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Active Galactic Nuclei — scheme
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Active Galactic Nuclei — X-ray spectrum
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X-ray Reflections on AGN,

in proceedings of “The X-ray Universe 2005, El Escorial, Madrid, Spain, 26-30/9/2005



Active Galactic Nuclei — lags
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Emmanoulopoulos et al. (2014)
General relativistic modelling of the negative reverberation X-ray time delays in
AGN, MNRAS 439 3931



Active Galactic Nuclei — lags
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Kara et al. (2014)
The curious time lags of PG 1244+026: Discovery of the iron K reverberation
lag, MNRAS 439 L26



Why to study toy model of lamp-post geometry?

» Astrophysical motivation:

» observational evidence of a rather compact X-ray source (variability,
micro-lensing) — corona size of tens of Ry = GM/¢?

» base of a (possibly aborted) jet?

» Useful simplification:
» many effects should be qualitatively similar with this simple geometry

» it can give us certain limits on the model
(e.g. limits on possibility of spin measurements)

» we can easily explore the dependence on many parameters
(height of the corona, ionization of the disc, ...)

» if we want to study the dependence on geometry, we should know how other
parameters influence the results

(e.g. Is the idea of measuring geometry of the corona via reverberation
feasible?)



Scheme of the lamp-post geometry

» central black hole —mass, spin ‘ r%fl!iemcger;c:
1000

» compact corona with isotropic emission
— height, photon index

E2 X F(E)

» accretion disc

— Keplerian, geometrically thin, optically thick 100 1
— ionisation due to illumination 01 i 10
(Lp, h, M, a, ny, gn) ElkeV]
» local re-processing in the disc observer
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» relativistic effects:
— Doppler and gravitational energy shift
— light bending (lensing)
— aberration (beaming)
— light travel time

» KYREFLIONX é\




Dynamic spectrum — ionised disc
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Parameter values and integrated spectrum
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Energy bands: soft excess: 0.3 —0.8 keV
primary: 1 —3 keV
iron line: 3—9 keV
Compton hump: 15 —40 keV



Lag dependence on geometry
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> the lag amplitude:

> the lag increases with

height

> the lag decreases with

inclination

(exception: low heights

and high spin)

> the lag decreases with

spin

(exception: low heights
and high inclination)

> the lag null points

(due to phase wrapping)

> shift to lower

frequencies for higher
heights due to longer
timescales of response

> change slightly with the

inclination

> change negligibly with

the spin



Lag dependence
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on other parameters
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Lag energy dependence
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Summary

» the frequency dependence of the lag is
mainly due to geometry
(height of the corona)

» the magnitude of the lag depends on many
details of the model
(height, spin, ionisation, unisotropy, energy)

» lag versus energy follows the spectral
shape at the right frequencies



Definition of the lag

Fren(E,t) = No(t) * W(E, 1) = Fron(E. 1) =Nip(f)-9(E. 1)

where
P(E.f) = A(E, 1)e'(ED

No(t) = cos (2xfyt) and W(E,f) = A(E,f)e?ED

then
o(E, )

Fen(E,t. 1) = A(E. h)cos {2nhlt+ 2(E.R)]}  with  o(E.f)= "5

F(E,t) ~ No(D)x(W(E ) +8(t) = F(E,f) ~No(f).(%(E,F)+1)
and

A(E,f)sin¢(E,f)

tan ¢ot(E, f) = T A(E. N)oos 0 (E.7) wi(E, 1) = F.(E)




Lag energy dependence

for low f:
A(E.f) ~ Ag(E)A(f) and  Ag(E)~ wi(E)
o(E,f) =~ ¢(f)
and
R A(E.1)sing(E. 1)
BN > ot AN T A(E. Y cos o (E. 1)
for f — 0:

N o(f) A w(E)
(EN = Gt T A ()

for f such that ¢(f) = ﬁ:g:

’
T(E, finj2) =~ matan [Ai(fir/2) W (E)]
T
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