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   Schematic Diagram

        Cantiello et al. (2021)

A schematic showing 
stellar evolution in the 
accretion disk of an AGN. 
Low mass stars can be 
formed in or accreted by 
the disk, where they gain 
mass and eventually 
evolve to leave behind 
compact remnants near 
the center of the disk



  

   Schematic Diagram

        Cantiello et al. (2021)

The outer regions of the accretion disk are far 
from the central supermassive black hole 
(SMBH), where self-gravity plays a dominant role, 
and the disk inevitably collapses to form stars.

In addition, stars near the center of the galaxy 
can interact with the SMBH accretion disk, 
resulting in a loss of orbital energy and angular 
momentum, and are captured by the accretion 
disk.

Stars in accretion disks can accrete gas and 
rapidly evolve into compact objects, such as 
white dwarfs, neutron stars, and stellar black 
holes (sBHs). 



  

      Timescales

• AGN lifetime ~ 107-108 year

• The rate of capture of stars ~ 10-4-10-3 per year

• Total capture within AGN’s lifetime ~ 103-105

Thus, 103-105 number of stars get the time to evolve into different types of  
compact objects, depending on the environment. 



  

 Types of Compact Objects formed

1. White Dwarf: However, their evolution takes ~ 1 billion years.

2. Neutron Star: Timescale ~ a few to tens of million years. Their energy output   
                      is smaller to be significant with the AGN disk.

3. Black Hole: Timescale ~ a few to tens of million years. They affect the             
                   environment significantly.



  

      So, what are the effects?

1. Embedded sBHs can change the effective temperature distribution of the 
AGN accretion disk by heating in the outer region. 

2. The spectral energy distribution (SED) can have a turnover at some 
wavelength, depending on the distribution of sBHs.

3. The half-light radius can be changed.
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       How???



  

   Temperature distribution (Pure SSD)

Suppose, there are no stellar black holes (sBHs).

Temperature distribution of the pure SSD (Shakura 
Sunyaev Disk):
                            
               Teff ~ R-3/4  (R is the radius of the disk )

So, temperature falls as a power-law (red line) with radial 
distance.



  

Temperature distribution (AGN disk embedded with sBHs)

When there are sBHs, present in the AGN disk, they will accrete a small fraction (fsBHs) of the gas material, 
present in the disk. 

By this accretion, they will emit some radiation, mainly in X-rays. 

AGN disk is optically thick. So, this radiation from the sBHs will mostly be trapped in the disk.  

This would heat the disk and increase its temperature. 

Now, the temperature distribution in the AGN disk is from the contribution from:

    i) heating in the AGN disk itself
   ii) heating due to the trapped radiation from sBHs

Suppose, Qvis is the heating rate per unit area due to the AGN disk itself. And QsBHs  is the heating rate in 
each zone by the sBHs. 

When estimating the ratio of heating, they find that in each zone, 
                      ϵ = QsBHs/(Qvis * area of the zone) ∝(R/Rs)3 



  

        Continued…...

 Thus, it is noticed that the effect will be much more as 
we consider more outside part of the disk.
                               ϵ ∝(R/Rs)3  

Physically, we can also think that, since at the closer 
distances, the effect of the SMBH is very large, the 
sBHs will have negligible effect at disk regions, close 
to the SMBH. 

Thus, we notice from the right side plot, that after a 
certain distance (~ 300 Rs), the effective temperature 
is increasing as we go more outside the disk.

                     2σT4 eff,sBHs(R, ϕ) = Qvis(1 + ϵ)

This is how we can get the effective temperature of the 
AGN disk, embedded with sBHs.



  

 Spectral Energy Distribution (SED)

Case-I: MSMBH = 108  Solar Mass ; fsBHS = 0.1

At ~ 3600 Angstrom, the SED of the embedded disk 
starts to have higher SED, than a pure SSD. 

Above ~ 4700 Angstrom, the SED of the embedded 
disk is significantly higher than the pure SSD.

Below ~ 3600 Angstrom, the pure SSD has slightly 
higher SED than the sBHs embedded disk.



  

            Continued…..

                                  Why?

As discussed earlier, the effect from the accretion in 
sBHs would make a contribution at only the 
outer edges of the disk. 

Outer side means the emission energy is less, which 
corresponds to higher wavelength. Thus, at 
higher wavelengths, the effects are more.

At small distances, the effect is very less. From the 
region, closer to the SMBH, the emission 
energy is higher that corresponds to lower 
wavekengths.Thus, not much effect at lower 
wavelengths.

However, some part of the AGN disk material goes 
on to accrete onto sBHs, instead of going onto 
the SMBH. Thus, the overall profile is a little 
less in case of sBHs embedded disk compared 
to a pure SSD. 



  

          Continued…..

Case-II: MSMBH = 109  Solar Mass ; fsBHS = 0.1

At ~ 7000 Angstrom, the SED of the embedded disk 
starts to have higher SED, than a pure SSD. 

Above ~ 8000 Angstrom, the SED of the embedded 
disk is significantly higher than the pure SSD.

Below ~ 7000 Angstrom, the pure SSD has slightly 
higher SED than the sBHs embedded disk.



  

          Continued…..

                                  Why?

    If every other quantities are fixed,

                 Teff,sBHs M∝ -1/4
SMBH

Thus, with mass of the SMBH being increased, the 
effective temperature due to the accreting sBHs 
in the disk would have less effect. Thus, the 
sBHs would start to affect the temperature even 
more outside part of the disk. This corresponds 
to higher wavelength than the previous case



  

              Half light radius

The sizes of galaxies are difficult to 
measure since they don’t possess 
clearly defined boundaries. Most 
galaxies simply get fainter and fainter 
in their outer regions, and the 
apparent size of the galaxy depends 
almost entirely on the sensitivity of the 
telescope used and the length of time 
for which the object is observed.

To overcome this ambiguity, astronomers 
define the ‘half-light’, or ‘effective’ 
radius (re) as the radius within which 
half of the galaxy’s luminosity is 
contained.



  

    Face-on view of the disk 

            Pure SSD

The luminosity is highest at 
the centre and as we see 
outward, it is decreasing.



  

     Continued…..

    SBHs embedded SSD

Unlike the pure SSD case, 
here the outer part of the disk 
would be illuminated due to 
combined accretion of the 
AGN disk material by the 
embedded sBHs. Thus, the 
outer part has more 
luminosity than the pure SSD. 



  

          Change in the half-light radius

Case-I: MSMBH = 108  Solar Mass ; fsBHS = changing

As seen in the case of temperature distribution and 
the SED, for this mass of the SMBH, the 
contribution would start to effect from ~ 3600 
Angstrom. 

The half-light radius would start to increase after this 
wavelength. After ~ 4700 Angstrom, it would be 
much higher than pure SSD.

For changing fsBHs the effect would also change. 
When fsBHs increases, it would increase the accretion 
to the sBHs, which would heat the disk more at the 
outer side and the outer regions would be more 
illuminated. Thus half-light radius would increase 
more. Vice-versa.



  

                  Continued…..

Case-II: MSMBH = 107  Solar Mass ; fsBHS = changing

As the mass of the SMBH is decreased, the effect of 
sBHs would start to contribute at a lower 
wavelength. 

For this mass of the SMBH, the contribution would 
start to effect from ~ 2000 Angstrom. The half-light 
radius would start to increase after this wavelength. 
After ~ 3000 Angstrom, it would be much higher 
than pure SSD.

Here, the effect for changing fsBHs would be same as 
the previous case. When fsBHs increases, it would 
increase the accretion to the sBHs, which would 
heat the disk more at the outer side and the outer 
regions would be more illuminated. Thus half-light 
radius would increase more. Vice-versa.



  

          Boundary Condition

Up to now, the sBHs were considered to be distributed in the whole disk from 
Rin = 3RS to Rout = 3000Rs

What happens, if it is considered that all the sBHs are embedded in a particular 
distance, let’s say at ~ 1000RS 



  

        sBHs embedded at ~ 1000RS 

            Temperature Distribution

Here, only at the distance 
1000 RS, the effect would be 
felt. Thus we see a narrow 
spike at this distance in the 
plot. 



  

                        Continued…..

                    Half-Light Radius

The half-light radius would start to 
change at the wavelength, that is 
in correspondence with the 
distance 1000RS. This is ~1000 
Angstrom, as can be seen from 
the plot.

The case of different fsBHs would 
be the same as the previous 
cases. 



  

   So, why the term ‘stretch’ in the title?

When there are embedded sBHs in the AGN disk, the 

i) temperature of the outer part of the disk increases

ii) half-light radius increases

Together these effects makes it feel like the outer region is bigger now, as it 
emits more. 

Thus, it is used like a metaphor!



  

         Conclusions

1. Embedded sBHs can cause the effective temperature of the outer regions to 
be significantly higher than that of the pure SSD.

2. Compared to a pure SSD, an SSD embedded with sBHs produces a redder 
SED, which may contribute significantly to the spectral slope change around 
5000 Angstrom for AGNs with low (  108 M ) SMBH masses.≲ ⊙

3. The dependence of the half-light radius with wavelength for an SSD 
embedded with sBHs significantly differs from that of a pure SSD. With 
suitable sBH distributions, the model half-light radius is consistent with 
microlensing observations.



  

Thank you!



  

                 Extra Slides

                   If needed!



  

                       What are zones?

Cut into 256 equal areas 
of angular separation

Cut into 256 equal areas 
along radial distance



  

            Some Equations



  

                   Some Equations
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