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 (I)���
(�m��J�=t�7��=t 200030)�����B$�?[�Æ>����R!d�?�[,Q|&Ne�ÆG��1��pG}��� X CRrp�,CCR(��	�>�!d	J5zk'`h���B$�?�4�[i�
yB$1 (advection-dominated accretion flow, ADAF) [s*�5��
�,℄��WAJ�?U%�G�k��h���pG}��� X CRrp�3R�+2	�58."q�J5[��q�
/[a;���$B$1�?*�U%�G�k�+2	D Q 6����B$�?�%�G�k��� X CRrp���pG}�pAYG�P145.8 ��� sy2k`�A

1 �(��	��A#Z�
=����Q ,=�q[ÆZ;K�Q�g�Æ��
=�N_Æ-0��oF| (#�;K�$�F�j) ��� X BQqoÆ�)+BBQ'���> 
�i$ÆA#�> :;K�Q���
=�q[Æ0vouY��ouY�oF!��z�0
(cooling flow) �����Æ*1�kA#0�2�Æ�7Æ��A#lZr7-���~�#�!o���e��rr:Z9�%l [1], A#0�2��: 106

∼ 107 K �f�Zr℄1:�:��#A#8�F�Æ0X%���oF|�wA#8M:��#A#8MÆTjA#0�d#2[��h�Y4}5T�ÆÆiM9�%lm+Il (slim disk) [2] ~�r�Æe��rr:Z ADAF [3−5] Æ#A#0	�dZq2�Æ,��~
�p6D��2��A#0����p60�2�Æ,
1012r−1 K Æ r Z�R#��h-t0�A#0��h�
��2�>�gÆWnA#8�D�ÆA#lb�
�2�T 109

∼ 1011 K s:�T��A#l�>2Q (,9�%l~Il) Æ�Æ��k[\ZN�ouZf�Nn �� lBhe�2007-02-27 � �Ihe�2007-03-09JVz
�=t`�E1���Z_ (06PJ14124)



� 102 ���������5���\�℄������� 25 sl�nt2^�N℄~>B��2Q�X7VI����0x [6,7] �i$ÆmZ`:IlT℄g��oF|�)W% X BQG2Q��g*1 [8,9] �,4C�Æyj#A#l�>)�T$�F�j��g���oF|��� X BQqo�.Q2Q�*1�fZ��A#l�k-�_L.gÆ'�Æ�[\�i$Æ�d�k2.7Æ��A#l��k7-Q?�k~ouZf�_gÆA#l�ouZf�k�}&	o[\Æ,4C�zf2Q�J7[\ÆvP:pAÆD*�JV��
2 �%C%2��
2.1 ADAF

ADAF Zr�+NZ��A#l-�49�%lsÆ��[)U��{ [3−5,10] �IZr�ÆZ5r<o� Narayan If�4��B�~�6 Abramowicz If�)�K��*e\�+N&Y�� Narayan If#iT 2006gw~-)l�6��IX�w!ÆT Narayan)��*e�Y*s�Æ�6'+N&fQQ [10,11] ÆvZTwM5:��D#H6'�$^�aÆ?	�+'�( [12] �`: ADAF �����)>BÆ�6	%	y�!jw4b [13,14],,4Tix*<ÆV��Tj��A#0����w~�2[%5~#�h^�#��^�#�~�~
��d#e�2[℄Y [13] �
Ṁ = −4πRHρv = Ṁout
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= (1 − δ)q+
− qie = −(1 − δ)αpr

dΩ

dr
− qie . (5)<QTU��B{p6�T�=�u �	<ZU (1) �Pvo s ��ut�&A#8z�h�4�Æt�&$0�
��U (4) ~ (5) �� δ r: �z87#8�tL7#
��-�� qie r:~�~
�s:��=o�/�Æ q− r:>Bz�8Æ>Bq[#��H>B�#(z>BÆ�)�K�y|#��<Q�2[Q_ÆÆ;Km��}zTQ#z�h�4�Æ5i�Q>B��2[Æk(�}+B��Tp
0x�Æ5:���A#0{Z�Q�Iw�q[ (#-A#00{�gw[2��aTÆ_Tis�0dq�QIw
) Æ#(A#0a&0{F$$1T�A�)��aT<�b1T�As$Æ�0{F$�QIw
�A�f
Æ<Q2[%��QTo�<ZQ%
1u:�Æ�Zm
�Q��A#��Q/ia
 [2] �� 1 U_�Qm
Q��� [15] �+B�����L>� 3 �



� 2 � C�:���B$�?*��Æ>��+2�`�,℄ (I) 103�<Q�2[%℄1:*���A#0Æ#�9�%lZr�xDq :9�%lÆ~�
(�e��) ~
�p6T��2�Æ#(A#0Zt2�Æ!Qd#2[�*-��9�%lZrZ���.�%��g�
�Æ>Bd8JMÆ_v- 0.1 �ADAF ZrZ<Q2[�.�Q���QÆ=9�%lD�Æ ADAF Z#��.�
��g�%��.�
Z5:A#0�2�	M� ADAF Zr�'�Æ	kZ��>Bd8-J� [3,4,13] �

ηADAF ≈ 0.1Ṁ/(α2ṀEdd) (6)f� ṀEdd = 10LEdd/c2 � -��#A#8�>Bd8��D#Z�h^w�-9�%lo}%ÆxzA#0�N�-J�Æ#i>BM9-A#M9UÆ_ �z8RJ�##�ÆD)>B_�m��-0
�bdemT0
�Æ'Æ`KT��aT�80�j�
p6�Q0�:QÆ-0��oÆ`Gfgem�bd'��C+>B_��#(Æ�I-J
ADAF Zr�A�=bNZpX��mT�	y (y!Z:L) �2. [16] �xÆ
��ZÆ
ADAF Zr�>Bd8?D"Z5T�Æ(Zz�A#8�Z7(4M�wnz+TA#8
(ṀADAF ≈ α2ṀEdd, >J) MÆ>Bd8�d=9�%lTQDo&�

� 1 ADAF �nÆR��R��
6 S�9>;W (l=({K(�{=8{K8) ��3��Æ�3��D�p�D&3�O�?!j�/�SO��+H�$
E��S",E��%2U�B (?7O [15])`: ADAF QÆ;K�6�J.
xÆ
��

1) ADAF QxmT:�:+TA#8�F���5~��d#2[Æ;Kr|h�Y�x==�t: �z87#8 q+ =~��z�8 qie �T oa�A#8	aMÆA#0N�	�Æ#( qie 	a�5: qie o-:N��x2( q+ o-:N�Æ_z�A#8�Z7Æ



� 104 ���������5���\�℄������� 25 s
qie Z7}- q+ Æ��wF$

(1 − δ)q+ = qie (7)MÆ�=o�z�_v= �7#x
Æh�Y_v- 0 Æ_A#0mDSZh��x�&�I2[t�& ADAF Q�+TA#8� ṀADAF ≈ α2ṀEdd �wA#8M:fQuMÆADAFQDSmT ((+.�Q#A#Q�rÆ> 2.3 M) �
2) Tl� ADAF Zr (T :ÆÆ ADAF Zr�+\Æ>J�MV�) �ÆA#8++-ZDz�h4��To�.$Æ8� δ �u5TaÆ δ ≈ 10−2

∼ 10−3 Æ, �z8�Æ7#~��v0J4~jÆTi� ADAF Zr�X=�D��
3) ADAF QTA#8-J�Md8	��k/i<sÆfZ5: δ 	aÆ~�
�d#2[���=o�YZ�Æ�7#Y�f�Yo-:A#0N��x2Æ_TA#8	�MZ5Ta�ÆfZ�l�� ADAF >Bd8��D#�v0J4~jÆTi� ADAF Q��?D0i�
4) 'ÆÆ ADAF Q ,<Z#9�� [17−19] �

2.2 ADAF 8>����q℄�<℄�:�Og�M:��3T�l���es'^� ADAF Zr�_ÆÆ�
=��6K �[v&o#��kÆ3�Zo#�ouZfÆpO&fQZr�|j——�h�Y5T�Æ��o w�v�+N<j!Q8EÆ,<$0~(6�
�tL7#	�dZD� ����Q'�Æ�+NÆ� ��A#l�ouZf�k��k+NA#8Z�h�woÆz��h�=aÆA#8F��uoJ7A#=~��$0�uU|K�(H6+A#[2��aT [20,21] ���+-$0mT�=�D#Z5: ADAF >B|KaÆ_0
�Cj�Lou-Jo�f
Æ0
�ugz"�Æ3	.��"F��'�mH�v�6'\D��b
Æ+-$0�mT=Cj�Lou<` [22] �a&$0ÆouZf�k�+NÆw[�Foa:℄QuMÆA#0�� 0	
Æ�y:oJ70
�T)m
� 0Q�Æx6?J7+goA# [20,23] �f� 0D9�w�=�D#Z0
.�
�-Fu�;K'`j�Z 0 +B��-XÆ�d*=$0�vÆZxzA#8z�h�=a(=a�#(T�1
ADAF Zr�k�Q^bNMÆ;K��K1�MU (1) � s(s >0) �u�2.Æ{5$0= 0�-X��*Q[\Æ� 
�tL7#��QÆ, δ �u��g�keT ADAF L++NMm�_Æ�g)b=�q[ (0hSz8) d^tL7#
� [24] �.$Æ �z8q[�	�dtL7#
� [25] �#i δ D*I���8��uÆ, δ ≃ 10−2 Æ(*IXo�vZ5:<j)b=�q[�ERwÆ��kNnmT���D �w�.�2QÆ'^� ADAF Zrv�d^Jy�Q^bNon [13] Æ#iT	U��M:�Æ'K+-
��tL7#Z���<��vZ�k:XÆw{5$0�) 0��Æd*�ÆÆÆQ^bNNnÆm0{�a
��tL7# [26,27] �;KC� Sgr A∗ -�ÆT� 3 b� f�
*VIsX�i$Æl� ADAF Zr�8E
�f:E�t*7FÆvZfQ8E��dq:<����Æ�A#8M���
Z<o����*ÆA#0���g)b=�q[Æ0 ��6'B�h���Æ�	6�dT7#oJ7
���MÆ�CJ7
�7wz5#7F�f
A#0��
�7F	�dZ#~5#7F���
�



� 2 � C�:���B$�?*��Æ>��+2�`�,℄ (I) 105�M!Æ�<6` ADAF ��k[\ ;K�Q�Q^bNNnZ5T�Æ�� :$�F�j��kC�b�sXf�
Æ;KCT� 3 bVI�sX�
2.3 ADAF 8>��=�a\8guK℄ (LHAF)0<~jÆ ADAF ZrmT�Q+TA#8Æ ṀADAF ≈ α2ṀEdd �����+-ÆM:fQ+TA#8Æ#A#QDSmTÆx69�%lmT�vZ�k+NÆwM:fQA#8MÆtyL_ ṀEdd ÆmT�Qi�#Q —— X%�#A#0 (luminous hot accretion flow Æ
LHAF)[28] �JQV�fQZr�dL;KÆsX�ZÆTjfQZr�A#2[%=Tj ADAF Zr�2[%Z&�T���f!QZr��ÆD�Z�K℄1:D��A#8�~� (�e��) �d#2[��uU�h-�

ρv
dεi

dr
− qc

≡ ρvTi
dsi

dr
≡ qadv,i = q+

− qie , (8)f� qc :V�}Z�Z8�_;K6�
ρv

dεi

dr
= q+ + qc

− qie . (9)�Q ADAF QZ#QdLZ5:A#0�bd
�ZFu�w Ṁ 	aMÆ
ρv

dεi

dr
= q+ + qc

− qie ≈ q+ + qc > 0 , (10)w Ṁ L_+TA#8 ṀADAF MÆ
ρv

dεi

dr
= q+ + qc

− qie ≈ qc > 0 . (11)��f�h^w� v < 0 �f
Æ5A#0T$1TMZ#�ÆF�bd
�&p2�d\}Z7Æ,0
T�-#��k<Q�Nn;K��x_ÆwA#8M: ṀADAF MÆ5JQ2[t�.�Q+TA#8 ṀLHAF �
qc + q+ = qie . (12)wA#80: ṀADAF = ṀLHAF Æ;K-!6 ρvdεi/dr = q+ + qc

− qie > 0 �_= ADAF��u�vÆ5A#0T$1TZ#�ÆX�d^&\#�Æ,TiA#81+bÆmT�Qi�#A#Q�fQZr *�A#8Æ- ADAF oÆ>Bd8M!�- ADAFMÆ_+Bg��m-JoÆfQQ#(X-X%�#A#0 (LHAF) �k<Q�7?;K�Dax_Æ LHAF ZrT���<= ADAF Zr'o�D�ZTIZr�d#�h�YZ7#YÆ(T ADAF Zr�Zz�Y���sÆT LHAF Zr�Æ0
�.+��->B|K�&Æ0
�.= �z8��=>Bz�Tx
�f
Æ LHAF ����w~=�A#�eoF!��z�0 (cooling flow) �v�i$Æ.
��ou��/�A#0Z 09���VI�ou0xNnpO&<j7? [28] �0x+NÆwA#8M: ṀADAF v9DZ	MMÆA#0k$1Tz��aT�Z#��vZwA#8-JMMÆTA#0�b�ÆN�



� 106 ���������5���\�℄������� 25 s-JoÆ_ qie 	oÆ_h�Y= �z8Y�~�<.=sx
Æ#(A#0DdS&\�Q#���Æ(Z�}uY�Q9�%l�p
��}�h�u�t:ZrLoÆ�ÆZA#8�oa�A#8LoÆX�}�hLo�`: LHAF Zr�9�wÆ;KTiD*VI�>ÆxU_Nn [29] �wA#8DZ	MMÆbeZrZ#D9��ÆvZD9�wZU�M9Æ-A#M9UÆ_A#0D�gzD9�w�-X�vZÆwA#8-JMÆ�y:b�mT�}�
MÆD9�wZUM9Æ-A

� 2 4 R��B$R�*!+�?Ce9�� 4 S�;W 4 S",<E�D&:�S (MO7O [28])

#M9�Æ_D9�w�-X�	�Æ�y:#D9�w�ÆnÆ̂ ���k�-J?�5: >B{5}5T<�Æ,S^��ouZf2.Æ�<.�kf��
���+-Æ�d�Æns�CZuY��P!=#��
���
�fQNn Q^^�� XBQqo2Q��gi�bNNn�dZ5T`��Æ;KCT� 2 p4b� fQ:�7�V��"�ÆsÆ�nZr~℄1�A#81+Æ;K^�6uQ��A#ZrÆ!QZ��Æ,9�%l~Il�!QZ#�Æ,h��xA#l=X%�#A#l��KT��A#8=>Bd80� 2 ~V�
3 �&�H�l
3.1 ����NT�4�6K|8+-Æ;K�$�F�jmT�QWo~#��Æ=zNB
G Sgr A∗T *�fQGT	%2Q�Z��<*���U;K�[&z^�-w'y�Wo~#��mT�pn�X�Æ�ZÆfQ��aT ;KbNe~
�GZ~6���'o��#i;K fQG�bNmd^nz5T
I�[�Æ-0d^�qbNÆ-J
 �}zA#�$1T�AÆk(U�>Zr�_	
�P}�5:fQG��<*�	h�0Æ'K ��T2Q�bN�5T�IÆ-0_.gÆÆ�4�6Ig�1YT<'y�'Hg[vkB
z X BQ�%B��M�N�fg�kNn :;K�QI��A#f� ,=�q[�����G0��oF|~�� X BQqo��p6XM�vx� �
3.2 �uK℄8q0UoR;KdLV�bNNn A#0�$1T�A�P}�Chandra X BQ�:'HgbNz&q��j�� 1′′ ∼ 10′′ 1+b�L8� XBQ>B�k}z�onÆ��}_ XBQ�
�=�w~ [30] �T 1′′ �0|fÆfg�
�
�oN�- 100 cm−3 Æ
�2�- 2 keV�fgM2�
�ÆÆG:��
+7F�o~#�o+_�o;Æfgo;T�o�uY'BÆk(+7#z XBQ2��Wn BondiA#�>Æ;K��0x_ Bondi�hÆ,A#�$1TÆ�u
y- 1′′ �;K���0x_ BondiA#8�u [30] ÆṀBondi ≈ 10−5M⊙a−1 �



� 2 � C�:���B$�?*��Æ>��+2�`�,℄ (I) 107�'_6'�I{5&$�F�j��
+��o7FÆ1ouZf�2.�k&fg�o+_�o;s:�T�*1�)T�j��'�*1J���� [31] ��kNn:XA#8- Ṁ ≈ 3× 10−6M⊙a−1 Æx-<t� Bondi A#�>U_�ua 2/3, ~� Bondi �>ZQ	y�_v�.$ÆZf�U_&A#�
T Bondi �hf�G�#�uÆ:XG�#-Jo [31] ÆE��hnz 104Rsch(Rsch -R#��h) Æ_�A#ZQq:<��8E�
Bondi A#8� Bondi A#�h�uÆ�)I�hf��
2�~N����℄Y&A#Zr0{F$�1T�A�
3.3 Sgr A∗ 8��E5SF Sgr A∗ ���bNNn0� 3 ~V�B
�5!J7%Y�T 86 GHz �JÆ��u

� 3 Sgr A∗ �i�
yB$m[s>
OOo�.K�zS;W&Æ���I�D+�z}$9D�zSs;6&Æ���I�D��S;W&�6&Æ���I�D+�z}$9D���VzS;W Bondi !jGa	��&){�D�)PSY;W=l�7�D�#� (?7O [27])U- Fν ∝ ν0.2 Æ(T 86 GHz �<tyK 1 000 GHz Æ��uU- Fν ∝ ν0.8, Ef<+X-��xM#� [32−34] �T 150 GHz �JÆ�Nz&J
�ErhÆvH6�NzQrh���+-fZ5:b-�QrhTgAq[�+��Y&Erhs_�T 150 GHz �<Æ�Nz&rh�- 2% ∼ 10% �Qrh [35−38] �fZ�Q5T�Æ�bNNnÆ#-f
�MQrhum ��# (rotation measure) U_&�Q<P [37,38] �
RM = 8.1 × 105

∫

neBrdr < 7 × 105rad · m−2 . (13)

Sgr A∗ �>BzM:4�ÆT 1.6 ∼ 3.8 µm BU1+Æg4A���T 1∼5 s:Æ4�M9T 10∼100 min s: [39,40] � �$B����bNNn^�mTl"�1P7�Æf�onÆ6'+N�vozg�4�Æv�6'}_T0�N> [41,42] �RJ7���ÆD#T:�KkDT���a*e��2.D��T X BQB�ÆChandra 1odj/'nC��Nz& Sgr A∗ �>B [30,43] � Sgr A∗ :N_&!Q���Æ7<Zif�~;M��if��>B�-J3Æ51P7�Æf�onÆ



� 108 ���������5���\�℄������� 25 sP7�vo- 1.2 �I� Sgr A∗ �+J.j;��;��M9��K- 1 h Æ=�$;� ,T�Æf��Vf!QB��;�N_�dp6���G�'_�%B��MbN+NÆ�$~ X BQ;� ,<Z�M+J�ÆfZ �K\��G�.�Q6�q\�.$ÆfG��g4M9�:X;�Z+JT	a�℄�1+bÆ,q���	_����;���>B�-J%
Æv�H6XM�k7�-0Æ Chandra �Nz&�QA�K- 45 �;�ÆP7�vo- 0.2 [43] Æ( XMM-Newton �Nz�A�- 160 ��Q;�Æ�P7vo- 2.5 [44] �5D{5;�Æ Sgr A∗ �#g� (bolometric luminosity) 5T�Æx6 L ≃ 1029J · s−1
∼

10−9LEdd �fZfQG��QMÆ	k�
3.4 Sgr A∗ 8uKb~9�%lZrM!<.Q^<j Sgr A∗ �bNNn�k Sgr A∗ �g�� Bondi �>�)ouZf}_�A#8��x_>Bd8 L/ṀBondic

2
≃ 10−6 Æf-9�%lZrA��d8Æ� 5 Q#-�.$Æk� 3 ~V�%B� }�Æ;K�.�x_ÆbNz��=9�%lZrA��%:�
��&�D��#(ÆT ADAF Zr_Ns�Æ$�F�j Sgr A∗ �Q^�tZ�
=����QÆY��a�

ADAFZr: 1994g+�_sÆÆNarayan)��*eB<C�*1:Q^ Sgr A∗[45] Æ?: 1998g1X7�P�0x (�ÆZ1 ADAF �X7� �m
Q�rs�~1�D�� ��TvQ) �Xy�bNonÆ�i�k& Sgr A∗ � ADAF Zr [46], �}&ooYZ�dLÆADAF d^�!�T�Q-Jo� BondiA#8JU_bNz�(�g���jÆADAFZrU_��=9�%l�&�D�Æd^-Jy�Q^bNz� Sgr A∗ ���)wM}z���bNNn�xÆ
��ZÆ�K~1� ADAF ZrZ�l��ZrÆ,H6{5$0�e 0d*Æ, s = 0 ��jÆ
��tL7# ,<+�<Æ, δ ≃ 10−2 �0�~jÆ�>Bd8�=�D#ZÆTl� ADAF Zr��=o�Z,��
�7#YÆ(f�YT�A#8Z5Ta��IZrTwMmT�,�:�mZ�A���uB
>B-bNz�0#�	%Æv5:B
�Z5!QY7℄Y�Æ_f�:�d^.���q'2.�QY7 (n0) 7�Qt�;KCTJ44}�>f�:��!(Æi� Sgr A∗ bNNnSf�l� ADAFZrQ+�v�aÆfmZ;K�4�z� Sgr A∗�B
rh�bN�bNz�MrhÆ�>B����#0{a: 7×105 rad · m−2Æ(Zr�A�&�QM}%�uÆ,K 1010 rad · m−2 �MuB
>BZkA#0�b��q�H>B+_��f�Nn:XÆA#0�b��N��)hS
�0{Æ-IZr�A��a	%�;K��zTIZr�H6{5$0�) 0d*Æ(fQNn
*�VId*��ÆwÆo0 ADAF Zr��>�kA��`

a&B
rhbNNns$Æ'_.g�}z&�g���bNNnÆ0i��$�bN��$~ X BQ�;�Æ#�A��M9����f
Æ�2Q{5 ADAF Zr��>�k<��Æ[\Æ.�2Q{5bN<}z��F(i��ÆKmÆ�i�k$�F�j�Wo~#���A#q[mY-�Q�Æ�����Æ'�Æ��
Z{5A#$0�d*��6�Q:�Z�uB
��Q^ÆbNNn
*�VfJ7�xÆ'$�Y7����dwZ{5A#0��5#
� (> 2.2 M) ÆfJ75#
��>B6�dZ Sgr A∗ ��uB
>B�ÆG�
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�0xNn=bN}z���-J [27] �-&=l� ADAFZrT�7Æi� ADAF Zr6M�+X->B<d�A#0 (Radiatively Inefficient Ac-

cretion Flow, RIAF) �k� 3 ;K��xzÆ�uB
>B�ÆZÆG:fJ7
�Æ5#
��"d#x`"�
�d#� 1.5% �UyQ�Nn= Chandra bNz�if�Z�\�>BG�NnZ�z��;KxzÆf�Zrd^	y�Q^if��>B�Æ#��uB
>B��Tf�i� ADAF Zr�Æ s = 0.27, ,x6K 1% �A#0'�[2��aTÆf�Nn=l� ADAF Zr&�D��f
ÆA#0�b��N��)T*�hS
�=l� ADAF ZrT-�ooF�&�f
Æ��#�u- 107 � 5 × 105 (�t:;K�aQ=A#l�T 5G) �vfxZ<PÆ#-0xq[�;K8�hSp6�QkX7FÆ(O2<hS06����;��
�N�F�sÆÆÆWd^-!RJbNz�g�Æ
��2�0{-l� ADAF ZrÆM�fmÆ�
�d#2[�6i�7#YÆ,Æ� δ �u0{-Jo�Zr�p
0xNnZ δ = 0.55 Æ,oK6��� �d#z8tL7#
��Tf��
JÆA#0�>Bd8-!5T�ÆZ5:
�}z�d#=
��h�Tx
Æf�=l� ADAF &�D��be��#F$&bNÆ�Æ;K�xÆp
0xÆ�pf�ZrZ=d^RJ�QJM�rh��fZ#-rhDxZg.��d*�-XÆ5:Mu>BÆG:A#0��#
�Æ;K�x{5gFd* rh�-X�� 4 Z D�u8J�gF[v0x~}z�NnÆ� 4 ���jE�Zv{5gFd*Æ�rh�Æ(OjE�Z[�H{5.��d*Æ�Nn�;KxzÆf�Zr&�d^RJJM�rh��A��u-bN�oZ5:;KE�&hS℄rZkX��

� 4 �v9>>si�� i>�BbhG�aG
(a) V 3 SdPw:K&Æ���I D
iH{!j�6�� (b) tj�V|6 (PmF) �E|6 (�mF) /
	f,N�Pp



� 110 ���������5���\�℄������� 25 sT[�HV�f�Zr0�Q^�$~ X �;�N_s�Æ;KL ���Zr*<tV���A#ZrZ'W�_ÆQ^ Sgr A∗ �A#Zr [47] �'W��A#Zr8EA#0&�H6G�#Æ'iZr8EA#0p6	a�G�#ÆT}_��	_��2uY�Q	a ($�hZ-.Q'��h) �w|�A#l�oJ7>B�ZkfQaA#l�+_�D{50xIMÆf�Zr�'o:�Z�(�G�#�f� ,8EmT	o:�Æ#-'i�ouZf:XG�#Æ-8Euo.Q#-�.�QZrZn0Zr [48] �y! Sgr A∗�yY�H6bNzB
n0Ævf?DdpXn0DmTÆf��dZ5:n0	6�	aÆ(;K^����778�,W���D^�Tn0Zr�Æ�uB
>B++-ÆG:n0Æ(��Mu>BX++-ÆG:n0 J��Qn&�f�Zr�:�Zn&�8Ez�w	
Æ�-���pn��7QZrZ/��A# — n0Zr [49] �f�Zr=;K��V�� RIAF �ei� ADAF Zr�vÆ,�Æ>B�ZÆG: ADAF(w!Tf�Zr�� ADAF *w{5Zr�i+\) Æ,��D�ZTf�Zr��uB
>BÆG:8E�n0Æ(DZ5#
��^��bN�D$�ka�����dwÆf�Z^�%B�bNÆQt��Æ:�s� [39] �
3.5 �ZT Sgr A∗ 8i�w{Tf�Zr�Æ Sgr A∗ ��$~ X BQ�;�N_Z5A#0b��+J�h��N_ÆQ^ [27,50] �fQQ^=����+J"}�v�TA#0�b�Æ5: ��mTÆ!�T�L_��2^T0�h�Q��w?�i L℄Yi�h�Q�Tf�q[�Æem�hSd#�^4_Æ�f�W.�h0
���ouZfNn- 
 [51] �fgd#�2QÆ7#
�Æ.�2Q��S�J7
�7wzT >ww�ÆZ5#P77F�fgMd
�f:A#0�hS�Æ��H>B~y|#8BmRJ&;KbNz��$~ X BQ�;�N_�
3.6 �<Z^b~8�CP� ——Sgr A∗ 8j:7|<j ADAF Zr�_sÆÆ�4�6 $�F�j���bN}z&�gi�Nn��gNnd^-JXM�TIZr	9J7�Q^Æ-0�$~ X BQB���Mw;��v�6�gbNNnZi�Æ(�T ���bNZ&����ÆfmZ Sgr A∗ �B
>B��oa�bN [52,53] �T 7 mm BUÆbNz� Sgr A∗ �[�oaZ 0.712[52] � 0.724xGU [53] �T 3.5 mm BUÆbNz�oaZ 0.21 xGU�5:$�Fbo2V~8B�-XÆfgoaZ8BÆ�NnÆÆ-b-�Go}%��a�8B-XsÆÆT 7 mm ~ 3 mm G��gO�oa7<- 0.237(0.268) ~ 0.126 xGU [52,53] �5:fgbNZTZr�_sÆ[v�Æ_d	y�;� Sgr A∗ � ADAF Zr�Æ�p ADAF Zr :oa�A�ÆdLÆ0x_ZrA��
�z�h�7F�vZ;K+NfQ7FDd1Mt�QÆf~Æ(bN}z�oaZT8�
�7Fd^1MtÆf���
J}z��-iÆ�ke1&�Q�V�".Æ,0x_b-�
�7FÆÆCfQ7FL18BZr[vZf8BÆ}z�QZf��[�fQ[T 7 mm ~ 3.5 mm J��pXZd^1Mt�Q	y�f~�f
m��}_8BÆ[�oa�0xNn+NfQoa=bN}zoaTD ��1+b8�}5Ty [54] Æ0��~V�
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� 5 Sgr A∗ 8=U 7 mm,3.5 mm,1.3 mm �.\�pb	 1 )V`�\ ADAF \tB
�Æ�S9G�	 2 )\$v (�S) �E$vj!U"Af, (PS) �Æ�9G�S�	 3 )V`|6q3X�9D�~{�/℄�	 4 )V`�\K/℄�Æ�9G�S�+U,�q
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The Recent Progresses in the Theory of Black Hole

Accretion and its Astrophysical Applications

YUAN Feng

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

Abstract: In this paper, The recent progress of the theory of black hole accretion is reviewed,

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. The present paper focuses on the theory of accretion and its application in Sgr A∗.

The most important improvememnts of our understanding to ADAF is that we find outflow

is important. This means that most of the accretion flow available at the outer boundary is lost

in the form of outflow, rather than accreted into the horizon of the black hole. Accordingly, ob-

servations require that a large fraction of the turbulent dissipation must be used to heat electrons

directly. This is another important difference to the canonical or old ADAF model in which the

direct turbulent heating of electrons is assumed to be not important.

Luminous hot accretion flow (LHAF) is another hot accretion flow model in addition to

ADAF. The only difference of an LHAF from an ADAF is that it corresponds to higher accretion

rates. ADAF only exists below a critical accretion rate, which is roughly ṀADAF = α2ṀEdd. Here

α is the viscosity parameter and ṀEdd ≡ 10LEdd/c2 is defined as the Eddington accretion rate.

LHAF exists between ṀADAF and ṀEdd. Below ṀADAF, which is the regime of an ADAF, the

advection plays a cooling role. The dissipation is balanced by advection. With the increasing of

Ṁ , the advection becomes smaller and smaller, and equals zero when Ṁ = ṀADAF. In this case

the radiative cooling is balanced by the viscous dissipation. Above ṀADAF, which is the regime

of an LHAF, advection becomes a heating role. It is the sum of viscous dissipation together with

the advective heating that balances the radiative cooling. So dynamically an LHAF is similar to

the spherical accretion or cooling flow in galactic clusters.

The supermassive black hole in the center of our Galaxy, Sgr A∗, is unique because the angu-

lar size of the black hole is the largest in the sky thus providing detailed boundary conditions on,

and much less freedom for, accretion flow models. In this paper we review advection-dominated

accretion flow models for Sgr A∗, illustrating how to explain observational results including the

multi-waveband spectrum, radio polarization, IR and X-ray flares, and the size measurements at

radio wavebands.

Key words: accretion; active galactic nuclei; black hole; galactic center


