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1. Introduction

• BH+NS mergers: two detections by LIGO/Virgo (GW200105 and GW200115) but no EM counterpart

• EM expected only if the NS is tidally disrupted and not directly swallowed by the BH  

• The fraction of systems where tidal disruption occurs is still uncertain as it depends on unknown distributions of the
binary mass ratio, NS compactness, and BH spin. 

• Rate expected to be low but rich in infos: NS EOS, BH spin

• Aim of the paper: estimate the GW + radio detection rates with aLIGO/ET + SKA1
perform a joint analysis of the simulated GW + radio data and
test a Bayesian method to recover the source parameters: Q = MBH/MNS, Mc, cBH, LNS, qc, i, n0, eB

2. Ejecta outflows of BHNS mergers

Mass of the remnant (disk + dynamical ejecta)
fitting formulae of numerical relativity
simulations (Foucart et al, 2018)

In most cases no remnant 

LNS : deformability of the NS (EOS)
cBH : dimensionless spin of the BH 



2.1 GRB jet

Conditions for the presence and collimation of a jet 

A remnant should exist for the jet to form; then:
• initial propagation easier (less “pollution” along the axis)?
• collimation more difficult?

Source of energy:
• BZ mechanism 
• 𝜈𝜈̅ annihilation
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3. Afterglow detection rates with SKA1

3.1 Population synthesis of BHNS mergers

Finding the detected binaries in GW + EM domains:

- use the results of Broekgaarden et al. (2021) for the component masses

- take a SNR at coalescence ≥ 8 for a detection by  aLIGO or ET

- estimate 𝐸! for two EOS ↔ RNS = 11.5 and 13 km and different BH spins cBH = {0, 0.2, 0.4, 0.6, 0.8}

3.2 sGRB afterglow  

At the peak:

𝜃( = 0.1 rd : opening angle of the jet core

𝐸) = 𝐸!/(1-cos 𝜃() : isotropic kinetic energy

𝜀* = 0.1

[𝜀% , 𝑛)] log-normal: center 10-3 , standard deviation 0.75

p = 2.2 : slope of the distribution of the shock accelerated electrons

n = 1.43 GHz



3.3 Rates

For aLIGO (2G detectors) limited perspective of a GW + EM detection

Situation very much improved with 3G detectors  (ET)

Caveats:
• requiring a detection at 10 s instead of 5 s lead to the loss of  half of the sources
• uncertainties in the population synthesis model, on the minimum disk mass to produce a jet



4. Multimessenger parameter inference

4.1 to 4.5 
Beyond estimating the rate is it possible to recover the source parameters?

Likelihood estimates from: L    = LGW × LEM ; parameters {Mc , q , cBH , cNS ,  LNS, i , y , qc , qw , b , n0 , eB}

4.6  Fiducial BHNS merger

search intervals

GW: waveform model
EM: afterglow light curve



4.7 Setup

Generate a BHNS merger signal with the fiducial parameters
Radio follow-up starts 11 days after the merger until 500 days post-merger: 20 observations equally spaced in Log t

Two distances: dL = 50 and 100 Mpc

5. Results

Including EM data improves the determination of some parameters (mass ratio)

with little gain on some others (inclination)



6. Discussion

• degeneracy between n0 and eB → data at different frequencies to lift the degeneracy → improve all parameter estimates
• correlations between parameters:  qj (other source properties)
• include the kilonova to improve the parameter estimates
• … 

7. Summary and conclusion
• combined GW + EM detection not likely with 2G GW detectors (aLIGO)
• about one GW+EM detection/yr with cBH ~ 0.2  with 3G detectors (ET)
• inferring the source parameters possible from a (nearby) combined detection

Questions

Detections at dL ≤ 100 Mpc (condition for a good AG lightcurve and reliable parameter estimates) : how frequent ? 
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𝑟 = 4 − 830 Gpc-3

→ 1 every 30 years for 𝑑+ = 100 Mpc,  𝑟 = 300 Gpc-3, 𝑓*- = 0.3, 𝜃.= 0.4 rd !

What can we learn from the “tip of the iceberg” lightcurve of a more distant event? 








