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Interstellar and circumstellar molecules
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CARBON-RICH: The ~80 molecules detected in IRC+10216
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OXYGEN-RICH: The ~20 molecules detected in IK Tau
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IRC+10216 in CO (Cernicharo et al 2015)

R Sculptoris in CO (Maercker et al 2012) IRC+10216 in CN (Agundez et al 2017)
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Outline of the rest of the talk:

1) Some introduction (already done)

1) Chemistry in the inner layers

1) Chemistry in the outer envelope

1) Concluding remarks



The inner circumstellar layers
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CW Leo observed in the MIR (11-14 um) with IRTF/TEXES (Fonfria et al 2008)

Spectra shows absorption lines from C,H, and HCN present in the inner circumstellar envelope
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Single-dish millimeter observations

0-6) lines in IRC+10216 (Agundez et al 2012)
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A detailed model allows to derive
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bl
* [
S e
N Ly 77 Smedl
e !
[
- = 8 « P
2 TP PR P VT T N
¥ -
i<k 4k
Nm 01 92AT}e[ad aduepunge

-3 1° -.:..

HEE

33T EyC3ETRECILC OERCiEC O§°C 1°

ﬂh

HI—

YO

el

AR N F R R T §17 83" 3°83°1 °

I-H.—ﬂ

1016

R R

< B34S 394

J=il= L
=

R

H.___.J.u.._.-_ EEE L N EN R R N I N N EE R R

r(cm)



Single-dish millimeter observations

SiC, in a sample of carbon stars
(Massalkhi et al 2018)
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Gas-phase abundance of SiC,
decreases with increasing density

Can be interpreted in terms of a
more efficient formation of dust
(and incorporation of SiC, on grains)
at high densities



# H,0 around carbon stars
Inner-envelope origin
Widespread occurrence in carbon stars
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# H,O around carbon stars
Inner-envelope origin
Widespread occurrence in carbon stars

# Other hydrides around AGB stars
NH, (Menten et al 2010; Schmidt et al 2016;
Wong et al. 2018)

HF (Agundez et al 2011)
PH, (Agundez et al 2014)
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abundance relative to Hs

Comparison between observed abundances and
calculated abundances at chemical equilibrium

for the carbon star IRC+10216
calculated at LTE
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Small-scale distribution
of parent species in IRC+10216
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Small-scale distribution
of Ti and Al oxides in O-rich stars

Evaluating the role of TiO, TiO,. Al
as gas-phase pre
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The ALMA view of IRC+10216:
a forest of U lines arises from the surroundings of the star
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The outer circumstellar envelope
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Parent species: concentric around star
Daughter species: hollow shell at =15-20"

Guélin et al. (IRAM PdBI data)



Daughter species: hollow shell at =15-20"

CH;CN shows a peculiar distribution

CH5CN in IRC+10816
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(Agundez et al 2017)

in IRC+10216
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Carbon chain growth in IRC+10216
(schemes according to chemical model)  (Agindez et al 2017)

Polyynes Cyanopolyynes
CN hv
CoH

CHy —N o HCN-Z 5 C.N

C,H CyH

>C6H2 L HC7N

The growth of polyynes is driven by reactions involving C,H and C,H radicals
The growth of cyanopolyynes is driven by reactions involving CN and C;N radicals

Low-temperature kinetics of these reactions studied with CRESU machines



Infrared detection of diacetylene (C,H,) in IRC+10216 (Fonfria et al 2018)

NASA

INnfraRed Telescope Facility  INSTITUTE FOR ASTRONOMY, UNIVERSITY OF HAWAI']

C,H, is a non polar molecule, predicted to form abundantly in the outer envelope.
Important observation because it allows to put constraints on the chemical model.

Derived abundance of cold (outer) C,H, in good agreement with chemical model.
Presence of hot (inner) C,H, is puzzling.
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Concluding remarks:

#

Overall picture of the circumstellar chemistry around AGB stars well understood
> parent molecules formed under LTE close to the star
> daughter species formed by photochemistry in outer envelope

Observations are revealing a growing number of aspects not well understood yet
> Formation of H,O in C-rich objects and other hydrides (NH;, PH,)
> Relevance of non-equilibrium chemistry in the inner envelope
different small-scale distribution of molecules: (NaCl, KCI) vs (SiS, SiO) in IRC+10216
role of refractory molecules as precursors of dust grains
distribution of CH,CN in IRC+10216
existence of hot C,H, in IRC+10216
carriers of unidentified lines arising just close to the star
> Discontinuous and non-isotropic mass loss

Need to revise the current paradigm of circumstellar chemistry
> Dust formation

> Shocks driven by the stellar pulsation

> Clumpiness

> Spiral-like structures caused by binarity
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