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BEATA R L AR, BARBIBHR AL A BANHIA I, USSR IS I, RAR S
IR . R T R DX A IR, FRATTE AR R A TR A, SR AR B A
BUEBAUM Tk, TR RN PSR A 50 & 5 WAl AR N sth.  SRAE LA TT
FEFREASHRGNAE. R, MIHACTT RN A/ B L T A g MR R
ERAUR, 1ERA MBYLHIREOL T, B REFOXIR (1 kpe Z W) EE I KAWILHA A
i H] 2 JG 2 R A EIRHE (cooling catastrophe), LB #VRAMRIRE M 107 K 24 21287
BIGE TR (8% 101 K) iz, 2 REASTE RS A AR S M AT 1 & E N
F T MAIRGE, ERBERRD, MEDORRTEAES, BHNREENE
A5 DR 2 DAHRTH HER A H, bR K IR RADIRES, IF B O X ST B2 &R B o,
AR R T

AW AE S A AN HAHR 2 X T1X N A @, Vernaleo F Reynolds[] 1 TAE R &
B, ARAVERE SR DI E S R RN BT R R B0 R 2 N A R B G — AN R L
#il), FFHBR T EE. B4 a) S TR AMERLL AR R B 5T 5T & P AR B A ) AR
1, RIESREA LB A H AR, BEAELITZ) 200 Ma 2 J5 5 & W% KR ZE 7 3|
2000 Mey/a, WHRIFAREA RANHIAZIR. FHIEA R RAER K L. BIRIEHT IR WA
D2 AR &, AR W I8 AR By 75 Jir gk U7 1) 1 B (AR5 FE I, K ERE RS H] 1 ix
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VE: a) B RERE B R R EA R R BB i . FERCANBII Y, T I H TR B A
%, I ELBERAZE T A, b) B R E R B R R B A5 07 KB T (A (R 2k AR B A W
SRS IR, e pe e ) B L e AN (S4k) R, R0 BRI LI 9° RN, 107
1 FE AT R, Y 09 RT LB

4 BERUDERANTRRERNRRISANENSINEL

BRI S5 A 1E A9 B [ WEA RS A R A HR 7, S 2 B8 SOIT UG 7E AR R
INEA A ER S e, AFEE IR = ™ SRR AN A T S 4 3 S
i upciteguoll, WEAEHEBHR . ERBNRMLMNE ™ 2%, K4 b) BoR T B3
TR 2 A T8 H SR B (] A . TR MM (S24R) R, A ISR A EIR
B (RELk) AR 1/10( 55— SR ), SRS R BanE T A HR. SR,
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TEIX B AER o F E AN R A EE, BRE AR BB D 22 R R [ o R B R R R
T EIOFE A/ NHIESh A RS, Sk M BT ? R REAEERNFHATS? BRANR
R K BB IEAL 2 AR, A HIR IR B B — B ORI ], T ELA
(AL, T AR 72 5 B B L TR 45 4

AL B 75 V2 AL A o R B e TR RE 15 A Ot R . SR LS B AR,
AT 5000 & Tmam i e KA R ™. FERUERIS, AREE XA A AR
(fRE, TN SR E R R B S M. WETRIZ BT I, R 5 o A B i 5 e B i 2 [
£, XA H TS RA ER. DEMITRRZ MBI INAE & AN BN SR Bamm
R T B R T HE N R R B R OAE bR RE BT R Scie ™ WRRAE R R A B AR
W T, wRmR S R RBAA RS T, BORTER BB R haE R REeE <,
TAE SR R R b B P RE T S FE A, LA AL R S B
BABBIR—RNAE RFA R, W E RBSME AR ERE S T B BT
TR, TR SR RN R b HVE BT RS B TR AR E ]

FE—UE R AP, L) AR R B A B AR LK (sl B4 1055 3, iR
b R R R R A RO RS R4S B R AL IX IR (R R BI040 100 kpe BAR), m
TR LLSE A SR RN, HE RS RS R E B0 4R 5%, miix s
BORLIER, V620 E BB O B 0 T eSO 5 R R RS2k DL AR R R
ATRERRH 2 —, X SRR R 2 B 0 4 R I,

2.5 FEHSHREL RSN

B RBN R — A RIARI T8 538 RIS, W% 107 ~ 108 K, KT (BF. AT
5HARBF) BB AL 1074 ~ 107! em 3, AR (HHRELTE uG BEH ™).
T S /N TSR R B (S HERG: 3 30 [X 37 b a7 P REAR SR, BT AR 1A 3l 7 2 4
WATLLZANS. SRT, B RN FRIS AR, HdoR TR ISR, R T SR E 3 el
W At /N TG 1 A, BT ARG VR Z M 2 R BN TR IO AR PE IR A A SRR
PEAS AR L& ) S . AT DA S B R B vy, 5 TR BB 1 T IR Ao FO LR
TLe/Xee & 1.3 x 107100, (kpT)~3/2B~Y, i n, RHETFEEE (847 cm™3), kpT RIEIRZE
BHHIR N TIRE (A0 keV), B ZHZIREE (AL nG).

A R R A R B AR s, VS G 1 07 R I B S R AR R R (o T5/2) ™™,
T H T WAL W E SR TR (B R, B R A5 06 5 A5 8 5 7
100 ~ 300 kpe AbA — AN, 1) P9 B AR R HS W RS . BT AR T RGNS M,
L B U R KD R ] o A A S T RS R A R X B — A . SRR R AR
AFTERE R A 23 AR BE R, 2 164 B S5 20 R 78 A T3 5 0 T 10 Spitzer $f%
S 1/57 . BARIXRERIRVE S0 T m R & (B8 2R FR— MRS, (Hat
Ptk SRR AR AR, RSN ™ M TERY, HuUE S 5B RS 4
R RPFEER, XARE T TR G R R RBIUEIR M (RS HERT—A
I B ) 1 S P S 70 R R A TR Th B 7T B ot i LR R R A A R e e, L3 T
PAF N (MTD'™ FE SIRSIE AR E M (HBD' ™ 4%, X BRMEER.
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B ZR A IR — S P R 2 B R R 7E e o B R T — AN 2 2 T2 D 1 ] 2
TP ) XS ER A R R S R AR b K T A TR e e v, SR T R X 4
B A FAE T2 1A R Az 3 2 R v 7 IS S R IR 2 S “Ii3e”, X E R X 4
2 7 ] 2R TH 1) ST AN FE € MEIE R (40 Rayleigh—Taylor 5 Kelvin—Helmholtz AfgE M), 24
TR LRI T — e B e R O BOE. 1 R SRR BT IR X S (R
)™ I DA R S S WA A AR R A ARG SR X 5 A T K 4 e B
W, I ABERAR 5 5 F B R IR A S R BN B 2 AR 11 2 L.

ST SRR E) (0 TR S B RSV, — e A B R R A R T Bk
Bk 1 T L) SRR E e, SR AR LR IR, R B A B R
Pk, T LA RO S A R e g K I 2) e BhAb, B AR X B IR A
SE R R T, 5 AT X AR R — 5. W 2 s, HE
R 22 DR T T LA TR 0 X S 2 v R ER R ™™ BT RE 7 b, K5I
FEAR RN BT R 7 A, (R ) s, BUERO R I, W SRR e E
— R HZREE AT X SHERARE AN, I AR W AT LA ) fm A e

3 N B R R AR

St AR AR L, SR R S P O DE A S B R . R T
KEEE RS, FERERZEERBRERT T AW W, HXERORBIER, THER
SEHUL R 5 R AERICEA L, ATREE N, REKM BRSNS, SEEN
SR FRIAR LR P A R RE VT CAOR SR R R FEIOAMA, B AR AR RSy, HET 6 2
ARk, W R, BRREIERWH OIS, HEHE RN REERKEE BRI
e . fE R TR IR RS i B R R A IR () JKUZE I % A A TR B B B R
28, AR R IL — B R R ANA A U Mo /as AMAGEEEIE 1000 km/s 2 2R — A
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Numerical Simulations of Active Galactic Nucleus Feedback

GUO Fu-lai*?, YUAN Feng!?

(1. Key Laboratory for Research in Galaxies and Cosmology, Shanghai Astronomical Observatory, Chi-
nese Academy of Sciences, Shanghai 200030, China; 2. Astrophysics Division, Shanghai Astronomical
Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: Assupermassive black holes located at galactic centers accrete matter, they release
electromagnetic radiation, winds, and jets, regulating the evolution of their host galaxies and
their own growth. This is the so-called active galactic nucleus (AGN) feedback. As a high-
energy astrophysical phenomenon, it plays an important role in the gas distribution and star
formation in galactic bulges, galaxies, and even galaxy clusters. It has thus become a key
ingredient in current galaxy formation models and an important hot topic in contemporary
astrophysics. In this paper, we review the current status of this young field, introducing
jet-mode AGN feedback, radiative-mode AGN feedback, AGN winds, and the Fermi bubbles
in the Milky Way. As the major theoretical tool to investigate physical mechanisms of AGN
feedback and its impact in galaxy formation, numerical simulations of AGN feedback have
become a very active research field. We discuss major scientific problems and recent progresses
in this field, providing several suggestions on future development strategies for our Chinese

astronomy community.

Key words: AGN; galaxy evolution; supermassive black holes; jet; numerical simulations



	1 引 言
	2 活动星系核反馈的喷流模式
	2.1 喷流和风的产生以及黑洞吸积
	2.2 反馈数值模拟中喷流的物理性质
	2.3 星系团的冷却流问题
	2.4 喷流能否以及如何抑制冷却流？
	2.5 磁场与微观物理过程的影响

	3 活动星系核反馈的辐射模式
	4 银河系费米气泡
	5 总结与展望
	5.1 国内外的研究现状
	5.2 我们的发展策略


