
ATLAS Data and Structure Function(SF) 
In this work, we analyse the 5-year light-curves of 
the 6,135 most luminous known QSOs observed in 
two passbands (orange and cyan) of the nearly all-
sky NASA/ATLAS survey (Asteroid Terrestrial-impact 
Last Alert System) and measure the variability of 
QSOs with SF. We adopt the SF definition as in 
equation here, where  are the difference of two 
independent observations and  is the variance of 
the noise. An example of SF in our data is shown 
here. The expected shape of 
SF( ) consists of three parts. 
In the first part, SF( ) is 
dominant with twice the noise 
variance. In the second part, 
SF( ) increases with  by 
following a single power-law 
function. In the third part, 
SF( ) becomes de-correlated 
with  and reaches to a 
plateau of twice the signal 
var iance. Note that the 
existence of the third part is still in question. Only 
long enough light curves can show the third part.

Δm
σ

Δt
Δt

Δt Δt

Δt
Δt

SF =
π
2

< Δm >2 − < σ2 >

Exploring SMBH Accretion Discs with QSO Variability  
Ji-Jia Tang1, Christian Wolf1, John L. Tonry2


1.Australian National University, 2. University of Hawaii

Theories predict that the accretion 
disc (AD) around the supermassive 

black hole (SMBH) is the main power engine of a 
QSO, yet our knowledge is still limited due to its 
small apparent size. We aim to study the AD using 
the continuum variability of QSOs and compare it 
with the classic thin-disc model predictions including 
temperature and brightness profiles as well as 
physical timescales that may be related to variability 
in different spectral passbands. The physical 
interpretation of this result serves as an outlook to 
future data obtained with the Rubin Observatory 
Legacy Survey of Space and Time (LSST).

We also examine our QSO 
sample and classify them 

into radio-loud and non-radio-loud QSOs. In the 
figure below, it appears that the SF of radio loud 
QSOs in some redshift and  bins has stronger 
variabilities in shorter timescale. In the AD study 
here, we rule out these radio loud QSOs for a cleaner 
result. 

Lbol
SF dependence on  and  
To find the general correlation between SF and the 
physical parameters of QSOs, we group the QSOs 
into 11 redshift bins and 10  bins. We also split all 
observational pairs into 20  bins, where all pairs 
with  < 1 day are contained in the first  bin and 
used as the noise calibration. In each  bin, We fit 
the relation between SF and  with a fixed slope 
across all redshift bins, then fit the intercepts of the 
previous slopes with the  within the range of 1400 
—3000Å. The figure and the equation here 
demonstrate a case of a particular  bin. This shows 
that the variability decreases with brighter  and 
redder wavelength.


After collecting the coefficients , , and  of all  
bin, it is clearly shown that 
there are two regions in the  
figure. The  and  in shorter 

 (smaller disc region) has a 
linear relation with , while in 
the longer  is flat. The 
general equation of SF( , , 

) with its coefficients can be 
found below.
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Motivation
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— —−1.200 ± 0.072−0.337 ± 0.011

γ0C0

0.468 ± 0.015

−1.088 ± 0.004

Cλ

1.482 ± 0.066

2.1<log( )<2.8Δt

0.99<log( )<2.1Δt

CL

−1.095 ± 0.002

0.395 ± 0.084

γλ

0.517 ± 0.003−0.286 ± 0.043

γL

−0.831 ± 0.045

The thermal timescale ( ) in 
the classical thin disc model 

is the closest timescale related to our study. It 
represents the timescale for the disc to readjust to 
thermal equilibrium once the dissipation rate is 
altered. It has the relation of , where M is 
the SMBH mass and R is the disc size. Past 
literatures rewrite and approximate this relation into a 
function of  and , 
but here we carry out a 
numerical calculation to 
find its true dependence. 
The figure here is the 
result which gives us 
roughly  . In the 
larger disc region (longer 

), we find that at fixed 
SF amplitude, the  also 
has a similar relation of 

. We think that a possible driving 
mechanism behind this self-similar disc in the outer 
region is the magneto-rotational instabilities (MRI). In 
conclusion, our study so far suggests that the AD 
consists of two regions, where the outer region 
follows the classical thin disc model with MRI while 
the inner region awaits new theoretical explanations.
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