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THE MOST COMMON PLANETS
SUPER-EARTHS & MINI-NEPTUNES 



THE RADIAL VELOCITY METHOD  
MEASURING STELLAR WOBBLE 

THE TRANSIT METHOD  
MEASURING STELLAR ECLIPSES 

HOW TO DETECT EXOPLANETS?

biased towards massive & 
 close-in planets

biased towards large & 
 close-in planets, transiting 

systems 

> mass of planets > radius of planets



TRANSIT TIMING VARIATIONS 

HOW TO DETECT EXOPLANETS?

> new planet detections, masses & eccentricities of 
planets in compact system
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The existing worlds of Trappist-1 

ultra-cool red dwarf star  
(44% of Sun’s surface temperature, 
R = 0.12 Rsun, 
M = 0.09 Msun)

Sun

Trappist-1
7 Earth-sized planets 

incredibly precise  
planetary M & R
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Agol, Dorn, et al. (2020)
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Estimates from Grimm et al. 2018
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Trappist-1 planets can be fit to single M-R-trend

Earth-like M&R curve
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Trappist-1 planets can be fit to single M-R-trend

Earth-like M&R curve
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normalized to an interior of 20% Fe, 80% MgSiO3

normalized density = a*period + b
a = 1.042±0.034, b = -0.0043±0.0036

b c

gf

e
d h
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-> lower iron content
Rock composition

Fe
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-> lower iron content Fe

Unterborn et al. (2017)

low iron content predicted given abundances of stars similar to T1

Rock composition



Caroline Dorn et al. University of Zurich

-> lower iron content
Rock composition
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reasonable?

-> higher oxygen content

also fully oxidised mantles can explain the data

Rock composition
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reasonable?

-> higher oxygen content

also fully oxidised mantles can explain the data

ΔIW = -0.91

Doyle et al. 2020

Rock composition
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Volatile abundance (H/He)

de Wit+(2016, 2018), Wakeford+2018

Cloud-free hydrogen-dominated atmospheres are ruled out 
for planet b, c, d, e, f, g

see also Zhang+2018, 
Moran +2018  
Ducrot+2020
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Volatile abundance (H2O)
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Volatile abundance (H2O)
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cometary impactors on the TRAPPIST-1 planets

can destroy all planetary atmospheres


1 Earth ocean of water can be added & 

thereby rebuild a secondary atmospheres on planets f, g, h 

Volatile (H2O) content of TRAPPIST-1 planets over time
water loss (evaporative loss)

late water accretion

Bourrier+2017

Kral+2018, Dencs and Regàly 2019

max. 100 Earth oceans can be lost (for b:~ 0.023 Mp)

see Bolmont+2017, 

Roettenbacher & Kane 2017, Wheatley et al. 2017, Becker et al. 2020,

Peacock et al. 2019, Fleming et al. 2020, Hori & Ogihara 2020

estimates from

Emeline Bolmont

likely all planets have lost a significant 
fraction of their initial atmosphere.. 
or maybe completely lost it

erosion can remove up to 1-10% of the total 
planetary mass in volatiles
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Turbet+2020

water in vapour form

water can condense

in general possible atmosphere species include

H2O, CO2, CH4, N2

H2O oceans / steam atmospheres
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innermost planets:
- if water steam, if not lost its limited to Mwater<10-5 Mp

- planet b, c, (d) beyond the runaway greenhouse limit

outermost planet:

h

- H2O and CO2 would be in solid form, 
(e.g., Turbet+2017, 2020, Wolf+2017)


- possible CO2 atmosphere in special conditions only

e

Trappist-1e:
- can sustain liquid water on its surface (Turbet+2017, 2020, Grimm+2018)

- if it has a high density, water fraction can be small (i.e., Earth-like)

- high potential for surface habitability

see Turbet+2020 for a review

f ge

cb d

Trappist-1e, f, g:
- can sustain liquid water on its surface, with 

moderate amounts of CO2 needed (Turbet+2017, 
2020, Grimm+2018)
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Conclusions: very different interior 
scenarios can explain data 



Hidden water in magma 
ocean exoplanets

Caroline Dorn, Tim Lichtenberg
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MgSiO3 Earth-like

for uncompressed density: see Plotnykov & Valencia 2020

PlanetS sample (Otegi+2020)

updated on Oct 8th, 2021


<35% error on M, < 30% error on R
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water & gas
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MgSiO3

corecore

mantleH2o
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magma  
oceans

water-rich 
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Radius [Rearth]
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Super-Earths: Mini-Neptunes:

Berger+2020

Mousis+ (2020), 

ocean planets free 

of H/He

H2o

Venturini+ (2020), 

ocean planets + H/He

H/He
H2o

H/He

H/He
Owen & Wu (2017),

Jin & Mordasini (2018)

Ginzburg+(2018)
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Super-Earths: Mini-Neptunes:

Berger+2020

Mousis+ (2020), 

ocean planets free 

of H/He

H2o

Venturini+ (2020), 

ocean planets + H/He

H/He
H2o

H/He

H/He
Owen & Wu (2017),

Jin & Mordasini (2018) Schlichting & Young (arxiv, 2021)

Kimura & Ikoma (2020)

Olson & Sharp (2019)
Vazan+(2020)


Dorn & Lichtenberg (2021)

magma ocean + primordial H: 
water is produced

Kite & Schaefer (2021)

magma ocean + volatiles: 
volatiles & magma mix

H2O partitions most efficiently

magma oceans are common! 
mantle rock is molten

New view on exoplanets

Kite et al. (2016)

Elkins-Tanton et al. (2008)
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Schlichting & Young (arxiv, 2021)
Kimura & Ikoma (2020)

Olson & Sharp (2019)
Vazan+(2020)


Dorn & Lichtenberg (2021)

magma ocean + primordial H: 
water is produced

Kite & Schaefer (2021)

magma ocean + volatiles: 
volatiles & magma mix

H2O partitions most efficiently

magma oceans are common! 
mantle rock is molten

New view on exoplanets

Kite et al. (2016)

Elkins-Tanton et al. (2008)

high solubilitylow solubility

e.g., CO2 e.g., H2O

magma ocean

atmosphere
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water/steam

mantle

liquid
core

solidliquidsolid

magma + H2O

What is the effect on R 
of deep water reservoirs ?

magma oceans can be  
huge water reservoirs
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Here I plot a curve for an Earth-like composition, a purely rocky and cold interior.
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Now I add 5.4% of mass in steam. The radii increase.
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see also Bower et al. 2019

Now the surface rocks must be molten underneath the steam. This increases R again.
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But the water will dissolve into the interior. This decreases R for the purple model.
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For comparison: Here a M-R curve for a cold interior with water in form of ice.

cold  
& solid
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(A) Dry solid
interior

(B) Dry melt-solid interior

solid

solid
H2O

H2O

H2O

solid

solid

melt

melt

solid
melt

solid

melt

core

mantle

atmosphere

(C) Wet melt-
solid interior

commonly used
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(A) Dry solid interior
(B) Dry melt-solid interior

(C) Wet melt-solid interior

up to 1 order of magnitude differences
Effect on inferred water budgets?
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up to 1 order of magnitude differences
Effect on inferred water budgets?
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Conclusions

interior characterization is challenging: 
• data are sparse and carry limited information  
• diversity of exoplanets exceed the one in the SS 
• models have limited accuracy

interior characterization is key: 
• to understand compositions & interiors 
• they link to planet formation & evolution

2 papers discussed today: 
Agol, Dorn, et al. (2020), Planetary Sciences Journal 
Dorn & Lichtenberg (2021), Astrophysical Journal Letters


