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(℄"4J��"eV�B�7� 100012)_[�e	�[*v (CMEs) �k9�`#1=>e�HE!,��DZa&	e�4`	Am	p.AZDZ�*�H��}J|Lm|*���v=�`�P� CMEs *e`b^*Sy�$�Z1w*v=r%�`"7*8P� CMEs *|�~R�\L6m(#�� CMEs �`RWJ?*Z7Æ��Ci CMEs �21v=*���	ti21v=*�`hA�n�i CMEs21v=;I��I*J?�0ui CMEs *|`RW�x�ir��(*�N�I�i CMEsP��O�ZL.!1Y=vvPR*�$ - ��TP�SH�e	�[*v (CMEs) �v,�21v=�v=J?eI"0'�P182.6+2 ��� LP	�2�A

1 �s��Sd��Z)u (Coronal Mass Ejections, CMEs)�uJ|��|k�)CYGD�) [1] 
?��	��9-PqO�Z8)'d77lK<8b7l�LUDd�K<8bVO)g����<Yq'"f2[Cq�!Yq
80�!Yq0VO!�v#7l'S�\3Gg�)�!0`}�X�z�'S�)7l'<�;q�&=)7lSC�g�Na)7P�R/t
bo� CMEs �j8�_"0<=d�GD +� [2∼5] �CY`%�d�3_��l�o��2CYr�d�VO0<8bVO-�YCY�)�G�?|I{Kl{)��
W�CY�R0d77l�RH/�O� CMEs )g�QVY<�d�-PqO0<8b�Z >�y)�R$s�X|no)
���$ 20 Y$)O�� CMEs g�)N�0?�CTN��<g��f20
N)QV CY�RG\[�d�#|X0=)a��M
# 19 � 70 $�{�Z$d�g)7l�_� CMEs %�8bq��CY(w�H)d_�uJ)�i�� [6] 
��l:�`�k��_"oD� CMEs �LKfsh�h?�)�RI> [7,8] 
 CMEs  'B�77l)�RYq\?nQ�a℄)�y [9] 
: CMEsUD<8bVO�<8bVOd$H�!f2CY�!Yq [10] 
�[ CMEs ){_QV[Tq`G
�$H�T\Om)�el��_ (/B
_)"��_) �CY3_E)p=�iQ�)��0D[GL�h6Y|�6 [11] 
�� A#<9�2004-04-16 � X*<9�2004-06-14



� 4 : {M�.�e	�[*v*21v=J? 285�"��_5lO� CMEs )mW0ZdD[G [12] � CMEs ) Hα 0j X u��_5lH� �)�Z�^)C�N)��f^)�ZC�jf^)�Z�� �CYH�C��PCYH� [13] ��"vm�d�g (LASCO) !W CMEs )�_D+" 30 R⊙ eo [14] ��phq$l�� (EIT) L�h� CMEs  �)$MQ01d�Q)D[G$s)a$ [15] �
Michelson Doppler q$g (MDI) L�hXd��i)�_�_ [16] �<�amEv0m�J�E:v|)
ndg���O – ��OQ)j^u<uu�_5lO��!Yq0 CMEs�o�Z >�y)D[G$s�u<3_q$�_5lq"� CMEs T\u<3_�Q)wSL�a℄6
"�0u<OQ\	�_C5lz��<Yq0 CMEs  >�y);ZI> [17] 
u<�_�O� CMEs )d_a℄)Rx$Q [18] 
zj^<qg�)u<3_8bq�Æ+d���|))Æ#
10u<�_� CMEs )jd�g�_�?<d�g�_#|��)X�6,�[Ku<q$�_T'6�))�V�5lW���qK7d�o�q){_$s<�_�q��4u<�_0d�g�_�d_a℄)O�$Q [19] 
Y0v)u<q$�_!6)7O� CMEs ){�}Q�[K5l'"6Y�� CMEs �_QVI>)6 [20] 

2 �32w>�O (KOm�m)O) 3_��M 0v f ≤ 300 MHz )eo\:�_")u<3_
?�d_HJ|�)u<3_�fzJq 108∼1012 K �|0�KK9)3_ �00vo�Q�� 1015 K 
	 066	lC?)I=��O3_�R5lmq I 9� II 9� III 9�
IV 90 V 93_
<g℄I=pH 1[21] 
�_H��|\_�Ou<3_j� CMEs d?8�_"�q[u<3_)�_O�T�!L�a℄)�R6�[KWGH CMEs )?�jja℄
d(bq II 9u<3_�z8VOf2)<q)-PqOuur?)���_"Hs CMEs )80�O|�0vu<3_	��!h�r?8_-PqO)u)T�B=lY? d�g�)VO [22] 
W��O�5[CTN���� CMEs UDVOC� CMEs qVO)
NL�|WYq��� II 93_0 IV 93_� CMEs ��J�^) [23∼25] 
 Sheeley -` [26] O�h 1979∼1982 $l�O II 93_� CMEs ) �=
�#H�� 70% II 93_� CMEs |ZB) �=�[
30% �|� 41% CMEs � II 93_|ZB) �=�[ 59% �|
 Caroubalos 0 Hillaris-` [27] W 1998∼2000 $)�O II 93_0 IV 93_<__O�H�� 45% ) II 93_� CMEs |�� 71% ) IV 93_� CMEs |�� 79% ) II/IV 93_� CMEs |�

Robinson 0 Stewart [28] W� CMEs |�) II 9u<3_<h__O��_� II 9u<3_|	g�� CMEs )ET|��|	g�� CMEs ET):�
Q� II 93_g�)QV� Claßen 0 Aurass [29] )__O�H��g��O II 9u<3_)QV5!| 3 _� (1)z�`%|�)3;OVOg�� (2) z CMEs ETUD)VOg�� (3) z CMEs ^�K ZUD)VOg�
 Jackson -` [30]  1978 $m
h CMEs 0l�O III 93_;�� )u<E5)__���_� CMEs  8�_"HE4)� 6 h \� CMEs \4o 20◦eo jj|�Y III 93_��� CMEs E 1 h � III 9u<3_)-��"|�K
q��k�_!dXE III 93_Z� CMEs)E5GD�t�|W� CMEs_�YqY
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��H III93_M'��}z`%+��q[?T�:T CMEs))$Q [31] 

 1 ��6EZ>�� �f[GW [21]5bM: " 100 MHz g|L -= (�) 3xfp / �> �Lfp / Æg5 _� wxTYM 10 GHzq /K,tD�n
I ≤1 s ≥ 1010 50%∼100% 50∼300 MHz/ 0.1∼0.6 R⊙/ q> �5r PQ/Q

1 MHz rQ
I 2 ℄V ∼ ℄d ≥ 109 o � 50∼300 MHz/

100 MHz

III 2 ℄V ∼ ℄d ≥ 109 o � 50 MHz∼30 kHz 0.6 R⊙∼ 1 AU/ ,i I 2 PQ2 (M)2Q/QrQ
II ≥ 10 min 108∼1011 [l� 200∼1 MHz 0.2∼200 R⊙/ ,i b'WQ PQ22

/10 MHz Q/QrQ
III ℄�^ 108∼1012 PQ 30% 200∼1 MHz 0.2∼200 R⊙/ ,i c/3 ?rq PQ22

("� 1MHz 2Q 10% /10 MHz Q/Qrqr 108∼1015) o � 2 �2Q Q
IV(�F) � 30 min 108∼109 4 → � 200∼10 MHz 0.5∼ ℄ R⊙/ /Q .b' DE^Y

x � />10 MHz rZd h32 (M)/QrQ
IV (b' � 20 min 108∼1012 0∼40% 200∼10 MHz 0.1∼1 R⊙/ q>� ℄$�b' /QrQ�aD8) o �� /100 MHz ~��S
IV (2a ℄.� > 109 60%∼100% 50∼300 MHz 0.1∼0.6 R⊙/ q>� b'�; PQ/QD8) o � /100 MHz ;�S rQ
V > 1 min 108∼1011 < 10% 100∼10 MHz 0.5∼2 R⊙/ ,i� �7 III 2Q/Q

x � /50 MHz rQ�� – $�O (DH) � 21∼300 m Om Wt (0v 14∼1 MHz) �?WRhm9lH7��_ (>15 MHz) 07l�_ (<2 MHz) Hl)7"
:|�� II 93_G� CMEs |��[N|dZm CMEs ��� II 93_|� [29] 
 DH OQ�5l�_" II 93_0 III 93_�'[5l�_" IV 93_ [32] 
 DH II 93_zVOg����80VO���T�z CMEs UD)�q�� Gopalswamy -` [33] O�h DH II 93_�_�?��Y�y:)0y=) CMEs |��8qG_y:)0y=) CMEs L�hy))Æ#
5[�O0 DH II 93_)?��|Ap) [34] ��(�j�)� DH II 93_5l�q CMEs P+hd�i<8b�Z)d_GO [35,36] 
D�O�<8b�Z Wt�?�� DH mOOQ)tZ
z�_5G�g�D�O II93_):|<8bVOG� CMEs |��K80 CMEs G���U��!) [37] 
 Reiner-` [38]  1999 $�dXE��D�O II 93_g�� CMEs UD)VO)N0�10)ooQ�
W�m	l)�O$1K2�u�Q\<,�� Chertok -` [39] <h"�)�Xm
�_�8d�)5!� CMEs 0��� )���� >�R�y)�#
�E5[?�Hl�y)��CT6N����k�G% CMEs 0?�)ul:)!d!h�/B�i�
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��Hh� EIT O0 II 93_)��� II 93_)ml0VO)���lYy II 93_�4 Alfven 2J)�uJmW- [40∼42] �GW CMEs )O�jja℄

3 �32w>�aiB
3.1 Wind/WAVES

Wind l�� 1994$ 11 �_uq�
WAVES � Wind o)u<g��?/B\�u<{#��0veo� 4.0876 kHz∼13.825 MHz 
�E�YFyohd{#�� RAD1 (Radio

Receiver Band 1){#��?| 32�T`C)0v�0veo 20∼1040 kHz��= 3 kHz�RAD2

(Radio Receiver Band 2) {#��? 16.192 s  lÆ 256 �0v�0veo 1.075∼13.825

MHz �0vmEv 50 kHz [43] 

3.2 �!& Nançay =�:S\ (NRH)

NRH ���o9dA9Dnoo)CYu<d)g�� 1967$ 7�+��_
<- �_�$ Mark II �Mark III �" 1988$k�_+q Mark IV �_
 NRH � 10 �0v5l\	�_K5l'":2^sq$)d_�yg�0veo 150∼450 MHz 
�Eg℄F& 5 �0v (435 �410 �327 �236 �164 MHz) ���0v)	lmEv��� 8 �)�vmEv�
0.3′∼6′ �#O-KV'�0v0g'
�S�_)	l��� 7.5 h (08:00∼15:30 UT) [44] 

3.3 ��1B� IZMIRAN =�58\8�u<06g� 1949$+��_�y�eo� 25∼275 MHz�0vmEv� 0.2 MHz�	lmEv� 0.04 s 
?T�5l�T\)D[G06am
T\	Q)u<I>�[KC5lFVan�B0v)	l – HJyFaH<- m
 [45] 

3.4 �N/ Thermopylae � ARTEMIS-IV DY=�58\8�u<06g0vy�eo� 110∼687 MHz 
z�{#�4<℄��l0{#�
ASG (Global Spectral Analyser) 0�m�J)YZ%��{#� SAO (Acousto-optic Spec-

trograph) 
 ASG y�B�0��	lmEv��� 10 �q\� SAO y�eo� 265∼450

MHz �	lmEv��� 100 �q\�?)- `sZjyHO�����
�S�_	l� 05:30∼15:00 UT [46] 

3.5 ��&��F Tremsdorf 58\ (AIP)8�u<06g/B 4 �0vQ� 40∼100 MHz � 100∼170 MHz � 200∼400 MHz �
400∼800 MHz 
�_	l��S��� 04:00∼19:00 UT �CS� 08:00∼14:00 UT [47] 

4 �32w>K�
4.1 ��=��R%ÆJ� CMEs �U�(�`

CMEs|{� `%|�) W-)d�Q
N�H)�?TT7+3�I"FWB�d�
 Maia -` [48]  O� 2000 $ 7 � 14 d� CMEs 0`%	M��u<�_E���5�qÆ�d�{�XP=)�q�<|{)GD+��d�\40�����u<�QT"
15 min B �J0uJoQ{"B�5peo (ha 1 :�) 
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b 1 2000 % 7 � 14 e NRH ! 164 MHz p*r%b [48]

10:20 UT ~��h_IF,��b�x?qeL3)I�IF�+E/$C�f�

b 2 �! 164 MHz p NRH U℄
m*v=�zGAg# 7 � 14 e 9:40 UT *b [49]

10:18 UT �x?wxR	,�R|�J���b'klI��$ 10:20 UT �b'�$}�L�" 10:37 UT �x?wxR	℄=R|$C�f�J���~ CMEs ��MVUV�2b/�
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Pick-` [20]  O� 1997$ 11� 6 d)`%�q	_��T\0v) Nançayu<q$��huuQ)z�=
uu�`%GDQ)|�'6-PQ{� 10 min :�"iB�8H� CMEs )uJeo0u<uu)wS� t)
 m
 2001 $ 4 � 15 d)�q	 Pick-`'�\\)�{
Maia-` [19] !8_�)��qYX��_B�BHl) >�y!R)�uJ��)d�a{

Wang -` [49] W��5�qÆ<hb9)m

�y EIT �j X u�� Hα u�0�a)�_�#�=�bq}�q)� CMEs T���GDQ)�)�GDQ)�Y3_N��)8v%�Y)dZm�K7GDQ)�YQs`{n�)8v%)�Y
Nançayu<d)g)�_���u<�Q 6P	l Q{"B�5pd��[K� CMEs )_+yYY�T\)�Zd�_ (ha 2 :�) 

Gopalswamy 0 Kundu [50] y 3 �0vH
t�D)�y�\�CY-�eo) IV 93_�_�u<�6n �)"� CMEs �D[�D�LK5lZ$`{u<�Q)Z4eT� CMEs #|Bl��
zu<�_�_) CMEs Zd�"��_'")�#dR
 mOQ\!G_" CMEs :)�J8+ [51] 
�$H Nançay u<d)g)q$H��u<�Q)��� CMEs )EN�� Wt [52] 


4.2 � CMEs ^VT+d�,C��
Reiner -` [38] * 1998 $L�d_O� CMEs )3g�F�u<DF6)0v - – 	la�Z$80u<uu)0v/fH�)7O�0
t� CMEs |�) II 9u<uu
}gN�<8b-PqO�J n d(6 1/r2 C? (r �d4%) 8dEL�/t"-PqO0v�-PqO�J)4g	���[ fp(kHz)= 9

√

n(cm−3) �q�F�) 1/f–t a�
r–t a� �) [53] 


Reiner -` [54]  2001 $Wyo+gO���5�qÆ�dXE� CMEs  �d�"<8b�Z\)
N�o2) (ha 3 :�) 
a 3 (a) � 2000 $ 7 � 14 d 10:54 UT" 14:00 UT )	l z CMEs UD)VO ��d�"<8b
N$s\:g�)�� –D� II 9u<uu�0/eo� 14 MHz∼400 kHz �a 3 (b) ��)	leoQm" 7 � 14d 24:00 UT �z CMEs UD)VO <8b\
N:g�) II 9u<uu�0/Q{" 67

kHz �a 3 (c) ��)	leoQm" 15 d 16:00 UT ��� CMEs "�7�l:�0/Q{" 40 kHz 
qh!0v/f) II 9u<uu� CMEs )D[G^�?H�C??/td�0<8b�Z)�J – %P��
�a\5l.�g�80uu)VO �d�"<8b)
N$s\�o2)

Manoharan -` [55] l ” ��5�q ” qX� O� CMEs W7v#	�\yu<q$^*� IPS (Interplanetary Scintillation) ^*lY7l�_- HO� CMEs  <8b�Z\)
N
�
N%P R -� 100 R⊙ 	� VCME ∝ R−0.08 ��
N%P R �� 100 R⊙ 	�

VCME ∝ R−0.72 
 CMEs  
N$s\)!d8�T	7'" CMEs s}��)!dRn

Manoharan-`bq 1d�	;q CMEs Y
N$s\)!d�z� CMEs |�)&f)
(twisted) �Zd��_L�)
�!d8� �Y	� CMEs �+�K2o2��2J
CYr)2JdTY	� CMEs �E
nCYrd?
N [56] 


Pick -` [20]  O� 2001$ 4 � 15 d�q	��4u<�_0 C2 � C3 )- :�)�J – 	la�'"h CMEs l9B)2J
N" 7R⊙ lh�+�o2)�{
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b 3 � “ �6�r” * Wind/WAVES E\H17b [54] (a)∼(c)  { CMEs h�, II :x?wxF℄J38� (d)  �F℄J38,#Æ�<Xu,�L – �nT�23L – �nT��
4.3 CMEs ^VT+d�Q)g℄

Gopalswamy -` [57]  2001 $O� 2000 $ 6 � 10 d�q	�L��d�u<uu(H� CMEs  <8b\) >�y%q)
�� CMEs l \)r�)u�H�Ed�
CMEs (CME1) )2J<9^� CME(CME2) )2J~�: CME2 UD)VOZ$~ CME1)-	�u<uu�+�(H�\	~ CME1 )-z�: CME2 )�y~Ch<�)�D�% (ha 4 � 5 :�) 


Gopalswamy-` [58]  2002$O� 1999$ 9� 2d�q	�_�d_3)u<uu�)�l \r�)u�H)� CMEs <8b\ 
	���: CME2 )ET�~ CME1
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	�Eg�u<uu�)�[ ?� >�yHEL�|�_"k�� n)u<uu�)
 Gopalswamy -`bq�� CMEs  >�y�?�)�i�_�a^	Eg�j^<q�K;q3)VO�g�3)u<uu


b 4 SOHO/LASCO r%��*; CME2 2�� CME1 .*O? [57]

(a) 14:08 UT �� CME1 Z>g/�(b) 17:08∼17:30 UT�< CME2 Z>gFO2�g,f℄/���< CME2,>Lfpp%� CME1 ,℄5yUx�℄<�, 17:08∼17:30 UT ,e&� (c) 18:18 UT x?)I� LASCOC3<�b$,&� (d) 21:18 UT < CME2 p%� CME1 /�� CME1 /:< CME2 f(~A��Dj�F &�

b 5 (a) CMEs *�K - 
mS� [57] � (b) CMEs *xTw - 
mS� [57] �x?`\)I < CME2 [%� CME1 /�� CME1 /�DjÆ~,�F &�
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CMEs ) >�yT�|W�7lSCty)O��[KC5l�!W7 CMEs )d0I>6�87��_")q��[���!dXR�z�<8b\))u� [57,59] 


5 � CMEs +}aSXW CMEs �RQV)O�k�qqS}G\)d�^;
�$H� CMEs O�k�qq7l3G\)d��ImF����{��_C�R{o� CMEs {_)�R$sQ
TN� [60] 

1997 $ Low [61] �R{oe�� CMEs �d_�$s�?��uJd� 11 yr GDU�_7a3;qL!RBO�i)X=dC
8_.)\4;�� U?	GU&j�iB��CY1�Co�"d��;q�l�o)�G
��l�oD[G3_	�VU �GU)�i��d��Zd?P+d�;q CMEs 
8�J)�ZdP+d�8)�3GD)X= d)�Zd:�R)$s
:l CMEs �d��ia3;q)N;QV [20] 


1995$ Feynman 0 Martin [62] __O�H���Y CMEs �3x��)�Zd| �=�q[�a^)3x��)�ZdW��_�Y3_0 CMEs 5!|6�).i
N��_") �=03_)�Zd��9� Chen 0 Shibata [63] Z$-K�#L�h3x��)�Zd�_ CMEs )QV��{� �YZ% C� �YZ%h�3x�)�Zd�_�Zd��H�W48K �Zd)��;q<o.� <o.U):2�a^!R CMEs 0k;9)CY`%K X u��B3_
 2002 $ Chen -` [64] Z$�Xm
_�� �YZ% �[��6-)3x�)�Zd!�_�Zd��H�W48�[ �Yh�3x�)�Zd℄�_�Zd��H�W48�>℄d��K
8d�#a5l6)7�!q�� CMEsT�l`%q\4�q CMEs 0`%)	l07l �=L�ha℄�9
 �_o�N�Wd{{_�5pd�) CMEs)O��j��-` [1] L��CMEs ��KCY�uJ��T�B=)_��'h+3�QZm)i<8b7l)�R$s
80�uJ���CY�i) �md��R5lmqK�dK�`{CY�6-P�GD�)"�B�dK�"�YY�H �)�uJ�i��

Maia -` [65] Wy SOHO/LASCO d�g0 Nançay u<d)gW 1996 $ 7 � 1 d)

CMEs �q<�_
8_^4�_!|/7ZB{�T�B=)wS0� CMEs 3_ElF")uQd�Y<8b7l)#9UC$s�[! CMEs )�_0#9)UC^�?H

Pick-` [66] Wy SOHO/LASCOd�g0 Nançayu<d)gW 1996$ 7� 9d) CMEs<h^4�_
�#���� CMEs  +�)u<3_)	l07lUCG6z�L|m&�`C6
Wu<`C6	B)m
H� CMEs � T\) w�?��T\)a^$s0d��i�B$s+�
u<�� CMEs )wS0eoHl|6))7l+�=
u<`C�)��0UC��B�){` >�y|��8_{` >�yr?�a^L!Rd��uJ�i)�B�<\�a^+�<q8f2$s [22] 


Maia-` [67]  2003$�iYOQ�_�/B SOHO/LASCO (Large-Angle and Spectro-

metric Coronagraph)�MDI (Michelson Doppler Imager)�Yohkoh/SXT (Soft X-ray Telescope)q$0 Nançay u<06)�_�lY�y�=�[ihe�0gW 1999 $ 10 � 14 d�q<u4O���#_�8�yYY��Zd�_)z�) CMEs �_QV0U?���a^<o."jj�)GDQ )�`{�4)�#
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6 �y��.m5[`�W CMEs )b�0O�k�V'hdB+���� �Y�M|��'�

(1) CMEs)�Q ��?:Wt)�i���'\)�?)�_QV����T\K)
CMEs �tGz\d_QVg��

(2) CMEs 0CYH��i)��0U?)��h3� CMEs 0CYH��GD�)) ���0�R��h3�
(3) CMEs )!�Hs3	�!d�h3��0!h)��a^ CMEs �q\?���y�
(4) CMEs VO;q0VO\)Yqh3J'f2�<g℄)f2QV|�0��E)f2QV�t!��!?)u<uu)Yqf2$s�
(5) CMEs  <8b7lh3
N�?� 
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Low Frequency Radio Signatures of Coronal Mass Ejections

WEN Ya-yuan, WANG Jing-xiu

(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China)

Abstract: Coronal mass ejections (CMEs) are the most spectacular phenomena of solar ac-

tivities, and the solar events with the largest spatial scale. CMEs are often accompanied with

other solar activities. Many solar phenomena are believed to have direct or indirect correlations

with CMEs, such as solar flares, prominence eruption, helmet streamers, high-speed solar winds,

coronal and interplanetary shock waves, and so on. Radio observations are an important comple-

mentary tool to study CMEs. Multi-frequency radio measurements not only study the initiation

of CMEs, but also get more information on triggering mechanism of CMEs. In the present pa-

per, we summarize the relationships between CMEs and low frequency radio bursts with the

observational instruments and the radio signatures of CMEs being introduced and analyzed. The

initiation mechanism and some open questions are discussed as well. Finally we claim that studies

of CMEs must base on the multi-species data in all electromagnetic radiation wavelengthes.

Key words: astrophysics; coronal mass ejections (CMEs); review; low frequency radio; radio

signature


