J. Astron. Space Sci., Vol. 3, No. 2, 1986.

<22} x| (Auroral Zone)ol| A2
Hzof ost ME7[H BetHM Ay
-2 AguygE T2 -

24X EH* BMERHY
* BMENBEHAE BRFERR
*#* mzed g FetantERld T4
(19863 129 109 A4-:1986% 129 209 <2))

A Study of Current Driven Electrostatic Instability
on the Auroral Zone

— Based on Particle Simulation Methods —

S. Y. Kim
Department of Physics, Korea Institute of Technology
Tae-Jon Choongnam Korea

H. Okuda
Plasma Physics Laboratory, Princeton University
Princeton NJ 08544

(Received Dec. 10, 1986; Accepted Dec.20, 1986)

2 %

3 2ol &#H A 4ol 2AE delet2 Y AT A 441 “o"%f}ii ol o] 3
th= 234, & jon conics & U Ytk o] AT 2 ZelFA AF WAHE AYR sbF
o] WA A et dx ek

Sekart o) B3 1 A R4 A3l AFol At Fellnt

g 4ol Ay v
APol 2L melgrh YA 025 o] G de] Ao &+ Ak



72 KIM AND OKUDA

Abstract

According to recent satellite observations, strong ion transverse acceleration to the magnetic
field(ion conics) has been known. The ion conics may be a result of electrostatic waves frequently
observed on the auroral zone.

Both linear and nonlinear theory of electrostatic instability driven by an electron current based
on l-dimensional particle simulation experiment have been considered. From the results of simula-

tion strong ion transverse acceleration has been shown.

1. Introduction

A7) Agelde] g2 ek — A7 F dynamooll 3te] WAR W ol ezegst o
AR es A4S o ek o] dynamo 2H-H ‘“"‘“51 power & 27| d EelAohe] o F71 4
oluvi= o} BlF7F FAuke] o] 253l dZ dH(Axford and Hines, 1961). ol#g slfF+& =
717z 8FFe] A F (magnetic field aligned current)E ¢ 2 7lth Dynamo ¢} power &= 10"
(erg/s)ol™ =714 wbgke] 59 % (field aligned current density)E= 107°(A/m?) 7= 7
A4, o] 2Fo 24 FAkm "ol X F3 ANE hET o] AN FFor ARE
=) uke) o]_Q.é_—% gsle] 7MEslch o] AN E double layer slm &k A FE &std 7
e AAELS 4F34 N 53 AEA4LE sl oled), o7 § EAY e AP L
o7 e 2ol 019}- Zo] o] &3 A Y g7 YA EAE=YH A =M Akasofu,
1981).

329 S3-3 $14(2,000~8,000kmit=)3 ISIS#4(2,000km o}5le] LE) o2 iE
do]z] Holet 2R €] ion conics 7} A H S 49kl (Sharp et al., 1977, Klumpar 1979).
Pitch angle ©] 90 ~110° oA o] &2 %7} 3o 7} 5] &= s34S ion conicseli B-arch =,
AT A7 Az TRl o2 o] o] sEH ol weld] dojube d4telrl, S3-3diojEtm
B8] electrostatic ion cyclotron wave(EIC wave) 2} A7) wbgke] A% 2}o) o] AlalalA| &
o733 ek (Cattell, 1981). A F7tx] o]-2-9] T2 utgkrt4 2 EIC wave o 9gttiaL ule] %}‘
ok,

22} ion conics == BT current regiono]l A4 @oju)= vl Region—1 current 4

2] evening sector ol4 FE EIC wave 7} WA 519t Gorney et al.(1981)7F =] &gl u}

rlo

-



ELECTROSTATIC INSTABILITY ON THE AURORAL ZONE 73

9} o] magnetic substorme] & =l (Kp<3) 2,000km o]4e] el 4 4okl ion co-
nics 7} A5 & 4k o] Kp 39l magnetic substorno] dold aol 4,000km o]Ae] 1%
ol A Eo]s} Frlgel ion conics 7t HAE = 3l FrHrek 329 lower hybrid wave
frequency 23 ¢ ZulAvtsts) U= e Gurnett and Frank, 1972).

Free energy source & 7}Al €77 (+)4l electron £Xg4 $|o] wave—particle re-
sonance &4 @l Fo A= 7)abFo] doijd 4 9l M Coppi et al., 1976). Lower hybrid
frequency &} A 54Z 7} mode ¥ wave —particle interaction & %3l ion3 reson-
ance A4S doslw AT o] 2EZ oA}t Lutdeh AR A Fharst 77
Zalavle] 49 25 lower hybrid wave & o] 2& &n| 9l & Fofo|r)

Z}‘ﬂ'ﬂii—‘f—ﬂ QR Eo " FolEr 340 Al o3t A= E Felant B
ol gl H45e] A= 1,500 ~4,000km] LEA A #5351+ ion conics ol S st A}
712 gt} o]8dt 242 ¢ 5ted analytic theory®} particle similation technique® ©]-%

H(S. Y. Kim, 1986).

&

=

1. Linear Theory

o]} A=Y} relative drift & 4 7] two—stream instability o] =gt linear theory<=
o]n] & oz o= 2 (Drummond and Rosenbluth, 1962). & 7]el A& 7kets] 2 o] &4
A3tel o steink A E3dtel

Maxwell )23} drifting Maxwell R 2} Atolell 4 A7) current driven A A7]4 <-4

¢} dispersion relation 2

1 w ‘W 1 Cl)""k“V (t)“k“V
1+k22i2[1+ﬁkvi Z(\/_Z.kvi)]_f-kzlzez[l—i—ﬁkuve‘ Z(ﬁkuve)]
i} 2 kzz
+ﬁ?_0 ....................................................................................... (1)

22 FolAM @, k, ver vis v, Qe Ae» A AR ATH(E4LT), 3HFF, AR thermel
speed, ©]-22] thermal speed, A =}2] drift speed, A=Y gyrofrequency, A=#}8] De-
bye Zo], ]2 Debye Aololt}l §H, Z+= Zel£vl9 dispersion function of F(Krall
and Trivelpiece, 1973). @, = Fel&n}t AFFo| 2, kit ky, & 247 k=ete] 2T =5

=
A3te) 44, Zelm 430 42 F2h 0 (0 (@ p (K (o 0lmE AR
o

highly magnetized 2 o} gl 3 0] 28 unmagnetized So] g cha 7hAslgd el A=be} o] 9
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~ Ne mg(a -v)
= F T 2
) (27T, /m,) 2 exp 2T, ] @)
=
£ (d) = b [_ miﬁzj ...................................................... (3)
S T /m ¥ PN e,

= }o] A7l Aba) 3ol whsko 2o drift speed ©|Fh
$5E7 %E}i“}- ml A3 4 Zgliols] RA 3 isothermal 4 Fwb4"Hm;/m, =1836,
T,/T;=1)¢] dispersion relation & 3| a4 W& E3led 4 1€ FolA T+ 29 1 @),
B8} ()= 2E47+ lower hybrid frequency 23 ell4 deivt= £ 42l real frequency
o} growth rate® 2o} Fth o] Wl mode o] AT AEE PAs k,/k=0.05]ch Q. /w,
=20]cH(kd, = 0.4(a), ki, =0.5®), ki, =0.6(c)).

® 8570455
i T T ¥ 1 ¥ i T T 1 T T
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Fig. 1. Numberical solutions of the dispersion relation given by Eq. (1) for
hydrogen plasma with respect to drift speed, v/v, Qof/wpe = 2, Te/Ti =
1, and k; /k=0.05. kA.=0.4 (a), ka2, =0.5 (b), and ki, =0.6 (c).
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k /k, €1, @/kydve, o/kg)vi @ a4 WS HHHoz F9,

2 2
. T,
I P
Q! T

w

o—kyv z w—k._,v)]
2k, v, V2k, v,

22 Fx" 7{w, (7= growth rate, w, =real frequency)$ 7}4 &}l

2 2
Wi w_kllv

T.
2o g2 ()4 0Z0(0), p=
“r T 1y e Q.2 Te( oZr(p)), p V2 ki ve

o] R} w2l real frequency 7t w,; TR ol FolAl Ry z2]l3 Zz & Felawl disper-

sion function &} A4t o]}

. Simmlation

2} AF-(electron current)el ) 8te] & BT ALY auroral field lines $)o} WA=
electrostatic turbulence #1k b2l 40129 tranverse heating(ion conics) A2 A
H3k7] 215t 1 — dimensional EAYEEW-E T qeh o] AL AE o] Lat ®
o] =},

Bo]Ad RE L conventional initial value probleme] v}&+-& 59 = (Okuda and Ashoaur
—Abdalla, 1981), Z7]¢] free energy source & 7}2l electron distribution o] A|Z}ell whe}
A B AT sl ofHA wslslertE: RAsE Aotk AVAE 1 % dimensional X
AP RY & AbEslg on =S A& & ek, F x—2FEnte R AEsla 55 4
ek 2% vy, v, v, & AF&3lg o

2od@ o4 wave vector k£ x¥4ab-g slelrle], Rl A sl & AL s Ql
x —z FaAl FAA=, B, )B,oleh o] L AHAAdE 2| A7 Lol A gy-
ration 3b A o) =2 FHF38le) finite—difference ¥} & o] &5bd, FTFejA72 "k
3k71 Ssle] Azbe] AP 27 Aol 3ol ukekol 4 & finite —difference W4 & 23 43 o) ub
%o 2 & predictor —corrector W2 W5l guiding center Bk o] -£3}E guiding cen-
ter approximation W4 (Lee and Okuda, 1978)% A}-&3}¢ic}

2P of A8 F2l4Ar} parameter & system®] o] L =256 A, Q. /w,e =2.5, m;/
m, =1836, w, At =5, ky,/k=B,/B=0025, T,/T; =1, 22| drift speed v =5v, ©]
. At "= Debye Aolol & grid e @Zrlolvk At = T EH ¢ computing step o™,
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Fig. 2. Initial and final electron parallel velocity distribution (a), ion perpendicular
velocity distribution (b), ion parallel velocity distribution (c), and ion
perpendicular kinetic distribution (d). The contour plot of ion distribution
in the velocity space (vx-v-. ,)at final time (e). The time history (f) and
frequency spectrum (g) of model.

ak4] guiding center approximation & Ah88}7] %% = o] ZE @, At <0.20]ejoknt
2 26 t=0(271R17D)3 t =465.3w, ' (FIA T A 7Dl A PAEERIF S
A7k Bo) YeH(@E AR A4 FPY L) $ELE, b o9 £
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I, ()E o] L2 HPAEY £x 8 3dolel). o] o drifting A= v]a A ZE free en-

! A5l Qoluped, debd 247 Estol okl A

sxggel A7 oldsh AASTEEEFS @I12717h of FAAFelH 71471 2 vhal o]
EE:

t] o]4l9) free energy T 3°] A= H¢] nonlinear saturation o] Qoiutel

@1, A4 BAT 2ol 1Y 2belAE ANEH AY FA0R AdHE Behact ¥
¥4 4ol &7k hF o ol o) £o) *z*motoz AERNE AL L+ A5 e olHy w4
o) 23} Agol ot} AARE B, o129 AFAI FDE o) FE SEEEF4E A

2% 2% (e A2 t=03) t =465.3m,  ol4g o] AR FFAYA t=
465.3wy; ' AN A8 o] &EEF (v, ~ v, )2 contour plot & 22 Zole} o] &g FAALY
exx Bl A5} Al FRrAA AEstd T,/T09] el o&F 322 HAs| satu-

ration &5k, 3] 2o 0]28 (v,,—v,)2 contour plot ¢] isotropic o]3l. 2} o]&o] o]
a 2oy xg 3} gteig) spEale A4EAL 0% conical o) &2 EXI} Hth

2% 2(H9 (@ mode 1(k, =27/L,)2 A7kel] wE W3 9} Fourier transformel ¢35
s} /—;ﬂ_!_E_d—% B Frh oA w,; o F3E 7F2l lower hybrid wave ¢ 43t A%
of webd A Fo] AAE & AT + ek wel4d lower hybrid wave 7b o298 43
g M R ke A S 2R gl

2% 3o A% Azpe} o) 5 AT H(x—v)9 F=E7F FoiFeh t = 11.6w, @), t
23.3w, ' b), t=8l.4w, )2} t =465.3w, el A A S 4FEe WEE & 5 At
t=116w, " (e), t =23.3w, (), t=81l.4w, (g8} t=465.3w, el o]-&2] ATk
o 93lE £ 4 Utk A A3 o B} A o] 2R X9 vortex TE7F Lokt

saturation A o] o] FZ7} Aetxl= A 4l =}t #122) randomization o] A H o}

IV. Conclusion

13490 o) A3 S £3le] lower hybrid frequency ZHoll4 Aol AFell 3 A4
717 By Aol A g A3l ) sked Al Conventional initial value problem$ o]
235le] 2] &0 free energy source & 7} AE FEstn U4 ZebzuAl 7b ofgA] wEs)
E7HE saslgdel o) & TelantE o Aol EA9 gl Felant At FH e WEle

ajel o] 28 FAYPAERT] Lol HAT + Yk
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Phase space plots of electron (x-vx) at time
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t=11.6 & ' @), t=233 6 'p;

(b), t=81.4 w ; (c), and t=465.3 @ pi (d). Phase space plots of ion

(x-v,) at time t=11.6 5™%; (a), t=23.3 7%, (0), t=81.4 & }; (c), and t=
465.3 o % (d).
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