
    
      Fig. 3. 
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        Diagnostic diagrams proposed by Nakajima & Maiolino (2022) to differentiate ionization by Pop III stars from that by other high-energy sources. The markers represent zero-age, pure binary-star GALSEVN models with different metallicities and IMFs, color-coded as indicated on the bottom. The gray-shaded area denotes the region identified by Nakajima & Maiolino (2022) as populated by Pop III stars, while the other colored regions correspond to areas populated by primeval DCBHs, evolved (Pop II) galaxies, and AGNs, as indicated. In panel (b), the horizontal arrows for Z = 10−11 and 10−6 indicate the positions of corresponding models with nH = 102 cm−3 (left-pointing) and 104 cm−3 (right-pointing).

      

    

  
    
      Fig. 5. 
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        Nebular ionizing-photon production efficiency [image: equation] as a function of the stellar-population age for the same GALSEVN models as in Fig. 1. The time evolution is followed up to 40 Myr, but the H II regions surrounding the young stellar populations are expected to have been disrupted before at most 10 Myr (Murray 2011; Ma et al. 2015). The vertical dashed line marks the time of appearance the first SN in the lowest-metallicity models, corresponding to the beginning of chemical enrichment. The models with top-heavy IMFs are plotted until their absolute UV magnitude reaches MUV = −14, marked by cyan stars. The blue and green-shaded regions correspond to [image: equation] constraints derived from observations at low to intermediate redshifts, from different works. The gray-shaded region corresponds to the canonical values usually adopted for [image: equation] in simulations.
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        Time evolution of the [image: equation]/[image: equation] ratio at ages below 1 Myr for the same GALSEVN binary SSP models with a Chabrier (2003) IMF as in Fig. 1, for different metallicities, shown in different panels. In each panel, the red horizontal line indicates the time-averaged value used to derive the expression of [image: equation]/[image: equation](Z) in Eq. (8).

      

    

  
    
      Fig. 10. 
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        Supernova rate as a function of the stellar-population age for the same binary-star GALSEVN models with a Chabrier (2003) IMF as in Fig. 1 (normalized to a total initial stellar mass of 1 M⊙integrated over 0.1–300 M⊙). Different metallicities are shown in different colors, and different types of SNe are distinguished by line styles (short-dashed for pair-instability, solid for “classical” type-II, and dot-dashed for type-Ia SNe).

      

    

  
    
      Fig. 11. 
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        Cumulative number of binary black hole mergers as a function of the redshift in GALSEVN populations of pure-binary stars (of 1 million pairs each) for different metallicities.

      

    

  
    
      Fig. 12. 
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        Two-dimensional histograms of the masses of black holes in merging BBH systems, for the same GALSEVN models as in Fig. 11, for the metallicities Z = 10−11, Z = 10−6, Z = 0.0001, and Z = 0.001 (in different panels, as indicated). The quantity m1 refers to the mass of the BH formed from the primary star, whereas m2 refers to that of the BH formed from the secondary star. The total number of BBH mergers in the modeled stellar population is indicated in the lower-right corner of each panel. The identity relation is shown as a dashed line.

      

    

  
    
      Fig. 13. 
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        Same as Fig. 12, but for binary-star models not including QHE.
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