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Hot Jupiters are highly irradiated Jupiter-sized planets in extremely close synchronous orbits around
their host stars. Despite their size and proximity to the star, which makes them relatively easy to
observe, direct observations of their atmospheres are difficult. Therefore, interpreting indirect
observations is crucial to understanding their global atmospheric circulation. Here, we aim to test
the hypothesis that systematically varying the rotation rate of hot Jupiters influences their
atmospheric circulation and resulting phase curves. We used DYNAMICO (Dubos et al, 2015), a 3d
General Circulation Model (GCM) that uses an energy-conserving Hamiltonian to solve fluid dynamics
equations on a rotating sphere. To test our hypothesis, we modelled benchmark hot Jupiter
HD209458b and then Kepler 5b, WASP103b, and WASP121b. We used PICASO (Robbins-Blanch et
al., 2022), a 3d state-of-the-art radiative transfer code, to model the phase curves in JWST NIRCam
filters for 3.6 um and 4.5 pm wavelengths. We also used GGChem (Woitke et al., 2018) to check if
chemical species can condense into clouds composed of quartz and forsterite, unlike clouds in the
Solar System.

Our simulations show that the general atmospheric circulation can be divided into two circulation
regimes: rotational and divergent. The rotational regime is characteristic of models with fast rotation
rates (between one and 40 times the nominal rotation rate). These models exhibit rotationally
dominated circulation, which produces a narrow and weak eastward jet. Its speed drops from 3km/s
to 0.3km/s and its width decreases with increasing rotation rate. These weak jets transport less heat
from the substellar point, and therefore the synthetic phase curves have a large amplitude (the ratio
of the planetary to stellar flux is around 3 x 107°) and little to no offset. On the other hand, the
divergent regime is characteristic of slow rotators. There, the divergent (overturning) circulation
dominates, so the temperature across the planet is more homogenised, therefore, the synthetic
phase curves exhibit 3 times smaller amplitudes than in the rotational regime and large offsets (of
the order of tens of degrees).

Our results for HD209458b suggest that differences in the shapes and offsets of the phase curve are
most prominent in the 4.5 pm band. However, our model underestimates the amplitude of the phase
curves by half (the synthetic value is around 5 x 10™* compared to 1 x 107> for the observed one).
Even though our model includes accounts for the complex interplay between a planet’s physical
characteristics (size, mass, period, etc.) and its chemical composition (metallicity and opacity), it is
still idealised. It is yet to be extended to high atmosphere (107° bar), with possible weak
temperature inversion, longer radiative timescales and high-altitude clouds.
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