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A new technique for characterizing star-formation structure at multiple length scales

The many unbiased surveys of nearby molecular clouds obtained with Spitzer have
shown that embedded clusters are not isolated entities, but rather the surface
density peaks of much larger, less dense distributions of YSOs (e.g. Allen et
al. 2007). Attempts to adopt a single surface density threshold that successfully
identifies all “clusters” over all clouds have yielded unsatisfying results, since a
threshold that works in one cloud may miss some clusters in other clouds. Recent
efforts to rectify this issue have involved adopting more than one threshold (e.g.
Jorgensen et al. 2008). The successful identification of hierarchical structure with
these improved techniques was expected and welcome, but the arbitrariness of
empirical adoption of surface density thresholds, whether one or many, left
apparent substructure uncharacterized in many regions. A complete
characterization of structure at all scales, customized to each cloud'’s distribution of
YSOs, would be ideal, enabling unbiased intercomparison of the qualities of the
identified hierarchy of structures from cloud to cloud.

We have composed a fully algorithmic technique for extracting the entire
hierarchy of overdense structures within a given large scale point distribution,
utilizing its Minimal Spanning Tree (MST) construction (red insets). For a given
point distribution, we use the cumulative distribution of MST connection lengths to
identify a background surface density and then adopt the critical length that isolates
all substructures denser than that background. This process is then applied
iteratively to the point distributions of the structures themselves, continuing up the
hierarchy until no new, denser structures are found with N=10 or more members.

Minimal Spanning Tree: The network of lines that uniquely connects a set of
points together with minimized total length of all connections and without any
closed loops. Adopting a connection length threshold, whereby all connections
greater than that threshold are deleted, enables efficient subdivision of structures
above a given surface density without smoothing.
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Mon RZ: YSO—sampled

Blue crosses: “Old” groups (C2/C1 > 5)

Red dots: “Young” groups (C2/C1 < 2)

Black Circle: entire molecular cloud survey Black dashed

Blue/green/red dashed lines are meant to indicate the
Green diamonds: “Intermediate” groups (2 < C2/C1 < 5) hierarchical “parent” of each structure. The color code
matches the child's age color code (defined at left).

lines mark meaningful

observed in groups 4 pc or larger in Cep OB3. Assuming that
observable asymmetry at a given length scale is erased over a
crossing time, and assuming a velocity dispersion of 1 km/s at
birth, we can infer the clouds' mean ages since the onset of star

boundaries formation:

referenced in the text below and at right.

Q Parameter: (Cartwright &Whitworth 2004) For a Azimuthal
given set of points, a measure of the 2D deviation from
a statistically uniform distribution ( 0.72 < Q < 0.79 ).
High Q is consistent with a centrally concentrated,
monolithic distribution (Q>0.8 traces radial density
decay of increasing power law index). Low Q is
consistent with a clumpy distribution (Q<0.72 traces
fractal dimension; lower more isolated clumps). A bias
in Q with increasing aspect ratio of the distribution of
points was reported and characterized by Bastian et al.

2008. Their correction for this effect is applied here.

asymmetric structure.

Asymmetry
(Gutermuth et al. 2005) For a given set of points, a
measure of the radially averaged azimuth distribution
deviation from a uniform one.
uniform distributions have a mean AAP of 0.9 and
sigma 0.2. Thus we adopt a three sigma threshold
( AAP = 1.5 ) for identifying groups with significant
Note that either elongation
(high aspect ratio) or clumpiness (low Q) can trigger
an asymmetric result in the AAP measurement.

Mon R2: 1 Myr; Cep OB3: 4 Myr.
Parameter (AAP):

the Class Il to Class | YSO count ratio (C2/C1).

Poisson warlant 2o co/c1 = 788/ 185 = 4.3

Cep OB3 C2/C1=1908/187 = 10.2

since the onset of star formation of:

Mon R2: 2 Myr; Cep OB3: 5 Myr.

We can also estimate the mean star-forming age of the cloud via

If we assume the Class | phase lasts 0.5 Myr, this results in ages
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