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The birthplaces of the stars
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Molecular cloud

Molecular clouds formed by complex networks of
filaments intersecting in high-density regions called
hub

Star formation occurs along the filaments
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Molecular cloud 1 pc

A massive star (O & B type) radiates enough
UV photons with E > 13.6 eV that ionize the gas
and generating an HII region… Photons with 6 < E
< 13.6 eV dissociate H2 and CO molecules and
generate a photon-dominated region.

Molecular clouds formed by complex networks of
filaments intersecting in high-density regions called
hub

Star formation occurs along the filaments
High-mass stars forming at the hubs
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The birthplaces of the stars

Filaments permeate the ISM on all scales

Motte + 2012
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Monoceros R2 G357

- At 3 Kpc of distance

- Morphology and mass similar to Orion A 

- Dense cloud (ML ~ 300 M☉ /pc)

- Younger evolutionary state… It is expected to 

actively form stars in the future.

Mon R2 core

- At 830 pc of distance

- Contains several sites of active star formation

- Mon R2 is the most massive and cluster:

… rich cluster with B-type stars

… large mass reservoir, with a mass of 104 M⊙
Carpenter (2000); Carpenter & Hodapp (2008)

Study of dynamics & fragmentation
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H2 column density

Mon R2 contains:

- filamentary structure converging into a hub
- massive star formation is ongoing
- UC HII region
- PDRs

Mon R2 is an excellent target to study

- kinematics
- dynamics
- feedback
- chemistry
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Kinematical study towards Monoceros R2
On basis of IRAM-30m observations

Surveyed species
- 13CO (1-0)
- C18O (1-0)
- HNC (1-0)
- N2H+ (1-0)
- … and others HC3N, SO, CCS, H40α

Large scale observations
- IRAM-30m telescope (Pico Veleta, Granada)
- 2014 -- 2016 (> 100 hours) at 3 mm band
- > 600 arcmin2
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Large-scale emission

C18O (1-0)

K km/s

13CO (1-0)

K km/s

Molecular emission is extended and well correlated with the dust emission
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13CO (1-0)
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Filaments: stability and kinematics

F2 F6

13CO

F1

3.5     1.05     28     0.40           9.44        225          60         47          0.80         50

with T ~ 28 K
Kirk et al  (2013); Nagasawa 1987; Wang et al 2014

F1

Mtotal = 8300 M☉ ; Mhub = 2800 M☉ (inner 250"); Mfil = 2800 M☉

offset (pc)
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Filaments: stability and kinematics

F2 F6

13CO

F1

3.5     1.05     28     0.40           9.44        225          60         47          0.80         50

F1

Mtotal = 8300 M☉ ; Mhub = 2800 M☉ (inner 250"); Mfil = 2800 M☉

Musca :                  M/L = 30 (Mʘ pc-1)           Cox + (2015)
Taurus (B211)       M/L = 50 (Mʘ pc-1)           Palmeirim +(2013)
DR21                      M/L = 100-700 (Mʘ pc-1) Hennemann + (2012)
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Filaments: stability and kinematics
Mtotal = 8300 M☉ ; Mhub = 2800 M☉ (inner 250"); Mfil = 2800 M☉

- Velocity gradients measured as the velocity difference between the
extremes of the filament

- Mass accretion rates, assuming 45⁰ of orientation

Kirk et al  (2013); Nagasawa 1987; Wang et al 2014
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Filaments: stability and kinematics
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Filaments: stability and kinematics
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A young HII region breaking out of the dense filamentary hub where it was formed, with material still flowing
inward along the filaments.
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ALMA observations to study the fragmentation and the substructure

ALMA:

- Kinematics
- Fragmentation
- Substructures

IRAM-30m + ALMA:

- Variation in the velocity
- Variation in the accretion

ALMA observations

IRAM-30m observations
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ALMA observations

13CO C18O

1 
pc

IRAM-30m observations



13CO C18OF2
F1
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ALMA observations

6-8 km/s 8-10 km/s

10-12 km/s 12-14 km/s
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Filaments in the 
central Hub

- ΔV ~ 0.5—2 kms-1/pc
- M = 100—400 M☉
- Macc= 0.5—4 x 10-4
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Monoceros R2 G357
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G357

ALMA observations

- At 3 Kpc of distance
- Morphology and mass similar to Orion A 
- Dense cloud (ML ~ 300 M☉ /pc)
- Younger evolutionary state… It is expected to 

actively form stars in the future.
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ALMA observations

4.6 km/s 5.2 km/s 5.8 km/s 6.4 km/s 7.0 km/s

4.6 km/s 5.2 km/s 5.8 km/s 6.4 km/s 7.0 km/s
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MonR2, IRAM-30m:
Fragmentation
Mass flux along the filaments
An expanding HII region braking out the filaments

MonR2, ALMA:
Spiral structure within the central hub
Strong velocity gradients

Similar structures have been found, although with lower spatial resolution, in other
massive star-forming regions and even seen in simulations, posing the question whether
these structures are required in the formation of massive stars or are an outcome of
the accretion process.

Summary



���	�� �
� �
�� �

!	
�
	�


