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Two-dimensional electron phase-space holes in space plasmas

LU Quan-ming, HUANG Can
(School of Earth and Space Sciences, University of Science and Technology of China , Hefei 230026, China)

Abstract; Two-dimensional (2D) electrostatic particle-in-cell simulations were performed to investigate the
nonlinear evolution of electron bi-stream instability in weakly (2, =0. 5w, ,» where (2, and w, are the
electron cyclotron frequency and electron plasma frequency, respectively) and strongly (2, = 2w, )
magnetized plasma. The results show that nearly monochromatic electrostatic waves are firstly excited,
then these waves coalesce with adjacent waves. At last one or several solitary waves are formed, which
corresponds to electron phase-space holes. In weakly magnetized plasma, these holes have two-dimensional
structures, which are isolated in both directions parallel and perpendicular to the background magnetic
field. In strongly magnetized plasma, these electron holes have quasi-one-dimensional structures. The
parallel extent is limited while the perpendicular extent is unlimited. However, the amplitude of the
electric fields is varied along the perpendicular direction. In both cases, in these holes, the parallel cut of

the parallel electric field (E,) exhibits bipolar structures while the perpendicular electric field E, is
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unipolar. The results are consistent with observations in auroral region. We also find that electrostatic

whistler waves are unstable in strongly magnetized plasma, which can destroy the electrostatic solitary structures.
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The dash lines indicate the y locations of the cut of the results shown in Fig. 2
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Fig. 1 The electric field E, (a) and E, (b) at different times for 2. =0. Sw.

Jim X PP LIRS S5 H7E o« Ly IS RS
FLRy. [FlRs AR 2 FRATmT A& B L AR BA & A4 T e 3
E, TERfH ST 25 46 Ab 52 WU TE 40 A T 36 L
E, N5 PR 2544 53X Al Umeda %5 A0 (48 5 12—
S X6 3 2 g L DI 5 4 L LA 2 A
AN A XA Ml 7 A R S — S 1E AR (R XD 4k i %
FL 285 ) 2 B 2 R[] A AR R ek 55 L A Je T K.

H & 3 AT L& B, TCie T S I R T
() 2 77 A1 (R THRE 0, B4 A L7 T Hh 9IS 235 4 A 5ol 1
AR A TR 43 A, 0 B L AT 4544 2 BGK A5,

Bl 4Ca) FT(h) 4302 2, = 2. O, B AS R B 21 11
SEATHIG E, MR E, S ELE, —ITRr
HAL IS REAL I 0, =0. 5w, BT 0t T
DOFPIE LT, R T4 i R U0 A 2 1) R e B A 3
T BIESI R | 1 S sh A Y AR e
7 i 5 e FL 30 S0 1 6 9 i T B 2 o — A 11
L AR 254 L BVAESFAT 15 Seib i 0 2 A A i e
T BT H S0 07 e JC A 0. ER S A AN [H]
FR R FRATT A IR TR BT 78 SRy 1) L TG 2
AT T H IR A, G AT T

SRl 0T 1 RS 25 L 7R IS 5 R Ak
AT HL S HA BN S5 T B A R BRAR S . X
AN 5 HARZS 5y e IR AL 233 o i o I N7 4544 )2
AFE W BT OR JUT- 3 1T RGO 1) 1 H
P, TR R RS A AT T S SCERC 1], Rl
L M 7 I8 (1% 5 B8 P 1 A 3k o e Pl ST 45 4 B I
SIHK. [FIRERE 6 FT I, JCIe T8 Se L T S s
T & J I R B o, AR P AR 5 9IRS 25 4 b 4
LSRR A i T 454 2 BGK A,
3 4ig

FRATVI I A R A ISR T SR AL
(2. =2. 0w, ) FIFFREAL (Q. = 0. 5w, ) B T H
TR ANRR A P IR A T P D 1 Al e M T Ak R X
PRI 0L L XU AN PR AR R PR T AL B B 2
RLID L R T TR0 1 0 Pl D R AR M T A Y B
TESRREALSE B IR ME B R R il B S AW &
It HE I — A E— GRS B 2544 (B E A 17
AT TG T A R A T TR O 1)
TR HRA S 0D AE S S RSyl
T L PNST S5 ) AT 2 RSP A T 1) R 3 S WU 25



882 FEAFHARFFIR

% 37 &

0.10
3 0.05
-0.05
E -0.10
. E -0.15
96 128

X X

(b)
0.08 0.02
0.06 0
0.04 -0.02
LJ‘ 0.02 Llj _0.04
-0.06

0
0.02 -0.08
e -0.10
-0.04 - . . . \
0 32 64 0 32 64 96 128
X X
(©) (d)

B2 o,t=999 BifE y=90A, BYIEHTEITEIFE, (0
EEHIFE, (D RIBE y=1284) BVIEHNFITERIFE. (OMEERI E, (D) (Q2.=0. 5o, )
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Fig.3 The phase diagrams of x—v,(a), x—v,(b) for beam electrons, and x—v,(¢), x—v,(d) for

background electrons at @,t=1 600 (Q,=0. 5w, )
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The dash lines indicate the y locations of the cut of the results shown in Fig. 5
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Fig. 4 The electric field E, (a) and E, (b) at different times for Q, =2. 0w,
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