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Hot Jupiters: inflated radii
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Hot Jupiters

Cooling models

* Radius shrinking from initial values of several R) happens tn Myr

* Cownstdering Lrvadiation Ls not enough, it delays the shiinking, but
it camnot provide more than about 1.3 R at Gyr ages.

* 'delaying cooling' wmechanisms  (e.g. enhanced opacity) could
explain moderate inflation only.
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Hot Jupiters

Hot Jupiter inflation radii: need for additional heat

There must be a temperature-olependence of the source heat to explain dat&//

Heating Ls usually parametrized by efficiency: € = Qpgq/LirT

* odditional heat with a few % of the trradiation flux is enough, efficiency
peaking at around 1500-1700 K.

* the inflation Ls effective if the heat [s put tn the convective reglon
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Hot Jupiters
Hot Jupiter inflation radii: which heating mechanisms?

*  Tioal effects due to 8ocew’cncut@ (Bodenhelmeer et al. 2001, see talk ( |
by K. Batygin) X

*  Turbulent dragged inside and dissipation of kinetic energy % %
(Youdin § Mitchell 2010).
*  Ohwmic dissipation (Batygin et al. 2010, Perna et al. 2010) A
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Hot Jupiters

Ohmic dissipation in HJs: winding & induced currents
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[Dietrich et al. 2022]

The supersonic thermal jets, since the material is lonized, nduce currents, Le.,
atmospheric magnetic fields. This induction bnvolve alse the deeper Layers.

J=0c(wvXxXB-VO),
) and imposing the continuity equation V - J = 0, so that

oVO + Vo -VO =V -[oc(v X B)].
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Hot Jupiters
Dynamo scaling laws
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[Kao+ 2019]

But... are we sure that we can apply this fast-
rotators" (Ro<o0.1 in stars) scaling laws to Hj?

log(Ly/Lyer)

_ Ro = R‘ot/ Tturn

-7

;_ —1—05 0.0 H”[ [REinerS+ 201.41 _

0.001 0.010 0.100 1.000
Rossby number = P/tau

Daniele Vigano



Hot Jupiters
Hot Jupiters: irradiation and tidal locking
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Evolutionary models
Hot Jupiters are "fast rotators"

Expansion of outer
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Evolutionary models
The role of heating in defining the convective regions
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Evolutionary models
The role of heating in defining the dynamo strength
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Evolutionary models
The role of heating in defining the radio/SPI power
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[Elias-Ldpez et al. 2025]

Figure 9. Estimates for Jovian-like coherent radio flux (top, for a 10 pc away HJ) and SPI available power (bottom), as a
function of age and Forb, for the same models shown in Fig. 8.

12

Daniele Vigano



o[1/9/m]

Evolutionary models

Full Ohmic model: conductivity profiles
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Induced currents

J=0cWwxB-VO),
and imposing the continuity equation V - J = 0, so that

oV?’D + Vo -VO =V -[oc(v X B)] .

obtain ) (r) tn the v=0 reglon (p>10 bar) for
a glven conductivity and internal
geometry.

We use a normalization of the atmospheric
curvent Ln the atmosphere (10 bar):

J(P < patm)(f) - U-atm(t)\’avngkg(’)
The heat Ls mostly n the outer convective

reglons (sbmilar results found by Batygin et
al. 2010, 2011, and others).
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Evolutionary models
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Evolutionary models
Evolutionary models results
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Evolutionary models
Results and comparison with data
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Evolutionary models
Global circulation models: the magnetic drag

The inferred reduced velocities for higher fields (i.e. mass) is consistent with
the magwetic drag effects on the winds,
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[Beltz et al. 2022, Menou 2012, see also Perna+2010, Batygin+ 2013 & more]
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Evolutionary models

Feedback dynamo-atmospheric field: cycles?
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The timescales for these cycles are not
nssessable bg the curvent code, but
tm@ are not pwetgj numerieal.

cavent! Velocities should depend on B
(magnetic drag) tnstead of constant
could mitigate the effect
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Evolutionary models
Evolving host star luminosity and re-inflation
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Letting star Luminosity L* to evolve can easily lead to re-tnflation, due to
the increased role of Lrradiation+heating,
A similar effect can be produced by secular orbital shrinking.

[ Vianc‘) et al. 2025 submitted]
' 19

Daniele Vigand -



S S S e —

HJs are fast-rotators (Rossby < 0.1): magnetic scaling laws relate convective flux-B.
Realistic Ohmic models can lead to suppression of convection and B-field (radio/SPI
detectability implications), except for massive planets.

The coupling between the internal and atmospheric magnetic fields generally | 4
implies a decay in time of the Ohmic efficiency, but re-inflation can happen for [ES
evolving L* (collect observational evidence about re-inflation).
The average atmospheric velocities we infer are in line with what expected (up to .
km/s) and decrease with higher irradiation and planetary mass (tens of m/s),
compatible with to the effects of larger magnetic drag on winds (any clear
observational trend mass - inferred velocities?).

Next steps:

* relax the constant velocity assumption
e population synthesis considering star luminosity variations
* explore the cyclic behaviour with short timescales

— ———— T —— - = B ~
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