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³À »ÈÐ

I��ª� ÅÒl� 23 l�çß� 1lxîß� µ1ÏÒqtô�Ç I��ª� �¦\��-t� �ª�$í
�� s��$�àÔ(Solar Proton Events, SPE)ü< Õª

ü< ����'a�)a �ï�Ð�� Óüt|9� ~½ÓØ�¦(Corona Mass Ejection, CME) ��s�_� �©��'a�'a>�\�¦ :�x>�&h�Ü¼�Ð ¶ú�

(R�Ð��¤��. 1997-2006�̧� 1lxîß� {9�#Qèß� 63>h_� SPE-CME X<s�'� �©��̀¦ �̧��K� �:r ���õ�, CME_� 5Åq

�̧��H SPE_� �©�5px r�çß�(rise time) x9� t�5Åq r�çß�(duration time) 1pxõ� �©��'a >�Ãº�� Z�}>� ����z�¤

��. :£¤Z>�y� CME_� t�½̈~½Ó�¾Ó �����(earthward direction parameter)��H SPE_� þj@/ e�¦!3�Û¼ü< Z�}

�Ér �©��'a >�Ãº\�¦ �Ð#� ÅÒ%3���. l��>r_� I��ª� e�¦YU#Q [jl��� SPE_� [jl�\� p�u���H %ò
�¾Ó�Ér CME_�

t�½̈~½Ó�¾Ó ������� SPE_� e�¦!3�Û¼_� [jl�\� p�u���H %ò
�¾Óõ� Õª �©��'a>�Ãº�� Ä»���>� ����z�¤��. :£¤

y� SPEü< CME t�½̈ ~½Ó�¾Ó �����ü<_� �©��'a�'a>��� a%~�Ér X<s�'�[þt_� /BN:�x&h���� :£¤$í
�Ér �̧¿º B�Äº ��

�Ér(>1400km/s) halo CME��� �Ü¼�Ð	כ ����z�¤��.

Abstract

We studied the solar proton events (SPEs) associated with coronal mass ejections

(CMEs) during the solar cycle 23 (1997-2006). Using 63 SPE dataset, we investigated

the relationship among SPE, flare, and CME, and found that (1) SPE rise time

and duration time depend on CME speed and the earthward direction parameter

of the CME, and (2) the SPE peak intensity depends on CME speed and X-ray

Flare intensity. While inspecting the relation between SPE peak intensity and the

direction parameter, we found there are two groups: first group consists of large six

SPEs (> 10,000 pfu at > 10 MeV proton channel of GOES satellite) and shows strong

correlation (cc = 0.65) between SPE peak intensity and CME direction parameter.

†corresponding author
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The second group has a weak intensity and shows poor correlation between SPE peak

intensity and the direction parameter (cc = 0.01). By investigating characteristics of

the first group, we found that all the SPEs are associated with very fast halo CME

(> 1400km/s) and also they are mostly located at central region and within ±20◦

latitude and ±30◦ longitude strip.

Keywords: solar proton events, corona mass ejection, solar flare, CME direction parameter

1. "e Â]Ø

I��ª��¦\��-t�{9���(Solar Energetic Particle, SEP)s��$�àÔ ¢̧��HI��ª��ª�$í
��s��$�àÔ(Solar Proton

Events, SPE)_�Òqt$í
\�e��#Q"f�ï�Ð��Óüt|9�~½ÓØ�¦(Corona Mass Ejection, CME)_�%i�½+És�×�æ¹כ�����H

�¦̀�	כ Kahler et al.(1978)s� %�6£§ ]jl��%i���. Kahler et al.(1978)��H CME ·ú¡\� �̧��H shock\� _�K�"f

I��ª� �¦\��-t� {9���[þts� ��5Åq�)a���¦ %�6£§ ]jîß��%i���. Õª s�Êê\� &h����&h�s��¦ 	�H, �̧A� t�5Åq÷&��H SPE

��H CME\� _�K�"f Ä»�̧�)a shock\� l����ô�Ç����H �Ð�¦��H Ë̈ï�ry� e��#Q M®o��(Reames 1999, Stolpovskii

et al. 1998). s��Qô�Ç s��:r\� _�����, ���Ér 5Åq�̧_� CME��H �̧�½� r�çß� 1lxîß� shock�̀¦ Ä»�̧�#� ���õ�&h�

Ü¼�Ð SPE s��$�àÔ_� t�5Åq r�çß�õ� �©�5px r�çß��̀¦ U�́>� ëß���H����H �.���s	כ Kahler & Reames(2003)��H 5Åq

�̧�� < 900km/ss��¦ y�� ;�¤s� ≤ 60◦��� CME[þt�Ér SEPü< �'aº��s� \O����¦�̧ �Ð�¦�%i���. Gopalswamy

et al.(2004)��H ÅÒ¹כ CME\� ���'�����H ����Ér CME_� �>rF��� SPE_� þj@/|¾Ó\� ����o\�¦ ï�r���¦ l�Õüt�%i�

��. 7£¤, ���'�����H CME�� e����H �â
Äº\� +'\� �����̧��H CME\� _�K�"f Òqt$í
�)a SPE_� þj@/°úכs� Z�}��

�������H �.���s	כ

Flareü< �'aº���)a SEP��H q��§&h� Õª t�5Åqr�çß�s� Âúª�¦ Ãº r�çß�1lxîß� t�5Åq÷& 9, type III radio burstü<

�'aº��÷&�¦,������� ú́§>���������HìøÍ���, CMEü<�'aº���)a SEP��HÃº{9�1lxîß�t�5Åq÷& 9, type II ¢̧��H type

IV radio burstü< °ú s� �'a8£¤÷& 9, �ª�$í
���� ú́§>� ��������H :£¤$í
�̀¦ ��t��¦ e�����¦ ·ú��94R e����. Õª�Q

�� ��f�� Flareü< CME �'aº��ô�Ç SPE_� "î
SX�ô�Ç [O�"î
�Ér ì�r"î
�t� ·ú§�� �<Æ>�_� �7HÔqt��o��� ÷&�¦ e����.

s� �7Hë�H\�"f��H CME_� #��Q ��t� B�>h ���Ãº[þt ×�æ\�"f SPE_� �©�5px r�çß�, t�5Åq r�çß� x9� y���è r�çß�

1px_� r�çß� ���Ãº[þtõ� SPE_� þj@/ e�¦!3�Û¼_� [jl�\� f��]X�&h���� %ò
�¾Ó�̀¦ p�u���H ���Ãº��H Áº%Á	s� e����Ht� ·ú�

���Ð��¤��.

2. 6KT�'[

s� ���½̈��H NOAA_� ÄºÅÒ 8̈��â
 \V�Ð G'p'�(Space Weather Prediction Center)_� SPE 3lq2�¤\�"f

1997-2006�̧� 1lxîß� {9�#Qèß� �̧��H SPE\�¦ ¹1Ô��H ��'fÂÒ"�\	כ Ø�¦µ1Ï�%i���1). NOAA_� ÄºÅÒ 8̈��â
 \V�Ð

G'p'�\�"f SPE\�¦ óøÍZ>����H l�ï�r�Ér, GOES 0A$í
_� �ª�$í
�� 8£¤&ñ
l�l�_� >10MeV \��-t� G�V,�\�"f

10pfu(particle flux unit, 1pfu = 1proton/cm2/s/sr) s��©�_� �ª�$í
���� ���Ø�¦÷&��H �.���s	כ 1997-2006�̧�

1lxîß� µ1ÏÒqtô�Ç 8úx SPE_� >hÃº��H 94>h%i���. s� ×�æ\�"f CME_� y��7áx ���Ãºü<_� �©��'a�'a>�\�¦ �̧���l� 0A

K�"f, CME_� �̧��H ¹ô�Çכ��9 &ñ
�Ð�� ��6 xô�Ç s��$�àÔ[þt�̀¦ ���Z>��%i��¦, "î
SX��>� CME-SPE_� �©��̀¦ s�ÀÒ

��H s��$�àÔ[þt�̀¦ ���Z>��#� 63>h_� s��$�àÔ[þts� ���&ñ
÷&%3���. 8úx 94>h ×�æ\�"f 63>h_� s��$�àÔ\�¦ ��6 x�%i�

1)http://sen.noaa.gov
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ÕªaË> 1. Solar proton e�¦!3�Û¼_� {9�ìøÍ&h���� �̧�ª�\�"f r�çß�õ� þj@/°úכ, ë�H)3� e�¦!3�Û¼°úכ.

³ð 1. :�x>�\� ��6 x�)a B�>h ���Ãº[þt.

SPE CME Flare

parameters rise time CME speed X-ray intensity

decrease time acceleration solar source

duration time direction parameter longitude

peak intensity

Ü¼Ù¼�Ð, °ú �Ér l�çß� 1lxîß� {9�#Qèß� �̧��H SPE_� ��� 70% &ñ
�̧\�¦ ���&ñ
�#� ì�r$3�ô�Ç !lrs���. s� s��$�àÔ[þt

�Ér y��y��_� SPE_� "é¶���s� ÷&��H CME�� NOAA_� ÄºÅÒ 8̈��â
 \V�Ð G'p'�_� SPE 3lq2�¤\�"f�̧ ú̧� ½©&ñ
÷&

#Q e����H s��$�àÔ [þts���. CME_� y�� :£¤$í
[þt, :£¤Z>�y� t�½̈ ~½Ó�¾Ó ����� °ú̀�כ¦ >�íß��l� 0AK�, s� ���½̈\�

"f ��6 x�)a CME[þt�Ér �̧¿º halo CMEs����� y��;�¤s� > 260◦ s��©���� CME[þts���. SPE_� y��y��_� s��$�

àÔ[þt_� X<s�'���H GOES 0A$í
_� X<s�'�\�¦ ��6 x�%i��¦, CME X<s�'���H SOHO 0A$í
_� LASCO CME

catalog\�¦ �ÃÐ�̧�%i���2). ¢̧ô�Ç Solar Flare &ñ
�Ð��H GOES SXI X<s�'�\�¦ ��6 x�%i���3).

ÕªaË> 1�Ér {9�ìøÍ&h���� SPE_� r�çß�-e�¦!3�Û¼ +þAI�\�¦ �Ð#� ï�r��. SPE�� µ1ÏÒqt�l� Ãº r�çß� ���\� µ1ÏÒqt�

��H I��ª� ;�¤µ1Ïõ�, GOES 0A$í
\�"f �'a8£¤ô�Ç �ª�$í
�� e�¦!3�Û¼�� 10pfu\�¦ t������"f 7£x���l� r�������H r�

&h�ÂÒ'� þj@/ e�¦!3�Û¼\� �̧²ú�ô�Ç r�çß���t��� �©�5px r�çß�(rise time)s���. ¢̧ô�Ç þj@/ e�¦!3�Û¼\� �̧²ú�ô�Ç r�

çß�ÂÒ'� y���è����"f ��r� ô�Ç ��� 10pfu\�¦ t���u����"f s��$�àÔ�� =åQ����H t�&h���t�_� r�çß��̀¦ y���è r�çß�s�

���¦ ô�Ç��. SPE_� ë�H)3�°úכ��� 10pfu�Ð�� e�¦!3�Û¼�� ß¼>� t�5Åq�)a r�çß� 1lxîß��̀¦ t�5Åq r�çß�(duration time)

s����¦ ô�Ç��.

³ð 1�Ér CME, Flare, SPE\� @/K�"f ��6 xô�Ç y�� ���Ãº[þt�̀¦ &ñ
o�ô�Ç �.���s	כ SPE\�"f��H �©�5px r�çß�, t�

2)http://cdaw.gsfc.nasa.gov/CME list/
3)http://www.ngdc.noaa.gov/stp/SOLAR/ftpsolarflares.html#xray
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ÕªaË> 2. CME t�½̈~½Ó�¾Ó�����(direction parameter) >�íß� \V, b/a.

5Åqr�çß�, y���è r�çß�, þj@/ e�¦!3�Û¼_� ß¼l�\�¦ ��6 x�%i��¦, CME\�"f��H CME ���+þA 5Åq�̧, ��5Åq�̧, t�½̈ ~½Ó

�¾Ó �����\�¦ ��6 x�%i���. ¢̧ô�Ç Flare\�"f��H xray_� [jl�ü< I��ª� ;�¤µ1Ï 0Au� 1px�̀¦ B�>h ���Ãº�Ð ��6 x�%i�

��.

ÕªaË> 2��H LASCO C2 %ò
�©�\�"f CME t�½̈ ~½Ó�¾Ó �����\�¦ >�íß����H \V\�¦ �Ð#�ÅÒ��H ÕªaË>s���. Halo

CME_� ü@FỲ �â
>�����̀¦ ÕªaË> 2ü< °ú s� ��"é¶Ü¼�Ð ���&ñ
Ùþ¡�̀¦ M:, �©�»¡¤õ� éß�»¡¤�̀¦ Õªwn= Ãº e����. s�M: �©�»¡¤

s� I��ª� ×�æd��õ� ëß�����H U�́s�\�"f Âúª�Ér Aá¤(b)õ� |�� Aá¤(a)_� q�Ö�¦ (b/a)�Ð CME_� t�½̈~½Ó�¾Ó �����\�¦ >�

íß�½+É Ãº e����. s� °úכs� 1\� ����Ö�¦Ãº2�¤ ��"é¶�Ér "é¶\� ����0>t��¦, t�½̈ ~½Ó�¾ÓÜ¼�Ð �8 �¾Óô�Ç���¦ ú́�½+É Ãº

e����(Moon et al. 2005). ¢̧ô�Ç CME�� t�½̈ ~½Ó�¾ÓÜ¼�Ð �¾Ó���H &ñ
�̧�� 9þtÃº2�¤ I��ª� ;�¤µ1Ïs� t�½̈\� p�

u���H %ò
�¾Ó§4�s� y©�K������. z�́]j�Ð ÕªaË> 2\�"f µ1ÏÒqtô�Ç CME��H 2000�̧� 7�Z4 14{9� Bastille Day s��$�àÔ�Ð

+�, s�M: t�½̈\�"f��H Dst = –300nT\� s�ØÔ��H y©�ô�Ç t���l� ;�¤Û�æs� µ1ÏÒqt�%i���.

3. ÄZØ V	Ä

ÕªaË> 3�Ér CME 5Åq�̧ü< SPE t�5Åq r�çß�_� �©��'a�'a>�\�¦ �Ð#�ï�r��. X<s�'�_� >hÃº��H 63>h%i��¦, s�M:

_� ���+þA �©��'a >�Ãº��H 0.53, ³ðï�r ¼#�	���H 29.99�Ð ����z�¤��. s� �©��'a>�Ãº °úכ�Ér Kahler(2005)\�"f �Ð#�

ï�r¿ºB�>h���Ãº_��©��'a>�Ãº°úכõ�{9�u�ô�Ç��.Õª[þts���6 xô�Ç SPEX<s�'���Äºo�����6 xô�Ç����õ���H¢-a	כ

y� ���Ér 1998-2002 l�çß� 1lxîß�WIND_� EPACT(the Energetic Particles: Acceleration, Composition,

and Transport experiment)_� 20MeV�ª�$í
��X<s�'�\�¦l�ï�rÜ¼�ÐóøÍZ>�ô�Ç�y��îß�K��:r�����B�Äº<Éª¦̀�	כ

p��Ðî�r ���õ����¦ ½+É Ãº e����. s�ü< Ä»��ô�Ç ~½Ód��Ü¼�Ð �̧��H X<s�'�[þt\� @/ô�Ç CME/Flare B�>h ���Ãº[þt

õ� SPE B�>h ���Ãº[þt ��s�_� �©��'a >�Ãº[þt�̀¦ &ñ
o�ô�Ç ��s	כ ³ð 2s���.
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ÕªaË> 3. CME speedü< SPE t�5Åqr�çß� ��s�_� �©��'a >�Ãº.

³ð 2. SPE ���Ãº[þtõ� CME, Flare ���Ãº[þt ��s�_� �©��'a >�Ãº[þt.

Trise Tduration Tdecrease Ispe

Vcme 0.34 0.53 0.47 0.30

direction parameter 0.2 0.11 0.06 0.40

acceleration –0.02 0.03 0.05 –0.08

X-ray intensity 0.2 0.32 0.33 0.37

³ð 2\�"f ÏãT�Ér /åJ���̂�Ð ³ðr�ô�Ç ��Ér	כ ���©� Z�}�Ér �©��'a >�Ãº\�¦ �Ð#� ÅÒ��H ¿º °úכs���. ���©� 	�H �©��'a

>�Ãº\�¦ �Ð#�ÅÒ��H ��Ér	כ CME 5Åq�̧ü< SPE t�5Åq r�çß�(cc = 0.53)s���. CME 5Åq�̧��H SPE_� �©�5px r�

çß�(cc = 0.34)õ�y���èr�çß�(cc = 0.47)õ�_� �©��'a�'a>��̧ �©�@/&h�Ü¼�Ð a%~>� ����z�¤��. s���Ér	כ CME_� 5Åq

�̧�� SPE_��©�5px,t�5Åq,y���èr�çß�1px_���e��Û¼H�{9��̀¦���&ñ
���HX<%i�½+É�̀¦ô�Ç����H�,�p�ô�Ç��.7£¤_¦̀�	כ

CME_� 5Åq�̧�� ß¼��� 9þtÃº2�¤, SPE t�5Åq r�çß�s� U�́#Q�������H _�p�s���. t�5Åq r�çß�s� U�́#Qt����, �¦\��-

t��Ð ��5Åq÷&��H {9���[þt_� Õüw��[þt�̧ �8¹¡¤ 7£x��½+É �,¦��s	כ ����"f SPE þj@/ e�¦!3�Û¼_� [jl��� &�t���HX<

l�#�½+É Ãº e���̀¦ �.���s	כ CME_� 5Åq�̧ü< SPE_� þj@/ e�¦!3�Û¼_� [jl�(ISPE)ü<_� �©��'a�'a>���H 0.30Ü¼�Ð

����z�¤��. ô�Ç¼#�, CME_� t�½̈~½Ó�¾Ó �����ü< SPE_� r�çß� ���Ãº[þt_� �©��'a >�Ãº��H �ª�Ãºs�l���H �t�ëß�, Õª

XO�>� Z�}>� ��������� ·ú§��H ìøÍ���, SPE_� þj@/ e�¦!3�Û¼ü<��H �©�@/&h�Ü¼�Ð B�Äº Z�}�Ér �©��'a>�Ãº\�¦ ���� ?/%3�

��(cc = 0.40). s� °úכ�Ér Flare_� [jl��� SPE_� þj@/ e�¦!3�Û¼_� [jl�\� p�u���H �©��'a>�Ãº(cc = 0.37)\�

�9�&h�½+É ëß��pu _�p� e����H °úכs���. 7£¤, CME_� t�½̈ ~½Ó�¾Ó �������H Flare_� [jl��� SPE_� Òqt$í
\� p�u���H

%ò
�¾Óõ� q��§½+É Ãº e���̀¦ &ñ
�̧_� %i�½+É�̀¦ Ãº'��ô�Ç���¦�̧ �̂¦ Ãº e����. 7£¤, CME�� SPE\� p�u���H %ò
�¾Ó�̀¦

�¦�9½+É M:, CME_� 5Åq�̧ ÷�r ��m���, t�½̈ ~½Ó�¾Ó ������̧ �<Êa� �¦�9K���½+É ���������H �¦̀�	כ ·ú� Ãº e����. �©�

@/&h�Ü¼�Ð CME_� ��5Åq�̧�� SPE_� Òqt$í
\� p�u���H �©��'a�'a>�\�¦ B�Äº ±ú�6£§�̀¦ ·ú� Ãº e����. ¢̧ô�Ç Flare_�
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ÕªaË> 4. SPE þj@/ e�¦!3�Û¼_� �̧Ãºì�r�í³ð.

ÕªaË> 5. SPE þj@/ e�¦!3�Û¼ü< CME t�½̈~½Ó�¾Ó�����_� �'a>�.

x-ray [jl��̧ SPE_� �©�5px, t�5Åq, y���è r�çß�\� ����t�ëß� %ò
�¾Ó�̀¦ z�u���H �Ü¼�Ð	כ �Ð�����.

ÕªaË> 4��H s���� ���½̈\�"f ��6 xô�Ç 63>h_� SPE_� þj@/ e�¦!3�Û¼ ß¼l�_� �̧Ãºì�r�í³ðs���. ÕªaË> 4\�"f

·ú� Ãº e��1pws�, e�¦!3�Û¼_� [jl��� 10000pfu s��©�s� ÷&��H B�Äº 	�H SPE 6>h_� s��$�àÔ\�¦ ]jü@����, @/ÂÒ

ì�r�Ér 10000pfu s��_� �©�@/&h�Ü¼�Ð ß¼l��� ����Ér s��$�àÔe���̀¦ ·ú� Ãº e����. s� ¿º >h_� SPE |9�éß��Ér CME

_� t�½̈ ~½Ó�¾Ó �����ü<_� �©��'a�'a>�\�"f B�Äº <Éªp��Ðî�r 	�s�&h��̀¦ �����·p��. ÕªaË> 5\�"f Õª 	�s�\�¦ "î
SX�

�>� �̂¦ Ãº e����. 7£¤, 10000pfu_� B�Äº 	�H 6>h_� SPE |9�éß��Ér CME_� t�½̈~½Ó�¾Ó �����ü<_� �'a>��� ��_�
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ÕªaË> 6. SPE þj@/e�¦!3�Û¼ü< CME t�½̈ ~½Ó�¾Ó����� ��s�_� �©��'a�'a>�. (a) SPE_� þj@/ e�¦!3�Û¼_� ß¼l��� 10000pfu

s��, (b) SPE_� þj@/ e�¦!3�Û¼_� ß¼l��� 10000pfu s��©�.

³ð 3. 	�H(SPE_� þj@/ e�¦!3�Û¼_� ß¼l��� 10000pfu s��©�) SPE[þt_� :£¤$í
.

No. CME Date/UT CME CME direction Location AR Flare Flare Proton

speed parameter strength class flux

1 2000/07/14 10:54 1674 0.75 N22W07 9077 0.75 X05/3B 24000

2 2000/11/08 23:06 1738 0.45 N00-10W75-80 9690 0.21 M74/multiple 14800

3 2001/09/24 10:30 2402 0.37 S16E23 9632 0.63 X02/2B 12900

4 2001/11/04 16:35 1810 0.77 N06W18 9684 0.22 X01/3B 31700

5 2001/11/22 23:30 1437 0.77 S15W34 9704 0.31 M09/2N 18900

6 2003/10/28 11:30 2459 0.94 S16E08 10486 1.8 X17/4B 29500

���+þA&h�s�#Q"f, Õª �©��'a >�Ãº�� 0.64\� s�ØÔ��H ìøÍ���, ß¼l��� 10000pfu s��_� �©�@/&h�Ü¼�Ð ß¼l��� ����Ér

SPE |9�éß�\�"f��H Õª �©��'a >�Ãº�� 0.01 µ1Ú\� ÷&t� ·ú§��H��(ÕªaË> 6). CME_� t�½̈~½Ó�¾Ó �����ü<_� �©��'a

�'a>��� B�Äº Z�}>� ��������H 6>h_� B�Äº 	�H SPE[þt�Ér ��z�́�©�, I��ª� ÅÒl� 23l�çß� 1lxîß� {9�#Qèß� ���©� 	�H

SPE 6>h\� K�{©��l��̧ ô�Ç��. s�[þt 6>h_� SPE�� {9�#Qz�¤�̀¦ M:_� I��ª� ;�¤µ1Ï_� ��[jô�Ç :£¤fç
[þt�̀¦ ³ð 3\�

&ñ
o��%i���. ³ð 3\�"f ·ú� Ãº e��1pws�, s�[þt_� CME 5Åq�̧��H �̧¿º 1400km/s\�¦ �Å���H B�Äº ���Ér CME[þt

s�%3��¦, �̧¿º halo CME s�%3���. ¢̧ô�Ç s�[þts� µ1ÏÒqtô�Ç I��ª� ³ð���_� 0Au��� 0A�̧ ±20◦_� {� îß�\� ì�r

�í÷&#Q e������H �̧�	כ <Éªp��Ðî�r ��z�́s���. s�[þt I��ª� ;�¤µ1Ï_� 0Au���H ô�Ç �â
Äº\�¦ ]jü@��¦(2000�̧� 11�Z4

8{9�) @/ÂÒì�r I��ª� ×�æd�� t�%i�(±30◦) îß�\� 0Au�K� e������H &h��̧ <Éªp�\�v��. CME_� 5Åq�̧�� B�Äº ��ØÔ�¦,

µ1ÏÒqt 0Au��� ×�æd�� t�%i�\� ����Ö�¦Ãº2�¤, I��ª�_� t�½̈ ~½Ó�¾Ó �����ü<_� �©��'a�'a>��� Z�}>� ����èß�����H �,�Ér	כ

CME_� t�½̈\� p�u���H %ò
�¾Ó�̀¦ �¦�9½+É M:, CME 5Åq�̧ü< �8Ô�¦#Q CME t�½̈ ~½Ó�¾Ó ������̧ l���<Æ&h�Ü¼

�Ð ¶ú�(R�Ð���� ½+É ��¹כ��9 e��6£§�̀¦ ú́�K�ï�r��.

4. ~¿Wdl õmÍ +sÇÂ]Ø

s� ���½̈\�"f��H 1997-2006�̧� 1lxîß� µ1ÏÒqtô�Ç I��ª� �¦\��-t� �ª�$í
�� s��$�àÔ(SPEs)ü< I��ª� �ï�Ð�� Óüt

|9� ~½ÓØ�¦(CME) x9� I��ª� e�¦YU#Qü<_� �©��'a�'a>�\�¦ ¶ú�(R�Ð��¤��. �̧¿º 63>h_� SPE-CME X<s�'� �©��̀¦ q�

�§K� �:r ���õ�, CME 5Åq�̧��H SPE_� 5Åq�̧ü< þj@/ e�¦!3�Û¼\� %ò
�¾Ó�̀¦ p�u��¦, CME t�½̈ ~½Ó�¾Ó �������H
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CME_� þj@/ e�¦!3�Û¼_� ß¼l�\� %ò
�¾Ó�̀¦ p��2;����H �¦̀�	כ ·ú� Ãº e��%3���. t��FK��t� CME-SPE �'aº�� ���'��

���½̈[þts� �̧¿º CME_� 5Åq�̧\�ëß� ÅÒîß�&h��̀¦ ú́�ÆÒ%3��¦, CME_� t�½̈~½Ó�¾Ó�����\�¦ �¦�9Ùþ¡~�� &h��Ér éß� ô�Ç

����̧ \O�%3�����H �¦̀�	כ y��îß�����, s� ���õ���H ÅÒ3lq½+É ëß�����¦ ½+É Ãº e����. ¢̧ô�Ç Flare_� [jl��̧ SPE_�

þj@/ e�¦!3�Û¼\� #QÖ¼ &ñ
�̧ %ò
�¾Ó�̀¦ p��2;����H l��>r_� ���½̈ ���õ�ü< {9�u����H ���õ��̧ SX����½+É Ãº e��%3���.

:£¤Z>�y�, B�Äº 	�H SPE |9�éß�\�"f��H CME t�½̈ ~½Ó�¾Ó�������H SPE_� þj@/ e�¦!3�Û¼_� ß¼l�\� B�Äº 	�H %ò
�¾Ó

§4��̀¦ ��t���HX<, s���Ér	כ s�[þt CME[þts� B�Äº ���Ér(>1400km/s) halo CMEs����"f, I��ª� ×�æd��\�"f µ1Ï

Òqtô�Ç ��\�s�l	כ ��0pxô�Ç �Ü¼�Ð	כ �Ð�����.

Pcp��8ý òk>: s� �7Hë�H�Ér ô�Ç²DG��;ë�H���½̈"é¶_� “ÄºÅÒ8̈��â
\V�ÐG'p'�½̈»¡¤��\O�”_� t�"é¶Ü¼�Ð Ãº'��÷&%3�6£§.
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