ﬁoﬁﬁxﬂg&ybw%ﬁ%fé.:0&%1
s ¥ — E(eV) kT 58E I(E)-dE(el/cm?/s/sr) X
I(E)-dE=(4-Et/(z'/*- W+ E0))-exp (—(E— Eo)*/W")-dE, (V)
(A=6.2415x%10'* (eV/erg))

kB,
3) AHBEFORZHCET L= AF—HEK  2REFEBEEOTT L TITR
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STAMNES (1981), SOLOMON er al. (1988), SHIOKAWA et al. (1990) %z X 1 #2118 X 1T s
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FREAMER S he.
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DH I ARBE—= 2 V¥ — CAH LB E T BT B EBREAROBES v RT. Mbit
ERAFTFA 4 ING(0,1) (427.8 nm). EHEHF 1 PG (5,2) (670.5 nm), K F OI (844.6
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Fig. 5. An example of the model calculation result of volume emission rate

assuming the incident Gaussian electron’s flux as Eo=35 keV and Etot=
1 erg/em?/s.
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nm) OREEOEMIRINT S, 427.8nm FHHRE T2\ Tik GERDIIKOVA and SHE-
PHERD (1987) ICfEVBENFA A VARED 2.5% & Lic. BRSF 1PG(5,2) (670.5 nm)
2o\~ T It BANKS ef al. (1974) o) EEELNT HERE I 0N VALLANCE Jones (1974) i@ & %
BRTERE O EMAOBRAMER X hi. 844.6 nm (O1) BHE#kELKTE 1L STRICKLAND et

al. (1989) iz X A WiHERE % BANKS et al. (1974) ik %35 4 — 5 — KRB TEUL TER S
ni.
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E 6 AMHETFTEH=sAF—2i+5 1(630.0 nm)/1(427.8 nm), 1(670.5 nm)/I
(427.8 nm), 1(844.6 nm)/1(427.8 nm) D5EEH, WO 1 erg/cm?/s O A5t

BT =x1¥— (Etot) Wi+ % 427.8 nm SRBUHEROZEL
Fig. 6. Intensity ratios of auroral emissions of I (630.0 nm), I (670.5nm) and
1 (844.6 nm) to the I (427.8 nm) emission according to the average energy
of the incident electrons into the polar jonosphere. The column intensity

of the 427.8 nm emission is also given for the incident energy of lerg/
cm?/s.
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75 ATHS. ek TR RIIR S ORREER L RETNCRS L TRENT
Wb, BEEREEEA T OV TER SN ETASRRELCICERE R VIZLS
WL - I THME LTS, COXAT 75 AHGHIEICL D, ERMEL,»DET
BT T =¥ — (Eav) 75, SHIC 427.8nm BEL ) AHBETFL=FLF -7 5, 7 A
(Etot) pSE Xl Xh5., M6WRIN5 L 5iC 844.6 nm R & 427.8 nm KB & DR
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VTR E R O E L 630.0 nm B A 5 o L AAHETH 4 (ONo and HIRASAWA,
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32 NlLb—=F¢4F—07

70 4 26 [HCl S hure s h =5 4 v 7o — 1 5250 0101 (UT) & h 177
M7 g b4 — 5 =5 — 2 GO AREG £ 5 TV @A i+, W07 o b 4=
— 5 xicid 427.8, 844.6 nm FHUE RO RImIE (1(4278), 1(8446)) % F 2 BuZ, itk
b sl e (1(8446)/1(4278)) A 6 IZXIE S5 2 LI & )@#h%MFMT%%m%n
¥ — (Eav) % 2B Hic, X 5[ 427.8 nm ROGHE & B Fl e por - &
”ﬁ%mﬁﬁw%ht%izwf—vvv7xwwngxﬂmmLt@@f%a.itM?
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ARG KTE A R L ThH. Trebh b7 4 b A= 2 =R RDfHro+—» 7
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o Thm A F—7 5, 7 A0 L, B Pl = o0 F — ko 2be LT
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