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��� GC ��
%�*�����A�*$F5�)3 �iTl%h��/x��Az � ��5�Z��F�G}�"%$�z�$ X �����
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�32�4 ��5d9#$�p
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1
�

1.1
� ��� � � ���

	�
 S}N�O ( {?S
��N�O ) S'P<Q (Galactic center : GC) �*���6�_�����6o@? (∼8 kpc)� bTK�+'M�����N�O'S'P�Q�
6+'M�h:�v&������'SmN�O?P�Q�
�� �! s m#?TM
y#" �%$'&)(* ( 
��@k,+'-'K�!�"�
/.�M0���TS21~�%e)]#
2+'M0h��
� �)_�N�O �/354 Sv�?V76kY�_08
S:9�;#
 GC , -�
�<�=�� & u N>���kV����@k�� I@?:qTM (Ryter 1996) h� mS u'A �?V��
�TSCBD(#?�|)ET_W�#��RT_ X _ γ R'F rHG (-!#"'IHJ �5(kM0h

I 1.1: �#� (10 µm) �3�=� X R (0.1 nm) 	 
CS0�aV0���:KaL�M��#� � �������6� �#�

����RTS�!�"�
)�0�CS�K
e'L%(/kNM�OaM� 	��
:_ GC K'�!PRQ)STf �E[:T �-] Sgr A*
r

��U �/_ ��S-��V#� 3.7×106M� W (YXH '� r/Z �=� �5( smu (Ghez et al. 2005) h
|HETS ����E�
)� �C[]\ � 	7^
�)�`_baG[Hced��/�D(�f7g�!�"X$�&�m�?DX0hNh�i ∼ 0.3◦j f0b &/kml' �" W ��h�n � k,o � W]p�q XsrsgJ+ fut Radio Arc l
vsw�&Gm2?YX:h6�
 
>��[�\ (∼1 mG) lex	���2d	� �v|�( W/y X:[k�)z]{|_5{��7}�~�g ! "Z$�&�m2?�X0h
Sgr A , - W � Sgr A East l:v
w�&!X�[�c�dH���
��������� (SNR) g)��U`�]t X ��
D�
[>c0d��0�Ck,�>ks� y � W }�~�g��H�m�e�`t:E]� WYy`�u��� g��#(�X Mixed Morphology
SNR l7v:w]�)�H�#X:� CO �]�����#�,�����)�Ch�n'� WC�`  �¢¡¤£)¥s�]��¦�g�§)¨�©/ª«�
���#X ( ¬ 1.2 t Oka et al. 1998) �5h�­)® y
¯ 0.6◦ °#± ��² Sgr B2 ³]´#µ'�C��¡R£��]�'¦
(6 × 106 M�) g�¶�·`�]t�¸C�2³'´��C¹�·|º¼»H½H¾'g�¿�À>¥�³'´H��Á>²
�Â µ
x#Ã)Ä7dYÅ>Æ:¹)Ç'g)§¢ª��!²s�'� X t γ ����Á#²,� X ���>�)t
����»)��� (SNR) t
X �]È�»�t,É#�,»`Ê't�¡Ë£)Ì�^#Í]z7Î)ÆNdY¥)f:g��H�m�¼�D�)�Y²,� TeVγ ��}�~>�sÏ#ÐC�
Sgr A ³'´)Ñ¢ª¼Ò/Ó)�¼� (Tsutiya et al. 2004) t
h�n�Ô7Õ��m¡�£H�'��¦`Ö�µs×�Ø  
Ù }�~
Ø������e� Ù:Ú t��]xDÃ�Ä:ÛDÅ)Æ:Ü]� (>1011 eV) �
¶�·]Ø�Ý�ªeÑ)µ��¼� Ù (Aharonian et
al. 2006) �
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¬ 1.2: ��� Ô7ÕH���H�!�e�|²N����¦�
��,���
1.2

� � ��� � �
X � � � (GCDX)

1.2.1 �����  "!$#%�'&(��)*!*+ �',.-0/�!210354�687:9
X ; �]§|ªË�m² GC ³�´=<?>!º ÂA@ 	:¥ ��� � B �DC�EGFNµ=H   �sÀ�§��«� Ù ∼6.7 keV

� ;�IKJ �YÁ�²C�LBNMDC�Ø2F]µOH   �m¸G<GPRQTS�UWV Ù Fe Ñ�ªX<
� ; �KY ��� Ô:Õ�µAZ
�K[�ÆL\^]`_8aTY � ­ × �Ab �D®�H ¯ 2◦ × 1◦ µdcfe0Ø�²�¸Kg�Ø�hHÑ  2Ù � ¯ <�i^jO\Ok
Û#� kT∼10 keV(∼108 K) <?P�l�m=nXoKp
Ñ¢ªq< IAJ �ArYÝD�¼�=Y)¸�¸�Ñ�ªtsW	,¥�Ã�ÄNÛ
ÅDÆ7Ø 1053−54erg ge§�u|º)ª��!²,�/¸T<�HRv«¥GwAP�l�mfn
oxp'�Gyxz��D�^{�|RVK}���~�Y�A��� � (∼ 109 � ) H � º�����Y�z��(	2¥��A�^��iA�HÆ,Û (∼ 105 � ) ���A���"gt���2V
�=V�E2vb�D¸X<'Ã�Ä7Û#Å)Æ�]?wD��»H�����fVxHfv
g���²�gqY 100-1000 � /10 � � Ø��d�"g
¥Y² (Koyama et al. 1989, Yamauchi et al. 1990) �B Á���ÑOF,�>� 6.7 keV ��� <
� ; ] 3 � <T��� ; µs��U2V Ù � 6.4, 6.7, 6.9 keV µ�Ã
Ä,Û>Å>Æ�Ô7ÕA �]`_>¨ FeI Kα Y FeXXV Kα Y FeXXVI Kα � ; �>Á#²,�Y��ª7µAY 5 keV ¡¢ <G£DÃ)Ä,Û#Å>ÆX¤#µ�� Si, S, Ar, Ca <XPfQTSAU�� ; º0ÒmÓDVdY GCDX �^¥AlA¦=<�mfno�pC�>Á#²�¸�g«Ø�§L¨`�e� Ù (Koyama et al. 1996, Tanaka et al. 2000) �

6.4 keV � ; <
�K��],§)�x©�²=g Sgr B2 ³�´�ª Radio Arc <^«�¬Yµ�Á�²Y¡�£��'�H¦/Ö
Ñ�ª�\Gn�­Xm�®L< �]� ØHÀ�§m��� Ù ��Ô°¯A�]� ;D±A² <
À]§��>ÁD²,�)¸¼�>µG³�V,�KY �]�
Ø#¥��Nº   ge×´�%�D����²5¾��!º0¶�·�V7�)�#² (Koyama et al. 1996) �'¬ 1.3 � B Á^�CÑfF
��§ Ù GC ³'´�<�i�jO\Ok@Û�g 6.4 keV � ; �xµ,Æ�¶]�#Á>²2�

1.2.2 ·¹¸Oº�» ¼8½ Fe ¾À¿ (6.7 keV # 6.97 keV ¾À¿ ) 6WÁÃÂ
P�lAmLnqo�p]µ�H�²7Ã�ÄNÛ#Å�ÆC�)ÁKEOÄ¤µ`ºtÅ�£>µ]¥�² Ù ÐDYÇÆDS�ÈDÉ�rsØ�ÊGËmªÍÌ Ù

(Tanaka et al. 1999) Î ¸ÇÌ#��Y ��� �8Ï:µGÐ���È5v�Ñ=< Fe Ò ��Ó]ØmÔ`¯�Ô�i
Ñ�ªtS��2]Õ�Ö V^Y FeXXVI Kα Y FeXXV Kα g�¥#²�¸�ge�^P=QXS�UOV Ù Fe Ñ�ª°< IAJ ]?r�ÝT��²`r
�#Á>² Î V:Ñ�VdYT�A×0�Ëµ�HfÄ Fe � ; <TØ�ÙD¥�Ú�Û'Ø�ÜDh�Ì=Y FeXXV Kα <]Ã�Ä,Û#ÅDÆ
Ô:Õ� D� 6680± 1 eV gtÝ#Ð�ªÞÌfYXÆ�S�È�ÉH�Aß�à2áÇÌ!²,Ã)ÄNÛYÅDÆ 6666± 5 eV H�Ä,ºâDã S�U�äAå�mLnXo�pC��ß�àWáæÌm²,Ã�ÄNÛYÅ)Æ 6680− 6685 eV µ �Lç ¸Kg�¥Kè2Ñ�ª Fe <P�Q
S�U�� ; �
PKl�mfn?oxp�µ�Hs²)¸�gT]qéAêW	
µDÝ�ª¼Ñ#µ�V Ù Î á�ª7µ�Y FeXXV Kα Y
FeXXVI Kα Y FeXXV Kβ � ; <GZG¦�ë�]Xë
ìK�#²æíAî ¯ <Tmxn?o�pD<?lD¦�ï 5–7 keV gðh
ÑÀÄñYÇmxn`o�p�<?lD¦=]�ò�ó)µ2§du�º�²'¸�gtî�ô�s2	�¾DõK<,¶'·�º,ÝLö�Ñ�µ�V Ù ( ÷ 1.2.2 Y
Koyama et al. 2007c) Î
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÷ 1.3: B�������FTî�© Ù ��� Ô7Õ��.ö?<AiGjW\Ok@Û ( Ö ) g 6.4 keV � ­	�^��µ�
�¶ (
¢

)
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������� Ù Ú�ÝA���2}
	Kg�ï�YÇP�l�mLn
o�p�ï�� � ×]Ø � Ù IAJ ��Y°õ�ÚDî2}�
 ç���ç

X ;�� ( ��� ) <Xy
����h��Dî	��� ��î ��� Î 
=�XõDÚ���� 0.5 �(g �^Ì"!$# � Chandra
�

H�ÄñY Sgr A* %�& 17′× 17′ <�'�(�î 590 ksec <�) ç é�ê��AÜDhdÌ*! Î,+ <�-�.LY (2–8 keVî 3× 10−15 ergs cm−2 s−1 ¡0/ <�1�¦�]q_�2�3X<Gî )2357 � 3
<,�
���0452 � � ! Î V �V$�
�x<76�� � ! I�J � ³K�"��8
9Lï ∼10% î�V � � � � ! (Muno et al. 2004b) Î
Koyama et al. (2007c) îKï GC '�(=Y 0.6◦ × 0.3◦ îdP=QXS�UOV�! 6.7 keV : ; g ���L<ZD¦Aõ0;R]�<=�*! Î Sgr A* ]5%�& � Y�: ; Z�¦xï�>@?�A � ôK³=B�î �=C ö � ��D=E �F�< � ³OVdY X ;�� ( �=� ) <�Z�¦Lï�³=BGA � Y7H
I ��D=E �@�°íW]q§2V�! Î0+ <Gõ0;x<,Jç �.ö 6.7 keV : ;DIAJ <�K�LKõ�ï�� � 6�� � !�M=NAî �O��PRQOSOT�! Î

÷ 1.4: U0VG%$&�îAéKê á�ÌW���5� Î %$& �
6��W�YX=ZLï SNR î ��� Sgr A East Î�[ á
� �0\=2�\52,� X ] �G^`_�aGÎ

÷ 1.5: Chandra îAéKê áæÌ�!��0�Fb0c�dfegih Î�jxç�k ∼0.9 ^Yl 2

m
1.6: GC nOo�pWqsrut (5-10 keV) v 6.4,

7.1, 7.5 keV w�xsy{z�|Y}On`~=���"wsy�� 6.7,
6.9 keV z
�=���=�G�`�O�7�5���"�7���G�R��W� �
�=�W�@���s������v

m
1.7: ���0 ¡��¢�zf��� 6.7 keV ~�����£

( ¤Y¥ ) � Chandra z"���§¦�¨�n 4–7 keV ©fª« �*n���£ ( ¬�­ ) n,®=¯On�°��
±�² � Revnivtsev ³`´ 3–20 keV n X ����£µ�R¶�·¸³�¹=� 3.5µm º5»0¼=�"n��0�Fn�½
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� ^ <����
	���
 +���� b��5;*b0?�������������� � ^`_ T� �!#" � ��
 Sgr A* $ � U%'& b�(�)�� 2′ − 4′ * �  �+�,-��b�.'/ P log N-log S
�10 ^�2 �� �35416�7�8�3:9<; ^=5>  @?�A�
�B'C (2–10 keV DE;-FG��H�I >1031 erg s−1) b�J�K >  �M
NL�NM a �
O�P�QR�SUT P�V 40% W���P$T� �!�" � �@X�Y@Z�[�\Ob X ]�]"b^H�I �
_ Pa`Nb@T�

H�I <1031

erg s−1 b@B�Cdc<�'.�/ a���e J�K >  ,M0NFb 100% ^ B�C-��f#g��Eh��
i#j�klV _ T� 
(Revnivtsev et al. 2006, 2007) !m b�n#op�1q�r�s�t�u-v�$ � b 6.7 keV w=]�x
N"b1y'C���z���{�Q'
 ( |�}���K ) ~-�NJK >  �x=N'$L
���{�B'C'�LW���b@$�Q@���������<��W���!

1.2.3 ��� Fe ��� (6.4 keV ��� ) �5���
6.4 keV x
N�b�y'C-��z'��{-Q��'��QL� 2 z
bNf@K�W��^! 6.4 keV w=] ^��$a  ����'
��k Fe ��� ^ q���� hL� 8<H��dc@ �Q�
��'���'��� a �<$'��W���!@.�/d" � �7c�dGe g hQ�
1H���y�COb���P�
 Fe ���Fb�H'� * � 6.4 keV bN��k X ] ^-� T�
 H �'� S�� b g��� ;
����� n��
¡-¢'£���K�.�/d" � ��!�\�(�
��'��y'C�Q Fe ���"b@����� * ��n��^��k

X ]�
^¤�¥�x
N�� n��G¡�¢�£�����WL�^!�¦�b
c7d�e g h b�\�§Ob1¨��'Q 6.4 keV w=]�b1©ª-« �LW-�1!�¬�81­E® g b�¯�°�±�£�`@K�X�Y@±�£���W��²��P�
GH�� *´³ ����� * �L¦ �-µ�L¶ n@¦�
 1 keV 
 0.3 keV(Tatischeff et al. 2003) ³ S ��!· W a $�¸���.�/:" �  Sgr B2 b�c�dse g�h b���¹�Q�
�º�� 6.4 keV w�]@b@© ª�«
(2 keV) ³ Fe b�»��-¼�½�¾ (7.1 keV) ¿ l z m ³ �LWL�1! m � $ � 
1����À'K-Á�}�Â�Ã'C�#n�ÄÅÂ � " � H�� * Æ w�Ç�¿<x'Ã-È��@
 X Ç�É�Ã�]�À�Ê�Ë�Ì (XRN Ê�Ë�Ì ) K'Í#ÎL" � �!�" � � m@Ï w�Ç�º�I�¿^Ð��'f�g Æ oÑ�ÒÂ�Ã'C�Q GC +�,��@Ó'��Ô�Õ'
 Sgr A* K�Ö'×�
���:n�Ä 106 Ø g�� T 
�¦ Ï'Ù ��Â'Ãl" �  X Ç'K�����É'Ãl" � {�.�/E" � {��#� ³1ÚÛ �p�  (Murakami et al. 2000) ! Chandra

Ï^Ü .'/�$ � Q Sgr B2
Ï

XRN Q�
1����À#Ý� GC (#)�� X Ç'�lÞaß�¿ Æ 
 GC (#)@$ � Â�Ã:" � {���� m ³ K-à�$ >  (Murakami
et al. 2001b) !�" � ��
 Sgr A* ��M Æ { Sgr B2

Ï É�M�á���â�ã�È�� Sgr C �'��À�Ý�$� V ∼1 keV
Ï º�� 6.4 KeV

Ï © ª�« ³ GC (#) Ï X Ç Ï º�I�ä�8Lå
K�Õ � ¿�æ�ç Æ  
(Murakami et al. 2001a) ! m �U� .�/'?'ALQ�
NÂ�Ã�C ³�Æ { Sgr A* K'Ö'×5g-�Ò$ >  m³ ¿<è'é�È���!

ê
1.8: Sgr B2 ë X ì�í�î�ï ðòñ

ó
1.9: Sgr B2 ô X õ ( ö#÷1ø�ù�ú'øÒû ) üþýÿ��

( ������� ) ô
	��1ø�

��� ô������
��� Sgr B2 � 1994–2005 �������! 6.4 keV "�õ$#�%'&�(*),+.-/ �0.1
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m ³ ¿1æ'ç Æ�� (Koyama et al. 2008 
 Inui et al. 2008) ��c � Chandra � n�� Radio Arc³ Sgr A*

Ï�� �-W�������À Ï������ V 2002 ����� 2004, 5 � � �! �"�#�Ç�$�% Ï
&�'�()�*,+�-�. Æ0/21 ��3 (,465�7 Æ0/21 � (Muno et al. 2007) �83:9;�=<>�,?�ÀA@ ��B�5 +C�D ��E�FHG ��IKJ 	�L�M,N ��O �0�

P
1.10: Sgr B2 Q 6.4 keV #�RTS2U
V>W��>X Y[Z]\�^`_ba 2005 �cQ ��� ��d Y Chandra Q

2000 �eQ �2� ��f2R�
hg�RiQ�j �ck8l 9 ��m�n + 2000 �o��� 2005 �eQ ��� ���qp /ir
_sL G /21 �23 ( + F �t���iS8U0V>W2u ��v +�w 1�x +�y�z8)>*�+q) 1 3 (�{!| \
} x�~ ?�����Q
������<�
 GC m,n ��� X R �,��� 	����0��Uh�����>� + ���T� 9 /��� 
h����� ( Li�=���2�0�8�oV ~ ?cQ����2<�\ � ���o�,� G /�1 ���
Yusef-Zadeh et al.(2002)

� < Radio Arc m�n Qi���2�K�����q��� 1>/�� _���  � 9 /1 �0� Radio Arc Q ��� 	 ~�¡ �2�0��Uh���¢Q
£o��< }>¤ 	0Lh¥ * � � 4 � 1 (>70 K) �
?�¦ + ���T� 9 /21 �0��3§9o<�
 ��� 	 ~�¡ �2�¨�qUh�t� ( �,?�¦ ( Q
©,ª�«�¬oQ
­�® {¯q°o±

(Oka et al. 2001) 
0��?�¦eu,��< 6.4 keV
y�z�+ ���A� 9 /�1 �0� ���T� 9 ��²�³

�e�´�q<�
h��?�¦T@>Q Fe Q�µ�¶�· +�¸8¹ µ�¶qQ 2 º �qO 9�» ~ ?���� ��¼�½A� 9�¾ 4 Q��¿iÀ��TÁ�Âc� �!Ã Â 3hQ 6.4 keV
y�z <>��?�¦eu � Sgr A*

( <,Ä�Å xcÆ Ã�Ç�Vq� {¨È
�c3 ( � � Sgr A*

+�É�z � �qO ¾�3 (�(6Ê�Ë \i¾ (6Ì�Í ±,Î�Ï
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2 X

2.1 X
� � � � � ��� � 	�


2.1.1 ��

Z \�^`_ba (ASTRO-E2) < Z < _������:a�Z /�� l a�Z�� � + a�Z O \,�ia>Ã�� _ Â����

Q 5 �! =Q X R,$�"$#&%$' O ¾ (
P

2.1)
Ï

2005 (!)+* 10
� Ã JAXA Q M-V-6 ,�Ã � G /- �>u/.1069 Î�Ï�243 6.5 m ( 546cu�'474849;:�< )

Â�=
5.4 m(

¸8¹�> �0�?9@:�< )
ÂBA$C

1680kg ' ��� Q/D�EF#�% ( ± / <t3 9 l 'qÃ�L 1�G4H #�%F' O ¾ Ï$I ViU,�FJBK�LcS>V
��MONe�QPSR (UT$V �´�XW,Ã � G / Â ¸8¹ ~ZY > �K� +�¸�¹O[ 0 30

*]\X^ Q xiÆ {Q_ ÃÆ _ � �¢Ã/`&a {cb�dt� 9 /�1 ¾ Ïfe4g&h4i < ¸o¹ ~$Y > �0�qQkj�Ãkl I Ã Æ pm0¢9 /21
¾�Q�' Â e4g�n@o L�p k < ¸8¹q[ 0 60 ∼ 120

* Q�r * p k ÃFsBt � 9H¾ Ï

P
2.1: Z \�^ _bacu e P Ï X Ywv [ 0b��u/. Î 748�9?:�<�Q Z]\�^ _ba Ï d Y £�x [ 0b�Î Z]\�^ _ba�Q ^zy ���!{U|4}�~ i Q/��� Ï

Z \�^ _:a�Q/5$6����Z�F� 550km
Â 5F6Z�$�Fr 31 � Â 5F6Z� ¼ 96 �iQ$�;�c5$6]' O

¾ (
P

2.2)
Ï

1
� Ã/�$� { 15 �o\c¾�� Â �tu/� ( �$�m��� ^f�4� ) {��Z�4' Á ¾�Q��]��Q�z������QB� 10 �@�q��p�' O � Â ��Q 10 �@��Q �z�
Ã e4g&¡ VZJ�Qk�iuQ¢F£ Â4¤O¥ �]¦§ £4��¨F�F©$ª4«H¾ Ï4¬O­ § X ®4¯4"Z#4% Chandra ° XMM-Newton

§/±4± �F²��c5$6
Ã,·�³t¾?{ ÂZ´¶µ�·S¸�¹ §Bº�± �;�]�f546;� ÂQ»!¼O½B¾]¿?À&Á ¦U� º ¸�Â �ZÃhÃqÄ�t ±BÅÆ ¾?{ Æ �ÈÇ�É&��Ê2¾ ÏBË&Ì ' Â�Í@Î § ¯4Ïq��5�6$� ¼ § � 1/3

§ �c�$Ð ±kÅq±FÑ Æ Â eg�Ò$Ó �ZÊ ÑÕÔ×Ö ¸�Ø Æ Ï´Ùµ4·Ú¸�¹ � X ®�Ä4Û4ÜFÝZ7 XRT Þ 5 ß/à]á Â � §�â É4xZ}�~ i {�ã Å1ä ß § X ®
CCD W�å ¿ XIS { 1 ß §Q±Fæ � X ®4��ç$è�� XRS ��� [ « Å Æ ¾ Ï�Ñ�Î Â@é «!0!Ã�ê
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�
2.2:

´ µ4·�¸�¹ § 546 Ï ± �$� 550km
Â 546F�4�$r 31 � Â 546F��� 96 � § �;�f546';Ê�� Ï

á��
	 X ®4}�~ i HXD ��� ß�
�����« Å Æ ��� ´Ùµ�·�¸�¹ � Ë�� § ¯4ÏXÞ é « 0�� ß §}�~ i '�� Â�� e$g ã�� 0.2∼ ��� keV
��� �! �"�# X ®�$�% ½'&)( Þ�*�+ µ � é {U�$', �-� XRS � 2005 (/.×*0.�12�43�5�6;Ê7�!8�Ï:9�R À Kk�<; Å<=<> ã Å ã Ñ Æ ��?�@ §A�B �DC�E4µ � é {+�:6 , Ø ¸�Ø�F-G ��?:H�� XRS ÞJI ¸ XRT � XIS � HXD

� � Æ ÅJK
³L�
�

2.1.2 X MONQPSR XRT (X-Ray Telescope)´ µ�·S¸U¹ 
J� § XRT(
�

2.3) � ´ Ê µ�T�¹ 
<� § X ®&Ü�Ý�UmÞ�V Ö ã G
W�X<Y�Z X ®Ü�Ý�U\[ ß T�]�Ø Ô � â É � XIS Þ�^ ¸�_ § (XRT-I) ` 4 ß�� XRS Þ�^ ¸!_ § (XRT-S)` 1 ß�Ê��-�

�
2.3: XRT a A
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� ® ���Zµ �
	��
����� Ó
� � 1 � Ô _�� � Æ G���� ����� Á�� 6���ç µ � é�� � 6 ,Ø Æ ��� é 6 X ®�Ü4Ý:U �! �" Û$#�`�%�& � �('�«�) (0.5–1.0 * )X ®J`�;�+�Û µ � é��ÞQÇ E ã Å �$ç�Þk©-, � XRT
��. (0/ W�X�� �2143�576�6�U�8�Þ
9�:�ã G�;<W �<�21=3

5 /Q¿?> Þ�ç�@�ç ���4µ ��ACB Ò�Ó ÞED�F �Oµ ���<, �-Y �$G�^4ã G�H�I ÞEJ � ��ç�K�L� ã ÅM�ON(P�Q<R 8 � N(P$S 	$8 T ]�Ø � Wolter I TÕÞ�U�V 2 W:6�XMYXã�Z E�[ Z [ �
(
�

2.4) �

�
2.4: Wolter I T4ç$K�L

W�X<Y�Z T X \&Ü�Ý�U � � Chandra � X \&Ü�Ý�U HRMA �]�^,`_�a X Þ!b
c�d�e�f��g�h �!i!j�k�l�mMn 6 �?o^p `Oq � T�r�s�6 T � AtBvu�`�w [ q �x[ ,zy�{<|xJ
}�~ XRT� yO� >11 keV ��� X \$��#�6����]� XMM-Newton � Chandra |��t�2����8��^|��
fp ~�� T �(� g 6
q 4 &^U�|
�
���$�$��Z�� ]�� Z [ p G�� � l ` 4 &�U?��}�_���� 6��� � Z��M� [��$� `
����T]�? �` F Z�¡M¢ p�£ � �]q?¤�¥t¦
§ T ] ∼ 20′ − 70′ ¨ � G©�£�ª �O« p [ X \ � `�¬ p �®­�¯ � 2
N +$°©|7�$±]�!² � 8O�?³Of pE´�µ `�¤$¥�� " F

Z�¶
Z��M�©, ( · 2.5) _�¸���¹�º � `<¬ p ~

· 2.5:
­�¯ �  $" ° µ�» ( ¼ )

��½�­�¯ � " ° µ�» ( ¦?q�¾ ) ~
XRT ¿ �7À�Á U$Â��?1^�7Ãt3�Ä >�Å ( · 2.6) |ÇÆ�È�f p�£ � ¿ Y�Z<W<X T X \ À�Á U
�
¹Eº$¿�¬ F�G ´�µ |EÉ 1 Ê�Ë�Ì©ÍÎ� G ( · 2.7) ~!� G q��Ç103Ï5
6���Ð " ���OÑ U�8�9$Ò�Ó
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*�`������ q	� ¬�f�
��2� i�j É 2 
�� ��� #�&�� n (HPD∼2 & ) |x³�:]� � ~ HPD(Half
Power Diameter)

� � � Ò µ � � µ s]� 50% `���� � p �^,v_
U���b���¿
¬�Ñzq k�l�m�n
|��
f�������_����$¿]¬ p ~ XRT � �$� � � f p�� *$&! <|�¦
§�
 ] �#"��]�%$�&�¿��
� � _ � (Point Spread Function : PSF) q�'��)(^q PSF |7��&^� �$� |M¦
§ � f p U��*,+ �	�^� � p�µ s]��-$�]|."!�
�!$.&�¿/�^� ��_ � (Encircled Energy Function : EEF)
|�· 2.8 �	0�f?~

· 2.6: 1<�(ÃC3EÄ >�Å a�1 ( ¼ ) ~ 1^�(Ã�3
Ä >$Å ���32�Z ½?­�¯ � " °]|.4!Ë�¿<¶ p ( ¾ ) ~

· 2.7: 5 /76 � > 5983:���� p ¤$¥�¦E§�
 ] 20 & ¨ ���7�$� � ´�µ�; Ä >/< ( ¼ : 1C��Ã
37Ä >�Å�= � ¦ : 1C�?Ã 3(Ä >�Å � Ñ ) ~�'^�>(�¤�¥©¦�§�
 ] 20 & ¨ �?� 5�@?��A<� � fBDC �!�^� p�E�F�; Ä >/< ( ¾ ) ~

X \ ��G ¤$¥©¦E§�
9H®± � p �/IJ22Z XRT �7����8$� � 4 C _ p ~�¤�¥C¦E§�
KH�± ��/L?M 
NH)O�° Í �P� X \RQ�O$°%S G!T ¶ [%�!U ¿�¬ p ~ £	V �%W V�£YX |!Z�[�\%]P^_ [�:`\ (vignetting)
X7a�b ~
· 2.9 � XRT

V
vignetting

R \^|�0
f�~
XRT

V mOn |�� 2.1 �]� X U�� ~
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· 2.8: � f BDC ��¿�1 F � ���$� (SS Cyg)
V ; Ä�� < ( ¼ ) ~ Point spread fuction( ¦ ) ~

Encircled energy function( ¾ ) ~

· 2.9: �/@	��A©|�
 [ Z E�F � � XRT
V

vignetting
R \M~���
�� V�� g � ( ¼�qE¾ ) q#'� (<q 3–6keV( � )

X
8–10keV( � ) ��} [ Z�0��7ZO¬ p ~

� 2.1: � f B C � XRT
V mOn

� & 4� °�� Au
b`� 399mm��� & † 1400
² � ��� ¨ 4.75m� s † 19.5 kg� O�°!S 0.18-0.60◦

¤�¥ @1keV/7keV 19′/19′

��� � � †@1.5keV/7keV 450cm2/250cm2

S�� ��� n (HPD) 2.0′

†: 1
�"! � Ñ
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2.1.3 X
�

CCD ����� XIS(X-ray Imaging Spectrometer)

� f BDC ��Q 4
� V

X � CCD �<Ä	� (X-ray Imaging Spectrometer : XIS) |�
$È^�
�� p
( · 2.10) ~ X � CCD � X � µ�� G O$°�f p X q�������¿ µ������ Í � q X � V��

· 2.10: XIS ��1

]��! "�?� i#" � � & V$�%� G�&('() p ~ £#V��%� | �(* + �	+ U q �%� &]�
, ! ) p-�.�/10 X �
��2 F ��3�O�° X � V�� ]$�4 ��|	5 U46 £ X G ¿C¶ 6 ( · 2.11) ~O� � 3	7
¤ µ �18%9:3 X � µ(� & Q�Ì<; � ��U 3�¸ V1=1><? �(@ X � G(A ³C� � 
 X �CB O�° LM X A ³ED(F4GH5 UI6 £ X G ¿t¶ 6�J#K CCD �^Ä���QIL �!M�� 1024×1024

=1> 
NH�;
ÑN3�O�P V 18′ × 18′

V ¤�¥�Q�R92H� � 6	J
4
� V

CCD �<Ä$� V BTS 3 XIS1 U�V
W �(X °�Y (Back-Iluminated : BI) ZI[ Ñ\3�]=ÑV
3
� Q#� �%X�^ Y (Front-Iluminated : FI) Z<[ 6$J W �%X#^ X Q	� ��X�^ Y ( _ 2.11)

X
Q�`(a (

�(* G ; ��b ) 
NH X �4Q`O ^dc-e 6�f ;$g Z!3 �h*!? � 6 ��� G ; � ��U 4 �
]$�< ��a(Z�� 
Hi%j G�k � G 3$�(�%� G B ) � ��U
k � ]��I � (>4 keV) a�ZYQ � 
i(j G BI

�Elnm 6
J
XIS1 Q FI

XT� ]$�< ���!�!o G:p�q1rts C 3Iu-vxwHZ Chandra y
XMM-Newton

?
z�{ c v�| BI CCD
�}l � ]$�< ���(~Io G � � JO%� CCD �4����ZI[ 6 ASCA/SIS
? 819���� V � B ;��
�%���%�h����v���� l 3��<oX s ��Q��(�t� ?h�%� s � � 6	J

• �(�(���1� 30 µm ��� 70 µm
?
� � s |�| U 3 k � ]$�I �	a (≥7keV) Z V � 
i�j%�h� 2 � �%� s | J

• ���%���}Q −60◦ ��� −90◦
? ��� 6 u X�? ��l�� ��� Q TI  ?	¡ �!| J

• SIS Z%¢ ?h£�¤}? ;E¥
|�¦ S � �(§ V	¨ ^ �%©hª ? � 6 �:o m�« ?�¬(­ )46 | U V¬%®NX s �<3	¯�° ��±�² ��³ (55Fe) Q$´<V 6 (Segment A µ D ¶ ��·�? X�^dc v!�� 6
) 3%w	| �%¸�¹%º�»�� Q�¼h�#� � �h3T½1¾t� ?$��¸ Q ¹%º ):6 uhµ¿Z}À���Á	Â4¶

CTI Q�Ã�Ä f�)}6 3tµ � ¥
| ¬%® �:; c v4| J
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_ 2.11: ��� X�^ Y (FI)X � CCD
?�� 6

X �:¶��������

• SIS Z����HÃ����! �"�¶�|�#(3�$��&%('*)���Á���Ã+����Q =�> Â ? R @ u<µ¿�,��-;#�t¥	| J LIuTZ XIS Z.�0/�1h;��-Ã+�
�%Q�R S $2�*%4365 g�7 �,8:9<;=54%
¶1��4Q?>A@�BDC�E#v.F�G(H �4I:J�K�L ¶<$2�A%2)NM�O}¶!P%��H ¬�Q Z�R I��&S H s |<T
• SIS Z*� 4 U4¶<V(WYX[Z�\ e2] 1 ^�_�`6�(H s |�|�#�B(a�R�b��!ZYR ] s w�@4c�d� ¶4e�f2Z%��gE� ] @(|�T XIS � 1 ^�_�`h� 1 V�W�Z�i�j c v I ¶�Z�u�¶ ��S F�a
R0b(�<k�l s F�@ ( _ 2.12) T

XIS �[mhno��H �0I-¨ ^ �#©(ª%Z�¦Yp � �&q$§1� �
r,s:H
�<o$� m%« a I T m%« ¶ f�t Áu�v �oO6�(� ��w�xzy|{ Z:[ I T*}$Z�~N� ¸��A� i(j (Charge Transfer Efficiency:CTE)¶[� « ��~�¥!µ(~D�2�����,R!@�T CCD ¶�� I0� %!^4OA�(g��%|o� ¸ �<�.��� s6� w����� µ�F l ¶ � %�^[O&H[� ¸ X �2� a I ( %49*5[% ) T s � s B?�4�*H:u	¶ ��� �(�0���A��F

1 � �A� a I |[�*H0� s!��� � ¸ X?� S T 1 � �A� a I |[�&H4� S � ¸ ¶[��Z6X�� ¸���������

(Charge Transfer Inefficiency : CTI) µo��  1 T ��� � x �A¡.@�¢.GIu q v I �¸ ��¡.@�¶0���.��� s�� � �¤£ 	 � I ¢�G!¥��:¶A}�¦�§2¨oO.©.�4���#��ª �[« 
 F I ( ¬
2.13) T!u v*� CTE ��1%�1v�­�® ² a I u!µ �2��R I T s � s B�� ¸ �du q v�¯=p I ¶(�° ��±A² Fh¶4�&B �.� � x H<³�¥ ]6´ t _T�Aµ 
 F I ( §A¨[O&©*�o1(~&¶
�2� « a I ) uµ·�<® ² �=R!F2@�T

XIS ¸º¹[»0¼&½�¾�¿.À
X �<¶?ÁÂ5[%!Ã ´2Ä _�Å�µ!Æ ] �=R 
ÈÇ�É<Ê H41 Ê ��R I T�m6n?Ë�Ì X �(Í�Î (Cosmic

X-ray Background : CXB) µ � X ��Áz50%[Ã ´&Ä _&Å (Non X-ray Background : NXB)
�&� I T

1CTI= 1−CTE
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¬ 2.12: XIS ¶������*Æ�� u�� Á�T

¬ 2.13: � ¸��A�(�����
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CXB ��� L�� ³dµ������ � ³�H[1.ª	��
 I T�� L�� ³I¶ CXB ��B�����
�������H�- I
X �4Í�Î<�����������2H �[I ~H¶��������A� I T w ¶ u�� %&8 OA���������A� � B 2–10 keV
�"!�#�$4µ?F I T 1 keV %'&0�.���(�(� �")	* Local Hot Bubble F.G * ����� CXB H+-,�. k�/��=� ] - I T(a 	+
 ��0�H�132�4�5[i�6 * F�@�798�: (Blank sky) X!c�d6Æ�5
1.5–12 keV

* '�; 5�8=<�>�
�� CXB ��%(& *�? �<�A@B
 I T�C�C���� *�D � Ishisaki 1997
� *�D B 1.486 X�E�F6Æ ] @ I T

CXB = 8.75 (±0.31) × (E/1keV)−1.486 photons cm−2 s−1 keV−1 str−1 (2.1)

NXB ��G�no� ( H��(I�W ) �	J�R � C�@�
 I Áz54%oÃ ´2Ä _AÅ4X9@?a4TKH��(I�W���q�LMONQPSRUT�V9W'X Æ�5S� B�Y�Z=X[i�jAa I�[(\ R]T�V9W9X Æ�5�<�>�g_^�5 X `�� MAN @

 I C R ��a(g.a I T MbNcPSRBT�V(W9X Æ ]	N I ¥(` (NiI Kα ¥�`�dfe�¬ 2.14) �&� I 5g e M_N�Pih ��~kj-l . k�/��6�im[T
a(npo�q «�r's-* 5 g(t�u9v"wit�x ��
be�y * Y�ZSz_�{H"|9I�} t z�m�Á�~��[Ã ´&Ä� Å�q��O@�������n�o *���� q9��� �����f���k� z	�c� « �K�fe����(��� h * u(v�w����u �

(South Atlantic Anormaly : SAA) �'q'� * Í�Î(` � � 300 km �c�-&���4c���"�9�
� e	C(C�¡Q¢(£i�_m�¤�q�¥9¦_¡9§�¨f©�ª9«�
9¬iª �Qª"�(­�®�H(|9I�} *�¯"° �9��±Oo�ª
m�� NXB

*c²b³9´ q�Y�Z��(µ'¶ *�· Î	©��9��ª�� u�¸ * +f, ¡Q¹��9�imK¤ (NighT Earth
: NTE) ¡Q¥(¦9�-m"C R ��¦�F(�A±�m��

5 101
0

−
3

0
.0

1
0

.1
1

C
o

u
n

ts
 s

ec
−

1
k

eV
−

1

Energy (keV)

Al-Kα

Mn-Kα

Mn-Kβ Au-Lβ

Ni-Kα

Ni-Kβ

Au-Lα

Au-Mα

Si-Kα

º
2.14: »¼��n½o�¾ * NXB

*(¿ � �AÀÂÁf��Ã�q FI3 Ä�¡�Åb©���Æ�Ç_©�5-� * e�È�q BI �
u9v�w *�É @�q ��� t zb� � ª-m * �ie NXB � �(� t z�4�� � ªfm É�s ¡cÊ�Ë	C R t
ª	mK�'��
9Ì'Í'eKÎ"Ï_¡�¥"¦��	m s t NXB

É�s q � ª�� e NXB
*�²O³�´ ¡QÐ�~���ÑfÒÓ �9Ô R ©Q� X �'m�Õ t q�Ö�×'�imcØ�Ù��fÚ'm�� u�v�w't z�mUG	Û�`f¡�Ü ³ Á Ô �fmÞÝ(ß

¡ Cut Off Rigidity(COR)
R�à�á � COR

R q »ãâ-ä +	,�åSæ �-5�I�}�ç u�èftKé�ê �bmë t Ø�Ùiª�ì"� ë�í"î�ï ¾K�iÚim�� NTE ¥(¦A§ ë Y�Z ë r"s�ð(ñ ç-e�Î(Ï�¥(¦_§ ë Y�Zë r(s�ð�ñ R�ò ^ t ªfm"zbó t ²_³9´ t�ôiõ ¡ å «�Ö�×'�-m��iö ë Ö�× t z�m NXB
ë ¿

÷ �bÀÂÁ ë�ø ��q 1–7 keV, 5–12 keV � 5, 3.5% ù s �iÚ�m (Tawa et al. 2008) �Qú"û�ü�ýþ § ë�ÿ�� � X �-m NTE
ë ²_³9´ q��9��e h�� ë Ö�×_¡��	��
f� ë ¡���
(�	m��
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2.1.4 � X �	� 
�� HXD (Hard X-ray Detector)

HXD (Hard X-ray Detector) (
º

2.15) q�
�������������� ¿�� ~���� ��Ü � � � ³�´
¡"!�ú$#K©��&% æ t Si PIN �'�	À)( �+*f³ Ô ¡+, õ.-�/�021 ö�#]�'
 X 354�6�7	¡�
"�
ª��98 ��:Q³.; � Ñ=<?>+@A#�©�� 10−600keV #�� óCB ��DFE X 3�¥�¦	¡ �½ó �Qì(� ë�GH'I 
KJ�L�Ð�~���Ñ�Ò Ó ��Ô ¡"MFN�� 1 ö�#]��£FO ë � å ª 1QP Û X 35R2Sfz TCU-�V<>"W5X-¡"Y_©��9� 1[Z �iÚ 1 �

HXD
ë�\5] I

XIS
ë�\5]'^`_ ©�� 3.5

ð�a�b ��c 1�d Î(Ï ë §"e-¡ XIS
ë"\F]�^ -5/0&1[fVg ¡ XIS nominal position 
 HXD

ë�\�]�^ -�/F0?1[f�g ¡ HXD nominal position# à�á d

º
2.15: HXD h�¥ ( i )

d
HXD

ë=j�k
( l )
d

Well mon�p�qFr2s�t
¥(¦ _5u Î9Ï å æ ë X 3 I 4×4

ë5v ÀFw.x=y ¿=z ^={ S�% b 
 16 |F}~xiÀ ë Well <>�@ ^�� T�<&>�% b 19d 1 ú ë Well <?>�@ I ô ï5� 4.63 kg ��
 4.6◦ ×4.6◦(FWHM)
ë��� ¡+� ó d

Well <?>Q@ I BGO �'� ^'� �B�K��6V3'��y[���)��Ü ³ Á Ô % b �Fc���
�ö ë BGO �'�IK� À)�K��# 4
ðV� ë ¨=�b¡��cËV�V��c=�F�V� å�æ ª 1�d �5� ë � b��`b ëK��^ I 2 mm� ë Ü�w��5� PIN ���-À�( ��*f³ Ô # 5 mm

� ë
GSO ����Ü��"�&� ³'´ ç?��� ^ ô ª �� ��T 
V¡V¢�£ 10–60 keV

ë
X 3?¤9<2>�¥�
.¡.¢&¤�¦F§�¨ 1 � óª©=«'¬�­9®'¯�° X 3 I

GSO
^?� TC<±>�% b 1Kd�² 
K����� ^ I ��³ � ���ow : °�´Þç�µ�¶·% b ��¸ TCL�¬�­"®¯�° (<100 keV) £ ë=� � I 0.56◦ ×0.56◦(FWHM)

^`¹ æ b � c 1Kdº � ë�jVk�^ � T¼»$x�y"½�¾�¿`��À ( Á&� v 3�
�ÂVÃFÄVÅ ) Æ � � h�Ç~È ë X 3 I BGO^ � � �.É5Ê�ËÍÌ�Î Oo% b 
 PIN 
 GSO Ï9»Ðx.y"½'¾�¿���À I 8FÑ ^ L Ì © 1�d

Anti m~nQp'q5r&s�t
Anti <2>+@ IVÒVÓ 2.6 cm

� Ï BGO ����Ô'���±��°�´'#`�'��Õª��ÖV°=��¤9, õV-�/�0

`<2>"@�£'
 Well <±>"@�Ï���y"�±�Q��Ô�°"®�À�#�¥ � 20 |F}~x'ÕC×�ØÙT�¤�Ú=Û�£�c 1Kd
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1 |F}·x'Õ Ï9Y É ��� I 1200 cm2
^ �"©�T�
 1 MeV £~� 600 cm2 £
	 19d ö=Ï 
�� Anti<2>"@ I 8FÑ ^
� b 
�Á~� v 3�»2°���Õ <2>+@ (Wide-band All-sky Monitor 
 WAM) #©$TC
 ∼5◦ Ï��5X�£.»?°��$Õ��'Ï 1 ����Ï���SF¤����F£�� 19d�²�� Õ�¾F� ;! �2Õ���"�Ï# }�´�°�#�¥ � �%$�
V£�� 1 ×�
'&�(*)"ÇoÈ+Ï+�5653 ^ W�X�¤,+!- � �985Ñ ^ »�x�y"½�¾¿V��À ×5«'c d

HXD Ï/.!0�¤�1 2.2
^ ² #2� ��d

1 2.2: HXD Ï/.
0
HXD� �

4.5◦ × 4.5◦ (>100 keV)
34′ × 34′ (<100 keV)YFW�¬�­9®�¯�°43 D 10 – 600 keV
PIN 10 – 70 keV
GSO 40 – 600 keV¬�­�®�¯�°65�7!0 PIN 4.0 keV (FWHM)

GSO 7.6/
√

E MeV % (FWHM)Y É ��� ∼160 cm2@20 keV, ∼260 cm2@100 keV8�9 5�7!0 61 µs

HXD-WAM� �
2π (non-pointing)YFW�¬�­9®�¯�°43 D 50 keV – 5 MeVY É ��� 800 cm2 @100 keV / 400 cm2 @1 MeV8�9 5�7!0 31.25 ms for GRB, 1 s for All-Sky-Monitor
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2.2 X
� 	 
 � � 


Chandra �
2.2.1 ���

Chandra(Chandra X-ray observatory; CXO) � Einstein ��� Ì���� NASA Ï X ���������£*	���� 1999 � 7  23 !"�$#&%('�«�) 138800 km �$*+%('�«�) 10100 km Ï-,/."01 �$243�5$6AÈ87 ��9�: Ï 63.5
8�9�;"<>= 0 1 Ø�?�Ï � � 48

8�9Vº 5�Ï$@ 8�9BA ��C&D×+E*0=£*	F����C+D É5ÊHG�I < 9 Chandra ÏKJ�C?¤+L 2.16 �$M�¨ 9
Chandra �+� X ��N&#�O (HRMA) � 2 -�Ï�P&'�Q&RTSBU (ACIS, HRC)

¸VIXWZY Q[��	\
2 ]'Ï�5_^+U (HETG/LETG) ÇoÈa`cb4dX7 \ 9 0.1−10 keV Ï.¬�­"®�¯�°�3�e&f Ë < RShg&) ; ¬�­�®'¯'°65 7!0[i4+
-�Ï&��jlk&m[�[no7 ² f�Ï X �����l��� ;op�q Chandra×(r�sTtK� � 7lm < \ 'l� : ÏKu!�_mcv <�w 9 5�7
0-f
	 \ 9 0.5 x&y ;"<�=zw 9 5�7!0���{n|7~}�f�Ï X ���&���c� ;�p�q G 1–2 �l�(5 � 7(m < \ 9

L 2.16: Chandra J&C

�(���h�/�l�,7��&f�� < � HRMA
;

ACIS ��- < mc� q \ 9
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2.2.2 X ������� HRMA (High Resolution Mirror Assembly)

HRMA(High Resolution Mirror Assembly) �	��CVi�L 2.17 �hM�
 9 HRMA �+�
�����da7 � OZ�������	���-�	��� ��� �������! �#"%$ / J&$('*)!+-,�� Y�. / / .#0 )-1���� �2 7436587�9;:<���_� 2 743=5=>@?BA&C � �<D�)&E6F4�&G@H8��IZ�KJ&L
M��
NPOhf&`�b4d7 \ 9OZ�PQ�R#S8T�Q (paraboloid)- Q<R8UKV$Q (hyperboloid) ih]�5
W#X#Y(G Wolter-1 ZTi 4]K�8[*�Bd|74G G �Kf[�-\8]l�=^ 1000 kg �
_@`+J#$(�KOK�badcl� 1.2 m f�e \ 9 P&'#fg � 10 m
96h;i <

X ��^Bj{�#k < ml� B. Aschenbach(1985) i-lBm 9 nn� 8 kP�_O[�(�o6p=q �nr i�st)vu4L q � I@w m 0 �nx�y=+-z i m&{�| 7(m < \ 9

L 2.17: HRMA �-`@}

On-axis( ?@~b��� ) �6�&� \ HRMA �	�@�&Q8� i&L 2.18 �$MP
 9 0.1-2 keV �	�P�B�< � �-$+fl�
^ 800 cm2 � 2 keV �(5-f(�#�&� I : 300 cm2 � )&fB���� � ����v���N \ �i G�� w m6���|���@��Q#�l�n�&� i � 10 keV ��5$f�g�)=���n��N���N \ 9 2 keV �c*4�&��6� �;s�)�u;L q � M � �6� fKe \ 9
HRMA � vignetting function i+L 2.19 �KM�
 9
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L 2.18: On-Axis 
&�#� \ HRMA �	�&�&QB�
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L 2.19: HRMA � vignetting V��

2.2.3 X � CCD ����� ACIS (Advanced CCD Imaging Spectrom-

eter)

Pennsylvania State University
;

MIT Center for Space Research 
 I&w m	��
 dX7bG
ACIS (Advanced CCD Imaging Spectrometer) ( L 2.20 2) � ACIS-I, ACIS-S � 2 k��
CCD array 
 |a`�bTda7 \ 9 �=s��KLK�d� I|W������	� i : 7���7/L 2.20 � I W�� 2.2.3

KM�
 9

ACIS-I � 2×2 ��������� 
 � . d 7;G Y Q&m�!=Z (FI) � CCD array f#"�$��@G6H 
_�< | 7 \ 9 _#��% ACIS-S � FI CCD×4
;'& Q#m�!6Z (BI) � CCD×2 �-W�( 6 k#� chip i_�) 
�� . i G array f�e+*,%-"�$(��
Kj(k.% grating readout � ; i m+� < |87 \ 9 �t��0/�1�f�2#3 i G=�8�� � �-4�5 � � FI 
 p�q BI ��6�7�8c7(m < \ 9 }	G BI � FI

I *G ���P�- � �-$~}"f+g&)�i�9(k 9
Chandra �.%�: 
 ;.<@�KN <�= *,%�>�?K�.@ A�k#B dithering CEDPN wGFIHKJ0LNMPO �

(1)ACIS CCD ���v��� gap 
�QSR�G�T�U 
NV exposure C�WIX J G@H�%�Y i F (2)CCD �
1 Z o\[  +]^*GV�y�_�4�5 � ��` H G@H�% CCD1 Z o�[  ;���
� a@} 
N] J �-[�b +n[#�c H C
N }�
PG#H�%0dKe J L
eNf-g�h^i

On-Axis 
#��j JGk @�4�5 � � CCD �.Z oE[  Ilts-m (∼0.492 arcsec) 
n] w\F�o =p OqJ0L�r�s ���.
�|-��t�cvu-%.Y#��tPc*" 
#w�x OyJ�z ! X �����	 �K{ (Encircled
energy) ��|PWnC � i G#zK}8�.C.~ 2.22 
0�(
 L�z ! X �4� 90% �6���� �K{ C�w^��tc�� 1.49 keV d&^ 4 Z o�[  (2 arcsec) % 6.4 keV d��=^ 5 Z o�[  (2.5 arcsec) 
0�n��
J0L

Off-Axis 
8N J 
#� wGF % HRMA PSF �	�.�#�.8�� 
8N w�F � J�L Off-Axis Angle

2http://acis.mit.edu/acis/syseng/pict gallery/pictures.html
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~ 2.20: ACIS Focal plane ����>
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~ 2.21: ACIS Focal plane ��a@}
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CCD ��� {����	� 1024 × 1024Z o\[�
 lbsEm 24 µm (0.492 arcsec)
array l�s-m (ACIS-I) 16.9 × 16.9 arcmin2

array l�s-m (ACIS-S) 8.3 × 50.6 arcmin2

CTI ∼2×104 (FI), ∼1×105 (BI)
Normal frame time 3.2 sec (full time)��
#=��

(0.4-6.0 keV) 4×10−15 ergs cm2 s−1 in 104 sec

�
2.3: ACIS � �����G�	�

u PSF u �����^C�� i G �	�S~ 2.23 dKe J L

��������� g�h^i
ACIS CCD �6��� 
 �K{ 4.5 � (FWHM) �@��� 
 �I{��! � C�~ 2.24 
0�	" L G$#i M�M 
 � i G �#� � �$%�R�&�'$( ��)*&,+�-�d$.�/ O*0�1 d�2 J�M u 
�354 L %�R�&�'6 %,7!89&	
  ;: " J radiation belt C �	�$<;=!>�" J�?;@�A$B�C�D ( E�FG� 
*H {JI D )@ ] JLK�M C�N j 0;0;O;P FI CCD �5F�� 
*H {�QGR�S$TJUGVXW 0�Lp / @ CCD <�Y[Z]\;^;_ K!M C`N	j J�0�O�@;P CTI a5bnC\D�c F.H	J < P ~ 2.25

@ �
" ]Xd @;P BI CCD

TJe�f # Whg ��ikj @ ]�c F Q$R�S�T$l unm*o�p;q[/sr Hkt5u d P FI
CCD

Tke�f 
 Whgwv /nxzy @ r OG{ r J l o Q$R�S < U!V9W F�HNJs|;} T�~k� @ a�b pOIF�H r H�L

ASIS �����5���!�;���
ACIS ��� �,��� }������ T5��� � soft r CXB u P hard r NXB

@ Q jh/������ �h�-{
�����G� ��2�" v � � ���0{ ��� 1

P
5
P

7
@ � ��"X�	� �	�,� us"��Ku � P l u�mXo �

NXB
T�¡�¢ ��£;�,� ¡,¢�W 0 6 � NXB u CXB �,¤!¥ T P 2 keV ¦G§�� TG¨�©;ª P;« �

¦�& �5FG� 
�H�¬ � NXB <G­�� ��@ r*����� �,� ���,��® �$��� T P`¯�°$±$²9³ �k� �� ¬ � < 100 ´ @ ��µG¶	"X�`� �k����® �$�	�k� ��· <G7!8�&��;¸�£,¹�º9�J�X� ��»�¼T P
BI CCD � u < FI CCD

@9½X¾ �À¿�£,º��*� ��� �,·kT ACIS � ®!Á�� ³ ¬�Â ��Ã5�{$ÄGÅ�@ Ã Q�Æ <�Ç*£ P �5È |$}	É �ËÊ �,��® �J�	� É!³ �5��Ì � ¬ ÌÍ< 1.2 ´9�ÏÎ W 0Ð�Ñ,Ò É�Ó ¬�Ô ��Õ ¾ ¡ £ P �ÖÊ ����® ����� É�Ó ¬�Ô�× W ¹$Ø�Ù!Ú9���	Û 2.26
T �$È|;}*É �ÖÊ �,��® ����� É$ÜkÝ � ÌßÞ��*2	�,�
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Û 2.22: 
�� × «�É 
�� @	
 Æ � Encircled energy
× É���� � Ó ¬�Ô T���� PG 1634-706

��ÙGº 0 7;8������ Â � ¬���� � @h½h¾ . 0 � É �

�
2.23: ��� X  (1.49 keV) !�"$#&% ACIS-I ' PSF (�)+* Off-Axis Angle *,'.-0/.1
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Û 2.24: ACIS F��,Þ H�¬ Q!R	S É�� ^�F��,Þ H�¬����
	 ( �
��+;- )

Û 2.25: CTI a�bh��� d�� × � c 0 6 É ACIS F���Þ H�¬ Q;R�S É��
� ���
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Energy (keV)
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Û 2.26: � Ê ����® ����� É!ÜJÝ � Ì Þ9��� T FI(chip I3)
P�� T

BI(chip S3) �



27

3

3.1
��� � ��� � � 	�
 � 
�� � � � ��� � � � � ��� �

� Ú�� y � @9½ � �"!$#&%"')( É d+* P Sgr A �-,/.0'1( É-2"3 T PV phase 4 
 ºk¹657
4 8 ��q��$95�;:=<9� 3.1 4;>�Ú��*� É Ú6?!¹ É02@3 4 
 º�¹ XIS A �6B Ê���� �"C ¬

�-AED ¬6F Þ$G1H ÓJI Ê�Ì C ¬ �-A 3×3 K19�A 5×5 ���@L5�$95� elevation angle1 M 5◦ ¦
§ É Ð;Ñ,Ò=N SAA(2.1.3 O@P ) Q@RS# 
h½UT Q@RWV 256 X Ñ É�Ó ¬�Ô A$¦�§ É1Y=Z �GÙGº
¹�º@[$º;�1�=!E#\%@'"(/A XIS

É1]"^=_W` 4)La9abs¹ 2.45 G 6.4 G 6.7 keV
É"c ºedgf (

«
h

3.1: i Ú=�kj ��4 ½"l �W!m#-% É;2W3Wn=o

Target name Seq. No. Pointing direction Observation Effective Exposure
α(J2000) δ(J2000) FI(ks) BI(ks)

GC SRC1 100027010 17h46m03s −28◦55′32′′ 2005-09-23 48.6 48.3
GC SRC2 100027020 17h45m13s −29◦10′16′′ 2005-09-24 40.0 46.6
GC SRC2 100037010 17h45m13s −29◦10′16′′ 2005-09-29 47.6 47.7
GC SRC1 100037040 17h46m03s −28◦55′32′′ 2005-09-30 47.1 47.1

prq�p
SXV Kα, FeI Kα, FeXXV Kα dsf ) M 2W3ut p l�É1v@wyx 4 XIS

É �$��� Â{z�¬� � | M �g} l�~ ACTY �a�@� 4 ���m�6G « pgq1p v"2=3ut p 9;�6dWfsH ��Þ/� ¬ #\%=�
��5@L�Ú ½{� 4r��¹ CTI

É1�"� ��� ��~g�$É VaG ACTX ���"4 4 ���$G)�s�g�{� | Ì��É H | Þ��r�r#�%@�E�e5WLW�@�S� | É)�"� M �g} l;~)� V/41� � f � 55Fe
É H���Þa�/�

#-%=� v=�@� �u� | �-5@L$�)G0� CCD
Ñ vg�a� �)� | �r�=��9 ~W�5É)�"  G-� � f �a¡¢s£ � 5895.1 eV 4 � �0¤ XIS4 ¥ v=2W3 �"91¦6§s�/A 5896.3 eV

×
1.2 eV

¡;¨ p M$© l
4�ÚWª@[@« ~�¬E� Ú ls¬ × v XIS

¡;­W® ��¯@°W� l0~�¬ p A Koyama et al. (2007c)
v@±² �0¤g« l ³ �r´/µ0¶1· v G):@<rA Koyama et al. (2007c)

¡
Appendix ��O@P ~

3.2 Chandra
� � 	¸
 � 
¹� � � � ��� � � � � ��� �

Chandra A 1999 ºr4e»{*0¼0½S¾ p ¤@¿0À/GÂÁ"Ã{ÄU��!$#&%�'6( ¡ 2=3 �\Å�bÂ¤$Æ09 ~ Ç
8�G ± ²@È l ³ �g´-A6Ég4WÊ=�"Ëg�-ÌuµÍ[rb ¤s«6¤sG 2002 ºa4;Å"L p 905 7 9 8 ¡ 2@3"v© l (

h
3.2)

~�¬ p ¾ ¡ 2g3 A Sgr A∗ G (α(J2000), δ(J2000))=(17h45m40s, −29◦00′28′′) G
�1ÎmÏ �0]=^ #-%Ðµe� ACIS-I

v ¡ 2W3=v G�5 7 500 ksec ¿g¼ ¡ 2@3�Ñ@Ò 4"[ l0~ � 2@3
1 ÓÕÔUÖ)×ÙØ&ÚÜÛ�ÝÂÞ)ßáàãâ&äÂå+æèçÍéÜêìë
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³ �r´�� Chandra Interaction Analysis of Observations Software (CIAO version 3.42) µ����� Ì z ���
	 | ³ �g´�����
 (CALDB version 3.4.03)) � ² «@G����������\����G��� faG����������! | ��" z Ês�$#&%(' j()�*WG�+ B ��
g��,s��) ~
h

3.2: Chandra -mÏ l�.0/21�3 ¡5406 n@o

ObsID Seq. No. Observation Start Exposure
ks

2943 600280 2002-05-22 22:58:11 38.5
2951 600288 2002-02-19 14:26:28 12.5
2952 600289 2002-03-23 12:24:00 12.0
2953 600290 2002-04-19 10:37:57 12.0
2954 600291 2002-05-07 09:24:03 12.6
3392 600280 2002-05-25 15:14:59 168.9
3393 600280 2002-05-28 05:33:40 160.1
3663 600280 2002-05-24 11:49:10 38.5
3665 600280 2002-06-03 01:23:33 91.1

2http://cxc.harvard.edu/ciao/
3http://cxc.harvard.edu/caldb/
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4
� � �

4.1 � � � XIS � � �	� 
 �
� � � X � � � ��� �
4.1.1 ��� ����� � X !�"$#&%(' )+*-,&.
/1032�465�78:9 ��;g�=<?>A@CB?D�EGFIH/«KJWÃÐµML{ÆONQPSR?T?UWVYXAZ [ ÈS\ E^]O_a`cbcd+FYecfgShci Vj<lkWmQFInYo�-Kp Èrqsh?i _At?uwvKx (Narrow band image) B?yzo qS{ µ}|A~ qO�.�/ 1$3?�S� -z� ¾Mo qY�?��� N h:i d S, Fe _ K � h�i ( nOo��ao 2.45 keV F 6.4 keV F
6.7 keV - 8:9 ��;Av 1�3c� VYXrZ SXV Kα F FeXXV Kα F FeXXVI Kα

h+i
) |r~ qC�r{_ h?i _O� Ò <c�rV=� q )�*�-SF 2.45 keV F 6.4 keV µ 6.7 keV

h?i _ Narrow band imageV=y�� ) ( � 4.1)
�

. / 1�3c�+�
X
i

(GCDX) d 2 �sÃr_�+ �Q�A�l|S�+���so q (Muno et al. 2004a)
�

1Zcd soft �?<?|rF kT∼ 0.8 keV _�+ �C���Q�?< � Ä�� 1 Zcd Koyama et al. (2007c) |6�
¾s� �jN���) hard �c<�F kT= 6.5 keV _CH:� + �C�r�z|r~ qC� 2.45 keV

h+i d { _ soft�:<+� ¡I¢c£ � -�¤ q�¥ _a|�~ qQ� � 4.1(a) ¦2%GF { _ h:i <:��d field 1 � 2 |cL�§�E¨ N q:{ �^B�©:� qK�6{ _ soft �:<�dQª1«K¬+­®�¯L+­+°?ªA�&¡O_Cª�±+²+³?´:ª:µ+¶W_z·¸:¹ -6¦WºGy ¡Mo q �w»a¼½¡}oA¾:¿ q B (Park et ak. 2004 F Muno et al. 2004a) FSn?_OÀÁ d�ÂOÃ��W¡^�AÄcN��Å¾:¿aN:¿ �=Æ?ÇcÈ?ÉaÊ |�d:F 5 keV Ë:Ìc_?ÍKÎ�Ï�ÐÒÑ�ÄzÓ®ÔYmO¾:¿qK�lÕ?Ö d 5 keV ËAÌ:V GCDX �w×CØWF�tAuOvzx�F+ÍlÎÙÏÙÐÚÑ:>?Û6VOÜÝ� �� 4.1(b) � (c) ¦�ºGF 6.7 keV
h:i _S`zÞAdlß?à � Ä Sgr A* á+â�_ �S� (field 1) |+ãcâ

(field 2) ¦6º ¥ L1§K¿ { �}B:©+� qO�W{ o�d 6.4 keV _�tAu=vlxrV=� q �S¦Wºs��¡^��ÄcNºäF ( å:æ , å:ç )=(0.03, -0.07), (0.12, -0.12) è?éWÄcd1Ïaê:ëOìcíSî�VO�:¾ �^o q (source
1 � 2)

�
ÂYï:ð�ñ+Ä:F field 1 � 2 _zeWÍzÎ½Ï�ÐÚÑ1VC� qC� � 4.1 _�òOóW_ SNR F Sgr A East �

( åcæ , åcç )=(0.1, 0.0) èlérÄ+~ q ªWô Arches VYõöE field 1 � 2 ÷?T�_?ÍKÎ�ÏÙÐøÑ�V=ù+úmlû �=ü&ý Ï=þAê:ë�ÿjd COR |���bQè��AVcmlû NXB |�F NiI Kα
h+i���� ¤	�rÌK|�_�
��
���� V	��� q ûcñ������1v���������
 � � ¡c�l�Oû ¥ _:VCú:¿ ( � 2.1.3) F GCDX B¢S£ � ÄcN q 5.0–11.5 keV

ü ë�ÿ=_ FI3 �! 6mSû (FIs) ÍlÎÙÏ1Ð Ñ1V#" 4.1 _O��$ É1��%
�cÑ:|'&�( ý Ðsmlû � nS_�)�*SBÙ� 4.2 FÅ� 4.1 |r~ q=� N�+ { _!�rÄ�+�� q!,�- ¾�_cÍzÎÏ1Ð Ñ�>?Û�d XSPEC 11.3.2ag1 VKú+¿+F � Ä�. ºøB�/�¿�0&º 8 êSvld 90% 1�243S«C|657 ,WqK� ÂQûcF98;:�<?��=��CmC¾ Anders&Grevesee(1989) _ � VKú�¿:û �

vphabs × (power-law + Gaussians1 + Gaussians2) + vphabs × CXB (4.1){?{ |aª�«�>9?�Vw�ÙmC¾:¿ q!% �?Ñ vphabs dQª6«C¬c­1òQ_���@�A�<?��=WV#B�êWu=v��Qv�QmQ¾DCCo q�% ��Ñ�|6~ qK��E�F _�GWd GCDX V=� ,K� Koyama et al. (2007c) |1�6¡
1http://xspec.gsfc.nasa.gov/
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� Ä	���QûW¦�� Ä������OìWê��� +Ä�!r¼���"����$#&%�' ��(*),+ ¾A¿-����. ( � 1.2.2 /
1.6) �10�2���3��54�Â76Yñz¾�8&2�� power-law

% �?Ñ&.�9�:�3	��4<; ,�=zÖ�F->Kü®ý ÏCþê*?lë�ÿ@�-� CXB( � 2.1.3 " 2.1) �BA	CD4@E ,F= å%�Ùò��½Â<.-��G5H6>9? NH 41Irñ-�Ä > � 5 keV Ë�J&�:ÍSÎ�Ï�ÐäÑ���K	L�'*M	NO61��� =�P �Y¾�Q�Q1. >�R�S ���cå#�½ò �Â@.���>�?�T NH=6×1022 cm−2 ��@6A6<	3�= > 8;:�<�3�4BU�V5W�� Fe ��<	3�= ZFe Ã	X4�&ZY,[!BÙê5\B[��*6�WSû = ZFe 4�&]Y^[#B�ê�\_[��*6�Waû�� > �&`5a � Ä Fe ��> ?�b
(7.1 keV) '�ÍzÎ�Ï6Ð Ñ1òKÄ_c]a + �CûSñ_.*d7� = CXB

> ß�e � a@� X 
�A�C7�&��.*�fG
H�>�? NH

> å%�Ùò �1Â<.-��g-� 2 h (12 × 1022 cm−2) i�j�V5W�� ZFe

>�E F � G��9<	3
=�6#���Bg�6BWlû = Gaussians1 � 2

>�k<+�l_+ ò ��m�n �^o-p1q�r5Wzû mFn � a$� 10 st�u 
�#�%54@; ,F=�v]w `7�Bx w � > FeI Kα � FeXXV Kα � FeXXVI Kα 6 FeI Kβ
u 
t�

6.4 keV � 6.7 keV � 6.97 keV 6 7.06 keV
u 
�.�d�� = FeI Kβ

u 
 > FeXXVI Kα
u 
�6zy{B|�} [&~ ��'&� � ��r�'5�1�-�5Q*6 � a1� k ��y {�|-} [�~ �	g-���&� Normalization>

FeI Kα
u 
t� 1.103 � 1.103 � 0.11 i7j�V�W�� =F� ���&x u 
t��y {�|t} [�~ ��g > �

NiI Kα � NiXXVII Kα � FeXXV Kβ � FeXXVI Kβ � FeXXV Kγ � FeXXVI Kγ
u 
*� 7.47 �

7.81 � 7.88 � 8.25 � 8.29 � 8.70 keV .-d*� =
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�

4.1: field 1

�

2

� 	
 �� 
� � �� ��� �

field 1 field 2

Absorption (solar) (solar)

ZFe
a 3.7+0.2

−0.2 2.9+0.2
−0.2

Power-law

Γ 1.85+0.01
−0.01 1.76+0.01

−0.01

Flux (5-10 keV)b 6.26+0.03
−0.03 3.21+0.02

−0.02

Emission Lines Energy Width Flux Energy Width Flux
Identification (eV) (eV) (photons cm−2 s−1) (eV) (eV) (photons cm−2 s−1)

FeI Kα 6407.3+1.2
−1.1 4.8(<12.5) 5.85+0.07

−0.09 × 10−4 6417.3+3.6
−3.9 31.0+6.4

−9.2 1.30+0.04
−0.06 × 10−4

FeI Kβc 7067.2 5.3 6.43×10−5 7078.3 34.2 1.43×10−5

FeXXV Kα 6677.7+1.3
−1.7 27.5+2.6

−4.7 5.11+0.08
−0.09 × 10−4 6681.7+2.2

−1.4 15.3+6.1
−7.0 3.20+0.07

−0.06 × 10−4

FeXXV Kβ 7904.0d 27.5 (fixed)e 3.63+0.68
−0.84 × 10−5 7879.4e 15.3 (fixed)e 3.56+0.58

−0.55 × 10−5

FeXXV Kγ 8274.5f 27.5 (fixed)e 0.67 (<1.65)×10−5 8264.4f 15.3 (fixed)e 1.83+0.79
−0.50 × 10−5

FeXXVI Kα 6977.7+2.5
−3.8 0.5(<16.9) 1.70+0.07

−0.06 × 10−4 6968.6+2.4
−4.8 11.1 (<26.1) 1.39+0.05

−0.06 × 10−4

FeXXVI Kβ 8230.5+16.9
−19.5 27.5 (fixed)e 4.68+0.96

−0.66 × 10−5 8220.3+21.3
−16.2 15.3 (fixed)e 2.27+0.72

−0.52 × 10−5

FeXXVI Kγ 8669.8+32.4
−51.8 0 (fixed) 1.98+0.87

−0.72 × 10−8 8694.4+67.8
−59.0 0 (fixed) 1.13+0.62

−0.60 × 10−5

NiI Kα 7448.4+12.3
−11.0 0(<20.3) 4.87+0.77

−0.70 × 10−5 7448.4g 0 (fixed) 0.56 (<1.11)×10−5

NiXXVII Kα 7794.0+12.1
−11.2 27.5 (fixed)e 5.65+0.70

−0.81 × 10−5 7769.4+23.2
−9.1 15.3 (fixed)e 2.32+0.50

−0.60 × 10−5

� ��� �

90%

� �� �� � 

a

!" #$ %& ' ( �) *

NH=6×1022 cm−2

+ , -. / 0 ' 12 34 + 5 6 7

b

8 9 �

10−11ergs cm−2 s−1: ) *� ;< . /

power-law

'
5–10 keV

=> ? & ' @A

c FeI Kα

'

Energy B Width B Flux

'

1.103 B 1.103 B 0.11

C + , -

d NiXXVIIKα

' � DE F� # $ G

+110 eV

+ , -
e FeXXV Kα

' H + , -

f FeXXVI Kβ

' � D E F� #$ G

+44 eV
+ , -

g field 1

'

NiI Kα

' � D E F� #$ G + , -
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4.1.2 �����	��

� (kT∼1 keV) �����������

Koyama et al. (2007c) ��� 5 keV ��������� � � |! ~#" u%$'&)( "�#�$+*-,/. power-
law 021'354�Q�.76�8-9;:=<�x/4?>2@2A & 5 keV �'B%��� ����� | 0  & soft C%D26'E2FG 0!HI4�QI.  �JLKNM ��>1s-O2P%Q�R'0  & 5 keV �-�%�TS;U'V�WT���IXLY-Z��[4\6 & Q�?C2D�WL]?^0��4!. �2
�6/_2�?`2a2b2854\9dcde M <�� �gfih 6/H'4j>=cdedA�k  �-Bd�.4�l�m0/H!4n>

1. field 1 . 2 ��� �����po;W2q+rIs�r 5.0–11.5 keV S;U!Vt02u�v�Q G X -�wyx � �/4
( � 4.1.1) >

2. 1. 0�Z�z���{n|-o/X soft C%D}WT1���# $?*!,�{�|%o (kT∼1 keV) W=~!� & field 1 .
2 ��� ������o5Wdq=r!s�r 1.9–11.5 keV S;UIVt0�-�w�x � �/4?>

3. 1. . 2. 0%���-:_� 6.7 keV(FeXXV Kα) � $!� a}W�,i� M & field 1 . 2 X��-�/4�!
"�# $?*!,-�+�%�5W+cde��/4�>

1. X��-�N4�-�w)x �  dJ �'0'��:�<�z/4��i0 & 2. 9��#�/��4n> 1. 0IZ!z&��|5�%/L� 1.9–
11.5 keV S�UIV�W &+� 4.1 X2# $j*!,2{n|-o5Wj~I����{n|-o (

�
4.2) 0�-�w�x � M �2>

vphabs × (vapec + power-law + Gaussians1 + Gaussians2) + vphabs × CXB (4.2)

Q�Q\0 & {?|%o vapec
 &�'�(�) C�W .�$��j��/�. M <L�!�?�%� G Xn�Iz &�� G?�?�d���� #%$+*!,2{n|-o'0 & !�"�#%$n*I, (kT∼1 keV) WT1���>2���5 ��N�=0[�+¡N¢d£�¤�¥ NHWT¦�§ G?��¨ & 6×1022cm−2 X M & S . Fe Wi© � &�'�(�) C  * + ) C�,�Wjªd« Mi¬ > !

"0#�$?*�,?0�1�­®r54�CdDI� '�( ) C  � � 829N:t<�z � z ¬ � & Q�Q\0  *3+ ) C�,�Xªd« & ) C�,[W�-;¯°�4.�$/�j��/�.\±[4\²!�-��. /n�'UT0�cde Mi¬ > M 9 M & !�"0# $?*,-� Fe � ) C0,�Xd�%z2<  u-³[�j|N�3/�9´�  iµ ��4�QI.¶6'05· � z'�n0�*3+ ) C0,/Wªd« ML¬ >�­-�=X�¸d¹�º!»j*I,n9��T�T� $ (SiXIII Kβ
&

SXVI Kα ¼ ) �i½�¾�o[¿'�- ���6
vapec 0  LÀ 8 � 95: ¬d¬ � &TÁ-Â ��Ã5Ä2U2WTÅ�Æ M ½'¾jo!¿!�dW�Ç!È�É=­�3 ¬ >nÊ}Ë!.M < & XIS �i½�¾=o/¿'�jÃ�Ä2Un��Ì%Í�¯�ÎNÏn�iÇ�Ð�Un�LÑ2«2" & soft CdD'�LÒ!X/ÓtC-D�6f�h ¼[]����)r�4?>*Q�Q\0  ¸d¹-º[»+*',%� 6.7 keV � $ X�Ô�±[4\�d�%6dÕ�� ¬ z2Ö%� ���0�Qn�i{?|-o��I�d�dÈIw�x'É7±[4?>�Qn�n×dØ265Ù 4.3

& 1 4.2 0[HI4n>I�+Ö�Ù 4.3 X  LÚÛ 6 Ú :t<%zI4#6/£?¤!� NH Ü ZSi ¼��jÝ}»!�T�'Þ?�%W%È�¯7�\Ý5»!�=�'Þ'. M <NÓ 6.7 keV� $I� a!X�ß;·;à�á%â!±[4�QI.  � z��n0DQ	Q�0  iã-ä ±�4n>1 4.1
&

4.2 9�� field 1 0d¸d¹-º�»?*',+6 6.7 keV � $'� aIX�å�æ'±ná%â  & ¸d¹�º�»T*,��iç%è-é-C}W?ê�ëLé�C'ì!XLª-« M�¬�í 0 ∼10% H[4?>i¸�¹'º/»�*!,�� Si, S, Ar, Ca �ç2è�édC�W%È�¯°��Ý�»��?��Þ'. Mi¬%í 0  & ∼6% �?á2â}Wjå�æ�±L>?@LA & field 2 0  ¸d¹º�»?*�,%�?î'ç2è2édC26�_�ïg0!H?r 6.7 keV � $'� aIXnðdñ � Û  Lò �7r%ó & Q�Q\9��°¸¹�º�»?*�,%�jádâ  �ãdä 05·d4j>7Qtr��[� 6.7 keV � $'� a!��Ñ2«2"  field 1 . 2 0�ô%ß
10% `dad0�HI4��?0 & �Lõ!�nöd÷d0  ¸d¹-º[»j*I,-�j�d�  Lãdä�M & 5.0–11.5 keV S;U'V0 FI3 ø+ù M�¬ FIs . BI úiû5ü}Éýo�ö%÷}W+�þïý>
4.2 ÿ � ��� � � � � � 	 
 � ��
 � � � � ��� ��

4.1.1 ����� GCDX �IÄ��! #"$� Á2Â ��únû/ü}É&%(' ò'¬*) Q�Q+�$�/Ó-,*.7«i¥0/21 ò3 )
Koyama et al. (2007c) �4� field 1 . 2 ' À�5$687 GC �%ú�ûNü�É9%NÈ�:<;'É=�?×2Ø$>
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�
4.2: field 1 . 2 � 1.9–11.5 keV �'È :<;�� :����L×%Ø

Unit field 1 field 2

Abundancesa solar free solar free

Absorption vphabs

ZS
b solar 3.2 2.0 3.3 2.0

ZFe
b solar 2.6 1.8 1.6 1.9

Thin Thermal Plasma vapec

kT keV 0.99 0.99 0.92 0.74
Norm.c 10−14/(4πD2)

∫
nenHdV 0.769 0.412 0.222 0.260

ZSi
d solar 1 (fixed) 1.3 1 (fixed) 2.0

ZS
d solar 1 (fixed) 1.7 1 (fixed) 1.3

ZAr
d solar 1 (fixed) 2.0 1 (fixed) 1.8

ZCa
d solar 1 (fixed) 1.9 1 (fixed) 2.2

Emission Line FeXXV Kα

Flux 10−4photons s−1 cm−2 4.58 4.81 3.20 3.26
 "!$#&%

90% ')(+*-,/.10�2
a 354/6 !17985:<;9=)>)?5@ .BA�C ?5@EDGF5H (solar) IKJ&L %�MONP#1Q�!"RS#�T (free) U<V$L
b W)X�YSZ�J1[ :<\ ,)]_^ NH=6 × 1022cm−2

D9`_H V$L/a : AEC ?5@EDGb 2"cBd
c D I ne U nH

%9egf"hGf I$6 !g7E8 J1[ :&i-j (cm) I<k5l/m5n (cm−3) Upo > m5n (cm−3)
d A9C ?5@�D&b 2"cBd

q
6.7 keV r�s�� kT=6.5 keV ��t�u�vxw+y{z-> q ��r�s � � 6.7 keV r�s
|~} .5���8�O|

} '��O��� �+� 1~� � , 7�� � ��� 3 .�� 7 ) �2>�� � Yuasa et al. (2007) � Revnivtsev
et al. (2007) �8�����$� GCDX �����#��� 3E���~� '��{��� 7�)��9� q '����
� 3 7��
��� ����� � 1O���{� 3 � .!1~�¡ �� ( ¢ 1.7) � Sgr A* 1O�������¤£~¥�¦0' .�§K¨O©�ª�«%(�~¬�­ '+®°¯ )
¢ 4.1 1�� 3 ��s���±³² �(7~´�µ ¥�¦ (region1 . 2) ��������� Sgr A* ���81 . , 7�¶� ��� 3 ) � 4.1.1 .�·�¸8� � �~¥�¦ ��¨�©¹ª�«�ª % � 5.0–11.5 keV º»�¤¼#'�½{¾��+º ;

ª��
w��¿¼ .E£ 3 NXB '�À��#�9Á 4.1 ��Â�Ã�Ä0/+Å�Æ %���Ç$:<;{«9� 7 ( ¢ 4.4 � � 4.3)
)

�
4.3 > q �ÉÈ�Ê (region 1) �~Ë�Ê (region 2) ��Ì{Í � � (5–10 keV) ��|�} �¿Î �
Ï��

2.76±0.02 � 1.32±0.02×10−13 ergs cm−2 s−1 arcmin−2 .E£ 3 )�Ð 1 ��È�Ê8� 6.4 keV r�s
|O}4��Ë�Ê � ∼6 Ñ 1 ¶ £ 3 )~Ò ��r�s¿|O} ¶ È�Ê ��ÓÔ¯ ��Õ�Ö0/ 1�|Ô× ��¨~©�ª�«9% �ØÙ¶9Ú £ 3 )��9� q ��Û{��� � �����»Ü�§ ¶ � 1O� � , 7���� �x� 3 .�Ý�Þ q � 3 )

6.4 keV r�s ¶ 6.7 keV r
s ¶9ß � � £�à$�x� � Ì{Í � � � . ¶ £Ô¯-.�Ý�Þ q � 3 )��� q � 6.7 keV r{s ��|�}8�~t{u
vxwÉy¿z$� 6.4 keV r{s¿|�} �x� ��á > q � ��� ��Ì{Í� � ��|�}8��t
u¿v�wOy¤z .O� �{á ��â�ã(�Éä
å{æ 5�6 ��ç
è»² � 3 )��E� q � � � �
��é ."|�} �Éê�ëÉì�í � '�î 3 � .-'�  / 1��~ï�ð�ñ(' 16 ��ò���ó�Î ��¨�©�ª¹«9% �~¬
­('�®ô¯ )�� ��õ ����ö
s�� .�� 3 ¾�÷�ø{ù�ú � Sgr A East . Arches �8'�û¡×_ï�¨O©¹ª
« %4> q�ü~ý .+·�þ�ÿ�Í�� ' .x§<��Á 4.1 ��Ç :<;�«�� 7�) ��ö{s�� ��� ��×_í���� �~ð
ñ ��� .E£ 3 7����	��
�� ��
 ²�×&£ § ��Ö�� ��� £ ×-£ 3 � 8 � ��¥�¦ �O¬�­ 1�½{¾�£> , 7�)�� ��õ��
½x� 7 24 � ��¨O©¹ª�«9% .�Î ����w �  ��  � '���� A.1 1��8. � ó
�Ô× ( ¢ A.4 � � A.1)

)
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�
4.3: region 1 . 2 ����¨ «�Ç :<;�« �¹w8�- ��

region1 region2

Absorption

ZFe
a 3.3+0.2

−0.2 3.7+0.3
−0.4

Power-law

Γ 1.91+0.01
−0.01 1.71+0.02

−0.02

Flux (5-10 keV)b 2.76+0.02
−0.02 1.32+0.02

−0.02

Emission lines
Line ID Energyc Fluxd Energyc Fluxd

FeI Kα 6406.3+1.8
−0.8 4.41+0.06

−0.07 × 10−6 6420.0+6.6
−5.1 6.72+0.40

−0.45 × 10−7

FeI Kβ 7066.2e 4.85 ×10−7e 7081.3e 7.39×10−8 e

FeXXV Kα 6680.0+2.3
−2.1 2.30+0.04

−0.07 × 10−6 6683.7+3.5
−2.1 1.65+0.56

−0.49 × 10−6

FeXXV Kβ 7904.0f 1.31+0.63
−0.41 × 10−7 7879.4f 2.23+0.48

−0.47 × 10−7

FeXXV Kγ 8274.5f 0 (<3.83×10−8) 8264.3f 0 (<3.18 ×10−8)
FeXXVI Kα 6981.2+3.0

−7.7 8.32+0.44
−0.51 × 10−7 6967.2+5.3

−5.7 7.00+0.29
−0.60 × 10−7

FeXXVI Kβ 8230.5f 2.48+0.51
−0.56 × 10−7 8220.3f 1.94+0.51

−0.51 × 10−7

FeXXVI Kγ 8669.8f 2.34 (<7.58)×10−8 8694.4f 7.32+5.73
−4.79 × 10−8

NiI Kα 7489.9+14.2
−19.2 2.57+0.51

−0.50 × 10−7 7489.9g 5.98+4.57
−4.62 × 10−8

NiXXVII Kα 7794.0f 2.72+0.43
−0.59 × 10−7 7769.4f 8.46+4.56

−4.48 × 10−8

 "!G#)%
90% ')(+*-,5.B092

a W5X�YSZ+J1[ :_\ ,)]G^ NH=6×1022 cm−2
DK`_H V$L5a : A9C ?5@�D&b 2"cBd

b ��� % 10−13ergs cm−2 s−1 arcmin−2 � ]_^�.��	��V$L power-law
:

5–10 keV 
���
 [ :�� n
c ��� % eV
d ��� % photons cm−2 s−1 arcmin−2

e FeI Kα
:

Energy I Width I Flux
:

1.103 I 1.103 I 0.11 � DK`_H
f field 1, 2

:������ M������  ��! �"�# Y1Z$# D9`BH
g region 1

:
NiI Kα

:- ��% �"�# Y1Z	# D9`_H



38 � 4 � ��������¥�¦��~¬�­
��Ü���Î������

10−13 10−12

10
−6

10
−5

6.
4 

ke
V

 li
ne

 fl
ux

Flux (5−10 keV)

 (a)

10−13 10−12

10
−6

10
−5

6.
7 

ke
V

 li
ne

 fl
ux

Flux (5−10 keV)

 (b)

¢ 4.5: L5−10(ergs cm−2 s−1 arcmin−2) � F6.4(photons cm−2 s−1 arcmin−2)(a) �
F6.7(photons cm−2 s−1 arcmin−2)(b) ���	��

��� ������� field 1 ��� ��� field 2 � �
�»��������� source 1 � 2 ��� ����� background �+Æ
� � �+±¤� 
���s�����!"�$#�� �
��%
£'&�(*)�s,+���&�

�9� q ��Æ-����. q 6.4 keV � 6.7 keV r�s
|O} (F6.4, F6.7) � Ì{Í � � ( /�0 �21�ö���3

5–10 keV � power-law
��4

) |O} (L5−10) �$����� ��5 3
¶ ��6�¢ 4.5(a) � (b) +¤��&�
278 ���"��¢2+�9{s¿|O}�6 � ��×$£'& � ��:�; �¡ /��&$
¿¢ 4.5(a) + � 6.4 keV 9{s¿|O}�6

|�¾ � � : + � Æ
�����<�O��s¹Ü�§ ü Ê ;�=��*>�� &�
2?�@ � ¢ 4.5(b) +A�+Æ"� ����6��
s Ü�§CB�Ê ;�=�� &�
�7 8 �
¢2.EDCF*."&{Ü�¯ ; ï�9,G
|O}�6�% ; L5−10

; �"Ì¿�'&��$+
£¡× �IH ¾ ;$J �������LK 8 
 � � � ��� � �29,G�� ß ��6 Ú £�& � � �"±�M¿� � ��� ß
�'��â�ã�N,O + GCDX � 100% �x�~��& � � � +���£�¾ � � ��±¤��


Muno et al. (2004b) +���9<G"�<P�²+£{¾�Û,QSR�Ç'TÉw�U V�« ¶ X G*+�ç�è ² � ó¿¾'&
6������+â�ã�� 10

4 � 1 W } �YX*Z ��ó{¾'& (GCDX � 1%
; �
[ ) 
���3 4.5(a) + L5−10

� 6.4 keV 9AG¿|�}�6�|�¾ � ��: +¿��!"�2\�6
î � & � ��: .]D � 6.4 keV 9<G ; | ×I�
\¤��&"Ì¿Í �*4 6��¡§ � L5−10 � 6.4 keV 9AG � ²�D ; 6.7 keV 9�G¿|�} ; ��!
��&�Ì
Í��4 �+ä�å�æ�F*^�+¤��& � Ý�Þ_D � &$
 � �Éï�9,G
|O}��O��!�`�a"�cb
�<3 � � F6.4 �c`
a
Ñ���ó F6.7

;�d ��ó
F6.7 + (constant1) × F6.4 ∝ L5−10 (4.3)

� £�&ce
�2b¤��
�f�ú-R ; � � F6.4

;
0.01 g�h + 0–1.00 Ñ �c+��Éó
¾�� � field 1 � 2 �

Æ"� � 24 ����Á 4.3 +'i�G,+�Ç�Tkj¿«9��ó χ2 ��l � ��m 
 � £�&�e���b¤��
 � � χ2
4*n

�cl � 3��26�¢ 4.6 + � 0.49 + m 
 e � χ2 = 287.67 � � � &�
 � �$`�a
�Lo
½x��ó������
l � 3��$6¹¢ 4.7 + � 1 p ; F�3 §rq�¾��-����±¤��

m 
 e χ2 +2.706 � £�&"Ö��"R ; l � D � &�sxw�� � 0.49(-0.04, +0.05) +¤��&2
�¢ 4.7
��i$G�Ç'Ttj�«$�'& �

F6.7 + 0.49 × F6.4 = 1.2 × 107 × L5−10 (4.4)

� £Ô§ � Î���u�),v*w��*x�ÜÉÎ 10% +¤�'&�
 y�Ý �c+ ; � 0.10 g�h + F6.4 ��`�a
Ñ�z�ó
¾ 5 3��"�*� ��� A.2( ¢ A.5 � A.6 �${ A.2)

; � � � ó<x ×r
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4.7: F6.7 + 0.49 × F6.4(photons cm−2 s−1

arcmin−2) � L5−10(ergs cm−2 s−1 arcmin−2)
���"��
�� �
�"!$#�� � 4.5 ��y&%"'�i$GA�(

4.4 � {�� '
(

4.4 )+*-,
� L5−10 +�.	&"/10
F6.7/L5−10 + 0.49 × F6.4/L5−10 = constant2 (4.5)

/$24350 F6.4/L5−10 / F6.7/L5−10 6�7&8"9 )�:<;=2�>�)�+@?BA ( CBD&) 7&8�9�6 ?�A$s
EFBG&H )�9,G&�I� ;+J � A+0�K�) s�E F"G
H�L )�M�N�O 4 )����B)+P ) '�QSRT:�3 ( 4.4 6
6.4 keV / 6.7 keV ) 7&8�9 (EW6.4, EW6.7) )�U�V�W�X<A�Q�/ L�Y�Z�L\[ A�' � 4.8

L i
G 6 Q+)�U�V )I]B^`_�a�T jB_ L ?`3b0 ( 4.6

L {dc Re0eQ�)�u�f,v�w 6 15%
L ?�A�'

EW6.7 + 0.50 × EW6.4 = 0.61(keV) (4.6)

QgR D1)Ih�i&j]D power-law O 4 W
�1k&lm/on�p�q&r_z�3Il�s�t"j]D1) K u<9AG-
&�; V�\B)�?�AI7 8 )+O 4 PL1 0 PL2
;�4 O�A&Q"/C6 Lv[ A�'"K<z�w�0 5–10 keV xSV"y�)

M�N-O 4 �I� (L5−10) > PL1 / PL2
; : A�>1)-0 L1

5−10 / L2
5−10

;�4 O
DzRe0 ( 4.4 / 4.6
j]D|{&}�~
R ; 6 ( 4.7

L { ^�A�V�\�W�K 8 '
L2

5−10/L
1
5−10 ∼ (1/0.5) × (F6.7/F6.4) (4.7)

� 3-0 � 4.9
;�� t-��a Γ

J
6.4 keV / 6.7 keV 9,G
�I��P (F6.4/F6.7) )�U�V�W�lB�*3�'

9,G
�I��P F6.4/F6.7 6 0.2∼5 �2D$� � L��v[ �b��F�A�) � J z�0 Γ )$e 6 1.9 /��I�&� �L ?BA�'�� � 3�0��&�"���&P"��j�j-�m�S�-M&N�O-�e)�� 6 �v/S�@�1���m�o��0&K�R&�
�&0
PL1 / PL2 ) � t���� Γ 6 �\/o�@���-� L 1.9 /$��2I�<A�'
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4.3
� � �

XIS � � ��� � ��� � �  ��! " # $ % &  ' () *,+
�

4.1 :�3.-
/10325456e)7��� L 0 6.4 keV(FeI Kα) �&��8B� ��
�� c RBw"�BA
Q�/98
��j�A�' �v[ �:4;6"��<��<A�=?>5@�ACBCD 67E �&)�F H =�WHG���'�:�I$w
0�Q�)J�C��W E�&)�B�DB� (source 1 / 2) �LKI0"Q+)M0 k�l�����N5OB)�^�PQ=�_ F �;��W�R ;�'JS�Te)?	K"AUN;O")-^7PV=�_ F �C�@W�R ;=� 6 xXWY=�Z
>
[\@&y )J] 8 8 �C^ /�2�A�'U_
� GCDX
O-�?8-x`WJ=3Z
>M[?@&y�/Ya1w 6\b?ced 0gj&�7fhg��@:@3:iB2BA7j���K�)7] 8 WHk Y ��Xl >�A�Q"/98nm;o L ?BA�'?fhg7p�q"��:�A GCDX )�r�s5t�u�W3vnw�� � A?j-��01xxW\=ZM>M[?@"y1^\P1=�_ F )7��� 6Vy H ^&)3z5{@We/�A�' � 4.1

L #-�B)J|V} jm� source 1 /
2 WH~e�5j�>+) L ?"A+'�� 4.2 )�h-i�WY�n��a�0 y H ^&^\PV=<_ F � J � Agx�W?=�ZL>�[@�y�/Ja�w GCDX ) 6.7 keV �&�e�\�M� � A1O����nK</�3���a 0�xxW?=�Z�>L[C@By+W\�
� F
L�� ��A&Q"/�WC���eA+'� ���"� �-0 y H ^�/ x�WY=�Z5>n[\@
y�^�P�=�_ F W${�} ~ d 2C�1� F (

(
4.1)
L a��.W

_ � A+'�K-)�h�i�W � 4.10 0�� 4.4 � � /���j�'BQ�Qgj � 0 y H ^�/=x`W\=JZM>M[?@"y L)�� �&�����@) � ��)J�e�-0 � j�x�W?=YZM>
[;@"y1)�^\P1=<_ F )���8���j<A�'@Q�)���0
��a
��W
_=���1I3j Gaussian )?�&E FBG"H 0�2;� 6 region 1 W�a
�.W&_�a?j;�-)B>�) �n�
�VaCj ( � 4.3 W�
�% ) '� ��x�W?=JZL>�[�@By�);�C�<WJ] 8�� ACj���0\�5�
 Q¡ t α W�¢
£ � AI' α 6ey H ^� J � A xxW\=JZ�>M[�@�y�) 6.7 keV(FeXXV Kα) �
�L�C�
P@W�� � >I)�/ � A�'\� 4.4
:<350 source 1 / 2

L K�R�¤ R 1.41 0 0.95 /$2�A�'7� 4.2 )Ih�i
jm�9¥h¦ c R A
:v;z�&0
GCDX §�M&N�O�� 6 0 k (PL1) /zn�p�q�r (PL2) a�j+l�¨;��©�W«ª F j ��§Y�5�e��V�¬
?BA E �M§�O��B�I�LKv�|R\A7­�xxW?=�Z�>L[C@By�/Ja�w PL2 /1K�R@�\�M� � A$n@p�q�r���?���L§ y H ^7�?��� J � AU®;¯ 6 α WY����w � §B:@;=��] 8 L�[ A�­gnBp�q r1a\j�st"jm��§+�
���5�e������w 6 xxW?=YZL>�[�@�y+^?PQ=v_ F j ��° � I�j��
�L�C��W α ±
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4.10: source 1, 2 � background �?P1=�
���­ (a) � (b) � source 1 § FIs � BI ­ (c) �
(d) � source 2 § FIs � BI ­ (e) � (f) � background § FIs � BI ­
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� 4.4: source 1, 2 � background §�� � 
	��� W 
�
V>
� H��
source1 source2 background

Absorption

ZFe
a 3.3+0.6

−1.0 3.7+0.7
−0.9 3.7+0.2

−0.3

Power-law

Γ 1.85+0.03
−0.06 1.92+0.03

−0.07 1.88+0.01
−0.02

Flux (5-10 keV)b 4.90+0.15
−0.15 4.96+0.11

−0.10 3.28+0.02
−0.02

Emission Lines
Line ID Energyc Fluxd

FeI Kα 6406.4 6.89+0.31
−0.36 7.50+0.27

−0.26 3.78+0.07
−0.07

FeI Kβe 7066.3 0.86 0.83 0.42
FeXXV Kα 6680.0 2.95+0.24

−0.24 2.13+0.19
−0.18 2.25+0.06

−0.06

FeXXV Kβ 7904.0 0.31+0.25
−0.23 0.21 (<0.41) 0.16+0.06

−0.06

FeXXV Kγ 8274.5 0 (<0.42) 0 (<0.28) 0(<0.31)
FeXXVI Kα 6981.2 1.19+0.20

−0.20 0.85+0.24
−0.18 0.80+0.05

−0.05

FeXXVI Kβ 8230.5 0.26 (<0.48) 0.49+0.19
−0.41 0.23+0.05

−0.06

FeXXVI Kγ 8669.8 0.04 (<0.26) 0.29+0.23
−0.23 0.04(<0.62)

NiI Kα 7489.9 0.58+0.24
−0.22 0.41+0.24

−0.20 0.24+0.06
−0.06

NiXXVII Kα 7794.0 0.14 (<0.39) 0.22+0.21
−0.20 0.30+0.06

−0.06

α 1.31 0.94
�������

90% ��������� �"!
a #%$'&)('*)+",.-��0/21 NH=6×1022 cm−2 3�4.5�6�7%8 ,29":<;%= 3�> !�?.@
b A�B � 10−13 ergs cm−2 s−1 arcmin−2 C /21��.D0E 6�7 power-law , 5-10 keV FHG"I�,0J�K
c A�B � eV C &)(%L � region 1 ��M�NPO"Q 6�7%8 ,SR), 3"4.5
d A�B � 10−6photons cm−2 s−1 arcmin−2

e FeI Kα , Energy T Flux , 1.103 T 0.11 U 3V4�5
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� �7­ �����7�
� � ���	��
��
���;a�� ����� W7=YZM>M[?@	� �\PV=�
 �h§ power-law 
�h§��C��� α × F6.7/(F6.7 + 0.49 × F6.4) ± � ��­���� ��� W?=JZ�>L[�@������V§ PL2 � "!�# a � �?��� α×PL2 �Ma$� � W?=YZM>�[C@
�H�&%��'� � ��� � �)(+* � �7­�,�.-«§\��% �
� CXB §\��% ��� ��/ j�0�§�� � W3=�Z5>
[7@��U��%�� � a1� � source
1 � 2 23- NXB ��465nj ��Pe= 
 �7� vphabs×(power-law + Gaussians1)+ � W\=JZ�>[�@
����% � +vphabs×CXB 8 �L� W 
«a�j;­��	��8�9
:6;
8 0 ��<�=���� � ��
���8> �7­����?8@0«-
/e0�27A�8h§$B+�	C�D�� NH=6×1022 cm−2(CXB �FE � �?BG��C�D �
NH=12×1022 cm−2) �
�IH�a ��J
K�L�M 
 � Fe § M 
	N ZFe ��O�� �QP H 
GR � H � �aCj�­ ��§ ���+� � 4.5 ��S 4.5 ��A �?T�U ­
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4.11: source 1 � 2 § �IVGW 
 �L­ (a) � (b) � source 1 § FIs � BI ­ (c) � (d) � source
2 § FIs � BI ­�X�= �ZY ��[6\Z���3¬�§ > �)
�� �?] = �$^�_�`�a�bFU [6\����3¬L§ > �
���­

4.4
c d e

XIS f Chandra ACIS g h ikj l mon p q r ms t u v w x r y z|{ }~ �1���Z����5 Chandra �I��5 U ����8 � source 1 ���I�6���'���1��� b �	5 �	� � ����Q� ����5 � (Muno et al. 2007) �'���?8 � Chandra � 2002 ������2.- ��� � �,� �
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S 4.5: ��� W��ZR����
���$%�� ����5 U source 1 � 2 ��� �"!$#&% � !('�R*),+.-
Unit source 1 source 2

Absorption

ZFe
a solar 3.8+0.6

−0.5 3.9+0.4
−0.6

Power-law

Γ 1.83+0.03
−0.03 1.86+0.03

−0.02

Flux (5-10 keV)b 10−13ergs cm−2 s−1 arcmin−2 2.61+0.14
−0.16 3.37+0.12

−0.12

Emission lines

FeI Kα
Energy eV 6403.9+4.3

−2.8 6404.0+2.8
−2.3

Flux 10−6photons cm−2 s−1 arcmin−2 6.92+0.29
−0.30 7.45+0.29

−0.23

Equivalent Width keV 1.23+0.14
−0.14 1.03+0.08

−0.09

FeI Kβ
Energy eV 7065.0+28.2

−35.3 7069.1+23.1
−18.9

Flux 10−6photons cm−2 s −1arcmin−2 0.99+0.27
−0.25 1.02+0.19

−0.23

/�02143
90% 576�879;:=<?>

a @BADCFEDGFH?IKJ�9MLON NH=6× 1022 PRQTS�U2V;W I4X?YKZB[ P4\ >�](^
b LKN�:T_M` U2V power-law I 5-10 keV acbRdeH?IMf4g
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4.12: (a) 2002 � Chandra � 6–7 keV i	��j���kl)�+,mn� (b)2005 � � �porq � � 6.4 keV

Narrow band image �ps	t�u��6VGW	!=����� v6��w Upxzy*{ Xl|}u source 1 xzy�~1S �&�� ����w ( �}w ) ���l�l�}�p���&��wn��� ~�S �&�
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2005 ���	�}v�� U ��� w���������������� ~������ � �� ��o q � � ~ ���������.u��������6� ���Q� � U �6� ~ �����"!$#�w��&% Ul{ ����o
q � � Chandra �}u��	'	( v*k )D+ m*)�� Y�����
 |+��
��-,�.���' � � w � � b ( b/�0 ���	1	2435#6,7.���' � �78 � (:9<;=( ~ ��>�� ��?A@ ��# � �7; #�B � w ]�C uD�E ) v+# q {GF 2H3�#:I��J(+1+2H3�#:I���(�u5��(LK�#lw���� � K ~�M5N'bJ��{ �$�I�� v6��w � xzy u source 1 �:O�IGP b�Q !JR�v�� � (

h
4.12) �� ��o q � ����S"T�!(�A(UK�u�i � Tc�*V � �&j�� b5��W %��'�
�:;�v NXB ~	X ! {

Chandra ����SYT
!(�&v+Zlw � u NXB � b5�-[4\ #7I1�$�&#lw�]�R Blank sky �$^�+.-
~ �.wA]�� NXB � Blank sky �J^ +}-���_*w�u { ^ +}-F��`pv CXB ~�a�b (	c�(���8� �z#�% � !(�z��(LK { CXB �Jd+e.u7fD+ ��v�2:g 100 �
� 1 h���#��5���z�i��u-j D g
� I � w���i � TD�*V}�p�.j ~+X w	] � ��o q � ���5S"T
!=� ~�k 4.1 � 5–8 keV i ��j
�
#�% � !lg�]F� Chandra �z�-S7Tn!F� vAm+g � u {nk 4.1 � CXB �Jo ~ u�':g-]p�$^��
� 5–8 keV i ��j ~ #�% � !ng�]6�A%�] {Jp�q �sr.+����*�I��t qvu�w�� �6
 | (6.4, 6.7,
6.97 keV) ~ �6x��7!$#�w	]6R {Gp	q �sr.++` ��y}{ ���6z ~ � � o q � ��{Y%-|$]c��� !
#�% � ! y v�}J>�g-]6� � K$v Chandra ��1�2 p�q �*r�+�u�~6�H3cv��Y� � w � ��� �+�
K � � w � ��� { �J^z� ~ �lwJ��
Z� p�q �*r�+ ~�� #�! �i� ]��c�6�D�z� 6 keV � � �
u ∼ 0.2% ��� k�� � # ! ~ ��� � �.�n� { ��w}#*% � !K�z���A��K � ]���%5] Chandra

u NXB ��d+e {�� v NiI Kα 
 | { �}� q { � � ���5��� Fe �+�5�-� ~�� R�v q�q � � �
�$������(UK power-law � Γ �$�-���'� Fe �+�A� ZFe � 2 Z���'YV*)D+}-&��� ���6� v
Zlw � { ����o q � ��� �r!?# % � !,� y v*}5>:g�]J�*� ��#���+�'"V&)D+.-�v�g6]����� 2 ��O { �	� 4 ' -�+.�$�
#.% � ! ~J� |�]�� ��� 4 ' -c+.����#}% � !Mu ID ~ 1 { 2 {
3 { 4 ��g �7 �¡A¢ � ( £ ¢ o q ¤��.#}% � !Mu ID=5 � ¢ � ) ���+�,��� ~ h 4.13, 4.14 �¥

4.6 vs% ��R � �¥
4.6 (UK 6.4 { 6.7 keV 
 | v�¦¨§Jg � Chandra � £ ¢ o qn¤J�A��©"g�]���ª h 4.15

��8 � �}����(LK ��( � ��;Bv { 4 Z	�,'�-�+.�$�n#.% � !T�z�.u+«�¬�­��LK®' { 6.7 keV

 |}vsm�g � u 90 % ����� p Vz+*¯��	°�>+�&8 � �&��� 
 |�u {$±�²A³ V5�A´�(LK����
��#��5� { �+�z���.u6µ6­��s8 � � M�¶ K � { �l�.un� � ~$·�¸*¢ � �6°z� { 6.4 keV 

|.� �}v*m+g � u Chandra ����SYT�!F� #}% � ! �,'�-p+.��v*�6| ��¹ KGZ:!nª78 � ª {/�0 ���.u�º+»*v�­	¼:g � w � { ID=1 � 5 �����.u 4.7 σ ��­	½�ª � K � � �
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4.14: 2002 � Chandra � 5–8 keV i���j��	# % � !;�}�H� ID=1:ZFe=fix, Γ=fix �
2:ZFe=fix � 3:Γ=fix � 4:ZFe=free, Γ=free �
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¥
4.6: £ ¢ o qn¤*� Chandra � 5–8 keV i �.j���� �r!?# % � !T'HV*)D+.-/�0

( ����ª � � � ] � ) Chandra (2002) ¢ o q (2005)
IDa 1 2 3 4 5

Absorption

ZFe
c 3.4b 3.4b 8.0+1.2

−1.0 7.5+1.3
−1.8 3.4+0.5

−0.4

Power-law

Γ 1.77b 1.65+0.13
−0.19 1.77b 1.66+0.21

−0.19 1.77+0.02
−0.02

Flux (5-8 keV)d 3.56+0.06
−0.06 3.62+0.06

−0.06 4.03+0.07
−0.07 4.05+0.07

−0.07 3.72+0.08
−0.07

Line emissions

FeI Kα
Energye 6404.7b 6404.7b 6404.7b 6404.7b 6404.7+2.6

−2.3

Widthe 13.3b 13.3b 13.3b 13.3b 13.3 (<21.5)
Fluxf 7.83+0.23

−0.23 7.77+0.23
−0.23 8.34+0.24

−0.33 8.21+0.25
−0.31 6.89+0.20

−0.23

FeXXV Kα
Energye 6678.3b 6678.3b 6678.3b 6678.3b 6678.3 +4.9

−4.4

Widthe 26.7b 26.7b 26.7b 26.7b 26.7+8.8
−14.2

Fluxf 3.37+0.23
−0.23 3.30+0.23

−0.23 3.40+0.24
−0.22 3.33+0.25

−0.20 3.61+0.19
−0.18

FeXXVI Kα
Energye 6972.0b 6972.0b 6972.0b 6972.0b 6972.0 +10.0

−8.0

Widthe 0b 0b 0b 0b 0 (<22.9)
Fluxf 1.11+0.20

−0.20 1.03+0.20
−0.24 1.11+0.22

−0.21 1.04+0.24
−0.19 1.33+0.19

−0.18

δ g
Gain -14+4

−4 -14+4
−4 -12+3

−3 -12+2
−4 0(fixed)

/�04173
90% 5M6�879B:(<R>

a ID
3��

4.13 � 4.14 � 4.15 I��
	���
���� � 4.15 H�� 1���� :�� S >�]OI P
���
b � >�� �"!MI
#��$
�%�&�'�
)(;H QTS
c @BADCFEDGFH?ITJ�9MLON NH=6×1022 cm−2 PRQTS�U2V+*-, I4X�YOZB[ PO\ >�](^
d .-/ 3 10−12ergs s−1cm−2 0 LON�:T_M` U2V power-law I 5–8 keV a,b$deHRI2f2g 0
e .-/ 3 eV
f .-/ 3 10−5photon s−1cm−2

g .
/ 3 eV 021�354OP76�8 ��9�:M:7;�%�
=<?> V (
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(b)

h
4.15: ���:� ����­�¼&� (a)6.7 keV 
 | �z� (photons cm−2 s−1) � (b)6.4 keV 
 |}�

� (photons cm−2 s−1) � x � � ID(1 { 2 { 3 { 4) u Chandra �����������������6�5_*w ~
 J¡A¢ � � ID=5 u £ ¢��! ¤������"�#� � ID=1:ZFe=fix { Γ=fix � 2:ZFe=fix � 3:Γ=fix �
4:ZFe=free { Γ=free � ¥ 4.6 $�% �
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5

5.1
� � ��� � �

X � � 	 
 � � 

GCDX �����  �������� �����������! #"%$& ('*),+.-!/10�2 ( �3� 1) 4��6587
�*9;:<�= ��>;?3@,A����3 *B.C;�;�8DFE&G = 6.4 keV @,A ( ��� 2) 4�H�I!J(K#LNMPO � 
�JRQ

( S ��T GVU.WX ZY;[]\�� filament ^`_;a )( �;� 3) bXc� �')�+.-8/�0�2!dNJ�)Pe(f.g.h�i;j#k& K l.m.n�@.AoDRp.W�$�qX4,r3J�-X/R0�2,J�st/uRv�w`v DR>8x�bzy, �'t{�J.|,4(} �*~,��� �8 Zm�n�� 6.7 keV 4 6.97 keV � 7.88 keV
(FeXXV Kα 4 FeXXVI Kα � FeXXV Kβ) m,n�b�4*m,n#���,� 6.97 keV/6.7 keV T "6f�g+���4 7.88 keV/6.7 keV T "���f�i,+��`j,��"6$� �'Vf�g,+��.�,4�-!/(0,2�d�J(h`i�j8�$��F"�WX���t�Z��j;���;b#W� T DV���(so/ u�v#w b!4�f�g.�`�,-!/F0�2(b#�(f3g,+3� �f;i#+;�3j8�;�(�tD �  �'

Koyama et al. (2007c) b field 1 � 2 b!JX{*$�"FJ(m.n3j#�����;�] �$�U�W3U�4 GCDX�N¡;¢3f;g#�3���.c� Z).+,-P/�0.2�b!c� ��£�¤t¥ = '�¦X§,4(¨;©odVªXJ,«R¬�­t®°¯X�.4
6.5 keV(7 − 9 × 107 K) J`-8/�0!2!± Γ=1.4 J power-law ±.d1².h;itJ K l.m�n�@.A�b����³�´¶µX®�b&y, ( · 1.6) '!· T "�¸ T  #¹tº�� GCDX J 5–10 keV ��»,�P �B#C,�;�JN��� L5−10 ��),+,-�/(0.2��X¹� � J � Γ=1.4 J power-law �`���P¹N � JFj8rZ$�¼�$
∼ 0.5 × L5−10 b;½;¾#�X R'¿

4.2 b.�;4 L5−10 D�À � J��`��4 L1
5−10 � L2

5−10 ���3Á ¥ = '�r ¥ U�r`J�� L1
5−10/L

2
5−10� (0.49/1)× (F6.4/F6.7) �`�`Â#�P .{ � D1Ã ¥ = 'P{�$X� 6.7 keV m.n F6.7 � 6.4 keV mn.�R� F6.4 j3a ¥ W�Ä;Å��`��4 L5−10 � L1

5−10:L
2
5−10=1 : 2 � �ÇÆ�4 ∼ 1/3 j 6.4 keV m;n�4

∼ 2/3 j 6.7 keV m.n!�RÈ�É��P � J � S��`Lo .{ � DVÊoËR�P R'
Koyama et al. (2007c) b�� field 1 � 2 Ì.Í;b�4 6.4 keV � 6.7 keV m,n��`�#�;Î � �X�a ¥ W �ÐÏ,Ñ�¥ U�W8 ( F6.4 4 F6.7 =4.32 4 5.10×10−4 photon s−1 cm−2 '#r;J���� 0.46 :

0.54) '.r($�Ò#Ó�4!{�J�Ô3Õ,Ì�Í;b L5−10 J 1/3 � L1
5−10 4 1/3 � L2

5−10 b!4.r;JR�,�PJ,«¬&­t®Ö¯tJ Γ ����×�" � 1.9 bXc� (
¿

4.2) 'Ø JFÀ � J����;Ù�J(��Á�� 6.7 keV m,n`@;A���+��`j;ÚPÛ#\(�NÜ`Ý#�`-X/�0#2 T "1J �J�b!cX .{ � D(Þ,ß ¥ U�WP ('t{RJRÞ,ß���m.n��`�.� 6.97 keV/6.7 keV m�n��`�.�!J�àá D�S� ;{ � b;â T O�"Ð$& �'!· 5.1 � F6.97 � F6.7 J#à á D1Ã ¥ = '��`�.�.� 0.36 J.ãn,b;�ä��³#´¶µ�®åb&y� ('!· 5.2 �Rf�g.+;� � m#n��N�,��J#à á D`æ&ç�è�é v æÇê1�Vb�ëO = � J�bX4R+.��j.)��6�8 �Î��(m#n!�`��� � �ì�6�8 ,{ � j,íî"�$�U�W8 �'t{.{ T "-!/(0.2;J(+��#� (7-9)×107 K b,Ü`Ý�b�c� ��£3¤ boy� �' ¥FTP¥ 41ï`ð��RSo � 4(������`ñ;ò]\�� field 2 J�ó3j field 1 ¹tÆ ��ô y(W`�tDFÃ��R' field 1 � 2 D;r($#¼3$tãRn;b³�´åµ�®¶�X � 4 F6.97/F6.7 = 0.33± 0.02 4 0.44± 0.02 � �! ('�{�$õ¹8ÆÖ+;��� field 1 4 2bPr�$#¼`$�»o¹(r 7.5×107 K 4 8.6×107 K � ¸ T  �'¿
4.1.2 b`ö.÷ = ¹tº¶�P{(J(Ô`Õ!�3� Si ø S �.�3J�)Xe�f�g ¥ = h`i T "VJ�m,n`@;AtDù �Rú WR+��!J�-!/(0.2 ��û ¾ ¥ U#W� ('3r3J(+��#� ∼ 1 keV b 6.7 keV m,n`@;A��Rü.� �K,ý!�R} ô 10% �;�P ('3Ü3ó!4�+;� 1 keV þ;�XJN-X/�0�2 T "V� 6.96 keV m.n��R@,A
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· 5.1: 6.7 keV(photons cm−2 s−1 arcmin−2)� 6.9 keV m&nz�P� (photons cm−2 s−1

arcmin−2) J��tàN'����zyNJ	��� field 1 4�

��� field 2 J
� v#w D1Ã#�R'VH�n.��Ì�� v.wHXJ���« ®*³!´åµX®�D1���R'
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· 5.2: 6.97 keV m#nX�Nü��t 6.7 keV m#n�N�.� � -X/�0#2,J�f;g#+;�XJ.à á '
 *$!�,W.JRb!4X{RJ`�N�XJ(K;ý!�����;b&y� ('t{�J £�� 4�).+.-P/�0�2;JR+;��� ∼5% )�¶�ÇÆ�4 ú +,-!/(0,2;JFK3ýXJ���W(j field 1 � 2 b!J�+��!J��PD��8�# *L� *h���J�Ü � �� Ó&"%$z �' ¥1Tt¥ 4�{�J 6.7 keV m,n����!J	�3ß3² (∼ 10%) ��� 4.4 b`�] *$& ! �"$#
�&%F�,JRb!4 £,¤ ø � ¤ ��')(�\(�	*$+oD1ý�Ó8 .{ � ���;W�'· 5.3 � L5−10 D�rF$!��K,ý#�8 V�,�!J�,#Å�b;�;Á ¥ = J(À � J�·3D1Ã���'.-�/�J�0�/³�� ¿ 4.2 J £$� bX4�1)2 ¤ \�� PL1 � PL2 J��`��jPÎ.3 1:2 J�,#Å.b�K,ý ¥ U�W8 ,{� D1�!��'X·.dNJ��(4�465PJ�Ô;ÕX�	78� 6.7 keV 4 6.4 keV m�n��!à á J.cX �B#C;�.����8DZÃ���'�8$/!J.0�/3³�� 6.5 keV -!/(0#2 (power-law b`B,C:9,�PDV�,L3q!4 Γ ∼2.4) �
Γ = 1.4 D ù � power-law j L5−10 �`Î�3P��þ���J(K�ýtD ¥ U.W! ,{ � DZ��� (Koyama et
al. 2007c) ');8" T �P{�J�À � J��;�;�;ÁXJ	<�ó����	=)>3j@?�"Ð$z �j84�APJ ¿ b!4RH;IJ(K;ýtD �	B �P .{DC�b&{�$;j#Á$E#�P .{FC(D1Ã���'

5.2
G H I JLK M N O P

Koyama et al. (2007c) b�4 GCDX J	Q:R)S,þ;�FT 6.5 keV JN-X/�0#2$Ut¹�V#{DC(D1Ã¥ 4�r3JXW,+.-!/(0.2:T 6.7 keV m;n`@;A�ø;Q�J�WXe�f�g ¥ = Fe, Ni JFm,n8D$Y��P{DC%j¸ T G = ' ¥VTP¥ 4�· 5.3 J PL2 j3ÃDZ3�[V.¹oº\U;4,{(J�W,+,-!/(0#2:U�]#Ó`U�4
^:_)`��C�a L5−10 J 1/6 T 6.7 keV m#nFU�K;ý��[V�b$S3jc`�� U6T�`�d�`;W3'	egf!T8{RJ�b$SD�4FH3I�J ~$h Å3¸;L ( b�S 3) C � Ó@VF' Muno et al. (2004b) T 2–9 keV b 3×10−15ergs
cm−2s−1 i Ø J�H;ItD�j�Y ¥ 4.r�J ~�h Å;¸,LFT GCDX J 10% JFK,ýoD1Ã��t{DC14.r�J«3¬&­]®�¯[T#�#W 6.7 keV m�nkC�l#W 6.4 keV m�n�D ù@m C Ï.Ñ&¥ U�W�VR'8{zº � Ó�V
C14 PL2 U:TNH;IXJFK,ýoD�Ü�9@U�n��,b�W[V�'�W.+#-X/�0�2,J Fe J�o�p:q$b#�!D
r.ø#�
(6.7 keV m.n#�`�NjX���\`cV ) {FC�b;H�I T d1J(m,nXJFK;ýDT.st;Fb�y(4�Ü3ó!4(H;I!J�B
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Point
sources
(Γ= 0.9)

   Decomposition of the

Continuum Flux of the GCDX

6.5 keV
plasma
(Γ~ 2.4)

Power-
law
(Γ= 1.4)

PL2

(Γ= 1.9)

PL1

(Γ= 1.9)

(This work) (Koyama et al.
 2007c)

· 5.3: B�C$b�S��`� L5−10 J�b$S�S,Á���-o·�T L5−10 Jîº�× PL1 C PL2 j 1 : 2 J�,.Åb;K,ý��tV#{cC���d;·�T plasma C power-law j 1 : 1 J�,#Å,b�K,ý���V#{DC�D1�!����8·�TNH;IXJFK;ý;j L5−10 J 1/6 cDV.{FC(D1Ã����
C$b�SFT Γ=1.4 J power-law �N�XJNÜ�9@U�K;ý ¥ U#WcVcC�s[;(b�y$V��

6.5 keV J�f;g��,�
	���
���DR���ì�åb8��J8¹�º U��
�z ��gV T æ&ç(è�é v æÇêV� ¥ �r��oD power-law C Gaussians bt³�´åµ�®¶�@VcC Γ=2.4 C!`[V���Ü3ó��FH,I�J ~$h Å�¸,L
T Γ=0.9 J power-law bP³#´åµ�®V �� V (Muno et al. 2004b) �,{�{ T d L5−10 URü.�@V����b ~ ?#D m���� Γ J(�PD������DVcC�� 2.4× 3/4+0.9× 1/4 ∼ 2.0 C `ÇÆ�� PL2 J Γ=1.9
C =)> ¥ `�W���¦!§X{RJ����cT
� Γ = 2.4 J power-law C Γ = 0.9 J power-law b � 7 keVbPJ��`�;j 3:1 U�`tV�¹�º `�!	�,¯]D(k�Æ�� 1

m J power-law b�³!´ µX®%�tV`æ]ç(è�é væ&ê*��D�" º�CVr�# Γ T ∼ 2.0 C `DV�{)C%$ d�a'&)(+*�C�,�Ó[V���- � · 5.3 ¹XÆ.� Γ=1.4
# power-law b�SFT PL1(Γ=1.9) C�/�0 (Γ=0.9) #�1
24365�C%7F`�2�V+�����98 ~ ?;: m���

power-law b�S�# Γ :����#�@VcC<� 1.9× 2/3 + 0.9× 1/3 ∼1.6 C `�Æ=� Γ=1.4 C =�>¥ `�>��8{?�õ¹8Æ=��/�0�@ GCDX U�ý!ÓtV'1;ý@T 1/6 þ;��8 AcVDC £;¤ 8CB���W;D
	)�

;��# � 0 # ô 9)SFT4EDU�F�@HG �+I�J * CK,�LtV��

5.3 6.4 keV
M N O P J Q I R S T O P

6.4 keV
I;J # � 0DT)U�V)��- � T�W�X�YZ# Fe [�\Z#)]K^_#+X
Y)`Za�bdc�eK8 � c�bI�J 8�Adb���f�#6a)gih�X9Y_:
j'2�b?k�l�V�@6Adb�#4m�n4\�o�p�#�q;r
sut6v;wuX�\6#+xy6z -�{�m X |6#+} J @6~�LC����b+�4���dm���> 6.4 keV #��;�;� ∼0.3 keV :���b��9`����z�� ��m�� �_� `���>��
�;� ∼1 keV :<�_b ( ���;�����;m�n�\�o)� Fe �������9���@
� �����;��e%��� � {������ Tatischeff 2003, Murakami et al. 2000) ��

4.2 `;A6G�{)a_g�` z U<V;[9\Z� K ^
 d| I;J e+f+�)`�¡�¢�£Zbu¤�¥���n (PL1) ¦
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GCDX `���� � `��
	'� b�c e���
 � { ( c
c�� ��m6U�V��� d|����)�+¤;¥���n PL1 em���� ���dz������ h PL1 e���� ) ��� 4.6  EW6.7 = 0 euh)b��!��"�# b e z EW6.4 ∼
1.2 keV �%$�b��Zc���� m z field 1 e 2  Fe ¦d� ������� � 4-5 &� �h�'��)(+*�Xd\;xy `�a�b�,!-�m� /.�h0'��1	4{���2�� F6.4/F6.7 m4�)3 `Ca�G �54 .76980: b4��` ����z
power-law � Γ m<;�a4f 1.9  0�
� ( = 4.9) h��� z>�5� � h PL1 � power-law � Γ ?
∼1.9  dh+6 � m�hC�uh<'��@

4.5 �;UuV5�� �|��5� (source 1 e source 2) �BA!CED�w0F>��G�£�` z����C� h PL1 e
f<�6`�H�I ��J;b�UuV�[4\<� ���� �| I�J ��KML%N�O0C�P�QSR�e ��� ~�T � h>�VU<{�� �
� ��z c�� @ `�J6b;a�g `�c��W�<�)� EW6.4=1–1.2 keV e power-law � Γ=1.8–1.9 m<X
eZY�[ �>�C� h PL1 ¦��_bW\>]!N1^ t e�_�`Ba�b� )J�b��;cK� a1* zc@ 4.5 ��d<e � h<\
]fN!^ t��BA!C)D�w�F�m zBg9� �>20h�i;mW85:H�'h5'�� source 1 e 2 `�j�' � m Chandrak

XMM-Newton  5lm6 ��n�o�¦�hZj%� � '�b'¦ z�p5q `�a�U � EW6.4 �>rE\s^ctSuvL)^����`�m>w ��jx.u¦1J�b+��c��Wy�z� �{5|�jK� � '6bc?��m�}x~�`�a�U ��� h)b+��21���Ej GCDX �<[9�Wy�zV��K�L�N%OSC)P�QSR� 5��� �
{������ eu~���� �Cb����)� z �5�����<�x��KML%NBO0CSP�Q0R9e �B� eWU<{�?��Ze��>� ��;z Y9�6{%}�~���K/L%N�O0CSP>Q�R�e � {E?���m>��� � `%�Cjuh EW6.4 ���0�

� 'db+���
�Ww z c���y�z5 �{�|�j%��b�U'V��4 �|����d� EW6.4 m z K�L�N�O�C5P�Q�RB� NXB

zZ���
U�������� z<� w�\B�5��� �9e%U<{��B z 670

z
985
z

1190 eV(Yusef-zadeh 2007
z

Predehl
et al. 2003

z
Park et al. 2004) h0[�¦5�<� j%� � '6b+�)c?��m>�<������a1*.Y9�){W}�~% m z F6.7 ¦d� ��� `>� j
6 z f+�S�0� L2

5−10 ?���jV6�h1U �Z� 	�' z F6.4 `EH�£Zb L1
5−10

� 4 .f6v���/?5U �)� 	�g9� �� EJ�b+�� x¡4m>�<�5� �Z��'�}x~�� GCDX ��K�L�NBO)C
P�Q0R�e �B� ��' z f �B� � 4.2  5}�~B¢5£�VV��¤9� � {9�W z £�¥¦69 �"f	�U�{ EW6.4mW§7?©¨5ª< f.�bde©«���b+�df �%� c������ � Fe �����;�4¦;���4���6� 3 ∼ 4 &< dh<¬
��w z EW6.4=1–1.2 keV m z X |9}�­9¦�®<¯d��eu~�������b��
 �¡4�0t0uvL�^±°�²� ;m�³�´�� Fe �+�9�;m��d���9���
� ∼4 &5 )Jdb�� � � � c���m �� U��V	�  �Bµ!¶�³�´x� 6× 1022cm−2 `<·+� � {�°�²5 �Jdb+�5³%´1� Fe ��¸�¹�2d`�º�»
£��0w ∼ 11 × 1018cm−2  )J6b�����¼ z Muno et al. (2007)

k
Park et al. (2004)  dm�c�%y�z)�;U'V5�� �|��5�x� p�q)���;z ³�´
m��d���9���E���0j%½��4���9����³�´ NH=20–

30×1022cm−2  )J b e¾��� �%� ' b���c?� m Fe �W¸5¹52�`�º<» �%� 9–14 × 1018cm−2  
JM* z  1¡��StSuvL)^±°5² � Fe �9���9�;� (∼4)  GC 	� 6��µ!¶�³>´d�B½d���9�9��¦<¿��j?� � ' b��dmWÀEÁ� f.+h5'��
i�Â
}<­ X |V��®0¯Heu£)b�§s?>Ã�Ä � h�Å�Æ)m Muno et al. (2007)  ��0� j?� � '�b
a_g `1N�C0Q�Ç�¿�È��<��¶B8�É< �J�b���Ê6�xN�C<Q�Ç�¿�È z Sgr B2  /?B�S¶B8<Ë9¦0�H�� � '�b (Inui et al. 2008) ��ÌsÍ?m�j;�u` z 2002 Î)� Chandra � � 2005 Î6�4£�¥¦6i`W�
¬ � source 1 ¦E;Za+f ∼5σ  E�<¶B8�Ë �%� ' b;cde%�BÏ5Ð � {��>�E�
� source 1 � 4 .
j�m zBÑ�Ò Î� EJ�b (

�5� U��V	�  ��Ó�Y!� 8 kpc e?£)b ) � 3 Î� �c���¿�È�¦1�<¶B85É;£b�{�#�`�m z�Ò�Ô�Õ �©'�� Ô jc 5Ö>× � hWØ��9¦ c��B�5�x��Ù�Ú � hÛ6 � m�h��'h�'���Ü
\0®<¯� �m�Ý<ÞEÁ�ß<� k zBàfá |6��r�s+t v w�\�]
Nf^ t)m E−3  �n0â;£)bdc euh)[)a
* 10–100 keV �4r;s�t�v�w5���Ej%Ü
\�¦�x y ¯He4j%� � ' b��6c?� �<�B×/ã��H�Wä�å<� ;|��5�dm X |�`Za�bu}<­�¦<®<¯��Ce<~��C����b��
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� �

1. £5¥m69 �{0| � { �5� ä���y�z
�������S 16 n�� �%� z 6.4 keV  
| z 6.7 keV  
| e ¤;¥9��nd��2 (F6.4

z
F6.7

z
L5−10) ���!H5��	�
�{_e�c�� z

F6.7 + 0.49 × F6.4 = 1.2 × 107 × L5−10

�SH%IV���xj_c�e%¦0:���U�{��Zc�c�� � z ¤d¥���nV� 6.4 keV  ;| z 6.7 keV  ;|
`4¡ ¢9£�b�¤d¥��
n (PL1

z
PL2) `4n)¬��%��b��;f ��� PL1 e PL2 ����2 (L1

5−10e L2
5−10) �0H�I�m

L2
5−10/L

1
5−10 ∼ (1/0.5) × (F6.7/F6.4)

���Ej��Zc��0H�I a1* z>�5� ä��5y�z� �m L1
5−10 : L2

5−10 = 1 : 2  �¤
¥���n���2�¦
£�
;£)b��

2. 16 n�� � {5\>]1N1^ t)� Γ e F6.4/F6.7 ���1H�� eE* z f��B°�² z F6.4/F6.7 m 4 .f6
w �©j 6 ¦ z Γ m ∼1.9  �JxU+{��)c�c�� � PL1 e PL2 �0[�� ��� Γ ? 1.9  �J b
e�«5��b+�S	�{ z 6.4 keV

z
6.7 keV �����;�;���1H��6e�b�cde  z c+� PL1 m����

� ∼1.2 keV �)e�b
cde�¦�:<��U+{��
3. �9��H�Ix����' z Koyama et al. (2007c)  �$H� �){�\>]!NV^ t����>� ��z���� ä�����

X |��5­V��q��<Ç�C���� z����C� �<­ z � ¯6����!�"#!�$ �&%(' \W]VN!^*))�
Γ �,+�»V��£.-�/��� 10W°�² � ¯6��25�13 1/6 452� �J5-1��° �  f.&- '

4. ä�å<�9 76��<�.8<\�]VNf^*) p5q ��9�U % °�².0 1 keV h���8;:7<5=)���Ej>/5�%¦
:��xU %(' 	 % 0 Chandra 8 2002 Î?� @ £�¥+6BAC8 2005 Î5"%{�|EDGF % \�]1N!^H)
8 6.4 keV  765I�2J8%8<ÉV��	�
 % °�²J0;K�L.">8<ËNM � 'J-�/��%¦<:<��U %&' /
8 2 j�8>°�²��PO(/,8B�<�5370 X 65Ý�­�µ&QS EJ1-5��R��SOTFS- '
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�

A.1: field 1

�

2

� � �� �� �	 
 �� 
 �� �� � �	 
 �� �� � � � (1)
IDa Continuum FeI Kα FeXXV Kα FeXXVI Kα

ZFe
b Γ Flux (5-10 keV)c Energyd Fluxe EW6.4

d Energyd Fluxe EW6.7
d Energyd Fluxe

field 1

12 3.5+0.6
−0.4 1.97+0.02

−0.02 3.16+0.05
−0.06 6404.7+2.4

−3.6 3.76+0.15
−0.13 547+46

−40 6677.8+8.5
−3.2 1.93+0.12

−0.11 303+36
−38 6981.8+14.2

−19.5 0.56+0.11
−0.09

13 4.5+0.7
−0.7 1.86+0.03

−0.03 1.90+0.05
−0.05 6404.4+5.4

−4.1 1.34+0.09
−0.09 327+48

−47 6675.0+6.1
−5.2 1.46+0.10

−0.09 383+56
−51 6980.1+15.6

−13.7 0.46+0.08
−0.08

21 3.5+0.7
−0.6 2.11+0.03

−0.03 2.11+0.05
−0.04 6404.0+6.0

−2.9 1.63+0.10
−0.10 348+43

−44 6679.1+3.1
−12.0 1.83+0.11

−0.11 426+52
−50 7001.1+14.3

−10.9 0.57+0.08
−0.08

22 3.9+0.4
−0.4 1.87+0.02

−0.02 3.40+0.05
−0.05 6409.2+1.0

−2.8 4.85+0.12
−0.12 658+39

−36 6678.7+5.2
−3.7 1.87+0.10

−0.09 276+30
−29 6982.9+19.5

−8.7 0.71+0.90
−0.11

23 3.2+0.4
−0.4 1.92+0.02

−0.02 2.72+0.04
−0.04 6407.8+4.1

−1.9 2.93+0.10
−0.10 497+35

−35 6681.7+4.4
−3.4 2.20+0.09

−0.10 401+34
−35 6982.5+6.7

−13.0 0.73+0.07
−0.08

24 3.0+0.7
−0.7 2.04+0.03

−0.03 1.56+0.05
−0.05 6413.5+16.1

−4.6 0.89+0.08
−0.08 259+48

−48 6671.5+6.0
−3.7 2.12+0.11

−0.10 669+69
−76 6976.0+10.0

−10.0 0.64+0.07
−0.07

31 2.5+0.9
−0.7 1.87+0.03

−0.03 1.87+0.06
−0.06 6410.7+2.5

−8.0 2.13+0.13
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−65 6686.7+4.3
−9.8 1.77+0.13
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−0.09

32 3.5+0.4
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−0.05 6406.7+2.3

−3.2 3.09+0.10
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−0.4 1.91+0.02

−0.02 3.88+0.07
−0.07 6405.1+4.5

−2.0 4.10+0.15
−0.15 486+36

−35 6679.9+2.8
−6.1 2.81+0.13

−0.13 360+37
−34 6968.0+9.9

−7.3 1.00+0.11
−0.11

34 3.2+0.7
−0.7 2.14+0.03

−0.03 2.33+0.05
−0.06 6426.0+16.1

−14.6 0.79+0.11
−0.11 154+46

−41 6673.3+3.1
−5.4 3.21+0.15

−0.15 676+76
−62 6968.0+7.4

−15.9 0.87+0.11
−0.11

42 4.0+0.7
−0.7 1.64+0.03

−0.03 1.79+0.06
−0.05 6408.7+5.3

−4.6 1.44+0.09
−0.09 380+50

−49 6680.0+9.8
−3.0 1.67+0.10

−0.09 473+55
−60 6971.4+12.1

−11.5 0.58+0.07
−0.08

43 3.4+0.7
−0.7 1.93+0.04

−0.03 2.52+0.08
−0.07 6412.3+13.7

−6.7 0.83+0.11
−0.11 150+41

−43 6681.3+3.6
−7.1 2.87+0.17

−0.15 566+69
−71 6972.7+9.5

−10.7 0.95+0.12
−0.12

field 2

12 4.7+0.7
−1.1 1.76+0.03

−0.05 1.57+0.06
−0.06 6430.9+6.7

−21.1 0.69+0.09
−0.08 209+55

−54 6685.8+6.4
−5.6 1.41+0.09

−0.10 449+66
−61 6964.0+13.8

−8.7 0.76+0.10
−0.08

13 3.8+0.9
−0.9 1.71+0.04

−0.04 1.25+0.05
−0.05 6412.8+18.7

−17.7 0.44+0.07
−0.07 166+59

−52 6678.7+7.1
−4.7 1.24+0.09

−0.08 501+72
−77 6974.0+10.0

−14.0 0.51+0.07
−0.07

21 1.8+0.7
−0.8 1.74+0.03

−0.04 1.72+0.06
−0.06 6418.7+6.9

−10.6 0.90+0.09
−0.08 250+54

−52 6682.5+6.3
−3.9 1.88+0.12

−0.10 557+74
−66 6964.5+17.8

−6.0 0.89+0.10
−0.09

22 2.4+0.6
−0.6 1.80+0.03

−0.03 1.56+0.04
−0.04 6404.1+19.2

−5.3 0.62+0.06
−0.06 185+38

−38 6684.0+3.3
−5.7 1.61+0.08

−0.08 520+58
−58 6965.6+11.6

−7.1 0.64+0.07
−0.06

23 3.0+0.6
−0.6 1.84+0.03

−0.03 1.30+0.04
−0.04 6427.7+6.9

−11.7 0.48+0.05
−0.06 166+41

−41 6677.6+5.8
−4.2 1.27+0.07

−0.07 488+67
−63 6967.1+8.3

−11.4 0.57+0.05
−0.07

24 4.0+1.0
−1.0 1.80+0.04

−0.05 1.08+0.05
−0.05 6425.1+9.9

−16.5 0.42+0.06
−0.06 183+60

−54 6681.7+6.2
−7.8 0.92+0.08

−0.07 431+81
−75 6964.1+18.8

−15.6 0.34+0.06
−0.06

31 3.1+0.9
−0.8 1.80+0.04

−0.04 1.26+0.05
−0.05 6401.9+17.3

−10.5 0.54+0.07
−0.07 201+58

−60 6679.3+6.5
−4.4 1.41+0.09

−0.09 561+81
−79 6961.6+12.0

−9.0 0.60+0.08
−0.08

32 3.8+0.7
−0.7 1.75+0.03

−0.03 1.22+0.04
−0.04 6408.9+9.1

−20.0 0.46+0.06
−0.05 179+44

−43 6677.0+6.8
−3.5 1.28+0.07
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A.2 6.7 keV � � +6.4 keV � � ��� � � � � � � � 	 	�

�

A.2: 
�� C��
z�Y?ZD\������ �
� � ��p�h�Ã z χ2 z�� q

�� 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

χ2 824.02 573.1 402.5 310.6 288.2 322.0 398.0 503.1 626.7 760.5
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