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Black holes 101

Consider escape velocity:

Kinetic energy —my* = Gravitational binding energy
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Black holes 101

Consider escape velocity:
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r~5cm

r = GM/c?




Black holes 101

r~5cm

r = GM/c?

0.05 x 9 x 1010
M N/
6.67 x 1011

M ~7x10% kg ~ 10 Mg, ¢



Accretion

How do we see this?
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Accretion

As a particle spirals inwards, it loses energy:

E = mc? — GMml/r

. r=2GM]/c?

|
E =—mc

2

2

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

M = 10°M
r~15x10" m
r~1 AU




Total energy release

M = 108M@ F — Mi’]Cz

(n ~0.1)
E=2x10"J

r~15%x104 m
r~1 AU




Total energy release

M = 10°M,,

E = Mnc*

r~15%x104 m
r~1 AU

The energy radiated by 100 billion stars over 14 billion years
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Black Hole Mass
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Black holes
must be
regulating
galaxy growth...
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Observational signatures
Disk wind

Absorbed "*.
X-rays

X-rays

X-ray Corona
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This is frequently the only
observed spectral feature, and
spectroscopy here is hard.
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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

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



Optical and X-ray detectors

e | ots of photons  Hardly any photons

e No Iindividual information e | ots of iIndividual information



File Edit Tools Help

B TIME ERAWX MRAWY WDETX M DETY mX my MPHA WPl MFLAG MPATTERN MPAT ID MPAT SEQ M CCDNR B TIME_RAW
Select D | | | | J J | | J B | B B D
Al 5 pixel pixel 0.05 arcsec 0.05 arcsec 0.05 arcsec 0.0 arcsec  channel eV 5
Invert | Modify | Modify | Modify | Modify Modify Modify Modify | Modify | Modify|  Modify Modify Modify Modify Modify Modify
1 7. 041516543611E+08 20 145 1403 3497 28872 DA6EE gos | 2044 0 3 5121 1 4| 7. 041516543595E+08
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=

Each row = 1 photon
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Flux-resolved spectra
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Low-flux ratio
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Flux-resolved spectra
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count rate
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Fvar

More variable

L ess variable
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Low-flux ratio
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Flux-resolved spectra
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Outflow Detection

Variability spectra

/
N

Outflow Physics
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Outflow detection

Searching for Ultra-fast Outflows in AGN using Variability
Spectra
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ABSTRACT

We present a qualitative search for ultra-fast outflows (UFOs) in excess variance
spectra of radio-quiet active galactic nuclei (AGN). We analyse 42 sources from the
Tombesi et al. (2010) spectroscopic UFO detection sample, and an additional 22 dif-

Varlance anaIySIS Of ferent sources from the Kara et al. (2016) variability sample. A total of 58 sources

. . have sufficient observational data from XMM-Newton EPIC-pn and variability for an

58 brl g ht, Varl ab I e excess variance spectrum to be calculated. We examine these spectra for peaks corre-
sponding to variable blue-shifted H- and He-like ion absorption lines from UFOs. We

b I acC k h O I es 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. The mean
and median blue-shifted velocity is found to be ~ 0.14c and 0.12c, respectively. Cur-
rent variability methods allow for a fast, model-independent determination of UFOs,
however, further work needs to be undertaken to better characterize the statistical
significance of the peaks in these spectra by more rigorous modelling. Detecting good
evidence for variable UFO lines in a large number of sources also lays the groundwork
for detailed analysis of the variability timescales of the absorbers. This will allow us to
probe their densities and hence distances from the central super-massive black hole.

|QO et al-, M N RAS, 2020 Key words: accretion, accretion discs — galaxies: active — black hole physics
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Much faster than conventional spectral
fitting, scalable to arbitrarily large datasets,

less vulnerable to contamination...

Igo et al., MNRAS, 2020



“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
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Outflow physics
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Can test effects that conventional spectroscopy can'’t:
- correlations between parameters
- frequency dependences

- variability of different emission processes



Disk wind
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Disk wind

...and this?

X-ray Corona
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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



Detailed density
predictions

Future work

Simulations for future
Instrumentation
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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



