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ELECTROMAGNETIC SPECTRUM  snsowtagey

These marine creatures and objects illustrate the size of the different wavelengths in the electromagnetic spectrum. At Brookhaven Lab, we use cutting-edge instruments '
to discover new energy technologies, biological structures, and fundamental phenomena hidden inside the ultra-small world at the right end of the spectrum.
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xoplanet population explosion...
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... around the most common stars in the Galaxy...




Population explosion around M dwarfs

M dwarf System

NASA [[lustration



Sometimes a star is not a great host...

‘SOHO



... and our magnetic field protects us

e.g. Khodachenko et al. (2007), Tsurutani et al. (2014)
etc



Unknown extrasolar space weather conditions

A CME has not been We have not directly
unambiguously detected  measured the magnetic
outside our Solar System  field of an exoplanet
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Callingham et al. (2021a,b) Callingham et al. (2024)
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. Blind Stokes V source finding in low resolution (20”’) images (excluding near >125 mJy sources) of 4
sigma sources

. Association with Stokes | source (within 5” of Stokes V) to minimise statistical fluctuations

. Association with a Gaia source that has a parallax / parallax_error >= 3

. Bonus: time variability — AGN variability at low-frequencies quite low (Bell et al. 2018)
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%7 reflected electrons
power ECMI (radio)

L
electrons AAS s
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star-planet

flux tube sub-Alfvénic orbit Rob Kavanagh
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Conclusions

> First detections of stellar systems at low radio frequencies
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So what?

> Brown dwarfs have been known to be radio bright since mid-2000s (e.g. Berger 2006, Hallinan et al. 2008, Zic et
al. 2019)

> However, all of these studies followed-up known brown dwarfs from the infrared

» So different biases — what did we find?




Elegast is the most luminous radio brown dwarf discovered

> The spectral class implies a very large distance of ~65 pc. All other radio cold brown dwarfs are <~10pc.
> Therefore, the radio luminosity of Elegast is over two orders of magntiude larger than previous population

> Furthermore, low-frequency imply we are detecting B >~ 25 G, comparable to Jupiter




Type Number
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Active? M dwarfs
Quiescent M dwarfs
Contact binary

Millisecond Pulsars

RS CVn 15
Callingham et al. (2021b), Nature Astronomy
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Parameter
Spectral Type
Distance (pc)
Mass (M)

Radius (R)

— . - - -
Chandra X-ray luminosity (x10*erg s™") < 1.1 x107*

ROSAT X-ray luminosity (x10%® erg s71) < 1.6 x 1072
Coronal Temperature (MK)
ROSAT X-ray / Bolometric luminosity (x107°)
otation velocity (vsini, kms™)
Rotation period (days)

Coronal magnetic field strength (kG) Unknown




Interpretation of emission @-3-
RN

Radio emission from a
stellar system

N S

Most important features:

1.

lon

X-ray luminosity (which dictates coronal
scale height)

7~ N\

Plasma emission

N

2. Brightness temperature

3. % of circular polarisation

4. Broadband nature

5. Length of detected emission
RN

Coherent Emission

\_/

RN

Cyclotron emission
(e.g. ECMI)
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Sebastian Pineda (2020)

Flux tube

Aurora

Foot point

Predictions by Lazio (2006)

Zarka (2007), Turnpenney et
al. (2018), Saur et al. (2013)

and many more
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