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The first work Hardy et al. 2022
in this series =
presents a

local model of
the TRI.

work in this !
series presents a

1D radial model
of the TRI.

1. BACKGROUND

Hot Jupiters' atmospheric dynamics are shaped by intense radiation from their host stars
and tidal locking, causing large temperature gradients and equatorial superrotating jets.
These jets are usually prograde, but some exhibit retrograde motion (e.g. Bell et al.
2021). Magnetic effects, coming from partial ionization of alkali metals, can lead to
retrograde winds and westward hot spots. Studies have shown magnetic coupling

2. MODEL

We present a 1D radial model of a thin Hot Jupiter’s atmosphere in the equatorial plane. Using first-order
Fourier expansions, we expand temperature and magnetic diffusivity in the longitudinal direction. Assuming
a non-compressible fluid and Gauss’ law for magnetism, the velocity and magnetic field must be
axisymmetric. Hence, our equations are :
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3. RESULTS

* Thermal diffusion dominates, limiting the hot spot's longitudinal range. The interplay of advection and

Alfvénic timescales causes interesting non-linear motions during oscillations.

| _ = Alfvénic oscillations and temperature runaway occur at depth in the atmosphere.

60 30 100 120 = The hottest point can extend beyond the terminators but does so when the atmospheric temperature is
t [days] almost uniform in longitude.

= Figure 2 shows the key to TRI ; Rm<1 before and after the instability and Rm>1 during.

= The thermal runaway from TRI alters thermal flux at the upper boundary, artificially amplified by the
constant temperature boundary condition.

= TRI and following Alfvénic oscillations lead to significant longitudinal variations in hot spot position,
which could be observed.

Figure 1 : Ratios of timescales at play in the system during oscillations. The length scale
used is the pressure scale height for t_; and 14 which we update with temperature at
the substellar point at every time step and the radius is used for t_g,.
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4. TAKE-AWAYS o
= The model helps characterize hot spot offsets in response to atmospheric forcing and 102 12 —
TRI. Simulations suggest TRI's potential observability in Hot Jupiter atmospheres, = = S
. . oge . . . © 6
causing significant offset variations within reasonable bounds compared to Q ’ 3 E
observations (Bell et al. 2021). Q. 93 =
= Comparisons with Keating et al. (2019) indicate the model may underestimate — -6 =
temperature contrasts between day and night sides. Thermal runaway leads to - | 2
notable flux variation, potentially indicating TRl occurrence in unexpectedly bright o - 3 §
planets. However, model limitations, such as fixed temperature at the upper — 0 ~
boundary and assumptions of axisymmetric dynamics, could inflate flux deviations. & —g =
= Simulations demonstrate that magnetic field strength influence recurrence periods ;OOO
and oscillation amplitudes. Magnetic field strengths suggested by Yadav et al. (2017) _ 2700
may support TRl under appropriate conditions. _‘E %‘1‘88 >
" |ncorporating temperature-dependent magnetic diffusivity in atmospheric models - 1800
significantly impacts dynamics, especially when the magnetic Reynolds number %388
nears unity in Hot Jupiters with low to moderate equilibrium temperatures. Future 160
models should include these dependencies and all relevant physical mechanisms for — 120
better predictions of TRI-induced offset variability and luminosity changes. -/ § 80 =
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= £0 Figure 2 : From top to bottom : Spatiotemporal evolution of the velocity, magnetic field, mean temperature,
- and peak-to-peak temperature at every layers, hot spot offset and magnetic Reynolds number in P-t. The
S 0 sttem evolution in this figure is focused on the Alfvénic oscillations and the following cooling cause by TRI.j
B | | | | | , | | ] g 5. CHAOTIC TEASER ([ |
0 25 50 75 100 125 150 175 200 We applied the longitudinal expansion to the dimensionless local model of Hardy et al.
t [days] \2022. While general motions are the same, chaotic behavior was found! (Figures 4 and 5) Y.
Figure 3 : Angle averaged thermal flux on the dayside of the planet for different values of - . . . =
magnetic field, and the offset of the peak of the thermal flux; the hot spot. | — Vit =107 —— V=0
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