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p=005 ~----- m=10
R m=10°

0.06F S—— m=10 5

0 100 200 300 400 500
R/R,
a)
Vi a) EAWIIAIESA o= 0.05, /K S G R R BT (B k) PR IR A (L6025%),
IR BN m = 10, 10%, 107, 108, 10% a) KA ASH B EAR ML VP E e E S, ol WS IRE R &
KL, B LT, b) BN a) BRI,

6 BRREMNREAIFNT

SRR B, WTAEE T 5 T R SR S22, VU ARG, FR, R
A AN ARG 5. P RS FA AR BT AR AR, e & R B IR B 55 (1) ADAF T
B, X &R, Y o k3 BRME 1, 75 RS FRAE m = 0.05) ZA4F T #
WRARTEA R A BER, WA BIN GRFFH ADAF 3

2500 A 210 keV

0.08F ] 45F
. 0.06F i = M 3
8 I =
Z 0.4 1 2 ¢ 3
5 IS
[ ] 3 a2k ;
0.02F i 7
- A1E ;
0.00E= - . ] i . . AL
200 400 600 800 12 14 16 18 20 22
R/R, v/Hz
a) b)

H: a) BUAWIAWAEN = 0.05, AIER REOS RSB R A0 (S EALk) MBI R A0 (L),
it RB0N o =0.2, 0.3, 0.5, 0.6, 1.0. b) B N5 a) EIXHR AL,

7 M RBRMREE RN

2.2.4 EBIRE AR

BRI N, BHEEmEGE T, AR ERTERESHEET ( = 0.3,
a = 0.15, m = 10%, v = 0.05) W3m X FL I 45 M s s . B B o, BEE AT
R CRERE B eky), HBESRIG R, WARATAR AR SR, X SNSRI AR B, (RS, DG
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A RIREZE . KRN, W7 5mgsfom [F 2D 50 DL R B R iR S, RN REE
TS TR R, T SR R NV RG0SR RIS PR 0 i P T LA AR K
SPGIRIEN, IR y 808/, X EIEARBE. (HICIR X RIS RO, #E
AR, FERMBIAFFIET, RIA A dNRE W T (R ERARR5S), SWHHx
A TR A2 5 DAL R U B AN IR A B2, X2 540 ADAF AR T .

2500 A 210 keV

0.08 - - - - 1 45

44F

43k

42F

vL /(107J-s7)

] 41F
100 200 300 400 500 12
R/R
a)
) BEUAVIHEBRANERA m = 0.05, NERELIZ X R ZIIR A (BOLR) FIRAEWR A (A 6L%), WRmEN
B =0.5,0.7, 0.8, 0.95 FFHIXT B AR L. MLk, MZLLKESEZ. b) NS a) EX R AR,

8  HiiHiEEXRA ARG

3 RHU TR B AE R N

3.1 HEERNERZTHNA
311 MXHEAATHHKTD EAHEFRGEMXXZ

M E, 0T RE SR R, X TRER I KBS AN (1) BRI
W, B F(E) x E-THieB/Pe, XH [ RoRE X $L0L T8, B, RRmailmsibbe =
B (2) REHE (AT RS KB TL+ keV IREED). —BVONERWT I A IE (1) X 5
LR AR YR TR AN L B 27 SR AN T AE AR 25 T R B A A R 3 R A I A T
SRS AR IR T B AR A A X S 2R S R B AR A R T, SRR A SR T R R
AR EAE R, AR RO USSR R A RS RO R 55 T DL G AN )
PR F R RAfIR: R = 2/2r (IXH Q FRRAE G SR X IR 5K M ). 20 tH40 90 4
£, W LBl EE SR B, B NGC 5548 [ X S Hr 28], X SRR 5 (=
HRE R IO TR T 5 RS AR R F R AAEEMIRRT . B8, KFEAR X
SHEMIEER R T 5 R 2 MAEEEMEERT ™,

Qiao fl Liu™ ZEZREA R WA IS MAEL R I 5 R ZRAFEMIEM XX R,
Oa) FHF O ELEREBHEBIUTHEN T - R XR, EHEFSEIN o = 0.3, 8 = 0.95,



50 KX E=HEE 40 %

a=0.15,m =108, Hy = 10Rg, £S5 [ 55 N Fe BIAT R R AR 2653 51 A =0.015, 0.02,
0.03, 0.05 1 0.1.

N TRERIIER I — R KRS WS R EL,  Qiao AT Liu (2017) iEHUH
BERAEAIFEATHS, /B DMEEEZEKREAR KPR XEEAREE T 841
B8 ALK 124N ITANEZNE BT, B R e B REAEHE 11 AN A 79 AN
T EESIE AT . B0 a) R RO A T AR T — R AR 5
SRR LR, B B 2R R I B e LA S R, ] ISR R AR E S
HERGE R < 1B EEBEWAEMS: F—, ZEdfoe O RBRAHE, K
IR AR A P AR R B o BRI 3R TR it D FR) o 7K RIS AR FA) PN A28 T LIS A 38 2
T 1/2Rg, XA VAR I B M50 S S e i, 55—, SEIR PRI AR 2825 il 2505 th AT DA 5 A it
RS BT T IR LA BRI, BRVFRT DL S R > 1 R,
HETMERIOEH T R < 1 B 0.

2.0f

1.5F

®

1.0F

0.5}

0.0F% 5=

T: a) BOIFMEAE AR 28 AR RT, FAWTO R AR 00 M EBEERT . HaEK.
= F M IETT K2 HAAE niicGinga, RXTE Ml BeppoSAX (0L K. B0 x5 28 5 % B 45 00 2o
Hf LA, 20 S0 Y A I SE LR R 48 L S 30 PR RS S B B B T B R 38, W B4 T AR IR R 256 43
™=0.015, 0.02, 0.03, 0.05 Fl 0.1. b) %5 R0 FE 25 W AR 1 i E XS 45 R0l WNEIR S a) MHIFE. &
SRR R R IE BB 3Rs MITT SR, LT MK 8920 B 55 A B A TR AR N m =0.015, 0.02,
0.05 Ml 0.1, MASLRR G BRAA 20Rs WA, 1 A 52 6520 B 25 72 B4 AR SR IR A
rn =0.014, 0.015 1 0.02.

9 X EHEXTIEN I SREET R WIS ERMMET

K ab) JEIR I AR TR s X T — R KA, KB I A S8
BAEN =03, 8=0.95 a=0.15 m =108 KOLLE T RIEEWARE H, = 3Rs 1)
THEEE R, L B B AR 8 520 3 m S B AR ZRAK N i =0.015, 0.02, 0.05 F1 0.1, F&
SRR T RIE WA H, = 20Rs HITHE SR, o 1T 1) S8 € S0 5] A A AE B A R R
N m =0.014, 0.015 F1 0.02. 1RBHE, GIEEWRASKEERIES I - R KR N
TR, SIS R B A H, VRN B S (e W RR R RO AR
HISTHH R NARGER XAEE S0, HE5WMMEs e —3, Py s e 880 SN 3 B
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RPN ERAHN). Mg b, KIEZHEE R WA RN LTS5, o] LU it
PSR R, B SR R TR, (HOR BRI A B, AT R R S
B sE T s . W 1, B IR AR A (A B S T LI S5 0 X R AN (R 98 B S £
VAN, XA RIBE B 5% B AR R B, #Hsr b, AGN I X B4R
S AN AR VB B 0 TR AR A 1 R, BRI T A X AR BRIR B R A 0 X Sk HRTRR T
—BEIREEA XOSHRUE (W NGCA151), RAER PRI X 4. Rt Qiao Al Lin™ 2B
BEARKRZHON TR AGN, HTiX3 AGN FLAIR/N, RBRIR I DTk 1% A5

Pish b, A5 el I — R AR AT R, B4 Zdziarski 25 N & F AR T
RS, ISR RERE, AR WA SRR X — . %
B R W AR I P AR A SR, B SR ENTRE R N R, IR T DU R <1
I I — R BIMRE R RIMEIS RS R E SR S0 R IR 2 A et 5
HIMZAEIL AT 2 5 R AR () B S R [R5 AR SV N O T 33T 1) B R IO, T
R R AE AR R K T T 30Rs I X X BT LR ASIE G R A s T, ghak
58, LIRH 0T 145 T3 P 2 B S AR A R A T DURRE T — R AR ™™, (EE A
FALAF BRI R, B FORIEATI AR — A M AR AR I 1), 7F TRl E R B A G e
12 Bt 2 SR R T KA 5 1
312 MXHFEATI/IE [ororev BE T I Lo /Lpaa XX R

W F, XTI g R R/ % (X IR RESE RZRARE T Lyo/Leaa &Y
KT 0.01 FIFEZE RZ), WHKIHL X FLAIEH A RNFERIENE, HFaREE
210 keV I THEHL Tooro oy 55 T Lo/ Lpaa Z HTEE— A ERIAR S R,

Qiao Al Lin“ FE SR BN BB A HEZE R R A T Tomro kev 5 Lot/ Liaa ZIFAF
EIEMIMIRK R, 22, 23, o2 /N Al A, ST o i ARG 37 o B S X e 2 e 1)
SRR /N, TR RO X R AR ST R K, PR Qiao A1 Lin'™ I AW T T K R
BOF Totokev 5 Lot/ Lraa ZIAIEABIGC R AR, MO A B ESTZE RIS T [0 kev
5 Lyo1/Lpaa FIRK R, HAPBIFAFEN m =108, WIHRE £ =0.95, LE=MAE 29
A2 B R R B ™ o AR A £ B O R P BT VR SR LB BT (reverberation
mapping), X H T HE A IR R R E T BRAh, HOBEE RGBS S A
X 28 [ s L0 £ B 35 B RE U T oK, I H R A X HERR T SR R . BAE R BRI T
Lot/ Lpaq MR, HEMMAW, o~ 1 EEARMEEE, X5 Narayan 25 N 52 5]
SEIG B AL ARIR AR R R o TEKIX — 2518 — 5L
3.2 HEXKREBEF X FENE Cyg X-1 HINA

H A 38 5 3 77 I E SRR X R UR R 20 24, H BRI B E L T 1E 3~20M) 2
W) R L, AR RO B S [ T LA B X U 43 N X R U KR
X SRR, ME X FRBENERREETENT 1Mo, TRRE X L0
BT KT 1Mo 5/05tE BIR X 20U 138 A IR AN R, K0T & R X 52k
R IR A A BRI, BL Cyg X-1 N, Cyg X-1 BIfEEZ—RHEH O B E A,




52 40 %

2.9k

2.0k

r2N1[) keV

1.8F

1.6F

L 5 =15 =10 S0 0o

Lbol/LEdd
W B0 = MIAE Vasudevan Fil Fabian' (38, 4064 HR AMIIEGR MRG58, 2%
ENEETRIE B = 0.95, BIAKRE m = 105, a = 0.2, WHESHN n =0.05, 0.03, 0.02, 0.015, 0.009;
a = 0.3, WRFRSHAN m =0.1, 0.05, 0.03, 0.02; a = 0.5, WARFH%HIHN m =0.3, 0.2, 0.1, 0.05, 0.035,
0.03; o = 0.6, WMAELTHN m =0.4, 0.3, 0.2, 0.01, 0.005, 0.004; o = 1, WIEHIHN h =0.6, 0.3,
0.2, 0.1, 0.08, 0.07.

B 10 Dovioke 5 Luo/Loas XRMELHESAMLER™

O M E BAFERNE XL, XEE KN —REAREMIRE, HEEFHENMIEER,
DRl b e B A BT IR IS, HEA S SLZIE A IR AR, 1T 2 ARSI T A AR, 78
—SEMIRA TG N, XSRS WA H. BRI A R L,
/N B R XS SRSV AE — S [ [R] SR (— BRAE AR (I [A] RUBE 1) 2 3R 30t om Z iy
PR, TR X SRR, B, Cyg X-1 M4EST A% Aa5E, 284 1A R b AL
H 3 AEA M X e,

Taam %5 N WRERE T T SRECA FURA ISR H T Cyg X-1 474 Meyer-Hofmeister
S NTUEBEERE b, 3B RGHIA T Cyg X-1 DAFREUN A R4 OB SR AE X o
Ak B TR RFAE DGR AT N

B I AR RS T A B, TR R R m = 15 M, . B 11a) 35
EENa =02, =095 a=0.15 MRHEN LB FKZKA m =0.05, 0.03, 0.015, HE
11a) 7] LU HAe il R B4R 9 £ 5, X EAFE W 2 S S L. B 11b) S H0%E L
a = 0.5, =095 a=0.5 WRHFENERTKIA m =0.04, 0.03. HE 11b) AJ LLF H:
5K 11a) AL, WARBHRG RS, X SRR, ADAF fEHHE £ S, X500
(RO A 2 BE A AL S AR AR, &1 11b) MG A BT A E, Xt S5mERE
JE RV B T A IO A ot 20 R I S O ) B AR B8 1 B Cyg
X-1 i HID (hardness-intensity diagrams) Kl (FEIHRALFR & 4~10 keV I 2~4 keV PR
T LA, HABFR R T8, R AR MAXI M 2009 —2018 4EXF Cyg X-1 HUWLl
Bl MIEEE R R B AR PIALE, A2 LA N RS RN 5 A S

Bl 2 7 b A A R B SEZR A ARER o = 0.15, 0.2 MRS FER T, o BUAEYE
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B TR S R T R N1 B TR | TR T T S
v/Hz v/Hz,
a) b)

e a) BOAEWIF SRR, o = 0.2, a = 0.15, WIEHRBIZEM EF) FKICA m =0.05, 0.03, 0.015. b)
BUNEISTHEIEARE, o = 0.5, a = 0.5, FIARBIZR N EE FRIKHN m =0.04, 0.03.

B 11 R CyeX-1 RSMEAsm ™

5
E g
& -l
H_,
2

0.5

0.1 0.5 1 D)
R L

i B B A AR MAXT P EGE, BOLSNAEER BRI ESER (HPBRNRELA m = 15). &
BIHEBTH: KA o = 0.15, 0.2 BN T EP LRI SRIEGS, o = 0.15, YRR RH
N = 0.02, 0.03, 0.04, 0.05 . FEARIRRIIGE: BESORENF R o = 0.5, a = 0.5, NEVIHBEM
K 7 =0.003, 0.003 5, 0.004 [WiFFHLE; HEASNRE a = 0.5, RFEKMK R o =0.45, 0.5, 0.55, #ILA
AR 1 = 0.0035 MiTHER; SEEREMHRE o = 0.5, ARIKHE a =0.5, 0.7, 0.9, HIERR
= 0.04 54 R,

12 Cyg X-1 B HHESTMEER LA HID

FIE 0.02~0.05, 7] LAFEMIMAIEEH. a=0.15, 0.2 X} 5 S22 78 B b AHRR 20 B, X
W AT AR TR AR 22 i 24 52 HID FITHE A, FORA R E0E [FRE B 2 s2m.

B2 A5 RS (SR AR AN R W AR R A5 T H 545 SRS, TH B S 50k BUA R
MWEH a =05, RIE =05, NEBGRIRFRIIA m =0.003, 0.0035, 0.004. 7] W.FH
FHWAZR PG, S FECN AR, FREERAI AR, 2~10 keV S FHIIPUE T
B 2 PR R 55 W AR AL 28 1 B0 T3 AR 55, IX SBT3 IO AR 5. (R B 55 IR



54 KX E=HEE 40 %

B G ARG E2~4 keV ELAER TS, B SEASHIEL, WRR SR AR (0 VA ] T B
Sk, X FErE R 0 b) BRI AR S R A I A [F R RO
BRI, SHORER: R a =05, WIHERFZ m=0.0035, MLEBIA kT R0 3
A a =0.45, 0.5, 0.55. LRESTLRACEAF G BRI RN, SN KR
a = 0.5, PIUEWAIZE m = 0.04, INERHRFRMKIK N a =0.5, 0.7, 0.9, HETIL, Kb
FHCG VAN T L AR T AR, 5 SR b SR 1 B 5 R R ORI B (1
MR AR HOCRAR R, DK RN R, S H W S B0 TR R, [
R LLALEE 0.7 BT 40iAs ik

b EFTR: — 7T, KSR o BUE 0.1~0.2 7T LA 502 (0 00 I 50 AL KT 2, 000 %
YR AE HID P& b 43 A 9 SR Al VT WRAR VA o 10 B e, 1 e Al 5 6 M W A 45k o ) 3 45 4
DL S F1 T e A R T 5 R v o R o P AR, I e PR A T e | AR A 7 ) o
HITRE AT, T, B S Ol 1T 8 7R A SR IRV R B o > 0.5 AT KI5 2%
a > 0.50 FVETFE T RE /AN T 000K B L. 3 FT R T ORI 7= A T R O
(MR, A B 2 B R BB B SRR 7 i, s 2 2 VIR, IS 5 T W B
£x7E HID B A0 FRERE L R X 3. 26 T Ui FE T 2% Hivsch 2 A TAE™, <& F A
Chandra F)EHE F 625 dh 28 H 30 B PR I 64T T 0 A it ie.

4 BE5REE

SRECAN T IR, 2 xS B R W AR BRI B H B — MR A B R . AR ST B Liu 55
AN Qiao Al Liu™ ™. Meyer-Hofmeister 22 A, Liu 2 A", Taam % A" F1 Meyer-
Hofmeister %\ (B 50 9260, £38 T 005 HEAT AR BT 46 7y F40 22 IS R 1 3R B R Wl
B Bl ) 2 a5 v DA AE Ko 2 PR X 2R WU Cyg X-1 FIBHSE 15 30 B R %
IR AN A T IE 3R R A% DA OK T & S SR 1 SEBRIA SR, 1 HL s D e 1 —
RYVHRWFRING, FHAE— R E LR T AGN (158 X 5 250 5 i B 1) R

AR H AT BRI A X T 5, H R I Y B AR R SR R R, AR AR ST R R I B
FA AR B, 7EIE AR KR R IR AR J7 2, (W0 Jiang S5 A7) G h, WELLE
FIRARRARM A M REE. T SEPRIE L E R 2%, FrLL, BALERREH— DB R, '
J6, BB AR I N SR, T SEPR VG B B RAZ R R S B R R, 27
AR FNER ST, 5 (R i R S 2 s e ) B A Sk AR BRI, IRCRRUT Sk 1) AR A2
HAESY, BHEASAET T CUSIBI TAE D, HEELEA . AR R AR,
R R R0 FERAR R SN VG ik, 2 8ORIRHEAE B RSO, Bl N E
HAE AR, RIS R AL P S 1) S SR ) AR T S S R XS A R
11, RO S0 IR R R A A S ' B DA B 1 A IR K B 52, BB TH SR R0 A 5 18 H
i€, ARRE)TAETT LU B e Is2m. S o, 765G & B AEEIR 2 AR RN, a5l
T G4, 2N EE, XS AR O R BE R 1 . RS AR AT DA L&
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SRR, (AR A2 5 AR R R IR 2 18] B AR I
R I ARRFAE, BEARIRE [ S AL R . SREBU R B g 2
FRT R0 A B ) B 45 R RO D B A
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Accretion of Diffuse Medium around Black Holes: the
Model and Applications
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Abstract: The black hole accretion theory is an important theoretical basis of modern
high-energy astrophysics, as well as an important theoretical tool for testing the law of mat-
ter movement in the strong gravitational field around the black hole. The traditional black
hole accretion model is suitable for low mass X-ray binaries(LMXB) in a strict sense, which
is based on black hole binaries assuming that the accreted gas comes from the Roche lobe
overflow (RLO) of the companion star. While for the high mass X-ray binaries (HMXB)
represented by Cyg X-1 and the active galactic nuclei (AGNs) with supermassive black holes
in the center, most of the accreted gas comes from diffuse media such as stellar wind, in-
terstellar medium and torus, etc. Under such circumstances, the accretion flow at the outer
boundary tends to have a much higher temperature, larger velocity dispersion and more
stochastic angular momentum distribution than that of the LMXBs, which could create a
different scenario of the accretion process. This is the basic assumption, and also, the inno-
vation point of our diffuse media accretion model. In this model, the accretion flow appears
as an ADAF-like hot gas when it enters the system. As the accretion flow moves towards
the black hole, the increase of the gas density facilitates the Coulomb collisions between ions
and electrons thus enhancing the radiation. Specifically, when the initial accretion rate is
above a critical value (typically m & 0.02 mgqq), the over-cooling of the corona in the inner
region would lead to part of the coronal flow condensing into a cold disk, forming a hybrid
two-component accretion flow from ISCO to a certain distance, defined as the condensation
radius. Beyond this radius the accretion flow maintains as ADAF. This paper summarizes
the recently-established diffuse media accretion model in details, including the physical basis
of the model, the solution procedure of the equation set, as well as the numerically calculated
structure and emergent spectrum of the accretion flow. Model application to two types of
black hole systems, i.e. AGNs and HMXBs are also introduced. For AGNs, the correlations
among some observable parameters (the X-ray photon index I'- reflection scaling factor R
relation and the hard X-ray photon index I5.10 kev - Lbol/LEqaa Eddington-ratio relation)
can be generally reproduced by our model. For a typical HMXB, Cygnus X-1, the the-
oretical derived values of photon counts and hardness approximately agree with the data
in the hardness-intensity diagram(HID) for all MAXI observations during the time period
from 2009 to 2018. Further theoretical development and application prospects are briefly

summaried.

Key words: accretion disks; black hole physics; active galactic nuclei; X-ray binaries



	1 引 言
	2 以弥散介质为原料的吸积盘冕理论模型
	2.1 模型的物理描述
	2.1.1 吸积流初始状态
	2.1.2 吸积盘的冕
	2.1.3 转换层中吸积盘与冕的物质交换
	2.1.4 吸积盘与冕的辐射耦合

	2.2 模型的理论结果
	2.2.1 吸积流的典型结构、辐射光谱及其对吸积率的依赖
	2.2.2 黑洞质量的影响
	2.2.3 粘滞系数的影响
	2.2.4 磁场强度的影响


	3 弥散介质吸积理论在黑洞中的应用
	3.1  在活动星系核中的应用
	3.1.1  硬 X 射线光子指数  与反射因子 R  的正相关关系
	3.1.2  硬 X 射线光子指数 210  keV 与爱丁顿比 Lbol/LEdd 的相关关系

	3.2  在大质量黑洞 X 射线双星 Cyg X-1 的应用

	4 总结与展望

