Sculpting planet radii
with atmospheric escape

James Owen (Imperial College London)
Yangin Wu (Toronto)
Ruth Murray-Clay (UCSC)

THE

ROYAL
SOCIETY




Trends with planet mass,
radil and orbital separation
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Atmospheric escape: planet
ohotoevaporation
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Mass-loss driven evolution
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Mass-loss driven evolution
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Sculpting low-mass exoplanets
with H/He atmospheres

Planets at formation Observed exoplanets
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A population of planets at
birth: all with H/He atmosphere

H/He atmosphere
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Solid Core



Population of evaporating
close-in planets @ 3 Gyr
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Population of evaporating
close-in planets @ 3 Gyr

o[ S
. o
l L
— sk Planets with ~1% I 3 : ; ;
| of their . ‘ o1
@ | massinH/He I b
E. il : . i
g - . i = < g =
0C 4t o l g : :
| ¢ ! | :
3r A T | i
21 L= “Photoevaporation Valley”-
0.01 0.1 1

Separation [AU] Owen & Wu (2013)



Population of evaporating
close-in planets @ 3 Gyr
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When Is mass-loss
important?
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When Is mass-loss
important?

Question: how accurate is this? star-to-star variability?
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Simple Model for Mass-loss

Mass-loss timescale

Owen (2019),
Annual Reviews of Earth
and Planetary Sciences
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Simple Model for Mass-loss

Envelope
that doubles the
core’s radius
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Mass-loss timescale [Myr]
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Simple Model for Evolution
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Either: Completely strip a planet or evaporate it to a few
percent H/He!



Evolution of exoplanets
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Evolution of exoplanets
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Evolution of exoplanets

Planet Radius [R ]
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Question: can we test this time evolution?
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1he valley as a probe of core
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INsights into the origin of the
close-in exoplanets

e Solid Core Composition : Rocky (and uniform) versus Icy
—> Formation location in disc? - Formation inside

snow-line

e Arrival Time at Short Periods : In-situ Formation, Disc

Migration, Late-timme-Dyramical-Migration?

e Fraction of planets born with and without H/He
envelopes: formation in gas disc (< 10 Myr) or formation
after the gas disc dispersed (> 10 Myr)?
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“Strong” magnetic fields
suppress mass-loss
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Degeneracy between magnetic
fleld and core composition
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Test: Stellar Mass

Observations - CKS

v, Vov
3.5 1I0-1l3 Msun_
% " - . 0,025 8
e t | QC)
a
:E 24t urscert. 0.020 -
m :
= 0.015 ¥
Py a2t le)
N v
(V2] =
215 o.omE
: g
& 0,005
1ol = -, T 0,000
3000 1000 300
. e (VAVELY)
3.5 —018-1 -0 Msun '
= + . 0.025 v
E typical 5
ca
£ 2.4 uncen. 0.020 £
W °
W 0,015
pr o
N v
(V) o
o115t ] 0.010E
& | ° &
5 o 4 0.005
1.0L— 0.000
3000 1000 300 100 10
U.usuv
35 0.5'0.8 Msun
% 0.025 8
- 2
$24 0.020 2
(v}
m U
o 0,015 %
. Unknown 8
) >
40,0105
215 0103
& &
= 40.005
1.0 0.000
3000 1000 300 100 30 10

Stellar light intensity relative to Earth

Planet Size [Earth radii] Planet Size [Earth radii]

Planet Size [Earth radii]

3.5

2.4}

1.5}

Model {

1000 300 100 30 10

3.5

241

1.5¢

(Vs)
o
S
S

1000 300 100 30 10

w
2

N
=~

=
ot

3]000

1000 300 100 30 10
Stellar light intensity relative to Earth

1.0

o o o
kS o) 0%

Normalised Planet Density

‘
o
N

1.0

= o o
=N D co

Normalised Planet Density

‘
o
o

1.0

o o o
=~ (@) [0/¢]

Normalised Planet Density

‘
o
o




Test: Stellar Mass

Observations - CKS
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Test: Stellar Mass

Question: how to measure this trend?

Observations - CKS
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“Born terrestrial” planets more
common at lower metallicity?
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“Born terrestrial” planets more
common at lower metallicity?

Question: is this real (2.80) and what is it telling us?
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Question: how to tie together different data sets?



Summary

Atmospheric escape can entirely strip a low-mass planet of
its significant H/He envelope, leaving behind the solid core.

The radius gap is a robust prediction of the evaporation
model, and constrains core composition.

Believing In atmospheric escape one can extract trends
with stellar metallicity.

With detailed knowledge of the star, one can robustly test
the mass-loss scenario and use it to infer unobservable
properties.



