
 

 

 University of Groningen

Evolved stars with circumstellar shells
Oudmaijer, René Dick

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
1995

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Oudmaijer, R. D. (1995). Evolved stars with circumstellar shells. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/90eec8fe-97a6-46af-ae3c-6669120d369a


5 A search for hot post-AGB stars
in the IRAS Point Source Catalog ?

Abstract. In this chapter a first step is made to search for hot post-AGB stars
in the IRAS Point Source Catalog. By selecting objects that were not detected at
the IRAS 12�m passband, stars with cool dust shells were retrieved.
The selection yielded 15 objects, of which 12 have spectral type B, and would
appear to be efficient in finding hot stars. However, this result does not necessarily
mean that these are old evolved objects. Some stars are associated with dense
galactic cirrus and are probably normal massive supergiants, a number of stars
are good post-AGB candidates because of their galactic latitudes and their cool,
extended infrared emission. The possibility remains that these objects are normal
supergiants heating the local interstellar medium.
Finally, three objects appear to be genuine post-AGB stars, as is attested by their
spectral and photometric properties. The main conclusion derived from modelling
their spectral energy distributions is that the objects evolved off the AGB about
1000 years ago, significantly longer than what is found for other post-AGB stars.
Emission lines have appeared in the spectrum of one of these objects, SAO 243756,
over the last 20 years. SAO 243756 bears close resemblance to other objects that
have been proposed to have entered the Planetary Nebula phase recently.
Several aspects of the problem of selecting post-AGB stars in general are dis-
cussed.

1 Introduction

Since Bidelman (1951) drew attention to the existence of peculiar F-type supergiants at
high galactic latitudes, interest has grown for these objects. IRAS data showed them to
have a considerable infrared excess due to circumstellar dust (see e.g. Parthasarathy and
Pottasch, 1986; Trams, 1991), which led to the suggestion that these objects may be in
transition from the Asymptotic Giant Branch (AGB) to the Planetary Nebula phase (PN).

During this transition, the post-AGB or proto-planetary nebula phase, the AGB dust
shell moves away from the central star, and becomes optically thin after a few hundred
years. The originally obscured star will become optically visible again. The transition

? This chapter has been accepted for publication in A&A
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between the AGB and PN is believed to be very short, of the order of several thousand
years, implying that not many post-AGB stars are known. For further reading on the
subject see Waters et al. (1993) and Kwok (1993).

One of the searches for post-AGB stars was undertaken by Oudmaijer et al. (1992,
hereafter paper I) who performed a systematic search for stars with infrared excess by
cross-correlating the SAO catalog (1966) with the IRAS Point Source Catalog (PSC, see
IRAS Explanatory Supplement (IES),1985), and found 73 B, A, F and G stars with super-
giant spectral type that have an excess emission in the infrared. Among these supergiants
almost all already known, and several new optically bright post-AGB stars were found. An
intriguing result of this cross-correlation is the fact that most of the selected supergiants
are of F-type.

Other IRAS based selections like e.g. Hrivnak et al. (1989), Volk and Kwok (1989)
and Slijkhuis (1992) yield large fractions of G type stars. There appears to be a trend in
that IRAS (i.e. infrared) based selections seem to preferably yield cool post-AGB stars.
This observation is in contrast with the results of evolutionary models presented in the
literature. According to these models, a star in transition from the AGB to the PN phase
is predicted to spend most time as a B star. The expected distribution of spectral types
during the transition of a star from the AGB to the PN phase can be calculated from the
post-AGB evolutionary tracks of Schönberner (1981, 1983).

The typical temperature range of the post-AGB transition is assumed to range from
5000 K to 30,000 K; at 5000 K the star moves off the AGB and 30,000 K is the ‘canonical’
temperature where the central star starts to ionize its circumstellar material. The resulting
distribution for Schönberners 0.598 M� track is presented as a histogram in Fig. 1.
Roughly 70% of the time during the transition the star has spectral type B. Even if the
PN temperature would be decreased from 30,000 to 20,000 K, a large fraction of the time
would still be spent as a B type star. The calculations by Schönberner for other core masses
show qualitatively the same result.

We investigated this apparent inconsistency between observations (where predomi-
nantly cool objects are found) and theoretical predictions (that predict a star to spend
most of the post-AGB phase as a B star) by performing radiative transfer calculations
mimicking an evolving central star with an expanding dust-shell. It appears that a few
hundred years after the star has left the AGB, the dust shell has cooled rapidly, hardly
contributing to the IRAS 12 �m flux, yet still observable at 25 and/or 60 �m (Oudmaijer
et al. 1993, for a recent analysis see van Hoof et al. 1995). Since the previously mentioned
selections in the IRAS catalog always required at least a detection at 12 �m, it is easily
understood that infrared based samples are biased towards younger and thus cooler stars.

Therefore it is appropriate to check whether there exist optically visible stars with a
cool (i.e. old) dust shell in the PSC. This is done by selecting SAO stars in the PSC that
have not been detected by IRAS at 12 �m. That an approach like this may be feasible was
already illustrated by the searches for young PN by Ratag et al. (1990), Ratag and Pottasch
(1991) and Van de Steene and Pottasch (1995). They performed a radio survey of IRAS
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Figure 1 The percentage of the transition time from 5000 K to 30,000 K of a 0.598 M� post-AGB
object spent as a G, F, A, and B star.

sources with PN type colours. Their observations showed that most radio detections, a
strong hint for the presence of a PN, appeared for sources with only 25 or 60�m detections.

2 Sample selection

Since I am interested in the SAO stars in the IRAS PSC that are not detected at 12 �m
by IRAS, the only selection criterion is an upper limit (Flux Quality = 1) to the 12 �m
flux density and a detection (FQ = 2 or 3) at 25 and/or 60 �m. This selection resulted in
a sample of 253 objects. Almost none of these stars has been reported in the literature to
have an infrared excess.

The PSC provides associations of in total 34,611 point sources with an SAO star (some
of the IRAS point sources have more than one association), the vast majority has a flux
quality larger than 1 at 12 �m. As shown in Paper I, only 462 of these stars with spectral
types B, A, F or G have an infrared excess with respect to the expected photospheric
radiation. Post-AGB stars have low surface gravities, and as such exhibit a supergiant
type spectrum (see e.g. Trams et al. 1991). The next step was to select the supergiants
(luminosity class I and II). As the SAO catalog does not provide luminosity classes, the
SIMBAD database was employed to obtain the spectral types of the objects. Only for
about half of the sample a luminosity class is present. To obtain the spectral types for
the remainder of the sample, observations are in progress. In the sample for which good
spectral types and luminosity classifications are available, 23 stars have luminosity class I
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Table 1 SAO supergiants with FQ12=1, detected in at least two bands

SAO HD V (B�V) SpTp RA Dec. b F12 F25 F60 F100 FluxQ
(1950.0) (Jy) (Jy) (Jy) (Jy)

94416 34033 8.66 1.09 G8 II -III 5:12:10.6 12:57:29 -14.57 0.25 0.30 1.82 8.66 1 1 3 3
12455 17327 7.43 0.34 B8 II 2:45:50.6 64:25:26 4.61 0.34 0.49 3.78 9.60 1 3 3 3

152360 53756 7.36 -0.11 B2/3 II 7:03:22.9 -12:44:04 -2.70 0.25 0.58 1.92 2.32 1 3 3 1
152697 56952 9.20 -0.20 B3 II 7:16:13.9 -17:05:52 -1.98 0.25 0.93 4.29 6.96 1 3 3 1
173547 57756 8.40 0.30 B9II/III 7:19:35.5 -20:19:00 -2.81 0.25 0.25 1.17 4.22 1 1 3 3
240664 114855 8.39 0.84 F5 Ia/Iab 13:11:05.3 -54:25:41 8.03 0.31 2.11 7.60 5.33 1 3 3 3
241580 124601 6.39 2.04 M5 IIevar 14:12:56.9 -59:40:55 1.2 489.00 199.00 24.30 50.40 1 3 3 1
225457 133656 7.50 0.37 A1/2I b/I 15:03:59.5 -48:06:23 8.65 0.25 4.29 3.61 7.98 1 3 3 1
243233 143054 9.10 0.10 B3II/III 15:56:39.3 -50:43:25 1.59 2.09 1.06 4.19 216.00 1 3 2 1
243756 9.76 0.31 B8I a 16:20:43.4 -59:56:40 -7.48 0.36 11.00 12.30 4.83 1 3 3 3
227229 151212 9.19 0.16 B1/2I b 16:44:21.6 -41:03:13 2.53 0.36 0.70 5.82 128.00 1 3 3 1
162012 175623 7.16 0.22 B8 II/III 18:53:55.0 -14:55:27 -7.87 0.38 0.53 3.64 5.03 1 3 3 2

Table 2 SAO supergiants with FQ12=1, 1 band detection

SAO HD V (B�V) SpTp RA Dec. b F12 F25 F60 F100 FluxQ
(1950.0) (Jy) (Jy) (Jy) (Jy)

40342 278199 9.48 0.38 B8 I b 5:23:42.4 42:15:17 4.05 0.39 0.49 1.14 2.53 1 1 3 1
219536 68451 7.30 -0.10 B5II 8:08:47.2 -48:53:10 -8.48 0.25 0.25 1.08 15.80 1 1 3 1
221325 83281 9.59 0.42 B2/3II 9:33:53.8 -49:59:44 1.35 0.37 0.26 0.85 12.00 1 1 3 1
238003 90135 9.38 0.07 B1/2I b 10:20:57.0 -54:20:06 2.26 0.32 0.25 0.99 24.20 1 1 3 1
242725 138535 9.40 0.30 B8I b/II 15:31:30.0 -57:49:01 -1.76 1.75 0.50 1.98 65.00 1 1 3 1
244390 153642 9.30 0.10 B3II/III 16:59:23.0 -52:14:47 -6.53 0.25 0.25 1.27 26.00 1 1 3 1

69795 334039 8.28 0.75 B9Ib-II 20:16:25.4 30:39:51 -2.84 0.55 0.25 0.96 5.70 1 1 3 1
238497 93795 8.55 0.79 A2/3psh.. 10:46:24.6 -59:16:34 -0.3 1.36 3.55 6.39 52.70 1 3 1 1
251447 100323 8.59 0.02 B0.5/1 I 11:29:48.6 -63:37:59 -2.4 0.39 3.84 32.20 198.00 1 3 1 1
161293 9.26 0.65 B0 II 18:15:21.7 -12:12:00 1.7 2.24 2.65 51.70 1890.00 1 3 1 1
161368 168552 8.09 0.30 B2/3Ib/II 18:18:06.0 -17:10:32 -1.3 5.71 1.68 20.70 428.00 1 3 1 1

Listed in the tables are the SAO and HD entries, The V, and (B – V) magnitudes, the spectral types and optical

positions are taken from the SIMBAD database. b is the Galactic latitude. Then follow the IRAS fluxes (not

colour-corrected), with their respective Flux Qualities (1 = upper limit, 2 = moderate quality, 3 = good quality).

or II, sometimes the classification is not certain, or between II and III. These objects were
included in the sample as well. The stars without known spectral types, or objects with
luminosity classes III - V will not be discussed further in this paper. The resulting sample
is presented in Tables 1 and 2.

2.1 The nature of the sources

For some of the sources information was present in the SIMBAD database; seven of
the objects are associated with HII and star-forming regions, while one object is a Mira
variable. SAO 12455 is associated with a reflection nebula in the region near SU Cas
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(Schmidt, 1978), SAO 152360 appears to be a member of the CMa R1 star forming region
region, SAO 227229 is likely to be a part of the Sco OB-1 association (Schild et al. 1971).
SAO 161368 is a member of the open cluster NGC 6613 and may be associated with a
reflection nebula (Racine, 1968). SAO 238497 is one of the central stars in an HII region
(Hoffleit, 1956). SAO 161293 is part of an HII region (Sharpless, 1959).

SAO 219536 is a member of the open cluster NGC 2547. Its spectral type B5II however
is not in agreement with the fact that the star is located on the ZAMS of the cluster (Claria,
1982). Finally, SAO 241580 (R Cen) is a well known Mira variable, for which the upper
limit of 489 Jy at 12 �m is quite high. This value is in agreement with the other IRAS
flux densities for a normal cool star. The upper limit is probably due to the low number of
IRAS scans for this object, and not due to its faintness at 12�m.

These objects will not be discussed further in this paper. For the remainder of the
sample no relevant information concerning the nature of the stars was present in the
literature.

2.2 General properties of the sample

2.2.1 Distribution over spectral type

Of the remaining 15 objects, 12 have spectral type B (80%), while there is one A, one F
and one G object. This distribution over spectral type differs greatly from the sample in
paper I, where among the 73 supergiants (spectral type I - II), the number of B, A, F, and
G type objects is 21, 12, 28 and 12 respectively. Most of the post-AGB candidate objects
have spectral type F (Oudmaijer et al. 1993).

The few B type objects in the post-AGB sample of paper I appear to have low effective
temperatures as well; HR 4049 and HD 44179 (the central star of the Red Rectangle) are
listed in the literature as a B star, but abundance analyses showed that the effective
temperature of these objects is lower than typical for a B star, about 7500 K ( � F type,
Trams 1991; Waelkens et al. 1992). The reason that these objects were classified as B,
instead of late A or F stars which would be appropriate for their effective temperatures,
stems from the extreme metal deficiency of these stars. Due to the low metal abundances,
few metallic lines are present in the spectra. The observed spectrum mimics the spectrum
of a hot object.

2.2.2 Height above Galactic plane

Post-AGB stars often have z - heights larger than the scale-height for massive stars of
120 pc (Mihalas and Binney, 1981). In fact, it was the improbably large height above the
Galactic plane that led Bidelman to discuss these objects in 1951. To check whether this
argument can be applied here as well, the expected heights above the Galactic plane of the
stars were calculated. From the available photometry and spectral types, the intrinsic B –
V was determined using the tables by FitzGerald (1970). From the then derived E(B – V),
the dereddened magnitude was calculated. Assuming AV = 3.1 � E(B – V), the distance
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Table 3 Distances if the sample stars are massive supergiants

SAO E(B – V) V0 MV d (pc) z (pc)
94416 0.13 8.26 -2.3 1294 525
40342 0.40 8.24 -5.2 4875 344

152697 0 9.20 -4.5 5495 190
173547 0.37 7.25 -3.0/-0.6 1122/371 55/18
221325 0.61 7.70 -4.8 3162 75
238003 0.24 8.64 -5.8 7726 304
251447 0.22 7.91 -6.9 9162 383
240664 0.58 6.59 -8 9772 1365
225457 0.34 6.45 -5.2/-6.4 2137/9715 321/558
242725 0.36 8.28 -5.2/-3.1 4965/1887 152/56
243233 0.28 8.23 -4.5 3515 97
243756 0.32 8.77 -7.1 14927 1943
244390 0.27 8.46 -3/-4.5 1958/3908 222/444
162012 0.32 6.17 -3.1 714 98

69795 0.79 5.83 -5.2/-3 1606/583 79/29

Note: Objects with two values for the intrinsic magnitude, have uncertainties in the spectral type of
one subclass (see tables 1 & 2).

modulus was derived using the intrinsic V magnitudes listed in Schmidt-Kaler (1982).
The uncertainty in the spectral typing and intrinsic B – V values may result in errors in the
distances of a factor two. The results are presented in Table 3.

Six objects have inferred heights above the plane well within the scaleheight of 120
pc. The other nine objects have inferred distances larger than 120 pc. Although the
scaleheight is only a statistical determination, the fact that so many of the objects have
inferred distances above the plane larger than 300 pc, where SAO 240664 and SAO
243756 stand out with distances from the plane larger than 1000 pc, is noteworthy.

3 IRAS data

The point source correlation coefficients of some objects listed in the PSC are smaller
than 100%. In such a case either the detection has a low signal-to-noise ratio or the IRAS
source is extended. During the construction of the IRAS PSC, a template point source
was correlated with the one-dimensional scans crossing the sources. When the correlation
coefficient was larger than 97%, the source was included in the PSC. Most IRAS sources
have correlation coefficients of 100%.

To further investigate the IRAS data, I extracted the raw IRAS data using the programs
available in the IRAS-GIPSY software system developed at the Kapteyn Institute Groningen
(Assendorp et al. 1995; Wesselius et al. 1992; van der Hulst et al. 1992).
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3.1 60 �m high resolution images

The correlation coefficients of the objects may mean that these objects are extended. Also,
the rather low galactic latitudes of most objects can result in large amounts of interstellar
cirrus in the line of sight. To check whether the sources are extended and whether inter-
stellar cirrus might have contaminated the IRAS measurements, high resolution maps at
60 �m of the sources were obtained.

To this end, the maximum entropy high resolution program HIRAS available in GIPSY

(Bontekoe et al. 1994) was used. This routine is capable of achieving a spatial resolution
of order 4500 at 60 �m, considerably smaller than the two-dimensional co-adds where the
best resolution that can be reached is the detector size (9000 in the in-scan direction and
28500 in the cross-scan direction). Results obtained with this algorithm are presented by
Waters et al. (1994). The standard options were used to obtain the images. In Fig. 2 the
resulting maps with sizes of 160� 160 are presented.

Sizes of the IRAS sources were determined using a two-dimensional Gaussian fit, and
are presented in Table 4. The HIRAS routine appears quite successful in achieving a high
spatial resolution; the smallest source has a FWHM of 4200� 3800. Many sources are larger
and well resolved by IRAS. When inspecting the maps, it appears that many sources are
located in a region of extended cirrus emission, whereas some sources are isolated. Based
on the sizes and morphologies of the sources, one can divide the sample into three different
classes:

i) Objects that are not resolved, SAO 240664, SAO 243756, and SAO 225457.

ii) Objects that are extended, roughly circular and strongly peaked with respect to the
background. This group consists of SAO 94416, SAO 40342, SAO 152697, SAO 173547,
and SAO 238003.

iii) Sources that are located within a larger structure. This group is formed by SAO
221325, SAO 251447, SAO 242725, SAO 243233, SAO 244390, SAO 162012, and SAO
69795.

Although the above classification was performed independently from the calculation
of the height above the galactic plane, many objects that have distances smaller than 120
pc (Table 3), fall into the last category. SAO 251447 and SAO 244390 with a height of
200 - 400 pc are the only exceptions. Note that the morphology of the HIRAS map of SAO
244390 may indicate a bi-polar geometry.

How can these data be interpreted? The selection is biased towards cool structures.
It is possible that galactic cirrus contaminates the IRAS flux densities. The third group
of objects probably represents a small group of massive supergiants located close to the
galactic plane in regions of high cirrus density. The second group of objects might also
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Table 4 Sizes of the 60 �m sources

source FWHM FWHM

Major Minor
(00) (00)

SAO 94416 81 75
SAO 40342 111 82
SAO 152697 94 83
SAO 173547 82 79
SAO 221325 234 174
SAO 238003 101 76
SAO 251447 147 105
SAO 240664 42 38
SAO 225457 41 37
SAO 242725 167 71
SAO 243233 95 76
SAO 243756 45 36
SAO 244390 197 87
SAO 162012 141 92
SAO 69795 160 99

The sizes of the 60 �m sources are obtained by fitting two-dimensional Gaussian functions to the
images.

represent such a class. The morphology of the images implies however that the IRAS
source may be associated with the optical star. It seems very unlikely that the positional
association between an optical star and a, more or less, circular IRAS structure is a pure
coincidence. The first group appears to consist of post-AGB stars.

In the following subsections I will investigate whether it is possible that a star is capable
of heating up interstellar material and create an observable IRAS source, or whether the
IRAS map traces a large and cool circumstellar shell. Therefore, first the flux densities
will be re-determined from one-dimensional co-additions of the IRAS scans.

3.2 One-dimensional co-additions of the scans

In this section the one-dimensional co-adds of the scans are used to determine the flux
densities of the objects at the IRAS pass bands. The scans also show evidence for ex-
tended emission of some objects. The co-adds (and single scans) have broader response
functions than normal unresolved point sources have. As an example, Fig. 3 shows a
one-dimensional co-add at 60 �m of SAO 40342, one of the objects that are extended at
60 �m and SAO 240664, a normal point source.
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Figure 2 60 �m high resolution maps of the remaining 15 objects. The sizes of the maps are 160�
160. For SAO 40342, SAO 173547, SAO 221325, SAO 238003, SAO 242725, SAO 244390, SAO
162012 and SAO 69795 the contours and grayscales are given in units of 0, 0.5, 1, 1.5, 2, 2.5, 3, 4,
5, 6, 7, 8, 16, 32, 64, 128... MJy/ster. For SAO 94416 in 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 16, 32, 64, 128...
MJy/ster. For SAO 152697, SAO 251447, SAO 240664, SAO 225457 and SAO 243756 in 0, 1, 2,
4... MJy/ster. For SAO 243233 they are given in 0, 1, 2, 4, 5, 6, 7, 8, 16, 32, 64, 128... MJy/ster.
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Figure 3 One-dimensional scans at 60 �m of SAO 40342 and SAO 240664.

When the correlation coefficient of the scans was larger than 97%, a source was
included in the PSC. The flux density was measured by taking the peak of the responses
and calibrating these with sources for which the flux density was known. If a source is
extended, then the amplitude as a measure for the flux density will give an underestimate
of the real flux density. In such a case it is better to measure the area under the response
profile (see e.g. Oudmaijer and de Winter 1995).

During the processing of the IRAS PSC individual scans were used for the flux
determination. The flux listed in the PSC is the average of the individual measurements.
Since IRAS sources have been scanned about ten times, the improvement of the sensitivity
by co-adding the scans is on average a factor of 3.

The program SCANAID selects and co-adds individual (flux-calibrated) scans that
passed over a source. From the one-dimensional co-adds, the signal-to-noise-ratio (S-
NR) was determined from the noise in the local background, and a Gaussian was fitted to
the response profile. Although the response of a point source is not really a Gaussian, tests
indicate that errors of only a few percent or less are made by fitting the response curves
with Gaussians. The amplitude of the Gaussian, from which the background is subtracted,
is then the flux density. The SNR in the background provides the error of the determined
flux value.

For extended sources, the area under the peaks was measured by simply integrating
between the peaks and two points of the background. At least a 3�detection was demanded
for the determination of the flux density. The average root-mean-square noise depends
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Table 5 Newly determined flux densities

name F� F� (ex) snr F� F� (ex) snr F� F� (ex) snr F� F� (ex) snr
12 �m 25 �m 60 �m 100 �m

SAO 94416 0.20 0.24 7 0.23 0.30 6 2.13 2.83 34 7.53 10.27 84
SAO 40342 < 0.36 < 0.39 1.27 1.62 25 2.09 4.38 7
SAO 152697 < 0.27 1.15 1.67 48 5.19 8.89 30 5.49 7.10 26
SAO 173547 0.15 0.16 11 0.21 0.16 7 1.52 3.34 35 4.50 5.71 18
SAO 221325 < 0.27 0.19 0.39 8 1.13 2.05 52
SAO 238003 < 0.24 0.20 0.31 9 0.83 1.02 43
SAO 251447 0.23 0.20 10 6.92 19.21 50 26.87 43.92 10
SAO 240664 0.25 0.27 13 2.02 2.17 69 8.13 8.54 80 5.85 4.86 12
SAO 225457 0.17 0.11 7 4.36 4.81 150 3.42 3.33 26
SAO 242725 0.41 0.57 8 0.27 0.53 7 1.66 1.78 11 1.36 1.08 13
SAO 243233 < 0.36 0.92 1.62 9 4.45 4.49 11
SAO 243756 0.20 0.20 7 10.74 12.65 358 10.41 9.77 151 4.49 4.97 11
SAO 244390 0.18 0.09 5 0.11 0.16 5 1.41 2.20 23 2.92 3.16 20
SAO 162012 0.41 0.63 29 0.67 1.90 17 5.19 8.12 44 3.63 4.07 38
SAO 69795 0.24 0.29 10 0.14 0.17 6 1.02 1.69 33 3.93 3.52 11

Note: the first entry, labeled ‘F� ’ is the flux density determined from the amplitude of the responses,
the second entry ‘F� (ex)’ is the flux density determined from the area under the response curve.

on the background values, and varies between 0.01 and 0.1 Jy. The results are listed in
Table 5.

The table provides the following information; the flux densities from the peaks are
given, the flux densities under the area of the scans, and the signal-to-noise ratio of the
detection. For some objects it was not possible to locate the source in the co-adds, due to
the strong background. In these cases the entries are left blank. The values listed in the
PSC for such sources are upper limits equal to the flux value of the background. SAO
240664, SAO 225457, and SAO 243756 are the only objects that appear point sources at
all wavelength bands. The other sources are resolved at 25 and/or 60 and 100 �m. The
peak fluxes obtained for the point sources with SCANAID lie within 10% of the IRAS PSC
values. The 60 �m flux density of SAO 243756 however is 20% lower than the PSC
value. Checks on the individual scans confirm this result.

The difference between the values obtained with the peak flux and the integrated area
for the three point sources is within 10 %, and gives an idea of the magnitude of the errors
of the method using the integrated area. Note that the 100 �m flux for SAO 240664 from
the integrated area differs by about 17 % from the amplitude, this stems from the fact that
it was difficult to estimate the background value. The error bars on the integrated area
values for, especially, the fainter sources will be of the order of 20%, and are probably
even larger for the faintest sources, where the response profile is difficult to define.

Most sources are extended at the IRAS wavelengths, and the effect on the flux densities
is clear; the flux densities determined by integrating under the response profile are larger
than those derived from the peak values.

For some sources listed in the table, the peak flux is larger than the integrated area. In
most cases the difference is within the estimated error of 20% on the flux determination
from the integrated area.
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4 The nature of the sources

In the following, the sample will be divided in two parts; objects that are extended and
those that are not.

4.1 The extended sources at 60 �m

The first question one might ask is whether it is useful to consider the extended objects
as post-AGB candidates at all. The a priori selection criterion of an upper limit at 12 �m
biases the sample towards cool structures, which may not be a cool circumstellar shell,
but for example interstellar material heated by the star.

Except for HR 4049 (Waters et al. 1989), where there is an indication for extended
emission at 100 �m, no known post-AGB candidate star has yet been found to have
extended emission in the IRAS data. However, there exist old Planetary Nebulae at
relatively large distances (� 1 kpc) with cool extended envelopes detected in the IRAS
data (see e.g. Leene, 1987; Leene et al. 1988), some of them resolved in CO with sizes
larger than 10 (Bachiller et al. 1993). The latter authors derive kinematical ages of the
envelope of the order of 10,000 years.

On the other hand, the star may be located in regions of dense interstellar cirrus. In
such a case the stars can heat up the cirrus, and create an observable IRAS source.

4.2 An example; SAO 40342

Some test calculations were performed to investigate whether the observed infrared excess
could be an extended circumstellar shell or a result of a density enhancement in the local
interstellar medium. To this end, I singled out one of the objects, SAO 40342, a B8I
star with a visual magnitude V = 9.4. The object appears isolated and no relevant data are
present in the literature concerning its nature. The reddening determined from the observed
B–V and spectral type is E(B – V) = 0.40. If SAO 40342 is a true massive supergiant, the
distance is 5 kpc, with a luminosity� 16,000 L�. If the object were a post-AGB object,
the luminosity would lie in the range 1000 - 50,000 L�. The size of the 60 �m emitting
region around SAO 40342 is 11000 � 8000 (FWHM, see Table 4).

Bearing in mind that 10 corresponds to 1.5 pc at 5 kpc (=1.3� 106 R�), any reasonable
model for the infrared emission from SAO 40342 should be able to reproduce both the
size and the brightness of the infrared data.

Case 1, a circumstellar shell. In order to model a circumstellar shell around SAO 40342 I
use a dust model that assumes the dust to be optically thin. This model was first described
by Sopka et al. (1985), and used by Waters et al. (1988), Trams (1991), Bogaert (1994)
and van der Veen et al. (1994) to fit spectral energy distributions of post-AGB stars, and
by Oudmaijer et al. (1993) to follow the time evolution of an expanding circumstellar
shell. The dust properties are taken from Hildebrand (1983): �d = 3 g cm�3, Q(�) =
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Q0 (�=�0)�p, with Q0 = 7:5 10�4 at �0 = 125 �m, the grain size is taken to be 0.1 �m. A
gas-to-dust ratio by mass of 100 is assumed.

Input parameters for the fit are the inner and outer radius of the dust shell rin and rout,
the slope of the radial density distributionn of the dust, and the exponent of the power law
representative for the dust absorptivity/emissivityp. As I only want to investigate whether
a circumstellar shell can reproduce the flux and extent, some simplifying assumptions are
made: the radial density distribution of the dust is assumed to follow a power law with
slope n = –2, corresponding to a constant mass loss rate and constant outflow velocity.
The dust emissivity, p, is taken to be 1, as found for most circumstellar shells (van der
Veen et al., 1994).

Assuming the dust to be in thermal equilibrium with the stellar radiation field one can
write:

rout

R�
=

T0

Trout

(4+p)=2

(1)

where T0 is the normalization temperature (Sopka et al. 1985) which is 6875 K in the
case of a 11,000 K star. With p = 1 and Trout = 15 K, typically the temperature of the
interstellar medium, the maximum rout where the dust is actually heated by the star is 4.5
� 106 R�, irrespective of the bolometric luminosity of the object.

The star was represented by a Kurucz (1979) model with Teff = 11,000 K and log g =
2.0. For a given inner and outer radius the model calculates the relative flux from the dust,
which is scaled to the observed 60 �m flux density. The scaling factor is proportional to
the grain density at a fixed radius for which the stellar radius is used. No attempt is made
to actually find the best fit to the observations.

In Table 6 the results of several test calculations are presented for different values of
the inner and outer radius. Also listed in the table are the dust mass loss rates if the source
were located at a distance of 1 kpc (the mass loss rate is proportional to the distance) and
an outflow velocity of 10 km s�1.

When the inner radius is small (i.e. << 104 stellar radii), the temperature at the inner
boundary of the shell is too high to reproduce the observed low flux values. Indeed, a
larger inner radius decreases the model fluxes well below the observed upper limits at 12
and 25 �m. The outer radius of 107 stellar radii results in 100 �m flux densities that are
comparable to the observed flux density for most values for the inner radius. When the
inner radius is increased to 106 R�, the scaling factor needed to fit the model 60 �m flux
density to the observed one, becomes too large, and the resulting 100 �m flux increases
as well. A circumstellar shell seems to be able to reproduce the IRAS fluxes and extent of
the IRAS source.

Case 2, a constant density interstellar medium. In order to simulate the effect of a star
that is located in a dense region of interstellar material, the same procedure is followed,
but now assuming a constant dust density distribution, i.e. n = 0.
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Table 6 Model calculations for a circumstellar shell around SAO 40342

rin rout F12 F25 F60 F100 nd
�Md

R� R� Jy Jy Jy Jy cm�3 M�/yr
103 107 4.9 4.4 1.6 0.7 1.2 1.7 10�9

104 107 0.03 0.13 1.6 2.0 7.7 1.2 10�8

105 107 0.03 0.13 1.6 2.0 7.7 1.0 10�8

105 108 0.03 0.13 1.6 2.0 7.7 1.2 10�8

106 107 0.03 0.01 1.6 12 401 5.8 10�7

obs. <0.36 <0.39 1.62 4.38

Model calculations for n = 2 and p = 1, the flux densities are calculated by folding the energy
distribution with the IRAS passbands, scaled to the 60 �m flux density.

The results of the calculations are shown in Table 7. In this table, the relevant parameter
is the dust particle density, for which values of order 10�11 cm�3 yield results in agreement
with the observations. This value can be related to the typical hydrogen particle density of
denser parts of the interstellar medium which is� 20 cm�3 (“cold Neutral Medium", see
e.g. Brinks, 1990). The relation between the dust particle density to the hydrogen particle
density can be expressed as:

nD � 1:3� 10�11

�
0:1
a

�3� 3
�D

��nH
100

��100
Ψ

�
cm�3 (2)

withND the dust particle density in cm�3, a the dust particle size in �m, �D the density of
a dust grain in g cm�3, nH the hydrogen particle density in cm�3, and Ψ the gas-to-dust
ratio of the interstellar dust by mass.

A hydrogen particle density of about 100 cm�3 corresponds to dust particle densities of
order 10�11 cm�3, in fair agreement with the model calculations. Therefore, the presence
of dense interstellar material could well reproduce the observed IRAS fluxes.

4.3 Concluding remarks on the extended objects

In the previous subsection it is shown that the circular extended emission around a star
can be due to either an extended circumstellar shell or due to dense interstellar material in
the vicinity of the star. Based on the present data however it is not possible to distinguish
between these two options. Follow-up CO observations to investigate the structure and
kinematics of the gas and high resolution optical spectroscopic observations to study the
stellar photosphere are necessary to answer this question.

The objects that are located within a large structure in the IRAS maps are likely to
be massive supergiants located in a region of cirrus, based on their low heights above
the Galactic plane, consistent with a massive nature, and the morphology of the 60 �m
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Table 7 Model calculations for ISM around SAO 40342

rin rout F12 F25 F60 F100 nd Md

R� R� Jy Jy Jy Jy cm�3 M�

100 107 0.03 0.07 1.6 9.4 6 10�11 22.1
103 107 0.03 0.07 1.6 9.4 6 10�11 22
105 107 0.03 0.03 1.6 9.8 6 10�11 23
105 5 106 0.03 0.03 1.6 8.3 6 10�11 2.9
obs. <0.36 <0.39 1.62 4.38

Model calculations for n = 0, the flux densities are calculated by folding the energy distribution
with the IRAS passbands, scaled to the 60 �m flux density.

emission that suggests that the dust emitting at 60 �m is not associated with the star
in an evolutionary sense, but rather interstellar. This is consistent with the above model
calculations that indicate that an object can heat up the interstellar dust, resulting in IRAS
flux densities comparable to the observed values.

5 The nature of the point sources

Of the initial sample, only three objects are not resolved in the HIRAS data. The first
efforts to obtain data were aimed at these objects, which will be discussed in the following
section.

5.1 Fitting the energy distribution

Near-infrared photometry for SAO 240664 and SAO 243756 was kindly provided by Dr.
Waelkens and Dr. Sahu, Ultraviolet IUE spectra were taken by Dr. Trams for SAO 225457
and SAO 243756. Further photometry was collected from the literature. This photometry,
together with the improved IRAS data will be used to fit the spectral energy distribution
of the stars to determine the properties of the circumstellar shells.

The infrared excess is fitted with the optically thin dust model described above, where
as input for the radiation field, a Kurucz (1979) model was fitted to the available UV, optical
and near-infrared photometry. The spectral type of the objects gives the temperature and
log g of the Kurucz model, the only free parameter is the extinction. The interstellar
reddening curve used for the fit is taken from Savage and Mathis (1979). In principle
the extinction is a combination of interstellar and circumstellar extinction, but, as will
be shown later, the dust shells are optically thin to optical radiation, so the extinction is
interstellar.

In order to limit the large number of free parameters compared to the actual number
of datapoints, it is again assumed that the density distribution follows a power law /
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Table 8 Photometry

SAO 240664 SAO 225457 SAO 243756
Wavelength Mag. ref. Mag. ref. Mag. ref.
(�m)
0.36 (U) 9.83 1 8.09 4 9.94 7
0.44 (B) 9.23 1 7.88 4 10.08 7
0.55 (V) 8.39 1 7.51 4 9.76 7
0.70 (R) 7.64 1
0.90 (I) 7.03 1
0.35 (u) 11.426 2 9.32 5
0.411 (v) 9.552 2 8.05 5
0.467 (b) 8.845 2 7.78 5
0.547 (y) 8.252 2 7.50 5
0.3463 (U) 8.94 6
0.4015 (B1) 7.84 6
0.4227 (B) 6.932 6
0.4476 (B2) 8.406 6
0.5395 (V1) 8.237 6
0.5489 (V) 7.517 6
0.5807 (G) 8.619 6
1.25 (J) 6.55 3 9.11 8
1.65 (H) 6.19 3 8.91 8
2.20 (K) 6.02 3 8.77 8
3.50 (L) 5.85 3 8.59 8

References to the table:
1) Fernie (1983) 2) Gray (1991) 3) Waelkens (private communication) 4) Humphreys (1975) 5)
Olsen (1984) 6) van Winckel et al. (1995a) 7) Schild et al. (1983) 8) Sahu (private communication)

r�2, i.e. a constant mass loss rate, constant outflow velocity, and the exponent of the dust
emissivity, p, is assumed to be 1.

For a given set of initial estimates for the two free parameters, the relative dust flux
was calculated. The offset needed to obtain the stellar + dust flux was determined by
normalizing the dust fluxes to the observed fluxes. The resulting model was folded with
the IRAS pass bands and a �2 value for the fit was calculated. Using the minimization
algorithm AMOEBA (Press et al. 1986) a model was iterated until a good fit was found.
This procedure was repeated several times, and the best fits are presented in Fig. 1. The
fit parameters, and some derived parameters are given in Table 9.

The optical depths at V have been calculated and are listed in the table as well. The
values are significantly smaller than one for all three objects, implying that the shells
are indeed optically thin. The mass loss rates that are derived from the model fits are
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Table 9 Results of the model fitting

parameter SAO 240664 SAO 243756 SAO 225457
Teff (K) 6000 11,000 8000
log g 1.0 2.0 1.0
E(B – V) 0.33 0.34 0.34
Rin (R�) 8550 39,000 11,000
Rout (R�) 94,000 50,000 15,500
n0 (cm�3) 4.22 615.4 3.13
R� (R�) 33.6 7.67 36.5
L� (L�) 1320 778 4926
�MD ( M�yr�1) 4.4 10�7 1 10�6 5.1 10�8

MD ( M�) 3.64 10�4 8.12 10�5 1.8 10�5

tkin (yr) 722 755 1010
�V 0.0056 0.09 0.01

Note to the table: Teff , log g, and E(B – V) are determined from fitting Kurucz (1979) models to
the optical and near-infrared photometry. The stellar radius and luminosity, R� and L�, are derived
assuming a distance of 1 kpc to the objects. �MD is the dust mass loss rate in M�yr�1, calculated
for a distance of 1 kpc, and an outflow velocity of 10 km s�1. The kinematic age of the inner radius
tkin , and the optical depth at the V band are calculated using the same distance and velocity.

consistent with the results published elsewhere for post-AGB stars (e.g. van der Veen
1994; Trams 1991). A striking difference is present in the inner radius of the dust shell.
Many post-AGB candidate stars are F-type, and are expected to have evolved off the AGB
relatively recently. This is found in the model results as well. The kinematic ages of the
inner radii are often less than a few hundred years, whereas the kinematic ages of the
new objects are of order thousand years. This implies that if these three stars are indeed
post-AGB stars, the selection proved successful in retrieving objects that evolved off the
AGB long ago.

The fitting of the infrared colours of SAO 225457 and, especially, SAO 243756 was
problematic. It appears difficult to reproduce the extreme F25 / F12 ratio. This can be seen
in Fig. 1; the filled circles represent the observed IRAS fluxes, the open dots represent the
model fluxes that are obtained by convolving the model SED with the IRAS filters.

In the case of SAO 225457, the model flux overestimates the observed 12 �m flux
by more than a factor of 2. Since the 12 �m flux was given a smaller weight than the
other passbands in the fit procedure, the main discrepancy between the model fit and the
observed energy distribution lies at the 12 �m point. The cause of this discrepancy is not
clear. Since the dust shells are optically thin, it is more likely that the extreme ratio is
due to excess line or band emission in the 25 �m passband, than due to absorption at 12
�m. A possible explanation for excess 25 �m emission are the well-known 21 �m and
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Figure 4 Model fits for SAO 240664, SAO 225457, and SAO 243756. The dotted lines represent
the Kurucz models fitted to the photometry (filled circles) and the IUE spectra (solid line). The
solid lines represent the best fit dust model to the IRAS data points. The open circles are the flux
densities calculated from the dust model. Note that these points are offset from the “underlying"
energy distribution due to the folding of the energy distribution with the IRAS passbands.

30 �m features (Kwok et al. 1989, Omont et al. 1995). It is arguable whether the 21
�m feature is responsible for the excess emission, since it has not been observed in the
spectra of stars of A type and earlier. The 30 �m feature is a more likely candidate; it has
been observed toward post-AGB stars and Planetary Nebulae (Hoare, 1990; Omont et al.
1995). Although the carrier responsible for such emission is not known, the objects with
the 21 and 30 �m features are all carbon-rich.
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5.2 Notes on some individual objects

SAO 240664: This object was proposed by Walker and Wolstencroft (1988) as a candidate
proto-planetary system because of its infrared excess. It is however the only object in their
catalog with a supergiant spectral type, whereas all the other objects in their list have dwarf
spectral types. Indeed, for stars reaching the main sequence, the surface gravity will prob-
ably be larger than observed for SAO 240664. A post-AGB classification for this object
seems to be more natural, because of the close similarity to other known post-AGB stars.
Based on detections from single IRAS scans Walker and Wolstencroft found that the 60
�m radiation of SAO 240664 was resolved by IRAS. The improved image reconstruction
techniques presented here show that SAO 240664 is a true point source at 60 �m.

SAO 225457: Based on its Strömgren photometry, Olsen (1979) included the object
in an extensive paper on objects with ‘interesting’ colours. An abundance analysis carried
out by van Winckel et al. (1995a) shows that this object is slightly metal deficient, and
has an abundance pattern that resembles the class of optically bright post-AGB stars.

SAO 243756: This star appeared in a catalog presented by Kilkenny and Hill (1975a,
1975b). These authors noticed that H� emission is probably filling in the photospheric
absorption, resulting in a faint H� absorption line. A recent spectrum (Oudmaijer, unpub-
lished data) shows that H� has emission with an equivalent width of –0.4Å, while H� has
emission as strong as –14Å. The object is similar to two other objects, SAO 244567 (Pot-
tasch 1992; Parthasarathy et al. 1993; Feibelman 1995), and V1853 Cyg (Parthasarathy
1994; Smith and Lambert, 1994). While these stars were previously classified as normal
B stars, attention was drawn to them when infrared excess emission measured by IRAS
was found. Recent observations show that their spectra went into emission over the last
20 years. The IRAS colours of the above objects are as extreme as found for SAO 243756.

Parthasarathy et al. and Smith and Lambert interpret the onset of emission in the
spectra of these objects as the birth of a Planetary Nebula. Although this idea is attractive,
the fact that a third example is now added to this group of objects makes this interpretation
difficult. The birth rate of PNe amounts to 15 per century since (at least) 3 objects should
have turned into a Planetary Nebula within the last twenty years. Assuming a mean life
time of an (observable) PN of 25,000 years implies that the Galaxy contains at least 3750
PN. This number increases if one considers the work of Garcia-Lario et al. (1993) and
Kondrat’eva (1993), who discovered the appearance of forbidden emission lines in IRAS
06562-0337 and Th 4-4 respectively.

The predicted total number of PNe in the Galaxy ranges from 7000 to 73000 (Peimbert,
1993). It could be said that the above derived birth rate of PNe is consistent with these
determinations. One must bear in mind however that the number of 5 newly ‘born’ PNe
is very incomplete and biased towards all sorts of selection effects.

For example, the number of objects that have been observed spectroscopically at least
twice (to verify that the spectrum went into emission) is hard to determine, but is only a
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small subset from optical catalogs that are themselves only complete to V = 8.5, as the
SAO catalog. Hence, the total number of stars that changed their absorption spectrum into
emission in the last 20 years must be significantly larger than the number of 5 quoted
above. Therefore, it appears that we see in fact too many objects that became PN. The
observation may imply that the mass loss behaves erratically in the late phases of the
post-AGB stage, when sometimes a mass outburst can be responsible for an emission line
spectrum.

6 Discussion

6.1 Comparison with paper I

The main difference between the selection presented in this paper and that of paper I is that
the objects in paper I have 12 �m IRAS detections. This rather small change in approach
resulted in two different samples. In paper I the majority of the sample of objects with
luminosity class I-II have spectral type G-F, while in this paper most objects have spectral
type B. It is hard to make a quantitative assessment of the selection effects. Still, it is useful
to gain some understanding of the problems that occur when searching new post-AGB
objects. Both paper I and the selection here make use of two different catalogs, each with
its own completeness limits. Both selections demand a detection by IRAS. The effects
of the evolution of the dust shell on the IRAS fluxes and colours have been discussed
by Oudmaijer et al. (1993). Here I want to draw attention to the evolving star, which
might pose another problem when searching for hot post-AGB stars. Fig. 5 shows the
distribution of the V magnitude of the 250,000 sources in the SAO catalog. The number
of objects increases exponentially to V = 8, while a steep drop to V� 12 occurs. The SAO
catalog can be considered complete to V = 8 - 8.5.

If a post-AGB star evolves with a constant luminosity towards higher temperatures,
the V magnitude changes as result of bolometric correction (B.C.) effects. The bolometric
correction is shown in Fig. 6. It is clear that when an object has increased its temperature
from 6000 K (� F type) to 25,000 K (� B0), the V magnitude has decreased by 3
magnitudes. The probability of being included in the SAO catalog decreases accordingly.

The histograms in Fig. 7 show the distribution of the V magnitude of the sample of
post-AGB stars in paper I, and that of the remaining 15 objects selected here. The peak
of the distribution of the paper I objects lies almost at the completeness limit of SAO, the
peak of the new sample lies at fainter magnitudes.

The question to be addressed here is whether the new selection complements the results
of paper I in such a way, that the main discrepancy between Schönberners predictions
where more B type post-AGB stars are expected than actually observed in paper I, still
exists.

Consider the case of the V = 8-9 bin in Fig. 7, this bin consists of 13 F-type objects,
for which the bolometric correction is approximately 0. Their evolved hotter counterparts
would thus have V magnitudes 11 - 12. The bolometric correction effects imply imme-
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Figure 5 Distribution of V magnitudes in the SAO catalog

diately that one would not expect very hot objects to be very numerous in an optical
catalog.

Therefore, in order to make a first order comparison, it is better to compare the number
of F type objects with late type B stars, in the temperature range 12,000 - 14,000 K, where
the B.C. is � –1 (Fig. 6).

As the time spent as a late type B star in the calculations of Schönberner (1981, 1983)
is roughly one third of the total time spent as a B star, one would expect 1.5 - 2 times as
many B stars as F type objects in the sample, i.e. 20 - 26 objects. The completeness of the
SAO catalog in the V = 9-10 bin is estimated to 20% from an extrapolation of the straight
line in Fig. 5. As such, one would expect roughly (20 – 26)/5 = 4 – 5 B type objects,
comparable to the number of B stars in the sample in this bin.

There are many uncertainties in this simple exercise, because for only half of the initial
sample it was possible to retrieve the spectral type, and some post-AGB candidates in
paper I appear to be binaries, for which the conventional single star evolutionary tracks
may not be applicable (van Winckel et al. 1995b).

Nevertheless, it appears that loosening the selection criterion of the 12 �m detection
helps to retrieve the missing B-type stars in the existing infrared based samples of post-
AGB stars. Thus the combined effect of an expanding and cooling dust shell and of the
bolometric correction has efficiently prevented hotter post-AGB stars from being included
in infrared-based selections.

In summary, bolometric correction effects have a large influence on the selection
of post-AGB stars in optical catalogs because the stars evolve at constant luminosities
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Figure 6 Bolometric Correction as function of temperature.

towards higher temperatures. A simple consideration regarding the results obtained in
Paper I and the selection here implies, although based on small number statistics, that the
predictions of Schönberner (1981, 1983) that most of the transition time is spent as a B
star are consistent with the number of B type objects found here.

6.2 Towards complete samples of post-AGB stars

A final word on the question of evolutionary timescales and the question whether the
distribution of spectral type peaks at B as predicted in Fig. 1.

Next to the bolometric correction effects discussed in the previous section, an ad-
ditional problem occurs for B stars where the detached dust shells have dispersed into
the interstellar medium. Such objects will be disguised as normal B-type supergiants and
giants. Detailed studies of faint blue halo objects by Conlon et al. (1991, and references
therein), indicate that some hot stars at high galactic latitudes are probably evolved stars
rather than young objects. Abundance studies using high resolution spectroscopy revealed
that they are metal poor, but have a solar abundance of Helium, but an underabundance
of He burning products, notably a strong depletion of carbon. The objects seem to fit in
reasonably with abundances expected for evolved stars. The rather low carbon abundances
indicate that these stars probably did not experience the third dredge-up. Although these
findings are important to understand the evolution of stars during the post-AGB phase,
the existing samples remain incomplete.

Definitive results on the distribution of post-AGB stars over spectral type, the
timescales of the post-AGB evolution and how many PNe are formed, may be obtained
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Figure 7 Distribution of V magnitudes of the sample of post-AGB stars and RV Tau stars in paper I
(solid line), and that of the 15 remaining objects in this paper (dashed line)

with studies of Globular Clusters and extra-galactic systems. Observations of such sys-
tems have the advantage that the relative luminosities of the stars within these systems are
known, and offer the possibility to study complete (or well-defined) samples of objects.
In recent years, considerable progress has been made in the study of evolved stars in
Globular Clusters and extra-galactic systems.

De Boer (1985) has made a compilation of� 10 ‘UV-bright’ stars (Zinn et al. 1972) for
which a cluster membership has been established on basis of radial velocity measurements.
It appears that almost all of these stars have temperatures higher than 10,000 K (BS 47
Tuc with a temperature of 8800 K is the only exception in his review). Gonzalez (1994)
and Gonzalez and Wallerstein (1994) study a sample of evolved stars in the well-known
Globular Cluster ! Cen. They find three objects that appear to be in the post-AGB phase
based on the overabundance of s-process elements and luminosities in excess of 1000
times solar. To my knowledge these three objects (ROA 24, V1 and V29 with effective
temperatures in the range 5000 - 6250 K) are the only known cool stars in Globular
Clusters that have been proposed to be in the post-AGB phase.

In addition I want to mention the Hubble Space Telescope results reported by King et
al. (1992) who obtained a Faint Object Camera image of the inner parts of M31 centered
on 1750Å. They found 100 blue stars, with luminosities corresponding to those of post-
AGB stars. Only three of these stars were found in a map of the same region made by
Ciardullo et al. (1989) centered on the O[III] line at 5007Å, indicating the presence of a
PN. King et al. interpret the lack of PN in their map as an indication for a large number of
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hot post-AGB stars with diluted shells. However, it remains as yet unclear whether these
stars are true post-AGB stars. The one band photometry available for these stars does not
exclude the possibility of B0-B5 main sequence stars. Additional high resolution optical
images of M31 in different passbands are necessary to broaden the wavelength coverage
of the spectral energy distribution of these objects, and may give clues on the number
statistics of post-AGB stars in other galaxies.

7 Summary

A search for hot post-AGB stars in the IRAS Point Source Catalog has been performed with
as only constraint that the objects were not detected by IRAS at 12 �m. The conclusions
in this paper are summarized as follows:

A sample of 15 objects remained after selecting the SAO supergiants in the PSC with
an upper limit at 12 �m. This sample is divided into three categories:
i) Objects that are very likely associated with interstellar cirrus as is suggested by the
presence of strong background radiation in the 60 �m maps.
ii) A group of objects that are fairly isolated at 60 �m and show evidence for a large
extended dust component around the star. Model calculations show that both an extended
circumstellar shell or interstellar dust heated by the star may be responsible for the observed
infrared excess. The rather large distances from the plane, when considering this group as
a whole, may imply that these objects are low mass evolved objects.
iii) Three objects that are point sources. Follow-up observations show that these are good
post-AGB candidates. Model calculations show that the dust shells have large kinematic
ages of order 1000 years. Two out of these three objects have early spectral types (A and
B), which is in strong contrast to previous searches for post-AGB stars that contain mainly
G-F type objects. The latter results indicate that the selection proved to be effective in
retrieving older, and hotter post-AGB stars.

The results in this paper complemented with those in paper I, although based on small
number statistics, are consistent with the theoretical predictions of Schönberner (1981,
1983). Those calculations predict that most of the post-AGB transition phase will be spent
as a B star. A prediction that seemed at odds with existing samples of post-AGB candidates
which contain many G-F type objects, but less B type stars. This paper shows that the
results of selections in the infrared IRAS catalog and/or combined with an optical catalog
are biased towards cooler objects.
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