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21-CM TRANSITION AND 
APPLICATIONS TO COSMOLOGY

Introduction



A. Loeb, Scientific American (2006)



The 21cm line of  atomic hydrogen
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Gas properties



Spin temperature: evolution
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Brightness temperature fluctuations in the pre-
reionization epoch and the EOR

Advantages for cosmology: 
• 3D maps 
• Small-scale information 

Several existing/planned low    
radio arrays aim to measure the 
21cm signal from the EOR: 
GMRT, PAPER, LOFAR, MWA, 
LEDA, HERA, SKA …

http://mpa-garching.mpg.de

ν

McQuinn et. al. (2006) 
Mao et . al. (2008) 
Many more…..



EFFECT OF MAGNETIC FIELDS
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Anisotropies and anisotropic emission



Anisotropies and anisotropic emission

      from thermal background is 
“one absorption/emission” 
De-excitation of  “aligned” moments 
is “two absorption/emission” 
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PROSPECTS FOR DETECTION
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Detectability - Redshift
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Conclusions

High-resolution maps of  the 21-cm line from the epoch of  
reionization and earlier offer the possibility of  directly 
probing primordial magnetic fields. 

An array of  dipole antennas in a compact–grid configuration 
with a collecting area               is in principle sensitive to a         
Gauss comoving field within one year of  integration time. 

Future work towards its applicability: 
• Foreground subtraction removes information. 
• Optimal design of  future experiments? 
• Sensitivity to particular models of  magnetic fields?



PRIMORDIAL GRAVITATIONAL 
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From alignment to orientation

• In the presence of  “alignment” or spin-polarization (due 
to fluctuations in the gas), and the energy level correction 
due to CMB quadrupoles, atoms tend to get “oriented”. 

• Oriented atoms emit circularly polarized radiation.
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Using V to look at the CMB quadrupole



Using V to look at the CMB quadrupole

• TV correlations can be used to reconstruct the local CMB 
quadrupole at the atom’s location. 
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Reconstructing gravitational waves

• The “derived data products” from the analysis are maps 
of  the CMB quadrupole components,

• These are fields of  spin-weight     on the sky.

• Components with magnetic parity only arise due to 
(primordial) gravitational waves


