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ZAX��, �����-FG:[�\]"��
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eTfgR=Z&�=�='2 h:i ��j0�
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+, p3q=r�"�, ��-.�,  ����
#$%&'(�).'Ss�Ttj&, ��.�
�-FG�am�[:u �vwx� :<'U�y

z{|}K���@1&'( ~q=��U�i
"*(2 !�q=��-:���� 1 Mpc���1
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�1 1 Mpc�3·1024 cm
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0.1�,���	<�A�BCD� 1 Mpc�E�
� 10F�� GH	I�J	� 1/3K � ��� L.
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89:;��+
�4!�� SZ56<��	1
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	+^()���""�V�	�W+X$M�
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L	�����	�������i2	j�<
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x<yz+$sE�L�<� L.�4	qm;�
FM��GH+,����BCQ4,M� x<y
z�:�$�%>�?L�4� (I	J%� �
�CD�:�$�E�!h$`��M�����
L�����E%>_!���
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�h>�L� 	4,�+� -.�`�����
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�� 1996S� Navarro�<� ����)��Q$
�� �� �	#�	TJHU<VW����
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.�L��/S%�� L	 NFW����C;	
 ����<����:�$��h>_��� �
�	 �,��<]��Xx	�Y�Z��PQ
�%>�h>��� ��� ��	12<a���
<[Z4,M� 12#�	TJHU n(r)< bq
m;���.��	��

n(r)�n0
�
�1 ��

r

rc

�
	

2

�
�3b/2

, (1)

+¡\$��?¢X.>��4)� 5)� LL4 n0�<
]A	12#�� £¤^J rc�}!¥� b+HU
	�_���>��� L	���[Z bqm;
<�  � �<��HU	qm;����>�>
`¦".�+� ab���h> NFW����C
;�cd§e¨�o�E��©ª78	����
C;+«¬4!�L�+/S".�  % NFW�
���C;�f������  ���g:­h�
qm;��h>��6)� 7)� X��0p SZ56<
L	���^()[Z bqm;�o�%>� "�
n������®ij¯��k+�X.>���
%$%� aS� 7�®����)��Q°±	

²K��h>� ��		"�n��lG³m+:
�$��h>!�� �
�� n 1<��op�

�3 ´�µ	¶U��x�M��,������	·q� ����Mpc�3Y1024 cm��<� Gpc�3Y1027 cm��h�
3¸4B?�r.�=�	L��

�4 �0&� X �	�0& [erg s�1 cm3]<��	12	s¹� ©�º�Z�	»	��4,��
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dn(r)�n(r)/ nn(r) ������	
dT(r)�T(r)/TT(r) �
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�
�� ���������������
�����
������� !�"�6 �# 2

$� %&'()�*+�,-./�
�����
������01�2��3���-	4 5���
6�����01�78"4 5�9:� 6���
���������;���<=>���
�?
�@=AB01 (xCn or T)

PLN(dx)ddxC
1

� 2p2p sLN, x

exp
�
�
D(log dxEs2

LN, x/2)2

2s2
LN, x

�
�

ddx

dx

, (2)

��FGH�I-6��JK�" �# 3	4 @=A
B01�$AB01�L= x� log x�MINO
"01�� ����PIQ�3R sLN, x��
2
S�TUVWXWYZ�[\>]^-4 6��


�������01��0��� @=AB01�
�_`ab�cdR-6��� e2fg�hib
�jkR-6�>�I"4
�6l�� mn�opqrsWptu�vw�

$PIF0Z�� xy�UzUu{r�|���
}
 SPH (smoothing particle hydrodynamic)w�
~��V�pr�0Z�a�R-V�prw>�
->� �����w��6�g�>K��� @=
ABg$�oa���w���R-=�b��:
�$��6��;��"11)4

4. X�������	
��
�

����

mn�opqrsWptu$Q^�^�� �

������	 ���a��I-��� ����
g���_$��-�I�$��������
"4 ���� 6�$����YZ��	����
��4 �I��� ������������g�
�� ¡W¢�"�4 56�� '()� X£��

�6 6� d����$ 0��F 1��-6��¤¥4

# 3 %&'()�
���� �¦T§¨	 ������ �©T§¨	 �;���<= �ª�£	4 «£$¬�­
��®�";���014 ¯£>@=AB01��-°±�²4 ³T§¨�'()�´µ>¶���-�
$� G·�mn�¸kR-�
�pqrsWptu�
�""��� ¹�¥º$��4
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��0�234� X���)*�	
���5
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������6%1�7&8%� 05
0� �9�:;����<=>���
��&?
%��� @AB�C%����D'E�FGHC
�I=>)*&?%��JD�K�!L?%M�
7?%� "1&� NO<=>���
��7.P
QR)*�SJ�8�I=>�FGHC� X�
��7T�!J�)*$%5� UVWXYZ[\
&]5^�� "�_`� <=>���
��7.
PQR)*�SJa�b� I=>� X����
cd)*5��
��

dSX(R)eSX(R)/SSX(R) f��
��g

hij.PQR)*�SJ�0�!�1�7k
5�� f11& SX(R)� X���� SSX(R)�lm
5� R�n�� X����I=>cd)*&?
%g� N����
���o8H�pq�-rst

Y5�<=>����uvw$%1�7&8%1
�hk5���
1C��	x�yz�{N|�� @A�234

����}~0�� Chandra�����X��
���5���ao8H&� s��V����7�
h�O� 5��hB�C��%��P���23
4 Abell 3667���&� E��
���@A��
�0� f� 4g� � 5�B�C���
���"�
)*�P�a���%7� .PQR)*&!L
���t&8��%�7k5%� 1C�� ��

���pq�-rstY5���
���o8H
�@A���0� sLN, n�0.3�0.4��J��B%
1�7&8�� .PQRU�Y���0��%�
^��_`&?%��|%12)�
�1�&� ��P�� �!%¡�¢V£�¤
7� 
���¥¦�����ho8a§¨�a%
�&� 1�}~&�"C7
©&8%iT� ��
P���234������&}~0�� H��
!;�L�234&}~0!J�$%�� ¡�¢
V£�¤7
©&8aLa��L%� "1&� ¡
�¢V£�¤7>ª�]����P�T�!J�

� 4 Abell 3667� X��� SX (R) f«p¬Yg ���
�� dSX (R) f­p¬Yg�

�7 s��V���® lm¯°�� �±�²�!;��7³7;� ��7´La���%µH����h�234�s�
�V���234��J� ¶�� bU�Y&���t0!J�$%�lm¯°�·¸¹)�h��0NJ1�7�
��^� 1�}~&�º»0��
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6+� 7.�8��'(�9:��;�<��
��	� '(�	� �=�
+>?� �@�
���+������� A�;@&'(�B��
C�D�
:�EF! G��./��
H�I%	� �=�
+> �,� JKL�
�%C�+> �,� '(����B� M�N.
O'(�B�!PQR ! GS�&��./��
��. G'(�B�!O� T��'(��B�
O 3U��./�V ! GW �+XY��ZG
[� /�'(�\�+�]���B�./�� ^
_�+H�I%	`4�ab� '(�B�	� 
�H�C�	]��!&.c�� [d[8'(�
Oef g�+h!��i./��.� B�!j
 �k�lm�&no
��"	#p�qr@ 
� ��8./�� Y8+JKL��%C�.,
'(�B�&j�[$st	]�� ���� 9:
&%B.[ ut� '(�B�O;v�+wx�

�.O[ �
^_�8'(�B�	`4�y,&#�zt�

O� X{:|}~�����8`4��	./
�� '(��8� X{'�O� '(�9:(��
���+Z�)�*'�!+[��j���8,
�8��-< X{EF./�� ��8�:|}
~���O�+B��I%![�� ��.� ^
_Y��:|}~�	��8����:|}~�
.��K~]��!+Zt� B�	`4��!&
.c�� ��	:|}~�B� Tspec! G� ;
�� "
���+> �O� :|}~�B��Z
G+
�[��..��Y��B���v	� 
��!O/� �.� 08�'�1j�2?B�

Tew�
� n2 L(T)T dV

� n2L(T)dV
, (3)

& Tspec+��]�B�!��� 8�� "
�
��!^_�3�&����c� M��+ L(T)

O X{'�1./�R� ���� �4Mazzotta8
O� TspecO TewZti5�+6 7![��!	
�8��13)� A��98O Tspec	ZtZ��1.
c�0�[�v!��:|}~��B�

Tsl�
� n2 T1/4 dV

�n2T�3/4 dV
. (4)

	�v��� Y8+ Rasia8O� =�:�l
���)l���;�'(� ¡+¢£ ��
Tsl/Tew�0.7<�+,[�!�=��14)� '(�
	� �=�
.O� ¤��ab� =�:�l
���)l��+¢£ ��¥¦i5§¨�©ª
	��� �� A��4� ��ZG[B�C�D
�
:O� H�I%	� �=�
15)� JKL�
�%C� M> 6«R [�Yx¬x[C�+i5§
¨	,�8�G�� x�� j ���	� �B
�C� M'�1j�2?B�R !:|}~�B�
+Z�B�C��?;@	��D�
:.­A�
ZG!®�� � ¡,/�16)�
¯�°O:�l���)l��(�'(��

± 5 '(� Abell 3667� X{²�³8´�µ1
B�I% M¶:~·�¸R� ¹{O�%¥º
CD+Z���K~	X�� �� E{O¥
ºCD� F{OB�³8´&¥ºCD./�
ZG[ab�CD� EF{O.�#$%+Z
��
��CD	A�»�X�� ��
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 Rasia�$()*+,	-
Tspec/Tew.0.8�0.9/0*1�
 234�+506
789:��;<=�" >� Tsl- Tspec�(?@
A����B;<=�"
*+
 �%506789:��C�%DEFG
�%HI�*�J*K�*1LMNO >P
 Q
�N�R5S7*+�%89:�+TQ*K,
	" #�$+
 �%89:�-50UV0WXY
ZHI�%�[*�J*K�N
 \
�B]^_
`%a'-ab%Ncd��!�
 50UV0W
XYZ�50UV0e�f%ghijHI��k
	l
 506789:�%Jm4HI��no=
�" \%&'
 506789:�+ (1) 50UV
0WXYZ� (2) 50e�f-pq�,rl	
���-sNr�" t 6+
 uv�wxyz{
|}~�%��%DEF%�������508
9:� Tsl/Tew �����JmHI�%�� ����
��=l	�" 50e�f�V0U50WXYZ
�����=��� ��� +(?89:��TQ

*K�-
 WXYZ%� ������ *+�YT
Q*K,	��-sN�" �%�M�50678
9:��+50e�f%a'-WXYZ��_�
��*1���-sNr�11)"

6. ��������	
��


SZa'� X��k	�����7h67%�
�+� 1�*TQ=��M���*1�" \
�
BNNs�P
 �%��* !�����7h
H0.60�3 km/s/Mpc17)
 18)+�%�����B
% � �¡9¢ H0.72�8 km/s/Mpc19)>�+u
v£¤¥¦ H0.73�3 km/s/Mpc20)� ��§¨4
� 10�20©/0ª	«�¬­�" �N- 1, 2®,
%¯-
 uv°	*�M� 10�20±°²³%´	
�B,�" =N=
 C�%uv�w|xyz{
|}~�������*+§¨µ¶+(�·),
	+P*1r�21), 22)"
\�*#�$+
 e�f%ghijHI��V
0U50%WXYZ�B��M,DEF�
 ��
��7h67*�s
l	��M�R5 bHI
�¯�¸rl67���)%�M,§¨µ¶-A

t 6 |xyz{|}~�%DEF%�������89:� Tsl/Tew (simulation)�JmHI�%�� Tsl/Tew

(model)" ����+50e�f�WXYZ���¹·¯HI�*1�
 |xyz{|}~%&'�(?T
Q*Kl	�" ����+WXYZ%�%HI�*1�-
 |xyz{|}~��Y@A*K,	"
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!�� Tspec�.�/	 �� 01� ��
	
�23" (1) ��4!5 678�9�:
;�
(2) ���<
� 67=�9�:
;� (3) ���
�����$>�?� 67=�9�:
; �@A
�:
�BCDE� F�GH"IJCKLM��
>NO 10�20P�7=�9��Q��R�K�
��8� M!$STUVWSXY��Z[�C�\
IJ�+,�01� �
���R]��� ^"_
10�20P�7=�9$O��R`a�,� 6b 7c
def�;�
#"��01"gh�ij01R�k�- O
 � OlO!m��ijC"� �n�op�E�
�`�%&'����qa_$	 !�- ��
!Cr�� s�t�01C?.�/�%&'��
��	 ��C"O/� �n�op�E���	
 �R� uRvw��	
`O R N�R$O

� 6b 7c xef�;�
s�t"��	
��
�$�9y��R`C

z��C� {|� }Z[��4!5�8zM`a
��~� �.�+N�R`��Cr�� ���R
��� ��4!5�8zM"IJ�$�����
�`Cz�` 6� 4�;� ��O`!� ��4!5
�IJ�$������"��O/� {|���
Cr�� ��>N$Z[���] ��C��y
��RC��-�*���������	
`!
�Cz�>N$O,�R Q�25)�
"#$O�`� }��Z[��!
!����
$"F�Z[��?A��������� ���
�$>,-��$`�O_~!A/ 6b 8�	

%`]A�Z[��M���O���!��Rz
�&�'
�(�- �;� �������$>
��1"�H	
R"O�`� M���OZ[�
�����`�Y��Cr��R>_� uRvw
��	
���O � ����$� ���Z[�
�!
!����$�
� ��¡¢����R

b 7 def�c )A�Z[���\IJ$>��*�������	
 6	
%c fH£H0��$/H0�¤�$;
R�
���$>�*¥ 6¦§;� ��".�/ Tspec�	 - �� 	
%`�Y��O¨§���!Z[
����Rz���$�&�'
�K�- �� 3�©/R fHª0.9�0.8+�C� ��"�*������
�$` 10�20P7=�9M���R�K�- �� xef�c Tspec�qa_$ Tew�	 -� , ��

���«G� m����	
�ij$�¬�- �� Tew�	 �«G� �-,���	
"�!�O �

�8 #"./�$�Q!�- � Reese!��
01 6H0ª60­3 km/s/Mpc)�®$ Bonamente!�01 (H0ª76.9¯
3.9°3.4 km/s/Mpc; `±�y�23)� 0²�³ " X§IJCr_ ,h²` ROSAT, ASCA´µ$>�IJCr��
$��� |²" Chandra´µ$>�?�Cr�� R��`¶· ,Chandra��.`�1M�� SZ�1C	 !��
>NO¸�Z[�C" ,���C��� 10%+�78�9�-��,- ��R`23��24)� ���!
Bonamente!�01" 15P+�¹�º.M��R�Q!�� ^"_ H0»60 km/s/Mpc+�R4/�B?!���R
`KLM���
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Fluctuating Intracluster Medium and Cos-

mology

Hajime KAWAHARA

The University of Tokyo, Department of Physics,

The University of Tokyo, Tokyo 113�0033, Japan

Abstract : We investigate the statistical nature of
inhomogeneity in the intracluster medium using
simulations and X-ray data. We find that the
temperature and density imhomogeneities have
nearly a universal distribution that resembles the
lognormal function. With this model, we find
that the inhomogeneities can explain the reported
systematic bias in cluster temperature and may
explain the systematic underestimate of the
Hubble constant determined from the Sunyaev�
Zel’dovich e#ect. We conclude that the inho-
mogeneity significantly a#ects the cosmological
implications of galaxy clusters.
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