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�
1 � � � � �

���
	���
(Active Galactic Nuclei) ��� 	�������� 0.1− �
� pc �
� ����� ��!#"%$'&
()�* � 1011 L�erg s−1(L�: +�,.-/� ) 0�132 �54
6�738:9�;=<
>@?=A
B�CED:FHGJI
C�K�� �ML ���

105−8 M�(M�: +�,�NPO ) 2 �RQ�SUT3VPW�X�!�Y
9.7/Z.[�\:G^]`_ ��a �Ebc_dL �R��e�f:g^h �jik3lEm Z�I/C�ndoPp *rq APBJCRKMs.�ED:F��E<P>��'4/6.7�8'9 h't !`"u7 �EvPw )x* X y3z G�{B w:| (ML�}�~�_ � n���L �:�5� (�G 2'� n 2�� �d� <:>�;�? A:B�CEK�P�'	5�5�L ��� B � �M���E�5��LJ� � A��'��Z���� *rq (Schmidt & Green,1983 [1]) �.�5� ��
MB < −23

�E�5�5	5�^�;^!^�.9���9
(quasar:quasi stellar object � QSO

n 2E�P� q CEK ) �.�� �/� MB > −23
���:�:	5�PM;.�P�J���R9@"�	5�

(Seyfert Galaxy)
n �5� K�P� G �R� !:��9���9E�� '�
�
�H� 9#"¡	:���R¢5£�¤��/�^¥P�5H� X yJh5t !`"u7J��¦^§¨L.©B^A.ª�«�CEK

1.1 ¬®#¯±°²¯!5�.9���9 �E���^� �:� MB < −23
�R�:�^¥5�5JG
I/CRKJ!5�.9R��9 �R� 1950 ³P´5µ'¶ L=·:¸� v:w ��9�¹��Eº5»H�E¼^½ � ¸J¾5A�¿:ÀMÁ q ~�K a �PÂ.Ã �E�5Ä B v5w5Å n^? ) � ) � APB^$ ) �~^Z � Matthews & Sandage [2]

L���C -:Æ ºP»�G � 3C48
n B�Ç Ä B vPw ;5È�? A/BJC D:F�;ÊÉË^Ì Å n^Í ÎPÏ.ÐÑÍrÒ3Ó^Ô^ÃjÒ:ÕPÖ3×RØxÁ3�ÚÙ¨ÔH�JÇE× ÛÝÜ¨�ÞÀ�ß.Ò3Ó^Ô µ ÔRºP»�à¨ádâ�~H�JÇãRä:åJæ À
©:ç ��è�é
ê çxëìÒ éÊí ë=Ô ä5åMî'ï ê ¾^Î�ð5ñ^Ù:ò ä5å (quasi stellar object)

ÒPó¨ÍÎ�ôP�'õ���õ
(quasar) ê=�P��í�öJ÷ ÇE× ãHø èjù

ú
1.1:

ô:��õ���õ:ÔEû:ü�ý ã É Ë^ÌHþ'ÿ ô����
(Francis et al.[4]) ù
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1.2
������� ¯ ���
	

����� õ � ¥��
(Seyfert Galaxy) � Ò�������� MB > −23

Ô����5¥�����àjÒ�Ó^Ô Ì�� � ¥�� "! ÔRÙ�# å Ô Ì$� ×$%'&)( öRù �*�*�+� õ �¡¥�� � Ò'É Ë:Ì Ô þ5ÿ ô � �H× ÷ ø Î¨Á�ë ×-,�.Á í Ò Ä � æ Ä0/ Î�1 æ32�æHø è54�6�7 î áE© ��)��� õ ��¥�� î �$�)��� õ � 1
ü�Ò*1 æ38:9

4�6�7 Ô-; 7 þ'ÿ ô���� î á=© ���)��� õ �¡¥�� î �$�*�+� õ � 2
ü ê=<�> à 9 öRù1 æ-2)9 4?6@7+� ÒBA�C?D � æ 109 cm−3 E�F ÔEÒ?G=H?�
ç�ë 1 pc E�I ×@J ö 2 ; 7�K@L (broad-

line region:BLR)
ç�ëNM�O�Á í Î 9 ö�ê=P ß�ë í Î 9 öRù ; 7 ÔQ1 � Ò 2 ; 7�K�L Ô�R þ ÔTS=UWVX õ-Y��3× ÷ ø Î 2JæTZ ÒHÓ:ÔW[ � � 3000−10000 km s−1 ê À�\#ë í Î 9 öEù]Q^ ÒW1 æ-8*9W_?` 7�� ÒaA3C?D � æ 103−106 cm−3

àRÒ3G=H��
çMëcb�d
−
b@e

pc
×QJ ö 8 ; 7

K3L (narrow-line region:NLR)
ç�ëcM?O¨Á í Î 9 öJêfP ß3ë í Î 9 ö=ù R þ D � æ'g ¾�Î-h 9 è ¾EÒR þ Ô'i�CHÏ�j�Ô-k�l æ Õ5ÖH× ï í × ãmZ Ò _�` 7 æ5npo öRù ; 7 Ô�[ � 1 � Ò 300−1000 km s−1ê ºP»�Á í Î 9 ö�ùú

1.2
× ���*�)� õ �

1
ü ê ����)� õ � 2

ü�Ô É Ë5ÌJþ'ÿ ô�� � î Ó í)q�í3r ( ù ����)� õ
�

1
üM× � Ò 2�æ�ø è ; 7 æ À�ß ö Ô/×'�ÑÍUÒ �*�*�+� õ � 2

üM× � 8+9 ; 7 Í çjÀHß ã�9 Ô æ,Jç öEù
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ú
1.2:

�$�$�)� õ �
1
ü ê ���$��� õ � 2

ü�Ô=É Ë'Ì�þ'ÿ ô�� �
(Peterson,[5]) ù ( F )

���$�)� õ
�

1
ü

(NGC5548)
Ò I Ô���� � � F Ô���� � î��	� Í è áEÔ ù ( I )

���$��� õ �
2
ü

(NGC1667) ù
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1.2.1 ���������
	���������������
�*�)��� õ �

1
ü ê �$�)��� õ � 2

ü î�� ] ý/× P ß è Ô æ ��*�+� õ ��¥��3Ô � ]���� �JàJ öRù ú 1.3
× ���$�)� õ � � ]���� �JÔ �"!$#"% úJî r ( ù GBH���Ô'& Z × � õ X þ òHÔ�(*)"+, æ.- Z0/)9 Î�1 Z Ò � õ X þ ò3Ô2(3)$+ , × 2 ; 7�K�L æ34 ë í ã�9 à�576PºP»�à�8 ö á.Ô æ��*�+� õ �
1
ü�Ò � õ X þ ò3Ô$(3)$+ , × ÷ ø Î 2 ; 7�K�L æ:9 Á í ÎMÍ ï@9 Ò�;�< Ì ã�='>6�ý/×�Í ç�ºP»Jà�8 ã�9 á.Ô æ ���)��� õ �

2
ü êBP ßxë í Î 9 öEù

ú
1.3:

�$�*�)� õ � � ]��"� ��Ô*�"!$#�% ú ù GWH��HÔ & Z × � õ X þ ò�Ô"(3)"+ , æ7- Z?/*9Î�1 Z Ò � õ X þ ò�Ô�(7)�+ , × 2 ; 7�K?L æ74 ë í ã�9 à$5*6:º^»�à�8 ö áRÔ æ �$��*� õ � 1üPÒ � õ X þ ò3Ô$(3)$+ , × ÷ ø Î 2 ; 7�K�L æ:9 Á í Î�Í ï@9 Ò";2< Ì ã�=�> 63ý/×�Í=çjº:»à@8 ã�9 á�Ô æ ��� � õ �
2
ü êBP ß�ë í Î 9 ö (Urry & Padovani [6]) ù

1.2.2 ACBED��F�������G	 1 ��8 ; 7 �$��)� õ � 1 H � � Ò Davidson & Kinman [7]
× ÷.ö Mrk 359

ÔEÉ Ë , Ì º^»�à�¸�¾Î.I2JxÁ íJè�µ Ò Osterbrock & Pogge [8]
× ÷ Z�å  ý/× K5ª ã Á í Ò 8 ; 7 �$�)��� õ � 1 ê9 Ç <$L�M æONEP ë í�è�ùÓ:Ô'Q2%�ý ã Ò 8 ; 7 ��� � õ � 1 H �HÔ þ'ÿ ô����@,�.$RPð � Ò

S _$` 7Ý÷ ZUT$V ç
× 2JæHø è 1�Ô 8+9 4�6�7
ù
S [O iii]/Hβ<3

Ò ï è$� Ò [Fe vii] W [Fe vx]
ãX= Ô

Seyfert 2
×�À#ë í ã$9.YEZ A2[$; 7 æJ öEù

S FWHM(Hβ) < 2000 km s−1
àjÒ �$�*�)� õ �

1
ü ê]\ « ö�ê 8 / Ò ����� õ � 2

ü ÷ Z2 9 ùà$J öEùú
1.4
× 8 ; 7 ���*�)� õ � 1 H � ê �$��*� õ � 1

ü�^ L ���$�)� õ � 2
üHÔ

Hβ _"`$a à/ÔÉ Ë:ÌHþ'ÿ ô���� î \�b Í è á�Ô î r ( (Pogge [9]) ù 8 ; 7 ��*�+� õ � 1 H � ê �$�*�+� õ �
1
ü ê â è þ5ÿ ô � ��à Hβ

Ô31 æ �$�*�+� õ �
1
üM× \ «PÎ 8�9 ù
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ú
1.4:

8 ; 7 ���*�)� õ � 1 H � ê �$��)� õ � 1
ü:^ L ���*�)� õ � 2

ü3Ô
Hβ _�`$a à/Ô ÉË^ÌHþ'ÿ ô � �JÔ \ b (Pogge [9]) ù (

ú G �
)
8 ; 7 ����� õ � 1 Mrk42

Ò
(
ú I�� )

�$�*�)� õ
�

1
ü

NGC 3516
Ò

(
ú F�� )

���*�+� õ �
2
ü

Mrk 1066
Ô þ^ÿ ô���� ù
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1.3
������� ¯ ���
	�� X

����� ¬ ���
X 7 � ��� H ���3Ô-# Ì$� Ô ∼10%

î	� ¾ ö�
 P à ã / Ò3Ó:Ô'Ã >�� � æ �$� H ���3ÔE·���Ô��	� î á ø Î 9 ö�è ¾�Ò X 7 Ô�º5» � �$� H ���3Ô �$! î���� ( ö F à�����à*J ö�ù��� � õ � H �HÔ X 7 þ5ÿ ô � � ��� ×EÒ E$I Ô 5 � Ô���,Jç�ë�� Z! �ø Î 9 ö (
ú

1.5) ù
1. " X 7�#	$
2. Warm Absorber

3. Power Law( % 8�&Bb )

4. Fe Kα
; 7

5. Reflection Component

ú
1.5:

������� õ � H ��Ô X 7 þ.ÿ ô � �
Ô �O� � (Fabian [10]) ù'" X 7�#($ Ò Warm Absorber
Ò

Power Law( % 8(&Wb )
Ò

Fe Kα
; 7 Ò Reflection Component

Ô
5 � Ô���,Jç�ë ã öEù

1.3.1 ) X D+*-,
" X 7	#.$#ê�� Ò 2keV EF Ô�/ � �10'õ þ'ÿ ô�� � î % 8(&�b�à �	2 U � Í Ò�Ó í î 2 keV EI ×43.5@Í è.6 Ô'M�O�Ô #�$ ��,HÔ é
ê à$J öRù�é Ô " X 7	#�$ ��,HÔ þ'ÿ ô���� �47	8 ��9 åM�O �"� � ( :�;.< ýP×�h / Ì < ý:×�= 9�>�?+@BAJæ 9 å M�O)( ö�ê 8�Ô þ�ÿ ô�� � îDC Í è �"�
�

)
àFE�GHàE8 ö æ Ò�H/ð >F?I@�A ��� � (Shakura & Sunyaev [11])

çÝë'J�KML í�ö�8 � ê \�%ö�ê Ò �.2 U �ON�PJç�ë'QÑë í�öR8 � � Y $TS Î¨Í ï1U ù ]@^ Ò(V.W.X	P îRY�Z Í è Ì < ýP×B= 9
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> ?I@BA ��� � (
þ ��� � 2 þ ô )

à �B" X 7.#�$ ��, î���� àE8 ö æ Ò " X 7�#�$ �?,HÔ ��� �× � 9 Î � ï 
	��
 G�à$J öEù
1.3.2 Warm Absorber

Warm Absorber � Einstein � Ù�× ÷.ö ô�jõ	��õ MR2251-178
Ô�����à����-L í
è (Halpern

[13]) ù Ó:Ô	�HÔ ASCA � Ù�Ô	���Jà�Ò Seyfert 1
ü H ��Ô�����,�× warm absorber

æ � � ç ø Î9 öRù���� Ô XMM-Newton � ÙPÒ Chandra � Ù3Ô�� �dõ"! 2$# �'× ÷jö Y+9 / � � 0'õ-, �&%à/Ô�, Ì ���3× ÷ Z Ò warm absorber � 2
Ò

300 km/sec ' Û ^�( V`Í è	)+* ã �",-#�. �0/ �JÔ1 9 (7) 732	4 ï"Z à*J öJé
ê æ$� ëUçJ× ã�ø è (
ú

1.6 5 Kaastra et al.[14]; Kaspi et al. [15]) ù

ú
1.6: Chandra � Ù 2 �3�rõ�! 2�# �6����× ÷ ø87 � � ç øè (.) 7 (Kaastra et al. [14]) ù

1.3.3 Power Law

Power Law �	5
PE = KE−α (3.1)à C L í�öEù K ��9�: 6 > 5&9": / � � 0^õ 5�9;:�< \ J è Z 2 M�O�=�C�b3> α � =�C�?�b ê

<A@�í�ö�B�C�D�E >$J öRù Power Law
��, 2 M�O ê�F 7 5�G ý$HW,�I F 7�9 ö V X"J�K 2 A�C 2=�C-H ÷'öMLON # V � # ;:< ��� ��PJ öEù-Q�R*�S5 >F? T�AVUOW M�O L RYX[Z�\ = − ] 3 7�K

L^2 =�CYP >(?-T�A`_ - Z0/ /�N�acb G 2 Y / �;d 0�e'A�C+f LgN # Vih # ;2< _Mj Q�F�5 F ^;$<ML R^X f P�k W R 7�9 X�lm 2Sn^2 �$� dof F 7 �S5 p X U�q�r�e"d �As H�t X =�u+fv=Au 2	w�xAy�z H�{�| 7 5�} u+f~ } u 2;�V� e;P��[� X f[� UM��� d$P&t X (Zdziarski et al. [16]) l

1.3.4 Fe Kα � �
X �&��� qOh�d 2 ∼6.4 keV( �A����� H )

H��A��� 2 Fe Kα ��� P"� k&X	lYQ[R � 5���}������
2�� � �c�A� UgWv����7 � X fM� k W R 7 � X	l�QS2	�$�^2	 A¡�¢ �&qA£;ec¤YeS¥^¦�§�¨&©3ª�eh¬«�Y®�¯^fM°-±²PS³�´

km−1
®"µ�e�¶�eAH"·&|�¸�� X (Mushotzky et al. [18]) lS¹�º ·S»�¼of;½
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¸��
MCG-6-30-15

f²����§A¨�©Vª8e�h
1 � ® Fe Kα ��� ®  �¡&¢ ��� 100,000km−1 � t���� QMR�	� p�
� qSr�eSd���� � ® 3−10 � ®�������d���d������ �"®�!"�#%$�&�')(V{�|�¸ � � �+*,�- ¸��/.

(Tanala et al. [19]) 0

1.3.5 Reflection Component

10 keV 132 ® X �3��� 46587 (	9 - � ∼30 keV
():�; 4=<>�?�@�A � Reflection Component

*CBD - . 0 Primary Power Law E�FHG I�JLK�� �&¶ �M5%5 ; 
�� (�t3. �/N�O�7QP ; } u *�RS�T 5 SVU%W ½X� N�O�7QP ;�Y[Z\ - . * ��]�^ - ¸A�_. 0

1.4 ` acbed fLdhgji
��k

M <=>	?Hl�m YH�on A nXp ��q W_r .Cs�ut(�{[. q W%u �%v+wVx D ,�- ¸H� D ^ D ^�(;·^²·A� * ���zy{ E ^|�+}�® l%m ®�s ¡ L
(���~3. 2=� YH��� r . 0�� ® ��� ®	s ¡�<�N �+� S

5 S �H� s ¡�*�B���03N �+� S 5 S �H� s ¡ � l�m ®�!3" * q W�u (Y{�.�"3Y_������±��M� ¼��s ¡ � ~3. 0
l�m3E ^ q W ,�- .H� � �H��� q W�u ® >3* � � }�� ½M¸��6�������®����Y®���� A �	��� E ^·$|�¸��."® � ���%����u_Y }�� ½8¸��8� � ~ u * } u E ^6·. }�� �%�_� � ®�!=" * q W�u ®��� ¼���( ? ��¸���]3. 0 q W Y���$Q� ������� · l�m ®���k < M * r . 0K;� � Bondi Accretion

* �o�|��� < r . 0 ~ u *0} uL(�� l�m (Y{�.�!_"=Y E�E .[Y[� ~ u ®	��k � } u (�� $¸[¡�¢(�� w � ��£ ��!_" Fgrav

�

Fgrav ≈
GMmp

r2
(4.1)

* ·_. 0)��� � mp

� ~ u3®	�%k � ~�. 0[¤ $�� q W�u Frad

�	� 5¦¥+§ S�¨�© (
s�u3® } u (&{[.¨�©

) < ��] - D {���® � �

Frad =
LσT

4πr2c
(4.2)

* ·/. 0��%� � σT

� 5¦¥ § SX¨�©_ªH«�¬ � ~. 0=1=2�E ^�� N �Q� S 5 S �H� s ¡ LE

���
LEσT

4πr2c
=

GMmp

r2
(4.3)

LE =
4πGcmp

σe
M ≈ 1.26 × 1038(M/M�)(ergs s−1) (4.4)

*|+£ ^ - . 0L� ®	® <	¯ ¸ AQE .V{_�	(°� l=m ® �H� s ¡ � l�m ®S��k ®%± �[² K ��� l�m ®³ � (�´�� ½�·�� 0
4 £�;S¤);�®�s ¡ � ∼ 1046 ergs s−1 � ~3.�® � � N �)� S 5 S ��� � sg|	¸$�3.[»$¼�� ��µ�¶®���k3�

108M�

(;·_. 0 0.1−
³�·

pc ¸�¡ ® R Sº¹ 4»5 ·°¼%½t( � ®/¾_�²·°��k3®	��� <�¿3£°ÀÁ * !"�Â�Ã <CÄ6� ½�¸3Å 
/�[4°Æ ; 7 (;·_. * ��]�^ - ¸A�_. 0
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�
2 � X � � � � ��� 	 
 �
r������

(Astro-E2) � � � � �L�%� (1979 ��� � 2�� )
�V¸�° K (1983 ��� � 2�� )

���S°�Y
(1987 ��� � 2�� )

�Q~ r E (1993 ��� � 2�� )
(�� � �

2005 � 7 � 10 � ( � � 2�� ^ - � �"! �#
5 $&% ® X '�l)( �)� � ~=. 0 �*� � JAXA

®
M-V-6 +,.-t�+5 (3¾Q���0/21�3*4 ¡ 250 km

�5 1�3�4 ¡ 550 km
®76 I98�: (7;�<��+}�®0=��)>�?�@�A)B�C�Dt(Q¾Q� �*4 ¡�E 550 km

®*F IG8:IH*J)K ,�-ML 0!�N � � r�O�P�)� ( ?�Q ¸SR3 +. 0
2.1 TVU
r�O�P�)� �)W � 2.1 m

�*X�Y
6.5 m( 8�:)2 �SZ�[2\�] = )

®�� w , <9^ ���2_I` ¹ � 7+<GaO�. * 5.4 m
® ¢ (�·/. 0 ��� ®�!�k � 1700 kg

( � ~3. 0Ib 2.1
(

M-V ,S-�� 5 (7c$¼ ,�-ML r�O�P�)� ®7d�e <9f r 032 � A Y rO��g��� � ~=. 0

b 2.1: M-V ,.-+�Q5 (Gc�¼ ,-�L rh�M�i�j� ®Gd*e 0�2 � AY r � ���2� � ~. 0
r �k�l�*� ( � � 5 m ® X '2n 5 Z (XRT)

Y�>2? ,�- ¸�� � ��}�®7o)3 « ( � 4 m ® X ' CCDpMq 
 (XIS) * 1 m ® X ' p ,�r ; q ;hs (XRS)
Y�t E - . 0 , ^°(H� 10 eV-700 keV *GQ �u

X '�v ½ � ®0w ��x 4Iy�z <G^+? u X '�{}|.~ (HXD)
Yj>�? ,	- �2� {�|0~ * ~�\�� . *

0.2-700 keV *�Q � a2v ½ ��e2�I��" <�^3?�0782: ;2<�=)� XRS <9�*� r .G� m��&r0��¥ Y0� -����� � K.Q XRS � �Ge)� ��� w�� � ��� � � K � L 0 � E � � XIS
�

HXD �GK ¢)(7�j� ��� ���i�r � ( 60 <G� ]/. l�mL< e�� �9� Q . 0�b 2.2
( �2� 2�� �0� {�|�~ �0�htS�)� 2.1

(0� {�|7~
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�����I� <�f r 0�b 2.2
(�� ,�- � Q . ACTX

�
ACTY ���	� q S 5 A

��
_± | �� < ��3 * �L���� D � ~. ( ��� q S 5 ( ?�Q � ����� � 2.5.1 � � XIS
� ������� Q � �)b 2.13 ������� ) �

b 2.2:
����� � �0� {�|7~ ���kt ��b	 � �"!# � Q%$ ACTX

�
ACTY ����� q'&)( A

��
_±
| �*� � �23,+ � L���� D � ~ $���

2.1:
� {�|�~ ����I�

XRS HXD XISy�z v ½ 0.5-10keV 10-600keV 0.2-12keV-�./�0
(cm2) 150@6keV 160@2keV 300@1keV

330@100keV1�2
2.9’×2.9’ 0.56◦×0.56◦(<100keV) 18’×18’

4.5◦×4.5◦(>100keV)

hline 3�4�5 30 4×4(Well) 1024×1024

20(Anti)

364*7�869 29”×29” 1.1”×1.1”:�;=<�>6?�@�A �
6-7eV 3keV@20keV 130eV@6keV

10%@550keVB�C @�A �
100 µs 61 µs 8ms - 8s

2.2 X
DFEHGHI

(XRT)
J ������ >�?�

X '2n 5 Z (XRT:X-ray Telescope) �K J*L ��� � >�?M! # � Q L XRT �N�O � L�PRQ�SUT
X ')n 5 Z ��K�$ ( b 2.3 V ) � >2?"! # � Q%$ 5 m �XWZYG� 4 m (XRT-I)

��o)3
/ � � XIS

�
1 m (XRT-S)

��o�3 / � � XRS [ >2?\! # $ ( b 2.3 ] ) � e�� |�^X$Z_ ��`a � �
XRT

+ o�3 / { |�~ ��b�ced ��f t�g�h ��i � �kjXl $�� XRT-I
+nm�o� f t (

-.�/*0 [Sxp� � $rqs )
+

XIS { |7~ �  Zt ��b�c�d � gZh �.b 2.4
� f J � m�ok� f t�u { |G~ �  Zt +wvX � ukx6y ���z � z [ � 4 m +�{}| 1’ ~�� ��� � ��z $����� u

40 cm � �=����6��u�� XRT-I [ 4.75m
�

XRT-S [ 4.5m ��K�$���� ! 178 µm
� SUTU�

����� ����tX� � � | 170 ��%��$'� + � ��� �*�U�*�k� [k� z .��� X ���� � ���U���Z  z
$Z� lU¡�¢ K J�Lk£6¤ XRT

��¥ ��  ¢U¦R§ ��¨ � �© [ �"!�ª ¢ :;=<e>6? � � z�«	¬ � ��� �u
2  (@ 6keV) ®�¯U� z �
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�
2.3: XRT

�����
( V )

+���� �
( ] ) �

�
2.4: XIS4 	 ��
� $ mo � f � � XIS4 	 �m�o � f � � ¢������������%¬�� � ¡ �

XRT
� m�o ��� � $ + ¢ (1) ���� �"!�#�$ d /�0 [ � !eª&% $ + z('k¡ � +&) (2) *�+\� ¡ ��U� [ 
-, z �-. J + z('k¡ � + [�/10 ¢ -U.U/0 [3254 J $ .�6 [��(7 # $"8�� ��.56:9�; ;=<>=? &A@ +�B�C 8 l6¡k¢ X ���� �:D i '   ��FE�G ¡ X � u �:�"�H�¬ KJI @(K 9 { '  -L'[

I38)� � @(K g 5 � �NM 9 PSF(Point-Spread function) M B�C 8 � 2.5
D ¢JO ¯ @(K � L	[QP �

8(R ?(S (
H

) M 12�T t � O ¯ ¬AU�V5W � ¡XO ¯ � @(K g 5 ( Y )
9 � J 8 XRT

� © @�ANZ u
2’¬ KJI"8
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�
2.5:

O ¯ @�K � L�[ P � 85R ?�S (
H

) M 1U2 T t � O ¯ ¬�U�V�W � ¡�O ¯ � @�K g 5 ( Y ) 8 ( VL �
)XRT-I0

¢
XRT-I1

¢
XRT-I2

¢
XRT-I3 8 H ��� ;=< u � �������	¬�� � ¡ 8 XRT

� © @UAJZ
u

2’
¬ K(I (The Suzaku Technical Description [36]) 8

2.3 X
D ��� �	��
���

(XRS)

XRS(X-ray Spectrometer)
u ¢

X ����8���������� ? R ?�� 9�� '�¡-�:�3�	¬ KNI (
��� u �

2.6) 8 X ����8���������� ? R ?�� u ¢ 3U4 9 ��!#" D%$ ) � ¢ � � X � � :*;R<e>�? 9 3�4 �" ¯ H'& MU�� )(+* J I38 ��,  '-�¯ i ª � � X � � :�;=<�>U? 9 j , I��NMr[ ¬�. ¢ 6-7eV
�

:�;R<�>�?�@�AJZ 90/21 �Z  z I"83�4 HU¬ �5!5"�9 �6� J I ¡ , D ¢�6'7+859 � $5:5; ¢%<5=�> �%? @)A �U¢+B�= ;)C�D A ��¢ ;E�F $5:5; � $�G�H'I > @�[%J � E G   z I�8 XRS
��K#L u $�M ¬ K5I N =�O C�D � � ¬kj�l P ¢

2.5 P M % '   z�¡ 8
� L � ¢ 3+4 H�¬)<#=�> �'?%@�[RQ G � �Z )� lRz�¢#S�T 9 $�G�U I'�JM [ ¬	. %�ª % '  )�l�'R¡ 86��V XRS

D i I � ( u%W=% 7 G   z % z 8

19



�
2.6: XRS

�3��� 8

2.4 � X ��� ��� (HXD)

HXD(Hard X-ray Detector)
u ¢��
	 ������
� I
� <������ H D�������� D ¢ H ��� D PIN�����! � C"��# 9�$�% I*��M ¬=¢ 10-600keV M z'& L)()* D�+ ¯ 9�,"-/. X � � � �'¬10 I (

�
��2 �

2.7) 8 U43 ª £U¤ ¬6587 X � ����� 9�9 z % z�: � R �(S�D @�; � M6��  ¢ . X � �"� (9 W=% & 8�
	 ���
� I
� <<�8= 11>�?
@ DA� ��? D��8� DCB P !�D < � @�E ? D�# 9 �� ��  z I388FD
10-200keV

¬ 2 ¢�G1H D % z � z�� � + ¯ 9 { - 8I6J6K��6@ D<� ��? D �8� 2 ¢CL D ��� D � I � � �:�"� 9NM1O I=M�M�P D ¢RQ ITS X �1U �VCW
X�Y1Z ��� ) ¢
X �6[ ¤ �N\�] D P_^ 9 U I��NMa` ¬�. I38% 
 ¢

HXD
�Nb6c42

XIS dCe�f)g�h � DNi ��  �:�"����� � X jRk D ¢ −3’.5 l G  1SNI�8

�
2.7: HXD

�"��� 8
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2.5 X � CCD
� 
��

(XIS)

XIS(X-ray Imaging Spectometer)
2 U43 ª £�¤ ¬�5T7������ Z %

X � CCD �(R E ¬�¢	��
�$������
(ISAS)

¢���� IX$ ¢ I�� IX$ ¢ ��� ���/��� <���� � IX$ (MIT) ` T! M % P ¢#"$�%¢&('*)�+-,�.0/*¬ � \ E G ¡ 8
XIS

2
3 	 ,�1 J�2�3�4 CCD(FI-CCD) M 1 	 ,�5 J�2�3�4 CCD(BI-CCD) 6 � 1 I (

�
2.13,�

2.14 7 1 J�2�3�4 CCD M 5 J�2�3�4 CCD
,�8�9 2

2.5.3 : D<; U ) 8 BI-CCD
2 S T�1 J ,�=

>�? `�@�MBADC % S�E , D 7 !GF O g-H ��I , +�J `�KMLN7 FI-CCD
2#O*P�? `�QRS ,�R K F O

gGH �SI , +�J `#K�S�8UT , 2 V�W ,%S+TYX B�ZS[ 0.2-12keV
,

X \1()* R#] S#^�_a`
P Z#[ Sb<c
4 d�` 0e�f bGg 7	K F O gGH � X \ X iihj[#k*l R Pnm I�o ,<p�q J�K `"P - c

2.5.1 XIS r0sYt-u
v�w�x

XIS
�zy � � 2 CCD

S T `|{0}a~�� [ S bS� ��S� g 7 � ^ b��0� ��� g��������\)Ua`B���� ��=����-yS�-� � � 6U~!� bSc

70mm

230mm

150mm
120mm

�������B�

Bonnet

Base

Hood

�N�����¡ ¢¤£¦¥¨§ª©¡«¡¬«

®
2.8: XIS

�-y � �S¯�° ® ( ±U²´³�µ·¶ $�¸�¹ (2000)[21])
c

CCD º*»
CCD ¼�½ (

®
2.9 7 ® 2.10)

2 7 MIT Lincoln Laboratory
R�¾ \a¿ ��E CCID41

R 7 3 ÀzÁ�Â �
Á , � �a��Ã � E y�� ��Ä � j	Åa`�Æ 9 hB[ S b<c ����Ç * , 1 È#¼ , IaÉ�¿ 2 24×24µm

R 7 pq È¼�ÊzË 1024×1024
R�Ì b

( Í�ÎzÏ���È�¼�ÊzË 1024(H)×1026(V)
R0Ì b `7 XIS

R Ë<Ð*Ñ ÇÒ X<ÓGÔ
2 Õz`!ÖG×SØÚÙ�ÛzÜ�Ý���Þ�ß0Á�Â*à|áãâ ( ä�å )

X hj[ Ô b
)
cæ

CCD ¼�½ÚË<K�ç�èY`�Ë
6 b E�} 4 é , ÖG×�ê h�ë áìâí`0î<é c�æ ë áìâ R ÖG×�ï ¿ � b Ç Ò (256(H)×1024(V)) `<7 �ð�ñ yUò

(A,B,C,D)
g!ó A R�Ô b<c T!�i~ 4 é , ��ô Ë	õYö�÷ Fø á � R�ù ~ú� [ Ô�ûãü 70ý ð
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ñ yUò�� X Í�ÎzÏ���� � ( H�� ��� ) Ë	� Ô�
 7 CCD
X��� ¿ ��E#Ö�×*ê h FET Ë���� R�� ß y

Ë��Ú� bSc

®
2.9: XIS-CCD ����Å ® c

®
2.10: XIS-CCD ��ß ñ á�� c

Thermo Electric Coolers (TEC)

XIS Ë������ (X \ 
�� ZS[ Ô � Ô� 0X	!�" ½#%$��'&��	(*) X Ü Z#[�+ ö b�,%- �.��� ) `0/
~ h !21�3 \ X Ü b�465.7 èY`08�9 b T g `%:�Ï X −90◦C

X<;�= h![�>�? ¿ � b<c XIS ý yA@ á
��B üDCFE ~í� b à�á2G â �'H á ò Ë !JI á òLK ß � `0Mãö [ !�N�O�P�Q � 1*3*;�= KG� G X é
� 
 Z#[ ûãüR! −40◦C ST X�;�= ¿ � bSc U ��V�WYXD~ CCD ¼�½Z��×�` −90◦C

X�;�= Û b�[
} X�! Thermo Electric Coolers(TEC)


�\0e � b�c æ CCD ¼	½ Ì [ ü 3 d*� TEC (Be2Te3 �] G�^�_B¼	½U` 3 ` X	a ×�b%c [ î�� )

.! � á � � � ��d*egf�Â � Á (

I á òih�y Á )
g

CCD ¼
½�j�Ë ¿ × U.k � b Ü�Ý X�l�m ¿ � [ ûãün! TEC

X �*�U`���Û U0g j TEC o Q ��V�W�pa`#érqü
CCD ` ;�= Û b�c

Framestore

T1

T2

T3

Imaging Area

®
2.11: XIS-CCD � � Q c TEC Ë ! ® ��Ü

Ýí��s%t�j CCD ^ �0� g d�egf�Â � Á�� � X
3 d�B üDCgE ~n� [ Ô b<c [21]

Ni

Be2Te3Flexture

CCD
Alumina Substrate

TEC

Alumina

Heatsink

®
2.12: TEC ¼�½u� � Q ® c Be2Te3 ` \ Z[ ] G^v_�¼�½ 
 3 ` X�a ×�b-� Z [�w � `hj[ Ô b�c

Bonnet

Bonnet Ë !�x ^zy ���%{ � GÚ��á (OBF)
! ����\�| ! Kv} { � y�~ Á�^6����á���j�� ù Û b â~ ! �����*GYf !��� ý yA@ á��vXU~�� üL! °�� y��Y`���� h é�é ! CCD ¼�½%�%���*y��Y��� ¯
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� `���/�Û b�� É `��0é c6k [ !��	� ��
  �|û6E b OBF �%��������/ g !���� ��
�� äY� ~ ÷ò���� �S¼�½%��� C�m��������*!�N�O� × ��
 ä�X"!$#�% �'&�
)( k j �+*"�-,�.	� ��é �0/ îÌ�(21

Hood

{ á â Ë"3 `Y����4 { G � � � X 5�6 x87 yÚË { áãâ �:9 j<;>=���? 3 6�@ � j�Ë�A0B�C CCDP �D�X'EF Ô w�G � FIHJC ÔK(21 { áìâ �+*�! �v� !LNM2O 4 ò �+* ËQP8R ~ G�Þ*ß òTS Î �
Ü ü x�7 yF�2? 3��U�2V B-C ÔI(Q1�W�P Ë !XW8* X0!<����Y ���+ZuE�( [X[ ��! MLI \^]�_�? 3`

0.05 aYjJbE8c8C Ô(21

Calibration Source

d�e 5�|-Ë ! #�% & j6�z� O Ggf�á��2h�i8j*Wg� ��k � �g��\ ?�l c (21 XIS j�m�ý ð�ñ M ò
D �#Ö�×*êgB �on�Ô�P �Up *�� 55Fe( ]*/8q 2.7 r ) X�!�� X 5 
�s*3 l c (Q1 U c � Ü ün! Mn-

Kα(5.8988keV) t Mn-Kβ(6.4905keV) �2u 4 X 5 � Ü ( � O G	f�á��Qh�i d�e �ov Ý U t 
 ïw (21
x

2.13
�

XIS ��y�z{|t d�e 5|u��}Ft ��~ Û 1 DETX
!

DETY mJ�UïJ��y�z{ ! ACTX
!

ACTY m�ý ð�ñ M ò A ��Ö0×�ï)B�� �:�X� t�B [ yXz8{ ! RAWX
!

RAWY m�ý ð�ñ M ò A
!

B
!

C
!

D ��cI��c%�SÖ0×�ê�B8� ����� t�B [ y8z�{6j� (Q1 F û2! x 2.13 m XIS X0!�� n����o�K&
 [ x � FIHJC�� ( U t �Q�'�)�I(21

x
2.13: XIS ��y�z�{0t d�e 5 |���}�t 1 ( �*X�! )XIS0

!
1
!

2
!

3
1

DETX
!

DETY mo�zï-�'yXz�{ ! ACTX
!

ACTY m�ý ð	ñ M ò A �Q�K���KB8� ��8� t'B [ y8z8{ ! RAWX
!

RAWY mý���� M�� A
!

B
!

C
!

D �Jc)�
c%�������B�� �:�X� t�B [ y�zX{j8� (o1 XIS X�!>� n����+�K& 
 [ x� FIHJC�� ( U t �Q�'�)�I(21

Optical Blocking Filter(OBF)

CCD m X 5%S W	���Ax87 yK6 !X��W 5 � i�B�C �:� W 
 � (Q��!���� � &�Q��	x�7 y8��  ?
� {8¡ G	¢'£'¤2B¦¥ CuE !:cC�� (J1 U c�¤ ! Optical Blocking Filter(OBF) jK� (21 OBF m !
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Luxel ���%j !�� 1000Å ��� l ���
	���������g�	o Q���!������ 1200Å � ~ G������� � ��m
B�C�� (Q1 o Q��!��mI�)( ��m#" ~%$ ������ �Q. � [!& l �#'YX�!�y�(Kc�¤*) U ( � �����>�
j�� (�1 OBF � x87 y���+-, ` m%" 10−5 .�/ ��021 ! c�"g��� X 5-+�, ` �43�5 l c�C�� (�1
XIS m26*�%7 � XIS-CCD �8�:9��<;26g�%=�>-?�� A/D @-A�" CCD B�C�D�EF��G [ �X=*H8{<I
� ( XIS-AE/TCE(AnalogElectronics / Thermal Controller Electronics) " XIS-AE/TCE JN!-�
= l c ( >�?2J"! X 5��LK M��NMPO � S-Q B�"�R &*S >�T2�LUK£¢�V!W-X ��( XIS-DE (Digital

Electronics) J"!ZY-[ l c (Q1

\-]_^-`ba

XIS � CCD m#" Normal, Burst, Parallel-sum (P-sum) � 3 c ¥ �%d-egf£h��¤�� (�1 Normal

f8£i��m CCD ��jIC��_kml#n $ M ( c�o�m )8 p-q'q<IJ�I��� �J1 6%��r � "*sg�*t�u�m 8 p�t:�v 6Kt�V'F (21 Burst f�£8�w�!r �0� �)����B��%qXqgm 8 pxI�� ( ¤L"�y�z�{-|F�%}�~ M p�C��S BoC_l�	 � �I(��-� ¤JY ( ��I 3-�F� F%s��*t�u�m 8 p��g¥���� F_� 1 Burst f£h� m!"F���
�2�2£L��V�i0B�C*�_� $ �I4!�J¤#)�6L�m� M#��� G [ V���T � � 1 Normal f8£h��t Burst f8£h�
V�m#" Window �2�-��� M t�� v��<� MP� Gm�F�<6Kt+¤�IF���% ¡6m� Window �2���¡�*¢�I�m#"
CCD ��£�¤¦¥�G�§2¨�V'����kLl#n $ �'� M �)�%q�©<I#ª�C � �K��� � 6g«:¤���¬�� (  2.14)  #§
¨��!£�¤�®�¯�°%±F²��'�-Im"�9��F¢#�#³x��´�®#" 1024 k�l#n $ � v!µ � 1/4 " 1/8 "_¶��#· 1/16

V�¸#¤�¹�º2�!  6%�L�_�-���*¢!®#"_�����»J�¼*½Fu ��¾�¿�À ¤ ¥ � & ¹!Á��Q£L�gV�Â¦¥PÃL"��<�$ ��Ä#� M4Å¡Æ ¼�¼ ��ÇF��¾%È�5¡M�É v G�Ê�V���T�Ëx�! 
P-sum fK£i�»®#"�y�z-{-|¡Vm¶gÁ-Ã*Ì�±2²�V 64/128/256 Í MPÎ-Ï ¥�"�� S {-|¡V 1 ÍgÐ�¼ S
¥:UK£K¢ M 1 Í�Ñ�ÒxÓ<ÔmË
«PÁ v ����MPÕ�Ö�� V!× ¥ÙØ2Ë�f£8�ÙIgÚ��%  6*� ��� V_�g¥ CCD

��Ì�±x²���ÛxÜ#Ý�Þ M�ß v 6�«�V ¾ �#àL"2á��%â�ãhä V ( �%å���àmæ�ç_I�Ú<èmG�r�é ) t�u!Ý-Þ Mê �<6<« à�IF���% �6*ë�f�åiì»®�í�G#" 3-����¾ s�ÔLt�u�à*�b� ¾ ��ë�IL�xî $ ��Ä!��ë�ï�ð�ñò Æ V��:Ám  3_ó V�®%ô<Á�t�u!Ý�Þ2à%õ-ö ¾ � $ ³_å ¾�÷ ë<ø�¢4��l�ùûúFë È�5 V�ü�T�¹�ºx��6
«4àm©-ý�¹�ºF�� 

 (1/4,1/8 or 1/16 of the frame)
window size

window start pixel address

Window

 2.14: Window Option [21]  
6�º
þ�ëLf�åhì»ë�ÿ�� 1 ®%" AE ë Control Card ��ë Sequencer ë RAM V�J�J�º2����îgl��

ø*å8ì�«��
	mºx��Ý�Þ M @��xË_�g6g« I É v   CCD ë#d�egI�®#"_Ú���}�� (Low/High) ��måx¢
ë�× ä Ø¦¥ M�� T�Ë_�LëmIm"%}�����*å2¢�«�á�ë#��måx¢!ë�× ä Ø¦¥»D�E M�� �������g¼�ë RAM

à�T���¹�ºgÃ�Á<�% <G���¥��� �!¡ë DE V2�L�#" Q M�$ o�V É v G�ÊgV-®%��&<n('�)_¢�ùZë�&�Í
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ëmU<å �V*¼�Á�Ã 256(Active Pixels)+16(H-Over Pixels)
� ëmU<å Lë Õ�Ö à ¾�Æ º 	�Á ÆL¾ ÁL 

XIS V%T�Á�þ:º�Ã�Á<� CCD ���F®�����å�	%� S�
 I 1024×1026 �� ( � 25mm ��� ) ë ò�� {
|h«��������ë����-{-| MP� ¼� �����{�|¡V-®%>�?�ë#ÒxÓ
��¥�Låiì M 4 ¼ � ¼� �&���åiì�V!Ò
Ó�Ôg¹�ºx��{�| M n '�)g¢¡ù 0 � 1 � 2 � 3 « ��·��_á#º��*º �!�ë!Ò_Ó��2¥#"#H M ñLè!Ã-Ág�� mÒ
Ó���¥�f�å8ìZ®%$�&<Ë2�2« Normal Mode « P-sum Mode ë 2 ¼�à�Úg�% xá*º'�mº<ë�fgåiì I�ë
Ò<Ó<Ô_¥�t�u�V*¼�Á�Ãg® � 2.5.3 (�V*)�+ M#, Ë* - "�ë%.�/xI�®�� Normal f�åiì M T<Á�G* 

2.5.2 0�1�2�3�4
XIS ë X 5FîmK�¢¡ù�V�Â_Ë_�*U�å� " Q ®%� � ��I É_¾ v .�/h«ZR(��I Éx¾ v .�/�ë 2 687�à

Ú��% _ámº��mºgë�U�å� " Q VL¼�Á-Ã:9<;<V#!�=2�! 
>@?BA�C�D `<EGFIH

CCD ëmU<å �® 1 �@�PåB	-I 100 JK�� «ML vON $ ¾QP I�Úg�LG�Ê ��c�oFë È�R Vm¶�Á-Ã�®%�
�@�På�	-U�å� M á�ë�í-í�R �gV S�S Ë2�Lë�I�® ¾ � �BT�ú(��I XIS-DE(Digital Electronics) à
U�å��" Q M�É Á �<nU��l����*¢ MGV¡Æ G�Ugå��ë�Ó M R��gV S�S Ë2��W�«!V ¾ �! 2á-ë-G�Ê�ë
" Q «�¥�Ã ��k�l#nBX�YFë�ZLå<l@�\[�X (CCD ë�ÔQ]�Ë2�#^B_�`�a�b@c S�Î ¹�º�Ã�Á�d%eK�f�Ä
ù ) g $ � ��h º ( iGj�k�þ�iml��niOl<k�þ�iGj�c�o�d%p�ëIZ*å<qK�m[BX<ë�p�r*s�t ) ë�g $ �-î:[
¢¡ù (CCD �@� å�	���u ��v�¤2ë*w�xnyGzK{LË@|�qQf�X_ë#}�í�ä ) ë�~�Ô�y É��   DE ®#~¡Ô_¥%{
î�[�¢�ù»ë!Ý�Þ�ë�Ó8y����<c*��d% <î�[�¢�ù�ë*~�Ô�c-®���Z�å'q@��[�X�� ��h º P ëQg $ y É è
{'|Bq%fBX���[BX (PH) à��<Á�þNºKd! 

Normal/Burst �<åiì�c��x¥�Ã<®%� 3×3 |Bqf�XxëQ���Ku����*�U|�q:f�X_ëK|�qfBX��M[�X�à
î[�¢�ù���b�y��K� �'k�¼��x¨�ë 8 ¼gë8|BqQfBX��\[�X�à�W*ë8|�qQfBX��Fä���¹#Á%��é_à�î�[��
ùO�*� «�¥PÃm¤B��¹�º�d�w�x�ugÚ�d (  2.15) �

 2.15: Normal/Burst ��å ìwë�î[��¡ù��g $ y É èQ{% xë'|�q�f�X��
[�X'c!Â�¥!î[��¡ù»ë#~�Ô*à É ã�º8d [21] �

DE ®%��î[n��ù�~�Ô�y É è:{  ������ �å �y�¡�¢�¹�º�{�î:[��¡ù���£%å ��Ä�ù (Edit Mode)

c Î�¤¦¥ ÃQ� ��c#� S Ë'd*� - "�ë*.�/�u�® � Normal/Burst ��åiìwë�§'¨ ¾ î�[n��ù���£%å ��Ä
ù ë � µ y 5×5 � 3×3 ��åhìMyG�gÁ�{Q� 5×5 � 3×3 ��åiì�u�©U��)¦ù�ª�c�Ô�]�¹�º8dPÝ�Þny¬« 2.2

c�xËQ�
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« 2.2: 5×5 � 3×3 ��åiìZë�©U�#)¦ùQª Ý�Þ [21] �
Edit Mode ©¦� )�ù:ªÙÝ-Þ

1) î�[n��ùO�#�Fë����
5 × 5 2) î:[���ùm���¦«�á%ºKy�� ä��	� 24 Pixel ë�é�ã�
�Ã 25 Pixel ë� PH

1) î�[n��ùO�#�Fë����
2) î�[n��ùO�#����á*º�y�� ä���� 8 Pixel ë!égã�
gÃ 9 Pixel ë�� PH

3 × 3
3) 3 × 3 ë���� 16 Pixel ë � µ � Split �b�y��K��{ PH y��x¼*Û2Ü��
á�ë PH � Split �:b�y��<í%ã�è�{ Pixel ë PH é��

�8?BA�C�D�� EGFIH
� � "���ugÔ*]! #"'d X 5xî:[���ùOc�$�%'& X 52ë)(�*QX,+Lå�Ý�Þ�c-�.0/�d 1

� ë�`�a (PH)

Ý�Þ1$��2ÚB�32)4�í�"5256�736�� W#"@y�~¡Ô8/Kd�"3�!$�����u:9 � �<;�=8u>$%�@? Ú)/�k)A SIS

ë�{3B�cDC�oE "'{ '��PåhìF��6 ��G�H y%[gå�IIc ¥ {DJ�K�u PH y�é�L,/'d%�
MON��QPSR�T

X 5�ë*o�U�c��FäWV�LX '"<{ZYB��ë�[gí�ä ( YB�5\ ) $���Y�] S3^ c�}_B�`a"Kd�r�cDb3c3dnc��egf�h dB{�B ��� µm i3j!k f�hle y��XmZ2�6�d��n|Bq%fBXnk�o�p S�^ c X q h o3U0/Kd��sr�Yt \_$'o�p�u�uwv1`s"'d�{)B�r�^�_lx 2 y3z�{�k8|q%f�X�c�|B{ h dIW>�#c)7<d*� 2 |q%f�X3z5{
c�|�{ h m:{3}[��O~�k#�5��rw��d%��b ( I,��ª��!~��:b ) y��K��{K|�qQf�X,k8|�q%fBX��O[��nk� y)}�[���~\�*�¦|�q:f��KcZ� ¥ �:��
�d%����kK|�q:f����5=@c8��d�}�[���~�u3��y'r��!�#�	�
��6 � �_�!���	�����_$ ^0� k8|�qQf��8cD�_k X q_k3}�[���~ h ondD�,})�,�!��� h8� ��m�{#�
���3r X qnz��_k��0��q h CCD c#o�U ¥ {*�>�@c*o�U X q_k�(>*)�w+3�Iy'����m�2 ¥ | � k<y�l  {�B<c��,6�`¡"8d%�

Normal/Burst ������k>�_������k*¢B��y#r�¢ 2.16 cGn/:� Normal/Burst ����� u:�06�`£"8d
�1���¤�£$Zrl?¥�)/�k�A�uB�n6X`¡"5256�{n�1���¤�D�D¦�§�¨O©�x8kBu>�<d 1 ���"@`kn�1������k�'ªD«3¬ c��,6�`¡"8d�k3$�r Normal/Burst �5�¤��u)r1�1���¤� 0,2,3,4,6

h �06X`s"�d*�

2.5.3 XIS 3®�¯
°�±²�³

/_´w�¶µ�·�u�$'r��8/Bk�µ�·�c)$¸�¹ ¥ 236�7�k0m�{#º�»Bl�U�¼ CCD(Backside Iluminated:BI)

y#¸�¹�/Kd���«�»�l�U3¼ CCD(Frontside Iluminated:FI) u>$8r X q�yY�]5½8kX`Oo�Un/�dB{�B:r¾ (5*)�w+3��k X q1$ZY�]0��¿�À�Á'u5Â�ÃX '">2 ¥ | � ��º�»�l�U3¼ CCD un$�r X q y#Y�]!kÄ ½8k�`mo�Un/'dB{�B8r ¾ (5*:�w+���k X q@cD- ¥ 2ZÅ�68Æ!ÇÈ3É y#Ê�d0�0� h uwË�d��>¢ 2.19

c XIS k#«�»�l�U�¼ CCD |B{�$Dº�»�l�U3¼ CCD kDÆOÇ#È�É�yGn/:�

1 Ì'Í�Î3Ï 6 ÐWÑ£Ò�ÓÕÔsÖ£×#Ø�Ù
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�������
��������	��


�	��

�	��
 ����	���������������� !��������

����	����������"�#$�!�� ��

Pixel level
����	���������������� !�

�	��
�%�&� '�!�� !��������)(�*,+.-,/

   

Grade 3

Grade 2

Grade 1

Grade 0

021�3�4 �)(�*
021�3�4 �)(�*
021�3�4 �)(�*

Grade 5

Grade 4

Grade 6 565565
565
767767
767

868868
868
969969
969

:6::6:;6;;6;

E

E

E

E

E

E

E

<6<<6<<6<=6==6==6=

>6>6>>6>6>>6>6>?6?6??6?6??6?6?

@6@6@@6@6@@6@6@A6A6AA6A6AA6A6A

B6BB6BB6BC6CC6CC6C

E

E

E

DFEHGJILKHMNEPO

QFRFSUTHV O
KHMUEWO

XFRLSNTHV O
KHMNEPO

4 Y�Z RLSUT[V O

E

E

E E

E

S \�]'^`_�acb�d!e

S+ f�g,hci	j�k�j

lcmcnpo�qpr
(+ f,g,h,i	j�k�j�s
t�mcnpo�qpr

ucmcnpo�qpr

v,mcnpo�qpr
+ w�xzy�h,i	j�k�j

4 {	| m,npo'qpr

(+ f�g,hci	j�k�j�s

(+ f�g,hci	j�k�j�s

(+ f�g,h,i	j�k,j�s

E

E E E

¢ 2.16: Normal/Burst }5�¤��kn�_�#���Ek�~�� ( ������������� (2000)[25]) �
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¢ 2.17: �3»��3U3¼ CCD k��8»w¢ ( ���	��
��
��� � � (2004) [24]) �

¢ 2.18: º3»��3U�¼ CCD k��»w¢ [24] �

¢ 2.19: XIS k���»��3U�¼ CCD ��º3»���U3¼ CCD kZÆ!ÇÈ�ÉL� ( � ) ��»���U3¼ CCD r ( � ) º3»��3U
¼ CCD �)º�»���U3¼ CCD k ¾���� �����Z½wk�Æ1ÇÈ�É h ��»���U3¼ CCD �������8Å � �
!�"$#�%�&�'�(*)

CCD k ��� � ���Du «�+�, r�-�.wk X q0/213U4365*78�8Ë8k PH u�9�k;:=< hle (FWHM) >
~��?3A@CBz�ED�k�F , r;G8�AH5Y�Â�Ã�d!k�I�i���J e V�KL3�@ BY t kNMO�QP ��RCSNTVU�W k�X
}Y���J e[Z |5m\�;] e r5z=^�kCJ=_6`�aC>b��c*>!Ë$Bz�
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∆E(FWHM) = w ×
√

8log2 ×

√

N2 +
FE

w

(eV) (5.1)

E = 1�� X q!k ��� �����
N = P ��R�S X8}	Y
F = ���VX�� t
w = �	��
�Zk���� «�� ��� ����� (∼ 3.65eV)

w

, r�� t������ /�� B)k������ ` ��� �C���>8r ��� � ��� E k X q_k�� B�� t������ , �
E/w ! �$`*Bz���Zk�I�i ,#"%$ `�&>�w��'�� I�i*> , `	�>k$>=D3k (	`*) , r+�,�VX�� t F /.-
�;� √

FE/w >b��5CB��O�N@4� P ��RCS�T\U�W k�X8}	Y N /#�0�;5 7,x8k h CCD kDu «=+ �2`
B��P ��R8S X:}	Y N

, r%/05r Horizontal Over Clock 1�2 (CCD k3�1�#�%45{>k�5�6#7�� /
P ��RCS 7�8���9���:<;���=�P �8S 7�1�2 ) k�>3Å�u�9wk root mean square /?� t M�@�A S 7,x
k$>�B�C43N@CBz� XIS k ��� ������u «*+�,�D�ª {EGF.H�> , 6 keV > 130 eV >>�0m�7��1�8k I
j�k�u «=+�J �V@3K�r�L�M�N�k Kα r Kβ O3q>��r83QPN� , 9�N�R�}�S+�ar�TU��V�4�R�}�SW�.XYP
k.O�q�xau ��Z=+ >5��B �5|7Dr XIS

, ¾���� �*���D½wk X qC� � S �ZÅ � ��� � �)�Du «�+ (
D

ª {QEF�H , 0.53 keV > FI
,

40 eV r BI
,

50eV) /?[ ª r�� � S 7�\�N5�%]�N J Cygnus-Loop

`	^Dk _�`3·a�b�XYPdc�e 3A@����*Bz�
f�g '	(C)
hQi u «�+*, r CCD k\P �=R�S ���,j�B hGi > Z |�B�� Normal Mode `kP�K�r 8 sec >>�=B �

CCD k�Ll#N,k.��m�n /po%q�r�:�;���s�~032@=7AM (64 r 128 r 256)
R v.t%A S �VP � Ç�j P-sum

Mode
,�u H S 7 1 vGM3w x�y�z%{L/?| _pX%}�~2� �*t%AG�M��*JQP�� 8/1024[sec](∼8 �3��� ) >

P3�nÇ#j	��� J�Z + �A`=B��
��� '	(C)+�����
x�y���� +�, 1 5�6#7���w��k��3�> Z	� ~������ , XIS w��W�#��w��k��3�> Z+� B�� XIS w 1

5*6#7��3w �Y�	3 , 24×24 mum >#� 1 �	� ����7Y~ 1024×1026 !<w35%6�7%� J��3� >	��B�w$>��
1 �+� ��w����	3 , 25×25 mm >G��Bz� XIS w��	��� ,%  2.2 w*J�_N�	Db@,¡b@�¢�£ ��¤3yC36@�¥¦ B;7�§������ , � 25×25 mm(17.4’×17.4’) >Q�=B�¨ S X S �%©Gª�«¬ S ¥Qw#x�y��G� +�,#®,¯° ,

XRT w�±����,² (2’) > Z+� B�¨

2.5.4 ³µ´�¶·¸´�¹Qº¼»�½¾�¿ÁÀ*ÂÃ¶ÅÄ�Æ<ÇÈ
XIS w CCD

°�É ��������ÊY���*Ë5*6�7%��¬?ÌGK\@ B�� X Í J#Î � S ¥ ¦ ` ¦�ÏGÐÑ�Ò 0 ° �Ó ¦ É�Ô�Õ	° Ö ¦*×�Ø >�ÙGÚYÛ�Ü*j+5�6�7%��¬Ý��Þß�	àá
�â*4Y¬.ÌGK�ã Ó ��� Ó�ä�å w#�<w<5%6
7���æGç ��m�qGr J�è�é�ê#ë � J � Ó ¨<ì	í%��Ê�í�î%Ë5�6�7�� J � Ó ¬%��w�5�6#7��+Û?/�ï,jÓ�ð m É ×�Ø >�ÙGÚ J ì	í*� Ê�í*î�ËQ5�6#7���ñGò�ó�XWô�õ ê,ö ¥Wô �+÷ ÏÐ J � Ó ¨�Þß�+à?ø
â#ù Ñ q�rkú�ã,û ð m É ��ü3�3Ü3ú�ã Ó � Ñ °*ý3þ �+Û�ÿ ¦ ¥	ô �+÷ û�§��WË�� þ à�� °�� ö ¥
X Í��	�Wî�
 ¬����ú.ã ê ¦ ¨
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2.5.5 ÆW¹������¼¹�� ( ÆW¹���� )

XIS
É

2005 � 8 	 13 
��Gì� þ�� 
Ýâ � 
 ( à����3ç ) ����� � CCD �+Ü���������� � °�! �
���#"%$%&(' ( øî*)3�,+Wî 
 ¨�ñ�-*�	øQî�),��¬.Ì�.%¨ ) /�0�1Uô�¥ ¦ Ó32�4 /*� ¦ õ65(���879 : þ ) Ñ ���áã,û*¨	���3øQî;)3�<&%'=�#0%1(>%?�/(@�AY¬6B °3C(D �#EF� ° �HGJI � û#I�KFAL °8M�N;O Ñ � Ó �Q¬ Ò ��� ö ¥���û*¨ �QPSR 
 �%�(T �H�UISV%��W ê�X � É8Y�Z Ñ I%[ Z Ò]\� ã¥ ¦ Ó ¬_^%`a�áã�¥ ¦ Ó ¨ XIS � ä%b � N 5 É3c�d%e%fQg CCD

° � ö ¥ 0.5 keV ñ�-�� Öihj �Fk þ8l Ñ Ù ¦#m%n /� Ó�o ¬ Ñ � Ó ¨+ô��+ô<I o ÷ ô�û ������� ° 0%1ßô û3øGî*)�p °�� GJI
0.5 keV ñ�-(�#��Ü�q�rF/�s(tßô�¥+ô � ö ¥ ¦ Ó ¨
øQî�) pU&(' Ñ � Ó Y%Z �3u(v n �3KSA8w�x (

 
2.21)

É I Y(Z �8u%v n Û C ¬zy Ó ¬UI
N C(r) =

N C(r = 0)(day)

1 + ( r
A

)B
(1018 cm−2) (5.2)

r = {�| �����#}Q~ (arcmin)

NC(r = 0) = {�| Ñ � Y(Z �8u%v n=��� (1018 cm−2)

day = 2005/08/13 �H�,��
 � (day)

A = (0.6 ± 0.1)N C(r = 0)(day) + (4.6 ± 0.4)

B = 5.3 ± 0.2

Ñ I�{�| Ñ � Y%Z �3u(v n��,� N C(r=0)(
 

2.20)
É I

N C(r = 0) = a − b exp

(

−
day

c

)

(5.3)

a = 7.04 ± 0.54

b = 7.08 ± 0.54

c = 329 ± 30

¬]� :�� tkú�ã¥ ¦ Ó ¨,û�æ�ô<IQ� 5.2 ������â(� þ ) A I B I a I b I c ��Ú É XIS1 �Q� °�� ¥É � Ó ¨�øGî*)�pU&%' Ñ � Ó Y%Z ��u�v n �8K A8w�x É I����%� ( ��Ü3��/�����/ � û ö ¥ ¦ Ó �
��Û��,¥ ¦ Ó��%� ) �8�(�(���������3� Z ¬U[ Z �8�%� X Í �����<§�¥ ¦ Ó ¨F��û#I={8| Ñ � YZ �#u�v n �;@�A#�%t É å(� L ° ®�� ô.¥ ¦ Ó, %¡�¢�£Q¤ E0102 �8¥�¦#§%¨=�37 9 �H�©��§�¥ ¦Ó ¨ N �%I*[ Z �3u%v n °�ª ô�¥ É I Y(Z �3u%v n � 1/6 «S��û É 1/10 «�¬]� :;� t�ú.ãG¥ ¦ Ó
( ¬ 2.22) ¨ o � Ú É�%®�¯�f X wF� �;PFR 
 ��° � /Q±�² ê�³�´=µ � þ�¶3þ PKS2155 �a��· ¸Q¹º Ó#»
¼�½ �8¾�T Ñ É I �;PSR 
 � ¾�TS�*¿�À3I+øQî�)ip�Û#^�Á�ô�û*� :;�HÂ ô,¹ varabs � :Q� Û �PFR 
 � �Q� :�� À D `Gû » ¼i½�Ã I%KFA L I @�A L À NQO Ñ Ã ê º øî;) p8�#?WÛ�^�Á�ô�¹��
Ü��F�3ÄQq d%Å (arf) Û_��¸ Ó xissimarfgen

Â º ÷]Æ þ � Û�Ç º*È À SWG ��ç�À�Éi��ú.ã(¹ º Ó
HXD Ê p_+ �;Ë�Ì ��Í þ*� Â ô,¹�Î	Ü�ÏFÐ;Ñ,Ò%ÓS��Ô�Õi/ ∼3’ Ç�� arf ì  � �SÖ Ç º û » VQ�
û;¸�I varabs � :�� ���=×%� þ ) Ã Y%Z Â [ Z Ö ì	í þ �=×%� þ ) Â ôØI=V�Ù�ñ�Ú=��Û Z À�5 º
¹ Ã 0 ÀQÜ#ÝUô û »
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¬ 2.20: XIS0 I 1 I 2 I 3 Ï������a{�|�� Y�Z ��u%v n
���*���Qt ( ���
	��� � ) þ (2006) [28])

»
XIS0 I 1 I

2 I 3 ÏF{8|=� Y�Z ��u(v n / 2005/08/13 � �,@�A Â
B�À C�D ô�¹ º Ñ;�;/�w � Ñ »

¬ 2.21: XIS1 Ï�� Y(Z �3u(v n ��× :�� � ����� ìF � � »
{�|=� Y(Z �#u�v n /���Ð�õJI�����{3|i�H�6Ú l ÀQ�Q� ö ¹� ú+õ ê<ö ¹ º Ñ »

¬ 2.22: XIS0 I 1 I 2 I 3 Ï%� Y�Z Â [ Z ��u�v n ��� [28]
» [Z ��uQv n À ª ô_¹ Ã I Y%Z ��u�v n � 1/6 «���û Ã 1/10 «Â � :;� tYú3Ù(¹ º Ñ »
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�
3 � � � � � � � � 	 1 
 PG1211+143

�� Ï Ã I������� ���i þ 
 1 �� PG1211+143 ���������8I����SÀ � º ¹�� X �Q7 9�!�"
�$#%SÀ*5 º ¹'&)(�Ñ »

3.1 PG1211+143 *,+.-
PG1211+143

Ã
Schmidt & Green [1] � PG

R�/%þ'0<þ�1 ) ��2 À$3465�Ù�¹ º Ñ ³(´ Ï*I�7
��8:9 z=0.0809(Marziani et al.[29]) Ï);�Ñ »=< g L> ?

Big Blue Bump @ R/BA 0CA ( ¬ 3.1 I
Czerny et al. [31]) Ï;aG IED X ��ÏGF6H$I(Ñ º$J�K ����LNM,OQPQÏR;(Ñ »�o M ³Q´ Ã Bechtold et

al. [30] À)S*Ñ Einstein T ¢ M'U�V)WYX[ZBD]\G�   � ^ 2keV _�¦RM`(�ÐBa �bc À��R((¹ Z 2keV_�d:M$D]\$��egfYhiM��%×Nj k'lRm   �on�¹ º Ñqp Âsr m�;�Ð)XtW�À)53Ù�u » p`M ³(´ Ã ��R��v���w Aox 1 ���SÀ�H c=y 5�Ù Z:z�M X � ¯�{ Ã Z 2keV _(¦�Ï=|`}�m�~iÏ�Z���n º X �:�`���K Ö��q� Z Â º)� uG�����Rv���w A,x 1 �R�SÀ$���C� >���aÖ�� P » 5qX3ÀGZ Reeves et al.[49]

ÀqS � ¹�� � M Fe Kα ���m`�qPW � ¹ º Ñ »
Kaspi et al. [39] ÀS8Ñ Reverberation Mapping U V�Ï�Zt�s��M���× j�k�� AE� � � m 4×107M�(M�Ã��q�B�R�

)
Â�� Ý653Ù���,��Z����� (1045 erg s−1) m�  � f x f'¡�¢¤£G¥N¦`§¨ª©�«R¬6X]Ù�¦ ÑG

®
3.1: ¯ � −X �NM SED  © m PG1211+143(Czerny et al. [31]) 
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3.2 X � �������	�
Saxton et al. [32] £qS�
 EXSOSAT T�o© ?���� mB@ET�NM`  A�� M����N£�S � �`Z`(���m 2.1©i~ > power law

b�c £�M�
'�:¦$D X �¤M��� bRc ( D X ����� ) m����q5! )u�#"=u�Z Yaqoob

et al. [53] £qS$
�; � W`T��¤M&%$'RURV)( Z��R�CM'UVª©+*:(:� Z 2−10 keV M:��,Nj�k`l�m���wk �=A 3 (�� K n���¦-
=MR£/.�n Z 0.1−2.0 keV M��0,Nj�k'lRm���w`k �BA 16 (`� K n��¦)
�p©�m c W � u (
®

3.2) 

®
3.2: Yaqoob et al.[53] £CS�
R; � W=T1�6M`U:V !�" © Einstein T1� M U:V#()Ml12 k x �M3*4qB�R�¤M$UVª©5*�(:� Z 2−10 keV M:��,Nj k'lRm)�Nw�k �BA 3 (`� K n��R¦)
=M�£/.�n Z

0.1−2.0 keV M���,Nj�k`l�m��)w k �BA 16 (�� K n��¦)
G
¥�6NM XMM-Newton T$��M�U=V�('Z Pounds et al.[46] Z Pounds & Page [54] £�S � � Ne Z Mg Z

Si Z S Z Fe M�7/8�� (
®

3.3) W6X Z39�¦ ( : 25000 km s−1) M�;-< x �= A M/>@?�m��:PW � u�0"u�Z z=0.0809 M3A0B�C�D�E¤M=��F ��G�A ( 7.6 keV M/H1I�89,n'u��:¦17�8��NmB�)P�W � u (
®

3.4) )HRn�Z)p'M$738=��J 25 K3L$M ( N�O$P ) n�u Fe M Lymanα Q0R (6.97 keV) ©TS/Ugn�u!V0W�Z
738�RNM0;)< x+X = A�Y/Z £E�09CM ∼9% ©t¦\[`p�©G£ > 
'�]�^�qm&_�¦ (5 × 1023 cm−2) p:©©`9R�qm3a\�G¦Np�©tWYX Z ∼ 3M� year−1 M�b�W-(1;-< xcX = A nt�¦�
:p:©�m3degfT h
$)pT Y Z k0i Akj�A M�lm�3nN£/omp � 
'gn�W nsZ Kaspi & Behar [40]

Y Zq7k8�RCM3r¤£�7&8s\Jkt  � £/uC¬��);h< xvX = A M39��wJTe�x�u ©=p@y$Z�: 3000 km s−1 (�;-
N©+z�{�n�u  p`Mkz0{£�.on�Z Pounds & Page [54]
Y Z Ne Z Mg Z S Z S M�7k8�RmJ!���)n Z�z� gX�M7k8�R)WYX�;-< xX = A M�9�qm ∼0.13−0.15c (R;�
�© Pounds et al. M�|�}�J�~0�#�=u`�"Bu$Z Pounds & Reeves

[48]
Y Z XMM-Newton T�]M 2001 6,© 2004 6CM�l�2Nk xQ� M$���)W6X[Z 0.7 keV _���M=l2CkxQ� £!�0��J!�q�¤n��R¦-
T_0L�Mon$u/8�Rqm ���onGuNH'M��]©t«R¬`ZL�M n'u warm absorber ©

_�L�M,n$u�7k8¨¤M/r]£���ICM�7&8�¨�W6X�M3��� { J`«&�on'u��,n�¦l�2Nk x � M$t  � J`«k�nGu Yn�W]n ZYp� gX�M�|0}o©+���]£`P:¦�� Y3� {NM�� ��(���
$
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®
3.3: PG1211+143 MBl$2�k x�� © t�  � M3* (Pounds & Page [54])  1-10 keV J power law (X � j x n'u ©�� M PG1211+143 M�l2¤k x � © t  � M&*�J 1-9 keV £ � a n'u �����( � n�¦)
�©=p�y�£$7&8R�m`��¬�
'

®
3.4: 1−10 keV M PG1211+143 MBl@2�k xQ� © t�  � M/* (Pounds et al.[46])  ∼6.0 keV £ Fe

Kα Z ∼7 keV _��:£7k8���	�m �)¬-
$

 I�Z 150 ksec M ChandraLETG U�V)(BZ Reeves et al. [50] £NS � � 99.9% _)�:M����)(BZ

2 P)M��1I����ªn�u07�81R (z=0.0809 M/A1B�E1C1D]M��-F ��G�� (=Z 4.56 keV © 5.33 keV) m��
��f� �u (

®
3.5) �� � ©��qX=nE¦0S3Uª©=n��BZ 6.7 keV M����k<��&P�� Fe Kα Q1RqWBZ�N�O�P �

6.97 keV � Fe Kα Q1RCm�!#" X  �
' Reeves et al.
Y N1O1P$� Fe Kα ©�S�U,n$�=Z%��I����&�

9�wJTeqx:u`Nz� ('� 0.40c © 0.26c(c
Y �09 ) ©*) � ZYp)[=n'u�9�� Y Z + �%,�- (�.�n0/�1

rg = GM
c2

(G
Y .-nU�243 M

Y �R� 3 c
Y ��9 ) � 6 5)_:d-"@(�6�7$8�9�m�:�;���¦ =<>3C��,)jk$� ��� ¥�? �@.�n���I�����(�A(B=m0CEDF3-"=u Y 3=G�HEe �4I G � xJ,>- £>KR¦���3 6 5L��G�He �MI G � x /�1 �¤©Bp�yB£ ∼0.38c (��0,�j�k$� ��� £�N�OQPLR>S � m1�� M<T31SkPN£TALBBm%C

D`©+|�{=U��u�
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®
3.5: 4−6 keV � PG1211+143 � l$2�k x��  z=0.0809 ��AB�CD�E�( ∼4.5 keV 3 ∼5.3 keV £

738�RqmB�q¬)
G
p-[ nGuTS � Y 3¦����)
��0i[j x�� ;�< xcX = � £	� ��
���(�T�$(>3k_�9#;)<�� X = � � 
��� �1,������ � � �T.�n�������G�� ��� �"!  �  M) � � �L���]©+�0�\f� ���¦)
$$#��3�0�Y 3���I����ª© H1I����&%'� Fe K 7&8R � �0I�q¬�¦)
�#q©3J�A(B(%���¦�
'
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�
4 � ��� � � � � 	 
 � �  � � � � � �

����� Y 3���Q�R���� X�� � � 1 �! PG1211+143 �#"%$�D'&)(%*�+-,/.10��32d5476 �98 �: ��G<; �T�>=)?@*�C:¦)ACBEDF,3G
4.1 HJILKNMFOQPSRUTWVYX

PG1211+143 ZT3�"%$&D SWG(Science Working Group)
80�#[ � �\*/]1^`_ba�3 2005 c 11 d

24−27 e/*7.-0@_fa��bG XIS �hg-i1j�kmlnZ Normal Mode
� 3 Window o9p�G1; �qZboEr>* % 3 Edit

Mode Z 3×3 3 5×5 jsktl ��u ,bG �1��� �sv��#wyx{z1Z HXD |/})~F*3�����sA¦9, (HXD �9��-� xEz ) Gf.�0)�)�{| 2000 c!��������Z/�)� / �)� � (R.A.,Dec) = (12h14m17.7s,+14◦03′12.6”)�su���� .10!���{�9�1Z ∼230 ksec
�su ,3G�� 4.1 *3.10%*-��¦!As|��)�`���%4h��,3G

� 4.1: PG1211+143 |�.10{6Ek 8.10 ID 700009010.�0!�s� PG1211+143�@ 3¡
XIS
�

HXD-PIN¢ �F£/¤¥vE£#wqx�z HXD �E� �)� x�z69k 8 jEkWl Normal Mode
�

Window o�p�¦<;C£§o¥r � 3×3
�

5×5 jsk¨l©3ª ��� (R.A.,Dec) = (12h14m17.7s,+14◦03′12.6”).�0!«F� 2005/11/24−27.!0��!����� ∼230 ksec

SWG
8 k [¬%® 4�¯bA>.!0�_/a�°b±F²@³�´!Z �

1. PG1211+143 *Cµ�¶�,q·1¸�¹¥| Fe K ºC»)¼)½%|�¾1¿<��À@ÁyÂE*-"�,�G{Ã!|1°��E* � }�¸F|
10%
�>ÄsÅ1Æ�Ç ¯�°1º>»1È�#À�É%* �@  ¯ � }1¸@Ê�Ë ® r�Ì�k�|�Í�Î�hÉ�Â���,�GÏ_{Á3* �� ÅsÆsÇ ¯�°�ºC»�È�Ð �Ï s �Ñ a�Ò �@Ó�Ô ¬CÕCÖ k � *�×sØ¥Ð#Ù<Ú3ÛFÜ�Ý1Þ`�)ÀÁqÂ�* �ß ,3G

2. à��1áF´!² Fe K âsÈ¥|)�s�>ã1iÏ�q01ä{"¥,{å94 �-�@Ó1Ô ¬CÕ>Ö k ��æ1ç 47è#é@ê3ë¥|�ìhí| : � � � ÕCî �qï<,�Gðs¯ � �9�<4òñ@*�� Å1Æ�Ç ¯�° Fe ºC»!ÈF|3¸s¹�ÐCósôm¯bA�õ9°)²Á ��Ó!Ô ¬�Õ>Ö k � *bÙFÚ/Û�Ü�×1ØF*{+ �nöø÷ °�º�»!È ��u ,�4qõ<ùûú@�yü)ý�"�,qþ!ÿt4h²,{å94qÐ � ß ,�G
3. HXD | PIN

�% 3¡ ���{õ)A � PG1211+143 | 0.2−30 keV | X È î��¥Õm® � *����{���E¶,�G#¾@*	�1��
1�%|CD ß *�m¯3õ����{����¶s,EåE4 �#� à1��á¥´�*��Ð��-° Fe K â1È54��� ²1ºC»)È%|#j16 ��� *-µ{¶s,	�)ä��Ï�����{"�,�G
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4. ����� ��� k��%| �< 	��
 ÐC·�õ��������� CCD | XIS1
�

PG1211+143 | 0.2 keV � �|�.!0Ï�	��õ ��� õ�� X È�����	�9D�,3G%åba{*�+ ��� èCé@ê/ë%|#j)6 � *	���E���E¶ � C

VI � � |������ ��� k � |bâsÈ � º�»1¼)½@|����{Ð �sDøÁ�aF,3G�Eu ,�G"!�#�| ��$%Z XIS |-6{k 8 |"%����{õs°CG
4.2

&('*) +-,/./0 132
� ��$�Z#"¥$54 SWG r � k î¨® î ¤ ¬ p"6)�5l [35] *87:9�õ�A���$<�	� �>°�G ��$ � Z � XIS|>6�k 8 p)Ì�� ¬ ¦E£>w>|<;�=�>{;y£ 0.7 6sk 8 �@? �Ï¯/°�G>rCv � 8 Ð�Â�¶¥Áûas° cleanedv eventÂÁ���$�BA¥��°DC
E w<Fyk¨l 0,2,3,4,6 |HGDI£ ® |"%��B?¨ùJC
E rK; ¬�L ;-£-wNM ÕPO � ��Q ¬ l@R ÔPS Z TEkNU>Â`ÁBV�Wø¯�°PC
ENX |�Y�Z{Â�Á\[%|�Y�Z^]{| ¢ GF£/¤¥v{£-w1�8�Wùy�s��_FZ TEkNU>ÂÁ	V�W�_/a5`�C
E SAA(South Atlantic Anomaly) acb9Ò#a5` �FÓ9Ô > ��d�e |�fHg�hHi¥Ð�jEõ�ks��l9Z �"mn È�o"p�ÐPq�r�s8��õ�·1¹@��l�tHu�v�wxah²:`�CFå�|8k��:l9Z � ¤yF	z ® ;hk#ÐP{^|:}���G¦K~�£-�	�`å�¯8�@¯>�Fùq°�� � XIS |c�H�<�B� ����õ^`�C<� ���Få�|������������`C����_|"T9k:U-Z��Eõ�²!õ"C
E �<�54J�H���P��e�scfHg� 15

æ ��`)°�� �1�% �¡ ÐPf�g`�8�:��õ�`-����_�Ð u `�CÏå>|����_���Y�Z�Ð�f�gF|H��s"�"���<¯>�%ù/°)� � TEkNU"s���? ��¯b²1õDC
� d |Er1v � UCÂÁ��tÁ@�E°�;�= >K~C£ 0.7 � �^� |9r1v � U�����õ�� î�Õ ;yk��%£�wE¯�°�C
E �H$�sCµsõ���� � �"�F|��"��Ð{� ���)ä�¯	��õ!²)õ!����_�Ð�TskNU s��F�����1õ�°!°��sÃ)|�9��_��DT{k^UCÂÁ	V ß � ÃP� � WF|��s��_Ï� �{õs°PC
T{k^U<;c� Õ ¦-~C£-�	� �C°� �|�� ��¡�¢ �s��� 101 ksec l u �-°PC

4.3 XIS £¥¤ 2 ¦�§©¨ £«ª ¬®�¯/° 2 ¯ §©¨ £«ªî �<ÕW® � �^$xs�� ��¡^¢²± �%°PY^ZK³ î �<ÕW® � T�k�U#ÂøÁ�´ Ñ ³�µN� î��<Õ5® � ��¶�·
��`)°1�N³P¸H¹���¨ù�ºH»¥Ð:¼:`�CåP³�¸H¹xsH� � RMF(redistribution matrix file) ½�¾�G ¿²a
ARF(auxiliary response file) ½�¾8G"¿%�	��õ�� �Wù\C RMF ½�¾�GD¿²a�� �< �¡ d l^³�u�� X È
³�À1·�ÁÂa�u�� X È�³"���D¿ � kH³�ãHÃ ( Ä^G%£ )

�HÅ�Æ��@ 3¡ ³"��� ¿ � k3���NwF�BÇt¯�°^½�¾
G�¿^l�¼�`cCs��° ARF ½^¾BGP¿Èa8� ��É�ÊHË ³c� � HÌ�Í �F 8��
 ²KÎÐÏ�u�� X È�³D����¿ � k
Í u���Ñ�ÒNs�Ó�Í���` �H
 ��ÇW¯�°^½�¾cGD¿^lN¼N`�C^��²�Ô�Ú�Ï X ÈHµH����Â`Ác³�µ�� î��%Õm®
¿F� S(E) a@��`�aÕÏ��5ÁÕ�5`�T{k^U"³ î �¥Õø® ¿ S’(E’) �

S′(E′) =

∫

S(E)R(E,E ′)dE (3.1)

aÐÖ:�<å^aqÐ�l ß `�C<å�åcl R(E,E’) � RMF a ARF �c�{�9°�×�Ø�ÙcÚ�lN¼�`�C
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!�#�³ �H$:l RMF ½N¾	GD¿N���<Ú d�� ÂÁB³�µH�)È�����s��D` CCD ³ ���P¿ � k	� �Nw^³	
�������� ���P¿ � k	��¹ � � ������
 ��� ½:¾cGD¿ ������� C ARF ½:¾8G ¿:� SWG ����s��� ± ��� � �PÏ HXD  �!#"�¿DÑ�Ò�l%$�k'&xa � ��(*)Dl,+D`8����³	-�.�/ ∼3’
� ³�½N¾	GP¿ � ?�0��� C"Ö 4.2 s ����� ½�¾�GP¿ �21 ��C

Ö 4.2: 354�s �6��� Tsk�U Å�Æ RMF Ï ARF ½�¾@GD¿�C * � 0 Ï 1 Ï 2 Ï 3
� ÖN��C

½�¾�GP¿�7
ae20051124 1725 0953 xis* 3x3n000 cl.evt.gz

ae20051124 1725 0953 xis* 5x5n000 cl.evt.gzT{k^U
ae20051126 0953 0809 xis* 3x3n000 cl.evt.gz

ae20051126 0953 0809 xis* 5x5n000 cl.evt.gz

RMF ½�¾�GP¿ ae xi* 0511v07 20060801.rmf

ARF ½�¾�GP¿ ae xi* hxdnom4 20060415.arf

4.4
8:9 ; § ¦%<>=@?

A,B ³C3�4�l NASA ³ HEASARC(High Energy Astrophysics Science Archive ResearchCen-

ter)1 DFEHG�I ± �N� � `J$"½LKNM'O'P�QFRNS{k�T HEAsoft v.6.1
���J�6� C'3�4U$"½UKÕ� ¡�¢

T9k:UD³�G^z�k�T Å�Æ�V GLK L k�WÐÏ�&�X,YZK ¿:³	([) �2\^]`_ xselect v.2. 4 a Ï�b^z�k�T�3�4 �\^] _
ximage v.4.4 a Ï�c�d�e�f�3�4 �N\L] _ xronos(lcurve) v.5.21(v.1.0) a Ï6&5X%YFK ¿g3�4 �N\]`_

xspec v.12.3. 0 a Ï FITS b�h�k�T�³�iJj*$P½�K _ ds9 a�kxÎc³	l�m,n'k*$D½�KoMpO'P ���6�5q\�rg��s

1http://heasarc.gsfc.nasa.gov/docs/software/lheasoft/
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�
5 � XIS � � � � �

�	��
�
PG1211+143 � XIS �sk��o354���������� �'q�������s! " 
�#�$�%'&��)( q 90% �*,+.- d 
�/ ��s!0��2143652798 �	:<;�=%/ / � 1.825−1.843 keV(500−504 ch)

�?> �Jk��@J/\A,B�q�� k ���"C 3�4 DZEED�F ����s
5.1 GIHKJMLN

5.1 � XIS0
1

1
1

2
1

3
( q�O �#� b�h>k�T � #$ s N,P � A /�Q'RTS'U 
�/ � PG1211+143


 1
HXD  �! "�V�WX 
 Q<R.Y B��g�?C)Z�[ P]\ D[E_^ B��E`<a � / �Ns B

�
SDSS J121356.19+140431.3b � ]

z=0.154 �cS�U 
,/ �	s�d	e ��3�4�� ���9� PG1211+143 � $�kg&?f�g � -�. 3’ ��f'g �h�i�j s6 ��f"g.� � 1 PG1211+143
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Y 5.23
U"� � B T�Q.S B�B�� z ` k b n D�� � T�:K^���1�� l ��P Vk�(_ 0.85−1.15 keV
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\$!"# � �S^ �q�	��K� m n
A o!k pk� l q
TSY 5.23

l
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\$!�# � ��5 �S^ ��Q�S5pKz���^a�"1�� B�� ^ W %k�(_�Y 5.24− Y 5.27
U"� � BOB -�����-
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2−8 keV T 0.85−1.15 keV
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σAσB
(3.2)

B | ? %k��_ r z �� ! V10 � ! V l�2 � � 	 5 N k�3 � z��-^��T�:&^�� � � _�4 ^�5 T N k
3 �&� 70

l B
� T 1%
l6"7�8-. q�9': ? %;0 � ! B �.� 2 � � r=0.3 q�T r < 0.3 q�	 % 5 T �! � ? 	 z 6"7 B ���(_ - l H�I�q�<�1�d N k=3 l �&� 69 q
T_Y 5.28

l � !# �k�
r=0.61 TSY

5.29
l� ! # �&�

r=0.67 q�	�^�d l q�T - l3/"0 V$W � ! � ? 	 z 6'7 q�	 ��- B��P Vk^�d_>.w V0W T tK~ � F� k F l� !"!# U�? ]kq ��@ � FBA d_&i l/�0 U Y 5.28 T Y 5.29 z�v
}_ t�~ � F(� k F l !�# zC + � � ! � 	�� B T ? ] y = x z N k�3ED � l ��_�Y 5.28 TOY 5.29U[� � B y = x

l ? ]X�<5 �GF � �;H'I�J � ? ]Ez N kK3�D � l ^��"1�� l q�TML.� � ����z�X
%�� ��m/n
A o�k��$�<5 � ? m/n
A o�k�� l���	 � � ��� �k^��"1 ��B � ^ WB%&�(_
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l tE~ � F�� k F l !�# _ � !�# �

r=0.61 _��>] �;N D F ��@ � F ? ]�T(O>] ��N
D F �'@ � F ? ] l;P � l�QSR T-D] � ? ]
y = x

U |�}_
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r=0.67 _��O]�T�OO]�T�DO] � Y 5.28
B�� � q
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5.3.3 Fractional variability amplitudes

D>E D0F A M>N A z(T�U�V"W/z"T PG1211+143
l D�E D0F A O-P U Y 5 Pk\ �EX-Y B;A ��T m	nA o)k(ZEz Fractional Variability amplitudes(

>�[ T Fvar

BB\-] _ )
U F��k� _<- % � T Variation
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Fucntion(Ogawara et al. [45]) z�� A 1�_ Fvar

�

Fvar =

√

S2− < σ2
err >

< X >2
(3.3)

-,-(q�T S2=
N k=3 P', T < X >= ��� l N k 3 l ����� B )�� ? %K� (Edelson et al. [38]) _
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Y 5.30: XIS0 T 1 T 2 T 3 q l�m n�A o)k B Fvar
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Fvar

l �Kz 5 W X �(� 	/� � � � ��k	S�q + � � � F � z��&^a� � 1��"1�d-����� P � B�� ^
W %K� _�� ^��
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5.3.4 Excess variance
��s,�� k � 1 ����� l X ] �
	 T�U l�%"& B�A � 2−10 keV

l
Excess variance

� <�1 W7%�� _�
	 T	U U���� l ��� B ���k��d��.z�T Excess variance
U &+��dR_

Excess variance
�

σ2
XS = S2− < σ2

err > (3.5)

B )��@? %�T�� 3.3
B ���&� B T 2 � A � < X >2

U V \ d�� \ � l q
T m�n
A o�k Z l��
	 T
U U |�} Fvar

B 7���� � B�� ��T�:GW���1-_�)�� l���� q � T ��� l ��� /"0 B ���k}���d"� t~ �� � k � l ���"� l 2 ��q� �!�� A d Excess variance(
>=[ T σ2

NXS

B�\�] _ )

σ2
NXS =

S2− < σ2
err >

< X >2
(3.6)

U <�1O��T 0.5−10 keV
l

σ2
NXS

U i % j % 128 �X����� B ��T 256 �L�,��� B ��T 512 �G�,�
� B ��q�&��d�_ > *�T Excess variance

� tK~ � � � k�� l ����� l 2 �Kq� "!,� A d Excess

variance
B }k�(_�| 5.2 z"&+��d σ2

NXS

U v�}R_

| 5.2: 128 T 256 T 512 �"� q l Excess variance _
��� � 128 256 512

σ2
NXS(×10−2) 2.4±0.2 2.3±0.2 2.3±0.2

Leighly et al. [42] z$#�% ? %���1�� 128 �L����� B �	q�&M��d σ2
NXS

l ��)M* 2−10 keV
l �	 B

128 �L�,��� B �	q
&M��d σ2
NXS

l ! # U )&� l��'� q�( WA%Sd /,0 B ��� A d�_�� 	 � |
5.4 qRv A d� U <�1�dR_��)� A d /"0 U | 5.3 z�v�}_
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| 5.3: Leighly et al. [42]
l ���&q
&M�d Excess variance

B ) � l �,�&q�&
�3d Excess variance

l ����_ 128 �=�,� � B ��q
&��d�_.-,-5q�1$� Excess

variance
� t�~ � � � k � l �R��� l 2 �.q  �!�� A d Excess variance

U % }_
Leighly et al.

l3/"0 ) � l/�0
σ2

NXS(×10−2) 1.3±0.3 2.3±0.2

| 5.3
U � � B T Leighly et al.

l �$� /�0 B ���O�
) � l �$��q$(=W7%3d σ2
NXS

� � � 1�- B �� V���_�X �65 T ��� l PG1211+143
l��
	 T�U B �O����T�) �>�$� ? %�d PG1211+143

l���	
T	U ��� A 1�- B U | A �,1.�5_

5.4 ����� 	�
���
PG1211+143 z�� X ]�� � � 	�� V�����V U F�� ��d1� T 2−10 keV z���1�� const×powerlaw×phabs

q ��@7� � A T 0.2 keV ��q���� A d_ -"- q l��@� ��� r ~ � b � Lockman Hole � l�� � ���r ~ ��b���� U < 1�d�_�i�% j % l M�N A�l� �! U >�[ z�v�}_
" powerlaw:2 keV

>	w	l M>N A _�� � ! � q xkr�# k�3 � � � ( �>� % � ) Γ
B  )!$� xkr�# k

3 l 2 X	q�	 �5_
" phabs: �'�'�$�(q l Z�\ U ��% A d_��'&.Z�\ l M�N A q xKr(# kK3�z ��8')kl�*�+�	 NH� 	 ��,
" const(constant):BI(XIS1)

B
FI(XIS0+XIS2+XIS3)

l �.- �;@7� � U0/ �Id��	z M�N A z�1^ d�, M�N A�l32 k547698sk3:<;3�z � � �"3-k U�=?> �@, xKr'# k�3 �,� � �'3-k'A�BAC q,	.�@,
phabs A NH

U
2.74×1020 cm−2

B"A �(D ) A dE,�Y 5.32 z PG1211+143 A�D>E � � A BGM�NA���@B� �FA�� U |k}�,

1 100.5 2 5

0
2

4
6

ra
tio

Energy (keV)

data/model

XIS0+XIS2+XIS3

XIS1

Y 5.32: PG1211+143 A>DOE�� � A B MON A6��@ � �
A��(,

Y 5.32
=<G

1 keV
>-[ z � 1H� X ]E� � � �O^ d5A(q�T M
N A U const×(diskbb×zphabs+powerlaw×zphabs)

×phabs×varabs z A �JI@K(�(� A ��d � Lockman Hole �.A �@� �'�(L ~ �5bM�'� U�N %BO�%
<�1�d - A + ��� -3P�Q AR��� D�E	� � A U �)� A dE,ER d3S@1 ^$G %d MON A A  '! U >=[ STVU ,
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" diskbb( H>J�� K�L���� ): ���
	����k(� A�� X ]�� � U ��%�A d�,���� I�� =$G A �
��� �
A���� ��� U ��% A d K�L��
� M�N � Q�� L # k=3������ I��BA�� � �E�BA���� Tin  2 k4 698Ek(:$;&��A 2 X�	"!�,

" zphabs:PG1211+143 A �)�SZ�\ U ��% A d�, phabs A$# � /�% U ��% A d�&�'�� Q�� L # k
3�� 8() A *�+ � NH  # � /
% z (,	)!@,

" varabs: �*�+	��,!k�� A XIS A.-��-3./10 �  A�2 C  O 3�4 % A�5 , ( -)6�3�/�A  �!
S�7�1 2 � 2.5.5 893�:�; , ) < )�=�> 3@?�A  A�5CB &*D�E.&�'�� Q�F�� L # k=3.S�� H

F
He
F

C
F

O G9H�A�I
< ) A *'+ ��(+J+!�,
K �(A �'� Q�� L # k�3��C��� Tin

F�LNM
Γ
F

zphabs A NH

F
C  O A *�+ �O3�P<67k � L # k

3  AC5 ,*Q 5�F phabs A NH = 2.74 × 1020 cm−2
F # � /�% z=0.0809

F
C  O

> �BA *�+ �O3
0  A�2 D�R AC5 ,

5.4.1 SUT9V,WYX[Z]\^
5.8
F ^

5.9 A [ A � 	��,3@_U!  F 0.85−1.15 keV
F

6.5−8.0 keV S�D�E�`�a F 5.5−6.5 keV Sb
c `�a,(�_*d 2"e !�, (
b"c F D�E
`�a S�7 e�2 A  '! G ��� � 5.4.3 8 F 5.4.5 893�:
;?, )^

5.8
= G F

2−10 keV A)P�L*f$��g�h,i B �O3 N�j O j�k,l 5 , B �93 k,l !�S�J 5+m�2 A�no � L #�p.q ��r�s<A�t�u  wv�x U ! 5 l # ��y % z=0.0809
F)z f�{���R
| H0 = 70.0

F
}�~+�
L�� p+q q0 = 0

F n o R�| Λ = 0.73  �� 5 ,�� 5.4 S N A��
��3 T U��

� 5.4: 2−10 keV A
P�L"f$��g�h.i B � � n o � L�� p"q ��# ��y % z=0.0809
F

z f�{���R�| H0 = 70.0
F�}�~+� L
� p)q q0 = 0

F n o R�| Λ = 0.73  �� 5 �
F2−10 keV

B �
(erg cm−2 s−1) (erg s−1)

2−10 keV 3.6×10−12 5.8×1043

5.4.2 VUWYX[Z�\.���^
5.33
F ^

5.35 �)�
� S z p�� 	�g v S�A��
(��
� j 2�e !C� P$� 3 A,B  �� 2
������F�� j"�$j����� ��� g� )�O¡¢�.3w£ > � 5 � g� )�O¡¢����&�'��)P�¤�f�¡ S@¥ e�5 &�'��
� const×(diskbb×zphabs

+powerlaw×zphabs)×phabs×varabs  
� 5 � A �.P
¤�f¦¡§���93 ^ 5.34
F ^

5.36 ��¨ F B 3 ^
5.34
F ^

5.36 �C© S TVU�� Q 5�F A
F

B
� j.��j ���"� �.� �"P�¤wfU¡ �,ª � p)q 3�� 5.5

F � 5.6

S TJU��
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^
5.33: 0.4−0.6 keV  2−8 keV ���+� � A

F
B � z p � 	�g v �z p�� 	�g v (�A"� m�2�e !���� � 3 � j.��j A
F

B  �� 2 ��� 5 �

^
5.34:

^
5.33 �
��� � A

F
B ��g� �� ¡�� � ( ¨ ) �*� � A

F
( © ) �.� � B

��� � � 	��*(
PG1211+143 ��g� U�Y¡ � F�� � � 	���� ∆χ2

� J)! �

� 5.5:
^

5.33 ���"� � A
F

B � �Nª � p)q ��Nª � p)q �"� � A �"� � B

F2−10 keV(10−12 erg cm−2 s−1) 3.6 3.6

NH(diskbb)(1020 cm−2) 0.9+0.6
−0.5 0

Tin (eV) 114+7
−6 120+2

−3

NH(powerlaw)(1020 cm−2) 9+8
−6 6+2

−3

Γ 1.75+0.06
−0.05 1.81±0.03
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^
5.35: 0.85−1.15 keV  2−8 keV ����� � A

F
B � z p � 	�g v �z p�� 	�g v (�A"� m�2�e !���� � 3 � j.��j A
F

B  �� 2 ��� 5 �

^
5.36: ��� � A

F
B ��g� U�Y¡ � � ( ¨ ) ��� � A

F
( © ) ��� � B

��� � � 	��"( PG1211+143

��g� N��¡ � F � � � 	��"( PG1211+143 ��g� U�Y¡ �  &�'��.� ��� 3�� U��

� 5.6:
^

5.35 ���+� � A
F

B � �¦ª � p.q ��Uª � p.q �+� � A �"� � B

F2−10 keV(10−12 erg cm−2s−1) 3.7 3.4

NH(diskbb)(1020 cm−2) 0.9±0.4 0

Tin (eV) 114+6
−5 120+4

−3

NH(powerlaw)(1020 cm−2) 8+7
−4 0

Γ 1.74+0.05
−0.04 1.84±0.03

^
5.33
F � 5.5 3$_¦!  F����"z p � 	�g v (�� e A ���"� � � �	��z p � 	�g v (�
 e B �

�
� � ��N��( 2−10 keV �"P ª f���g"��� M�� G)!����
G"��(���� � 2�e !���( ��� ! ��� j ���F �"�3S�� m�2 0.4−0.6 keV
F

2−8 keV ��g� U�Y¡ ����A)���@G e  4�d�� j ! �
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^
5.35
F � 5.6 3$_¦!  F�z p � 	�g v (	
 e A ����� � � ����z p � 	�g v (�� e B ������ � ����( L¦M ��� M � G m�2
e !���( ��� ! � P ª f���g+� � 3$_ j�� ��� !.�.�@S����*�"�

�	��
�� � �� 
¦�����( 2−8 keV �����*(�� � G m�2"e ! �
^

5.28
F ^

5.29 3 � j.��j"^ 5.37
F ^

5.39 ���+� S 
���	��� p��  ���
	��* p�� ������6¡�� p ¡ (��<S�� e  M ( ��� A)  ��� 
 e  M ( ��� B) � � � F ��� A
F

B ��� � 2 g� ,��¡�¦3�� � F g
 U� ¡ ��������3! 5 ��" c �!#"g ¡1P
¤�f¦¡%$ c F�& c � y = x ��$ c F�' c �
y = x �($ c 3 y )*�	+�, %�-/.10 5 $ c 3@�32 � ^ 5.37 �!4 e�2 ���"�U� ^ 5.38

F � 5.7
F ^

5.39 �54 e�2 �����N� ^ 5.40
F � 5.8 � � j*��j!6 2 �

^
5.37: ��� A

F
B � 0.4−0.6 keV �(�7�)6�¡5� p ¡  2−8 keV

�����"6O¡�� p ¡]��819 ��: � " c3; #"g ¡ P�¤wf¦¡<$ c F=& c>;
y = x ��$ c F�' c3; y = x ��$ c 3 y )���+�,=? -@.A0 5 $ c 3
�B2 � 
�C�DFEHG p1�JILK C(D5E�G p1� �����
6�¡�� p ¡NM	�>� Ke I M I ��� 
 e I M 3 � j*��j ��� A

F
B
I � 2 � � 5 �

^
5.38:

^
5.37 ����� A,B ��g� U��¡OE � ( ¨ ) �=� A

F
( © ) ��� B

� � ��PBD5E(M PG1211+143

��g� N��¡QE F � �FP�D!E�M PG1211+143 ��g� U�Y¡RE IS=T E.� ��� 3���2 �
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� 5.7:
^

5.37 ����� A
F

B ��P ª � p+q �
P ª � p+q �(� A ��� B

F2−10 keV(10−12 erg cm−2 s−1) 3.1 4.3

Tin (eV) 126+9
−11 112+8

−6

NH(powerlaw)(1020 cm−2) 12+24
−10 6+12

−6

Γ 1.77+0.16
−0.08 1.76+0.09

−0.08

^
5.39: ��� A

F
B � 0.85−1.15 keV �=�3�
6�¡	� p ¡ I 2−8 keV

�����"6O¡�� p ¡]��819 ��: � " c3; #"g ¡ P�¤wf¦¡<$ c F=& c>;
y = x ��$ c F�' c3; y = x ��$ c 3 y )���+�,=? -@.A0 5 $ c 3
�B2 � 
�C�DFEHG p1�JILK C(D5E�G p1� �����
6�¡�� p ¡NM	�>� Ke I M I ��� 
 e I M 3 � j*��j ��� A

F
B
I � 2 � � 5 �

^
5.40:

^
5.39 � ��� A

F
B ��g� ���¡ E � ( ¨ ) �=� A

F
( © ) ��� B

� � ��P D	E�M PG1211+143

��g� N��¡QE F � �FP�D!E�M PG1211+143 ��g� U�Y¡RE IS=T E.� ��� 3���2 �
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� 5.8:
^

5.39 ����� A
F

B ��P ª � p+q �
P ª � p+q ��� A ��� B

F2−10 keV(10−12 erg cm−2 s−1) 2.7 4.2

NH(diskbb)(1020 cm−2) 1.1+0.9
−1.0 0.5+0.6

−0.5

Tin (eV) 116+19
−16 116+9

−8

NH(powerlaw)(1020 cm−2) 18+26
−18 7+8

−7

Γ 1.86+0.18
−0.16 1.76+0.06

−0.05

� 5.7
F � 5.8 3�_ � I F�LUM � �3;���� ������� � ��� � 2�e
5 � Q 5�F ^ 5.38

F ^
5.40 3�_� I 
3C�D!E3G p�� I K C�D5E>G p�� ���>�"6�¡F� p ¡ MF��� K e I M � �	� ����
 e I M ���

� M F 0.85−1.15 keV ��D�E
`�a3MU� � ; m�MU� I _.d 2
e � �

5.4.3 0.85−1.2 keV �
	�������������������^
5.41 �*�+�A� z p � D�g v (0.85−1.2 keV/0.4−0.5 keV) M�A�� ��� e � ��� ��� A,B,C

I �
� ��� �§FU� j*��j ���+� � �54 e � F 0.85−1.15 keV

�
zgauss(  "! ; 5.4.5

��#�$
)
� P
¤1f¦¡

��% � ^ 5.42
F � 5.9 ��P
¤1fO¡ ��� � 6 2 �

^
5.41: 0.4−0.5 keV

I
0.85−1.2 keV ���+� � A

F
B
F

C � z p �
D�g v � z p � D�g v M�A+� m � e � �
� ��� A

F
B
F

C
I ��� % �
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^
5.42:

^
5.41 ���"� � A

F
B
F

C ��g� U�Y¡QE � ( ¨ � ) �"� � A
F

( © � ) ��� � B
F

(
�

) �"��
C
� � �	P3D!E M PG1211+143 ��g� N� ¡NE F�� �	P3D!EBM PG1211+143 ��g
 U� ¡NE I ST E.� ��� � ��2 �

� 5.9:
^

5.41 ����� � A
F

B
F

C �	P ª � p)q �
P ª � p.q ��� � A �+� � B �"� � C

F2−10 keV(10−12 erg cm−2 s−1) 3.1 4.2 3.5

F0.4−0.6 keV(10−12 erg cm−2 s−1) 0.7 0.8 0.7

Tin (eV) 134+11
−8 126+5

−4 123+4
−3

Γ 1.69±0.07 1.68±0.03 1.82±0.03

Eabs (keV) 0.92+0.06
−0.10 0.97+0.03

−0.06 1.03+0.03
−0.07

σabs (keV) 0.15+0.06
−0.05 0.08+0.06

−0.04 0.09+0.06
−0.03

EWabs (eV) 92+51
−36 38+13

−12 28+12
−7

^
5.41
F � 5.9

� _ � I F
z p � D+g v M�� . � G � ��� j � D�E c �����	��M 28+12
−7 eV 


38+13
−12 eV 
 92+51

−36 eV
I�� m % � 2−10 keV ��P ª f���g � _ � I 
�����.� � M�� . e �.� � C

� �	� ����.� � M	� M�e ��� � B ���HM �>; ��� � � m � e � M�
 ���������+� � M���� e A

���"� � ; ��� � B 
 C ����� � � � ���
ª f���g ; � . � � m � e � � ����
 0.4−0.6 keV � �ª f���g � _ � I 
 A 
 B 
 C ���"� ��� � �>; ��������� � m � e � �(��� � 
 2−10 keV � �ª f���g ;	 ���+� �*� � 0.4−0.6 keV � �
ª f���gN� � ��� � � m � e � �
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5.4.4 4.56 keV � 5.33 keV �
	�� ���^
5.24 
 5.25 � z p � D�g v � ����� c M ; m � � _)d � �
� � M � e I	� � j � � � 
 z p��

D�g v M!+�
 �JI � ���"� ���� ��� � � 4.56 keV 
 5.33 keV � � ¤wf���¤���� � , m % � � ¤wf
��¤����@�
� � � 
���� c M�� ��� � � � m % � � 
���� c � �����+� ��� � ��� j���j�k*l % �� 5.10 ����� c ������.� ��� � � 6 2 �

�
5.43: 4.56 keV 
 5.33 keV( ���� "!$# ) � � ¤wf%�*¤&��� �

� 5.10: 4.56 keV 
 5.33 keV( �$�$ �!"# ) ����� c � ��� �"� �"� � � �"� �>;
90% ��'$( � � � 6 ��% �

C�D5E3G p (keV) 4.56 5.33

����� (eV) <22 <8

5.4.5 Fe-K �$) *� 7 keV +-, �
	 � ��� �������"� ��� �
�

5.26 
 � 5.27 �$��� � �/.=�=�+�
���F4 e � Fe-K � b�c 
 7 keV 0 � �1����`�a*� � ¤ f2��¤
��� � , m % � 0.2−10 keV ��g� U�Y¡RE���
 const×(diskbb×zphabs+powerlaw×zphabs)

×phabs×varabs � S�T E �%3 ¥ .�0 
 Fe-K � b"c � zgauss 
 7 keV 0 � �"���
`�a zgauss h,i
zedge � S=T E �%3 ¥ . 0 % ��4 S�T E��  ! � 0 � � 6 2 �
5 zgauss:

: � y ? ��6�7 � %%8 �:9 � b�c h.i���� c ��� ¤ f�¡R2 � % l ��;��)�1<���=�>:� �
P ª � p+q!; C�DFE�G p E 
&<3��=�>?��� � σ 
A@ p�BDCFE"p =HG�� 
 : � y ? z � 4 � �I � � ��� � ; 
 b�c �!C DFE�G p h,i"<3��=">:��� � ��� j*��j Eem 
 σem 
:��� c �!C
D�E>G p hUi$<>��=$>J��� � ��� j���j Eabs 
 σabs

I ��% �1K � 
 zgauss
S(T E � L ���c�S=T E"M IN�O � I �52 � �

5 zedge: ����P�`�aU� S=T E � P ª � p+qF; ����PN�5C(D	E�G p Eedge 
�Q�R 9TS . τ 
 : � y
? z � 3 � � I � �1K � 
 zedge

S=T E � L ���1P S=T E"M IN�O � I �52 � �
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�
5.44 h�iC� 5.11 � 7 keV 0 � �1����`�a � zgauss

��� ¤ f*¡ � % ��� � 
 � 5.45 h,i�� 5.12

� zedge
��� ¤1f¦¡ ��% ��� ��� j.��j56 2 � � 5.45

� � 
 b"c �=C DFE>G p M 6.47+0.71
−0.13 
?���c ��C�DFEHG p M 7.5+0.7

−0.8 keV
I � � 
 6.47+0.71

−0.13 keV �!C(DFEHG p=; 6.4 keV � Fe Kα
b�c I � �

� � ��� � � ��2 � � ����
�� 5.12
� ����1P¦�!C DFE3G p M 6.88+0.20

−0.12

I � m % �

10−4

10−3

0.01

no
rm
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 c
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1  
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V
−

1

data and folded model

XIS1

XIS0+XIS2+XIS3

gaussian

105
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∆S
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�
5.44: 7 keV 0 � ������`�a � ��� c3S(T E ��� ¤�f¦¡ � %���� ��g
 ¦� ¡

E � 0.2−10 keV ��g� N��¡QE.����� 4−10 keV ��g� ,� ¡OE � � 6 ��% �

� 5.11: 7 keV 0 � �$���
`�a � ��� cHS�T E ��� ¤1f¦¡ ��%���� � � ¤ f%�*¤
����P ª � p)q �

P ª � p+q
Γ 1.80+0.03

−0.04

Eem (keV) 6.47+0.71
−0.13

σem(keV) 0.32+0.53
−0.13

EWem (eV) 294+103
−83

Eabs (keV) 7.5+0.7
−0.8

σabs (keV) 0.7+0.5
−0.4

EWabs (eV) 348+215
−177
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�
5.45: 7 keV 0 � ������`�a � ���"P S(T E ��� ¤�f¦¡ � %���� ��g
 ¦� ¡

E � 0.2−10 keV ��g� N��¡QE.����� 4−10 keV ��g� ,� ¡OE � � 6 ��% �

� 5.12: 7 keV 0 � �$���
`�a � ����P S�T E ��� ¤1f¦¡ ��%���� � � ¤ f%�*¤
����P ª � p)q �

P ª � p.q
Γ 1.75±0.02

Eem (keV) 6.5+0.8
−0.2

σem (keV) 0.56+0.69
−0.16

EWem (eV) 348+453
−158

Eedge (keV) 6.88+0.20
−0.12

τ 0.34+0.24
−0.17

5.4.6 ��������� Ne � Mg � Si � S � Fe �
	�� 
Pounds & Page [54]

� �3� . j % 

	�� � % Ne 
 Mg 
 Si 
 S ��� � c � � e � 
 K� �1��� ���
�3� . j � � ��� ��% � .��=�)�
� � � 1−10 keV ���
��� � � const×zphabs×powerlaw×phabs� 3 ¥ .�0 
 Ne 
 Mg 
 Si 
 S 
 Fe ����� c M1��� . j % C�D�E7G p �"��� c>S(T E �T3 ¥ .�0
% � P ª � p�q�; z=0.0809 
 NH(phabs)=0.0274 ����� � 
 Pounds & Page

� ;
Ne 
 Mg 
 Si 


S ��� σ
�

10 eV
�

100eV ����� ��� e % � � 
 K� � ���*� � % � � j 0��O�5P ª � p*q�;� CCp P ª � p*q�I � % ����� ��� � . j � � m % ��� c �	� ��� ; 
���� �*� ��� � � k¦l
% � �)� � 0 � ��� 6.5 ���32 (z=0.0809 ��� p g*�����&!�#? � � 2 )

�� % 
 � 5.46 � K ��� . j % ��� c ��g
 U��¡NE � ¤�fO¡]���"� � 6 2 � Ne � 8 � � ; 
 0.2−10 �!���"� � �
const×(zhabs×diskbb+zphabs×powerlaw×phabs

��� ¤�fO¡ � 
 Ne �$��� c �$��� cHS(T E �3 ¥ ��% � ∼0.7 keV � � ���
#�$HM&%(' � M Pounds et al. 
 Pounds & Page
� �7� . j % 1 keV

0 � �����
) I K* ����� � v�x 2 � % l 
 � ¤,+%�*¤&��� ; ,"� � � m % � % 
 Pounds et al. [46]
� �@� . j % 8.70 keV �����") (7.88 keV � Fexxv 1s−3p

 % ;
8.25 keV � FexxviLyβ

I ��� . j �
- � ) M K� � �!� � �3� . j � � �.� ��% � . � � 
 Pounds

63



et al.
� �3� . j % 7.6 keV �1�T��)�� � � �&) S!T E � � ¤ +)¡ � % � � σ

;
7.6 keV

� ;
0.1 keV 


8.70 keV
� ;

0 keV ���!� � % � � 5.47 � 4−10 keV � PG1211+143 � �  ��9¡ E I S!T E+� v �6 2 �� % 
@� 5.14 � � ����� � 6 2 � � 5.14 
$� 5.14
� � 
 1.003+0.008

−0.010 
 1.96+0.02
−0.03 
 2.56±0.06 


7.28±0.11 
 8.59±0.11 keV � 90% ��'�( � � � ����)HM ��� � �7� . j � - � � I M ��� m % �

� 5.13: Pounds & Page [54]
� ��� . j % Ne 
 Mg 
 Si 
 S �$����)N��C D!E

G p �1��� ) S�T E �3 ¥ � % I ��� � ¤ +�¡ P ª � p.q � z=0.0809 ��� p �
� �$��!$#� � ��C�D5E3G p � � � � I � �

P ª � p+q
Γ 1.78±0.03

Eabs1 (keV) 1.004+0.008
−0.010

EWabs1 (eV) 14+3
−2

Eabs2 (keV) 1.55

EWabs2 (eV) <8

Eabs3 (keV) 1.67

EWabs3 (eV) <0.4

Eabs4 (keV) 1.96+0.02
−0.03

EWabs4 (eV) 11+4
−5

Eabs5 (keV) 2.56±0.06

EWabs5 (eV) 10+8
−6

Eabs6 (keV) 2.99

EWabs6 (eV) <9

1 2 5

0.
8

1
1.

2
1.

4
1.

6

ra
tio

Energy (keV)

data/model

XIS0+XIS2+XIS3

XIS1

�
5.46: 0.5−5.0 keV � PG1211+143 � �  ,� ¡OE IS=T E�� v � 1 keV

��� 

2 keV 
 2.5 keV

��� ������#�$�M&% ' � �

64



105

0.
5

1
1.

5
2

ra
tio

Energy (keV)

data/model

XIS0+XIS2+XIS3
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�
5.47: 4−10 keV � PG1211+143 � �  U��¡NE I S(T E*� v � Fe Kα ��)�


7 keV
��� 
 8 keV

��� ������#�$�M&% ' � �

� 5.14: Pounds et al. [46]
� ��� .�� % 7.6 keV 
 8.70 keV ������)7����� )S�T E �%3 ¥ ��% I ��� � ¤,+O¡ P ª � p+q � z=0.0809 �*� p � �T����!�#$ � ��C�D5E3G p � � � � I � �

P ª � p+q
Γ 1.78±0.03

Eabs1 (keV) 7.28±0.11

EWabs1 (eV) 81+44
−43

Eabs2 (keV) 8.59±0.11

EWabs2 (eV) 106+90
−84
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�
6 � � �

���,� ;��	� ��
 � � % �
�7��� -"���� ���(����� I���� ���	� 2 � ���� � 6 2��
�N� ��3; . � 90% ��'"( � � � I � �

6.1 �����������! "#�%$�&
6.1.1 ' X )(+*
�

5.32
� � PG1211+143 � ;-, X )�. � M I � � I M ��� � 
 �0/ , X )�. � �1�21 � 3 ¥1 %3�4	576�8�9�: S�T E / .�;	<>=@?�A / 475 ;CB 5.1 DFE Tin=117+6

−4 eV A I �HG I M0I>DKJ
%L B 6.1 M K(H/ ;�<>A 
 E � %�4�5 I 0.3−1keV

/ Q 5�NPO Pounds et al.
/RQ�S � 6KT L B

6.1
� % � I 
 4	5 MVU IXW� ZYV[ J �"- � - M�Q 5 ; 2001 \ / ;	< (Pounds et al.)

/-Q	S I]�^ � � - O	_2` � J � - � LB
6.1:

K*�/ ;7<KA 
 E � %-475 I 0.3−1keV
/ Q 5 I Pounds et al.

/-Q	S LK @/-Q7S
Pounds et al.(2003)4	5 (eV) 117+6

−4 ∼110

0.3−1keV
/ Q 5 (erg s−1) 2.3×1043 ∼ 7.5 × 1043

3	475�678	9	: S=T E / Q 5 I 4�5 /Ha 9 ; 

L = 4πr2

inσT 4
in (1.1)

IZB>b � L G�G A�
 rin

;dcdegf-h /Kikj)/�l@m 
 Tin n c�eofRh /piqjg/ 4�5 
 σ n =�r�� �ps
�Rtdu>v B � �7wPA IVx L rin y�z �gM Tpx|{ G /-} D~E	Q 5 n 4�5 / 4 �oM ��� Tpx�� 
 B 6.1y % xp{ 
�Q 5 � 4	5 / 4 �gM �d� 1C� - � - G {q� IpD x L G / �7� { 1�� n 1)

c�eg�Ch /VijP/-lHm �
2001 \ / ;7<pA�|�H� lHmF�|� ∼0.5 �	�F� `�� J� - xC� 2)rin

� z �pA IVx ��� �
PG1211+143

/V�C��� yq� �Z� `]cdeg�Rh n�� /@a��7} yC� � T c�eg�-h ( �H�7�+�@MR� `�� ��	M- K¡ ) A n � ¡ �¢{ ¡F£ G {k�7¤@¥ E � x L
6.1.2 4.56 keV ¦ 5.33 keV( §|¨P©|ª)« ) ¬)V®>¯B

5.10 DoE � 4.56 keV
�

5.33 keV( °�±	²�³7´ ) Mdµ-¶7· �¸)¹ �kº�» ��¼	½H¾ / �	¿RÀ � �gÁ7J� L G /Q@S { Reeves et al.[50]
/0Q@S y B 6.2 M-Â T L B 6.2 yRÃ x){�� 4.56 keV

/ ¼H½p¾ n
Reeves et al.

/-Q	S {]Ä�Å /RÆpÇpi A z�È 1-� ��� 5.33 keV
/ ¼�½V¾ M�É�¡	� n Reeves et al.

/Q7S { zdÈ 1 � D|J�� L
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B
6.2: 4.56 keV

�
5.33 keV( °	±	²7³�´ )

/ ¼	½V¾ / �7¿-À { Reeves et al. [50])/-Q	S|/���� L ��¿�À|n 90%
/����	� ?�AÂ#1-� L
������� ��� /�Q7S

Pounds et al.
/RQ�S

4.56 (keV) <22 35±16

5.33 (keV) <8 57±23

6.1.3 7 keV ���|¬)H®����
Fe Kα ���B

5.11 DFE 6.47+0.71
−0.13 keV M Fe Kα ��· �� Hx G {X� IpDKJ�� L G /RQ�S { Pounds et al. [46]/CQ	S y B 6.3 MkÂ T L B 6.3 ykÃ xP{Z� Fe Kα �7· /�!�" u$# � � σ

�0¼�½H¾	�
Pounds et al.

/Q7S {ZÄ	Å /-ÆpÇPi A z�È 1k�@¡ x LB
6.3:

��� /
Fe Kα �H· { Pounds et al.[46]

/%!�" u�# � �H¾ σ
��¼@½K¾ /

��� L 
	����&� ��� /�Q7S
Pounds et al.

/RQ�S
Eem (keV) 6.47+0.71

−0.13 ∼6.5

σem (keV) 0.32+0.53
−0.13 ∼0.12

EWem (eV) 294+103
−83 ∼240

7 keV '�(�)+*-,-.�/B
5.11 D E � 7 keV 0 ��1 µ¶%2+3 y zgauss A54�687:9<;R�>=@? � z=0.0809 1�A ��B 1 °7±	³´7² 1 !�" u�# � A 7.5+0.7

−0.8 keV Mdµ�¶d· �� �x G {�� I>DHJ-� L G 1 Q�S n Pounds et al. [46] A¸|¹ ��ºH� 7.6 keV 1 µ¶d· {]ÄdÅ 1 ÆpÇKi A z0È TKx@C 1 { � J�� L µ�¶�· 1ED 5 nGF 7EH ���I+J 1 }
1 + z =

√

1 − β

1 + β
(1.2)

β =
v

c
(1.3){ B>[�b x L Pounds et al. A n � 7.6 keV 1 µ-¶7· y 6.97 keV 1 FexxviLyα

{LKNM ;C� L �&� CK�OQP�R�{ ;��E=�? �$S�T 9Q4�U � 1ED 5 17�@¿�À (90%)
�

<0.16c
{ � � �

Pounds et al. 1 QS { zdÈ TPx (
B

6.4) L Ád� � µ�¶	· 1 ¼	½K¾�� Pounds et al. 1 Q�S { � ^ �-VXW ` � J���¡ xG {k� IpDpJ�� LB
6.4: 7 keV 0 �51 µ�¶&2@3 M�É>¡@� � µ�¶@·�Y@Z@uKA�4�6L7	9�;0��=5? {

Pounds et al.[46])
{ 1 ��� L µ�¶	· n 6.97 keV 1 FexxviLyα

{ ;R� L

�����&� ��� 1 Q	S Pounds et al. 1 Q	S
Eabs (keV) 7.5+0.7

−0.8 7.59±0.03

σabs (keV) 0.7+0.5
−0.4 ≤ 0.1

EWabs (eV) 348+215
−177 95±20

D 5 (0.07±0.09)c (0.085±0.004)c
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z�� � 7 keV 0 ��1 µ�¶%2�3 y µ-¶��5Y%Z�u�A54+6 7�9<;C� { G�� � B 5.12 DoE � !�" u$# � n
6.88+0.20

−0.12 keV
{ � J�� L Kaspi et al.[40] 1 Q7S ykÃ xp{Z� µ¶�� 1 !�" u�# � � z=0.0809 1�A �B 1 °�±@³�´@²KA 7.27±0.11 keV

{ � � � ��� 1 Q�S { zdÈ ; � DpJ�� L � �g�� ~� τ n � ���
1 Q	S A n 0.34+0.24

−0.17

{ � � �
Kaspi et al. A n 0.56±0.10 A  J�� 1 A � À �0ÄdÅ 1 ÆKÇpi A z0È

;k�@¡�� L
6.1.4 �	��
��� Ne ¦ Mg ¦ Si ¦ S ¦ Fe ¬)V®>¯B

5.13 DFE 1-3 keV 1 !�" u�# ��� M0É	¡�� � �5� 1 ;�<KA n 1.004+0.008
−0.010 keV

�
1.96+0.02

−0.03 keV
�

2.56±0.06 keV M 90% 1 ���	� ?�A�µ0¶�· y���� M ¸g¹ ;R� L G 1 Q7S { Pounds & Page [54] 1Q7S y B 6.5 M�� T (z=0.0809 1�A �%B 1 °7±@³7´@²VA�� T ) LÁ7� � B 5.14 D E 7.28±0.11 keV
�

8.59+0.11
−0.12 keV M 90% 1 ����� ?dAHµ�¶	· � ��� M ¸)¹ ��º� G {X� I>D|J�� L G 1 Q�S { Pounds & Page [54] 1 Q7S y B 6.6 M�Â T L

B
6.5: Ne

�
Mg
�

Si
�

S 1 µ¶	· �0¸+¹ �CºK� !�" u$# � M�µ0¶7·$Y�Z�u y��� ;-� Q	S { Pounds & Page [54] 1 Q	S { 1 �%� L z=0.0809 1	A �%B 1 °�±³	´�²>A 1 !@" u$# � A�� ;k�  @x L�5� 1 Q�S Pounds & Page 1 Q	S
Γ 1.78±0.03 ∼1.78

Eabs1 (keV) 1.004+0.008
−0.010 1.16±0.05

EWabs1 (eV) 14+3
−2 5

Eabs2 (keV) 1.55 1.55±0.15

EWabs2 (eV) <8 7

Eabs3 (keV) 1.67 1.67±0.02

EWabs3 (eV) <0.4 16

Eabs4 (keV) 1.96+0.02
−0.03 2.16±0.02

EWabs4 (eV) 11+4
−5 17

Eabs5 (keV) 2.56±0.06 2.84±0.06

EWabs5 (eV) 10+8
−6 21

Eabs6 (keV) 2.99 2.99±0.03

EWabs6 (eV) <9 26
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B
6.6: Pounds et al. A ¸+¹ �Rº>� 8.70 keV

{ ��� 1 Q	S 1 �%� L z=0.0809 1�A �%B 1 °±@³�´@²>A 1 !�" u$# � A�� ;��  >x L Pounds et al.(2005) A n � Pounds et al.(2003) 1
Table 1 1���� ����� �Cº@��¡ x L Pounds et al.(2003) A n �	�~��ºH�	¡�� 8.7 keV( A ��B
1 °	±�²VA ) 1 µ¶�· 1 ��
 ���� �Cº@��¡ x L G	G A 1�������n � ¡ � ¡�� { ��� x�� �É � 1−3 keV 1 ÆPÇ 1 ����� �� ;k� n Pounds & Page 1��� y��� ;C�	É � � � 1���
1�!" y$#�% � ¡ ���� 1��� Pounds et al.(2003) 1��� Pounds et al.(2005) 1����
Γ 1.78±0.03 ∼1.75 −

Eabs1 (keV) 7.28±0.11 7.59±0.03 7.61±0.03(pn)
�

7.71±0.08(MOS)

EWabs1 (eV) 81+44
−43 95±20 105±35(pn)

�
100±40(MOS)

Eabs2 (keV) 8.59+0.11
−0.12 8.70±0.08 −

EWabs2 (eV) 106+90
−84 45±12 −

8.59+0.11
−0.12 keV n � Pounds et al.(2003) 1&�'� {�ÄHÅ 1 Æ+Ç)i�( z7È ;�� ��� 7.28±0.11 keV

�
1.96+0.02

−0.03 keV
�

2.56±0.06 keV n � 99.9% 1 ���	�	)�( Pounds & Page 1*��� { zdÈ ; � ¡ �
6.2 XMM-Newton + ,.- (2001 / ) 021 34+6587
��� 1:9�; ( ¸|¹ �kºV�dµ�¶d·4< � 2001 = 1 XMM-Newton 1:9; (Pounds et al.[46]

�
Pounds

& Page[54]) 1���?>�@ 6.7
�BA

6.1 � Â � �
@ 6.7:

�&� 1C9	; (*DFE ºHGdµR¶�·F< 2001 = 1 XMM-Newton 1C9	; (Pounds

et al.[46]
�

Pounds & Page[54])
(�DIE ºJG�µ�¶d· � z=0.0809 1�A ��B 1 °7±	³´�² ( 1 !@"�K # � ( � ;CL  'M����� 1��� Pounds et al.(2005)

Pounds & Page 1*��� (2006)

1.004+0.008
−0.010 1.16±0.05

1.96+0.02
−0.03 2.16±0.02

2.56±0.06 2.84±0.06

7.28±0.11 7.71±0.08

8.59+0.11
−0.12 −
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6.1:

�&� 1C9	; (*DFE ºHGdµR¶�·F< 2001 = 1 XMM-Newton 1C9	; (Pounds

et al.[47]
�

Pounds & Page[54])
(�DIE º'G	µ�¶7· 1H� � ��� ·���Z ����� >��· ( 4%6 7�9 ;:G�<-W 1	� B 984+6 7�9 � ·�
���·� y = x 1�� ·�
 � ·�� ÄdÅ

(90%) 1 ÆPÇ > Â � �
�Cº�� E�� � M�� £ � �5� 9;�� º'G 1.00keV 
 1.96keV 
 2.56keV 
 7.3keV ¡7»�º 1 µ¶�· �� ;:L C 
 Pounds & Page(2006), Pounds et al.(2005)

( 9H;�� ºJLH¡HG���� � M µ0¶	· � ���L�
���· !�"&K # ���� �! ;�L�¡ M �H< � � � M:� � 1 £#"$
&% !�"�K # �$' 1 3 ( 1 µ�¶�· ���
; L��)
  �!�*+� 12.0±1.0% 
�,-º � �X;�L 7.3keV 1 µ-¶�·-� 5.6±2.4%

(  �M:� % !+"�K # �$'. ( 1 µ¶�·I< 7.3keV 1 µ¶�· > � ¡�L X · !�"�K # � 1  �!/* >102 M < 11.0±1.0% <)3 M��
Pounds & Page(2006) � � º�45
 2001 = 9;+6�1 S5T 9 4�U � 1ED�7 � 0.13-0.15c

(  HM��
1)8 <19 1$:�; �)
 � 1 S5T 9 4+U � 1>D�7 � 2005 = � �  �! ;:G�<k¡+£ C 1 (  JM:� 2)

C £ 8 <
9 15:�; �5
pµ¶�< 15=�>�7 ��?��A@ 
pµ¶ �)BDC �FE?� 1 !�" K # �/� % ? ;*G <�¡F£ ¤@¥ <
3 M*�

6.2.1 G�HJI#KML�Ng¬�OPRQTSUQWV���XUY
Pounds & Page � ��M < (2001 = 6 Z 1C9	;�[ ( 1 S�T 9 4�U � DF7 � 0.13c-0.15c

(  MC�
2001=U� E 2005 = 1 ) 1 S�T 9Q4�U � 1ND�7 � 0.04c �  D ;*G < � M <�
 Si 
 S 1 !@" K # � � �� M 9�;���� �5\-] ( W M � 
 Ne � � ;:L��)^ � I�J ;$L D�7 � 0.04c <_3`&GN=�? 1 ����� 1!�" K # � < ��� DIE º'G !�" K # �/�/a È�b »5
�\-] ¹)c 3�¡ � 2

� 1�9�;$1 ) � �5
d�e 4.5= 1 )/f �  JM � 
 0.14c 1 a M D�7 ( µ�¶F< ��g�h ;�G�< � M <�
�i � M#j > � 0.2pc <�k�l �º M*�nm�o 1 µ¶�< 1 j > 
�p 7 �� ;:L�� a � � � �)q 2 E º�3�¡ � 
 Pounds et al.(2003) �r `�L 3×1015 cm, 3×108 cm−3 <ts M ;�
>µ0¶F< �/a M 1  u >�v ` G�Á�Á 8 � � `*L�¡ C <wsM � M <�
 4.5 = ) 1 ) � µ�¶ 15x p 7 � 5×1023 cm−2 � E 1.3×1019 cm−2 � Á (  �! � M���KO E���y�� 1 ¼	½K¾ > 9 C M 1 �$z ;�¡�{ � £ �r `:L�
 S�T 9 4%U � �$|�}~  JM ¡�� 4.5 = � @����/� ¡ 6 )�)/f�(/� }-~ �$� } ;CL7¡ M �C ��� � E »)
�� � � 0.13-0.15c 
 �&� � 0.04c <w��� ����� ;�G �J< � 3 M�� 2001 = >1��� �&�
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M <�
 2005 = 1�9�;�1 ����� 7 � 1.3 ��� 7 (  'M���S�T 9 4�U � 1 ����
	
�� < � M \ � 3� C 1�1 
�����4�
����U� E 1 � 1���� { % � , 1���� >�0�2 M�� � 3+Y�Z KJ( ��\]��)z ; �<"!#� E%$ M*�

6.2.2 � 
-PRQTSUQWV���X-YA
6.8 � Pounds et al.[47] 
 Pounds & Page[54] � K�M � $ G'&)( >"* � � G�{$; 
�+-, ��.�C/ 9; (�021 � $ G43�54� ��6 ��7#8 K�9�: / 3'54� ���; L / u�< � ��= G5
 A 6.9 � Ne 
 Si 


S 
 Fe
/ 7
8 K�9>:?A@CB >%* � � Pounds et al. 
 Pounds & Page

( @ 6.7 �D*E; G43�5)� �>F�G
� $ G'&)( > A 6.9

/'H &�( /�I o ��*J; L#K M�� +�, 0L1 � $ G43�54� / 7
8 K�9): � Pounds

et al.[46] 
 Pounds & Page[54]
( / �� � @ 
 11.0±1.0%

7-8 K�9�: ��? `*L � G / ( 
 @ 6.8 �
*E; G F'G�� $ GNM ��� / 7
8 K�94: � @ 11.0±1.0%

?�� `&G#M � � �&
 Ne O>P � � L���Q / M�B� / 7
8 K�94: O ? � 3 @ 
-RTS BVU�W>: /�X 7 � � �FEZY � 3'5)� / =F>�7 � 2001 = / <\[<V] � L ?F� ` G�< �_^ :�; � Ne O>P / M ��� � � ; L���`Na ( [53 � �'< �	� � M��

@ 6.8: 2001 = / XMM-Newton
/ 9�; ( 0b1 � $ G
3\5)� < F�GR� $ G-M �� � , �2.MC / 9; (�0b1 � $ G�3\5)� ��6 �)7#8 K�9): / 3�5�� �H��; L /

u�< � � 021 � $ G�3�54�� z=0.0809
/Tc :�@ /Dd�e)f)g)h�i#/ 7�8 KT9>: i

< ; LNK M�j0L1 � $ G43\54� F�G�� $ G#M�k�l F'GT� $ G�M kLl / 7
8 K�9):
1.16±0.05 NexLyα 1.022

2.16±0.02 Sixiii 1s-2p 1.866

2.84±0.06 Sxv 1s-2p 2.460

7.59±0.03 Fe xxviLyα 6.96

8.70±0.08 Fexxv 1s-3p 7.88
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@ 6.9: Ne 
 Si 
 S 
 Fe
/ 7
8 K�9):?%@CB j

E

Line state (keV) Label

Nex 1.0215 Lyα1

Nex 1.0220 Lyα2

Ne ix w 0.9220 Resonance

Ne ix ? 0.9148 Intercombination

Ne ix z 0.9051 Forbidden

Ne i 0.8486 Kα1

Ne i 0.8486 Kα2

Sixiv 2.0043 Lyα1

Sixiv 2.0061 Lyα2

Sixiii w 1.8650 Resonance

Sixiii x 1.8547 Intercombination

Sixiii y 1.8538 Intercombination

Sixiii z 1.8395 Forbidden

Si i 1.73998 Kα1

Si i 1.73938 Kα2

Sxvi z 2.6197 Lyα1

Sxvi z 2.6227 Lyα2

Sxv w 2.4606 Resonance

Sxv x 2.4488 Intercombination

Sxv y 2.4472 Intercombination

Sxv z 2.4304 Forbidden

S i 2.30784 Kα1

S i 2.30664 Kα2

Fexxvi z 6.9772 Lyα1

Fexxvi z 6.9560 Lyα2

Fexxv w 6.7018 Resonance

Fexxv x 6.6834 Intercombination

Fexxv y 6.6690 Intercombination

Fexxv z 6.6383 Forbidden

Fe i 6.40384 Kα1

Fe i 6.39084 Kα2

6.2.3 � 3 �����
� 2 L/
 @ 6.1 < @ 6.9 > ]��
	 M < 
F% 7�8 K29�: ' / 3 ( / M4kbl / 7-8 K29): � Nex,

Sixiv, Sxvi
/

Lyα
/ 7
8 K�9>:��� 2 L 6 � � Nex 
 Sxvi ���k���� /����4i���� � 3 � [��< � � � M�j 2001 = / 6 � i (Pounds & Page

/ F�G � � $ 4 ) 
 Si,S
� 9 � L���� ? S ��� / kE l / 3�5 � B � L � G! / � 
�+-, 2005 = � ��")( � / 3�5 � B C � ^ � � � `�G � < � 3 M�j+-, / 9; i D4EA$ G)% 7
8 K�9�: ' / 3�54� / 7
8 K�94: > Ne 
 Si 
 S
/

Lyα
/ 7#8 K�9�:��

F�G 	 M <�R�S BAU4W>: /�X 7 � 0.02c <_3 M�j 9 = @ 
 =F>�7 ��#%$ ; G < FF6 � R-S BAU4W>:
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/DX 7 � 6000 km s−1
�  �! ; G�< �b^���� ��� 3

/��	� Q�
_3 @ 
\+-, /�������-i�I  �� m 3
:�; 
 � ��� j � /������������� #�$ 	!��"�# ��$ k&%l ��' M�( :*) L/(nr2)

 �+�, ;�-�.$	/ ��0 - � j�1&2 ��,�X�3)XL/ ( �4��	�� $54�6 i K��  /�/�4X��! 0.04c
i K�� 2005 7 /���!8#/ 2  

2001 7 /����8 � ]�9�:-����;=< /?>�� r
 ?+�@ ; "A
 !���� /B �DCAE�F ^ j*G

�4� � L
$

2001 7!;H< 2005 7 /�I � 30% � ��+�, ; "  /
/?� r
/�+�@=J�K�L 	!��"�# ��$�MN �

n
/?3�O� �P�Q ;  ; $ - � j -&R � R-S BVU
W>:TS": BU$

Ṁ = 4π r2ρ v = 4π r2nmH v (2.1)


V; 0 � j ��� i n
$ 3\5�W�X / M N ��� mH

$ "
( ��Y 1 Z / X�[ i K	� j � /\ ;T<^]_;��` ^ � � # < /�a G  ?b ; 0 $*/ 2001 7 /����Ti ∼ 3M� yr−1 
dc�e  *< $ :�f�"�RTS BAU)W>:S": BU$
2005 7 ��$ ��@ [ . 3�O ; " � 
 � - � j

� / ` ^ -�g�h J `ji 	�	�#�:�f . "B# ��$ � xstar -lk /�m����on M5p�qjr :ts Jvuow "?xByJVz f � G [A{ - ] � JVz ^ P�Q� K�� j � /| $ +�} /?~���i K_� j
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�
7 � � � �

� h��	� = 
v# ��
 f�:��	9 � j
�������� k U���: B 1 ��� PG1211+143

J 	�� .���� J a*f�: ��� J z w " j 2−10 keV � � ���!8_I �"!$# @�%	&JB�' J Power law( 9 [$( M )
i U�)+*-,�) l/. J�z w

"o
 � F � 1 keV O10 �-2 X �$3�4  �5�687:9 " j 2−10 keV � U M *;&�@ J=< #�"o
 � F �
3.6×10−12 erg cm−2s−1 
 - i � 2004 7 � ��� (Reeves et al. [50]) � 
 [*
A]�9�: �$> 1/2?A@ . - w :�f_" j�= " ������8�I1B i�I�@�> 2

? � X ��C8D  "5�6E7F9 " j 1 keV � 2 X �$3/4 J=G�H&�$I�J�K�L1M$N ' i1O )P*EQ=R "j
 � F �;S;T�UWV �-X  "Y+Z � H�� 
∼120 eV 
 - i � Pounds et al. [46]) � ��� 
W[]\ �Ti8^	w " j � � G$H���I�J�K�LEMN ' 
 Power law

M�N '�� �$��_	Y ��`;a � PG1211+143 � �$� ` a �cbed�f '�g/h Z � ri )ej J;k]l R � � ���*8�I �;!�#�m %n&oQp' � O )P*W,�) i . JVzlw " 
"q F � z=0.0809� r�s8t�u _ev ∼1 keV w `�a � � ∼6.4 keV w Fe Kα
�
∼7 keV x80ew `�a$y�z  e^ �Eq1{ ]�; w ""| ∼7 keV x80 �$` a�y�z w R f&: �;} 2�~$� J k;l R "����]�$� i v O )�*�,e) i . J zjw "{�q F � 7.5+0.7

−0.8 w `�a �  8^e� qe{  ]� ; i � q � ��� $ Pounds et al. [46] v"�t< 9 " �� {��$� �F��� Ycv 1/� R "�|;��� ��5�687:9 " `]a �  6.97 keV � FexxviLyα {=� � {��� Q O�� h �:� � �$��� � (90%)
 

<0.16c { - w : � Pounds et al.(2003) �;��� { 1/�� � | 1�2 � ∼7 keV xe0 ��`;a�y$z w R f�: ��} 2�~�� J]k]l R " `�a�� v O )�*�QFR "�{"q F �d8f '�g$h  
6.88+0.20

−0.12 w - w ";| Kaspi et al. [40] �:��� J c � { � ` a$�A� d�f 'ng�h  
z=0.0809 �cr�s�t�u _Ev 7.27±0.11 keV { - i � ��� � ��� { 1/� R - ; w "�| Reeves et al. [50] v 5�6�7 9 " 4.56 keV

�
5.33 keV( r�s _ t8u ) ��`"a � $ � ��� �]���v $;��� w 5�6e7c9 - ; w " � v ���� �¡ �����]� (90%)

J-< #�""| 4.56 keV v $ <8 eV
�

5.33 eV v $ <22 eV { - w ";| 4.56 keV � �� e¡ $ Reeves et al. �:��� {¢��� �F��� Ycv 1� R "  5� 5.33 keV � �� �¡ w R f�: $ Reeves et al. �c��� { 1"� R - ; w "]| ∼1 keV ��`"a � w 
 f�: � 0.4−0.5 keV { 0.85−1.2 keV �/£ h s f m$¤ J:< #	"�{$q F �8�Ic¥ {�¦�w ∼1 keV ��`]a � � �� E¡� 92+51
−36 eV

�
38+13

−12 eV
�

28+12
−7 eV { - w ";| < #�"�e �¡ w]§8¨n� � 8*I�¥ � 2−10 keV � O�© *]& m JF< #	"ª{�q F �A«/9A¬"9�� 3.1

�
4.2
�

3.5(10−12 erg cm−2 s−1) { - w "]| Pounds & Page [54] v 56�7;9 ""® ��� R " Ne
�

Mg
�

Si
�

S �8`/a � w 
 f�: ��¯ " �
Pounds et al. [46] v 5	617:9 ":® ��� R " `]a �  �E� �c��� vA° 5�6e7F9�� ; 5�± R "�|
1.004+0.008

−0.010

�
1.96+0.02

−0.03 keV
�

2.56±0.06 keV
�

7.28±0.11
�

8.59+0.11
−0.12 keV w `:a �  �^�� q�{  � ; w " | 8.59+0.11

−0.12 keV
$ �

Pounds et al. �F�$� {²��� �F�E� Y v 1]� R "  ?� 1.004+0.008
−0.010

�
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1.96+0.02
−0.03 keV

�
2.56±0.06 keV

�
7.28±0.11

$ �
99.9% ������� I v Pounds & Page �:�$� {1�� R - f�q1{  ]� ; w "]| 2001 7 � XMM-Newton �$�	�c������� (Pounds et al. [46]

�
Pounds & Page [54]) v 5�67 9 ";® ��� R " Ne

�
Si
�

S
�

Fe ��`"a � � d1f '�g�h  �n� �]��� v 11.0±1.0% 0  jw
: 5�6E7F9 "�| 1) ��{ 
 ���
	 $ � ��� Q O�� h �:� �! 2001 7 (Pounds et al.

�
Pounds

& Page) � {��e{ ¤ 9�:�0  !w "A{^f�]° � v ^�� | 2) °� 1 
 ����	 $ `]a J � �����* 
2001 7 � {��e{ ¤ 9�:�0  i `;a w�� .�� % i � d�f 'ng�h  ]b 0 R "	{vf� k�� { - � |
1) ����	 v $ ��� Q O�� h � � � $ 0.04c { - i � Si

�
S � d�f 'ng$h w §e� � ������� $� 6 v�� �  � Ne wc§ R : $ � 6 6�� - f�qe{  "� ; w ""| ¯ " � 2) ����	 v Ne x�� �

Si
�

S
�

Fe ��`;a � � d�f 'Ag$h  11.0±1.0% 0  �� { Ne x��E��9�: B� � © � i � d8f'Ag�h x80{ - i"! Ne x#� � © � i w:§ R : $�$&% v'� - fnqE{  "� ; w "�| ��� �;��� v 5	6E7F9 " b�d8f '�g�h Z � 3
� � © � i � d1f 'ng$h�$ Nex, Sixiv, Sxvi� Lyα � d8f 'ng�h w�(�#�:�)!f * Nex

!
Sxvi

$�+ x$��� �F�n� v�,�-  - f�.�qe{  ]�
; w "]| 2001 7 � 8�| v Si,S w 
 f&: $�/10 ��2�3 ��� % i ��`;a  ��f&:�f�"E° �  ! �� 2005 7�w $�4�5 3 �$`]a  � . ` Fw C ] w "�qe{cw - � | Ne

!
Si
!

S � Lyα � d�f 'g�h w�[�6E� � {c��� Q O�� h �c� � $ 0.02c { - � |�q 9 `!i"!�7
8 �* ��9 R "�{W[ 8w��E� Q O�� h �c� �* 6000 km s−1 w 3�O R "	{vf:<;�=?>#@ 3 ��ACB  { - iD! �E� �������� v X °FE�G#H ��	 v ^1� qe{I> � ; wKJ |
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� �

� h��	����� w ^
J i"! J��:7	� �	
�� w������w#H i � G�w ^ i > {���$��f ¯ R J |����������� w�� ! XIS ���� !	! J ���� ! ��" ����� !$#&%�'�( �$)�* H,+.- C /����wKH0 ¯ R J | ! J ���& v1� !�243�5�6�# w$7&8�H�9Aw !;:=<?>.@�A wB�DC�EGF J�H � ¯ R J | ¯J !	#�%�'�(�!	I�J "�K�LNM	O w�� !	P�Q we°�R	S >UT �VC�E4F J�H � ! -�W?HX�VY�Z�[$ <;\ R¯ R J |G] > w�� ! 9?>�^ % R`_ F ��a i�b�c h=d >�e�fnw�Hhg J {���w4i �kj Rl_/m � ¯ R J |n G$w ^ 0 >{����o$F ¯ R J |/p&q�r ��� w�� !/243�5�6�# �Gs�t&u w�R]� � q1{ H \ v�H � !'�( s�v 
 ! K�w syx � 
 H,+z-&Wh/�1�nw#H 0 ¯X{�J | ¯
J ! M1
s�|=s	}�~ v;�4g J MHI �� M { ��� s/�� ;��� vK3 � H1����� ��m [ m � ! n G�w�� 0 > { ��&o	F ¯X{�J |�� {�H4g _

� n G�w�����H	� � v {�J |�� �`�&���&�G� � ! MHI � � M { ��� s	�$ &�;�1� 3 � H8����� �� [ m � ¯X{�J | ¯�J !�� �Bs	��� ��� F _ �DC�E m�� n G � � 0 >��;���&o$Fh� {�J��X�� &t: �;�¡� �	¢ XIS
s	£  ��� F _ �DC;EXF J�H � � {�J�� � J ¢ #�% s '�(;¤�¥ H¦+ ��§ � HG�

C�E�[ m?� � {�J���¨4©;j/ª ] � � �/¢ n;"�K s �&� �y«�¬¡�� �kC�E�[ m�� � {�J�� n;"�K s
��� s	® �B¯ #�°h±�#;% ¢ £  s « _ � S J 0³²1´ ±�µ�¶ s � j¡{ [ { _/m�� � {�J���· � ¢ £
 s ± 0 
 � 7&8 � �4g J 9 � ��� �`F¦� ��� [ « _ �X¸ _�m?� � {�J�� � J ¢ n;"�K s�¹hº�»� �=¼ PG1211+143

s	£  [l½¾� � � J g _ ¢��¿ { F=À`Á�Â ¯�Ã º�¹4Ä1Å�Æ [$Ç�F _	m?� � {_ ¢XÈ s Â � § �UÉ=Ê ���4Ë � [ m?� � {$Ì/� -&W ��Í�Î { _  0 ��Ï ��Ð�Ñ�Ò�Ó ] � � �$¢ M1s�|=s � � ¢ #�% ¢ %&Ô ¢ #�° �	§ �zÉ �VC�E�[ m�� � {$Ì	��· ��Õ	ÖB��� F _ sy��� [�× < 0 ±
Ï � �G¸ _�m?� n¦Ø�� � 0kÙ ������o/F=� {	Ì�� � Ì ¢ %;Ô s µ�¶;±�ÚkÛ ºÝÜ É + � �¿ { F=ÀÞ�ß { � jG{ [ { _	m�� n¡Ø��yÍ�Î { _�à 0 �	Ï � ] > � �$¢$á�â�ã=ä Ã [æå Ø { _	m¦� ¢$á�â�ã±�ç M�è s	�&� [ �X¸ _	m�� � {	Ì���é�ê�ë w ]	ì � �	¢ X ã ! �&í&îXä Ã [�å Ø { _ F Ì�H �
� {$Ì/� ! K # s$��� ± £  s ± 0³ï ¢ £  a$»¡Å � s ^4F ï [�× < 0 ± Ïñð �B¸ _/m�� � {�Ì��

D2
s$ò¡ó ]$ì�¢ ólô ]yì�¢Gõ�ö&÷�ö Ü ]$ì � � £  a$»GÅ � s ^BF ï ± £  s���� � R { _ @A ��øG¸ _�m?� � {$Ì���· � £  � × <�> É FGùh�`ú ò�ó ]	ì � iGð³ûGüh[ { � {$Ì���£  a	»Å � ±Gý�þ Æ�ÿ Ã Å�Æ � R { _ ú ó`ô ]$ì � iGð³ûXü4[ { � {$Ì�� @�A ��øG¸ _�m?� Í�Î { _�à0 ��Ï ��t&u��¡s ���;]/ì � ú XIS

s	£��X� @;A �$øN¸ _�m�� n¦Ø�� � 0DÙ �;����o/F4� {/Ì��
� Ì�� ´ ± ²;´�	 �4¯ s g _/m?� Í&Î { _�à 0 ��Ï � D1

s�
�� ]�ì � ú M1
s�|1s � �1� n�Ø��

à��� � É�� � {yÌ�� CCD
sy�&� É�� @�A �yø4¸ _/m¦� � � Ù �&����o$F1� {yÌ�� M1

s À n�� ¢��� � ¢���� � ú�ä Ã�� ��� ��� � { � {	Ì���· � ��� �N� ú	¢ n�!�K s#"�$ [ ��% g _/m F Ì
ù1� �$Í�Î { _&à � �/Ï �'&#( � ò¡ó ]�ì�¢ óyô ]$ì�¢�õ�ö�÷�ö Ü ]$ì�¢ 
�� ]�ì�¢ M1

s ï*) ¢
ù,+ <,> ¯ i�- { ð à�. F { �/Ï ��/�0Bs�1 2 � ¢43 n5� ¢�6�798 � ¢4: 1 � ¢ 2#; � ¢<� ó �X�¯ I�J ��=4��> p � à��� � É9� � {	Ì���· � 1?2 � ¢�3 n�� ¢@: 1 � �$úXiGðBA 	 [ { ¢ C )D � � ½�E Ì � ¯ { � {$Ì�� � ó � ��úXùF+HGJI ¯,K�L s�MX� Ï Ù ¢ ®¡s#1<2 � ¢�35N � ¢�6�7
8 � ¢#O 1 � ¢ 2�; � �yúQP ) sQM�R,S T ù1� � ÉJ� ¢4U {FV�� Ï Ù ¢=� Ì@V � G#W���EQX�Y�Z �=Xs�['V \�RQ] � � ¸ Ì I V�V É � [ E4X V ��Ï �
È5^ ® �h¯`_�a ^ ï � àb�� � É9� �<c Ì�� ù4^�d Rfe � Xbg5hji'c 2Hk ��Ï �
Y�Z 2 lnm�ú § ) É�o�pGÉ4qHr R�sQt X�u � �<c Ì��@v�w ^�x�Z 3 ljm ¯zy � c Ì���= Ùb{ +
¼H|4�F}?cfX V � Ì@V � [<V ��Ï �
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