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Abstract:

Accreting  supermassive  black  hole  binaries  are  powerful  multimessenger  sources  emitting  both  gravitational  and
electromagnetic  (EM)  radiation.  Understanding  the  accretion  dynamics  of  these  systems  and  predicting  their  distinctive  EM
signals is crucial to informing and guiding upcoming efforts aimed at detecting gravitational waves produced by these binaries.
To this end, accurate numerical modeling is required to describe both the spacetime and the magnetized gas around the black
holes. In this talk, I will outline two key advancements in this field of research.

On  the  one  hand,  I  will  present  a  novel  3D  general  relativistic  magnetohydrodynamics  (GRMHD)  framework  that  combines
multiple numerical codes to simulate the inspiral and merger of supermassive black hole binaries starting from realistic initial
data  and  running  all  the  way  through  merger.  Throughout  the  evolution,  we  adopt  a  simple  but  functional  prescription  to
account for gas cooling through the emission of photons.

On the other hand, I will present the application of our new computational method to following the time evolution of a circular,
equal-mass,  non-spinning  black  hole  binary  of  total  mass  ${M}$  for  ${\sim\!200}$  orbits  starting  from  a  separation  of
${20\,r_g\equiv  20\,M}$  and  reaching  the  post-merger  evolutionary  stage  of  the  system.  Our  simulation  has  confirmed  the
predictions of previous works about the early inspiral phase, but has also revealed phenomena specific to the late-inspiral and
merger  so  far  undocumented in  the literature.  Perhaps our  most  striking finding is  that,  although the accretion  rate  onto  the
black  holes  is  approximately  constant  from  ${\sim\!3000\,M}$  before  merger  onward,  the  EM  luminosity  undergoes  a  sharp
increase  around  the  time  of  merger.  This  effect  is  caused  by  the  sudden  lack  of  binary  torque,  which  allows  the  gas  in  the
immediate vicinity of the remnant to quickly fall in, thus compressing and heating up as it shocks. Secondly, the magnetic flux
brought to the ${\sim\!0.68\text{-spinning}}$ merger remnant is able to drive a relativistic, Poynting-flux-dominated jet.

These dynamics could lead to potentially observable EM signals, supporting upcoming multimessenger observational campaigns.
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