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Fig. 1.— Lightcurve of OGLE-2014-BLG-0939 as seen by OGLE from Earth (black) and
Spitzer (red) ∼ 1 AU to the West. While both are well-represented by Paczyński (1986)

curves (blue), they have substantially different maximum magnifications and times of max-
imum, whose differences yield a measurement of the “microlens parallax” vector πE. The
dashed portion of the Spitzer curve extends the model to what Spitzer could have observed if

it were not prevented from doing so by its Sun-angle constraints. Light curves are aligned to
the OGLE I-band scale (as is customary), even though Spitzer observations are at 3.6 µm.

Lower panel shows residuals.
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Fig. 3.— Origin of Refsdal (1966) four-fold degeneracy. Lightcurves from Figure 1 unam-

biguously determine peak times t0 (abscissa) as seen from Earth and Spitzer but only specify

u0 (ordinate) up to a sign. Hence, there are four ways to “connect” the Earth and Spitzer

measurements, which in each case is identified with the Earth-Spitzer projected separation

D⊥ to determine the microlens parallax vector πE according to Equation (5). Dashed circle

represents the Einstein radius, which brings the two axes to the same system by scaling

the abscissa by the Einstein timescale tE. For each possible solution, the connecting line

segment divided by D⊥ is equal to πE/AU. Two such line segments are shown explicitly,

with ∆τ ≡ ∆t0/tE. Hence there is a four-fold degeneracy in the direction of πE but only a

two-fold degeneracy in its magnitude. Error ellipses for each solution generate much smaller

errors, which become important only if the discrete degeneracy is broken.
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Fig. 2.— Four-fold degeneracy in the heliocentric projected velocity ṽhel = ṽgeo +v⊕,⊥ where
ṽgeo = πE,geoAU/π2

EtE and v⊕,⊥ is the velocity of Earth projected on the sky at the peak of

the event. Solutions are labeled (±,±) by their ∆u0 degeneracy. Two smaller ṽhel (+,±)
are disfavored by ∆χ2 = 8 and 17. Note that the error ellipses for these are quite small

and partly obscured by the “arrow heads”. The dashed curves show the 1 σ error for the
expected direction ṽhel (same as µhel) based on the measured proper motion of the source

and the assumption that the lens is in the Galactic disk.
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Fig. 1.— Lightcurve of OGLE-2014-BLG-0939 as seen by OGLE from Earth (black) and
Spitzer (red) ∼ 1 AU to the West. While both are well-represented by Paczyński (1986)

curves (blue), they have substantially different maximum magnifications and times of max-
imum, whose differences yield a measurement of the “microlens parallax” vector πE. The
dashed portion of the Spitzer curve extends the model to what Spitzer could have observed if

it were not prevented from doing so by its Sun-angle constraints. Light curves are aligned to
the OGLE I-band scale (as is customary), even though Spitzer observations are at 3.6 µm.

Lower panel shows residuals.
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