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Relativistically Broadened Line
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Reflection from ionized gas Ross+Fabian05; Garcia+13
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Sometimes most emission from 1-2rg
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Reflectlon in AGN Wlth NuSTAR
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and Galactic sources too
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Hardness ratio
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Probing Black Hole Spin
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Black Hole Spin from Reflection Spectrum
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X-ray Background Spectrum
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High frequency
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GR Modelling
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2-10 keV variable counts
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Microlensing confirms that
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Coronal Size from Microlensing: Coronae are Compact
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IRAS13224-3809 - MOST VARIABLE AGN IN X-RAYS
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NuSTAR spectrum from 2016
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HIGH Density Reflection Models appropriate
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Emissivity Profile (D. Wilkins)
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NO UV response to large X-ray variations
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Summary

 We're now doing Relativistic Astrophysics of
the immediate region around rapidly spinning
accreting Kerr black holes — the central engine
of quasars — using X-ray relativistic reflection
and reverberation.






Corona Is compact
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Strong light bending close to BH

Martocchia&dMatt, Miniutti&Fabian

GR + lightbending make emissivity steep
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Emissivity profiles enable coronal height

and radius to be determined
Wilkins+Fabian12
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Into the Abyss
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IRAS13224-3809 - Example of a key object
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STRONG GRAVITY

Gravitational redshift ¢/

Red wing

Strong Light Bending (radian scale) ¢/ Reflection

Shapiro delay v/

Dragging of Inertial Frame ¢/

Strength

Reverberation

High Spin



Rise of corona can explain 3.5 keV dip
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Relativistic Reflection is a common feature
of luminous accreting black holes
spectrum”
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Spectral-timing analyses reveal
Inner strong gravity regime
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Relativistic Reflection is a common feature
of luminous accreting black holes

To observer Direct Power-law
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Strong gravitational effects (redshift,
light bending etc) are INEVITABLE
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Outflowing Corona

Mild relativistic outflow in corona can beam
primary radiation outward



Coronal Collapse

When h drops from 10 to 2r,
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M33 X-7: Mass
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X—ray count rate (ct s™)

0

Radial velocity (km s~ )

-300

0.05 0.1

—100 0

—200

0.15

Gemini North

0.6 0.8 1 1.2
Orbital phase: P = 3.45 days

1.4

M33 X-7: Mass

D = 840 = 20 kpc
i=74.6°+1.0°
M = 1565 = 145 M,

Orosz, McClintock, Narayan et al. 2007



Counts / sec - keV
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M33 X-7: Spin

Dl "™, | [Chisq = 1.07 / dof

Chandra ACIS: 1 of 15 spectra ]:Fﬁ l
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Model =
phabs x kerrbb
(i.e. no Fe or PL)

a.=0.751+0.026
f=1.78

Mdot = (1.9 = 0.1)E18 g/s
Ny = (1.1 = 0.1)E20 cm?2

Liu, McClintock, Narayan,
Davis & Orosz 2007



M33 X-7: Spin

15 total spectra: 4 “gold™ + 11 “silver”
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Complete description of 4 gold spectra
60 km object at ~ 1 Mpc a.=0.77 £0.02
Including uncertaintiesin D, i & M

Liu, McClintock, Narayan,
Davis & Orosz 2007 a.=0.77 £0.05



3C273



STRONG GRAVITY
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IRAS13224-3809







