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Abstract. — We have undertaken a search for SAO stars with infrared excess in the IRAS Point Source Catalog.
In contrast to previous searches, the entire IRAS [12]-[25]-[60] colour-colour diagram was used. This selection yielded
a sample of 462 stars, of which a significant number are stars with circumstellar material. The stars selected can be
identified as Pre-Main-Sequence stars, Be stars, Proto-Planetary Systems, Post-AGB stars, etc. A number of objects
are (visual) binary stars. Characteristic temperatures and IR excesses are calculated and their relations to spectral

type are investigated.
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1. Introduction.

In the recent past, many stars covering the complete evo-
lutionary sequence have been found to have circumstel-
lar shells. The IRAS Point Source Catalog (1985), here-
after IPSC, has proven to be a successful tool to identify
the presence of circumstellar material. Dust condensed in
a gaseous envelope re-radiates absorbed stellar radiation,
while ionized gas surrounding hot stars emits infrared free-
free and bound-free radiation. Both processes result in in-
frared radiation in excess of normal photospheric values.
The presence of circumstellar matter occurs especially in
early and late stages of stellar evolution. When a proto-
star starts to contract, and nuclear burning ignites, the
outer parts of the system will be blown away causing a
dense stellar wind. T Tauri stars, and Herbig-Ae/Be stars
appear to be in this stage. Other young objects showing
dust shells are, e.g. proto-planetary systems, like the well
known Vega system (Aumann et al. 1984). Evolved stars
on the Asymptotic Giant Branch (AGB) are another ex-
ample of stars surrounded by dust shells. During this stage
the star undergoes a strong mass loss. Some of the ejected
material will condense into dust, causing obscuration in
the visual. In the short period following the AGB, com-

monly called the post-AGB phase, the star may become
optically visible due to the dispersion of the dust shell.
When the star reaches a temperature sufficiently high to
ionize its circumstellar gas, it may be observable as a Plan-
etary Nebula (PN). Young PNe still show infrared emis-
sion from the circumstellar dust, which has not yet been
destroyed by the hard UV radiation of the central star, or
is not yet dispersed into the interstellar medium. Many of
these objects have been discovered in the IRAS data.
Our intention is to conduct a well-defined, complete search
for candidate post-AGB stars in the IPSC. Since it has
been found that a large number of post-AGB stars are op-
tically visible (Trams et al. 1991) we have cross-correlated
the IPSC with the optical SAO catalog to extend the
known sample of optically bright post-AGB stars. Such
a sample has the important advantage that the central
star can be studied as well as the circumstellar material.
Apart from post-AGB stars the selection provided many
other interesting types of stars with infrared excess, such
as new Be stars, proto-stars, and proto-planetary systems.
We present the results of the selection process, as a target
list for further studies.

Searches like the one presented here have been carried out
in the past, but in most cases the application of selec-

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?1992A%26AS...96..625O&amp;db_key=AST

FTI992A&AS. ©.796. 6250

626

tion criteria was not well defined or the sample did not
cover the entire IRAS far infrared colour-colour diagram.
(Willems 1987; Van der Veen et al.,1989; Parthasarathy
and Pottasch 1986; Pottasch and Parthasarathy 1988;
Stencel and Backman 1991). A trend for looking in par-
ticular regions in the IRAS far-infrared colour-colour di-
agram was started when Willems (1987) found that a
sample of carbon stars was located in a specific area of
the colour-colour diagram, and Van der Veen and Habing
(1988) showed that different kinds of evolved stars cluster
in specific areas of the colour-colour diagram. The over-
lap between the regions is significant however, and the
regions contain never more than 80-90% of all stars of
that type. Since then the tendency has been to study only
specific regions in the diagram, neglecting the remainder
of the colour-colour diagram. Parthasarathy and Pottasch
found several infrared luminous F giants above the galac-
tic plane, classifying them as candidate post-AGB stars,
but it is unclear how the sources have been selected. Re-
cently, Stencel and Backman (1991) have undertaken a
survey for high galactic latitude SAO stars with infrared
excess, but defined infrared excesses assuming that the
12pm fluxes are photospheric, hence they select only those
stars which exhibit strong excesses at the other IRAS
bands. We try to avoid any biases looking for stars with
anomalous infrared excesses by taking the entire IRAS
colour-colour diagram into account, by not putting con-
straints on the IR colours.

The source list as presented in this paper serves as the
basis for follow-up observations, some of which have al-
ready been published (Waelkens et al. 1990a; Waters et al.
1990). These follow-up observations have shown that the
selection does not only yield post-AGB stars but also a fair
number of proto-planetary systems, Herbig Ae stars, and
Be stars. A spectacular result has been obtained for SAQ
96430 (HD 52961) which appears to be the most iron defi-
cient star discovered to date (Waelkens et al., 1990b;1991).
The paper is organized as follows: In Section 2 we describe
the application of the selection criteria. The methods used
for calculating infrared parameters are discussed in Sec-
tion 3. In Section 4 we present the results of the selection.

2. The selection procedure.

The initial constraints we have applied for the selection of
SAO stars with infrared excess are as follows:

(a) As starting point we use the magnitude limited SAO
catalog, and look for positional associations with IRAS
sources. We have chosen the SAO catalog for it is a large
catalog with excellent positional information, and fairly
reliable spectral types and magnitudes. The accurate po-
sitions allow for reliable identifications with IRAS sources.
The IPSC provides positional associations with the SAO
catalog within an area with cross-scan distances < 45"
and in-scan distances < 8” from the IRAS position.
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(b) Because post-AGB stars have spectral types interme-
diate between AGB (K and M-type) and PNe (O-type),
we selected only on spectral types B, A, F, and G.

We have used the SIMBAD data base, operated at CDS
(Strasbourg, France), to obtain more recent values for the
magnitudes and spectral types of the SAO stars. We re-
jected stars, that were in the original selection, if the im-
proved spectral type was not in the range of our selection
criteria. An object was also rejected if more than one SAO
star was associated with an IRAS point source, since then
it is not possible to determine which of the SAO stars is
the source of the infrared emission.

The selection of SAO stars in the IPSC is divided in two
parts: section 2.1 treats the entire far infrared colour-
colour diagram, except for the Rayleigh-Jeans point,
where sources with temperatures higher than 1500 K con-
verge into one point, and the presence of circumstellar ma-
terial can not be established on the infrared data alone.
This area in the colour-colour diagram will be discussed
separately in section 2.2., where additional optical infor-
mation is used.

The selected stars are listed in Table 1. It lists re-
spectively the SAO number, and if present, the HD, HR
numbers, and names, the V magnitude, (B — V), spectral
type, 1950.0 equatorial coordinates and the galactic lati-
tude, and a tentative classification of the nature of the ob-
jects. Furthermore the infrared data are given, the fluxes
in Jansky at the 12, 25, 60, and 100 gm band, and the
flux qualities. The next columns present the IR excesses
in magnitudes (calculated in Sec.3), the last column gives
the derived colour temperatures.

2.1. STARS WITH COOL DUST.

The first part of the selection concerns a search through
the colour-colour diagram for stars which show an IR
excess in the [12]-[25] and/or the [25]-[60] colour corre-
sponding to a black body temperature < 1000 K, a tem-
perature range indicative of circumnstellar material. Here
we want to avoid the Rayleigh-Jeans point in the colour-
colour diagram, in which stars without circumstellar ma-
terial or with very hot circumstellar material are situated.
Therefore, the colour criteria on the objects are:
[12]-[25] > 0.4 or [25]-[60] > 0.3

A description of the definitions of the infrared colours and
magnitudes in this paper is provided in section 3.1.

In all cases we require a flux quality at 12pum and 25pum
larger than 1, for we will use the 12um flux to derive in-
frared excesses of the stars, while an upper limit to the
flux in the 25 pym band yields only limits for both the
[12])-[25] and the [25)-[60] colour. Furthermore, for the ob-
jects with [12]-[25] < 0.6, we require their 60 pm flux
quality not to be an upper limit (FQ = 1), this prevents
sources without IR excess, that are not detected at 60pum,
from being selected (F'Q@ is the flux quality as given by the
IPSC (IRAS Explanatory Suppl.1985), FQ = 1 implies an
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upper limit to the flux density, FQ = 2 a moderate qual-
ity flux density, and FQ = 3 implies a good determination
of the flux density). This procedure selects stars only on
their colours, the magnitudes of the excesses are not taken
into account.

From the 34,611 IRAS point sources with an association
with a SAO star, only 1579 satisfied the colour-criteria. Af-
ter selecting on spectral type we finally obtained a sample
of 414 sources 1. The remaining 414 sources are the only B,
A, F, or G type stars in the SAO catalog with colour tem-
perature indicative of circumstellar material in either the
[12]-[25] or the [25]-[60] colour. The distribution of these
sources in the colour-colour diagram is plotted in Fig. 1.

lifllllllllll'llllllllll
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Ficure 1. All SAO stars with spectral types B, A, F, and G which
have colours [12]-[25] > 0.4 or [25]-[60] > 0.3 in the IRAS catalog.
These colours correspond to black body temperatures < 1000 K.
The solid line represents a black body line. Some temperatures are
indicated.

2.2. STARS WITH HOT DUST.

The second part of the selection of SAO stars with infrared
excess treats the Rayleigh-Jeans point. In the Rayleigh-
Jeans point all sources with temperatures larger than
about 1500 K will converge, as the slope of the Planck
function does not change in the IRAS wavelength range.
This implies that we can only calculate a lower limit to
the temperature of a source in the Rayleigh-Jeans point.
As a consequence one only expects to see photospheric in-
frared radiation of stars in this part of the colour-colour
diagram. However, stars with very hot dust (X 1000 K)
are located in the Rayleigh-Jeans point as well. Here we

1t appeared that although SAO 151362 (the famous Red Rect-
angle), is located only 11 arcseconds from the IPSC position,
the IPSC does not give an association with this star. Probably
because the separation is larger than the in-scan cut off used
for the association. Since the Red Rectangle is definitely asso-
ciated with the IRAS Point Source we have included the star
in the sample
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try to select these stars establishing the presence of an
infrared excess by combining the optical information with
the observed 12 pm flux.

In order to complement the first part of the selection we
use a rather broad definition of the Rayleigh-Jeans point.
The initial requirements for the stars concerned are:

[12] — [25] < 0.6

Here we also require flux qualities of the 12 and 25 ym

detections larger than 1. We do not put any constraints
on the 60 pum flux quality, since we have not taken objects
with an upper limit on the 60 ym flux, and a high [12]-[25]
colour temperature into account in the first part of the se-
lection in Sec. 2.1. The reason to include them in this part
is that we expect the sources to be hot, so the 60 pm flux
will be lower than the 12, and 25 pm fluxes, with a large
chance of being under the detection limit. The upper limit
on the 60 pm flux, implies an upper limit on the [25]-[60]
colour as well. This means that these sources could possi-
bly be located in the Rayleigh-Jeans part of the diagram.
We found 983 IRAS point sources associated with SAQO
stars with spectral type B,A F, and G in this region.
For the calculation of infrared excesses we adopt the
method applied by Waters et al. (1987), who derive an em-
pirical relation between the far infrared emission and the
B and V magnitude for normal stars. Using all stars with-
out infrared excess in the Bright Star Catalog (Hoffleit and
Jaschek, 1982) that were detected at 12 um by IRAS, they
obtain a unique (B — V), (V — [12]) relation. This rela-
tion was derived ignoring interstellar extinction which was
estimated to be low, for the Bright Star Catalog contains
relatively nearby stars. Using the (B — V), (V — [12]) re-
lation the photospheric 12 pm magnitude can be derived
from the B and V magnitudes of a star:

V —[12]=0.05 + 3.13(B-V) - 1.26(B-V)? +
0.29(B-V)® + 0.16(B-V)* (1)

where [12] is the 12um magnitude as defined in section
3.1.

Knowing the visual magnitude V, and the colour index
(B = V), one can predict the photospheric 12 pm mag-
nitude. The difference between the observed IRAS 12 ym
magnitude and the photospheric 12 pm, will be the mag-
nitude of the possible 12 ym excess.

If we apply Eq. (1) to calculate the expected 12 pym flux
for stars with significant reddening (either circumstellar
or interstellar), this may result in an underestimate of the
V — [12] excess, and thus lead to erroneous results. How-
ever, in practice the error turns out to be rather small
because the slope of the (B — V), (V — [12]) relation is
close to that of the interstellar reddening vector.

A confirmed IR excess is assumed when the stars show a
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12pm excess larger than one magnitude. This cutoff value
has been chosen so that the intrinsic width of the relation,
(estimated to be 0.1-0.2 magnitudes), and the possible er-
ror in the determination of the photospheric 12um flux
density for the brighter stars, does not seriously affect the
selection.

Almost all SAO stars in the IPSC with flux qualities larger
than 1 in the 12 and 25 pm band satisfied the colour cri-
terium, 12,299. A lot of these point sources had multiple
associations, probably because of source confusion. The
photospheric radiation of cool stars peaks in the near-
infrared, and will be quite strong in these IRAS bands.
Note that the problem of source confusion plays a more
important role in this part of the selection, than in the one
described above. There one only expects source confusion
with (other) mass losing stars, while in this part one se-
lects a priori on colours expected from cool stars.

After rejecting all double associations and stars with spec-
tral types other than B, A, F, or G a sample of 983 stars
remained. From these 983 sources only 56 show an excess
of more than 1 magnitude in the V — [12] colour.

1lellll'l][llll
10 — —
- R —
L. ) 0 .. ¢ .—
. . . .
= y et
5'_ ...0 o
| . . . ¢
- . o o
> . . .J. !.c

Ficure 2. All SAO sources with spectral type B, A, F, and G with
colour [12]-[25] < 0.6. The full line is the (B — V),V — [12] relation
(Eq. (1)). Stars above the dashed line were included in the sample.

As an illustration of this part of selection we present
in Fig. 2 a (B —V),(V —[12]) plot of the 983 SAO sources
of spectral type B, A, F, G which lie in the Rayleigh-
Jeans part of the colour-colour diagram. The solid line
represents Eq. (1), while the dashed line is the cut-off in
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the V —[12] excess used. The second part of the selection
yielded 56 objects. The overlap with the first part is 8
sources, resulting in a total sample of 462 sources.

2.3. EFFECTS OF CIRRUS ON THE SELECTION.

It may be possible that the presence of cirrus could have
influenced our selection in such a way that sources which
originally do not show excess infrared emission, may show
excess in the 25 or 60 pm, due to cirrus. We have investi-
gated the influence by checking the derived excess magni-
tudes (see Sec. 3) versus the CIRRUS 1 and 2 flags (IRAS
Expl.Suppl.). The CIRR1 flag gives information on the
number of 100 um sources within 30 arcminutes around
a source, and the CIRR2 compares the extended emission
at 100 pm with the source flux. It turned out that there
is not a correlation between the presence of cirrus and the
magnitude of the derived excesses. From this exercise we
can conclude that at least in a statistical sense our sample
1s not affected by cirrus.

3. Infrared definitions.

Following the definitions of infrared colours and magni-
tudes as described by Waters et al. (1987), we do not ap-
ply colour corrections to the IRAS fluxes. For the calcu-
lation of the magnitudes (used for the IR colours and the
photospheric 12 pm magnitudes), for which a 10* black
body is used originally in the IRAS Explanatory Supple-
ment (1985), we do take this correction into account. The
measured IRAS fluxes are converted to magnitudes using
the definition for zero magnitude given in the IRAS Ex-
planatory Supplement (1985). There it is described that
the absolute calibration for the 12 gm magnitude was set
so that the colour corrected flux density of a Tau corre-
sponded to ground based measurements. The behaviour
of a 10* K black body occupying a solid angle of 1.6 x
10~16 steradians was normalized to the 12um magnitude
of o Tau, and extrapolated to 100pm to define a magni-
tude for the other IRAS wavelength bands.

The zero magnitude flux densities given in the Expl.Suppl.
however are not corrected for a 10% black body, which
would lead to a different determination for the far-infrared
magnitudes of @ Tau itself. In order to be consequent, and
use magnitudes as they should be, one has to correct all
IRAS fluxes to a 10% black body first. The magnitudes as
we apply them, can be written as follows:

K f,[0.00 mag])
Jv

with m,, the magnitude at wavelength A, f,[0.00 mag], the
flux density in Jy corresponding to the zero magnitude, as
given by the IRAS Explanatory Supplement (1985), K is
the colour correction factor to a 10 K black body, and £,
the IPSC flux in Jy.

The colour-correction factors for a 10* K black body, are

my = 2.5 log ( 2
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1.45, 1.41, 1.32, and 1.09, for the 12, 25, 60, and 100um
bands. This results in zero magnitude flux densities 41.04,
9.49, 1.57, and 0.47 Jy respectively.

3.1. DETERMINATION OF IR EXCESS.

The IR excess per IRAS band (in magnitudes) is calcu-
lated by taking the difference between the observed in-
frared magnitude and the stellar photospheric contribu-
tion to the IR emission. The photospheric contribution
at 12pm is calculated using the relation by Waters et al.
(1987) (Eq. (1)).

The photospheric magnitudes at the other IRAS bands
can be calculated using the intrinsic colours for normal
stars, as provided by the IRAS Expl. Suppl.:

[12] — [25] = —0.03 (3)
[25] — [60] = —0.03 4)
[60] — [100] = —0.06 (5)

These values have been found using observations of the
Sun, and several stellar model calculations. We can cal-
culate the predicted photospheric magnitude of the other
bands by adding the predicted 12 pym magnitude and the
intrinsic colours. However, when using the definition of
magnitudes as given in Eq. (2), the colours should be the
difference of magnitudes with a colour correction to a 10%
K black body, as is not the case with the intrinsic colours
in the IRAS Expl. Suppl. In passing we note that Coté and
Waters (1987), who apply the same method to determine
far IR excesses of Be stars, use these intrinsic colours di-
rectly, while they use the definition for the observed mag-
nitudes of the Be stars given in Eq. (2). Although the dif-
ference between the IRAS Expl. Suppl. colours and the
correct colours is large, it does not affect their main re-
sults.

With this correction the intrinsic colours of normal stars
become:

[12] — [25] = 0.00 (6)
[25] — [60] = 0.05 (7
[60] — [100] = 0.15 (8)

The IR excesses that have been calculated are listed in
Table 1. For detections with Flux Quality = 1 no excess is
given. Using this method it is possible to obtain negative
excesses, the reason for this is twofold; (i) stars with only
excess fluxes at 25 pum or 60 pym will have photospheric
fluxes at 12 pm, the intrinsic width of the (B—V, V —[12])
relationis 0.1-0.2 magnitudes, resulting in (small) negative
calculated excesses. (ii) if a star is reddened by a large
factor, the star moves to the right in Fig. 2, and a smaller
excess is derived. Note that this effect only appears for
a small number of sources, since smaller reddening effects
are balanced by the slope of the (B—V, V —[12]) relation.
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3.2. DETERMINATION OF DUST TEMPERATURES.

Dust temperatures are derived from a black body fit to the
monochromatic excess fluxes. Since there are several meth-
ods used for deriving temperatures to the IRAS fluxes,
we stress that we use monochromatic fluxes as input for
the fit. For the calculation of the monochromatic excess
fluxes, we subtract the predicted monochromatic photo-
spheric flux from the monochromatic observed flux.

The observed IRAS fluxes have been converted into
monochromatic fluxes using the colour temperatures in ta-
ble VI.C.6 of the IRAS Expl. Suppl. (1985), and the colour
corrections for these temperatures. This will remove the
bandwidth effect of the IRAS filters.

Further, the monochromatic photospheric flux density can
be calculated from the predicted photospheric magnitude,
which is, taking into account the colour correction for 104
K,

my,

o = £,[0.00mag) 10~ (Z#54) Jy.

The difference between the monochromatic observed
fluxes and the monochromatic predicted fluxes is then the
monochromatic excess flux density, which is used as input
for the black body fitting.

The black body fit was done by comparing a range of black
body curves to the excess fluxes, the temperature with the
smallest deviation from the excess fluxes was taken as the
final temperature. We do not use excess magnitudes be-
low 0.15 mag for the fitting, since the errors we make in
establishing the excess magnitude are of that order. The
derived temperatures are mean colour temperatures of the
circumstellar dust shells. They do not have any physical
meaning in cases where the IR emission is due to thermal
free-free emission.

4. Results.

In Table 2. the distribution of spectral type of the sources
is presented. Between brackets are the percentages.

Table 2. Distribution selected sources over spectral

type.
Luminosity Spectral Type
Class B A F G

I-11 21 12 28 12
(45%) (2.6%) (6.1%) (2.6%)

III-v 172 49 37 29
(37.2%) (10.6%) (8.0%) (6.3%)

Unknown 24 41 11 26
(52%) (8.9%) (2.4%) (5.6%)

Total 217 102 76 67
(46.9%) (22.0%) (16.5%) (14.5%)

The large number of B dwarfs in the sample, is a result
of the effective way with which this selection picks out Be
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stars, of which 109 entered our sample. Also note the large
fraction of F stars among the supergiants, many of which
have been classified earlier as post-AGB stars ( Waters et
al. 1990; Waelkens et al. 1990a).

The distribution of the sources with different spec-
tral types in the IRAS colour-colour diagram is shown
in Fig,. 3.
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Ficure 3. The distribution of the stars in the IRAS colour-colour
diagram is plotted for the spectral types B,A,F, and G. In Fig. 3a
are the Supergiants (I-II), while in Fig. 3b the Dwarfs (III-V) are
shown. The solid line represents a 10* K black body on which the
black body radiation of a cooler component is superposed. At the
tickmarks the temperature of the cool component is indicated. The
dashed line follows the position of a power law spectrum S, o« v®,
where some values of o are marked. Notice that the [12]-[60] colour
is plotted against the [12]-[25] colour. This enhances the differences
between the temperatures compared to the usual [25]-[60] colour on
the vertical axis.

The solid line in the figure represents the total emis-
sion from a star with temperature 10* K, superposed on
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a range of black bodies with temperature from 2000 K to
30 K, with an effective radiating surface which is a fac-
tor 102:5 larger than that of the star. This should be fairly
representative of a star surrounded by a circumstellar dust
shell.

The dashed line gives the location of power law energy
distributions with slope S, o v, with several values of «
indicated. IR emission due to free-free radiation of ionized
circumstellar gas can usually be represented by a power
law spectrum, where the slope of the power law depends
on the density gradient of the ionized gas (Waters 1986).

In spite of the simplicity of the models, they explain
the location of most objects quite well. As we can see in
Fig. 3 a large number of the B dwarfs are located around
the power law line for @ = 1, the region where Be stars
are located. The B dwarfs above the loop lie in the region
of the colour-colour diagram where most HII regions are
found to be (see for example Pottasch et al. 1988).

We have also investigated whether the colour temper-
atures of the infrared excesses are correlated with spectral
type. In Fig. 4a+b we show the temperature distribution
of the dwarfs and supergiants. It appears from the dwarf
(luminosity class III-V) temperature distribution that the
temperatures show a large peak in the interval 100-200
Kelvin, and a second peak in the range 300-500 Kelvin.
Especially for the B dwarfs the second peak is very promi-
nent. This peak is a result of the temperatures derived
from the IR excesses of, mostly, free-free emitting Be stars.
A colour temperature denoted to their IR excesses would
have values in this range. When we exclude all Be stars
from the B dwarf sample, the resulting histogram shows
a peak at 100 K, followed by a shallow decline towards
higher temperatures. The second peak is still present but
less dominant, as shown by the dashed line in Fig. 4b.
If one assumes that for all sources an expanding, cooling
dust shell is responsible for the IR radiation, then it can be
shown that a source will exist longer with a cool dust shell
rather than with hot dust (e.g. Willems, 1987). This ac-
counts for the large fraction of stars with cool dust. For the
dwarf type stars, no real difference for the spectral types
is present. The supergiant (I-1I) temperature distribution
is different from the dwarf temperature distribution. Al-
though we use small numbers, especially when using the
supergiants from our sample, the data suggest that the
temperature range for the supergiant sample is broader
than for the dwarf sample. Almost no cool (Teolour <
100 K) dust is present for the supergiants, contrary to the
distribution for the dwarfs. These cool dust shells around
dwarfs can be a hint for planet formation. The overall be-
haviour of the temperatures of the supergiants between
the spectral types is the same. Summarizing we conclude
that there is a distinction between the temperature dis-
tribution of the dwarf sample and the supergiant sample,
but no clear difference between spectral types B, A, F,
and G within these two samples.
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Ficure 4. The distribution of the derived colour temperatures for
the different spectral types. In Fig. 4a the distributions for the su-
pergiants and in Fig. 4b for the dwarfs are shown. The dashed line in
the histogram for the B dwarfs represents only the B dwarfs without
emission characteristics.

5. Conclusions.

We have searched the IRAS Point Source Catalog for
SAOQ stars with anomalous infrared excess, indicating cir-
cumstellar material. The entire IRAS [12]-[25]-[60] colour-
colour diagram has been taken into account for this search.
The selection provided a sample of 462 stars out of which a
large number of B dwarfs has been selected. This is a result
of the effective way our method includes Be stars. Stars
which are suspected to have circumsteliar dust shells, have
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a colour temperature distribution which peaks at 200 K
independent of spectral type. Many supergiant type stars
have been classified before as post-AGB stars. Although
the selection included a large number of stars which are
certainly no post-AGB candidates (e.g. the Be stars), more
observations will be done to determine the nature of the
objects of which the nature is not yet known. A future
paper will treat the sample of post-AGB candidates in a
statistical sense, with the inclusion of selection effects that
have come into this sample.
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Notes to Table 1

The spectral types are the spectral types given by the SAO Catalog, while most are the improved
spectral types provided by the SIMBAD database. The spectral types indicated by ***’, are derived
by Waelkens et al. (1990a, 1990b). The coordinates are the IRAS coordinates of the sources. For
the identifications of the nature of the stars, only those known to the authors have been included.
We have not tried to be complete in this. The following terms are used: Be, Be star; binary, either
visual or physical binaries; C*, C star; He*, Helium star; Herbig, Herbig Ae or Be object; LBV,
Luminous Blue Variable; PMS Pre-Main-Sequence Object; PN, Planetary Nebula; postAGB, post-
AGB candidate; RCrBr, R Cor B type star; RV Tau, RV Tauri object; Vegatype, planet forming
systems
Note that the stars marked with an °L’, have Lynds (1962) dark clouds very close to the IRAS
point source, so that contamination can be severe. SAO 161118 has been marked with *HII’; the
HII region is in this case closer to the IRAS point source than the SAO star.
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