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Binary Compact Object Mergers

e Binary black hole (BH), neutron star (NS), and BH-NS mergers

— expected be the strongest source of gravitational waves in the universe

— The binary BH is the “cleanest” simplest system, described exactly by
vacuum GR

» In the astrophysical system, will be a certain amount of matter (possibly
circumbinary disk, ambient gas, CMB photons, ...), though for the most part is
u_axpec’_cﬁed vetry low mass relative to the black holes and hence dynamically
insignifican

— With NS’s, microphysics must be approximated, and the sky’s the limit as
to how complicated this can be

» neutron star structure (crust, multi-component superfiuid core, at nuclear
densities with uncertain equations of state, magnetic fields, etc.)

E polst merger, radiation and neutrino physics, nuclear processes, MRI, etc. play a
)=
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Binary Compact Object Mergers

Binary black hole (BH), neutron star (NS), and BH-NS mergers

— final stages of merger within GR, plus "messy” astrophysics requires
numerical solution

e No stmetries : need a general 3+1 evolution code, which brings several new
problems to the fore

— ADM is only weakly hyperbolicin 3+1 : need reformulations

— Al/finite-difference/spectral numerical Cauchy solution methods can only
satisfy the Einstein constraint equations to within truncation error, and the

vast majority (100°s — 2) of mathematically well-posed reformulations
admit exponentially growing “constraint violating” solutions

» given truncation errors, no way the seeds of these modes can be
eliminated in a numerical code

— “nice” gauges, boundary conditions, methods of dealing with BH singularities that
work well in spherical (or axi) symmetry often don't extend to the general 3+1 case
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