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Biggest Challenge: Foregrounds

Tonosphere

= Radio Freq Interference

Instrumental Noise

Santos et al., 2005
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Current Generation Low-Frequency Radio Interferometers: High-z
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Observational INFO

Total Observation Time 32 hours

Frequency 183MHz
Bandwidth 120 - 250 MHz
Integration Time 5.37sec
Number of Channels 8192
Frequency Resolution 24 KHz
Target field (v, d)2000 (16™10™1%, 4-54°30°36”)
Working Antennas 27

Pointing centres 13731m08% +30430™ 325 (3C286)
15749m 175 +50438™05% (J1549+506)
16"10™01° +54930™36% (ELAIS N1)
01737415 +33909™355 (3C48)

Sagar et al., 2025 (10.1093/mnras/staf1922)
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Direction-Dependent Calibration : SPAM ~
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Source Classification
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Franzen et al. 2019
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Galactic Diffuse Emission Angular Power Spectra - Visibility & Imaging
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Band-2 - Power law of DGSE - i-APS vs t-APS
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Band-3 - Power law of DGSE - i-APS vs t-APS
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Broken Power-law over wideband (120 - 500 MHz)

Best-fit parameters for single power law: ' 4L ! " Single Power Law j
0*E —— = 5.6040 % 0.0928 =
= X% = 3.6228 3
Cﬁ/I = A150<%)’8 [~ Bfoken Pf)wer Law il
3 Vbreak = 233 MHz,
10 = === o = 1.0536, ap = 6.4401 3
= X% = 1.5504 3
A=143.82 £ 14.58 mK"2 @8 ® Data (Single Power Law)
102 E h \! ® Data (Broken Power Law) |
alpha =4.08 + 0.07 &g F E
v largeie. > 5 E o E E
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—2a1 100? ?
A U - if v S Vpreak E E
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72 B ~ |
A=112.25 + 20.88 mK"2 = = — =
2 x 10 3x 10 4 x 10°
nu_break =230 £ 5 MHz Frequency (MHz)
=1.27x0.
alpha_1 =1.27+0.15 Sagar et al., 2025
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v 1.15

(10.1093/mnras/staf1922)
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Parameters of Power law of DGSE - i-APS and t-APS

i-APS t-APS
v (MHz) A (mKZ) B Lmin — €max A (sz) B £min — €max
142 283.002 +63.509 2.028 £0.265 390 — 900 285.641+140.413 2.147 £0.664 429 — 1010
158 243.802 +-48.148 1.744 £0.347 407 — 955 260.794 + 63.639 1.901 £0.464 533 — 1010
191 201.547 £ 3.615 2.253 £0.265 507 — 955 201.570 +25.139 1.852 +£0.369 659 — 1561
208 185.439 £+ 10.333 1.7124+0.984 530 — 1007 112.145£+10.333 1.713+£0.169 517 — 1012
225 138.221 £19.730 2.737+£0.744 572 — 1088 183.368 £+ 16.955 2.476 £0.489 806 — 1255
241 90.197 £24.168 2.179 £0.499 640 — 1206 123.004 £32.174 1.932 +0.499 533 — 1556
316 2.186 +£0.461 2.2444+0.275 512 —-918 1.087 £0.029 1.779 £0.120 751 — 1114
350 0.366 +0.026 2.388 +0.325 503 - 917 0.472 4+0.039 1.888 +0.464 621 — 755
383 0.266 +0.030 2.543£0.189 507 — 909 0.174 £0.028 2.353£0.366 620 — 909
416 0.10240.020 1.716 = 0.557 483 — 919 0.144 +0.020 1.562 £0.341 609 — 919
450 0.038 +0.005 2.959£0.742 514 —-919 0.328 +0.019 1.574 +£0.179 1105 — 1993
v 483 0.133+:0.021 2.839+0.984 517 — 1121 0.471 +=0.009 1.935+0.071 1121 — 2001

Notes. The parameters A and S correspond to the amplitude and spectral index in the power law, respectively. The £y, and £y represent the multipole range
in which GDSE dominates.

Sagar et al., 2025
(10.1093/mnras/staf1922)



https://ui.adsabs.harvard.edu/link_gateway/2025MNRAS.544.3617S/doi:10.1093/mnras/staf1922

Technique for upper limit of 21-cm signal

L Foreground Avoidance — Ignores contaminated

modes in Fourier space (EoR window approach).

L Foreground Subtraction — Models and removes

foregrounds before power spectrum estimation.

Example - PCA, GPR.

EoR Window

Foreground
Wedge

¢ Intrinsic Foregrounds
ki

Kennedy et al. 2024
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Upper limit on 21-cm signal with other telescopes at High - z
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Upper limit on 21-cm signal with other telescopes at High - z
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Upper limit on 21-cm signal with other telescopes at High - z
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Flag Occupancy (%)
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Estimated residual Power Spectrum of HI 21-cm signal: multi-redshifts
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Estimated residual Power Spectrum of HI 21-cm signal: Foreground Avoidance
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Estimated 3D Power Spectrum of HI 21-cm signal: multi-redshifts
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Estimated 3D Power Spectrum of HI 21-cm signal: multi-redshifts
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Estimated Power Spectrum of HI 21-cm signal: multi-redshifts

z KMpc!) | A*(mK?) | A% (mK?) | A>n(mK?)
6.3 0.556 (1136.02)? (863.197)2 (137.233)2
9.0 0.455 (2686.026)2 | (1963.782)> | (630.004)

Sagar et al., (In prep.)
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Current Generation Radio Interferometers: Study of Southern Sky

ASKAP, Australia




Continuum Imaging: GAMA-23 field with uGMRT Band-3
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DEC (J2000)

Continuum Imaging: GAMA-23 field with uGMRT Band-3
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DEC (J2000)
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