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LSST AGN Variability Workshop, March 2022              2
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Active Galactic Nuclei (AGN) - ID 
card
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MASS Winter School, Jan 2023              
How can we reveal the inner structure?



AGN Variability: what do we 
know?
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AGN variability seems to be well described as a 
stochastic process: behavior that is not predictable 
forever as in the periodic case, but unlike temporally 
localized events (transient), variability is always there

Stochastic Periodic Transient

credits: Sánchez-Sáez et al. 2021a.

MASS Winter School, Jan 2023              
for more details see Kozlowski et al. 2016

https://iopscience.iop.org/article/10.3847/0004-637X/826/2/118


Astronomical 
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MASS Winter School, Jan 2023              
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 Tornados of whirling space 

 fast-spinning  BH  =2 vortices

Horizon

Vortex 1

Vortex 2

NOAA Photolibrary, 
NOAA In Space 
Collection

inspiral

GW  from  binary SMBH

binary BH = 4 vortices

head on collison

Perfect storm: Fujiwhara effect
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Image data: 
NASA/JPL-Caltech/SwRI/MSSS
Image processing by Tanya 
Oleksuik, © CC BY
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https://docs.google.com/file/d/1i6Zb9YLuIa7Qqd4FN1XFmAnExPOEDkX6/preview
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ASTRONOMY MOVIE OF  XXI  CENTURY: ngEHT mid-2020 production

ngEHT potential sites, Raymond+21

John Rowe Animation/CSIRO Astronomy and Space Science

https://docs.google.com/file/d/1WM9l3ciu_oG_ZMzDuU3ccil68GQwruMl/preview


“WHERE ARE THEY ?”  NAVIGATING PARAMETER HYPERSPACE OF  BINARY SMBH
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https://www.youtube.com/watch?v=Q_B5GpsbSQw&list=RDCMUCJ0yBou72Lz9fqeMXh9mkog&start_radio=1&t=201s
https://docs.google.com/file/d/16B0ZChhtdQ9uDr5EgSLgv3nb3O0jPJJ4/preview


Ordered Information: Non-Face-on Binaries

Observed Flux             ~            Steady mean  X  Doppler boost X Gravitational X Red noise + Photometric noise
                                                       flux                                                        microlensing

FLUX

TIME
Optical  Hu+20

Observed Flux                       ~         Steady mean  x (periodic accretion) x Doppler boost x Red noise + Photometric noise
                                                                  flux                                                        

Munoz& Lai +16

Graham et al 2015

TIME

FLUX



Burst model 
(Farris+14)

The power spectral density (PSD) for the DRW is (Kelly+09)

Red Noise mimics  periodicity (Vaughan+16)

Periodicity signal immersed in red noise

Fourier transform

light crossing 
time scale

the gas orbital 
timescale

accretion disk
thermal timescale

Kelly+09

Red Noise: Mimicking ordered information



map integration along any period 

axis

Under the hood period detection unit: 2D Hybrid method

Under the hood periodicity detection-
Sci case  (data) supplied by CPG  Inkind 
Team

● preprocessing with DGP, 
ANN+DGP

● period detection with  
WWZmatrix coefficients
 (inhomogenous cadence) +  error 
and significance estimate

● period detection with SUPERLET 
matrix coefficients (homogenous 
cadenced LC) +  error and 
significance estimate
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Kovačević  @  al 2018, 2019, l 2020, 2021

Step 0: Gaussian Process/CNP or original LC
Step1: Calculation of c wavelet mztrices and
             their envelopes
Step2: Spearman correlation of wavelets envelopes

https://colab.research.google.com/drive/1MBlcg2hye-AYig1Q1q5eRsCoRtfTEo5-?usp=sharing
https://colab.research.google.com/drive/1MBlcg2hye-AYig1Q1q5eRsCoRtfTEo5-?usp=sharing
https://ui.adsabs.harvard.edu/abs/2018MNRAS.475.2051K/abstract
https://ui.adsabs.harvard.edu/abs/2019ApJ...871...32K/abstract
https://ui.adsabs.harvard.edu/abs/2020MNRAS.494.4069K/abstract
https://ui.adsabs.harvard.edu/abs/2021MNRAS.505.5012K/abstract
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Lyapunov Exponents & Recurrence Analysis: Quasar vs. Sinusoidal Signal

Fatovic et al +23



Complex Dynamics in Quasar Light Curves: A Recurrence Analysis Perspective

Pure Sinusoid Quasar light curve



SUMMARY

● The integration of astronomical big data surveys with upcoming nHz GW observations is 
essential for revealing binary SMBH.

● The application of  advanced methods on  new astronomical big data can facilitate the 
detection of binary SMBH systems 

● Given the intricacy of both binary and single AGN light curves, there's an emerging need for 
innovative observables (NOb).

● Novel methods, such as our 2D Hybrid approach, can detect periodicity of binary SMBH 
within a 2D correlation signal space, representing a potential NOb.

● Our recent pilot experiments  using recurrence analysis of newly detected binary SMBH have 
indicated the stability and periodic signal characteristics of the observed object.


