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Abstract:

With upcoming LIGO runs and new projects like LSST and ULTRASAT, black hole (BH)-powered multi-messenger events will be at
the forefront of astrophysics. A major challenge in studying BH-powered explosions is the vast dynamical range between the BH
and the emission site, which has hindered theoretical models from capturing the underlying physics from observations. Using 3D
neutrino-general  relativistic  magnetohydrodynamic  simulations,  I  will  present  the  first  such models,  introducing an innovative
model  that  now enables  us  to  link  GRB classes  in  mergers  to  their  central  engines  and  binary  merger  origins.  For  collapsing
stars,  I  will  demonstrate  how  our  simulations  open  new  frontiers  in  astrophysics,  including  a  novel  idea  of  how  nascent  BHs
acquire their strong magnetic fields, heavy element nucleosynthesis in supernovae, the evolution of relativistic jets, new types
of transients, and predictions of new vigorous, coherent, non-inspiral gravitational wave sources that may already be detectable
by  LIGO.  These  insights  will  be  crucial  for  extracting  the  physics  of  transients  from  future  gravitational  wave  and
electromagnetic detections.
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