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Black holes 101

r ∼ 5 cm

r = GM/c2

M ∼
0.05 × 9 × 1016

6.67 × 10−11

M ∼ 7 × 1025 kg ∼ 10 MEarth



Accretion
How do we see this?
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Accretion

E = mc2 − GMm/r

As a particle spirals inwards, it loses energy: 

r = 2GM/c2

E =
1
2

mc2

A large fraction of the rest mass energy is lost as radiation



Accretion

Fraction of mass converted to energy
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M = 108M⊙

r ∼ 1.5 × 1011 m
r ∼ 1 AU

Total energy release

E = Mηc2

(η ∼ 0.1)
E = 2 × 1055 J

The energy radiated by 100 billion stars over 14 billion years





Feedback
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Black holes 

must be 
regulating 

galaxy growth…





Observational signatures
Disk wind

X-rays

X-ray Corona

Accretion Disk

Absorbed 
X-rays



Parker et al, MNRAS, 2018



Parker et al., Nature, 2017

X-ray Spectroscopy



This is frequently the only 
observed spectral feature, and 

spectroscopy here is hard.



bad



Background Summary:
• Supermassive black holes live in centers of galaxies, feeding on gas


• They release huge quantities of energy, which can regulate galaxy growth


• One of the leading candidates for this is powerful winds, launched from the 
accretion disk 


• Winds are hard to detect - only a few absorption lines in the X-ray band


• X-ray spectroscopy is hard, limited by poor photon counts, calibration and 
contamination at high energies



Optical and X-ray detectors

• Lots of photons


• No individual information

• Hardly any photons


• Lots of individual information



Each row = 1 photon



X-ray Timing

Parker et al., Nature, 2017



Parker et al. 2017a,b, Pinto et al. 2018, Jiang et al. 2018

Flux-resolved spectra

We don’t 
really know 

why this 
happens…



Parker et al. 2017a,b, Pinto et al. 2018, Jiang et al. 2018

Flux-resolved spectra



Photon counts over time 
in different energy bins



Fractional variance in 
different energy bins

More variable

Less variable





Parker et al. 2017a,b, Pinto et al. 2018, Jiang et al. 2018

Flux-resolved spectra



Peaks in the variance 
spectrum correspond to 
variable absorption lines



Outflow Detection

Outflow Physics
Variability spectra



Outflow detection

If we can see these peaks, we 
know there’s an outflow



Outflow detection

Igo et al., MNRAS, 2020

Variance analysis of 
58 bright, variable 

black holes



Igo et al., MNRAS, 2020

Much faster than conventional spectral 
fitting, scalable to arbitrarily large datasets, 

less vulnerable to contamination…



“We find good evidence for such outflows in 28% of the 
AGN sample and weak evidence in a further 31%, meaning 

that ∼ 30–60% of the AGN sample hosts such UFOs”

Igo et al., MNRAS, 2020



Particularly powerful with the next 
generation of telescopes



What do the heights of the peaks 
physically mean?

Outflow physics



Outflow physics

Alston et al, Nature Astro, 2020Simulated variance spectra, smoothed to match data



Parker et al, MNRAS, 2020



Parker et al, MNRAS, 2020

Can test effects that conventional spectroscopy can’t:


 - correlations between parameters


 - frequency dependences


 - variability of different emission processes




How do we 
distinguish 

between this…

Disk wind

X-rays

X-ray Corona

Accretion Disk

Absorbed 
X-rays



…and this?

Disk wind

X-rays

X-ray Corona

Accretion Disk

Absorbed 
X-rays



Variability can serve as a 
density diagnostic



Density -> Size -> Power
By measuring the 

density of the gas, we 
can determine the true 
power of these winds 

to drive feedback



Future work
Detailed density 

predictions

Simulations for future 
instrumentation

Expand and enhance 
modelling



Summary
• Supermassive black holes launch powerful outflows that potentially control galaxy 

growth


• We don’t know exactly how powerful they really are


• They can usually only be detected in X-rays, and conventional X-ray spectroscopy 
is difficult, slow, and limited


• The absorption lines from outflows respond to continuum variability, enhancing 
variance in specific energy bands


• We can use this to detect and study outflows with variance spectra


• This circumvents many of the problems with conventional spectroscopy, and 
could finally answer the question of how powerful outflows are


