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Multi-messenger astronomywas revolutionized by the detections of gravitational waves (GW) from the binary
neutron star (BNS) merger GW170817 and electromagnetic (EM) waves from the resultant kilonova explosion
and short gamma ray burst. This single event confirmed the association of the latter two EM signals with BNS
mergers, and the possibility of a kilonova remnant, analogous to a supernova remnant, has motivated studies
of the late-stage evolution of the system. Together, these processes and phenomena form a multi-messenger
nexus which places independent but astrophysically relatable constraints on the progenitors and products
of BNS mergers. Simultaneously, GW170817 helped initiate new observational and theoretical strategies in
anticipation of future GW and EM detectors, whose unprecedented sensitivities will illuminate the uncer-
tain physics of BNS mergers and their progenitors. This implies a great demand for the development of
comprehensive modeling frameworks that account for multiple scales and processes relevant for many multi-
messenger observables. We demonstrate how combining currently available models of different aspects of
the BNS progenitor-merger-product system reveals insights and modeling challenges that will need to be ad-
dressed in the coming decade of multi-messenger astronomy. Motivated by GW170817, this combined model
relates the progenitor astrophysics of a BNS population with their (i) GW observability and localizability, (ii)
kilonovae and GRB afterglows, and (iii) kilonovae remnants. We find that a network composed of at least
three 40km gravitational wave detectors will be needed for optimal multi-messenger constraints; and that
joint correlations between the GW and EM observables depend on a complicated interplay between modeling
assumptions. We conclude with discussion on key astrophysical modeling systematics that will be crucial in
the analysis of future datasets.
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