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11 Conclusions and outlook

Post-AGB stars:
The main part of this thesis concerns the study of ‘optically bright post-AGB stars’.

In order to start with a well-defined sample of such stars, we have selected all SAO stars
with spectral types from G to B with an infrared excess in the IRAS Point Source Catalog.
Contrary to previous selections, the entire IRAS colour-colour diagram was taken into
account. The selection is presented in Chapter 2.

A very surprising feature of the resulting sample of post-AGB candidate stars is that
most of them are rather cool (F-G type), while it is shown in Chapters 5 and 7 that
evolutionary calculations predict a post-AGB star to spend more time as a B-type object
rather than as an F-type star. This could be the result of the fact that these post-AGB stars
are slowly evolving. Such an object will have a substantially cooler dust shell when it has
reached the B spectral type than when it has just evolved off the AGB. The result is a
fainter IRAS source, which will be especially faint in the IRAS 12 �m band. Therefore, a
program was started to find all SAO stars in the PSC that were not detected at 12 �m, this
selection is presented in Chapter 5. Three new post-AGB objects were found, and they
indeed have on average an earlier spectral type than the objects selected previously.

It may be clear that such samples are subject to many selection effects, and this is
investigated in Chapter 5. There it is shown that optical catalogs bias against hotter (i.e.
B-type) objects. The bolometric correction results in the fact that a cool object is brighter
in the V band than a hot object with the same luminosity. The completeness limit of the
SAO catalog in the V band is about 8 - 8.5, and it is likely that many B-type post-AGB
stars are not present in this catalog (and many other optical catalogs), while their F-type
counterparts are.

However, in order to make any sound statistical statements on the timescales of post-
AGB evolution and the overall properties of a star during the entire post-AGB transition,
one not only needs well-defined samples of such stars, but one has to obtain an idea on
the kinds of objects that could have been missed. It is useful to investigate the spectral
energy distribution from a theoretical point of view by following the spectral evolution
of a post-AGB star with an expanding circumstellar shell. Moreover, this type of study
allows one to investigate and understand the processes that occur in the circumstellar shell
during the transition.

In Chapter 7, we have begun such a study. We have implemented the results of the
latest evolutionary calculations, and are now able to model the spectral evolution of post-
AGB stars using evolutionary timescales that are independent of assumptions about the
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post-AGB mass loss rates and the definitions of the end of the AGB that have been made
in the literature. This tool is combined with the photo-ionization code CLOUDY, which
allows us to study many aspects of the spectral evolution of post-AGB stars. In Chapter
7, the method is described, and the results of a parameter study of a typical post-AGB
star are presented. We find that the evolution of the star which in temperature, can not be
neglected, and that the definition of the end of the AGB has severe consequences for the
following evolution.

Next to the general picture of the post-AGB evolution, we have studied several indi-
vidual properties of post-AGB stars. In Chapter 3 we describe the results of a mini-survey
in the near-infrared spectral region of post-AGB stars. One of the main results in this
chapter is the discovery of variable emission at 2.3 �m, where the CO molecule has its
transition levels of the first-overtone of the rotation-vibration states. It is speculated that
the emission may be due to post-AGB mass loss. Another result is the presence of the
3.5 �m emission feature in the spectrum of HD 52961. Next to HR 4049, this is only the
second post-AGB star where this emission feature, which is attributed to de-hydrogenated
PAH molecules, has been found. Since both objects belong to the small group of post-AGB
stars with extreme metal deficiencies, we propose a correlation between the presence of
the 3.5 �m feature, and the extreme metal deficiencies of these objects. This correlation
may be of help in understanding the process that is responsible for the gas-dust separation
that apparently has taken place in these stars.

In Chapter 4, the short term variability of H� emission emission in HD 56126 is
investigated. If this variability would have been present, then the most likely mechanism
that can produce such an effect is post-AGB mass loss. Although post-AGB mass loss is
an important parameter for the transition timescales (see e.g. Chapter 7), the presence of
post-AGB mass loss has not yet been established in post-AGB stars. However, contrary
to a previous claim, we find no evidence for any short term variability in this object with
our higher quality data. We do find variability on timescales of months in the spectrum,
which we explain as the result of stellar pulsations.

In Chapter 6 a study of one of the new post-AGB stars discovered in Chapter 5, HD
133656, is presented. Based on the abundances we find that the object closely resembles
the known ‘optically bright post-AGB stars’. The abundance patterns of these objects, a
slight metal deficiency and evidence for processed C and N material indeed point to an
evolved nature of the objects, but the lack of s-processed elements is still an open question.
It is possible that the abundances occur for stars that have not undergone many thermal
pulses, which would mean that they are of low mass.

In Chapter 8, the 21 �m feature that is observed in post-AGB stars and HII regions
is investigated. We reach the surprising conclusion that the observed 21 �m feature in
HII regions may well be explained by an artefact of the IRAS-LRS instrument. This
spectrograph was designed for point sources, while the HII regions are extended for the
LRS instrument. The 21 �m feature in post-AGB stars is definitely real, implying that
post-AGB stars are the only objects in whose spectra this feature has been observed.
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As a result from the work in this thesis many new questions, opportunities for new
research have risen. I will briefly touch upon some of these topics. First, the tool that
has been developed in Chapter 7 has only been used for a standard post-AGB model star.
We plan to apply it to lower mass models that are probably more representative for the
optically bright post-AGB stars. The study was now limited to the IRAS colours of the
AGB remnant, the natural next step is to investigate other spectral characteristics such as
emission lines and radio continuum emission.

Second, the question of post-AGB mass loss and its possible tracers has not yet been
answered satisfactorily. The results on the CO emission at 2.3 �m emission has to be
followed up to find the time dependence and the circumstances in which the emission
occurs. Following up on this result, it is likely that post-AGB mass loss and stellar
pulsations are related to each other. It would be of interest to investigate longer term
variations in the spectra of post-AGB stars.

Third, the new post-AGB objects that have been found in Chapter 5 are interesting
because of their circumstellar shells which are older than the shells around post-AGB stars
that are known. A first step in investigating the dust properties has been made with an
accepted proposal for the Infrared Space Observatory that will be launched in November
of this year (1995).

Finally, an obvious question that arises from this work is where are the K-type post-
AGB stars? AGB stars are often quite cool, while most post-AGB stars have spectral types
G or earlier. Only when these ‘missing link’ objects are found, we can start to answer the
question as to when and how the AGB ends exactly from an observational point of view.

IRC +10420 :
The second part of this thesis is dedicated to the study of the peculiar object IRC

+10420 . Traditionally this object was regarded as a post-AGB star, which was based on
its similarity with post-AGB stars that are for example described in this thesis; an F-type
star with an infrared excess due to dust. Instead, after closer inspection, it does not resemble
the optically bright post-AGB stars at all. Its optical spectrum, discussed in Chapter 10,
is dominated by many emission lines in an abundance that is not seen in the ‘standard’
optically bright post-AGB star. Moreover, the line profiles are certainly peculiar, exhibiting
inverse P Cygni profiles, or only having a red-shifted absorption profile. As described in
Chapter 9, the large outflow velocity observed in the CO rotational transitions and the
large kinematic age of the circumstellar shell point to a massive nature of the object,
strengthening suggestions in the literature that IRC +10420 may have a luminosity of
order 500,000 L�. The evolutionary status of this object must be sought in the upper
part of the HR diagram, where it is evolving from the Red SuperGiant Branch to the
Wolf-Rayet phase. As IRC +10420 is the only star known in this evolutionary phase, the
study of this object therefore provides important information to the current ideas on the
evolution of massive stars.

We obtained two important results with our study of IRC +10420 ; firstly, we have
shown that the temperature of IRC +10420 has increased by more than 1000 K in only
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20 years. Secondly, the simplest scenario that explains many properties of the observed
spectrum of IRC +10420 is that the object currently experiences infall of material.

These results are however only a first step in understanding this enigmatic object. The
complicated spectrum and the variability leave open many unanswered questions, and
much work remains to be done. The spectral variability warrants a further investigation,
and I intend to observe IRC +10420 at high spectroscopic resolution on a regular basis.
The spectrum itself has now only been qualitatively investigated and the next step in
studying the spectrum will be a quantitative description of all lines and their profiles to
make an assessment of the regions in which they are formed, and to derive an estimate of
the velocity structure close to the star. As far as the cool circumstellar shell is concerned,
the model results described in Chapter 9 can be improved with the inclusion of two-
dimensional information. A Hubble Space Telescope proposal that we have submitted has
been accepted. The information from the high resolution spatial maps should give strong
constraints on the extent of IRC +10420 .

In addition, there should be more objects like IRC +10420 , the only problem is to
know how to find them. As IRC +10420 differs from other evolved stars with circumstellar
shells in its large outflow velocity in the CO rotational transitions, it would be very useful
to select objects for which comparable outflow velocities have been observed.


