
A&A manuscript no.
(will b; inserted by hand later)

You; thesaurus codes are: E
08.13.2; 08.16.4; 08.03.4; 08.12.11; 13.18.7; 02,12.3

-———_._l I 31.5.1994

Circumstellar CO emission in S stars
I. Mass-loss with little or no dust

R. Sahail ‘2)3 and S. Liechti4

1 Jet Propulsion Laboratory, MS169-506, 4800 Oak Grove Dr., Pasadena, CA 91109, USA
2 Chalmers University of Technology & Gothenburg University, Gothcnburg, S-41296, Sweden
3 Senior Resident Research Associate, National Research Council, National Academy of Sciences, Washington, DC
4 Centro Astron6mico de Yebes (IGN), Apartado 148, E19080 Guadalajara, Spain

Received ??, Accepted May 9, 1994

Abstract.

47 S stars have been searched for circumstellar CO (J=l-

0 and/or 2-1) emission, and 29 have been detected, including
4 which show no evidence of dust in their IRAS LRS spec-

tra, and one with possibly no Tc (and therefore hot an AGB
star). Six stars show anomalous feat ures in their profiles, show-
ing the presence of more than one kinematic component in
the expanding outflow. Two stars may have detached-shell en-
velopes. The mean expansion velocity distribution for S stars
envelopes is different than that for C-rich stars, with the for-

mer having a slightly lower mean expansion velocity, and a
significantly higher fraction of objects with very low expansion

velocities (s 5.5 km S-l). In most S stars, the mass-loss rates

are >2 x 10-7 M@ yr-l and the gas-to-dust ratios are >1000.

Our detection of CO in S stars with little or no detectable dust
implies substantial mass-loss in these objects. The expansion
velocities and mass-loss rates of the relatively dust-free stars
show a much steeper dependence on the the far-infrared excess
(AIR,), as compared to the more dusty stars. This suggests
that when the amount of dust becomes small, mass-loss may
be partially driven by a different mechanism than radiation

pressure on grains, which probably dominates in the dusty en-
velopes.
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1. Introduction

S stars are asymptotic branch (AGB) red giants, with the
unique chemical property that in their atmospheres, [O]=[C]
within a factor 1.05 (Scalo & Ross 1976), making their at-
mospheric chemistry perhaps quite different from that of ei-
ther O-rich or C-rich red giants. This property results from
the dredge-up of C from shell-He burning to the stellar sur-
face — a process that distributes red giants along a compo-
sition axis represented by the spectral types M–MS–S–SC–C.
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Chen & Kwok (1 993) have grouped S stars into different cir-

cumstellar classes, depending on their IRAS LRS spectra —
the 3 main classes being class-E (9.7 pm silicate emission fea-
ture), C1OSS-F (featureless dust continuum), and class-S (stel-

lar photospheric spectrum). A comparison of circumstetlar CO
emission from the different LRS classes potentially provides a
sensitive, quantitative test of how mass-loss outflow properties
depend on the presence or absence of circumstellar dust. How-
ever, such a test has not been possible since very few S stars
had been detected in CO emission until recently, all belonging
to class-E. In addition, large uncertainties existed in analyses

of S star mass-loss properties based on the IRAS far-infrared

fluxes [e.g. Jura 1988), because the outflow velocities and the
ga.-todust ratioswerenot known. In this paper, we report

the results of a search for CO emission from circumstellar en-
velopes (CSES) in a sample nf S stars which has resulted in the
detection of mass-outflows from stars with no detectable dust
in theil lRAS LRS spectra.

2. Observations

We have searched for one or both of the CO J=l-O and 2-1
lines in a totaJ of 47 S stars (including MS and SC stars) se-
lected from Stephenson’s (1984) catalog with an IRAS 60pm
flux >1 Jy, using the SEST 15-m (from 1988 August-1990
April) and the IRAM 30-m telescopes (8-10 July 1990). Coor-
dinates have been taken from the lRAS Point Source catalog.

The system temperatures and main-beam efticicncies respec-
tively were about 650K and 0.74 (115GHz) and I1OOK and
0.54 (210GHz) at SEST, and 1300--19ooK and 0.45 at IRAM.
The spectrometers used were: a) at SEST, 2 acousto-optical
spectrometers (bandwidth/channel separation of 86 MHz/43
KHz, and 500 MHz/o.7 MHz), and b) at IRAM, 2 filterbanks
(256 x 100 kHz and 512x 1 MHz).

3. Results

We have detected CO emission in 29 stars and set sensitive
upper limits for most of the undetected objects (typically 10–
20 mK~. The lines have been fitted by an empirical line-shape
function descrit,ed by Wannier et al. (1990), in order to derive
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Table 1. Survey S stars

Fig. 1. CO (J=l–O and/or 2–1) spectra of selected S (including MS and SC) stars. The spiky features seen in some spectra are due to
line-of-sight interstellar emission. Anomalous features can be seen in the spectra for x Cyg (Fig. 1P)j W Aql (Fig. In), DK Vul (Fig. lr), R
Gem (Fig. lc), and TT Cen (Fig. If). In the case of R Gem, TT Cen, W Aql, and DK Vul, spectra produced by foldkg the data around
the line-center to improve the signal-to-noise ratio are also presented - these show the anomalous features in the line profiles more clearly

the source velocity (V. ), the expansion velocity of the CSE

(V,), the peak line intensity (Trot,), and the line-shape param-
eter, cr (Table 1). Bieging & Latter (1994) have detected sev-
eral objects in our sample, however the velocity resolution (2.6

km s–l ) and often the signal-to-noise ratios in their spectra, is
generally significantly poorer than in our study and inadequate

for determining expansion velocities with sufficient precision.
We detect CO in DY Gem (implying a substantial mass-loss

rate), one of the two @D Cam and DY Gem) stars in our
sample which are “accidental” S stars (i.e. without 99Tc, and
therefore not thermally-pulsing AGB stars; see Jorissen et al.
1993) and expected to have very low mass-loss rates. However,
Groenewegen (1993) claims that the “non-detection” of Tc in
DY Gem is uncertain. Our detection of substantial mass-loss
in this object makes it very important to definitively settle the
issue of whether or not DY Gem is an “accidental” S star.

9.1. Line profiles

An outstanding result from our survey has been the discovery
of a very unusual, extended, asymetric outflow in the prototype

S star rrl Gru (Sahai 1992). In this object, the CO lines display
weak high-velocity wings and narrow features, seen so far only

in one other red giant, C-rich V Hydra (Kahane, M aizels, and
Jura 1988), and probably result from the presence of a sec-

ondary, fast bipolar outflow, embedded inside a slow primary,
spherical outflow (Sahai & Wannier 1988). An inspection of

the line profiles in Fig. 1 (a-w) shows that anomalous features
are present in the case of x Cyg (Fig. 1P), W Aql (Fig. In),
DK Vul (Fig. lr), R Gem (Fig. lc), and TT Cen (Fig. If).
For the latter four objects, these features can be more clearly
seen in the lower spectrum, where the data have been folded
around the line center to increases the signal-to-noise, and re-
duce the effect of random irregularities in the CSE on the pro-
files. The line profiles in x Cyg, W Aql, and R Gem show
the presence of weak wing emission features. In DK Vul and
TT Cen, the line profile is composite, with a narrow central

feature, and a broader basal feature. The broad emission comp-
onents indicate the presence of secondary outflow components
which may be bipolar, as in V Hydra and ml Gru. In RZ Sgr

(Fig. 1s), the J=2-1 line profile gives a significantly lower V.
compared to J=l–O. Possible explanations are that the J=2.-1
emission comes from an inner outflow, or a compact, equat o-
rially dense region (e.g. a disk), expanding more slowly than

the more extended outflow seen in J=l–O emission. The above
“anomalous-line stars” are amongst the strongest CO emitters
in our sample, suggesting that such anomalous features in the

line-shapes may be more ubiquitously present in S stars. Mar-
gulis et al. (1990) find similar anomalous features in the CO
J=l-O spectra of a few O-rich stars.

In F U Men, the CO line consists of two narrow (AV x 4

km s-]) spikes at I&, = –42 and 11 km S-l, with very weak

emission in between. Similar profiles have been found for 3
bright N-type carbon-stars (out of 65 surveyed), arising from

a spatially-resolved “detached-shell” CSE struct ure (Olofsson,
et al 1990). There is some chance that the spiky CO emission
iu FU Mon is interstellar (when the reference position was 11’
offset from the source, we found a narrow “absorption” inter-
stellar feature at ~,, = 3 to 10 km s-i). However, we believe it
to be circumstellar, since the weak emission between the spiky
features, covers too broad a velocity range to be interstellar,

and when we moved the reference position closer (2!7) the in-
dividual spectra did not show the “absorption feature”. The
UY Cen line-profile is fitted best by a double-peaked shape

(negative cr). With folding the data around the line center, the
line shape not only shows the narrow emission feature at the
expansion velocity, but also a weaker central peak, similar to
that seen in the detached-shell carbon-stars. Thus, FU Mon

and UY Cen may possibly have detached-shell CSES.

9.2. Outjiozu Properties

We have correlated the outflow characteristics derived from the
CO spectra (expansion velocity V,, mass-loss rate) with other

stellar (period) and circumstellar (dust emission) characteris-
tics. Seven additional S stars, not observed in our survey, but
detected previously in CO emission, have been added to the
sample in order to improve the statistics (Table 1, italicised
source names). The star Al) Cyg, from Bieging and Latter’s
survey (1994) was not included because the coordinates used in
their observations are incorrect. ,Th~ correct 195o coordinates
are a =: 20h29”’36S.4, 6 = 32°2341 (Plaut 1977).

3.2.1. I)xpansion velocity

The V. distribution of S star CSES shows a broad peak between
5–)5 k)n s-l ‘1 (Fig. 2). We, with a mean, < V= > =]1.3 kms

have compared it with the V, distribution of a sample of bright
(K mag < 2) C-rich stars (Olofsson et al. 1994). Although both
samples show a similar range of expansion velocities (roughly
5 to 25 km s–] ), the S stars have a significantly larger fraction

of low outflow velocity sources (V. s 5.5 km s-]): 22 + 8y0 of
S stars with detected outflows have small expansion velocities
compal ed to 6 + 3% for the C-rich stars. The 8 small-V. stars
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Fig. 2. The gas expansion velocity (V, ) distribution for S stars

I 1

Fig. 3. The gas expansion velocity (V.) versus (a) infrared-excess
(AIR,), (b) variability period (P). Different symbols represent dif-
ferent classes based on the ZRAS LRS spectra (as defined by Chen
and Kwok 1993) – E: 9.7 pm silicate emission feature, F: featureless
dust continuum, S: stellar photospheric spectrum, and C: 11.3 pm
silicon carbide feature

are almost only class-F and ckm-Sobjects. Statistical tests for

comparing the S star and C star Ve-distributions give (a) a 3~o
probability that the 2 distributions are intrinsically the same,
and (b) a 19% probabihty that < V, > for the C-stars (12.9
km s-l) is the same as for the S stars. A plot of V. versus the
infrared excess, AI R~ (as defined by Wannier et al. 1990) shows

a strong correlation for AIR, > 10-1, but a weak correlation
for AIIL <10-1 (Fig. 3a). Separating our sample into different

circumsteflar classes, we find that for the class-E stars (which
have the highest AIR’s), there is a strong correlation between
V, and AI R,, but for the class-F and -S stars (which have
the lowest AIR, ‘s), the correlation is significantly weaker (or
steeper, or both), with Ve takhig on a large range of values

for a small range of AIR=. V. also shows an increase with the
period P for the cJass-E and -F stars: the class-E stars showing

significantly less scatter than the class-F stars (Fig. 3b).

3.2.2. CO flux , gas and dust mass-loss rate

We have used the quantity FcoV. (hereafter dM~,~~/dt) as a
rough measure of the mass-loss rate, dA4g/dt, since the mass-

10SSrate should scale approximately as T~bV3D2 (Fco is the
integrated CO (J=2–1) flux ( f &bdV) divided by the K-band
flux, which, assuming that {he absolute K-magnitudes of S
stars are similar (Jura 1988), scales as D-2, D being the stel-

lar distance). FCO refers to the CO J=2--1 flux as measured
with the IRAM 30-m: for objects observed in the J=2--1 line
only with the SEST 15-m or the NRAO 12-m (Bieging and

Latter 1994), the measured FCO has been scaled up by factors
determined from a comparison of fluxes for objects common to

the observations on these telescopes and the I RAM 30-nl. The
scalirm factors are consistent with the sources being spatiah
unres~lved sources, in which c~~e the flux scales inver~el~ as th-e
square of the observing beam-sizes. A log-log plot of d MK,.O/dt
versus AIR. is shown in Fig. 4a: a mass-loss rate scale based on
dLfg/dt= 1.4 x 10-5 MO yr-l in W Aql (Jura 1988) is shown

for convenience. Determining dMg /dt more accurately from
the CO lines requires a fully self-consistent model and good
J=l-O and 2-1 data (Sahai 1990), and is not attempted here.
We find that dlkf~... /dt is strormlv correlated with the infrared~,--, -.
excess, irrespective of the circumstellar class, and that there is
a remarkable change in the slope d(log dMg,.9 /dt)/d(lo@IRe )

with the LRS class , which increases from 1.3 for class-E to 3.1
for class-F and N 8 for cJass-S stars. We also find a general
increase in dkfg,co /dt with the period (Fig. 4b).

Fig. 4. The quantity Fco V., an empirical measure of the gas-mass
loss rate, plotted versus (a) infrared-excess (AIR.), (b) period (P)
(symbo[s as in Fig. 3). A mass-loss rate scale based on dMg/dt
= 1.4 x 10-5 MO yr-l in W Aql (Jura 1988) is shown on the right

Dust mass-loss rates, dkfd /dt, have been calculated from
the 60 pm flux, and the near-IR photometry (Gezari et al.

1993) using the formulation given by Sahai (1990). We have
assumed a far-IR (60 pm) dust emissivity equal to 150 cm2 g-l

and a near-IR (1 ~m) absorption coefficient Q(A) = 0.24
(both varying as A-l), a grain radius and material density,
respectively equal to 0.1 pm and to 2 g cm-3. Distances have
been taken from Jura (1988), or calculated accordingly. The
dust mass-loss rate, dkfd /dt, depends on the drift velocity of
the dust through the gas, Vdr, and thus on the gas mass-loss
rate, dMg/dt, which is not known. Assuming that significant
grain skittering sets an upper limit of * 20 km s-l on Vdr
(Kwok 1975), we have derived upper limits to the dust mass-
10SSrates (dMd,a /dt) and lower limits to the gas mass-loss rate

(dM,,l/dt) and the gas-t~dust density ratio, ~~,f/~d (Table 1).
A lower limit to the dust mass-loss rate, d&fd,l/dt, is derived by
assuming Vdr = O. Thus, for stars with large V. (1 0–20 km s-])
the dust mass-loss rate is restricted to a relatively small range
between dMd,” /dt and dMd ,l/dt.

The “non-dusty” class-Sstars have non-zero dust mass-loss
rates, because sJthough they have the lowest AIR~’s, these are
not zero. However, this is not a contradiction of the Chen &
Kwok classification, since smalt amounts of circumsteflar dust

may not be detected in the LRS spectra, which have lower
sensitivity than the wide-band 25 and 60 pm fluxes, and be-

ing at shorther wavelengths, sample hotter dust closer to the
star. Most stars are found to have gas-t~dust density ratios
~ 1000, and an effective absorption coefficient, < Q >, of typ-
ically 0.:[3. Stars with large AI&’s (~ 10–O”s) tend to have

large dust mass-loss rates (S Cas, TT Cen, S516, S Lyr, W
Aql, DB42141, and WY CM) as expected, and < Q > is sig-
nificant ly lower (0.064–0.1 1). If the dust-to-gas ratios in the

high-AIRe stars were also >1000 (as for the majority of stars
in the sample), their gas mass-loss rates would be significantly

higher than our derived lower limits, a conclusion consistent
with estimates from CO data (e.g. dMg,l/dt= 9.4 x 10-7 com-
pared to 1.4 x 10-5 M@ yr-l in W Aql). Most of our S stars
have luminosities in the range 0.7--1 x 104 Lo, and gas mass-
10SS rates 22 x 10-7 MO yr-l, a factor w 3 larger than values
derived by Jura (1988) using assumed values of the gas-to-dust
ratio (220), outflow velocity (10 km s-], taken to be the same
for gas and dust), and luminosity (104 Lo). It would be use-
ful to derive the properties of O-rich and C-rich star CSES as
shown above, for comparison with the S stars. Olofsson et al
(1993) have analysed their C star sample in a similar fashion,
but have inappropriately assumed a fixed Q = 0.015 for all

objects, based on a model of IRC+10216 whose flux peaks at
significantly longer wavelengths than most stars in their sam-
ple.
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‘4. Discussion

The mass-outflow properties of our S stars sample provide qual-
itative support for numerical models of mass-loss from radially
pulsating red giant atmospheres, presented by Bowen (1988,

hereafter B88). In these models, for a given initial mass, as ev~
lution proceeds, the stellar luminosity and radius increase, and

therefore the period increases; further as the surface gravity
decreases, the scale height, the gas and dust density at a given
radius, and the mass-loss rat e increase. With a fixed cross-
section for radiation pressure on dust, the expansion velocity
also increases as the star evolves (Bowen, private communica-
tion). Differences in the initiaf stellar mass add complexity to
the relationships between expansion velocity, amount of dust

(AIR,), mass-loss rate and period. Thus, in general, the cor-
relations presented in Fig. 3 and 4 can be understood as a

combination of stellar evolution and variations in initial stellar

mass. Furthermore, in the B88 models mass-loss is obtained
even without the presence of dust, due to a pressure gradient

in the extended atmosphere (Bowen and Willson 1991): the
non-dusty models produce dlkf~ /dt and V. factors of x 1/10
and % 1/5 times smaller than corresponding values for dusty

models.

Our detection of mass-outflows in stars with little or no
dust (class-.$), the weakening of the Ve-AIRe correlation for
small AIR,, and the sharp increase in the slope of the de-
pendence of dMg,co/dt on AIR. in going from cJass-E to
ciass-F and -S stars, does suggest that when the amount of
dust becomes very small, some mechanism other than radi-
ation pressure on dust grains, becomes increasingly impor-
tant in driving the mass-loss. However, model mass-loss rates

are smaller than those deduced from our data, the discrep
ancy being largest for stars with small infrared excesses and
short periods. For example, B88 finds, in models with no dust,
with stellar mass equal to 1.2–0.8 MO and period of 250 days,
that dlf6/dt = 3 – 20x10–10 MO yr-l (diWg/dt is smaller for

shorter periods, and larger stellar masses), whereas we find
dMg/dt >2 x 10–7 M@ yr–l for the two class-S, short period
stars AA Cyg (P = 213 days) and RX Lac (P = 174 days).
In the dusty models, with M =2-0.8 MO and P = 250 days,
dMg/dt=0.9-30 XIO-S M@ yr-l, ax compared with dA4s/dt >
2.3–7.5 x 10-7 MO yr–l for eight class-F and -E, short-period

(110-223 days) stars in our sample. Better agreement with the
data may be achieved in the B88 models by adopting higher
values of the luminosity L (note that our estimates of L for
the observed stars are, in fact, generally higher than the model
value, 5.3 x 103 LO) and lower values of Teff (assumed to’ be

3000K by B88 but largely undetermined). Theoretical efforts
to explain the changes in the V, – AIR. and dkfg,.. /dt - AIR.

relationships as a function of LRS class found in our study
are urgently needed, and should provide new insights into the
nature of mass-loss in AGB stars.
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Table 1. Survey S Stars

Source a(1950) 8(1950) CO Tp rms Fiit. Ve

Ju~@(”)(mK) (mK) Mz) b S-l)

v~ a L c@M,z %U %11%
$

c~a)

(km s-l) (10’4LO) (lo- ) (10-% (10-9) (pg/pd),/

(
1.0 1.9 0.12 8.8

MOY-l )
0.37 0.10 3.95V365 Cas 0057535 562035 2/13 6fi10 17 2

BD Cad) 033747.1 630323 2/13 ... 47 1
TCam 043512.2 660253 2/13 ... 43 1
01 ~ 044942.0 141004 1/45 ... 18 0.7

S 98@ 051953.0-084305 1/45 ... 11 0.7
NO Aur 053726.4 315343 2/13 ... 461

FU Mon 061945.8 032701 1/45 75C)+ 12 0.7
DY Gem 063307.7 141517 2/13 250++0 49
RGem 070420.5 224657 2/13 1400++0 120 0:
AA Cam 070933.6 685325 2/13 5%7 23 2
RR Mon 071456.5 011109 1/45 ... 9 0.7

213 ... 21 2
SU Mon 073955.9-104541 1/45 ... 12 0.7

S 327 084021.9-385323 1/45 i.s.d) 16 0.7
UU Vel 093353.7 -534954 1/45 is. 110 0.7
UY Cen 131336.6-442625 2/23 57+4 16 0.7
‘IT Cen 131621.6-603100 1/45 54*12 38 0.35

2J23 24(E4 50 0.17
S468 133714.8 -713653 1/45 is. 10 0.7
AM Cen 1W.6 -530630 1/45 80 22 0.35

7.2MI.8 -21M17 S, F
s, s
s, s

MS, S
s, s

MS, E
“s, s
S, F
S, F

MS, F
MS, E

... ... ... ... ... ...
... ... ... ....

... ... ...
.... ... ...

... ... ... ... ... ... ...

... ... ... ... ... ... ... ... ...

... ... ... ...

-1 1.8
0.1 0.69

1 0.70
0.30.81

... ...

0.13 33
0.13 3.7
0.14 2.4
0.13 9.5

... ... ...
1.7 1.0 3.52
1.3. 0.37 3.01
1.5 0.29 2.92
1.1 0.52 3.25

2$%1.6
8JM0.13

-15f0.2
-16.&O.l
-59.MO.05
43.5+0.7

4.8MKJ7
17.%0.8
... ... ... ... ... ... ... ... ...

... ...
s, s
S, F
S, E

s:,:

... ... ... ... ... ... ... ...

... ... ... ... ... ... ... ... ...

... ...
-28.6kl.3
5~1.5
55M.3

... ... ... ...
-0.50.93 0.12 7.5
0.8.0.63 0.11 8.7

... ... ...
0.72 0.28 3.42

15 8.2 2.01
13.HO.2
24~.5
25.4+0.1 .

1

s, s... ... ... ... ... ... ... ... ...
...
5.4e)~.3

...

-27.4ek.3
...

le) o.72 0.13 2.6 1.1 0.23 3.06 Sc, s
2/23 2W 37 0.17

VX Cen 134745.9 -600947 1/45 ... 38 4).17
GI Lup 150300.4-411641 1/45 ... 46 0.17

2/23 100+5 41 0.17
ST Her 154916.0 483755 2/13 450+10 95 0.1
s 504 162407.2-561425 1/45 ... 7.8 0.7
ST Sco 163324.8 -310759 1/45 140M0 23 0.7
RT SCO 170009.2-365100 1/45 20&7 20 0.7

2/23 18cM7 54 0.7
TvDra 170806.2 642253 2/13 3O(M1O 87 0.1
S 516 171026.5 -314649 1/45 2&3 8.8 0.7

2J23 81+7 20 0.7
V521 Oph 172040.0-282604 1/45 is. 10.9 0.7
s 533 ‘ 174851.4-280040 1/45 is. 0.7
V407 SCO 174905.5 -350238 1/45 ... 9.0 0.7
VX Aql 185733.3 -013914 1/45 ... 120 0.7

2/23 5(M5 11 0.7
ST Sgr 185840.4-124953 1/45 61f3 6.6 0.7

223 110f10 31 0.7
S Lyr 191108.3 255516 2/13 40(M8 40 0.1

... ...
s, s
S, F

... ... ... ... ... ...
... 0.98 0.11 7.7

... ... ...
1.3 054 3.16... ...

6+1.5
4.4M).1

14*1 .

0.; 0.70 0.14 4.49.1ML12 0.85 0.27 3.22 MS, E
$ ?
S, E
S, E

s,?
s,?

... ...
-1.2++.4
44.5to.3
44.4Kho4
21.2++.1
25.5t0.6
23.5+1.0

... ... ... ...
1 0.75 0.13 3.5

0.80.98 0.11 6.1

0.:0.82 0.13 2.8
0.2 1.1 0.10 11

1

... ... ...
0.72 0.19 3.26

3.1 1.1 2.74
7.3M).5
13.1+0.4
9.6MM13
5.lM).13 0.64 0.13 3.33

38 19 1.7618.2W.8
21.%1.6

$ ?

s,?
s,?

... ... ... ... ... ... ... ... ...
... ... ...
... ... ...

... ... ... ... ... ...

... ... ... ... ......

...
7.8H.4
9.&o.4
11.2ML6
13.%0.1

...
6.7f0.4
55.lto.3
49.8f0.5
51.2Mhl

...
0.3 0.77 0.11 3.4

1 0.55 0’.12 3.3

0.; 1.90.077 9.9

2.7 0.75 2.66
1.5 0.51 2.81

Sc, ?

S, E

25 10 1.98 SC, E



Table 1 (continued). Survey S Stars

Source a(1950) 6(1950) CO Tp Fdt. Ve v~

J~~(”)(mK) ~K) (MHz) (km s-l) ~ s-l)

W Aql

T Sgr

EP vu]

~ Cyg
AA Cyg
DK Vul
S 636

RZ Sgr

CY Cyg
RZ Peg
Z1 Gru

191242.0-070807 1/45 13(XM5 230 0.17
2423 2040+40 250 0.7
2/13 6050M0 160 1

191321.0-170340 1/45 ... 16 0.7
2/23 5%4 22 0.7

193110.3 233243 1/45 7&k7 12 0.7
2/13 520+20 135 0.1

194838.3 324708 2/13 6200H4 240 0.1
200236.6 364024 2./13 950++0 130 0.1
2C0425.9 241717213 11OWO 45 0.1
201005.1 -622549 1/45 ... 35 0.17

2/23 ... 144 0.17
201200.3 443348 1/45 36(M1O 27 0.7

2/23 98M1O 37 0.7
204508.5 455204 2/13 ... 45 1
220340.4 331543 2/13 21OMO 37 1
221940.8461206 1/45 600 84 0.087

2/23 2000 59 0.17
Rx Lac 2M740.4 404705 1/45 ... 132 0.17

2/13 68tM20 120 0.1
DB 42141 225113.8 610058 2/13 1*8 36 1
57 Peg 230701.7 082432 1/45 ... 13 0.7

2/13 ... 361
WY Cas 235529.2 561233 2/13 5OM1O 41 1
W Cet 235933.3 -145724 1/45 ... 36 -0.7
R And8)

s Cas
WAnd
YLvn

18.3M12
18.0+0.2
18.8MI.08
...
14.lM.5
5.6M15
4.7+0.1
8.8++.01
4.8M).07
4.7+0.09
...
...
14+0.2
8.8++.1
...
12.6M16

-21.lM.2
-%.3S.2
-24.@o.06
...
10.8H.4
-0.7+0.3
-O.O5M.1O
10MX2
27.!MO.05
-14.2!4).07
...
...
-31.6MI.05
-31.2ML1
...
-23.4M).5

110 -12.5~

...
3.4N.09 ~i5.4i-o.07
19.6MM34 -51.8ML7
... ...

13.3+0.2 7.5M).2
... ...
11
18
11
5.4

a L +M,z WU Mdl log
5

Cka)

(104LO) (lo- ) (10-9) (10-9) (pg/pd),l

( Mow--l )
0.8 1.60.064 9.4 35 17 1.75 S, E
0.9
0.7

...
0.20.95 0.12 8.1 1.8 0.74 3.05 S, F

1 0.69 0.14 2.2 0.64 0.13 3.25 S, F
0.7
0.40.69 0.12 3.7 1.6 0.49 2.88 S, E
0.70.69 0.14 2.3 0.85 0.16 3.15 S, S

1 0.83 0.13 2.5 1.6 0.30 2.91 S, F
... ... ... ... ... ... ... s, s
...

0.60.92 0.12 6.4 3.9 1.4 2.66 S, F
1
... ... ... ... Sc, ?
1 1.1 0.12 7.9 :“. ““” ...22 0.85 2.96 SC, C

... 0.76 0.13 5.3 1.3 0.46 3.05 S, E

...
1 0.87 0.13 1.9 0.50 0.07 3.41 S, S

0.80.450.088 3.8 25 12 1.50 S, E
... ... ... ... ... ... ... MS, S

0.6 1.00.095 6.4 12 4.8 2.14 S, E
... ... ... ... ... ... ... S, F

1.5 0.12 9.4 3.0 1.1 2.94 S, E
0.800.065 4.7 24.5 11.6 1.60 S, E

1.4 0.12 9.4 2.8 0.99 2.98 S, E
0.71 0.14 2.6 0.69 0.15 3.25 MS. E

R L~n 7.7 0.49 0.13 2.4 0.91 0.25 2.97 S; F
RS Cnc 6.6 0.79 0.14 3.6 O.&$ 0.16 3.36 MS, E
R @ 10.4 1.6 0.13 11 5.7 1.9 2.75 S, E

a) spectral type& LRS class primarily from Chen and Kwok (1993), otherwise from Stephenson (1984) or Wing and Yorka (1977)
b) the coordinates used for this source, taken from the IRC catalog (Neugebauer and Leighton 1%9), dtifer from the IRAS coordinates by 27”
c) line is fitted with a homed shape, Tmb is peak temperature in the wings
d) con-nation due to interstellar emission
e) derived from a composite line-profile generated by averaging the CO 1-0and 2-1 spectra
~ from Sahai (1992)
g) sources with names in italics were not observed in the present survey: expansion velocities for these sources are taken from Margulis et al.
(1990), Knapp (1986), Wannier & Sahai (1986), and Bieging & Latter (1994) (weighted averages were computed when appropriate)
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