
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        Cumulative posterior probability of the BNS successful jet incidence. The solid red (blue) line refers to the fraction fj, GW of GW-detectable BNS mergers that produce a successful jet, based on having observed the single successful event GW170817 and adopting the Jeffreys (uniform) prior. The solid grey line refers to the jet incidence fj, tot in the entire BNS merger population, based on the ratio of the local rate of short GRB jets R0, SJ to the BNS rate R0, BNS. The implied 90% credible lower limits are annotated.

      

    

  
    
      Fig. 2. 
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        Posterior probability distribution on the local rate density of GRB170817A-like events (grey solid line, Eq. (B.1)), SGRB jets in general (regardless of orientation, red solid line, Eq. (5)), and BNS mergers (as determined from observations of Galactic systems, blue solid line, Grunthal et al. 2021).

      

    

  
    
      Fig. 3. 
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        Posterior distribution on the fraction fj, tot of BNS mergers accompanied by jets, computed as described in Sect. 2.2. The blue histogram shows the distribution of samples constructed as described in the text, that approximate Eq. (7), while the red line shows the analytical approximation [image: equation] with γ = 0.42.

      

    

  
    
      Fig. 5. 
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        Merger remnant and GRB launching regions on the component mass plane. The filled coloured regions correspond to different BNS merger remnants on the (M1, M2) plane, assuming different EoSs: APR4 (left-hand panel), SFHo (central panel) and DD2 (right-hand panel). Grey hatches mark masses that are above the maximum non-rotating mass supported by the EoS. The black dashed lines enclose the region where our GRB jet-launching conditions are met, computed as described in Sect. 3.1 (the blue dashed lines, shown for comparison, are computed with the approximate method described in Sect. 3.3). White circles and contours show the best fit and 90% credible contours of masses of known Galactic BNS systems whose coalescence time tmerge is shorter than a Hubble time (tH, data from Farrow et al. 2019). The orange and green contours show the 50% and 90% credible regions for the component masses in GW170817 (Abbott et al. 2019) and GW190425 (Abbott et al. 2020a), respectively, adopting low-spin priors.

      

    

  
    
      Fig. 6. 
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        Our prior on MTOV compared to recent model-dependent constraints in the literature. The blue thick line shows the marginalised MTOV prior we adopt in this work, which is constructed using the latest PSRJ0740+6620 mass measurement (Fonseca et al. 2021, grey filled area) as a lower limit and the remnant mass of GW170817 divided by 1.2 (pink filled area) as an upper limit (see text for an explanation). The remaining lines show results that combine multi-messenger constraints within different frameworks: the orange and green lines show the results obtained by Raaijmakers et al. (2021a) adopting their piecewise-polytropic (PP) and sound-speed (CS) parametrised EoS models, respectively; the dark red line shows the result from Legred et al. (2021) based on a non-parametric, Gaussian-processes-based EoS model; the purple line shows the result from Pang et al. (2021), who adopt an EoS model informed by chiral effective field theory.

      

    

  
    
      Fig. 7. 
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        Probability that a BNS would satisfy our jet-launching conditions (Eq. (15)) as a function of the component masses M1 and M2, given our present knowledge of the EoS (encoded in the priors defined in Sect. 3.4). The masses of Galactic BNS systems that merge within a Hubble time and the two GW-detected BNS are shown for comparison, in the same way as in Fig. 5.

      

    

  
    
      Fig. 8. 
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        Constraints on the parameters of a Gaussian BNS mass distribution model. Filled contours show the posterior probability density on the μm (mean) and σm (standard deviation) parameters of a Gaussian mass distribution model (assuming random pairing) obtained using fj = fj, GW, i.e. the constraint based on the association of GW170817 and GRB170817A (Sect. 2). Empty contours show the corresponding result for fj  =  fj, tot, i.e. the constraint based on the relative SGRB and BNS local rate densities (Sect. 2.2). The white star marks parameter values (μm, σm)  =  (1.33, 0.09) M⊙, representative of the main peak of the observed Galactic BNS mass distribution (Özel & Freire 2016).

      

    

  
    
      Fig. 10. 
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        Mass distribution constraint. In each panel, filled contours show the 90% and 50% credible regions of the probability distribution P(m | θm) from which both M1 and M2 are sampled, while the thick solid line shows the median distribution at each m. The dj, GW constraint is used. Grey dashed lines show the edges of the corresponding 90% and 50% credible regions when using only the priors. Left-hand panel: the result for the power law mass distribution model, the central panel shows that for the Gaussian model, and the right-hand panel compares the two results with a log-scale vertical axis, to emphasise the lower 90% contour.

      

    

  
    
      Fig. 11. 
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        Illustrative constraints on the EoS parameters assuming the power law mass distribution model with uniform priors on 1.1 ≤ Mmin/M⊙ ≤ 1.3 and −9 ≤ α ≤ 3.3, matching the 90% credible ranges of the GWTC-3 NS mass distribution constraint (Abbott et al. 2021a), and using a hypothetical future constraint on the jet incidence P(fj, GW | dGW)∝𝒩0.25, 0.05(fj, GW).

      

    

  
    
      Fig. 12. 
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        Same as Fig. 11, but assuming a jet incidence constraint with a different mean, that is P(fj, GW | dtot)∝𝒩0.75, 0.05(fj, GW).

      

    

  
    
      Fig. A.1. 
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        Cumulative posterior probability of the BNS jet incidence, showing the effect of adding GW190425 to the sample. The solid lines are the same as in Fig. 1 and account for GW170817 only, while the dashed ones account for GW190425 as well, as described in the text.

      

    

  
    
      Fig. A.2. 
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        fj, GW inference with multiple GW-detected BNS mergers. The coloured bands show the evolution of the posterior 90% and 50% credible range on fj, GW after Nevents simulated GW detections (see text), while the red solid line shows the median of the posterior. The horizontal black dashed line shows the true value.

      

    

  
    
      Fig. B.1. 
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        Fermi/GBM observed inverse cumulative distribution of 64-ms-binned photon fluxes in the 10-1000 keV band (blue solid line, with the grey band showing the 90% confidence band due to Poisson and measurement uncertainties), compared with our best-fitting model, Eq. B.4, with α = 2.25 and [image: equation] ph cm−2 s−1 (red dashed line). The slight excess over the [image: equation] expected trend at high fluxes is likely due to contamination of the sample by magnetar giant flares in local galaxies (Burns et al. 2021).

      

    

  
    
      Fig. C.1. 
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        Comparison of our neutron star mass distribution posterior (power law model) with the GWTC-3 result from the population study described in Abbott et al. 2021a (their POWER model). Shaded areas show the 90% and 50% credible regions, while thick solid lines show the medians. Red is for our result (Sect. 4.2), blue is for the GWTC-3.

      

    

  
    
      Fig. C.2. 
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        Same as Figure C.1, but for our Gaussian model and the GWTC-3 population study PEAK model.
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