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is a powerful radio-interferometer capable of measuring the EoR
21-cm power spectrum - SKA Low precursor
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MWA Bandpass — The Missing Channels
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MWA Bandpass — The Missing Channels
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The Missing Channels — “coarse band harmonics”

Original data
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The Missing Channels — “coarse band harmonics”

Original data 1
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An alternative approach — first estimate the MAPS
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Actual MWA data — the same observation
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Why do we see these small ripples?

P(kJ_, kH) = rzr’ / d(A'V) e—ik”r’A‘VCE (A'V)
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Why do we see these small ripples?
Pl )= [ daw) Aoy P" (k) = (k/ko) K2 Mpc

—— &y =0.01 Mpc™?
—— ky =0.14Mpc™?
—— k=001 Mpc™ (n=—1) -
—— ky =003Mpe™! (n=—2)
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Tapered Gridded Estimator

2 (V(U,vy)V(U,vy)) | Bharadwaj & Sethi 2001

Cf{l-"a, VE}} =

Q205 |, Choudhuri+ 2016, Bharadwaj+ 19, Elahi+ 2025
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21-cm signal ergodic along the LoS

150 MHz |
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21-cm signal ergodic along the LoS

150 MHz |
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Smooth Component Filtering (SCF)
— e g | | ldea - remove the strong spectral feature

_ — Vi) =142 / \

1
H(n) = N ’1 + Ccos (27r

N
(Vésg (vn) = (Veg * H)(vn) = Z Veg(vm)H(n —m)

NO signal loss beyond the smoothing scale
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The data becomes ergodic after SCF

v = 150 MHz
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The missing channels have a minimal effects in the power spectrum




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

EoR model E
Betfore SCF
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17 minutes of data, a single pointing center
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Table 1. The measured AZ(k), corresponding errors o (k), SNR

A2(k)/ o (k), and the 20 upper limits A%L(k).

A2 (k) o (k)
mK?2 mK?

2
AUL (k)
mK?2

—(447.46)* (660.86)2
(731.46)2 (1009.24)2
—(1633.44)2  (1499.97)>
—(1966.73)%  (2190.81)2
(4304.10)2 (3301.66)>
(4395.35)2 (4941.38)2

(934.60)2
(1603.80)2
(2121.28)2
(3098.28)2
(6350.37)2
(8255.52)2

(9203.94) (7467.56)> (14008.62)2
(7500.37)2  (12154.35)2 (18753.99)2
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Incoherent addition
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8. (preliminary) 10 times improved once
incoherently combine 6.2 hours the drift scan.

Summary

. MWA bandpass has a priodic gap — leads to a periodic pattern of missing channels
. Direct FFT of the visibilities — a periodic spike in the power spectrum

. Instead, estimate MAPS then do a FFT | Pk, k) =/ f (v I Ay (av)

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

. SCF — filter out the smooth component first
. No signal loss beyond the smoothing scale
. Tight constraints from only 17 minutes of data
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Thank You



>> The Polyphase Filter Bank (PFB) technique divides the bandwidth of 30.72 MHz into 24
coarse bands, each of 1.28 MHz.

This is right. The PFB does the spectral decomposition (divides) the observed band (up to 330
MHz) into equal-width (1.28 MHz) subbands. Out of 256 such subbands, 24 coarse channels
are selected and recorded for observation.

>> |s this division required for a faster processing of the signal?

The division is necessary to efficiently distribute data chunks to different backend computers,
each processing one or more subbands. First, the subbands are divided into 10 kHz channels,

and then they are correlated between all possible baselines. This is a compute-intensive task.

>> Next, the PFB response is not uniform over a coarse band

Normally, getting strictly uniform band shapes for a filter is a little hard. It concerns the length of
the PFB filter used, coefficient choice (filter shape considered for the base filter), weightage and
the PFB architecture choices.

>> For some reason, the response falls near the edges (just like a bandpass filter). Is this the
reason for flagging four channels from each end of a course band?

This is due to a choice made for the filter coefficients; there was a complex tradeoff taken in the
initial day, considering maximal flatness of the band, reasonable sideband attenuation and
reducing the leakages from the neighbouring channels. We are flagging and not using the edge
channels, where there will be some amount of leakages of signal information from the adjacent
frequency channels. Calibrating and using those channels is a little tricky and hard.




