Sub-mm observations
of AGB stars

- The central stars

- The circumstellar envelopes

- The circumstellar molecules

- The termination of the AGB, early post-AGB



The importance of AGB stars

=> the majority of all stars that have died in
our universe have done this as AGB stars

- they produce heavy elements (3, s-process)
- they produce dust particles
- they produce complex molecules (PAHs, ...)



The importance of AGB stars

=> probes of galaxy structure, kinematics, and
SF history

=> C/0«<1, C/O=1, C/0O>l

=> a full description requires a complex interplay
between different physical/chemical processes
with different time scales



The structure of an AGB-object
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AGB stars are dynamical objects
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The central stars

Flux density of an AGB star:

Observational space (1 hour, 50 = 50mJy, 200 pum):



The central stars
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The stellar mass loss

- the lifetime on the AGB

- the luminosity reached

- the gas/dust return

- the chemical composition of
the returned gas



The mass loss properties
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The circumstellar envelopes

- circumstellar atomic/molecular line emission
- circumstellar dust continuum emission



AGB circumstellar environment

@ spherical geometry

@ constant expansion velocity

@ densities follow r-2 law, temperatures follow r-©4-V [aw
@ radiation fields: central star and CS dust

@ C/0O«1 and C/0O>1; two chemical environments

@ expansion makes possible temporal evolution studies



High T => small spatial scales

For CO where B=2.75 K the result is
J=1, 115 GHz, r=5x10' cm, 6=10"(500 pc/D)

J=13, 1.5 THz, r=5x10'* cm, 6=0.1"(500 pc/D)



High J => small spatial scales
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The circumstellar envelopes

detached
shell

Long-A dust emission
IS a very good tracer
also of fossile dust
shells, i.e. M(1)




The circumstellar envelopes
Flux density of a dusty CSE (optically thin):

Observational space, 1 hour (50 =50 mJy, 200 um):
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The circumstellar envelopes

Flux density of a gaseous CSE:

(based on detailed modelling)

The THz CO lines are relatively saturated.

- Probes of the present mass-loss rate
- Possible to detect stars with low mass-loss
rates [S(13-12)/5(1-0) =~ 100]






Highly episodic mass loss

High-J lines are
important probes
of the region
where the mass
loss is initiated




The circumstellar envelopes

Observational space (1 hour, 2 km/s, 50 = 20 Jy,
Tsys = SOOO K)'

- 1077 Mgun/yr to 1 kpc in 5 hours
- 107® Msun/yr to 1 kpc in 2 hours
- 107 Mgun/yr to 1 kpc in 1 hour



2-atoms:
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Circumstellar molecules
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Circumstellar molecules, brightness distributions

Some molecules are of
photospheric origin (e.g., SiS),
some are photodissociation
products (e.g., CN), and
some are due to circumstellar
chemistry (e.g., HNC)




- Flopping mode transitions oF'-""fe.g. PAHs




Circumstellar SiO abundance estimates

Low-J lines sensitive to the envelope size and the abundance,
while high-J lines sensitive only to the abundance

- estimated sizes
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Circumstellar SiO abundance estimates

Only detailed study of a species in a large sample of stars

3 orders of magnitude
spread in abundance

Schoier et al. , A&A 454, 247



Circumstellar SiO abundance estimates
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red line is the best-fit
model using:

i) a compact high-
abundance((4x107°)
region (eq. vaiue)

ii) an extended low-

abundance((3x107°)
region (SiO depieted)



Circumstellar SiS abundance estimates

High-J lines are
important probes of
the region where non-
equilibrium chemistry
and dust condensation
takes place







Termination of the AGB phase
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Decl. offset (mas)

Termination of the AGB phase
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