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Reflection from ionized gas Ross+Fabian05; Garcia+13
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Reflection in AGN with NUSTAR
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Strong light bending close to BH
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GR + lightbending make emissivity steep
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Black Hole Spin from Reflection Spectrum
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Broad iron-L and iron-K emission
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. Reflection * :

o | Power-law * .
dominated ,

dominated * .

g

L . !
i 2 b i b
J.f/ 1 g +*+’f+“*+q+++ M# t lﬂ I:

— Q! - R *w_* ** |+| | |T.
B + -
lr? 1 1 1 1 L L I 1 L 1 1 1 1 1 1
< 0.5 1 2 5 10
Energy (keV)

Fabian+09



Lag (s)

0 50 100 150 200

=50

—e—  Powerlaw leads
- reflection: -
Reverberation
=+ +f;
—- _
0~ e T e T T T T o

Temporal Frequency (Hz)



200

Lag (s)

—400

—600

Kara+13a

—200

L

1HO0707-495
IRAS 13224-3809 (low flux state)

L

—100

1-125

1
Energy (keV)

10



Akn564
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Corona iIs compact

Need to understand anisotropy of corona in order to
Improve precision on strong gravity
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Emissivity profiles enable coronal height
and radius to be determined
Wilkins+Fabian12

10° — T T T TTTT]

e  Extended Source: 2r, < h < 20r,
*x  Point source: h=2r,
Point source: h = 20r,

10°

&
g
=
2 .

.
g ..
& _r
~ "‘ L]
w | x Y ® | -

1000 xxx = . °
xx + [ ]
®o * ]
X s °
xx * ¥ °
xx 2
B
xx "
1 ' | 1 Knl 1
1 10 100



Outflowing Corona

Mild relativistic outflow in corona can beam
primary radiation outward



—’$—>-—>-

Mkn335
T : 1 NuSTAR 2014
5 1.25¢
o f
< If
= i
5 0.75F +
Q i
E 0.5F \
< i A
0.25F ,
O)__ *e o 00.‘..‘::.... ) .0: 0....|°..‘.oo.

Wilkins+14 0 100 200 days



Rise of corona can explain 3.5 keV dip

1HO0707-495
IRAS 13224-3809
Ark 564

Mrk 335
l 1 1 1 l l

0.5 1 2
Energy (keV)

Wilkins+16

Avera

ge Arrival Time / GM ¢
>

N
(e

(8]
=
AN
O
Y

(=]

o}
=}

Total Spectrum
Continuum
Reflection

E / keV

10



Coronal Collapse

When h drops from 10 to 2r,



Into the Abyss
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Relativistic Reflection is a common feature
of luminous accreting black holes
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Relativistic Reflection is a common feature
of luminous accreting black holes
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The Near Future

 VERY LONG (Ms) observations of Key Objects
will study dynamic behaviour of corona

* Launch of ASTRO-H (scheduled for Feb 12
2016)



IRAS13224-3809 - Example of a key object
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Summary

 We're now doing Relativistic Astrophysics of
the immediate region around accreting black
holes — the central engine of quasars.

e Quasars are the most luminous persistent
sources in the Universe and, through
feedback, determine the final stellar mass of

galay bulges
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Relativistic Disc Lines are a common feature
of luminous accreting black holes
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second order effects




Microlensing shows that
Corona is compact
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CORONAL PHYSICS
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Corona lies a few ro above the disc

Wilkins&Fabian13
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WINDS and OUTFLOWS
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Broad iron-L and iron-K emission
lines (XMM)
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