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Our Aim

GMRT

Baseline distribution

Redshifted HI 21-cm 
Brightness Temperature Fluctuations

Radio Interferometric Array



Visibility Correlation

of Primary Beam

Conversion  
Factor

Bharadwaj & Sethi, 2001



Power Spectrum Estimation -2 Step

Datta et al. 2007



Multi-frequency Angular Power Spectrum

MAPS

Fourier Modes in 
Flat Sky Approximation



Tapered Gridded
Foreground 

Tapered

Tapering Window
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Foreground Leakage
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Tapered Gridded Estimator - TGE

Visibility Correlation

Subtract Noise Bias due to self correlation

Used Simulations with Unit MPAS 

Unbiased Estimator



Ma

Binning

Annular bins

Power Spectrum

Maximum Likelihood



V

Flagging

47 % of data flagged

Validation

Simulations

f-=0.6

5.5 MHz

Pal, S. et al. 2021 
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MWA Drift Scan Observations

Marchison Widefield Array MWA

Sky



Drift Scan Observations

Tracking Center 



Tracking TGE



MWA  Drift Scan
Observations



Flagging

Patwa, A. et. al. 2021



Simulated MAPS



Validation



Single Pointing PC=34



MAPS



MAPS



Summary

• Tapered Gridded Estimator – 2 steps
• MAPS -> PS
• Tapers Widefield and Sidelobe response
• Tracking Tapered Gridded Estimator 
• MWA 154 MHz drift scan observations
• Can combine multiple pointings for a single tracking center
• Validated using simulated all-sky data
• Actual data shows some small artefacts – can we model and remove 

these?

Thank you 



MAPS

Oscillations go down 
as f is reduced

We have used 
noise only simulations 
to estimate the error bars. 

Pal, S. et al. 2021 



Cylindrical PS

f-=0.6f-=0.8f-=2.0
Is this consistent 
with Noise?

Pal, S. et al. 2021 



Statistics

We need  the statistics of                            in the clean region

Is it systematics, foregrounds or noise?

Noise  level varies due to non-uniform baseline and channel 
coverage

We use simulations to estimate                                 the r.m.s.
fluctuations expected from system noise alone

Expected zero mean,  unit variance

Actual noise more than expected

Small amount of foregrounds remains



Results

We have demonstrated the TGE 

Tapers sky response

Works even with highly flagged data

Pal, S. et al. 2021 



uGMRT Band 3  Observations

Chakraborty, A. et al. 2019

Removed Sources

Cross TGE   LL × RR* + cc.             Elahi, A.  2023

Total TGE   (LL+RR) × (LL+RR)*     Pal, S.  et al. 2022

Delay Spectrum + CLEAN   Chakraborty, A. et al. 2021

Cross TGE   + FG Removal Elahi, A.  2023

We analyse



MAPS

• Cross is significant improvement 
over Total

• Foregrounds are possibly 
polarised

• Calibrations errors in the two 
polarisations may be partially 
uncorrelated



Cylindrical PS

Total Cross

t distribution Lorentzian distribution

Some Foregrounds 
still  present



Foreground Removal

Details in poster by Asif ELahi Alahi, S. et al. 2023  Submitted



Spherical PS

Alahi, S. et al. 2023 (in preparation)

Consistent with s sigma noise levels
Approximately ten times larger than predicted signal 



Summary

• Tapered Gridded Estimator – 2 steps
• MAPS -> PS
• Tapers Widefield and Sidelobe response
• Missing Channels (Flagging)
• 150 MHz GMRT data
• 420 MHz uGMRT data
• Foreground Removal 
• Future: Wideband estimator (~100 MHz) for MAPS

Thank you 



150 MHz GMRT Observations  (2008)

Ghosh et al. 2012Sources > 9 mJy removed
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