What'’s the extent of the dilute core? A dilute core also in Saturn? Helium rain in Jupiter and Saturn

- Evolution models coupled with a H-He phase diagram can provide information about the

+ Reconciling static models that fit the gravity data with evolution models that model + Interior models of Satum also suggest the presence of a dilute core. It is even more planetary interiors.
ive mixing is i t i llenge. ined thanks to ring sei g
convective mixing is important but remains a challenge. constrained thanks to ring seismology. « Helium becomes immiscible with metallic hydrogen.
Static models Evolution models from Cassini seismology & gravimetry Saturn
11000
= were
0.8 I MHL —— Moller et aL (2020) [extended] el
=on . T M ek e et 2 000
os 1 Ho23eMLSZ2 £ g
g 2022 fos T
g £ The dilute core extend! it g 7000\~
- .\ upto20% of Jupitersmass ity 5
1N il
02 %M soo0, |
g |
” 4000 i
"0.0 £ & Normalized Mass ] E 1 :

. s C 3 5
Is the dilute core similar as in Jupiter? Pressure [Mbar]

But phase diagrams are uncertain A dichotomy in the internal structures of Jupiter and Saturn One important problem remains
o « He rain is modest in Jupiter but drastic in Saturn. i — + How to reconcile interior models with atmospheric measurements?
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They affect what is observed in the atmosphere. "
« Arecent experiment suggests much higher demixing temperatures. Relevant for exoplanets? hey fisctwintiso) e cnosphens; . Ml i
Uranus and Neptune Empirical models Phase separations in Uranus and Neptune
- Uranus and Neptune have only been visited by V 2. « Given the uncertainties and the lack of data, it can be interesting to start by looking what + Heat fluxes are different for both planets. This might be explained by hydrogen-water
B & by Voyag density profies fit the gravity data. And retrieve composition afterwards. demixing and both planets being in a difierant stage of this process.

* The decadal survey recommended a future mission to Uranus (2040? 20507)
* Only J2 and J4 have been measured and with larger uncertainties. ‘ o e

- Composition gradients also in the ice giants?

- The water content in Uranus' atmosphere might be more depleted than in Neptune.
+ H-He mass is probably no more than 3 or 4 earth masses.

+ The rest is highly uncertain. Ices? Rocks? Which ices? Which rocks?
il 2 + Are they « ice » giants?




Phase separations in Uranus and Neptune

Summary

Outline

+ Phase separations between ices (water, ammonia, methane)

- Their magnetic fields are non-dipolar. Dynamo models imply
a convective region (fonic water?) in the outer envelope.

- The internal structure and composition of Uranus and Neptune remain uncertain. Understanding
the thermodynamical properties of their components is important. We need better gravity data
and atmospheric composition measurements.
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4. What do models predict?

Results for exoplanets

Giant exoplanet models

Ariel red book

Jupiter
Satum
Uranus
Neptune

Mass
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Radius
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Teq
112K
83K
59K
46K

« No super-Earth, no sub-Neptune, no hot-
Jupiter in the solar system.

« ARIEL will observe ~1000 exoplanets from super-
earths to Jupiters, from temperate to very hot.

Solar system giant planets are here —— |

Giant exoplanet models

For exoplanets, our main constraints are radius and mass. We don't have gravity data.

We sometimes have the age of the systems, which is useful to constrain evolution.

Since a decade, we are getting atmospheric data.

Mass-radius diagram:
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Importance of age

* We define the bulk metallicity by : Z=M,/M,

* The presence of a dilute core could store heat and release it later. /-
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Importance of atmospheric composition

« The bulk metallicity is constrained given cooling tracks and radius, age and mass measurements:
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* Accurate measurements are needed.

* PLATO will measure age with accuracy  (o,,. < 10%)
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can lift some

* The bulk metallicity can be inferred using MCMC and

Ao oy

drawing samples from the observed mass, radius, age,
equilibrium temperatures, atmospheric metallicity within
their uncertainty range.




Importance of atmospheric composition

Can we identify trends?

Link between planet and host star composition

+ A good understanding of convective mixing can link the measured atmospheric composition

with the planetary primordial state.
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Inflated hot Jupiters

* Mass-Metallicity relation for giant planets with Teq < 1000K.
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+ Large spread shows the diversity of exoplanets.

Outline

* Is the planet metallicity related to the host star metallicity?
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+ Radius anomaly for planets with Teq > 1000K
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+ Possible mechanisms (coupled to the stellar heating):
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. vertical mixing, Ohmic dissipation...
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5. Conclusion

« Interior and evolution models solve a et of equations. They are based on equations of state
and rely on a good understanding of the heat transport mechanisms.

+ Planetary interiors is a multiphysical problem.

Interior models should be linked to evolution and formation models, for a unified picture.
+ The knowledge gained from the solar system should be applied to exoplanets. Identifying
trends in the numerous exoplanets can provide information on the formation mechanisms.
+ Current (JWST) and upcorning (PLATO, ARIEL) missions will provide radius, mass, age and

i i of that will improve our understanding of

planetary interiors.

Solar system, exoplanets and high-pressure physics communities should work together.



