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There are shortcomings of the Rutherford (impulse) scatter-
ing approximation in treatments of the GMC-cluster interaction
when a Galactic potential. Yet, this approximation is shown to
give a good estimate of the critical impact parameter for the de-
struction of clusters, as we have demonstrated by N-body simu-
lations of the cluster destruction process.

5.2. The origin of high-altitude old open clusters

We shall now address the question whether it is reasonable to
assume that the massive high-altitude old open clusters like M 67
and NGC 188 could have originated in the Galactic plane and
subsequently been brought to their high altitudes by scattering by
GMCs, as well as interaction with spiral arms and the Galactic
bar.

With the fraction for these clusters to be brought up to at least
400 pc, f400, of about 1.8% as a typical value from our standard
BGS simulation, and a probability of survival for such clusters
against tidal break-up, including GMC collisions, of S 400 of typi-
cally 0.3, we find that the theoretical joint probability f400 ⇥S 400
for massive open clusters formed in the plane of the Galactic
disk to be located after 4.5 Gyr at |z| > 400 pc, is about 0.5%.
This is in fair agreement with the expected fraction of all formed
massive Galactic clusters to be found at such high levels, as esti-
mated to Fobs = 0.2�0.5% in Sect. 2. It should be noted here that
the estimates in Sect. 2 were made after the model calculations
of Sect. 5 had been completed; thus the empirical result did not
at all a↵ect the setup and constraints of the simulations. We have
thus found consistency with the hypothesis that M 67 has its ori-
gin close to the Galactic plane in a normal disk orbit. As regards
the significantly older NGC 188 its existence at an even higher
altitude also seems consistent with the disk-origin hypothesis,
and this may also be the case for the younger clusters NGC 2420
and NGC 7142.

Some verification of the present scenario for the formation
of clusters, presently at relatively high altitudes, can also be
found by comparing the distribution of the calculated heights z
at 4.6 Gyr in Fig. 10, corrected with the probability of survival
S . We find a relatively good agreement with the observed cluster
distribution from the WEBDA data base as is seen in Fig. 14, as
well as with the distribution of the open clusters of ages similar
to that of the Hyades or older from the work by Janes & Phelps
(1994), provided that we restrict the selection from their list of
72 clusters to those 42 that are within a Galactic cylinder with
the Sun on its axis and a radius of 3 kpc. This restriction was
applied in order to avoid the strong bias in their sample favour-
ing high-altitude clusters at great distances, see the discussion
in Sect. 2. The limited statistics makes it unclear whether the
bumps in the Janes & Phelps distribution, when compared with
our simulations, indicate that some extra heating phenomenon or
even “unusual” formation mechanisms, like the ones discussed
in Appendix A.2, are needed to explain any of these high-altitude
clusters. This comparison should be extended to a sample of
cluster models with a distribution in initial cluster mass and age.

In Fig. 14 we have also plotted the observed distribution of
stars, as well as the calculated z (again after 4.6 Gyr) for our
test particles, uncorrected with the S factor, which should then
represent the distribution of stars of that age. It is seen that the
observed stellar distribution is much broader – most probably
due to the fact that many stars at high latitudes are significantly
older than 4.6 Gyr, and this population also includes thick-disk
stars.

Further simulation along the present lines, extending through
the full life-time of the Galaxy, and more comparisons with more

0 200 400 600 800 1000
0

0.5

1

1.5

2

2.5

3
x 10

4

z (pc)

N

Fig. 14. Predicted z-distribution of massive open clusters after 4.6 Gyr,
as based on a BGS run with 1000 test particles subject to destruction
due to GMC collisions (black dashed curve) and the corresponding dis-
tribution of stars (red dashed curve). The observed distribution from the
WEBDA data base (Netopil et al. 2012) is indicated by black dots., and
the distribution of old open clusters from Janes & Phelps (1994) within
a Galactic cylinder with radius 3 kpc is marked with red circles. The
bump around |z| ⇠ 850 pc in the latter data corresponds to altogether 2
individual clusters. The full red/grey curve denotes the observed stel-
lar distribution, according to Yanny & Gardner (2013). We note that the
scale of the N axis is ambigous, a relevant comparison is the ratio of
the number of clusters around, say, z = 200, as compared with that at
500 pc.

complete surveys of clusters of di↵erent ages, metallicities and
at di↵erent locations, and not the least with coming Gaia data for
both clusters and stars, would be valuable. Also, the dependence
of the present results on the structure of the GMCs and their sur-
roundings stresses the need for improved simulations with more
detailed physical models of the insterstellar gas.

5.3. Did the Sun originate in M 67?

The possibility that the Sun was once formed in M 67 was dis-
cussed by Önehag et al. (2011) and Önehag et al. (2014), on the
basis of their result that stars in M 67 have an abundance pattern
more similar to that of the Sun than most solar twin candidates
explored by Meléndez et al. (2009) and Ramírez et al. (2009). If
the early M 67 really would have been the original environment
of the Sun, the arguments by Pichardo et al. (2012) suggest that
the Sun should have been formed in the cluster when it still had
an orbit much closer to the Galactic plane and di↵used out of the
cluster. In some latter scattering process against one or several
massive objects the cluster was then accelerated into its present
high altitude orbit. In this paper we have demonstrated that this
scenario is possible, in the respect that the cluster may well have
formed in the plane and later been scattered up to its present
locus by collisions with one or several giant molecular clouds,
perhaps pre-accelerated in the plane by spiral arms.

There are, however, severe objections against this hypoth-
esis. The first objection is based on the fact that the Sun,
and the M 67 stars explored by Önehag et al. (2014), are not
unique – several carefully studied field stars exist (see e.g.
Meléndez et al. 2012; 2014) which have remarkably solar-like
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