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        Fractional correction to the estimated luminosity distance from dilution factors, 1 − ξ, as a function of opacity ratio, κb − b/κe−scat. As the opacity ratio is a function of wavelength, we report the integrated Planck mean opacity. When electron-scattering dominates, as in the case of SN IIP (Sim 2017), the photospheric radius inferred from lines will be larger than the thermalisation radius of the blackbody inferred from its flux, thus requiring the introduction of a significant dilution-factor (grey region). However, for neutron-star mergers the bound–bound opacity dominates over electron-scattering, regardless of whether one uses opacities based on lists of known lines (e.g., Tanaka & Hotokezaka 2013) or the higher opacities used in this figure, which are based on more complete theoretically-calculated line-lists (Tanaka et al. 2020). Such dominance of the bound–bound opacity implies negligible corrections to the distance (blue and red hatched region).
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        Posterior probability distributions of luminosity distances for the first epoch spectrum with and without modelling of different emission features. This shows the size of effects related to the choice of how the continuum and lines are modelled. The canonical model (red) is a blackbody continuum with Sr+ elementary supernova P Cygni lines and Gaussian emission lines at 1.5 μm and 2 μm. The green histogram shows the effect of limiting the analysis to wavelengths below 1300 nm and using only a blackbody continuum with Sr+ P Cygni, which avoids the need to include the 1.5 μm and 2 μm lines in the model. Very similar distances are found fitting the full dataset with only a blackbody and the Sr+ P Cygni lines (blue) or only fitting the absorption wavelengths of the P Cygni (purple) (i.e., excluding the P Cygni emission wavelengths, 1 μm < λ < 1.3 μm, from the fit). Lastly, the distance is robust to the lower wavelength cutoff as seen by fitting the canonical model to wavelengths λ > 330 nm (red) or λ > 400 nm (yellow). The fitting result is therefore very robust to the details of how the fit is performed and what data are included. Distances inferred from the cosmological redshift are also plotted for H0 = 67.36 ± 0.54 (Planck Collaboration VI 2020) (dotted purple) and H0 = 73.03 ± 1.04 (Riess et al. 2022) (dotted blue).

      

    

  
    
      Fig. 7. 
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        Time-delay and relativistic correction f(β) as a function of expansion velocity β. For non-relativistic velocities the integral over solid angle reduces to π, but decreases at greater velocities due to the geometrical effect in Rees (1967). The blue dashed line indicates the geometrical correction only, while the red line includes the full correction of both time-delays and relativity. In the highly relativistic limit the time-delay effect implies the observed surface area approaches 0, as only the ejecta expanding towards the line of sight is visible.
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