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Image credit: JPL/Caltech

Melodie Kao (mkao@lowell.edu)



Surprisingly bright brown dwarf radio bursts
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Brown dwarfs can flare!
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Radiation Belts
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Indirect: Optical Star-planet interactions
Power ~ Viel RZ (Bplanet)2/3 B.4/3

Power (1020 W)
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Indirect: Optical Star-planet interactions
Power ~ Viel RZ (Bplanet)2/3 B.4/3
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Indirect: Optical Star-planet interactions
Power ~ Ve RZ (Bplanet)2/3 B.4/3
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Indirect: Optical Star-planet interactions
Power ~ Viel RZ (Bplanet)2/3 B.4/3
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Direct: Radio Aurorae
UIMHz] ~ 2.8 Bplanet [Gauss]
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power
dissipated (magnetospheric plasma flow properties)

Saur+ 2013
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power
dissipated  obstacle size (magnetospheric plasma tlow properties)

planet magnetic field
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Zarka+ 2018
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Direct: Radio Aurorae
UIMHz] ~ 2.8 Bplanet [Gauss]
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Brown dwarfs: Magnetic analogs to gas giant planets
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Brown dwarfs: high potential to power aurorae.
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Convected thermal energy sets magnetic tield?
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Convected thermal energy sets magnetic tield? Maybe not.
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Some brown dwarts strongly magnetized, others not. Why?
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Convected thermal energy sets magnetic tield? Maybe not.
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What shapes are exoplanet magnetic fields?
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Radiation Belts
(shape)

Melodie Kao (mkao@lowell.edu)



durorae

al Stokes V

= 2f
E
=
= Of

—2F

2 4 6 8 10
2006 May 20 UT

Hallinan+ 2007

Melodie Kao (mkao@lowell.edu)



durorae

al Stokes V
> 27
E
S
= Of
_2-
- - . . . not
2 4 6 8 10
2006 May 20 UT dulrorae

Hallinan+ 2007

Melodie Kao (mkao@lowell.edu)



Stokes V

4

6 8
2006 May 20 UT

IR aurora - NASA, ESA, CSA, Jupiter ERS Team
radiation belt - Bolton+ 2004

Hallinan+ 2007

Melodie Kao (mkao@lowell.edu)



TVLM 513-46546

| — — | v,
2250 01.648 S —
el " 9 r, ) Radio search for companions:
01.644 [ - Marginally resolved ~20 Rycp
=) ) A
S 01.642 Q ‘o
g’ ) 4 Forbrich & Berger 2009
O 01.640 — / (% —
< ¥ ,
% ,“’ N See also:
D 01.638 I~ @ | O Zhang & Hallinan (2020)
° Curiel+ (2020)
01.636 — , O —
Q
01.634 y 0 N O _
1 ¢
01.632 [/ —
Dl .
01.630 [~ | | | | | =

1501 08.1654 08.1652 08.1650 08.1648 08.1646 08.1644 08.1642
RIGHT ASCENSION (J2000)

Melodie Kao (mkao@lowell.edu)



TVLM 513-46546
I | I I - [ v

22 50 01.648 % —

oLes " - Radio search for companions:

01644 - - Marginally resolved ~20 Rycp

01.642 — -
01.640 — X

01.638 —

DECLINATION (J2000)

01.636 —

01.634 — )

o o
’ radiation belt?
) ® )
01.632 —
(Q 0 B
01.630 ~ | | | | [ | —
1501 08.1654 08.1652 08.1650 08.1648 08.1646 08.1644 08.1642

RIGHT ASCENSION (J2000)

Forbrich & Berger 2009

Melodie Kao (mkao@lowell.edu)



spatially resolvable?

IR aurora - NASA, ESA, CSA, Jupiter ERS Team
radiation belt - Bolton+ 2004
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High Sensitivity Array: VLA + VLBA + Greenbank + Effelsburg

39 Dishes: 27X 25m 10x 25m 1x 100m 1x 100m
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Kao & Shkolnik (in prep)
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Similar masses: Young M/L vs. Field T/Y
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Binarity enhances radiation belt occurrence rate.

5 -

. predicted: 0.23+9:98

©

T 4 -

A

D : . +0.11

= binary: 0.567 511

S

()

@

O

= 27

)

O

O

@)

—_ 17

Q Download paper!
O -

0.0 0.2 0.4 0.6 0.8 1.0
Occurrence rate

Kao & Pineda (accepted)

Melodie Kao (mkao@lowell.edu) https://arxiv.org/abs/2403.08860



radiation belts may be ubiquitous:

planets

brown dwarts
low mass stars
massive stars

Leto+ (2021) see Barnali Das’ invited review tomorrow!
Owoki+ (2022)
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Convected thermal energy sets magnetic tfield? Maybe not.
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Radiation Belts
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Exo-volcanism seeding
brown dwart magnetospheres?

Hamilton+ (2013)
Image credit: NASA/Hamilton (New Horizons)
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Proxima Centauri: Radio SPI7? ... s
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“No feasible scenario where the planet can
induce radio emission in the star’s corona”
Kavanagh+ 2021

Altvén velocity > outflowing plasma velocity
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11h50m48.0s

massive planets

(Pope+ 2020, Perger+ 2021)




YZ Ceti: Radio SPI?
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Pineda & Villadsen 2023

Melodie Kao (mkao@lowell.edu)



dissipated  obstacle size
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_ _ Kavanaugh & Vedantham (2023)
Orbital phase (arbitrary zero) see also Lynch + (2016)
Hess+ (2008) see also Rob Kavanaugh's poster, conference room across the hall

Melodie Kao (mkao@lowell.edu)



Stay tuned tor Cool Stars!
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power
dissipated obstacle size (magnetospheric plasma flow properties)
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10°L Kao+ 2018 II

(measured)
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<10 MHz emission

(terrestrial planets)

jonosphere
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GO-LoW

Great Observatory at Long Wavelengths https://arxiv.org/abs/2404.08432
Knapp, Paritsky, Kononov, Kao (2024 NIAC)
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GO-LoW

Great Observatory at Long Wavelengths

Melodie Kao (mkao@lowell.edu)
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<10 MHz emission

(terrestrial planets)

https://arxiv.org/abs/2404.08432
Knapp, Paritsky, Kononov, Kao (2024 NIAC)
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GO-LoW

Great Observatory at Long Wavelengths https://arxiv.org/abs/2404.08432
Knapp, Paritsky, Kononov, Kao (2024 NIAC)
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FARSIDE GO-LoW

Burns+ (2021) Knapp, Paritsky, Kononov, Kao (2024 NIAC)

Melodie Kao (mkao@lowell.edu)
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Radiation Belts
(shape)
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