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Planet Structure and Evolution: old picture

e Planetconsists of a

Rocky Core + Hydrogen-
= Helium Envelope

* Givestheright radius




Planet Structure and Evolution: old picture

Jupiter

Planet is fully convective and homogeneous
Able to explain the luminosity of Jupiter.

Adiabatic Models: TdS/dt = -dL/dM

-10~ Hubbard 1968
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dard sequence, with epochs 1 to 5, the Jovian luminosity and
the hydrogen sequence shown as in Fig. 2.



Juno and Cassini:
Gravity data, Seismology

Mass fraction Z
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Heavy element mass fraction (Z
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From Formation to Current age

Jupiter
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Example formation
models
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Demixing in Giant Planets: Helium Rain

Hydrogen-Helium miscibility
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Planet Structure and Evolution: Adiabatic and
Inhomogeneous Evolution

Fortney & Hubbard 2003
Hydrogen-Helium demixing: R TN T T AARRRRRES
helium rain
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Jupiter and Saturn's Structures and Evolution:
Adiabatic and Inhomogeneous Evolution

Mankovich & Fortney 2016 140:- . ———
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e Saturn's Yatm=0.07




Jupiter and Saturn's Structures and Evolution:
Adiabatic and Inhomogeneous Evolution

Mankovich & Fortney 2016 140F . L
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e Evolution with helium rain 2F
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Jupiter Structure and Evolution:
Non-adiabatic and Inhomogeneous Evolution

Vazan, Helled, Guillot (2018) g x10%
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Jupiter Structure and Evolution:
Non-adiabatic and Inhomogeneous Evolution

Vazan, Helled, Guillot (2018) g x10%
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Problem: No Helium Rain




Old Evolutionary Models

* Homogenous and Adiabatic

* Non-homogenous (helium rain) and Adiabatic

* Non-homogeneous (extended cores), non-Adiabatic, but no helium rain
* Old Equations of State (EOYS)

 Old Atmospheric boundaries



Old Evolutionary Models

X

Homogenous and Adiabatic

Non-homogenous (helium rain) and Adiabatic

Non-homogeneous (extended cores), non-Adiabatic, but no helium rain
Old Equations of State (EOS)

Old Atmospheric boundaries

New Evolutionary Models

v

Non-homogenous: Constraints from Juno, and Cassini (fuzzy cores, Brunt ), and helium rain,
Heat Transport: Non-adiabatic (convection, radiation, and semi-convection)

New H-He and heavy element EOSes

New atmospheric boundary conditions



APPLE

A Next Generation Evolutionary
Code for Modeling giant Planets

/4

Sur, Su, Arevalo, Chen, Burrows

The Astrophysical Journal,
971:104 (19pp), 2024 August 10




New Evolutionary Models for Jupiter and Saturn

Quantity Jupiter Sur et.al ApJ 2025
Measured Our Model (4.56 Gyr)
Tesr (K) 125.57 + 0.07 (1) 124.6 Total heavy element mass
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New Evolutionary Models for Jupiter and Saturn

Temperature [K]

Cold-Start

Quantity Jupiter Sur et.al ApJ 2025
Measured Our Model (4.56 Gyr)
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New Evolutionary Models for Jupiter and Saturn

Quantity Saturn Sur et.al ApJ 2025
Measured Our Model (4.56 Gyr)
Terr (K) 96.67 (2) 96.54 Total heavy element mass
Equatorial Radius (km) 60268 = 4 (3) 59,551.8
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New Evolutionary Models for Jupiter and Saturn

. Saturn
Quantity
Measured Our Model (4.56 Gyr)
Ter (K) 96.67 (2) 96.54
Equatorial Radius (km) 60268 = 4 (3) 59,551.8
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New Evolutionary Models for Giant Exoplanets

Sur et.al (underreview ApJ, 2025)

350 = Modern Giant Exoplanet Models = Modem Giant Exoplanet Models
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Improvements:

 Usereal heavy element EOS
e Heliumrain
* Non-adiabatic evolution
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Conclusions and
Summary

Non-adiabatic models are
required.

Need improved EOSes and
miscibility diagrams.

Fuzzy cores vs Homogeneous.

Cold-start initial conditions

e Saturn's Yatm~0.2
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