
  

Detecting planet with microlensing

OUTLINE:

Principle

Example of planet discoveries

Microlensing surveys projects



  

Gravitational Microlensing principle

Examples of strong lensing

Masses act as lenses by bending light

Strong lensing:
Images of background distant galaxies 
strongly distorted by foreground mass 
(massive galaxy or galaxy cluster)

Weak lensing:
Images of background galaxies weakly 
distorted (slight stretch) by foreground 
mass. This technique is used to 
measure and map the mass of galaxy 
clusters.

Microlensing:
Flux of star is modulated by foreground 
star/planet passing along the line of 
sight.
Technique is used to identify planets



  

Microlensing geometry (lens = mass point, source = point 
source)

Einstein radius Lens mass / Solar mass

reduced distance 
1/D = 1 / D

L
 + 1/D

LS

Grav. lens creates two images of the source
- If impact parameter is large: one image is very close to lens and very faint, the other image 
is almost co-located with true source position
- General case: 2 images, one outside Einstein radius, one inside
- If impact parameter is = 0: the two images become a ring of radius = Einstein radius 



  



  

Microlensing geometry

Delplancke et al. 2001

Einstein radius is usually too small to be resolved
Planet detection with microlensing relies on photometry



  

Microlensing geometry : Flux amplification

separation of the lens from source-
observer line in unit of Einstein 
radius

time of max amplification

Einstein radius crossing time



  

Microlensing geometry : Flux amplification with planet

planet has its 
own 
microlensing 
event

Event is short 
due to smaller 
planet mass

Einstein radius 
is small → 
source angular 
size can affect 
lightcurve

Bennett & 
Hung Rhie 
1996



  

Microlensing geometry : 
Flux amplification with planet

First 
microlensing 
detection of 
massive planet 
(OGLE+MOA)



  

Discovery of a 5.5 Earth mass planet

Search strategy: first, identify microlensing event (slow rise in flux seen by OGLE)
Then, follow-up photometry with multiple telescopes.



  

Discovery of a 2-planet system (Gaudi et al. 2008)

Complicated light curve, with large flux 
amplification as background source 
moves across caustics.
→ allows detailed derivation of system 
geometry, including orbital motion 
seen during event



  

Microlensing surveys: goals and challenges

Low probability event: need to monitor large number of stars
– probability is smaller than transit
– signal is usually much stronger (amplification ~2x), easily detectable

No follow-up possible after event: planet is only detectable during microlensing event, 
and host star often cannot be seen
Note: Ground-based imaging after event can identify host star as its image drifts away from 
background source

Microlensing is sensitive to outer and isolated planets that cannot be detected by other 
techniques → provides valuable complementary information on statistical occurrence of 
exoplanets, even with small number of detections
(transit, RV and astrometry are biased to detect planets at small separation)

→ microlensing data suggests that free-floating planets are common
(Nature 473, 349 (2011))



  

The Optical Gravitational Lensing Experiment (OGLE)



  

The Optical Gravitational Lensing Experiment (OGLE)



  

OGLE galactic bulge field (OGLE also includes other fields)



  

MOA telescope

1.8-m telescope in New Zealand



  

KMTnet (Korean project, 3 wide field telescope, 1.6-m diam each)



  

Space mission concepts for microlensing

Microlensing Planet Finder (MPF): 1.1-m telescope, 
1.25 sq deg FOV (proposed to NASA)

Wide field infrared survey telescope (WFIRST) mission, 
recently identified as a priority for future mission development, 
 would include a microlensing component.
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