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THREE-DIMENSIONAL MODELING OF SUPERSONIC GAS ACCRETION
AND IONIZED ENVELOPE DYNAMICS IN JUPITER-LIKE PLANETS
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We explore gas giant accretion in protoplan-
etary disks using 3D hydrodynamical simula-
tions of a Jupiter-mass planet. Our model
incorporates a non-isothermal energy equa-
tion for gas and radiation energy diffusion,
enhanced by a novel radiative feedback mech-
anism from the planet. Key findings demon-
strate supersonic gas accretion forming an
ionized envelope around the planet, with its
extent (0.2-0.4 of the Hill radius) influenced
by radiative feedback. This ionization radius
serves as a critical boundary for accretion dy-
namics, impacting the calculation of accretion
rates and Ha emission luminosities. We show
that radiative feedback significantly increases
accretion rates, especially inside the ioniza-
tion radius. Accretion luminosities at this ra-
dius are substantially lower than at the Hill
radius, providing new perspectives for inter-
preting current non-detections of Ha emis-
sions in planet formation.

We conducted FARGO 3D (Benitez-Llambay &
Masset, 2016) numerical simulations to examine the
evolution of Jupiter-like planets in a viscous disk,
taking into account both gas and radiation en-
ergy transport and the radiative feedback of plan-
ets (Montesinos et al., 2015). A key discovery is the
formation of an ionized envelope around these plan-
ets, characterized by an ionization radius that also
marks the stopping point of supersonic gas accretion
(Figure 1). This radius, fluctuating between 0.2 and
0.4 times the Hill radius, is significantly impacted by
the inclusion of radiative feedback.

We observed that the radiative feedback en-
hances the accretion rate with a subsequent expan-
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Fig. 1. Representation of the ionization envelope around
the planet, in Hill units, at the final stage of the models.
This is for scenarios with and without radiative feedback,
defined by ionization parameter values X > 0.5.
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Fig. 2. Planet accretion rate for models with and without
feedback computed at different radii: ionization radius
Rion, Hill radius R, and bound radius Rbound-

sion of the ionization radius when the feedback is
active (Figure 2). Comparing the accretion rates at
the Hill sphere and the ionization radius, we found
that a much smaller fraction of gas passing through
the Hill sphere actually contributes to the envelope
or reaches the planet’s surface.

This study suggests that computing the accretion
rate at the ionization radius, rather than at the Hill
radius, is more effective for determining the lumi-
nosity associated with Ha emissions. Our findings
imply that the accretion luminosity, and thus the Ha
luminosity, computed at the ionization radius is con-
siderably smaller than previously assumed, based on
calculations at the Hill radius. This has important
implications for interpreting the non-detections of
Ho emissions in several protoplanetary disks (Zurlo
et al., 2020) as indicators of ongoing planet forma-
tion.
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