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We present the image centroid (IC) trajectories in case of a distant source microlensed by a
point mass in the presence of an external shear. We consider point sources and extended sources
with uniform and Gaussian brightness distribution. The source moves uniformly with respect to

the lens.
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Chang and Refsdal [1,2] proposed a simple gravita-
tional lens model with the single star and external shear
of the foreground galaxy, distorting image of a distant
object. In this work we study the image centroid (IC)
motion in this microlensing process. This problem is
of increasing interest due to microarcsecond astrome-
try progress [3, 4], in particular, due to the forthcoming
Space Interferometer Mission [4]. Observations of a po-
sitional IC shifts could be successfully combined with a
traditional light curves monitoring, provided necessary
accuracy of positioning is reached. Theoretical aspects
of such an “astrometrical microlensing” have been dis-
cussed concerning our Galaxy and for extragalactic grav-
itational lens systems [3, 4, 9].

The lens equation in Chang—Refsdal model is [1,2]:
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X, X, and Y are two-dimensional vectors of microlensed
image, microlens and unperturbed source position, re-
spectively, on a celectial sphere in the source frame; Ry
is Einstein ring radius [1], v is the external shear. In this
paper we confine ourselves to the subcritical (y < 1) case.
Further, we consider the source in its rest frame with the
brightness centre at the origin, whereas the lens moves
uniformly with respect to this frame. We compute the
position of IC of the point source by the method of Witt
[6,7] and Lewis et al. [5]. For extended sources we can
represent the IC position by means of explicit integrals
[8-10], which is essentially the ray-shooting method [1].

Here we present some of our results in Figs. la—1h;
every figure shows the IC trajectories in the source rest
frame and brightness curves (below) for the source tra-
jectory represented at the right upper corner in the lens
rest frame. We consider three types of the source: the
point source, the source with gaussian brightness distri-
butions and the source in the form of a uniform circle.
The size in case of any extended source is L = 0.1Rg.
The figures show the observable IC trajectory with re-
spect to the source (above) and light curve (bottom); p is
the impact parameter, 3 is the angle between the direc-

tion of the source motion and the abscissa axis. Caustic
and source track (in the lens rest frame) is shown in the
upper right corner. The numbers near the curves signify
corresponding points in source and lens planes.

The form of the IC trajectory appears to be signifi-
cantly dependent upon the location of source track rel-
atively to the caustic and the size of the source. Source
brightness distribution affects the IC trajectory form too,
but less significantly. Note that in caustic crossing events
the IC trajectory is very sensitive to the source param-
eters, so this trajectory may be an important source of
astrophysical information.
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Fig. 1. Trajectories of IC (upper plots) and light curves
(lower plots) of a point source and of extended sources
(L = 0.1Rp) with Gaussian and uniform brightness distri-
butions. The caustic and source trajectory in the lens plane
are shown in upper right-hand corner; L is the source size, v
is the shear, p is the impact parameter, and 3 is the angle
between the X-axis in the source plane.

The simplest situation is when the source track is quite
remote from the caustic. In this case the IC trajectory is
oval-like and light curve is smooth. However, when the
source track is quite close to caustic (even if it does not
cross it), the IC trajectory can be more complicated. In
general, it can be self-intersected three times (see Fig. 1a)
and even six times (see Fig. 1b). When point source
crosses the caustic, its IC suffers a jump (Figs. lc—1h)
and 1ts total brightness becomes infinite. For a small ex-
tended source, the jumps on IC trajectory are absent due
to the smoothing influence of a limited size. Other inter-
esting situation is when the source passes near the cusp
or crosses it (cf. the second brightness peak on Fig. 1d).
It is important to note that when the source crosses the
cusp point, the brightness becomes infinite, but no jump
on IC trajectory occurs. Having the 1C trajectory this
allows us to distinguish the case of high amplification
events with caustic crossing and when the source passes
near the cusp.
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PYX 30BPAXKEHHS IXKEPEJIA B JITH3I YAHTA-PE®CIAJA

O. ®enoposa, B. ?Knanos, A. AjekcaHapoB
Acmporomiuna obcepsamopia Kuiecvrozo nayinansvrozo ynisepcumemy iment Tapaca I[llesuenxa
ey.n. Obcepeamopna, 3, Kuis, 03053, Vkpaina

HocmimkeHo ¢gpopMy TpaeKTopii IIeHTpa ACKPpaBOCTH 300pazKeHHA BIOTaJIEHOTO KepeJia BUIIPOMIHIOBAHHS,
MIKPOJIIH30BAHOTO TOYKOBOIO MACO0 33 HadBHOCTH yCepeaHeHoTo (poHoBOTO mosid. [TobymoBano Habip Takux Tpa-
€KTODIl [JIsl PI3HUX TOJIOKEHDb TPEKY Kepesia MO0 JIH3M, IJid TOYKOBOIO Kepesa Ta ZKepell i3 rayCcCiBCbKUM
1 IJTOCKUM PO3MOIIJIIOM sICKPABOCTH MO OHUCKY. BimHoCHMI pyXx mKepesia Ta JIH3U BBaXKacThCA IHEPINHHIM.
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