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Figure 4.2: Magnification of a point source lensed by a point lens for di↵erent impact
parameters y0. Figure taken from Wambsganss (2006).

Such light curves are described by four parameters: the unlensed luminosity (flux), L̂,
the time of closest approach, t0, the distance of closest approach, y0, and the Einstein
crossing time tE . Of these, L̂ can be measured when the source is at large angular
distances from the lens; t0 can be taken as the time when the light curve reaches
its maximum; y0 can be measured if the lens position is known, which happens very
rarely. In any case, y0 only depends on the random placement of lens and source on
the sky. Only tE contains physical informations about the lensing system, because it
depends on the lens mass M , on the distances between observer, lens and source and
on the transverse velocity v?. Assuming that the distance between observer and source
can be determined in some way, we remain with three physical parameters which are
embedded into tE in a degenerate combination. The microlensing event itself gives us
very little possibility to measure or estimate the lens mass M , the lens distance DL or
the transverse velocity v? independently.

Example: degeneracy between mass M and distance DL

As an example, consider a Galactic mi-
crolensing system in which the source is
known to lie in the Galactic Bulge at 8kpc
and the Einstein time tE has been precisely
determined to be 40 days. Assuming that
the lens is within the galaxy, the transverse
velocity is likely to be 0 < v? < 600km
s�1, with values nearer to the middle of the
range statistically favored. The figure on
the side illustrates the resulting degeneracy
in the mass and distance of the lens. The
distribution of the lens masses ranges from
those of massive brown dwarfs (. 0.1M�)
to that of a heavy stellar black hole (⇠
102

M�). From Wambsganss (2006)

Note also that, even if the source light typically dominates the lens light dramatically,
and the so called blending e↵ect is generally negligible, in those cases when this does
not happen, the light curve depends on one additional parameter: the lens luminosity

Brightness magnification of a source due to a 
point mass for different paths relative to the 
Einstein ring (Wambsganss 2006). 



Microlensing - II

2

Light curve for a microlensing event from the 
OGLE survey of the Small Magellanic Cloud
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More Realistic Potentials - II

4FIG. 19.—Compact source moving away from the center of an elliptical lens. Left panel: source crossing a fold caustic; right panel: source crossing
a cusp caustic. Within each panel, the diagram on the left shows critical lines and image positions and the diagram on the right shows caustics and
source positions.

            

FIG. 21.—Shows an extended source which is mapped into two re-
solved images. While the source and the individual magnification ma-
tricesM1 andM2 are not observable, the relative magnification matrix
M12 M 1

1 M2 can be measured. This matrix provides four indepen-
dent constraints on the lens model.

face brightness (to within observational errors). This pro-
vides a large number of constraints which can be used to
reconstruct the shape of the original source and at the same
time optimize a parameterized lens model.

2 The LensClean technique (Kochanek& Narayan 1992) is a
generalization of the Ring Cycle algorithm which uses the
Clean algorithm to allow for the finite beam of the radio
telescope.

3 LensMEM (Wallington, Narayan, & Kochanek 1994;
Wallington, Kochanek, & Narayan 1996) is analogous
to LensClean, but uses the Maximum Entropy Method
instead of Clean.

3.6.2. Statistical Modeling of Lens Populations

The statistics of lensedQSOs can be used to infer statistical prop-
erties of the lens population. In this approach, parameterized
models of the galaxy and QSO populations in the universe are
used to predict the number of lensed QSOs expected to be ob-
served in a given QSO sample and to model the distributions of
various observables such as the image separation, flux ratio, lens
redshift, source redshift, etc. An important aspect of such stud-
ies is the detailed modeling of selection effects in QSO surveys
(Kochanek 1993a) and proper allowance for magnification bias
(Narayan & Wallington 1993). The lensing galaxies are usually
modeled either as isothermal spheres or in terms of simple ellipti-
cal potentials, with an assumed galaxy luminosity function and a
relation connecting luminosity and galaxy mass (or velocity dis-
persion). TheQSOnumber-countas a functionof redshift should
be known since it strongly influences the lensing probability.
Statistical studies have been fairly successful in determining

properties of the galaxy population in the universe, especially at
moderate redshifts where direct observations are difficult. Use-
ful results have been obtained on the number density, velocity
dispersions, core radii, etc. of lenses. Resolved radio QSOs pro-
vide additional information on the internal structure of galaxy
lenses such as their ellipticities (Kochanek 1996b). By and large,
the lens population required to explain the statistics of multiply
imaged optical and radioQSOs turns out to be consistent with the
locally observed galaxy population extrapolated to higher red-
shifts (Kochanek 1993b; Maoz & Rix 1993; Surdej et al. 1993;
see below).
So far, statistical studies of galaxy lensing neglected the con-
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Image morphologies produced by models of a compact source (colored dots) moving w.r.t. an 
elliptical lensing potential. Left: the source is crossing a fold caustic. Right: the source is crossing a 
cusp caustic. The left side of each panel shows the image plane and the right shows the source plane.
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