
    
      Fig. 7. 
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        Occurrence rate of radio relics according to TNG-Cluster as a function of primary cluster mass (top) and redshift (bottom). The data points are colored based on different luminosity cuts, and the error bar shows the Poisson noise. The top subplot quantifies the number of clusters in each mass bin (black histogram) and those hosting radio relics above a certain radio luminosity (colored histograms). The final bin includes the three clusters with M500c > 1015.2 M⊙. In the redshift distribution, the dotted and solid lines mark the clusters with M500c > 1014 M⊙ and M500c > 5 × 1014 M⊙, respectively. The fraction of clusters that host radio relics increases with the system’s mass, whereas the redshift dependence is less unclear.

      

    

  
    
      Fig. 10. 
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        Mass-luminosity relation of TNG-Cluster radio relics (circles) and observed relics (squares). The color denotes redshift. The line is the mass–luminosity relation by de Gasperin et al. (2014). The luminosity of the brightest radio relics increases with cluster mass, while there is a large abundance of low luminosity radio relics, that can be detected by future surveys.

      

    

  
    
      Fig. 11. 
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        Distribution of mass-weighted average Mach number (left) and magnetic field magnitude (right) of TNG-Cluster radio relics at different redshifts. The average Mach number of the simulated radio relics is constant in time, with ℳ ∼ 4. In contrast, the average magnetic field strength in the regions of the radio relics increases by a factor of ∼2 between z = 0 and z = 1.

      

    

  
    
      Fig. 13. 
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        Mass ratio vs. normalized radio luminosity of TNG-Cluster radio relics. The luminosity is normalized with that derived from the mass–luminosity relation. The mass ratio is defined using the most massive subcluster that experiences a collision with the main cluster.

      

    

  
    
      Fig. 14. 
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        Dark matter surface density (top) and radio surface brightness map (bottom row) of two TNG-Cluster mergers with comparable merger properties, including halo mass (log M500c ∼ 14.9), mass ratio (∼4), and time since collision (∼0.4 Gyr). The overlaid curves mark the orbit of the merging subcluster for the last ∼1 Gyr, which has Msub,  IC > 5 × 1012 M⊙ and experienced the first pericenter passage in the ∼1 Gyr. The radio relics produced in the two systems are different due to the specific details of the merger history.

      

    

  
    
      Fig. 16. 
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        Face-on view of TNG-Cluster radio relic systems that may be confused as radio halos. We plot the radio surface brightness (top) and the X-ray surface brightness map overlaid with the radio contours (bottom). The dotted circle marks the R500c of the cluster. In these projections, the radio relics exhibit a radio halo-like appearance. However, differently from the latter, they are characterized by a significant drop in surface brightness at their edges and by a radio emission that is not correlated with the X-ray emission.
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