
    
      Fig. 2. 
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        Cumulative MM detection rates as a function of redshift (luminosity distance) for our fiducial BHNS population (SFHo EoS, non-spinning BHs) and assuming a jet core half-opening angle θj = 3.4° for the jet-related emissions. Triangles indicate the 90th percentile of the cumulative detection rate (Fig. 3 shows how this is affected when varying our assumptions). Left-hand panel: assumes the LVK network configuration and the O4 projected sensitivities. The light gray line (“All BHNS”) represents the intrinsic merger rate, with the gray band showing its uncertainty drawn from that on the local merger rate. This uncertainty propagates as a constant relative error contribution to all the other rates shown in the figure. The error region for the jet-related emissions takes also into account a possible larger core half-opening angle θj = 15°. The black (“GW LVK O4”) line is the cumulative GW detection rate (events per year with network S/N ≥ 12) in O4. The blue (“Kilonova+GW”), red (“Afterglow+GW”) and orange (“Prompt+GW”) lines are the cumulative detection rates for the joint detection of GW plus either a KN, a GRB afterglow or a GRB prompt in O4 (all-sky except for the orange line, which accounts for the Fermi/GBM duty cycle and field of view). The assumed thresholds are shown in the legend. Right-hand panel: similar to the left-hand panel, but assuming an LVKI GW detector network with the O5 projected sensitivities, and deeper EM detection thresholds (see text).

      

    

  
    
      Fig. 3. 
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        Predicted 90th percentile of the cumulative MM detection rates for our four population model variations, assuming a jet core half-opening angle θj = 3.4° for the jet-related emissions. Different marker shapes indicate different adopted EoSs (triangle: SFHo; circle: DD2). Filled markers are for χBH = 0, while empty markers are for a uniform spin parameter distribution between 0 and 0.5. The error bars indicate the uncertainty on the local merger rate. For GRB afterglow and prompt they also take into account a variation on the jet core half-opening angle (θj = 15°, corresponding to the minimum and maximum value reported in Table 1). Similarly as in Fig. 2, the left-hand panel assumes an LVK GW-detector network and the O4 projected sensitivities, while the right-hand panel assumes an LVKI network and the O5 sensitivities. EM bands and detection thresholds are the same as in Fig. 2.

      

    

  
    
      Table 1. 

      Detection limits and predicted detection rates for O4 and O5, assuming our fiducial population model (SFHo EoS and χBH = 0) and three variations.

      
        


	
	GW
	KN + GW
	GRB afterglow + GW
	GRB prompt + GW



	
	
	




	
	
	J
	z
	g
	Radio
	Optical
	X-rays
	Swift/BAT
	Fermi/GBM





	LVK O4
	
	
	
	
	
	
	
	
	



	Limit
	12
	21
	22
	22
	0.1
	22
	10−13
	3.5
	4



	Rate SFHo, χBH = 0
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	(θj = 15°)
	
	
	
	
	([image: equation])
	([image: equation])
	([image: equation])
	([image: equation])
	([image: equation])



	Rate SFHo, χBH = [0, 0.5]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	(θj = 15°)
	
	
	
	
	([image: equation])
	([image: equation])
	([image: equation])
	([image: equation])
	([image: equation])



	Rate DD2, χBH = 0
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]



	(θj = 15°)
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	Rate DD2, χBH = [0, 0.5]
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[image: equation]
	
[image: equation]
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	(θj = 15°)
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	([image: equation])
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	LVKI O5
	
	
	
	
	
	
	
	
	



	Limit
	12
	21
	24.4
	26
	0.01
	26
	10−13
	3.5
	4



	Rate SFHo, χBH = 0
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
	
[image: equation]
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	(θj = 15°)
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	Rate DD2, χBH = [0, 0.5]
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	(θj = 15°)
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Notes. For the jet-related emissions, we assume a half-opening angle θj = 3.4°, while in parenthesis we report the rate assuming θj = 15°. The GW detection limits refer to the SNRnet threshold. Near infrared and optical limiting magnitudes are in the AB system; radio limiting flux densities are in mJy at 1.4 GHz; X-ray limiting flux densities are in erg cm−2 s−1 keV−1 at 1 keV; gamma-ray limiting photon fluxes are in photons cm−2 s−1 in the 15−150 keV (Swift/BAT) or 10−1000 keV (Fermi/GBM) band. Detection rates are in yr−1. The reported errors, given at the 90% credible level, stem from the uncertainty on the overall merger rate, while systematic errors are not included.



    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Fν, AB magnitude, and νFν versus time for the GRB afterglow light curves associated with O5-detectable sources in our population. In the top panel we assume a jet core half-opening angle θj = 3.4°: in the lower panel we assume θj = 15°. Solid and dashed contours contain 50% and 90% of the peaks, respectively. Red, green and blue colors indicate the radio (1.4 × 109 Hz), optical (4.8 × 1014 Hz), X-ray (2.4 × 1017 Hz) bands, respectively. The colored circles are the observed data of GRB170817A (Makhathini et al. 2021) at the median distance of the GW triggers. The gray lines in the background are 300 randomly sampled light curves in the respective bands.

      

    

  
    
      Table 2. 

      Relative number of GW-detectable systems with detectable GRB afterglows (radio band), with and without detectable KN, for our fiducial population model, in an O5-type run, and the two jet opening angle hypotheses.

      
        


	Fractions of GW triggers with
	θj = 3.4°
	θj = 15°



	detectable radio afterglow, among which:
	O5
	O5





	KN detectable
	67%
	74%



	KN undetectable
	33%
	26%



	KN undetectable & GRB prompt undetectable
	12%
	15%





      

      
Notes. The threshold for GRB radio afterglow detection considered was 0.01 mJy. KN detection is defined by detection in g (24) or in z (22.5), see text for more details.



    

  
    
      Fig. 7. 
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        Population contours of the GW-detectable events in O5 with detectable radio afterglow in the plane of detectability interval of the afterglow versus 90%-confidence GW sky map size. We distinguish the events with a detectable (blue) or undetectable (orange) KN. The limiting fluxes and magnitudes for the radio afterglows and KN are as in Table 2. The green and red lines indicate the limit above which the tiling strategy is viable for the DSA-2000 and the ngVLA, respectively. That is, the GW sky map can be covered at least 5 times by tiles over the afterglow time of observability (Eq. (3)). The vertical lines indicate the GW sky map sizes that require a total observing time of one and five hours to cover by the two instruments, using the same color code.

      

    

  
    
      Fig. C.1. 

      
        [image: thumbnail]
      

      
        Detection rate as a function of detection limit threshold for our fiducial BHNS population. In the top panel we assume the LVK O4 detectors network, while in the lower panel we assume the LVKI O5 detectors, both with a 70% duty cycle for each detector. The orange and red colors indicate respectively the GRB prompt+GW and the GRB afterglow+GW detectable binaries. In the left panel, the solid line indicates an all-sky field of view with a 100% duty cycle, the dashed and dotted lines account for the Fermi/GBM and Swift/BAT duty cycle and field of view, respectively. In the right panel, the solid, dashed, and dotted lines indicate the radio, optical, and X bands, respectively.

      

    

  
    
      Fig. C.2. 
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        Detection rate as a function of detection limit threshold for our fiducial BHNS population. In the top panel we assume the LVK O4 detectors network (colored lines) and a network consisting of only two aLIGO (gray lines). In the lower panel we assume the LVKI O5 detectors network (colored lines) and the same network without LIGO–India (black lines). Every network is assumed with a 70% duty cycle for each detector. The blue and red colors indicate respectively the kilonova+GW (g band) and the GRB afterglow+GW (radio band) detectable binaries. The solid line indicates all the detectable binaries, the dashed and dotted lines the detectable binaries with ΔΩ90% < 100 deg2 and the ones with ΔΩ90% < 10 deg2, respectively.
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