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Chakrabarti, Acharyya, Molteni, A&A, 2004.

Configuration of the advective

 

flow with cooling effects at three different phases of 
oscillation when both the radial and the vertical motions of the

 

shocks are allowed. 
The modulation of X-rays due to this oscillation causes quasi-period oscillations in 
black hole candidates. The FFT of the time varying luminosity emitted from the disk 
produces peaks in the power density spectrum very similar to what is observed. Our 
goal would be to carry out the computation of the spectrum while

 

the disk 
oscillates and see if the spectrum ‘rocks’

 

during the shock oscillations.

Chakrabarti

 

et al. Proceedings of MG11, 2007.

Motivation



Chakrabarti, Ghosh, Som, 2007
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Chakrabarti, Titarchuk, 1995



Simulation Technique: Radiative
 

Transfer Code
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, ve

 

, GEOMETRIC DIMENSION (D) OF THE SYSTEM

STEP A: Photon Generation (E, x, y, z,

 

vxp ,vyp ,vzp )
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Compton Scattering:

New photon 
parameters

E, x, y, z,

 

vxp ,vyp ,vzp

CHECK: (x,y,z) ≤

 

D

NOYES

Collect this Photon



Coupled Hydrodynamic –

 

Radiative Transfer Simulation

Assuming axisymmetry, we have calculated the flow dynamics using

 

a finite difference 
method which uses the principle of Total Variation Diminishing (TVD) to carry out 

hydrodynamic simulations



TVD steady state is 
attained: using BC, IC

Output: ur

 

, uθ

 

, uφ

 

, ε, ρ, Te

Note:

 

∆t for N time loop

Boundary Condition (BC): ur

 

, uθ

 

, uφ

 

, ε

 

, ρ Initial Condition (IC): ur

 

, uθ

 

, uφ

 

, ε

 

, ρ, Te

MC run for 
∆t time

Compton Cooling 
modifies Te which 
modifies ε. New 

IC for the TVD run

TVD run for N time loop 
using the old BC but the 

new IC

N=100 is used in our simulation

Output photons 
from the cloud

Time dependent coupled 
hydrodynamic –

 
radiative 

transfer simulation



ε

 

=0.0022 c2

λ=0

MBH

 

= 10

Rin

 

= 200rg

Rout

 

= 300rg

Rms

 

= 3.1rg

Velocity vectors of the electron
cloud obtained by solving hydro-

dynamic equations using TVD 
scheme

Compton cloud with ZERO angular momentum (Bondi flow)



Density & Temperature contours inside the electron cloud
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Summary of the simulation cases presented

λ

 

=> Angular momentum of the flow, ε

 

=> Specific energy of the flow, Photon Index α

 
is calculated from I(E) ~ E-

 

α,    => Halo rate in the unit of Eddington rate,    => Disk 
rate, Ninj

 

=> #of injected photons, Nsc

 

=> #of scattered photons, Nunsc

 

=> #of 
unscattered photons, Nbh

 

=> #of photons went inside BH horizon, p=Nsc

 

/Ninj

 

, 
t0

 

=Cooling time=E/(∆E/∆t)
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As we increase the disk rate 
keeping halo rate fixed, the 
spectrum becomes softer
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As we increase the halo rate 
keeping disk rate fixed, the 
spectrum becomes harder
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Components of the net spectrum: spectrums of the photons, 
suffering different number of scatterings within the cloud

(1) 0, (2) 1-2, (3) 3-6, (4) 7-18, (5) 19-28, (6) 29 or higher, (h) Net output spectrum

As the number of scattering 
increases, the photons gets 
more energy from the 
electron cloud and  
becomes harder (spectrum 
2, 3, 4). But, the photons 
which suffers more and 
more number of scatterings 
also spend more and more 
time inside the system. 
They start giving energy to 
electrons. Spectrum (5) and 
(6) are not inverse- 
Comptonised spectrum its 
the Compton scattered 
spectrum.
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(b)

Spectra of photons spending different times inside the electron cloud

(1) 0.01 – 1 ms, (2) 1-40 ms, (3) 40-100 ms and (4) 100 ms or higher

As the photons spend more 
and more time inside the 
cloud it gets inverse-

 
Comptonised to become 
harder (1, 2 & 3). But, 
after a certain time the 
photons start giving energy 
to the electrons. Spectrum 
4 shows the photons have 
actually given Comptonised 
spectrum.



0.001 0.01 0.1 1 10 100 1000
Energy [keV]

1e+34

1e+35

1e+36

1e+37

In
te

ns
ity

a b c

(b)

Variation of the output spectrum as viewed from different angles. Observing angles 
(in degree) with respect to the disk axis are 2 (plot 1), 45 (plot 2) & 90 (plot 3). The 

spectrum is getting harder as the disk axis is tilted away from the line of sight.

Directional properties of the spectrum
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is static 

(1h) NET spectrum

Bulk Motion Comptonization

Bump



Ghosh, Garain, Giri & Chakrabarti, MNRAS, 2011

Reason of occurrence of the Bump for higher halo rate 50 < E < 150 keV

Number of scatterings inside different spherical shells before leaving the cloud. 
Dark shade: static cloud, Light shade: spherically inflowing matter

Bulk motion of the infalling electrons pushes the photons towards the hotter and 
denser inner region of the cloud to suffer more and more scatterings. 

Te

 

(r=8rg

 

) ~ 100 keV

All Photons
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= 10

Rin

 

= 100 rg

Rout

 

= 200 rg

Flow with angular momentum

λ=1.73



Initial Density & Temperature Distribution 

Density

λ=1.76 λ=1.73

λ=1.76 λ=1.73

Temperature



Final Temperature (keV) of the Cloud: Compton Cooling
λ=1.76 λ=1.73

As the disk 
accretion rate 
increases, the 
post-shock 

region of the 
electron cloud 

becomes cooler, 
due to the 

increase in the 
number of 

injected soft 
photons and the 

shock moves 
closer towards 
the black hole

Garain et al. 2012 (submitted)



Effects of Compton Cooling

As the post-

 
shock region of 
the electron 

cloud becomes 
cooler, the 
shock moves 

closer towards 
the black hole

λ=1.76 λ=1.73

Garain et al. 2012 (submitted)



Quenching of Jet

High energy (and entropy, dark red region) flow decrease as the 
disk rate increases i.e  the hollow jet is quenched

Color map of  specific energy Color map of measure of entropy

λ=1.76 λ=1.73 λ=1.76 λ=1.73

Garain et al. 2012 (submitted)



Outflow rate decreases as the disk rate in increased

λ=1.76 λ=1.73

Garain et al. 2012 (submitted)



Effects on Spectral Properties
λ=1.76 λ=1.73

Spectrum softens
as the disk rate

in increased

Garain et al. 2012 (submitted)



Disk rate= 0.1, Halo rate= 1

Hard photons=> 3 to 100 keV

Spectral slope is calculated 
between 2 to 10 keV

 

energy

The variation in shock 
location, Hard photon 
count and the spectral 
slope shows QPOs

 
of 

similar frequencies

Ghosh

 

et al. 2012 (in prep.)



Development of a time dependent coupled hydrodynamic –

 

radiative transfer code

Spherically symmetric Bondi accretion flow looses its spherical symmetry in presence of

 

 
Compton cooling

Directional and temporal properties of the output photons are seen

For a high halo rate, even in the hard states, the bulk motion Comptonization leaves its mark 
as a power-law at high energies

In presence of angular momentum, the accretion flow creates a boundary layer

Increase in disk rate results in the increase of soft photons and hence, post shock region 
cools down more and more with increased disk rate

As a result of Compton cooling, the thermal pressure goes down

 

and shock forms closer to 
the black hole

Outflow rate reduces and spectrum becomes softer as a result of cooling

This shows a direct correlation between the spectral states and the outflow rates of an 
accreting black hole

Summary & Conclusion



Thank You!!!
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