
    
      Fig. 3 
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        Restored images after injections in centre (panels A–C) and periphery (panels D–F) of PSZ2 G120.08-44.41 with different schemes: injection in the original dataset (‘INJ.’, panels A and D), injection in the discrete source-subtracted dataset (‘SUB. & INJ.’, panels B and E), and injection in the original dataset and subsequent subtraction of the discrete sources (‘INJ. & SUB.’, panels C and F). The yellow circle (centred on RAinj, Decinj) has a radius of 3re and contains Sinj = 0.8Sinj,tot, where Sinj,tot = 100, 50, and 20 mJy, for panels in Cols. 1–3, respectively.

      

    

  
    
      Fig. 5 
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        Net azimuthally averaged surface brightness profiles of the images shown in Appendix A for PSZ2 G098.62+51.76. The dashed black lines represent the theoretical injected profiles. The sampled profiles (Sinj, tot is reported in the legend) are obtained by subtracting the pre-injection from the post-injection contribution. The grey vertical line indicates r = 3re.

      

    

  
    
      Fig. 7 
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        Azimuthally averaged profiles of images shown in Appendix A for PSZ2 G098.62+51.76. The dashed black lines represent the theoretical injected profiles. The sampled pre-injection and post-injection profiles are shown with black and coloured dots (see the total injected flux density in the legend), respectively. The grey vertical line indicates r = 3re. The grey horizontal line indicates the global 1σ noise level.

      

    

  
    
      Fig. 10 
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        Representative examples of NDE clusters showing artefacts introduced by the subtraction of discrete sources near the cluster centre. The radio contours are drawn at ±2σ and spaced by factors of 2. In all the panels, the dashed cyan circle indicates the cluster centre and has a fixed diameter of 2′. Left: NDE cluster excluded from our analysis due to severe (positive and/or negative) artefacts. Middle: NDE cluster with SQ = 1 due to the absence of artefacts. Right: NDE cluster with SQ = 2 due to the presence of moderate residuals.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Examples of injections for SQ = 2 cluster. Contours are drawn at 2σ of the pre-injection (left) image, and the cyan circle has a radius of 3re,inj. Two cycles of injections are performed with SUL derived from Eq. (5) and 1.5 × SUL. The upper limit is obtained with the second cycle, which leaves extended excess ~2 times brighter with respect to the pre-injection image.

      

    

  
    
      Fig. 12 
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        Distribution of the ratio between the effective upper limit and the expected upper limit inferred from Eq. (5) for the SQ = 2 clusters.

      

    

  
    
      Fig. 13 
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        Distributions of flux density of confirmed and candidate radio halos (in blue) with 100 ≤ re ≤ 400 kpc from Botteon et al. (2022), our upper limits (in red), and upper limits from Cuciti et al. (2021a; in black), and George et al. (2021a; in yellow). Upper limits from the literature are re-scaled to 150 MHz by assuming α = 1.3. The samples are split in redshift bins as z < 0.3 (top panel) and z > 0.3 (lower panel).

      

    

  
    
      Fig. 14 
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        Recovered net flux density as a function of the injected flux density for various angular diameters and instruments. Red, magenta, blue, and green curves are injections in LOFAR (HBA at 144 MHz), uGMRT (band 3 at 400 MHz, 6 and 10 h on source are shown with solid and dotted lines, respectively), uGMRT (band 4 at 700 MHz), and JVLA (DnC+BnC array, L band at 1.5 GHz) datasets, respectively. The expected flux density integrated up to 3re of a representative radio halo with M500 = 5 × 1014 M⊙ is indicated by a dashed vertical line and can be exploited to estimate effective losses (see Table 3 and discussion in Sect. 6).

      

    

  
    
      Fig. 15 
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        Inner (≤200λ) uv coverage of the uGMRT observations used for injections: 6 h in band 3 (Dec ~ – 13°, top panel), 10 h in band 3 (Dec ~ +64°, middle panel), 9 h in band 4 (Dec ~ – 29°, lower panel).

      

    

  
    
      Fig. A.1 
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        Injection of mock halos with D = 3′ (corresponding to the diameter of the yellow circle). The 2σ contour level is reported, where σ is the noise of the pre-injection map. The upper limit is obtained with Sinj,tot = 5 mJy.
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