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Galactic Latitude
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13CO (1-0) catalog, 87 clouds Benedettini et al. 2021
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POSITION IN THE MILKY WAY

Kinematical distances derived from Galaxy rotation model of Reid et al. 2014
Spiral arm parameters from the BeSSel project.
Continous lines: Xu et al.2013, Choi et al. 2014, Hachisuka et al. 2015 dot-dash line: Hou & Ham 2014

12CO (1-0) catalog 13CO (1-0) catalog

T T T 1 = T & @ T
B i "\\\ ” i
14 / N 12220 m
R N i,
= N l=240 ‘—‘_,\ _______ .:
~ W g ees® \
e ~ —"‘u \
L @ o o % !
' ol s R % I i
12F * SN, \ i
- -~ a8 \
- .' ~ \ 4
— —_ ~ A P [)
3) Q I : - s R erseus
Q“ Q" ’ — b . o ‘ l
o4, =4 i R,,=11kp Vs Q;L\
- i . - \
e > 10 : B e N
3 4 2 N -
I NNy, :
| S~
: ‘o
8 .
i-. 8 kpc ‘4 kpc I kpa
6 1 1 1 1 P 6 R | . 1 1 1 1
8 6 4 L. 0 g 6 4 2 0



12CO (1-0) catalog, 263 clouds

Benedetfttini et al. 2020
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12CO (1-0) catalog, 263 clouds
Benedetfttini et al. 2020
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13CO (1-0) catalog, 87 clouds

Benedettini et al. in 2021
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Median Mode
Mass (M) 759 760
Area (pc?) 9.6 11.3
Surface density (Mg pc™) 65 56
Aspect ratio 1.8 1.3
Equivalent spherical radius (pc) 1.8 0.6
Velocity dispersion (kms™') 0.9 0.7
Virial parameter 2.51 1.06

Median Mode
Massgust (Mg) 443 251
Area (pc?) 4.7 2.5
Surface density (Mg pc=?) 86 80
Aspect ratio 2.0 1.2
Equivalent spherical radius (pc) 1.4 0.6
Velocity dispersion (kms™') 0.7 0.5
Virial parameter 1.87 1.00
Heliocentric distance (kpc) 1.57 0.89
Galactocentric radius (kpc) 9.33 9.00
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Physical properties

12CO (1-0) catalog, 263 clouds 13CO (1-0) catalog, 87 clouds
Benedettini et al. 2020 Benedetftini et al. in 2021
Median Mode Median Mode
Mass (M.,) 759 760 Mass e (M) 443 251
Area (pc”) 9.6 11.3 Area (pc?) 4.7 2.5
Surface density (Mg pc ™) 65 56 Surface density (Mg pc=?) 86 80
Aspect ratio 1.8 1.3 Aspect ratio 2.0 1.2
Equivalent spherical radius (pc) 1.8 0.6 Equivalent spherical radius (pc) 1.4 0.6
Velocity dispersion (km s7) 0.9 0.7 Velocity dispersion (kms™') 0.7 0.5
Virial parameter 251 1.06 Virial parameter 1.87 1.00
Heliocentric distance (kpc) 1.57 0.89
Galactocentric radius (kpc) 9.33 9.00

The structures traced by the 3CO (1-0) line are the brightest and densest parts of the
12CO (1-0) structures, while low-brightness regions in 12CO (1-0) (less dense ) are mostly
undetected in 13CO (1-0).



MOLECULAR CLOUDS

Mass estimate comparison

Mass from X(12CO) (gas)

Mass from N(13CQO) (gas)

Mass from N(H,) from Herschel (dust)
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Mass estimate comparison

107 SARE AL ! L R 10 I AL LA L B4 N IR I I ML L

Mass from X(12CO) (gas) 30 _L Il j 2O§

Mass from N(13CO) (gas) )

20

{ 10}

10} E f l
_JJ ) N

0.0 05 1.0 1.9 2.0 Q0 05 1.0 1.9 20 00 0.5 1.0 1.5 2.0

Number of clouds

Mass from N(H,) from Herschel (dust)

Muescoy / Mxeeco) Mnecoy / Maust Mxccoy / Maust
mass ratio median 10" percentile 90" percentile
Myscoy [ Mxp2co) (.99 0.76 1.36
Myscoy | Maus 0.86 0.66 1.15

Benedettini et al. 2021 My2c0) / Maus 0.86 0.61 1.34




Mass from X(12CO) (gas)

Mass from N(13CQO) (gas)

Mass from N(H,) from Herschel (dust)

12CO and BCO trace a similar column
of gas

Dust is really optical thin tracer

CO becomes optically thick in the
densest regions as clumps/cores

Benedettini et al. 2021

Number of clouds
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MOLECULAR CLOUDS

Physical properties comparison

Velocity dispersion Virial parameter
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velocity dispersion (km/s)

Supersonic turbolence =0.5

12CO (1-0) catalog, 263 clouds
Benedettini et al. 2020
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catalog: BCO (2-1) SCIMES
Duarte-Cabral et al 2021

GRS catalog: BCO(1-0 ) CLUMPFIND
Roman-Duval et al. 2010

FQS 12CO catalog: 2CO (1-0) SCIMES
Benedettini et al 2020

FQS '3CO catalog: 3CO(1-0) SCIMES
Benedettini et al. 2021
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N
SUMMARY

> FQS: 2CO (1-0) & 3CO (1-0) survey of Galactic Plane in the range 220°<I<240° -2.5°<b<0°

> First self-consistent catologs of physical properties of molecular clouds of the Outer Galaxy

(Rya = 8 -15 kpc) af sub-parsec spatial resolution. Several products are pubbilic.

> The structures tfraced by the 3CO (1-0) line are the brightest and densest parts of the 2CO (1-0)
structures, while low-brightness regions in 2CO (1-0) are mostly undetected in 3CO (1-0).

» Total mass, velocity dispersion and the virial parameter of clouds extimated with the two fracers are
similar, likely due to the fact that in the surveyed portion of the Galactic plane, the H, column
density is not particularly high, leading to a CO emission with a not very high optical depth.

» We observe a change in the behaviour of some properties of the identified structures at an
equivalent radius of ~1 pc.

» The mean mass surface density of clouds is almost constant across the galactocentric radius and is
affected by local conditions.
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