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The Dark Ages
and Cosmic Dawn

Magnetospheres and 
Space Environments of 

Habitable Planets

Simulation: Marcelo Alvarez

Chuck Carter, KISS/Caltech



From the Probe Study Report: https://arxiv.org/abs/1911.08649



Low Frequency Radio Emission

Auroral radio emission
measures magnetic fieldsType II radio bursts 

traces density at CME shock

Credit: Chuck Carter & Caltech/KISS



Credit: Chuck Carter and Caltech/KISS

Do M dwarfs produce super-CMEs?
Can the magnetospheres of orbiting exoplanets support an atmosphere and biosphere



Type II Radio Bursts

Plasma radiation: traces density



No direct evidence of CMEs on any star other than the Sun to date

Magnetic field configuration may be play an important role 
(Alvarado-Gómez et al. 2018)

Donati et al. 2006

Adapted from Aarnio et al. 2012

The Need for a Low Frequencies



Electron cyclotron maser emission 

Frequency (MHz) = BGauss x 2.8 

From space From the ground

Adapted from Zarka (2007)

The Need for Low Frequencies



The Need for a Paradigm Shift…



Lamy et al. 2010

Earth’s AKR is Highly Variable



Requirements
Need 

Need many km2 of collecting area…  

in space…

that can monitor 1000s of stellar systems simultaneously

EASY!



Ionospheric cut-off

Habitable 
Exoplanet 

Band

What kind of Antenna?



Credit: Steve Bartlett

The Lunar Farside

Credit: Andres Romero-Wolf

Plasma 
Noise

- Lunar highlands regolith is thick, has low conductivity, and varies slowly with depth 

- No ground screen required



Two-dimensional numerical electrodynamics 
simulations show  that the relative intensity of 
terrestrial radio waves incident on the Moon is  
highly attenuated behind the farside.

The “radio quiet” region at 100 kHz (solid) and 10 MHz 
(dashed)  defined by ≥ 80 dB attenuation plotted over a 
map of the lunar surface. 

Bassett, Burns, et al. 2020, Advances in Space Research



High School Senior 
Jonathan Varghese



FARSIDE Timeline to Date

- Nov 2018: Directed probe study commenced – JPL selected as NASA Center

- Mar 2019: Overall architecture selected [Team X]

- Apr 2019: Follow up Rover, Base Station and Instrument studies [Team X]

- July 2019: Astro2020 APC White paper [https://arxiv.org/abs/1907.05407]

- Nov 2019: Final Probe Study Report submitted [https://arxiv.org/abs/1911.08649]

- April 2020: Commencement of JPL / Blue Origin Partnership

- Aug 2020: Planetary Science Decadal Review White Paper

Heritage from SunRISE and OVRO-LWA



FARSIDE Initial Configuration

video credit: M. Walker, J. Burns,
University of Colorado Boulder



The Axel Rover
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2.3 m



Lander/Rover Configuration Overview

Stowed/Landing Configuration

4⨉ Deployable  
Solar Panel

4⨉ Deployable  
Rover

4⨉ Rover  
Deployer
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Electronics VaultComms Antenna

Lander Fuel  
Tank Keep-Out  
Zone  
(transparent red)

4⨉ Lander Leg

Battery Bank

Mid-Deploy Configuration
Hinge w/ Spring & Potentiometer

Hinge w/ Spring & Damper

Deploy Initiator Device



Illustration: P. McGarey, JPL



FARSIDE Mission Architecture

Figure 4.1-2. Overview of FARSIDE observatory after deployment of tethers and antennas.

Frequencies: 100 kHz to 40 MHz



8.9 km arm length
4 spiral configuration (4 operational)

See talk by Alex Hegedus



Data Products

Data products are identical to OVRO-LWA, but 100x lower in frequency 

Frequency range: 0 – 40 MHz (1400 channels)
Integration time: 60 s

All visibilities: 65 GB/day
All-sky imaging every 60 seconds (Stokes I and V)

Deep all-sky imaging every lunar day  (no confusion noise!)

Credit: Marin Anderson and the OVRO-LWA team 



Adapted from Vidotto et al. 2019

Planets detected (5σ) in 
2500-hour integration
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FARSIDE sensitivity

Median Exoplanet Radio Emission



Adapted from Vidotto et al. 2019

Planets detected (5σ) during
2.5 hours of enhanced stellar wind
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Comparative Planetology

JWST

HabEx

TMT



Additional Science

- First constraints on Dark Ages 21-cm power spectrum (ruling out exotic models)

- Heliophysics

- Monitoring of auroral processes and lightning at Jupiter, Saturn, Uranus and Neptune

- Searches for unknown large magnetized bodies in our solar system (e.g. Planet 9)

- Triggered spectroscopy of exoplanets experiencing geomagnetic storms

- Tomography of the ISM

- Lunar Seismology

- SETI

- Serendipitous! 



Lunar Seismology with Distributed Acoustic Sensing (DAS)

Credit: Joel Caswell for Caltech 

i) What is the mantle structure and seismic 
activity at the far side 

ii) Is there a lunar liquid core



Summary

- FARSIDE is proposed to consist of 128 dipole antennas on the lunar far side

- NASA-funded study to define architecture and feasibility

- Recent collaboration between JPL and Blue Origin has greatly improved the design 

- FARSIDE will measure the magnetospheres of the nearest candidate habitable planets

- FARSIDE will detect the signature of the Dark Ages

- FARSIDE will characterize far side moonquakes and the size and properties of the lunar core

- FARSIDE will study solar CMEs and planetary aurorae and lightning
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