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MAPS and Power 
Spectrum

Related through Fourier 
Transform

Power Spectrum Statistics

● Largely symmetric around 0 
● Consistent with 0 mean at 95% 

confidence
● Excess variance

Salient features of TGE

Mitigates widefield 
foregrounds

suppresses the sidelobe response of 
the primary beam

Immune to missing  
frequency channels

Fourier transforms MAPS               to 
estimate the power spectrum 

unbiased estimator avoids self-correlation of visibilities / 
cross-polarization

Wideband TGE
Baseline migration
Frequency-dependent variation of 
the primary beam

TGE mitigates foregrounds, immune to missing channels, unbiased, capable of wideband analysis

Foreground removal
Removes foregrounds from MAPS  [ 21-cm signal is localized ]

PF and GPR
Power Spectrum Free from foregrounds, largely consistent with noise predictions

Upper limit   Observation 25 hours, Bandwidth = 100 MHz (394 – 494 MHz)

Future directions
✔ Longer Observation 

✔ Other telescopes (CHIME, MeerKAT, SKA) 
✔ Other frequencies (e.g. EoR) 

MLE

Towards 21-cm intensity mapping at z=2.28 with uGMRT using the tapered gridded estimator 
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MAPS quantifies the entire 
second order statistics of the 

sky signal

 Cosmology in the Alps 2024, Les Diablerets, Switzerland                                                                                                                                                                           Khandakar Md Asif Elahi (asifelahi999@gmail.com)

Within an order of magnitude of the 
expected 21-cm signal

Foreground Wedge

Foreground Leakage

Tapered Foreground

Foreground modeling Residual

Polynomial kernel

Idea: 21-cm signal decorrelates faster than foreground 
           21-cm signal is localized within  

● Step 1: Model the foregrounds from the range 

● Step 2: Predict the foreground in the range 

● Step 3: Subtract the foreground prediction

Predicted 
21-cm signal

Foreground 
prediction

Foreground modeling and predictions
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