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Abstract. Many observed globular clusters (GCs) seem to show a central overabundance of
mass whose nature has not yet fully understood. Indeed, it is not clear whether it is due to a
central intermediate mass black hole (IMBH) or to a massive stellar system (MSS) composed of
mass segregated stars. In this contribution we present a semi-analytic approach to the problem
complemented by 12 N-body simulations in which we followed the formation of MSSs in GCs
with masses up to 3×105 M�. Some implications for the formation of IMBHs and gravitational
waves emission are discussed in perspective of a future work.
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1. Introduction

The ever growing observational evidence of
a mass excess in the centre of several globu-
lar clusters (GCs) (Noyola et al. 2010), sug-
gests that they may contain at their centre an
IMBH, likely formed through stellar runaway
collisions (Portegies Zwart et al. 2004). On the
other hand, these excesses may be due to mas-
sive stellar systems (MSSs) comprised of dark
remnants of heavy stars which undergone mass
segregation (Baumgardt & Makino 2003). In
this contribution we try to answer the question:
“can a MSS mimes efficiently the effects of an
IMBH?”

To reach the aim, we developed a semi-
analytic approach for modelling 168 star clus-
ter models with different masses and global
properties. Moreover, we used 12 detailed N-
body simulations of GCs with masses up to
3×105 M�. In order to estimate MSS sizes and
masses, we followed the procedure described
in Arca-Sedda (2016).

2. Method and results

To build our sample of models, we varied host
GC masses (103-3×106 M�), initial mass func-
tion (IMF) (Kroupa, Salpeter and flat), den-
sity distribution and metallicity (Z = 0.02-
0.0001). To estimate mass segregation and stel-
lar evolution, we used CodeSSE, a code which
implements dynamical friction (Arca-Sedda &
Capuzzo-Dolcetta 2014) and stellar evolution
(Hurley et al. 2000). We found that MSS
masses correlates with the host cluster masses
through a power-law, whose slope α depends
on the cluster mass distribution. In all the con-
sidered cases, the value of α that best fits ob-
servations is ∼ 1. Interestingly, our results
suggest that for low metal clusters the 60%
of their central MSS consist of stellar BHs,
whereas for solar values of Z such fraction de-
creases down to 20%. Moreover, stellar types
are strongly mass segregated, with the BH pop-
ulation having a half-mass radius smaller than
0.1 pc (see Fig. 1). Our semi-analytic results
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Fig. 1. Left panel: MSS mass vs host cluster mass. The red dots with error bars represent our models,
whereas black, blue and cyan symbols are observations. Central panel: number distribution of stellar kinds
in a model with solar (model A2) and low (model B2) metallicity. Right panel: time evolution of the half-
mass radii of different stellar types.

are well reproduced by N-body simulations,
which we performed using the code HiGPUs
(Capuzzo-Dolcetta et al. 2013) and HiGPUsSE
(Arca-Sedda 2016), using up to 524 k particles.
The velocity dispersion profiles for our model
are similar to observations, possibly suggest-
ing that a MSS can induce the same dynam-
ical feedback of an IMBH. Recently, we im-
proved our semi-analytic treatment by includ-
ing the package BSE (Hurley et al. 2002) in our
code, whose new version is named CodeBSE.
Our preliminary results indicate that the MSS-
host cluster correlations are poorly affected by
primordial binaries as long as their fraction is
. 50%. BHs mass segregation can lead to the
formation of BH binaries (BHBs) and possi-
bly, to merging events that can produce de-
tectable bursts of gravitational waves, as re-
cently observed by the LIGO/Virgo collabo-
ration (Abbott et al. 2016). In this context,
it is easy to show that the minimum mass
for a GC to host at least 2 stars with masses
> 120 M�is MGC > 104 M�, for a Kroupa
IMF. To investigate the possible formation of
a massive BBH in such environment we devel-
oped several simulations with ARWc-M, a code
which implements the algorithmic regulariza-
tion chain (Mikkola & Tanikawa 1999). We
found that in most cases a series of scatter-
ings lead to the formation of a triple system,
composed of a BH orbiting around a BBH. In
one of the models, the BHB had semi-major
axis a = 20 a.u. and components with masses
M1 = 13 M�and M2 = 22 M�, whereas the sin-
gle BH had mass M3 = 25 M�orbiting at 200
a.u. from the BHB. After 10 Myr, the BBH is

kicked out. Following Peters (1964), the time-
scale for GWs emission by the BBH in this
case was tGW = 2 × 109 Gyr. However, we
discovered an interesting tidal effect originat-
ing when M3 moves on the same-plane of the
BBH but it counter rotates. In this configura-
tion, a very fast interaction occurs over time-
scales < 104 yr and kicks out the BBH, whose
GWs time-scale becomes tGW . 1 Gyr. In a
forthcoming work, we will try to determine the
occurrence of these effects in young massive
clusters.
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