' th are Keplefs Sub-Neptunes?
- Insights from Photo-evaporation

- Eric Lepez

Institute for Astronomys wof Edinburgh

31st Internatio oquium
|IAP, Paris, 612972015 -

e - *
Institute ¢ e T
for * *
fy * * . T
Astronomy oo i

NASA / Tim Pyle



‘New Classes of Planets -

Super- Small Large
Earths Neptunes Neptunes
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Sub-Neptunes Aren’t Rocky
5 TR L. S D RS S L O R e R T L T T

9
lllllllllllllllllll

Water

Rock

—

&
ad

~—
v
.E
O
3]
ad
T
L
=
=
a®

Unphysical

llllllllllllllllllllllll

l 1 1 | l |

10 15 20
Planet Mass (M,)

-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?



_ Photo-Eyaporation
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Photo-Eva oratlon

An extended upper atmosphere
around the extrasolar planet
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Atmospheric mass loss and evolution of short-period
- exoplanets: the examples of CoRoT-7b and Kepler-10b
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Planets Sculpted by Photo-Evaporation
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Thermal Evolution
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Radius (R.)

e Models start with Iérge initial'
entropy from formation then cool
and contract.

Planet

e Core dominates thermal
evolution for sub-Neptunes

Radius (R.)

Planet

e At fixed composition, radius
independent of mass if planet >1%
H/He.
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= Disk Terrestrial planet At least for Earth, a If the secondary planet atmosphere
dispersal  formation and second atmosphere was survives, then bacteria-induced

-and giant  primordial generated plus turn-on of chemical evolution of the atmosphere
" planet atmosphere dynamo action for may occur. (For Earth, this happened
[~ formation protective magnetic field. after 1.7 Gyr.)
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The Radlus-Fqu Distribution

M()d(ls per Bin
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-~ The Radlus-Fqu Distribution

Modcls pu Bin
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- Thé Ob<sefv d-USPxs
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. I'he Evaporation Valley
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hat about planets around M Dwarfs?
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WOver-Estimating Eta-Earth’
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Eta Earth’?

- Gas Rich sub-Neptunes are ublqmtous

- 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



This Agrees with Marcy et al. RV Survey

frocky(Ry)  (Fraction

of planets that are
rocky)
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Radius as a Proxy for Composition
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The Rocky/Gaseous Transition
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We've Constrained H+He, what
about Water’?

'Rogers &..Seager (2010) <



If Dry, sub Neptunes are Typically
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How We Find Cpmp'osition .

" Wolfgang & Lopez (2014)



The Hierarchical Part

" Wolfgang & Lopez (2014)



The Details of Our Priors
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transition depends on

. : wind
immediate

UcoII/O'abs

velocity-modified
Jeans

(Chassefiere 1996, Tucker et al. 2012)
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