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(1. LpxM��p2i�V / �Ji�V��B 650011 � 2. LpxM��Vd"��/[ 100049)KI��:�HX� (CME) �8X℄wjKb$nw�n�^i
X℄� �/	g 1971 Q 12� 14 �����goiS� CME p	� CME ?� �	�-
gY�H-}��:k{�=�2*diS�� CK
iS"	~8�:����CME 
�6��QGUK�8s�g4I��B���dKe?iS�2f!B
F�	NÆjC YQ	 CME �6��QG
p+^0 —— M$�4M$�G�$$�$Æ —— U
7V&��f -4�6��QGKs�
g4��Daf R��:�HX�UKa4n
g4Pw�	 � ��X℄��K�X℄� ��:�HX� (CME)R=
!��P182.6 ��� ADy6%�A
1 �w��X
9�GW� (CME) 7a#mv�m�℄h	W\���.�m&d7z(X�|7Æ`z|�
�|7�tAfi	mU`	W\,34� [1] �5x	hvL�z�G�v�	SL�"zSL�e3W�?;.|7�vgX�|7	�l+���U+�!k�.�q/�C�v�	�}\Jx�lPJ(�q�z(�
	!��um) CME 	Tb��
!�7o$f�fq 1971 P 12 � 14 
��
�fnhR� CME �� 2006 P��OSO−7�? 19.5 W�hR� 27 W CME � Skylab � 227 fJhR�� 115 W CME � Solwind z SMM hR�	 CME WF%m#v� SOHO/LASCO� 1996 P —2006PhR�	 CME 4�WF\r�
10 000 W�? 1 )�B CME 	|�hRq�fW1M���,3Fg) CME o*℄/Tb	Mq��<r;`P���� 8�30�2007-06-09 � H�30� 2008-02-02��E)�p2h�xM�QdW*F (10433030 � 10521001)



� 116 �������g�Æ�K�V�&������� 26 n�z 1 ��S��1'J� CME �Æ~F� [3]�;l OSO−7 Skylab Solwind SMM LASCOjT(9 1971 1973−1974 1979−1985 1980, 1984−1989 1996−2006<Y9� 2.5∼10 1.5∼6 3∼10 1.6∼6 1.2∼32

/R⊙jT�� 27 115 1 607 1 206 11 584

CME YH`rN% — 470 460 350 458

/km·s−1`rH�% — 42 43 47 44

/(◦)`rI� — 6.2 4.1 3.3 1.7

/1015g

2 CME �q,_1
2.1 CME �:�

CME r�fN��	�G�L#7fW�5	℄/����ElhR	 CME A7�f|^<	rz�SolZSI	L#�7\g CMEI�	lY�0�
8��	�j��&7ÆFg{"N~e�	�mZ}	7"AN~��� CME �
9j;XJ	^pL#��&��Tb	D`�7ÆI'�O CME L#	;���}�1n B^Sn	N~�s 1[e� 3 W�<	�j��&7Æs+#$x	m/,)0N~�) CME �u 2.5 WW\

t 1 SOHO/LASCO iS�
�X�=
�k — '8�t, [3]4;>� 1998 R 6 � 21 ��hY5N CME 5A��H>� 2000 R 2 � 17 ��hY��N%� CME 5A�$>� 1998 R 5 � 11 ��hY=N CME 5A�%y��#9lÆ — (9��o0.*1O� (��N%�5A9#CO��'z�Y92pO�) 
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p+^0 117�%a&	&7U?�mf���� CME lY�D	R�r��W�� CME lY�D	
8j7I1&��WRL#v�(�z
8j	^:^37�5 WW\%ao�;�;�^��WH,z
8j	^:\^37 [2] �}7�v_5	o*TbJ�,W�b℄Z3	+�
CME 	L#yoq(% km/s �u�k km/s ��	 Byou� 3 000 km/s �? 1 J	Mq?A�Hm
9jhR�	 CME ^pL#� 400 km/s p���5yov� SMM hR�	 CME 	^pL#`�f3�yL�FgIP&7#U)f3�L CME 	L#HL�2*�f [4] �yLd7u�,W
u� SMM hR	FgC3�?�e�W\��Q	!1Pz!vP CME	^pL#�)2A�	Hm [5] �/T	hR�*�2q!1P�!vP CME	^pL#�A�	#3x6 [6] � SOHO/LASCO 
9jhR	 CME Fg^io*rs�HTIP&7[�/p;X7�v�hR�	 CME L#q(% km/s �\r 3 000 km/s �

Gopalswamy � [4] ) 1996— 2002 P SOHO/LASCO hR�	 CME U?�&Z	>����ZPA CME L#>J9:s�^pL#zJ<L#	;�{"�Æs 2 S2�y> CME 	^pL#qW\��!1P�!vP;�uf1�p^pL#!vP3!� 2002 P�&W\��!vP�Gopaswamy [7] P��>�� 1996 P 1 � —2005 P 6 � SOHO/LASCO hR�	
CME ���^pL#� 483 km/s � Yeh �) 1996—2003 P SOHO/LASCO hR	�b"

t 2 (a) 1996−2002 Q SOHO/LASCO iS�
 CME M$
TQ?K�
(b) CME 
Q_q{&Q_qM$p$QK={&QK=M$?K [4]



� 118 �������g�Æ�K�V�&������� 26 n�$f	 CME U?�o*Tb���^pL#� 549 km/s �m&T5�} Leblance 	:5U?�rzO3�rzO3� CME 	^pL#� 749 km/s �yoverz2x) CME L#	z(�v�de7I CME 	.*L#`7;L#v�, [8,9] �\g Gopalswamy � [4] 	o*Mq�\r 2 000 km/s 	 CME 7��1 (25/8 008) �,WyL�2aX� CME �G��J	L�7r�� 	�T>�	 CME 4�JL#mv	7 2003 P 11 � 4 
hR�	 (2 675 km/s) �yLz 23 QJmv	b"$f [4] �� 2006P��hR�	L#mv	 CME 3!� 2004 P 11 � 10 
�L#� 3 387 km/s �XP�	Tb?A��L CME ���B�vLX	r_JD<L�1L CME !�33L�,yL7>W\E	z( [10] �
Michanek � [11] Tb� 1996—2000 P	 72 W�_ CME(
9j�$fQ�#"#3	 CME) ���^pL#u 1 080 km/s �7f# CME 	^pL#Sef1�Yashiro� [12] d���
J	Mq�mX� Cheng � [13] ),N�.r�O:�T53�

CME 	L#��#^37���> Thomson ��2x	z(��A�	 CME �q3hR��u/ CME kE�f|^<LX&q3hR��d�3!�
<:Æ	�L CME $7�3!�
<J8	�L CME ^q3hR��de7I�$�fN>�L	�_ CME 3�33��/A�SL	�_ CME Oq3hR��[ao� CME3>��
���j,3$f	1L CMEz�b"$f	�L CME [14−17]��/�Vrsnak � [18] ?e,�
 CME 	L#>J
J��
 CME "�$�7�	4�i�3L�<L�.��
 CME"-��L	 CMEd�1L	 CME�T5���
 CME7�I	4��3�9`DU5���>��
 [18] ����$�fN> CME ���z
<� Feyna-

manz Ruzmaikin [19] )ko	>
`e�Gm���- CME	>
�/"�7I{2�Chen�>�� SOHO/LASCO � 2001—2003PKhR�	 CME �CD>��
�A��j$f	 CME(FE <) �A�b"$f	 CME(FL <) z-��j$f��b"$f	 CME(�z
<)[20] �T5	Mq?A FL < CME 	^pL#� 564 km/s�A77 FE < CME 	^pL# (524 km/s)+Sf3�/,�
 CME	^pL#7�z
<	 CME	^pL# (738 km/s)1�,�} Kolmogorov−Smirnov:[3� FE < CME � FL < CME 	L#>J$J_#�
0.79 �,IA,�
 CME 	WA3�u�D`DU5>��
	_# [20] �lr>� 1996P 10� 19
 —2001P 12� 26
7 SOHO/LASCOhR	 CMEFg�
Aoki � [21] 3� CME L#>JHq)F3Z>J��� SOHO/LASCO � 1998—2001 PhR	Fg� Yurchyshyn � [22] �fn5* CME 	L#>JHq)F3Z>J�l�	Tb3�1L CME f#73L	��L CME f#7<L	 [10,16,23] � Yurchyshyn � [22])3Lz<L CME L#	f�)F>Jq�3ZN~�3��jNz{"(�$m�,r
a�qo*��I3Lz<L CME 3����	yA��a$m	|��E�}r�2d�I�3L CME 4��*7<L CME 4�`1�

Qiu z Yurchyshyn � [24] Tb��b"$f	 CME �T53� CME 	L#�b"x�r	k	ll�i��w	3$f� Chen � [20] 3�A��j$f	 CME 	L#��jl�j	k	ll�i��w	3$f�}7�T5m&3�A��j$f	 CME	L#��jl�j	^plXm#i�^w	3$f�,WMq� Lindsay �	Mq
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p+^0 119�fC�T53�SL	 CME )x	;.lX^m [25] � CSHKP C<��lO�3!��j�+l$�:�lO�	e(o�(y	�0=L#W�Cw��:	�j�+l$,3�-��0=L#37�lXm#�um CME 	L#�^plXm# B ^37deHfe� [20] �
2.2 CME ��:��56��<`�	L#"7�j� − &7Æ	"AN~��	�/�&��Tb	D`��}�1n B^Sn	N~�/pq*.F#�vU	��r_J{��3L#�v�m�� CME y?fv�GW�
<�H2U	��xM7,N�i~r}	Mq�m;|	� CME B�x>w� Fp �O� Fg zT	l�amr}�\g Chen o# Cargill �	�-?B� CME Rq
<e3&�D`�w��)3L�m&w��`zH CME 5�	O�zT	l��/� CME k���
<f�j�&�S>	~��yL?-
<�
CME ��	3L�<Lr_e7,3�i~r}	Mq [26,27] �s 1 J	�N�<�j� −&7Æ,�6{�w�zl�i~r}	Mq�3L,�?Aw��w� CME &gU`r}���L#z<L,�>AIAl�^�w�zl�\rw�	u��� HAO 	 K 9hRj (;X 1.2∼2.7R⊙) hR	Fg�� CME 	^p3L#f#"73	�/p7 SMM(;X 1.8∼5R⊙) z LASCO(;X 2.1∼32R⊙ � C2 z C3 	;X� C1 �
1998 P 6 �eHL3Z_r�) ��	^p3L#v [28] �UfM�~�$�	Fgyoth�v�3L#7;�	 [15] �mXf3TbMq?A� CME S>	w�f#� 4R⊙ K�0x�m� CME S>	~��	�egU`r} [29] �H2� LASCO 	;KxMLv� CME 	<Lr_�,f�d3 Yashiro � [12] 	o*MqS5*�s 3 %��HmL#7�K CME 	3L#>J� (1) 1L CME(VCME ≤ 250 km/s) 73L	 (J<3L#�
a = 6 m/s2); (2) KXW\EL#	 CME(250 < VCME ≤ 450 km/s) ?�e!1	3L# (J<3L#� a = 1.6 m/s2); (3) 7W\EL#S	 CME(450 < VCME ≤ 900 km/s) ?��<L(~6 (J<3L#� a = −4 m/s2) ��L CME(VCME > 900 km/s) ?��A�	<L (J<3L#� a = −16 m/s2) [3] �

t 3 LSACO � 1996—2003 QiS�InM$8� CME 
_q4M$ [3]
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2.3 CME �M�

CME 	)F (;F�#) f#}
9j;XJ CME �:Æ87	F#�?2�F<��:Æ	�DF ϕ1 z ϕ2 8W�&)F� ∆φ = ϕ1−ϕ2 �)�g��W\:Æ	 CME�R���	)FKXU	.*�#�}7)H3��W\:Æ	 CME �R���	)FyLS�.*�#�G, CME�-ykE&;F�#�#v�So`�;F�#KXZF&U?R��
St.Cyr � [30] R�� 1996—1998P SOHO/LASCO �hR	 CME �Mq��^pF�#� 72◦ �7�}T
9jhRFg��	^pF�#v�,� Yeh � [8] o*�

1996—2003P SOHO/LASCOhR	�b"$f	 CME���^pF�#� 77◦ �� St.Cyr	Mq
J�T5m&) CME	F�#U?�rzO3�rzO3� CME	^pF�#A� 59◦�yoverz2x) SOHO/LASCO	hRMqz(�,v [8,9,30]�Yashiro� [12]o*� 1996—2002 P4fPJ SOHO/LASCO hR�	F�#7�� 20◦ < width ≤ 120◦	 CME �3�^pF�#� 47◦∼61◦ 87�T5�3� CME 	^pF�#�W\��!1P (1996 P) &m1��W\��!vP	t.L' (1999 P) u�mv�P��<1�Æ? 2 � Gopalswamy >� 1996 P 1 � —2005 P 6 � SOHO/LASCO hR�	F�#
width ≤ 120◦(v� 120◦ 	F�#yLH7.*�#�/7W�z( ^	)	 CME���^pF�#� 46◦ [3,7] ��5yov���5g}F�#v� 120◦ 	 CME&�SOHO/LASCOhR�	 CME 	^pF�#eKX� Skylab(42◦) � SMM(47◦) z Solwind(43◦) 	Mq (>? 1) [6,31,32] � z 2 1996—2002 +&+� CME /�7� � [12]R B 1996 1997 1998 1999 2000 2001 2002`rH�% 47(43) 58(55) 56(53) 61(58) 57(52) 56(52) 53(49)

(L>)/(◦)

2.4 CME �>�	{
CME 	�#>Jf#7? CME 	rz�# (�J;�#) �
<�	>J�6� CMEqW\�yYa-kE�� CPA[�� CME	rz�# (o�;℄�#) �7Æ CPA� 0◦ �

90◦ � 180◦ z 270◦ [�^$x	�#>A� 90◦ � 0◦ � −90◦ z 0◦ [12,33] �}7 CME qW\�yYa-kE	6�CH7S�u��"^�	��7� CME 	n yL>~�W\~vAU!X	W\��!1P [34] ��v_5 CME 4��#o*TbJ��f�_#�yo-},N�#ey�5����5\�R�	 CME 	.*�#�
Howard � [6] ) Solwind hRFgTb	Mqz Hundhausen � [32] ) SMM hRFgTb	Mq"?2 CME 3!�S�	�#7�K�}7��3!	4�7I,� CME	�#>J�W\?<8~lX	>Jo� [3] �
vU�([	rF (mvZi�maximum

excursion)	v1o�S�e�8~lX	,� [3] �s 4 [e�z
t,3�f	 CME 	�#P&7	;��o#
v�([	rF (mvZi� maximum excursion) P&7	;��qsJyov�℄ol) CME 	hRMq
J� 23 Q	�#$�� CME 	�#f#KX��P�0W�S�	�#��!v$��G,!y CME �/pI%v	!y CME 7.
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p+^0 121�%v,�p3!	&77.%v[� Yashiro �) SOHO/LASCO hR	 1996—2002 P	
CME �#U?�SP>��� CME 4��#>Jr�I.H)℄A [12] �

t 4 CME �$Q'8
<� [3]�>�s>9s#+h\R�+:��3n7Y^z (��G�u-4��) � CME 	%R(9�=��#|E#�Bz�/'w|J'w��w�)\�sH�+#9e`r>
�kE;#�3U	 CME �!�u/|ND
2.5 CME ��5-$

Webb z Howard i~� Skylab � SMM � Solwind z Helios hR	 CME �Cr�y>#O3����!1P CME 	3!*� 0.31∼0.77W / f�!vP� 1.75∼3.11 W / f [35] �
Cliver � [36] d���
J	Mq�St.Cyr � [30] >�� SOHO/LASCOt.�P	 CMEhRb!�3� CME 	3!*PW\��Q�#$��#3� Gopalswamy � [4] >��
SOHO/LASCO� 1996P—2002PhR	 CME4����qW\��!1P�W\��!vP� CME 	3!*q1� 1 W / f;��v� 6 W / f��W\��!vP CME 	3!*
(6.09W /f)7ol��	 CME	mv3!* (3.11W /f)S�,�$�ff SOHO/LASCOhR�� 13 W CME �J	
uf:<yL7 SOHO/LASCO 
9j	%�#z��J7�~�ol	
9j [3] �&f:<� SOHO �;	FgIP7�d7I��

Skylab 	Fg?�e�eFz CME 3!*�fW7Iw	$f�F [37] �m&� SOHOhR	 CME Fg?A CME 3!	℄*�W\^p�eFi�S7	$fA�$f�Fyu� 0.86 [4] �}7 CME 3!℄*	D< (2002 P 8 � 13 
 —9 � 9 
) ��e^pF	D<
(2000 P 7 � 10 
 —8 � 6 
) tt�f'&7�,?A CME H~7����ey����f37���<�ey��ÆS_�j	�D [3] �
2.6 CME �.�P#�*#* CME G�	:5=�`6� CME �{~���	q�ed�Ju� 10% 	s���lrV( CME 	d�zJ�e	FE��� CME 	G��my��yo\g
CMEJ�ed�G�	AG�lr���X �"hRMq�* CME	G���m)x�� kR�J��[DQ���SoZl	*7�} khR	Fg�q��z X �"



� 122 �������g�Æ�K�V�&������� 26 n�*e	 CME 	G�� 1014∼1015g�7q khR*	G�1�}	�q kR�	G�<	7�8K�9F?e	7�q��z X �"*e	 CME 	G�)xy��W\�X�/q k*	G�)x7IS	y� (�(WW\%a) ���z X �")A�� CME �ed	�G�AG�``�fNEV:[ CME G�*	:5� CME 	�Lz6L!>A� CME 	G�#L#z CME 	G�#S#Oe��
Hildner �m�Tb� OSO−7 z SkyLab 
9jhR	 CME ��� CME 	G�7�� 1× 1014∼1× 1016g �^pG�� 6.2× 1015g �^pL� (�L + 6L) � 1.19× 1024J[31] �

Howard � [6,38] Tb� Solwind � 1979—1981 PhR	 CME ��� CME 	G�7��
2 × 1014∼ 4 × 1016g �^pG�� 4.1× 1015g ��L7�� 1 × 1023∼1 × 1025J ��L^p<� 3.5 × 1023 J � Gopalswamy � [39] �}6F*�� 1986 P 1 � 16 
 CME 	G��
4.2 × 1015g � Jackson � [40] � Helios k#*Re CME 	G�f#"v� 1016g ���rz2x	z(� CME G�zL�	R�r�f�	�W�k#*R� CME 	^pG�z^pL�7
9j	R�MqS�, [41] �s 5 �2� 1996—2002 P LASCO hR�	 4 297 W CME 	G�zL�℄�	kM�[e�f� CME 	^pG���Lz6L	mXMq�>A7 1.6× 1015g � 2.4× 1023J z

t 5 CME H��M�?K{H�8$Q�9k
Z� [3]�� �� 2 ��&�uLE#�V`u� CME 4jT��h/U%��L
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p+^0 123�
2.5×1023J[3] �Gopalswamy[7] >� 1996P 1�—2005P 6� SOHO/LASCO	 CME4���� CME	G�7�� 1013 ∼ 1016g �̂ p<� 6.7×1014g��L7�� 1020 ∼ 1025J �̂ p<� 5.4× 1022J�yove>� LASCO hRFg��	 CME ^pG���\gol
9jhR	*Mq�,yL�7u� LASCO %�#z��J7�"O��,�LhR� 1013g	 CME(15%	 CMEG��� 1014g)[3,42] �&ys 5 d�2��G7# (CME � LASCO s+J)x�4W.K	G�) PS#	;���53� 8 WW\%aoKG�7#RL#3�
8 WW\%aoyG�7#)`����4fWS#7�K CME WF(kF	7��2u�7Iv	S#	 CME e|�7Iv	7#��v;X	hRJ�Æ SOHO/LASCO �Pa
CME yÆ	i�� CME 	G���#3�}7 20% 	 CME � 5 WW\%aKu�U5	mvG��(�f%	 CME � LASCO/C2 	;XJu�mvG��,IA CME 	G�yL3���a	TbJq
9�?;.PGG�#[ue7 3[43] �q Yohokoh/SXT z
SOHO/LASCO hR	Fg3�#[ueyou� 5∼10 [44−46] �D`?e	7 LASCO hR	�z?�e� CME 3!ffp�o�	���GW���q CME 	s+J��	 CMEG�$7I�,N�G	m#zg�	�oTb7<Z9`	�myD`?e	7 CME 	^pG��PW\Q��1	;� [47,48] �
2.7 CME �?����

CME	Ky (�j)J	�ed	#� 8 000 Kp��yNMb	#yu(!| K��&� CME(�b"W��U	#yo\r(k| K [7] �W\LX CME	lXHL9KR���j	lXf#� 3× 10−3 T �}7Æq���yJ8&lXyo\r 0.1 T ��y
9lXf#1� 10−4 T ��j�:	
9�N	lXu�S�^�	
uxM7
9`S� CME� 1 AU jlXf#7 10−8 T p��7^_W\EJ	lX`SfW�'�Æq�5;|�6�lX� 1/r2 ^37�H2 1 AU j	 10−8 T p�$x�W\LX	 10−3 T �z
t	lX#w����:�NlXfC [7] �
3 �\��.o�;`�P��XP� CME �5��PFo*℄/Tb	f3U%��5) CME �5��PFSB��^,	�,�,3PF	��)�O CME �CC� CME ��C<7<Z�}	�}7,3PFTbJr�f3H��A�U`�� (1) )d3&a	hR�O`�/El,:<	hRFg����B CME �5��PFH7�d3&a��	� (2) �B
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Statistical Properties of Coronal Mass Ejections

GAO Peng-xin1,2, LI Ke-jun1

(1. National Astronomical Observatories/Yunnan Astronomical Observatory, Chinese Academy of Sciences, Kun-

ming 650011 � 2. Graduate School of the Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Coronal Mass Ejections(CMEs), known as the most energetic form of solar magnetic

activity, are now believed to be the main sources of the strong interplanetary disturbances that

cause moderate to intense geomagnetic storms. Since CMEs were first discovered on Dec 14 1971

using the seventh Orbiting Solar Observatory (OSO-7) coronagraph, they have drawn more and

more attentions. Several spaceborne coronagraphs and ground-based instruments have found a

number of CMEs, which give a good chance to study them in details. Although CMEs are analysed

for decades, there are still some uncertainties for a accurate measure of physical parameters of

CMEs, for example, the CME latitude is still obtained just from the central position angle (CPA)

of the CME, assuming that CMEs propagate radially away from the solar source region.

In this paper, we show the recent main progress on the statistical properties of fundamental

physical parameters of CMEs, such as their speed, acceleration, width, latitude distribution and

so on, in section 2. And some uncertainties in the determination of these fundamental physical

parameters are presented in section 3. These uncertainties due to that (1) these parameters are

not observed from a start phase of CMEs; (2) we measure these parameters with them projected

just in the sky plane. Finally, we propose some important problems, which should be paid much

more attentions for understanding CMEs well.

Key words: solar physics; sloar activity; coronal mass ejections (CMEs)


