
    
      Fig. 3 
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        Horizontal polarization intensity fits for the measurements of the prototype horn. Upper left: 10–20 dB attenuation angles values in different frequencies. Upper right: 10–20 dB attenuation angles × frequency. Lower left: attenuation angles absolute values. Lower right: 10–20 dB weighted attenuation angles × frequency. Minimum and maximum values are quoted in relation to maximum beam intensity for each frequency.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        θ attenuation angles values for vertical (blue) and horizontal (red) polarization intensity component in different frequencies and mean (black) value between both components in the same frequency.

      

    

  
    
      Fig. 7 
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        Horn support system, designed to move the horn up and down according to the calculated positioning values. In the case of the double-rectangular and triple-rectangular the maximum value is ±30 cm from a central reference position. In the case of the rectangular arrangement, the value is ± 42 cm. This cell support allows for the positioning of all horns in their optimal location as described in this paper. This is further discussed in the companion study in Paper (II) (Wuensche et al. 2022).

      

    

  
    
      Fig. 10 
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        Optimized horns parameters with GRASP only using the same peak in z range in relation to the x coordinate. The vertical axis of the plots are x values in cm and horizontal axis, y in cm.

      

    

  
    
      Fig. 11 
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        Comparison between parameters optimized and estimated by non-linear least-squares and dense neural network fits. Left: absolute difference between calibrated parameter values and fitting parameters. The first plot is the difference for the z parameter, the center plot is the difference for the θ parameter, and the last plot for ϕ. The fit used was that of Eq. (1) with values in Table 2. The vertical axis of the plots are x values in cm and horizontal axis, y in cm. Right: same analysis, but with a fit computed by a DNN.

      

    

  
    
      Fig. 12 
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        Non-linear least-squares fitting for every 96 positions on the focal plane for each estimated coordinate. The left column shows the difference between estimated and optimized parameters, and the right column shows estimated and optimized views together.

      

    

  
    
      Fig. 13 
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        DNN fitting for every 96 positions on the focal plane for each estimated coordinate. The left column shows the difference between estimated and optimized parameters, and the right column shows estimated and optimized views together.

      

    

  
    
      Fig. 14 
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        Sidelobes of the BINGO central beam present a Moirré effect due the two-mirror configuration of the instrument (panel a). We found that this effect is attenuated when integrating the beam. Panels b and c show integrated beams over widths of 10 MHz and 20 MHz respectively, computed in the range 1105–1115 MHz and 1100–1120 MHz, with displacements of 1 MHz and normalized by the number of steps. The attenuation effect is clearer in panel d, portraying a 1D cut of the results from panels a–c.

      

    

  
    
      Fig. 15 
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        Optical aberrations for the final beams of the horns located at different places within the focal plane (corresponding locations x and y chosen according to upper left figure and the respective z values over each horn, in the focal plane localization). The focus of the telescope is placed at δ = −15° and has a beam that is devoid of aberrations while the aberrations are increasingly large, but less than ~10 dB, as we move away from the center of the focal plane.

      

    

  
    
      Fig. 16 
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        Beam responses (intensities, from top to bottom) for: (a) rectangular, (b) double-rectangular, (c) triple-rectangular and (d) hexagonal normalized by the intensity of the central horn (see Eq. (10)).

      

    

  
    
      Fig. 20 
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        Auto-angular power spectra for the double-rectangular arrangement beams. We computed the spectrum for each one of the 28 horns of the arrangement for the frequencies of 980 MHz, 1100 MHz and 1260 MHz. We can see that low frequencies have lower power at high multipoles. The curves with similar shades of color correspond to the same frequency but different horns, so the reader can also see the affect due to the location in the optical plane. The intensities were previously normalized with respect to the integral over the simulated area yielding to an adimensional spectrum (with no units), which also represents the window function of the eventual survey.

      

    

  
    
      Table A.2 

      Main parameters for convergence information for current calculations - subreflector as source, main reflector as target

      
        


	Task 2 - Get Currents



	
	x (cm)
	y (cm)
	z (cm)
	θ(deg)
	ϕ(deg)
	po1
	po2
	ptd
	po target
	po source
	ptd source





	P0
	0
	0
	0
	−0.00
	0.00
	305
	940
	940
	183690
	62350
	570



	P1
	−990
	305
	98
	9.28
	−11.19
	305
	900
	860
	175929
	76082
	640



	P2
	510
	−305
	45
	4.08
	145.08
	305
	980
	980
	191462
	55616
	530



	P3
	−930
	−305
	102
	8.98
	15.77
	305
	900
	860
	175929
	74918
	630



	P4
	450
	305
	36
	3.62
	−149.32
	305
	980
	980
	191462
	57365
	540





      

    

  
    
      Table A.3 

      Main parameters for calculations of the field in the main reflector

      
        


	Task 3 - Get Fields



	
	x
	y
	z
	θ
	ϕ
	field points
	po source
	ptd source





	P0
	0
	0
	0
	−0.00
	0.00
	22801
	183690
	940



	P1
	−990
	305
	98
	9.28
	−11.19
	22801
	175929
	860



	P2
	510
	−305
	45
	4.08
	145.08
	22801
	191462
	980



	P3
	−930
	−305
	102
	8.98
	15.77
	22801
	175929
	860



	P4
	450
	305
	36
	3.62
	−149.32
	22801
	191462
	980





      

    

  
    
      Fig. C.2 
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        Plots from the horn beam measurements from Wuensche et al. (2020) used to obtain the 10–20 dB attenuation angles as a function of frequency for a vertically polarized input signal. For each plot the intensity is attenuated by 10 dB (red dashed line) and 20 dB (sparse red dashed line) in relation to the peak intensity (black dashed line).
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