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1. Growth of Seed Black 2—Direct N-Body Code - g3 Preliminary Results -
Holes scaling and facilities used formation of IMBH

We use one main application code (NBODY6++GPU) in production,
How do the massive black holes in galactic centers grow to their  which has been carefully benchmarked and tested in a massively
observed sizes, and from what mass range are their progenitors parallel version using multiple GPUs (typically one GPU per MPI
drawn? We are examining the growth of stellar-mass seed black process). The code uses a 4 order Hermite integration scheme
holes into larger compact objects through runaway tidal capture and hierarchical block time steps. It also uses MPI parallelization
(or tidal disruption, see Stone, Kipper & Ostriker, 2017, and and GPU acceleration (typically for long-distance forces) as well
earlier ideas in that direction by Miller & Davies, 2012) in the as OpenMP for multi-core on the CPU (for short and intermediate
dense core of a nuclear star cluster (NSC). This pathway for range forces). It is written in Fortran77 (NBODY6++) with MPI and
Intermediate mass black hole (IMBH) formation is a more recent, CUDA extensions.

and more plausible, variant of runaway growth scenarios

proposed in the past. Understanding the star cluster conditions The strong scaling of the gravity calculation and the typical
required to form IMBHs is of great astrophysical importance, performance for V100 in comparison to older systems is shown in
both at high and low redshift. If tidal capture runaways occur in Fig. 2 for the older K20 systems. We use one main application
the frst galaxies (in the early universe at high redshifts z), then it codes (NBODY6++/GPU) in production, which have been carefully
Is straightforward to explain the surprisingly large central benchmarked and tested in a massively parallel version using
supermassive black hole masses (>109 M(®) of quasars at such multiple GPUs (typically one GPU per MPI process). The code use
early times. (We note, however, that this explanation requires a 4" order Hermite integration scheme and hierarchical block time
super-Eddington mass growth of the stellar-mass seed black steps. It also uses MPI parallelization and GPU acceleration
holes). On the other hand, many NSCs at low redshifts, in our (typically for long-distance forces) as well as OpenMP for multi-
“local” universe may be dense and/or compact enough to be core on the CPU (for short and intermediate range forces). It is

unstable to tidal capture runaways, and this process may set the written in Fortran77 (NBODY6++) with MPI and CUDA extensions.
bottom end of the nuclear black hole mass function.

The aim of our project is to investigate the possible formation of
Intermediate mass black holes in dense nuclear and globular
star clusters. In order to do that we use NBODY6++/GPU to
simulate several GCs realization with different initial conditions
(such as density concentration etc..) .

In our pilot study we have studied smaller star clusters (100k
particles, instead of the targeted million body), with eight
different Initial models regarding central density and
concentration parameter, and a variation of the fraction of mass
absorbed by a compact object (black hole) in a direct collision
with a normal star. The last is a completely new investigation
not been done before in this kind of N-body simulations and it
affects the formation of IMBH. The figures and data are
preliminary and taken from Rizzuto et al. (2020, in preparation).

The Table below shows the maximum mass of an IMBH formed
after 100 Myr; the Figures 3 and 4 below details (for one
example)how such an object has evolved in the star cluster — by
binary evolution, collisions and mergers. Note that in some
cases the IMBH is ejected by energetic few-body collisions.
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