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NASA RAE-2 occultation of Earth in 1972 

The radio-frequency environment 

Wind/Waves data near the Moon in 1999 

On the Earth at LOFAR 



Magnetospheres and Space 
Environments of Habitable Planets 

The Dark Ages 

Norman, O’Shea+ 

Compelling astrophysics that uniquely 
requires low frequency observations from 

the lunar farside 





Recent Nobel Prizes in Cosmology 

COBE 

2006 
John Mather George Smoot 

James Peebles 

2019 

Dark Energy with Hubble 

Saul Perlmutter Brian Schmidt Adam Riess 

2011 

No Data! 





Antennas  
• Deployable, spinning, wire boom 

antennas arranged in 2 orthogonal, co-
linear pairs. 

• 3 length deployments to “tune” 
instrument to 17-38 MHz. 

80 cm 





Results for simulated DAPPER observations using our 
SVD/MCMC pipeline including statistical plus systematic 
uncertainties for four evenly increasing integration times from 
800-105 hours.  
 

Rapetti, Tauscher, Mirocha, Burns, 2020, Global 21-cm Signal Extraction 
from Foreground and Instrumental Effects II: Efficient and Self-Consistent 
Technique for Constraining Nonlinear Signal Models, arXiv:1912.02205. 

 



FARSIDE: Farside Array for Radio Science 
Investigations of the Dark ages and Exoplanets 

P.I. J. Burns, Co-P.I. G. Hallinan (Caltech), & JPL Team-X 

Image credit: Robin Clarke, JPL 



Young Mars was warmer  
and wetter 

Jakosky et al. 2015 

- Flares – higher X-ray and ultraviolet radiation flux –>   
drives photochemistry and thermal escape  
 

- Particle flux - CMEs and SEPs –>  
      can erode atmosphere – eg. ion pick-up erosion (Kulikov 2007) 



The M Dwarf Opportunity 
 

Rocky planets are particularly frequent around M dwarfs (Dressing & Charbonneau 2013, 2015) 
 

The nearest “habitable” planet likely orbits an M dwarf within a few pc 
 

Stars out to 8 pc 

Kirkpatrick et al. 2012 



Largest solar flare – November 4th 2003  

DG CVn flare – April 23rd 2014  



Low Frequency Radio Emission 

Auroral radio emission 
measures magnetic fields 

 

Type II radio bursts  
traces density at CME shock 

Credit: Chuck Carter / Caltech / KISS 



Electron cyclotron maser emission  

Frequency (MHz) = BGauss x 2.8  

From space From the ground 

Adapted from Zarka (2007) 

Why Low Frequencies? 



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

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

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.  

100 kHz 

10 MHz 



FARSIDE Mission Concept 

 

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

Frequencies: 100 kHz to 40 MHz 



FARSIDE Configuration 



FARSIDE Antenna Node 



The OVRO-LWA 

FARSIDE architecture benefits from OVRO-LWA heritage 



Adapted from Vidotto et al. 2019 

Planets detected (5σ) during 
2.5 hours of enhanced stellar wind 
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FARSIDE: Possible Lander 

Image: Blue Origin 



Power: 2 x EMMRTGs 

Base Station 
Correlator 

Power 
Telecom 

Command and 
Data Handling 

Rover with Blue Moon Lander 

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

FARSIDE Configuration 



• NASA, ESA, & other space agencies 
are committed to new explorations 
of the Moon in this decade.  

• NASA Commercial Lunar Payload 
Services (CLPS) program will deliver 
science payloads to the surface of 
the Moon beginning in 2021. 

• DAPPER and FARSIDE will take 
advantage of the transportation and 
communication infrastructure 
associated with NASA’s Artemis. 

• DAPPER will make first 
observations of the Dark Ages using 
the highly redshifted 21-cm signal. 

• FARSIDE will detect radio bursts 
from CMEs for stars out to 25 pc & 
measure exoplanet B-fields using 
AKR energized by space weather.   


