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6.2 Constraints on the Interior Structure of Giant Planets
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Figure 1.18 Left panel: the fraction of a sample of stars that host known
giant extrasolar planets (using data from Sousa et al., 2011). Right panel: the
enhancement to the observed planet frequency for planets of different radii,
corresponding approximately to super-Earths, mini-Neptunes, and gas giants.
Note that astronomical convention is to measure the abundance of heavy elements
relative to hydrogen, with the resulting ratio being normalized to the ratio found
in the Sun. A logarithmic scale is used, denoted by square brackets. Thus, a star
with “[Fe/H] = 0" has the same fractional abundance of iron as the Sun, whereas
one with [Fe/H] = (.5 is enriched in iron by a factor ~3 as compared to the Sun.
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6.2.1 Interior Structure from Gravity Field Measurements
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Table 1 | Gravity solution

Value Uncertainty
Jo(x1079) 14,696.572 0.014
Co1 (x1075) -0.013 0.015
S51 (x1079) —0.003 0.026
Co2 (x1079) 0.000 0.008
S0 (x10°9) 0.000 0.011
J3(x10°%) -0.042 0.010
Ja (x1078) —586.609 0.004
Js (x107%) —-0.069 0.008
Js (x10°%) 34.198 0.009
J7(x1075) 0.124 0.017
Jg (x10°9) —2426 0.025
Ja(x10°) -0.106 0.044
J1g(x1079) 0172 0.069
J11 (x1079) 0.033 0.112
J12(x10°9) 0.047 0.178
k22 0.625 0.063
o (%) 268.0570 0.0013
(%) 64.4973 0.0014

Jupiter's gravity harmonics coefficients (unnormalized; reference radius 71,492 km), the Love
number koo and the pole coordinates (o, right ascension; &, declination) at epoch J2017.0,
obtained from the PJ3 and PJ& Juno science orbits. The deviation of the principal axis of inertia
from the spin axis, as inferred from the uncertainty in C21= Ra(Ugl).\J’S,a_'E and Sz1= Im(U;g]_)\lfS,.'_'B.
is smaller than about 0.4 arcsec (130 m at the reference radius). J; includes a tidal term currently
estimated at about 2.98 x 1078, The associated uncertainties are realistic values that can be used
for analysis and interpretation and correspond to three times the formal 1 uncertainties.
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Figure 8: Contribution of the level radii to the gravitational moments of Jupiter. Jy is equivalent
to the planet’s mass. The small discontinuities are caused by the following transitions, from left
to right: core/envelope, helium rich/helium poor (metallic/molecular). Diamonds indicate the
median radius for each moment.
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6.2.2 Internal Structure of Jupiter
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Figure 6.6 An example of an interior structure model that is compatible with
JUNO measurements of Jupiter’s gravitational field (based on Wahl et al, 2017).
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Figure 3. Mass of heavy elements in the core of the model versus
the total heavy element mass in Jupiter predicted by the maodel.
Symbols refer to identical models as in Figure 2. The stars denote
models included in Table 1. Horizontal lines display the values of

Mz total cOrresponding to 5-10 times solar abundance of heavy
elements.
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