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Hot Jupiters: inflated radii

FACTS
Many HJs look “puffy”
• A clear trend with irradiation is seen
• More massive planets inflate less

Hot Jupiters

[424 HJs with M=0.5-13 Mj, t>100 Myr,
Viganò et al. 2025]
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Cooling models
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Hot Jupiters

• Radius shrinking from initial values of several Rj happens in Myr
• Considering irradiation is not enough, it delays the shrinking, but it 

cannot provide more than about 1.3 Rj at Gyr ages.
• "delaying cooling" mechanisms (e.g. enhanced opacity) could explain 

moderate inflation only.

TIME 



Hot Jupiter inflation radii: need for additional heat
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There must be a temperature-dependence of the source heat to explain data.
 Heating is usually parametrized by efficiency:  = 𝑄ℎ𝑒𝑎𝑡/𝐿𝑖𝑟𝑟
• additional heat with a few % of the irradiation flux is enough, efficiency peaking at 

around 1500-1700 K.
• the inflation is effective if the heat is put in the convective region
• with constant efficiency, a perfect balance between cooling and heating: plateaux

[Komacek et al. 2017, 
Thonrgren & Fortney 2018]

Hot Jupiters

 



Hot Jupiter inflation radii: which heating mechanisms?
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• Tidal effects due to eccentricity (Bodenheimer et al. 2001)
• Turbulent dragged inside and dissipation of kinetic energy (Youdin & 

Mitchell 2010).
• Ohmic dissipation (Batygin et al. 2010, Perna et al. 2010), for which 

the deposition of the heat is external

Hot Jupiters

We need to prescribe:
1. Conductivity profile
2. Current distribution
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Full Ohmic model: conductivity profiles
Evolutionary models

[Viganò et al. 2025]

[pressure ionization Bonitz et al. 2024]

[thermal ionization 
Kumar et al. 2021]

Cold Jupiter (no 
thermal ionization)

only thermal 
ionization

metallic H 
region (dynamo)



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

[Batygin et al. 2013]

The supersonic thermal jets, since the material is ionized, induce currents, 
i.e., atmospheric magnetic fields, which twists and amplifies the one 
generated inside. This induction involve also the deeper layers.

Hot Jupiters
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Induced currents
Evolutionary models

Obtain J(r) in the v=0 region (p>10 bar) for a 
given conductivity and internal B geometry.
We use a normalization of the atmospheric 
current in the atmosphere (p<10 bar):

The heat is mostly in the outer convective 
regions (similar results found by Batygin et al. 
2010, 2011, and others).

[Viganò et al. 2025]

J higher or comparable to dynamo 
currents (implication for dynamo 
simulations BCs)

heating is 
concentrated outwards!
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Coupling with dynamo scaling laws

[Christensen et al. 2009]
[Kao+ 2019]

Based on numerical simulations of dynamo, 
and on observations of Jupiter, Earth and low-
mass (fully convective) fast-rotating stars (see 
Albert Elias-López talk):

[Reiners+ 2014]

Hot Jupiters

We use the dynamo field as background field at the 
surface (accounting for the scaling with radius)

the average velocity is the only free parameter for our 
Ohmic model. We assume it constant (to be improved)
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Evolutionary models results
Evolutionary models

[Viganò et al. 2025]

Radius of dynamo region 
doesn't change much. It's the 
envelope being inflated.

Ohmic efficiencies decrease in 
time (due to decrease of B), so 
the radius doesn't stall.

B of HJs might be only in the 
range of Jupiter (< 10 G), 
unless they are very massive: 
winds can be maintained at 
km/s levels (detectable!)



Effects on the structure

Cold Jupiter 

Hot Jupiters with: no, moderate, strong 
internal heating in the outer parts

Temperature gradient 
softens: convection (and 

dynamo) suppressed

Similar killing convections by 
keeping the outer layers too 
hot: Venus (stagnant lid), Io 

(tidal heating)?
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Feedback dynamo-atmospheric field: cycles?
Evolutionary models

The timescales for these cycles are not 
assessable by the current code, but 
they are not purely numerical.

Caveat! Velocities should depend on B 
(magnetic drag) instead of constant 
could mitigate the effect (IF vavg constant!)

Convection
suppression 

Bdyn 

Induced J, 
extra heat

Convection
restored 

Bdyn 

Induced J, 
extra heat



Daniele Viganò 13

Results and comparison with data
Evolutionary models

[Viganò et al. 2025]

For T>1500 K, we need velocities up to:
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[Beltz et al. 2022, Menou 2012, see also Perna+2010, Batygin+ 2013 & more]

Global circulation models: the magnetic drag

The inferred reduced velocities for higher fields (i.e. mass) is consistent with 
the magnetic drag effects on the winds: too strong induced fields backreact on 

the flow via Lorentz force and slow it down.

Evolutionary models
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Evolving host star luminosity and re-inflation
Evolutionary models

[Viganò et al. 2025]

Letting star luminosity L* to evolve can easily lead to re-inflation, due to the 
increased role of irradiation+heating.

A similar effect can be produced by secular orbital shrinking.

dash: L* evolves
solid: L* fixed 



VIGANO@ICE.CSIC.ES

1. Realistic Ohmic models coupled to dynamo evolution can lead to suppression of 
convection and B-field, except for massive planets: Jupiter-like fields (G) at most!

2. The coupling between the internal and atmospheric magnetic fields generally 
implies a decay in time of the Ohmic efficiency, but re-inflation can happen for 
evolving stellar luminosities.

3. 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.

4. Observational consequences:
Good news for km/s winds in transmission spectroscopy!
Bad news for radio emission: HJs might be not the best candidates.



Hot Jupiters: thermally driven circulation
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Tidal locking means having a permanent dayside and a nightside, with huge 
temperature differences. The thermal gradients drive winds in the outermost 
layers (atmosphere), with winds close or above the speed of sound (km/s)

[Hammond and Lewis 2021]

dayside

nightside

Back-up



Hot Jupiters: internal structure and cooling
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Almost entirely 
convective, except the 
inner core (if any) and 
the outermost, irradiated 
layers

Regimes of heating and 
convection suppression 
[Komacek & Youdin 2017]

Back-up
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Conductivity: pressure-ionization

[French et al. 2012]

Back-up



Recipes for convective quantities in MESA
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• density scale height Hρ(r) = P/ρg
• convective velocity comes from mixing length 

theory based on the model in Kuhfuss (1986), 
which reduces to the expression given by (Cox & 
Giuli 1968, chap. 14), in the limit of long time 
steps (seePaxton et al. (2011); Jermyn et al. 
(2023) for details).

• Convetive heat flux given by:

Back-up

• Synchronization:
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