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The variability study of AGN and Microquasars using multi wavelength data is a powerful 
tool to: 

✴Probe their structure and physical processes. 

✴Understand accretion physics and jet dynamics. 

✴Test relativistic effects near compact objects. 

✴Estimate black hole masses and study cosmic AGN evolution. 

By observing variability across different timescales and wavelengths, we gain critical 
insights into the nature of microquasars and AGNs, their environments, and their role in the 
universe.

Motivation
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Long-term PG 1553+113 MW. lightcurves

# H. Abe et al. 2024



What is Microquasar ?
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Companion Star

Spinning compact 
object

Relativistic Jet

Accretion disk
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✴Microquasar: A binary system composed of compact 
object ( either BH (  5 - 15  ) or neutron star) and a 
companion star 

✴Form an accretion disk due to accumulation of matter 
from companion star 

✴Relativistic Jets: Outflows of relativistic particles, 
extend to parsec distances, responsible for emission 
across whole EM spectrum. 

✴Variability: exhibit variability across whole wavelengths 
with timescale ranging from seconds to days, even 
months

∼ M⊙
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What are the Galaxies ?
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Normal Galaxy Active Galaxy

It has a dormant SMBH at its center which 
is not accreting matter from it 
surroundings

Active supermassive black hole at the 
center of galaxy, accreting matter from its 
surrounding due to its high gravitational 
field.
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Active galactic nuclei (AGN)

# NRAO 
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AGN’s are powered by the Accretion on to 

SMBH 

Highly energetic manifestations from the nuclei  

of galaxies, emits a prodigious amount of 

radiation in the form of radio, optical, x-rays, 

-rays and high-speed particle jet.    

AGN’s are the most luminous persistent sources 

of electromagnetic radiation in the universe.  

The luminosity of the AGN is typically

 

AGN’s with the highest observed luminosities are 

expected to have BH masses of up to  

                                                             

γ

LAGN ≃ 1013L⊙ ≃ 4 × 1046ergs−1

MBH ∼ 109 − 1010M⊙



SMBH 

Basic components of AGN

Accretion disk
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Broad Line Region

Obscuring Torus

Narrow Line Region 

Relativistic Jets

# NRAO 



AGN Classification
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AGN Unification Scheme 

Based on the orientation angle of AGN’s with respect to the observer 
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Similarities b/w Microquasars and AGNs
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Property Microquasar AGN

Power Source Stellar-mass black hole or neutron star Supermassive black hole at the center of galaxy

Accretion Disk Forms from the binary companion star Forms from surrounding galactic material 

Relativistic Jets Extends up to few light-year distances, emit 
from radio to VHE gamma-rays, even more 
higher

Up to millions of light-year distances, emit 
radiation from radio to VHE gamma-rays, 
cosmic-rays, neutrinos

Emission process Thermal radiation: Accretion disk, companion 
star 
Non-thermal radiation: From Relativistic jets  
via synchrotron, inverse-compton processes 

Thermal radiation: Accretion disk, BLR, NLR,  
Dusty torus 
Non-thermal radiation: From Relativistic jets  
via synchrotron, inverse-compton processes 

Variability timescale Seconds to months Days to years



Source of information

Fermi Gamma-ray space based telescope
Launched by NASA in 2008 
Energy coverage :  from few keV upto 300GeV 
Scanning whole the sky in every 3 hours Large Area Telescope (LAT)

• FoV: 2.5 sr 
• Energy range: below 100MeV upto 300GeV
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Let’s discuss about variability
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Methodology

There are several different methods that can be used to investigate the temporal behaviour, 
such as  

• Fractional Variability study 

• Structure function 

• Power spectral density analysis 

• Gaussian Process modeling 
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

Gaussian Process Modelling
Gaussian process model is CARMA(p, q), defined as the solutions to the following stochastic 
differential equation: 

Let’s set p=1, q=0, i.e. a CAR(1) model, Damped Random Walk model, and also known as Ornstein-
Uhlenbeck process, stochastic differential has following form :  

                        

                                                 
DRW Kernel: ,  

PSD form for the DRW process: 

                                                 

                                                                             

k (ti, tj) = σ2 exp (−
ti − tj

τ )

[ d
dt

+
1

τDRW ]y(t) = σDRWϵ(t)

S(ω) =
2
π

a
c

1

1 + ( ω
c )

2

Damped Random Walk (DRW)   

dpy(t)
dtp

+ αp−1
dp−1y(t)

dtp−1
+ . . . + α0y(t) = βq

dqϵ(t)
dtq

+ βq−1
dq−1ϵ(t)

dtq−1
+ . . . + β0ϵ(t)

Where,  the damping timescale of DRW process, 

      the amplitude of random perturbations.

τDRW

σDRW

,Where,  and a = 2σ2
DRW c =

1
τDRW

 amplitude and damping timescale σ, τ
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

From Microquasars to AGNs: 
Variability study

✴ In this investigation, we studied 13 sources, including 7 
blazars, 1 radio galaxy, 1 narrow line seyfert 1 galaxy, 2 
unclassified blazar candidates, and 2 microquasars. 

✴  In this study, we used gamma-ray data taken by Fermi-LAT 
satellite. 

✴  Duration of observation is  15 years∼
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

DRW modeling

✴  DRW modeled 7-day binned gamma-ray lightcurve of blazar S2 0109+22 

• Source type: BL lac 
• Gal. Coord. : (129.142, -39.878) 
• Redshift : 0.265

Residual 
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

✴ DRW power spectral density (PSD) profile and marginal posterior parameter distribution (MCMC)  :- 

Criteria for DRW PSD: 
•  < 0.1 baseline 

•  > mean cadence

τDRW ×

τDRW

The observed parameters: 
•  =  

•  

•

log σDRW −0.38+0.15
−0.12

log τDRWobs. frame(days) = 5.26+0.33
−0.26

log τDRWrest frame(days) = 2.67+0.14
−0.11

DRW modeling
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

✴ Modelled gamma-ray light curves of blazars: 

DRW modeling 
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

✴ Marginal posterior parameter distributions of blazars:- 

DRW modeling 
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

✴ DRW PSD profiles of blazars :- 

DRW modeling 
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

✴ Modelled gamma-ray light curves of non-blazers and microquasars: 

DRW modeling 
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

✴ Marginal posterior parameter distributions of non-blazers and microquasars:

DRW modeling 
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

✴ DRW PSD profiles of non-blazers and microquasars:

DRW modeling 
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

✴ In this investigation, the observed gamma-ray variability timescale of AGNs occupy the sa

Results
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

✴ In Burke et al. 2021, using optical data a strong correlation was observed in terms of the  
relation  and the correlation parameter is sufficiently well constrained to 
provide BH mass estimates using optical variability. 

✴ In Zhang et al. 2022,2024 + Sharma et al. 2024, observed damping timescale for AGN using 
gamma-rays, occupy the same space as optical timescale obtained from accretion disk. This 
implies that the jet variability is somehow connected with accretion variability. 

✴The  relation also following by the x-ray variability of microquasars, Zhang 
et al. 2024.

τdamping − MBH

τdamping − MBH

Results
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

✴ In this study, the observed gamma-ray variability timescale of AGNs occupy the same space 
as optical variability, but in case of microquasars, the observed gamma-ray damping timescale 
do not follow the  relation. 

✴The observed damping timescale of microquasars is comparable with AGNs damping 
timescales. This study hints at a new perspective that the relativistic jets’ properties or their 
production mechanisms may be independent of the black hole mass.

τdamping − MBH

Results
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f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2

Conclusion

Our findings indicate that the observed characteristic variability timescales for both 
AGNs and microquasars are remarkably similar, irrespective of their black hole 
masses. 

This suggests that common underlying processes may be responsible for the 
observed variations in γ-ray emissions across these sources. 

The same variability time scale in stellar black holes and supermassive black holes 
suggests the jet possibly can be produced by a similar procedure.



f(z) = e−iz−cz2 = e−iω(t−τ)−cω2(t−τ)2
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