X-ray variability in accreting supermassive
black holes and relations to X-ray binaries

The X-ray view of the Milky Way center

« 1deg ~500 light years
[ESA News/XMM-Newton/G. Ponti+’15d]
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Typical X-ray spectrum of accreting super-massive
black holes (AGN)
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What is the geometry of space-time and
matter flows around black holes?



Black holes are frustratingly small !!
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Pushing resolution of X-ray images to the limit...

X-ray (Chandra) ' ~ 17 ~ 8x10" km
: ' 3 ~ 1 light month ~ 5000 AU
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Our state of the art instruments...

XMM-Newton

X-ray mirrors Detectors

For each photon: -~

1) Position

2) Energy

3) Time (ms resolution
for 1.5 days)
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C Doubling time ~10°7 s
- =» Compact source (<few 1)
- => Evidence for black holes

[ => Very different... but same process
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First question: Is it variable?

error on photon flux

X? — x? for large photon fluxes



Quantifying variability: Excess variance

err l]

Oms =~ Z[(x, ~ %)’ -

=1

xi= count rate/flux measurements
0%erri = errors

-9 Equivalent to PSD over [1/Tmax, 1/2At] le.g. Nandra +°97; Vaughan+’03; Ponti+’12; Soldi+14]
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=» Variability scales with Mpy™!

[Lu+ ’01; Bian+ ’03; Papadakis *04; O’Neill+°05; 10°

Nikolajuk+’06; Zhou+10]

=>» Small scatter (—~0.4 dex) =» measure Mgy
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=» Similar engine in all AGN!
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Characterising variability: The power spectrum

Power spectrum: Red noise breaking
to pink noise at Vireak < Mpp!

=» Similar engme in AGN and X—my bmarzes’
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Similar engine in AGN and X-ray binaries!

[McHardy -I—’04 see also e. g Edelson+’99 Czerny+’01 Uttley+°02; Pontz-l— 12 Gonzalez Martm+ 12 Soldz+ 13]
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For each photon:

1) Position

2) Energy

3) Time (ms resolution for 1.5 days)

=» Energy dependent variability



Reverberation: Mapping the corona & disc
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Lag as a function of frequency

phase lag= argument of cross
spectrum=arctg Im[C(v)]/Re[C(V)]
time lag=phase lag/2nv
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First robust detection of reverberation

[Fabian,...GP+°09, Zoghbi,...GP+’10]
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How does geometry change with Mgy?

these AGN
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What geometry in X-ray binaries?
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Offset AGN scaled and X-ray binaries =¥ different disc-corona geometry!




Variation of geometry in the hard state

[De Marco,GP+’15;’16]
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=» Variation of disc-corona
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=» Through variability we can grasp geometrical

Summary

information of accreting black holes

=» A similar (scaled) engine (PSD) powers AGN and

X-ray binaries

=» The X-ray source in AGN is compact (r < 1-2 ry)
All studied AGN have the same compact disc-corona

geometry (1-101,)

=» X-ray binaries in hard state have large disc-corona
distances (20-10° rp)

The disc-corona distance decreases with luminosity
(disc more truncated at low L)
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