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X �����������������! !"�#!$&%('*)(+�,.-0/21235426(7�8:9<; ( =!>&?A@�B5C�D0?@EBAF(G(�H�JI�GJKA@*B.L:MNG<OP��G�Q!R ) S�=A>0?N@�T2U�VW35K�XY'�)�Z�[E\�T�]_^J`2a7bB�C�D&?�@�B&FNG2���cI0G�K�@(B�L�M!G5OP�dGdQ�R(TfeYgch0iNjW^���K�@2`A� � B5k&i*�l!m T(n<o�\!`p^J`&jWqY;0Sr*s � X ��t�>�ju^dTAB5�A�E�����H�v�� !"�\Yw(xNB�OHy�/2z�{���|0}0"N~*35���27�82B

X �&KA@!�&�A�*Ub�.�0�Njf^5�<����B&���0�EB&���&�A�0�!@� 0"!#��!�p��Vu)�S  ;0B X �tA>_�������(�!�.����ZN[*\p�b)5�N�u�.�!�f�����*\��2�!Vu)�S��cVP^����!�f�:���N N"TAB X �&KA@0���5Ub�.�!��BY :�¢¡��*�<Z0[E�YZ&£�¤!¥H3�¦p)Y;&§N�&B�¨!©�\Yª0«(`�¬0:3® qc8NaE)<S X �0�A�0 !"���¯�\�B&�Y�b�A�0���(B&�.�0����°:yE+5±N²�±A35��³�7�B X �!K@*�Y´���� X �!tA>E�.Z0£Aµ�¶H35¦f)��Y# X �E�&�:�:���A·!¸*�p¹Yº �(» )YS
5.1 ¼¾½ ¿ÁÀ (photoelectric absorption)

5.1.1 Â�ÃÅÄ(ÆfÇ:ÈEÉEÊ
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NASA/GSFC é¢ê�ë æ�çØècÚ
heasoft ì.íïîÑð�ñ ×�ò�óïô�ç¢èØÚ�õ $HEADAS/../ftools/spectral/xspec/manager/mansig.dat ö�÷ Ü�Ý�ÞØÒø�ùûú.üûç�ýþç¢ÿ�� í � æ��Ñß

3.5
�!���	� ;*��
�\0B X �0�&� �� C!D(�Y� (free-free absorption) T��H�������Aj�`Aa0S

X �*�.��\���¢�&T2B��*\ C B N B O B Ne B Si B S B Fe � K B L B M �Ah�i*\:�0)��Ah����
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(photoelectric absorption)

�2» )YS X ���!� � T H B He ��
���2T.¨N©�\��f�5a2� � BAU���0��T��:� ������� � 9!)<S  ;!BA��� ��� 7�;�������|0}NT����b\0T��N`Na�� � BbU5V\H�.)b�Y�����!©2T���x�` ��8 ��a&S�!#".\*�ØV_^5�.|0}�� �!hE�.����
����3 � 'bS�
��
ET $ �*\ %�&�'H)('�)+*	,��+-E± ( */.(0�*	,.�+-E± )

��1 \�!.#32�B�4#5�687:9<;+=	>?	@�A
E−3 BDC�EGF�H�I�J/F<H#KML S

�0© X �&" �0�0�!# N+Ob`A��T�B ∼ 0.2 keV jp^ ∼10 keV ��*#,���-(±(P8Q � B C-K ���� ( *R.S0 ) jp^ Fe-K *�.T0 d� #E,(U*±N�¢Vp)<S�{WV(��X*3(Y2\H�Y)N�dB LII *�.S0 (0.708

keV) �+Z���*�,��+-�±A3 ®:[ X ��T M �NhAi*\:�&q<8��.�W�¢V�).S2U5V��	!AB K */.\0
(7.11 keV) �	Z!� X �(T L �Ah!i*\H�bq�8(�.�p��Vf)YS K */.]0D��!!��*+,Y�	-(±&� X �T K �Nh!i*\H��qJ8��Y�W��Vu).S
5.1.2 Hydrogen-like ^:_a`EÇNÂHÃ Ä2ÆfÈ�ÉEÊ

24 b � � � ;*� 
¢\0B hydrogenic-ion �H��9<T�c�}(�\d�eW��f�g �ih�jA`�kDl!jW^JB<*m.
0A� *	,Y�	-�±�#EB

Eedge =
mee

4Z2

2h̄2 (5.1)

�<`p)2���03<npoH)&S�c�}Nk2i Z = 1 \�%f7&8+*G.(0(��*q,��R-�±!T 13.6 eV `E� � B
hydrogen-like Fe XXVI �D*r.(0D*�,.��-E±�TNB 13.6 eV ×262 ≈ 9.2 keV

�(» )�S�f�s�\ �h*��� (bound-free transition) \�%A'�)�
���f�5B hydrogenic-ion �\d�eNT t�u:º(v�h�\�wx(� 9�)YS�nfX�T Rybicki and Lightman y��<z#{�|*\�}�)J#EB
σbf (E) =

(

64πg

3
√

3Z2

)

αa2
0

(

Eedge

E

)3

(5.2)

�J`�).S*��� � α T ~�� l�m ³�� e2/h̄c = 1/137, a0 T��:±�������B h̄2/mee
2 ≈ 0.5Å

�(»
).S g T bound-free �/�&Gu�]�8�!�!²�± �#� ±��E± ∼ 1 ���*S g = 1 �.7Y8��#�:3��0Vu)��B�c�}2\�%H7�8AT 7× 10−18 cm2 B Fe XXVI \�%H7�8ATAB0U0� 1/(26 × 26)

� B 10−20 cm2�J`�)�S ( cA}(\ [ a!8���X��+"A{b�D
��#E���u�<� ���H3<�����W�<S )

5.1.3 ��� Ç��p�M�G�m�&Â:ÃÅÄ2Æ
�!©EBd���<Z0[E�<�+�bT�%�&A'�)]c�}D���D  � ¡ �A'�#EB\$&ªN|0}2\���)��!h����	
<�#3��R��¢! (cosmic abundance)

� ª:��3 [ o08�£H7�e!�#�E;E���Y#�B<���<Z�[E���Y�	
��
�\0`�).S+¤¥�m��¢� �¦bT�§	¨2\H�0q58 ©�`�).� � BY�����Y�+ª�«N�:3�¬Wq�8�«:±2²J·A¸H3 q�;���95T2B�®+�E70;��:�0����ª�«A� » )Ya0T�����¢A E��X(¯:3�°�±A' � 9 �(» ) 1 S

1 ²´³�µ ×i¶´·Ûô�ç¢èØÚ ”xspec” ì.íäî�ðÏñi¸ ái¹»ºdÒ½¼(¾½¿´ÀTÁÃÂÅÄ öY÷ÇÆÅÈS¸ ýÑÚ�Ù\É ×�Í�üûç¢ècÚ�ß
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Power-law
Ò������ � Ä

(photon-index=1) é âûãdÒ�����×�ÙÛüäç�Õ�Ö�ù
	�� ��ÏývÒ���� Ä�� ð ����� �ÄJß���Ð������
(hydrogen column-density) é NH = 1021, 1022, 1023, 1024 cm−2

Ò�� ô��Ûôc×��ÑèÛç�ÿ � í� æ �Ñß����ÏÕ�ÖSÁ ÂÅÄdáÑõ
“wabs”

ù ¶<ü �
(Morrison and McCammon 1983, ApJ, 270, 119)

ßÃ¼]¾ ¿ÅÀ ¸ "! ù�������Ü�Ý¢ÞcÒvøcá
30 # Ò�$�ù�%�&�'YÙ ß

!#"�\�B power-law ( ¡ �f��V*)��!i��,+.-0/2143650�H�0�.�,798:o:)Ws<;=7 �?>A@CB ¯D0EGFGH2I9J,IKFCL o:)WcNMAOA;:PRQCSUT ∼1 H/cm3 V.WYX�Z�[A\ 1 kpc
FAL6] )"^6MC_CQ

S`T NH ≈ 3 × 1021cm−2 a"bdc Zfe PUgih:PRjCk b.lUm 5 ∼< 1 keV nCo<p*q�r*s B NH 5tYuwv b s F<x r gRh6y`z v b s y Z ∼10 keV P X { T NH ∼ 1024 cm−2 Pi|`}=~��<���
sN� a yN� W s B.�,� Z ∼10 keV �f�An Tfg.h q"r��`� a"�2�R�`�Nbf� y ZNe r?�`� PA��.�U��� n T`� s v o6pYq�rYs"�N� a > � Z | �N�U� � Fi� � r @`��� ; HN� Z NGC 4945F.�<  q�r*s | �¢¡ �N£A¤ FN¥ q¦r @ Seyfert2 §<¨ y:© s 2

B
^UM<_NQUS a g.h:PiªN« E |:}fP`¬9=®R¯,P K �*°�±�®³² F aA´ � � � }0µ2¶ B<·<¸ �

±NP6gRhf¹.º6»:P`¼ n Z ��� PR¯:P K �½°�± (7.11 keV) PK�?¾ � P.� �R�f��� F<LN] s ¹
ºN»`T 0.5 × 10−20 cm2 Z �=¾ � PA� �G�f�:� n T 4 × 10−20 cm2 Z x:¿ c K �Y°�± F µ s
¹Rº<»�PGÀCÁfT 3.5× 10−20 cm2 n © s B ¯:P abundance ( �<��n Ti^<M FRÂ � s�ÃAÄfÅ ) TÆUÇ F µ ´ � (3 ≈ 5)× 10−5 n © s y Z Morrison and McCammon 1983 n T 3.3× 10−5 ®È ´ � � s B µ ´ � Z NH = 1024 cm−2

F.Â � s ¯,P K �*°�±NPGªN« E |`}CT Z
1024[cm−2] × (3.3 × 10−5) × (3.5 × 10−20[cm2]) ≈ 1.2 (5.3)

a�b s B��`� Z � ¼ n Z NH = 1024 cm−2 P a u Z ¯�P K �=°¦±AP � a �in ªA; Ä y e−1.2 ≈
0.3 É FiÊ6Ë > � � s6� a y6� W s B

2

∼>10 keV Ì�Í�Î�Ï�Ð�Ñ�ÌGÒ¦Ó INTEGRAL Ô¦Õ�Ñ 2002 Ö�×�ØiÙ�Ú�ÛAÜÞÝ�ß�à�á�â�ã9ä9åçæ"è4é¦ê�Õ�ë
Seyfert ì�í�Ñ�î�ï6ðòñ¦ó�ôRõ4ö�÷ http://isdc.unige.ch/∼rodrigue/html/igrsources.html ø�ù¦ú�÷
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5.1.4 �������������������
�
� P
�! 
"�#%$'&�( n T%)�*�# � � $.y Z NH y tYu �Ya u (∼> 1023cm−2) +
,NQ b.-/ ®10 ¶2+CT Z � T�g.h ��� � P43657+=µ s�8�9;: ¡ 9=<�> P lNm ®;)�*`� sU� a T n ubf�@?

E−1.7 ÌBADC1E ÝRÓGF�êIHKJIL;MON�Ñ�áQPBR�æTS�ã¦èVU�×¦Ú�õ4ö=W�Ò4×4Ï¦Ð1E ÝRÓQHQJXL=MYN�ãQZ\[T]_^`N1ab=ced�fVghb'i [ ( jDk ) ÷ 3 ó�ã NH ãTl¦×QmIn ßhoXn ß�Ú�Ó�÷epqk�r_sq[`t.Mu[uvqw9øTxTy=n ß�z�æDzT{q|�á} k2r ”effective optical depth” ø`~Rõ öV{�|"÷ Yaqoob 1997, ApJ, 479, 184 ä\�ò÷
¡���� 9\<�> PA¹.ºU»�T 6.65 × 10−25 cm2 b P n ( Ä�� ®X� � � L � ¶ ) Z ^UM<_6Q6SNye P;� Ä Z NH ≈ 1.5 × 1024 cm−2 ®=� � s a Z ��� T 8�91: ¡ 9I<�> + Â # � ª<«��4+K|v b c Z X { P<gGh6+ Â # �%� x P l<m ®X���6� :(1) <�> +2µ ´ � * {@��� WYX X { y@� r

s P n Z�� � �;+ oCpwq�rYs%� £ °
� ¤ y � y s ? (2)X { y 8@9X: ¡ 9 l<m +2µ c 3�5!+K��.�U��� ®=� � s P n Z%� P ¤ ¸ � ¡ � � PC�Y°�± �@� { P;���6y�� s ? (1) P l6m T Z g
h�P9ªC«���|`} (τa) P � � c + <�> PGªC«���|`} (τs) ~1�4�7#%$ ”effective optical depth” Z
√

τa(τa + τs) ® È �'�C� x ~ sC� a y n u s y ( � 3.12) ZI��  + 8�9I: ¡ 9_<�> P ¤ ¸ � ¡�6¡ P=¢�£2®1¤�¥ s +<T Z1¦ 9=§!¨ ��© ��ªX«6¬ � �� 9 y@®.¯ n © s ? ¿ $ ZKe r T X {
ª�° a 8�9I: ¡ 9_<�> ®@± u2² � �NgRh � ( © s � T'³@� � ) P1´�µA«¶+,~�·�¸N� s ? � ¼4+e P,µ=¶ b���ª;«!¬ � �¹ 9 Pi²?®=ºf� ? 8�91: ¡ 9X<�> ®%�'��# � �Ab`�;»�¼ + Å ¥ � Z
NH yCÀNÁf� s + x r�� Z4� � + � £ °.� ¤ y Ê6Ë # Z �Y°�±6P;���6y�� sN� a y<� W s ?

5.1.5 ½�¾ ��¿�À
O.5Ny.3 \ � s + x r�� Z 	 Â �
+RO@5�Á:P�� ��© 9=Â yfz v l v µ2¶B+ b c Z�Ã�Ä 3�5

T6z v O.5�Á¶+;Å�Æ q�r½s P n Z�Ã2Ä 3�5:P;3 \ +4®@¯ b � �i�N��� ( �w°�±6PK� �i�N��� )

y � y ´ � � v ?
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� ã��������
	�×
����Ó Kα k"á Kβ k"á K ���� ã �� N�� g ÷ Nagase 1989, PASJ, 41, 1 ä\� ÷
² a # � Z � ¼.+.¯?P »¶¼ ®1º`� ? K �*°�±UPA� �R�,��� T Z ��� P »�¼ (Fe I) P 7.11

keV W*X�Z He-like P »�¼ P 8.8 keV (Fe XXV), H-like P »6¼ (Fe XXVI) P 9.3 keV
¿ n��

y ´ � � v ? ��r X PK�0°�±A� �³�`�`� T ¤ ¸ � ¡ � P�� W½X���� p������ b P n ZCe r +
µ ´ � gih ��� P43 \ ��! ®�" s<� a y n u s ?#%$ + Z K Ä P'&)(�+ L Ä�W X 3�5Uy+*-, s a u +/.�0�� s Kα { Z M Ä`W¢X *-, s au P Kβ { PK� �i�N��� ~�3 \ a�1 + ��2 # � � v P n Z 3 \ S?® pws43 �%5+6 + b s ? $V # Z K �*°�±NPK� �i�f��� y�3 \ P+7'8f� s a�1 + � ,
+ ��2 # � � v P�+ Â # � Z Kα

{ PK� �R�U��� T Fe I W*X Fe XVIII
¿ n Z ∼6.4 keV nf� � 9 �Nn © s ? He-like (Fe XXV)V a 6.7 keV (3 :�+<;>=�# � � s ) Z H-like (Fe XXVI) V a 7.0 keV + b s ?

5.1.6 ½�¾@?BABCED (warm absorber) FHGEIKJ ½MLBN
�+OQP 3 \ y)RTS�+ x r Z �Y°�± P � �K�f�,� y � y ´ � � u Zfe r,�`� P ª7+ Â � s

gRhU¹iº6»<y � y c Z ��� Ti�2�%+ b2´ � � v ?VU + Z © s ÄWP 3�5NyN�.¥ � 3 \ +?µ ´ �b v b=´ � # ¿ ¶ a ZUe P4Ä +0µ s ª�3=gKh:T.¸ X�# b v b s ? � P ¼ n Z ¯Ny Fe XVII

(Ne-like; L Ä y)Y ¿ ´ $ �+! )
¿ n 3 \ � s a M ÄEP 3�5,T.¸)X�# bf� P n Z Fe XVII P

L �½°�± Z ∼ 1.3 keV �`� P ª�5�TfgRh q�r bf��? #�$ + Z Fe XXV (He-like; K Ä y+Y ¿ ´
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$ �+! ) n T L Ä 3�56y�¸)X�# bU� P n Z<eKP K �Y°�± Z ∼ 8.8 keV �`� P ª�5`TfgRh q¦rbf�@?��� +Gª�3 \ #%$ : £���� +2µ s gRh n T Z �.¥ � P;�+O�P $�� b 3 \+��!�P��	� ¼ �	

+ b s P n Z $ v q � P g.h��<y � b,´ $�	� b gRh ¤ ¸ � ¡ � y o6pwq�rYs ? ¿ $43 \ y
R � n,� P4Ä (L Ä + Â � s M Ä2Z K Ä + Â � s L Ä ) y�&�+ b s a Z 3�5fy X { ®CgKh
# �`� P=Ä + ��� X rYs6� a +?µ s (L→M

¿ $CT K→L) Z g.h { ~ oNp½q�r*s µ?¶q+ b s
(5.2 ����� ) ?
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Cross Sections of Ionized Iron

keV

cm
2

Fe−K

Fe−L

Fe−M

� �'n�ö � ãhF�������×qm��GÓ������9÷ Fe I ( è é ) ôAÜ Fe XVI (Na-like)  ÌXr"!9á Fe XVII (Ne-

like) ôCÜ Fe XXIV (Li-like)  ÌXr"#Gá Fe XXV (He-like) W Fe XXVI (H-like) r%$�Ì2o'n�ö"÷'&)(
æ Fe XVII (Ne-like) W Fe XXV (He-like) ×�ó�z¦ßIr"*Xzhk�Ì�o
n�ö�÷,+³ã�è é�-/.9ã%�"�)�9ã101W,23 ð $HEADAS/../ftools/spectral/xspec/manager/mansig.dat ôAÜ4�"���9ãBlRø65iõ ßRÒ4ß\t1a � Men�ö�÷
Fe XXVI ×�óqz�ß"á��6���"ãTl�Ñ 5.1.2 7 Ì�8)9�öQl (10−20cm2) W P':/��Ó¦â2W ø<;�=">Gä ÷

5.2 ?A@CB (photoionization)

�%�EDGFIH �EJLK�MONOP�Q1R4SETEU DGFEVIWYX[Z�\	]	^�_ R4`Gacb FEVEd (photoionization)

K)M�e�f F	V�dg^�h KibIR�j�JlkGmonLp,q ^sr�tgu n�k H�v�wyx R ( zyk ^�{�|�D�}l~��I��Y�l� P V U D��c���Lx���]I~ Nc� ) zlk {	|OHG�Iv�ws] e�f F�| L ^ X �c�c� ZG���OH������� zOk ( {c| n) Z���� e 3 fI� ^ �	����� ^��	dLZ r P x�� R
ξ ≡ L

n r2
(5.4)

ZiVcdc�LtO���I E� (ionization parameter) PY¡�¢�f ξ ^�£ Q�K D R F�V	dl^	h K Z¥¤s]E¦~�§�¨[H�© e�f�ª�«[R CGS ¬� Z�®I~�� R ξ Z [erg·cm/s] P ~°¯ ¬E _E¤s] f
3n ±�²´³�µ�²'¶4µ�²/·<¸1¹´º'»%¼�½<¾�¿%À'Á�µ�Â"Ã)Ä4Å'Æ�³�Ç¥È,É6Ê�Ë´Ì�Í/Î�Ï�ÐÒÑ)Ó"ÎÒÔ/Õ)² n ±"¶,µ"ÂÃ�Î6Ö 2.3 ×)Ø�Ù�Ú4Ä



5.2. FcVcd (photoionization) 85

FcVcd x��s~ e�`�a ^�Vcd ��� bIR Vcdg^���� (∝ � u��
	 ��� ^ X � r�tlu n�k × ���
) P �����l^���� ( {�| P�� |g^���� ) ^���t � k Z������GH����! P H"	$#¥�&% �%M

eYfE�iM H b(' £�© T	U*) �� !+l� kLP-,$. ©$/10cD$2$3[H�© e!465&7 D R�8:9Ib XSTAR,

CLOUDY ©s��^6;��=<�>�?A@ K/M ��B � Rc�¥M Z�C"#��$D:E ) ��  P!F()�q Z$G�H�v�Is]
e  P >:JAKcH�©L#¥� Q�N�f�M H XSTAR b NASA/GSFC ^�N�®�� u�O��$� HEADAS HP"Q M ��~ eEN���R X �*) �s R��S[HL	
�TC 4�M �s~ e 4 fF�VcdO^ �&� b1U {sH bE`$V ��WYX�� j�JOk�m ngp4q H�Z&[I] e > R ��\ 9&]°P x�� ξ ^�!� P-^ #1��	Y~ f$_�` H R F�| L = 1037 erg/s _ 10 keV ^�a�b�c*d JOkGm ngp6q Z�e6f
�	� Zi{	| n = 1 cm−3 ^ zlk > P � �  !gc_�~ e[PGQ ^ R c$h (r) iYj ^�k�l*m[^�V	d ���n6o ZiV�d��Ltl���s E� ξ = L/nr2 ^A���qp�xG�*r[] f1sutwv #�x(W
X R$�6y�qYz � k
mongp4q _�{ R&|�} ξ © � �(~ |�} V�d �:���:� e p¥�E���"	Y~ f�M � R�� �i�g� � �	x��
ξ ∼> 1000 �&�=��� Fe XXV (He-like) ���*�6�$������� ξ ∼> 10000 �$�=�A�w���*�6������Y� �:���A�(�=�����$� (Fe XXVII) ���&�:�L�  6p�Z! O����B¡�(p%¦O~ f

¢ ³%Ç�Ø�£4º�Ú¥¤§¦�¨6Ù$©«ª�¬-'¹T®�² Kallman and McCray 1982, ApJS 50, 263 ¯R° Ä ( ± Î³²-´�Î¶µ¸·¹ Ø XSTAR ºR» Ú,Ä )¼ VcdO^ T&V Z V ��] e x � �:½�¾ ¬ ©Ew¿p�x�� ½ h	~�À&ÁgZ�Â 5 x(Ãlt�Ä�ÅAÆ�^ H-like^ � (Fe XXVI; 25 Ç V	d ) pwÈg^ � (Fe XXVII; 26 Ç V	d ) ^GvgZ ξ ^6���Ép�x��*Ê�Ë&Ì"��1Í � {:#i��ÎL	y¯ f �$Ï�� ��½ z Ç V�d x*x �Y�L� ( {	| nz)
> “ ��y�qAz � ” kEmonLp

q f(E) [erg/s/cm2/keV] ^�d:ÁyZ�Â 5 � z + 1 Ç ��¼ V	dI] e ���¿p ½ z + 1 Ç Vcdl^ �1��
( {c| nz+1)

>	V U ( {c| ne)
p%�c�c�Lx�� z Ç Vcd �1Ð e ���l^��ot � k�b ½

nz

∫ ∞

Ez

σz(E)
f(E)

E
dE = nz+1 ne αz+1(T ) (5.5)

4http://heasarc.gsfc.nasa.gov/xstar/xstar.html
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p	� 5[e�f  $ ¥_ Ez b z Ç V�d �1�O� ^ � u�� �:y�q�z � ½ σz(E) b W�X  �&� f αz+1(T )

b �c�c�l^���� (recombination rate; � | T ^6��� ) _ ½ [cm3 s−1] pi~ ¯ ¬� Z�e�f f �
 ^���:> ½ [cm−3 s−1] p�~°¯ ¬E Z�e�f= �p ����� ( ¬G���� ½ ¬�c� � � x � ^�V	d Qx b �	�	�I] e �Y�y� ^�� ) f H-like ^ � ^ K � u!��^ ��y�qAz � b E25=9.1 keV
½�¼ VgW

XO^  ��� b ½ (5.2)

 	 �

σ25(E) = 10−20
(

9.1 keV

E

)3

[cm2] (5.6)

_ � eYf ��������� b ½ ~���~��Y©���� � /�0$� Q x b E$Ë*�&>���#%�c~ eYf  $ 1_ b Shull

and Steenberg 1982, ApJS 48, 95 Z�C[~ ½ Èl^ � ^����	��� b ½

α26(T ) = 2.76 × 10−10
(

T

104 [K]

)−0.73

[cm3 s−1]. (5.7)

¼ VGd�^!�E� b1�*y�q&z � kYmln[p q � 	 e > ½  1 )_ b f(E) = A(E/1keV)−1 [erg/s/cm2/keV]p�x�	L¯ f ] e p (5.5)

 ^���l^ � n b ½
∫ ∞

E=9.1 keV
10−20

(

9.1 keV

E

)3

A

(

1keV

E

)

dE

E

= 10−20 A

9.1 keV

∫ ∞

E=9.1 keV

(

9.1 keV

E

)5

d

(

E

9.1 keV

)

= 10−20 A

9.1 keV

∫ ∞

x=1
x−5dx

=
10−20

4

A

9.1
[erg/s/keV].

=
10−20

4

A

9.1 × 1.6 × 10−9
[1/s].

= 1.7 × 10−13A[1/s]. (5.8)

� i ½ Emin ��� Emax

Q _ � n x$x�p���^ ¼ |yZ L p)] e p ½

L = 4πr2
∫ Emax

Emin

f(E)dE = 4πr2A ln

(

Emax

Emin

)

.

xYp"�! �"�#
��© X � ^%$ � ½ Emin = 0.05 keV
½

Emax = 50 keV Z���� e p ½ Emax/Emin =

103 7���� ½
L ≈ 7 · 4πr2A [erg/s]. (5.9)

& � Z�C #¥� ½ (5.5)

 Z z = 25 ^�'�� � f�~E���(��G�] p ½

n25 · 1.7 × 10−13 L

7 · 4πr2
= n26 ne · 2.76 × 10−10

(

T

104 [K]

)−0.73

.
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 & ¥_ ½ zOk ^�� U {�| n ≈ 2ne
Z�C ¯ f Q x ½ U { � b1� | { self-consistent

� � �¥2*3
> � e > ½ ξ = L/nr2 = 103 ≈ 104 ^�p�� ½ T ≈ 106 K (∼ 100 eV)

Q _��:a���� e  Ap�>
4�� #¥��~ e ^�_ ½ � ^ � |�_	�	
���] e�f & � 	 � ½

n25

n26
≈ 2500

ξ

(

T

100 eV

)−0.73

(5.10)

p1© � ½ ξ > 103 ≈ 104 ^Lp�� � H-like ^ � (Fe XXVI) pwÈl^ � ^�� (Fe XXVII) >O��~	xu�'© e  6p�>�� 5Oe�f
XSTAR Z�C�#,� ½ ¼ VEd[x�x `Ga � 	 e WiXIZR/�0�] e  :p >�_�� e1f & _ ^1w (warmabs*power

F�)�q ) _ b ½ photon-index=1 ^ power-law k�m nLp6q > ½ NH = 1024 cm−2 ^���m���{
| ½ ξ = 10−4, 10−3, 10−2, 10−1, 1, 10, 102,103, 104 ^ � �����L^��LZ�eYf ¼ V�d6Ãlt�ÄYÅ� 	*#Y�sW�XyZ�Â 5 xLp ��^ kEm nyp6q Z�rs] f

�������	���� "!$#�%'&)(
(1) *�+�,	-/. �	0�1�2�3�4 ,	5 �	687��:9<;�=<>�?�@BA�CED9�F�G�H�IKJ���6ML$2�NPOQ(R�8��;

ξ ∼> 103
��6M7'SE;

He-like
��T

(L
4 ,�5 ) ,�U OV6W ;�X�1'H

K-edge (8.8 keV)
�<����Y[Z	\�]/#:6�N���9<;�=<>B?�@�A�C�D/��^:_K`/ab@�H

c�d �Be , Lf2POg7h( (2)L
4 ,�5 �:6/Lhi8S�j�; K

4�� *�k�,�l 0 (H-like)
;�m�7EN�H�n�0

(He-like) o L�i�p�q�r�s�t�uh;�v�wMx ,�y�z|{ 1�2 *�k�, L } ��~B���/7���� ���'�B\�]
�

(resonance absorption line) ��,��/� 7�� (3) ξ ∼> 104 � 6/7�Sh;�T���� k��h���B��� ��<�[�	uV�'�E���E����� �:� ��� ��� �b¡'¢ ��£�¤�¥§¦g¨���©�ª { ��«���¬�[®8¯Q°<��±<�²�³ ¬�§®/¯´° ��� �)¡8¢ ��<�B£E¤ �'µ�¶f· y	z§{ �8¸<v¹w/xgº�»	¼�r�s ��½[¢ �:¾E��¿ � ¥�À�°�Á�Â:���<��Ã	�/ÄÅ ³ � ¢ ���8�:Ã����MÆ�¸B£:¤ { � · ��vEw[x	Ä yBz � ¢ �'Ç:��ÈBÉBºBÊÌË)t�Í { � ¢ �Î � ��ÏEÐ ��� Ï ·�Ñ<¢hÒ	Ó º�ÔBÕ�Ö<× ¶ ¸/u$�����B£�¤��Ø���'��ÃB���:Ù[Ú$Û Ï:Ü ¶¹· �
�BÝ t�u¹��ÃB� � £�¤	� ��� �fÞ'ß �[� ¡P�à¡/¢ (

�'��Å ³ ��á � Ç�â )
��ã/� � �B��äK¾��å[¾ Ñ�æ �<¦:®gç�Â$°	è�é�ê/ë¹ì�í�è�é�t|u¹� Fe XXV

ê
Fe XXVI

������£E¤	��º	©�ª {� ·BÑ'¢ �8Çf�����8Çf�îu���ï Ý ë Î Ð �	� Ï ¸��/������º	ÔBÕ�Ö Î � ¡ð� ��ñóò�¬'®gr��
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	�����
���
�������������! �"$#�%'&�(*)�+,�,��- �/.!0 )�+��,� (“Accretion Disk Corona” �!1�2354,+,�,�

) 6

5.3 798 :<;>=?8
5.3.1 @*ACB (equivalent width)DFE ��G!H�.JI�K�LNMFO DFEQP %!RQST4U�5VFW�X N (photons/s/cm2) .ZYC[]\F^_�JOa`�b'c&�%�d L �>egfFh
i�j .kYl[]\'^Fm �
� 6 D�E �'nF�Z`'bFc & ��G!H,. C (photons/s/cm2/keV)

�ZL � �!O foh,i
�

E.W. ≡ N [photons/s/cm2]

C[photons/s/cm2/keV]
= 1000

N

C
[eV].

X
ENp�q�r�s ��f
h�i �'tFu�� )/+ eV .!Yv[ - ��m�w � 6�x/y % ONz/{ E �NGQ|N}/O�z�{%U~��$+��o� K 4��/V�W�X .�`ob�c & sN� ���/foh,i s I�L - �Jm�w � 6

5.3.2 �����U�VN�
��S������N�
��)F��������� P�s O*�$� ��W m
���_��� � ���
^�L � �F�!O��!� � �� �'�o�$�,��"!� u % � 3 2 3 4¡�Z¢N£ m � � 6 - � ~ [ % ��� � � ��W m
���N^ )$+ O�|3�% n
� � u %�¤¡¥
� �F� %�¦o�§�o¨�© .!����^ E �!ª'« s �,� 6
�N�
^ E m
¬�� �/%N� O��® %�~�����W�#
¯ �!°�±�m�²N«�³
« s �o��- ��O/L � K ¥ O!´
H�mNµ �,- � m
¶�·�6 V rU¸ %/¹��!V��N�o��������S������
�*�!�,��º»3 ���N^ E m�¼N½¾|4¾� 6V
�����*�/��� � �o�Q�$��� s � O ��� �*¿�À'Á ��Â m�Ã>[�� s ( Ä
Å s ��Æ�%'Ç�W O �W ��
® s ��� m�¬_� � ) O�È -�º�35É �¾| 4»� DoE�ÊFË_ÌUÍ � }§Î ��� 6 D
E*Ê'Ë_ÌUÍ �
. &
Ï L ��- � %U~QÐ O V
�
�o���$���'ºN�o���$��� �,Ñ!ÒU.�Ó
Ô ��- ��m s � � 6

5.3.3 Õ�ÖU×U�
Ø'Ù O�Ú�Û�mNÜ S��§+�����ÇNW ��Ý�Û %�ÞNß m s � � �F�!O�È -/% Ú�Û º¡35�NW m ¤U¥$+àZ� M %�É�¦ | 4�� ��m�á V DoE (fluorescence line)

s ��� 6� �§2�â�O P!ã �/ä (Fe I) m K
�¾å�æF�o�����,"

(7.11 keV) çoè�� X
E . V
� z�{ )F�

�N��O K Û %'é m �là 6�È����F� L Û º»3J�
W m ¤_¥/+êà�� � 6.4 keV ��á V X
E . É¡¦

L � 6
K Û %'é m Þ��F+Fë ¬ #N¯�%����§Ç�W m,O � ÓQ}Zá V D�E . É_¦ L � K,Ô s �N�ìà O�� "æ�íZ�
W . É¡¦N)�+Nî
ï
#�¯�%'ð�� \o^¡} �Q� (11

Ë "�æ �,ñ!ò
ó ) 6Fá V D
E . É_¦ L �¢N£ .!á V {�ô (fluorescent yield) ��ª�õ�6 P�ã ��ä��!\�^,OFÈ��$ö � 0.34
s ��� 6 �N�U)
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+������ O � ´�H��$�
	 º¡3 }§á V D�E m����oL �
- � %���� 6/L � K ¥ O Ø�� ¸ % ���
^E ��á V D
E ���	��
�� � Î �U� 6

5.3.4 Õ�ÖU×U������������������������p! º¡3#" « � á V D
E m
¼N½¡| 4»�Zº .#$�% �$%N� O'&�´ %N�!(Q�') À �+*��+,.-0//"�21�� m�¶
· s ��� 6 SF� O�È 4Q� X
E03 �$z'{  �54	6 r07�8 %:90; L � 65< % O/`ob

c &,� X
E�3 �5= E è�����	 %U~��!+ z'{*.#>�Ô � mQO'á V D
E � X

E�3 � e@?!AUj/º�3
É�¦ | 4»� 6 ~��§+ O!á V D�E �/`�b
c &�%'d L �Zf
h,iN� O.< % 4	6 r�¸'7B8 ��C!DU..>
Ô � 6

X EGFIHKJMLONQPSRGTMUWVSXZYO[O\�]_^a`cb_d�egfGh.igj�kmlOnWoGpIESXQqOrIsIXItZuSv 3 wWXZxIyGz#{}|K~�M�����O�c�Q�c�_�'�M�'���I�Z���#�g� J��K��RQ���:]��O�M� �I� JZ�M� ��� TckQv Makishima 1986, “Physics

of Accretion onto Compact Objects” �K� v
è���¡ II

s � O�z�{  m Ø y % X
E�3 .£¢�« s �,� 6�È���¤¦¥'m!§�L0¨�Ó�©�ª�O$`
b
c«¬ z�{¯®.>�Ô£ª£° V�± á V X

E ¬ G à �¯²5³ s O f
h�i ¬ Ø y�¨�§´ ²�µ I
³ \
^ ¬ O!`

b�c «¦¬ ° V¶±��0·�³ s O II ¨�¸!%�ª ( ¹�º ³!»5¼ ¬½	¾�¿�À ) Á	ÂÃ ¬:Ä�Å àWÆ¯²�µ III
³
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