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2 MOA Anomaly Alerts on 11 Sept. 2009 
Observer: Daisuke Suzuki  

Identified as likely planetary event 



Initial Models 

•  Aggressive response by follow-up teams 
•  3 planetary models were found based on 

the alert data, with a model similar to the 
final one favored by ~3σ 



MOA-2009-BLG-266 Data Set 

•  Excellent light curve 
coverage by follow-up 
groups 

•  Mass ratio ~ 5 ×10-5 
–  smallest yet 

•  Nearly complete 
coverage of the later 
¾ of the planetary 
deviation 

•  tE ~ 60 days and 
September peak => 
strong parallax signal 

•  Observations from 
Deep Impact (now 
EPOXI) at 0.1 AU 
from Earth 



Minor Image Caustic Crossing by 
Giant Source 

Caustic crossing configuration for best fit model 



Source VIH Color Determined from 
CTIO-VI and IRSF-H 

• CTIO-VI calibrated to OGLE, IRSF-H calibrated to 2MASS 
• VIH colors allow determination of extinction law 
• Hs = 13.78, Is = 15.86, Vs = 17.68 
•  θ⋆ = 5.2 ± 0.2 µas, θE = 1.00 ± 0.04 mas 



Lens System Properties 
• For a single lens event, 3 parameters (lens mass, 

distance, and velocity) are constrained by the 
Einstein radius crossing time, tE 

• There are two ways to improve upon this with light 
curve data: 
– Determine the angular Einstein radius : θE= θ*tE/t* = tEµrel 

where θ* is the angular radius of the star and µrel is the 
relative lens-source proper motion 

– Measure the projected Einstein radius,    , with the 
microlensing parallax effect (due to Earth’s orbital motion). 
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Lens System Properties 

• Einstein radius : θE= θ*tE/t* and projected Einstein radius,  
–  θ* = the angular radius of the star 
–       from the microlensing parallax effect (due to Earth’s orbital motion). 
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Exoplanets w/ Mass Measurements 
• Microlensing parallax 

– MOA-2009-BLG-266Lb – the 1st cold Neptune w/ a measured mass 
– OGLE-2006-BLG-109Lb,c – a 0.51 M⊙  star w/ a Jupiter & Saturn 
– MOA-2007-BLG-192L – a 0.08 M⊙  star but poorly constrained q 
– OGLE-2003-BLG-235Lb, OGLE-2005-BLG-71Lb have masses 

estimated mostly via HST lens detection 
• Transiting Planets 

– Mostly hot Jupiters, plus a couple warm Jupiters at ~0.4 AU 
– Kepler 9b,c – transiting sub-Saturns at 0.14-0.23 AU 

• Others 
– Gliese 876 – Jupiters in resonance at 0.13 & 0.21 AU 
– ε Eridani b, HD 38529 c – cold Jupiters w/ HST astrometric 

detections  



Parallax Solutions 
•  u0 < 0 solution favored by ∆χ2 = 13.4 

–  tE = 61.5 ± 0.2 days 
–  q = (5.45 ± 0.04) × 10−5  
–  d = 0.9142 ± 0.0002 
–  πE,N = 0.177 ± 0.030 
–  πE,E = 0.144 ± 0.002 

•  u0 > 0 solution 
–  tE = 60.6 ± 0.2 days 
–  q = (5.80 ± 0.04) × 10−5  
–  d = 0.9144 ± 0.0002 
–  πE,N = 0.113 ± 0.030 
–  πE,E = 0.147 ± 0.002 

•  M⋆ = 0.54 ± 0.05 M⊙ 
•  mp = 9.8 ± 1.1M⊕,  
•  DL = 2.94 ± 0.21 kpc 
•  u0 > 0 solution => M⋆ ≈ 0.64 M⊙, mp ≈ 12.4 M⊕ 



Limb Darkening 
• Standard limb 

darkening profile 
models are good to 
only a few % 
(Heyrovsky 2007)  

•  u0 < 0 model crosses 
a narrower caustic at 
a shallower angle 
than the  u0 > 0 
model, so limb 
darkening might be 
different in the 2 
cases 

• So, we use spline fits 
to the stellar model 
limb darkening 
calculations 

Comparison to simple limb darkening 
models from Heyrovsky (2007) 



Microlensing Parallax w/ EPOXI  
Deep Impact - now EPOXI is 
in a position to measure this 
effect. 

2009 Oct 10-13: 2.3 days of 
data 

EPOXI PSF! 



MOA-2009-BLG-266 EPOXI Observations 

•  EPOXI curve in light 
blue 

•  No flat fields 
•  No baseline data 
•  Relatively small effect 

on parallax 
measurement 

•  Proof of principle 



EPOXI Baseline Fit 

•  Target indicated by red circle, comparison stars by green circles 
•  4 stars with V-I within 0.75 mag of target, 1-1 match to EPOXI image within 

3 arc sec 
•  Linear color transformation good to 0.005 mag – used to estimate baseline 



Satellite Observations of Exoplanet 
Microlensing events 

Galactic disk lens system                        Galactic bulge lens system 
           (long)                                                       (short) 

Earth-EPOXI  
~1-2 AU 
separation in 
2012-2014 






