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Abstract

There are more oxygen ions than hydrogen ions in the auroral field zone. We consider both
analytic and numerical simulation study of the heating of hydrogen and oxygen ions by auroral
electrons. With the low drift speed of electron beams, the ion-ion hybrid wave becomes unstable
instead of the lower hybrid wave so that a preferential heating of oxygen ions occurs.

1. M B

3 2o AFAAR R A7 FaelA el EAA AR o] Lol WA A& E 84
ol WAAAN. 4urt TAL o] &50] AW 3 ol Asigle vk o] AU o]
5 o] gBo] slofolvt B2 AA 2 o= Aol ohizk AT AN2iH LAAE RS Lol
o AR, AF A ezebEa 4 E el o9 RL FAL o2 FEF Faole

wep 3} web4 F4olentd Felavtucg Al4s) £47F 2 e EFE£rHmi-

* o] g7 FFHAN U A 2AdTH E AR Fl 2T LS %I



82 . KIM

xed plasma) WolA9 ¢ zt—3}F 4528 (particle—wave interaction) 77} ¥ g3ich
T4 o199 Ab4olR 7k o -Ze| Felant 44 (plasma dispersion relation)o] ¥ 3}s]
o] oF 3t N2 FF2 HtA A4 o) WA Stix 1962).

e zex]eg W o]E2 rRai Aol Bt o] Bl st BUE o) FolF ek o] AL HFE
= 52 o]2L AA7F o] Ao F 2 EEB}(electrostatic cyclotron wave) (Kindel and
Kennel 1971, Palmadesso, Coffey, Ossakow and Papadopoulous 1974, Lysak, Hudson,
and Temerin 1980, Dusenbery aIgld Lyons 1981, Okuda and Ashour — Abdalla 1983) ¢}
lower hybrid =}(Papadopoulous and Polmadesso 1976, Chang and Coppi 1981, Kim
and Okude 1986)¢] E<tF Aol 71a1gte}. Lower hybrid stoll &3t 4b4o]- &2 7} ula
A ojal £, I olfre 2 3}E AFTFILAS Fol FAL lEY TFF coupling 3717+
AH YA gF5 - A AEAEo] delbrlst 42 ¢7] *f Foleh. Ashour—Abdalla 9 Okuda
(1984) = H A7 4 o] Ao FREEIE o] &8l +49 Abbo] 2o T45 Felantd 3
g3t A7 AH 4023} (electrostatic hydrogen ion cyclotron wave)$} & =17]12 4k
4o]-23}(electrostatic oxygen ion cyclotron wave)2] ElAA o] uslA| 2P o] F49
AbAo] &g FF T2 A FAq] WFow Ao A4S YA
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5 A FgFE 72 2ol dHEle Axuiz "/]‘. %, & 7K olEnt o &
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#s}(ion—ion hybrid wave) 7} Wb glhe}l o] slF «] A& hydr odynamic mode ] 7|
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A E o T4, Ab4ol2] Ao ZREE AFFolth @, 99 4L 7] Ydstd 0<Q,,
Woel K Q2 kipu<Kl 8 kip, <19 7}@% Ahgskedel mkel k, =go]d (104e],

o' — (o + 0,7+ Q) 0 + (0 Q2+ 0,  Qul + QE Q) =0 e @)
02 Ak 0, /Q0 K, 0l /8>, 0,,2/Q7> 1D A% M Folw, 1AL 27t

wLHZ =pr2 + wnoz ( lowe: hybrid _:;_],) ......................................................... (3)

2
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H = H™o o H (o] ‘_9 o ;S-:L].) ......................................................... (4)
QHQD nHQH +n°Q°

o] t}{Stix 1962).

Azl F3 FRAE L2l A Y 4 2 e -4 A A Ee Yt o) sHEg
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stE BF 4% A4l 28 8o 2 43S AAA Ao wHely olF EAAd L F ool
o] 7tE& FUAANA "k o129 7143 ion conics & A HEled AFE RAUFL £
Bt} a7 2 ek



84 KIM

Dispersion Reiation
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Fig. 1. Numerical solution to the dispersion relation given by Eq. (1) for the case:
(@) np/n, = 0.25, k A = 0.2, nyy/n = 1/15 and ku/k = 0.005; and (b) ny/n, =
0.25,k» = 0.2, ny = ng, and k,,/k = 0.02.

3. oA Ha}

el A 4o o] LFo] o BA FEHEAE AT st AR el Ay 1
Ad 5 AF S Axgct A =2 F-S guiding center approximation-2 o] &3l1, o]-&2)
%54 %E full dynamics & A}-23}dcl(Lee and Okuda 1978). o]& ZAH L o] &3t o]
<3 A=Y A gulo AAH(M/m=1836)2 & 5 ek Fekavt W42 Q. /e, = 10,
vo/ve =5, L=2562,, ny/n, =1/15, 222 k, /k=0.005F A}-&3}gck 7)ol 4 L
3 2.+ 47 2 AR oA 283 system length &+ Debye lengtholv}l, s, Debye le~
ngth ¢} grid size = #v} =3k, A=} population & F 7IRZ VYol e =ela] =e}
backscattered electron ¢]t}

2o A& o4 backscattered electronS U5 n, & 713 Maxwellian &2 23 33lx, &
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2L dEsts AL 9% n, & /T 9 v, 2 drifting3H= Maxwellian® 2 ®
H3gteh Qu =559 = RYAFY Ast 29 26 Jebt eK(ny/n, =1/4, n, = A=A
4 dxole}t). A7, F40]-2UE pertubation, At40]eW %] pertubation o] ZHz &
oA ek A7 2T E vl vy 2 Zo]  abFe] £ ek A4S & 4 Yk

Que =554 ol AL ZTFTY BFo] 2 3o Fo14 Yok &, A= parallel velo-
city, G40]-&¢ perpendicular velocity, At40]-22] perpendicular velocity ST 3§r<¢)

Fol vebvt gdeh Axble L2k 49 #ate] A8 He] wave growth & E3HA2e) 4+
40]22 A A5 bulk heatinge] Rl Ab40]129) 7}9.& F2 high energy tail ol 35
*l, bulk oxygen¥Eol& A FFE #1AA god, wHetd 29 24 Yt dE AAY
A4 =9 pertubation o] o}zl o},
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Fig. 2. Results of the simulation at Syt = 55 for (a) the potential profiles, (b) hy-
drogen density, and (c) oxygen density.
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Particle Distributions
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Fig. 3. Results of the simulation at Qyt = 5§ for (a) the electron parallel velocity
distribution, (b) hydrogen perpendicular velocity distribution, (c), and (d)
oxygen perpendicular velocity distribution.

Bz LAY AN S FH57 Siskd 29 4o A2 & mode T time history
2} power spectrumo] 12 v} mode 2+ kipy =0.2, kip, =0.89)5L mude 8 &
kipy = 0.8, kip, = 3.20]tk Mode 29| power spectrumell 2]3l= F 7} peak 7} Ho]
o, shvhs 0=20.008w,, ol & s 0 =+ 0.004w,, oItk ¥ AFTE lowerhy-
brid wave & wiy ==+ ((»,,02-#prz)"2 ol e AL ojemAT wyy =+ (Q,Qy) el &l
2Rt 1Y laol 85t™ lower hybrid sk= stable 3} o] 23 #sl= unstable 3H7] H et
Mode 22} 89 X ZL& ujosled ™ mode 8 & A4 ] unstabledlcl, 214l mode 89 s}
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Time History Mode 2 Power Spectra
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Fig. 4. Time history and power spectrum of the second mode (a), (b), and of the
eighth mode (c), (d).
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