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Global HI signal evolution 

First stars form 

Gas heated from first 

luminous sources 

Reionization 

Pritchard & Loeb (2010) 

See also 

Subrahmanyan’s talk 

and 

Vedantham’s talk 



“Data model” for an HI global experiment 

𝑇 𝜈 =  𝑑𝑡  𝑑𝜃𝑑𝜙𝐴 𝜃, 𝜙, 𝜐 𝑇𝑠𝑘𝑦 𝜃, 𝜙, 𝑡, 𝜐
Ω

𝑔 𝑡, 𝜐 + 𝑛(𝑡, 𝜐)
𝑇

 

Measured spectrum Antenna gain pattern Receiver gain Receiver noise 

Sky signal = 𝑇𝑠𝑘𝑦 𝜃, 𝜙, 𝑡, 𝜈 = 𝑇𝑓 𝜃, 𝜙, 𝑡, 𝜈 + 𝑇𝐻𝐼(𝜈) 



The Experiment to Detect the 

Global EoR Signal (EDGES) 
J.D. Bowman (ASU) & A. Rogers (MIT) 



Foreground subtraction relies on their spectral smoothness… 

Landecker & Wielebinski (1970) 

Pritchard & Loeb (2010) 

Harker et al. (2012) 

Liu et al. (2013) 

Vedantham et al. (2013) 



EDGES lower limit on the duration of reionization 

Bowman & Rogers (2010) 



The Large-aperture Experiment to detect the Dark Ages 

(LEDA, PI: L.J. Greenhill, co-PIs: S. Ellingson, G. Hallinann, 

G. Taylor, D. Werthimer) 

http://www.cfa.harvard.edu/LEDA/index.html) 



The sky model uses:  

 

• the Landecker & Wielebinski 150 

MHz all sky map; 

• a spectral index map between 408 & 

150 MHz; 

• adds deviations from a spectral 

power-law to every sky pixel: 

 

𝑇𝑓 𝜈 =
1 − 𝑒−𝜏𝜈

𝜏𝜈
𝑇𝑔𝑣−𝛼𝑔 + 𝑇𝑒𝜈−𝛼𝑒𝑒−𝜏𝜈 

 

• spectral model from GALPROP; 

Simulations of the LEDA approach: coupling between the sky 

brightness and the dipole pattern  
(GB, McQuinn, Greenhill) 



Simulations of the LEDA approach: dipole gain pattern 

models 

• Ideal dipole over a ground plane: 

 
𝐴𝑑 𝜃, 𝜙, 𝜈 = 2 sin 2𝜋ℎ cos 𝜃 1 − sin 𝜃 sin𝜙 2  

• LWA dipole : 

 

𝐴𝐿𝑊𝐴 𝜃, 𝜙, 𝜈 = 𝑝𝐸(𝜃, 𝜈) cos𝜙 2 + 𝑝𝐻(𝜃, 𝜈) sin𝜙 2  

𝑝𝑖 𝜃, 𝜈 = 1 −
𝜃

𝜋/2

𝛼𝑖(𝜈)

cos 𝜃 𝛽
𝑖(𝜈) + 𝛾𝑖(𝜈)

𝜃

𝜋/2
cos 𝜃 𝛿

𝑖(𝜈) 

𝑎 𝑖 𝜈 = 𝛼𝑖(𝜈), 𝛽𝑖(𝜈), 𝛾𝑖(𝜈), 𝛿𝑖(𝜈)  

𝑎 𝑖(𝜈) =  𝑎𝑖,𝑛
𝜈

𝜈0

𝑛𝑚

𝑛=0

 



Parametric modeling of the foregrounds + dipole gain 

Foregrounds + dipole gain pattern parameterized by a n-th order polynomial along 

frequency: 

 

ln 𝑇 𝜈 =  𝑐𝑛 ln
𝜈

𝜈0

𝑛𝑁

𝑛=0

 

isotropic dipole 
ideal dipole over 

a ground plane 

LWA dipole 

spectrally smooth spectrally structured 



Constraining the foreground + dipole pattern with an 

interferometer 

Observe Nsource sky sources and use them to constrain the average gain pattern. In this 

case it can be shown that the error per parameter is: 

 

 

𝜎𝑝𝑎𝑟 =
1

𝑆𝑁𝑅𝑠𝑜𝑢𝑟𝑐𝑒
𝑁𝑐ℎ𝑎𝑛𝑁𝑠𝑜𝑢𝑟𝑐𝑒
𝑁𝑝𝑎𝑟

≃ 2.5% (for LEDA) 

 

 

 

 

 

such level of calibration errors does not 

disrupt frequency smoothness 



LEDA signal extraction 

𝑇 𝜈 =  𝑑𝑡  𝑑𝜃𝑑𝜙𝐴 𝜃, 𝜙, 𝜐  (𝑇𝑠𝑘𝑦 𝜃, 𝜙, 𝑡, 𝜐
Ω

+ 𝐴𝐻𝐼𝑒
−
𝜈−𝜈𝐻𝐼

2

2𝜎𝐻𝐼2 ) 𝑔 𝑡, 𝜐 + 𝑛(𝑡, 𝜐)
𝑇

  

 𝑐𝑛 ln
𝜈

𝜈0

𝑛7

𝑛=0

 

from the interferometer 

 
 

from the calibration 

source/lab modeling tests 

parameterized HI signal 

Mix everything in a MCMC… 

courtesy J. Zwart 



LEDA current status:  

• 32 input CPU-GPU correlator deployed and successfully tested at the LWA site 

(Nov 2012); 

Kocz et al., JAI submitted 



LEDA current status:  

• On going development of the total power front-end… 

courtesy F. Schinzel & J. Craig 



LEDA current status:  

• Oct 2013: successful deployment of a CPU-GPU 512 element at OVRO (Owens 

Valley); 

courtesy D. Price 

High dynamic range imaging!  



Conclusions 

• LEDA is looking to measure the HI global signal in the 15 < z < 35 and it plans to 

use an interferometric array for foreground and instrument modeling; 

 

• LEDA retains the option of measuring the global signal using lunar occultations 

(see Vedantham’s talk for further details) 

 

• LEDA can also be a power spectrum machine: 

Several ongoing experiments are expected 

to measure the signal! 


