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Large fluctuations (amplitude                  ) over the 
mean field can significantly affect the BHB evolution

f = N /N

Stochastic fluctuations affect the Two-body 
relaxation timescales (t) (Spitzer 1987)  
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Why Open Clusters?

Short relaxation timescale         short computational times

Low number of stars allows us to fully integrate the system 
without re-scaling results.



Method and Models

All isolated cluster 
Plummer density Profile 
Virial equilibrium 
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Z solar 
Proxy of the MW OCs

Suite of direct N-Body simulations with NBODY7    (Nitadori & Aarseth 2012) 
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Table 1. Main parameters characterizing our models. The first two columns refers to the cluster total number of stars, Ncl , and its mass Mcl . The second
two-column group refers to the BHB parameters: semi-major axis, a, and initial eccentricity, e. The last column gives the model identification name. Each
model is comprised of 150 different OC realizations.

Cluster BHB N -body set
Ncl Mcl (M⊙) a (pc) e Model

512 3.2 × 102 0.01 0.0 A00
0.5 A05

1024 7.1 × 102 0.01 0.0 B00
0.5 B05

2048 1.4 × 103 0.01 0.0 C00
0.5 C05

4096 2.7 × 103 0.01 0.0 D00
0.5 D05

Table 2. Percentage of BHB which undergo one of the three processes
described in the text. They either shrink (column 2), or increase their semi-
major axis (column 3) or break up (column 4).

Model Harder Wider Break up
% % %

A00 89.1 7.9 2.9
A05 97.1 2.1 0.7
B00 92.5 2.7 4.8
B05 94.0 2.0 4.0
C00 93.6 0 6.4
C05 96.5 0 3.5
D00 94.2 0 5.8
D05 97.1 0 2.8

probability of a rapid formation of a BHB from two individual
massive BHs is large even on a short time.

The BHB orbital period is, for the given choices of masses
and semimajor axis, PBHB = 0.012 Myr. Note that our BHBs
are actually "hard" binaries (Heggie 1975; Hills 1975; Binney &
Tremaine 2008), having binding energy BE∼ 3.8 1045 erg, which is
larger than the average kinetic energy of the field stars in each type
of cluster studied in this work. All models were evolved up to 3 Gyr,
which is about 3 times the simulated OC internal relaxation time.

3 DYNAMICS OF THE BLACK HOLE BINARY

3.1 General evolution
The BHB is assumed to be located at the centre of the cluster. Due
to interactions with other stars, the BHB can either undergo one
of the following three outcomes. First, (i) the BHB can shrink and
hence become harder, meaning that the kinetic energy of the BHB is
higher than the average in the system (see e.g. Binney & Tremaine
2008); also (ii) the BHB can gain energy and therefore increase
its semi-major axis and (iii) the BHB can be ionised in a typically
three-body encounter. In Table (2) we show the percentages of these
three outcomes in our simulations.

We can see that typically about 90% of all binaries shrink
their semi-major axis as they evolve, as one can expect from the so-
called Heggie’s law (Heggie 1975). We note that models in which
the binary initially was eccentric lead to a higher percentage in
the “harder” outcome. We display in Fig. (1) a few representative
examples of these processes. The decrease is gradual for model A

Figure 1. Semi-major axis evolution in four random, representative simula-
tions. The upper panel shows binaries which initially are circular and lower
panel depicts eccentric ones. We normalise the time to the initial (i.e. at
T = 0) period of the binary.

and B while model C and D (which are the more massive) show a
steeper decrease.

There are however cases in which the binary gains energy
from gravitational encounters and increases its semi-major axis,
becoming “wider” (Table 2, column 2). If the host cluster is massive
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larger than the average kinetic energy of the field stars in each type
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to interactions with other stars, the BHB can either undergo one
of the following three outcomes. First, (i) the BHB can shrink and
hence become harder, meaning that the kinetic energy of the BHB is
higher than the average in the system (see e.g. Binney & Tremaine
2008); also (ii) the BHB can gain energy and therefore increase
its semi-major axis and (iii) the BHB can be ionised in a typically
three-body encounter. In Table (2) we show the percentages of these
three outcomes in our simulations.

We can see that typically about 90% of all binaries shrink
their semi-major axis as they evolve, as one can expect from the so-
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and B while model C and D (which are the more massive) show a
steeper decrease.

There are however cases in which the binary gains energy
from gravitational encounters and increases its semi-major axis,
becoming “wider” (Table 2, column 2). If the host cluster is massive
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massive BHs is large even on a short time.

The BHB orbital period is, for the given choices of masses
and semimajor axis, PBHB = 0.012 Myr. Note that our BHBs
are actually "hard" binaries (Heggie 1975; Hills 1975; Binney &
Tremaine 2008), having binding energy BE∼ 3.8 1045 erg, which is
larger than the average kinetic energy of the field stars in each type
of cluster studied in this work. All models were evolved up to 3 Gyr,
which is about 3 times the simulated OC internal relaxation time.
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3.1 General evolution
The BHB is assumed to be located at the centre of the cluster. Due
to interactions with other stars, the BHB can either undergo one
of the following three outcomes. First, (i) the BHB can shrink and
hence become harder, meaning that the kinetic energy of the BHB is
higher than the average in the system (see e.g. Binney & Tremaine
2008); also (ii) the BHB can gain energy and therefore increase
its semi-major axis and (iii) the BHB can be ionised in a typically
three-body encounter. In Table (2) we show the percentages of these
three outcomes in our simulations.

We can see that typically about 90% of all binaries shrink
their semi-major axis as they evolve, as one can expect from the so-
called Heggie’s law (Heggie 1975). We note that models in which
the binary initially was eccentric lead to a higher percentage in
the “harder” outcome. We display in Fig. (1) a few representative
examples of these processes. The decrease is gradual for model A

Figure 1. Semi-major axis evolution in four random, representative simula-
tions. The upper panel shows binaries which initially are circular and lower
panel depicts eccentric ones. We normalise the time to the initial (i.e. at
T = 0) period of the binary.

and B while model C and D (which are the more massive) show a
steeper decrease.

There are however cases in which the binary gains energy
from gravitational encounters and increases its semi-major axis,
becoming “wider” (Table 2, column 2). If the host cluster is massive
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2008); also (ii) the BHB can gain energy and therefore increase
its semi-major axis and (iii) the BHB can be ionised in a typically
three-body encounter. In Table (2) we show the percentages of these
three outcomes in our simulations.

We can see that typically about 90% of all binaries shrink
their semi-major axis as they evolve, as one can expect from the so-
called Heggie’s law (Heggie 1975). We note that models in which
the binary initially was eccentric lead to a higher percentage in
the “harder” outcome. We display in Fig. (1) a few representative
examples of these processes. The decrease is gradual for model A

Figure 1. Semi-major axis evolution in four random, representative simula-
tions. The upper panel shows binaries which initially are circular and lower
panel depicts eccentric ones. We normalise the time to the initial (i.e. at
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and B while model C and D (which are the more massive) show a
steeper decrease.

There are however cases in which the binary gains energy
from gravitational encounters and increases its semi-major axis,
becoming “wider” (Table 2, column 2). If the host cluster is massive
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hence become harder, meaning that the kinetic energy of the BHB is
higher than the average in the system (see e.g. Binney & Tremaine
2008); also (ii) the BHB can gain energy and therefore increase
its semi-major axis and (iii) the BHB can be ionised in a typically
three-body encounter. In Table (2) we show the percentages of these
three outcomes in our simulations.

We can see that typically about 90% of all binaries shrink
their semi-major axis as they evolve, as one can expect from the so-
called Heggie’s law (Heggie 1975). We note that models in which
the binary initially was eccentric lead to a higher percentage in
the “harder” outcome. We display in Fig. (1) a few representative
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Figure 1. Semi-major axis evolution in four random, representative simula-
tions. The upper panel shows binaries which initially are circular and lower
panel depicts eccentric ones. We normalise the time to the initial (i.e. at
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and B while model C and D (which are the more massive) show a
steeper decrease.

There are however cases in which the binary gains energy
from gravitational encounters and increases its semi-major axis,
becoming “wider” (Table 2, column 2). If the host cluster is massive
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2008); also (ii) the BHB can gain energy and therefore increase
its semi-major axis and (iii) the BHB can be ionised in a typically
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We can see that typically about 90% of all binaries shrink
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called Heggie’s law (Heggie 1975). We note that models in which
the binary initially was eccentric lead to a higher percentage in
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steeper decrease.

There are however cases in which the binary gains energy
from gravitational encounters and increases its semi-major axis,
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BHB Pericenter (rp) Distribution

Results: Dynamics

In very low mass clusters (A) rp decreases on 
average of one order of magnitude after 1 Gyr. 
Very few cases of shrinking up to 3,4 order of 
magnitude. Some case of binaries that become 
wider. Lightest  

model 
300 Ms 
(A)

Massive  
model  
3000 Ms 
(D)

In massive clusters (D) rp decreases on average 
of two order of magnitude after 1 Gyr. After 3 
Gyr there are cases in which rp shrinks up to 
10-7 pc. No wider BHBs found.



Outcome 1

The gravitational encounters of a massive BHB in a low dense 

environment, such as an Open Cluster,  are efficient enough to 

significantly shrink the BHB semi major axis 

 and pericenter after few Gyr. 

   

The dominant evolutionary channel is that the BHBs get harder. 

Massive OCs are more efficient in favouring the BHB shrinkage 

but also the initial orbital eccentricity plays a key role.



MERGING BHBs

Outcome 1        Can OCs be candidates for hosting BHBs mergers? 
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Figure 3. As in Fig.2, but for the models A05, B05, C05 and D05.

Table 5. Percentage of BHB mergers found for each model studied.

Model % Mergers

A00 0.0
A05 0.7

B00 0.7
B05 0.7

C00 2.1
C05 4.3

D00 7.1
D05 5.7

timestep distribution would span over many orders of magnitude and
the integration would stall. In Table (5) we present the percentage
of BHB mergers as identified by NBODY7in the simulations. The
more massive the cluster, the more relativistic mergers we find.
The initial eccentricity value is not necessarily correlated with the
number of coalescences. The majority of mergers occur in a time
range between 5 Myr and 1.5 Gyr. Only two merger events take
longer, between ≈ 1.5 Gyr and ≈ 2 Gyr.

In Figs. (6, 7) we show the evolution of the BHB semi-major
axis and pericentre distance of a few representative cases of Ta-
ble (5) which initially were circular or eccentric, respectively. It is

remarkable to see that the pericentre distances drop down to 7–8
orders of magnitude with respect to the initial value. The eccentric-
ities fluctuate significantly, episodically reaching values very close
to unity 5.

Because of the relativistic recoil kick (Campanelli et al. 2006;
Baker et al. 2006; González et al. 2007), the coalesced black hole,
product of the merger of the BHB, might achieve very large ve-
locities. It hence escapes the host cluster in all of the cases due to
the very low velocity dispersion, which ranges between ∼ 1 to ∼ 3
km/s. This depletion of light IMBHs in clusters has been discussed
in the literature in the context of globulars. To our knowledge, the
first work mentioning this possibility was Miller (2002), while the
implications were discussed in Holley-Bockelmann et al. (2008),
and the first full numerical simulation of this effect was addressed
by Konstantinidis et al. (2013), and see e.g. MacLeod et al. (2016)
and Fragione et al. (2018) for recent, although similar studies.

In Fig. (8) we show the latest semi-major axis and eccentricity
values as given by the code just before they are declared as a merged
system. We find that about half of those binaries would never coa-
lesce if they did not have perturbing stars around them. As expected,
because these binaries have undergone many dynamical interactions
with other stars, the eccentricities are very high, ranging between
0.99996 and above 0.99999.

The code we are using for the simulations declares a BHB

MNRAS 000, 1–14 (2018)
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Figure 5. The evolution of the eccentricity for two cases in which the BHBs
merge, for models A05 and D00.

Figure 6. Evolution of the BHB semi major axis (upper panel) and pericentre
distance (lower panel) of three illustrative cases which initially were circular.

Figure 7. Same as Fig. (6) but for BHBs which initially had an eccentric
orbit.

Figure 8. Last value of the semi-major axis (a) and eccentricity (e) for
all BHBs which merge in our simulations. Half of these sources would not
coalesce within a Hubble time without interaction of a perturbing star. The
various symbols refer to the models as defined in Table (1).
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implications were discussed in Holley-Bockelmann et al. (2008),
and the first full numerical simulation of this effect was addressed
by Konstantinidis et al. (2013), and see e.g. MacLeod et al. (2016)
and Fragione et al. (2018) for recent, although similar studies.

In Fig. (8) we show the latest semi-major axis and eccentricity
values as given by the code just before they are declared as a merged
system. We find that about half of those binaries would never coa-
lesce if they did not have perturbing stars around them. As expected,
because these binaries have undergone many dynamical interactions
with other stars, the eccentricities are very high, ranging between
0.99996 and above 0.99999.

The code we are using for the simulations declares a BHB
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Figure 5. The evolution of the eccentricity for two cases in which the BHBs
merge, for models A05 and D00.

Figure 6. Evolution of the BHB semi major axis (upper panel) and pericentre
distance (lower panel) of three illustrative cases which initially were circular.

Figure 7. Same as Fig. (6) but for BHBs which initially had an eccentric
orbit.

Figure 8. Last value of the semi-major axis (a) and eccentricity (e) for
all BHBs which merge in our simulations. Half of these sources would not
coalesce within a Hubble time without interaction of a perturbing star. The
various symbols refer to the models as defined in Table (1).
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Figure 14. Merger rate (Rmrg , in Gpc−3 yr−1) for each model studied
in this work, as function of the total initial number of cluster stars N. The
merger rates are well fitted with a linear relation, Rmrg = aN + b, where
a = 6.2e − 05 and b = −0.04.

stars (N). The merger rates derived from our models A, B, C and D
are well fitted with a linear relation.

An extension of our merger rate estimate to globular cluster-
like systems (N > 105) gives a result in agreement with that found
in Park et al. (2017), and previously found by Bae et al. (2014) and
Rodriguez et al. (2016a,b).

Although BHB mergers which originate in low dense open
clusters-like are less numerous than those produced in massive star
clusters, they would add a comparable amount to the BHB merger
rate in the Universe because of the large number of OCs.

5 TIDAL DISRUPTION EVENTS AND BHB EJECTION
All numerical models we have considered so far have solar metal-
licity, Z = 0.02, and are based on the stellar evolution recipes
implemented in the Nbody6 code and coming from the standard
SSE and BSE tools (Hurley et al. 2000, 2002). Moreover, they all
consider an equal-mass BHB sitting in the host cluster centre with an
initial mass MBHB = 60 M⊙ . In order to explore the role played by
metallicity, stellar evolution recipes adopted, BHB mass and mass
ratio, we present in this section an additional sample consisting of
421 simulations (the supplementary models), gathered in 5 different
groups.

In all these 5 supplementary groups, the OC initial conditions
are the same as in D00 principal models. This implies Ncl = 4096
and, for the BHB initial orbit, aBHB = 0.01 pc and eBHB = 0, unless
specified otherwise. We labels each group with the letter M and a
number between 1 and 5.

In model M1, we model the OC assuming an initial metallicity
value Z = 0.0004, typical of an old stellar population. The BHB
initial conditions are the same as in model D00. Stellar evolution is
treated taking advantage of a new implementation of the SSE and
BSE tools, which includes metal-dependent stellar winds formulae
and improvements described in ?. In the following, we identify the
updated stellar evolution treatment used for model M1 as BSEB,
while in all the other cases we label them with BSE. Note that these
updates allow the formation of BHs with natal masses above 30
M⊙ , while this is not possible in the standard SSE implementation

Table 6. Supplementary models. The columns refer to: model name, BHB
individual masses and mass ratio, metallicity, stellar evolution recipes used,
number of simulations performed. The cluster is always simulated with 4096
stars.

Model M1 M2 q Z SE Nmod
M⊙ M⊙ Z⊙

M1 30 30 1 10−4 BSEB 109
M2 30 30 1 10−4 BSE 131
M3 13 7 0.54 1 BSE 100
M4 30 7 0.23 1 BSE 42
M5 30 30 1 10−4 BSE 89

(Hurley et al. 2000). Moreover, it must be stressed that the updates
affect only metallicities below the solar value.

Model M2 is similar to model M1 in terms of initial metallicity
and BHB initial condition, while we used the standard SSE and
BSE codes to model stellar evolution. Therefore, the underlying
difference between this and the previous is that in the latter the mass
of compact remnants is systematically lower. This, in turn, implies
that the number of perturbers that can have a potentially disruptive
effect on the BHB evolution is reduced in model M2.

In model M3 we adopt Z = 0.02, i.e. solar values, and we
focuse on a BHB with component masses M1 = 13 M⊙and M2 = 7
M⊙ . This set has a twofold focus. On one side, it allows us to inves-
tigate the evolution of a BHB with mass ratio lower than 1. On the
oter side, since in this case the BHB total mass is comparable to the
maximum mass of compact remnants allowed from stellar evolution
recipes, gravitational encounters should be more important in the
BHB evolution.

To further investigate the role of mass ratio, M4 models are
similar to M3, but in this case the BHB mass ratio is smaller, namely
q = 0.23, i.e. the components mass are M1 = 30 M⊙and M2 = 7
M⊙ .

In all the principal and supplementary models discussed above,
we assume that the BHB is initially at the centre of the OC. In order
to investigate whether such a system can be formed dynamically, i.e.
via strong encounters, in model M5 we set two BHs, with masses
M1 = M2 = 30 M⊙ , initially unbound. In this case we set Z = 0.02,
in order to compare with D00 principal models.

The results of these runs are summarized in Table 7.
Since we are interested only in the evolution of the initial BHB,

we stop the simulations if at least one of the BHB initial components
is ejected away from the parent OC.

When metallicity-dependent stellar winds are taken into ac-
count (model M1), the reduced mass loss causes the formation of
heavier compact remnants, with masses comparable to the BHB
components. Since the number of BHs is ∼ 10−3Ncl, according to
a ? Comment from Pau: “REFERENCE.” IMF, in models M1 at
least 4-5 heavy BHs can form, interact and possibly disrupt the ini-
tial BHB. This is confirmed in the simulations results - we find one
of the BHB components kicked out in Pesc = 34.9% of the cases
investigated. After the component ejection, the remaining BH can
form a new binary with one of the perturbers, or a new BHB.

The “ejection probability” in models M2 is only slightly lower
than in M1, Pesc = 33.6%, thus implying that the heavier perturbers
forming in models M1 only marginally affect the BHB evolution.
This is likely due to two factors: (i) their number is relatively low
(4-5), (ii) the mass segregation process in such a low-density, rela-
tively light stellar system is slower than the time over which stellar
encounters determine the BHB evolution. The latter point implies
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Table 7. Summary of results from the supplementary models. Columns
refer to: model name, percentage of cases in which at least one of the BHB
components is ejected, percentage of cases in which a star is swallowed by
one of the two BHs, percentage of cases in which the BHB merges.

Model Pesc PTDE Pmer
% % %

M1 34.9 2.8 0.0
M2 33.6 6.9 3.8
M3 32.0 14.0 0.0
M4 40.5 28.5 0.0
M5 32.6 0.0 0.0

that the BHB evolution is mostly driven by the cumulative effects
of multiple stellar encounters, rather than to a few interactions with
a heavy perturber.

In model M3, characterized by a lighter BHB and solar metal-
licity, the BHB total mass falls in the high-end of the BH mass
spectrum, 20 M⊙ . This implies a larger number of massive per-
turbers with respect to the standard case discussed in the previous
sections and provides insight on the fate of light BHBs in OCs.
Due to the high-efficiency of strong interactions, the BHB unbinds
in fesc = 32% of the cases, and in no case the BHB undergoes
coalescence.

Model M5 is characterized by a similar ejection probability,
which instead rises up to 40.5% in model M4. This is likely due
to the relatively low-mass of the secondary component. Indeed, as
shown through scattering experiments, BHB-BH interactions seem
to naturally lead to a final state in which the resulting BHB has a
larger mass ratio (see for instance ?).

In a few cases, we found that the BHB disruption is mediated by
a star, which binds to one of the two BHB former components. The
newly formed BH-star pair is characterized by a high eccentricity
(e > 0.9) and pericentre sufficiently small to rip the star apart and
give rise to a tidal disruption event (TDE). In the current Nbody6
implementation, only the 10% of the star mass is accreted on the
BH, while this percentage can be as high as 50%.

The fraction of models in which a TDE takes place spans one
order of magnitude, being fTDE ! 0.03 − 0.3, with the maximum
achieved in models M4 and the minimum in M1. Note that in model
M5 we did not found any TDE (see Table 7), but in this case the
two BHs are initially moving outside the OC inner regions.

In our models, TDEs involve either main sequence stars (MS),
stars in the core He burning phase (HB) or in the early asymptotic
giant branch (AGB) phase. In model M3 ( fTDE = 0.14) TDEs
involve MS (29%), early AGB (57%) and AGB (14%) stars. In
model M4, where the BHB has a low mass ratio (q = 7/30), TDEs
are boosted, since in this case is easier to replace the lighter BH.
Indeed, a component swap occurs in 28.5% of the cases, with the
new companion star being swallowed by the heavier BH.

Our findings suggest that X-ray or UV emission from OCs can
be the signature of the presence of BHs with masses as high as
20 − 30 M⊙ .

Using our results we can calculate the TDE rate for Milky Way
- like galaxies as

ΓTDE =
fTDENOCNMW

ΩT
= 0.3 − 3.07 × 10−6yr−1, (4)

Our estimates nicely agree with similar TDE-rate calculation
provided by (Perets et al. 2016), and results in a ∼ 1 order of
magnitude lower than the values calculated for TDEs occurring

around supermassive black holes (Fragione & Leigh 2018; Stone
& Metzger 2016; Stone et al. 2017; Stone & van Velzen 2016;
Arca-Sedda & Capuzzo-Dolcetta 2017b). Here fTDE is the fraction
of TDE inferred from simulation, while we adopt the values for
NOC, NMW and Ω discussed in the previous section. Moreover, we
assumed T = 3 Gyr, i.e. the simulated time.

We apply the same analysis to our principal models and find
a TDE rate for solar-metallicity OCs of Comment from Pau:
“MANUEL, manca il numero.” ΓTDE = ....yr−1 for MW -like
galaxies.

The BHB coalescence occurs in a few cases fmer ! 0.004,
and only in models M2, where metallicity dependent mass loss
is disabled. This suggests that there exists three different regimes,
depending on the perturber maximum mass Mp . If (1) MBHB ≫
Mp , the BHB is much more massive than field stars and stellar
encounters poorly affects its evolution; however, if (2) MBHB ≥
Mp , a few perturbers have masses comparable to the BHB, and
can efficiently drive it toward coalescence, causing for instance an
increase in the BHB eccentricity or a considerable shrinkage; in
case (3) that MBHB = Mp , there is at least one perturber with a
mass similar, or even larger, than the BHB. The BHB-perturber
interactions causes either the BHB disruption, or the formation of a
new BHB with the perturber replacing the lighter BHB component.

Note that we cannot exclude that a BHB merge in other models,
since we stop the computation if the original BHB gets disrupted.
Hence, we can infer a lower merger rate for metal poor OCs as
follows

Rmrg =
fmerNMWNOC

ΩT
≃ 0.26yr−1Gpc−3. (5)

These models highlight the importance of stellar evolution
in our calculations, since stronger stellar winds lead to smaller
remnants reducing the number of objects massive enough to cause
the BHB disruption. This leads to a higher probability for the BHB
to shrink by the repeated interactions with smaller objects.

As described above, in model M5 the two BHs are initially
unbound, and their initial position and velocities are kept coherently
to the OC distribution function. In this situation, the fraction of cases
in which at least one of the BHs is ejected from the cluster is similar
to that of the other models ( fesc ∼ 32.6%), but in none of the
models the two BHs bind together. This is due to the low efficiency
of dynamical friction in the OC that avoids the two BHB to decay
in the innermost potential well. Also TDEs are suppressed, due to
the low number of strong encounters between BH and cluster stars
because of the low density of the surrounding environment.

To conclude, our supplementary models confirm that the pos-
sibility for a BHB to coalesce in an OC depends strongly on the
environment in which the BHB formed and on its total mass and
mass ratio. In metal-poor OCs (metal-dependent) stellar winds drive
the formation of a seizable number of massive perturbers that can
efficiently disrupt the BHB, thus reducing the coalescence proba-
bility. Coalescence is strongly reduced also in the case of low mass
ratios (q ∼ 0.2) or relatively light BHBs (M1 + M2 ∼ 20 M⊙).

One of the most interesting outcomes of the models presented
in this section is the possibility to use the OC TDE rate as a proxy to
infer the presence of a massive BH or BHB around the OC centre.

6 CONCLUSIONS
In this paper we address the evolution of an equal mass, nonspinning
stellar BHB with total mass 60 M⊙inhabiting the centre of an OC,
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Conclusions

• The gravitational encounters between a massive BHB and the stellar 
population of an Open Cluster-like system are efficient to make the BHB 
orbit significantly harder 

• The percentage of BHBs that merge in OCs is of the order of ~ 3 % 

• All the mergers occur inside the cluster as driven by three body encounters 

• The coalescence time is in the range ~few Myr ~ 1.5 Gyr 

• These merger events are audible both by LIGO and LISA.  

• Assuming the number of OCs in the MW (105, Piskunov 2008 & Portegies 
Zwart et al. 2010) and the fraction of Milky Way-like galaxies inside z = 1 
(108, Tal 2017) we get the (optimistic) merger rate of: R ~ 2.1 yr-1 Gpc-3  

• A serendipity output of our simulations is the TDE rate which is of the order 
of ΓTDE = 0.3-3.08 10-6 yr-1 per MW-like galaxies in the Universe. 

Rastello et al., 2018 (to be submitted)
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