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Auroral Simulation Experiments with a High Power Electron Beam

Nobuki KawasHiMA™, Susumu SasaKl and Osamu KANEKO

Abstract: Laboratory and space experiments using a high energy electron
beam (<10 keV) are carried out. Excitation of auroral lines (5577 A, 3914 A)
and strong VLF and HF emuissions are observed. It 1s hoped that these active
experiments are carried out by rockets i Antarctica to understand auroral
phenomena

BB MWL O2BroR 72— —DE-X Y LEETFe—2o2LL, Th
WEBINREEZWAT 2 Z 1%, A—0 S EDOSHED—DODHE TR L T
5 RaFory Vol dEBEM AL, AN IRES S L, KE

F oV =FOEmRERIZE ST, b —2Z, L 2 5 ROFBRBIAZRE ©
VIial—Ya vEEESDLE T T&El INHORREIMALT, BRT
DIIERT D T EWSHELETHA D LBbILS.

1. F

F— 0T ORENLTIIIEE I ERBEDOREIZE, =5 Lx—0 1~10keV OEFHTE
TR R LT a2 &g, BRIz 207, FRBLoBIZ L - THLMZENR
TER. SREBICIEEZED T LT, BEEARHESEO T ZASEEZLND
D3, controlled active experiment, 4 7sit, ALINIHRL 2 9OUWHBE T — L2
L, 07 A—5 (Zx0x—, B, €70 #&#d2Z L0, ANTA~—
07 E4AL, BRI 2F—07%2 o Lb—=bLE3EVIHDTH2D.

FHZMIZISIT 2 active experiment 1d, TWHEE, BRBEOIZEOMMEN TR E LTR
B L, chemical release, Xii T ukficit, 77 A<D ks, ZNEhOBINZIEG
L Tiihbn T3y, BHolfe —afithil, A—o70y: o b—v 3 v&l T, diag-

~

BTy BAZEn 24T, Institute of Space and Aeronautical Science. Umniversity of Tokvo,
6-1, Komaba 4-chome, Meguro-ku, Tokyo 153.



No. 63. 1979) BBt —~usyial—y s vER 43

£ 1 BZEHOEFE—2% [z active experiments
Table 1. Active experiments using a high power electron beam.

Date Group E(keV) 1(A) 40)) aC°) Results
1969. 1 HEss et al 8 0.5 0.1 180 | Visible aurora
1970. 8 Minnesota 35-45 0.1 0.02 90 | Echoes,

wave excitation
1972. 9 Minnesota 45 0.08 0-180 | Echoes
1972.10 Davis et al. 24 0.2 1 Aurora in Southern
Hemuisphere
1973. 4,6 | Soviet 8-12 0.3 0.8 0,180 | Visible aurora
1974. 4 Minnesota 40 0.07 Visible emission
(3914)
1975. 1 France-Soviet 15 0.5 1 0,70 Aurora, echoes,
27 0.02 140 wave generation
1976. 1 Minnesota 40 0.01, | 30-150 | Visible emission
0.1,1 (3914)
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Table 2. Active expertments using a high power electron beam in Japan

CRasgkt

Date Rocket EBA power Results
1975. 9 K-10-11 300eV, 3.75 mA Potential rise
DC
1976 1 K-10-12 200eV, 3 mA Potential rise, wave excitation (VLF/HF)
DC, pulse Ambient plasma heating
1976. 8 K-9M-57 3 keV, 100 mA Potential rise, wave excitation (VLF/HF)
Pulse
1977. 1 K-9M-58 SkeV, 300 mA Potential rise, visible emission (3914/5577)
Pulse
1978. 1 K-9M-61 2keV, S0 mA
DC
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Fig. 1. Comparison of the beam power in the past active experiments

using an electron beam.
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Fig. 2 Dependence of the rocket potential on the beam current in the
K-10-12 experiment
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Fig. 3. Change of the intensity of 39144 following the time decay of the beam.
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Fig. 4. Change of the intensity of 55774 following the time decay of the beam.
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Table 3. Laboratory experiments with an electron gun
in the large vacuum facility.

Date Space chamber EBA power Results
1976. 7 | ISAS 6keV,0.5A Charging and its neutralization by
(2 mgx3 ml) NGP. Wave excitation, beam propagation
1976.11 | ISC 6keV,0.5A Charging and its neutralization by

(17 m¢x27 ml) 5keV,2.5A MPD. Wave excitation (C.H.R.),
beam propagation

1977.10 | ISAS 6keV,0.5A Charging

(0.3 m¢Xx0.7 ml)
1977 11 | NASDA 7.5keV,1.6 A | Charging, SEPAC hardware test

(8 m¢x13 ml) Charge neutralization by MPD and NGP
1977.12 | ISAS 6keV,0.5A Charging, potential control, beam

2 m¢x3 ml) propagation, potential distribution

measurement, particle energy analysis
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Fig 5 Schematic layout of the experunent at the ISAS space chamber
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Fig 6 Photograph of the electron beam propagation neai the electron gun
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Fig. 7. Whole profile of the electron beam for a pitch angle of
~0° 1n the space chamber of NASA.
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Fig. 8. Comparison of the electron beam profile with the theoretical calculation
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Fig 9. Whole profile of the electron beam for a pich angle of ~30°.
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(@) Electron gun 1s grounded (b) Electron gun 1s 1solated
to the chamber wall. from the chamber wall.
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Fig. 10 Photographic observation of the beam propagation.
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