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Using high resolution CO survey to 
get a statistical significant sample of 

MCs as Taurus (Goldsmith+ 2008)
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DiGism
All high resolution 
surveys: ϴFWHM < 30” 

Three different  
environments

SOFIA-APEX CMZ
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JCMT 12CO(3-2)

𝜽FWHM = 17”, Δv = 1 km/s 

10.25 < l < 55.25 

DiGism
Structure, excitation, and dynamics 

of the inner Galactic interstellar 
medium

APEX 13CO(2-1) , C18O(2-1)

𝜽FWHM = 28”, Δv = 0.25 km/s 
15 < l < 300 

Dempsey et al. 2013
Schuller et al. 2017

Inner Galaxy

COHRS 12CO(3-2): blue, SEDIGISM 13CO(2-1): red



Outer Galaxy High Resolution Survey

APEX 12CO(2-1), 13CO(2-1), C18O(2-1)
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Sensitivity ~ 0.45 K 
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APEX 12CO(2-1), 13CO(2-1), C18O(2-1)
CH3OH, HNCO, H2S … 

𝜽FWHM = 27”, Δv = 0.5 km/s 
Sensitivity ~ 60 mK 
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• Best assessment of leaves into clusters 
• Best number of clusters

Colombo et al. 2015, 

https://github.com/Astroua/SCIMES

Spectral Clustering for Interstellar 

Molecular Emission Segmentation

New release v0.3.2 available on Github!

https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES
https://github.com/Astroua/SCIMES


DiGism

DiGism

DiGism

SOFIA-APEX CMZ

Colombo, Rosolowsky, 
Duarte-Cabral et al. 
2019

Colombo, König, 
Urquhart et al. in 
prep.

Duarte-Cabral, 
Colombo, Urquhart 
et al. in prep.

Riquelme, Colombo, 
Güsten et al. in 
prep.

35560 well 
resolved 
objects

4980 well 
resolved 
objects

8634 well 
resolved 
objects

4405 well 
resolved 
objects
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DiGism

DiGism

SOFIA-APEX CMZ

Colombo, König, 
Urquhart et al. in 
prep.

Duarte-Cabral, 
Colombo, Urquhart 
et al. in prep. Riquelme, Colombo, 

Güsten et al. in 
prep.

540 objects 
with reliable 
distance

662 objects 
with Nleaves > 1

8365 objects 
with reliable 
distance

1286 objects 
with VLSR > 24 
km/s

Colombo, Rosolowsky, 
Duarte-Cabral et al. 
2019



Cloud property gradients across Galactic environments

Comparison only 
between COHRS, 
OGHReS and SA-
CMZ clouds 
defined from 12CO



Scaling relations across Galactic environments

Milky Way compilation: Inner Galaxy (Roman-Duval+ 2009, Heyer+ 2009), 
Galaxy Center (Oka+ 2001), Outer Galaxy (Heyer+ 2001), Whole Galaxy 
(Rice+ 2016, Mivielle-Deschenes+ 2017)

10 2 K cm -3

10 4 K cm -3

10 6 K cm -3

10 8 K cm -3



Nearby galaxy compilation from PHANGS (Sun 
et al. 2018), 12CO beam size measurements

Scaling relations across Galactic environments

10 2 K cm -3

10 4 K cm -3

10 6 K cm -3

10 8 K cm -3

M31+M33

Antennae



Mass spectra across Galactic environments

Mass spectra from clouds in 
different environments 
show different slopes and 
truncation values

The most massive clouds, clumps, and clusters 1289

Figure 6. Predicted free-fall and feedback time-scales for GMCs in the
Milky Way as a function of the galactocentric radius. The colour-shaded
area indicates the uncertainties associated with the characteristic time-scales
determined with 106 Monte Carlo runs assuming typical uncertainties for
the epicyclic frequency and the gas surface density of 10 per cent and
30 per cent, respectively. The grey-shaded area corresponds to the feedback-
limited regime, tfb < tff,2D, located at R ≥ 4.3+2.0

−0.8 kpc. The lower errorbar
is determined from the inner boundary of the data, whereas the higher one
comes from the change of regime of the colour-shaded areas. Both of them
are represented with black arrows.

mass. This happens at galactocentric radii R ≥ 4.3+2.0
−0.8 kpc due to

a gradual change of the time-scales with the environment, not due
to any particular (morphological) feature such as the tip of the bar.
For smaller galactocentric radii, the two-dimensional free-fall time
is shorter than the feedback time and the maximum cloud mass is
equal to the Toomre mass.

The panels in Fig. 7 show the maximum cloud mass and the
maximum cluster mass, respectively. For the sake of a better vi-
sualization, we separately show the maximum mass set by each
mechanism (i.e. shear and feedback). We remind the reader that
the lowest of these curves sets the maximum mass scale. With
typical uncertainties of 10 per cent in the epicyclic frequency and
30 per cent in the gas surface density, the uncertainty associated
with our predictions is ∼0.4 dex. In the CMZ, the clouds are shear-
limited and our prediction agrees well with the observed cloud mass
of ∼105 M⊙ in Longmore et al. (2012). For R ! 4.3 kpc, the mass
scales become feedback-limited, as indicated by the shaded area.
In that regime, the feedback-limited GMC mass remains approx-
imately constant at MGMC,max ∼ 106 M⊙, in agreement with the
most massive clouds for the solar neighbourhood reported in fig. 3
in Heyer et al. (2009).3 The predicted shear-limited cloud and clus-
ter masses increase at large galactocentric radius (for R > 4.3 kpc)
due to the steady drop of the epicyclic frequency. The resulting in-
crease of the two-dimensional free-fall time implies that feedback
becomes the mechanism responsible for setting the approximately
constant GMC mass as a function of radius.

3 These authors first determine the 13C and 12C column densities from the
13CO(1–0) emission and using a radially dependent conversion factor of
12C/13C taken from Milam et al. (2005), respectively. They then determine
the H2 column density by assuming a constant H2/12CO abundance ratio of
1.1 × 104 (Frerking, Langer & Wilson 1982).

Figure 7. Result of applying our shear–feedback hybrid model to the Milky
Way: (top) maximum GMC mass and (bottom) maximum cluster mass as
a function of the galactocentric radius. The magenta squares correspond to
the shear-limited mass scales and the orange triangles correspond to the
feedback-limited mass scales. The observed maximum GMC and cluster
masses are represented by the green and blue dots with error bars. The grey-
shaded area corresponds to the feedback-limited regime: tfb < tff,2D. The
colour-shaded areas indicate a fiducial uncertainty range, assuming that the
rotation curve and the gas surface density profile are known to an accuracy
of ∼0.04 and ∼0.13 dex, respectively.

In the bottom panel, we show the predicted maximum cluster
masses by our model. We overplot the masses of the observed clus-
ters Arches, Quintuplet, RSGC01, RSGC02, RSGC03, Westerlund
1, Westerlund 2, Trumpler 14 and NGC 3603 reported in table 2 in
Portegies Zwart, McMillan & Gieles (2010). The vertical error bars
correspond to an uncertainty of ±0.3 dex, whereas the error bars on
the galactocentric radius have been propagated from the distance
uncertainties in the original papers referenced by Portegies Zwart
et al. (2010). Except for the clusters located at the end of the bar
(R ≃ 4 kpc), the predicted cluster masses for the CMZ and the solar
neighbourhood are in agreement with the observed cluster masses.
A possible reason why the cluster masses at the end of the bar
would be elevated is that the bar may be sweeping up the material,
thus producing an environment in which external compression aids
mass accumulation towards mass scales that otherwise would not be
achieved. The data point at R ≈ 5.5 kpc corresponds to Westerlund
1, which resides in the Scutum arm that connects to the bar. It lies
just 10 Myr downstream from the bar, which means that it likely

MNRAS 469, 1282–1298 (2017)
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M0 ~ 3x106 Msol 

𝛾 ~ -1.7

Observed GMC truncation mass from COHRS consistent 
with theoretical models of cloud formation controlled by 
feedback and shear (Reina-Campos  & Kruijssen 2017) 



Defining morphology for highly resolved clouds



Defining morphology for highly resolved clouds

Cloud skeleton from skimage task medial_axis 
https://github.com/scikit-image/scikit-image 

Removing small branches using 
SKAN https://jni.github.io/skan/
index.html

Finding longest path across the 
skeleton with NetworkX https://
networkx.github.io/ 

Cloud width as median of the 
perpendicular cuts across cloud 
spine via RadFil (Zucker et al. 
2018b) https://github.com/
catherinezucker/radfil  

Co
lo

m
bo

 e
t a

l. 
in

 p
re

p.

https://github.com/scikit-image/scikit-image
https://jni.github.io/skan/index.html
https://networkx.github.io/
https://github.com/catherinezucker/radfil


Giant Molecular Clouds or Filaments?

Zucker et al. 2018a                                                            
(see also, e.g. Ragan et al. 2014, Wang et al. 2015)

GMFs? Bones?

Round: < 1%, 0% 
GMFs: 40%, 19% 
Bones: 60%, 81%



J plots 3

Figure 1. Some simple two dimensional test-structures and their positions on the J plot. A circularly symmetric disc with uniform
surface-density (test-structure 0) occupies the centre of the plot, J

1

= J
2

= 0. Circularly symmetric, centrally concentrated discs (test-
structure 1) occupy the top right quadrant, getting closer to J

1

= J
2

= 1 as their central concentration increases. Circularly symmetric,
hollow structures (test-structures 6, 7 and 8) occupy the bottom left quadrant, getting closer to J

1

= J
2

= �1 as their thickness decreases.
Elongated objects (test-structures 2, 3, 4 and 5) occupy the bottom right quadrant, getting closer to (J

1

, J
2

) = (1,�1) as their aspect
ratio increases. Nothing falls in the top left quadrant, as this would require I

1

> I
2

.

radial profile of the surface-density, ⌃(r), holding the area,
A, and mass, M , constant. If the surface-density profile
is made more centrally concentrated (e.g. a centrally con-
densed 3D core seen in projection), I

1

and I

2

are decreased,
and therefore I

1

= I

2

< AM/4⇡. Conversely, if the surface-
density profile is altered so it has a central rarefaction (e.g. a
ring or 3D limb-brightened bubble), I

1

and I

2

are increased,
and therefore I

1

= I

2

> AM/4⇡.

Finally, revert to a uniform surface-density, and again
hold the area, A, and mass, M , constant, but stretch the
disc into a very eccentric ellipse (i.e. a filament). This has
the e↵ect of reducing I

1

and increasing I

2

, so we have I

1

<

AM/4⇡ < I

2

.
Now, if we introduce

I

0

=
AM

4⇡
, (2.4)

c� 2018 RAS, MNRAS 000, 1–10

Jaffa et al. 2018

J1
J 2

“Concentrated” 
J1 = J2 > 0

J-plots

Inertia moment of an uniform 
 circle with area A and mass M

“Elongated” 
J1 > 0, J2 < 0

“Rings” 
J1 = J2 < 0

J-moments, with I1 and I2 being 
the inertia moments across the 
two principal component axis



COHRS cloud resolved 5

Figure 3. J-plots from moments J
1

and J
2

as described in REF for each
cloud in the sample. On the top panel the colors indicate the classification
of cloud as “cores” (green), “rings” (blue) and “filaments” (red). Colors get
brighter with the number of data points in a particular area of the diagram.
The star markers indicate the J-moment values of the example clouds in
Fig. 4. In the bottom panel the data points are color-encoded by the medial
axis ratio of the clouds.

between the three classes in basically identical, in the inner-most
ring we observe a surplus of “elongated” clouds and no “core” ob-
jects. In the outer ring (10 < R

Gal

< 12 kpc), instead, the fraction
of centrally condensed objects is larger than complex clouds in the
“elongated” or “ring” categories. This effect might be simply due
to distance: clouds closer to use appears more structured while ob-
jects far away have a lower physical resolution and are smoothed
by the beam.

Fig. 8 shows the violin plots of the distributions of length,
width and aspect ratio for clouds within and outside the spiral arms.
The cloud association to spiral arm for the COHRS sample has been
calculated in C18. In that work, each cloud has been associated to
a spiral arm given the proximity to the spiral arm model defined in
? considering the Galactocentric coordinate of the cloud centroids
and arm ridge line. C18 assumed that clouds are within the spiral
arms if the distance between the cloud centroid and the spiral arm

Figure 4. Integrated intensity maps of clouds classified as “filament” (top
panel), “ring” (middle panel), and “core” (lower panel) through the J-plot
method. In the title of each panel J

1

and J
2

indicate the value of the J-
moments for the given structure.

ridge line is below or equal 300 pc given an average spiral arm
width of 600 pc (?). The distributions of morphological descriptors
in Fig. 8 are basically identical considering clouds within the spiral
arms and the inter-arm of the Milky Way.

Similarly, we do not observe a dominance of cloud shapes
(from the J�plot classes) in the spiral arm: ⇠ 35% of “elong-
ated”, “ring” and “core” structures appear enclosed to the spiral
arms, while the rest is found in the inter-arm regions. This number
match very well with the general number of clouds in the spiral arm
observed in C18. Given this, it does not seem that the presence of
spiral arm influence significantly the appearnce of the cloud mor-
phology in this region of the Milky Way.

7 DISCUSSION

7.1 SCIMES as a filament finder?

7.2 Giant Molecular Clouds or Giant Molecular Filaments?

8 SUMMARY

c� 2014 RAS, MNRAS 000, 1–??
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Morphology and integrated properties

COHRS cloud resolved 7

Figure 6. Integrated and resolved properties versus the results of the J-plot analysis illustrated as violin plots for “Filaments” (F, in red), “Rings” (R, in blue),
and “Cores” (C, in green). White marker indicates the medians of the distribution for each class. The black dotted lines connect those markers to guide the eye.
The considered properties are (from top to bottom, left to right): cloud effective radius R

e↵

, velocity dispersion �
v

, mass from CO luminosity M
lum

, scaling
parameter �

0

, molecular gas mass surface density ⌃
mol

, virial parameter ↵
vir

, cloud length, width, and geometrical medial axis ratio.
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Concentrated clouds are smaller and denser, closer to virial 
equilibrium, but not necessary less massive  than elongated 
and ring clouds

Large and massive objects are also the most elongated.  
Those objects are also the less dense.



Cloud morphology variation with Galactocentric radius

Surplus of 
elongated and 
concentrated 
structures at 
small and large 
radii probably 
due to distance 
effect

No clear pattern 
between  
Galactocentric 
radius and 
morphological 
descriptors from 
the geometrical 
medial axis



Cloud morphology relation to the spiral arms

35%-55% of filaments associated to spiral arms (Zucker et al. 2018a)

Simulations 
show 

elongated 
structures 

in the inter-
arm region

Sm
ith et al. 2014
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Cloud morphology relation to the spiral arms
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~30% - 50% of elongated, ring, or 
concentrated structures within the 
spiral arms considering a width of 
600-800 pc

Elongated structures 
equally distributed  
between spiral arms 
and inter-arm



Elongated clouds relation to the Galactic plane

Elongated clouds 
selected via J-plots

Most of elongated clouds are close 
and parallel to the Galactic plane







INTEGRATED 
Radius, 
Velocity dispersion, 
Luminosity, 
Column density, 
Surface density, 
Pressure, 
Masses, 
Virial parameter …



INTEGRATED 
Radius, 
Velocity dispersion, 
Luminosity, 
Column density, 
Surface density, 
Pressure, 
Masses, 
Virial parameter …

Cloud mass 
distributions 
show different 
truncations and 
slopes in 
different 
environments

Clouds are in 
pressurized virial 
equilibrium, clouds 
in different 
environments show 
different values of 
molecular gas mass 
surface density



INTEGRATED 
Radius, 
Velocity dispersion, 
Luminosity, 
Column density, 
Surface density, 
Pressure, 
Masses, 
Virial parameter …

RESOLVED 
Morphology, 
Inner structure, 
Kinematics, 
Turbulence, 
PDFs …

D
iGismDiGism

DiGism

SA-CMZ

Clouds are generally elongated or complex 
objects, but their shapes do not seem related 
to spiral arms and only marginally with the 
distance with respect to the Galactic center.



RESOLVED 
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Kinematics, 
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Clouds are generally elongated or complex 
objects, but their shapes do not seem related 
to spiral arms and only marginally with the 
distance with respect to the Galactic center.



Cloud inner structure: 
Type 2-4 size-linewidth 

relations

Single cloud integrated value
Fit across the hierarchy

Dendrogram leaves (clumps)
Fit across the hierarchy

Full cloud

Dendrogram 
leaves (clumps)



RESOLVED 
Morphology, 
Inner structure, 
Kinematics, 
Turbulence, 
PDFs …

D
iGismDiGism

DiGism

SA-CMZ

Clouds are generally elongated or complex 
objects, but their shapes do not seem related 
to spiral arms and only marginally with the 
distance with respect to the Galactic center.



COHRS cloud 
velocity field 

examples



SEDIGISM 
(28”, 0.25 km/s)
Schuller+ 2017

COHRS (17”, 1 km/s)
Dempsey, Thomas & Currie 2013

OGHReS 
(28”, 0.5 km/s)
Koenig et al.

SA-CMZ 
(28”, 0.5 km/s)

Guesten+ in prep.



FCRAO CO Survey of the 
Outer Galaxy (44”, 1 km/s)

Heyer+ 1998

GRS (46”, 0.2 km/s)
Jackson+ 2006

Massachusetts
Stony Brook CO Galactic 

Plane Survey (44”, 0.65 km/s)
Sanders+ 1986

SEDIGISM 
(28”, 0.25 km/s)
Schuller+ 2017

CO FCRAO - Exeter Galactic 
Plane Survey (1’, 1 km/s)

Brunt et al.

CHIMPS (15”, 0.5 km/s)
Rigby+ 2016

CHaMP
(35”, 0.1 km/s)

Barnes et al.

COHRS (17”, 1 km/s)
Dempsey, Thomas & Currie 2013 ThrUMMS 

(72”, 0.1 km/s)
Barnes+ 2015

Mopra Southern 
Galactic Plane CO 

Survey  (36”, 0.1 km/s)
Braiding+ 2018

COCA
(27”, 0.1 km/s)

Yeh et al.
MWISP 

(50”, 0.16 km/s)
Su+ 2019

OGHReS 
(28”, 0.5 km/s)
Koenig et al.

Forgotten Quadrant 
Survey (54”, 0.65 km/s)

Benedettini+ 2017

FUGIN 
(15”, 0.1 km/s)

Umemoto+ 2017

SA-CMZ 
(28”, 0.5 km/s)

Guesten+ in prep.



APEX - LASMA CO(3-2)
PI: Mazumdar



｝
INTEGRATED 
Radius, 
Velocity dispersion, 
Luminosity, 
Column density, 
Surface density, 
Pressure, 
Masses, 
Virial parameter …

RESOLVED 
Morphology, 
Inner structures, 
Kinematics, 
Turbulence, 
PDFs …

x 10000

D
iGismDiGism

DiGism

SA-CMZ



｝
INTEGRATED 
Radius, 
Velocity dispersion, 
Luminosity, 
Column density, 
Surface density, 
Pressure, 
Masses, 
Virial parameter …

RESOLVED 
Morphology, 
Inner structures, 
Kinematics, 
Turbulence, 
PDFs …

x 10000

D
iGismDiGism

DiGism

SA-CMZ

Matching COHRS 
clouds with Hi-GAL 
IR emission 
(Rosolowsky, 
Colombo et al. in 
prep.)


