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Why ?
• |B| & tilt → dynamo → internal structure 
• Planetary rotation → spin-orbit locking ?

• Orbit inclination

• Magnetosphere diversity 

 → populations studies

[Brain+ 2024]

• Implications for atmosphere evolution (escape / erosion, CR bombardment /

 O3 destruction, CME…) & habitability

• Discovery tool (e.g. around M dwarfs) ?

• Energetics of Star-Planet plasma Interactions (SPI)

• Exo-space weather signatures in star-planet systems (type II, III, IV), 

 extreme environments (strongly magnetized dwarfs or active stars)

[Carley+ 2019, Mohan+ 2024]
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• Physics of generation well understood :


 → microphysics studied in-situ : ECMI

 → simulations: ExPRES code
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fce

[Zarka 2004, Hess+ 2008, 2009, Louis+ 2017, 2019]

Observations

Theory / Simulations
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Theory ?
• 3 drivers:


1) Solar Wind - Magnetosphere interaction (e.g. Earth)

2) Magnetosphere - Ionosphere interaction (corotation breakdown, e.g. Jupiter)

3) Satellite - Magnetosphere interaction (e.g. Io-Jupiter, Ganymede-Jupiter)

[Dungey 1961]
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[Bigg 1964, Louis+ 2017, 
Zarka+ 2018, Jacome+ 2022]
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Hot

Jupiters

[Zarka+ 2001, 2018, Zarka 2007]

RMSL: Radio-Magnetic Scaling Law
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RMSL: Radio-Magnetic Scaling Law
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Observations
• 1994 - ~2010 : non-detections

• 2013-18 : unconfirmed detections with GMRT, upper limits with MWA

A&A 562, A108 (2014)

Fig. 9. TGSS (left panel) and NVSS images (right panel) of the 61 Vir field at 150 MHz and 1.4 GHz.

Fig. 10. TGSS (left panel) and NVSS images (right panel) of the HD 86226 field at 150 MHz and 1.4 GHz. In the TGSS image the 3σ contour of
the emission is about 7′′ west from the position of the planet host star (blue cross).

period of 23± 4 days (Marmier et al. 2013). The CORALIE
measurements covering 11 years of observations confirm the
companion to be a Jupiter-like planet with a minimum mass
Mp sin i = 0.92± 0.10 Jupiter mass, and an orbital period of
4.6 years corresponding to a semi-major axis of 2.84± 0.06 au
(Marmier et al. 2013).

All the characteristics of this planet resemble a Jupiter-like
planet. Given its distance of 45 pc, HD 86226 b is not at the top
of the list of the targets for which detection at radio-wavelengths
can be expected with existing facilities. However, a 3σ peak of
19 mJy is detected at about 7′′ from the star coordinates in the
TGSS map (Fig. 10). This distance is well below the uncertainty
on the position on TGSS map (about 9′′ for a 3σ source if we
take systematic errors into account). Therefore, the TGSS source
can be the central star or the planet (both have a separation of
0.065′′). If one considers the star-planet interaction, HD 86226 b
appears to lack the extreme characteristics believed to be neces-
sary for a radio detection. As noted for 61 Vir, radio emission can
be strong enough to be detected if the planet is rotating rapidly.
There are still many unknowns that could make this object radio-
loud, e.g., the presence of a massive satellite, or an extremely
strong planetary magnetic field. Deeper radio observations to-
ward HD 86226 are needed to discriminate between a possible
background radio source and an exotic radio-loud planet.

3.4. 1RXS1609 b

The source 1RXS1609.1−210524 is a pre-main-sequence star, a
young solar analog (about one solar mass) within the 5 Myr old
Upper Scorpius stellar association. Direct imaging has revealed
a ∼8 Jupiter-mass object orbiting at 2.2′′ (330 au) from the par-
ent star (Lafrenière et al. 2008). Because of its young age, the
companion has a temperature of 1800± 200 K (Lafrenière et al.
2010). The large orbital distance of the planet, amounting to sev-
eral hundred astronomical units, poses a serious challenge to cur-
rent models of planet formation. Nonetheless, recent analysis of
star-formation history in the Upper Scorpius association led to
an older estimate of ∼11 Myr for the mean age; subsequently,
the mass of the companion was re-estimated as 14 Jupiter mass,
possibly arguing that the companion should more likely be clas-
sified as a low-mass brown dwarf, rather than a planet (Pecaut
et al. 2012).

The TGSS map shows a rather strong point source at about
8′′ from 1RXS1609.1−210524 (Fig. 11), with a flux density of
28± 4.5 mJy at 150 MHz; the source is detected at about 6.2σ. It
is also seen in the NVSS map, with a flux density of 5± 0.5 mJy
at 1.4 GHz. Its spectral index is thus about α = −0.77, between
150 MHz and 1.4 GHz.

A108, page 6 of 9

TGSS

[Lecavelier+ 2013]

[Sirothia+ 2014]
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Observations
Steep progress since ~2019:

• 2020-23 : detections with LOFAR / VLA / ATCA in imaging mode of many stellar 

LF radio emissions, including discovery of a brown dwarf and a pulsating T dwarf

[Vedantham+ 2020a,b, Callingham+ 2021a, 2023]
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Proxima Centauri (M5.5Ve)

• Limitations of imaging :  → limited sensitivity to transients

	 	 	 	 	 	  → low information on unresolved sources



Observations
• 2019-24 : detections with LOFAR / VLA / ASKAP / GMRT of radio bursts in the time-


frequency (t-f) plane, via dynamic spectra synthesized by Σ interferometric visibilities at 
the phase center
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Proxima Centauri (M5.5Ve)

→ first stellar Type IV bursts
[Zic+ 2020, Mohan+ 2024]
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Observations (single-dish t-f)

• 2021 : LOFAR beamformed t-f detection of radio bursts possibly coming from the 
hot Jupiter τ Boo b  (unconfirmed)

[Turner+ 2021]

• Limitations of t-f studies :  → limited sensitivity of beamformed mode

	 	 	 	 	 	      → low efficiency of dynamic spectra at phase center

[Zhang+ 2023, Zarka+ 2025]

• 2023-25 : FAST observations of Jupiter-like bursts from AD Leo (stellar origin)
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• 2025+ : development of the Radio Interferometric Multiplexed Spectroscopy (RIMS) 

technique    → summing interferometric (residual) visibilities with phase terms

	                → dynamic spectrum (t-f) toward any directions in the FoV, simultaneously
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Recent Observations
• 2025+ : development of the Radio Interferometric Multiplexed Spectroscopy (RIMS) 

technique    → summing interferometric (residual) visibilities with phase terms

	                → dynamic spectrum (t-f) toward any directions in the FoV, simultaneously

[Tasse+ 2026]

• Confirmation via re-imaging of residual visibilities restricted to the t-f of the burst

Stokes V  (4h x 50 MHz)

+

⇒ spurious
⇒ confirmed

   = digital integral field dynamic spectroscopy



• Detection of 27 stellar LF radio bursts in LoTSS/DR2 including 2 from exoplanet hosting 
systemsmany arch-like, SPI or exoplanetary ?
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• SPI with hot Neptune ?

• First exoplanetary magnetospheric 

emission ?

[Tasse+ 2026]



Stokes V (8h x 50 MHz)

• Detection of the first stellar (superstrong) Type II burst 

   → potentially harmful to an exoplanet's atmosphere

RIMS @ LOFAR

[Callingham+ 2025, Konijn+ in prep.]• + detection of the first stellar Type III burst



• Detection of 14 many LF bursts from star-planet systems, including one with

    Jupiter-like t-f structure

RIMS @ NenuFAR

[Zhang+ 2025 ; Zhang+ in prep.]
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Origin of the signals (star / SPI / exoplanet)
• Stellar flare ?
• Exoplanetary (magnetospheric, auroral) emission ?
• SPI : emission induced by exoplanet in stellar magnetic field ?

• Need for long time series of radio measurements

• Search for signal periodicities


(planetary orbit, star's rotation, synodic)

[Louis+ 2026]



Predictions / Interpretations

• MHD + Express simulations

• Stellar magnetic field database & RMSL-based population predictions

 [Duchêne+ 2026, Mauduit+ 2023, 2026]

 [Chebly+ 2026]



Predictions / Interpretations

• MHD + Express simulations

• Stellar magnetic field database & RMSL-based population predictions

 [Duchêne+ 2026, Mauduit+ 2023, 2026]

 [Chebly+ 2026]

• RIMS = key to massive detections, especially with


LoTSS/DR3 (120-168 MHz)


LOFAR 2.0 (30-200 MHz)


NenuFAR (10-85 MHz)


SKA (50-15000 MHz)


Lunar radio interferometer (0.1-100 MHz ?) ...

Future Observations




