
Detection of  

the Cosmic Dawn and Epoch of Reionization 



FACTS 

1. Hydrogen: 75% of baryonic matter 

2. Neutral hydrogen: 21cm line 

3. Cosmic signal: 1-10 mK 

4. Foregrounds: 1000K 

5. VHF techniques: mature (60 yrs!) 

 



Measurements of the EOR 

1.Global Signatures (total power) 

  

2. Imaging (structures) 

 

3. Fluctuations (power spectrum) 

    
 

       



Pritchard & Loeb (2011) 

1420 MHz  / (1 z)n= +

The best  window 

21 (1 z) cml= +



Measurements of the EOR 

1.Global Signatures (total power) 

  

2. Imaging (structures) 

 

3. Fluctuations (power spectrum) 

    
 

       



1 2

H

1 z
ŭT 23.5 mK

10
x

+å õ
º æ ö

ç ÷

The Global Signal from EoR 

Similar to the Cosmic Microwave Background (3K) 



1/100 of the noise comes from CMB  

3K 1

300K 100



Instrument of EoR Detection 

1/10,000 of the signal arises from Cosmic EoR background 

0.03K 1

300K 10,000



(arXiv.1501.02991)  

Turn on ! 



Aug 23, 2003 

The First EoR Measurement  



1. Stability over 24h 

2. Calibration at mK 

3. FG removals to mK 



The Low Frequency Radio Sky 

Keshet, Waxman & Loeb (astro-ph/0402320) 

T=100mK 



Iliev et al. (2005)  Wang, Tegmark, Santos & Knox (2006) 



Credit: Judd Bowman (Arizona State University)  

Detect the Global EOR Signature  (EDGES) 



Detect the Global EOR Signatures (EDGES) 

122kHz 

2.5MHz 

1.5h integration  

Bowman, Rogers & Hewitt (2008, ApJ, 676,1) 

Tb<450 mK  at 100-200 MHz 
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Bowman & Rogers 

(2010, Nat 468) 



Reionization 

duration  

ȹz>0.1 

Bowman & Rogers 

(2010, Nat 468) 



SCI-HI 

(Sonda Cosmologica de las Islas para la Deteccion de Hidrogeno Neutro)  

 The HIbiscus antenna (40-130MHz) 

(Carnegie Mellon University, arXiv.1311.0014)  



 Isla Guadalupe, Eastern Pacific Ocean  

(arXiv.1311.0014)  



 Comparison of RFI in the FM band between Green Bank and Isla Guadalupe 

SCI-HI 
arXiv.1311.0014 



 Magnitude comparison of foregrounds (blue), residuals 

from 4.4h of integration(red) and predictions (black) 

SCI-HI 
arXiv.1311.0014 



BIGHORNS 

(Broadband Instrument for Global Hydrogen Reionisation Signal)  

 The broadband off-the-shell biconical antenna 

(Curtin University, arXiv.1501.02991)  



(arXiv.1501.02991)  



 The broadband conical log spiral antenna 

(arXiv.1501.02991)  



Subrahmanian, Ekers & 

Chippendale: CORE at ATNF, Australia) 

Many More Experimentséé 



Gauribidanur Observatory, India 
(Shaped Antenna measurement of the background Radio Spectrum)   

87.5-175 MHz  

SARAS (2013) 



The Large Aperture Experiment to Detect the Dark Ages (LEDA) 

z=15-30 

http://www.cfa.harvard.edu/LEDA 



Dark Ages Radio Explores (DARE) 

(f=40-120MHz     z=11-35) 

Burns et al 

(2011) 



0.1 ï 70 MHz 

SURO-LC 

(DSL) 
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Reionization History  Iliev et al. (2005) 

z=18.5 
z=16.1 z=14.5 

z=13.6 z=12.6 z=11.3 


