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stellar evolution, the mass return and its
chemical composition, and as’rro-physucal/chemlcal
processes in the CSE

- Only about 1% of all red giants are AGB-stars




An AGB star in M- and r-scale
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An AGB star: a complex phenomenon
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A study of highly episodic mass loss
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"| €O(J-1-0) | CO(J=3-2)
=zt SEST Zq SEST
| Oct. 1987

“in the case of S Sct the emission from
the circumstellar envelope is polluted by
narrow lines from interstellar clouds”

“the detection of CO emission from S Sct
is extremely tentative”




A SEST CO(J=1-0) map of the C-star S Scuti
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Two carbon stars with highly episodic mass loss
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The 3D view, CO(1-0) towards TT Cyg
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Circumstellar CO radio lines towards
the C-star U Ant




Imaging of a CSE in scattered stellar light

Delgado et al. A&A 372, 885, 2001



Imaging of a CSE in line-scattered stellar light

slit, 15" offset




Comparison of data for U Ant

In the case of U Ant, the narrow filter images
are (probably) dominated by line-scattered light



Shell width

NOAO/IRAF V2.12.2-EXPORT maercker@coogee Wed 11:14:41 26-0ct-2005
[UAntK15[*,17]]: 1. ap:17 beam:0
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Multiple shells?

NOAO/IRAF V2.12.2-EXPORT maercker@coogee Wed 11:21:03 26-0ct-2005
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shells at 42", probably 36, and possibly 25" radius



ion of gas and dust shells?
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Imaging of a CSE in scattered stellar light

Delgado et al. A&A 399, 1021, 2003



GREY: RSCL 2.3054E+11 HZ IPOL RS15.1CLO01.21
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Comparison of data for R Scl

In the case of R Scl, the narrow filter images
are (probably) dominated by dust-scattered light



Wavelength dependence of
scattered light, R Scl

CS/S o< \==°

* The star saturates the ACS in < 0.1s and the stellar
fluxes are estimated through psf fitting






Chemistry of detached shells
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:'230 "Z.LIB) The He shell ﬂash iS
the process ’rha’r dredges up heavy-element-enriched
matter, and eventually creates carbon stars.




He-shell-flash-induced mass loss
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Fig. 3. Tip-AGB mass-loss history for the evolution model (M; =
1.10M) shown in Fig.2. Actual masses are marked by numbers.
When such a star briefly reaches the critical luminosity on the tip-
AGB with its last thermal pulse on the AGB, a short (about 800 yr)
burst of superwind occurs.

Wachter et al. A&A 384, 452, (2002)




Other examples of time-variable mass loss
(not related to He-shell flashes)

auron & Huggins 1999, 2006



Effects of interacting winds?
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aCSE

Source My i R, Vi Mgas Up Molecule!
[M;] [cm] [kms™']  [yr] [Mo yr™']  [kms™']

R Scl (25+0.5)x 1073 8.7 x 101 15.5 1800 3.0x 1077 10.5 HCN
U Cam (9.5+1.0)x 107 4.7 x 10'° 23.0 650 2.0x 1077 12.0 CO
U Ant (1.9 +0.2) x 1073 >200 1.7 x 10" 19.0 2800 2.0x107% 4.0 CO
V644 Sco  (25+0.3)x 1073 170 £100 (1.1 £0.2) x 10" 23.0 1500 5.0x107% 5.0

DR Ser (1.0 +0.2) x 1073 >100 (8.0 + 1.5) x 10!° 20.0 1300 3.0x 1078 5.0

S Sct (7.5+1.0)x 1073 >60 4.2 x 107 16.5 8100 2.0x107% 4.0

TT Cyg (4.0 +1.0)x 1073 >200 3.2 x 10" 12.5 8100 3.2x1078 4.0




Flux density [Jy]

Effects of interacting winds?

Source

Mdust
[Mo]

R,
[cm]

aCSE

Mgas
[Mo yr']

R Scl

U Cam

U Ant
V644 Sco
DR Ser

S Sct

TT Cyg

(3.2 +2.0)x 107>
1.5x107°-1.0x 1073
(13+12)x 107
(1.4+09)x 10
(3.5 +2.5)x 1075
(8.0+7.0)x10™*
(4.3 +3.7)x10™*

(1.2 + 0.6) x 10"
(5.1 £4.0) x 10"
(1.8 £ 0.7) x 10"
(1.5 + 0.7) x 10"
(1.3+0.8) x 10'8
(6.9 +4.1) x 10"

<3.8x 1077
<4.0x 1077
<7.0%x 1078
<5.0%x 1078
<7.0x 1078
<8.0x 1078
<3.2x10°8




Detached shells: wind interaction

Md VS Rd_shell Vshell VS Rg-shell
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The present-day mass-loss
characteristics

Vexp VS IQg-shell




Conclusions

@ The detached gas/dust shells around C-type AGB stars are most
likely due to He-shell flashes.

@ They can be excellent probes of this phenomenon, as well as of the
mass-loss mechanism.

@ Why are there no detached shells around M-type AGB stars?
@ The radial structure of the shells are not resolved.

@ The gas densities and, in particular, the tfemperatures in the shells
are not well determined.

@ The chemical compositions of the shells are unknown.

@ In principle, these shells are excellent for studying the small-scale
structure of the circumstellar medium due to the “lack” of line-of-
sight confusion.



