


Project Summary 

The Dark Ages Radio Explorer (DARE) investigates the origin and evolution of the first stars and 
galaxies by detecting and characterizing the features imprinted in the 21-cm (1.4 GHz) spectrum of 
neutral hydrogen (HI) in the intergalactic medium redshifted (z) into the radio band 40–120 MHz 
(35>z>11). This spectrum encodes characteristics of the first objects that illuminated the Universe, 
which ended the pre-stellar “Dark Ages” and commenced the “Cosmic Dawn”.  DARE will explore, 
for the first time, the formation of primordial stars and galaxies thereby accomplishing a high priority 
NASA and Astrophysics Decadal science goal.
DARE is a precision cosmology experiment with science objectives to determine: when the first stars 
turned on and their properties, when the first black holes began accreting and their characteristics, the 
reionization history of the early Universe, and if evidence exists for exotic physics such as dark matter 
decay in the Dark Ages. DARE provides observations of the global 21-cm spectrum with features 
that constrain the wide range of first luminous object models currently allowed. These observations 
are performed from the radio-quiet zone above the Moon’s farside at night, free of terrestrial radio 
interference, the Earth’s ionosphere, and solar radio emissions. DARE operates over a two year mission 
lifetime in a 50x125 km, lunar equatorial orbit. Extensive end-to-end modeling places requirement-
son the spacecraft, the instrument, and the observation strategy while demonstrating that the science 
objectives are achievable with robust margins. 
A wideband dual bicone antenna, pilot tone stabilized polarimetric receivers to separate the unpolarized 
21-cm signal from polarized instrumental and sky emission, and a digital spectrometer constitute 
the science instrument. DARE’s radiometer has a well-characterized spectral response,  controlled 
systematics, and heritage from CMB missions and ground-based telescopes.  The antenna, receiver, 
and backend electronics are thermally-controlled to limit solar and lunar driven radiometric responses. 
The DARE Observatory employs a  Faraday cage for spacecraft electronics. Models for the instrument 
main beam and sidelobes, antenna reflection coefficient, gain variations, and calibrations are validated 
with electromagnetic simulations, laboratory and anechoic chamber measurements, and monitored 
on-orbit. 
The unique frequency structure of the 21-cm spectrum, its uniformity over large angular scales, and 
its unpolarized state are unlike the spectrally featureless, spatially-varying, polarized emission of the 
bright Galactic foreground, allowing a clean separation of the primordial signal from the foreground. 
The 21-cm signal is extracted in the presence of bright foregrounds using a Bayesian framework with a 
well-proven Markov Chain Monte Carlo (MCMC) numerical inference technique, with heritage from 
WMAP, Planck, and LIGO.  The DARE data analysis pipeline enables efficient, simultaneous, and 
self-consistent explorations of multi-parameter models with non-Gaussian probability distributions, 
while properly accounting for known systematic astrophysical and instrumental uncertainties.  The 
DARE instrument with its data analysis pipeline meets the requirements needed to extract physical 
parameters of the first stars and galaxies.
DARE management is founded on experienced leadership from the University of Colorado, NASA 
ARC, NASA GSFC, and Ball Aerospace.  This team has established clear roles and responsibilities, 
management processes and tools, and has assembled a mission concept with low risk and large devel-
opment cost reserves that meet DARE’s science objectives.  DARE leverages ARC’s experience manag-
ing and operating three successful lunar missions, incorporates significant reuse of ARC’s LADEE 
mission operations, utilizes Ball’s spacecraft flight heritage, leverages GSFC’s experience with WMAP, 
and has a comprehensive plan to mature the instrument to TRL 6 by PDR.






