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Talk outline:

1) Introduction to circumstellar envelopes

1) Expectations from chemical equilibrium

2) Observations of hydrides in circumstellar envelopes

3) What is understood and what is not



IRC+10216 in CO (Cernicharo et al 2015)IRC+10216 in V band (Leao et al 2006)

R Sculptoris in CO (Maercker et al 2012) IRC+10216 in CN (Agúndez et al. in prep)
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Expectations from chemical equilibrium

(Thermo)chemical equilibrium = minimization of free Gibbs energy
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carbon and oxygen budget
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and surroundings



Chemical equilibrium (C/O < 1)
carbon and oxygen budget



Chemical equilibrium (C/O > 1)
carbon and oxygen budget



Chemical equilibrium (C/O > 1)
carbon and oxygen budget



Chemical equilibrium (C/O < 1 and C/O > 1)
nitrogen budget
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Observations of hydrides in circumstellar envelopes



Ground 22 GHz maser line
183 GHz maser line

ISO far-IR lines

Odin 110-101 line at 557 GHz
Herschel sub-mm and far-IR lines

Water vapour around O-rich stars

Observations are consistent with
most oxygen (not as CO) locked into H2O
in agreement with chemical equilibrium

Polehampton et al. (2010)
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NH3 lines around 10 μm CH4, SiH4, and NH3 observed
in the C-rich object IRC+10216



CH4 NH3 H2O     HF

SiH4 PH3 H2S     HCl

CH4 NH3 H2O     HF

SiH4 PH3 H2S     HCl

observed NH3

observed SiH4

O-rich CSEs C-rich CSEs



Odin

SWAS Herschel



Water vapour around carbon stars
H2O previously detected in IRC+10216 by SWAS (Melnick et al 2001)

and Odin (Hasegawa et al 2006)

Decin et al (2010)

# Inner envelope origin

Neufeld et al (2011)

# Widespread occurrence in carbon stars
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Ammonia around both O- and C-rich stars
NH3 previously observed in IRC+10216
ro-vibrational absorption lines around 10 μm(Keady & Ridgway 1993)
10-00 rotational line observed with Odin (Hasegawa et al 2006)

NH3 observed in 4 O-rich stars (Menten et al 2010)

Many lines of NH3
observed in IRC+10216
(Schmidt et al 2016)
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Phosphine around carbon stars

PH3 tentatively identified in IRC+10216 from ground
at mm-wavelengths (10-00 rotational line at 267 GHz)
(Agúndez et al 2008)

Same detection reported by Tenenbaum & Ziurys (2008)



Phosphine around carbon stars

Detection of PH3 in IRC+10216
confirmed by Herschel/HIFI
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Hydrogen halides (HF and HCl) around carbon stars

HCl observed by Herschel/SPIRE & PACS
(Cernicharo et al 2010)

HF and HCl observed by Herschel/HIFI
(Agúndez et al 2011)
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What is understood and what is not
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Summary of theoretical vs observational



Which disequilibrium processes
drive the formation of hydrides?



Which disequilibrium processes drive the formation of hydrides?

Photochemistry in inner layers due to a clumpy envelope (Agúndez et al 2010)

CO + hν C + O
13CO + hν 13C + O
SiO + hν Si + O

OH + H2 H2O + H
O + H2 OH + H



Which disequilibrium processes drive the formation of hydrides?

Photochemistry in inner layers due to a clumpy envelope (Agúndez et al 2010)

O-rich CSEs C-rich CSEs



Which disequilibrium processes drive the formation of hydrides?

Chemistry driven by shocks in inner layers (Cherchneff 2011, 2012)



?



Concluding remarks:

# Hydrides are not predicted abundant in circumstellar envelopes

# Hydrides are observed abundant in circumstellar envelopes

# Predictions by chemical equilibrium are particularly bad for hydrides

# Some disequilibrium process is at work, but which one?
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