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The First Billion Years 
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adapted from A. Loeb, 2006, Scientific American, 295, 46 











Adapted from Pritchard & Loeb, 2010, Phys. Rev. D, 82, 023006 



From Astro2010 Decadal Survey: “What were the first 
objects to light up the universe and when did they do it?” 

 
 
 
 



Highest foreground (RFI) eliminated by 
being above lunar farside! 

 

Analogous 
to 

 why COBE 
went to 
space 

EDGES RFI Experience on 
Earth: 

109-10 dynamic range difficult 
=>A/D converters need high 
bit-depths & be highly linear. 
Susceptible to internal clock 
stability errors & digital 
noise. 



1) Milky Way synchrotron 
emission + “sea” of 
extragalactic sources. 

 
 

 

 

 

2) Solar system objects: Sun, 

Jupiter, Moon.  

21-cm signal 
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Utilize Markov Chain Monte Carlo 
code to fit data with model 
describing: 
•  21-cm signal 
•  spatially-dependent Galaxy 

foregrounds 
•  solar system foregrounds 
•  instrumental response. 
=> Recover maximum likelihood 
signal, turning points, & errors. 



Dark Ages Radio 
Explorer (DARE)  

•  DARE is designed to address: 
•  When did the First Stars ignite? 

•  When did the first accreting Black Holes turn on? 

•  When did Reionization begin? 

•  DARE will accomplish this by 
•  Constructing first sky-averaged spectrum of  

redshifted 21-cm signal at 11<z<35. 

•  Flying spacecraft in lunar orbit & collecting data 
above lunar farside - only proven radio-quiet zone 
in inner solar system. 

•  Using biconical dipole antennas with smooth 
response function & Markov Chain Monte Carlo 
method to recover spectral turning points in the 
presence of bright foregrounds. 

•  Using high heritage spacecraft bus (WISE) & 
technologies/techniques from EDGES. 



The 21-cm Line in Cosmology 

> 

Adapted from  J. Pritchard 

(P=kTbΔν) 



But, what about other scenarios? 

X-ray heating & Ly-α vary by 
factor of 10 

Additional physics 


