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Planet diversity in our solar system

Venus

Mars

Mercury

Earth

Jupiter

Saturn

Uranus

Neptune

🧲

🧲

🧲

🧲
🧲

🧲



3Robert Kavanagh (kavanagh@astron.nl)

Interior design
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Magnetic fields shape atmospheric escape

(Carolan+ 2021)
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Direct measurements of magnetic fields

The Zeeman effect
( )Δλ ∝ B

Δλ

e−

Cyclotron emission
(  MHz)ν = 2.8 × B
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Bridging a knowledge gap

late M dwarf (  M7)≲ exoplanetultracool dwarf
(UCD)

✅ ✅ ✅
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Ultracool dwarf 
(UCD)

Radio processes on ultracool dwarfs 📻
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Auroral emission is encoded with the field characteristics

magnetic 
field line

mildly relativistic 
electrons

reflected 
electrons

beamed + circularly 
polarised emission at 
cyclotron frequency:

 MHzf = 2.8 × B

✅

❌

💧
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Puzzling periodic pulses

🤔

20 Jupiter-mass ultracool dwarf J0623

Teff ∼ 700 K
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Magnetic geometry retrieval

+
Kavanagh+ (2024)

J0623: 600+ Gauss field with large 
obliquity!

rotation 
axis

'Active field line' 

approach

Bagenal (2013)
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The first spatially-resolved extrasolar radiation belt

From Climent+ (2023) – see also Kao+ (2023)

J1835

Jupiter

magnetic 
field?
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Synchrotron emission from radiation belts

Velocity  speed of light≪ Velocity  speed of light≲

line of sight
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Polarised image synthesis for UCD radiation belts

Kavanagh+ (in prep.)

Parameters:
• 60 deg inclination
• 1 kG field
• Observing at 1 GHz
• 20 MeV electrons
• 80 deg pitch angle

• 100 cm  electrons 
• 9 Jupiter radii 

magnetosphere

−3

To do:
– Magnetic field characteristics + electron properties for J1835
– Predict resolvable radiation belts on other UCDs?
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Future prospects

Upcoming large surveys with LOFAR 2.0

The SKA will be a game-changer!

See poster for SKA 

science meeting 

next week!


