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[23, 33]

´���"ÏdRaymond @�§UVCS *ÿ��p§dÄ�«�Ò´ Lin Ú

Forbes
[8]

�.¤£ã¿ýó�>6¡"

��§Ciaravella �<
[28]

�[©Û
 1998 c 3 � 23 F�u¯��*ÿ]�§ïÄ
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CME Ú���m�>6¡���ëêÚ�'�­�5�"ùg¯��)� CME Ñy3

LASCO/C2�À|p��ÿ´ 09:33 UT§3P. A. = 269◦ �� þ"�
 12:51 UT§§��

����!�V��X�Ø%Ñy3F%å� 3.5 R⊙ �pÝþ§�A��Ý� 100 km·s−1"

�§3 23:21 UT � LASCO/C2 *ÿ���ÿ§§�F%å� 15 ����»§²þ�Ý�

180 km·s−1"éuú CME 
ó§3A����»�/�Ñy\�´'��~�y�
[34]

"3

��L§�¥§LASCO/C1 Ñ*ÿ�$F�¥���X�r�¹Ä"
éu>6¡�*ÿ

ÚïÄ
ó§k¿Â�*ÿm©u 15:56 UT§d� UVCS �d¿�Ð=�¥% u P. A. =

245◦ � �þ"

3ù� �þ§UVCS 3��é°!k
�Ñ�õ�¹Ä«|Ü (AR 8176§AR 8178§

AR 8179¶P. A. ���3 212◦ � 246◦ �m) �þ�«�S*ÿ�
F�B� [Fe XVIII] Ú

[Ca XIV] �u��§±9ÊÏÌ� Fe XVIIÚ Ne IX�u��"ù
Ì���
F��~�Ì

��å�*ÿ�§�´§�Ñy3 1 �²��!dÄ�(��¥"ã 3 �Ñ
 1 � EIT 304

Å�üÚ�!LASCO/C2�x1�Ú3 4 �ÅãþË�rÝ÷XUVCS d¿©Ù�U\ã"

ã¥��ÞI«
UVCS �d¿ �§
÷Xd¿©Ù���K5gu [Fe XVIII] �Ë�"

·�5¿�ù� ��Ð u LASCO/C2 *ÿ�� CME �eÚ LASCO/C1 *ÿ���

���þ§[Fe XVIII] Ú [Ca XIV] u���Ñy¿�Xp§�lfN��3"

ã 3 ^ 1998 c 3 � 23 F¼�� EIT 304 Å (22:24UT) üÚ�!LASCO/C2 (12:33 UT) x1�±9÷

UVCS d¿©Ù�1r (16:56 UT) �¤�Ü¤ã
[28]

"�Þ¤�´d¿�ý¢ �§þ¡�rÝ©

Ù´3 [Fe XVIII] λ974 Åã¼��"�>���Ù¦n^d¿�üÚ�^�é'§l��m©O´

´ Si XII λ499!O VI λ1032!Ú Lyα �rÝ÷d¿�©Ù"

du LASCO/C1 ]���m©EÇØ
p§�du¼� LASCO/C1 ]�¤^�Ì�

/¤§Ý $ (3 106 ∼ 2 × 106 K ��S)§lÙã�þJ±E@Ñ>6¡�eà"��^

u>6¡�ä�Ì�´ [Fe XVIII] λ974 Ú [Ca XIV] λ943 �u��§§Ý3 3 × 106 K ±þ"

ØL§du LASCO/C1 �êâé�§î8��·��vk5¿�kX^LTêâ5©ÛÚ

ïÄ>6¡"Ïd§Ø´é�ÙXJ¼�v
õ�LASCO/C1]�§·�UÄ^§�5é>

6¡?1k���lfN�ä"
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²L��®k�UVCS ]�§Ciaravella �<
[28]

¿£�ù´Äg3F%å� 1.5 ��

��»�pÝþ*ÿ��p§Ì�"òã 3 �U\ã� Lin Ú Forbes /C�.¥�^|(

��'�§Ciaravella�<
[28]

?�Ú(@
ù�dÄ�p§(�Ò´é�CME ÚV���

�^­é>6¡"ù�ó�Ägl*ÿþy¢
CME–��>6¡��3§é�ºÝ^­é

>6¡�XÚïÄddm©
"

4 �uL§¥^­é>6¡�¥9NC��lfN6

Ø
p§±	§̂ ­é>6¡�kÙ¦­��*ÿA�"²^­é��3>6¡�¥÷

����$Ä��lfN6±9��$Ä��lfNì¬Ò´Ù¥�ü�"Xã 2¤«§Lin

Ú Forbes �.
[8]

�ý«
²L^­é���lfN�¬÷X>6¡±ÙNC�C�¥�Ý

�þÚ�e$Ä"(3�¡Ù!¥�?Ø·�¬uy§̂ ­é�lfN�6Ä�Ý´d>6¡

¥���ÌX :NC�C�¥�Ýû½�"��ë�Shen �<
[35]

�C�ïÄ")ùÒV«


·�ATU
3���uL§¥*ÿ��é÷X>6¡����Ú�l����lfN

6"§���é���XÚ�/¤�Ñ�z§,��K��XCME �SÜ(��üz (�

©z [11] Ú [36] �(JÚ�[?Ø)"

4.1 ���� (�e) �^­é�6

McKenzie Ú Hudson
[31]

1�gy@Ñ
�� (�) �XÚ�þ²w�Ô�$Ä"ù��

�´ Yohkoh 3 1999 c 1 � 20 F*ÿ��"ù���m�¯�w«
�|�3)ä���

��§§�Ú CME ±93����þ÷X>6¡������ºÝÔ�$Äk'é"ò¦

��ã��ã 2 ¥�ã/é'§·��&McKenzie Ú Hudson
[31]

��§½öA�´��/

l�¡*ÿ�
>6¡"ù�>6¡w«
���G���÷/(�§ù� Šveskta �<^

Yohkoh Q²*ÿ��(��~�q
[30]

"�´ùg¯�¥y
�����ºà�>6¡�¥

Ô�$Ä��ß�ã�"¦�uy3����ã�¥§�e�$Ä´±^ X �� (SXR) V

n�/ª3 100∼200 km·s−1 ��Ý��S?1�§3ù�«��§Ýp� 9 × 106 K§
�

ÝK3 109 cm−3 �êþ?"ù
êâL² SXR Vn´�
3^­é>6¡¥��lfN

ì§½ö´�
^�"ù
(�AT´�lfNØ­½5Úë63CME–��>6¡¥�3

�*ÿyâ
[29, 37]

"McKenzie
[32]

��w
 11 �aq�d Yohkoh/SXT*ÿ����m¯�

¥��X�����6�~f"ù
�6��Ý3 50∼500 km·s−1 �m§¿�¤k�¯�Ñ

��X CME Ñy"

3ù��§3 ��ëG�aq¯��*ÿ�"Sheeley Ú Wang
[38]

�w
 LASCO 3

ål��¥% 2∼6 R⊙ �/�*ÿ�F�Ô��e$Ä"z��e�6��p�Ýl

50∼100 km·s−1Ø�"TRACE 3 2002 c 4 � 21 F*ÿ��u)3Ü>�þ��¯�

�éõ<Jø
��éÐ�Å¬5ïÄ������e�^­é�6 (�©z [39] �ã

5 9�A�?Ø)"ù�¯��)
�� X-1.2 ?��Ú���~¯�� CME(�Ý�u

2 500 km·s−1)§¿� SOHO þ�¤ì�) LASCO!SUMER Ú UVCS �éÐ/*ÿ�
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ù�¯�
[40–42]

"du�e��6´3�u�@Ï�ã�*ÿ��§¤±�lfN6��ÝÚ

§ÝÑ��p§©O��
103 km·s−1Ú 107 K �êþ?"

Sheeley �<
[42]

|^�«#uÐ�Eâ5ïÄ	�F�¥�Ô�£Ä
[34]

§±dJlþ

ãÓ�¯�¥�lfN�e��6"äN�{´ÀJ�ì$ÄA�wÍ��lfN§��÷

Xùì�lfN$Ä�´»���d¿§òÑy3ù^d¿S�ã���Ñ5§,�U�m

^Sü�å5§Ò�±²wwÑùì�lfN� ���mCz�A�"ã 4 �Ñ
|^d

�Eâ���X©z [39] �ã 5 �¥�>ü��Þ¤���lfNì� ���m�Cz"

ù�Eâ�`³3u§§�±ÐyÑ3���ºþ��^­ék'��lfN6��
­�

5�"ù
5��)¯��^­é	6 (100 ∼600 km·s−1) Ú3�6�C4Ü����ºÜ

wÍ�~� (� 1 500 m·s−2)"ù�~�L§²w¿�X�6����ºÜ��p�^±9

ª�-Å��) (é'ã 2 �¥é���ºÜA��£ã§¿ë�©z [43] ¥��[?Ø)"

ã 4 2002 c 4 � 21 F¯��)�>6¡¥�lfNì¬� ���m�Cz
[42]

"þ�Ü© (a) w«


©z [39] ¥�ã 5 ¥�>�V�Þ�«�ì¬�$Ä§e�Ü© (b) �Ñ
±�ì¬�$ÄA�"

Asai �<
[44]

�[ïÄ
 2002 c 7 � 23 F�¯�¥ u����þ��e�6$

Ä"ù�¯��)
��X-4.8 ?��Ú��¯�� (� 2.6 × 103 km·s−1)CME§§Ó��

TRACE!RHESSI!NoRH!UVCSÚ LASCO *ÿ�
[41, 45]

"3ù�~f¥§����þ�

��e�6Ø==´3P~�¥��§3óÀ�ÚÌ�¥Ó���§¿��Ù/w«
§�

�ÅÅã��9Ë�ÚMX �� (HXR) Ë���'5"^­é���^5)ºù
A�"

�Ä�ù�X-4.8 ?���Ú��pUþ�CME �'ù�¯¢§·�@��e��6Ú3

�«Åã¥*ÿ��Ë�A��å¥y
u)3����uL§¥�;.�Uþº�y�§

ù�ã 2 ¥�.�£ã�~�q"

3�C���ºà��e�$Ä�� RHESSI 3 HXR(25∼50 keV Ú 12∼25 keV) Ú

SXR (6∼12 keV)Åã*ÿ�
[46, 47]

"3 Sui Ú Holman
[46]

� Sui �<
[47]

ïÄ� 3 �¯�
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¥§p§���½ö3*ÿ��pU� (12∼25 keV ½ö 25∼50 keV) ���� u$U�

(6∼12 keV) �þ>§3 HXR óÀ��m©�ãùü^U��ºàw«Ñ²w��e$Ä"

�e$Ä��Ýl 8∼23 km·s−1§¿�pU�¥����'$U�¥�£Ä�¯"3ªÇ�

17∼32GHz ��>Åã*ÿ�����ÚTRACE 3 195Å*ÿ������y¢
aq�

$Ä
[48, 49]

"Veronig�<
[50]

3ïÄ��X-3.9 ?����§�uy
Ó��$ÄA�"ù�

U´���X3�u��Ð�ã��ÓA�"ù��$Ä�·�Ï~¤`�ü�����Â

 
[43, 51–53]

Ø��§§q�´���XLyÑ5�G¹"Sui�<
[47]

ïÆ§ù´du>6¡

´l X .¥5:�  (Collapse) uÐ
5���
[54]

"Dungey
[54]

@�§��)�A^(��


«�±gd$Ä�§X.¥5:3ÛÜ«�S´Ø­½�"Ù�JÒ´T¥5:¬� Ú

uÐ¤�>6¡§¿3Ùüà/¤ Y .¥5:½��>6« (�©z [1] ¥�ã 2.10 9�'

��[?Ø)§
��>6«�/¤é�UéAXc¡J�����º��Neü"

�´�Ä�F�^(���²ï�§4Ü�^å�¬É�:ì.�§¤±3dL§�

¥/¤�>6¡AT´l X .¥5:.�Ñ5§
Ø´du¥5:�� @Ø/¤�"Ï

d§Lin
[53]

�Ñ§¦+ù�$Ä u>6¡	¡§�§%�~�C>6¡e��kà§¿�¦

ïÆ
,�«�U�L§5£ãù�$Ä§=�[��������Â L§
[43, 51–53]

"3ù

�L§¥§3���¤?� �§du^­é/¤�4Ü�^å�Ø¬Ê33§�/¤�p

Ýþ§
´¬�e$Ä��$�pÝ§±��Cu³|G�"3���@Ï ('X HXR óÀ

��m©)§ü�#)�����Â '�����XÚ�O��wÍ�õ
[53]

"�ùü«$

Ä(Ü3�å§e¦�Ø�©E§K�Ý�¯�©þÌ��ª�(J"¤±þã¤*ÿ��

3���ºÜ��e$Äék�U´du�u@Ïff/¤����Â �(J"

�C§Savage ÚMcKenzie
[55]

ÏL¦�¤U|8��]�uy3 62 ���¯��L§

�¥§�±y@Ñ���º�þ���� (�e) ��lfN6Ä (�¦�©Ù�L 1 �Ñ

�&E)"¼�ù
]��¤ì�)
 Yohkoh§TRACE§SOHO/LASCO§SOHO/SUMER§

±9 Hinode/XRT§�mªÝA�´ 20 c"¦��[©Û
 35 �¯�¥Ñy������

6Ä§3ùÙ¥� 10 �¯��¥*ÿÚ©Û�´����º�Â $Äk'��lfN6

Ä§
3Ù¦ 25 �¯�¥�é�K´ý��>6¡�¥��lfN6"ü�¯�L§¥§3

>6¡�¥E@Ñ��õ��lfNì�ê8´ 25 �¶
����Â k'��lfN6

Ä�õ�K�E@Ñk 60 �"ù
$Ä�nÜ²þ�Ý3 150 km·s−1 �m"

Ó�§Hara �<
[56]

|^ Hinode ª EIS �*ÿ]��Ñ���ºÜ�^­é	6�

Ý3 200 km·s−1 �m¶
Warren �<
[57]

|^ SDO/AIA �]�©Û����Ý���

150 km·s−1"�÷X>6¡lm���^­é	6�'§�����6�²w�$éõ"Shen

�<
[35]

éÙ¦®k�*ÿ(J?1
o(§uyù´��ÊH�5Æ"¦��Ñù´Ï�

6����^­é	6É�4Ü�����{	
~ú
6�"dTakasao �<
[58]

�C©

ÛïÄ� SDO/AIA *ÿ��¯�¥§�l���^­é	6��Ý3 220∼460 km·s−1 �

m§
�����^­é	6�Ý3 250∼280 km·s−1 �m"o�`5§�����6��´

$u�l���6�"
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4.2 lm�� (�þ) �^­é	6Ú>6¡NC�^­éS6

8c®²��§d Lin Ú Forbes
[8]

��.¤ýó��.�uL§¥¬Ñy��>6¡

9Ù�lfNA��@�Akmal �<
[59]

Ú Ciaravella �<
[28]

¤y¢"
1�g½þ©Û

ïÄ÷X>6¡lm���^­é�6�ó�K´d Ko �<
[12]

�¤�§�,ù���6

Ø´¦�1�g*ÿ�� (�Webb �<
[60]

Ú Simnett
[61]

éd¯K�?Ø)"dKo �<
[12]

�w� 2002 c 1 � 8 F¯��)
��¯� (1.8 × 103 km·s−1) CME Ú�| SXR ���

(du���Ì�Ü© uF¡���§¤±J±(½Ù?O)"©Ûù�¯��`³ÚÐ?

3u���þ��>6¡�Ó+lý¡�*ÿ�§ùÒ#N&ÿìU
�Â�5g>6¡v


�Ë�§Ïd�±��/�äÚïÄ>6¡¥�lfN�5�"

ò UVCS§EIT§LASCO§CDS±9 uMauna Loa ì��©�MK4 F�¤ (MLSO

MK4) �êâ(Üå5§Ko �<
[12]

ïÄ
ù�¯��/�ÚÄåÆA5">6¡¥p>l

Ýlf�Ñy§'X>l
 17 g�clf [Fe XVIII] Ú>l
 13 g�Wlf [Ca XIV]§w

«
§Ýp� (3∼6)×106 K ��lfN±9>f\9L§�Ñy"LASCO/C2�]�w«,

>6¡SÜ��lfN�Ý3 4 × 106 Ú 5 × 107 cm−3 �m"
 EIT 195 Åã�ÚMK4 ã

��Ü¤ãwy
V����IOKopp-Pneuman (�
[3]

"é'©z [12] ¥�ã 1 Úã 10

Ò¬uyù�¯�A�´UìKopp-Pneuman �.5uÐ�"�âþã�lfN�ä��

�§ÝÚ�Ý§2b½>6¡±��^|Uþ��=�¤
ÄUÚ9U§¦��Ñ>6¡N

C�^|rÝ��� (0.47∼1.2) ×10−4 T �m"

3 LASCO þ�ã� (>K) ¥§lm����lfN�6�±��|÷X>6¡£Ä

��lfNì¬E@Ñ5"©z [12] ¥�ã 18 Ð«
ü�ù��~f§Ù¥��ì¬w«

Ñ\��$Ä§
,���$ÄKw«Ñ~��,�"lKo �<
[12]

�*ÿ(J¥]ÀÑ 5

�>�'�²w!BuE@�ì¬§�l§��$Ä§�±��ØÓ��§�����m�

ål
[37]

"ã 5 IÑ
ù
ål��m�Cz,l¥·��±O�Ñù
ì¬�$Ä�Ý"·

�uy§���Ý��3 300∼650 km·s−1 �m"3ã¥§·��IÑ
zü���ì¬�

ål§§��k,	��­�¿Â§·�¬3�¡��!¥�[?Ø"

�C§Song �<
[62]

ÏL©Û 1996 c� 2009 c�m LASCO �*ÿ]�§uyÚ

y@
�õ�3 CME ���>6¡¥6Ä��lfNì¬"ù
ì¬��ÝÑÙ3

200∼1 000 km·s−1���S§�Ko�<
[12]

9 Lin�<
[63]

�(JÄ���"Ød�	§Song

�<
[62]

�é'ïÄ
»G�6¥��lfNì�$Ä"¦�uy»G�6�¥��lfN

ì�$Ä²w' CME–��>6¡¥�lfNì�$Ä�ú§@�ù´Ï�ØÓ^(��¸

�¥^­éL§�ØÓE¤�"

,	§þãó�¥�*ÿ(J�L²§�lfNì�$Ä�Ý3Ù$ÄL§¥¬u)C

z"ù�y�3L�Ú�C�ê�¢��¥�ÑÑyL
[35, 64, 65]

"ØL§�8c��§·��

vk5¿�k�o�édy��ïÄ¤JuL"·�íÿù�U´du>6¡SÜÚ±��

¸�¥�ë6±9Ù¦Ø5K(�Úå�^­éL§�Øþ!5ÚåÏE¤�"�,§��

�g��Ï�I�·�?�Úc[ïÄ"

�>Åã�*ÿ��«
�lfNì3>6¡�¥�$ÄA�"Liu �<
[66]

3©Û
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ã 5 3 2002 c 1 � 8 F¯��)�>6¡¥��lfNì¬�pÝ��m�Cz
[37]

"ØÓ�ÎÒL«

ØÓ�ì¬§ØÓª��R��ãKL«���ü�ì¬�m�ål"ü�ì¬�m�ålkõ�

ØÓ��L²ì¬$Ä�Øþ!5"

2004 c 7 � 29 F��ª»���(��u¯��uy§k>6¡3�uL§�Ð©�ã/

¤¶
�§3���óÀ��Ó�*ÿ�äk+N¤£A���Å III .�>�"¦�@�ù

�N
>6¡�z (fragmentation) �L§Ú(J (k,��Öö��ë�©z [67] ¥k'

>6¡�z��[?ØÚØã)"
>6¡�z�,	�«Lã�{Ò´>6¡¥�ºÝ(

� (½�lfNì)�/¤§L²
Ù¥�lfNØ­½5Úë6�ÑyÚuÐ">6¡�z

½©/ (fractal) ^­é�VgÒ´d Shibata Ú Tanuma
[68]

3ïÄ>6¡SÜÑyë6(

�9Ù�J�JÑ5�"c[ïÄ Liu �<
[66]

Jø��>Ä�ªÌã§·�uyþã+N

¤£´lpª $ª¤§¿�XpUâf\�« (½>6¡) ��9ÙSÜ��lfNìl

$F� pF�$Ä�L§ (��ë�©z [69] ¥�?Ø)"

3 Ko �<
[12]

��*ÿ�÷X>6¡lm���^­é	6�c§Yokoyama �

<
[70]

Äg�
ÿþ^­é«�±��^­éS6�Ý�}Á"¦�ïÄ
 SOHO/EIT Ú

Yohkoh/SXT *ÿ�����XÚºÜ�kº(��ã�§¿5¿�3 SXT �ã� (K¡)

¥k��éÐ�k:(�Ú��ì¬§±93EIT 195 Å�ã� (K¡) ¥���í�GVn

�6"dVn�Ø3 EUV Åãþw'�V§�3 SXR ��þwK'�²�"ùL²Vn

S�lfN�§Ý��3 4 × 106 K �m"�XVnlm��>�§��X /�(�3§

��¡/¤§¿��±�Ù/w�k
[jG�(�lü��X :®à�ª³"¦�@�
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ù�®à�ãYw«
^­é«�±�­éS6�;,"²LÿþEIT 195 ÅK¡¥w«�

®à�Ý§¦���^­éS6��Ý� 1.0∼4.7 km·s−1"�´3 EIT 195 Åã� (K¡) ¥

���(���'��Ñ§ù��éJé���'5��N°(½ ¿ÿÑÙ$Ä�Ý"d

	§Chen �<
[71]

­#©Û
Yokoyama�<
[70]

�(J§uyù���X :�À$Ä¯¢

þ´­é:� �CzE¤�§
Ø´ý��S6"

É� Yokoyama �<
[70]

Ú Ko �<
[12]

é>6¡Ú�'^­éL§�¤õïÄ��

y§Lin �<
[63]

ïÄ
u)3 2003 c 11 � 18 F���¯�"ù�¯�u)3���À

Ü>�§¿uÐÑ��¯��ÛÜ'GCME(�Ý� 2 000 km·s−1)§3 CME ��Ñy��

���>6¡Ú�|²�����"3�mÚ/¡�Nõ��Ñ*ÿ�
ù�¯�§�)

EIT!UVCS!LASCO!RHESSI±9MLSO-MK4">6¡±9Ù¥�	��lfN (ì¬)

6��lý¡*ÿ�§©z [63] ¥�ã 4 Ú�A�>K�[£ã
CME �DÂÚ>6¡�

uÐ"lù
ã¡Ú>K�¥§·���±EOÑ÷X>6¡�	$Ä��lfNì¬"Lin

�<
[63]

uyù
ì¬�$Ä�Ý3 (0.46∼1.075)×103 km·s−1 �m"

3�um©���ã�m�¥§l EIT 195 Å�>K�¥§�±�ß/w���u4Ý

.��^|(��45���ü�Ü©×��p$Ä§�¥m>6¡� �� "3ù�L

§?1�Ó�§�X������3�$��m �þ/¤¿uÐ"édk,��Öö�±

?�Úëw Lin �<
[63]

�9Ï`²¯K
Jø�>K]�"òþãù
*ÿêâ(Üå

5§Lin �<
[63]

©Û
�uL§��«5�§�)@
3>6¡±�^|Ú�lfN�5

�"¦�ó���­�����¡´§$^
UVCS �êâí�Ñ>6¡NC^­éS6�

�Ý§;�
��¦^EIT 195 Åã��E¤�Ø(½5"

ã 6 ´�Ì 2003 c 11 � 18 F¯�3,�����dC2!UVCS Ú EIT 195 Ó�*

ÿ��ã¡�©ã"Ø�ù
ã¡Ø´��Ó�û���
�5�Ø�§ùÌãA�Ò´ã

2 �*ÿ��"UVCSd¿�Ù¢´ 5 �ØÓ��� Lyα �üÚ�­U3�å�¤�"²1

ud¿����ÝCz�N
÷Xd¿3 Lyα Åã�Ë�rÝ©Ù§
3R�ud¿��

�þKß³Ñù�©Ù��m�Cz"UVCS�d¿�w«Ñ²w�ü�Y�V�rÝ©Ù

A�§
�¥mV«����X�m�í£3Øä~�"a,��Öö�±ëw©z [63] �

ã 11§§�Ñ
l 5 �ØÓ���UVCS d¿���� Lyα ��Ý÷d¿�©Ù§l¥·

��±�Ù/wÑV«Â �A�"

òØÓ��ÿþ���V«°Ý3ã 7 ¥L«Ñ5§�±�� 4 ��mãS�²þ�

Ý"l�nþù§ùAT´^­éS6�Ý3R�uÀ���þ�©þ"duùg¯��Ð

u)3��À>�§�âã 6 ¤«� CME–>6¡–����é �§·��±�äù
�

ÝÄ�þÒ´^­éS6��Ý (�õ[!�±ëw©z [63] ��[?Ø)"(JL²§̂ ­

éS6��Ý3 10∼70 km·s−1 �m (��ë�©z [37] �k'SN)§²wpuYokoyama

�<
[70]

�(J"ØÈ±c§Liu �<
[66]

3©ÛïÄª»���XÚ��uL§�5¿�§

����	�u�§Ùü>ïÜ45���^|�p�C§�ªu)^­é§/¤���X

9ÙþÜ�k:(�"ÿþL²§ü>^(��p�C��Ý��´ 6 km·s−1§� Lin �

<
[63]

���(JÄ���"
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ã 6 2003c 11 � 18F¯�� C2-UVCS-EITÜ¤ã
[63]

"��!CME ±9 CME �¥��
[!Ñ�

ß�E"UVCS d¿� Lyα üÚ�þüì���m�V«Úü> CME 9����é ����Ñ


^­é>6¡� �Úò���"

3ã 6 ¤«��m �þ§*ÿ��� Lyα Åã�Ë�5gu�A �NC�F��

¥�¥5��f (H I) é1¥Ë����Ñ�§ÙrÝ�'uH I �ê�Ý",��¡§ù�

rÝ�� H I3R�uÀ���þ�$Ä�Ýk'"XJÙ�Ý�L 370 km·s−1, Ò¬Ï�

Doppler �A
ò5gu1¥�Ë�3Ù¦Å�þÑ�Ñ5§@o3Lyα Åãþ�ÒØ¬w

�u�
"ù«y�¡�Doppler CV (= Doppler dimming§�©z [72] ±9Ù¥J��

ë�©z)"���¹e§�R�uÀ�����Ý�L 200 km·s−1 �§Doppler CVÒ'�

²w
"

Ïd§UVCS d¿�¥��Ü©L²¥5��f (H I) '�8¥!�Ýp!�Ý$ (��

u 370 km·s−1)§§Ý3 (0.7∼ 3)×105 K�m"
¥m�V«KL²�oT«�¥"yH I�

f§½ö´H I��ÝL¯§½ö´üöo
k�""yH I�fL²Ù¥§ÝLp§��fÑ

>l
"�\ïÄuy§ù¥m�§Ý��� 6.7 × 106 K§���U�´Ù¥�lfN��

Ý�p
[63]

"Ø+´=�«�¹§ÑV«Xë�CME Ú����X�^­é>6¡Ò uV

«�¥§Ïd§V«ºÝ�~�¿�X^­éS6Øä/òH I¹þ�p��lfN�\


>6¡§Ù��m�Czª³¢Sþ´é^­éS6�£ã"l©z [63] ¥�ã 11§·��

±��V«3 5 �ØÓ���°Ý§ù
°Ý��m�Cz¢Sþ�Ñ
c¡·�J��>

6¡NC�^­éS6��Ý§3 8∼80 km·s−1 �m¶
�ÙCzª³�k�­����¿
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Â§·�¬3e��!¥�[?Ø"

ã 7 d©z [63] �ã 11 �Ñ� Lyα V« (�ã 6 ¥ UVCS d¿�þü¬���m�V�) �°Ý��

m�Cz
[37]

"lù
CzO�Ñ�>6¡NC^­éS63ØÓ�ã�²þ�Ý®I53�A��

ãNC"

Yokoyama �<
[70]

ó��,����'5�?3u§3��
^­éS6��Ý��§

�?�Ú�O^­éÇMA§I���>6¡NC�Û/Alfvén �Ý VA"�3¦��ó�

¥§VA vk���ÿ½§
´ÏLé SXR �oË�þ�OÑ5�"¦�Äkb�¤k�^

|UþÑ3�u¥º�Ñ5§¿ÏL^­é=��9þ¶Ùg§3�O>f�Ý��ÿ§b

�3À���þ§Ë�
�þÝ (L) Ú����ºÝ3Ó��þ?þ§Ïd SXR Ë�
¿

÷
�� L3 @o��NÈ"ùü�b���
(J�Ø(½5µ1��b�w,E¤
^

­é:��^|rÝ�$�§Ï��º�Ñ5�Uþ¥kéõ (½Nk��) =z¤^­é

�lfN	6�ÄU¶
1��b�KE¤9U�oþ�p�§Ï� SXR 
Ø�U��¿

÷X�� L3 @o��NÈ"

�
;�ù
Ø(½Ï�§Ko�<
[12]

Ú Lin �<
[63]

ÀJÏL��ÿþ^­é	6�

�Ý5�O­é«�NC��/Alfvén �Ý"^­é�IOnØ�Ñùü��Ý´���

��
[1]

"du3 2003 c 11 � 18 F�¯�¥>6¡�üz�lÙý¡*ÿ�§̂ ­é	6

�5�ÚA:��±éN´�5¿�"·�®²3c¡ék'(J?1
o(§ÏLé'^

­éS6Ú	6��Ý§�±�Ñ 2002 c 1 � 8 F¯�¥�^­éÇMA 3 0.01∼0.03 �
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m¶3 2003 c 11 � 18 F�¯�¥§MA 3 0.008∼0.18 �m"

�C§Narukage Ú Shibata
[73]

3©Û
�|¯��EIT êâ��§�w
é�
­é

:±��­éS6�*ÿ"¦�N�
EIT l 1996 c� 2000 c*ÿ�¯�§¿5¿�k 6

�¯��3²w�­éS6"Yokoyama�<
[70]

^5��­éS6�Ý��{®�U?§Ï

L#�{ÿþÑ5��Ý'�c���§�Ù 2.5 �"�A/§NarukageÚ Shibata
[73]

uy

�)� Yokoyama �<
[70]

ïÄL�¯�¥�^­éÇ� 0.001 � 0.07 �m"ù�(J�Ù

¦�
ïÄö���(J�� (�©z [73] ¥�L 4)"

4.3 3Ó�¯��¥*ÿ��V�^­é�lfN	6

du·�®²?ØL���*ÿCME–��>6¡��
æN§¦�3,�äN¯��

¥�U*ÿ������^­é�lfN	6§Ó�*ÿü����	6K�~(J"ØL§

�C���ó�3ù�¡��
â»
[74]

"

2008 c 4 � 9 F§�� X ?��u)3��Ü>��¹Ä«AR 10989 �þ"ù��

¹Ä«®²3Ü>����� 23◦ � �§kA��m"�º§�)Hinode þ� X ��"

�º (XRT
[75]

)!STEREO A (þ� SECCHI!TRACE ±9 SOHO þ� LASCO§Ó�*

ÿ�
ùg�u"du���Ì�Ü©u)3���¡§GOES¥(�*ÿvkéùg¯�

¥���?1X ��?O�I½"�´du��>�	4
�����Ü©§¦�Nõ�é

�Ý�f§²~�������ùX�(�w³Ñ5§¿�*ÿ�"

ùg¯��)� CME k�t¡§�/�Ó CME0"ù´Ï��uÑ5� CME ��

Ó��EÄXlm�� (�©z [74] �ã 1)"
EÄ�ùÜ©(�K�y@�´^Ïþ

-"SECCHI �*ÿ]�L²T¯�å
u>����V^�u§å©�m��´ 08:53

UT§
 XRT éd¯�¥����*ÿêâK´3 09:16 UT Ú 17:32 UT ��mã¥¼

��"

Savage �<
[74]

± SECCHI �]���^Úë�§­:©ÛïÄ
 XRT Ú LASCO

�*ÿ]�"¯�L§¥§�ì��Ñ�!k�b	Ú X ��Ë��Ô�3 09:16 UT Ú

10:11 UT �m� XRT *ÿ�§�Ýl 80 km·s−1 O\� 180 km·s−1"3 XRT À|�¥

������>�	4�Ü©k�� 7×104 km p"�'�x1 CME 3 11:06 UT ?\

SOHO/LASCO �À|§¿±�� 450 km·s−1 ��ÝÐL LASCO C2 �À|
[76]

"

� CME lm
 XRT �À|��§Or�ã�X� (½>K]�)L²k��Ú�l�

���lfN6Ä§±9����Â "ù
��Ú�l����lfN6Ñ´÷X�^�

�![����(� (�ã 8) $Ä�"ù�(�3 11:00 UT ��ÿC�²wå5§,�3

6.5 h �S�Húú £
 25◦§ £�Ý��´ 4(◦)/h"��3ù��Ýþ�g=�Ý��

´ 0.6 (◦)/h"Ïd§��g=Ã{����ù« £"Ko�<
[12]

�ÑùAT´�uL§�

¥^(��g·N!¤�"

3 XRT �À|�¥, ù�(��ééÄ§ uCME �e§����þ"�®k�ó�

9Ù(J�é'
[12, 28, 37, 60, 63, 77–79]

§éw,§ùÒ´��;.���–CME >6¡"3 12:18

UT Ú 12:35 UT �m§-<AOa,��´�X�6Ä��lfNìÑy3>6¡�¥"ù
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ã 8 2008 c 4 � 9 F/�Ó CME0̄ �¥)¤�>6¡ (ü��Þ�m�«�)
[74]

"�ã¼���m´

11:08:42 UT§mã¼���m´ 17:31:55 UT">6¡����OL²^(�3�uL§�¥?1

�g·N�§�Ý��´ 4 (◦)/h"


lfNìÄ�þ´¤éÑy�§klm���§�k������	$Ä�§�±c3p

F� �þ*ÿ���~aq (�©z [12, 42, 63, 80])"duÉ�]�&D' $�K�§

^u©Û��lfNìÑ´ÏL<ó�{^SúEOÑ5�"3 11:11 UT� 17:24 UT �m

� 6 h 13 min Ïm��EOÑ 16 ��lfNì§Ù¥ 13 ��	6Ä§3��S6Ä"

ÏLïÄ|^<ó£O��{EOÑ5��lfNì9Ù3U�²¡�$Ä;

,§Savage �<
[74]

3 XRT �À|�¥ÿþ���Ø
ÝK�A���6Ä�Ý3

21∼165 km·s−1�m§Ù¥¥ �´ 120 km·s−1§²þ�´ 109 km·s−1"����Ú�l�

��$ÄÑ�)
"ù�¥�ú��Ý (21 km·s−1) ATéAX���Â ��Ý (�©z

[52] Ú [53])"�Nþ5`§lm��$Ä��lfNì'������Ý¯§
�¤k��

��$Ä��lfNì��ÝÑ$u�/�gdáN��Ý"ùL²6�����lfNì

3$ÄL§¥É�
²w{N"�Ä�>6¡eà/¤�4Ü���§�����^­é	

67,�Úù
^�u)�^
~�"Ko lomańskiÚ Karlický
[81]

é Yohkoh/SXT*ÿ��

���ºNC��lfN6?1©Û¿��§@NC��lfN6�3 16 km·s−1 �m¶


Milligan �<
[82]

uy§RHESSI *ÿ���lfN63�º��k�� 12 km·s−1"ù`²

^­é	6�
���ºNC§É��º�{	
~�´ÊHy�"�C·�éV����

ê��[�y¢
ù�(J
[35]

"

��	$Ä��lfNÑ
 XRT �À|��§ÒéJéÙ?1Jl§��Ø´ØU�"

ò�â XRT �]�����Ý	í§Ò�±�O���lfNìÑ
XRT �À|��§3

�½��m¬��Ñy3 LASCO À|¥��o �"ùÒ�±rlXRT Ú LASCO �]
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����&E(Üå5§��m/Jl�lfN6§¿?
���lfNì3>6¡�¥$

Ä�'����&E"Savage�<
[74]

�ÿþ(JL²§lXRT �À|?\ LASCO À|

�L§�¥§�lfNì�$Ä�ÝA�vk�oCz"

5 ��–CME ^­é>6¡�SÜ(�ÚþÝ

p>�ÇÚF�¥�Ãå|�¸ò^­é«���3����¥§Ïd3�.�uL§

¥AT¬uÐÑ������>6¡">6¡�ù�A:#N·�3±ïÄ�u��N1�

�Ì�8I��ÿòÙw���Ã�Ä��½¡
[8]

"�ùé·�ïÄ>6¡��9ÙSÜ(

�%´Ø|�"=¦m��yây¢
�uL§¥>6¡��3 (�©z [43] ¥�{²nã

ª�?Ø)§��*ÿ��d��>6¡%ØN´"ù´Ï�§���ÚË�ÑéN´É�±

�Ù¦�ºÝ(��K� (��©z [12] ¥�?Ø)"

¤±§é��ã�m±5<���@�>6¡�þÝ d É��f Larmor �»��å

(�©z [83, 84] ¤Ðm�?Ø±9Ù¥�ë�©z)"3w·F�¥ Larmor �»ØLâA

��§ÏdÏ~§�@�´��Ø�U�*ÿ��"ù�*:´Äué¢�¿p�ºÝ (�

�þ?) ^­é�ïÄ���",��¡§�3���u¥/¤
>6¡§§�±3�Ý�

�þ±Az km·s−1 ��ÝuÐ
[8, 21, 85]

"3XdpÝ�ÄåÆL§¥§âf� Larmor �»

Ø�UÌ�^|(��ºÝ"��§�«�lfNØ­½5AT3ÑÑ^|Úû½>6¡�

ºÝ�¡å�­��^
[86, 87]

"

nØ©Û
[1, 86–89]

Úê��[¢�
[65, 90, 91]

Ñ�Ñ���>6¡�±éN´/C�ée

��ë6Ø­½"�ë6u)��ÿ§>6¡�e¤éõ�ºÝ�^�½ë6�� (�©z

[1] �ã 6.1 Ú 6.3)"^��/¤U²w/O\>6¡�þÝ
[86, 87]

§e��ë6Úå�^|

�«U±�«�~k���ªò^|UþÑÑK
[89]

§¿ò�A�^|Uþz��lfN�

9UÚÄU"ùÒ¿�X§=¦>6¡éþ§̂ ­é��U±ép��Ç?1"ù
lnØ

þí��Ñ�&EL²§·�e¡�?Ø��â*ÿ]�ÿþ���>6¡þÝØ´vk�

n�"

5.1 ��–CME >6¡�ÀþÝ

c¡·�?Ø
Ko �<
[12]

Ú Lin �<
[63]

éü��u¯��©ÛÚïÄ§0�
¦�

é^­éS6Ú	6�ïÄ§��
^­éÇ�­�ëê"Ød�	,ã 7 �Ñ� Lyα V«

°Ý��m�üz­�w«Ñ
,«ìCA�§L²^­éS63,�� �þªuÊ¢¿

�� (Ly� Lyα ���CVÚ��)"éìXã 6 Ð«��uL§¥^|(���Ü©�

A:, ·�uy^­éS6ªuÊ¢� ���AT3>6¡�>.NC"lã 7 �­��

±�OÑ^­éS6����� �§��3��uV«�°Ý� 6.8 × 104 km �/�"ù

Ò¿�X>6¡þÝ d = 6.8 × 104 km "du*ÿÝK�A�K�§ù��AT�@�´>

6¡¢SþÝ�þ�"

|^aq��{§�±ÏL©ÛUVCS d¿3 [Fe XVIII] u��Åãþ�üÚ�5í�
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Ñ>6¡�þÝ"©z [12] ¥�ã 15 Ú©z [28] ¥�ã 3 Ñ�Ñ
 UVCS *ÿ��>6

¡�¢~"3UVCS d¿þ� [Fe XVIII] �����Ñ
>6¡� �Ú��"·��±�

� [Fe XVIII] ���rÝ÷Xd¿�©Ù§¿¦Ñd©Ù­����°, ùÒ´>6¡�À

þÝ"|^ù��{, ·��±¦Ñ 2002 c 1 � 8 F¯��>6¡�þÝ d = 1.3 × 105 km

(�©z [79] ¥��[?Ø)"­E Ciaravelle �<
[28]

�ó�, ·��í�Ñ 1998 c 3 � 21

F¯��>6¡þÝ d = 1.0 × 105 km"

Lin �<
[79]

Ó�©Û
d LASCO/C2 Ú LASCO/C3 *ÿ��>6¡]�§|^�ã

{
[92]

ÿþ
 2002 c 1 � 8 F¯�Ú 2003 c 11 � 18 F¯�¥�>6¡þÝ"(JL²ü

�¯�¥�>6¡�þÝÑ3 104
∼105 km �þ?þ"3ïÄ©Û 2005 c 6 � 26 F¯��

LASCO x1]��Ó�§Vřsnak �<
[93]

­#©Û
 2002 c 1 � 8 FÚ 2003 c 11 � 18

Fü�¯�� LASCO x1]�§¿2g�Ñ>6¡�þÝ3 104
∼105 km þ?�(Ø"

�C§Webb�< (2011§h<�6Ú�Ï)ïÄ
 2005c 9� 7F¯�¥���–CME

>6¡"ù�¯��)
�� GOES ?Opu X17 ?§DÚ��©a�� 3B ?���

Úc¹�Ý�� 2 500 km·s−1 � CME"ù´ 23 ±��¹Ä¸c(å�c����gr�

u§�y3 24 ±¸cÏm�vk*ÿ�ù�r��u�Mauna Loa ��U©� (MLSO) �

MARK-IV(MK4) F�¤*ÿ�
x1CME ±9 CME �¡�>6¡"ùg¯�3CME

��/¤�>6¡3MK4 �]�¥�±Xd�ß/©EÑ5§±�u>6¡�ÀþÝéN

´Ò�ÿþÑ5
"¦�uy>6¡�Ä?�ÀþÝk 3.7 × 104 km"ù´ÄgÏL©Û/

¡*ÿ]�
ÿþ�����–CME >6¡ÀþÝ�éT¯�?�Ú�©ÛïÄ�3?1�

¥§ATé¯¬k�#�(JÑ5"

3ïÄ/�Ó CME0>6¡��lfN6Ä�Ó�§Savage �<
[74]

ÏL©Û Hin-

ode/XRT¼��X ��]� (�ã 8)§�ÿþ
>6¡�ÀþÝ§���(J´>6¡�À

þÝ ≤ 4 × 103 km"ùq�`²Ù¦�ÿþÉ�ÝK�A�K��~wÍ"ØL�C Landi

�<
[94]

­#©Û
�Ó�]�§uyÓ�^>6¡�þÝ�L
 1.3 × 105 km"©ÛE¤Ù

¥��O��Ï��§Landi�<
[94]

�Ñ§Savage�<
[74]

3ÿþþÝ�c§�
âÑ>6

¡��
*ÿA�§ké]�?1
rz?n§Jp
ã��é'Ý§ù��5§Ò!K


¥%Ü©±	���Ü©&E"Ó�§Savage�<
[74]

3é�Ý©Ù�°Ý?1ÿþ�§v

kÿþrÝ©Ù�p?��° (FWHM)§
´ÿþ��CrÝ©Ù¸�?�°Ý§ù¦�ÿ

��°Ý��"�?�Ú§Landi �<
[94]

ÿþ�>6¡� �� Savage �<
[74]

¤ÿþ�

 ��Uk¤ØÓ§ù�´E¤(JØ����Ï��"o�§ù´��ék¿Â§�I�

±YïÄ�¯K"

5.2 ÝK�Aé*ÿ(J�K�

du¦^�aÃã¼��ã�ÚêâÑ´8I�n�(�ÝK3&ÿì²¡þ¤¼�

���&E§À���þ�&E��
�m©Ù�[!§·�����´3ù���þ¤k

&E�U\½oÚ"§�6u8IÔ3ù���þ��Ý (½Ë�rÝ)©ÙÚAÛºÝ§¦

�·�lØÓ�Ý*ÿÓ�ÔN�¬����ØÓ�(J (�ë�©z [43] �ã 15)"ùÒ

´·�¤`�ÝK�A§§¦�·�*ÿ��>6¡�ÀþÝ�´ý¢þÝ�þ�"
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3¢S*ÿ¥§XJ·�v
3$§�±��l>6¡�ý¡wL�ÖXã 9(a) ¤«Ø§

@o·��±*ÿ��r��Ý§ù�ÿÿ��Ò´>6¡�ý¢þÝ d¶XJÀ�R�u

>6¡²¡ÖXã 9(c) ¥� θ = 90◦Ø§@o·�Ò*ÿ�����Ý"�éu±�� CME

Ú���§>6¡áu�éVf�(�"XJØ´��lý¡*ÿ§§éN´�ìv3±�

Ù¦�(��1]�¥ÖBemporad�<
[77]

¤©ÛïÄ�@�¯�§́ �AÏ��¹µ�u

L§¥/¤�>6¡´�éX*ÿö�§=ã 9(c) ¥� θ = 90◦§�´E,�y@Ñ5
Ø"

Ïdl�úþ5`§�>6¡�±�*ÿ�!¿�y@Ñ5��ÿ§θ�ØAT¬é�§Ø¬

E¤¢SþÝ�kAz�
*ÿþÝ��A�Z���O�

ã 9 3ØÓ���¹e*ÿ>6¡�«¿ãÚ�A�*ÿëê
[79]

"(a)µlý¡*ÿ>6¡¶(b)µ��Ý

�ý¡*ÿ¶(c)µ��Ý�ý¡*ÿ"

Lin �<
[79]

uy§XJb½>6¡�¥�Ô�©Ù´þ!�§@o3� � (θ ≤ 5◦)
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��¹e [�ã 9(b)]§>6¡�ÀþÝ d′ �ý¢þÝ d �mkù��'Xµ

d′/d ≤ 2 ; (1)

XJ θ �O�§@ol>6¡ý¡ (�ã 9(a) ��/) *ÿ���Ý b ��X*ÿ���Ý

(�ã 9(c) ��/)b′ �mkù��'Xµ

b′

b
=

1

d′/d − cos θ
. (2)

ùp d′/d o´�u 1�§
 cos θ 3 0Ú 1 �mCz"� d′ Ú d ��OL���ÿ§cosθ �

±�Ñ§>6¡�À�Ý�ÀþÝ¤�'"3¢S*ÿ�¥§Ø
±��ÔN�Z6�	§¤

ì���&D'�î­��Xé>6¡���*ÿ"¢S*ÿ�²�y²§� d′/d �C 10

��ÿ§>6¡ÒéJ�y@Ñ5 (�©z [43]¥�ã 15¤Ð«�ÝK�Aé*ÿ(J�K

�)"Lin �<
[79]

?�Ú�©ÛL²§ÀþÝ�ý¢þÝ��O3 2 � 3 ��m"Ciaravella

Ú Raymond
[78]

©ÛïÄ
3 2003 c 11 � 4 F��uL§¥/¤�>6¡§uyÙÀþÝ

� 1.4 × 105 km"�ØÝK�A��§��¢SþÝ3 (2.8∼5.6)× 104 km �m"ÝK�AE

¤��O3 2.5∼5 ��m"

5.3 ^­é>6¡SÜ�ë69ÙþÝ�e�

c¡©Û�¯~9êâ`²§3,
�/e§>6¡´�±���*ÿ��,ÙþÝ�

þ�3 104
∼105 km �m§ÝK�A�K�k�"Ïd§E¤þ>6¡��Ï´Ônþ�",


���'����(J§�Ð�´U
òÝK�A�ØK"�´§±8c�EâÚY²§=

=��*ÿJ±�����ØÝK�A�K�"ØL·��±ÏL®k�*ÿêâÚnØ(

J§5���e>6¡þÝ�e�§±¦þ�C�ØÝK�A�8�"

�âc¡�?Ø§·�5¿�Ñy3�>6¡�¥�@
�lfNì¬�U´u)3

>6¡¥��lfNë6E¤��ºÝ(�">6¡�SÜ(���d���þ��F�

HXR
� �5m�y²
[95]

, ½ödHXRË��æ¦óÀ (�©z [96] ±9Ù¥�ë�©

z) ÚªÇ3 17 GHz ��> �Ë��O±Ï�=
[97]

��m�Cz5m�y²"ù
(J

ÏL`²âf3>6¡¥�\���ª�«
3����L§¥^­é��^§¿V«
^

­é>6¡¥°[(���3"ù��(��U´du�lfNØ­½5 (ë6)§½öd>

6¡¥�^­éL§3�mÚ�mþ�Øþ!5E¤� (k,��Öö��ë�©z [66–69]

�¥��[?Ø)"

3�«�Uu)�ë6�¥§d>{e��Ø­½5Úå�ëÄ´�­���« (�©

z [1] Ú©z [98] �?Ø)"XJë� CME Ú����X�>6¡¥u)
e��Ø­½

5§·�*ÿ��@
�lfNì¬ÒAT´e���)�^�"/Ï®��^­éÚ�l

fNnØ§·�Òk�Ué�(½>6¡þÝe���{"

>6¡¥u)�Ì�´^U�Ù¦/ª�Uþ�=zL§§
^z�lfN¥u)�L

§Ä�þdü��mºÝ��§²;>{ÑÑ�I τd Ú Alfvén �I τA"XJk'L§u)

�A��m� τ§@où�Ø�ª¤�å�'X τA < τ < τd o´¤á�"éu·�¤�Ä
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�^­é>6¡9Ù¥¤u)�L§§·�kµτA = l/VA§τd = l2/ηm, l = d/2"ùp§ηm

´>6¡�lfN�^*ÑXê, τA Ú τd ©O�L Alfvén ÅÚ²;>{ÑÑîB>6¡¤

I��m (�©z [37] �ã 2)"XJëÄ�Åê� k§@oþã 3 «�mºÝ�m�'XÒ

û½
 k Ú l ���µ(τA/τd)1/4 < kl < 1"�â^­é±9>6¡ÑÑL§�A:§·�u

y k Ú l �±�MA éXå5
[37]

: M
1/4
A < kl < 1"ù�Ø�ªL²�lfNØ­½59Ù

�'�ë6Ñy�§ë6�Å�Ú>6¡�þÝ´�p�å�§¿����é^­éÇMA

k'"duéMA ��O�±Õáué l ½ d �ÿþ§·�u´é�
����(½>6¡

þÝe���{"

3(½
d Ko �<
[12]

Ú Lin �<
[63]

*ÿ��>6¡�¥��lfNì¬éAue

��Ø­½5¤�)�^� (½ëÄ��) ��§·�e�Ú�?1�ó�Ò´ÿþÑü�

��ì¬�m�ål λ"�â k = 2π/λ (�©z [37] �ã 2)§�±¦Ñ k, ,�2�âé��

¯�¦Ñ�MA§Ò�±dc¡�Ø�ª��Ñ3T¯�¥>6¡þÝ�e� dmin ½ lmin"

éu 2002 c 1 � 8 F¯�§·��� 8 é���lfNì�ål (�ã 5), Ù¥�����

�´ 3.062 × 105 km§̂ ­éÇMA 3 0.01∼0.03 �m
[12]

"·��MA = 0.01§dd�±�

�µlmin = 1.7× 104 km§±9 dmin = 3.4× 104 km"�c¡��� dmax = 1.3× 105 km�'§

�� 4��m§áuÜn��"ù�(J�CiaravelleÚ Raymond
[78]

���'~´���"

?�Ú�ïÄL²
[79]

§éuØÓ�>.^�ÚØÓ�e��Ø­½5�ª ('XV­!

$�´õ­e��)§þã lmin Ú λ �m�'X�±k�ÊH�/ªµlmin = Mα
Aλ/(2π)§Ù

¥ α ´ 1/7 � 1 �m�~ê"3ù�'X�e§·��±¼���� lminµ740∼4 550 km �

m§���*ÿ�� l �� 10∼100 �"¦+�c¡��� 4 ���O�
Nõ§�´ù�

�Ð@�� l � lmin ��� 105 �±þ�(Ø®²k
¢�5�U?"ù2g`²3>6¡

U
���*ÿ���¹e§ÙÀþÝ�¢SþÝ��Ø¬��"

éu 2003 c 11 � 18 F¯�§�lfNì¬3 UVCS d¿þ�V«�*ÿ� 6 h ±

�Ñy3� LASCO *ÿ���>6¡¥"3ù
ì¬½���¥§·�ÏLÿþ���

���� λ �´ 9.1 × 105 km§� MA = 0.008
[63, 79]

§·��� lmin = 4.3 × 104 km§±9

dmin = 8.6 × 104 km"·�3ùp�����æ�§é 2003 c 11 � 18 F¯���� dmin

' dmax ��"

ù�gñAT´d>6¡�þÝ3¯�uÐL§¥ØäO\E¤�"LASCO*ÿ��

�lfNì¬�u Lyα V« 6 h Ñy§3ùo���mã¥§>6¡�þÝ���±Ï�e

��Ø­½5�uÐ
²wO\ (�©z [87] Ú©z [91] �?Ø)"ù�¿�X�uL§¥�

ºÝ��lfNë63þ>6¡p¿©uÐ§¿é^|�ÑÑå�Ì��^"�)ûù�g

ñ§I�é>6¡�1Ì*ÿÚ/�*ÿÓÚ?1"ùé8�*ÿ¤ì�ï�ÚuÐ´��

#�¯KÚ]Ô"
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6 ê�¢�¥���>6¡9ÙSÜ°[(�

þã'uþ>6¡�(JÚ?Ø�5���7,�¯KÒ´µ|±��L§�¯�^­

éXÛU3ù��>6¡¥u)º�Y�,´Ù¥�e��Ø­½5���ë6§�)��

ºÝ(�\�
^|�ÑÑ§¦�^|Uþ=¦3��þ�>6¡�¥�U±�¯��Ç�

=z�9UÚÄU"@o�e5�¯KÒ´µ3��L§¥§ù
�ºÝ�(��C�õ�

âUv
¯/ÑÑ^UºIchimaru
[99]

é@ÒJÑ§̂ ­éL§���Ò´ë6§̂ ­é>6

¡¥AT�)��2Ì�ØÓºÝ�(�"ShibataÚ Tanuma
[68]

²(�Ñ§3p^Xìê

��¸�¥§'X��F�ÚÙ¦UNÔn�¸§̂ ­é7,u)3��©/� (fractal) >

6¡�¥§Ù¥ØÓºÝ�^�(�ò>6¡��Ú	Ü�¸�÷*(��>6¡SÜ��

*(�kÅ/éXå5"

�>6¡��°'C���§e��Ø­½5m©uÐ
[88]

§3�5�ã§>6¡úú

�©�¤Nõ¥�ºÝ�(� (=^�)"?\��5�ã±�§Ø­½5\�uÐ§¦��

ÐÑy�^��?�Ú©�¤�ºÝ�(� (=¤¢�?^�)¶ù�L§Øä/uÐe�§

^��ºÝ�Øä~�§���?^��ºÝ#N^|�¯�ÑÑ (½¯�^­é) �±u

)"Shibata Ú Tanuma
[68]

uy§3;.�F��¸�¥§ù«^�©��?égê�� 6

��Ò�±÷v¯�^­éu)�^�"e��3�5�ãuÐ'�ú§lm©�1��^

�Ñy��mm�'��§3 3 × 104
∼106 s �m"�ù�L§?\��5uÐ�ã��§�

mºÝ²w á§3�� 100∼1 000 s �m§>6¡�z (fragmentation) L§�A��~²

w"Ïd§�lfNì�Ñy3p^Xìê��¸�¥é\�^­é�?1´�'­��"

du3ù��ãk�þ�^� (½�lfNì§plasmoid) /¤ÚuÐ§ÙØ­½5q�¡�

�lfNìØ­½5 (plasmoid instability)
[100, 101]

"

ê��[Ú¢���\ïÄù
Ø­½59Ùé^­éL§�K�Jø
�~­�Ú

¢^�å»"3�lfNÔn!/¥Ú�mÔn!ð(Ú(XÔn�+��¥Ñk¯õ��

é^­é�ïÄ�KÚ¤J§a,��Öö�±ëwPriest Ú Forbes
[1]

±9 Biskamp
[102]

k

'^­é�;Í§��±ëw Shay �<
[103]

Ú Opher �<
[104]

�#�(J (ÚÙ¥�ë�

©z)§±9 Cassak Ú Shay
[105]

�C�nã"·�3ùp�8¥?Ø�é���uL§¥�

>6¡9^­é�ê�¢�Ú(J§±9ù
(Jß³Ñ5�^­éÚ>6¡�Ôn��"

Forbes Ú Priest
[106]

�@m©
éu)3V���>6¡�¥�^­éL§�ïÄ§y

¢
 Kopp-Pneuman
[3]

�.¥������$ÄÆA�§Ó�ïÄ
3v:È(�^ /

�¥�����þ,±9�����^­é	6����º��p�^"¦�5¿�
V

����ºAk��Y .(�Ú�ºNC�ú^(Å§
�¯�^­é�u)I��
�

m"Forbes Ú Priest
[107]

?�ÚïÄ
^­é /���5üzL§"üzL§¥Ñy
�

�®k�����.¥Ñvk�Ä��ü�#A�"Ù�´���ºÜ�¯�-Å (�©z

[107] ¥�ã 2)§u) �3>6¡.à±e9�éú�-Å�m¶,��Ò´����þ

�>6¡�¥^��/¤Ú�« (�©z [107] ¥�ã 7)"3ù�L§¥§k
^��þ$
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Ä§
k
�e$Ä (�©z [107] ¥�ã 9)§¿@�^���«´>6¡�¥Ü¿Ø­½5

�Ly"

c��y�Ò´·�y3¤Ù�����º�ª�-Å§§´>6¡¥�^­é	6�

���º�p�^�(J§�Ò´p�$Ä�6N��æNÔ�üö�p�^��Ô"§�

/¥^�ºÜ�ü-Å (ë�©z [1] �ã 10.1 Ú©z [29] �ã 1 ±9Ù¥��'?Ø)Ú

��X>.NC�ª�-Å�¤ÏÚ5�´�����"3^­é>6¡¥§̂ ­é	6�

�Ý���?u�pF��¥�ÌX : (�©z [35] ¥��[?Ø)NC�C�¥�Ý"3

�C���º�L§¥§�lfNÉ�4Ü�����{N
×�~�§/¤·�-Å (�

©z [43] ã 1 ¥���[!)"�~3�º*ÿ��A�vkªÇ¤£�·��> II .�Ò

´ù«-Å����J (�©z [108] ¥��[?Ø)"Forbes ÚMalherbe
[109]

?�ÚïÄ


ª�-Å�A5§uyª�-Å¬3�ºOr9þæÈ§r?�����/¤"

1��A�3y��ê�¢��¥±�p�©EÇLyÑ5§k'(J?�Úy¢3F

�ù��p^Xìê�¸�¥§7,¬k^�Ñy3>6¡¥§¿�k¥�^�/¤��Ü

¿¤�^��ÊHy�
[35, 64, 65, 110–114]

"�C§KarlickýÚ Bárta
[115]

�nØïÄÚê�¢�L

²§̂ ��m��p�^U
�)pUâf§�Ué��L§¥�MX ��Ú�>Ë��Ñ

�z"

�â·�Ýº�&E§ForbesÚ Priest
[107]

AT´Äguy¿y¢
3��>6¡¥Ñ

y�e��Ø­½5"Forbes ÚMalherbe
[64]

�ó�?�ÚïÄ
>6¡S^��/¤Úü

z5Æ§²(�Ñe��Ø­½5Ú9þæÈØ­½53��5�ã\�^­éL§¥u�


­��^"3dó��Ä:þ§Yokoyama Ú Shibata
[116, 117]

�	
��É5�9D�Ú

Ú¥�ué^­éÚ���/¤L§�K�§¦�ù�ó��SN�\¿¢§�«�&E�

\´L¿�C¢S"

���ê�¢�K�õ/'5^­é>6¡�¥��ºÝ(�±9�A�*ÿ(J"

É Ko �<
[12]

Ú Lin �<
[63]

k'>6¡¥�lfNì$Ä31ÆÅã�*ÿ(J�é

u§Riley �<
[65]

�[
 CME �u��§>6¡�üzL§±9Ù¥^�½�lfNì�

$ÄA�§1�gÐ«
Ñy3CME–��>6¡�¥�lfNì�$ÄA:§2gü«


�lfNì©�ü|µ�|�	§�|�S¶©.:3CME–��>6¡�¥:��C��

��ý"3dÄ:þ§Shen�<
[35]

�[ïÄ
�lfNì�/¤L§§é^Xìê���

�¦§±9é^­é�Ç�K�"¦�uy§�^Xìê$u 103 �§>6¡�±é²­/

ÑÑ§vk^�Ñy¶�^Xìê�L�� 3 × 103 ��§Ò¬k^��)"

�� Forbes Ú Malherbe
[64]

ó�����Y§Shen �<
[35]

­#�	
u)3Ó��

^(��¥�^­éL§§$�¦^�§SÑ��"ØÓ�´§Shen�<
[35]

é§S?1


g·A��UE§Ó�duO�ÅEâ�Jp§3O��m©Ò¦^
�p©EÇ�O��

�§dd¼�
�´L�¢�(J"

Äk§3Øé¡�¸¥ (v:È(3>.þ§
þàÚ±��gd$Ä)�>6¡�é

¡�¸¥
[118, 119]

�>6¡aq§e��Ø­½5¿Ø¬3>6¡��°'��L 2π �Ò

u)"@�´3�5©Û¥�Ñ�(Ø
[88]

"du��5�A��3§�°'�uÐ��'ù
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�����ã§â¬ke��Ñy"'X Loureiro �<
[118]

Ú Ni �<
[119]

Òuy§3¦�

�¢�¥§�°'��L 50 $��C 100 â¬ke��Ñy"du Shen �<
[35]

�	�´

Kopp-Pneuman
[3]

ª�^|(�§ù�'~Ã{(½§�´Ù(J´é²w�"Ð©>6¡

�¥¿vká=ÑyI�Xe���^�§
´�>6¡�ü>�	ÜØå@Ø���'Ð

©þÝ�éõ�þÝþ�§âm©k^�/¤¿uÐ"
�ù±��L§�¥§>6¡�þ

ÝÒÄ�þ�±���~ê"

Ùg§̂ �Ñy�c§>6¡�¥�>6�ú/þ,§�X1��^��Ñy§>6�

ÝÑy���ÌO\§
�ÒÄ��±3��~ê�Y² (�©z [35] ¥�ã 5)"� Shibata

Ú Tanuma
[68]

�O�Ä���§1��^��Ñy�s����m§��5�^�/¤Òé

N´
§�mºÝ��~�§Ñy�ªÇ²wO\ (�©z [35] ¥�ã 4)"

Shen �<
[35]

�1 3 �­��¢�(JÒ´±^­éS6�C�¥êâê (^­éS6

�Ý�>6¡	ý��/C�¥�Ý�')I£�^­éÇMA �X^��Ñyâ,O\§


��X#^��/¤¥y��A�§�´²þ���� 0.1 �Y² (�©z [35] ¥�ã 9)"

Ù¥�[!Ñ´/Ïp©EÇ�O����±¢y�§¿��Ù¦�ê�¢��(J�~�

C (ë�©z [120])"

Shen �<
[35]

�1 4 �­�(J´lnØþy¢
Øé¡^­é>6¡¥�3��Ì

X :§3ùNC�^­éÇ����§
�^­é	63ù:NC©������ü�"ù

�y�Äk´3ïÄ/¥^�¥�^­éL§¥�5¿��§��q3©ÛCME–��>6

¡¥��lfNì¬�$Ä¥�uy (�©z [29] ¥��[?Ø)"c[©ÛÌX :NC�

�lfN6|�§Shen �<
[35]

?�Úuy§3ÌX :NC�3��6N�Ý� 0 �7:

({¡ S :)"Ì X :� S :�~�C§�´Ø­Ü"ù�Forbes �íÿ�Ð´¬Ü� (2009,

h<�6Ú�Ï)"�X^­é�?1§���XÚØäþ,§§���Xþ,§
�§��

�é �Øä/��X (�ã 10 ¥�J�Ú¢�)"ã 10 ¥�@
xÚ�:�L���lf

Nì§k�þ (lm��) $Ä�§�k�e (�X��) $Ä�"c[E@ÌX :� S :�

�é ��±uy§�lfNìo´3 S :�ý�lÌX :$Ä"�Ò´`§� S : uÌ

X :�þ�§NC��lfNì�þ$Ä¶
� S : uÌ X :�e�§NC��lfNì

�e$Ä"ù�´3$©EÇ���¥?1�ê�¢�¤ØU�NÑ5�A�"

Ø
þãù
�é1ÆÅã�*ÿA�?1�ê�¢��	§���J�´§3·�m

©|^1ÆÅã�]�éù
^�?1�\ïÄ�c§Kliem�<
[67]

Ò�Ñ^­é>6¡

¥��lfNì (½^�) �±3�>ÅãÏL�
AO��>A��/w�0"ù
A�Ò

´dupUâf�^�Ð¼��3�>Ä�ªÌãþÑy�@
kú¤£5��óÀ(�"

�âù�g�§Bárta �<
[110]

Äkék'�*ÿ(J�
��{ü�ÚO©Û§,�

3�Ä
­å©���í�¥§éKopp-Pneuman
[3]

(��^| /?1
ê�üz"3¢

�L§¥§¦�òde��Ø­½5�)�^���pUâf��²5�l§Ó�O�


ù
^���lfNëê"�âê�¢��(J§�E
^�¥�lfNË���>ªÌ

ã§���(J�*ÿÄ���"3k
ªãþ§*ÿL²ké¯�óÀÑy§�´3�â

�.O�(J�EÑ5��>ªÌãþ%vkù
A�Ñy"ùk�U´3¢S�uL§
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ã 10 ØÓ��>6¡¥�lfN�Ý©Ù��mCz��Ýã
[35]

"�
'�N´E@��lfNì¬

^xÚ�:I£Ñ5§Ù¥�ì¬ A Úì¬ B ©O´�þ$Ä�ì¬Ú�e$Ä�ì¬��L§

¢�L«Ì X :��m�Cz§J��L S :��m�Cz"�mü ´XÚ�C�¥�I τA"

¥��Ñk^���)§¿±YÑy3Øä~��ºÝþ§��ºÝ��ÑÑ�±u�wÍ

�^��ã¶�´3ê�¢��¥§ÃØ3�m�´3�mþÑ�Ø�¢SL§¤�¦�p

©EÇY²§Nõ[!Ñ�²wK
"�,�k�U´O��¥¦^��lfN β �L�

(β = 0.1)§
¢SF��¸�¥� β ����õ (β ≤ 0.001)"KarlickýÚ Bárta
[115]

?�Ú

ïÄ
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Abstract: Magnetic reconnection is a fundamental process with a rich variety of aspects

and applications in astrophysical, space, and laboratory plasmas. It is at the core of many

dynamic phenomena in the universe, including solar eruptions, geomagnetic substorms, and

tokamak disruption. Most of the universe is in the form of a plasma threaded by a magnetic

field. When twisted or sheared, the field lines may reconnect rapidly, converting magnetic

energy into heat and kinetic energy. Because these phenomena often occur in environments

of very high electric conductivity, the process of energy conversion is usually confined to a

small local region, such as an X-type neutral point, a current sheet, or a quasi-separatrix

layer.

It is traditionally expected that the current sheet is too thin to be observable since its

thickness is believed to be roughly the proton Larmor radius, which is about tens of meters

in the coronal environment. This view is based on magnetic reconnection on small scales in

the laboratory or on quasi-static process in space (with timescale of tens of hours or even

a few days). This could be true as well in the solar eruption in the case that the classical

Spitzer resistivity dominates the diffusion process.

However, CME/flare current sheets form and develop in a highly dynamical fashion in an

eruptive process. Theoretical calculations indicate that the current sheet in major eruptive

processes could evolve and extend in length at speed up to 102 km·s−1, and observational

results suggest rapid evolution of the current sheet as well. In such a process, the scale,

especially the thickness, of the current sheet should not be as simple as the Larmor radius

of particles. Instead various plasma instabilities inevitably occur and play an important role

in governing the scale of the current sheet.

Consistent with the above theoretical argument, the combination of observations from

LASCO, EIT, UVCS on board SOHO detected directly the CME/flare current sheet soon

after the basic framework of the catastrophe model of solar eruptions had constructed, and

confirmed that the current sheet predicted by the model does exist and is observable in
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major eruptions. Plasma blobs flowing with the reconnection outflow inside the current

sheet sunward and anti-sunward were observed subsequently, indicating that magnetic re-

connection is occurring or has occurred. The reconnection inflow observed in the eruption

marks the location and orientation of the current sheet, and helped estimate the apparent

thickness of the current sheet for the first time. The result is astonishing, which shows that

the CME/flare current sheet could be as thick as a few times 104 km! A set of follow-ups

by different instruments, one of them is even on the ground, and in different wavelengths

consistently provided clear evidence bringing the sheet thickness to range from a few times

104 km to a few times 105 km!

The impact of projection effects on measurements surely exists, and causes the sheet to

look thicker than it actually is. The geometric structure and relatively tenuous material of

the current sheet yields that its size and emission are easily dominated by other large-scale

and bright structures nearby. So detailed analyses showed that in the case that the current

sheet is recognizable, the impact of the projection effects is limited, and only leads to the

difference between the apparent and the true thicknesses less than a factor of 5. Therefore,

the reason that causes the observed thick CME/flare current sheet is of physics, rather than

optics.

The plasma blobs that successively appear in the CME/flare current sheet are very

suggestive of various plasma instabilities inside the sheet. The tearing mode and the con-

sequent plasmoid mode instabilities are the most important ones among them, which yields

the fragmentation of the sheet and the fractal reconnection, resulting in extra significantly

high resistivity that allows magnetic reconnection to progress at a reasonably high rate in

the thick current sheet. Numerical experiments display clear features of fragmentation in-

side the sheet, indicate that it is the fragmentation that speeds up the reconnection process

tremendously, and further confirmed the turbulent or fractal behaviors of CME/flare current

sheet and the associated reconnection process.

Key words: flares; CMEs; MHD theories and models; plasma instabilities; magnetic re-

connection¶current sheet


