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The 21 cm Line

1s

ΔE = 6 µeV
ν = 1420 MHz
λ = 21 cm

ground state of 
neutral Hydrogen 
has two Hyperfine 
levels



  

Cosmology with the 21 cm line

1+z = 1420/ν 



  

Cosmology with 21 cm line

1+z = 1420/ν 

post-reionization



  

21 cm Intensity Mapping (IM)

Giant Metrewave Radio Telescope 
(GMRT)

Single Dish 
e.g. GBT

Interferometry



  

The TianLai 
Project

Canadian Hydrogen Intensity 
Mapping Experiment(CHIME)

BAO from Integrated 
Neutral Gas Observations 
(BINGO)

Hydrogen Intensity and Real-
time Analysis eXperiment 
(HIRAX)

21 cm IM Experiments



  

More of Karoo Array 
Telescope (MeerKAT)

Hydrogen Epoch of Reionization Array 
(HERA)

Murchison Widefield Array (MWA)

Australian SKA Pathfinder (ASKAP)

21 cm IM Experiments



  

Bandwidth 24.4 MHz

ν
c 432.8 MHz

Δν 24.4 kHz

Data used here
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21 cm IM Statistics



  

21 cm IM Statistics



  

21 cm IM Statistics

Multifrequency Angular Power Spectrum



  

Oscillations? Foregrounds  



  

(Cross) TGE

Tapered Gridded Estimator (TGE)



  

Foreground mitigation by tapering 

(Total) TGE 
Paper I (Pal et al. 2022)



  

Cross TGE



  

Cylindrical PS and X

Foreground Avoidance



  

MLE for Spherical PS



  

Mean-squared brightness



  

   

Pal et al. 22
Chakroborty et al. 21

Upper limits



  

Summary & Future Goals

1. 21-cm signal holds a lot of potential
2. Foregrounds are the primary challenge
3. TGE – a PS estimator: deals with foregrounds and 
other challenges
4. Cross-correlation is promising
5. Foreground removal (in preparation)



  

Thank You !
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MCMC Analysis


