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1. Introduction

- Circumstellar envelopes (CSE) around AGB stars: Mass loss

 Cernicharo et al. (2015)



  

1. Introduction

- Classification of AGB CSEs owing to its chemistry:

(Credits: https://www.asiaa.sinica.edu.tw/research/icsm.php)



  

1. Introduction

- Schematic view of a clumpy C-rich AGB CSE

 Decin et al. (2010)



  

1.1. IRC+10216

- IRC+10216 / CWLeo: the archetype of C-rich AGB CSEs

Parameter Value Reference
L* 7790 ± 150 L⊙ Groenewegen et al., 2012

R* 390-500 R⊙ Men'shchikov et al., 2001

Distance 123 ± 14 pc Groenewegen et al., 2012
Period 640 days Dyck et al., 1991
Mass loss 2x10-5 M⊙/year Ramstedt et al., 2008

Tef* 2330 K Ridgway & Keady, 1988

Systemic velocity * -26.5 ± 0.3km s-1 Cernicharo et al., 2000
Terminal expansion velocity 14.5 ± 0.2 km s-1 Cernicharo et al., 2000
[C]/[O] 1.4 Winters et al., 1994



  

1.1. IRC+10216

- Most studied AGB CSE:  molecules detected > 80



  

1.2. Si-bearing molecules towards IRC+10216

- SiS, SiO, SiC2 and SiC:

Thermodynamical equilibrium



  

1.2. Si-bearing molecules towards IRC+10216

Formation under thermodynamical equilibrium

Condensation onto dust grains

Photodissociation owing to the UV Galactic field

Back to gas phase: grain-surface reactions /shocks



  

1.2. Si-bearing molecules towards IRC+10216

- Spatial distribution:

 Lucas et al. (1995)

Plateau de Bure Interferometer

SiS J=5-4 SiC2  J,K,k 423-222



  

1.2. Si-bearing molecules towards IRC+10216

- Spatial distribution:  Schöier et al. (2006)SMA observations
SiO J=5-4



  

1.2. Si-bearing molecules towards IRC+10216

- Spatial distribution:

  Fonfría et al. (2014)

CARMA observations



  

2. Herschel past studies



  

2. Herschel past studies

- HIFI 2010 obs. 

- Trot = 204 K   Ntot ~ 9x1013 cm-2

- SiC2 is a major Si carrier in the 
inner envelope (together with 
SiS and SiO)

- Abundance enhancement in 
the outer envelope:

            Si + C2H2         SiC2    
 



  

2. Herschel past studies

- Spectroscopic parameters
   improved thanks to HIFI 2011 obs.

- Included in the CDMS catalogue
 

  Parameters for the 
Watson-type Hamiltonian



  

2. Herschel past studies

- PACS+SPIRE obs.

- SiO and SiS in the dust 
formation process

- Only v=0 and v=1 lines 
detected (confusion limited)



  

3. ALMA current study

- Cycle 0 ALMA data: ADS/JAO.ALMA#2011.0.00229.S

(Credits: ALMA ESO/NAOJ/NRAO C.Padilla)



  

3.1. ALMA: Cycle 0 observations

- 16 antennas used

- Baselines from 20 to 402 m.

- Maximum recoverable scale ~ 0.6 λ / D ~ 12”
https://science.nrao.edu/science/videos/largest-angular-scale-and-maximum-recoverable-scale

- Calibration and data analysis done with CASA and GILDAS



  

3.2. ALMA: Analysis and results



  

3.2. ALMA: Analysis and results

- 29SiO J=6-5 v=0 :

- SiC not detected with these observations



  

3.2. ALMA: Analysis and results

FWHM – Eup 
correlation

FWHM – Tkin
correlation

FWHM – v
exp

correlation

SiS J=15-14



  

3.2. ALMA: Analysis and results

- Population diagram (Goldsmith & Langer, 1999) + LVG model (Cernicharo, 2012)



  

4. Conclusion: Linking Herschel and ALMA

- Herschel spectral resolution + bandwidth

- Herschel: study of the excitation conditions

- ALMA spatial resolution + sensitivity

- ALMA: study the spatial distributions

- Both are well suited to discover new molecules



  

4. Conclusion: Linking Herschel and ALMA

- We need both for a complete explanation, otherwise we will 
be missing something



  

5. Future work

- Herschel + ALMA complete study

- Short-spacing observations with the IRAM 30m antenna

- ALMA Cycle 3

- The main goal is to understand the dust formation region
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