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+ _ • o ; s : • T � * 1 � ) T � j � � ' � * 1 J • � � •

[31]
� � k N n : X A #

8 -

_M � 3 � 10� 6M � a� 1
� x - < t • Bondi A # � > U _ • u a 2=3, ~ � Bondi � > Z

Q 	 y • _ v � . $ � Z f � U _ & A # � 
 T Bondi � h f • G � # • u �: X G � #

- J o

[31]
� E � � h n z 104Rsch(Rsch - R # @ � h ) � _ � A # Z Q q : < � • 8 E �

Bondi A # 8 � Bondi A # � h • u � � ) I � h f • � 
 2 � ~ N � � � � ] Y & A # Z

r 0 { F $ • 1 T � A �

3.3 Sgr A �
8 � � E 5 S F

 Sgr A�
• � • b N N n 0 � 3 ~ V � B 
 � 5 ! J 7 % Y � T 86 GHz � J � � • u

� 3 Sgr A�
� i � 
 y B $ m [ s > c O O o � . K

� z S ; W & � � � � I @ D + � z } $ 9 D � z S s ; 6 & � � � � I @ D � � S ; W & � 6 & � � � � I @ D + �

z } $ 9 D � � �V z S ; W Bondi ! j G a 	 � � & ) { @ D � ) P S Y ; W = l • 7 @ D � # � ( ? 7 O [27])

U - F� / � 0:2
� ( T 86 GHz � < t y K 1 000 GHz � � • u U - F� / � 0:8, E f < + X -

� � x M # �

[32� 34]
� T 150 GHz � J � � N z & J 
 • E r h �v H 6 � N z Q r h � �

� + - f Z 5 : b - • Q r h T g A q [ � + � � Y & E r h s _ � T 150 GHz � < � � N

z & r h � - 2% � 10% • Q r h

[35� 38]
� f Z � Q 5 T � � • b N N n � # - f 
 • M Q

r h u m  � � # (rotation measure) U _ & � Q < P

[37;38]
�

RM = 8 :1 � 105
Z

neBr dr < 7 � 105rad � m� 2 : (13)

Sgr A�
• > B z M : 4 � � T 1:6 � 3:8 � m B U 1 + � g 4 A � � � T 1� 5 s : � 4 �

M 9 T 10� 100 min s :

[39;40]
�  � $ B � • � • b N N n ^ � m T l " � 1 P 7 � � f �

o n � 6 ' + N � v o z g � 4 � � v � 6 ' } _ T 0 • N >

[41;42]
� R J 7 � • � � D # T

: � K k D T � � � a * e � • 2 . D � �

T X B Q B � � Chandra 1 o d j / ' n C � � N z & Sgr A�
• > B

[30;43]
� Sgr A�

:

N _ & ! Q � � � � 7 < Z i f � ~ ; M � � i f � • > B � - J 3 � 5 1 P 7 � � f � o n �
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P 7 � v o - 1.2 � I � Sgr A�
� + J . j ; � � ; � • M 9 � � K - 1 h � = � $ ; �  ,

T � � f � � V f ! Q B � • ; � N _ � d p 6 � � � G � ' _ • % B � � M b N + N � � $

~ X B Q ; �  , < Z � M + J • � f Z  � K \ � � G • . � Q 6 � q \ � . $ � f G � •

g 4 M 9 � : X ; � Z + J T 	 a • ] � 1 + b � , q � � � 	 _ • � @ � ; � � • > B � -

J % 
 � v � H 6 X M • k 7 �- 0 � Chandra � N z & � Q A � K - 45 • ; � � P 7 � v

o - 0.2 [43]
� ( XMM-Newton � N z • A � - 160 • � Q ; � � � P 7 v o - 2.5 [44]

�

5 D { 5 ; � � Sgr A�
• # g � (bolometric luminosity) 5 T � � x 6 L ' 1029J � s� 1 �

10� 9L Edd � f Z f Q G • � Q M � 	 k �

3.4 Sgr A �
8 u K b ~

9 � % l Z r M ! < . Q ^ < j Sgr A�
• b N N n �k Sgr A�

• g � � Bondi � > �

) o u Zf } _ • A # 8 � � x _ > B d 8 L= _M Bondi c2 ' 10� 6
� f - 9 � % l Z r A � • d

8 � � 5 Q # - � . $ � k � 3 ~ V • % B �  } � � ; K � . � x _ � b N z • � = 9 � %

l Z r A � • % : � 
 � � & � D � � # ( � T ADAF Z r _ N s � � $ � F � j Sgr A�
•

Q ^ � t Z � 
 = � � • � Q � Y • � a �

ADAF Z r : 1994 g + � _ s � � Narayan ) � � * e B < C � * 1 : Q ^ Sgr A� [45]
�

? : 1998 g 1 X 7 � P • 0 x ( � � Z 1 ADAF • X 7 �  • m 
 Q � r s � ~ 1 • D � �

 • � T v Q ) � X y • b N o n � � i � k & Sgr A�
• ADAF Z r

[46] , � } & o o Y Z � d

L � ADAF d ^ � ! � T � Q - J o • Bondi A # 8 J U _ b N z • ( � g � � � j � ADAF

Z r U _ • � = 9 � % l � & � D � � d ^ - J y � Q ^ b N z • Sgr A�
• � � ) w M } z

• � � b N N n � x � 
 � • Z � � K ~ 1 • ADAF Z r Z � l • � Z r � , H 6 { 5 $ 0

� e  0 d * � , s = 0 � � j � 
 � • t L 7 #  , < + � < � , � ' 10� 2
� 0 � ~ j �

� > B d 8 • = � D # Z � T l • ADAF Z r � � = o � Z , � • 
 � 7 # Y � ( f � Y T

� A # 8 Z 5 T a • � I Z r T w M m T • , � : � m Z � A � • � u B 
 > B - b N z •

0 # � 	 % �v 5 : B 
 � Z 5 ! Q Y 7 ] Y • � _ f � : � d ^ . � � � q ' 2 . � Q Y

7 ( n 0 ) 7 � Q t � ; K C T J 4 4 } � > f � : � �

! ( � i •  Sgr A�
b N N n S f � l • ADAF Z r Q + � v � a � f m Z ; K � 4 � z

• Sgr A�
• B 
 r h • b N � b N z • M r h � � > B � • � � # 0 { a : 7� 105 rad � m� 2

�

( Z r � A � & � Q M } % • u � , K 1010 rad � m� 2
� M u B 
 > B Z k A # 0 • b � � q

� H > B + _ • � f � N n : X � A # 0 • b � • N � � ) h S 
 � 0 { � - I Z r � A �

• a 	 % � ; K � � z T I Z r � H 6 { 5 $ 0 � )  0 d * � ( f Q N n 
 * � V I d *

• � � w � o 0  ADAF Z r • � > � k A � • ` 
 
a & B 
 r h b N N n s $ � ' _ .

g � } z & � g � � • b N N n � 0 i • � $ � b N � � $ ~ X B Q • ; � �# � A � � M

9 � � � �

f 
 � � 2 Q { 5 ADAF Z r • � > � k < • � � [ \ � . � 2 Q { 5 b N < } z • �

F ( i • � � K m � � i � k $ � F � j • W o ~ # � � • A # q [ m Y - � Q � � � � �

� � � ' � � • � 
 Z { 5 A # $ 0 • d * � � 6 � Q : � Z � u B 
 � • Q ^ � b N N n 


* � V f J 7 � x � ' $ • Y 7 � � � � d w Z { 5 A # 0 � • 5 # 
 � ( > 2.2 M ) � f J

7 5 # 
 � • > B 6 � d Z Sgr A�
� � u B 
 > B • � G �
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� 3 Z i • ADAF Z r p 
 • 0 x N n = b N } z • � • - J

[27]
� - & = l • ADAF

Z r T � 7 � i • ADAF Z r 6 M � + X - > B < d • A # 0 (Radiatively Ine�cient Ac-

cretion Flow, RIAF) � k � 3 ; K � � x z � � u B 
 > B � � Z � G : f J 7 
 � � 5 #


 � • " d # x ` " • 
 � d # • 1.5% � U y Q • N n = Chandra b N z • i f � Z � \

• > B G • N n Z � z • � ; K x z � f � Z r d ^ 	 y � Q ^ i f � • > B � �# � �

u B 
 > B � � T f � i • ADAF Z r � � s = 0 :27, , x 6 K 1% • A # 0 ' � [ 2 � �

a T � f � N n = l • ADAF Z r & � D � � f 
 � A # 0 • b � • N � � ) T * • h S


 � = l • ADAF Z r T - � o o F � & � f 
 � � � # • u - 107
� 5 � 105 ( � t : ;

K • a Q = A # l • T  5 G ) �v f x Z < P � # - 0 x q [ � ; K 8 � h S p 6 � Q

k X 7 F � ( O 2 < h S 0 6 � � • � ; � � 
 � N � F � s � � � W d ^ - ! R J b N

z • g � � 
 � • 2 � 0 { - l • ADAF Z r � M � f m � � 
 � d # 2 [ � 6 i • 7 #

Y � , � � � • u 0 { - J o � Z r • p 
 0 x N n Z � = 0 :55 � , o K 6 � � •  � d

# z 8 t L 7 # 
 � � T f � � 
 J � A # 0 • > B d 8 - ! 5 T � � Z 5 : 
 � } z •

d # = 
 � • h � T x 
 � f � = l • ADAF & � D � �

b e � � # F $ & b N � � � ; K � x � p 
 0 x � � p f � Z r Z = d ^ R J � Q J

M • r h � � f Z # - r h D x Z g . � � d * • - X � 5 : M u > B � G : A # 0 � • #


 � � ; K � x { 5 g F d *  r h • - X � � 4 Z  D � u 8 J • g F [ v 0 x ~ } z •

N n � � 4 � • � j E � Z v { 5 g F d * � • r h � � ( O j E � Z [ � H { 5 . � � d

* � • N n � ; K x z � f � Z r & � d ^ R J J M • r h � � A � • u - b N • o Z 5 : ;

K E � & h S ] r Z k X • �

� 4 � v 9 > > s i � � i > � B b h G � a G

(a) V 3 S d P w : K & � � � � I  D c i H { ! j � 6 � � (b) t j � V | 6 ( P m F ) � E | 6 ( � m F ) / 


	 f , N � P p
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T [ � H V @ f � Z r 0 � Q ^ � $ ~ X • ; � N _ s � � ; K L  � � • Z r * < t

V @ � � A # Z r Z ' W � _ � Q ^ Sgr A�
• A # Z r

[47]
� ' W • � A # Z r 8 E A # 0

& � H 6 G � # � ' i Z r 8 E A # 0 p 6 	 a • G � # � T } _ � � 	 _ • � 2 u Y � Q

	 a ( $ � h Z - . Q ' � � h ) • w | � A # l �o J 7 > B � Z k f Q a A # l � + _ �

D { 5 0 x I M � f � Z r • ' o : � Z � ( � G � # � f �  , 8 E m T 	 o : � � # - '

i • o u Z f : X G � # � - 8 E u o . Q # - � . � Q Z r Z n 0 Z r

[48]
� y ! Sgr A�

� y Y � H 6 b N z B 
 n 0 �v f ? D d p X n 0 D m T � f � � d Z 5 : n 0 	 6 � 	
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z � w 	 
 � � - � � • p n � � 7 Q Z r Z / � • A # | n 0 Z r

[49]
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3.5 � Z T Sgr A �
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 � � . � 2 Q � � S � J 7 
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[52;53]
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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 Sci ences, Shanghai 200030, China)

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

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

luminous hot accretion 
ow (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 �nd out
ow

is important. This means that most of the accretion 
ow avail able at the outer boundary is lost

in the form of out
ow, rather than accreted into the horizon o f 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 di�erence to the canoni cal or old ADAF model in which the

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

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

ADAF. The only di�erence of an LHAF from an ADAF is that it corr esponds to higher accretion

rates. ADAF only exists below a critical accretion rate, which is roughly _M ADAF = � 2 _M Edd . Here

� is the viscosity parameter and _M Edd � 10L Edd =c2 is de�ned as the Eddington accretion rate.

LHAF exists between _M ADAF and _M Edd . Below _M ADAF , which is the regime of an ADAF, the

advection plays a cooling role. The dissipation is balancedby advection. With the increasing of
_M , the advection becomes smaller and smaller, and equals zerowhen _M = _M ADAF . In this case

the radiative cooling is balanced by the viscous dissipation. Above _M ADAF , 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 
ow 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 
ow models. In this paper we review advection-dominated

accretion 
ow models for Sgr A� , illustrating how to explain observational results including the

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

radio wavebands.
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