Hydrides in Circumstellar Envelopes
Why are they so abundant while they shouldn’t?
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Talk outline:

1) Introduction to circumstellar envelopes

1) Expectations from chemical equilibrium

2) Observations of hydrides in circumstellar envelopes

3) Whatis understood and what is not
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Expectations from chemical equilibrium

(Thermo)chemical equilibrium = minimization of free Gibbs energy



Chemical equilibrium (C/O < 1)
carbon and oxygen budget
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Chemical equilibrium (C/O > 1)
carbon and oxygen budget
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Chemical equilibrium (C/O > 1)
carbon and oxygen budget
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Chemical equilibrium (C/O < 1and C/O > 1)
nitrogen budget
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abundance relative to H»
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Observations of hydrides in circumstellar envelopes



Ground 22 GHz maser line
183 GHz maser line
Observations are consistent with
1SO far-IR lines most oxygen (not as CO) locked into H,O
in agreement with chemical equilibrium
Odin 1,-1,, line at 557 GHz
Herschel sub-mm and far-IR lines
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abundance relative to H»
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Relative Flux
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abundance relative to H»

10# H,0 . 104+ .
106} _ Hdl _ 1 10° 1
108 L \\ i =~ 108
T
o HF p
10—10 | i g 10—10 |
©
o
10712 1 o 1022f
e
1
101 2 10
NH, ) = ]
2 NH, V¥V _—
1016 1 1016 - H,O
1078 . 1018 L .
rm SiH, o
10'20 i | | | | 10'20 . ] | | |
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
radius (R.) radius (R.)

O-rich CSEs C-rich CSEs

CH, [ NH

4 3 Hzo

SiH, | PH H,S







H,O previously detected in IRC+10216 by SWAS (Melnick et al 2001)
and Odin (Hasegawa et al 2006) |

# Inner envelope origin

# Widespread occurrence in carbon stars
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abundance relative to H»
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’Ammoniataround both.OZand Crrich'stars
NH, previously observed in IRC+10216
ro- V|brat|onal absorption lines around 10 um(Keady & Ridgway 1993)

1,-0, rotational line observed with Odin (Hasegawa et al 2006)

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

Many lines of NH,
observed in IRC+10216
(Schmidt et al 2016)
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abundance relative to H»
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PH; tentatively identified in IRC+10216 from ground
at mm-wavelengths (1,-0, rotational line at 267 GHz)
(Agundez et al 2008)

Same detection reported by Tenenbaum & Ziurys (2008)
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Phosphine’around carbon’stars

Detection of PH; in IRC+10216
confirmed by Herschel/HIFI
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abundance relative to H»
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HF and HCl observed by Herschel/HIFI
(Agundez et al 2011)
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abundance relative to H»
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abundance relative to H»
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disequilibrium’processes’

Photochemistry in inner layers due to a clumpy envelope (Agundez et al 2010)
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\Which'disequilit processes

Photochemistry in inner layers due to a clumpy envelope (Agundez et al 2010)
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credit: NASA/TPL



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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