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z { A N� (erg cm¹2 s¹1) J� (erg cm¹2 s¹1) B0 (G) fmax

& + � 2.4g105 0.36g105 2 1

* + � 4.4g105 7.2g105 10 8

º »! 2004¼ 5»282



fmax�����������	 ��������

���
���������� �	 5�� 
��
���	 ���
��������
��� !
�����"#$%�&'�(�)*24)+,�-
./01	 �2���3�45�	 �6����
+,�7��8�/����9:����;/�
��<,;.��= �>?;	 ��@�	 @�A
�+	 ���
9��+��,��B�C���
 !+���=��
�>	 "����DE#+�	 ����F�G
H�IJK$L$�;/ 8���MN#O� 1/8

�P�$5%�F�/�����Q����9R
&;�;>�	 �.,'"S�TUV+��()
�*W>�$5%��X/����Q�
�	 !
���Y+;/���� �>��DE#�Z[

�	"�����\( ���,]� 2-��^\�
�	 *W>�_#$%�`�./������1
��� *W>�����a�bcd���.ef
&�g1	 h-�/
�ij#k$l0	 1m+
��2�3n�BX/,4o5+���gQ�p
d��� ��gQ����	 	 4�"����#
O�q�91r	 (��g16�Y+9��gQ
�+��<,;.��=�

3. ��������	

200278	9s�:;/�>t;<=>?@<
=� !u�vwV$+	 �23��g���T
UV@�	 ���@��A9;�;>� BC�'
��	 xyD�EFz+B�GH I{ �t;<
=>� �01	 �@��A��xyD@��|&
C�?}Q��QJ~�B1�;>� <=�K
20047 1����8)�B�gQ�	 xyD���
��$��"�U$���LM� ��QY�Nc
��B�gQ+	 ��$��"�U$9OP��
>��	 Q>�@��9R;/��&'+B�g
Q+�� ����@���;/	 'S� cDxy

�T���+B}Q���J���$#<-�@
�25)�	 �(<-��UV26)��QWa�A��
X=��@h./����	 �N-,�.�.Y
Z9[d/��\��B1��� h�����@
�8	 xyD@��8
]^�o5�A��;
/	 ��gQ��V��9�d_;�;>27) �	
6��
xyD��(+�	 xyD`�xy��.�a

b�� ¡c¢�£2	 0g¤	 ��xyD��
.ef&���g1	 de£2�¥��+3nh
./���¦+B�� ��f
�de£2�h�
����93n��gQ�	 xyD`�de£2
�gX/,	 �}�}��2�ghh./�/,
0<;
��� xyD���TUV�§Qi�	
¨©ª�j��_ªg1�����Q��}?�
�.�	 «��¬#�­������_���2
g1,	 kl�m®9*>���9n�h���
ghh.>«��7��}�}�j
�Uo��?
}Q�	 ¯°��8*�g1'S(�/
�«�
�p'��?}Q� h-�	 xyD'S(�q�
��(g1q±"�>�	 «��²r�g�«�
�³s�gW	 �.,«�9'S�p'h��+
B}Q� 95	 «���2�9´h; N���
1	 xyD'S(9@�C�+B}Q�

	 6 xyD@��M.M.��V��� xy� ¡
c¢�µ�£2�g1	 de�tg;�� �u
¶�v=·w��

�7 ¸x��	 �_ªg1¨©ª����%J¹º+�	 �_eyz������

{ 97» { 5¼ 283



��������	���	
� ���
�

��� ����N�� ������ ������
��� �������� 	� ��!"#$%&
'
#�
��(�
��)*�+, ��	�!
��-.�
�/�0��� 1122��� 340
����5��678���9���:� Abell

1795 	 Ser 159�03 	������;�!�<=
�>�*�+, ?@A�����B�!9�
XMM-Newton C Chandra D��E�F���
G"#$%&'
#6�H �IJKLMA�!�
+�KNO����
�NP� �� 1/10���
���
�� !CQ� !�E��RS
KT
	��UV�"*�+ �W 7�, XNY@� ��Z
��"#$%&'
#�[ 
�(�	���	

X, @N\�� Abell 1795 
��+O����
�� ]^� XMM-Newton�_TE�UV28)	#
`�N�9�	Na!�*X, bA�� $%cd
e �f&'()� �g��h� *+i<=9>�

*�+0� ���,a&@�_Tjk�-l.�
UV	�!� 	0m�n� op�UV0qrR
Sb�T�	0s/b�*�+, 01
X0� t
u2v	Na+3w GTsunamiH �xCya!� �
�5z{50tu2v	NT�	�|�� 4(�
� G����5�H 	6J�*�+�8,78��	
�� ��}�$~���**�+y�_�NE�
0�!K*�+, 9%eA� XMM-Newton	
Chandra�_n��� Abell 133 �E��29)� �
��:�yA;�;;xT��jk�A�K�7
�<��*�+, ����jk��� :���=
���m�
��>0�?
� -�
@.b�+
��0� ���!K+9�
x��	��b�!
�*X,

4. ����

A�
�� ���
�	� �������
�
 	 ���	�!� �=�jk�l.�_T�
�	��Z���no�*�+, ��Z��� ?
@A�'B
9E������>(�
X0� �
��qy�Z��C+�+Y�
�xn*��,
�=���Z��D�9����xn*X0� �
����Z��*�d;�	;��P���� E
��FXT�	0�G�	��*X�9, *+� �
��� 	��� �=��	�H���I�;N
 ¡:Z�9J¢�*X, ��I�;N ¡:
�� �= 		K&XTZ�	�Nb�!�T�
	9xn*X0� L£�K&XT�
�NP� g
�XT¤¥9M¦xT	���	�§N�!BK
+�	��*X, ��I�;N ¡:�_n�O
¨0/=�� �=�PmXT¤¥9x�©� �=
0��I�;N ¡:�Q<XT¤¥9xT	ª
:A�TyA
X, ���
�
9� ���

929)� ��_�N�	0RS�m�n�  	��
GNT2�V+�!�T�
�N�y	UVb�

�8 Y�Y�0ª:!�T����
� 5�����
X�
� «�����PN�
X0,
�9 S¢� ¬W�6�­Xe� �®�6�¯Ye	�g��h� *+i}°±²#}³%�_n� D��=��Z��
´µ�¶·*�+, ¸�¹4Z,

W 7 ��� Abell 1795 	 Ser 159�03 �B�Tº{
»<=	� E�40), 41)�E�,

'(¼[ 2004\ 5¼284



���
�����	
�� 
������������
���������� ���������
�

��  �!"#�$�%� &���'()�*�
�+����,� -./%0	10
%�2�

��&
�3�45�6� 
789:;<�=>?
�
�� �!"#� ����6@��
�

�� 78�A��  �BCDE�FGH.�4�
IJ,/4���  ��KL�MNO��,� �
�IJ�P*�Q��/��4RST%U�VR
/W%
��� 2
X�, �FGYZ Solar-B�
[2�\6�]H.�4��� Soalr-B�V^� 9
:;<����%65�_�`�VR��15�
a�NObR�cd���� �e�f
T���

� �

ghij��klmnIJo��?��p� q
rij
�4�s�I�t��I�n��u�
�p�,� �vw/x�� ���4�O+� �4
yNz{
�4��� ��� s�I�t ���
n��u� klmn|}I�t�A~��� �
���9� ���mn �������i� �
����9���6� x����+�4�H^�
U^%�R��4�
�� �� ���,� ��
����
�� ��� �������4�6��
��/^�
�� �����L���U�^� �
�n����10 !��� DC2, PD �
��
�� ��4��� ��� klmn 21�¡ COE

9"�:¢ 
��n�£���"#��¤¥¦
§� 10��� ��4���

� � � �

1) Ayres T. R., 2000, Solar Phys. 193, 273

2) Tsuboi Y., Maeda Y., Feigelson E. D., Garmire G. P.,

Chartas G., Mori K., Pravdo S. H., 2003, ApJL 587,

L51

3) Imanishi K., Nakajima H., Tsujimoto M., Koyama K.,

Tsuboi Y., 2003, PASJ 55, 653

4) Shibata K., Yokoyama T., 1999, ApJL 526, L49

5) Tsuboi Y., Koyama K., Hamaguchi K., Tatematsu K.,

Sekimoto Y., Bally J., Reipurth B., 2001, ApJ 554, 734

6) Tusujimoto M., Koyama K., Tsuboi Y., Goto M., Ko-

bayashi N., 2002, ApJ 566, 974

7) Kato Y., Mineshige S., Shibata K., 2004, ApJ in press

(astro-ph/0307306)

8) $¨©%� ª& ' 2004, I�«( 97, 6

9) Golub L., Pasacho# J. M., 1999, Solar Corona (Cam-

bridge), ¬ 1­
10) Yokoyama T., Shibata K. 1995, Nature 375, 42

11) Tsuneta S., et al., 1992, PASJ 44, L63

12) Sturrock P. A., 1999, ApJ 521, 451

13) Miyagoshi T., Yokoyama T., Shimojo M., 2004, PASJ

56, 207

14) Katsukawa Y., Tsuneta S., 2001, ApJ 557, 343

15) Kojima M., Fujiki K., Ohmi M., Tokumaru M., Yokobe

A., Hakamada K., 2001, JGR 106, 15677

16) Stein R. F., Schwartz R. A., 1972, ApJ 177, 807

17) O’Shea E., Muglach K., Fleck B., 2002, A&A 387, 642

18) Sakurai T., Ichimoto K., Raju K. P., Singh J., 2002, Sol.

Phys. 209, 265

19) Suzuki T. K., 2002, ApJ 578, 598

20) Cranmer S. R., Field G. B., Kohl J. L., 1999, ApJ 518,

937

21) Kohl J. L., et al., 1998, ApJL 501, L127

22) Hollweg J. V., 1982, ApJ 254, 806

23) Suzuki T. K., 2004, MNRAS in press (astro-ph/

0312573)

24) Hirano M., Kojima M., Tokumaru M., Fujiki K., Ohmi

T., Yamashita M., Hakamada K., Hayashi K., 2003,

Eos Trans. AGU 84(46), Fall Meet. Suppl., Abstract

SH21B-0164

25) Tucker W. H., Rosner R., 1983, ApJ 267, 547

26) Takahara M., Takahara F., 1979, Porg. Theor. Phys.

62, 1253

27) Fujita Y., Suzuki T. K., Wada K., 2004, ApJ 600, 650

28) Tamura T., et al., 2001, A&A 365, L87

29) Fujita Y., et al. 2004, submitted to ApJ

30) Makishima K., et al., 2001, PASJ 53, 401

31) :®¯°� ±²³´µ)J*n ¶·k¸¹º
32) Wilhelm K., Marcsh E., Dwivedi B. N., Hassler D. M.,

Lemaire P., Gabriel A. H., Huber M. C. E., 1998, ApJ

500, 1023

¬ 97» ¬ 5¼ 285



33) Teriaca L., Poletto G., Romoli M., Biesecker D. A.,

2003, ApJ 588, 566

34) Lamy P., Quemerais E., Liebaria A., Bout M., Howard

R., Schwenn R., Simnett G., 1997 in Fifth SOHO

Worshop, The Corona and Solar Wind near Minimum

Activity, ed. A. Wilson (ESA-SP 404; Noordwijk:

ESA), 491

35) Esser R., Fineschi S., Dobrzycka D., Habbal S. R.,

Edgar R. J., Raymond J. C., Kohl J. L., Guhathakurta

M., 1999, ApJL 510, L63

36) Fludra A., Del Zanna G., Bromage B. J. I., 1999, SSR

87, 185

37) Antonucci E., Dodero M. A., Giordano, S., 2000, Sol.

Phys. 197, 115

38) Hayes A. P., Vourlidas A., Howard R. A., 2001, ApJ

548, 1081

39) Parenti S., Bromage B. J. I., Poletto G., Noci G., Ray-

mond J. C., Bromage G. E., 2000, A&A 363, 800

40) Sheeley N. R. Jr., et al., 1997, ApJ 484, 472

41) Ettori S., Fabian A. C., Allen S. W., Johnstone R. M.,

2002, MNRAS 331, 635

42) Kaastra J. S., Ferrigno C., Tamura T., Paerels F. B. S.,

Peterson J. R., Mittaz J. P. D., 2001, A&A 365, L99

Wave Heating in Astrophysical Plasma

�Examples in the Solar Corona and in

Galaxy Clusters�
Takeru K. SUZUKI

Department of Physics, Kyoto University, Kitashira-

kawa-Oiwake-cho, Sakyo-ku, Kyoto 606�8502,

Japan

Abstract : It is widely known that hot plasma is

ubiquitous in various astrophysical objects from

stars to galaxy clusters. I have worked on the

wave dissipation which play a role in the

momentum and energy transfer in the plasma.

In this article, I firstly introduce our results on

the wave heating and acceleration in the solar

corona. I show that two kinds of the solar

winds, the high-speed wind and low-speed wind,

can be explained by the dissipation of di#erent

types of the waves. Then, we apply the wave

dissipation to the heating in galaxy clusters in

collaboration with Drs. Yutaka Fujita and

Keiichi Wada (NAOJ). We show that the wave

heating could be an e#ective process in reducing

the cooling flow.
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