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Summary

The search for planets outside of our solar system (exoplanets), and in par-
ticular, the search for a second Earth on which life as we know it could exist,
is one of the most tantalizing subjects in current astronomy. Since the first
discovery of such a planet orbiting a young star 15 years ago, many more have
been detected (almost 500 at the printing of this thesis), and the speed of their
discovery increases each year. A majority of the discovered exoplanets do not
resemble those in our solar system, but are gas giants (much like Jupiter)
which orbit their central star at very small distances. This abundance can be
partially explained as a selection effect because large objects orbiting at small
distances are more easily detected with current technology. Furthermore, it
also hints at the possibly huge variety in the types of exoplanets formed which
have not yet been discovered. The explanation of this variety or, in other
words, the uniqueness of our own solar system, is a question that still awaits
answering.

Planets are a by-product of star formation. A star forms as the result of
the collapse of a large gas and dust cloud under its own gravity. As the cloud
contracts, it starts spinning faster and faster, much like a figure skater making
a pirouette whose spin-rate increases as he draws his arms closer to his body.
Eventually, the forming star rotates at such high velocity that the dust and
gas in the cloud cease to fall directly onto the star, but rather accrete onto a
disk around it. This is commonly referred to as a circumstellar disk. When
the surrounding cloud disappears, only this disk and the star remain. The disk
consists of dust and gas, and typically has one of two geometries: a so-called
”self-shadowed” disk, in which the inner disk casts a shadow that completely
eclipses the outer disk, and a so-called ”flaring” disk, characterized by an outer
disk which rises out of the shadow and intercepts stellar radiation (Figure 1).
As time progresses, a hole (between the inner disk rim and the central star) or
gaps (in the disk itself) can form. These disk gaps are especially interesting
because they can be interpreted as a proxy for planet formation. In other
words, the planet grows as it sweeps up the dust and gas in its orbit around
the star. The disk surrounds the young star during the first ∼ 10 million years
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of its life, the only period in which planet formation is possible.

Figure 1: Illustration of different disk geometries, adapted from (Acke, 2005). Left:
cross section of a flared disk, with an outer disk that intercepts stellar radiation.
Right: cross section of a self-shadowed disk, with the whole disk in the shadow of the
inner disk rim.

The method of planet formation and in which period of the lifespan of the
disk this occurs, is not clear. One possibility is that planet formation is a very
sudden process which occurs when part of the disk becomes gravitationally
unstable and collapses. Another theory suggests that planet formation is a
gradual process which occurs because of the progressive growth of dust parti-
cles into larger dust grains, and ultimately into larger bodies such as planets.
To determine the validity of such theories, it is necessary to test them with
observations. However, because it is still impossible to directly image the pro-
cess of planet formation, we must instead focus on their place of birth. If
we understand how these disks evolve, why they develop the shapes they do,
why gaps and holes form within them, and how they ultimately disperse, it
becomes much easier to understand the principles of planet formation. This
thesis attempts to shed light on these concepts, drawing on observations which
are used to study the characteristics and spatial distribution of the gas in cir-
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cumstellar disks around a group of 14 young intermediate-mass stars (typically
2-3 times the mass of our sun).

Figure 2: Illustration of the different gas diagnostics which are used in this thesis,
and the distance from the central star they trace. Adapted from Carmona (2010).

To investigate the spatial structure and characteristics of this gas, I use
the emission lines of different gas atoms and molecules in the electromagnetic
spectrum of the disk. An emission line consists of a small wavelength region
in the electromagnetic spectrum in which the radiation intensity is relatively
high. This is caused by atoms and molecules in the radiation source that emit
light of a specific wavelength because they decay into a lower energetic state.
Using these diagnostics allows me to determine the chemical composition of
the gas, the temperature and amount of gas, and at which distance from the
central star this gas is located. In chapter 2, I study the same oxygen emission
line that is responsible for the red Aurora (Polar Lights). This emission line
traces the disk surface between several tenths and several tens of Astronomical
Units (AU, 150 million kilometers, or the distance between the Sun and the
Earth). In chapters 3 and 4, I describe observations of the carbon monoxide
molecule. This is, after molecular hydrogen, the most abundant molecule in
our universe, and allows us to describe the gas temperature and location very
precisely, thanks to its many emission lines. In chapter 5, I study the emission
lines of molecular hydrogen. Although this is the most abundant molecule in
the universe it is almost never detected in the disks that we study, and only
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found in the flaring disks around the most luminous stars. We show these
diagnostics and the radial distance away from the central star they trace in
Figure 2.

Because each disk is studied using several different gas diagnostics, it is pos-
sible to obtain detailed knowledge of the physical characteristics and spatial
distribution of the gas in the whole inner (� 50 AU) disk. Further compari-
son with the disk geometry shows a strong correlation between this and the
characteristics of the gas (such as temperature, pressure, and radial distance
from the star) that forms the emission lines. Finally, in chapter 6, I use a
state-of-the-art theoretical disk model of the physical and chemical structure
of a disk to understand why these correlations exist.
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