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MWA is a powerful radio-interferometer capable of measuring the EoR 
21-cm power spectrum - SKA Low precursor

MWA



  

MWA Bandpass – The Missing Channels

Prabu+ 2015

For computational efficiency



  

MWA Bandpass – The Missing Channels

Actual observation @ 154 MHz (z = 8.2)

 – Patwa+ 2021



  

The Missing Channels – “coarse band harmonics” 

Same/similar pattern in 

Li+ 2019
Trott+ 2020
.
.
.



  

The Missing Channels – “coarse band harmonics” 

Same/similar pattern in 

Li+ 2019
Trott+ 2020
.
.
.



  

An alternative approach –  first estimate the MAPS 

No missing Δν 

Multi-frequency angular power spectrum - MAPS



  

Actual MWA data – the same observation  

Chatterjee, Elahi + 2024 Patwa + 2021

17 minutes



  

But .. 

Chatterjee, Elahi + 2024



  

Why do we see these small ripples?

Chatterjee, Elahi + 2024



  

Why do we see these small ripples? 

Chatterjee, Elahi + 2024 (absent in simulated data)



  

Tapered Gridded Estimator 
Bharadwaj & Sethi 2001
Choudhuri+ 2016, Bharadwaj+ 19, Elahi+ 2025



  
Elahi+ 2025

21-cm signal ergodic along the LoS



  
Elahi+ 2025Foregrounds have spectral feature – it matters from which frequency we 

sample it 

21-cm signal ergodic along the LoS



  
NO signal loss beyond the smoothing scale 

Idea – remove the strong spectral feature



  

The data becomes ergodic after SCF



  

2 MHz smoothing

The missing channels have a minimal effects in the power spectrum

Before 
SCF

After 
SCF



  

2 MHz smoothing

NO signal loss beyond the smoothing scale – simulated 21-cm signal 

Before 
SCF

After 
SCF



  

2 MHz smoothing

NO signal loss beyond the smoothing scale – simulated 21-cm signal 



  

17 minutes of data, a single pointing center



  

Pal+ 2020
Elahi+ 2023a,b, 24, 25

Excess variance

Noise-limited
95% confidence



  



  



  

Incoherent addition



  

Trott+ 2020
110 hours

Sarkar, Elahi+ in prep
6.2 hours

Elahi+ 2025
17 minutes



  

Summary 

1. MWA bandpass has a priodic gap – leads to a periodic pattern of missing channels

2. Direct FFT of the visibilities – a periodic spike in the power spectrum 

3. Instead, estimate MAPS then do a FFT

4. Still tiny ripples – due to strong spectral features in the data 

5. SCF – filter out the smooth component first 

6. No signal loss beyond the smoothing scale

7. Tight constraints from only 17 minutes of data

8. (preliminary) 10 times improved once 

incoherently combine 6.2 hours the drift scan.

2 MHz smoothing



  

Thank You
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