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ABSTRACT

Hipparcos parallaxes are used to construct the HR
diagram of a sample of 30 S stars with o, /7 < 0.85.
Ezxtrinsic (i.e. Tc-poor, binary) S stars are bluer and
fainter than intrinsic (i.e. Tc-rich) S stars. The com-
parison with theoretical evolutionary tracks indicates
that Tc-rich S stars appear at the onset of thermal
pulses on the asymptotic giant branch. A compari-
son is also made with the Magellanic Cloud S and C
stars.

Key words: S stars; AGB stars; Hertzsprung-Russell
diagram; stellar evolution; fundamental parameters.

1. THE INTRINSIC-EXTRINSIC PARADIGM

S stars are late-type giants exhibiting ZrO bands on
top of the usual TiO bands found in normal M gi-
ants. Elements heavier than Fe are overabundant,
with the distinctive signature of the s-process nucle-
osynthesis (Smith & Lambert 1990). Previous stud-
ies (e.g. Little et al. 1987; Brown et al. 1990; Jorissen
& Mayor 1992) have identified two kinds of S stars,
depending on the presence or absence of lines of tech-
netium (Tc), an element with no stable isotopes: Tc-
rich S stars supposedly owe their chemical peculiari-
ties to internal nucleosynthesis associated with ther-
mal pulses on the asymptotic giant branch (AGB),
whereas Tc-poor S stars presumably owe their chem-
ical peculiarities to mass transfer in a binary system.
Tec-poor S stars are believed to be the cooler analogs
of barium stars. More precisely, the (main-sequence)
progenitor of the current chemically-peculiar giant
(i.e. Ba or Te-poor S) accreted s-processed matter
from its former AGB companion (now a white dwarf).

2. THE DATA SAMPLE

The Hipparcos catalogue comprises 62 stars from the
General Catalogue of Galactic S Stars (Stephenson
1984): 20 Tc-rich, 21 Te-poor, and 21 with unknown
Tc (among which one star misclassified as S).

3. THE HERTZSPRUNG-RUSSELL DIAGRAM

3.1. Colours and Bolometric Magnitudes

In order to derive the absolute bolometric magni-
tudes, magnitudes from the UV to the far IR domain
have been collected from the literature, de-reddened
(Koornneef 1983), and converted to monochromatic
fluxes using the zero-magnitude fluxes of Johnson
(1966). The bolometric correction is then either cal-
culated by integrating, when all are available, the U-
BV RIJHKLM fluxes, the infrared fluxes from the
Revised Air Force Four-Colour Infrared Sky Survey
(Price & Murdock 1983) and the TRAS fluxes, or de-
rived from the (BCk,(V — K)o) relation of Bessell
& Wood (1984) applicable to oxygen-rich stars. For
the 17 S stars where both methods are applicable,
they yield consistent results (with a rms deviation of
0.1 mag). The (V — K)o colour index is used as a
temperature indicator (Ridgway et al. 1980). More
details can be found in the full paper (Van Eck et al.
1997a).

3.2. The HR Diagram of S Stars

Figure 1 presents the HR diagram of the 30 stars
with useful parallaxes (0 < o/7 < 0.85) and ade-
quate photometry available. A segregation between
extrinsic and intrinsic S stars is readily apparent,
with extrinsic S stars being intrinsically fainter and
bluer than intrinsic S stars.

Part of the overlap in luminosity between extrinsic
and intrinsic S stars may actually be attributed to
the large error bars of the interloping stars, as can be
seen on Figure 2, presenting (separately for intrinsic
and extrinsic S stars) the range of M}, corresponding
tow+o,.

4. COMPARISON WITH THEORETICAL
EVOLUTIONARY TRACKS

Figures 3 and 4 compare the position of S stars in the
HR diagram with theoretical evolutionary tracks of
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Figure 1. The HR diagram for S stars with useful paral-
lazes (0 < ox/m < 0.85). HD 121447, the boundary case
between Ba and S stars (see Section 4), is represented by
*. The close visual binary HIP 19853 is represented by +.
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Figure 2. The uncertainty on My, due to the uncertainty
o on the parallaz w. The error bar extends from Myo; (7+
0x) to Myoi(m — o). Left panel: Tec-poor S stars; middle
panel: Tc-rich S stars. Right panel: the uncertainty on
V-K caused by the intrinsic variability of S stars in the
Hipparcos Hp magnitude; the error bar covers the range
in Hp between the 5th and 95th percentiles. Symbols are
as in Figure 1.

the first giant branch (RGB) and of the early asymp-
totic giant branch (E-AGB; prior to the first thermal
pulse), respectively.

The predicted location of the giant branch in the HR
diagram is known to depend sensitively upon model
parameters like the convective mixing length or the
atmospheric opacities. For the Geneva evolutionary
tracks used here, these model parameters have been
calibrated so as to reproduce the observed location
of the red giant branches of more than 75 clusters
(Schaller et al. 1992). The comparison of these tracks

dd

Figure 8. The location of the RGB for stars of vari-
ous masses (as labelled, in Mg ) and metallicity Y = 0.3,
Z = 0.02, up to the onset of core He-burning, according to
Schaller et al. (1992). Equivalent spectral types are given
on the bottom scale.

with the observed location of S stars in the HR dia-
gram is thus meaningful.

The main result of the present study is apparent on
Figure 4: the line marking the onset of thermal pulses
matches well the limit between intrinsic and extrin-
sic S stars, so that Tc-rich intrinsic S stars may be
associated with thermally-pulsing AGB stars.

The previous result provides interesting constraints
on the occurrence of both the s-process and the third
dredge-up in thermally-pulsing AGB stars, by sug-
gesting that those processes operate from the very
first thermal pulses on, a conclusion already reached
by several authors (e.g. Richer 1981) from the lu-
minosity function of carbon stars in the Magellanic
Clouds (see, however, the discussion of Section 5).
Because there is little change in luminosity from one
pulse to the next (see Figure 4), and because of the
uncertainties affecting the location of individual S
stars in the HR diagram, it is difficult, however, to
set a precise limit on the exact number of pulses nec-
essary to change a normal M giant into an (intrinsic)
S star.

As far as extrinsic S stars are concerned, the present
data alone do not permit to distinguish between
them populating the RGB or the E-AGB of low-mass
stars. However, when both the RGB and the E-AGB
are possible, evolutionary time-scale considerations
clearly favor the RGB over the E-AGB. Orbital ele-
ments of extrinsic S stars (Jorissen et al. 1997) point
towards them being low-mass stars, with an average
mass of 1.74+0.2 M. This value is in excellent agree-
ment with their position along the RGB of low-mass
stars in Figure 3.

Contrary to what might be inferred from the smooth
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Figure 4. Same as Figure 3, but for the early-AGB up
to the first thermal pulse (Charbonnel et al. 1996). The
thermally-pulsing AGB thus extends rightwards from the
dashed line. The crosses along the right-hand azxis provide
the luminosities of the first ten thermal pulses in a 1.5 Mg
star with LMC metallicity (i.e. Z = 0.008) computed by
Wagenhuber € Tuchman (1996).

transition between intrinsic and extrinsic S stars in
the HR diagram, the two kinds of S stars belong
to distinct galactic populations. Their galactic lati-
tude distributions are clearly distinct (Jorissen et al.
1993). This difference translates into scale heights
above the galactic plane of about 180 and 600 pc
for intrinsic and extrinsic S stars, respectively. This
result (Van Eck et al. 1997b) was obtained for the
Henize sample of 205 S stars by adopting (M,) = —2
and —1 for intrinsic and extrinsic S stars, respec-
tively, in fair agreement with the present results. Ex-
trinsic and intrinsic S stars are thus not simply suc-
cessive stages along the evolution of stars in the same
mass range.

Two extrinsic S stars, HD 35155 and 57 Peg, are
brighter than My, = —3.5 and deserve further com-
ments. HD 35155 is the extrinsic S star with the
second largest relative error on the parallax (see Fig-
ure 2). This binary extrinsic S star has an orbital pe-
riod of 642 £ 3 d (Jorissen & Mayor 1992) in a nearly
circular orbit, yielding an orbital separation of about
2 AU assuming typical masses of 1.7 Mg, for the S
star and 0.6 Mg, for its suspected white dwarf com-
panion (see Jorissen et al. 1997). The corresponding
angular separation on the sky (a) will thus be about
twice the annual parallax (since a = Am, when A is
the orbital separation expressed in AU). Since the or-
bital period is moreover of the order of the duration
of the Hipparcos mission, this system poses a difficult
challenge to the reduction process.

57 Peg is a long-period binary system with a com-
posite ITUE spectrum caused by an A6V companion
of mass 1.9 Mg, (assuming M, = +2.05 for AGV stars,
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Figure 5. Comparison of the Myo range of S stars in
the solar neighborhood (this work, symbols are as in Fig-
ure 1) and in external systems. For the S stars: Magel-
lanic Cloud clusters: L83 (Lloyd Evans 1983), L84 (Lloyd
Evans 1984), B83 (Bessell et al. 1983); Magellanic Cloud
field: W83 (Wood et al. 1983), R85 (Reid & Mould 1985),
L88 (Lundgren 1988); Fornaz dwarf elliptical galazy: L9I0O
(Lundgren 1990). Detection thresholds are also indicated.
For the C stars: the rightmost histogram gives the lumi-
nosity function of the 186 LMC (thick line) and 134 SMC
(thin line) C stars identified by Blanco et al. (1980). The
leftmost histogram provides the luminosity functions of
C stars from the Westerlund et al. (1991) SMC survey
(hatched) as well as from the deeper Westerlund et al.
(1995) SMC survey (open).

and given the Hipparcos parallax). The S star pri-
mary must have evolved faster and should thus be
more massive than 1.9 Mg, which is consistent with
its position in the HR diagram along the 3 Mg E-
AGB track (Figure 4). That S star is thus likely to
be more massive than the average extrinsic S star (for
which (M) = 1.7 £ 0.2 Mg; Jorissen et al. 1997). Al-
though this solution is consistent with the position of
57 Peg in the HR diagram, it is incompatible with the
binary paradigm, which requires white dwarf (WD)
companions for Tc-poor stars. The only possibilities
to resolve this puzzle within the framework of the bi-
nary paradigm for extrinsic S stars is either that 57
Peg is a triple system (S+A6V+WD) or that it is not
an S star at all.

Finally, note that the lower left boundary of the re-
gion occupied by extrinsic S stars is set by the condi-
tion that Teg be low enough in order that ZrO bands
may form. Such a threshold roughly corresponds
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to the transition between K and M giants (see the
spectral-type labels in Figure 3), so that extrinsic S
stars should merge into the KIII barium stars at lower
luminosities and bluer colours along the RGB (e.g.
Jorissen et al. 1997). As an example, the transition
object HD 121447, classified either as K7IIIBa5 (Li
1991) or SO (Keenan 1950), has been located in Fig-
ure 3 following the methods presented in Section 3.1
and using its Hipparcos parallax as provided by Men-
nessier et al. (1997).

5. COMPARISON WITH S AND CARBON
STARS IN EXTERNAL SYSTEMS

Several S stars have been found in the Magellanic
Clouds and in a few other nearby galaxies, allowing
a direct comparison of their luminosities with those
derived from the Hipparcos trigonometric parallaxes
for galactic S stars (Figure 5). S stars in the external
systems have luminosities comparable to the galactic
Tc-rich S stars. As far as Tc-poor S stars are con-
cerned, their luminosity range is generally not cov-
ered by the existing surveys of S stars in the Clouds.

Deeper surveys are, however, available for carbon
stars, because of their more conspicuous spectral fea-
tures (Westerlund et al. 1995). The corresponding
luminosity functions are also presented on Figure 5.
The range of absolute bolometric magnitudes for car-
bon stars from the deeper SMC survey totally covers
that of galactic S stars, including its low-luminosity
tail. More precisely, the faint carbon stars uncov-
ered by the deep Westerlund et al. (1995) SMC sur-
vey have luminosities similar to the extrinsic S stars
in the solar neighborhood. The nature of the low-
luminosity SMC carbon stars is still debated. They
might be low-luminosity carbon stars equivalent to
the galactic R carbon stars, or extrinsic carbon stars
formed by mass transfer across a binary system like
galactic extrinsic S stars (Barnbaum & Morris 1993).

6. CONCLUSIONS

Since Tc-rich and Te-poor S stars were indistinguish-
able on the basis of low-dispersion spectrograms used
for classification purposes, they were originally as-
signed to a single spectroscopic class defined by the
presence of ZrO bands. These two groups of stars
are, however, well separated in the HR diagram con-
structed from the Hipparcos parallaxes: Tc-poor S
stars are fainter and bluer than Tc-rich S stars.
This segregation confirms the earlier finding that the
chemical peculiarities of these two kinds of S stars
have different origins. From a comparison with theo-
retical evolutionary tracks, Tc-rich S stars may now
unequivocally be associated with thermally-pulsing
AGB (TP-AGB) stars, whereas Tc-poor S stars are
located along the RGB (or E-AGB) of low-mass stars.
The lowest luminosity at which Tc-rich S stars are
observed is an important constraint for models pre-
dicting the occurrence of the s-process and the third
dredge-up in TP-AGB stars.
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