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Exoplanetary Population 
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High-Precision RVs 

• 1-m/s precision measurements (1 km/s for binary work) 

 

• Fundamental for transiting candidates confirmation 
(mass determination) 

 

• Long-term surveys (e.g. HARPS) critical for uncovering 
planet properties, frequencies, and correlations with 
the hosts’ characteristics 

 

• The discovery of planets with Earth’s mass (not radius) 
already made! 
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Deuterium-burning limit 

Alpha CenBb 

The Radial Velocity ‘Revolution’ 
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α Cen Bb:  
The First Earth-(minimum)mass Planet 

460 RVs! 

P = 3.236 days 

K = 51 cm/s 

Mpl sin(I)= 1.1 ME 

Dumusque et al. 

Signal dominated by stellar activity 
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Planet – Host Star Connection 

Sozzetti et al. 2009 

Johnson et al. 2010 

Critical tests of competing giant planet formation models 

Terrestrial-type planets do not seem to follow the trend… 
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• Learn about the history of planet migration 

 

• Learn about the architecture of multiple systems 

 

• Learn about the physical structure and composition 

of exoplanets 

 

• Learn about the structure, chemistry, and dynamics 

of atmospheres 

Transiting Planets:  
A Treasure Trove 

Tens of ground-based surveys, two highly successful space projects 
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The Kepler ‘Revolution’ 

4696 

100s 

From the ground: 1 mmag precision at best / Kepler’s: 20 ppm! 
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Multiple-Planet Systems 

100s’ of ‘flat’ systems, the vast majority with small radii. Most are real! 
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Frequencies: Kepler vs. RVs 
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Winn & Fabrycky 2015 
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The Mass-Radius Relationship 
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Motalebi et al. 2015 
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Transits Allow Studies of the Atmospheres That Are Not (Yet) 
Possible for Non-Transiting Planets 

Transit 

Secondary Eclipse 

See thermal radiation and 
reflected light from planet          
 disappear and 
                         reappear 

See radiation from star 
transmitted through the 
planet’s atmosphere 
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Swain et al., 2008; Madhu & Seager, 2009; Danielski et al., 2013; Beaulieu et al., 2010; 

Burrows et al., 2011; Deming et al., 2013; Tinetti et al., 2010; Crouzet et al., 2012 
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GJ 1214b 

A ‘cool’ Super-Earth  
around an M4.5 dwarf  
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Kepler-78b: The closest thing to Earth ever detected! 

But: P=8.5 hrs, Teq =3000 K 
Alas… Far From Habitable! 

Pepe et al. 2013 
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HD219134b:  

A transiting Super Earth  

at 6.5 pc from the Sun! 

It is likely rocky indeed,  
but it orbits its K dwarf  
with P= 3.1 d… 

Motalebi et al. 2015 
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‘Habitable’ Planets? 

* Typically orbiting stars smaller  

than our Sun 

 

* In some cases, only minimum  

mass estimates available, no  

radius measurements 

 

* In other cases, only radii are  

measured, masses are unknown 
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Winn & Fabrycky 2015 
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Comparative Exoplanetology 

 

• Orbital elements, mass distributions, multiplicity 
 

• Correlations amongst planetary parameters and 

between planet characteristics and frequencies and 

the properties of the stellar hosts (M*, [Fe/H]) 
 

• Internal structure, atmospheric composition and 

circulation (and ultimately habitability) 

Putting our Solar System in Context! 


