Studying Galaxzes and Retonization
with 21-cm Cosmology

Rennan Barkana g NJpP11d 101

TeL AVIV UNIVERSITY 2'IN->XN NU'O121IIN




Cosmic History

Time [years]

107

Atomic
Hydrogen

-3
-
o))
¥
o

n‘-q

RB 2006, Science Review




CMB: 2D temperature map, 10~ fluctuations
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Lya Spectra: 1D density distribution (N6R,
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21-cm Spectra
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Redshift Slices of the Universe




The Spin Temperature
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What determines T?
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Foregrounds => 21-cm Fluctuations, Transitions
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The First Star
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21-cm fluctuations from Lya

RB & Loeb 2005

Naoz & RB 2008
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Cosmic Reionization:

.
Ionized Hydrogen .

Atomic Hydrogen

RB & Loeb 2004




The Infancy of Reionization
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Small and rare
Fluctuations:
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N=1 domination:

RB 2008




21-cm Power Spectrum
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21-cm Power Spectrum

z=86.88, x™=0.66
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21-cm Power Spectrum
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21-cm Power Spectrum
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21-cm Power Spectrum
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21-cm Power Spectrum

—-.-----n----.-n--.-..n.---'.--.---..--.---...-.--.n..--.n-...-..--...-.-.n..-----n-..----

6-parameter model
S-parameter model
4-parameter model
3-parameter model

2-parameter model

RB 2008




21-cm Measurements
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21-cm PDF

Kazuhide, RB,

et al. 2009




21-cm PDF
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Foregrounds

RFI: Radio Frequency Interference

Ionosphere: Distortion
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Experiments

t.  ~100hr, Av~1MHz = 1mK
D~1km = AG~4'

GMRT 21CMA: 21 Centimeter Array

India China ~ 10,000 Antenna Interferometer

MWA: The Mileura Wide-field Array

Australia, MIT, Harvard

LOFAR: The Low Frequency Array

Holland + Europe

SKA: The Square Kilometer Array




Summary:

» Early Signals

e Cosmic Reilonization




