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Context : Planetary Magnetospheres



"Solar Wind - Magnetosphere" Auroras: UV & Radio

Planetary Radio Emissions  ①

fce

studied in-situ at Earth, Jupiter, Saturn

[Dungey 1961]



Planetary Radio Emissions  ②

"Rotational" Auroras: UV & Radio

[Cowley & Bunce 2001]



Satellites - Magnetosphere Interactions

B A

Planetary Radio Emissions  ③

Io: [Bigg 1964] 
Ganymede: [Louis+ 2017, Zarka+ 2018] 
Europa: [Jacome+ 2022]
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[Szalay et al., 2022]



Observations 
(ground & space)

Theory⇒ Simulation

Emission Process : Electron Cyclotron Maser

Observations

(S-bursts)

Theory ⇒ Simulation

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



Top

for a rotating field line / flux tube

A fundamental ECM prediction



Saturn lightning

Uranus lightning

②③

Planetary Radio Emissions  ①②③

①

1 Jy = 10-26 Wm-2Hz-1

Earth lightning
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Saturn lightning

Uranus lightning

②③

Earth lightning

①

But



Saturn lightning

Uranus lightning

②③

Earth lightning

But

10-2 -

10-4 -

...except if intrinsically 
≥10000 x more intense

~undetectable at stellar distances

①



Exoplanetary Radio Emissions
① Super strong"Solar Wind - Magnetosphere" Auroras ?

η ~ 10-5 η ~ 2 x 10-3

Scaling Law ?



Exoplanetary Radio Emissions
① Super strong"Solar Wind - Magnetosphere" Auroras ?

η ~ 10-5 η ~ 2 x 10-3

→ Radio-Magnetic Scaling Law

≥10000 x 
Jupiter

LOFAR 
NenuFAR 

SKA

Hot

Jupiters

[Zarka+ 2001, 2007, 2018]



Exoplanetary Radio Emissions
② Super strong"Rotational" Auroras ?

[Nichols 2011]

→ Unlikely for planets, likely observed for stars

LSR J183513259 (M8.5, 5.7 pc, Prot=2.84 h) : Optical + VLA 5-8 GHz

[Hallinan+ 2015]

Cr Dra (M1.5, 20 pc, Prot=1.984d) : LOFAR ~150 MHz
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[Callingham+ 2021]



Hot

Jupiters

>10000 x 
Jupiter

LOFAR 
NenuFAR 

SKA

SPI Radio Emissions
③ Star-Planet (magnetic) Interaction = 


→ Radio-Magnetic Scaling Law

Super strong analog to Satellite-Magnetosphere interaction



Motivations

[Seager
+ 2007]

[Hess & 
Zarka 2011]

• |B| & tilt ⇒ dynamo ⇒ internal structure


• Planetary rotation → spin-orbit locking ?


• Orbit inclination


• SPI energetics


• Implications for atmosphere evolution (escape / 
erosion, CR bombardment / O3 destruction, 
CME…) & habitability


• Comparative exo-magnetospheric physics 
(population studies - all SS MS have ≠ structure 
& dynamics)


• Exo-space weather (incl. extreme cases: 
strongly magnetized dwarfs or active stars)


• Discovery tool ?



Past observations (≤2014)

• UTR-2 10-32 MHz

Tau Bootes

⇒ no confirmed detection

• MWA 163-231 MHz

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

Hat-P-11 TGSS

• GMRT 150 MHz

• VLA 74 MHz

• LWA 10-88 MHz

[Zarka+ 1997, 
Ryabov+ 2004]

[Farrell+ 2003, 2004]

[Lecavelier+ 2013, Sirothia+ 2014]

[Lenc+ 2018]

Tau Bootes



• LOFAR 15-78 MHz


• LOFAR 120-170 MHz

Recent observations (imaging)

GJ 1151

HD 80606

⇒ first detection (stars ?)

YZ Ceti

• VLA 2-4 GHz

Proxima Centauri• ATCA 1.6-2.6 GHz

[deGasperin+ 2020, 
Vedantham+ 2020]

[Perez-Torres+ 2021]

[Pineda & Villadsen 2023]



• LOFAR & NenuFAR 10-85 MHz

⇒ no confirmed detection

Recent observations (t-f)

[Turner+ 2021]

• FAST 1-1.5 GHz

⇒ stellar bursts

[Zhang+ 2023]



Simultaneous Imaging & t-f analysis
• Limitations of imaging :

	 → limited sensitivity to transients

	 → low information on unresolved sources

• Summing interferometric visibilities :

	 → dynamic spectrum (t-f) at phase center

• LOFAR 120-170 MHz

CR Dra

[Callingham+ 2021]

• ASKAP 0.7-1.8 GHz

Proxima Centauri

[Zic+ 2020]



• New technique : RIMS

	 → Summing interferometric visibilities with phase terms

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

   Radio Interferometric Multiplexed Spectroscopy

= Integral Field dynamic spectroscopy, digital

• Application to LoTSS ⇒ generation of ~500000 t-f 
dynamic spectra (targets + random Offs)

• Input catalog of exoplanets, stars, dwarf, active, Gaia 
(≤100 pc) ~227000 objects

• Active stars: 22922

• Eker08: 9

• UltraCool Dwarfs: 1815

• Gaia DR3 <100 pc: 198414

• V-LoTSS: 68

• EUexo421: 412

• NASA exoplanet archive: 2794

• exoplanet.eu: ~2800

Simultaneous Imaging & t-f analysis

[Tasse+ 2026]



RIMS

https://observatoiredeparis.psl.eu/the-detection-of-radio-bursts.html?lang=en [Tasse+ 2026]



• Post-processing of t-f dynamic spectra ⇒ score revealing the presence of bursts

Multi-object dynamic spectroscopy with LOFAR

Stars
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Star-Exoplanet systems

[Tasse+ 2026]



Confirmation of detections
• re-imaging of a subset of residual visibilities restricted to the t-f covered by the burst

Stokes V  (4h x 50 MHz)

+ ⇒ spurious

⇒ confirmed

[Tasse+ 2026]



A case study : GJ 687

5.6 mJy

Jupiter

• Stellar system hosting a hot Neptune

• Detected flux compatible with predictions from the Radio-Magnetic Scaling Law for SPI

[Tasse+ 2026]



Detection of HD 189733 with NenuFAR
• 103 observation hours

• 1 burst detected, 1.5 Jy, circularly polarised

[Zhang+ 2025]

[Zhang+ in prep.]• many more to come soon ...



Stokes V

(8h x 50 MHz)

Bonus : detection of the 1st stellar CME with LOFAR

[Callingham+ 2025]



Origin of Star-Exoplanet radio emissions  ?

⇒ Need for long time series of radio measurements

⇒ Search for signal periodicities (planetary orbit, star's rotation, synodic)

• Stellar flare ?

• Emission induced by exoplanet in stellar magnetic field ?
• Exoplanetary (magnetospheric, auroral) emission ?



Future observations

• LOFAR-on-the-Moon : 0.1-100 MHz ?

SKA (Low), 50-350 MHz 
2028-9 (Australia)SKA-Mid (South Africa)

• SKA : 50 MHz - >15 GHz

• NenuFAR : 10-85 MHz

• LOFAR 2.0 : 30-250 MHz



Ensemble predictions
Stellar magnetic field database 

+ extrapolation method

[Duchêne+ submitted]

"Palantir" code (RMSL-based)

[Mauduit+ in prep.]

+
SKA

SKA

→ SKA should be very 
successful for SPI radio 

burst detection ... if 
RIMS is implemented at 

SDP level !



Thank you. 

Questions ?


