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Indirect: Star-planet interactions
Power ~ v R? (Bplanet)2
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Indirect: Star-planet interactions
Power ~ v R? (Bplanet)2
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Indirect: Star-planet interactions
Power ~ v R? (Bplanet)2
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Indirect: Star-planet interactions
Power ~ v R? (Bplanet)2

Lanza (2013)
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Indirect: Star-planet interactions
Power ~ v R? (Bplanet)2

Lanza (2013)
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Indirect: Star-planet interactions
Power ~ v R? (Bplanet)2
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Recent radio SPI searches
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“No feasible scenario where the m—

planet can induce radio Alfvén
emission in the star's corona” surface

Kavanagh+ 2021
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Indirect: Star-planet interactions (radio)
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Indirect: Star-planet interactions
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Direct: Radio Aurorae
UIMHz] ~ 2.8 Bplanet [Gauss]
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power
dissipated (magnetospheric plasma flow properties)
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power
dissipated  obstacle size (magnetospheric plasma tlow properties)

planet magnetic field
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(Magnetospheric-lonospheric) MI-Coupling

%> magnetic field p>

Bagenal+ 2014
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Magnetospheric-lonospheric) MI-Coupling
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Ultracool dwarfs:
Late M dwart through brown dwarfs
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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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Some brown dwarts strongly magnetized, others not. Why?
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magnetic anomaly?

Kao+ 2018
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What shape are substellar magnetic tields?
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What shape are substellar magnetic tields?

— see Rob Kavanagh's talk! <€—
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Radiation belts
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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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8.4 GHz Kao, Mioduszewski+ (Nature 2023)
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Younger, hotter: more strongly magnetizeo
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Younger, hotter: more strongly magnetized? Maybe not.

Similar masses: Young M/L vs. Field T/Y
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Dwarfs
~2300-3800 K

L Dwartfs
~1500-2200 K

aurorae”?

T Dwarfs
~550-1400 K

Y Dwarts
~250~450 K

Gas Giant
Planets

Melodie Kao (mkao@lowell.edu)
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Methane emission from a Y dwartf:

Wavelength (microns)

Target - 487 K
Control - 487 K

Faherty+ (2024)

Melodie Kao (mkao@lowell.edu)
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Melodie Kao (mkao@lowell.edu)



Target - 487 K
Control - 487 K

Flux (x107-17)
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Weakly magnetized objects need to rotate faster.
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Melodie Kao (mkao@lowell.edu)



Weakly magnetized objects need to rotate faster.
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Coming soon:

Survey of Y dwarfs

Carlos Ayala & Kao+ (in prep)

Melodie Kao (mkao@lowell.edu)



M Dwarfs
~2300-3800 K

L Dwarfs
~1500-2200 K

T Dwarfs
~550-1400 K

. 250~450 K

Gas Giant
Planets

’ Terrestrial planets

Melodie Kao (mkao@lowell.edu)
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Great Observatory at Long Wavelengths

Knapp, Paritsky, Kononov, Kao (2024 NIAC)
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Listener Node (LN)

Instrument Payload:
Radio and Antenna

Solar Panels

Flight Computer,

— Power Processing, 30 cm
Local Constellation = and Battery
-

Communications

Attitude Determination
(RF Array)

and Control

Propulsion

Knapp, Paritsky, Kononov, Kao (2024 NIAC)

Melodie Kao (mkao@lowell.edu)



Listener Node (LN)

Low Frequency Antenna |

Knapp, Paritsky, Kononov, Kao (2024 NIAC)

Melodie Kao (mkao@lowell.edu)
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Current view

Novaco & Brown (1978)

Knapp, Paritsky, Kononov, Kao (2024 NIAC)

Melodie Kao (mkao@lowell.edu)



100 nodes

oronal Mass Ejections
as Giants

ce Giants

lobal 21 cm signal

Knapp, Paritsky, Kononov, Kao (2024 NIAC)

Melodie Kao (mkao@lowell.edu)



100 == 1000 - 10,000 nodes

Stellar Radio Bursts

21 cm tomography

Kononov, Knapp+ (in review)

Knapp, Paritsky, Kononov, Kao (2024 NIAC)

Melodie Kao (mkao@lowell.edu)



100,000 nodes:
Earth twin exop

anet aurorae

Knapp, Paritsky, Kononov, Kao (2024 NIAC)

Melodie Kao (mkao@lowell.edu)



Host (stellar) emissions
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Aurora: Rotation-driven
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Melodie Kao (mkao@lowell.edu)

Aurora: Wind-driven
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Radiation belts




book chapter review:

Brain, Kao & O’'Rourke (2024)

https://arxiv.org/abs/2404.15429

Melodie Kao (mkao@lowell.edu)
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1AU
(~93 million miles)

Knapp, Paritsky, Kononov, Kao (2024 NIAC)

Melodie Kao (mkao@lowell.edu)
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spatially resolvable?

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

Melodie Kao (mkao@lowell.edu)
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Viewing geometry matters
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Uranus problem: a cooling ionosphere
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Melin 2020
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Uranus problem: a cooling ionosphere
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Uranus problem: a cooling ionosphere
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Solar wind power governs Uranus thermosphere
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Masters, Szalay, Zomerdijk-Russell, Kao (2024)
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Solar wind power governs Uranus thermosphere
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Solar wind power governs Uranus thermosphere
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Solar wind power governs Uranus thermosphere
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Solar wind power governs Uranus thermosphere
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Solar wind power governs Uranus thermosphere
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Solar wind power governs Uranus thermosphere...

also Neptune’s?
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Solar wind power governs Uranus thermosphere...

also Neptune’s?
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dissipated  obstacle size
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Exo-volcanism seeding
brown dwart magnetospheres?

Hamilton+ (2013)
Image credit: NASA/Hamilton (New Horizons)

Melodie Kao (mkao@lowell.edu)



Mura+ 2017
(JUNO)

Melodie Kao (mkao@lowell.edu)




satellite-driven L
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10°L Kao+ 2018 II

(measured)

_5 terrestrial satellites
' | around brown dwarfs
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Binarity enhances binary radiation belt occurrence rate.

predicted: 0.23+398
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Kao & Pineda (2025) Occurrence rate

Melodie Kao (mkao@lowell.edu)
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radio aurorae require rarified plasma
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plasma freq.
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radio aurorae require rarified plasma
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plasma freq.

P &

cyclotron freq.

dense plasma filling hot C © b
Jupiter magnetosphere

Frequency [MHZ]

1 2 3 4 5
Distance from center of planet [planetary radii]

Weber+ 2017; see also: Daley-Yates & Stevens 2017, 2018

melodie.kao@ucsc.edu




plasma freq.

TP s

cyclotron freq.

dense plasma filling hot C © b
Jupiter magnetosphere
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Weber+ 2017; see also: Daley-Yates & Stevens 2017, 2018
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