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Abstract. — The first results from a survey of circumstellar CO(1-0) emission are presented. The sources were
selected from the IRAS point source catalog according to the IRAS color criteria described in van der Veen & Habing
(1988). The sources have good quality fluxes at 12, 25, and 60 pgm, flux densities larger than 20 Jy at 25 um, and
are situated more than 5° away from the Galactic plane. The survey is undertaken to study the relationship between
mass loss rates, dust properties, and the evolution along the AGB.

The sample consists of 787 sources and contains both oxygen and carbon-rich stars, including Mira variables,
OH/IR objects, proto—planetary nebulae, planetary nebulae, and 60 pm excess sources. So far 519 objects, situated
on both the northern and the southern sky, have been observed; 163 sources were found to have circumstellar CO

emission, and in 58 of these CO emission has not previously been detected.
In this paper the observed sources are presented together with some statistics, and the sensitivity and detection

rate of the survey are discussed.

Key words: Stars: circumstellar matter — Stars: mass loss — Radio lines: molecular (CO) - Infrared radiation.

1. Introduction.

The IRAS point source catalog (PSC) contains 282 000
sources. It has been estimated that more than 80 000
of these are stars with circumstellar envelopes (CSE), of
which many are associated with late type stars (Chester
1986). Most of them were not previously known. Van der
Veen & Habing (1988) have made an attempt to study
these point sources from an evolutionary point of view.
They show that the IRAS color—color diagram (the loga-
rithm of the 60/25 pm versus the 25/12 pm flux density
ratios, Fgo/Fas versus Fys5/F)3) can be divided into ten
regions where stars with different types of envelopes and
at different evolutionary stages are situated (see our Fig.
1 and their Fig. 5 and Tab. 1). Stars with oxygen-rich
envelopes form a sequence in the IRAS two—color diagram
which has been interpreted as an evolutionary sequence
of increasing mass loss rate (Olnon et al. 1984; Bedijn
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1987; van der Veen & Habing 1988). It has also been in-
terpreted as a sequence of increasing initial stellar masses
(Epchtein et al. 1990) or a combination of the two (Likkel
1990). The track passes through regions II, IIla, IIIb, and
IV of van der Veen and Habing, where the envelope be-
comes thicker and cooler and there is also an increase in
variability, in agreement with the idea that pulsation and
mass loss occur simultaneously. All the other stars with
dust/gas envelopes populate, however, a much larger area
in the diagram. Carbon-rich stars are typically located
in region VII and the upper part of IIla, i.e. displaced
towards larger Fgo/Fos flux ratios, which is caused by
the larger emissivity of carbon dust (Zuckerman & Dyck
1986b). There is also a large number of stars with a strong
60 pm excess (Regs. VIa and VIb), probably caused by
cold dust at a large distance from the star and a lack of
hot dust close to the star. The excess may suggest that
there are discontinuities in the mass loss history, possi-
bly caused by thermal pulses (Willems & de Jong 1988).
Proto-planetary (PPNe) and planetary nebulae (PNe) are
mostly found in regions IV and V, where stars with very
cold CSEs are situated.
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CO observations of CSEs have proven to be very useful
to determine outflow velocities, stellar systemic velocities,
and mass loss rates (e.g. van der Veen & Olofsson 1990).
We have initiated a project to detect and study the CO
emission from selected IRAS point sources in the different
regions of the diagram by van der Veen & Habing (1988).
The idea is to build up a data base of CO observations and
to investigate the relationship between mass loss rates,
dust properties, and the evolution along the Asymptotic
Giant Branch (AGB). The sample will be observed in the
CO(1-0) and (2-1) lines, and later, observations of other
molecules will allow us to study the chemistry and isotope
ratios of some of the envelopes.

Previous surveys of circumstellar CO emission have
been based on samples of well known evolved stars (Knapp
& Morris 1985), the brighter objects in the IRAS and
RAFGL catalogs (Zuckerman & Dyck 1986a,b, 1989;
Zuckerman et al. 1986; Margulis et al. 1990), optically
bright carbon stars (Olofsson et al. 1987, 1988), bright
4.6 pm M giants (Wannier & Sahai 1986), unidentified
IRAS carbon stars (Nguyen—-Q-Rieu et al. 1987), and
PNe (Huggins & Healy 1989). Our sample includes many
of these sources, but in order to form a homogeneous set
of data observed using the same telescopes, we intend to
reobserve them all. To cover sources that are situated on
both the northern and the southern sky we have used two
telescopes, the 15m SEST (Swedish-ESO Submillimetre
Telescope) on La Silla in Chile and the 20m telescope of
Onsala Space Observatory (OSO) in Sweden. So far 519
sources have been observed in the CO(1-0) line, which is
about 2/3 of the sample. These observations have been
going on during the last 3 years and many new sources
have been detected. With this paper we intend to present
our first results, i.e. the new detections together with some
statistics. The remaining observations will take at least
another two years, and the final results will be presented
in our next paper.

2. The IRAS sample.

The sources were selected from the IRAS point source
catalog (IRAS 1985; to be named PSC). They have IRAS
colors 2.5 - log(Fas/F12) > —2 and 2.5 - log(Feo/F2s) >
—2.5, 25 pym flux densities larger than 20 Jy, and good
quality flux densities (Q = 3 for 12, 25, and 60 ym fluxes).
To avoid confusion with CO emission from interstellar
clouds, only sources situated more than 5° away from the
Galactic plane were observed. All sources in region I and
VIII of van der Veen & Habing (1988) are excluded. These
limitations give a total number of 787 sources, of which
137 previously have been detected in CO emission. The
sources are distributed in the different IRAS regions as
shown in Table 1 and Figure la. It is clear that there
are not enough sources in region IIIb, IV, VIa, and VIb
for statistical studies. Many of the IRAS point sources in
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these regions are situated closer than 5° from the Galactic
plane. We have therefore started a few follow—up observing
projects which are limited to these IRAS regions, and that
have less severe restrictions in Galactic latitude. In the
future we will extend the entire sample to include sources
closer to the Galactic plane.

3. Observations

For observational reasons our IRAS sample is divided into
two parts: i) sources with § > 0°, observed with the On-
sala 20m telescope, and ii) sources with § < 0°, observed
with the 15m SEST. The telescope and system parameters
are given in Table 2. Both telescopes were used in a dual
beam switch mode with the source alternately placed in
each of the two beams, a method that yields spectra with
very flat baselines. The beam separation was about 11°.
All intensities are given in Ty, which is the chopper wheel
corrected antenna temperature, T}, divided by the main
beam efficiencies, b, given in Table 2. The Onsala obser-
vations were made on various occasions during 1988 and
1989 using the wide and narrow band spectrometers simul-
taneously. The SEST observations were made on several
occasions between April 1988 and March 1990. Depending
on the availability of spectrometers sometimes only the
narrow band, only the wide band, or both spectrometers
simultaneously were used. During the data reduction the
channels of the narrow band spectrometer were added 16
by 16 to give a velocity resolution of about 1.8 km s~1.
The typical time spent on each source (including OFF-
position, calibrations, and telescope movement) was 40 to
120 minutes, and in a few cases longer. Calibration and
pointing were checked daily on NGC 7027 and IRC+10216
with the Onsala telescope, and on IRC+10216, W Adql,
R Scl, and IRAS 15194-5115 with the SEST. SiO masers
were also used for pointing checks.

The velocity coverage of the survey is about £650 km
s~', more than enough to include Galactic objects on
basis of the Galactic rotation curve. Part of the SEST
observations were made with a coverage of 110 km s~1,
which still is enough to include almost all Galactic stellar
objects, especially because all of our sources are situated
more than 5° away from the plane. During part of the
SEST observations in September 1988 a faulty multiplier
caused the velocity scale to be shifted by up to 10 km
s~1. These sources are indicated in Table 4a; they will be
reobserved later.

The positions used are those of the IRAS PSC, ex-
cept for objects where accurate optical positions have
been measured (taken mainly from the SAO catalog). Al-
though the IRAS PSC gives rather large errors, in practice
the positions are usually accurate to within 10”. The posi-
tional uncertainties together with telescope pointing errors
(Tab. 2) are normally smaller than half the beamwidth

1
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and should not prevent us from detecting a source unless
it is weak (T < 0.1 K).

4. Results.

4.1. OBSERVED SOURCES.

The total sample consists of 787 sources (Tab. 1), of which
328 have § > 0° and 459 § < 0°. So far 519 sources have
been observed, i.e. 66 % of the sample, and 163 sources
have been detected. Among these, 58 are new detections,
of which 51 are situated in the southern sky and 7 in
the northern sky. Figure la presents the IRAS two color
diagram of the total sample, 1b of the observed part of
the sample, 1lc of the detected sources, and 1d of the
non—detections. The different regions of van der Veen &
Habing (1988) are indicated, as well as the evolution-
ary sequence for oxygen-rich stars and the black-body
curve. Table 3 presents the observed part of the sample
divided into IRAS regions. Table 4 lists the parameters of
the observed objects and is divided into detected, tenta-
tively detected and non-detected sources. The tentatively
detected sources will later be reobserved. The CO in-
tensities in Table 4 are given in main beam brightness
temperature. The peak intensity, Tib, the center velocity,
v,, and the expansion velocity, vexp (half of the full line
width), of the CSE were determined by fitting a parabolic
or a rectangular line profile to the observed line. Ico is
the integrated CO intensity over the observed profile. The
source identifations were mostly taken from the IRAS
PSC, and sources previously detected in CO emission
were found in the papers listed in the footnote of Table 4.
Spectra of all detected sources are presented in Figure 2.
Several sources in our sample have already been observed
by others using SEST and the Onsala telescope, mainly
Olofsson et al. (1987, 1988). These spectra were kindly
made available to us.

Occasionally the spectra include CO emission from in-
terstellar clouds situated in the line of sight. These lines
are normally strong and narrow, and can easily be dis-
tinguished from circumstellar CO emission. However, if
they are superposed on the circumstellar emission, they
can affect the derivation of intensities and of central and
expansion velocities. Sources whose spectra include inter-
stellar emission are marked with an asterisk in the source
identification in Table 4. In some of the spectra in Fig-
ure 2 the interstellar lines have been cut to better show
the circumstellar emission. If the interstellar CO emission
appears in the reference beam the lines have negative
intensities.

4.2. PREVIOUSLY DETECTED SOURCES.

For completeness, we observed all the sources in the sam-
ple including those to which a detection of CO (1-0)
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emission had been reported earlier. We detected most of
the latter sources, but not all (see Tab. 4b and c), mainly
because their CO (1-0) emission was usually detected at
a level lower than our sensitivity limit, or the sources may
only have been tentatively detected. Sources detected in
the CO (2-1) line are also listed as previous detections.
The CO (2-1) line can be brighter than the (1-0) line
because of optical depth and beam filling effects, and in
such cases the (1-0) line may be too weak to be detected.

4.3. SENSITIVITY AND DETECTION RATES.

The detection rate of the northern sources is about half
that of the southern sources (23% compared with 40%,
Tab. 3). This is partly due to the higher efficiency of SEST
and the lower rms noise in the SEST data, but mostly due
to the difference between the two samples in the number
of sources with low IRAS flux densities that so far have
been observed. These points will now be discussed in more
detail.

4.3.1. Telescope efficiencies.

The estimated antenna temperature for a source smaller
than the main beam is proportional to 7mp - d2, where d is
the diameter of the telescope. The antenna temperature -
ratio between the SEST and Onsala telescopes for such a
source would be TA,SEST/TA,OSO =0.Tx 152/0.3 x 202 =
1.3. For a source with a size larger than or near that of
the main beam TA,SEST/TA,OSO = 07/03 = 2.3. Since
the atmospheric opacity at the SEST site is normally
lower than that at the Onsala site, the SEST telescope
is somewhat more sensitive than the Onsala telescope;
about a factor of 1.5 for sources smaller than the main
beam and more than a factor of two for more extended
sources. The rms noise in the spectra are in general a
factor of two lower for the SEST data compared with the
Onsala data, mainly due to the unusually bad observing
season 1988-1989 at Onsala. A large part of the Onsala
data were taken during periods of unstable and humid
weather conditions.

4.3.2. Sources with low IRAS flur densities.

Most sources with a 25 pym flux density larger than 40
Jy have now been observed. Those which have not been
observed so far are mostly sources in which CO has been
detected by others. The southern sample consists of 253
sources with 20 < Fy5 < 40 Jy, of which 59 sources have
so far been observed. The corresponding numbers for the
northern sample are 158 and 114 respectively, i.e. many
more weak sources have been observed. The detection
rate of the Onsala sources decreases by a factor of more
than two for sources with Fy5 < 60 Jy while it is more
constant for the corresponding SEST sources, indicating
that the Onsala observations are sensitivity limited below
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these flux densities. It is clear that many of the weaker
IRAS sources observed with the Onsala telescope need to
be reobserved to increase the sensitivity and hence the
detection rate.

4.4. LINE PROFILES.

Line profiles of circumstellar CO emission from envelopes
that are not resolved by the telescope beam are normally
parabolic or rectangular depending on if the emission is
optically thick or thin. If the envelope is resolved and the
emission is optically thin, the line profile is double peaked.
Almost all of our sources with spectra having a high
enough signal to noise ratio to determine the line shape
show parabolic or nearly parabolic line profiles, indicating
optically thick CO emission. Sources with optically thin
emission are normally weak, but IRAS 0115947220 (S
Cas) can be an example of an optically thin, unresolved
envelope, and TRAS 11318-7256 of a resolved envelope
with a double peaked profile.

Some region II objects (mostly oxygen-rich ob-
jects with thin circumstellar shells) have more sharply
peaked or nearly gaussian line shapes, e.g. IRAS 02168-
0312 (o Ceti), IRAS 09076+3110 (RS Cnc), and IRAS
1601144722 (X Her). Four of our sources show peculiar
line profiles: IRAS 07559-5859 is associated with the re-
flection nebula IC 2220 (Dachs & Isserstedt 1973; Dachs
et al. 1978; Pesce et al. 1988) and has a wide CO line
profile of about 70 km s~! with a central peak. It has been
mapped in the CO(1-0) and CO(2-1) lines and will be
discussed in a separate paper. IRAS 10329-3918 (U Ant)
has a double peaked line profile. It is an object with a
detached CSE, discovered and discussed by Olofsson et al.
(1990). IRAS 10491-2059 (V Hya) has an asymmetric line
profile with wings. The CO emission has been mapped by
Kahane et al. (1988) and Tsuji et al. (1988) and was found
to originate in a region of bipolar geometry. IRAS 17047-
5650 has a "normal” profile with possible weak wings. It
is a compact PN with a WC11 central star, CPD-56°8032
(Rao et al. 1990), and has been tentatively detected in
CO(2-1) by Knapp et al. (1989) and in CO(1-0) by Loup
et al. (1990).

4.5. SOURCES WITH CONTINUUM EMISSION.

With the observational method used, continuum emission
can be measured as an offset in intensity of the baseline of
the spectrum. Continuum emission was detected toward
IRAS 05251-1244 at a level of 0.8 Jy and toward IRAS
21014-1133 at a level of 0.3 Jy. Both objects are identified
as PNe (Tab. 6).
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4.6. SOURCES ASSOCIATED WITH MOLECULAR
OUTFLOWS.

TRAS 06053-0622, IRAS 06084-0611, and IRAS 17122-
2707 were found to have strong interstellar lines in their
spectra, including blue or redshifted wing emission. These
IRAS sources are probably recently formed stars associ-
ated with molecular outflows. The first two objects are
situated in the Orion region and the third near the p Oph
molecular cloud.

Several other sources in our sample may also be re-
cently formed stars. They are listed in Table 6.

4.7. NON-DETECTIONS.

Most of our non—detected sources have weak 25 and 60
pm flux densities, and from the relations in section 5.3
and Table 5 it would not be possible to detect them with
our sensitivity limits. However, some sources have strong
IRAS flux densities (F25 > 100Jy) but are not detected
in CO by us. A few have been detected previously in
CO in more sensitive observations (Tab. 4c), and others
are associated with young objects, but there still remain
several region II and Illa objects which should have been
detected. Some of them (e.g. R Cnc, U Her, IRC-10381,
and X Oph) have SiO, H,0, and/or OH masers but are
not detected by us nor in the CO (1-0) observations by
Margulis et al. (1990). It seems likely that these objects
are surrounded by a shell that is either too thin or too
small to produce detectable CO (1-0) emission, maybe
because the mass loss has started only recently. It is
possible that CO (2-1) emission could be detected in
these objects (see Sect. 4.2).

5. Circumstellar CO emission in relation to the
different IRAS regions.

5.1. DETECTIONS.

Table 3 presents the observed part of the sample divided
into IRAS regions. As discussed above the detection rate
of the SEST data is considerably higher than that of the
Onsala data. However, some trends are apparent:

i) Region VII, which to a large part consists of carbon
stars, has a high detection rate.

ii) Eight out of nine objects in region VIa have been de-
tected. Even though the numbers are small, the detection
probability appears to be high.

iii) The detection rate of region VIb objects is uncertain
because of the small number of sources, but it is likely to
be low.
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5.2. EXPANSION VELOCITIES.

The average expansion velocity, vexp, for sources in the
different IRAS region are presented in Figure 3 and Table
5. Its one sigma deviation (Avexp) is also given in Table
5. The average expansion velocities increase as we trace
through the IRAS regions from region II through IIla to
ITIb. Region VII objects have an average expansion ve-
locity between those of IIIa and IIIb. If the expansion
velocity is determined by the stellar luminosity (radiation
driven outflow) this would then imply that objects in re-
gion IIIb are, on the average, more luminous than objects
in region IIla and region II. Another factor of importance
could be the increase in optical depth, and thus a better
coupling between gas and photons, by going from region
II to IIla. It is also possible that our sample of region I1Ia
stars is biased to stars more distant than those in region
IL.

5.3. CO INTENSITY VERSUS 60pm FLUX DENSITY.

If the 60 pum flux density and the CO intensity are both
tracers of the mass loss rate (e.g. Jura 1987; Knapp &
Morris 1985) there should be a relation between the two.
Such a relation has been found e.g. by Olofsson et al.
(1987) and Margulis et al. (1990). Figure 4 shows a plot
of the logarithm of the CO intensity versus the logarithm
of 60 um flux density for our detected sources, divided
into the the different IRAS regions. Sources with strong
IRAS fluxes and CO intensities reach a maximum in CO
intensity, probably because they are resolved in the CO
observations and a single observation ”on source” will
underestimate the total CO flux. However, by limiting
the 60 pum flux density range to 1000 Jy it is possible
to fit a straight line with a fairly good correlation (only
three sources are excluded by this criterion, IRC+10216,
AFGL618, and VY CMa). The fitted line has the following
parameters:

log(Ico) = Keo - log(Feo) + Aso

where Ico is the integrated CO intensity in K kms™—!.
The parameters are listed in Table 5. The Onsala data
were multiplied by a factor of 1.3 (see Sect. 4.3.1) before
being included in the fit, and the Ico scale is given in
SEST main beam brightness intensities. Only region II,
IITa, I1Ib, VIa, and VII have enough detected objects to
make a reliable fit. It can be seen that region VIa and VII
objects (mainly C-stars) on the average have stronger CO
emission (by a factor of 3 to 4) than region II, IIla, and
IIIb objects (mainly O-rich stars) for the same 60 pm flux
density. This is also reflected in the higher detection rate
of region VIa and VII objects. If there is a linear relation
between the 60 pm flux and CO intensity, the slope K
should be equal to one if a log-log scale is used. This
value is approached by region IIla, VIa, and VII sources,
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but not the others. The IRAS regions are not pure in the
sense that only carbon rich stars belong to region VIa
and VII and only oxygen rich ones to the other regions,
instead there is a mixture of objects in all regions. This is
probably reflected in our fits to region II, and especially
ITIb objects, which contain few sources and have lower
correlation coefficients than region IIla and VII. A plot
like Figure 4 can be used to predict the integrated CO
intensities from the IRAS fluxes for different kinds of
objects.

5.4. SOURCES WITH COLD CSEs AND 60 yim EXCESS
SOURCES.

IRAS regions IIIb, IV, and V include stars with cool
circumstellar envelopes, e.g. OH/IR objects, PPNe, and
PNe. Since many recent studies have been devoted to
PPNe and PNe we list all our observed sources in these
regions (and also region VIa and VIb) together with iden-
tifications in Table 6. Some of the objects are included in
the list of PPNe candidates by Volk & Kwok (1989) and
Kwok et al. (1989), and several objects are young PNe
which have also been searched for OH maser emission by .
Zijlstra et al. (1989).

Many of the CO spectra of objects in these regions
include strong, narrow, emission features suggesting that
the lines are of interstellar origin. A few spectra include
weak, narrow lines, and it is difficult to determine if
they are interstellar or circumstellar. These sources will
be mapped to determine whether the CO emission is
extended (interstellar) or associated with the IRAS source.

Region VIa and VIb sources are objects with a 60
pm excess, indicating that cool dust is present, but warm
dust is lacking. Willems & de Jong (1988) suggest that
this absence is caused by discontinuities in the mass loss
history, possibly due to thermal pulses. This picture is
also supported by the observations of double peaked CO
line profiles and by CO maps that indicate a large inner
radius of the circumstellar envelopes of some of these
objects (Olofsson et al. 1990).

Most of the region VIa sources have already been
detected in CO by Olofsson et al. (1987, 1988). Only one
region VIb object was detected, IRAS 16105-4205. It has
been identified as an OH/IR object (Gaylard et al. 1989)
and has previously been detected in CO by Zuckerman
et al. (1986). We have made a five point CO map showing
that the emission is not extended with respect to the
beam. This object also has an SiO maser (Nyman, priv.
comm.).

6. Conclusions and future work.
We have initiated a survey of circumstellar CO emission

from a sample of 787 IRAS point sources, mainly selected
using the IRAS color criteria given in van der Veen &
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Habing (1988). So far 519 sources, situated on both the
northern and the southern sky, have been observed in the
CO (1-0) line. 163 sources have been detected of which
58 are new detections. A correlation between the inte-
grated CO intensity and the IRAS 60 pm flux was found,
supporting the idea that both are tracers of the mass
loss rate. Sources belonging to region VIa and VII of van
der Veen & Habing (1988), which to a significant frac-
tion consist of C—stars, have, on the average, the highest
integrated CO intensities and the highest detection rate.
The average expansion velocities of the CSEs increase as
we go from region II through Illa to IIIb, suggesting a
corresponding increase in stellar luminosity. Two objects,
both PNe, were found to have continuum emission at 115
GHz, four objects have peculiar line profiles, and several
objects were found to be associated with young stellar ob-
jects. A few sources with high IRAS flux densities, some
of them associated with SiO, H,O, and OH masers, were
not detected by us, suggesting that their envelope is either
too thin or too small to produce detectable CO emission,
maybe because the mass loss has started only recently.

In the future our IRAS sample will be extended to in-
clude sources closer to the Galactic plane; CO (2-1) obser-
vations will be made, and selected sources will be mapped
and studied in other molecules. Near infrared photometry
of a large part of the sample has been performed (Fouqué
et al., this issue, p. 151), which will help us to determine
bolometric fluxes, distances, and also to find out which
sources are oxygen or carbon-rich (Epchtein et al. 1990).
We will determine mass loss rates from the CO (1-0) and
(2-1) observations, and compare them with dust proper-
ties and the evolutionary status of the objects. Our next
paper will present the remaining CO (1-0) and the CO
(2-1) observations.
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TABLE 1. The IRAS sample.

Region II IIla ITIb v A% Via VIb VII Total

No of 147 394 32 15 54 9 7 129 787

sources

TABLE 2. Telescope and observational parameters at 115 GHz.

Onsala SEST
Diameter 20m 15m
Tmb 0.3 0.7
rwaM 33” 45”
Pointing 3” rms 4” rms
Receiver SIS receiver Schottky receiver
TH 500-1000 K 400-1000 K
Spectrometers 2 Filterbanks 2 AOS
Frequency coverage/ 512 MHz/1 MHz 500 MHz/0.7 MHz
channel separation 64 MHz/0.25 MHz 86 MHz/43 kHz
Velocity coverage/ +666/2.6 kms™! +650/1.8 kms™!
channel separation +83/0.65 kms™! +112/0.11 kms™?

) Including the contribution from the a.tmospheré and calculated as equivalent system
temperature outside the atmosphere. The variations are due to different elevations and

weather conditions.

TABLE 3. Qbserved part of sample.

Observed Onsala SEST
Region Total Det. % Total Det. % Total Det. %
I 100 19 19 50 8 16 50 11 22
IITa 229 67 29 127 26 21 102 41 40
IIIb 28 9 32 10 3 30 18 6 33
v 13 3 23 6 1 17 7 2 29
A% 46 4 9 19 1 5 27 3 11
Via 9 8 89 5 4 80 4 4 100
VIb 1 14 3 0 0 4 1 25
VII 87 52 60 44 19 43 43 33 7
Total 519 163 31 264 62 23 255 101 40
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FIGURE 2. CO(1-0) spectra of all detected sources. The CO lines emanating from interstellar clouds in the line of sight have been
cut in the spectra of IRAS09425-6040 and IRAS15148-4940, to better show the line profiles of the circumstellar CO emission.
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FIGURE 2. (continued)
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FIGURE 3. Histograms of the expansion velocities of the detected sources, divided into IRAS regions.
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FIGURE 4. The integrated CO intensity (given in SEST main beam brightness intensity) as function of IRAS 60 pm flux density
for the detected sources, plotted on a log-log scale. Note that region VIa and VII sources (mainly carbon-rich) on the average
have higher integrated CO intensities than sources in the other regions. o = region II, O = region IIla, A = region IIIb, + =
region IV, x = region V, s = region Vla, o = region VIb, e = region VII.
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