
    
      Fig. 3. 
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        Inverse cumulative distribution of Fermi/GBM SGRB peak photon fluxes. The solid red line shows the inverse cumulative number of SGRBs detected by GBM with spectral information available in the catalogue, as a function of the peak photon flux measured on a 64 ms timescale in the 50–300 keV band. The pink band shows the one-sigma-equivalent Poisson error. The dashed black line shows a power law [image: equation] for reference. The vertical dotted line shows the chosen value of the flux cut for the flux-limited sample, plim, GBM = 3.5 cm−2 s−1.

      

    

  
    
      Fig. 5. 
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        GRB 170817A viewing angle posterior probability distribution, assuming the jet to be aligned with the GW170817 binary total angular momentum. The blue line shows the posterior probability constructed using the posterior samples from the low-spin-prior GW analysis (Abbott et al. 2019), while the red line shows the result of conditioning on the host galaxy distance (Cantiello et al. 2018), as explained in the main text.

      

    

  
    
      Fig. 7. 
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        Average apparent jet structure in the L − Ep plane. The solid turquoise line connects the points [image: equation] at varying viewing angles, where ⟨ ⋅ ⟩ represents the median, from the full sample analysis. The turquoise shaded area encompasses the corresponding 90% credible range. Grey lines show 100 posterior samples of the lines [image: equation] from the same analysis. The dashed green line and yellow area show the corresponding results for the flux-limited sample analysis. The crosses mark the positions of the Fermi/GBM SGRBs with known redshifts (all in red except for GRB 170817A, which is shown in blue). The inset shows the posterior probability density on the y parameter that sets the slope of the correlation between the on-axis luminosity and the on-axis SED peak photon energy, with the results of the two analyses colour coded as in the main panel.

      

    

  
    
      Fig. 10. 
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        Rate density evolution. The figure shows the redshift evolution of the rate density from both our full sample (solid red lines) and flux-limited sample (dashed orange lines) analysis, limited to events above a minimum luminosity Lmin = 1050 erg s−1. The corresponding evolutions from W15 and G16 are shown in blue and grey, respectively. The thick lines show the median of the posterior predictive distribution at each fixed redshift, while the shaded areas encompass the symmetric 90% credible interval.

      

    

  
    
      Fig. 11. 
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        Observer-frame constraints and best-fit model predictions. Panel a.0 shows the predicted distribution of Fermi/GBM SGRBs on the (p[50 − 300], Ep, obs) plane for our best-fit model, with progressively lighter contours containing 50%, 90%, 99% and 99% of the events. Red dots show the observed data reported in the Fermi/GBM catalogue that pass our additional quality cuts, while grey points show the events that are discarded. We additionally show the error bars with thin grey lines for those events with a relative error larger than 50% on either quantity, or both. Panels a.1 and a.2 show the predicted (solid blue line) and observed (solid red cumulative histogram, with the pink region showing the 90% confidence region that stems from statistical uncertainties on spectral fitting parameters) cumulative distributions of p[50 − 300] (panel a.1) and Ep, obs (panel a.2) for events that pass the quality cuts. Panel b shows the inverse cumulative distribution of p[50 − 300], highlighting the behaviour at the high-flux end, which follows the expected [image: equation] trend. Panel b uses the same conventions as panels a.1 and a.2, except the shaded pink region shows the one-sigma equivalent Poisson error.

      

    

  
    
      Fig. 12. 
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        Rest-frame sample, viewing angle sample, and model predictions. This is similar to Fig. 11, but for rest-frame quantities L and Ep. Panel a.0 shows the predicted smallest regions in the (L, Ep) plane where 50%, 90%, 99% and 99.9% of the SGRBs that are detected by Fermi/GBM and by Swift/BAT with p[15 − 150] > plim, BAT are located, according to our model, using the parameters at the median of the λpop posterior (filled blue contours: full sample analysis; dashed grey contours: flux-limited sample analysis). Red crosses show the SGRBs with a measured redshift in our rest-frame sample. Panels a.1, a.2 and b show the predicted (blue solid lines: full sample; grey dashed lines: flux-limited sample) and observed (red cumulative histograms, with pink shaded areas showing the 90% confidence regions) cumulative distributions of luminosities (panel a.1), Ep (panel a.2), and redshifts (panel b). In panels a.1, a.2 and b, the 90% credible bands stemming from the uncertainty on λpop are shown with blue shading (full sample) and dotted lines (flux-limited sample). The additional orange contours in panel a.0 show the 50%, 90%, 99% and 99.9% containment regions for SGRBs with a BNS merger counterpart detected by Fermi/GBM and by the aLIGO and Advanced Virgo detectors with O3 sensitivity. The orange cross shows the position of GRB 170817A on the plane.

      

    

  
    
      Fig. 13. 
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        Viewing angle posterior probability densities for Fermi/GBM SGRBs with known redshifts. For each SGRB with known redshift in our sample, we show the posterior probability density dP/dlnθv, i = θv, iP(θv, i | d) (see Eq. (43)) constructed using 300 population posterior samples from the full sample analysis (solid lines) or the flux-limited sample analysis (dashed lines). Tick marks indicate the 5th, 50th and 95th percentiles of each posterior probability. Individual SGRBs are assigned the same colours as in Fig. 4.

      

    

  
    
      Fig. 14. 
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        Visualisation of the impact of selection effects on the L–Ep plane. The grey filled contours in the figure show the Fermi/GBM SGRB detection efficiency averaged over redshift, assuming the redshift distribution to be described by our model with parameters corresponding to the median of the population posterior from the full sample analysis (values corresponding to different shades of grey are shown in the colour bar). Purple contours show the areas on the plane that contain 50%, 90%, 99%, 99.9%, 99.99%, and 99.999% of SGRBs in the Universe according to the model. The thick dashed purple line shows the [image: equation] relation of the model. Cyan contours show the areas that contain 50%, 90%, 99%, and 99.9% of SGRBs that are detected by GBM and have p[15 − 150] > plim, BAT, that is, that pass the selection criteria of our rest-frame sample. Red crosses show SGRBs with known z in our rest-frame sample. GRB 170817A is shown by a blue cross.

      

    

  
    
      Fig. 15. 
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        Projected joint SGRB + GW rates for O4. The top (respectively bottom) panels refer to the results from the full (respectively flux-limited) sample analysis. Left-hand panels show the predicted rate Ṅobs(<z) of SGRBs within a redshift z detected by Fermi/GBM alone (blue: median; cyan: 90% credible range) or in coincidence with a network consisting of the two LIGO and the Virgo detectors with the projected O4 sensitivity (red: median; orange: 90% credible range). The right-hand panels show the corresponding rates Ṅobs(>θv) for events seen at a viewing angle larger than θv.

      

    

  
    
      Fig. A.1. 
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        Corner plot of the posterior probability densities from the two analyses. The full sample analysis is shown in magenta, while the flux-limited sample analysis is shown in blue. The histograms on the diagonal represent the marginalised posterior probability densities constructed from the posterior samples, with the solid vertical lines marking the medians and the vertical dashed lines delimiting the symmetric 90% credible interval (i.e. the 5th and the 95th percentiles – note that these are not shown if they differ by less than one bin size from the nearest edge of the allowed range). The contours in the remaining panels show the one, two, three and four sigma credible areas from the two-dimensional marginalised joint posterior probability densities, with the dots showing the intersections of the medians of the corresponding one-dimensional marginalised posterior probability densities.

      

    

  
    
      Fig. C.4. 
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        NaI detector effective area model. Panel (a) shows the NaI detector effective area measurements (red crosses), for zero incidence angle, reported in M09. The pink line shows our adopted interpolation. Panel (b) shows the measured effective area (M09) for different photon incidence angles at three reference photon energies (black circles: 32 keV; blue squares: 279 keV; red triangles: 662 keV). The solid lines show our best-fitting model. Panel (c) shows the best-fit values of parameters c1, c2 and c3 of our model (Eq. C.5) for the angular dependence of the effective area at the three reference energies (coloured circles). The dashed lines show our assumed behaviour of ci as a function of the photon energy.

      

    

  
    
      Fig. C.7. 
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        Fermi/GBM triggering efficiency for SGRBs as a function of their isotropic-equivalent peak luminosity, L (annotated within each panel), SED peak photon energy, Ep, and redshift, z, assuming a low-energy photon index α = −0.4.
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