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Abstract. The properties of S stars are investigated thanks taee probably as many as 40% extrinsic stars among S stars in a
large observing program devoted to the well-defined Henizelume-limited sample.
sample (205 S stars south 6f = —25° and brighter than
R = 10.5, covering all galactic latitudes), in order to deKey words: stars: AGB and post-AGB — stars: binaries: sym-
rive the respective properties of the intrinsic S stars (genuibiotic — stars: evolution — stars: late-type
thermally-pulsing AGB stars) and of the extrinsic S stars (post
mass-transfer binaries).

The stellar sample is first cleaned from a few stars misclassi-
fied as S thanks t BV Geneva photometry and low-resolutiorl. Introduction

spectroscopy. These low-resolution spectra also allow to s Cétars have temperatures similar to those of M-type giants, but
cessfully distinguish subclasses within the S star family. Deg- P ype g '

icated Geneva photometry and high-resolution spectroscé rg'r (;rr:aerrz(l:lte”‘:'ggesnae;;ra;ﬁagr:; ?riﬁ tzhrgstffzgﬁé;—"oubr?gs
have led to the discovery of two symbiotic S stars. 9 yp ' P P

The more stringent difference between extrinsic and intriﬁtars' They are in fact truly enriched in carbon and heavy el-

1 C -
sic stars is their technetium content, but several other obserglfa\ng:jtsb(e'tgr']'esm't:]oi‘el‘amgeart ;gr;]'ghl\éa?;%rle eg_ﬂé:;gg Ft)rzz
tional parameters are shown to be efficient to some extent i y S-process (elg. )- . y

commonly believed to be located on thermally-pulsing

segregating intrinsic S stars from their extrinsic masquerad

(UBV, JHK L and IRAS photometry, radial-velocity standar(ilsymptOtiC giant brancTPAGB), where the repeated occur-

deviation, shape of the CORAVEL cross-correlation dip, comc e of thermal pulses and third dredge-up episodes permits

bination of band strength indices derived from low-resolutio grbon and s-process elements to be synthesized and brought to

L e stellar surface.
spectra). Multivariate classification has been performed on twf_However, Iben & Renzini (198B) were the first to question

Henize data sample in order to guarantee a classification as . - ]
P g lgx'_(s picture after the discovery of technetium-poor (Tc-poor)

jective as possible and handling at the same time a large nym- : : . i :

Jber of parzfmeters. The resulting clusters separate efficigntly otars ngttIe-l\IAarenln & Ik_1|ttle 19,[:)9;; Little etal. 19;13731. Tlec;h-
trinsic and intrinsic S stars, allowing to derive the respecti\?eet'um IS an ege;ment W'.t no stable isotopes, and the la ora-
properties of these two distinct stellar classes. The populati Y ha'f"{,fe of *"Tc, the isotope produced by the S"Process, 1
difference between intrinsic and extrinsic S stars is for the fir; 113 x 10°y, of the order of the TPAGB duration. Therefore
time clearly demonstrated, since intrinsic S stars are far mor Il S stars were located on the TPAGB, they should all ex-

concentrated towards the galactic plane than extrinsic S st I jttechnetium, unless third dredge-up episodes are so widely

(2 = 200 £ 100 pc andzey — 600 < 100 pc), and are there spaced in time that technetium has time to decay below its spec-
int — ext — s -

fore believed to belong to a younger, more massive populatiO{IQSCOpiC detection threshold between two dredge-up episodes

I R . . {Busso et al. 1992).
The frequency of extrinsic and intrinsic S stars in the magnitude- A more likelv explanation for the oridin of Te-poor S stars
limited Henize sample amounts to 33% and 67%, respectivel IKely exp : 9! P

In a volume-limited sample, this proportion is subject to |argagose with the discovery of their evolutionary link with barium

uncertainties mainly because of uncertain luminosities. Thepgrs: Barium stars are G-K'g|ar.1t's with gnhanced S-process ele-
ments, but their too low luminosities forbid them from being lo-

Send offprint requests 16. Van Eck (svaneck@eso.org) cated onthe TPAGB (Scalo 1976). Allhave been proven to be bi-

* Based on observations carried out at the European Southern 6B[ies (e.9. McClure & Woodsworth 1€90; Jorissen et al. 1998)

servatory (ESO, La Silla, Chile) and at the Swiss 70 cm telescope Qﬂ{gh white d_W‘irf compapions: Hence, their chemical pecqliar-
Silla, Chile) ities are believed to originate in a former mass-transfer episode

** Research Associate, National Fund for Scientific Resear@fross the binary system: while still on the main sequence, the
(FNRS), Belgium progenitor of the present barium star accreted s-process-rich
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matter from its companion, a mass-losing TPAGB star atthat. 1
time. Hence barium stars are giant stars enriched in s-process " =7 ", ] ‘ R e
elements, though they have not produced these elements them- - o3 s sl w o I Jos
selves. o ' ] A .
As barium stars cool down while evolving on the red giarf® [ - ] T ]
branch (or on the early-AGB), ZrO bands become detectable ikl bodobod bbb bbb
their spectra and they show off as S stars without Tc, because Tc R B A e A AAS/asnaas e o e
had enough time to decay since it was produced by the compan- ik
ion. Hence Tc-poor S stars (also calkedrinsic as opposed to
theintrinsic, Tc-rich TPAGB S stars) can be easily explained as 7 1 ]
cool descendants of barium stars in the framework of a binary o6 b I I Tos
scenario. T P T PR T N P B S ST SRS B

This binary scenario for Tc-poor S stars is expected to im- 0 60 80100 40 60 80 100 40 60 60 100
print various signatures. The present work aims at testing tifig. 1. CORAVEL cross-correlation dips for the extrinsic, Tc-poor S
scenario by studying an homogeneous, well-defined samplest@f Hen 2 (upper-left panels), for the intrinsic, Tc-rich S star Hen 97
S stars, in order to separate extrinsic from intrinsic S stars aigper-right panels) and for the (intrinsic) Mira S star Hen 32 = SU
to derive the respective properties of these two distinct stelf3#P (lower panels). The different panels for a given star correspond
families — until now widely confused. As will be shown in thid© different observing dates. Abscissae are graduated '”—B?‘Tﬁe
paper, a closer look at S stars indeed reveals a clear dichotogﬁn values of theh parameter are 4.2 km $,7.7 km s and

. .5'km s * for Hen 2, Hen 97 and Hen 32, respectively

not only in terms of presence or absence of Tc, but also of vari-
ous other features. Yet it is of key importance to distinguish the

TPAGB stars from the extrinsic (less evolved) masquerade I§aper Il). The present paper is devoted to a global analysis of

_because the Iat_ter will otherwise _mtro_duce strong biases. tﬁése data. After a discussion of the radial-velocity data of the
instance, the third dredge-up luminosity threshold, commo

Weniz r . 2), their Geneva photometry is examin
derived as the transition luminosity between M and S stars, gnize S stars (Set. 2), their Geneva photometry is examined

be totally in error if extrinsic S stars have not been removed frol A?ZCtB)’ as well as their IRAS photometry (SEEt. 4). Spectral

5T

the studied sample. In the same vein, the ratio of S stars to! ices comput-ed from the Igyv-rgsolgtion spectra are discussed
or C stars must be .corrected for the 7resence of extrinsic sI r ec_tl}i. Multivariate cIaSS|f|9at|on 1S performed on the whole
: P . t|%§ter|al collected on the Henize sample in 9dct. 6, and allows
(p_oss@y among C ;tars as v_vell), when trying to deduce frol%' distinguish efficiently extrinsic from intrinsic S stars. Sgkt. 7
this raﬂo the r.eapectwe Idura?ogs of the EAGB and TPASB: then confirms the binary nature of extrinsic S stars, and the
SteghznsﬂinllEB 4)3 ?srr;zspoose d t% 5co$np?it§ersall(§18e Slssttz s ;%aglﬁctic d_istributions of both kinds of_ S _stars are _exa_lmined in
. ct[8. Finally, the frequency of extrinsic and intrinsic S stars
of § = —25° and brighter thank = 10.5. Its completeness is estimated in Seéf 9
will be discussed in more details in Séctl9.3. Its main advan- '
tage, contrarily to many other S-star surveys, is that it covers all
galactic latitudes instead of being limited to the galactic plang, Radial velocities of S stars
A large-scale observing program has thus been devoted to the
Henize sample atthe European Southern Observatory (La SiI%le,' The CORAVEL parametsb
resulting in (i) a five-year radial-velocity monitoring, with 4-5CORAVEL (Baranne et al. 1979) measures the radial velocity
measurements per star, in order to detect binarity, (ii) Tc specifa star by cross-correlating its spectrum with a mask reproduc-
for 70 stars, in order to infer the technetium content, (i) 158g about 1500 lines of neutral and ionized iron-group species
low-resolution spectra in order to detect misclassified starsfym the spectrum of Arcturus (K1-2 111). The minimum of the
photometric survey of the Henize sample in the Geneva phoggsulting cross-correlation dip (cc-dip) yields the radial velocity
metric system was also conducted on the 70 cm Swiss telescgpge star. In fact, useful additional information may be derived
atLa Silla.JHKL photometry taken at the South African AS'from the Cc-dip: in particu|ar, the parame]ﬁy' defined as the
tronomical Observatory (SAAQ) is also available, as well agidth of the cc-dip corrected from the instrumental profile (see
IRAS infrared fluxes. Paper I1), is related to the average stellar line width. In relatively
The technetium data for the Henize sample have been digevolved giants (like G, K, barium stars or Tc-poor S stars),
cussed in Van Eck & Jorissen (1999, hereafter referred to as ffg cc-dip is narrow, strongly contrasted and has a non-variable
per I). The material relating to radial velocities, photometry anghape. On the contrary, the cc-dip of Mira stars is wide, shallow
low-resolution spectroscopy is presented.in Van Eck et al. 2098d strongly variable with time (see FAig. 1).
There are probably several reasons for the distorted cc-dips
1 In the following the Henize S stars are referred to as “Hen;  Of Mira stars [(Barbier et al. 1988). First, the atmosphere of a
this notation corresponds to “Henumn” in Stephenson (1984), Mira star is characterized by a complex velocity field; the cc-dip
though these S stars are referred to as “Hem#4? in the Simbad Of a Mira star is thus a combination of several (variable) cc-dips,
database each dip corresponding to a layer moving with a given velocity
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L black : Tcrich .
[ hatched : Tc poor 12 14 16 18 20 22 24 26| InSecty.
15 |- white : Tc content unknown The orbital parameters that could be derived for 8 Henize

S stars (see Paper Il) are typical of the few orbits already

JF known for extrinsic S stars (Jorissen et al. 1998). The Henize

sample contains in fact the S star with the second shortest

orbital period known (Hen 108P = 197 d). Such a short

7 orbital period sets strong constraints on the radius of the S
99 star that has to fit inside its Roche lobe. Adopting 0.6, M

| mﬁ for the mass of the white dwarf companion, the radius of the

0 5 4 6 8 10 12 Roche lobe around the S stards 50 Ry, with little sensi-

Sb (kmis) tivity to its adopted mass (taken within the reasonable lim-
its 1-4 My). Given an effective temperature of 3700 K as
derived from thel” — K colour index and the calibration of
Ridgway et al. (1980), and an absolute bolometric magnitude
in the range-2 < My, < —3.5 (Van Eck et al. 1998), the re-
sulting radius lies in the range 54;Ro 109 R,. Hence this
star must be extremely close to filling its Roche lobe, or even

(Udry et al. 1998/ Wallerstein 1985). Hence the width of theurrently undergoes a stable Roche-lobe overflow. In fact, this
resulting cc-dip is larger and more variable than if the star hgtr could be expected to exhibit symbiotic activity; however a
a stable atmosphere. This link betweghand the pulsational high-resolution spectrum of this star aroung taken on Febru-

characteristics of the atmosphere is further confirmed by A&/ 23, 1998[(Van Eck & Jorissen 2000, Paper V) reveals no
Strong trend of increasing’b with increasing radia'_ve'ocity emission line whatsoever. I\/IOI’eoveI’, Hen 108 does not exhibit

jitter (see Fig. 1 of Jorissen et al, 1998). abnormally blue colours in the Geneva system as it is the case

Second, the CORAVEL mask is optimized for Arcturustor the other symbiotic S stars discovered so far (§egt. 3.2).
type (K1-2) giants. In cooler stars like S stars, the relative line In fact, the only S star known to have a shorter period than
intensities are different, and additional molecular lines are ien 108 is HD 121447K = 186 d, Jorissen et al. 1998), an
countered: such inadequacies of the mask with respect to @@ély S star (S0. Keenan 1950), also known as the coolest bar-
stellar spectrum are in part responsible for the shallower dgm star (K71l Ba5[1li 1991). This system was found to be an
d|ps of S stars (A|Varezy priv_ Comm_)_ The broadening of Sp&uipSOidal variable (\]OfiSSEH et al. 1995) Due to its Slmllarlty
tral lines due to the increase of macroturbulence with luminosiyjth HD 121447, Hen 108 may be suspected to be an ellip-
— previously believed to be the main cause of the cc-dip widesRidal variable as well; unfortunately the available photometric
ing (Jorissen et al. 1998) — probably plays only a minor role f#ta are too scarce to check this hypothesis.
shaping the cc-dip.

Since intrinsic S stars are by definition on the TPAGB, the}» Geneva photometry
are expectedto be onaverage more_evolved than extrinsic, m%_sis_— Colour-colour diagram
transfer S stars; theifb parameter is consequently expecte
to be larger. This is indeed the case, as shown in[Fig. 2: tighe(U — B, B— V), colour-colour diagram (Fifl3), Tc-poor
distribution of theSb parameter is clearly bimodal, the firststars tend to cluster close to the normal giant sequence. The lack
peak Gb < 5.5 km s~1) comprising mostly Tc-poor stars, andof extrinsic S stars with very blue and variable colours, that
the second oneSp > 5.5 km s') mainly Tc-rich stars. The would be the signature of a nebular continuum as in symbiotic
lack of systems arounflb ~ 5.5 km s! is not dependent on stars, will be further commented in S¢ctl3.2. Note also that
the adopted binning of the data, but reveals the real bimodiaflormation on the technetium content is only available for the
nature of the distribution. Hence th#% parameter appears tobluest stars, since the technetium lines used in this study are
be a useful tool to distinguish, with a good statistical efficienclpcated in the violet around 4260
intrinsic from extrinsic S stars, when no information on their Intrinsic S stars are known to be generally redder than ex-
technetium content is available. trinsic S starg (Van Eck et al. 1998). This property is not clearly
visible on Fig['B, mainly because of a strong observational bias:
the reddest S stars were generally too faint in thdilter
and do not therefore appear on [Elg. 3, except for some rel-
The intrinsic/extrinsic paradigm requires Tc-poor S stars to batively bright stars. In that respect it must be noted that the
long to binary systems. Hence, the radial-velocity standard dgars with(B — V') > 2 are generally pure S stars (i.e., ex-
viation is expected to be larger for Tc-poor S stars than fhibiting only ZrO bands and no TiO) or SC stars; this point
Tc-rich S stars. This is indeed the case, since the mean vakik be further discussed in SeEt.5.3. The extremely red star at
of the radial-velocity standard deviation(is(V;)) = 3.2+2.4 (U — B)o = 5.0,(B — V) = 2.7 is the bright prototype SC
(rms) km st for Tc-poor S stars, as comparedt8+0.7 (rms)  star Hen 135 = UY Cen.

20r éh]]Ml L0 km s~! for Tc-rich S stars. This point will be further examined

10 -

Fig. 2. Histogram of the cc-dip widths (expressed in term$'bf see
text) for the Henize S stars. The inset represents the kdgail of the
histogram, comprising mainly Mira S stars or SC stars

2.2. Binarity in the Henize sample
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Onthe contrary, many blue Miras are found where symbiotic |
S stars were expected [e.g., Hen 58: — B)y = 1.6, (B — -
V)o =1.2,0(U) = 0.3, or Hen 125U — B)y = 2.3, (B — i
V)o = 0.9,0(U) = 0.2]. The blue colours of some Miras were
already noted by Nakagiri & Yamashita (1979). The location
of Miras in their(U — B, B — V') diagram (their Figs. 17, 18
and 19) is very similar to the location of Henize blue Miras in 2
Fig.[3. Nakagiri & Yamashita found that Miras describe loops in
this part of the colour-colour diagram over a complete cycle. A |
similar behaviour is observed for prototypical Miras present if |
the Geneva photometric catalogue (e.g. R Hor, R Crac@et),
and is related to the passage of the shock wave associated with
pulsations through the photosphere [see Gillet et al. (1989) for | a !
a discussion of a similar behaviour among RR Lyrae variables]. - |

Because of the blue excursions of many Miras from the |
Henize sample, no clear distinction is observed between intrin- |
sic and extrinsic S stars on the basis ofthBV colour indices.
However, the blue Miras exhibit a much larger variability than ° L ‘ ‘ L ‘
do extrinsic S stars (at least the non-symbiotic extrinsic): hence 1 5 3 4
it is often possible to distinguish intrinsic from extrinsic S stars (B=V),

by c.omblnl'ng qolour |nd|c§s and photometric variability ImcorFig. 3. Dereddened colour-colour diagram, in the Geneva photometric
mation. This will be done in Se€i. 6. system, of the Henize S stars. A zoom is presented in the upper-right
inset. Tc-rich S stars are represented by black triangles, Tc-poor S stars
by open squares, stars for which no Tc information is available by dots,
and the two (Tc-poor) symbiotic S stars by open pentagons. The stars
Since all extrinsic S stars belong to binary systems, one cothdt have only upper limits on thdif flux (i.e., stars with some of their
expect to see photometric signatures induced by the presendé gfeasurements falling above the rejection threslidlet 16.5; see

their compact (white dwarf) companion, like in symbiotic Syg?aper II).are flagged with an arrow. The solid and dotted lines are the
tems. Indeed, symbiotic stars are interacting binaries in whigffma! giant and dwarf sequences, respectively, from Grenon (1978)

the cool component is a late-type giant interacting with a com-

pactcompanion (in most cases awhite dwarf, some’qmes amaliis Paper IV) with blue-shifted absorption typical of symbiotics,
sequence or a heutron star). The mass loss of the giant star f% (‘f

. : . To other clear emission line.
a nebula which engulfs the components and gives rise to a vel

ina bl i dint d nebul .~ Though the symbiotic family comprises over 200 objects,
:ir:%s ue continuum and intense superposed hebuiar emls%%rﬂy 3 symbiotic S stars were known to date (Jorissen 1997;

In fact, thel/ filter (~ 3050-3850 A), and, to a much IesserMur:set & Schmid 1999); Hen 18 and 121 constitute two new

i o - discoveries in this restricted family and, like the other symbiotic
extent, thes filter (~ 36505150 A), are sensitive to the blue stars, their symbiotic activity is moderate. These two stars are

flux excess of symbiotic stars; as a consequence, Symb'%'eﬁnd to be binaries and their orbital period? & 764 d for

stars occupy extremely peculiar and variable positions in t 2n 121,P > 1800 d for Hen 18, Paper Il) appear typical of

(U — B, B — V), colour-colour diagram. Excursions of SYMi10se of normal extrinsic S stars.

biotic stars towards the blue in that colour-colour diagram were .. 5o itional “blue” S stars also examined for symbi-

already noticed by Arkhipova & Noskova (1985), and are S8l activity did not exhibit such remarkable symbiotic features

as well for prototyplcal syml_JloUc stars monitored in the Gene\éﬁ\ the epoch of observation. It is thus noteworthy that only the
photometric system (especially R Aqrand T CrB, andto a Ies%?vro stars Hen 18 and 121, out of the 29 blue Henize stars spec-
extent, BL Tel, Z And and AG Peg). '

S . . .. _troscopically examined (and possibly out of the 172 stars having
Only two extrinsic S stars of the Henize sample exhibit a Seneva photometry) exhibit a clear symbiotic signature at the

no;T%"{) blue c;‘lolour:ts n E'@? Eien318thandthHernb|121, :efr%'roch of observation. This fact underlines that the key factor
sented by open pentagons on Eig. 3 (the other blue sta S ¢ _gegering symbiotic activity is not yet fully understood: it is

most p_robat_)Iy _b_Iue Miras, I.e. intrinsic §tars; indeed, the_3|r ph ot sufficient to have a red giant and a white dwarf in a binary

tometric variability and CORAVEL cc-dips are more typical o . : . .

Miras than of svmbiotics). The emission lines character'st'c% stem with periods typically in the range 200—-10 000 d to de-

S Imb'ot'c starsyha Ie Ibeén searcr:edl forl'n these two sl,talrsv Igp symbiotic activity; some additional physical ingredients
ymbiotl V ., ' ) involving metallicity, luminosity, masses of the components,

well as in 29 other “abnormally blue” stars of the Henize sam-

ple, with high-resolution spectroscopy. Both Hen 18 and 1ﬂass loss, presence and properties of a disk fed by an enhanced

5 ;
show a definite, though weak, symbiotic activity, in that ther)r/]ass loss?) are clearly required.

exhibit the very broad K emission (basewidtl 300 km s !,

P I B
A 1 1.2 1.4
(B-V),

3.2. Symbiotic stars
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Fig.4. The (K — [12], K — [25]) colour-colour diagram of Henize
S stars. Open squares stand for Tc-poor S stars, filled triangles #@§.5. zrO index versus TiO index, as derived from low-resolution
Te-rich S stars and black dots for S stars with unknown technetiwpectra withs/N > 60. Symbols are as follows: plusses for late G or K
content. Only the good-quality (flag=3) IRAS fluxes have been usegiars, open circles for M giants, small open circles for M dwarfs, crossed
The error bars correspond to a typical uncertainty of 5 and 10% on #icles for M supergiants, open squares for Tc-poor S stars, filled trian-
12 and25 um fluxes, respectively. The solid line represents black bodjfes for Tc-rich S stars, dots for stars with unknown Tc content, open
colours, with arrows corresponding to temperatures of 4000, 30@@&ntagons for late S stars also belonging to the Westerlund-Olander
2000 and 1500 K (from lower left to upper right) sample, open star symbols for previously-known SC stars.

4. IRAS photometry pseudo-continuum (Paper 11). In fact such band-strength indices

Intrinsic and extrinsic S stars have been shown to segreg%yg‘% tcl) %fncgantly ]l(mmask m|ssclass,|f|ed S stars, anSh}SwndORA
wellin the (K — [12], K — [25]) diagram|[(Groenewegen 1go3’'913. Indeed, as far as non-S stars are concerned, K an

Jorissen et al. 1993). Here the colour indéx- [¢] is defined as giants all havely;o < 0.1 as expected, as well as the M dwarfs

K — [i] = K + 2.5 x log[F(i)/ Fy(i)], whereF (i) is the (non and supergiants. Furthermore, their temperature type nicely in-

colour-corrected) flux in theband from the IRAS Point Sourcetreases with the TiO index. On the contrary, virtually all Henize
Catalogue Fo (12 um) = 28.3 Jy, andFy (25 um) = 6.73 Jy stars havelz,o > 0.1, as well as the three additional well-
Indeed, Fig% confirms this nice segregation among the S Stlérggwn S stars for which spectra were also obtained (HD 35155,

of the Henize sample. More precisely, Henize extrinsic S stA_l‘ 49368, GG Pup). The only exceptions are Hen 4, 22, 58,

always fulfill the conditiondC — [12] < 0.9andK —[25] < 0.9. 1 7Hand21254, V(;IIhllgzl T]aVQrOI < Od'l.b ised late G
The([12]—[25], [25]—[60]) colour-colour diagram is less useful, €N << an ave already been recognised as a late

because good quality2] — [25] and[25] — [60] colours are only (NG.S) giant and a mid-K~+K3-5) giant, respectively, on the
available for 27 stars, among which only 7 are known to be TE?S'S of the very same Iow-regolutlon spectra (see Paper ). In
fich and 1 is Tc-poor. Fig.[3, they are the two stars wmro ~ 0.05 andItio < 01
Hen 4 and Hen 127 (both with,,.o = 0.08) have definite
TiO bands but barely visible (possibly uncertain) ZrO bands.

5. Low-resolution spectroscopy In fact, Hen 58 {z.0 = 0.09) and Hen 40 {z,0c = 0.12)
somehow fall in the same category, while Hen 67, having
I7;.0 = 0.10, is an S star (i.e. has well visible ZrO bands).
Low-resolution spectra, covering the spectral randd¢ence the boundary between M and S stars falls somewhere in
4400-820QR, were obtained with the aim of detectingthe range#.09 < 17,0 < 0.12, depending on temperature. The
possible non-S stars polluting the Henize sample. In fact teeidence for Hen 4, 40, 58 and 127 being misclassified as S stars
complete Henize sample of 205 S stars could not be obserigtiowever too weak to justify their elimination from the final
because of the limited observing time allocated. sample considered for analysis.

For the 158 stars with available low-resolution spectra, a sys- [Chen & Kwok (1993) mention that Hen 124 (= GCSS 447
tem of band-strength indices has been constructed that indicat€sCGSS 798) “is known to have been misclassified and is not
the strength of a specific band (or line) with respect to a neardy S star” without any other justification. However on the basis

5.1. Misclassified stars
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of our low-resolution spectra we confirm that Hen 124 is ndt;0=0.2. The fact that C/O increases downward along the up-
misclassified and is indeed an S star. per branch is confirmed by the following observations: (i) the
Finally, Stephenson has excluded Hen 169 from the sdxgher regions of the upper branch are mostly populated by late
ond edition of its Catalogue of S stars (Stephenson|1984hd nearly pure S stars from the Westerlund-Olander survey
for this star was reclassified as carbon in the Ph.D. thesis(dfesterlund & Olander 1978), a survey based on the LaO band
Rybski (1972). However our four CORAVEL radial-velocitystrength. Strong LaO bands appear in cool stars with C/O ratios
measurements show a very narrogb(= 3.5 km s!), deep close to unity[(Piccirillo 1980); (ii) SC stars (which are charac-
(PR=0.44) and non-variable (i.e., without jitter) cc-dip morterized by a C/O ratio of almost unity) are located at the lower
typical of extrinsic S stars rather than of carbon stars. Given tleét end of the upper branchi{;o ~ 0.15, Iz7,0 ~ 0.25).
lack of further information on this star, it has been kept in our Nevertheless, Piccirillo (1980) also stressed that the in-
sample of S stars. crease in C/O alone cannot account for the increasing strength
To conclude with, the number of misclassified stars in the## ZrO bands in the M-MS-S sequence for stars warmer than
total sample is most probably very low, since out of the 15hout 3000 K (see his Fig. 11), so that Zr enhancements no doubt
Henize S stars with a low-resolution spectrum available, oriyave to be present as well. The molecular spectra of cool S stars
two (Henize 22 and 154) turn out to be clearly non-S stars. reflect as well both s-process enhancements and C/O effects.
In that respect, it must be noted that the five Tc-rich S stars
5.2. ZrO and TiO band strengths of S stars with the greatest ZrO ino_licesl_z(ro > 0.27) are th_ose having _
the most intense technetium lines (based on a visual inspection
The 158 spectra obtained not only allow to detect misclassifiefithe high resolution spectra of Paper ). The strength of the
stars, but also to distinguish subclasses within the S family & line in these stars must be related to a large Tc (and hence
cording to the strength of TiO, ZrO, LaO bands and sodium $process) abundance rather than to a temperature effect, since
lines. the temperatures of these 5 stars with strong Tc lines span the
The plane of ZrO and TiO indices displayed in Fij.5 exahole range observed for Tc-rich S stars (as derived from the
hibits a complex structure. Although Tc-rich and Tc-poor § — K colour index and the calibration of Ridgway et al. 1980).
stars somehow segregate on the lower branch (i.e., in the reditwe large scatter in ZrO indices observed on the lower branch
I7,0 < 0.3), there is a second, curved branch extending ufor a given value of the TiO index probably reflects the intrinsic
wards, which contains mainly SC stars and late, nearly puresmatter in s-process abundances among S stars.
pure S stars with LaO bands.
The band strengthg in S stars depend upon many parame%_ S Na D index and SC stars
(temperature, C/O ratio, s-process abundances), and the intér-
pretation of the trends observed on [Eig. 5 must therefore réyp index based on the strength of the sodium D line is an
on detailed molecular-equilibrium calculations, as provided lgseful complement_(Ake 19¥9) to the TiO and ZrO indices
e.g./ Scalo & Ross (1976) and Piccirillo (1980). described in Sedf.3.2. In carbon stars, the Na D lines are
In fact, Fig[® is a good illustration of the difficulty widely used as a temperature indicator; however, in S stars,
of classifying S stars solely on the basis of their Zr@he Na D index is sensitive to both temperature and abundances
and TiO band strengths. This was already recognised (@eenan & Boeshaar 1980), because of the opacity of overlying
Keenan & McNeil (1976) and Ake (1979), who replaced the oldands of ZrO, TiO, and CN.
Keenan (1954) classification scheme (temperature and abun-Fig[§ illustrates the trend of the Na D index with — V'
dance classes defined by combining the ZrO and TiO bacamlour. For relatively low values (sayin.p < 0.6), the
strengths) by a classification where the TiO and ZrO indices a&la D index is known to be a good temperature indicator
listed separately. Eventhen, additional information is needed (Kgenan & Boeshaar 1930D; Ake 1979). It is therefore not sur-
provided, e.g., by the Na D line index described in $ect. 5.3)ising that Tc-rich S stars, which are cooler than Tc-poor S
because SC stars fall close to extrinsic S stars iriFig. 5. This difars, have on average larger Na D indices.
ficulty mainly arises because as a star evolves along the AGB, For larger values of the Na D index (salg.p > 0.7),
its temperature is expected to decrease while its C/O ratialie C/O ratio comes into play. At the top of the oblique
expected to increase, but these two factors have opposite effeetsuence in Figl6 can be found the three SC stars of the
on the main band strengths. Henize sample for which a low-resolution spectrum is avail-
Fig[3 may actually be described in terms of a countesble (Hen 120 = BH Cru = SC 4.5/8-e or SC 6/8-e or SC
clockwise loop of increasing C/O ratio. In fact, the classificéZ/8-e; Hen 135 = UY Ce = S 6/8- and Hen 157 = VY Aps;
tion scheme of Ake (1979), based on Piccirillo’s results, us€atchpole & Feast 1971; Keenan & Boeshaar 1980); they are
the ZrO, TiO and YO band strengths to classify S stars in si&presented by an open star symbol in Eig. 6. The Henize stars
classes of C/O ratios. Ake’s classification implies that, whgmopulating the oblique sequence (frdm,p > 0.7) are closely
C/O evolves from 0.9 to unity, S stars describe a counteelated to SC stars, since they fulfill the spectral criteria defined
clockwise loop in Fig.b, from the right side of the loweby[Catchpole & Feast (1971): (i) extremely strong Na D lines,
branch (z,0=0.2, IT;0=0.5) up to the right side of the upper(ii) drop in the continuum intensity shortward of 458pand
branch (7.0=0.5,I1;0=0.3) and down this branch fg,=0.2, (iii) bands of ZrO and CN simultaneously present (though quite
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Fig.6. Na D line index (as derived from low-resolution spectra witffig. 7. Same as Figl6, but with symbols coding the strength of the

S/N > 60) versus the dereddene® — V' colour index. Symbols La0O bands, as defined in Paper Il. The three previously known SC

are as follows: open squares for Tc-poor S stars, filled triangles &@rs (Hen 120 = BH Cru, Hen 135 = UY Cen, Hen 157 = VY Aps) are

Tc-rich S stars, dots for stars with unknown Tc. The three previoudkgnoted by star symbols

known SC stars (Hen 120 =BH Cru, Hen 135=UY Cen, Hen 157 =VY

Aps) are denoted by star symbols. Note that no technetium information

is available from the current work for pure S and SC stars becals@[4, the LaO band strength is very weak in the bulk of S

of the very weak flux emitted by these stars below 4&p@here stars with(B — V), < 1.5, increases wit{ B — V'), above

the technetium resonance lines are locdted. Abia & Wallerstein (1998} — V), = 1.5, but is markedly weak again for the three

however suggest that SC stars are Tc-rich, based on a quantitagfequine SC stars at the upper right end of the oblique sequence

analysis of the\ 5924.7A Tc1 line in Fig.[d. The absence of strong LaO bands in SC stars comes
from the lack of free oxygen supply when C/O approaches unity.
Therefore itis concluded that Hen 120, 135 and 157 areithe

weak), as well as general resemblance of the spectrum (i.e.Jgqjine SC stars among the 158 Henize stars for which low-

garding ‘the absolute and relative strength of metal lines’) Wiffa | ;tion spectra are available.

that of UY Cen :.Hen. 1,35' ) . ) . As far as stars populating the obligue sequence are con-
Indeed, criterion (i) is automatically satisfied, since stars {gymeq all the Westerlund-Olander stars of the Henize sample
the oblique sequence have large Na D indidgsit > 0.7),  haye strong LaO indices (as expected since this survey used the
hence strong Na D lines. Criterion (ii) implies that SC stag, pands to detect S stars) and fall on the oblique sequence
have very redB — V' colour indices, since the effective WaveThey all have(B — V), > 2.2 and Iye.p > 0.8]. All these
I_engthsoof theB andV f}lters are}o(B) = 42277 and Ao (V) _stars have been classified as S/5 or S/6 and are mostly pure-S
= 5488A (Rufener & Nicolet 1988). Therefore any flux defigia s i1 1oyd Evans & Catchpole 1989). Hence the intermediate
ciency occurring shortward @500 A results in alarge — V' gia15 |ocated on the oblique sequence offig. 7 are believed to be
colour index, as observed. Criterion (iii) is also fulfilled S'”Cﬁearly-pure or pure or cool S stars, and as such are intermediate

the stars in the oblique sequence in Elg. 6 are those populatipgeen the bulk of S stars and SC stars.
the upper sequence in Hg.5, i.e., have weak TiO bands and

weak to moderate ZrO bands.
The LaO bands provide an interesting additional piece 6f Multivariate classification
information indicating that the stars populating the oblique sg-
guence in Fid cannot, though, be considered as genuinegs%: The problem
stars — except for the three previously-known SC stars (markBge problem is to determine, among the 205 Henize S stars,
with a star symbol) —despite the resemblances mentioned abavieich ones are the intrinsic (true TPAGB) stars, and which ones
rather, they are pure S stars. are the extrinsic (binary) stars. Since extrinsic and intrinsic S
The LaO bands are strong in stars with either a low effectigtars supposedly form two distinct classes of stars, with com-
temperaturef.¢ < 2500 K) or a C/O ratio close to unity within pletely different evolutionary histories, it may be expected that
a few percents| (Piccirillo 1977; Piccirillo 1980). As seen othey differ in many of their physical properties. The previous
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Table 1. Observational data, their discriminating power and their limitations

observational data extrinsic stars intrinsic stars limitations Ref.

e technetium no yes only available for 70 stars (the bluest and®aper |
brightest)

e radial velocity periodic variations jitter poor orbital coverage or unfavorably oriented &ect 2.2

bits (pole-on) hinder the detection of extrinsic S
star variability, while radial velocity jitter may
mimic orbital motion for intrinsic S stars

e shape of the deep and narrow shallow and wide fuzzy extrinsic/intrinsic boundary [Sert. 2.1

CORAVEL cc-dip

e U BV photometry blue, non-variable red, variable blue Miras confuse the classification; laciSett 3.1

measurements for faint stars

¢ IRAS K-[12]< 0.9 often K-[12]> 0.9 relatively few good-quality fluxes, especially for Sectl %
K-[25]< 0.9 often K-[25]> 0.9 extrinsic stars

e low-resolution relatively weak strong TiO or ZrO, fuzzy extrinsic/intrinsic boundaries; only avail- Sectl’h

spectroscopy TiO, ZrOand NaD strong NaD able for 158 stars

sections and Paper | have indeed shown that several obseceadd lead to seriously underestimating the variances, and blur
tional parameters are potentially able to distinguish (with vaor even erase the separation between intrinsic and extrinsic stars.
ious efficiencies) intrinsic S stars from extrinsic S stars; th#etotally different method to handle stars with missing values
strengths and weaknesses of these various diagnostics are $iamthus been designed, as described in[Sett. 6.2.

marized in Tablg]l.

The problem in hand is typically one of multivariate class
fication: N objects (the Henize sample of 205 stars) need to
classified according to: parameters (as listed in Tabble 1). After a careful examination of the various available

Among the plethora of multivariate data analysis techniqutechniques, the clustering program CLARA described in
(see e.d. Murtagh & Heck 1987), cluster analysis seems the liéaufman & Rousseeuw (1990) has been chosen and further
suited to the present problem, since it actually builds up the vadapted in order to classigfl the stars, theompletestars (i.e.,
ious groups when no group assignment is available a prioritfiose stars having all the parameters available on which clus-
is anunsupervisedlassification method). Partitioning methodsering is performed) as well as thecompletenes (stars with
have been preferred over hierarchical methods: indeed, the fme missing parameters).
mer provide the best clustering for a given number of clusters, The classification proceeds along the following steps:

whereas the latter build up the clusters step after step, stajt-the gata are first normalized in order to avoid dependence
ing with every object in a different cluster, and then clustering ., the measurement unitsuif; is the;j** parameter of star
J

to_ge_ther the mo_st similar opjects until_ one si_ngle clust_er con- 7, the mean value of th¢" parameter for all the stars,
taining all the objects is obtalr@;dsgch hierarchical techniques 5, its standard deviation, then the normalized value is
can never repair what was done in the previous steps, and pro'computed as:
vide no guarantee that the best possible clustering for a given ) B
number of clusters has been obtained. vi; = (xij —T;)/0;

An additional complication comes from the incompletenesg, |n order to quantify the degree of dissimilarity between stars
of our data set: not all the observational parameters are avail- ;; andis,, the Euclidian distancé(iy , i) is computed:
able for all the 205 stars. Such missing values prevent the blind

Eéz. The clustering algorithm

o = o 1/2
application of any multivariate classification method. In fact, o LA A
the widely recommended solution is to ignore completely ob- d(iv, iz) = Z(%j — 5,5)
jects that havanymissing values. This option is not affordable J=1

here: it would reduce the sample size dramatically (e.g. onfy, The numbetk: of desired clusters is fixed in advance.
70 stars out of 205 have the vital technetium data availableg, A seed sample of stars is drawn from the entire star set. In
and would throw away an intolerably large amount of valuable the original program CLARA, many random seed samples
information. Another alternative is to emplayputation that were successively chosen and the best resulting clustering
is the insertion of an estimate for each missing value, thereby wasretained. Inthe present case, due to the many incomplete
completing the data set. In the present case, such imputationsstars, a better strategy is to choose only one seed sample,
once for all, as the sample of complete stars (Rousseeuw,
2 This is “agglomerative” clustering; for the opposite clustering priv. comm.). The CLARA program has thus been modified
direction, algorithms are named “divisive”. to this end.
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. cluster rather unimportant given the purpose of the classification (dis-
J3 q tinguishing intrinsic from extrinsic S stars), because the avail-
able parameters of uncomplete stars often match correctly the
cluster corresponding parameters of complete stars. It might happen
P T that some stars have outstanding photometric variations or very
; red colours, but these extreme stars will be automatically classi-
; fied in the intrinsic groups, which is a correct assignment since
| such evolved stars are very unlikely to be extrinsic S stars.
| Misclassifications can never be excluded by such clustering
} techniques. However, their major advantage over a ‘handmade’
} classification lies in that they guarantee that the classification
| criteria will remain homogeneous for the 205 stars: all the avail-
; able parameters will be taken into consideration in the same way
; from the first star to the very last.
I
sk

J2

e o ———————x

6.3. Classification parameters

< The number of parameters used in the clustering is critical.
‘ ! It should not be too small, in order to limit the number of stars
Jy with none of the parameters available. Neither should it be too
large, in order to maximize the number of complete stars and
e o e {herefore to achieve a better definition of the clusters. Moreover,
clidian parameter spage, j2,j3) for auncomplete stamwith parameter

j3 missing. The open squares indicate the best representative statlhgf CIaSS'flcat!On parameters must have a real discriminating
each cluster, the small crosses their center of gravity, and the laRf¥Ver, otherwise they will blur the work done by the other more
crosses the projection of their center of gravity on the subspagcg| useful par{:\meters. _
of stari After trials and errors, 10 parameters have been retained as
giving the best possible clustering, i.e., the smallest number of
. obviously misclassified stars. These parameters, whose discrim-
5. The method then seledtstars, calledepresentative stars . .. y ; . para .
o inating power was discussed in the previous sections (see also
within the seed sample of complete stars. klodusters are . . .
then constructed by assigning each complete star of the LableLl), are: technetium, the widthit) and depth (PR) of the
y ghing P dé RAVEL cc-dip, the radial velocity standard deviatiofl;. ),

set o the nearest representative star. . . the (U — B)o, (B — V), andK-[12] colour indices, and the
Of course, not every selection bfepresentative stars gives h . dard deviati 9 21/2
rise to a subsequent “good” clustering. Taygimal repre- photometric S‘a'_” ard deviatian,o, = (o(B)" +o(V)") /~.

) An “abundance indexI = 1,0 + I1;o + Inop has also been

sentative starsvill be those for which the average d'StanC?ncluded: as shown in Figs. 5 6, it remains small for Tc-poor

of the representative star to all the other (complete) Obje% %rs, increases somewhat for Tc-rich stars because of slightly

of the same cluster is minimum. For a full description of thetronger TiO bands and/or ZrO bands, and reaches its highest

,?;gg:]';hr:g:'gdc;?gK;Z?rsggrgaégiggees’eel?\}vagg gsot)a s, we rGf\g?fgllues for pure S and SC stars, because of their strong Na D
P X lines. The(V — K), index has also been added in the parameter

6. The clusters are then completed by assigning each remair”?lgbecause Tc-poor S stars often have bliér- K ), colours

uncomplete star to the nearest cluster: the distance betW{-;hen .
. an Tc-rich S stars.
any uncomplete star and each cluster center of gravity (pro- —, . : . .
. . This choice results in 196 stars out of 205 having at least
jected on the subspace where the uncomplete star is located . :
. ) i : one parameter available, among which 33 stars have all of them
see Fig[8) is computed; the uncomplete star is agglomer-_. “ N . o
S T - @dvailable (“complete” stars). The 2 misclassified S stars Hen
ated to the cluster that minimizes this distance. In[Hig.

this means that stamill be assianed to clust 2 and Hen 154 (Se€t.5.1) have been excluded from the cluster
9 ar analysis. The 7 remaining stars with no classification parameters

This algorithm is especially suitable here because it provid@¥ailable are:
a representative star for each cluster, a very desirable feature for
characterization purposes. The drawback of such an approaechHen 26, Hen 60, Hen 102 (=TT10) and Hen 116: no data
is that the representative stars of each cluster are chosen amongvhatsoever have been obtained for these stars in the present
complete stars only, hence they are not necessarily optimal rep-work. Hen 116 1900 = 11743™.0; 61900 = —64°46’ ac-
resentative of the uncomplete stars as well. The risk is thus to cording to the unpublished list of Henize (1965)) is not con-
agglomerate some ‘exotic’ uncomplete star to some existing sidered as an S star by Stephenson (1984; see his Table 2).
cluster (from which it is the closest on the basis of its avail- The other three stars may well be variable stars; however,
able parameters), although this exotic star should in fact have without any piece of information to classify them, they have
been the seed of a new cluster. However, we feel this risk is been excluded from the cluster analysis.

Fig. 8. Schematic illustration of clustering (in a three-dimensional E
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Table 2. Cluster average properties. The cluster reference number is indicated in the first column, the number of stars in each cluster comes
in the second column and the average value of the 10 classification parameters (see text) are listed next. The last column indicates the intrinsic

or extrinsic nature of the considered cluster (based on its Tc content). In the 6-clusters classification, clusters have been ordered according to
increasingSh values.

N Tc  Sb PR o,) (U-=By [B-V)o (V-K)o Ophot I K-12]

e 2 clusters

1 63 no 472 0.38 3.23 3.14 1.20 5.07 0.06 0.94 0.65 ext

2 133 yes 7.96 0.27 1.98 2.89 1.65 7.07 0.42 1.42 1.19 int

e 6 clusters

1 15 no 4.48 0.39 6.00 3.18 1.15 4.43 0.04 0.91 0.61 ext

2 49 no 477 0.38 2.20 3.18 1.22 4,78 0.06 0.95 0.67 ext

3 2 no 583 0.23 6.74 1.66 0.89 5.56 0.17 1.14 0.67 ext, symb
4 55 yes 6.66 0.33 1.41 3.24 1.64 5.78 0.19 1.23 0.91 int

5 12  yes 7.95 0.17 1.88 2.10 0.88 6.86 0.31 1.18 1.11 int

6 63 yes 10.00 0.22 2.82 2.77 1.84 7.42 0.71 1.64 1.50 int

— Hen 33 and 176 are clearly located among intrinsic stas§Miras. Given the lack of further information, it was kept in
in the ([12]-[25],[25]-[60]) IRAS colour-colour diagram the intrinsic group.
(Jorissen et al. 1993). Henize classified Hen 33 as an S5,8e
star, which is more typical of intrinsic stars also. In the same :
' ) . S -4.2. Six clusters
vein, Hen 192 has a [12]-[25] index typical of intrinsic stars.
These three stars are therefarposterioriincluded in the Is it possible to further split the intrinsic and extrinsic classes

intrinsic group. into more subgroups? A classification with six clusters leads to
relatively well-defined groups indeed. These groups and their
6.4. Clustering analysis: results center of gravity are listed in Tadlé 2. However this subdivision

doesnot mean that these six groups correspond to six types of
The number of clustersis also critical. Therefore clustering anghysically-different stars. For example, the clustering algorithm
yses with two and six clusters are presented and comparegiiaduces two groups (#1 and #2) of extrinsic stars differing

Sectd. 6.4]1 arld 6.4.2, respectively. mainly in their radial-velocity standard deviations. Both groups
are believed to contain binary stars, but group #2 contains more
6.4.1. Two clusters orbits closer to edge-on and/or with shorter periods and/or with

a better sampling of the radial-velocity measurements, resulting
Since the S family is suspected to comprise two kinds of staits Jarger radial-velocity standard deviations.

clustering has first been attempted with two clusters. Their cen- The clusters are not as widely separated as in the two-
ter of gravity is listed in Tabl€l2, and individual assignmentdusters case. Hence more stars (4) are erroneously classified:
are provided in Paper Il. The correctness of the individual stden 49 and 152 are clearly misclassified as extrinsic stars, prob-
assignments to one or the other cluster — and the possible wally because of their large radial-velocity standard deviation or
to check it — will be discussed in more details in Secl. 6.5. Mteir unusual photometric behaviour. In fact they rather resem-
this point, it will just be mentioned that the clustering analysisle pure S or SC stars. Hen 15 and 117 have been classified
with two clusters leads to only one clearly misclassified star the symbiotic group, though they are rather intrinsic stars;
(Hen 152) and one puzzling case (Hen 189). Hen 152 has mamy reason here is probably the lack of data on these faint stars.
characteristics of an intrinsic star, although it was classified lim Table 6 of Paper Il, these 4 stars have been re-assigned to
the extrinsic group. The reason for that misclassification liéise ‘second-best-choice’ cluster determined by the algorithm,
in the two extremely discrepant radial velocity measurememthich is in these four cases an intrinsic cluster.

[0(V,) = 9 km s7!], which brings the star near to the ex-  All stars with less than 5 parameters available were exam-
trinsic group. In fact Hen 152 is most probably a pure S or S@ed individually; their classification seems to be correct.

star, because of its huge cc-dip widtbbE16 km s1), very The six-clusters classification may be compared to the two-
red colours (B — V') = 2.6] and large photometric variability clusters classification, by merging groups #1, 2, and 3 in the
(0phot = 0.6 mag). same extrinsic (Tc-poor) category, and groups #4, 5 and 6 in

Hen 189 is a puzzling case that has been classified in the same intrinsic (Tc-rich) category. The same partitioning of
intrinsic group by the algorithm. Indeed it is clearly differenthe Henize sample is found as in the two-clusters case, except
from “normal” extrinsic stars, because of its larger photometrfor 3 stars: Hen 46, 67 and 189 were previously classified in the
variability. Its blue colours may tag it as either a symbiotic stémtrinsic group and are now in the extrinsic group. These three
or a blue Mira; however, its deep and narrow cc-dip is not typicsiars are typical borderline cases (Hen 189 has been discussed

above) and itis indeed very difficult to determine if they belong
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- R ] exhibit a moderate photometric variability and radial-
@ 10 ! } E velocity jitter, and redder colours than the extrinsic stars.
50 5 & % % L 1S — group 5: Tc-rich stars, intermediate between groups 4
. Lot % T and 6, with many blue Miras.
A 021 * g t — group 6: Tc-rich stars with strongly distorted cc-dips,
04 -t I N N strongly variableU BV photometry and large radial-
= 8 % . o ] velocity jitter. They present the highest values of the
Z 4 ; ! i N abundance index and large infrared excesses.
o AT ——— E % ]
" 2 -t ; [N 6.5. Testing the validity of the cluster assignments
=) - | —
- —— % ——t—— Technetium provides a way to check the quality of the classi-
? 2 - E } N fication presented in SeCt.6.4. Technetium is at the origin of
o 1~ * * . | ¢ - the division of the S star family into extrinsic and intrinsic stars.
o 8- —— — % o Hence, ifthat division is sound, Tc-poor and Tc-rich stars should
< 6 ; 3 { ] not be mixed in_any_given cluster. This_i; inc_jeed the case. Eve_n
zZ 4t % L ] though technetium is one of the classification parameters, this
B i N 7 result was not guaranteagbriori, because the nine other param-
b% 10 - eters could easily blur the discriminating action of technetium,
EoL s d E ] if there were no genuine underlying dichotomy in the S family.
gp T T E This check may be applied to the 37 incomplete stars (among
- E . i t 9 163) having nevertheless Tc data. This subsample of incomplete
1 & & |7 4 A stars may be considered agat subsamp|decause the clusters
~ s [ o L n are defined independently of it (since they are defined from
= 1 . L3 } . completestars only, see SeCt. 6.2). All these uncomplete stars
v ol T T 1 L L] are correctly classified, i.e., they are assigned to Tc-rich or Tc-
2 3.4 5 6 poor clusters in agreement with their Tc content, despite the

\
Tc-poor <= Tcerich possible blurring action of the other parameters.

This result ensures that there is no major flaw in the cluster-
Fig.9. Average values and standard deviation (represented as e[ff algorithm used in the present paper.
bars)t‘)f the 3 ,p"j‘trham?terts ‘,Jsedttoﬁerl‘,’e the 6 ZlI'UStterj E‘he tg“ﬁ‘ PaThe classification finally retained is that with six clusters,
rameter used In the clustening, technetium, IS indicated at the botiQe o ¢|ysters 1, 2 and 3 are merged in the extrinsic class, and
Notice the smooth evolution of the parameters from one cluster to the ters 4. 5and 6 titute the intrinsic cl The th intri
next (with the exception of group #3 which consists of the two symbcf-_us ers 4, >andb constitute the m_rmSIC class. the re_e_ n rln-
otic stars) sic stars Hen 33, 176 and 192 (with none of the classification
parameters available) are incorporated in the intrinsic class (see

Sect[6.B). Hence the Henize sample of 205 stars comprises 66

to the intrinsic group or to the extrinsic one with the availap@Xtrinsic stars, 133 intrinsic stars, 4 unclassified stars and 2 hon-

data. It is however encouraging that the clustering algoriththStS:
yields identical results for the 193 remaining stars, separating
In distinct groups intrinsic and extrinsic stars. 7. Radial-velocity variations in the Henize sample

The group properties may be summarized as follows:
The histograms of the radial-velocity standard deviation for in-

1. Extrinsic stars: trinsic and extrinsic S stars are presented in[Eiy. 10. The intrinsic
— group 1: Tc-poor stars: narrow and deep cc-digV  and extrinsic groups are separated according to the clustering
magnitudes almost constant and colours close to thatadfjorithm described in SeEf.6.14.2.
normal giants, photospheric IRAS colours, small abun- The distribution of the standard deviation of the radial-

dance index. velocity measurements for intrinsic S stars is strongly peaked at
— group 2: same as group 1, except for smaller radiat{V,.) ~ 1.5 km s~! and is rapidly falling off at larges (V;.).
velocity standard deviations. It probably reflects the jitter associated with the unstable atmo-

— group 3: symbiotic stars, large-amplitude binaries argphere of pulsating AGB stars. The lack of intrinsic S stars with
with extremely blue and variable photometric indices.o(V,.) < 0.5 km s™! is also clearly visible.
2. Intrinsic stars: On the contrary, the (V) distribution for extrinsic S stars
— group 4: “the less evolved” Tc-rich stars: the cc-dip iss much flatter, and this feature is, as expected, a clear signature
wider and shallower than in the (non-symbiotic) extrinef the large frequency of binaries among extrinsic S stars. The
sic groups, but not as distorted as in the other intrinsitars witho(V;,.) < 0.5 km s~ are probably long-period and/or
groups (a typical example is Hen 97 in Fib. 1); the starearly pole-on binaries.
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1. Intrinsic S stars

Lo o [ !
6 8 10
a(Vr) (km/s)

10
2. Extrinsic S stars

\\\\\\\w-

i
I
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N

1l

o(Vr) (km/s) Fig. 11. On this azimuthal projection of the Henize sample of S stars,
the south galactic pole is located at the center. Concentric circles corre-
Fig. 10. Histogram of the standard deviatior{V;.) of the radial ve- spond to galactic latitudes60°, —30°, 0° and30°. The long-dashed
locity measurements for the S stars of the Henize sample. The intrini@e represents the limit = —25°, and shows that the south galactic
S stars (top) and extrinsic S stars (bottom) are separated accordingdie has been fully surveyed
the clustering algorithm presented in SEct. §.4.2. Tc-rich and Tc-poor
S stars are represented in black and hatched bins, respectively. The

upper and lower histograms have different envelopes: the long tailg integrating the spectral energy distribution derived from the
extrinsic S stars Wlth large radial-velocity standard deviations (low ' B,V..J, H, K andL bands (Paper II).
panel) reflects the binary nature of these stars . . .
The sampling distance of the Henize sample must be es-
timated from its limiting magnitude? = 10.5. This limit-
ing magnitude must first be dereddened by using the average
8. Galactic distribution B — V colour excess (see Sect. 3.3 of Paper Il) for extrin-
sic (Eg_y = 0.15 mag) and intrinsic stars (. = 0.24
mag). The extinction law df Cardelli et al. (1989) then yields
The Henize sample is limited on the sky by the simple criteriahz; = 0.34 and 0.57 mag for extrinsic and intrinsic stars, re-
0 < —25°. Translating this condition into galactic coordinatespectively. The bolometric correctiddCr = my,, — R to be
reveals that the latitudes surveyed go frbm +37° down to applied to thek band writesBCr = —0.4(V — K)o +1.33, as
the south galactic pel— a verydesirable feature for estimatingestimated from a least square fit for the sample of S stars with
the galactic scale height of S stars (Fig. 11). mpe1 and(V — K)g available in Table 1 ¢f Van Eck et al. (1998)
The unequal galactic longitude coverag€(b) at dif- andR collected from the literature. Given the averdfje- K)o
ferent galactic latitude$ in the Henize sample has beercolourindices of extrinsic and intrinsic S staf¥[— K)o = 4.7
corrected by assigning a weigh®, to each star, definedfor clusters # 1, 2 and 3 (extrinsic starg§)] — K)o = 6.5
as the inverse fraction of the circumference covered by tfe clusters # 4, 5 and 6 (intrinsic stars); see $ect.6.4.2] and
Henize sample at the star’s latitude, for both hemispherdise limiting R magnitudes of Henize’s extrinsic and intrinsic
P.(]b]) = 2 x 360°/[AL(]b«]) + Al(—|bs])] (the distribution stars, the limiting apparent bolometric magnitudes amount to
of S stars is assumed to be symmetric with respect to the galags 1im = 9.6 for extrinsic S stars anthyo,1im = 8.6 for in-
tic equator and independentf In other words P, (|b|) is the trinsic S stars. Adopting reasonable absolute bolometric mag-
effective numbeof S stars at latitudeld| and—|b|, and the sum nitudes of—3.1 and —4.4 for extrinsic and intrinsic S stars,
of the weights of all the stars of the Henize sample gives the totaspectivelyl(Van Eck et al. 1998), we find that the maximum
number of S stars that would have been detected if the whdistances to which S stars have been observed in the Henize
galactic sphere had been surveyed (with a limiting magnitudample are 3.5 kpc for extrinsic S stars and 4.1 kpc for intrinsic
R =10.5),i.e., 626. S stars.

8.1. Extrapolation to the complete sphere

8.2. Distances 8.3. Distribution on the galactic plane

Distances were computed from the bolometric distance modihe projection of Henize S stars onto the galactic plane is
lus, adoptingM,,; = —3.1 and—4.4 for extrinsic and intrinsic plotted in Fig[12, along with the estimated sampling distance
S stars, respectively (Van Eck et al. 1998). The apparent bo{8ect[8.2). Although these sampling distances might appear
metric magnitudes have been computed for 126 Henize S stsomewhat overestimated when compared to the distance of the
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Fig. 12. Projection ofthe Henize S stars on the galactic plane (the galac- z (pc)

tic center falls outside the frame towards the right; the central cross r%)- . . .
resents the position of the Sun). Only those stars wijtk: 100 pc have ig. 13. Logarithm of the density distribution perpendicular to the

been retained. Black triangles stand for intrinsic stars, whereas o@&fictic plane for intrinsic and extrinsic S stars, normalized to the
squares represent extrinsic stars, as derived from the 6-cluster cli&sity inthe plane. In the upper two panels, the distances were derived
fication (Sec{6.4]2). The three solid lines correspond to the galadffi™ the apparent bolometric magnitudes computed by integrating the
arms Perseus, Orion and Sagittarius ffom Vogt & Moffat (1075). THeBV /H K L fluxes. In the lower two panels, the apparent bolometric
dashed straight lines correspond to the boundaries of the Henize sgagnitudes were derived froii and a bolometric correction derived
ple in the galactic planes(< —25°) and the dashed circles to theSeParately for each of the clusters of Tdhlle 2 (see text)
sampling distances of 3.5 kpc (extrinsic S stars) and 4.1 kpc (intrinsic
S stars)
treme Population | objects, nor any association with the galactic
arms or interstellar clouds.
farthest detected star, it must be noted thatlEi. 12 displays only The present work, based solely on the Henize sample, but
those stars for which the apparent bolometric magnitude coulidtinguishing extrinsic S stars from intrinsic S stars, confirms
be derived from direct integration of tiéBV JH K L fluxes their finding, since Fid. 12 shows no clear evidence for a con-
(Sect[8.R). Hence, 79 out of 205 stars have not been considerexitration of either kind of S stars along the galactic arms.
on Fig[12, and those stars with missitig3V or JH K L data
are preusely thg fam_test, ie., farthest, objects. Tr_]erefore, gmﬁ Galactic scale heights
maximum sampling distance displayed on Eig. 12 will neverthe-
less be considered as correct and will be used in the followirihe density distribution of extrinsic and intrinsic S stars as a
In the first study ever of the galactic distribution of S starfynction of the height above the galactic plane is displayed in
Keenan (1954) found that S stars (excluding long-period vaFig[13. It has been computed from the observed star counts in
ables) fall along spiral arms (as mapped by Morgan et al. 1958)e bin ¢,z + dz) multiplied by the weights, (|b|) (Sect[8.1),
Before 1965, there was a general consensus that the non-Mikaded by the volumer x (d% — 2?) x dz sampled for the given
S stars were spiral-arm objects or were found in OB assobin (z,z + dz), wheredg is the sampling distance estimated in
ations, hence that they were younger than the majority of $ect[8.2 and = dg sinb.
giants (Nassau 195B; Takayanagi 1960). However, as noted byThe upper two panels of Fig.]13 present the density distribu-
Yorka & Wing (1979)), no systematic surveys for S stars at hidion for the stars whose distances could be derived from the bolo-
galactic latitudes had yet been published, causing a strong bieetric apparent magnitudes computed from&hBV JH K L
in the available data. fluxes (as explained in Selct.B.2). The density distribution has
The situation in that respect improved dramatically thank&en normalized to its value in the galactic plane so as to make it
to the Henize survey (Henize 1960), Wray'’s thesis (Wray 196@)ughly independent from the estimated sampling distance (as
and various red and near-infrared objective-prism survelggg asz < dg). However, the scale heights will nevertheless
conducted at the Warner and Swasey Observatory (st#l depend upon the adopted absolute bolometric magnitude.
Stephenson 1934). In their study of the galactic distribution of Adopting My, = —4.4 + 1.0 and M, = —3.1 £ 1.0
S stars using this material, Yorka & Wing (1979) found no corfer intrinsic and extrinsic stars, respectively, exponential scale

centration of S stars in the galactic plane as strong as that of beigths 0f220 %} and 58020 pc are obtained (case of
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Table 3. Exponential scale heights for extrinsic and intrinsic S stars derived by various methods (see text)

meor N(EXY) N(int)  Mpa(ext)  Mpa(int) 2o(ext) zo(int)

(pc) (pc)

a. [ UBVJHKL 51 75 —31+1.0 —44+£10 580 30 220

(= <1000 pc)

b. [ UBVJHKL 34 38 -3.1 —4.4 560 180
Vo <10

c. [ UBVJHKL 11 10 -3.1 —4.4 810 260
Vo <8.5

d.  Vo+BCv 65 105 -3.1 —4.4 520 170

Adopted 600 £ 100 200 £ 100

Table3). Note that in the case of intrinsic S stars, points aboveéheights and the previous ones is not surprising, given the much
1000 pc do not follow the exponential distribution defined frontower precision of the adopted bolometric magnitudes. However
the star counts closer from the plane. They cannot be explairileey confirm on a larger subsample tha intrinsic S stars are
by invoking a contamination of the intrinsic sample by extrinsimuch more concentrated towards the galactic plane than are
stars, because the 6 stars responsible for these four outlyting extrinsic S stars
points above~ 1000 pc are probably all intrinsic stars (2 are  Could this difference in scale height be spurious, and caused
Tc-rich, noneis Tc-poor). In fact, these outlying points probablyy our particular choice of the absolute bolometric magnitudes?
result from the larger uncertainties altering the distances of tha&a Eck et al. (1998) have stressed that the average bolometric
faint stars. magnitudes of intrinsic and extrinsic S stars, as derived from
The above scale heights were derived from the subsampll®’PARCOS data, are subject to various biases which render
of 126 stars (out of 205 Henize S stars) for which the appdhese absolute magnitudes still somewhat uncertain. In order to
ent bolometric magnitude could be reliably determined froforce extrinsic and intrinsic S stars to have the same scale height,
the integration of th&/ BV JH K L fluxes. In order to evaluate one has to impose a difference of nearly 4 magnitudes between
whether or not the scale heights derived from this particular subeir average absolute magnitudes (eMyol,ext = —2 and
sample are somehow biased, scale heights derived from oth&y,, ins = —6, yielding an identical scale height ef 350 pc).
subsamples are now computed. Despite the remaining uncertainties bfy,,; mentioned above,
First, the scale heights were determined for subsamplessath a large difference in the bolometric magnitudes of extrinsic
different 14 limiting magnitudes extracted from the completand intrinsic S stars is definitely incompatible with the available
Henize sample. For example, in the Henize subsample limitedHtPPARCOS data (if anything, the existing biases would rather
stars brighter thaily = 10 (72 stars), the bolometric magnituddend to decrease the observed gap between the avéfgge
is available for 85% of the stars; the derived scale heights afeextrinsic and intrinsic S stars; see Fig. B in Appendix B of
listed in casé of Tabld3, and in caseif the limiting magnitude [Van Eck et al. 1998).
is Vo = 8.5. The scale heights derived from these smaller albeit Hence the difference in scale heights between extrinsic and
internally more complete samples still lead to a significant scafgrinsic S stars is undoubtedly real, revealing that intrinsic and
height difference between extrinsic and intrinsic S stars.  extrinsic S stars clearly belong to two different populations.
Second, the considered sample has been enlarged by déBiven the various estimates presented in Table 3 and their uncer-
ing the apparent bolometric magnitudes from thenagnitude tainties, the adopted exponential scale heighté@bet 100 pc
and the corresponding bolometric correction. That correctidor extrinsic S stars an2D0+ 100 pc for intrinsic S stars. In fact,
has been calibrated separately for each of the 6 clusters dh&8scale height for intrinsic S stars happens to be comparable to
stars provided by the clustering algorithm (Table 2), from thbat of planetary nebulae. Zijistra & Pottasch (1991) derive an
stars that have a reliable apparent bolometric magnitude avaiponential scale height @60 + 50 pc. This good agreement
able from the integration of th& BV JH K L fluxes (i.e., be- is not unexpected since intrinsic S stars will shortly (i.e., within
longing to sample). Although that method allows to increasehe duration of the TPAGB, which is short compared to the to-
the sample to 170 stars (instead of 126 for sampléhe draw- tal stellar lifetime) eject their envelope and become planetary
back is that the derived apparent bolometric magnitudes — arebulae. Itis also similar to the scale heights230-250 pc) es-
hence, the distances — are far less accurate, sinc¥ fileer timated for O-rich SRa, SRb and long-peridd & 300 d) Mira
catches only a small fraction of the total flux emitted by thestars ((Kerschbaum & Hron 1992, Jura & Kleinmann 1992a,b).
red stars. The exponential scale height of intrinsic S stars is in any case
The corresponding density distributions are displayed in thgpical of disk stars, but the uncertainty on our determination
lower two panels of Fig. 13, and the derived scale heights anecludes any detailed identification of the progenitors of intrin-
listed in casel of Table[3. The difference between these scaic S stars with either massive or low-mass main sequence stars.
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The exponential scale height of intrinsic S stars quoted in Ta-  © 8 101214 16
ble[3 200 + 100 pc) in fact encompasses values typical of both 80 GCGSS
the young and old disks (see Fig. 5 of Gilmore & Reid 1983). 60 .

As far as extrinsic S stars are concerned, their exponen-g
tial scale height o600 & 100 pc is smaller than the values
usually quoted for the extended/thick disk (about 1400 pc; see
the discussion of Reid & Majewski 1993). Nevertheless, it is 4,
similar to the scale height of short-perio® (< 300 d) Mi-

ras [Jura1994; Kerschbaum & Hron 1992), although thatgrog!gp6
may be a mixture of thin-disk and extended-disk stars havirTg40
different metallicities and scale heigths (Norris & Green 1989; 2°
Hron 1993). According to Norris & Green (1989, their Table 8), ©
an exponential scale height 660 & 100 pc is typical of giants &
with metallicities in the range [Fe/H] —0.5to —0.4. 60
Catchpole & Feast (1985) also found that different sul 4o
classes of S stars are characterized by different scale heights
(z=195, 600 and 680 pc for 27 SC stars, 29 Se stars and 124 S, |
stars respectively), although these results are difficult to com-gg -
pare with ours since they correspond to a different partition of 4,
the S star family.
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9.1. Magnitude-limited sample v v
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9. The relative frequency of extrinsic/intrinsic S stars

In the magnitude-limited Henize sample of 205 S stars, the Sggq 14. The ga_lactic latitude dis_tribution f_or S stars from various sur-
: o I . veys, as afunction of theif magnitude, aslisted in Stephenson (1984).
aration of extrinsic and intrinsic S stars on the basis of the C|L8-

nly the stars south @f = —25° and with a magnitude available in

tering algorithm described in Selct. 6 leads to 66 extrinsic S St?s'?ephenson (1984) have been plotted. For the McConnell, Wray, West-

133intrinsic S stars, 2 misclassified S stars, and 4 stars withdJg,,q. Stephenson and Sanduleak surveyd [see Stephenson (1984) for

information at all (Hen 26, 60, 102, 116). . detailed references on these surveys], only stars not belonging to the
When correction is made for the unequal galactic longienize survey are plotted
tude coverage at different galactic latitudes (see Bedt. 8.1), the
percentages of extrinsic and intrinsic S starstdre- 5% and
0 . . o
34 + 5%, respectlyel_y, given the 4 unclasmﬂec_j stars and tB‘?z.z. Estimate 2: in the solar neighbourhood
estimated uncertainties on the clustering technique.
The relative star density in the solar neighbourhood, as derived
from the normalization used in FIg: 113, i3(0);:/D(0) cat =
2.3, which leads to 30% of extrinsic stars and 70% of intrinsic
9.2.1. Estimate 1: in the entire Henize sample stars. The higher fraction of intrinsic S stars with respect to
. o Lo ._extrinsic S stars is compatible with their greater concentration
The relative frequency of extrinsic and intrinsic S stars in .a . . . .
S . . L in the galactic plane, as derived in SEci] 8.4. Note that, unlike the
volume-limited sample is subject to far more uncertainties, be- . . . . :
: : X ! -~ “Scale heights derived in Sect.i8.4, the rdii();,,; /D (0)cx¢ iS
cause it depends directly upon the estimated sampling distance. . : i
. : A irectly affected by possible errors on the sampling distances.
As noted above, the Henize sample comprises extrinsic S stars
up to~ 3.5 kpc and intrinsic S stars up te 4.1 kpc. The re-
spective surface densities of intrinsic/extrinsic S stars projec@@.3. Estimate 3: in a 1.5 kpc sphere

onto the plane then correspond to the total number of S Star?\()ifrequency estimate independent of the sampling distance —

a given kind (extrapolated to all longitudes; Skci 8.1) diVides ject to large uncertainties — may be obtained by considering

by the area sampled in the plane (since the scale heightis M respective numbers of extrinsic and intrinsic S stars in a

s_rtrjealle;r(tahg]negf isalr;p:c'gged'tsgini eé 1;2? rzlr?ﬁtg/ eislli;fafg(re d%B’here ofradius 1.5 kpc. Such a sphere is small enough to ensure
siies 0 XINSIC S stars 0 completeness for both the extrinsic and intrinsic samples, and

:cntr;nilc S Stﬁ_rs' Lalllr?ﬁ uncerte:mtl?_s aife(tzltqthese friﬁpe.':c'etﬁr'e%e enough with respect to the exponential scale heights to
act, by pushing all the uncertainties to their worst limits, the & = 2/ 0 (O TS e

percentage of extrinsic stars can lie anywhere between 20 an \When using the apparent bolometric magnitudes derived

90%! . )
from theV magnitude (as in caseof Table[3), the frequency
of intrinsic S stars is estimated to be 55%.

9.2. Volume-limited sample
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0 ° . ° % Y andp < 15°). The histograms display the eye estimates of
Tio Henize the strength of ZrO and TiO bands (as found on K. Henize’s
0= 089 0.68 0.78 0.75 025 1 1 unpublished notes, kindly communicated to us by V. Henize).

This comparisonis meaningful because Henize and MacConnell
used similar plates and used quite the same ZrO and TiO bands,
though there might be a small horizontal shift between the scale

0.1

|

0

may be split into its extrinsic and intrinsic components. These
numbers have then been added to the corresponding numbers
of extrinsic and intrinsic Henize stars, in order to yield the ex-
trinsic/intrinsic frequency in the total (Henize + MacConnell)
sample. If the above method is applied on the TiO histograms,
the extrinsic/intrinsic frequency remains unchanged. This can
\ P \ \ be understood from the fact that the bins contributing mostly
0 ? 4 6 8 10 in MacConnell’s sample contain similar proportions of extrin-
Fig. 15. Comparison of the TiO and ZrO band-strength indices f&ic/intrinsic stars. When considering the ZrO histograms, the ex-
S stars from the Henize and the MacConnell (1979) surveys. Side#sic frequency is increased by a few percents in the (Henize
Henize surveyed all declinatiods< —25°, and MacConnell virtually + MacConnell) sample. This results from the fact that Mac-
all galactic latitudegb| < 15°, only the stars matching both criteriaConnell’s sample contains mainly weak ZrO stars which tend
have been plotted. Henize stars are assigned to the extrinsic (hatchgthave a higher extrinsic frequency.
or intrinsic (black) groups according to the classification established | any case these changes turn out to be much less important
in Sect[6.4 than the uncertainties from various other sources (see[Séct. 9.2)
affecting the frequencies derived for the sole Henize sample.
The Wray survey|(Wray 1966), based on deeper plates,
represents another important source of S stars not retained

Fig. 14 compares thel’ magnitude and galactic-latitudeby Henize, although they were available to him (Wray, priv.
distributions of several samples of S stars, as listé@mm.). However, including these objects found on such deeper
in Stephenson (1984). The Henize survey, as listed Ppfates covering only the galactic plane would clearly have bi-
Stephenson (1984), is probably the only homogeneoased the low galactic latitudes (where most intrinsic stars are
magnitude-limited survey that extends from the galactic plaffind) towards fainter magnitudes.
up to high galactic latitudes. Nevertheless, other surveys subse-
quently Qetectgd additional S stars soutl ef —250 and with 10. Conclusion
V magnitudes in the same range as that of Henize. The most'se-
vere worry about the completeness of the Henize survey conBEause a systematic study of a well-defined sample of S stars
from the galactic-plane survey|of MacConnell (1979), with 18&vering all galactic latitudes and separating intrinsic S stars
stars south o6 = —25° not belonging to the Henize samplefrom their extrinsic analogs was still lacking, the Henize sample
These stars missed by Henize can certainly not be all explaird stars (205 S stars southdfof= —25° and brighter tha® =
by a large photometric variability or by very sm@lWV — R) 10.5) has been studied. Radial-velocity ddt&3V JH K L and
colour indices that would push thB magnitudes of Mac- IRAS photometry, as well as low- and high-resolution spec-
Connell's stars below Henize’s detection threshatd€ 10.5). troscopy have been analysed. Given the large number of obser-
MacConnell notes that “better plate scale and slightly higheational parameters, multivariate classification seemed the best
dispersion, larger aperture and excellent optics of the Curtisited method to perform a homogeneous classification. The
Schmidt telescope, improved emulsions and variability of sorokistering algorithm used in this paper indeed leads to well-
stars are all contributing factors. These will permit one to notiefined stellar groups and is efficient in separating extrinsic
stars having weaker ZrO enhancement that would otherwiseflmam intrinsic S stars, even for the “uncomplete” stars (i.e., that
the case”(MacConnell 1979). The better plate scale is prolbeave missing parameters).
bly the leading factor that enabled MacConnell to recognise S The binarity of extrinsic S stars is clearly apparent from their
spectra in crowded regions of the galactic plane. radial-velocity standard-deviation distribution, whereas intrin-
Fig[15 shows a comparison of the Henize and MacConnsit S stars are mostly single, evolved stars with pulsating en-
samples in the region covered by both surveys<{ —25° velopes.

o2 of MacConnell and that of Henize (there are no common stars
r with TiO and ZrO indices available in the two surveys, that
01F would allow to fix a reference point). Most of the stars missed
. by Henize have large TiO indices and small ZrO indices. On the
0 top of each bin in Fig. 5, the ratio intrinsic/total is indicated
0z 067 06 075 0ot 0on 1 o Henize for the Henize stars. Assuming that the same fractions apply
r to the corresponding MacConnell bins, MacConnell’s sample
0.1 —

r

o e b de e b b dcccc b b b b b e

0

Zr0O MacConnell

0.2

0.1

0

9.3. The Henize survey as compared to other surveys
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Neither the extrinsic nor the intrinsic S stars of the Henizirissen A., Hennen O., Mayor M., Bruch A., Sterken C., 1995, A&A
sample exhibit any clear concentration along the galactic arms, a301, 707
conclusion already reached by Yorka & Wing (1979); howevéprissen A., Van Eck S., Mayor M., Udry S., 1998, A&A 332, 877
these authors did not distinguish extrinsic from intrinsic stargura M., 1994, ApJ 422, 102

Despite uncertainties concerning the absolute magnitud&2 M-, Kleinmann S.G., 1992a, ApJS 83, 329
of S stars and the sampling distances, intrinsic S stars h Y M., Kleinmann S.G., 1992b, ApJS 79, 105

been shown to be much more concentrated towards the alacﬁgfman L., Rousseeuw P.J., 1990, Finding groups in data: an intro-
9 duction to cluster analysis, Wiley series in probability and statistics,

plane thgn extrinsic S stars. Try!ng to re_conC|Ie.the|!’ gal_aCt'C A Wiley-Interscience publication. New York: John Wiley & Sons
scale heights leads to a clearly implausible luminosity differ- ..
ence. The retained exponential scale height2@@e+ 100pC  Keenan P.C., 1950, AJ 55, 172
and 600 = 100 pc for intrinsic and extrinsic S stars, respeceenan P.C., 1954, ApJ 120, 484
tively. The frequency of extrinsic stars among S stars probatdgenan P.C., Boeshaar P.C., 1980, ApJS 43, 379
lies around 40%, but values as low as 30% and as high as 788nan P.C., McNeil R.C., 1976, An Atlas of Spectra of the Cooler
cannot be excluded given the large remaining uncertainties. ~ Stars. Columbus: Ohio State University Press
Kerschbaum F., Hron J., 1992, A&A 263, 97
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