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Figure 3. Left-hand panel: The final positions of the 25 000 test particles in the e–|z|max plane from the Milky Way model simulations after a time of 4.6 Gyr.
Right-hand panel: The subset of the test particles to the left that have a guiding radius between 7 and 9 kpc resulting in a total of 8578 test particles. The red
rectangle marks the region where the stars are defined to be solar-like.

Figure 4. Here we see the test particles of the Milky Way model in the
|z|max − Rg plane. The blue points represents the cluster particles after they
have completed their first full orbit in the Milky Way simulation at a time of
∼ 200 Myr. The red points are the final positions of the cluster particles after
4600 Myr. The error bar denotes the current location of M67 and the green
points are the cluster particles which have an identical orbit to M67 in Rg,
|z|max, and e. All particles are born with the same initial velocity dispersion
of 7 km s−1 in the z-direction, therefore particles at high Rg have a higher
average |z|max, since the gravitational potential is weaker at larger Rg.

encounter histories and orbits in the Galactic field of our Milky Way
model will shape the evolution of each M67 candidate differently. To
follow the Galactic tidal environment of each cluster we used the N-
body code NBODY6TT (Renaud, Gieles & Boily 2011). NBODY6TT

is a modified version of NBODY6 (Aarseth 2003) where a tidal
tensor can be implemented to described the tidal forces the cluster
experiences during its orbit.

4.1 Initial parameters of M67

For the initial parameters of M67 we adopt initial values similar to
those used by Hurley et al. (2005), with 36 000 stars and a half-
mass radius of 4 pc. The stars were distributed in mass according
to a Kroupa (2001) IMF in a range of 0.1–50 M# and spatially

distributed according to a Plummer (1911) distribution. Stellar
evolution was turned on with a solar metallicity (Z = 0.02).

4.2 Tidal tensor

The tidal tensor is defined in Renaud et al. (2011) as

Tij = − ∂2"

∂xi∂xj

, (9)

where " is the gravitational potential of the Galactic environment at
the cluster’s position. The tidal tensor was constructed by following
each M67 candidate through the Milky Way model. We calculated
Tij by numerical differentiation of the force for each time-step within
a cube of size 2δ centred on the cluster particle. The value of δ was
chosen to be 15 pc, corresponding to a few half-mass radii of the
cluster, such that the tidal tensor would be able to resolve the fine
structures of the gravitational potential of the Milky Way model,
but still not too large such that it would introduce errors into the
tidal tensor from GMCs coming too close.

4.3 Implementing GMCs into NBODY6TT

The 16 M67 candidates that are expected to survive their GMC
encounters have on average 43.6 registered GMC encounters ac-
cording to equation (7). Based on the work done by Gustafsson
et al. (2016) we know that GMC encounters that inject less than
a few δE = 0.01 will not affect the cluster in a significant way.
We therefore only focused on the GMC encounters with δE ≥ 0.01
when it came to implementing them into the N-body simulation.
The strong GMC encounters cannot be modelled using a linear
tidal tensor due to them being too close to the cluster. In order to
prevent this, we introduce the GMCs into NBODY6TT and set the
tidal tensor equal to a null matrix for the duration of the GMC
lifetime. Turning the tidal forces off during the encounter is an
approximation since the tidal forces from the GMC dominate. The
GMC encounters with δE < 0.01 were still considered but because of
their weaker interactions they are treated as part of the Galactic tidal
field defined by the tidal tensor. By considering only the stronger
GMC encounters we see that our 16 clusters on average have 4.9
GMC encounters.
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