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The standard accretion disk model (a:-disk model)
Shakura and Sunyaev A&A 24, 337 (1973

Black Holes in Binary Systems. Obscrvational Appearance Seemdod plislc
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Summary. The outward transfer of the angular momen- Ok‘dtkl[- €170
tum of the accreting matter leads o the formation of
a(disk hround the black hole. The structure and radi-
ation spectrum ok disk depend, mainly on the rate
of matter inflow M ifto the disk at its external boundary.
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i fe vlsifty in the disk {rg-companent of the shedr tidss tersor ) 5 assumed to b propational ta the pressure, P, as

@7 ap )
e accretion disk equations argwhere « is called the viscous parameter (0< &< 1).
Radial dependence ohhe@mpera(ure nd the disk speciralare ca\cm ated as-furiction of mass accretion rate and .
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2. In the standard disk mode, derive the relationships among the viscous parameter-{x), disk thickness(h) , radial velocity(v.),
rotational velocity(vy), and sound velocity(v.)
y(ve), y(vs) %_(T CfM wl
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W miay be worse off than th

of dises are posible, What litthe

around Tikely black hobes like Cygmus

are not steady ohjects rdiating from Iy thick photasp

the theary assumes), but that they are wildly sable, release much
of their energy in optically thin regions, and may have important

Japanese Ginga satellite launched in 1987.
Carry out precise measuements of X-ray energy spectra from acrretion disk.

Longair "High energy astrophysics” 2nd edition

Tuminesi p | asurgd For the
Mow, both the lominosity, L. and the temperature, T, can be mi
saft component and so the quantity rcos'/™ i can be l'uu“malyaed

wariations of tempernture and luminosity for these sources over 3 three-year period

found that the inferred value of reas! i remaincd (rer by constant,
32 i::‘ln lations i i Tt (Fig. 16.22). He
Mespite large var

-the ity of-the-se
sted that r corresponds bo the last stal orhit abou 5&%
ample, in the case of LMC X-3, the nner radius corresponeling to-rcos i = -

A more complete analysis, taking account of the effects of special and general

relativity has supgested that the mass of the black hole in LMC X-3 is abou

M — ——
Sw- it s clearly dependent wpon a number of
atsmSTions, particularly that the accretion disc i optically thick. As was argued
in Section 16,16, the inner regions of thin sccretion discs arc often expected 1o be
optically thin, Monetheless, this analysis is indicative of the type of pm_gnmme
which, if corrrect, provides direct evidence about the process of aceretion onlo

binck holes in relutiyely nearby systems.
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Figure 16,22, Time hislories of the best-fit 1o the saft of the X-ray

1 (b the inferred temperature at the inner mdius of the
acceretion disc; (ch the inferred inner radius, K, of the accretion disc. i inclination
angle of the plane of the orbit to the plane of the sky. (From K Inose (1952),| Proc.
Tiewus/ ESO-CERN Symposivee an Relarivistic astrophysics, comology and fundamestal
particles, eds 1.0 Barraw, L. Mestel and P A. Thomas, pp. 86-103. New Yark: New
York Academy of Sciences.)

Solutions and stability of accretion disk models
Abramowicz et al. (1995
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Fis. 3—ja) Thermal equilibria for optically thick ithe right solid S-shaped
line) and optically thin (the left solid line) aceretion disks. The upper branches
represent advects i solutions. Conf, i above the dotled
laes 1 = | are optically thin, where t i the effective optical depth caleulated by
assuming that the pressure is dominated cither by radiation the upper one) or
by gas ithe lower one). The parameters assumed here are M/M ;= 10, r = 5,
a =01, and § = Lib) The same as (a) except for 2 = 001

Kato, Fukue, and Mineshige (1998) Black-hole Accretion Disks
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Thermal Equilibrium Curves

Section 3.3 - Optically thin disk — unstable (not observed)

. ’y Section 3.2 — Optically thick disks — Standard Shakura & Sunyaev disk, high-soft state of black hole binaries
. T

-7 53

Section 5.1 - Thermal — explains the UV-optical dwar.- ( I by Osaki 1974)
Section 5.3 - Emission line formation of during quiescence (optically thick disk around white-dwarfs) — double horn emission lines
Section 10.1 - Radiation pressure dominated disk, optically thick advection dominated accreting flow (ADAF) — slim disk

§11.4 '

Section 10.2 - Optically-thin one-temperature disk, optically thin ADAF— low-hard state of black hole binaries
Section 1.3 - Relaxation oscill in hot accretion disks ~ rapid and cycl

Section 1.4 - Advection dominated flow in X-ray novae— State transition between the high-soft state and low-hard state.
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Radiative transfer in the optically thick accretion disk

Local accretion spectrum is "diluted blackbody", where the color temperature, Teyis larger than
the effective Tegr due to C ization in the hot disk

1 e T color correcion) i strongly dependent on the disk radius and/or disk luminosiy,

the emers m would be very complicated!

Shimura and Takahara (1995

DN THE SPECTRAL HARDEMING FACTOR OF THE X-EAY EMISSHON FROM ACCRITION
DISKS [N BLACK HOLE CANDIDATES
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Xeray eneryg spectra of the standard disk
1. Derive the radi ptically thi ion  dis e v ige i it
2. Using the resut ab i i ion dis issi edto
with the inner disk radi temprature T at th lei.
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a.Let n ick disk emit Eddington luminosit the inner disk radius (ri
non-rotating black hole (3Rs).

Deri Is the r lower higher?
5. (M=] o) Y
6. i ission is "dil " instead y:

Observation of the standard disk
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THE CONSTANT INNER-DISK RADIUS OF LMC X-
FOR MEASURING BLACK HOLE SPIN

A BASIS

James FoSteanex’, Jermey B McCunvtook'. Roxacn A, Remiiari’, Luos Gou!, SHIN' YA Yasana®.
AND RAMESH NakayAN'
! Harvard-Smithsosise Center for Astrophysics. 60 Garden Stroet, Cambeidge, MA 02135, USA; javinerss cfa harvard edn
T MIT Kavh loesnte for Astiophysics osd Spoce Rescurch, MIT. 1) Viesar Street. Canbesdee. MA G2139, USA
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ABSTRACT

The black hole binary system LMC X-3 has been observed by virtually every X-ray mission since the inception
of X-ray astronomy. Among the persistent sources, LMC X-3 is uniquely both habitually soft and highly variable
Using a fully relativistic accretion disk model. we analyze hundreds of spectra collected during eight X-ray missions
that span 26 years. For a selected sample of 301 RXTE spectra, we find that to within 22% the inner radius of the
accretion disk is constant over time and unaffected by source variability, Even considering an ensemble of cight
X-ray missions, we find consistent values of the eaius 1o within =4%—6%. Our results provide strong evidence for
the existence of  fixed inner-disk radius. The only reasonable inference is thiat this radius is closely associated with
the general relalivistic innermost stable circular arbat. Our fndings establish i firm foundation for the measurement
of black hole spin
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Figure 1. Top: accretion disk luminosity in Eddington-scaled units (M =
10 M) va time for all the data considered in this study (766 spectra). Red
arrows show RXTE data which are off scale. Data in the unshaded region
satisfy our thin-disk selection critenon (H/R < 0.1, which implies Ip < 0.
McClintock etal. 2006). The & line indi he lower luminesity threshold
(5% Ligs) adopeed in Section 3.1 Botom: values of the dimensionless inner-
disk radius rg ase shown for thindisk data in the top panel that meet all of
our sebection criteria (411 spectra: see Section 3.1). Despite large variations in
luminosity. 1jq remains constant to within %4% over time. The median valoe
for the RXTE data alone (rg = 3.77) is shown as a red dashed line,
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Black hole accretion discs: reality confronts theory
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Measuring the spins of accreting black holes
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ACCRETION DISK SFECTRA OF ULTRALUMINOUS XoRAY SOURCES IN NEARBY SPIRAL GALAXIES
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Yamaoka, Ueda and Inoue (2001)
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Figure 1.  Left panel: Typical PCA light curves and its corresponding
energy spectra obtained by the PCA and the HEXTE. Right panel:
Relation between R, and T, in the MCD component. Al the pointing
observations we analyzed are plotted. The flaring and the queiescent
states of the variable states are marked by open stars.

Energy spectra from the "slim disk"
1. Indicate y the

2 im dis i i to that of disk?
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Galactic Black-Hole Candidates Shining at the Eddington Luminosity
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Fig. 4. Fiting to slim disks. The dusled lines reprsent
the numerical solutions, while the solid lines means
firting curves. The parameters are M = 10 Mg and
o= 100, 104, 107, 107, respectively.
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