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• The Epoch of Reionization (EOR)
• What are the theoretical predictions for what we 

might be able to observe?
• Quiet site in Western Australia
• Frequency range
• “Single antenna” and imaging arrays
• RFI spectrum at “quiet” sites
• Current status of Experiment to Detect the 

Global EOR Step  (EDGES)

Summary



http://www.haystack.mit.edu/ast/arrays/mwa/Science Goal/EOR/Pictures/reionexpl.jpg


Theoretical predictions of “bumps” in the spectrum from 
the red-shifted hydrogen of the early universe

Furlanetto

 

et al. 2004

CMB > Tspin

 

H1 in 
absorption

CMB < Tspin

 

~ Tkinetic

 
H1 in emission



Simulation of redshifted 21cm emission/absorption at z~8.5, from Tozzi et 
al. (2000). The peak brightness is about 10 mK. The MWA EOR key 
project aims to characterize such structure, among other EOR 
diagnostics

Model of the spatial structure of the H-line at the start of star formation



• Perth

Geraldton

 

●

Meekatharra
●

Boolardy

Proposed radio quiet zone. 150 km radius 
restricted and 260 km coordination.  See 
Australian Government “Discussion 
paper” March 2006

Mileura

WESTERN AUSTRALIA

Location of Boolardy

 

and Mileura

 

Stations in Western Australia

Note: This is only a sketch to 
indicate the approximate locations 
of the sites and quiet zone



EDGES expt. antenna at 
Mileura

 

Dec 06

Typical terrain at Boolardy

Typical scene at a “Station”

Early prototype of MWA tile



Signals from the Orbcomm

 

137-138 MHz along with 150 
MHz beacons plus  AMSAT 146 MHz at Mileura

 

WA
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start 2006:340:10:45:25 stop 2006:340:11:29:44 resolution 122.0 kHz
spectrum from Acqiris with preamp fpgatm 60.1 degC

Orbcomm

 

downlink spectra from EDGES 
spectrometer at Mileura

 

Dec 2006



Experiment to Detect the Global EoR

 

Step  -

 

EDGES antenna at Mileura

 

WA



EDGES at Boolardy

 

in February 2009
..



One of the 32 tiles of the MWA at Boolardy
MWA project



MWA 32 tile deployment at Boolardy

 

WA

MWA project
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start 2006:340:11:05:01 stop 2006:340:11:05:57 res. 122.0 kHz cable   0.0 rfi 0 ref 0 avm 0 adcf 0 crr 0
Acqiris fpgatm 59.8 degC adc 1 accum 0 fsv 0.50 pwr 2.9e+11 6.8e+11 5.6e+11 nav    3 srate 1000
cor 1 npoly 0 dtyp 99 smooth 0 mdl 0.00 t150MHz 256 tr  57 tc 443 file: 2006_340_10.acq

Mon Feb  5 15:36:07 2007

Typical spectrum EDGES at Mileura

 

WA
using Acqiris

 

AC240   8-bit ADC at 1 Gs/s + FPGA



Galactic background spectrum from EDGES

Orbcomm

Satellite 
beacons

Bowman, Rogers and Hewitt, Ap.J. 676,1-9,2008

EOR “bump” < 450 mK

Rogers and Bowman, AJ 136,641-648,2008

Spectral index β

 

= 2.5 ±

 

0.1   100-200 MHz



EDGES at Boolardy

 

using Acqiris/Agilent

 

DP310 12-bit ADC at 420 Ms/s

Feb 2009
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file: boolardy/2009_034_00.acqUT 00 to 24

fstart  80 fstop 210 pfit 0 smooth 8 resol 103 kHz rfi 0.0 int 2786
Fri May 15 07:06:24 2009

Orbcomm

Aeronautical

FM radio

Satellite beacons

Amateur AMSAT
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Intermittent strength 
increase in FM from 
aircraft scatter
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Residual spectrum after subtraction of 11 term 
polynomial fit to EDGES data taken at Boolardy

 

Feb 2009

Blue lines are 
frequencies 
excluded from fit

5% of 
frequencies 
were excluded 
and 30% of the 
time data was 
excised due to 
strong RFI



Frequency range MHz Use Observed

56-70 TV

70-85 Fixed Mobile

85-108 FM Broadcast Weak signals from Geraldton

108-137 Aeronautical Intermittent signals from aircraft*

137-138 Satellite downlink Orbcomm

138-144 Mobile

144-148 Amateur radio Signals from amateurs plus 
AMSTAT

148-149.9 Satellite

149.9-150.05 Satellite beacons Signals from satellites

150.05-153 Radio Astronomy

153-174 Mobile

174-230 TV Weak signal at 175 MHz

230-235 Aeronautical navigation

235-273 Satellite downlink Defense use

Summary of RFI at Boolardy measured with Zenith pointed antenna
*includes digital communication from ACARS –

 

Aircraft Communication Addressing and Reporting System.



Current EOR experiments

• MWA – Murchison Widefield Array 
• PAPER – Precision Array to Probe Epoch 

of Reionization
• CoRE - Cosmological Re-Ionization 

Experiment 
• EDGES – Experiment to detect Global 

EOR Step



PAPER   -

 

Don  Backer  el  al.



CoRE Antenna
• 2-arm log-spiral 

winding 
– 4 arm variation is 

possible
• Support structure

– Styrofoam pyramid
– Foam, glue and paint 

tested using the 
Australia Telescope 
interferometer

-
 

Ron Ekers
 

et al.



Measuring the Global Signal?
• Signal gradient is few 

mK/MHz
• Foregrounds vary as 

(near) power law
– Synchrotron, free-free
– Gradient is few K/MHz

• CoRE-ATNF, EDGES 
experiments are trying
– Distinctive shape may help

SF (2006)

From talk by Ron Ekers

 

at 21cm 
conference at CFA  2008



EDGES: System Overview



Acqiris AC240: 8-bit, 1 GS/s
EDGES system used at Mileura

 

station in December 2006
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sample EOR “step”

signature after subtraction of 7th

 

order polynomial 
fit to 1000(f/100)-2.2

 

K+ 3K + portion of sinusoid 
which represents a 20 mK

 

EOR ramp

residual to fit without EOR ramp



EDGES: Instrumental limit using 8-bit ADC

Residuals after 7th order 
polynomial fit to 

spectrum 

Measured rms = 75 mK
(Instrumentally limited)

Expected 21 cm = 25 mK

rms vs. integration time

Black line: smoothed to 2.5 
MHz

Bowman, Rogers & Hewitt  
Ap.J. 676, pp. 1-9 2008
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Residual spectrum after subtraction of 11 term 
polynomial fit to EDGES data taken at Boolardy

 

Feb 2009

Blue lines are 
frequencies 
excluded from fit

5% of 
frequencies 
were excluded 
and 30% of the 
time data was 
excised due to 
strong RFI

rms

 

~  10 mK

Instrumental limit using 12-bit  ADC
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