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Why ?
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e Implications for atmosphere evolution (escape / erosion, CR bombardment /
O3 destruction, CME...) & habitability

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



How ?

* Physics of generation well understood :
— microphysics studied in-situ : ECMI
— simulations: EXPRES code
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Observations
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How ?

Ubiquitous arch-like signals

[courtesy L. Lamy]
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Flux Density from Earth (Jy)

Detection ?

e Solar system radio emisions intense compared to Sun's ...
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Flux Density from Earth (Jy)

Detection ?

... but intrinsically weak (and LF) — difficult to detect at stellar distances
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Detection ?
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Flux Density from Earth (Jy)

Detection ?

... but intrinsically weak (and LF) — difficult to detect at stellar distances
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Theory ?

e 3 drivers:
1) Solar Wind - Magnetosphere interaction (e.g. Earth)
2) Magnetosphere - lonosphere interaction (corotation breakdown, e.g. Jupiter)
3) Satellite - Magnetosphere interaction (e.g. lo-Jupiter, Ganymede-Jupiter)

[Dungey 1961]
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Callisto
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e Solar system based scaling law suggests that 1) and 3) can be largely upscaled
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e Solar system based scaling law suggests that 1) and 3) can be largely upscaled
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Theory ?

e Solar system based scaling law suggests that 1) and 3) can be largely upscaled

RMSL: Radio-Magnetic Scaling Law
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Observations

e 1994 - ~2010 : non-detections

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

Steep progress since ~2019:

e 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
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Observations

Steep progress since ~2019:
e 2020-23 : detections with LOFAR / VLA / ATCA in imaging mode of many stellar
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e Limitations of imaging : — limited sensitivity to transients
— low information on unresolved sources



Observations

e 2019-24 : detections with LOFAR / VLA / ASKAP / GMRT of radio bursts in the time-
frequency (t-f) plane, via dynamic spectra synthesized by 2 interferometric visibilities at

the phase center
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e 2019-24 : detections with LOFAR / VLA / ASKAP / GMRT of radio bursts in the time-
frequency (t-f) plane, via dynamic spectra synthesized by 2 interferometric visibilities at

the phase center

YZ Ceti (M4.5V)

S Epoc | . | 2 Epoch 5 slokfs Vv 2.000
a6 ‘II I kT | plh—lk‘l hll 0 36 ' ]
A ) 1,500 4
34 ill II | Ii h o 3.4 25 1 ’ S P I ?
Mol T A h I 1,000 -
32 " Epoch 2
E 1 g
Q 30 !

|| P | 05 32
I AN TR D fl s z 3
Il 1) | “ a8 a0
5

I | | I H = ]
i e -0 3 2 || ]
|| Z g 28 n 0 7

LI T T |

1 I -02 3 o 1,000 ' ’
I P SR 2 000
M.r | .a" ST D B T cpoctl [Villadsen & Hallinan 2019,

Epoch 4 H H

A ] N o Pineda & Villadsen 2023]
TR Ul ™ !, ! i T

20 30 40 50 6.0 e 0 10 20 30 40 50 ° 01 02 03 04 05 06 07

i 1 December 2019 00:18:20 ur

Time (min) since Orbital phase (arbitrary zero)
29 February 2020 23:16:10 ur

500

Flux density (ply)

1767‘ w"j ’”_, | B - .
I S B B - — corotation breakdown
’ ’ Time (Hi — 2455766 ) . E E - H | H

g — ie :170* o & IN S’[al’ S enVIrOnment r)
=1 6 S 3 168 B
3, € £ 166 {id Sl
5 5 12?; - i [Hallinan+ 2015, Callingham-+ 2021b]
45 , Time (h) of 2014/06/02

Time (HJD — 2455766)



Observations

e 2019-24 : detections with LOFAR / VLA / ASKAP / GMRT of radio bursts in the time-
frequency (t-f) plane, via dynamic spectra synthesized by 2 interferometric visibilities at

the phase center
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— first stellar Type IV bursts

[Zic+ 2020, Mohan+ 2024]



Observations (single-dish t-f)

e 2021 : LOFAR beamformed t-f detection of radio bursts possibly coming from the
hot Jupiter T Boo b (unconfirmed)
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Observations (single-dish t-f)

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

[Turner+ 2021]
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e 2021 : LOFAR beamformed t-f detection of radio bursts possibly coming from the
hot Jupiter T Boo b (unconfirmed)
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e 2023-25 : FAST observations of Jupiter-like bursts from AD Leo (stellar origin)
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e Limitations of t-f studies : — limited sensitivity of beamformed mode
— low efficiency of dynamic spectra at phase center
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technigue — summing interferometric (residual) visibilities with phase terms
— dynamic spectrum (t-f) toward any directions in the FoV, simultaneously
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Recent Observations

e 2025+ : development of the Radio Interferometric Multiplexed Spectroscopy (RIMS)
technigue — summing interferometric (residual) visibilities with phase terms

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

= digital integral field dynamic spectroscopy

e |Input catalog of exoplanets, stars, dwarf, active, Gaia (~a few 10° objects)

e Confirmation via re-imaging of residual visibilities restricted to the t-f of the burst
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RIMS @ LOFAR

e 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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RIMS @ LOFAR

e 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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RIMS @ LOFAR

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

L352758 / Gaia DR3 806039471675754112
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RIMS @ LOFAR

e Detection of the first stellar (superstrong) Type Il burst
— potentially harmful to an exoplanet's atmosphere
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* + detection of the first stellar Type lll burst

[Callingham+ 2025, Konijn+ in prep.]



RIMS @ NenuFAR

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

R e

Jupiter-like t-f structure

[Zhang+ 2025 ; Zhang+ in prep.]
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e Detection of 14 many LF bursts from star-planet systems, including one with

Jupiter-like t-f structure
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Detection of 14 many LF bursts from star-planet systems, including one with
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e Detection of 14 many LF bursts from star-planet systems, including one with
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Jupiter-like t-f structure
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o Stellar flare ?
e Exoplanetary (magnetospheric, auroral) emission ?
e SPI : emission induced by exoplanet in stellar magnetic field ?
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* Need for long time series of radio measurements

e Search for signal periodicities
(planetary orbit, star's rotation, synodic)
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Predictions / Interpretations

e MHD + Express simulations [Chebly+ 2026]
e Stellar magnetic field database & RMSL-based population predictions

[Duchéne+ 2026, Mauduit+ 2023, 2026]
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e MHD + Express simulations [Chebly+ 2026]
e Stellar magnetic field database & RMSL-based population predictions

[Duchéne+ 2026, Mauduit+ 2023, 2026]

Future Observations

* RIMS = key to massive detections, especially with

LoTSS/DR3 (120-168 MH2)
LOFAR 2.0 (30-200 MHZ/
NenuFAR (10-85 MHz)

SKA (50-15000 MHz)







