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Figure 2. An example of the dendrogram computed with fiducial parameters at an intermediate timestep. The right panel shows the
tree colored by the volume of the leaf. Black stars denote the presence of sink particles in the leaf. The x-axis has no physical meaning;
the structures have been roughly sorted by peak density. The left panel shows the x � y projection of the leaves. Pink circles denote the
location of sink particles with sizes scaled by the mass of the sink.

of mass lies outside the leaf contour and is therefore com-
puted to have a large o↵set to the leaf boundary at the next
timestep.

2.4.2 Path reconstruction

The last step to fully trace the histories of overdensities in
our simulations is to transform the pairwise linking into a
coherent path through time. We use the terminology “path”
to denote a single set of related leaves through time and
“path family” to denote a group of paths that were found to
be related to a single starting leaf. For the analysis presented
herein, we work backward in time (from the end of the sim-
ulation to the start) because the most relevant structures
to compare to observations are the compact overdensities
found in well-evolved regions at later times in the integra-
tion. Because we use a fixed starting point in time, cores
may be traced at di↵erent evolutionary stages.

We start by selecting a leaf (l0) from the cohort of leaves
at the final timestep (t0). We search through the linked pairs
t0 $ t1 to find the leaf at t1 linked to l0. This found leaf is
added to the path. We then check if the leaf at t1 is associated
with any other leaves at t0. We then iteratively repeat this
process to search for matches to the earliest leaf in the path
going backward in time.

For the cases where there are mergers (two or more
leaves at an earlier time being associated with only one leaf
at a later time), we add one of the leaves to the current
path and then add new paths to the path family by copying
the current path and appending the other merged leaf. Each
path in the path family is then reconstructed independently.

For the cases where there are splits (two or more leaves
at a later time being associated with only one leaf at an
earlier time), we create a new path and recursively search
in the opposite direction (from early times to late times) to
find the path(s) associated with the new leaf.

Path families can have many component paths because
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Figure 3. A cartoon of the cases that result from the pair-wise
linking. Blue colors indicate earlier times and the purple colors
indicate later times. The top is the “standard” linking where the
center of mass at one timestep (filled circle) is found within the
volume at the other timestep (open contour). The “o↵set” linking
allows there to be a small o↵set (�) between the leaf center of
mass and the leaf volume at consecutive timesteps, which typi-
cally arises from dendrogram contours being redrawn to include
more material. “Splits” and “mergers” are cases in which a leaf
at one timestep can be associated with more than one leaf at a
consecutive time. Note that, while this cartoon is shown in 2-D,
the linking in our data is done in 3-D.
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