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Who's who:
Does living in the Solar System mislead us?
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Mass-Radius diagram:
Is there any clear boundary?
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S0, where do these
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terrestrial planet

giant planet

A gas giant is a giant planet
composed mainly of hydrogen and helium

An ice giant is a giant planet
composed mainly of substances
heavier than hydrogen and helium,
suchas O, C, N, S.



terrestrial planet

A giant planet is any massive planet

A gas giant is a giant planet
composed mainly of hydrogen and helium

An ice giant is a giant planet
composed mainly of substances
heavier than hydrogen and helium,
suchas O, C, N, S.



A terrestrial planet, telluric planet or rocky planet is a planet that
Is composed primatrily of silicate rocks or metals

A giant planet is any massive planet

A gas giant is a giant planet
composed mainly of hydrogen and helium

An ice giant is a giant planet
composed mainly of substances
heavier than hydrogen and helium,
suchas O, C, N, S.
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(Sub)stellar evolution equations
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(Sub)stellar evolution equations

=> Boundary conditions
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Mass-Radius diagram: the good news
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Mass-Radius diagram: the good news
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Only one big family?
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Do we need precise definitions?



No









How many exoplanets fall into IAU’s definition”?

Planetary Radius (Rgain)
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How many exoplanets fall into IAU’s definition”?

I'?Earth)
>

QI__

A planet is a celestial body that
(a) is in orbit around the Sun,
(b) has sufficient mass for its self-gravity to overcome
rigid body forces so that it assumes a hydrostatic
equilibrium (nearly round) shape, and
(c) has cleared the neighbourhood around its orbit.
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But naming things is important...



) — - - — e

NI PNl Oemvwal L LI | ey (AT B Loom

Rationality is for economists as pornography was to '
the US Supreme Court, undefinable but nonetheless eas- }
ily identified; and yet, like the Justices of the Court, no
two economists share a common definition. This article

details some of the common meamngs of 1nd1V1dual (as
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The Palgrave Dictionary of Economics
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Rationality is for economists as pornography was to {
the US Supreme Court, undefinable but nonetheless eas-
ily identified; and yet, like the Justices of the Court, no
two economists share a common definition. This article
details some of the common meanings of individual (as
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It’s not the definition,
it’s the concept that matters

ethe geologists never bothered to define a «continent»
e We always have the numbers to be specific!

The Palgrave Dictionary of Economics



The eight «concepts» of the Solar System







What we would forget without the Solar System

 Planets are more than a data point in a mass-radius diagram
- We can resolve Solar System planets
- Many different, exquisite observational constraints
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Beta pic with GPI




What we would forget without the Solar System

 Planets are more than a data point in a mass-radius diagram
- We can resolve Solar System planets
- Many different, exquisite observational constraints

Beta ic Wit GPI

* We can even go there...



What we would forget without the Solar System



What we would forget without the Solar System

 Planets are not spherically symmetric

THE TOPOGRAPHY OF MARS BY THE MARS ORBITER LASER ALTIMETER (MOLA)

0*EorW,60°NorS




What we would forget without the Solar System

* Planets are not spherically symmetric

 Planets (and their atm) are actually 3D dynamical objects
(at all scales)
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* Planets are not spherically symmetric

 Planets (and their atm) are actually 3D dynamical objects
(at all scales)

« Moons are common

Solar System Jupiter...
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What we would forget without the Solar System

* Planets are not spherically symmetric

 Planets (and their atm) are actually 3D dynamical objects
(at all scales)

- Moons are common
 Planetary interiors are not fully mixed (or fully stratified)

Solar System Jupiter...

Major Moons 3 |
- Europa
o




What we would forget without the Solar System
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165=170 K 7~
100 kPa

6300-6800 K ¢~ Inhen

e Assumption of large
o Saso-g100 & homogeneous/well mixed layers
' often done because of the lack
15000-21000 K o /1600 ba " of constraints!
Jupiter Saturn
from a review by T. Guillot (2005)
165K 135K

242, Molecular H-He-Ices /-

Jupiter Saturn <V”>
Metallic H
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8-12Z, 11-19Z,
19000-35000K 11500-25000K
0-0.5M, 12-21M, P P
Rocks+Ices

Stevenson (1979), Chabrier & Baraffe (2007);
Leconte et al. (2013, 2014)



Gravitational sounding

VP = —PV(VG + V}ot)

V;ext (Ta 9)

f:( ) Jon Por ( COSH):|
Clairaut, Radau, ... n=1

Zharkov & Trubitsyn Jon, = - / / / r20 Py (cos 0) d3r
(1973,1979,1980) MlR




Gravitational sounding

Jupiter Saturn ’

M, [10%°kg] 18.986112(15)  5.684640(30)
Req [10'm] 7.1492(4) 6.0268(4)
Ryoi[107m] 6.6854(10) 5.4364(10)
Prot [10%s] 3.57297(41)  3.83577(47)
Jr x 102 1.4697(1) 1.6332(10) an 2n
Jy x 10* -5.84(5) -9.19(40) (;) Jon Pan (cos 9)}
Zam/Zo 2-4 2-8

Voyager, Pioneer, Y/(X+Y))am  0.238(50) 0.215(35)

Galileo, Cassini-Huygens ) 0) " P on (C0s 0) d°r

J.V.Ll.l.beq J JJ



An iIndependent confirmation from ring seismology

Convective
Envelope

Stable
f_mo de Outer Core

g-mode
cavity

cavity

Fuller (Icarus, 2014)
but there is hope for exoplanets...
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* Planets (and their atm) are actually 3D dynamical objects
(at all scales)

 Planetary interiors are not homogeneous (or fully stratified)
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What we would forget without the Solar System

 Planets are not spherically symmetric

* Planets (and their atm) are actually 3D dynamical objects
(at all scales)

 Planetary interiors are not homogeneous (or fully stratified)
* Planets can be very diverse... even when they look alike
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1601 Neptune

Uranus
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Fortney et al. (ApdJ, 2011)
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What we would forget without the Solar System

 Planets are not spherically symmetric

* Planets (and their atm) are actually 3D dynamical objects
(at all scales)

 Planetary interiors are not homogeneous (or fully stratified)

* Planets can be very diverse... even when they look alike

- Atmospheric (and interior) compositions are not scaled up solar
metallicites (important to understand formation and evolution)

Ratio to Solar

10.0F

=

O

e Jupiter
g Saturn

He Ne Ar Kr Xe C N 0O S

from a review by T. Guillot (2005)



What we wol ystem
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Ratio to Solar

Towards an H-R Diagram for Planets

A Candidate for the ESA M4 Mission

VR ————

from a review by T. Guillot (2005)



Largest known trans-Neptunian objects (TNOs)
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