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What to include (and what not to)? 
P1. Study of Accretion
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Why Accretion? How can it affect Gravitational Waves?

Modification of 
BH Mass due to 

accretion

Modification of 
Merger GW 

Signals 

GW Emission 
from Accretion 

Disk

Erik Wessel et al. 2021, Phys. 
Rev, D., 103, 043013 

Basu et el., 2008, MNRAS, 388, 
219

Papadopoulos & Font, 2001, 
Phys. Rev. D., 63, 044016
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Why ‘unified model’? A. Spectral Properties

McConnell et al., 2002, ApJ, 572 984

Seifina, Titarchuk, Shrader, et al.  2015, ApJ, 808, 142

Cygnus X-1 Scorpius X-1

4U 1705-44
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Why ‘unified model’? B. Timing Properties
Low-frequency QPO -  Correlation νlow νhighHigh-frequency QPO

Mauche, 2002, ApJ, 580, 423Van Doesburgh, van der Klis, 2017, MNRAS, 465, 3581 Motta et al. 2017, MNRAS, 468, 2311

• Black Hole Binaries
Neutron Star Binaries
White Dwarf Binaries

[] White Dwarf Binaries
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What is ‘Two-Component Advective Flow’?

Chakrabarti and Titarchuk, 1995, ApJ, 455, 623

0.1-50.0keV
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What is ‘Two-Component Advective Flow’/TCAF?
CHAKRABARTI
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Chakrabarti, 2015, Whither TCAF?, arXiv: 1509.00565 

Giri, K., and Chakrabarti, S.K., 2013, MNRAS, 430, 2836

Garain, S., Ghosh, H., and Chakrabarti, S.K., 2014, MNRAS, 437, 1329

1. Accretion around black 
holes occur through two 
components: a thin 
Keplerian disk which 
emits blackbody 
radiation; a thick 
radiatively inefficient 
sub-Keplerian disk.  

2. Numerical simulations 
confirm the formation of 
such structures. 

3. Temporal features such 
as QPOs can also be 
explained through this. 
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Chakrabarti, S. K., 2016, Study of Accretion processes Around Black Holes becomes Science: Tell Tale Observational Signatures of Two Component Advective Flows, arXiv:1604.05955 

1. Spectral states and 
timing features are 
connected. Both can be 
explained by the TCAF 
parameters:  

2. Interplay of  leads 
to formation, oscillation 
and motion of the shock, 
which in turn controls 
the Comptonization.  

3. During a rising phase of 
outburst,  rises (  
decreases). Opposite 
happens during the 
declining phase. 

·md, ·mh, Xs, R

·md, ·mh

·md
·mh

How does TCAF explain the spectra and timing?



Simulation Setup: Accretion around Neutron Stars

1. Axisymmetric system. 

2. Smoothed Particle Hydrodynamics 
formalism for solving conservation 
equations.  

3. Inner boundary specified by the 
neutron star surface. 
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Results: Timing Properties

‘Sticking’ inner boundary condition.

Surface 
Temperature

Bhattacharjee and Chakrabarti, 2019, ApJ, 873, 119
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1. Variation of . 

2. Multiple shocks in the flow. 

3. Inner part dominated by instability. 

4. Ejection from post-shock region. 

TNBOL
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Results: Timing Properties

Density

Bhattacharjee and Chakrabarti, 2019, ApJ, 873, 119

Mach Number

1. Rise in density and Temperature in 
the post-shock region. 

2. Vertical oscillation of inner hot 
region.

Temperature 
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