Reverberation mapping
in the lamp-post geometry of the compact corona
illuminating a black-hole accretion disc in AGN.
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Abstract: The X-ray reverberation mapping of the inner parts of the accretion disc might be used to distinguish between different
geometries of the corona. The basic properties of the reverberation mapping in the lamp-post geometry of the compact corona
where the ionisation of the disc due to its illumination is taken into account are studied. The theoretical lag versus frequency
and energy are shown for different model parameters such as the height of the corona, inclination of the observer, disc ionization
profile and black hole spin. The influence of these parameters on the measured time lags are discussed. The results presented here

will be tested by a future large X-ray observatory like Athena.

The model components

Black hole: Schwarzschild or maximally rotating Kerr metric for central gravitating
1 and dimensionless spin parameter @ = 0 or @ = 1 is used.

body with m:

Accretion dis

extending from the innermost stable circular orbit (ISCO) up to the upper edge at

Tout = 1000 GM /2.

Corona: hot point-like patch of plasma located on the rotation axis at the height & above
the centre and emitting power-law radiation, FI,(E) ~ BT a’E/E‘, with a sharp low
energy cut-off at 0.1 keV and an exponential high energy cut-off at £, = 300 keV.

Observer: located at infinity, viewing the system with an inclination angle 6, with re-

spect to the symmetry axis of the disc.

: co-rotating, Keplerian, geometrically thin, optically thick, ionised disc

Figure 1: Sketch of the model

observer
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Approximations

Light rays: Full relativistic ray-tracing code in vacuum is used for photon paths
from the corona to the disc and to the observer and from the disc to the observer.

Reflection: The REFLIONX, Ross & Fabian (2005), tables for constant density
slab illuminated by the power-law incident radiation is used to compute the re-
processing in the ionised accretion disc. The ionisation of the disc, &, is set by the
amount of the incident primary flux (dependent on the luminosity of the primary
source, height of the corona and mass of the black hole) and by the density of the
accretion disc (different density radial profiles are used). We consider several limb
brightening/darkening prescriptions for directionality of the re-processed emission.
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parameters of the model (non-isotropy of the emission, photon
index, energy band, ionisation of the disc) are shown in Fig. 2
and 3, respectively. The values of the parameters not explicitly
stated in the figures are summarised in the following table:

is due to wrapping of the Fourier phase of the disc response,
or(E, f), see eq. (3). This phase depends mainly on the
geometry — height of the corona and observer inclination, and
is almost independent on the spectral shape of the response.
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Figure 2: The dependence of lag on frequency for Schwarzshild BH (a = 0, left) and Kerr BH (a = 1,
right) for observer’s inclination of 30° (top) and 60° (bottom), and different height of the corona (units
of GM/c?, see colour scale in each panel).
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Figure 3: The dependence of lag on frequency for different (a) primary emission directionality with IV;, : IV, setting the ratio of the flux emitted towards the
observer and towards the disc (per unit solid angle), (b) reflection directionality, (c) primary power-law photon index, (d) energy bands and (e) ionisation
states of the accretion disc. (f) The disc ionisation profile used in panel (e) with corresponding colours — here, only the radial density profile of the disc
was changed to get different radial ionisation profiles with all other parameters set as in previous graphs.

Figure 4: (a) — (b) The frequency dependence of Fourier phase of the transfer function, ¢, (c) — (d)
difference of the total Fourier phase for different energy bands with respect to the reference energy
band, Ay, (e) — (f) corresponding lags, 7, (g) — (h) lag spectra at frequencies 2.5 ;«Hz and frr,z and
relative reflection spectra. The frequencies 2.5 uHz and f., are depicted in each panel.
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