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Abstract. The Fe Ka line of some Active Galactic Nuclei (AGN) shows certain irregulari-
ties which are not predicted by standard model of an accretion disk. Here we propose a
modification of disk emissivity law in order to model the observed Fe Ka line profiles.
The disk emission was analyzed using the ray-tracing method in Kerr metric, assuming a
modification of power-law emissivity which allows us to include perturbations in the disk
emission due to photoionization. When the emissivity law was modified in such way, we
found that the corresponding variations in the disk emission could explain the observed Fe
Ka line profiles if the line is emitted from the innermost part of the accretion disk.

1. INTRODUCTION

The X-ray spectrum and variability properties of AGN in most cases could be de-
scribed with a two-component model consisting of a power-law continuum and a
reflection component, containing a broad relativistic iron line from the accretion
disk around a rapidly rotating Kerr black hole (Larsson et al., 2007). The most
prominent feature in the resulting 3-10 keV reflection spectrum is the broad Fe Ka
line extending from about 3 to 7 keV and peaking at 6.4 keV. The line arises as the
power-law continuum irradiates the disk, and its asymmetric profile (narrow bright
blue peak and wide faint red peak) is affected by relativistic effects close to the
central black hole (BH). It was discovered in Seyfert 1 galaxy MCG-6-30-15 (Ta-
naka et al., 1995) and later on observed in a number of AGN (Nandra et al., 1997;
Nandra et al., 2007). In some cases the line width can correspond to one third of
speed of light (as it is in case of MCG-6-30-15), indicating that its emitters rotate
with relativistic velocities, close to the central BH. Therefore, observed Fe Ka line
profiles represent a fundamental tool for investigating the plasma conditions and
the space-time geometry in vicinity of the supermassive BH.

The observed Fe Ka line profiles of some Active Galactic Nuclei (AGN) show
certain irregularities which are not predicted by standard Shakura-Sunyaev model
of accretion disk (Shakura and Sunyaev, 1973). For example, a narrow component
of the Fe Ka line is seen to vary in energy in NGC 3516 (Iwasawa et al., 2004)
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and Mrk 766 (Miller et al., 2006; Turner et al., 2006), possibly in a periodic man-
ner (Fabian, 2006). On the other hand, in the best objects where a very broad Fe
Ka line is seen (e.g. MCG—6-30-15 (Fabian and Vaughan, 2003) and NGC 4051
(Ponti et al. 2006)) amplitude of the line variations are considerably less than ex-
pected, despite large variations in the continuum (Fabian and Vaughan, 2003; Fa-
bian, 2006). In such cases, the lack of variability of the line has been interpreted as
an effect of strong gravitational light bending very close to the central black hole
(Fabian and Vaughan, 2003; Ross and Fabian 2005).

To model the observed variability in the Fe Ka line profiles and intensities,
here we consider the perturbations in the accretion disk emissivity, which is ana-
lyzed using ray-tracing method in Kerr metric (see Popovi¢ et al., 2003, and refer-
ences therein).

2. MODELS OF DISK PERTURBING REGION

Surface emissivity of the disk is usually assumed to vary with radius as a power
law: (1) = gy - r? where &, is an emissivity constant and ¢ - emissivity index.
Total observed flux is then given by (Popovi¢ et al., 2006):

Fops(Eops) = fimage e(r) - g* 8(Eops — gEo)dE, (1
where g is the energy shift due to the relativistic effects:g = %

and the rest energy of the Fe Ko line is: Ef®%®* = 6.4 keV. d= is the solid angle
subtended by the disk in the observer's sky. In this paper we propose two modifi-
cations of the power-law disk emissivity in order to explain the observed profiles.

2.1. Model 1 of disk perturbing region
The following emissivity law of the disk is assumed:

g(r) =e(r)- (1 +é&- e_(r"_V;p)

2

where &(7) is the modified emissivity of the disk at given radius 7, &(r) is the pow-
er-law disk emissivity, ¢, - emissivity of perturbing region, r, - central radius of
perturbing region (in gravitational radii R,) and w, - width of perturbing region (in
R,). Under assumption that perturbation is moving by slzr)eed of light ¢, one can
calculate time #,[s] that corresponds to current radius r = R—p:
g
_ TplRgl _ 1r-GMpgy
tP[S] T cfms1 T 3 (3)
where G is Newton's gravitational constant and Mpy is the mass of central black
hole.
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2.2. Model 2 of disk perturbing region

In this model, the following emissivity law of the disk is assumed:

&2 (xp ) = € (T(xp,yp)) ' (1 tep e_<(x;ip)2+(%) >>’ 4)

where ¢&(x,, y,) is the modified disk emissivity at the given position (x,, y,) of per-
turbing region (in R,), ¢, is emissivity of perturbing region and (w,, w,) are its
widths (also in R,). Time #,[s] that corresponds to current position (x,, y,) can be
estimated using the following expression:

_ r(xp,yp)[Rg] _ rx_y-GMBH
tp [S] T c[mesTl] c3 ’ ®)
where 1, = % G is Newton's gravitational constant and Mpy is the mass of

g
central black hole.

3. PARAMETERS FOR NUMERICAL SIMULATIONS

For numerical simulations in the case of the first disk perturbing model, we
adopted the following parameters: disk inclination i=35°, inner and outer radii of
the disk R;,=R,,; and R,,~50 R, (Where R, is the radius of marginally stable orbit),
emissivity constant g=1, emissivity index g=-2.5 and emissivity of perturbing re-
gion &,=10. Central radius of perturbing region r, was varied between 6 and 42 R,
and its width w, between 1 and 5.5 R,. The corresponding times #, are calculated
for black hole mass Mgy = 1 X 10° M,.

In the case of the second perturbing model the disk parameters were the same,
except that for its outer radius we took the value R,,~30 R,. The emissivity of per-
turbing region in this case was ¢,=5. We made simulations for different positions
of perturbing region along x-axis (i.e. for y,=0) between x,=8 and 26 R, in both,
positive and negative directions. At the same time the widths of perturbing region
wy=w, were varied between 1 and 10 R,. The times ¢, are calculated for the same
mass of central black hole as in previous case.

4. RESULTS

Two examples of disk perturbed emissivity in case of the first and the second per-
turbing models are presented in left panels of Figs. 1 and 2, respectively. The cor-
responding perturbed and unperturbed profiles of the Fe Ka line are given in the
right panels of the same Figs. As one can see from these Figs, the first perturbing
model affects the line flux in each of "red", "core" and "blue" spectral bands.
Thus, it is not in good agreement with the most of observed variations of the Fe
Ka line flux. On the other hand, in case of the second perturbing model (see Fig.
2), only "red wing" is affected while the "blue" one and the line core stay nearly
constant. It is even more obvious if we analyze the corresponding simulated light
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Figure 1: Left: shape of perturbed emissivity of an accretion disk in Schwarz-
schild metric in case of the first perturbing model for the following values of cen-
tral radius of perturbing region and its width: »,=26 R, and w,=3.5 R,. The values
of the other parameters are given in §3. Right: the corresponding perturbed
(dashed line) and unperturbed (solid line) Fe Ka line profiles.
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Figure 2: The same as in Fig. 1, but for the second perturbing model. The coordi-
nates of perturbing region are x,=20 R, and y,=0, its widths are w,=w,=7 R, and

the remaining parameters are described in §3.
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curves which are presented in Fig. 3. From this figure it can be seen that the
second model results in variations of only "red" light curve which are then reflect-
ed in total line flux in 0.1 - 12.8 keV energy band. Thus, this model could satisfac-
torily explain the observed variations of the Fe Ka line flux. Besides, in case of
both models we are able to obtain the realistic durations of disk emissivity pertur-
bations when we assume central supermassive black hole with mass Mpy = 1 X
10° Me.
A detailed discussion will be given elsewhere (Jovanovi¢ et al., 2008).
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Figure 3: The simulated light curves in case of Model 1 (left) and Model 2 (right)
of disk emissivity perturbations in Schwarzschild metric. Light curves correspond
to the following spectral bands: total flux (black) to 0.1 - 12.8 keV, "red" to 0.1 -
6.1 keV, "core" to 6.1 - 6.7 keV and " blue" to 6.7 - 12.8 keV.

4. CONCLUSIONS

Perturbations of accretion disk emissivity were analyzed using numerical simula-
tions based on a ray-tracing method in Kerr metric from wich we can preliminary
conclude the following:

i observed variations of the Fe Ka line flux could be caused by perturba-
tions in the disk emissivity

ii  two models of disk perturbing regions were developed

iii the first model affects the line flux in "red", "core" and "blue" spectral
bands, and thus it is not in a good agreement with the most of observed
variations of the Fe Ka line flux

iv the second model results in variations of only one of "red" or "blue" light
curves, while the other one stays nearly constant, as well as the line core.
Thus, this model could satisfactorily explain the observed variations of the
Fe Ka line flux

v there are only small differences between the Fe Ka line flux variability in
Schwarzschild and Kerr metrics for both models
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vi realistic durations of disk emissivity perturbations in both analyzed mod-
els were obtained for central black hole mass Mgy = 1 X 10° M,,.

The detailed analysis and results will be given in forthcoming paper (Jovanovic¢
et al. 2008).
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