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No observational evidence



p e p e

21 cm / 1420 MHz

21-cm Line

Hydrogen is the most abundant component of the Universe and can be 
                                    traced through 21-cm  radiation.

Emission

Absorption



We can tune the receiver to observe the 21-cm signal from different 
distances.

λ
o
 = 21 (1+z) cm

21-cm Line



In principle, we can see the whole evolution 
using 21-cm radiation.



21-cm Intensity Mapping

Intensity mapping is an observational technique for surveying the 
large-scale structure of the universe by using the integrated radio 
emission from unresolved gas clouds.







Radio Interferometer
GMRT

SKA OWFA



Radio Interferometers measure the different Fourier modes of the sky.
longer wavelength ~ short baselines



Statistical Detection
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Fourier Transform

 

Power Spectrum



Two Visibility Correlation:

Entire Sky Signal

How are they related?



Challenges: Foregrounds

~ 1010 mK2

~ 10 mK2

Image credit: NASA / LAMBDA Archive Team



Foreground: Solutions

Foreground Removal:

~ 1010 mK2



Ghosh et al 2011,MNRAS

Challenge: Wide-field Foregrounds

Choudhuri S. et al 2017b, New Astronomy, 57, 94



Tapered Gridded Estimator



×

Tapered Gridded Estimator

Primary Beam Taper Window



Tapering  and Gridding

Visibility-based :



1. Gridded Estimator 
2. Suppress Side-lobe Response
3. Remove Noise Bias

Tapered Gridded Estimator

Choudhuri S et al 2016a, MNRAS, 
463, 4093 https://github.com/samirchoudhuri/TGE



Ewall-Wice, A et al 2020, MNRAS

Channel Flagging



TGE: the MAPS and the Power-Spectrum 

Multi-frequency angular power spectrum (MAPS)

Datta et al 2007, MNRAS



MAPS

TGE: the MAPS and the Power-Spectrum 



Mathematical formalism

Pal  et al 2022, MNRAS



Bharadwaj, Pal, Choudhuri et al 2019, MNRAS

TGE: the MAPS and the Power-Spectrum 



Chakraborty et al. , MNRAS, 2019

GMRT Observations



Baseline distribution



TGE: the MAPS and the Power-Spectrum 



TGE: the MAPS and the Power-Spectrum 



Pal et al 2022,MNRAS

TGE: the MAPS and the Power-Spectrum 



TGE: the MAPS and the Power-Spectrum 



Chakraborty et al. , ApJL, 2021





➢ 21-cm radiation is an important tool to study the evolution of 
the Universe.

➢ 21-cm cosmology is a growing research field in radio 
astronomy.

➢ We have developed a novel estimator TGE for the detection of 
the 21-cm signal.

➢ We have used GMRT 432 MHz (z=2.28) observation to 
constrain 

Summary



Thank You



21cm Brightness Temperature

TS TR

Pritchard and Loeb 2012

: Emission

: Absorption



21cm Brightness Temperature

Pritchard and Loeb 2012


