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INTRODUCTION

 Flux variability at all the bands 

is a well-known characteristic 

of active galactic nuclei 

(AGNs; Ulrich, Maraschi & Urry

1997). 

 The optical/UV emission of 

quasars, varying at time-scales 

of hours to decades, is 

believed to come from an 

optically thick and 

geometrically thin accretion 

disc. Therefore, the study on 

quasar variability can help to 

understand the accretion 

process therein.



Quasar variability amplitude are found to be correlated 

with other properties, such as, black hole mass, luminosity, 

and wavelength.

Vanden Berk et al. (2004) Wold et al. (2007)
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Theoretical models

 The origin of quasar variability has remained unclear so far. 

 Accretion disc with variable mass accretion rate (Pereyra 

et al. 2006; Li & Cao 2008; Gu & Li 2013)

 Inhomogeneous accretion disc (Kawaguchi et al. 1998; 

Dexter & Agol 2011)

 X-ray reprocessing/irradiation (Tomita et al. 2006; Cackett, 

Horne & Winkler 2007; Gil-Merino et al. 2012; Chelouche 

2013), and etc.



Li & Cao (2008)



Motivation

 Two problems of accretion disc model:

 At first, the viscous time-scale of an accretion disc 
(∼103 yr at R = 103Rg for a 108 M black hole) is much 
longer than the quasar variability time-scale observed 
(days ∼ decades). 

 Secondly, the accretion disc model can not fit the 
observed difference spectrum well.

 Two improvements:

 1. We constrain the accretion disc size to make sure 
that the viscous time-scale at outer radius of disc is 
consistent with the observed variability time-scale;

 2. We consider the effect of irradiation from an X-ray 
point source above the inner disc, which can help to 
increase the flux variation in UV bands and make the 
spectrum become bluer.



MODEL

Viscous time-

scale at R* is 

equal to quasar 

variability time-

scale observed.





RESULTS

Observed composite 

relative variability 

spectrum given by 

Ruan et al. (2014).









SUMMARY

 In this work, we upgrade the accretion disc model by 
constraining the disc size to match the viscous time-
scale of accretion disc to the variability time-scale 
observed and by including the irradiation/X-ray 
reprocessing to make the emitted spectrum become 
steeper. 

 We find this hybrid model can reproduce the 
observed bluer-when-brighter trend quite well, which 
is used to validate the theoretical model by several 
works recently.

 The traditional correlation between the variability 
amplitude and rest-frame wavelength can also be 
well fitted by our model. 

 In addition, a weak positive correlation between 
variability amplitude and black hole mass is present, 
qualitatively consistent with recent observations.




