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@} Introduction (I) eSa

d Low- and intermediate-mass evolved stars (1-8 M) in the transition from the
late AGB (Asymptotic Giant Branch) phase to the PN (planetary nebula) stage
are among the brightest sources in the sky in the infrared, before they become
white dwarfs.

O Strong mass loss (104 = 10> M/yr) as a consequence of periodic thermal
pulses at the end of the AGB generates thick circumstellar shells of gas and
dust, which sometimes completely obscure the light coming from the central
star in the optical, associated to high velocity outflows that can help developing
bipolar/complex morphologies
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Introduction (II) /-esa

O Chemical composition of the shell reflects the nucleosynthesis experienced by
the central star. Of major importance here is the C/O ratio, as it determines _
the formation of totally different chemical species and dust grains (C-rich vs. P
O-rich chemistry)

[ Previously studied with ISO/SWS, Spitzer/IRS and AKARI/IRC, mainly at mid-
infrared wavelengths, resulting in significant progress on the understanding of
how molecules form and evolve to complex structures (e.g. PAHs, fullerenes)

. and the detection of many new dust features (crystalline silicates, HACs, ..)
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£y What can we learn with Herschel?

w——

[ Extend the analysis to far-infrared wavelengths at higher resolution and m
extended coverage in wavelength than other facilities in the past (mainly ISC
LWS: 43-197um), providing complementary information to what can be

obtained from ground-based sub-mm facilities (IRAM, JCMT, .. ALMA more
thy). .
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THROES: A caTalogue of HeRschel .
Observations of Evolved Stars \\&Yesa

[ A catalogue of fully reprocessed, homogenously reduced PACS/SPIRE spectra
of all evolved stars observed with Herschel (more than 200 sources, originally
part of more than 40 different research programmes) -

o~
 Covering the whole evolutionary stage from the AGB to the PN stage, including
...so.me massive red supergiants and LBVs, all chemistries o
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THROES Catalogue
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./ THROES: A caTalogue of Herschel
Observations of evolved stars
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THROES: A _caTangue of HeRschel 7 @83
Observations of Evolved Stars | S
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Molecular lines in evolved stars
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Chemical processs in
C-rich AGB stars
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Molecules may be
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- Production of new molecules due

shocks to ion—-molecule reactions
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Water in C-rich AGB stars \\\Q\iesa
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@) Chemical processes &&\\«; esa
A in O-rich AGB stars ©
Pulsating Dust formation zone - shocked inner wind I";’;’;‘;di:fe
photosphere . 3R« 5R. 10R. Ploor.
— € —>€
TE Non-TE shock chemistry Fully accelerated
wind

Vansr ~ 20-35 kms™'  pestruction of molecules by shocks &

reformation in expanding gas
H,, €O, H,0, SI0, SO, SiS, Ti0, CO,, HCl "\

Vs =~ 20 kms-!

\ Molecules

Free carbon atoms from CO destruction injected as

in shocks \ parent species
N\ Formation of new species in the post-shock gas \
SO Shoc
% HCN, CS, PN, NaCl, AIOH Surface
chemistry on
Nucleation of dust clusters l dust grains (?)
/ Condensation of dust grains I(Nl-l3, SiH,, SO,)
§ 3

(coalescence, coagulation & surface deposition)
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N

Silicates/forsterite

N\ :
(Mg.Si0,) / (Gobrecht et al. 2015)
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Water in O-rich AGB stars \
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rotational diagrams
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CO rotational diagrams
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0-H,O rotational diagrams
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p-H,O rotational d

lagrams
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E A NML TAU 188 / 740 6.05e12 / 8.48e11
3 OMI CET 224 / 1944 1.31e12 /-8.89e11
.| IRAS 18488-0107 | 141/1294 | 6.73ell/-1.48e10 S
. { IRAS 20038-2722 | 174/ 754 7.66e11/ 8.32e10 o
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d We have presented the detection of a large number of water vapour emission lines
in the Herschel spectra of evolved stars, including high-excitation lines which can
only be explained if the water is formed in the warm inner regions of their
envelopes. The high-J rotational CO lines detected in these sources seem to trace
the same inner regions of the circumstellar envelope.

[ A plausible explanation for the warm water observed appears to be the out-of-
equilibrium shock chemistrydominating in the regions close to the central star
induced by their pulsation, while photodissociation in the outer regions of the
envelope by the interstellar UV field may be responsible for the formation of the
lower excitation water emission associated to lower temperatures.

[ The analysis of a large sample of evolved stars with THROES may provide the wide
picture missing if we restrict our analysis to only a few individual sources; it is
important to determine the relevance of the dominant chemistry, mass loss rate
and evolutionary stage in the water abundances observed.

A It would be interesting to further investigate the anti-correlation of the water
abundance with mass loss in connection with a scenario in which the formation of
SiO and H,O are competing in the presence of shocks. SiO would form
preferentially at higher mass-loss rates. These shocks could also be the responsible
to transform amorphous silicate into crystalline silicate in the envelopes of O-rich
AGB stars.

Water in the Universe: from Clouds to Oceans, ESTEC, 12-15 April 2016, Page 26 Pedro GARCIA-LARIO



Appendix: solid state features / @sa

':.‘— Herschel/PACS overlaps with ISO/
LWS range, providing much higher
S/N and better spectral resolution
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