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Technical requirements
Spectral coverage: 30 and 200 MHz (50>z>6)

Spectral resolution: <20 kHz due to RRLs

Sensitivity: <10 mK sensitivity in 1 MHz channels

Dynamic range: >104 to see signal underneath Galaxy
>106 to characterize at 1% level

Field of view: >100 deg2 for “global” all-sky spectrum

Abs. calibration: 10% absolute in each spectral channel

Rel. calibration: 3rd-order polynomial fit to calibrated 
bandpass removes structure to 0.0001%



The dawn of radio astronomy

20.5 MHz160 MHz
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The bigger problem: 
Radio Frequency Interference (RFI)



Murchison Radio-astronomy Observatory



US FM and TV radio “pollution”



Orbcomm LEO satellite constellation



Experiment to Detect the 
Global Epoch of Reionization Signature

(EDGES)

2006 - 2010



EDGES



EDGES

Bowman & Rogers 2010 (submitted)
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Internally-switched calibration
• 3-position switch to measure (cycle every 10s):

• Solve for antenna temperature:

(Tcal > TL ≈ 300 K, TA ≈ 250 K, TR ≈ 20 K)

• Results: >105 dynamic range achieved with EDGES

• Limitations: 
– Total power differences between TL and TA can leave systematic errors
– Temporal variations: comparing measurements at different times 



Antenna (p2)
Internal load (p0)

Noise source (p1)

p1– p0

p2 – p0
“Calibrated”  sky spectrum

T_A ~ (p2 – p0) / (p1 – p0)

“Calibrated”  sky spectrum
w/ RFI filtering and integration

Internally-switched calibration



Antenna Impedance Causes Trouble

Long cable between antenna & LNAs
to measure reflection coefficient in situ



Measured spectrum

Murchison Radio-astronomy 
Observatory (MRO)

Aug 20 – Oct 20, 2009

1440 wall-clock hours on sky

500 hours after RFI cuts

50 hours eff. integration

+15 dB



Integrated RFI
(time excision only – by broadband power level in 

FM, Orbcomm, DTV bands: 30% removal)

Bowman & Rogers 2010



Total power in band vs. time (Aug 23, 2009)

Average antenna temperature  90-205 MHz





Model fitting

• Polynomial term:

• Simple step model of reionization: 

3 science parameters:       ∆T21, α, and ν0

5-15 nuisance parameters:   an
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21 cm results
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Technical problems for ground-based 
experiments 

DARE 

Complex environment 

Prevents transferring laboratory calibration of the 
antenna impedance and beam pattern to the 
deployed instrument 

Simple environment 

Simple, compact, stable geometry of spacecraft 
enables accurate modeling of the antenna and 
facilitates in situ calibration.   

Multipath reflections 

Trees, mountains, and other structures can reflect 
sky noise 

No multipath 

No external structures are in proximity to the 
spacecraft.   

RFI is always present  

 

No RFI 

Full spectrum is usable for science. 

Dynamic range is difficult to achieve 

A/D converters must use large bit-depths and be 
highly linear to accommodate RFI.  Particularly 
susceptible to internal clock stability errors and 
digital noise.   

Easy to achieve needed dynamic range 

A/D converter can use low bit-depth, industry 
standard specifications.  Receiver based on 50 
years of proven RF flight hardware.   

The Earth’s ionosphere   

Refraction of astronomical radio waves leads to 
frequency-dependent variations in the intensity 
and position of the radio sky. 

No ionosphere 

 

* No transmission line cable between antenna and receiver, low duty cycle



The end

This scientific work uses data obtained from the Murchison Radio-astronomy Observatory. 
We acknowledge the Wajarri Yamatji people as the traditional owners of the Observatory site.
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