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both tend to produce larger clusters). We also checked the clusters
identified with the di�erent parameters by eye, and compared the
peaks identified with INDICATE (see Fig. 5) with the resultant clus-
ters. We found that the inner arm, inter-arm, and outer arm favoured
smaller values of min_cluster_size and min_samples, whilst
the bar favours larger values. This again indicates that the bar model
produces denser clusters with more particles (similar to the INDI-
CATE results). We selected the largest values of min_cluster_size
and min_samples within our optimal range which did not spuri-
ously group particles together which were not clusters by eye in the
inter-arm, inner arm and outer arm models. These values then over-
lapped with the lower range of optimal values for the bar model.
Overall this approach gave values of min_cluster_size= 55 and
min_samples= 40.

We show the clusters picked out with the HDBSCAN algorithm
using these parameters for the di�erent models in Fig. 6. As with
INDICATE, HDBSCAN uses the 3D sink positions, with the figure
showing a 2D projection. Although the scales vary slightly between
the di�erent panels, the figure indicates that more spatially extended
clusters are found in the inter-arm model, and to some extent the
outer arm model, whereas more compact clusters are found in the
inner arm and bar models.

3.3 Cluster masses and radii

Having identified the clusters, we show their e�ective radii and
masses in the upper panel of Fig. 7, where the data from our models
is plotted over observational data from Brown & Gnedin (2021). The
e�ective radius we use is the half-mass radius, which is comparable
to the observed radius. Similarly to Dobbs et al. (2022b), the points
collectively indicate very similar trends to the observed data, and a
similar increase in radius with mass. As also found in Dobbs et al.
(2022b) the points have a slightly larger spread compared to the ob-
servational data. As mentioned in section 3.1, the star formation rates
are higher than would be expected, so the clusters tend to be at the
high mass end of the observational data. We find that the clusters with
the largest radii form in the inter-arm and outer arm models – this
is also indicated by eye in Fig. 6. With radii of around 10 pc, these
objects are more comparable to observed associations than clusters.
The clusters in the bar and inner arm models appear to follow fairly
well the observed distribution. The clusters in the outer arm however
exhibit relatively large radii, and taken in isolation would exhibit
a much steeper radius mass relation compared to the observational
dataset.

In the lower panel of Fig. 7, we plot the frequency of clusters
with di�erent radii for the di�erent models. Again the bar and inner
arm models contain spatially smaller clusters compared to the outer
arm and inter-arm regions. The inner arm in particular contains no
clusters of radii > 5 pc, whereas nearly half the clusters in the outer
arm, and over a third in the inter-arm region, have radii > 5 pc.

We note that the tendency of the spatially largest clusters, for a
given mass, to occur in the outer arm and inter-arm models is in-
dependent of our choice of algorithm or input parameters for HDB-
SCAN. Using DBSCAN with the above n values (see section 3.2.2),
or choosing lower values for min_cluster_size and min_samples
with HDBSCAN, tends to break up the clusters more, and the points
are shifted to lower masses; in which case the larger clusters for the
outer arm and inter-arm models are shifted to the top left area of
Fig. 7 (upper panel).

We also see from Fig. 7 (upper panel) that the most massive cluster
is formed in the bar, then the second most massive in the inner arm,
followed by the inter-arm region, then the outer arm. Again this

Figure 7. Top - cluster radius vs. mass for the di�erent models, plotted over
observational data from Brown & Gnedin (2021) as a 2D histogram. The solid
line shows the fit to the observations. Bottom - fraction of clusters in di�erent
radius bins. Clusters with radii > 5 pc are predominantly found in the outer
arm and inter-arm regions, whilst no spatially larger clusters are found in the
inner arm region.

trend is fairly robust to the choice of algorithm and input parameters.
We can compare the cluster masses and radii with clusters in the
Milky Way. Although there is not a complete map of clusters in
our Galaxy, Portegies Zwart et al. (2010) list the main clusters (or
YMCs) and associations in our quadrant. At the end of the bar lies
RSGC02 which is the most massive cluster (using "phot from table
2 of Portegies Zwart et al. (2010)), at 4⇥ 104 M� (and RSGC01 and
RSGC03 are close by with similar masses). The next most massive
is Westerlund 1, in an inner spiral arm. Between arms, on a minor
spiral arm, lies Orion which according to the table has a combined
mass of 2 ⇥ 104 M� , whilst NGC 3603 just outside the solar circle
has a mass of 1.2⇥ 104 M� . Therefore the trend in cluster mass with
region seen in the simulations is the same as seen in our Galaxy.

3.4 Cluster rotation and expansion

We measure the bulk rotation of the clusters identified in section 3.2.
We use a similar method to Ballone et al. (2020) and Verliat et al.
(2022). For each cluster, we identify the centre of (sink) mass and
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