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M o d e l i n g  A G N  O p t i c a l  L i g h t c u r v e s  

v i a  i n f e r e n c e  o f  A D - B L R  l a g   
Cortés, I., Gianniotis, N, Pozo-Nuñez, F., Heidt, J. & Polsterer, K

AGN are variable sources. The AD 
continuum flux variability is triggered by 

accretion changes. This variability 
propagates outward, producing a delayed 

response in the BLR emission lines. 
This time delay,       , corresponds to 

the light-travel time between the AD 
and the BLR.

We model this variability with a 
Gaussian Process (GP), g, 

assuming the AD and BLR 
share the same temporal 
behaviour except for the 

lag       . The GP has zero mean 
and an Ornstein-Uhlenbeck 

kernel, capturing the AGN 
stochastic nature.

Integrating the spectral model 
against the transmission curves 

of each photometric band, m, 
predicts the observed light curves:

What is an AGN?

Optical variability
Active Galactic Nuclei (AGN) are powered by the accretion of 
matter onto the supermassive black hole in their centre. 
Conservation of angular momentum, viscous dissipation, 
and cooling shape the infalling gas into a thin accretion 
disk (AD), which emits thermal radiation, including 
ionizing photons. This radiation reaches a 
dense, dust-free region of clouds known 
as the broad line region (BLR), 
photoionizing the gas.

As a result, the UV-optical spectrum of 
an AGN is dominated by the AD 
continuum and the BLR emission lines. A 
widely used empirical model describes this 
spectrum as a power-law continuum plus Gaussian 
emission lines, plus a host-galaxy component. 
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Comparing the predictions to observational data yields a model 
likelihood with a closed-form solution.

Evaluating this likelihood over a grid of trial delays yields a full 
posterior probability for        , rather than a single point 
estimate. 

A probabilistic approach
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