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SUMMARY: The influence of gravitational microlensing on the X-ray spectral
line profiles originated from a relativistic accretion disc has been studied. Using
a disc model, we show that microlensing can induce noticeable changes in the line
shapes when the Einstein ring radius associated with the microlens is of a size
comparable to that of the accretion disc. Taking into account the relatively small
size of the X-ray accretion disc, we found that compact objects (of about a Solar
mass) which belong to the bulge of the host galaxy can produce significant changes
in the X-ray line profile of AGN.

1. INTRODUCTION

Thanks to the developing of X-ray telescopes,
we are able to investigate the innermost regions of
Active Galactic Nuclei (AGNs). The shape of the
Fe Kα line in numerous AGNs indicates that an ac-
cretion disc is present in the central part (see e.g.
Nandra et al. 1997, 1999, Fabian et al. 2000, Reevese
2001). This line is probably produced in the very
compact region near the Black Hole (BH) (Iwashawa
et al. 1999, Nandra et al. 1999) and can provide very
relevant information about the kinematics and the
physical conditions around the BH.

Popović et al. (2001) have recently studied the
influence of microlensing on the optical and UV Bro-
ad Emission Lines (BEL), founding that microlens-
ing can induce significant changes in the line profiles.
The X-ray emitting region in AGNs is more compact
than the optical one, and consequently the microlens-
ing effects should be stronger. The influence of mi-
crolensing on X-ray continuum emission originating

in an accretion disc was analized by Yonehara et al.
(2000).

In this paper we present some preliminary re-
sults about the influence of microlensing on the Fe
Kα line generated by a relativistic accretion disc in
the Schwarzschild metric.

2. MODEL

Our computations will be based in a relativis-
tic accretion disc model in the Schwarzschild metric
(Fabian et al. 1989). When gravitational microlens-
ing is included in this model, the line shape is given
by

Fν

F0
=

∫ Rout

Rin

∫ π/2

−π/2

ε(r) ·( ν

νe(r, φ)
)3 ·I(r, φ, ν) ·A(r, φ) dr dφ
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where νe(r, φ) is the emitted frequence and ε(r) =
r−q is the emissivity. I(r, φ, ν) is the intensity emit-
ted at frequency ν at a point of the disc with coor-
dinates r, φ (for more details see, e.g., Fabian et al.
1995).

The amplification caused by microlensing is
given by the function

A(r, φ) =
u2(r, φ) + 2

u(r, φ)
√

u2(r, φ) + 4
, (4)

where u(r, φ) corresponds to the angular separation
between the lens and the source in units of the Ein-
stein Ring Radius (ERR). It is obtained from

u(r, φ) =

√
(r cos φ cos i − r0 cos φ0)2 + (r sinφ − r0 sin φ0)2

η0
,

r0 being the radial distance of the microlens from
the disc center, φ0 the azimuthal position of the mi-
crolens and η0 the ERR expressed in gravitational
radii, �g = GM/c2, units.

Fig. 1. Influence of microlensing on the Fe Kα line
originated by an accretion disc with parameters: i =
32 Rinn = 20�g, Rout = 50�g and emissivity q=-
3. The parameters of the gravitational microlens are:
R0 = 50�g, φ0 = 90◦, ERR=10 �g.

3. RESULTS AND CONCLUSION

In Figures 1-4 we show several examples corre-
sponding to a disc with parameters: i = 32, Rinn =
20�g, Rout = 50�g and emissivity q=-3.

Fig. 2. The same as in Fig. 1, but for R0 = 50�g,
φ0 = 40◦, ERR=20 �g.

Fig. 3. The same as in Fig. 1, but for R0 = 50�g,
φ0 = 0◦, ERR=70 �g.

Fig. 4. The same as in Fig. 1, but for R0 = 50�g,
φ0 = −40◦, ERR=70 �g.
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As one can see in Figs. 1-4, even a microlens of
small ERR (several gravitational radii) can produce
significant changes in the line profile of the Fe Kα
line. Taking this into account we use Eq. (8) from
Popović et al. (2001) to study what kind of objects
in the bulge of the host galaxy of the AGN could
induce microlensing in the X-Ray lines. We suppose
that the mass of the BH is MBH ≈ 108M�. The
results for two different distances of the microlens to
the center of the AGN are shown in Table 1.

Table 1. ERR and corresponding masses for several
microlens at distances of 1 and 2 kpc from the galaxy
center

ERR in �g M (D=1kpc) M (D=2kpc)
5 3.52 1.76
10 14.10 7.05
20 56.24 28.12
50 352.52 176.26
100 1406.08 703.04

Taking into account that the dimensions of bu-
lges are of about several kpc, one can conclude from
Table 1, that relatively small objects (of about a so-
lar mass) in the bulge surrounding an AGN could
induce microlensing amplification in the X-Ray emis-
sion lines generated by the accretion disc.

Acknowledgments – This work is a part of the projects
”Astrophysical spectroscopy of extragalactic ob-
jects” and ”Influence of collisional processes on astro-

physical plasma lineshapes” supported by the Min-
istry of Science, Technologies and Development of
Serbia.

REFERENCES

Bao, G., Hadrava, P., Ostgaard, E.: 1994, Astrophys.
J. 435, 55.

Fabian, A.C., Rees, M.J., Stella, L., White, N.E.:
1989, Mon. Not. R. Astron. Soc. 238, 729.

Fabian, A.C., Iwasawa, K., Reynolds, C.S., Young,
A.J.: 2000, PASP, 112, 1145.

Fontan, C., Calivani, M., Felice, F., Čadež, A.: 1997,
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UTICAJ MIKROGRAVITACIONOG SOQIVA NA LINIJE IZ X-DOMENA

EMITOVANIH IZ AKRECIONOG DISKA∗
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Prethodno saopxteǌe

U radu se razmatra uticaj gravitacionog mi-
krosoqiva na profil Fe Kα spektralne linije koja
je emitovana iz akrecionog diska galaksije sa ak-
tivnim jezgrom. Pokazuje se da gravitaciono mi-
krosoqivo mo�e izazvati znaqajne promene u pro-
filu kada je ǌegov Ajnxtajnov radius uporediv sa

dimenzijama diska. Uzimaju�i u obzir da je disk
koji zraqi u X-domenu relativno malih dimenzija
(nekoliko gravitacionih radiusa), objekti relati-
vno malih masa (reda Sunqeve mase) koji pripadaju
halou galaksije mogu izazvati znaqajne promene u
obliku linije.

∗ Rad je predstavǉen na GLITP Workshop on Gravitational Lens Monitoring, 4-6. 6. 2001, La Laguna
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