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A synopsis of the thesis

The thesis is concerned with the investigation of interstellar clouds, both atomic
and molecular. In chapter 1 we study diffuse atomic hydrogen clouds, with par-
ticular emphasis on their random motions. Chapter 2 deals with molecular gas
found in the ring-like structure called the IRAS Vela Shell in the region of the
Gum Nebula. Chapters 3 and 4 are concerned with small dense molecular clouds
called Cometary Globules found in the same region. Chapter 3 examines the
magnetic field in these globules and in chapter 4 we study ionized gas found in
them. A brief outline of each of these chapters, as well as a summary of the main
results and conclusions s given below.

Chapter 1

In the first chapter we describe an observational effort to detect absorption in
the 21 cm line radiation of neutral hydrogen from interstellar clouds which had
earlier been detected through the absorption lines of Na and Cat. The major
aim of this investigation was to establish a one-to-one correspondence between
clouds seen in optical absorption towards bright stars and those seen in 21 cm
absorption and emission in general Galactic surveys. A brief summary of the
history of the problem and the motivation behind our experiment is as follows:

One of the first major efforts to understand the nature of interstellar *clouds"
was the observation of interstellar absorption in the optical line of Ca*t towards
nearly 300 nearby bright (O and B) stars by Adams in 1949. This study reveaed
the presence of multiple absorption features at various velocities in each line of
sight, presumably arising in interstellar "clouds". Such absorption features had
been seen previoudly in observations of a less extensive nature and had led to the
cloud model of the interstellar medium.

In 1952 Blaauw analysed the velocities of these absorption features to study
the random motions of these clouds. One of the major results of the study was
that it revealed the existence of a high velocity tail in the cloud population.
A single gaussian could not account for the distribution of cloud velocities and



Blaauw found that an exponential function fitted the distribution better.

After the advent of radio astronomy and the 21 cm line, extensive observations
of absorption and emission from neutral atomic hydrogen revealed a two phase
ISM, with cool diffuse clouds existing in pressure equilibrium with a rarer and
warmer intercloud medium. The velocity distribution of these clouds did not have
any clearly defined tail at high velocities. Some of the basic questions we have
addressed in the first chapter are:

e Do the optical absorption features arise in circumstellar gas ? This sug-
gestion had been made very early on, in the context of the high velocity
absorption. The gasin the vicinity of these bright stars could be accel erated
away from the star through the effects of UV radiation (the rocket effect)
and stellar winds.

e Do they arise in relic supernova remnants ? This was a scenario advocated
by Siluk and Silk in 1974 to account for the observed distribution of the
high velocities.

e Or, do the absorption features arise in truly interstellar gas in the form of
"clouds" ?

e If they are interstellar clouds, are they the same as seen in 21 cm
absor ption and emission ?

The early attempts to answer these questions came to a large extent from the
Dutch group of astronomers (van Woerden, Takakubo, Habing, etal.). These
consisted of looking for HI emission in the 21 cm line from direction of stars
towards which optical absorption features had been seen. These observations
threw up a big puzzle. The HI emission showed features which could be identified
with the low velocity optical absorption. There was, however, no 21 ¢cm emission
at velocities corresponding to the high velocity optical absorption features.

Our experiment was to measure HI absorption towards radio sources
very close to the line of sight towards stars which show interstellar
optical absorption featuresin their spectra. Thisisthefirst timethat such
an absorption survey is being attempted and it alows us to directly compare
optical absorption with 21 cm absorption from atomic hydrogen. The primary
advantage of the absorption measurement is that it affords very high resolution.
This aspect is one of the major criticisms of the earlier attempts to measure HI



a degree. Comparison of the features from such a beam with those from the arc-
second resolution achieved in optical absorption is difficult and the high velocity
features might be missing in emission due to beam dilution. Another advantage
d the absorption experiment is that in combination with the previous emission
measurements, the spin temperature of any absorption feature that we detect can
he determined which would help in establishing the correspondence between the
clouds seen in optical and those seen in the radio.

The observations were carried out with the VLA in June 1996 and Feb-April,
1997. Weidentified a sample of starswith reasonably strong radio sources close to
their line of sight, alowing us to probe parsec sized features. All the chosen stars
show optical absorption features at both low and high velocities in their spectra,
and a majority of these fields have already been examined for HI emission.

Chapter 2

In thischapter we describe astudy of the molecular gas associated with ashell-like
object in the Gum-Vela region delineated by its infrared emission. The IRAS
Vela Shell is a ring-like structure seen in projection in the region of the Gum
Nebula in the 25, 60 and 100 um maps of the IRAS Sky Survey Atlas. The far
infrared emission indicates the presence of dust and associated gas. The only
previously known indicator of molecular gas in the region was the presence of
a small set of comet shaped molecular clouds in the region called the cometary
globules; but the association of the cometary globules with the IRAS Shell was
tentative. The IRAS Point Sources in the region also clearly delineates the Shell.
The Shell asseen in the IR envelopesthe Vela OB2 association of stars. Two very
bright stars v Velorum and ¢ Puppis are also seen inside the Shell in projection.
Morphologically, the dark clouds seen in the region as areas of obscuration also
describe a ring like structure.

We describe observations in the 115 GHz line of the 12CO molecule towards
the Shell, targetting a selected sample o the IRAS point sources, in order to
detect and study the nature and kinematics of the molecular gasin the Shell. Our
aim was also to understand the relation between the Cometary Globules and the
shell, as well as the dark clouds in the region. Using the positions and velocities
o the dark clouds from a recent 2CO survey of these objects from the Mopra



Chapter 3

In this chapter we report some measurements o linear polarisation of light from
stars within, and seen through, the Cometary Globule CG 22. Theaim o thisex-
periment was to detect and determine the orientation of the magneticfield in this
globule. If polarisation of thelight from the starsis caused by dust grainsaligned
by the ambient magnetic field, the direction of polarisation gives the component
of the field in the plane of the sky. Our motivation to do this experiment was
to understand the possible role of the magnetic field in determining the peculiar
head-tail morphology of these globules found in the vicinity of bright stars. The
morphology and expansion of the Cometary Globules are attributed to the influ-
ence of nearby massive stars. The tail of the CG showsfinestructure in the form
d thin filaments which are difficult to explain on the basis o such arguments.
The magnetic field could play a rolein confining the gas in the tails of CGs, since
the measured random velocities (of 2CO) in the tail should have caused them
to disperse in the absence of any confinement. CG 22 is known to harbour a
young star and the CGs in general are recognized to be sites of star formation at
enhanced rates. The magnetic field in these clouds could be important in the star
formation process. The observations were done to explore some o these issues
and were carried out with the 1 m telescope at the Kavalur observatory of the
Indian Institute of Astrophysics.

Chapter 4

In chapter 4 we present a photometric observation of the Hal emission from the
bright rim of the Cometary Globule CG 22, carried out with the 2.3 m telescope
at the Kavalur observatory of the Indian Institute of Astrophysics. The objective
was to establish the physical conditions prevailing in the rim and in turn to shed
light on the connection between the bright rims of the cometary globules in the
Gum-Velaregion and the two bright starsseen (in projection) in their vicinity, 2
Velorum and ¢ Puppis. ¢ Puppis is one of the most luminousstars. Its spectral
type and surface temperature areill determined leading to alarge range of possible
distances. Its association with the CGs is therefore not certain. To explain
various features of the CG system (bright rims, expansion, tail structure to name
afew), the influence of ¢ Puppis has been invoked by previous investigators. The
presence of the expanding IRAS Vea Shell (Ch. 2) has added a new dimension
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