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A numerical simulation on the solar-terrestrial transit time of
successive CMEs during November 4 - 5, 1998

XIONG Ming, ZHENG Hui-Nan, WANG Yu-Ming, FU Xiang-Rong, WANG Shui, DOU Xian-Kang
School of Earth and Space Science , University of Science and Technology of China, Heifer 230026, China

Abstract The solar-terrestrial transit process of three successive CMEs during November 4 — 5, 1998 has been
investigated numerically in one-dimensional spherical geometry. These CMEs interact with each other while they

”

are propagating in interplanetary space and finally form a “ Complex Ejecta”. A Harten’ s total variation
diminishing (TVD) scheme is applied to solve MHD equations numerically, starting from an ambient solar wind
equilibrium, with appropriate dimensionless gravity parameter a, plasma beta 8, and gas polytropic index 7.
The equilibrium is consistent in solar wind speed v, , proton number density V,, and the ratio of proton thermal
pressure to magnetic pressure 3, with the observation of ACE spacecraft at the Lagrange point(L; ). Merely

velocity pulse is introduced in the numerical computation, whose amplitude and duration are determined by
observation data of Lasco/C2, GOES, and LEAR combined with CME’s “Cone Model” proposed by Michalek
et al. The results show that the differences of two shock arrival times (SATs) between the numerical calculation

E&WME EFAEHAMNFESEBET B (40274050, 40336052), Bl EH AR ER (NKBRSF G2000078405) MIF HA %R MR FH T REE M

KZCX2-SW-136) BT Bl .
EEMT B 89,B,19284 202 FETERBERFMRNBRMERAKABAFZLZM, BAIZBRELHRLE, TENETERNHEE
BB {E R ] . E-mail : mxiong @ mail. ustc. edu.cn




732 # 2K ¥ 3 % it (Chinese J. Geophys.) . 48 &

L Pl — — A

and the ACE observation are 3 and 4 hours, respectively. It implies that the proposed numerical model can

estimate SAT and rough shock intensity formed by successive CMEs evolving in interplanetary space. Therefore

the results suggest a potential application in SAT prediction for space weather.

Keywords Coronal mass ejection, Magnetohydrodynamics, Numerical simulation, Space weather
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Fig.1 Initial distribution of various physical parameters

Solid line, dashed line and dot dashed line at (a) denote proton number density N, , proton temperature T,

wind radial speed v, ,respectively;those of (b) denote thermal pressure P, >radial magnetic field B, ,

the ratio of proton thermal pressure to magnetic field 3,, respectively.
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g.2 Observations of solar wind plasma and IMF by ACE spacecraft during November 6 - 10, 1998
B,B,,v,,N,,T,,B8,, N,/N, is the magnetic field strength, the z component field, the radial solar wind speed, the
proton density, the proton temperature, the ratio of proton thermal pressure to magnetic pressure and the density ratio of
He* * to proton,respectively. Vertical lines denote the times of two successive shocks S1, S2, respectively.
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Fig.3 The time evolution curve of solar wind radial speed incited by disturbance propagation

F, B denote forward and backward fast mode wave, subscripts 1, 2 and 3 denote three wave modes related with injected three disturbances, respectively.
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Fig.6 The relationship of shock transport time T, and

& 6

CME initial speed v,
E denotes Ejecta. T, refers to the time difference between shock arrival

at the Lagrange point{L, ) and its corresponding CME firstly observed by
Lasco/C2. Solid line and dashed line denote Gopalswamy’ s empirical

formula and its error band!'®’ . Case 1 , 2, 3 denote

hypothetical separate ejecta, denoted by © .+ .C respectively.

Case 4 denotes complex ejecta and 1, 2, 3 denote corresponding
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Fig.4 The time evolution curves of v,, N, T,
and B, at the Lagrange point L, obtained

from numerical simulation

three successive CMEs. Note: disturbance 2 and 3, though starting

at different times, arrive at L; point simultaneously.
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disturbances 1, 2, 3, and compound front due to collision at point “C” , respectively.
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