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Periodic objects

Understanding the Lomb–Scargle Periodogram – VanderPlas, 2018, ApJS, 236, 16



  

Non-periodic objects

Stochastic Modeling Handbook for Optical AGN Variability – Moreno et al. 2019, PASP, 131, 1000



  

Non-periodic objects



  

Non-periodic objects



  

Non-periodic objects



  
Edelson et al. 2014, ApJ, 795, 2

AGN from Kepler



  

AGN from Kepler

Edelson et al. 2014, ApJ, 795, 2

slope = -3.15 slope = -2.0

slope = -4.51

 = 5.6 d



  

AGN from Pan-STARRS1

Simm et al. 2016, A&A, 585, A129

90 X-ray selected AGN, observed by Pan-STARRS (optical - griz)



  

AGN from XMM-Newton

Gonzales-Martin & Vaughan 2012, A&A, 544, A80

Majority of PSDs: single power-law with slopes =-2.010.01; 
15 AGN: broken power-law with slopes =-3.080.04



  

Damped Random Walk (DRW)

Kelly, Bechtold & Siemiginowska 2009, ApJ, 698, 985



  

Damped Random Walk (DRW)



  

Power Spectral Density (PSD)
and 

Auto-Correlation Function (ACF)

Wiener–Khinchin theorem



  

Power Spectral Density (PSD)
and 

Auto-Correlation Function (ACF)



  

 Auto-Correlation Function (ACF)

Javelin – Zu et al. 2013, ApJ, 765, 106 



  

Structure Function
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SF=√2V

Structure Function



  

Structure Function and ACF



  

Kepler - Zw229-15

Kasliwal et al. 2015, MNRAS, 453, 2075 



  

Kepler - Zw229-15

Kasliwal et al. 2015, MNRAS, 453, 2075 



  

Correlations

Sanchez-Saez et al. 2018, ApJ, 864, 87



  

Correlations

Laurenti et al. 2020, MNRAS, 499, 6053

~800 AGN from Catalina (10 yrs) and MEXSAS2 (XMMN)



  

Correlations

De Cicco et al. 2022, A&A, 664, A117



  

Correlations

Kozłowski 2016, ApJ, 826, 118



  

Correlations

Sanchez et al. 2017, ApJ, 849, 110



  

Correlations

Caplar, Lilly & Trakhtenbrot 2017, ApJ, 834, 111



  

Correlations

Stone et al. 2022, MNRAS, 514, 164



  

Correlations

Stone et al. 2022, MNRAS, 514, 164



  

Correlations

Stone et al. 2022, MNRAS, 514, 164



  

Thank you!

Revisiting Stochastic Variability of AGNs with Structure Functions
Kozłowski Szymon, 2016, The Astrophysical Journal, 826, 118

A degeneracy in DRW modelling of AGN light curves
Kozłowski Szymon, 2016, MNRAS, 459, 2787

Limitations on the recovery of the true AGN variability parameters 
using damped random walk modeling
Kozłowski Szymon, 2017, A&A, 597, 128

A Method to Measure the Unbiased Decorrelation Timescale 
of the AGN Variable Signal from Structure Functions
Kozłowski Szymon, 2017, The Astrophysical Journal, 835, 250

A Survey Length for AGN Variability Studies
Kozłowski Szymon, 2021, Acta Astronomica, 71, 103



  

Optical Gravitational Lensing Experiment (OGLE)
Udalski et al. 2015, Acta Astronomica, 65, 1



  

Kozłowski et al. 2013, ApJ, 775, 92



  

CARMA for ~800 OGLE AGN

Akaike Information Criterion (AIC)

CARMA code:  Kelly et al. 2014, ApJ, 788, 33



  

AGN Variability in OGLE



  

PSD for ~800 OGLE AGN



  

Structure Function for ~800 OGLE AGN



  

AGN in mid-IR (Spitzer)

Kozłowski et al. 2016, ApJ, 817, 119 



  

Unbiased timescale

Kozłowski 2017, ApJ, 835, 250 Kozłowski 2016, ApJ, 826, 118


