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Abstract.  The S-type stars are believed to have/®<atio close to unity (within
a few percent). They are considered to represent an intéateezl/olutionary stage as
AGB stars evolve from oxygen-rich M-type stars into carbtars As possible transi-
tion objects the S-type stars could give important clueti¢gomass-loss mechanism(s)
and to the chemical evolution along the AGB. Using obseovetof circumstellar radio
line emission in combination with a detailed radiative #f@n analysis, we have esti-
mated mass-loss rates and abundances of chemically impaortdecules (SiO, HCN)
for a sample of 40 S-type AGB stars. The results will be coragao previous results
for M-type and carbon stars.

1. Why Care About the S-type AGB stars?

Earlier theoretical results suggest that the S-type AGR $tave a @O-ratiox1 (Scalo & Ross

1976). This has been interpreted as the S-stars being eepatige of a brief transi-
tional phase as M-type stars, through the dredge-up ofnialigrsynthesized carbon,
evolves into carbon stars. As such, their study could p@tignigive important clues
to a number unsolved issues regarding the mass-loss mest(ahiand the chemical
evolution as stars evolve along the AGB. In an atmosphereenne chemistry is in
equilibrium and the amount of carbon is approximately etm#he amount of oxygen,
almost all of the carbon and oxygen will be bound in CO moleswnd little will be
left to form other carbon- or oxygen-bearing compoundssThimplicates the forma-
tion of dust in these stars as either free carbon or oxygeheiridrm of silicon oxide
is normally needed to form dust. This does not necessariplyirimat dust cannot be
formed around these stars, merely that it is more complicizn previously assumed.
The S-type stars are classified by the presence and domicitr®©-bands in
their optical spectra. Intrinsic S-type stars (as opposegktrinsic S-type stars which
owe their chemical peculiarities to mass-transfer acrdssary system) also show Tc
in their spectra. Recent models have shown that this cleaifin might represent a
larger range in @-ratio, possibly going as low as 0.5 (see Van Eck et al. Mblisme).
The stars in our sample are stars found inGemeral Catalogue of Galactic S statke
IRAS Point Source Catalogyend theGuide Star CatalogueThey are all intrinsic and
previously detected in CO. This might introduce a bias tolWsigher mass-loss-rate
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stars, and we will miss any very low mass-loss-rate stanweher this selection was
made with the aim of also detecting line emission from othetetules besides CO.
The sample is most likely representative of mass-losingp8-stars and complete (or
close to complete) out to 600 pc (Ramstedt et al. 2009).

The goals of this investigation is to determine reliable sdass rates and circum-
stellar molecular abundances for chemically importantatales in a consistent way so
that the results can be compared to previous results on Blagd carbon stars, hoping
that this will lead to a better understanding of the evohaity status of the S-type stars
and the chemical evolution along the AGB.

2. Observations and modeling

The 40 sample stars are observed and detected in severaiftegaency rotational
transitions of COJ =1 —» 0toJ = 3 — 2; 40 detected sources), SIO£ 2 —» 1
to J = 8 — 7; 26 detected sources), and HCN£ 1 —» 0 toJ = 4 — 3; 18 detected
sources) using the Onsala, IRAM, APEX and JCMT telescopes Ramstedt et al.
2009; Schoier et al. 2010, for details on the observatio#® have also searched for
line emission from SiS, CS, and,B0, but with no or little success.

The data is then modeled using a detailed, non-local, ndf-Monte-Carlo ra-
diative transfer code described in elg. Schoier & Olofs&8101). The circumstellar
envelope is assumed to be spherically symmetric and formpexddonstant mass-loss
rate. It is also assumed to have a constant expansion weloite thermal balance
is solved self-consistently. The mass-loss ratd$ &4nd the kinetic gas temperature
distributions T (r)) are determined by reproducing the CO line emission. Tlpese
rameters are then used as input together with the fractamaldance (relative to)
of the respective molecules in order to reproduce the SIOHEMN line emission (see
Figs 1 and 2). The abundance distribution is described byws$an function, and in
the modeling both the molecular abundance at the inner lzour{fh) and the extent of
the emitting region @) is constrained. For all modelg-minimization is used to find
the best fit.
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Figure 1. Example of spectra (histogram) of several tramrstof SiO from the
S-type star W Aqgl. The spectra are overlaid by the results fiioe best-fit model
(solid line) for this source, assuming an initial fractibaaundance ofy = 3x 1076
and a e-folding radius of the Gaussian SiO abundance dititibofre = 6.5x 10,
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3. Resultsand comparison with previous resultsfor M-type and carbon stars

31 CO

The median mass-loss rate found for the S-type stars 127 My yr~1, and the
distribution is spread over about two order of magnitudee median gas expansion
velocity is 8.0 kms?, ranging from 3 to 21 kms. The mass-loss rate distribution
looks very similar regardless of chemical type (Fig. 3). ®$esithe distribution of
expansion velocities, however, the carbon stars seem wdi@htly higher expansion
velocities. The correlation betwedn and pulsational period, and expansion velocity
and pulsational period, also appears to be similar regesdiéthe chemical type. All
these results point to that the mass-loss is driven by the sa@chanism or mechanisms
in all three chemical types. For further details on the CQiltessee Ramstedt et/al.
(2006, 2009).

32. SO

The SiO fractional abundances for the S-type stars range tirders of magnitude, and
the median value,»6107%, is almost one order of magnitude larger than what would be
expected in chemical equilibrium_(ChercHif2006). From a non-equilibrium model,
including the &ects of shocks in the circumstellar gas, the SiO abundancidvioe
expected to be a few times 0 This is more in agreement with what we find in
our models. A comparison of the results for all three chehtigaes shows that the
abundance distributions are very similar (see Eig. 3) amdveay up to two order of
magnitude for a specific density. We interpret the largeabie abundances as indica-
tive of the SiO chemistry being a consequence of tfiecés of shocks in the stellar
atmospheres, as a shock chemistry would be very sensitathéo specific parameters
of the star, like shock velocity for instance. For the M-tygwl carbon stars, previous
results show a clear decrease in the SiO abundance withrthenstellar wind density,
and this has been interpreted as fiee of SiO adsorption onto dust grains in a high-
density wind. There is some indication of the sarffec in the S-type stars, however,
very few high-density S-type stars have been observed. Ufthrelr details on the SiO
results, see Ramstedt et al. (2009).

3.3. HCN

The HCN abundances show dfdrent picture. Here the three types are clearfiedi
ent. The carbon stars have a median abundance &fl@:8, while the M-type stars
have a median abundance of 21®" and both distributions are quite narrow (see
Fig.[3). The S-type stars, on the other hand, are spread tueéée the other two types,
and has a median abundance of2.0~’. This is more in line with what would be ex-
pected in equilibrium chemistry where the HCN abundancelavba very dependent
on the @O-ratio. In this scenario, the S-type stars would either beatiM-type-like’,
have a lower @O-ratio and HCN abundance, or be more 'C-type-like’, havéghdr
C/O-ratio and HCN abundance. The estimated HCN abundance#fdo fdom what

is found in equilibrium chemistry models, especially foe td-type sources where the
equilibrium abundance would be expected to-ti€11. This indicates that there might
be some non-equilibrium processes influencing the chegmistivever not as much as
in the models by Cherchfie(2006) where the HCN abundance is found to be inde-
pendent of chemical type. For further details on the HCN Itessee _Schdier et al.
(2010).
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Figure 2. Example of spectra (histogram) of several treorstof HCN from the
S-type star W Agl. The HHT spectra are from Bieging etlal. 200 he spectra are
overlaid by the results from the best-fit model (solid line) this source, assuming
an initial fractional abundance & = 5x 10~ and a e-folding radius of the Gaussian
SiO abundance distribution of = 6 x 106

4, Conclusions

We have modeled circumstellar molecular line emission fo@, SiO, and HCN for
40 S-type AGB stars. We have compared the results to prevesusts for M-type and
carbon stars, and arrive at the following conclusions:

¢ We see no indications that the mass-loss procesdiereit in the S-type stars
compared to that of the M-type or carbon stars.

e Circumstellar SiO abundances are similar in all three chalrtypes and the
results are indicative of shock chemistry and grain ademrpt

e Circumstellar HCN abundances are clearly sensitive toghetsalchemical type
of the star and more in line (than the estimated SiO abundamdth results from
models assuming thermal equilibrium. Furthermore, ourlte$or HCN clearly
shows that the S-type stars in our sample are chemicallgrdnt from the M-
type stars.

Despite the limitations due to the selection criteria ofdbmpared samples, we believe
that our conclusions apply to AGB stars in general.
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Figure 3.  The upper panel show histograms of the mass-lasdisdributions, the
SiO abundance distributions, and the HCN abundance dititvits of the three sam-
ples compared in our work. The solid line represents thegpg-tyars/ (Ramstedt et/ al.
2009), the dotted-dashed line represents the M-type s@afsson et all 2002;
Gonzalez Delgado etal. 2003), and the dashed line regeeslea carbon stars
(Schoier & Olofssadh 2001). The lower panel shdwsersusy, (left), the SiO abun-
dance versus wind density (middle), and the HCN abundancisevind density
(right). S-type stars (Ramstedt et'al. 2009; Schoier &HI0) are shown as dots, M-
type stars.(Gonzalez Delgado el al. 2003; Schoier|et A0P&s squares, and carbon
starsi(Schoier et al. 2006, 2010) as triangles.

Acknowledgments. The authors acknowledge support from the Swedish Research
Council. SR acknowledges support by the Deutsche Forsslgengeinschaft (DFG)
through the Emmy Noether Research grant V|361.

References

Bieging, J. H., Shaked, S., & Gensheimer, P. D. 2000, ApJ, 8943

Cherchné;, I. 2006, A&A, 456, 1001

Gonzalez Delgado, D., Olofsson, H., Kerschbaum, F., Bchb. L., Lindgvist, M., & Groe-
newegen, M. A. T. 2003, A&A, 411, 123

Olofsson, H., Gonzalez Delgado, D., Kerschbaum, F., &fsahF. L. 2002, A&A, 391, 1053

Ramstedt, S., Schoier, F. L., & Olofsson, H. 2009, A&A, 4595

Ramstedt, S., Schoier, F. L., Olofsson, H., & Lundgren, A2806, A&A, 454, L103

Scalo, J. M., & Ross, J. E. 1976, A&A, 48, 219

Schoier, F. L., & Olofsson, H. 2001, A&A, 368, 969

Schoier, F. L., Olofsson, H., & Lundgren, A. A. 2006, A&A, 4247

Schoier, F. L., Ramstedt, S., Bieging, J. H., Olofsson&H.jndqvist, M. 2010, in prep.



