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New Classes of Planets 

Fressin et al. (2013), also Petigura et al. (2013) 



Sub-Neptunes Aren’t Rocky 

Based on Lopez, Fortney, & Miller (2012)



What are the Sub-Neptunes? 
● Are they Scaled up rocky worlds?  

!
● Or small ice giants? 

!
● Do they form in situ?  

!
● Or migrate from beyond the snow-
line? 
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Photo-Evaporation

Murray-Clay, Chiang, & Murray (2008)
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Photo-Evaporation
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Photo-Evaporation
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Planets Sculpted by Photo-Evaporation

updated from Lopez & Fortney (2014)



● Models start with large initial 
entropy from formation then cool 
and contract. 
!
● Core dominates thermal 
evolution for sub-Neptunes 
!
● At fixed composition, radius 
independent of mass if planet >1% 
H/He. 
!
● Lopez & Fortney (2014) 

Thermal Evolution 



Stellar XUV Fluxes
Ribas et al. 2005

Shkolnik & Barman 2012



Hydrodynamic Escape Rates
● Assume a fraction of all 
incident XUV energy goes 
into PdV work. 
!
● H/He atmospheres are 
especially vulnerable 
when integrating mass 
loss history.  
!
● For planets at ~0.1 AU, 
mass loss is ~linear with 
flux, with efficiency ~10%. 

Erkaev et al. 2007

Owen & Wu 2013

Owen & 
Jackson 2012



The Radius-Flux Distribution

Lopez (in prep)  



Lopez (in prep)  

The Radius-Flux Distribution



The Observed USPs 

Sanchis-Ojeda et al. (2014) 



The Evaporation Valley

Lopez & Fortney (2013)



What about planets around M Dwarfs?

Modified from Lopez & Fortney (2014)
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Over-Estimating Eta-Earth?

Petigura, Howard, & Marcy (2013)  
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Over-Estimating Eta-Earth?
● Gas Rich sub-Neptunes are ubiquitous.   
!
● Most short-period rocky planets could be 
the remains of sub-Neptunes. 
!
● Almost all known rocky planets are highly 
irradiated. 
!
● Earth-like habitable rocky planets could 
be quite rare.



Conclusions 

● Kepler has discovered an abundant new population of 
sub-Neptune sized planets, which must have large 
volatile envelopes. 
!
● The present day compositions of sub-Neptunes have 
been sculpted by photo-evaporation. 
!
● The Ultra-Short-Period planets likely formed rocky. 
!
● Likewise, the evaporation valley will help diagnose 
whether moderate period sub-Neptunes are water-rich. 
!
● Photo-evaporation could lead to over-estimates of 
Eta-Earth
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This Agrees with Marcy et al. RV Survey 

Rogers et al. 2014 (in prep)Rogers (2014)



Transition at 1.5 Rearth 

Rogers (2014)



Radius as a Proxy for Composition 

Lopez & Fortney (2014)



The Rocky/Gaseous Transition 

Wolfgang & Lopez (2014)

Rp: 1.2-4 Re 
Period<25 days 
CDPP<100ppm



We’ve Constrained H+He, what 
about Water? 

Rogers & Seager (2010)



If Dry, sub-Neptunes are Typically 
~1% H+He 

Wolfgang & Lopez (2014)



How We Find Composition 

Wolfgang & Lopez (2014)



The Hierarchical Part 

Wolfgang & Lopez (2014)



The Details of Our Priors 

Wolfgang & Lopez (2014)
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