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La Vie et la Mort des Étoiles 
et le Cycle d’Enrichissement de la Matière 



LE CYCLE DE VIE DE LA MATIÈRE 

Grand Boum : 1H, 4He, (7Li).  
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Le Milieu Interstellaire 













•  De 10 K à 1.000.000 K!!    0° C = 273 K(elvin)  

•  De <1 particule/cm-3 à … 
… >1.000.000.000 particules/cm-3 

 

•  Un nuage sombre : 1.000 à 10.000 particules/cm-3 

 
Un ultra-vide de laboratoire ! 

Structure du Milieu Interstellaire 



Formation des Étoiles 
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Filaments vus par Herschel & protoétoiles dans les filaments 



Formation par propagation 

RCW120 



N. Schneider et al.: The Herschel view of star formation in Rosette

Fig. 1. Three-color image (70 µm = blue, 160 µm = green, 500
µm = red) of Rosette, overlaid on an optical image (H� from the
Digital Sky Survey).

Although there is a clear influence of radiation on the evo-
lution of the RMC in general, it is less clear what its specific
link to star formation is. In the classical picture of sequential
triggered star formation (Elmegreen & Lada 1977), an expand-
ing H II-region assembles gas in the layer compressed between
the ionization front and the shock front, which then fragments
into gravitationally unstable dense cores that form stars. The ion-
ization front of this new association propagates further into the
cloud and induces the next generation of star formation.

The Rosette was proposed as an archetype of a triggered
star formation site. Many other studies (e.g. Deharveng et al.
2005) have revealed possible candidates on smaller size scales
with a clearly-defined, simple geometry and indications of star-
formation in a swept-up shell of gas around a central H II-region.
The Rosette is a more demanding region, because it is a mas-
sive molecular cloud with a complex structure caused by the
presence of at least three clusters that illuminate the H II-region
(NGC 2244, NGC 2237, and the recently detected RMC-XA
(Wang et al. 2009). There are arguments that star-formation in
Rosette may be the result of a triggering process:
(i) Balog et al. (2007) and Roman-Zuniga et al. (2008) found that
the average NIR excess fraction for stellar clusters increases with
distance to the cluster center. (ii) CO line studies of Williams et
al. (1994) show that star-formation activity is more intense in the
H II-region/molecular cloud interface region than in the molecu-
lar cloud center.

However, the triggered star-formation scenario is likely not
sequential. Roman-Zuniga et al. (2008) point out that the relative
age di�erences of the clusters are not consistent with a sequential
triggered star formation scenario. They propose that the overall
age sequence of cluster formation could be primordial, possi-
bly resulting from the formation and evolution of the molecular

cloud itself. It is thus unclear whether the star-formation activ-
ity in Rosette is progressing from the H II-region interface into
the cloud center, or whether it is a global process with a random
spread of evolutionary stages and no obvious link between more
and less evolved star-forming sites.

Fig. 2. Herschel/SPIRE map at 250 µm of Rosette. Individual
regions referred to in the text are numbered and labeled. The
stars indicate the seven O-stars (O4 to O9) of NGC 2244.

2. Observations

The RMC was chosen as a representative source (in terms of
mass, star-formation activity etc.) for the HOBYS (Herschel
imaging survey of OB Young Stellar objects) guaranteed time
key program (Motte et al. 2010) on the Herschel satellite
(Pilbratt et al. 2010), using the SPIRE (Gri⇥n et al. 2010,
Swinyard et al. (2010), and PACS (Poglitch et al. 2010) con-
tinuum arrays. The SPIRE and PACS data from 70 to 500 µm
were obtained on october 20th 2009 in the parallel mode with a
scanning speed of 20⇤⇤/sec. Two cross-linked coverages of size
1⇥45⇤�1⇥25⇤ were performed, focussing on the southeast corner
of the Rosette nebula, i.e. the main part of the molecular cloud
(see Fig. 2) The SPIRE data were reduced with HIPE 2.0, using
modified versions of the pipeline scripts (for example observa-
tions that were taken during the turnaround at the map borders
were included). A median baseline and the ‘naive-mapper’ (i.e.
a simple averaging algorithm) were applied to the data.

3. Results and analysis

3.1. Three-color image

Figure 1 displays a three-color composite (70, 160, and 500 µm)
image of the RMC, overlaid on a H� image of the region. Blue
represents the shortest wavelength (70 µm) and thus the warmer
gas phase, green the 160 µm emission, and red the coldest gas
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Nébuleuse de la Rosette (NGC 2244) 







Formation dans 
des filaments 













HL Tau vu  
par ALMA 
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La Vie des Étoiles 



•  D’où vient l’énergie des étoiles ? 

•  Pourquoi sont-elles bleues, jaunes ou rouges ? 

•  Quelle est leur masse ? 

•  Quelle est leur durée de vie ? 



Echauffement Contraction  

Echauffement Réactions  
Nucléaires 

Réactions  
Nucléaires Equilibre 
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La fusion nucléaire dans les étoiles… 

Etc… 

Helium Helium Helium 

Carbone Helium 



•  Étoiles de masse élevée      Compression forte 
Température élevée   Bleue, combustion rapide,  

 Vie courte (millions d’années)  
 Transmutation de l’Hydrogène jusqu’au Fer 

 

•  Étoiles de masse faible      Compression faible 
Température peu élevée  Rouge, combustion lente,  

 Vie longue (milliards d’années)  
   Transmutation de l’Hydrogène jusqu’à l’Oxygène 
 



Fin de vie des étoiles… 
 

 
 
…et retour au MIS 
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10 Milliards d’années 

Étoile de type Solaire 

2 Milliards d’années 

50 Milliards d’années ? 
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Supergéante  

Étoile massive (> 8 Masses solaires) 

Supernova 

Séquence principale 

Étoile à Neutrons 
(5 km, 1015 g.cm-3) 

Trou noir 











Nouveau depuis quelques années : 
La fusion d'étoiles à neutrons ou kilonova 

(le r-process et le s-process) 



– 92% d’Hydrogène (~74% en masse)
– 7,8% d’Hélium (~25 % en masse)
– 0,08-0,11% d’Oxygène, Carbone, Azote et Néon 

(~1% en masse)  
– 0,013% de métaux, etc. (~0,37 % en masse) : Fe, 

Si, Mg, S 

La matière dans l’Univers 
actuel : 

 



La nucléosynthèse en deux 
tableaux : 1) avant 2017 



La nucléosynthèse en deux 
tableaux : 2) depuis 2017 



Abondance cosmique des éléments 



La vie : H,C,N,O,… 
 

…vient des étoiles 
 

et vos bijoux en or des fusions 
d'étoiles à neutron! 

Merci pour votre attention 


