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Overview

� Introduction
� The EoR project

– Science goals

– Project structure

– Observational 
strategy

� Signal and noise
� The uv coverage

� Foregrounds

� Summary
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The  21 cm transition

• The 21 cm hyperfine transition is a forbidden 
transition between the two 12s1/2 ground level 
states of hydrogen. 

• The relative population of the two states is 
given, n1/n0=g1/g0 exp(-T*/Ts)  with Ts (the 
spin temp.) and T*=0.068 k

• The value of the Ts is given by:n0, g0

n1, g1

cm 21

Ts =
TCMB + y®Tk + ycTk

1 + y® + yc
Field 1958
Madau et al 98
Ciardi&Madau 2003
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 The Global evolution of the
Spin Temperature

At z~10 T s is tightly 

coupled to T CMB. In 

order to observe the 
21 cm radiation 
decoupling must occur.

 Loeb &
Zaldarriaga 04
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 The brightness temperature:
The measured quantity

� The quantity that is measured with radio 
telescopes along a given line of sight and is 
given by:

� The sources that ionize are probably the same as 
the ones that decouple

±Tb ¼ 28mK (1 + ±)xHI
Ts ¡ TCMB

Ts

­ bh2
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Scientific goals of the EoR KSP

� The environment of very high z SMBH
� Study the 21 cm forest along the los of 

very luminous high z radio sources
� Cross correlation with other astrophys. 

data: CMB, Ly�  emitters,....

� A number of secondary science goals 
for worst case scenario

� Statistical detection of the global 
reionization history (rms).

� Measure the underlying density 
Power spectrum during the dark 
ages

� Statistical characterization of the 
size of ionization bubbles with z.

Miniqsos reionization history
Thomas et al, 2008

We are also looking for SETI signals
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The project structure

� Management team
� Core members (>20% of time)
� Associated members ( specific project)
� 3 Working groups

– WG1: signal modelling and 
extraction

– WG2: Instrument design, 
preparations and observational 
strategies

– WG3: Calibration and re-processing
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The Observational and data 
analysis strategy

� Calibrate to the required 
accuracy after a year (the 
LSM/GSM are very well 
understood).

� Model the noise properties
� Extract the sky signal
� Filter/Fit the Foregrounds 
� Analyze and interpret the 

results

� Use the HBA in the core 
of LOFAR with the first 
couple of rings.

� Observe 5 carefully 
chosen EoR windows, 
each with 5º FoV. 

� Save 10kHz 10sec data 
for 300 hours the first 
year.
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 The EoR is a high gain
high risk project
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The Observation

EoR signal

Foregrounds

Ionosphere

Telescope

RFICorrelator
Bluegene
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�  ~ 1300 baselines
�  Large data rate
�  Storage of uv data
� Recalibration
� Flexibility
� Multiple beams
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LOFAR uv coverage and beam

Labropoulos et al, in prep.
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LOFAR MWA PAPER

GMRT SKA 21CMA
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MWA layout and UV 
coverage

~ 125000 baselines, staggering data rate, image storage, real time calib.
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Sensitivity & S/N

[Ci;j ]rms ¼ 2N ¡ 1=2
µ

2kB Tsys

²dAd´

¶ 2 1
B ¹nt

Morales 2005

# of cells in 
an annulus

System 
Temp.

efficiency
Station 

area
Integration
time

B =Bandwidth
d� =inv. Bandwidth
n= mean # of baselines
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Multiple beams early on 
are essential for the EoR
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� The noise properties have to 
be determined from the 
data. This is tricky because 
our signal is noise-like.

� Two methods are 
considered:

– Differencing on 1kHz 
level

– Use of the fact that the 
cosmological signal is 
unpolarized 

Noise determination

Data from the fan region difference between 
10 adjacent channels (each channel is ~ 10 
kHz wide) in the same spectral band. 
                                     Bernardi et al.
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The signal + Foregrounds

Jelic et al. 2008

(See Jelic's talk)
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 Power spectra of various
contributions

Jelic at el. 2008
Santos et al.2006 
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The extraction problem:

1. Foregrounds smoothness along �
2. Exceptional knowledge of the noise
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 The extraction without
Calibration errors
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 Extraction through the
skewness

Harker et al.  
in prep.
(See talk)

±Tb ¼ 28mK (1 + ±)xHI
Ts ¡ TCMB
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Iliev et al. 2006

Thomas et al. 2008
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Polarized Foregrounds are NOT 
smooth along the frequency 
direction, therefore, they 
should be taken out with very 
high accuracy.

The Calibration Challenge 
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The ‘DOGLEG area’ in Auriga                          WSRT   ~ 350 MHz

          Total intensity�   same intensity scale�         Polarised intensity

Haverkorn et al, 2003
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Better Calibration Algorithms

Standard technique Expeccation-Maximization
(EM) algorithm
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Summary

� High sensitivity data in the frequency range 
115-190MHz will be available.

� Calibrating the data is essential in order to 
reach a dynamical range of 106. This 
calibration constitutes a very challenging 
inversion problem.

� Extracting the high redhift 21 cm signal 
requires very sophisticated component 
separation algorithms


