
 The astrochemical link between 
dark clouds and hot cores ? 

Sarah Fechtenbaum

Star Formation meeting

03/10/15



 The astrochemical link between 
dark clouds and hot cores ? 

Sarah Fechtenbaum

Star Formation meeting

03/10/15

Dark cloud Massive 
protostar

?



 The astrochemical link between 
dark clouds and hot cores ? 

Sarah Fechtenbaum

Star Formation meeting

03/10/15

CygX-N63

Dark cloud Massive 
protostar

?



Sarah Fechtenbaum - Soul of High-Mass Star Formation - March 2015

Motivation Unbiased spectral survey Spatial decomposition Results

CygX-N63: a lovely protostar

2

Motivation



Sarah Fechtenbaum - Soul of High-Mass Star Formation - March 2015

Motivation Unbiased spectral survey Spatial decomposition Results

CygX-N63: a lovely protostar

2

Motivation

Found by Motte et al. 2007



Sarah Fechtenbaum - Soul of High-Mass Star Formation - March 2015

Motivation Unbiased spectral survey Spatial decomposition Results

CygX-N63: a lovely protostar

2

Motivation

A. Duarte-Cabral et al.: CO outflows from high-mass Class 0 protostars in Cygnus-X

Fig. 2. PdBI 1.2mm continuum emission in colour scale, overplotted with the blue and red contours from the CO emission of N3 (top-left), N12
(top-right), N40 (middle-left), N48 (middle-right), N53 (bottom-left), N63 (bottom-right). The beam sizes are represented in the lower-left corner
of each panel. The 9 high-mass cores identified in Bontemps et al. (2010) are marked as green stars, and the possible low mass fragments identified
are marked as green crosses. The sources discussed here are labeled. The arrows show the directions of the outflows identified in this paper and
for which we estimated the energetics.

ple of high-mass protostars have similar properties to those of
young low-mass protostars, we have measured the opening an-
gles based on the CO high velocity wing emission alone. Note
however that, for instance in CygX-N53 there are some indices
of a wide-angled low-velocity CO emission that could still be
associated with the outflows and which is not taken into ac-

count. We found that the high-velocity outflow opening angles
range between 15 and 35�. The only exception is CygX-N48
MM1 whose outflow has an apparent opening angle of ⇠100�.
However, as discussed in Sec. 4.4, this outflow has a complex
morphology and it is either a combination of MM2 and MM3
outflow emission or, if indeed it is a single outflow, then it has
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(top-right), N40 (middle-left), N48 (middle-right), N53 (bottom-left), N63 (bottom-right). The beam sizes are represented in the lower-left corner
of each panel. The 9 high-mass cores identified in Bontemps et al. (2010) are marked as green stars, and the possible low mass fragments identified
are marked as green crosses. The sources discussed here are labeled. The arrows show the directions of the outflows identified in this paper and
for which we estimated the energetics.
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Fig. 2. PdBI 1.2mm continuum emission in colour scale, overplotted with the blue and red contours from the CO emission of N3 (top-left), N12
(top-right), N40 (middle-left), N48 (middle-right), N53 (bottom-left), N63 (bottom-right). The beam sizes are represented in the lower-left corner
of each panel. The 9 high-mass cores identified in Bontemps et al. (2010) are marked as green stars, and the possible low mass fragments identified
are marked as green crosses. The sources discussed here are labeled. The arrows show the directions of the outflows identified in this paper and
for which we estimated the energetics.
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A. Duarte-Cabral et al.: CO outflows from high-mass Class 0 protostars in Cygnus-X

Fig. 2. PdBI 1.2mm continuum emission in colour scale, overplotted with the blue and red contours from the CO emission of N3 (top-left), N12
(top-right), N40 (middle-left), N48 (middle-right), N53 (bottom-left), N63 (bottom-right). The beam sizes are represented in the lower-left corner
of each panel. The 9 high-mass cores identified in Bontemps et al. (2010) are marked as green stars, and the possible low mass fragments identified
are marked as green crosses. The sources discussed here are labeled. The arrows show the directions of the outflows identified in this paper and
for which we estimated the energetics.
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A. Duarte-Cabral et al.: CO outflows from high-mass Class 0 protostars in Cygnus-X

Fig. 2. PdBI 1.2mm continuum emission in colour scale, overplotted with the blue and red contours from the CO emission of N3 (top-left), N12
(top-right), N40 (middle-left), N48 (middle-right), N53 (bottom-left), N63 (bottom-right). The beam sizes are represented in the lower-left corner
of each panel. The 9 high-mass cores identified in Bontemps et al. (2010) are marked as green stars, and the possible low mass fragments identified
are marked as green crosses. The sources discussed here are labeled. The arrows show the directions of the outflows identified in this paper and
for which we estimated the energetics.
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=> low Tex ~ 21 K and high Tex ~130 K
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Spatial analysis: PdBI observations
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Pour l’instant l’erreur sur le rayon 
est sous-estimé car je ne connais 
pas l’erreur sur l’intensité 
mesurée au PdBI,

L’erreur du fit au niveau intensité ou 
FWHM est d’autant plus faible que 
la raie est forte, 

Par contre, l’erreur sur la mesure 
de l’intensité est plus élevée pour 
les raies fortes alors que l’erreur 
sur la FWHM est la plus faible pour 
ces mêmes raies,
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visibles et que donc les parties 
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moins visibles sur les cartes, Suggère 
que la taille d’émission mesurée sur les 
cartes PdBI peut être sous-estimée,

Je fais l’hypothèse que la distribution 
d’intensité j’observe est un disque 
homogène, Mais en réalité il y a des 
paquets et le centre est nettement plus 
brillant que le bord => le flux récupéré 
par le PdBI au pixel central est 
supérieur à la moyenne de l’intensité 
dans le beam, L’intensité mesurée au 
30m est par contre une moyenne sur le 
beam => tout ça fait que mon calcul 
me donne une limite inférieure pour la 
taille d’émission,

Pour CH3CN, ça 
colle mieux si je ne 
compte pas trop 
l’extension très 
faible au sud.
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me donne une limite inférieure pour la 
taille d’émission,

Pour CH3CN, ça 
colle mieux si je ne 
compte pas trop 
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Spatial analysis - summary
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• High density ~6x107 cm-3  

• High-level of depletion 

!

• T ~ 12-13 K  

•  Mean FWHM = 1.9 km s-1 

• Low deuteration level ~6.10-3

f
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Results
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Dark clouds

Hot core

Hot corino
Mookerjea et al. 2007

Collated by Garrod 
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Comparison of the abundances

Results



Sarah Fechtenbaum - Soul of High-Mass Star Formation - March 2015

Motivation Unbiased spectral survey Spatial decomposition Results

12

• N63 is an individual massive Class-0 

• Chemical composition intermediate 
between a dark cloud and a hot core  

• Chemically rich but not too much 

• Tens of M❂ of highly depleted material 

• Abundances determined for 56 species, 
including 13 deuterated species 

CygX-N63 is a nascent hot core

Results

Your future 
reference 
object !

Sarah.Fechtenbaum@obs.u-bordeaux1.fr
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• Population diagrams 

• Detection of 37 rare 
isotopologues

• LTE-model of the software 
CASSIS estimates the opacity

• High density ~106 - 107 cm-3 

=> probable LTE

• Emission size estimation
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Determination of the abundances

~44 M❂ in 2500 AU    

=> global n(H2)  

=> Reliable global abundances     

Global abundances

Duarte-Cabral et al. 2013

Unbiased spectral survey
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Determination of the abundances

• Determination of the 
emission size  

• n(H2) determined at 
different r with ⇢ / r�2

Detailed abundances

~44 M❂ in 2500 AU    

=> global n(H2)  

=> Reliable global abundances     

Global abundances

Duarte-Cabral et al. 2013

Unbiased spectral survey
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The Cygnus-X region
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Search for massive dense cores

Cygnus X - North

Herschel/PACS 70 μm 
HOBYS consortium

Motivation
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Bontemps et al. 2010

PdBI 3.5 mm 
3.2’’ res. (4500 AU)

CygX-N3 CygX-N12

CygX-N53 CygX-N63

Motivation
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Abundance

Comparison of the abundances
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Without S-bearing species
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Without N-bearing species



Sarah Fechtenbaum - Soul of High-Mass Star Formation - March 2015

Motivation Unbiased spectral survey Spatial decomposition Results

21

Carbon chains 
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N-bearing species
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O-bearing species
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Population diagrams
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✤ Local thermodynamical 
equilibrium (LTE)	


✤ Optically thin lines	


✤ Negligible CMB	


✤ Size of the emission 
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