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Commotion over 
Pluto’s demotion… 
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A Question of Contrast (and Angular Resolution) 

Courtesy Robert Brown 



Exoplanet Detection Techniques!

Measure star’s motion:  1. Astrometry 

    2. Pulsar timing  

    3. Doppler Radial Velocity
   

Measure star’s brightness variations:   

    4. Transits 

    5. Gravitational microlensing 
        (light of background star) 

Direct detection:   6. High-contrast imaging 



Half a century of false starts… 





Stellar Motion: Timing of Pulsar Radio Signals 

The first extra-solar planets to be 
found are actually around a dead star 



Solar spectrum from R. Kurucz  

Until Recently, Majority from Radial Velocity 





Stars with more heavy elements seem  
more likely to have giant planets 



Why might stars with more heavy 
elements have more giant planets? 

Possible explanations 

1. Stars may look enriched in heavy 
elements if they accrete planets and if 
they’re not diluted by convection 

2. More heavy elements means more 
solid material in the nebula to build 
planets with – so the chances of 
forming a 15 Earth-mass core for a 
gas giant are higher 



Improving Precision of RV 



Gliese 581 : M Dwarf with Multiple Planets 
(Mayor et al. 2009) 



On-going Controversy over Gliese 581g 
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Alpha Centauri Bb: ~1ME planet in a ~3-day orbit? 
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Growing Number from Transits 

SuperWASP 

Kepler 



Kepler’s ~2300 Planet Candidates 

Batalha et al. (2012) 



Kepler’s ~2300 Planet Candidates 

Batalha et al. (2012) 



Kepler 11: System of Six Planets Seen in Transit 



Monitoring Stellar 
Brightness: Microlensing 
Of a background star when a star 

with a planet passes in front 

OGLE 2005-BLG-071: 
a Jovian planet 

OGLE!2005-BLG-390Lb:                              a 
5-Earth-mass planet 3 AU from an M dwarf 
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Burrows et al. (1997) 
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Lafreniere, Jayawardhana & van Kerkwijk (2008, 2010) 
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B?N%4&@9&38&%

Same sequence after high-pass filter 

~11” on a side 
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$ Pictoris 
~9 Mjup at ~8 AU 

Kalas et al. (2008 & submitted) 
Janson et al. (2012); Currie et al. (2012) 

Lagrange et al. (2008, 2010) 
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Exoplanet 
Population 

 from  

RV, 

Transits, 

 Microlensing,  

Pulsar Timing 

and Direct Imaging 


