
    
      Fig. 3. 
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        Flux density between 50 and 270 MHz measured from the Cyg A models for the total emission (top), hotspot A (middle), and hotspot D (bottom). The top panel shows the old model (solid blue line), the new model before (dashed green line) and after spectral rescaling (solid black line), and the third-order logarithmic polynomial used by MK16 (dashed orange line). In the middle and bottom panels, only the flux densities from the new Cyg A models before and after rescaling are shown. These values were extracted from a circular region with a 5 arcsec diameter, centred on the peak of each hotspot. The filled points indicate the spectral peaks, and the turnover frequency after rescaling is also reported. The green shaded area in all panels marks the LOFAR HBA range used to extract the new Cyg A model.

      

    

  
    
      Fig. 5. 
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        All sky dirty image of the simulated NCP dataset (left), with zoom-in to the NCP main field (top right) and the Cyg A direction (bottom right). The all sky image has been obtained using a baseline range of 50 − 250λ, the NCP zoom-in with 50 − 500λ, while the Cyg A zoom-in with 50 − 4500λ. A natural weighting scheme has been used for the all sky and the NCP zoom-in images, whereas a uniform weighting has been chosen for the Cyg A zoom-in to make the source structures more visible. The contour in the bottom right panel is the 1 Jy/beam level from Fig. 1 to show the position and extension of Cyg A.

      

    

  
    
      Fig. 7. 
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        Stokes I cylindrical power spectra divided by the thermal noise power spectrum at different stages of the processing of the simulated NCP dataset. Top row, from left to right: power spectrum ratio after initial calibration, after DD subtraction using the new, old, and point source model of Cyg A. The bottom row shows ratios of results from processing with different models. From left to right: the initial calibration results over new model results, new model results over old model results, new model results over point source model results, and old model results over point source model results. ‘DD New/Point’ and ‘DD Old/Point’ share the same colour bar. In all the panels, the thick line indicates the horizon delay line (foreground wedge), whereas the thin solid and dashed line pairs indicate the delay ranges where we expect most of the power of Cyg A and Cas A, respectively.

      

    

  
    
      Fig. 10. 
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        Dirty images of the real observed NCP dataset in the direction of Cyg A. The top row shows, from left to right: (i) the image after initial calibration, and residual images after DD subtraction using the (ii) new, (iii) old and (iv) point source model, divided by the peak brightness of the initially calibrated image. The bottom row shows the differences between residual images obtained after DD subtraction for the three Cyg A models: Old − New (left), Point − New (middle), and Point − Old (right). All the images have been obtained with a natural weighting scheme and using a baseline range of 50 − 4500λ, resulting in the synthesised beam shown in the bottom-left corner of the top-left panel. The contour in every panel is the 1 Jy/beam level from Fig. 1 to show the position and extension of Cyg A.

      

    

  
    
      Fig. 11. 
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        Stokes I cylindrical power spectra divided by the thermal noise power spectrum at different stages of the processing of the real observed NCP dataset. Top row, from left to right: power spectrum ratio after initial calibration, after DD subtraction using the new, old, and point source model of Cyg A. The bottom row shows ratios of results from processing with different models. From left to right: the initial calibration results over new model results, new model results over old model results, new model results over point source model results, and old model results over point source model results. ‘DD New/Point’ and ‘DD Old/Point’ share the same colour bar. In all the panels, the thick line indicates the horizon delay line (foreground wedge), whereas the thin solid and dashed line pairs indicate the delay ranges where we expect most of the power of Cyg A and Cas A, respectively.

      

    

  
    
      Fig. 12. 
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        Power spectra along the Cyg A direction after DD subtraction (top panel) and their ratios (middle and bottom panels) for the real observed NCP dataset. The top panel shows Stokes IP(k) after the DD subtraction step using the new (blue), old (orange), and point source (green) models, along with the thermal noise level (dashed grey line). The shaded areas represent the 1σ uncertainties. The middle panel shows the ratio New/Old (black points), while the bottom panel shows the ratios New/Point (pink squares), and Old/Point (purple diamonds). Filled markers represent the ratio of the cylindrical power spectra P(k⊥, k∥) for each (k⊥, k∥)-cell within the Cyg A delay lines, while the white-faced markers indicate the ratios of the power spectra P(k). For the latter, the horizontal error bars indicate the k-bin extension, while the vertical error bars indicate the 1σ uncertainties of the ratio. A small offset in k has been added to the white-faced pink squares and purple diamonds in the bottom panel to avoid overlapping of error bars.

      

    

  
    
      Fig. 13. 
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        Spherical power spectra after DD subtraction (top panel) and their difference (middle and bottom panels) for the real observed NCP dataset. The top panel shows Stokes IΔ2(k) after the DD subtraction step using the new (blue), old (orange), and point source (green) Cyg A model, and the thermal noise level (dashed grey line). The shaded areas represent the 1σ uncertainties. The middle panel shows the difference Δold2 − Δnew2 (black dots), while the bottom panel shows the differences Δpoint2 − Δnew2 (pink squares), and Δpoint2 − Δold2 (purple diamonds), with the associated 1σ uncertainties (values reported in Table D.1). The horizontal error bars indicate the k-bin extension. We added a small offset in k to the pink and purple markers in the bottom panel to avoid overlapping of error bars. The grey shaded area delimits the range in k where Δ2 upper limits are usually extracted from LOFAR data, being the most sensitive range for LOFAR.

      

    

  
    
      Table D.1. 

      Differences of spherical power spectrum pairs for simulated and observed NCP data, with the associated 1σ error.

      
        


	
	Simulations
	Observations



	




	k
	Δold2 − Δnew2
	Δpoint2 − Δnew2
	Δpoint2 − Δold2
	Δold2 − Δnew2
	Δpoint2 − Δnew2
	Δpoint2 − Δold2



	(h cMpc−1)
	(mK2)
	(mK2)
	(mK2)
	(mK2)
	(mK2)
	(mK2)





	0.08
	+(7.10)2 ± (41.99)2
	+(26.02)2 ± (42.94)2
	+(25.03)2 ± (43.01)2
	−(223.23)2 ± (2113.76)2
	+(535.38)2 ± (2123.78)2
	+(580.06)2 ± (2122.31)2



	0.11
	−(5.17)2 ± (57.06)2
	+(23.31)2 ± (57.48)2
	+(23.88)2 ± (57.46)2
	+(480.41)2 ± (1390.86)2
	+(180.77)2 ± (1384.98)2
	−(445.10)2 ± (1391.81)2



	0.14
	+(30.91)2 ± (79.87)2
	+(67.85)2 ± (81.24)2
	+(60.40)2 ± (81.57)2
	+(390.49)2 ± (957.66)2
	+(331.09)2 ± (956.53)2
	−(207.02)2 ± (960.52)2



	0.19
	+(69.71)2 ± (115.49)2
	+(239.41)2 ± (124.51)2
	+(229.03)2 ± (125.15)2
	−(189.67)2 ± (954.30)2
	+(256.63)2 ± (956.06)2
	+(319.12)2 ± (955.44)2



	0.26
	+(82.28)2 ± (122.58)2
	+(424.47)2 ± (142.62)2
	+(416.42)2 ± (143.09)2
	+(225.44)2 ± (661.87)2
	+(248.76)2 ± (662.08)2
	+(105.15)2 ± (663.02)2



	0.35
	+(198.16)2 ± (175.76)2
	+(861.36)2 ± (230.58)2
	+(838.25)2 ± (231.88)2
	+(203.28)2 ± (346.58)2
	+(150.94)2 ± (345.95)2
	−(136.16)2 ± (347.35)2



	0.46
	+(55.75)2 ± (242.08)2
	+(185.30)2 ± (243.67)2
	+(176.71)2 ± (243.82)2
	+(179.24)2 ± (539.60)2
	+(835.65)2 ± (553.24)2
	+(816.20)2 ± (553.84)2



	0.63
	−(24.35)2 ± (349.32)2
	+(543.64)2 ± (358.42)2
	+(544.19)2 ± (358.40)2
	+(1188.90)2 ± (887.23)2
	+(2887.20)2 ± (964.72)2
	+(2631.06)2 ± (976.20)2



	0.85
	+(61.80)2 ± (495.40)2
	+(619.05)2 ± (502.52)2
	+(615.96)2 ± (502.59)2
	+(1654.94)2 ± (1074.88)2
	+(4666.05)2 ± (1228.38)2
	+(4362.70)2 ± (1242.11)2



	1.15
	−(41.87)2 ± (718.76)2
	+(118.13)2 ± (718.93)2
	+(125.33)2 ± (718.91)2
	+(982.77)2 ± (1014.69)2
	−(923.45)2 ± (1001.99)2
	−(1348.55)2 ± (1008.87)2



	




	0.08–0.63
	+(17.38)2 ± (38.57)2
	+(56.30)2 ± (39.38)2
	+(54.20)2 ± (39.43)2
	+(256.98)2 ± (324.09)2
	+(463.29)2 ± (325.06)2
	+(391.35)2 ± (326.23)2



	0.63–1.15
	+(13.94)2 ± (326.95)2
	+(547.32)2 ± (334.35)2
	+(547.11)2 ± (334.35)2
	+(1259.39)2 ± (741.59)2
	+(2663.22)2 ± (788.59)2
	+(2361.20)2 ± (796.34)2





      

      
Notes. Differences were estimated using Eq. (9) at given k-bins. In the last two rows, we report the inverse-variance weighted mean of the differences over the indicated k-bins ranges, with the associated standard error, estimated using Eq. (D.1).
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