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ABSTRACT
X-ray spectroscopy of active galaxies and black hole binaries provides an opportu-
nity to explore the innermost regions of black hole accretion discs. Some of the
recent measurements have revealed a very steep radial decrease of the disc reflection
emissivity, especially in the central region, suggesting the disc-irradiating corona
to be compact and very centrally localised. We discuss whether the special condi-
tions on the corona properties are indeed required, and / or whether the steep radial
emissivity could be an artefact of model assumptions. The inter-dependencies and
possible degeneracies between the radial emissivity index and other parameters of
the relativistic reflection model are studied. A set of simulations using a prelimi-
nary response matrix for a planned Athena mission is performed for this purpose.
We show that the measurements of the radial emissivity are indeed degenerate with
some model assumptions and parameters, even for more sensitive spectra than for
those available from current X-ray missions. We also realise that the radial depen-
dence of the disc ionisation might be another factor which can account for the steep
radial emissivities.
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1 INTRODUCTION

Relativistic iron lines in X-ray spectra of active galactic nuclei and black hole binaries
represent one of the most suitable opportunities to measure the angular momentum of
accreting black holes, see e.g. Reynolds and Nowak (2003) for a review. Spin measurements
are influenced by the geometry of the disc-illuminating corona and local properties of the
disc that affect the re-processing and re-emission of the incident photon. Usually, the current
iron line models (Laor, 1991; Dovčiak et al., 2004; Beckwith and Done, 2004; Brenneman
and Reynolds, 2006) employ a simplified approach where the complex relationship between
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the disc illumination and consequent emission is approximated by a simple or broken power-
law dependence on radial coordinate, and local angular emissivity profile is assumed to be
either isotropic or limb-darkened.

In our recent paper (Svoboda et al., 2009), we investigated the effect of different emission
angular directionality on the spin measurements. Here, we extend our analysis by study
of a possible degeneracy between the assumption of the angular distribution and model
parameters describing the radial profile of the emissivity. More generally, we investigate
further effects which might account for the radial emissivity profile, namely the localisation
of the corona and the radial structure of the disc ionisation.

The intrinsic disc emissivity is naturally expected to decrease with the growing distance.
The temperature of the disc decreases as r−3 (Shakura and Sunyaev, 1973; Novikov and
Thorne, 1973). Therefore, one of the naive assumptions is to assume the same dependence
for the reflection, i.e. the reflection emissivity ε ∝r−q , where q = 3. The simplest physical
picture is that of a corona uniformly sandwiching the disc. The more energetic photons are
injected in the innermost regions, and so, more intense irradiation of the disc occurs there.

However, non-thermal coronal emission does not necessarily need to behave in the same
way as the thermal dissipation of the disc. The interaction between the disc and the corona
is more complicated, including the radiation and magnetic processes (see e.g. Haardt and
Maraschi, 1991; Czerny and Goosmann, 2004; Goosmann et al., 2006; Różańska et al.,
2011). Especially when the magnetic field is considered, the resulting profile might be as
steep as e.g. r−5 (Kawanaka et al., 2005).

Steep radial emissivities were indeed reported in several sources, in active galaxies like
MCG -6-30-15 (Fabian et al., 2002; Vaughan and Fabian, 2004; Miniutti et al., 2007),
1H0707-495 (Fabian et al., 2009; Zoghbi et al., 2010; Dauser et al., 2012), IRAS 13224-
3809 (Ponti et al., 2010) as well as in black hole binaries, e.g. XTE J1650-500, GX 339-4
(Miller, 2007). In order to provide a physical picture of the steep radial emissivity in MCG -
6-30-15, Wilms et al. (2001) invoke strong magnetic stresses that should act in the innermost
region of the system. This should correspond to the enhanced dissipation of a considerable
amount of energy in the accretion disc at small radii. If the magnetic field lines thread the
black hole horizon, the dissipation could be triggered by magnetic extraction of the black
hole rotational energy, perhaps via Blandford–Znajek effect (Blandford and Znajek, 1977),
but it could be also supplemented by a rather efficient slowing of the rotation, as also seen
in recent GRMHD simulations (e.g. Penna et al., 2010). The efficiency of the competing
processes still needs to be assessed.

Martocchia et al. (2000) examined whether the required steep emissivity law as well as
the predicted equivalent width of the cold reflection line of iron and the Compton reflection
component can be reproduced in a phenomenological (lamp-post) model where the X-ray
illuminating source is located on the common symmetry axis of the black hole and the
equatorial accretion disc. These works suggested that the radial emissivity function of the
reflection component steepens when the height parameter of the primary irradiation source
decreases. The enhanced anisotropy of the primary X-rays was identified as a likely agent
acting in this process. The emissivity in the XMM-Newton spectrum of MCG -6-30-15 was
successfully reproduced with the lamp-post geometry (Martocchia et al., 2002; Miniutti
et al., 2003).
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In some cases, like in the spectrum of 1H0707-495, the measured radial emissivity in the
innermost region q ≈7 (Fabian et al., 2009; Wilkins and Fabian, 2011) is, however, steeper
than any current theoretical model predicts. In this paper, we will discuss some possible
explanations of detecting such steep radial emissivities. To this end, we explore several
simple test models and analyse them with the simulated data.

2 DATA SIMULATION

We used a preliminary response matrix1 for the planned X-ray mission Athena (Nandra,
2011) in our various simulations. There are several reasons for this choice. First of all,
this mission has been proposed only recently and ongoing scientific discussions on feasible
applications are timely. We would like to show by this analysis that in the case of approval
the Athena mission will be suitable for studying reflection features from the innermost
accretion discs around black holes. The main aim of these simulations is to constrain
possible degeneracies among different parameters of the relativistic reflection model. For
this purpose, Athena allows for a more sensitive analysis than is possible with the spectra
from current X-ray missions. Using a sensitive response planned for the future mission
allows us to find degeneracies which are not only adherent to the current data, but which
also will not be resolved with the on-coming X-ray detectors.

We performed the spectral analysis between 2–10 keV energy range where one of the
most prominent reflection feature, the iron Kα line, occurs. We re-binned the response
matrix by a factor of 10 between channels 2700 and 8800 (2–10 keV), the other channels
were not used. We used Xspec (Arnaud, 1996), version 12.6.0ab for the spectral fitting.
We used the most recent version of KY code (Dovčiak et al., 2004) which includes the
lamp-post geometry (Dovčiak et al., in prep.). The flux of the model was chosen to be
similar to that of bright Seyfert galaxies, i.e. ≈ 3 × 10−11 ergs·cm−2 s−1 (Nandra et al.,
2007). The simulated observation time was always 100 ks, which is a typical value for
average exposure time of AGN observed with the current X-ray satellites.

3 LAMP-POST SCHEME

First, we investigate how the radial emissivity depends on the geometry of the corona. If the
corona is localised the illumination of the disc decreases with the growing distance from the
source in a particular way determined by the position of the corona and by the gravitational
pull of the central black hole. The configuration when the corona is very compact and
located just above the black hole, known also as the lamp-post scheme, has been studied
as a simple disc-corona scenario by Matt et al. (1991); George and Fabian (1991). In a
physical picture, the source above the black hole can be imagined, e.g. as a base of a jet.

In this scenario the irradiation far from the source radially decreases as r−3. In the central
region, the relativistic effects – energy shift, aberration and light-bending – influence the
disc illumination, and thus shape the reflection spectra of black hole accretion discs (Miniutti
and Fabian, 2004). As a result, the different parts of the disc are irradiated with different

1 up-to-date to 9/5/2011, ftp://ftp.rssd.esa.int/pub/athena/09052011 Responses
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Table 1. The inner radial emissivity index qin, and the break radius rb inferred for different heights
and directionalities in the lamp-post model.

a = 0.94
numerical limb brightening isotropic limb darkening

h[rg] qin rb qin rb qin rb qin rb

1.5 4.8+0.2
−0.1 6.1+0.2

−0.2 4.5+0.1
−0.1 6.4+0.2

−0.2 5.0+0.4
−0.1 6.0+0.3

−0.2 5.3+0.1
−0.1 5.7+0.2

−0.1

3.0 3.3+0.1
−0.1 6.3+1.9

−1.1 3.2+0.3
−0.2 8.0+3.4

−2.6 3.2+0.1
−0.1 15+10

−3 3.3+0.1
−0.1 20+70

−5

10 1.3+0.1
−0.2 16+1

−1 2.3+0.1
−0.1 55+9

−10 2.3+0.2
−0.1 48+5

−7 2.5+0.1
−0.1 60+15

−15

intensity, making the emissivity profile in reflection models distinct from the standard value
of q = 3. If the height of the source is sufficiently close to the black hole event horizon the
light bending implies higher irradiation of the innermost region compared to the outer parts
of the disc. In the most extreme scenario, when the source is moving towards the black
hole, the Doppler boosting might increase this effect. However, there is no observational
evidence for such an inflow of the matter perpendicular to the disc plane, while outflows in
the form of a jet are observed in many sources (e.g. Merloni et al., 2003).

Further, we consider the stationary lamp-post source and investigate the radial emissivity
profile of the disc reflection radiation for different heights of the source. The fully relativistic
code including the azimuthal dependence of the reflected emission coming from a neutral
disc was employed. The radial emissivity profiles are shown in Dovčiak et al. (in prep.).
Here, we study whether it is possible to approximate the radial emissivity in the lamp-post
model by a simplified profile in the form of a broken power-law, as this is usually used in
current modelling of the data.

Figures 1 and 2 show contour plots for the radial emissivity index and the spin, and the
break radius, respectively. The fiducial value of the spin was set to a = 0.94 (indicated
by the dashed line). The other parameters of the seed model were the photon index of the
primary power-law radiation Γ = 1.9, the inclination of the disc i = 30 deg, the inner
radius rin = rms, and the outer radius rout = 400 rg. The data were modelled by the
power-law component with the fixed value of the photon index and the KYRLINE model for
the iron line with the adopted broken power-law for the radial emissivity. Different angular
directionality was used (see the next section for further details). The best-fit parameters
are summarised in Table 1. In the contour calculations, only the two interesting parameters
were allowed to vary. Others were fixed to their default or best-fit (in the case of break
radius) values.

Figures 6–8 show the same but for different parameters. The steep radial emissivity is
reached only if the primary source is at a very low height above the black hole where the
strong gravity considerably bends the light rays of the primary radiation. Very steep radial
emissivities detected in the spectra would imply that the black hole must be rapidly rotating,
and moreover, the source would have to be very bright because the radiation would lose its
intensity on its way out of the deep gravitational well.
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Figure 1. Contour plots of the spin a and the radial emissivity parameter q . The data were generated
with the lamp-post model with the height h = 1.5 rg. The default value of the spin was a = 0.94,
which is indicated by a dashed line in the graph. Different prescriptions for the angular emissivity
were used: Top left: angular emissivity from numerical calculations. Top right: limb brightening.
Bottom left: isotropic. Bottom right: limb darkening. The χ2 values corresponding to the best fit
(minimum) and to the 1σ, 2σ, 3σ levels are indicated in the text legend.

4 INTERPLAY BETWEEN THE RADIAL AND ANGULAR EMISSIVITY
PROFILE

When fitting the data, the local intensity of the re-processed radiation emitted from the disc
is often assumed to be divided into two separate parts – the radial and angular dependence.
The latter one characterises the emission directionality. However, due to large rotational
velocity of the disc and the strong gravity near the black hole, the photons that reach the
observer are emitted under different angles at different locations. Therefore, the angular
part of the emissivity depends on radius as well, and the above separation is not valid.
The relativistic effects, aberration and light bending, cause that the emission angle in the
innermost region is always very high (almost 90 degrees with respect to the disc normal) –
see Appendix C in Dovciak (2004), or Fig. 3 in Svoboda et al. (2009). Although it is not
an axi-symmetric problem, the almost radial decrease of the emission angle is apparent,
which invokes the link between the radial and angular emissivity (Beckwith and Done,
2004; Svoboda et al., 2009).
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Figure 2. Contour plots of the radial emissivity and the break radius for the height h = 1.5 rg. The
legend is the same as in Fig. 1. The spin and the inclination were frozen to their default values.

Hence, we used different assumptions about the directionality:

(1) our numerical computations2 (Svoboda et al., 2009),
(2) limb brightening I (µe) ≈ ln(1+ µ−1

e ) (Haardt, 1993),
(3) isotropic,
(4) limb darkening I (µe) ≈1+ 2.06µe (Laor, 1991),

where µe is the cosine of the emission angle. The simulated data were created with our
numerical model of the directionality calculated with the NOAR code (Dumont et al., 2000).
Free-free absorption, the recombination continua of hydrogen- and helium- like ions, the
direct and inverse Compton scattering were taken into account (see Svoboda et al., 2009,
for more details).

The fact that we get different results confirms that constraining the radial emissivity is
influenced by the prescription for the angular emissivity. Steeper radial emissivities are
required in the best fits with limb darkening. This emissivity law is widely used in the
reflection models, however, it is somewhat in contradiction with several models of X-ray
illuminated disc atmospheres (Ghisellini et al., 1994; Zycki and Czerny, 1994; Goosmann

2 integrated over incident angles
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et al., 2006; Różańska et al., 2011). Its application causes an appreciable underestimation
of the innermost flux. The radial emissivity parameter must then be set to an artificially
steeper value in order to compensate this loss of the counts from the central region where
the emission angle is grazing.

5 RADIALLY STRUCTURED IONISATION OF THE DISC

The interplay between the radial and angular emissivity shows that the steep radial emissivity
in the observational data might be caused by an invalid model assumption. Yet, there is
another frequently used assumption in the reflection scenario that can contribute to this
effect as well – the constant ionisation over the whole surface of the disc. The intensity
of the disc irradiation, whether it is approximated by a (broken) power-law decrease or
by a lamp-post illumination in curved space-time, decreases with the radius. Therefore
the ionisation of the disc surface may respond accordingly, as suggested before by Matt
et al. (1993).

Ballantyne et al. (2001) investigated the importance of the photo-ionisation of the disc
surface in active galactic nuclei. The presence of ionised reflection features in their X-ray
spectra was reported in several sources (see Ballantyne et al., 2011, and references therein).
The photo-ionisation was also suggested as a possible explanation for non-detection of the
spectral imprints of the relativistically smeared reflection (Reynolds et al., 2004; Svoboda
et al., 2010; Bhayani and Nandra, 2011; Brenneman et al., 2012). The radially dependent
ionisation was discussed recently with the existing data by Zhou et al. (2011).

More generally, the ionisation of the disc surface depends on several other physical
quantities like density, vertical structure, thermal heating etc. (see e.g. Nayakshin and
Kallman, 2001; Różańska et al., 2002; Goosmann et al., 2007 and references therein).
A detailed description of the disc ionisation is beyond the scope of this paper. Here, we
simply suppose that the radial dependence of the ionisation may be relevant, as a natural
consequence of the radial dependence of the disc illumination by the primary radiation.
Thus, we suppose that the accretion disc around a black hole might be more ionised in the
central region and colder in the outer regions.

5.1 Test case: two ionisation zones

Currently, no model can consistently describe the radial structure of the disc ionisa-
tion. Hence, as a test case, we used two REFLIONX models (Ross and Fabian, 2005)
with a different ionisation state convolved with KY model (Dovčiak et al., 2004), corre-
sponding to different emission regions on the disc. The inner disc ionisation was set to
ξ = 50, 80, 100, 130, 150, 200 ergs·cm s−1, respectively, and the outer disc ionisation was
ξ = 30 ergs·cm s−1. The boundary radius was set to rboundary = 4 rg. The innermost radius
coincides with the marginally stable orbit, and the outer radius was set to 400 rg. The spin
value was chosen to be a = 0.94, i.e. rms ≈ 2 rg. The inclination angle was chosen to
30 deg which is a typical value for the inclination of Seyfert 1 galaxies. The primary power-
law radiation photon index and normalisation were set to Γ = 1.9 and KΓ = 10−3. We
assumed isotropic irradiation, i.e. disc-sandwiching corona scenario. The standard value,
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Figure 3. Left: Dependence of the fit-goodness on the radial emissivity parameter of the single
reflection model. Right: The contour graph between the radial emissivity and the break radius. The
default data were created by the two-reflection model with the inclination i = 30 deg, the break radius
rb,def = 4 rg, and the ionizations ξin = 130 and ξout = 30.

Table 2. Resulting parameter values of the single reflection model applied to the data simulated by
a “two-reflection” model.

ξin / ξout (def.) q rb ξ χ2/ν

50 / 30 4.04+0.76
−0.48 6.1+1.7

−1.2 28+11
−6 544/604

80 / 30 4.70+0.73
−0.87 6.6+0.8

−0.9 25+8
−3 542/604

100 / 30 4.88+0.36
−0.69 6.1+1.2

−0.6 23+3
−2 548/604

130 / 30 4.93+0.20
−0.26 7.1+0.7

−0.6 24+3
−2 569/604

150 / 30 5.51+0.19
−0.43 6.3+0.8

−0.4 21+1
−1 602/604

200 / 30 4.95+0.45
−0.15 8.3+0.8

−1.0 21+1
−5 652/604

Table 3. Resulting parameter values of the single reflection model applied to the data simulated by
a “complex” reflection model.

parameter default value fit value error

photon index 1.9 2.10 0.05
power-law norm. 10−3 2.55× 10−3 0.15× 10−3

spin 0.94 0.94 f
inclination [deg] 30 30 f

inner rad. emissivity 3 4.2 0.1
break radius [rg] – 35 20

ionisation [ergs·cm s−1] different 40 10
refl. norm. 10−5 2× 10−4 0.5× 10−4

fit goodness χ2/ν ≈0.96 χ2/ν ≈1.13 –

Note: the sign ‘f’ in the error column means that the values were frozen during the fitting procedure.
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q = 3, was adopted for the radial emissivity index. For the reflection components, we
used solar iron abundances and normalisation K R = 10−5, fixed to the same value for each
component.

We generated the data by this model in the same way as described in Section 2. Then
we fit the data in the 2–10 keV energy range with a model consisting of only a power-law
continuum and a single reflection component with a broken power-law radial emissivity.
The photon index, the inner radial emissivity index, the break radius, the ionisation and
the normalisations were the only parameters which were allowed to vary during the fitting
procedure. The best-fit values and the errors are summarised in Table 2. A significant
steepening of the radial emissivity occurs already for a relatively small ionisation gradient.
The highest value of the radial emissivity index, q ≈ 5.5, was found for ξin = 150
ergs·cm s−1. The dependence of the fit goodness and the contours between the radial
emissivity and the break radius are shown in Fig. 3 for this case, and in the Appendix
(Figs. 9–14) for the other parameters.

For larger values than ξin ≈200, the ionisation component becomes much more significant
than the cold reflection, dominates in the total spectrum, and the interplay between the
ionised and the cold component vanishes. This is due to the fact that the efficiency of
the reflection from the ionised surface is much higher (Ross and Fabian, 2005). Table 2
also shows the goodness of the best fit. The resulting χ2-values increase with the larger
ionisation gradient in the simulated data. This suggests that the radially structured ionisation
cannot be simply modelled in the 2–10 keV energy range by a single-ionisation component
with the broken power-law radial emissivity and with the assumption of the existence of the
outer disc (rout = 400 rg) where the radial emissivity decreases as r−3.

Rather surprising result is that the best-fit value of the single ionisation parameter has
always a lower value than the default one for the outer-disc ionisation. Also, the value of the
break radius of the radial emissivity is in all the fits higher than the value of the boundary
radius used in the simulations.

5.2 Smooth decrease of ionisation

The previous analysis showed that ionisation gradient plays an important role in the total
shape of the reflection spectra. Further, we considered a rather smooth radial decrease of
the disc ionisation. We used 10 regions with decreasing ionisation: 200, 170, 140, 110, 80,
50, 30, 20, 15, 10 ergs·cm s−1, with the boundaries at the radii: 3, 4, 5, 7, 9, 11, 13, 15,
17 rg, respectively. The other parameters were the same as before. We call this model as a
“complex” reflection model, and it is plotted in the 1–10 keV energy range in Fig. 4.

The data were generated by this model in the same way as described in Section 2, and
then fitted in the 2–10 keV energy range with a model consisting of only a power-law
continuum and a single reflection component with a broken power-law radial emissivity.
The photon index, the inner radial emissivity index, the break radius, the ionisation and
the normalisations were the only parameters which were allowed to vary during the fitting
procedure. The best-fit model is compared to the seed model in Fig. 4.

Figure 5 (left panel) shows how well the single-reflection model suits to the data in the
2–10 keV energy range. This clearly reveals the degeneracy between the radially-structured
ionisation and the radial emissivity of the re-processed radiation smeared by the relativistic
effects. The radial emissivity index is required to be significantly steeper in the single-
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reflection model, q ≥ 4, whereas with the standard value, q = 3, the fit gives high
χ2/ν ≈ 3.1. See also the right panel of Fig. 5. The best-fit parameters are summarised
in Table 3. In addition to the steepening of the radial emissivity, the photon index of the
primary power-law was found to be significantly larger. It changed from the value Γ = 1.9
to Γ = 2.1. This softening of the primary power-law is due to the different slope of the
ionised reflection continuum.

6 DISCUSSION

We addressed steep radial emissivities recently detected in the reflection components of
the X-ray spectra of active galaxies and black-hole binaries. We investigated some possible
explanations. To this end, we performed several simulations to reveal the degeneracies of
the radial emissivity with other parameters and intrinsic assumptions of the relativistic
reflection model.

6.1 Lamp-post scenario

The steep radial emissivity may be related to the properties of the disc-illuminating corona
as suggested before by Wilms et al. (2001). The geometry of the emitting region certainly
plays a significant role. A very centrally localised source at a low height above the black
hole horizon would irradiate the disc mainly in its central region. The illumination in this
area is greatly enhanced due to the gravitational light-bending effect (Miniutti and Fabian,
2004; Wilkins and Fabian, 2011, Dovčiak et al., in prep.).

To achieve steep radial emissivity, which is assumed to be proportional to the illumination,
the source must be sufficiently close to the black hole. However, in this case the primary
emission has to be extremely bright because only a small fraction would overcome the strong
gravitational pull of the black hole and reach the observer (see Fig. 2 in Dovčiak et al.,
2011). The importance of these effects drops quickly with the height. Already at heights
h & 3 rg the radial emissivity profile is similar to the simple power-law with the standard
value (q = 3). For even larger heights, the irradiation profile is more complicated (see
Fig. 3 and 4 in Dovčiak et al., 2011). It decreases steeply only very close to the black-hole
horizon, then becomes rather flat (q < 3) still in the inner parts of the disc and finally
reaches the standard value far from the centre.

Although this effect may steepen the radial emissivity significantly, a very large value,
q ≈7, as observed by Fabian et al. (2009); Wilkins and Fabian (2011) has not been reached
in our calculations (Dovčiak et al., in prep.) even when the height was set very close to the
black hole. We therefore proposed additional explanation.

6.2 Angular directionality

For the angular emissivity, the limb darkening law is frequently used. Several simulations,
however, suggest that the directionality is opposite to limb darkening (see e.g. Różańska
et al., 2011 and references therein). The emission angle in the innermost region of the
disc is always very high due to the strong aberration. The flux contribution from this
region is therefore underestimated by models with limb darkening if the angular emissivity
is indeed different. This effect could lead to an approximately 20 % overestimation of
the spin or the inner radial emissivity parameter. Svoboda et al. (2009) re-analysed the
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XMM-Newton observation of MCG -6-30-15 and showed that the radial emissivity might
be a more sensitive parameter to the angular directionality than the spin. This is especially
true when the spin value itself is very high (close to one).

6.3 Radially structured ionisation

We also discussed the impact of the probable radial dependence of the disc surface ionisation.
The disc illumination by corona is commonly assumed to be stronger in the innermost
regions. Therefore, we simply assumed that the ionisation is higher at the innermost region
as well, and decreases with the radius. We have not considered other aspects which affect
the ionisation structure of the disc such as the density profile, vertical structure, and thermal
processes (the last one especially relevant for the stellar-mass black hole binaries). With
our simple assumption, we performed several tests with the simulated data using different
initial values of the model parameters.

The broad iron-line profile is formed by two competing effects – the ionisation that shifts
the rest energy of the line to higher values and the gravitational redshift with the opposite
impact. The latter effect prevails sufficiently close to the black hole, and so the line is
still shifted downwards from the rest neutral iron line energy in the more ionised central
regions. The contribution to the reflection spectral component is higher from the more
ionised part of the disc, which is located closer to the centre. Thus, ionisation contributes
to the red wing of the broad relativistic line, as limb brightening and steep radial emissivity
do. Consequently, when a simplified model with a single ionisation is used for fitting the
data it may lead to an underestimation of the flux from the innermost regions.

In the presented analysis, we used an assumption of the fixed normalisations between
the individual REFLIONX components. The ionisation parameter is defined there as ξ =
4πFinc/nH, where Finc is the incident flux, and nH is the hydrogen number density. This
means that the higher ionisation parameter implies larger incident flux and consequently,
also the more intense reflected flux. The mutual dependence between the irradiating flux
and the ionisation parameter can be intuitively expected. However, a simple proportionality
will have to be eventually replaced by a more complicated relation taking into account the
actual solution of the radiation reprocessing of the incident flux in the disc medium as well
as the effects of general relativity.

The contribution from the ionised reflection is thus larger for a given value of the
normalisation. The higher radial emissivity parameter, q , found in the fitting by the single-
reflection model is partly due to higher ionising incident flux and partly due to a different
shape of the ionised reflection component. As a next step, we intend to fix the normalisation
factors in a self-consistent way with the assumed incident flux that decreases smoothly with
the radius. We also plan to take the radial dependence of the density into account in the
forthcoming analysis.

7 CONCLUSIONS

The very steep radial emissivity of the disc reflection, which has been recently detected
in the X-ray spectra of active galactic nuclei and black hole binaries, may be explained
by geometrical properties of the disc-illuminating corona, by radially structured ionisation
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and/or by use of an improper model assumption about the angular directionality. The first
puts rather extreme requirements on the corona. It needs to be very bright and occur at
a very low height above the black hole. We realised that the radial decrease of the disc
ionisation may account for the radial-emissivity steepness equally well as the assumption
of the centrally localised corona. If the ionisation decreases with growing distance from
the black hole, the contribution from the innermost region is enhanced due to the larger
reflection efficiency. The reported very high values for the radial emissivity in several
sources, like q ≈ 7, suggest that all of the discussed effects may take part together. Due
to degeneracy it is difficult to distinguish among these effects from the spectral analysis of
real data, and therefore, more theoretical attempts to constrain the disc-corona interactions
are desirable. Development of a model with the self-consistent calculations of the disc
surface ionisation that would depend on the irradiation intensity should be the next step in
this research.
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Figure 6. The same as in Fig. 1 and 2 but for the height h = 3 rg.
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Figure 7. The same as in Fig. 1 and 2 (h = 1.5 rg) but for inclination 70 deg.
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Figure 8. The same as in Fig. 6 (h = 3 rg) but for inclination 70 deg.
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Figure 9. The same as in Fig. 3 but for ξin = 50 and ξout = 30.
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Figure 10. The same as in Fig. 3 but for ξin = 80 and ξout = 30.
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Figure 11. The same as in Fig. 3 but for ξin = 100 and ξout = 30.
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Figure 12. The same as in Fig. 3 but for ξin = 130 and ξout = 30.
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Figure 13. The same as in Fig. 3 but for ξin = 200 and ξout = 30.
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Figure 14. The same as in Fig. 13 but for spin a = 0.99.


