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Energy Parameters of the Incident Auroral Electrons Derived
by the Intensity Ratio of Auroral Emissions

Takayuki ONo!, Ryusuke SATAKE?, Takeo YOSHINO?
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 (N31PG), 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 « RGBT &LV o 7ofk 4 RERZ MBI - T 23D TH DA, RTLRETH
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(STRICKLAND et al., 1989; MEIER et al., 1989). X Lz EHT 5 2 Licic % 670.5nm
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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.
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Table 1.

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): 670.5 nm 668.0 nm 5.1 nm 11.7kR
2 N2 1PG (8,5): 646.9 nm 644.1 nm 5.0 nm 7.46 kKR
3 OI (*D): 630.0 nm 629.7 nm 2.0nm 2.42kR
4 N;* ING (0,1): 427.8 nm 427.8 nm 2.2nm 37R
5 OI (!S): 557.7 nm 557.9 nm 2.5nm 1.22kR
6 OI (3p®P): 844.6 nm 844.7 nm 5.5nm 55.3kR
7 OI (3p®P): 844.6 nm 844.4 nm 2.5nm 24.3kR
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An example of the function of logarythmic amplifier.
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Fig. 4. Format of the edited photometer data recorded on an optical disk sys-
tem.
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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.
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3. F—0FREEFL
F—r SERRELL O AHETFO=FAF -5 2 =5 —RHETH DL, T
FAFBECTHA R AT A =2 —CRIGT A+ —r REBELRD, ZhbOEELLHE
B L 2 BT B HENEBRD., A — e 3 REBEOHECIRUTOEFANMERAINT
Wb,
1) K&=EF s =2 Trt MSIS-86 (HEDIN, 1987) MR &hts, £EF AT 2 — & —(1

1990 4= 9 A 23 H 21 B (UT) ©RiF % b O2MER I WML EZRoORR =7 A %215
7.
2) ABBEFAXRZ b, ZIZTRFH=FAF — Eo (eV), =3 A F ~[E W (eV), &=
ZAF—7 5, 7 A Et(erg/cm?/s/st) HEFOH T ARAR Y F ABRFRETH. TOLE=
# A& — E(eV) ki 58E I(E)-dE(el/cm?/s/st) i1
I(E)-dE=(A-Et/(x**- W-E0))-exp (—(E—Eo)}/W?*)-dE, (1)
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STAMNES (1981), SOLOMON et al. (1988), SHIOKAWA er al. (1990) iz X H RIBIh T
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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=5 keV and Etot=
1 erg/em?/s.
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nm) OEXOFEHITRINT VLS. 427.8 nm FHE IO\ TliE GERDIIKOVA and SHE-
PHERD (1987) IR WEBE S F 1 + VAEREKRD 2.5% L Liz. FEESTF 1PG (5,2) (670.5 nm)
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Fig. 6. Intensity ratios of auroral emissions of I (630.0 nm), I (670.5 nm) and

I (844.6 nm) to the I (427.8 nm) emission according to the average energy
of the incident electrons into the polar ionosphere. The column intensity

of the 427.8 nm emission is also given for the incident energy of 1erg/
cm?/s.

X 6 LT AEOREB SIS 630.0, 670.5 J20r 844.6 nm YD 427.8 nm ik
Bt sk, WO TEF =5 v+ —i2x+2% 427.8 nm KoM ED & 1 v
77 A5THB. 1o T THRERBEHEIR S ORBBESTE Y SREHTRICES L TRERT
Wh. BEIIEEREA OV TEB IR AETASRERELOCRREOEIZL S
RAETZITRER LTS, ZOXAT775aF 052 Ld b, HEBEL»OET
BEFFH= 5 ¥ — (Eav) 7%, X512 427.80m BHE X ) AHEFL =3 AF—7 5, 7 2
(Etor) i ZHia s, MO IWnIhad X 5iC 844.6 nm Hifg & 427.8 nm ¥EH & DR
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HEME D RERBREE L TBM SN D X 92 205, KoM LA — = 7ihH) itk
W RIEFE R O 630.0 nm Mg A4 & L ANREE T H 4 (ONo and HIRASAWA,
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670.5 nm KR E A 427.8 nm R EIEM O R 0 IV A 2 ENTRETH .
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Fig. 8. A comparison of the methods determining the average energy of incident

electrons of active arcs in break-up phase. The lower two pannels are
results by using I (427.8 nm). The upper two pannels are made from
I (670.5 nm). It is roted that a significant difference appears around
time points (a) and (f) when a strong auroral arc was close to the FOV
of the photometer.
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Fig. 9. Auroral images observed in break-up phase. TV images indicated as (a),
(b), (¢), (d), (e), (f), (g), (h) and (i) correspond with time points indi-
cated in Fig. 8.
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