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2. FORMING HEAVY BBHS IN GCS

We extract from our 48 models all the binaries that
appear similar to GW150914. We start by looking at any
BBH whose source-frame component and chirp masses
fall within the 90% credible regions for GW150914
(m1 = 35.7+5.4

�3.8M�, m2 = 29.1+3.8
�4.4M�, and M

c

=
27.9+2.1

�1.7M�, from The LIGO Scientific Collaboration &
The Virgo Collaboration 2016b). This corresponds to
a total of 262 BBHs from 40 of the 48 GC models, 259
of which merge outside the cluster. We assume all GCs
formed ⇠ 12 Gyr ago (at z ' 3.5, consistent with GCs
in the Milky Way, although other galaxies, such as the
Large and Small Magellanic Clouds, have significantly
younger GC populations). Of the 8 GC models that
do not contribute BBHs with masses like GW150914,
4 have disrupted before 12 Gyr and are exlcluded from
our analysis, and the remaining 4 have low initial N and
lower number of initial BHs. The remaining 40 GC mod-
els contribute roughly equal numbers of GW150914-like
BBHs (when normalized to the number of initial stars
in each model). Our models show a strong dependence
on metallicity, with the Z = 0.05Z� and 0.01Z� models
contributing nearly 3 and 5 times as many BBHs as the
Z = 0.25Z� models, respectively.
We then define a true GW150914 progenitor to be

the subset of these 262 binaries that merge between 7
and 13 Gyr after GC formation, corresponding to merg-
ers that occur in the local universe (z < 0.5). We
find 14 such systems across our 48 models, all of which
were ejected from the cluster prior to merger. Of these
14, we find that 10 originate from 5 GC models with
similar initial conditions, corresponding to GCs with
lower metallicities (0.05Z� and 0.01Z�, typical for the
low-metallicity clusters in most galaxies), large masses
(N = 1 ⇥ 106 and 2 ⇥ 106 initial particles, correspond-
ing to final masses of 3⇥ 105M� to 6⇥ 105M� today),
and typical virial radii (R

v

= 2 pc). That these binaries
(and the majority of all 262 GW150914-like BBHs) form
from low metallicity and massive clusters is unsurpris-
ing: lower metallicities yield less e↵ective stellar winds
(Vink 2011), reducing the amount of mass that is lost
before a massive star collapses, and producing “heavy”
BHs like the observed components of GW150914 (Bel-
czynski et al. 2010; Mapelli et al. 2013; Spera et al.
2015). Furthermore, massive clusters produce a larger
number of BHs, which enhances the dynamical produc-
tion of BBHs.
The preference for clusters with larger virial radius (2

pc versus the more compact 1 pc clusters) arises from the
need for long inspiral times. Binaries with total masses
of ⇠ 60M� are more massive than the average stellar or
BH mass in the cluster, and are typically ejected within
the first few Gyrs of a cluster’s evolution. However, since

Figure 1. Interaction diagram showing the formation history
for two GW150914 progenitors in a single GC model. From
top to bottom, the history of each individual BH that will
eventually comprise a GW150914-like binary is illustrated,
including all binary interactions. The legend shows the var-
ious types of gravitational encounters included in our GC
models (with the exception of two-body relaxation). In each
interaction, the black sphere represents the GW150914 pro-
genitor BH, while the blue and red spheres represent other
BHs (and stars) in the cluster core.


