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Figure 5. Picture of how the initial position and relative velocity of each
GMC was found from the Milky Way model information. By using the
minimum separation between the cluster and GMC rsep, the relative position
!r(rsep), the relative velocity !v(rsep), and time of separation t(rsep) we were
able to integrate the relative orbit of the GMC and cluster back to obtain the
relative initial position and velocity of the GMC. This was needed since the
mass of the GMC changes as a function of time.

The GMCs in NBODY6TT behave in a similar fashion as in the
Milky Way model in terms of being a Plummer (1911) potential with
a mass evolution and core radius according to equations (5) and (6),
respectively. From the Milky Way model we record the minimum
separation between the cluster and GMC during each encounter,
rsep, the relative position !r(rsep), the relative velocity !v(rsep), and
time of separation t(rsep). Using this information we integrate the
relative orbit of the GMC and cluster back to the birth time of the
GMC to obtain the relative initial position and velocity of the GMC.
This integration was needed because the mass of the GMC changes
as a function of time. A picture of the scenario of the backwards
integration can be seen in Fig. 5.

4.4 Escapers

The treatment of stellar escapers in NBODY6 is normally done by
demanding that the stars have a positive orbital energy and are
located more than 2 tidal radii away from the cluster. Since we can
have compressive tides in NBODY6TT, the tidal radius is no longer a
good criterion for our escapers (Renaud et al. 2011). The criteria we
instead adopted for a star being an escaper was that it should have
a positive orbital energy and be at least ten half-mass radii from the
cluster.

As the N-body simulations of the M67 candidates evolve we
record the escape time, tesc, and velocity, !vesc, for each stellar
escaper. Each cluster was then re-run in the Milky Way model,
where the orbit was integrated with the same initial values and
GMCs as earlier. Hence the cluster follows the same orbital path as
before. The stars escape the cluster as test particles following their
escape history from the N-body simulation. As the stars escape they
will still feel the gravitational force from the cluster, which is itself
evolving in mass and half-mass radius. We represent the force from
the cluster as a Plummer (1911) potential with a scale parameter
equal to a = rh/1.305, with a linear interpolation of the mass and

Figure 6. The number of stars for clusters A, B, and C as a function of
time from the N-body simulations. The shaded regions represent the GMC
encounters for each cluster; the widths show the lifespan of each GMC. For
Cluster A, the first two shaded regions at t ∼ 500 and t ∼ 800 Myr encompass
two encounters each; hence these shadings appear more pronounced than
the final encounter.

half-mass radius as a function of time from the results of the N-body
simulation.

5 R ESULTS

In this section we first focus on a specific model cluster, which
we refer to as A, and then later give a more generalized view of
all the clusters and trends we see. Cluster A was chosen because
it resembles M67 today, and has one of the highest fractions of
escapers that end up on solar-like orbits, f#.

5.1 Cluster A

Cluster A’s orbital evolution consists of five GMC encounters,
four of which occur before the cluster is 1 Gyr old. The first two
encounters are only separated in time by 2 Myr with encounter
times of 518.8 and 520.8 Myr. Similarly the two next encounters
also happen in a pair with only 0.9 Myr between them, at times of
819.8 and 820.7 Myr. These four GMC encounters cause the cluster
to lose a significant number of stars which can be seen in Fig. 6.
Here the number of stars in the cluster can be seen, together with
vertical shaded regions that represent the lifetime of each GMC for
each GMC encounter. Roughly 40 per cent of the stars are in fact
lost within the first 1 Gyr which means that the stellar escapers are
leaving the cluster while it is still on a cold disc-like orbit. Between
GMC encounters, e.g. in the range of t = [1000, 3300] Myr, we
see a constant loss of stars that is a consequence of the internal
dynamics of the cluster and the external Galactic tidal field. In this
time between the GMC encounters, the cluster loses around five
stars per Myr. As the cluster experiences GMC encounters and the
Galactic tidal field, we see in Fig. 7 that after the initial expansion,
typical of N-body models with mass-loss, the half-mass radius is
fairly constant at a value around 5 pc, from a couple of hundred
Myr and until the cluster is around 3 Gyr old. The spikes we see in
this time-span are produced by the GMC encounters which causes
the half-mass radius to increase as a consequence of stars being
tidally stripped from the cluster. Ultimately these stars escape and
the half-mass radius settles down to a value of ∼5.5 pc. After the
last GMC encounter in Figs 6 and 7 we still see a constant loss
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