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Fig. 1.—Left: The lens (L) at a distancB; from the observer (O) deflects light from the source (S) at distdicby the Einstein
bending angleyq. The angular positions of the imag@sand unlensed sourg@ are related by the lens equatigh,= 0 — aqg =

0 — (Ds — D;)/Dséa. For a point lensay = 4GM/(c*D;6). Right: Relation of higher-order observables, the angula) énd
projected £r) Einstein radii, to physical characteristics of the lensing system. Adapied@Gould 2000ApJ, 542 785-788.
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Fig. 2.—Basic point-mass microlensing. (Left) All angles are normalized by tigilan Einstein ring radiugg, shown as a dashed
circle of radiusfg. The source (S) is located at an angular separatian-6f0.2 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 ef 0.5(v/u? + 4 + u), and

one inside the Einstein ring, on the opposite side of the lens as the sourceositibpfrom the lens of~ = —0.5(v/u? +4 —u). The
images are compressed radially but elongated tangentially. Sinceesbrfghtness is conserved, the magnification of each image is just
the ratio of its area to the area of the source. Since the images are typicaolwed, only the total magnification of the two images is
measured, which depends only en(Right) Magnification as a function of time (light curves), for the ten trmjges shown in the left
panel with impact parametets = 0.01,0.1,0.2, ..., 1.0. Time is relative to the timé, of the peak of the event (when= u,), and in
units of the angular Einstein crossing time Higher magnification implies more elongated images, which leads to irtteaasitivity

to planetary companions. Adapted frdtaczynskiL996.



s=2.0

1.67

S=

1.25

S=

s=0.8 s=1.0

s=0.6

1=b 1'0=b 10°'0=b  100°0=b
w___ﬂh__ ___IHNI_ _________ _IHM.I_____________IHMI_____________IM
HWU+HPUH
“I_ 1 __Im
i H
- "
i 5
“I_ _____________I.I-
”I_ I_____________IH
“I_ I_____________Iﬂ
HI_ Il______._._____m
“I___________ﬂ“__________ﬂ“___________ﬂm___________m
i (@) -

[

N% .N._J.

1

-1 0

ul’ y1

The red curves show the caustics and the green curves show the autieat for binaries with various mass ratipsand

Fig. 3.
various values of, the projected separation in units@f. The dots show the location of the planet.
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Fig. 4.—The critical values ofi, the projected separation in units &, at which the caustic topology (number of caustic curves)
of a binary lens changes as a function of the mass tatibhe upper curve shows,, the critical value ofl between the wide caustic
topology consisting of two disjoint caustics, and the intermediate or resonastic topology consisting of a single caustic. The lower
curve showsd,., the critical value between the resonant caustic topology and the closgcctpology consisting of three disjoint
caustics.
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Fig. 5.—The magnification pattern as a function of source position for a planesanpanion with; = 0.001 ands = 1.25 (top panel),

s = 1.0 (middle panel), and = 0.8 (bottom panel), corresponding to wide, intermediate/resonant, andtoljpsidgies, respectively.
The greyscale shading denot&5log(1 + §), whered is the fractional deviation from the single-lens (i.e., no planet) magnificatio
White shading corresponds to regions with positive deviation from the sieggemagnification, whereas black shading corresponds to
negative deviations. For the wide and close topology, there are two eegfdarge deviations, corresponding to the central caustics
located at the position of the primary (the center of each panel), and thetatg caustics. For the intermediate/resonant topology, there
is only one large caustic, which produces relatively weak perturbatares arge fraction of the caustic area.
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Fig. 6.—Left: The images (dotted ovals) are shown for several differeritipas of the source (solid circles), along with the primary
lens (dot) and Einstein ring (long dashed circle). If the primary lens halarget near the path of one of the images, i.e. within the
short-dashed lines, then the planet will perturb the light from the soareating 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)aolidaccompanying planet (dotted) located at the position
of the X in the left panel. If the planet was located at the + instead, then waarkl 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 massgraticd.001, and various values of, the projected
separation in units ofg. The dotted lines show sections of the Einstein ring. The dots show the locidttbe planet. In panels ¢
and i, an example trajectory is shown which produces a perturbation lglahetary caustic; the resulting light curves are shown in
Figure 8. In panel a, three different representative angular ecsires in units obg are shownp, = 0.003,0.01, and 0.03. For
typical microlensing event parameters, these correspond to stars@athetic bulge with radii ok~ Re, ~ 3Re, and~ 10Rg, i.e., a
main-sequence turn-off star, a subgiant, and a clump giant.



Planetary Caustic Perturbations
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Fig. 8.—Example light curves of planetary perturbations arising from the squassing close to the planetary caustic for a planet/star
mass ratio of; = 0.001. Panels (a,c) show the overall light curves, whereas panels iod) s3ooms of the planetary deviation. Two
cases are shown, one case of the wide planetary companion with 25 (a,b), and a close planetary companion with 0.8 (c,d). In
both cases, the impact parameter of the event with respect to the pienarigu, = 0.3. The trajectories for the light curves displayed
are shown in Figure 7. The dotted line shows the magnification with no plahetgas the solid lines show the planetary perturbations
with source sizes gf. = 0,0.003, 0.01, and0.03 (lightest to darkest).
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The red curves show the caustics for a planetary lens with massgratio0.001, and various values of, the projected

separation in units of, corresponding to resonant (or near resonant) topologies.

Fig. 9.
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Fig. 10.—The black curves show the central caustics for a planetary lensqwith0.001, and various values of, the projected
separation in units ofy. The primary lens is located at the origin, and so trajectories which prabeehtral caustic correspond to
events with small impact parametes, or events with high maximum magnification. The grey curves show theateraustic for a
mass ratio of; = 0.0005, demonstrating that the size of the central caustic scales Ber ¢ < 1, the central caustic and proximate
magnification patterns are essentially identical under the transformatioens—!. The degree of asymmetry, i.e. the length to width
ratio, of the central caustic depends ansuch that the caustic becomes more asymmetri¢ as 1. In panels ¢ and d, example
trajectories are shown which produce perturbations by the centraicah® resulting light curves are shown in Figure 11. In panel a,
a representative angular source size in unitggbf p. = 0.003 is shown. For typical microlensing event parameters, this correspond
to a star in the Galactic bulge of radits R, i.e., a main-sequence turn-off star.
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Fig. 11.—(Left panels) Example light curves of planetary perturbations arisimg the source passing close to the central caustic in
a high-magnification event, for a planet/star mass rati@¢ ef 0.001. Panel (a) shows the overall light curve. The impact parameter of
the event with respect to the primary lensuis = 0.02, corresponding to a peak magnification f,.x ~ u;* = 50. Panels (b-€)
show zooms of the light curve peak. Two different cases are shomencase of the wide planetary companion witl 1.25 (b,c), and

a close planetary companion with= 0.8 (d,e). These two cases satisfy— s~! and demonstrate the close/wide degeneracy. The
source passes close to the central caustic; two example trajectoridomne isn Figure 10 and the resulting light curves including the
planetary perturbations are shown in panels b-e. The dotted line showsatj@fication with no planet, whereas the solid lines show
the planetary perturbations with source sizep.of= 0,0.003, and0.01, (lightest to darkest). In panel e, the light curve far= 0.03 is

also shown. In this case, the primary lens transits the source, resultirigrnmoathed’ peak. Although the planetary deviation is largely
washed out, it is still detectable with sufficiently precise photometry.
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