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X-ray observations as constraints on accretion disk-corona models
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3. Correlation between hard X-ray spectral index
I" and Compton reflection R

R=Q/2z,where Q isthe solid angle of the reflector
(Q =1 for the reflection from a semi-infinite plane).
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Figure 1, The R(T'i correlation in Sevferts and X-ray binaries in the hard state. Panel (a) shows the data and models (curves in the inset); see Sections 2 and 4.
respectively. Examples of the correlation for NGC 5548 and GX 339-4 are shown in panels (b) and (c) respectively.
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Accretion disk-corona model

Ccorona
hard x-ray flux ;
Optical/UV flux p disk

~205

FiG. 3.—Schematic drawing of the inner accretion disk Growing loops around a sunspot.

coronal geometry,

Taken from Galeev A. A., Rosner R., Vaiana G. S., 1979, ApJ, 229, 318.



In the disk-corona model, the magnetic fields generated in the
cold disc are strongly buoyant, and a substantial fraction of
magnetic energy Is transported vertically to heat the corona
above the disc with the reconnection of the fields

(e.g., DI Matteo 1998).

The key point for constructing a disk-corona model is:

the strength of the magnetic fields, which determines the
efficiency of the energy transportation from the disk to

corona.



Magnetic fields in the disks

Possible options for magnetic stress tensor:

B?
a. 7,= ar = 0Py (Pt =

(Shakura & Sunyaev 1973), which is thermal unstable.

Pgas T D) is adopted in standard thin disk model

B? L
b. 7,, =—=op, , the modified alpha-viscosity, which is thermal stable.
87

BZ
C. T,,=—— =0,/ PP Which is initially suggested by Taam &L.in (1984)

re
87
based on the viscosity being proportional to the gas pressure while the

size of turbulence being limited by the disk thickness (given by the total
pressure). It’s thermal stable.

B’ _ .
T,, = Py =, /Pgasptot IS also supported by the analysis on the local
T

dynamical instabilities in magnetized, radiation-pressure-supported
accretion disks (Blaes & Socrates 2001).



The disk-corona model

The gravitational power released in the disk is (in unit surface area)

Q(;rissi = 8iN@K (R)2|:1_(ij :l

R

The power transported from the cold disk to the corona is

¥ B’
= ~——YV
Qcor pm p 872' A
The energy equation for the cold disk:
v | . 4oT,
Qdissi — Qcor +- (1_ a)Qcor = A;
2 3r

where the reflection albedo ¢ =0.1-0.2, and = is the optical depth of the
cold disk.



The equations describing the cold disk:

Continuity: —47RH ,(R) p(R)v, (R) = M
/OkT IS 1
Equation of state: Prot = Pgas T Prad = S+ 3 aTdLilsk
P
R 1/2
Angular momentum: Z\J@K (R){H( 1‘; ) } =47t z,,

The magnetic stress tensors:

P o
Thp = Pm =3 Py

ka'\/ pgasptot

The ratio of the power radiated from the corona to the total (bolometric
luminosity) for the disk-corona system is

[0, 27RdR
<f> B I Qs 27RAR
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Figure 1. The ratios L., /Ly as functions of accretion rate s predicted by
the models with different magnetic stress tensors. The red lines represent
the results calculated with the magnetic stress tensor 7,, = apyy (green
lines: t,, = apg,s: blue lines: 1,, = o, /Pgas Pror). The different line types
represent the different values of viscosity parameter « adopted (solid lines:
o = 0.2; dashed lines: & = 0.3; dash—dotted lines: @ = 0.5 and dotted lines:
a=1).
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Fi. 1. —Plots of the hard N-rav spectrum index and the ratio of ASCA lu-
minosity to bolometric luminosity vs, the Eddington ratio. The open and filled
circles represent the NLSIs (FWHM Hj < 2000 km s ') and the BLSIs. re-
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Calculation of the spectrum of the corona

The equations of the corona:

. pCOI’kY-i' pCOI’kY-ve
Equation of state:  Per = + T Peorm
luimp :uemp

Energy equation: Q:or Qcor cor — Fz:;r ’

where the cooling rate /7 = Fy + Fyo. + Feonr @Nd o (T.,T., p..)

cor

IS the energy transfer rate from the lons to electrons via Coulomb
collisions.

N I, 5 ki1, — k1,
Q“‘m = [.5 Z Znenz Hogrore — In A
> nmyAjz Kr(1/©)K>(1/O,)

200. + O, ) + 1 .+ O O. + 0,
x AN S 2 ) + 2K, 21,
O + O O.0, G.0,
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Figure 2, The upper pancl: the emperature of the ¢ lectrons in the corona as
functions of disc radius B, The colours represent the models with different
magnetic stress tensors, which are the same as those in Fig. 1. The sold
lines represent the results calculated for v = 0.5, while the dashed and
dash-dotted hnes are for v = 0.05 and 0.005, respectively. The viscosity
paramezter a = 0.5 is adopted for all the modz] calculations, In the lower
panzl, we plot the optical depth for the Compton scattering of the electrons
in the vertical direction of the corona.
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Figure 3. The spectra of the disc-corona systems with different magnetic
stress @nsors (a: Trp = aPros b: Ty = @Poust € Ty = @/ Pas Pra)- In
all the calculations, @ = 0.5 is adopted. The dotted lines represent the
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Figure 4. The upper panel: the photon spectral indices as functions of
accretion rate i for different magnetic stress models (red: 7,, = epu:

green: Tp, = «Pgss blue: 1., = @ /Peas pror). The squares represent the
results calculated with & = 0.5, while the triangles are for ¢ = 0.3. The

green: 7,, = Py,
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Summary

1/2

1. z,,=a(p,p.) " is roughly consistent with the X-ray
observations, while the other two are not.

2. L, /L, decreases with increasing L,, /L.y . It means more
soft photons supplied by the cold disk for high-Z,, / L., cases,
and the corona is therefore cooled down more efficiently,
which leads to lower electron temperatures and then softer X-
ray spectra.

3. Our spectral calculations show that the X-ray spectrum is too
softer when the accretion rate is as low as 0.01.

We suggest that the ADAF+disk/corona model may resolve
this issue, because the photon spectral index of an ADAF can
be as low as ~1.5.



4. The transition radius of the outer disk-corona to inner ADAF
Increases with decreasing accretion rate, which also predicts a
correlation between the Compton reflection and X-ray photon
spectral index.
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Thank you!



