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Planetary nebula NGC 6302, photographed in red light with the 3.6 m telescope (1IIa-F + RG 630, 20 min; observer: S. Laustsen).

Planetary Nebulae and Comets
L. Kohoutek

Dr. Lubos Kohoutek from the Hamburg Observa­
tory, FRG, is weil known, both for his devotion to
planetary nebulae and his many comet discoveries.
Not quite unexpectedly, he decided to divide his
ten nights on the VL T between these two types of
objects, expecting to leam more about the proces­
ses that lead to the formation of planetary nebulae
and the true nature of comet nuclei.

Although the greatest amount of progress at the VLTwill
probably be made in extragalactic astronomy, the galactic
research should not fall into oblivion. Particularly the study
of both the early and the late stages of stellar evolution re­
quires special effort, because our knowledge of this funda­
mental topic has still many gaps.

The theory describing the evolution of red giants in the
mass range of 1 to 3 MG into hot white dwarfs through the
planetary-nebula stage is generally accepted. Nevertheless,
there are many unanswered or only partially answered ques­
tions concerning planetary nebulae (PN), mainly: What are
the progenitors of PN? What is the physical mechanism re­
sponsible for the ejection of PN? Are multiple shells of PN a

typical or only an exceptional behaviour? Which role does
dust play in PN? Is the distinction of PN in objects belonging
to the galactic Population land 11 significant and if yes, how
is the evolution of these two different groups of planetaries?
Why do central stars exhibit a large variety of spectra? Do all
stars with low mass become PN?

In my opinion the VLT could contribute very substantially
to the solution of these problems, assuming that this tele­
scope would reach a limiting magnitude of about 27 mag,
and that it would be equipped with advanced auxiliary in­
strumentation. Spectrophotometry with non-photographic
recording systems, panoramic photodetectors that digitally
record line intensities over the whole nebula and multi­
colour photoelectric photometry in the visual as weil as in
the infrared region would be the most promising.

The following programmes may be proposed for the ten
nights at the VLT:

(1) Protoplanetary nebulae. Detailed investigation of
some candidates with the aim of obtaining the basic physi­
cal parameters of the exciting stars (temperature, luminosi-
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Observations of High Redshift QSO's
J. P. Swings and J. Surdej

ty, radius, surface gravity, mass) and of the nebular en­
velopes (electron temperature and density, total mass,
abundances, expansion velocity).

(2) Selected planetaries with unusual characteristics.
Study of individual objects which are important for answer­
ing the questions given above: for instance nebulae having
unusual morphology (multiple envelopes--e. g. NGC 6543;
filaments and condensations-NGC 7293; bipolar struc­
ture--M 2-9) and unusual central stars (binary and variable
stars-UU Sge, FG Sge, NGC3132, etc.; stars of extremely
low luminosities; nuclei not yet detected-NGC 6302).

(3) Planetary nebulae in LMC and SMC. New data would
be used to locate the planetary nuclei in the H.-R. diagram
and to improve our knowledge on the evolutionary se­
quence of PN. Stars of low luminosities (up to Mv =Sm) will

Time-consuming observations with existing large
telescopes have shown that the spectra of quasi­
stellar objects are exceedingly complex. A VL T is
needed to obtain the highest spectral resolution
and to study in detail the numerous absorption
lines. Drs. Jean-Pierre Swings (Institut d'As­
trophysique in Liege, Belgium) and Jean Surdej
(ESO) would like to use their nights to investigate
the nature of some of the most distant objects in the
universe.

Spectroscopic observations of a large number of quasars
reveal absorption lines whose redshift is smaller than that
measured for the emission lines. This observational fact
leads to the question as to whether the absorptions originate
in material at cosmological distances (cosmological
hypothesis) or are associated with matter initially expelled
from the quasar itself (intrinsic hypothesis). It also appears
that the richness of the absorption spectrum of QSO's in­
creases markedly above redshifts Zem:::= 2.2 so that these ob­
jects have exceedingly complex spectra. It is as if there were
a threshold for the presence of absorbing material at red­
shifts Zem > 2. Only a VLT would enable one to survey a
homogeneous sampie of such faint quasars in a reasonable
amount of time and with a sufficiently high resolution. In­
deed, the absorption lines in QSO's normally appear sharp
at the instrumental resol ution and strong features tend to
split up into multiple, discrete components with an increas­
ing resolution. For some of the brightest QSO's observed so
far, resonance doublet absorption lines have turned out to
have multiple components corresponding to velocity shifts
of a few tens up to a thousand km/sec. The limiting sharp­
ness of these absorption components will probably be
reached when using a high resolving power spectrograph
which requires a very large light collector.
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be detected. The space density and the local birth rate of
PN in the Clouds could be determined. This programme
would be time-consuming and could only be started during
the first ten nights at the VLT.

Very important programmes could also be prepared on
objects of the solar system, especially on comets. I would
probably save one or two nights of the allotted observing
time for measuring comets at very large distances from the
sun. Spectroscopic and photometric observations of the
behaviour of cometary emissions beyond 3 A.U. as weil as of
the continuum at distances up to 20-30 A.U. would be es­
sential for understanding the nature of these bodies.

To plan observations is as easy as it is difficult to plan dis­
coveries. I am sure that not only better and more accurate
observational data, but also many unexpected results and
discoveries will be obtained with the VLT.

Strong arguments in favour of the intrinsic hypothesis are
given by the observations of P-Cygni line profiles in high
redshift QSO's such as PHL 5200, RS 23, etc. For these
QSO's the resonance lines of C IV, Si IV, N V, Lya, ... exhibit
profiles wh ich may be interpreted in terms of a spherical en­
velope decelerated by the gravitational field due to the
QSO's core. In turn, this enables the determination of impor­
tant physical parameters such as the mass of the QSO's
core. The intrinsic hypothesis is also supported by noticing
that for some quasars the absorption and emission redshifts
are correlated via a function depending on atomic data (e.g.
line wavelength, continuum wavelength). The mechanism
("Iine-Iocking") leading to such a configuration of redshifts
is the following: matter radiatively expelled from the QSO's
surface is accelerated until there is a drop in the continuum
it absorbs, because of Doppler shifts. This drop in the con­
tinuum may be due to a continuum edge or to the presence
of a strong absorption line of another ion. Finally this causes
the ejected matter to be stabilized at some discrete ve­
locities. High resol ution spectroscopy achievable with a VLT
would allow to study many more cases supporting this
mechanism of intrinsic origin.

Repeated observations should be performed to search for
variability of the absorption features which would provide
further arguments in favour of the intrinsic hypothesis. In
addition, if the absorption lines are formed in material close
to the quasar, then the excited fine structure states will be
populated and the corresponding lines would become de­
tectable.

The large photon-collecting capability of a VLT should
also be used for observing occultations of QSO's in order to
attempt to detect the presence of Lya circum-quasi-stellar
halos predicted in the intrinsic hypothesis and to determine
velocity fields, excitation distribution, etc. in the case of
QSO's whose spectra show P-Cygni line profiles.


