
    
      Fig. 3. 
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        Data processing pipeline with the different steps of preprocessing, calibration, foreground subtraction, and power spectrum estimation. The calibration settings used in the different steps in this pipeline are summarized in Table 2. Note that the signal injection tests performed on the calibration and foreground removal steps are not described in this flowchart (see Fig. 12).

      

    

  
    
      Fig. 5. 
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        Images of the L2, L3, and L4 data. Top: wide-field dirty image (left) and narrow-field cleaned image (right) of the L2 data. Middle: same but for the L3 data. Bottom left: the seven clusters that the sky model is divided into for the NCP subtraction step. Bottom right: narrow-field cleaned image of the L4 data.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Delay and fringe rate power spectra of an example baseline where a strong RFI feature is seen. Delay vs. time plot (top-left) and delay vs. fringe rate plot (top-right) for the Stokes-I data after NCP subtraction. The dashed horizontal lines indicate the expected delay corresponding to the local RFI source at the building. Bottom left: power as a function of fringe rate at the expected delay for the local RFI source. The vertical dotted lines correspond to a fringe rate of 18 min−1. Bottom right: power as a function of delay at the expected fringe rate of 18 min−1. The vertical dashed line is the expected delay.

      

    

  
    
      Fig. 10. 
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        Normalized spherically averaged power spectra of the 1000 21cmFAST simulations at z = 20 used as the training set for the 21 cm VAE kernel.

      

    

  
    
      Fig. 11. 
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        Corner plot showing the posterior probability distributions for the different parameters used in ML-GPR. The dashed contours correspond to the 68%, 95%, and 99.7% confidence levels. The vertical dashed lines in the one-dimensional histogram enclose the central 68% of the probability.

      

    

  
    
      Fig. 12. 
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        Flowchart for the signal injection tests performed on a DD calibration and subtraction step (outlined in blue), and on ML-GPR (outlined in red). The numbers refer to the sequence of steps described in the text in Sect. 8.1.

      

    

  
    
      Fig. 13. 
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        Results of the robustness tests performed on different steps of the calibration pipeline. The results of the tests on the three DD calibration steps for different smoothing kernel widths and baseline cuts are presented in the first three columns from the left. The top row shows the suppression factor in the spherical power spectra for the different steps. The lines in red correspond to the settings that were used for the final analysis, and the plots in the bottom row show the suppression factor in the cylindrical power spectra corresponding to these settings. The vertical dotted lines in the bottom row correspond to the 20λ and 40λ cuts and the region between these two lines is used for constructing the final spherical PS. The fourth column from the left shows the cumulative suppression of a signal injected into the L2 data. The top panel shows the cumulative signal suppression after A-team subtraction and after NCP subtraction for the injected 21 cm signal scaled by a factor of 1000 (Signal 1: circles) and 2000 (Signal 2: inverted triangles). The inverted triangle markers have been shifted horizontally for visual clarity. The rightmost column presents the spherical (top) and cylindrical (bottom) power spectra of the injected signal and their comparison with the noise power spectra.

      

    

  
    
      Fig. 14. 
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        Results of the robustness tests performed on the ML-GPR step. Top: z-score for all injected signals at the different k bins. The vertical dashed lines demarcate the different strengths of the injected signals. The horizontal gray bands indicate the 1-sigma and 2-sigma levels. Bottom: Bias for all injected signals at the different k bins. The 25 cells in each panel correspond to the 25 different shapes of the injected signal. The different rows correspond to the different strengths of the injected signal and the different columns show the results in different k bins. The color scale indicates the value of the bias in each case.

      

    

  
    
      Fig. 15. 

      
        [image: thumbnail]
      

      
        Spherical and cylindrical power spectra at some key stages of the analysis pipeline. The left-most panel shows the spherical power spectra after preprocessing (“Data”), after sky model subtraction (“Skymodel Sub”), and after GPR (“GPR Residual”), along with the thermal noise power spectrum (“Thermal Noise”). For the cylindrical power spectra (second and third panels), the ratio with respect to the thermal noise power spectrum is shown. The white dashed lines indicate the horizon limit. The spherical power spectra after noise bias subtraction and suppression factor correction are shown in the rightmost panel.

      

    

  
    
      Table 6. 

      2σ upper limits on the 21 cm power spectrum [image: equation] at different k bins. [image: equation] is the residual power, [image: equation] is the error on the residual power, and [image: equation] is the thermal noise power.

      
        


	k bin
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	(h cMpc−1)
	(K2)
	(K2)
	(K2)
	(K2)





	0.036–0.055
	17.81
	2.90
	23.60
	0.12



	0.055–0.086
	71.30
	11.11
	93.52
	0.55



	0.086–0.134
	261.63
	30.96
	323.54
	2.01



	0.134–0.207
	456.33
	49.54
	555.41
	8.10



	0.207–0.322
	731.75
	57.18
	846.12
	31.29



	0.322–0.5
	1157.37
	85.06
	1327.49
	104.66





      

    

  
    
      Fig. 16. 
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        Spherical power spectra of the data after applying GPR on individual time segments. The left panel shows the power spectra of the GPR residuals for individual time segments of the data and the right panel shows the power spectra with increasing volume of data, in the order of observation.

      

    

  
    
      Fig. B.2. 
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        Gain calibration errors at the NCP subtraction step. The top and bottom panels show the errors in the amplitude and phase of the gain solutions, respectively. The dashed lines correspond to the solutions obtained using 2 MHz smoothing while the solid lines correspond to those obtained using 6 MHz smoothing. The thick solid lines show the beam factor and are to be read using the vertical axis on the right-hand side. The different colors refer to the gains in the direction of the different clusters.
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