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Massive Star Formation

A simulated star-forming region where massive stars destroy their parent cloud. 
Image credit: STARFORGE  (STAR FORmation in Gaseous Environments).



 One of the clearest example of HFSs
Mon R2

Three-color image of the Mon R2 cluster-forming hub-filaments system
Red: H2 column density map derived from Herschel SPIRE and PACS observations (Didelon et al. 2015), green: 1.65 µm band of the Two Micron All Sky Survey (Skrutskie et al.

2006), and blue: 560 nm band of the Digitalized Sky Survey (Lasker et al. 1990). 





 One of the clearest examples of HFSs
Mon R2

Main filaments

Secondary filaments

Main filaments extend into
the central hub

Ring-shaped or spiral
morphology within the hub










H2 column density maps from Herschel. The “skeleton” of identified filaments are
marked with solid black or yellow lines. (Didelon et al. 2015).



Composite 3-color image of IC 5146 (Arzoumanian et al., 2011).

 Examples of HFSs
NGC 6334

Upper: The crests of the identified filamentary structures (Arzoumanian et al. 2021);
Lower: Column density map of the filament. The black curve shows the crest of the

filament traced with FilFinder (Koch & Rosolowsky 2015).

IC5146

(Wang et al., 2019)

(Chung et al., 2022)



Hub Filament Systems

are the highest density
regions where several
filaments converge.
(Treviño-Morales et al., 2019)
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are often host most of the
star formation in a
filamentary cloud and hence
are the potential sites for
cluster formation.
(Wang et al., 2019)
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are junctions of filaments,
which are high column
density and low aspect
ratio objects.
(Kumar et al., 2022)
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are regions that host a
number of clumps in
different phases, where
observed an active high-
mass star formation.
(Arzoumanian et al., 2021)

04



(Hennebelle & Iffrig 2014, Iffrig & Hennebelle 2017)(Collins et al. 2012, Burkhart et al. 2015)

9 datacubes 
at 0.1, 0.3, and 0.6      

for        = 0.2, 2, and 20,
where the cloud-averaged freefall

time is                         
    and       - mean thermal-to-

magnetic pressure ratio.

The Enzo Project - ENZO
 Isothermal, self-gravitating,

supersonic
magnetohydrodynamic

simulation

Simulations
The Galactica simulation

database - LS
Turbulent, self-gravitating
and magnetized interstellar

medium simulation

6 datacubes at two times 
for 3, 6, and 12 μG;



Size: 1 kpc.

SND
Supernova-driven

magnetohydrodynamic
simulation

3 datacubes 
 at 15.4, 23.3, and 34.2 Myr 
after self-gravity included;



Size: 250 pc;



Self-gravity included at 55.5 Myr.

(Padoan et al., 2020, Lu et al., 2021)



Algorithm

Preprocessing
Morphological criterium
Density criterium
Velocity criterium



SCIMES
(Spectral Clustering for Molecular Emission

Segmentation)
(Colombo et al., 2015) Skeletonization

Algorithm - Preprocessing

The alternative ways of the clusterization are also applicable.
Left: The example of SCIMES clustering in the data cube.
Right: The example of a SCIMES cluster and its skeleton.



Node

Branches

Algorithm - Morphological criterium
Branches criterium relies on the branches’ count of each potential node. 

If a node has three or more branches, then it is marked as a node.

Node

Upper left: The example of a SCIMES cluster.
Lower left: The example of the identified node and its skeletonized branches.

Right: The example of the identified node and its branches in volume.



Density criterium checks if the node is the local density maximum.

Algorithm - Physical criterium

Upper left: The example of the identified node and its branches in volume.
Lower left: The radial profile of the density.

Right: The example of the identified node's density.



Velocity criterium checks the velocity uniformity and the branches inflow.

Algorithm - Physical criterium

0 5 10 15 20
Velocity Node Direction, % 

Upper left: The example of the identified node and its branches in volume.
Lower left: The branches' velocity direction histogram.

Right: The example of the identified node's velocity field.
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The amount of clusters is inversely
proportional to the star-formation
rate.

The amount of potential hubs is 
 proportional to the star-formation
efficiency.
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Example of the potential hub
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Results - LS
Statistics of the resulted
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The number of clusters decreases as
magnetization increases.



Summary

Three-step method is highly
efficient in removing almost 98%
of falsely identified hubs.

Potential hub-filament systems do
not persist through the different
epochs of one simulation.

The amount of the potential hubs
increases with the star-formation
efficiency in SND.

Different clusterization methods
applicable for preprocessing (e.g.
density threshold, DBSCAN, etc.)

Method for the identifying HFSs
in the 3D-simulation data.

The amount of SCIMES clusters
is increases with time in ENZO
and decreases as magnetization
increases in LS.



Objectives

Derive characteristic
properties of the found
simulated potential hubs

Create synthetic
observations out of the
found hub-filament systems

Analyze the obtained
synthetic observations

Try to adopt the algorithm 
 for the observational data
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