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Planets are mysterious astronomical objects that are still 
being investigated. Giant planets are key planets to explore 
because they have a critical role in shaping the architecture 
of young planetary systems. This is due to their fast formati-
on (they have to form early enough to accrete hydrogen-he-
lium (H-He) gas), and their large gravity that influence the 
dynamical properties of asteroids and comets, which can 
lead to delivery of volatile elements (e.g., water) to the inner 
planetary system. In addition, the composition of gas giant 
planets provides information on the physical and chemical 
properties of proto-planetary disks, the birth places of pla-
nets.

Jupiter is a gas giant planet, and is the most massive planet 
in the Solar System. Jupiter's mass is about 318 times the 
mass of the Earth, and its average radius is more than ten 
times the Earth's radius. Jupiter is mostly made of H-He, 
and this is the reason it is known as a "gas giant planet". Ho-
wever, the interior of the planet is not in the gaseous phase 
due to the high pressures. Therefore, one should think of 
giant planets as being "fluid" and not "gaseous".
Jupiter also consists of heavier elements, such as oxygen, 
carbon and silicon (in astrophysics heavy elements refer to 
all the elements heavier than helium) but the total mass of 
these heavy elements in the planet is unknown.

It is also unclear whether Jupiter has a heavy-element 
(rocks, ices) core in its center. While the mass of the core 
is unlikely to be more than ten times the mass of the Earth 
(and therefore only ~3% of Jupiter's mass), and the total 
heavy-element mass is expected to be only a small fraction 
of its total mass (~10%), the heavier elements play a critical 
role in understanding the formation process of giant planets, 
which is a long-lasting challenge in planetary science.

In the standard model for giant planet formation, also known 
as core accretion, a giant planet is formed in three main 
stages:

(1) Core/heavy-element accretion: core formation by ac-
cretion of planetesimals (primordial "asteroids" made of 
rock and ice) until the planet empties its gravitational do-
minating region (known as feeding zone). At this stage, 
the growing planet is primarily composed of heavy ele-
ments with a negligible fraction of a H-He envelope.
(2) Slow envelope accretion: the heavy-element accretion 
rate decreases, and the H-He accretion rate increases un-
til the envelope accretion rate exceeds the heavy-element 
accretion rate.
(3) Runaway gas accretion: once the H-He mass is com-
parable to the heavy-element mass, a rapid hydrodyna-

mic accretion of H-He initiates, and a gas giant planet is 
formed.

In this formation picture, one expects the giant planet have a 
distinct heavy-element core and a gaseous H-He envelope. 
Indeed, giant planet formation simulations originally assu-
med that the accreted planetesimals (i.e., heavy elements) 
go to the center of the planet and form a core. As a result, 
giant planets were thought to have a simple core+envelope 
internal structure, with a relatively massive core.

However, recent giant planet formation simulations that 
follow the distribution of the accreted heavy elements during 
the planetary growth, show that once the core reaches a 
couple Earth masses most of the accreted heavy elements 
dissolve and remain in the gaseous envelope. As a result, 
there is no clear transition between the “core” and “envelo-

dilute/fuzzy core 
(heavy elements)  

A sketch of Jupiter's internal structure with a dilute core/composi-
tion gradient in the deep interior. The different colors correspond 
to different elements. Jupiter's envelope is typically divided into an 
outer envelope where hydrogen is in molecular form and an inner 
envelope in which hydrogen is ionized (metallic). The metallization 
of hydrogen in Jupiter's deep interior is responsible for the genera-
tion of its strong magnetic field.
Helium was measured to be depleted in Jupiter's atmosphere. In-
deed, simulations show that helium is expected to separate from 
hydrogen, leading to "helium rain" which results in an increase in 
the helium fraction in Jupiter's inner envelope, as indicated in the 
sketch.
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pe” and the forming giant planet has an internal structure 
with composition gradients. In this case, Jupiter's core can 
no longer be thought of as a pure heavy-element central 
region with a density/composition jump at the core-envelo-
pe-boundary, but as a central region that is highly enriched 
with heavy elements, which could be gradually distributed or 
homogeneously mixed. Such a fuzzy/dilute core can extend 
to a few tens of percents of the planet's total radius, and 
could also consist of lighter elements (i.e., H-He). In this 
updated picture of giant planet formation, there is an increa-
se in the heavy-element fraction towards the planetary cen-
ter. If the composition gradient is steep enough in the deep 
interior, this region can also be stable against large-scale 
convection.

Internal structure models of Jupiter are designed to fit the 
observed physical data of the planet, such as its mass, ra-
dius, gravitational and magnetic fields, atmospheric compo-
sition, and rotation. New Jupiter internal structure models 
that fit Jupiter’s gravity field as accurately measured by the 
NASA Juno mission, also indicate that the planet is not ho-
mogeneously mixed, and that Jupiter can have a fuzzy/di-
lute core.
As discussed above, such a core is a natural result of pla-
netesimal dissolution in the atmosphere of a growing giant 
planet. Therefore, for the first time, we have a link between 
planetary structure and planet formation models.

These recent developments have taught us that Jupiter’s 
interior is inhomogeneous, and that there is an increase 
in the heavy-element mass towards the planetary center. 
Overall, we have learned that giant planets are not simply 
mixed balls of H-He, but are objects with complex internal 
structures that need to be studied further. This requires a 
good understanding of the underlying physical and chemical 
processes, such as the equations of state of the materials 
and their interactions, miscibilities, convective mixing, etc. 
We also have to keep in mind that in order to link planetary 
formation with the current-state internal structure we must 
simulate the planetary long-term (a few 109 years) evolution, 
and develop a unified theoretical framework for giant planet 
formation-evolution-interior.

The origin and internal structure of Jupiter are still being in-
vestigated. Since Jupiter is used as a giant planet prototype, 
the knowledge we collect is then applied to giant exopla-
nets, with the aim to characterize these objects, and put our 
Solar System in perspective.
Although many questions remain open, this is a golden era 
in giant planet exploration. The measurements of the ongo-
ing Juno mission, the characterization of many giant planets 
around other stars, and the theoretical efforts provide new 
insights on the nature of gas giant planets.


