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Figure: Multi-wavelength observation of J1745-26 [Chun et al., 2013]
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Disk formation in BH binaries

I Accretion via Roche-lobe
overflow (low mass
companion).

I Matter transferred inwards
due to MHD instabilities.

I Heating due to viscous
dissipation. Figure: Accretion via Roche-lobe

overflow [Frank et al., 2002]



State transition

Figure: Spectrum in various states [Done et al., 2007]



Hard and soft emissions during state transition
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Figure: Evolution of BB and power law components of various sources
[Kalemci et al., 2013]



Properties of the secondary outburst

I Happens 30-60 days after state transition.

I Luminosity increases to approx. twice its previous value.

I Sometimes an optical delay is observed.



Example lightcurves

Figure: FRED-like lightcurve of XN
2000+25 [Chen et al., 1997]

Figure: FRED-like lightcurve of XN
1543-47 [Chen et al., 1997]



Example lightcurves

Figure: Lightcurve of XTE J1752-223 [Stiele et al., 2010]



Disk equations

I Thin disk approximation

I α viscosity prescription
[Shakura & Sunyaev, 1973]
(i.e. ν = αcsH)

I Cylindrical symmetry

Non-linear diffusion equation:
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Numerical methods

I Implicit finite differences
method

I Relatively large time steps

I Parallel computing when
possible

I DIM included

I Realistic opacities included
using
[Alexander & Ferguson, 1994]
[Iglesias & Rogers, 1996]

I Irradiation from central source
included

I Lamppost irradiation source
included.

I Shadowing of the disk included

Figure: N unknowns and N
equations for the next time step.



Comparison with analytical solutions

I Approximate solutions introduced by Pringle.
I DIM excluded, only free-free opacities used.
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Figure: Comparison of produced lightcurve
with analytical solution (no DIM, no
irradation).
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Figure: Comparison of produced surface
mass density with analytical solution (no
DIM, no irradation).



Disk instability model

I “Hot” and “cold” states
determined by irradiation
temperatures and central
temperature.

I α = 0.1 for hot state and
α = 0.033 for cold state
[Ertan & Alpar, 2002]

Stability Criteria:
[Dubus et al., 2001]

Tmax = 10700α−0.1
c R−0.05ξ

10 K

Tmin = (29900 − 11300ξ)α−0.22
h

M−0.01
1 R−0.05−0.12ξ

10 K

Figure: Thermal equilibrium curves
at logR = 10.5cm.
[Tuchman et al., 1990]



Calculating irradiation temperature

Figure: Calculating irradiation. [Frank et al., 2002]

Received flux from irradiation source:

Firr =
Lpt

4πR2
(1 − β) cos(ψ)



Generated irradiation temperatures

Figure: Irradiation temperatures, before and after, corona formation.



Results

Figure: Obtained light curves for varying corona radius.



Results

Figure: Obtained light curves for varying corona radius.



Results

Figure: Obtained light curves for varying corona luminosity.



Results

Figure: Obtained light curves for varying corona luminosity.



Results

Figure: Obtained light curves for state transition luminosities.



Conclusion

I Temporal and spatial behavior of the accretion disk has been
modeled including: DIM, realistic opacities, irradiation

I Self–shadowing of the disk is important

I An elevated irradiation source may cause secondary outbursts

I However, timescales do not match!



Future work

I Time dependent location for irradiation source to model
corona growth

I Time dependent corona luminosity

I Investigate how much of the radiation is actually absorbed in
the disk

I Add truncation



Thank you!
Any questions?



State transition

Figure: Hardness intensity diagram.
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J. A., Buxton, M. M., Brocksopp, C., Corbel, S., &
Cabrera-Lavers, A. (2013).
Multiwavelength observations of the black hole transient xte
j1752–223 during its 2010 outburst decay.
The Astrophysical Journal, 770(1), 10.
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