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(!dY,l�ph?0�ph 200030)�Æ�yÆo�j�Æ=;lj*w<K�Zj�ÆÆ^�#"H*=;tH	
�to�yÆ

X t� �ÆD�C�$zw%7lj�Z	Da<��-byÆo�j�YEÆF�)po���� (advection-dominated accretion flow) �E0#w)7(�Æ97rDj�uNwt ��|^�	
�to�yÆ X t� �z.�wQU	U2Xv8ÆDaÆ� 2 8Æ(aÆ[`yÆZo��j�u|^�	
�toD�yÆ X t� �.�wQU	V d K�=;lj*�yÆ�o�j��Nwt ��yÆ X t� ��	
�to�}SiZ�P145.8 ��� ��Hyo�A
1 �}_�
��up
1.1 �NXQ^O��[L�WJeY|t;�℄Wf!�v�s���dt;JNf�wx��x,V6n�&UvF:L$��s�dt=DS�v�	�a�	��Iv�x�	�snq�	�G;v{℄��	�snsq�	��hv.B�sbh�vMvs�Z_Yn��i
th�Mvs��vPT+�Bt`} [1] �;�z�wI���7`�6qDt{℄��	�sn�vPT��ei0K=1~dt_}?b'��mb0%Æ-<v3e4�}?�s� 40% �_{℄��	�sn [2] ��eiv(6\E6� [3]:

1) Y℄�*0{���vY℄�� Lbol/LEdd ≃ 10−5∼10−3 *i>6�sv℄�{ 1∼2Jw���=:Z_{n��o�v�Z_n��v:s��*20"1v� [3] �
2) ?)w1�C�B's�=D_;��	�sn��xv�	�snt℄)�5O:�dt*�v�f!��kt{℄��	�sn��;6�=sdt�{℄��	�snv?bJ 1 +��aJ�h�Sq�f!�t{℄��	�snv?�=dtR$g�v��� zUxu�2007-09-19 � �℄xu�2007-09-25_f�q�d!:WY,�94,�$ (10773024)
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}4�t�ei�20"1=dt��1�v��;kiJ�a�eiv Fe Kα �v\Euq;;Av���\E'|C's�6*;�v�	�snv��:�T20"1,!1�v�

K 1 �|^�	
�tow";�s%� (��)v�zsv�/Cx�yx���vqx#<�t&AV��s �5
 [3]

3) �5�%!��{℄��	�sn�AK'|M\�53Vv's��+u��v	`6Ogvn�1v'�Ev�,!*0f�20"11�v [4] �
1.2 �NXQ^O��[L�arp	bo`+�#Hf R℄v{℄��	�snv20J�tNhx0jv~-dt20"1�;"1t";�E[1���$'|oG�1��E��oG�EC';�qx�5Yn�� (ADAF �� LHAF) �tYn��v'B�dt4���;J�v�FJbJ 2 +��a\E�LZCMEoG�Ev�an��\Z�n��nG|�PvoG�En� [5−7] �;�a$t�;���{℄��	�snv X s�:sZ'QvYn�

K 2 �|^�	
�towyÆo�2��w	GK[=L2�x31#3�[p���E�6�?Q



� 4 C e�6�yÆo�j��E=;lj*QUw�C(� (II) 287��CfT= �fSH|v℄) / 5O:s|(6ai_1�v20"1v!lx::s$s�:s|(6ai_4�vDA:s��;J�xz(8VT_4�x X s��� [8] �b)`� 2 �+�x X s���v{1vn���a{℄��	�sn0K�&�J 3To�n�1��4�;J{℄��	�sn M 81vm8 [9] �aJ�h�'|\Eqv℄) / 5O?0K�$=Dn��yv�\1�v20"1d2v?�{:a\E==�k1�v20"1v:s?{�)0l~+u\Eqv?�

K 3 M 81 wo�2��
(a) 31#3x;vA���s��375
=�1yrA�f�btx31#3 (?Fp��) s2�x31#3 (2��GY 100Rs) x;vA� (b) ��5
2�x31#3#p ADAF x<x;vA� �5
 ADAF x;vA [9]�;Jm8{℄��	�sn NGC 1097 ��JiLDM\v�5�%!�$d��h�{xJ�s64�M\�5	`v's�20"1,!1� [4] �a+u?�	`$uqv1��E Rtr = 225Rs

[10] ��;-�+uCiv℄) / 5Ovr$?:6O20"1,!1�OVv1��Ev�:ao�Z+u?�uqv�f��m [11] �M:v+u3ebJ 4 +��Wzo�vm8O#H ADAF B(`,T_4�D-{℄��	�sn!_Nh�s [12] � FR Is (Fararoff-Riley I �s��s) [13,14] � XBONG (X-ray Bright Optically Normal

Galaxy) [6] � Blazars(9/:)[15] C�B1i>6�s [16] �
1.3 �T�
�NXQ^O��[�slL���_{℄��	�snvn�fSh��\{!g9�\4P�*bW��{℄��	�snCKs�yv$fB1�xv�	�sns�.B��Jg9{Va4�v�P���J�Z�Z_{℄��	�snV?x,VdtYn��$;�v�	�sn�20"1)W;�0xqx+C{Z)Yvn��vdt\l_�P4����o�:i
/HvUA3
��;Jg94�v:s�\Eqv:s?vS}�bH+�#Hh��ss�:s;�i_4�k4�tD-:�vS}|={MX�h�ZC�	be\*0fv;B1n���;d4�$K4�v:s��*0G (b4��v�'�:�:s�v$=QY�v) Z_ ADAF v:s��{{%�QTZ)ÆJ:�v:s�



� 288 �������=�a�*�<��������� 25 OZ4�$=n��(o�*�v�	�sn NGC 4258 {Z)J�5v;Jm8 [17] ��JiR��1�v}Or$?T ADAF ��i)4�kbe4�:s�(o|)WNVuiv4��O$6v�CiD--�v�n/H (*b�"18�}iv/H) )WU�VCi�n��v�kt_n��y ADAF ��&CH|\Eqv X s��w�Z_Civ4�:s��0GX4�ZCH|=Wv X s��w8)4� X s�:s?�

K 4 NGC 1097 wo�2��M ������ �375
2�x31#3�6�E� ADAF x;vA
2��GY Rtr = 225Rs �� �5
�%�vx;vA����,℄Ax<s [10]

1.4 �Fr –ADAF L�w`�tJ 2 +�vn�13V�;J$6vi
g9"1q ADAF voG���#H8Vv(6v��\Cyj"�D;"1�'�� [18,19] �t�;���"1odtY�Y�Z ADAFa���Z_Yv�rgv"1�%dtY℄ogk��Cf�'fS/�PYF:;d���g�'�f_1vn��|ÆJ"1J�PWY��QP"1qY��%v/���;J���L	)w℄�� [20,21] �t�;���-�U�zn�1/H�CK��vE�vL	)���;)��*_E7�X��oa���&kM:vki)�={MXXD�;��9dt_;ZN℄y�dt
 [22] ��'3e'| [21] mL	)�Nf";D���;��)W8Q=WIvE�)��u"1oGPW ADAF ��uI�vCou"���d2"1q ADAF voGZCt{fvn��+U''|$Kn��nfoG�Ev�n���t��oa\E6O�=uv [5−7] ��j"��lTz20"1�v:s.=e���mn��G_"J��20"1v'Q:s.(ov��n�1Y=e�v�"=e��:Z)�o�"1q ADAF voG [23,24] �k#Hvi����'��\���"oGvdt [25] �;�20"1qYn�� (b ADAF)voG��J$6v℄4Pvi
g9�
2 �z� X u�!�x X s���h�i4xn�vkifS�/HxB?vIOp�Pyv$6



� 4 C e�6�yÆo�j��E=;lj*QUw�C(� (II) 289��4��a�	�sn�*Z_x�w6� 5∼8 Jw�$K^_h�Mvs'L$M\D6\vW��b�i[_&'1�;��*0x\E�LL$0l��$6vD;JkifSx X s����Pv�26*�	�sn� 5∼8 Jw�L$�ei�_h�/Ha�%\Zv|	bM"�2v℄/�1a1�%voG�0&B
ny66\l�~_7<h�t_�$�6qaYn���J�Zv'`��C~D--�F�Sv��ZCDqDU`} [26–29] �
2.1 ��WJeY

X s���Z���r�K|�>P�tB\Eqvfm 300 J X s����fB1v�����8�\ 18 J*0U�vx�\ 22 Jx�(:��k�U��r��(�a��� (�x) v�wvU�S�a$v�g�wvy~�u*00Uh�;�OW�x�*�JOW��(:��� 40 Ji� 3 JSIiD-�w|i��^OW X s�Æ��x X s���1WjJ1���℄Gv1e℄�Z{qG16W.B1�{ / R1��%1�G / f1�zG1�|t\\*K+zG1OW����1�+G / f1OW�Y(o1� [26] �a�14|Vvki6�b?��℄/6�aS.B1a{ / R1��%1azG1ki)�16e&v+=DvZ)�℄���jJ1v(6\E6�by [26] �
1) .B1�℄�0K{;�t 1030.5∼1033.5erg·s−1 �%� X s�?0Yv℄8�� Γ = 1 .5 ∼2.1 ��� Γ ≃ 2 �℄�r℄8��Z)�a��vas&B\Z�
2) { / R1�=D1vx X s���v X s�?;�ZuJP1>P;JYP1ZCT20"1v!lx::s{l~+u [30,31] �;J0Yv��P1�{ / R1v?Z��P1(ot 2∼20 keV�%��?�w� 80% Co�{ / R1v�GY℄�Ze

(10∼30)%LEdd �?*0R℄8�� Γ = 1 .5 ∼2.1 �a.B1e&�tm 100 keV v)w[dtG)1��{ / R1℄/0I�1vP�r$?t 0.1∼10 Hz �%W 0.1 < r < 3 �AK)'|{90&B
n (QPO) |	�{ / R1;�M\0Ivs�:ss�?0:(℄W4�v:so�v [27] �
3) G / f1�OWY(o1�a{ / R1=DG1v?(6Z1vx::s(o�C1v℄/:*{ / R1hu!P�r$? r < 0.06 �P���?{�0&B
n=dt�0Kh (rms �j�_ 1%) �s�:s0Kh4�=dt4��aR1*0�;\E3eWh�i44�v�P8Qz$6�*�
4) �%1rzG1 (�O���1) ��%1azG1v(6=Dt_H��Pv℄�{_���Y�%I℄GozG1(6Z℄�a�Ivk�a\�F�q�J1dt;Z)*℄�O"ki��)�v6�b?�℄/6�y$K\E\�'|℄��Gv1��oG1 [28] �L$|t\�L�_�TÆv�Iz�EOzG1W���1 [26] �h�t)`_VTzG1�;℄G�O�zG1v X s�?{� Γ > 2 .4 �dt0&B
nD���P1�;v X s�?v 20% Co���=dt0&B
	k��P1�;v X s�℄�v 50% Co�zG1vs�:s��*0?r�ZCU�vzG1=dt�R1%5e�vs�:s�k\E'|zG1RR�(2�&'�vs�4����s�4Vkv�P��s�:sa X s�vm9\Z$K{\�'�



� 290 �������=�a�*�<��������� 25 Oo�jJ1v�w\E3e��ZCDq`} [26] �U�qx X s���a�	�snvÆ)kifS�xn�+=Dv�xv�wC�n�k�vait�ufei�%Pmdt;�v�PZsbJ 5 +� [32] �
2.2 �jmp	#HR℄vx X s���vMJ1vi
��(J 5 �y�h�16"C$��

K 5 �yÆ X t� �w 5 K2wo�2��w	GK��Qw>Ef�w	
�to [32,33]#;Ah531#3��h5[p��
.H{I3x �?[W�l#e{6�Q3
2.2.1 �� / %$�uJ1vn�1v�tV�a{℄��	�snv��0K�& ((J 2) �Z�� (Cfr����8) /?favk�txOpBTy�z�P;J20"1�t";J�E["1'|oGPWY1 (ADAF �� LHAF) �oG�Ev�(6RP_n���n��nfoG�En�XR1voG�E*.B1f�\E4� [27] R1vn�1�'Qdt;J4���_.B1\�f!��DÆ)kiaR1�&V;=D�n��vf��X{Z).B1:dt4�k|t��\�Pv\E�L4�4�vdt��{Z)Z_.B1v4�v:s*0hL$&C4E�R1v�;��#Hdt{lv\E�L�|C XTE J 1118+480 t 2000 ,v&'Wm$��J 6 Civ!:�D�\Euqvr$? [35] C�i
��v�'3e [34] �D��������w��164�1�v"1�ADAF C�4�v:s?b��4�.�vr�h�Sq��+u\E�L{l�f X s�:�+u=lZ_m� ChandraSjDv�2g9+����v(6D��n�� Ṁ = 0.05ṀEdd oG�E Rtr = 300Rs 4��vk�)}�W Ṁjet = 2.5 × 10−4ṀEdd ��*D-x X s����Jivr$?v;J66v~-M\QfB1i=)\



� 4 C e�6�yÆo�j��E=;lj*QUw�C(� (II) 291�Eqv�5O?bJ 6 +���Z_�Ji[_GM\QL$�5Ovn�{h��;\E3e�n�1��8Qz�lvm���q�M:a$+u�;r$?6O20"1,!t Rtr ≃ 300Rs [1�9|"1v (!lx:) :sv59�nf�5O�tf Xs�:� [36] �sGv X s�:s(6ai_ ADAF �vT= �fS"℄8vai!_
ADAF�vDA:sC� ADAF CO"1vx::s�ADAF ��4� X s�:s+6Ovn��a1�v"1+u�5O?6Ovn��;��s�:s(6ai_4��vDA:sD���
��8r^JZ4��v'�:o�v�}Or℄):s|"1�ADAFr4��jJP1TDS}v3e�

K 6 XTE J 1118+480 w 2000 -w'(2wo�2 – 5���� �5
2�x31#3x;vA (�6PA8P31#3-"v Rtr = 300Rs \2�) � �sx��375
 ADAF s6�x;vA���5
/�x<s [35]`} [34] �v��=:)W4�!:�r$?�)�Cia�%\Zv4Av\E3eNVuiv4��D;{90&B	n (QPO) �#H*0��v QPO vi
��6On�1Z'Bv�t~1rOBv�t"1uB1>P~1v p ��		o�z0&B
n
n9�a~1vO�E�oG�E Rtr [vR=d9��m [37,38] �\Eqv XTE J 1118+480v QPO 9�mW 0.1 Hz $ 300 Rs �PvR=d9�W 0.22 Hz u�f:;���&J$6va�%\Zv\E3e℄)a X :s�%v�Z��.F�Z1m4�;�℄):s�� X :s 1∼2 s [39] ����%:Lvj��:LnL|���%nf��;-�.F�Z1m�'|z�\^v���Z�3e�℄):st X s�:s~"�H 2∼5 s �V|�wv-{�5Oa℄)e&k6h;8H�%:�; [40] ��3e'|�t{L�%k\�;�&Ci4�9	�Z1m4�℄) –X :s�%v�Z=Z)Z_CK$wv%5 X :st"1�s'sv3eLW℄)v9	�Zj�* X s�v� [41] �t ADAF– 4�����3eZCuq9Vv4��w� ADAF vn�� Ṁ Z_""=e��$IV~"���zo� ADAF v X s�:s~I�m Ṁ vX	3n��;d4



� 292 �������=�a�*�<��������� 25 O��4�v:s+�~"�Z_4��℄):s\{*vS} (D(J 6) �J4�zW��℄)��� X :s����'v�w3e:a\Eqv� 1∼2 s ��= [35] �:L0Lv:si_4��0VOvQL$���%OL��_℄)r X :sv���Z�-F
ADAF v:st℄)r5O:�:\S}�tC��vD�y�''| ADAF v℄)r5O:s(2 Ṁ v~"$ -{ 5Ov-{h;�Z_ ADAF v℄):sQ[_�f�E[vQ5OD` X s�:s[_�'QX℄)℄/t X s��H$5Ov8H�%*℄)6�;�k�w�'v3ea\E=u=l*\E�6�u!��{Z)�'�CTv&�$wo�v [35] �h�H�8qx X s���vR1v�G℄�ZemW (10∼30)%LEdd ��;-�h��s ADAF v�G:s℄�mW (0.3∼0.4)α2LEdd ���$w��D� α = 0.3  ADAFv�G℄�:==C4���xvR1 X s�:s℄Kn�1v MHD ���+4� α v�Z)�\ α ≤ 0.1 �PT�xvYn���� (LHAF) )W0l~4�℄�G�m 10%LEddvR1!_℄��?���G)1�y�w3ek LHAF _V==CH| 10%LEdd Cov℄� [42] �-Fq���xvR1v;\E6�azG1{�& [42] X��xvR1v X s�:s��Z)azG1v��\Z�>kvh�#H�zG1vi4�{=W�Wzo� ADAF ��O Markoffy\ [43,44] 8V{ / R1v X s�:sai_4�$=n�1�4����xv�)TDA:s4�\Eqv X s�:s84�z\Eqv{ / R1vs� –X s�:s�Z [45,46] �V$�a7wv/H'|DA:si)+uG)1��L [47] $K4�s� –X s�:s�CTv;J$w:dtg9 [48] �Æv4���TT= �fS4� X :sk����6v�~ MeV v�G�8_�o����dt�T��g9 [42] 9|&C4�CK\Eqvm 100 keV vG)1��W_�O�;��dtvD-g9:\i/H�4P [29] ��? Miller y\ [49,50] �{ / R1v1�v"1��8Vz�A�-�a� X s�?�YP1vr$?+uC�B�+uuV3
℄Wt{ / R120"1_V)W0xq��e�as�D3e#H�dt{fKh�t_=B5
F�Sv��ZCDq`} [29] �
2.2.2 �! $.B1vn�13Va{ / R1�D��dt;J1�v"1�ADAF C�4��#Hh�;�℄W.B1a{ / R1v=Dn���Wz4�.B1v X s�:svai#H8Vu"���; ADAF �� [8] &4��� [51] �h�t_��;��B&�6q��;��*nt\Eqvs� –X s�:sv�Z�3eo [45] 8$wt{ / R1\Eqv4�t.B1_Vdt�tÆ:℄�0Gv{ / R1 X s�:sai_ ADAF �vT= �fS�4��v��
�8:CfDA:s�sGv X s�:s\S}kj{_ ADAF �(2n��v-{Z_T= �fSb�~�*_n��v:-$4��vDA:s|�*_n��XH�y-u*��\��5mn��{�";|5��sGv X s�:s+/PZ4�:s(o�Z_.B1vn��Æ)�[_C|5n��CyX.B1v X s�:sZ)Z4�(ov�C|5n���PvsG|5 X s�℄�W [51]

lg

(

Lcrit

LEdd

)

= −5.356− 0.17 lg

(

M

M⊙

)

(1)



� 4 C e�6�yÆo�j��E=;lj*QUw�C(� (II) 293��k M x�w��;3e�_�	�sn:D5Pn�dt;Z)v\E�L�T�;i
�� [51] ��? Wu y\ [14] � FR Is v;J/H3e:f�a�;d2�=�
2.2.3 �� / "$G1v��0xq��e�asv20"11�odtYv��20"1�dt^J�;^JZ_n�1v0G/	$(/f/fq;�I��^J�Z_ Park =e��$JV8t1o-'|^$q�/V^J)a$"Y���;""Y�vZ)-�Cf^�:�vM":�\EqvG1v X s�?�vYP1Z_1v!lx::so�v-��Lz\Eqv X s�:sv 75% Co��;��M\{lv\E�L�Wz)W{l~+uG1?�Oa+u\E�Luqv℄� Lbol a1v�'�Ev_� Tin :R|V0Klv L ∝ T 4

in v�Z�a20"1vi
d2QT;� [52] �tR X s�:�\��\Eq*0hv��1�v[�?�0f��JP1;�℄WZY��v0Y�8vT= :so�v [28] �tG / f1v�Z/H�#H;J{�ov-�x9'v\EE��DÆ)gi�gh��sivNh�x�wC�sGvL/CfT20"1��a+uG / f1v\E?h�ZCuquJ$6kiw;J1v�'�E Rin �;J�'�E[v_� Tin �H��`I��
d2v�4o8v��e�hasv���_=D9'vx a = 0 ∼ 1 ��e�asv�:=D Rin = 6GM/c2 ∼ GM/c2 �L$g|oCf0UU� Rin v�h�ZCE�x9' [53] ���_h�i4{!$6g9*b4�v�P��+M\$6 +�kt;��L+u�H�6��&jv20"1��;�;������!_n�1�'�E[v�ipK�.5�) [31,54] �l_��� (�kso�v�x:?vR� [55,56] C�`I��
�� [53] �lT�lv 5 Jiv�L#H'|.��dtvx9't 0.1∼ 0.8[57,58] �
2.2.4 �#�$&'�$�_zG1r�%1M\	p)ÆYvi
���℄*n:dt;V	v�� [59]�zG1vn�1��=:tx X s���~;Ji4Pv$6vg9 [26] �4�h��_xn��;b'�$6vÆ)kifSvi4:j℄eqP��QnvS���� �)`uq�Xk�\���og�>,��C� 9VX)Æ8 (3+m 10773024)3+�Ih~��
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The Recent Progress in the Theory of Black Hole

Accretion and its Astrophysical Applications(II)

YUAN Feng

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: In this paper we review the recent progress of the theory of black hole accretion,

focusing on the theory of advection-dominated accretion flow (ADAF) and one of its variants—

luminous hot accretion flow (Yuan 2001), and their astrophysical applications in our Galactic

center, Sgr A∗, low-luminosity AGNs, and black hole X-ray binaries. The whole review consists

of two papers. This is the second paper, focusing on the applications on low-luminosity AGNs

and black hole X-ray binaries.

Low-luminosity AGNs (LLAGNs) are very common. Over 40% of nearby galaxies contain

LLAGNs. They are important sources also because they lie at the weak end of the luminosity

function of AGNs. Many of their observational features are different from the luminous AGNs,

such as the lack of the so-called ’big-blue-bump’, and the narrowness of the detected iron line.

All these features can be best explained by the truncation of the standard thin disk. Within

this truncation radius, an ADAF exists. Such a scenario may work for various kinds of LLAGNs,

including LINERs, elliptical galaxies, FR Is, XBONGs, Blazars, and even some Seyfert 1 galaxies.

The physical mechanism of the transition from the thin disk to the ADAF still remains uncertain.

Three possible mechanisms have been proposed, including the evaporation of the thin disk, the

turbulent energy diffusion, and radiation pressure instability of the thin disk. But none of them

can give quantitatively good predictions to the transition radius.

Compared to AGNs, black hole X-ray binaries (BHXBs) can provide us with some additional

important information about black hole accretion. This is because they are generally more lu-

minous since their closer distance. Much more importantly, the mass of the black hole is much

smaller so any physical timescales in BHXBs are much shorter. They come in five states, namely

quiescent, low/hard, intermediate, high/soft, and very high states. The model for the hard state

is very similar to that of the LLAGNs. This model receives more evidence in the context of

BHXBs. Taking XTE J1118+480 as an example, we illustrate in detail how this model can ex-

plain the multi-waveband spectrum and various timing features of this source. The model for the

quiescent state is also similar, but with much smaller accretion rates. However, different from

the hard state, the X-ray emission of the quiescent state may come from the jet rather than the

ADAF. The model for the high/soft state is a standard thin disk extending to the innermost sta-

ble circular orbit. We breifly introduce how to determine the black hole spin from fitting the soft

state spectrum after taking into account various corrections. The theoretical model for the very

high state is still an open question, which implies that our understanding to black hole accretion

is still in development. The speculative parallelism between AGNs and BHXBs is presented.
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