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        Reionisation history. Top: ratio of the mass- and volume-averaged neutral hydrogen fraction. Bottom: volume averaged neutral hydrogen fraction as a function of redshift. In each panel, we show results for the Salpeter IMF (dash-dotted red line) and the evolving IMF (solid dark blue line) models. Grey points indicate observational constraints from: GRB optical afterglow spectrum analyses (light pentagons; Totani et al. 2006, 2014), quasar sightlines (faint squares; Fan et al. 2006) (medium bright circles; Bosman et al. 2022), Lyman-α LFs (dark upward triangles; Konno et al. 2018; Kashikawa et al. 2011; Ouchi et al. 2010; Ota et al. 2010; Malhotra & Rhoads 2004), Lyman-α emitter clustering (dark downwards triangles; Ouchi et al. 2010), the Lyman-α emitting galaxy fraction (dark leftwards triangles; Pentericci et al. 2011; Schenker et al. 2012; Ono et al. 2012; Treu et al. 2012; Caruana et al. 2012, 2014; Pentericci et al. 2014), Lyman-α equivalent widths (dark rightwards triangles; Mason et al. 2018, 2019; Bolan et al. 2022), dark pixels (light squares; McGreer et al. 2015), and damping wings (light diamonds; Davies et al. 2018; Greig et al. 2019).
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        Redshift evolution of the observed UV luminosity to stellar mass relation. Left: relation between the observed UV luminosity and stellar mass for the Salpeter IMF (red) and evolving IMF (blue). Coloured thick solid lines depict the medians of the distributions of observed UV luminosities (coloured contours) at a given stellar mass. Black solid and dashed lines denote the stellar mass (vertical) and UV luminosity (horizontal) thresholds in the evolving IMF and Salpeter IMF simulations, respectively, below which the stellar masses and observed UV luminosities have not converged for all galaxies due to the mass resolution limit of the VSMDPL simulation. Median values outside the corresponding contours reflect low number statistics. Right: redshift evolution of the observed UV luminosity-to-stellar mass ratio for different stellar mass bins with a width of 1 dex for the Salpeter IMF (dashed lines) and evolving IMF (solid lines) models. The values in the panel show the central value of each stellar mass bin.
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        Redshift evolution of the oxygen-based gas metallicity to stellar mass relation. Left: relation between the oxygen-based gas metallicity and stellar mass for the Salpeter IMF (red) and evolving IMF (blue). Coloured thick solid lines depict the medians of the distributions of gas-phase metallicities (coloured contours) at a given stellar mass. Black squares and circles show the observational results from Heintz et al. 2023a (z ≃ 7.1 − 9.5) and Curti et al. 2023 (z ≃ 5.8 − 9.4) converted to a Salpeter IMF stellar masses according to Speagle et al. (2014), respectively. Observations at z < 7 are shown in the z = 6 panel and observations at 7 ≤ z < 10 in the z = 8 panel. Vertical black dashed lines denote the stellar mass threshold in the Salpeter IMF simulations, below which the stellar masses have not converged for all galaxies due to the mass resolution limit of the VSMDPL simulation. Right: redshift evolution of the oxygen-based gas-phase metallicity for different stellar mass bins with a width of 1 dex for the Salpeter IMF (dashed lines) and evolving IMF (solid lines) models. The values in the panel show the central value of each stellar mass bin.

      

    

  
    
      Fig. 10. 
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        Redshift evolution of the oxygen-based metallicity to observed UV luminosity relation. Left: relation between the oxygen-based gas metallicity and the observed UV luminosity for the Salpeter IMF (red) and evolving IMF (blue). Coloured thick solid lines depict the medians of the distributions of gas metallicities (coloured contours) at a given UV luminosity. Black squares show the observational results from Heintz et al. (2023a) at z ≃ 7.1 − 9.5. Vertical black solid and dashed lines denote the UV luminosity threshold in the evolving IMF and Salpeter IMF simulations, respectively, below which the UV luminosities have not converged for all galaxies due to the mass resolution limit of the VSMDPL simulation. Right: redshift evolution of the oxygen-based gas metallicity for different UV luminosity bins with a width of 1 dex for the Salpeter IMF (dashed lines) and evolving IMF (solid lines) models. The values in the panel show the central value of each UV luminosity bin.

      

    

  
    
      Fig. 11. 
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        Redshift evolution of the dust mass to observed UV luminosity relation. Left: relation between the dust mass and the UV luminosity for the Salpeter IMF (red) and evolving IMF (blue). Coloured thick solid lines depict the medians of the distributions of dust masses (coloured contours) at a given UV luminosity. Vertical black solid and dashed lines denote the UV luminosity threshold in the evolving IMF and Salpeter IMF simulations, respectively, below which the UV luminosities have not converged for all galaxies due to the mass resolution limit of the VSMDPL simulation. Right: redshift evolution of the dust mass-to-UV luminosity ratio for different dust mass bins with a width of 1 dex for the Salpeter IMF (dashed lines) and evolving IMF (solid lines) models. The values in the panel show the central value of each dust mass bin.

      

    

  
    
      Fig. 12. 
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        Neutral hydrogen fraction fields at z ≃ 9.0 (top) and z ≃ 7.0 (bottom) for the evolving IMF (left) and Salpeter IMF (right) models. The volume-averaged value of the neutral fraction in each cell is marked in the panels. For each redshift and model, we show a slice through the centre of the simulation box.

      

    

  
    
      Fig. 13. 
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        21cm power spectra at fixed redshifts z using the best-fit parameters noted in Table 1. In each panel, we show results for our two IMF models studied in this work: evolving IMF (dark blue solid line) and Salpeter IMF (red solid line). Each panel shows the average volume-averaged H I fraction in each model at that redshift.

      

    

  
    
      Fig. B.1. 
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        Best-fit high-redshift fundamental planes of metallicity (HFPZ) at z = 6, 8, 12 for the evolving IMF (left) and Salpeter IMF (right) models. Coloured lines show the HFPZ at fixed SFR values, while the tiles depict the median SFR values in the respective stellar mass – metallicity bin according with their colours encoding the SFR value according to the colour bar on the right side of each panel.

      

    

  
    
      Fig. C.1. 
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        Intrinsic (top) and escaping (bottom) ionising emissivities as a function of halo mass Mh for the evolving IMF (left) and Salpeter IMF (right) models at z = 6 (dark blue), 8 (violet), and 12 (orange). Solid lines show the median ionising emissivity and transparent shaded coloured regions the 1 − σ limits of the ionising emissivity values at a given halo mass.
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