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Active Galactic Nuclei — X-ray spectrum
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Innermost part of AGN — scheme
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Transfer function for spectrum

Al = [ dadB g hoe(a.p)
Zaﬁ ~~~

Al = rdrde g " e hoc(r, @)
ZE‘P ——
transfer function G
g - E
E|OC
Ue = COS6q
ds
_ dE ) _ o
y=4 for grgas t = 9st

loc
_ dE dN
=3 for GFmgase O arands

dN
y=2 for  Fadsav
dudf _ dSy  dSp  dSec _ (ke

rdrdp ~ dSL. " dSec  dS g




Energy shift and amplification
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Dependence on spin
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Dependence on inclination

Energy shift
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Historical note on relativistic Fe K line

Spectrum from the black hole inner accretion disc:

Cunningham C. T. (1975) The effects of redshifts and focusing on the spectrum of an
accretion disk around a Kerr black hole, ApJ, 202, 788

Relativistic broad line profiles:

Fabian A. C., Rees M. J., Stella L. & White N. E. (1989) X-ray fluorescence from the inner
disc in Cygnus X-1, MNRAS, 238, 729

Observations:

Tanaka Y. et al. (1995) Gravitationally redshifted emission implying an accretion disk and
massive black hole in the active galaxy MCG-6-30-15, Nature, 375, 659

Fabian A. C. et al. (2002) A long hard look at MCG-6-30-15 with XMM-Newton, MNRAS,
335, L1

Miller J. M. (2007) Relativistic X-Ray Lines from the Inner Accretion Disks Around Black
Holes, Annual Review of Astronomy & Astrophysics, 45, 441



Scheme of the lamp-post geometry
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Light curve
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Dynamic spectrum
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Transfer function for reverberation

Stationary emission from the accretion disc: G = gupt
F(E) = [ rdrdG(r.¢) Fi(r.9.E/9) s = £
U = cCoSé
Response to the on-axis primary emission: , _ s
FEt) = [ dt [ rdrdoGlr.0) = o5
No(E) N () M7, 9.E/G.E +0) 8([t—tuo] € + o)) Mo = e o

Line reverberation:
FE) = [ of Ny(t) [ rardowo(r.0)8(E ~ 0Ee) 8([t— {1~ [pu+tul) Wy = gGNuch
P P N——

At

Transfer function — response to a flare [N,(t') = 6(t')]:
a(g.At) |
a(r,o)

r
Erc%l

V(ENH= ) Vo
9= E/Erest
tha+tao =t

F(EJ):/dt’Np(t’)\l!(E,tft’)

I(g.At) _aga(At) ag a(At)
ar,p) — ar d¢  de Ir

#0 = Vg if V(AL)



Caustics — Schwarzschild case
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Caustics — extreme Kerr case
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Dynamic spectrum — narrow spectral line
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Dynamic spectrum — the whole reflection
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Dynamic spectrum — ionised disc
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