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Fig. 1.— Left: The lens (L) at a distanceDl from the observer (O) deflects light from the source (S) at distanceDs by the Einstein
bending anglêαd . The angular positions of the imagesθ and unlensed sourceβ are related by the lens equation,β = θ − αd =
θ − (Ds − Dl)/Dsα̂d . For a point lens,̂αd = 4GM/(c2Dlθ). Right: Relation of higher-order observables, the angular (θE) and
projected (̃rE) Einstein radii, to physical characteristics of the lensing system. Adapted from Gould, 2000ApJ, 542, 785-788.

Fig. 2.—Basic point-mass microlensing. (Left) All angles are normalized by the angular Einstein ring radiusθE, shown as a dashed
circle of radiusθE. The source (S) is located at an angular separation ofu = 0.2 from the lens (L). Two images are created, one image
outside the Einstein ring (I+), on the same side of the lens as the source with position from the lens ofy+ = 0.5(

√
u2 + 4 + u), and

one inside the Einstein ring, on the opposite side of the lens as the source with position from the lens ofy− = −0.5(
√

u2 + 4−u). The
images are compressed radially but elongated tangentially. Since surface brightness is conserved, the magnification of each image is just
the ratio of its area to the area of the source. Since the images are typically unresolved, only the total magnification of the two images is
measured, which depends only onu. (Right) Magnification as a function of time (light curves), for the ten trajectories shown in the left
panel with impact parametersu0 = 0.01, 0.1, 0.2, ..., 1.0. Time is relative to the timet0 of the peak of the event (whenu = u0), and in
units of the angular Einstein crossing timetE. Higher magnification implies more elongated images, which leads to increased sensitivity
to planetary companions. Adapted fromPaczynski1996.
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Fig. 3.—The red curves show the caustics and the green curves show the criticalcurves for binaries with various mass ratiosq, and
various values ofs, the projected separation in units ofθE. The dots show the location of the planet.
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Fig. 4.— The critical values ofd, the projected separation in units ofθE, at which the caustic topology (number of caustic curves)
of a binary lens changes as a function of the mass ratioq. The upper curve showsdw, the critical value ofd between the wide caustic
topology consisting of two disjoint caustics, and the intermediate or resonant caustic topology consisting of a single caustic. The lower
curve showsdc, the critical value between the resonant caustic topology and the close caustic topology consisting of three disjoint
caustics.

Fig. 5.—The magnification pattern as a function of source position for a planetary companion withq = 0.001 ands = 1.25 (top panel),
s = 1.0 (middle panel), ands = 0.8 (bottom panel), corresponding to wide, intermediate/resonant, and closetopologies, respectively.
The greyscale shading denotes2.5 log(1 + δ), whereδ is the fractional deviation from the single-lens (i.e., no planet) magnification.
White shading corresponds to regions with positive deviation from the singlelens magnification, whereas black shading corresponds to
negative deviations. For the wide and close topology, there are two regions of large deviations, corresponding to the central caustics
located at the position of the primary (the center of each panel), and the planetary caustics. For the intermediate/resonant topology, there
is only one large caustic, which produces relatively weak perturbations for a large fraction of the caustic area.
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Fig. 6.—Left: The images (dotted ovals) are shown for several different positions of the source (solid circles), along with the primary
lens (dot) and Einstein ring (long dashed circle). If the primary lens has aplanet near the path of one of the images, i.e. within the
short-dashed lines, then the planet will perturb the light from the source,creating a deviation to the single lens light curve. Right: The
magnification as a function of time is shown for the case of a single lens (solid) and accompanying planet (dotted) located at the position
of the X in the left panel. If the planet was located at the + instead, then therewould be no detectable perturbation, and the resulting
light curve would be essentially identical to the solid curve.
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Fig. 7.— The red curves show the caustics for a planetary lens with mass ratioq = 0.001, and various values ofs, the projected
separation in units ofθE. The dotted lines show sections of the Einstein ring. The dots show the locationof the planet. In panels c
and i, an example trajectory is shown which produces a perturbation by theplanetary caustic; the resulting light curves are shown in
Figure 8. In panel a, three different representative angular source sizes in units ofθE are shown,ρ∗ = 0.003, 0.01, and 0.03. For
typical microlensing event parameters, these correspond to stars in theGalactic bulge with radii of∼ R⊙,∼ 3R⊙, and∼ 10R⊙, i.e., a
main-sequence turn-off star, a subgiant, and a clump giant.
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Fig. 8.—Example light curves of planetary perturbations arising from the sourcepassing close to the planetary caustic for a planet/star
mass ratio ofq = 0.001. Panels (a,c) show the overall light curves, whereas panels (b,d) show zooms of the planetary deviation. Two
cases are shown, one case of the wide planetary companion withs = 1.25 (a,b), and a close planetary companion withs = 0.8 (c,d). In
both cases, the impact parameter of the event with respect to the primarylens isu0 = 0.3. The trajectories for the light curves displayed
are shown in Figure 7. The dotted line shows the magnification with no planet, whereas the solid lines show the planetary perturbations
with source sizes ofρ∗ = 0, 0.003, 0.01, and0.03 (lightest to darkest).
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Fig. 9.— The red curves show the caustics for a planetary lens with mass ratioq = 0.001, and various values ofs, the projected
separation in units ofθE, corresponding to resonant (or near resonant) topologies.
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Fig. 10.—The black curves show the central caustics for a planetary lens withq = 0.001, and various values ofs, the projected
separation in units ofθE. The primary lens is located at the origin, and so trajectories which probe the central caustic correspond to
events with small impact parameteru0, or events with high maximum magnification. The grey curves show the central caustic for a
mass ratio ofq = 0.0005, demonstrating that the size of the central caustic scales asq. For q ≪ 1, the central caustic and proximate
magnification patterns are essentially identical under the transformations ↔ s−1. The degree of asymmetry, i.e. the length to width
ratio, of the central caustic depends ons, such that the caustic becomes more asymmetric ass → 1. In panels c and d, example
trajectories are shown which produce perturbations by the central caustic; the resulting light curves are shown in Figure 11. In panel a,
a representative angular source size in units ofθE of ρ∗ = 0.003 is shown. For typical microlensing event parameters, this correspond
to a star in the Galactic bulge of radius∼ R⊙, i.e., a main-sequence turn-off star.
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Fig. 11.—(Left panels) Example light curves of planetary perturbations arising from the source passing close to the central caustic in
a high-magnification event, for a planet/star mass ratio ofq = 0.001. Panel (a) shows the overall light curve. The impact parameter of
the event with respect to the primary lens isu0 = 0.02, corresponding to a peak magnification ofAmax ∼ u−1

0 = 50. Panels (b-e)
show zooms of the light curve peak. Two different cases are shown,one case of the wide planetary companion withs = 1.25 (b,c), and
a close planetary companion withs = 0.8 (d,e). These two cases satisfys ↔ s−1 and demonstrate the close/wide degeneracy. The
source passes close to the central caustic; two example trajectories are shown in Figure 10 and the resulting light curves including the
planetary perturbations are shown in panels b-e. The dotted line shows themagnification with no planet, whereas the solid lines show
the planetary perturbations with source sizes ofρ∗ = 0, 0.003, and0.01, (lightest to darkest). In panel e, the light curve forρ∗ = 0.03 is
also shown. In this case, the primary lens transits the source, resulting in a‘smoothed’ peak. Although the planetary deviation is largely
washed out, it is still detectable with sufficiently precise photometry.
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