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● Molecular clouds are dense and cold 
regions in ISM. 

● They are sites of star formation.

● The formation theories include:

○ Local converging flows (Vazquez-Semadeni+ 
2011).

○ Spiral arm cloud collision (Dobbs & Pringle 2012).

○ Gravitational and magneto-Jeans instability (Li+ 
2005, Kim+ 2006).

○ Parker and thermal instability (Mouschovias+ 
2009).

Molecular Clouds
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● APEX observed 84 deg2 of the inner 
Galaxy at 28”, using 13CO(2-1) 
emission.

● SCIMES (Colombo et. al. 2015, 2019) 
algorithm used for identification of 
~10000 clouds.

● A refined SCIENCE sample of well 
resolved molecular clouds with 
reliable distances contains 6664 
clouds.

Source: Duarte-Cabral et al. (2021), MNRAS, 500, 3027

SEDIGISM Clouds (Duarte-Cabral et al. 2021)



● J plot classification
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J Plots

Source: S.Jaffa et. al. 2018

STRUCTURE PRINCIPAL 
MOMENTS

J1 J2

Uniform surface 
density disc

I1 = I2 = I0 ≡ AM/4π 0 0

Centrally 
concentrated disc 
(Core)

I1 = I2 < I0 ≡ AM/4π > 0 > 0

Limb-brightened 
ring (Bubble)

I1 = I2 > I0 ≡ AM/4π < 0 < 0

Elongated ellipse 
(Filament)

I1 < I0 ≡ AM/4π < I2 > 0 < 0
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Ring-like clouds Elongated clouds

Concentrated clouds Clumpy clouds

Cloud Morphologies (By-eye classification)



VC and MR samples
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Structure
J - Classification

Bubble Filament Core Total
Ring-like cloud 156 791 14 961

Elongated cloud 60 3607 9 3676
Concentrated cloud 0 566 528 1094

Clumpy cloud 4 688 41 733

Total 220 5652 592
6464
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Environmental dependence of morphology

VC sample
MR sampleVC sample

MR sample

Galactocentric Radius (Rgal) Galactic height (zgal)



Technical limitations

Heliocentric distance (Rd)



Integrated Properties (Duarte-Cabral et al. 2021)
VC sample
MR sample



Star formation 
properties

 Urquhart et al. 2021

Cloud sample with SFE > 0 and DGF > 0
(1672 clouds)

● Star Formation Efficiency

SFE = 

● Dense Gas Fraction

DGF = 
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Star Formation Efficiency (SFE)

● Ring-like clouds show highest 
values but for a small sample.

● Concentrated clouds show 
overall higher distribution.

Cloud Morphology 13



Dense Gas Fraction (DGF)

● Concentrated clouds show 
overall higher distribution.

● Elongated and clumpy clouds 
have similar distributions.

Cloud Morphology
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Star Formation Efficiency (SFE)

● Ring-like clouds show highest 
values but for lower sample.

● Concentrated clouds show 
overall higher distribution.

● Clumpy clouds have higher 
values than elongated clouds.
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HMSF threshold (Kauffmann et al. 2010)

● The dashed line represents the mass-size 
threshold for high-mass star formation 
updated by Duarte Cabral et al. 2021.

M [M
☉

] = 1053 * (R [pc])1.33

Sample Ring-like Elongated Concentrated Clumpy

VC 19.87 6.72 8.8 18

MR 16.67 6.68 9.88 17.96

Table : Percentage of clouds above HMSF threshold for each 
morphology.

16



Size-linewidth relation (Larson 1981)

● The large scatter shows that not 
all clouds follow the relation.

● Ring-like clouds show higher 
velocity dispersion amongst 
similar sized structures.
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1-σ (68%) confidence ellipses obtained using Principal Component 

Analysis (PCA).



● The progression of morphology 
in order of being gravitationally 
bound:

○ Ring-like clouds
○ Elongated clouds
○ Clumpy clouds
○ Concentrated clouds

Heyer Relation



ATLASGAL (Li et al. 2016)

● Filaments

● Network of filaments

● Resolved elongated structures

Comparison to continuum surveys

Milky Way Project 
(Jayasinghe et al. 2019)

● Bubbles



Two Publications



Future work

Detection of stellar feedback regions from large surveys like SEDIGISM, OGHReS & 
LASMAGAL using a combination of 

● Machine learning techniques like dendrogram and clustering.

● Deep learning algorithm aided by magnetohydrodynamic simulations of molecular 
clouds (e.g. CASI).



Summary

● Identification of morphology for 10000+ clouds.

● Most of the clouds are elongated.

● Trends shown by cloud properties for different morphologies.

● Ring-like clouds show most peculiar behaviour.

● Star formation for different morphologies.

22


