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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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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.

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



t0

u 0

6820 6840 6860

−1

0

1

Spitzer	
  

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



t0

u 0

6820 6840 6860

−1

0

1

Spitzer	
  

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



t0

u 0

6820 6840 6860

−1

0

1

Spitzer	
  

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



t0

u 0

6820 6840 6860

−1

0

1

Spitzer	
  

Earth	
  

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



t0

u 0

6820 6840 6860

−1

0

1

Spitzer	
  

Earth	
  

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



t0

u 0

6820 6840 6860

−1

0

1

Spitzer	
  

Earth	
  

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



t0

u 0

6820 6840 6860

−1

0

1

Spitzer	
  

Earth	
  

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



t0

u 0

6820 6840 6860

−1

0

1

Spitzer	
  

Earth	
  

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



19
94
Ap
J.
..
42
1L
..
75
G

Gould	
  1994	
  ApJL,	
  421,	
  75	
  



vE,hel (km/s)

v N
,h

el
 (k

m
/s

)

300 200 100 0

−100

0

100

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



– 23 –

vE,hel (km/s)

v N
,h

el
 (k

m
/s

)

300 200 100 0

−100

0

100

(−,+)

(−,−)

(+,+)

(+,−)

Expected Direction
of Proper Motion

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.

Yee	
  et	
  al.	
  2015,	
  ApJ,	
  802,	
  76	
  	
  



– 22 –

I(O
G

LE
)

6780 6800 6820 6840 6860 6880
15.4

15.2

15

14.8 Spitzer

OGLE

HJD − 2450000

re
sid

ua
l

6780 6800 6820 6840 6860 6880
.04
.02

0
−.02
−.04

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)
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Fig. 2.— Lightcurve and residuals for planetary model of OGLE-2014-BLG-0124 as observed
from Earth by OGLE in I band (black) and by Spitzer at 3.6µm (red), which was located

∼ 1AU East of Earth in projection at the time of the observations. Simple inspection of
the OGLE lightcurve features shows that this is Jovian planet, while the fact that Spitzer
observed similar features 20 days earlier demonstrates that the lens is moving ṽ ∼ 105 km s−1

due East projected on the plane of the sky (Section 3). Detailed model-fitting confirms and
refines this by-eye analysis (Section 5). Note that in the left inset, the Spitzer light curve is

aligned to the OGLE system (as is customary), but it is displaced by 0.2 mag in the main
diagram, for clarity.

Udalski	
  et	
  al.	
  2015,	
  ApJ,	
  799,	
  237	
  



– 26 –

Fig. 2.— Lightcurve and residuals for planetary model of OGLE-2014-BLG-0124 as observed
from Earth by OGLE in I band (black) and by Spitzer at 3.6µm (red), which was located

∼ 1AU East of Earth in projection at the time of the observations. Simple inspection of
the OGLE lightcurve features shows that this is Jovian planet, while the fact that Spitzer
observed similar features 20 days earlier demonstrates that the lens is moving ṽ ∼ 105 km s−1
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Science!	
  

•  Masses	
  of	
  individual	
  planets	
  
•  AddiBonal	
  planet	
  discoveries	
  
•  Mass	
  measurements	
  for	
  binary	
  systems,	
  
including	
  brown	
  dwarfs	
  

•  The	
  first	
  mass-­‐based	
  measurement	
  of	
  the	
  
mass-­‐funcBon	
  

•  GalacBc	
  distribuBon	
  of	
  planets	
  


