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

If the viscosity in the disk  (r−component of the shear stress tensor, tr) is assumed to be proportional to the pressure, P, as

tr = -  P

the accretion disk equations are solved , where  is called the viscous parameter (0<  < 1).

Radial dependence of the disk temperature and the disk spectra are calculated as a function of mass accretion rate and .

Basic characteristics of the standard disk (Shakura and Sunyaev disk; -disk model)
1. In the gas-pressue dominated disk, derive the relationship among the disk thickness, temperature, and gravitational potentail

2. In the standard disk model, derive the relationships among  the viscous parameter (), disk thickness(h) , radial velocity(vr),

    rotational velocity(v), and sound velocity(vs)

Situation about accretion disk in mid- 1980's.
From High Energy Astrophysics by Kats (1986)
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Japanese Ginga satellite launched in 1987.  

Carry out precise  measuements of X-ray energy spectra from acrretion disk.

Longair "High energy astrophysics" 2nd edition (1994)

Solutions and stability of  accretion disk models

Abramowicz et al. (1995)

Kato, Fukue, and Mineshige (1998) Black-hole Accretion Disks
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Origin of the turbulent viscosity in the accretion disk
Balbus and Hawley (1991)

Radiative transfer in the optically thick accretion disk
Local accretion spectrum is "diluted blackbody", where the color temperature, Tcol is larger than 
the effective temperature Teff  due to Comptonization in the hot disk atmosphere.
If Tcol/Teff (color correction) is strongly dependent on the disk radius and/or disk luminosity,
the emerging disk spectrum would be very complicated!

Shimura and Takahara (1995)

X-ray eneryg spectra of the standard disk
1. Derive the radial dependence of the optically thick accretion  disk temprarure (you may ignore the inner-boundary condition).

2. Using the result above, calculate the observed energy spectrum from the optically thick accretion disk (local emission is assumed to be black body)
    with the inner disk radius rin and temprature Tin at the distance d and the inclination angle i. 

3. Calculate the lumionosity of the accretion disk  (local emission is blackbody) with the inner disk radius (rin) and temprature (Tin).

Section 3.2  --- Optically thick disks → Standard Shakura & Sunyaev disk, high-soft state of black hole binaries

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

Section 5.1  --- Thermal-ionization Instability→ explains the UV-optical dwarf-novae  ("disk instability model" 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

Section 10.2 --- Optically-thin one-temperature disk, optically thin ADAF→ low-hard state of black hole binaries

Section 11.3 --- Relaxation oscillations in hot accretion disks → rapid and cyclic-variation of GRS1915+105

Section 11.4 --- Advection dominated flow in X-ray novae→ State transition between the high-soft state and low-hard state
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4.Let's assume that the optically thick disk emits at the Eddington luminosity, and the inner disk radius (rin)  is determined by ISCO of the
non-rotating black hole (3Rs).
Derive the mass dependence of the inner-disk temperature (Tin).   Is the temperature higher or lower when the mass gets higher?

5. Compare the disk temperatures for AGN (M=108M⊙), neutron star (M=1M⊙) and black hole (M=10M⊙), when they are emitting at their Eddington limits?

6. What if the local emission is "diluted blackbody", instead of blackbody?

Observation  of the standard disk
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How to determine the black hole spin from X-ray observaion of the accretiondisk?

Observation of the slim disk
Honma, Matsumoto and Kato (1991)

Yamaoka, Ueda and Inoue (2001)
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http://cdsads.u-strasbg.fr/pdf/2001ASPC..251..426Y
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Yamaoka, Ueda and Inoue (2001)

Energy spectra from the "slim disk"
1. Indicate that the slim disk luminosity may exceed the Eddington limit.

2.How the slim disk spectral shape is characterized compared to that of the standard disk?

3.Show examples of the X-ray sources where the slim disk spectra are observed.

Kubota and Makishima (2004)
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