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Table 1 The ICME events list, including the start and end time, and the
structure of ICMEgs, i.e., if the ICME contains magnetic cloud or sheath

No AL Af I (8] S5 i) 10

1 1997/5/15 9:00 1997/5/16 0:00 SH+MC
2 1997/10/10 22:00 1997/10/12 0:00 SH+MC
3 1998/8/26 22:00 1998/8/28 0:00 SH+ICME
4 1998/9/25 2:00 1998/9/26 16:00 SH+MC
5 1998/10/19 4:00 1998/10/20 7:00 SH+MC
6 1999/9/22 19:00 1999/9/24 2:00 SH+ICME
7 2000/2/12 9:00 2000/2/13 0:00 SH+ICME
8 2000/4/7 4:00 2000/4/8 6:00 SH+ICME
9 2000/8/12 5:00 2000/08/13 22:00 SH+MC
10 2000/10/13 12:00  2000/10/14 20:00 SH+MC
11 2000/10/28 21:00  2000/10/29 22:00 SH+MC
12 2001/4/18 12:00 2001/4/20 11:00 SH+MC
13 2001/8/17 20:00 2001/8/19 16:00 SH+MC
14 2002/4/17 16:00 2002/4/19 15:00 SH+MC
15 2002/4/20 0:00 2002/4/21 18:00 SH+MC
16 2002/5/11 16:00 2002/5/12 0:00 SH+ICME
17 2003/11/20 10:00 2003/11/21 1:00 SH+MC
18 2004/4/4 0:00 2004/4/5 18:00 SH+MC
19 2004/7/22 18:00 2004/7/24 8:00 SH+ICME
20 2004/7/24 14:00 2004/7/25 15:00 SH+MC
21 2004/7/27 2:00 2004/7/27 15:00 SH+MC
22 2005/1/21 20:00 2005/1/22 17:00 SH+MC
23 2005/5/15 6:00 2005/5/17 12:00 SH+MC
24 2005/5/20 4:00 2005/5/21 5:00 ICME
25 2005/5/29 1:00 2005/5/30 23:00 ICME
26 2005/6/12 16:00 2005/6/13 13:00 SH+MC
27 2005/9/11 5:00 2005/9/12 7:00 SH+ICME
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Figure 1 Overview of event 13 in Table 1. The panels from top are the magnetic field, plasma velocity, density and temperature, perturbation of
the three velocity component, perturbation of magnetic pressure and plasma pressure, compressive coefficients (coefficient of three velocity
component and perturbation of magnetic pressure and plasma pressure), power spectral of perturbations, and the type of MHD waves granted by
SVD. The numbers in the lowest panel represent the type of MHD waves. Moreover, 4 means the dispersion relation approximate to the Alfven
waves, but there exists some discrepancy; 2 means the dispersion relation approximate to the slow waves; 1 means the dispersion relation is
different from any MHD waves.The Alfven waves in this case exists continually longer than 12 hours. Furthermore, the Alfven waves lay in
the middle of the MC, slow waves exists very shortly. And the fast modes are only detected in the sheath region.
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Table 2 The properties of MHD waves and some parameters of ICMEs. Alfven wave column shows whether the waves continuously exist very
long time. Position column shows the location of Alfven waves in ICMEs. Slow wave column shows the existence of slow waves. Fast wave
column shows whether Alfven waves exist at the interface of the ICMEs and the solar wind. Bi-direction electron stream column shows whether
bi-direction electron stream exists in ICMEs. Source region shows where the CME erupted on the solar surface. Ratio of solar wind speed shows

the ratio of the solar wind speed before and after the shock waves

No 45k Alfven % A {2 PRI RV TR ERE R RIXALE KB RGRE EE
1 SH+MC No - Partial No Unknown N21WO08 0.710
2 SH+MC Yes Middle part of MC Partial Yes Unknown S27W05 1.025
3 SH+ICME Yes End of ICME Partial No Yes N35E09 0.524
4 SH+MC No - Partial Yes Yes N18E09 0.600
5 SH+MC No - Partial Yes Yes NI10E10 0.772
6 SH+ICME Yes End of ICME Partial Yes No S21WO05 0.685
7 SH+ICME No - Partial No Yes N22E03 0.762
8 SH+ICME No - Partial Yes Yes N16W66 0.584
9 SH+MC No - Partial No Yes N11W11 0.764
10 SH+MC No - Partial Yes Yes NO1WI14 0.759
11 SH+MC No - Partial No Unknown NO6W60 0.801
12 SH+MC Yes End of MC Partial Yes No S20W85 0.787
13 SH+MC Yes Middle part of MC Partial Yes Yes N16W36 0.589
14 SH+MC Yes Middle part of MC Partial No Yes S15W01 0.720
15 SH+MC No - Partial Yes Yes S14W34 0.742
16 SH+ICME No - Partial No No S12W07 0.749
17 SH+MC No - Partial No Unknown NOOE18 0.766
18 SH+MC No - Partial Yes No N16W10 0.813
19 SH+ICME No - Partial No Yes N10E35 0.709
20 SH+MC No - Partial No No NO2EO08 0.896
21 SH+MC No - Partial No Yes N04W30 0.619
22 SH+MC Yes Total MC Partial No Unknown NI12W58 0.639
23 SH+MC No - Partial Yes Yes N12E12 0.450
24 ICME No - Partial No No N13W29 0.952
25 ICME No - Partial Yes No S12E13 0.802
26 SH+MC No - Partial No Unknown NO7E13 0.632
27 SH+ICME Yes End of MC Partial Yes Yes S10E58 0.683
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Figure 2 (Color online) Locations of source region on the solar disc
of all 28 ICMEs. Square point stands for the cases with long-time
continuous Alfven waves, while circular point stands for other cases.
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Magnetohydrodynamic waves in interplanetary coronal mass
ejections near 1AU observed by WIND spacecraft

LI QingSheng, XIAO ChiJ ie’, WANG HongGang, CHEN YanGao & WANG XiaoGang

State Key Laboratory of Nuclear Physics and Technology and School of Physics, Peking University, Beijing 100871, China

Previous observations of interplanetary coronal mass ejections (ICMEs) show that only from 0.3 to 0.68AU did
Alfven wave exist in the ICMEs, and rarely discovered at 1AU in ICMEs. Here we present a preliminary statistical
result on the existence of magnetohydrodynamic (MHD) waves in ICMEs near 1AU. Based on all of 27 single ICME
events which led to major magnetic storms during 1996-2005, several types of MHD waves in ICMEs are identified
with the dispersion relations by SVD method: (1) in about 1/3 ICMEs near 1AU, 8 out of 27 events, some Alfven
waves exist continuously ; (2) in 13 cases there are fast waves exist in the sheath of the ICMEs; (3) slow waves exist
in all events. These observations may show some new clues to the basic wave property and dynamics of ICME.

coronal mass ejections, MHD waves, solar wind, Alfven waves
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