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1. Formation of Jupiter’s subnebula 
and satellites

Colors:  temperature at  
-Jupiter: surface  
-Subnebula: midplane

Context: 

Formation of Jupiter and 
the Galilean Satellites.


Methods: Numerical simulations, data analysis, coding, comparison with observations


Content:

We have recently added a model for Jupiters subnebula (circumplanetary disk) in 
our global planet formation model. In this work, the model is further improved and 
the results are benchmarked with Jupiter’s Galilean Satellites.



2. Internal structure of planets: 
consequences of enriched envelopes

Context: Formation of giant and Neptunian planet


Content:

• include in the Bern Model of planet formation and evolution that envelopes are not 

pure H/He but mixtures of H/He+other elements

• Study how impactors get destroyed in envelopes of growing planets

• Simulate and study formation and evolution with enriched envelopes 

• Conduct planetary population synthesis for statistical comparisons with observations


200,000 models (see their Figure 1 of the Extended Data,
reported as a hashed area in Figure 6). We have verified that
this is not a discretization issue: with interior structures
calculated with 1000 spheroids, this conclusion is unaltered.
Even though the difference between the two analyses should
partly stem from the different EOS used by these authors, it
arises essentially from our different representation of the planet
interior. Indeed, we recall that these authors did not take the
constraint from Galileo on the heavy element abundances into
account. Therefore, if Galileo’s observations are correct,
Figure 6 shows that the qualitative conclusions that these
authors draw about differential rotation could be altered.

1. Impact on the low-order moments (�J4). We found out
that the entropy change, ΔS, is strongly affected by the
composition in the inner convective envelope, i.e., the region
between the inhomogeneous envelope and the diluted core.
Therefore the size and composition of the diluted core, the
composition of the inner envelope, and the entropy change ΔS

in the region of compositional variation are intrinsically linked.
To better understand this result, we must recall that the main
problem of the models is to decrease J4 at constant J2.
Figure 7(a) shows the value of the contribution function J J2 4�
in the planet as a function of pressure.
This figure shows that in order to decrease J4 with respect to

J2, one needs to enrich the planet deeper than ∼2Mbar, and the
region around ∼10Mbar is where it is most efficient.
Therefore, an enriched inner envelope decreases J4 at constant
J2 (see the pressure range in Figure 7(a)); but enriching the
inner envelope implies a steeper compositional gradient in the
boundary region between the outer and inner envelopes, which
has the opposite effect on J4 compared to J2. Furthermore, this
boundary region between ∼0.1 and 2 Mbar has a much
stronger contribution on J2 and J4 than the deeper region. This
stems from the fact that this region has a large mean radius,
hence the mass of a spherical shell is much higher than in the 5
Mbar region, and the impact on J2 and J4 is enhanced. In

Figure 5. Schematic internal structure of our final Jupiter models. Yext=0.23, Zext=0.02, as stated in the text. (a) The modest entropy increase between the outer and
inner envelopes yields a moderate helium increase in this latter, and an inward helium enrichment in the diluted core (see text). (b) The larger entropy increase in the
inhomogeneous boundary region yields a supersolar helium fraction in the inner envelope, but then the helium abundance decreases in the diluted core. (c) Our least
favored model. An increase in both helium and heavy element abundances in the inner envelope requires a strong entropy increase, at the limit of what can physically
be achieved. A mixture of structures (a) and (c) is also possible, with a small increase in both helium and heavy elements. The required ΔS would be comparable
to (b).
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Actual Jupiter (Debras & Chabrier 
2019) based on JUNO and 

GALILEO data:  
not well separated layers

SimplificaKon for Jupiter’s 
interior: 

composiKonally homogeneous, 
separated layers

Methods: Numerical simulations, coding, data analysis, comparison with observations




3. Study of planets in the habitable zone predicted 
by the Bern planet formation and evolution model
Context: Evolution of temperate low-mass planets, planetary habitability

Methods: numerical simulations, data analysis, comparison with observations


Astronomical observations indicate that 
~30% of solar-like stars have a low-
mass planet in the habitable zone (the 
radial distance interval where water on 
a planet’s surface could be liquid).

In this work, we analyse the results of a large planet formation and evolution model. We 
study the predicted frequency of model planets in the habitable zone and their 
properties, and compare with observations. We study in particular the water content.


