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Signals from the Abyss –
searching for QPOs in AGN



X-ray bright



Motta et al. (2018)



Low frequency QPOs

Fragile et al. (2007)



High frequency QPOs

Seen in pairs (3:2, 5:2)

Could be due to vertical epicyclic 
modes and breathing mode (Blaes

et al. 2006)

Mishra et al. (2018)



Timescales in accretion flows tend to scale 
by mass:

Tviscous =  some factors x GM/c3

Tthermal =  some factors x GM/c3

Tdynamical =  some factors x GM/c3



Scaling from BHBs to AGN

Flux ∝ M/D2

AGN are 1000s+ of times further away but the mass is 1x105 times bigger or more
As QPO is slowed down (1/M) we get more photons/phase bin 

HFQPO à tens of ms
LFQPOs à seconds to tens of seconds

HFQPO à hours
LFQPOs à days-months



A warning: all accreting systems vary stochastically
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Variability at same freq as 

QPO candidate

Red noise very good at 
creating fake signals



Particularly dangerous for 
low frequency, low cadence 

observing of AGN (e.g. 
attempts to locate bSMBHs)

Need more than 5 cycles to 
make any realistic claim

Make sure you always 
simulate the null hypothesis 

to establish your FAP 
(Vaughan 2005)

Vaughan et al. (2016)



High frequency QPOs offer 
more cycles so a greater 
chance of being proven 

genuine

Gierlinski et al. (2008)



Confirmed in follow-up observations when energy resolved

Alston et al. (2014)
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New searches using energy dependence

Ashton & Middleton (2021)



Key result:
Some repeating

signals 

Some of the 
strongest signals 

appear 
associated with 

reflection 
dominated 
component

Ashton & Middleton (2021)



Searching for LFQPOs (days to months)

Hard to do in the 
X-rays but not 

impossible



Searching for LFQPOs (days to months)

Code is similar to 
PSRESP (Uttley et al. 

2002) which 
simulates and 

resamples based on 
observations

Allows for model 
uncertainty with 

MCMC

Compares models 
with AIC

Ward & Middleton (in prep)



Searching for LFQPOs (days to months)

GP code with FAP 
now built (Gurpide

& Middleton in 
prep) and is being 
deployed on MAXI 

and ZTF data. 
Hoping to extend 
beyond Cellerite
models in very 

near future



What do we hope to learn 
from QPOs and QPO 

searches

Are there any LFQPOs in AGN? If not, 
why not?

How are HFQPOs in AGN generated? 
Do they behave like BHB QPOs?

How does the noise in AGN (PSD) 
respond to accretion rate and mass?

How do characteristic freqs change 
with energy band?


