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Figure 6. Schematic figure showing the interior structure and relative sizes of the four giants in the solar
system. Note that current gravity measurements are not accurate enough to distinguish between different
structures for Uranus and Neptune, but mixed rock and ice cores and inhomogeneous structures are also
possible (see Section 4.2). Rings and other atmospheric features are not on scale.

4.1. Jupiter and Saturn: Dilute Cores and Non Adiabatic Structures
Jupiter and Saturn are mainly made of hydrogen and helium, so we need a deep under-

standing of these two elements and their mixtures to get a proper interpretation of the observed
data. For many years, and previous to the arrival of Juno to Jupiter, models of Jupiter and Sat-
urn divided the planets into three homogeneous, convective layers: a big compact core made of
100% heavy elements, and two envelope layers. These layers were an external one dominated
by molecular hydrogen and depleted in helium, and an internal layer, where hydrogen was in
a metallic form and helium was enriched compared to the protosun [75,119–121]. In this simple
picture, the two envelope layers were divided at the location of the helium phase separation
according to numerical estimations [89] and the core of the planets contained most of the mass
of metals, reaching values of around 15 M � for Jupiter [121] and 18 M � for Saturn [114].

This picture changed dramatically with the arrival of the Juno mission at Jupiter and with
the observations of the last year of the Cassini mission. For Jupiter, the extremely accurate
gravity data (particularly J4, J6) and measurements of water abundance in the equatorial
region of Jupiter’s atmosphere [55] proved to be very difficult to reproduce by simple interior
model calculations [8]. There are different explanations for the discrepancy between the
model efforts and the observations: either the interior structure of the planets is more complex
than the classical 3-layer picture, or our understanding of the equation of state of hydrogen,
and hydrogen and helium mixtures was not complete [122]. While current models are still
struggling to reproduce all observational constraints [13,107,109,110], it is clear that the right
answer is probably a combination of the two reasons given above. The first models that got
closer to reproducing the observational constraints provided by Juno were published by [11].
In these models, the authors brought back the idea that the giant planets might have a dilute
core, an idea theorized in the 1970s [123], but they performed numerical calculations that
introduced a dilute core in Jupiter’s interior to reproduce Juno’s gravitational measurements.
The idea of a dilute core is that there is no sharp boundary between a core made of 100% heavy
elements and the hydrogen and helium envelope above it, but rather that the core mixes and is
diluted into the H-He envelope and a gradient of heavy elements is present in the deep interior
of the planets (see Figure 6). A dilute core is needed to explain the measured J4, and its presence
in the interior of the giant planets is further supported by ab initio numerical calculations that
showed that metals are miscible in metallic hydrogen at the pressures and temperatures in the
dilute core region [94,95]. The presence of a dilute core also reinforces the concept that giant
planets might not be made of simple convective layers as was previously thought, but instead
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K, Na, NaH Impact

Conditions for a radiative zone:
[Na/H] and [K/H] < -3

constraints [Na/H] and [K/H]:
[-5, -1] (Bhattacharya et al. 2023, 
Aglyamov et al. 2025) 
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Na, K resonance lines
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Allard calculations only valid for 
nH2 < 1021 cm-3 (P ≲ 100 bar).

For nH2 > 1021 cm-3 we use a Voigt 
profile with a line wing cut-off of 
4500 cm-1.*
* cut-off value suggested by Baudino et al. (2017)



Na, K resonance lines

Louis Siebenaler – siebenaler@strw.leidenuniv.nl7

Allard calculations only valid for 
nH2 < 1021 cm-3 (P ≲ 100 bar).

For nH2 > 1021 cm-3 we use a Voigt 
profile with a line wing cut-off of 
4500 cm-1.*
* cut-off value suggested by Baudino et al. (2017)
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NaOH
(Important?) missing data:
NaOH: !!"# = 1.11µm
KOH: !!"# = 1.67µm
KH: no line list
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Saturn

Conditions for a radiative zone:
[Na/H] and [K/H] < -4

(Less Na, K abundance is needed to ensure 
convection on Saturn)convective
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