
    
      Fig. 3. 
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        Source-subtracted radio continuum images of Abell 2142 with MeerKAT at 1283 MHz (left) and LOFAR at 143 MHz (right), shown at 25 arcesc resolution (top) and 60 arcsec resolution (bottom). Colourscale ranges from −2σ to 300σ on an arcsinh stretch to emphasise diffuse emission. The first contour is shown at the 2σ level, then contours scale by a factor of [image: equation] from 3σ, where σ = 15 (172) μJy beam−1 at 1283 MHz (143 MHz). Dashed contour denotes the −3σ level. The dot-dashed circle traces a radius of 1 Mpc around the centre of Abell 2142. Note that all discrete sources have been subtracted from the visibilities before imaging, as described in the text. Solid-line boxes and dashed polygons denote the areas used to measure the flux of the H1 (yellow), H2 (purple), and H3 (blue and magenta) as described later in the text. Dashed red box indicates regions where residuals from T1 and T2 are significant, and as such are excluded from later analysis.

      

    

  
    
      Fig. 5. 
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        Colour-composite images of the tailed radio galaxies T1 (top) and T2 (bottom) embedded in the ICM of Abell 2142, as per Fig. 1. Contours denote the radio surface brightness measured by LOFAR at 143 MHz as per Fig. 2. Cyan markers point to the host galaxies. Yellow curves indicate the direction of further faint ultra-steep spectrum emission that is only partially recovered at this resolution, which likely traces ancient fossil plasma from these radio galaxies.

      

    

  
    
      Fig. 7. 
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        Integrated spectral index measurements and fits for the three components: H1, H2, and H3. The measurements are presented in Table 2, with dashed, dotted, and dot-dashed lines indicating the best-fit spectral index, and the shaded region denoting the 1σ uncertainty, colourised according to the extraction region in Fig. 3. References “TV17”, “LB23” and “CR23” refer to Venturi et al. (2017), Bruno et al. (2023) and this work, respectively. Orange fits were performed solely on the measurements from Venturi et al. (2017), whereas the yellow and purple fits to H1 and H2, as well as all fits to H3, were performed using the combination of our new measurements plus those from Bruno et al. (2023). Note that the different sets of measurements for H1 were derived using different areas, as described in the text; the “CR23-matched” measurements denote those derived using the same region as Bruno et al. (2023), whereas the “CR23” measurement was derived over the more full extent of H1. When fitting to the data from Venturi et al. (2017), the 74 MHz measurement for H1 and H2 is an upper limit and was thus excluded from the fit. Likewise, the measurements at 234 MHz, 608 MHz, and 1377 MHz for H2 were derived from data with sparser uv-coverage, and were excluded from the fit. See Venturi et al. (2017) for further details.

      

    

  
    
      Fig. 10. 
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        Radial profiles for the multi-component halo in Abell 2142 at 60 arcsec resolution. The upper row shows the wedge-shaped regions used to trace the profiles in three directions. Profiles are shown at 1283 MHz and 143 MHz, with datapoints showing measurements and arrows denoting 1σ upper limits. The uncertainties show only statistical errors, and the horizontal dashed line indicates the 1σ level. Colourised dot-dashed curves show fits to the data, which describe either a single- or double-component circular exponential profile described in Eq. (2), with best-fit parameters presented in Table 3. Where the two-component model provides a better description of our data, we show each component individually using dashed and dotted curves. The lower panels show the radial spectral index profile derived using the average surface brightness in each region at 1283 MHz and 143 MHz, with 3σ upper limits shown as arrows. Uncertainties include both statistical and systematic uncertainties. Shaded regions show the characteristic e-folding radius of each component, as plotted above and shown in Table 3.

      

    

  
    
      Fig. 11. 
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        Point-to-point correlation between radio and X-ray surface brightness (IR/IX) for Abell 2142. Upper row shows the regions used to extract the surface brightness measurements. Colourscale is the XMM-Newton surface brightness, with contours showing surface brightness measured by XMM-Newton, MeerKAT and LOFAR from left to right. Boxes are colourised according to whether the surface brightness within is considered a measurement (cyan) or a 2σ limit (blue). Middle and lower rows show the IR/IX correlation plane at 1283 MHz (left) and 143 MHz (right) at 60 arcsec resolution. The dashed blue line indicates the 1σ level. Dashed green line shows the best-fit power-law relation and 1σ uncertainty region shown shaded. The slope is indicated in the upper-left corner inset. The lower panels show the results using a common region set where both MeerKAT and LOFAR measure a radio surface brightness of at least 2σ (cyan markers); open datapoints indicate measurements excluded from the fit.

      

    

  
    
      Fig. 12. 
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        Correlation between radio spectral index and X-ray surface brightness [image: equation] for Abell 2142 at 60 arcsec resolution. Note the inverted y-axis, to facilitate comparison with previous similar studies. The strength of the correlation is negligible, with Spearman (Pearson) coefficients rS = 0.17 (rP = 0.26). Blue markers indicate upper limits to the spectral index, which were excluded from the fitting and are shown here for illustrative purposes only.

      

    

  
    
      Fig. 13. 
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        Point-to-point correlation between thermal and non-thermal components for Abell 2142 at 25 arcsec resolution. Top panels show the 25 arcsec boxes used to probe the correlation, colourised according to the halo component (H1: yellow, H2: cyan, H3: powder blue). Colourscale shows the XMM-Newton surface brightness, with contours denoting the surface brightness measured by XMM-Newton, MeerKAT, and LOFAR (both at 25 arcsec resolution). Radio contours start at 3σ and scale by a factor [image: equation] as per Fig. 3. Bottom panels show the IR/IX plane for components H1, H2, and H3, as well as the best-fit slope derived by Linmix. The slopes are shown in the inset, as well as in Table 5.

      

    

  
    
      Fig. 14. 
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        Point-to-point correlation between radio spectral index and X-ray temperature for Abell 2142. The upper row shows X-ray temperature maps derived from Chandra (left) and XMM-Newton (right) observations, with contours showing 143 MHz LOFAR data at 25 arcsec resolution. Coloured boxes show the regions covering H1 (yellow) and H2 (cyan) used to probe the α/TX correlation. The lower panels show the point-to-point correlation between radio spectral index and X-ray temperature measured by Chandra (left) and XMM-Newton (right). The dashed lines indicate the best-fit relation, with the shaded region denoting the 1σ uncertainty; the slopes are shown in the inset in each subplot.

      

    

  
    
      Fig. A.1. 
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        Direction-dependent calibrated MeerKAT images produced from our observations of Abell 2142. Upper: full-field image centred on the cluster, with the inner circle denoting a 1 Mpc radius around the cluster centre, and the outer circle showing the MeerKAT PB FWHM at 1283 MHz (67 arcmin). Lower: zooms on two selected sources of interest, the giant radio galaxy associated with LEDA 1783783 at redshift z = 0.086 (left, e.g. Albareti et al. 2017) and ORC-4 at redshift z = 0.385 (right, e.g. Norris et al. 2021a,b). In each of the lower panels, the colourscale ranges from −2σlocal to 250σlocal where σlocal = 12.8 (18.2) μJy beam−1 in the left (right) panel; the scalebar corresponds to a physical scale of 500 kpc at the indicated host galaxy redshift.
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