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Jupiter as an Extrasolar Planet
Planetary Radio Emission
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Radio Emission from Extrasolar Planets and 
the Astronomy & Astrophysics 2020 Decadal 
Survey

• Context and landscape
– 2020 Decadal Survey in Astronomy & 

Astrophysics (Astro2020)
– Exoplanet Science Strategy

• Magnetic Planets white paper
• Discussion

4Radio Planets and Astro2020



Credit: National Academies

+ VLA expansion

+ VLBA



Astro2020
http://sites.nationalacademies.org/SSB/CurrentProjects/SSB_185159
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Astro2020 Science White Papers I

• “White papers should:
1. Identify scientific opportunities and compelling scientific themes 

for the coming decade, particularly those that have arisen from 
recent advances and accomplishments in astronomy and 
astrophysics;

2. Describe the scientific context of the importance of these 
opportunities, including connections to other parts of astronomy 
and astrophysics and, where appropriate, to the advancement of 
our broader scientific understanding;

3. While focusing on science, not specific missions or projects, 
describe and quantify the key advances in observation,   
measurement, theory, and/or computation necessary to realize the 
scientific opportunities within the decade 2020-2030 and beyond.
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Astro2020 Science White Papers II

“White papers should […]

3. While focusing on science, not specific missions or projects, 
describe and quantify the key advances in observation,   
measurement, theory, and/or computation necessary to realize 
the scientific opportunities within the decade 2020-2030 and 
beyond.

Code phrase?
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From "New Worlds, New Horizons for RMS,” N. Evans
Science White Papers III

Astro2010 
Science 
Panels

Required 
Scientific 

Capabilities

N. Evans

Astro2010 
Proposed 
Projects
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Astro2020 Science White Papers IV

• Code phrase?

• Observing electron cyclotron 

maser emission from 

magnetic planets requires 

– Frequency ≲ 50 MHz

Ø Driven by planet’s 

magnetic field strength

– High sensitivity, mJy or 

better

Ø Extrapolation from solar 

system experience

– Polarization desirable

Ø Mechanism is intrinsically 

circularly polarized

“White papers should […]

3. While focusing on science, 

not specific missions or 

projects, describe and 

quantify the key advances 

in observation,   

measurement, theory, 

and/or computation 

necessary to realize the 

scientific opportunities 

within the decade 2020-2030 

and beyond.



Astro2020 Science White Papers V
http://sites.nationalacademies.org/SSB/CurrentProjects/SSB_185159

11

From Decadal Survey Town Hall …

• White paper deadline now 
February 19 at 5:00 p.m. ET

Not required to submit at 4:59 p.m. 
ET

• Optional template posted
Yes, it is in Word

• Importance of white papers as 
form of community input stressed
Ø E.g., structure journal clubs 

around white papers
Ø Anybody can submit a white 

paper

• Almost certain to be 
programmatic and state-of-the 
profession white papers

• White papers introduced in 
Astro2010
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Exoplanet Science Strategy

The NASA Transition 
Authorization Act of 2017 
directed [NASA] to engage the 
National Academies of 
Sciences, Engineering, and 
Medicine in the development of 
a science strategy for the study 
and exploration of extrasolar 
planets in preparation for, and 
as an input to, the upcoming 
decadal surveys in astronomy 
and astrophysics and in 
planetary science.
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Exoplanet Science Strategy
Planetary Evolution

The long-standing question of whether giant planets can form through 
disk instability as well as core accretion has given way to a more 
nuanced question of the accretion histories of these objects.  …  A 
second question relates to the inflated radii of many hot Jupiters. The 
range of theories broadly bifurcates into those that provide an additional 
energy source over the lifetime of the planet, and those that trap in heat 
from formation and slow the planetary cooling process. Recent 
advances include applying statistical techniques to the full population of 
known hot Jupiters (Thorngren and Fortney, 2018), which conclude that 
Ohmic heating (Batygin and Stevenson, 2010) is the likely mechanism 
for transferring heat from the atmosphere into the interior. Modeling the 
magnetic environment of a close-in exoplanet is challenging and 
poorly constrained by observations. Magnetohydrodynamic models 
detailing the interactions between magnetic fields and the planet’s 
atmosphere and interior are currently underdeveloped.
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Exoplanet Science Strategy
What Makes a Planet Habitable?

In parallel with the advances in observations, the exoplanet, Solar System, and 
astrobiology communities have generated a more comprehensive picture of 
planetary habitability.  …
Many factors and interactions are now expected to impact planetary habitability. 
These include the following:
• The presence and distribution of liquid water oceans on the planetary surface ….
• The presence of a stable secondary atmosphere. …
• The presence of tectonic or volcanic activity and weathering processes to replenish 

atmospheric loss (…), and buffer climate (…).
• The internal energy budget of a planet ….

• The presence and strength of a global-scale magnetic field, which depends 
on interior composition and thermal evolution (Driscoll and Bercovici, 2013).

There are important feedbacks identified between the processes listed above 
…. For example, the persistence of a secondary atmosphere over billion-year 
time scales requires low atmospheric loss rates, which in turn can be aided by 
the presence of a planetary magnetic field (Driscoll and Bercovici, 2013; 
Garcia-Sage et al., 2017; Dong et al., 2018).



Magnetic Fields of Extrasolar Planets: 
Planetary Interiors and Habitability

• Scientific 
Background

• Planetary Interiors
• Planetary 

Habitability
• Progress in the Next 

Decade and Beyond
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Magnetic Fields of Extrasolar Planets: 
Planetary Interiors and Habitability

Co-authors/co-
signers welcome
Cross-references 
important

Are you writing a 
science white paper 
on related topic?
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Discussion
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Astro2020 Panel Nominations

“We are seeking nominations 
for the survey committee and 
panels (note the panel 
structure is still being 
determined, but please 
nominate people suitable for 
potential science, program, as 
well as state of the profession 
panels). Consideration of 
nominations will begin 
January 22, 2019.
https://www.surveygizmo.com/s3/
4703010/ASTRO-2020-Decadal-
Survey-CALL-FOR-NOMS

Steering 
Committee

Science 
Panels

Program 
Prioritization 

Panels

State of the 
Profession 

Panels

Illustration of structure of previous 
Decadal Surveys;

Astro2020 structure not yet 
determined.
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Exoplanet Science Strategy
Factors Affecting Habitability


