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Figure 15. The fraction of stellar escapers that end up on solar-like orbits
compared to the time of their first GMC encounter. The clusters are colour
coded in regards to the number of their experienced GMC encounters. Hot
clusters are marked as triangles and are born with a high vz, 0, depleted
clusters are marked as diamonds and are considered to be destroyed and
circles are scattered cluster that represent M67 most in terms of remaining
number of stars.

Table 3. Both of these values have been calculated after taking the
initial Galactocentric radius into account and weighing the different
test particles following the exponential gas disc of the Milky Way
model of ∼ exp(Ri/4.8 kpc) as the test particles where uniformly
distributed in both simulations. These two values do not agree that
well, however, in comparison the simulation of Gustafsson et al.
(2016) suffer from small number statistics where 500 and 1000
test particles were used, whereas our simulations are based on five
independent runs with a total of 25 000 particles. The initial birth
radii of the test particles will also have an effect on the discrepancy
between our model and the model of Gustafsson et al. (2016). Their
initial birth radii were defined between 4 and 9 kpc whereas ours are
between 4 and 10 kpc resulting in a higher fraction of stars being
able to reach higher |z| due to the lower strength of the Milky Way
potential at this Galactocentric radius.

The metallicity of M67 is well constrained, which in turn
constrains the Galactocentric birth radius. Minchev, Chiappini &
Martig (2013) predicted a birth radius for the Sun between 4.4 < R
< 7.7 kpc. Their chemical evolution model is scaled to have the
correct stellar chemical abundances in the solar neighbourhood
today; they then constrain the Sun’s birth radius by examining
the birth locations of solar neighbourhood stars that have solar
metallicity. Subsequently, Minchev et al. (2018) found a solar birth
radius of 7.3 ± 0.6 kpc based on the time evolution of the ISM
metallicity. Six out of our 16 candidates are within one standard
deviation of the result of Minchev et al. (2018) (clusters B, G,
K, L, N, and O). The initial Galactocentric birth radius and the
current location of M67 are highly dependent on the nature of radial
migration experienced due to the history of the transient spiral arms
in the Milky Way. It is therefore highly likely that the orbit of M67
could have looked quite different, however, we do produce M67
candidates that are in agreement with current estimates for the birth
radius of the Sun.

We also simulated a different Galactic model (which we will refer
to as ROSO) with a different GMC distribution from Rosolowsky
(2005) with ∝ M−1.5

i making it less top heavy in the mass interval
of 4.0 ≤ log(Mi/M%) ≤ 6.5 resulting in a constant number of

8770 GMCs. All of the velocity dispersions are lower than the
values from our standard the Milky Way model and the results from
Holmberg et al. (2009). In particular σ V is lower since the lower
mass GMCs are not able to increase the velocity dispersion to match
observations. The lower average GMC mass results in a lower f400

of 2.1 per cent compared to our Milky Way model.
Pichardo et al. (2012) have claimed, based on simulations done

in a Galactic potential very similar to our Milky Way model (but
without GMCs), that the Sun could not have been born in M67. The
argument presented by Pichardo et al. (2012) was that in order for the
Sun to be kicked out of M67 and on to a solar orbit would damage the
outer parts of the Solar System. In their simulations they integrated
M67 backwards in time from its current location. The result was
that the Sun would have to leave M67 with a velocity larger than
20 km s−1 in order for the Sun to end up on the current solar orbit,
since this is roughly the vz by which M67 currently crosses the
Galactic plane. Kicks produced by three-body encounters of this
magnitude would destroy the outer Solar System and the probability
of an GMC being responsible for ejecting the Sun from M67 was
calculated to be smaller than 10−4−10−5. The vast majority of
stellar escapers in our simulations all escape with speeds lower
than 5 km s−1 which can be seen in Fig. 17 for cluster A. Here
we have divided the escapers up into two groups representing stars
that escape as a consequence of an GMC encounter and stars that
escape between GMC encounters due to internal and tidal effects.
We see that most of the stars are below 10 km s−1 with the majority
being around a few km s−1 for both distributions. We see that GMC
encounters cause a wider distribution, but drops off rapidly at
∼10 km s−1 unlike the stars that escape between GMC encounters.
These low escape velocities decreases the risk of destruction of the
Solar System compared to the results found by Pichardo et al. (2012)
which hardly had any escape speeds below 20 km s−1 which would
be enough to cause this destruction. This is because we assume that
the cluster is born in the Galactic disc and via interactions with the
Galactic field and GMCs M67 is scattered to its current orbit and
not initially born on it while our escaper orbits also diffuse out from
the orbit of the cluster. The relative velocity of around 20 km s−1 is
therefore not needed in our scenario.

Martı́nez-Barbosa et al. (2016) also investigated the potential
search for solar siblings with Gaia. In their Galactic simulations
they include a Galactic bar and between two to four spiral arms.
They do not adopt a vertical velocity or z-position for the Sun’s
birth cluster or incorporate GMCs into the model which means that
the Sun’s birth cluster remains in the Galactic plane throughout
its evolution. As a result of this, they find that the Sun’s birth
cluster is disrupted within 0.5 to 2.3 Gyr after formation. We look at
the expected lifetimes for our cluster test particles that have |z|max

≤ 50 pc after 4.6 Gyr using equation (8). We see an exponential
decline in the cluster destruction rate, and that 80 per cent of the
clusters that are destroyed are gone within 1.5 Gyr. As equation (8)
is only an survival estimate based on the destruction from GMCs,
we expect that even more clusters are destroyed earlier due to the
Galactic tidal effects. However, individual N-body simulations of
each cluster is needed to provide the actual trend. It should also be
noted that Martı́nez-Barbosa et al. (2016) use a much lower number
of stars, between 875 to 1741, for the birth cluster of the Sun.
They find that there is a high likelihood of finding solar siblings at
parallaxes of " ≥ 5 mas, proper motions of 4 ≤ µ ≤ 6 mas yr−1,
and radial velocities −2 ≤ Vr ≤ 0 km s−1. From our simulations
of how stars escape our M67 candidates, we see that stars diffuse
from their original orbits over a few Galactic orbits which means
that only recent stellar escapers will be kinematically linked to their
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