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Abstract. The correlation between X-ray continuum and Fe Ka line variation due to
microlensing event (MLE) is investigated. Concerning the shape of observed X-ray variations
in three lensed quasars (MG J041440534, QSO 223740305, BAL QSO H1413+117 AT),
we conclude that the Fe Ka forming region should be different in dimension than X-ray
continuum emission region.

1. INTRODUCTION

The X-ray variability in continuum as well as in spectral lines (e.g. Fe Ka) is
often present in the spectra of Active Galactic Nuclei - AGN (see e.g. Marshall et al.
1981, Turner et al. 1999, Manners et al. 2002).

Zakharov et al. (2003) found the significant probability that the high-redshifted
QSOs are microlensed. Moreover, the microlensing effect in three macrolensed QSOs
has been recently observed (Chartas et al., 2002; Dai et al., 2003; Oshima et al.,
2001).

The influence of microlensing on Fe Ka spectral line shape was discussed in
Popovié¢ et al. (2003), where it was noted that microlensing effect can be used for
investigation of Fe Ka and continuum emission region structure.

The aim of this paper is to investigate the correlation between X-ray continuum
and Fe Ka line variations due to microlensing, and to use the obtained results for
discussion about the structure of Fe Ka and continuum emission region in AGN.

2. THEORY

The effects of microlensing on a compact accretion disk are analyzed using the
ray tracing method (Bao et al, 1994; Bromley et al, 1997; Fanton et al, 1997; Cadez
et al, 1998) considering only those photon trajectories that reach the sky plane at a
given observer’s angle .. If X and Y are the impact parameters that describe the
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apparent position of each point of the accretion disk image on the celestial sphere as
seen by an observer at infinity, the amplified brightness is given by

I, =1 (T(X,Y))d(z — g(X,Y))A(X,Y) (1)

where & = vobs /1o (Vo and veps are the transition and observed frequencies, respec-
tively); ¢ = Vem/Vobs (Vem is the emitted frequency from the disk). A(X,Y) is the
amplification caused by microlensing.

In the case of microlensing by an isolated compact object (point-like microlens),
the amplification is given by the relation (see e.g. Narayan and Bartelmann, 1999):

u?(X,Y) +2
u(X,Y)/u2(X,Y) +4

where u(X,Y) corresponds to the angular separation between lens and source in
Einstein Ring Radius (ERR) units and is obtained from

AX)Y) = (2)

2 2

"o
Xo, Yy are the coordinates of the microlens with respect to the disk center (given in
gravitational radii), and 7o is the Einstein Ring Radius (ERR) expressed in gravita-
tional radii.

To express I(T(X,Y)) we started from the standard Newtonian model of an accre-
tion disk around a supermassive black hole. This model is based on the supposition
that the locally released gravitational energy is emitted as a blackbody radiation of
the temperature (Shalyapin et al, 2002):

T(r)= {;T%M <1\/7>} (4)

where ¢ is the Stefan constant, G is the gravitational constant, M is the central black
hole mass, M is the accretion rate, and r;, is the inner radius of the accretion disk.
The above formula can be approximated by the following expression (Takahashi et
al, 2001):

r

. 1/4 _ in i
T (r) ~ 2.2 x 1090155 MY 93/ (1 - T) K, (5)

where Mag = M/10%6gs™, Mg = M/108My, r14 = r/10**cm. The emitted intensity
in Eq. (1) is a Planck function of the temperature:

2h1? 1

I(T(X,Y)) = 2 hv/ET(XY) _ 1’ (6)

where c is the speed of light, h - Planck constant, k£ - Boltzmann constant and T is
temperature.
The total observed flux is then given by

Fz) = / I, (2)d9, (7)



where df2 is the solid angle subtended by the disk in the observer’s sky and the integral
extends over the whole emitting region.

3. RESULTS

Recent observations of gravitationally lensed quasars QSO 223740305 (Dai et al,
2003), MG J04144-0534, (Chartas et al, 2002) and BAL QSO H1413+117 AT (Oshima
et al, 2001) suggest that sudden enhancements of Fe Ka line, characteristical only for
some of the source images, are possibly caused by microlensing.

In order to study the influence of microlensing on the variations of X-ray continuum
and Fe Ka spectral line shape, we adopted the standard black body radiation model
of a relativistic accretion disk with inclination ¢ = 35°. In our analysis we used the
masses and accretion rates for AGNs given by Bian and Zhao (2002). In their Table 1,

. . . . . . . E y
accretion rates are given in units of Eddington accretion rate: m = 1;;27%826, and we

used them to determine the effective temperature distribution. According to Bian and
Zhao (2002), we assumed the central black hole with mass M = 108M;, and accretion
rate m = 0.4 units of Eddington accretion rate. The variations of normalized line
flux and normalized continuum are calculated for different positions of the point-like
microlens with ERR = 10 R, and for a disk in both, Schwarzschild and Kerr metrics.
Normalization is made by dividing the perturbed flux by its unperturbed value.

Concerning possible dimensions of the X-ray line and continuum sources, the three
cases were considered:

1. The radii of both continuum and line emission region are the same; R;;, = Ryms
and R, = 20 Ry,

2. The radus of the continuum emission region is smaller than that for line emis-
sion, but the inner part of accretion disk emits in the line as well as in the
continuum. In this case for continuum accretion disk we choose the inner and
outer radii R;, = Rpms and Ry = 20 Ry, respectively. The corresponding
radii for line emission accretion disk are R, = Ryms and Rou: = 80 Ry,

3. The dimension of the line emitting region is larger than continuum one, and they
are separated. The radii of continuum emission accretion disk are R;;, = Ryms
and R,,; = 20 R, and those of the line emission disk are R;, = 20 R, and
Rout == 80 Rg.

As one can see from Fig. 1., in the first case, there is a very high correlation
between line flux variation and continuum variation.

In the second case (Fig. 2), the correlation is less but still significant. The main
reason for such significant correlation could be that continuum emission region coin-
cides with the inner part of line emission region

Both of cases are not in good agreement with observations of gravitationally lensed
quasar MG J04144-0534. Chartas et al. (2002) found that the continuum emission
component does not follow the enhancement of the iron line. Considering the third
case (Fig. 3) one can say that this case may be compared with observed variation
due to MLE observed by Oshima et al. (2001), Chartas et al. (2002) and Dai et al.
(2003), where the amplification is observed only in the Fe Ko line. As one can see in
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Fig. 3, the microlensing effect is strong in X-ray continuum, but when the microlens
crosses the outer region, the amplification of Fe Ka line flux stays stronger, while
continuum is also amplified, but stays nearly constant during the MLE. These results
also follow the explanation given in Chartas et al. (2002) that non-enhancement of
the continuum suggests that the continuum emission region is concentrated closer
to the center of the accretion disk than the iron line emission region, and that the
microlens does not reach close enough to the continuum region to amplify it.

4. CONCLUSION

In order to investigate the influence of microlensing on the variations of X-ray
continuum and Fe Ka line profile, we used the ray tracing method and considered
the standard black body radiation model for a relativistic accretion disk around a
supermassive black hole in both, Schwarzschild and Kerr metrics.

From our investigation we can conclude that the satisfactory explanation for the
fact that we observe only Fe Ka line flux amplification (the absence of corresponding

a) a)

b) b)

d) d)

e) e)

Fig. 1: The variations of normalized line flux (dashed line with full circles) and
normalized continuum (solid line with open circles) for a disk in the Schwarzschild
metric (left) and Kerr metric (right) with ¢ = 35° and for different positions of the
point-like microlens with ERR = 10 R,. The radii of continuum and line emission
regions of disk are R;, = Rpms and Ryt = 20 Ry in both cases. The central BH
mass is 108M, and the accretion rate is 0.4 units of Eddington accretion rate. Case
a) corresponds to the postion of MLE Yy = 10, case b) to Yy = 5, case ¢) to Yy = 0,
case d) to Yy = —5, case e) to Yy = —10. The normalized flux is presented in range
from 1 to 2.5.
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Fig. 2: The same as in Fig. 1, but the radii of continuum emission region are R;, =
Ryms and Ry = 20 R4 and the radii of line emission region are Ry, = Ryps and
Rout =80 R,.

a) a)

b)

d)
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Fig. 3: The same as in Fig. 1, but the radii of continuum emission region are R;, =
Ryms and Ry = 20 Ry and the radii of line emission region are R;, = 20 R, and
Roue = 80 Ry.

continuum variations) is that the Fe Ko emission region has different dimension than
continuum one.
The more detailed discussion will be given in Jovanovié et al. (2003).
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