
Preface

Since the discovery of the first planet outside the Solar System (or exoplanet) in
1992, detection of the number of planets is increasing exponentially. This planet
search is generating one of the most active and exciting fields in astrophysics for the
next decades. Although we are not capable of detecting and exploring planets like
our own yet, ambitious ground and space-based projects are already being planned
for the next decades, and the discovery of Earth-like planets is only a matter of time.

The theory of stellar evolution has been tested and developed by observations
of several stellar types at different times of their evolution. In the 1980s, the ob-
servations of ‘The Sun as a Star’ provided the role of our star as the Rosetta
stone in interpreting the observations of sun-like stars with different mass, age
and level of magnetic activity. This solar–stellar connection had a double avenue,
because the stellar observations also contributed to a better understanding of the
solar magnetism.

Although we are probably set for some surprises, the example of the Earth and
the rest of the rocky planets of the solar system will be our guidance to classify-
ing and understanding the multiplicity of planetary systems that might exist in our
galaxy. In a similar way to that of the Sun as a star, it is reasonable to expect that
the future observed population of planets in the galaxy will exhibit a wide range
of planet types and evolutionary stages. Observations of ‘The Earth as a Planet’
will provide the key to understanding future observational spectra of such bodies.
However, the Earth-Exoplanets connection will also work in both directions. When
a substantial database of exoplanets becomes available, statistics of planetary for-
mation and evolution will become possible. This will provide vital information in
solving some of the questions about the formation and evolution of our own planet
and the solar system, for which we still have no answers.

The current view on stellar evolution is very deterministic. The future and evolu-
tion of a star depend on two basic properties: its mass and its metallicity. If these two
quantities are known, we can establish whether the star will explode as a supernova
in a few million years or if it will end its days as a red giant. For planets, the picture
is a little more complicated. At first instance, the mass of the planet, its composition
and its distance from the parent star will determine its habitability and evolution.
But other factors, such as the presence of gas giant planets, can also play a major
role in its evolution. The parent star will also influence the evolution of the planet.
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To establish the solar–stellar connection, we needed only to compare the stars; simi-
larly, to establish the Earth–exoplanets parallelism, we need to compare not only the
planets but also the physical properties and evolution of their planetary systems as
a whole. For example, we may be able to determine how many of the ‘rocky’ plan-
ets that we detect have experienced a runaway greenhouse effect, such as Venus, or
how many have lost their atmosphere as Mars has. By observing planets of different
ages, we also learn about the state of our own planet in different epochs.

Undoubtedly, one of the main concerns for astrophysics in the coming years will
be the search for life. If a planet has all the suitable original conditions to develop
and sustain life, does life necessarily occur? And if it does, what are the average
time scales for the development of bacteria, plants or intelligence? Are we alone?
... During its evolution, some of the most dramatic changes suffered by our planet
affected the composition of the atmosphere. Extraterrestrial observers would ob-
tain two different spectra of our planet depending on the epoch of the observation.
Early on the Earth’s history, the major atmospheric signatures were those of CO2
and water vapour, but in recent times (in terms of millions of years), together with
such spectral features, the bands of molecular oxygen (O2) and ozone (O3) are also
present. This dramatic change, the rise of oxygen content, was triggered by the ap-
pearance of life. In the future, we may be able to infer whether life is common or
not in the universe by observing the evolutionary stages of millions of planets. From
the tiny bacteria to technological civilizations we can expect to see life signatures in
the atmosphere of exoplanets.

In summary, this book will focus on observations of the Earth as a model for
the search of exoplanets and on the information that we will be able to extract from
their observation. We put ourselves in the position of an external observer looking
at the solar system from an astronomical distance, and we try to answer how we
could conclude that this particular planet, the third in distance to the central star, is
essentially different from the others and capable of sustaining life. Then, we apply
what we learn from this change of perspective to the search for exoplanets similar
to Earth.

The first chapter of the book provides first a historical briefing on the progressive
knowledge of our planet. Then, we start with a sort of space travel. Starting with
first observations from the altitude, using balloons and rockets, we continue with the
views of our blue planet from the Moon and the different planets of our solar System.
One of the most important achievements of space research was the capability to
observe the Earth from outside, floating in space.

This concept will be complemented with the second chapter, where we describe
the main properties of our planet. A description of the present Earth from its interior
to the atmosphere is given, followed by a review of the different periods of the Earth
history.

The third chapter shows how the Earth should be observed from space as
Sagans’s blue dot. The photometric, spectroscopic and polarimetric properties of the
globally integrated light reflected/emitted by Earth are discussed. Special emphasis
is given to the Earthshine observations, the sunlight reflected by Earth toward the
dark side of the Moon, as a proxy for such global observations.
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The outer layers of the Earth are discussed in Chap. 4. Many interesting processes
resulting from the interaction of the atmosphere with the high energy solar radiation,
solar wind and cosmic rays occur at high altitude. Observed from space the Earth
glows in discrete spectral lines (airglow), enhanced during transitory events such as
the auroras. The UV and X-rays are excellent diagnostic tools for investigating these
regions of the atmosphere.

The existence of life is one of the most relevant properties of our planet, and the
Earth would look completely different without it. However, detecting it unambigu-
ously from vast distances is no trivial matter and ingenious techniques should be
used for this purpose. This matter will be handled in Chap. 5. Toward the end of the
chapter, the main features of our technological society, as reflected in the Earth’s
electromagnetic spectrum, are described, providing a hint as to how to detect other
extraterrestrial civilizations.

Detection of other Earths is the essential requirement to apply the Earth–
Exoplanets connection. Chapter 6 is dedicated to a review of the current and future
projects, explaining in detail the current limitations in detecting the less massive
planets. A research field with a brief history, starting in the 1990s, but which has
undergone rapid development and is becoming one of the most important fields in
current Astrophysics.

The mass of an astronomical body, together with the chemical composition of the
environment where it was formed, determines its future. Stars are massive enough to
reach temperatures that permit thermonuclear reactions in their interiors. Less mas-
sive brown dwarfs can make this process only by burning deuterium. Planets were
recently defined by an international committee and come mainly in two classes:
Giants and terrestrial. For the latter, the Earth, Mercury, Mars and Venus are our
references; however, the possibilities are larger. Lacking observations of terrestrial
exoplanets, we can figure out theoretically how these exo-earths could be, changing
some of the basic parameters. From Super-Earths and Super-Mercuries to Carbon
planets, an ample diversity of possible worlds is presented in Chap. 7. Some selected
exoplanets discovered already are studied in detail.

However, planets are not isolated bodies. They experience the influence from the
parent star and the rest of planetary companions in the planetary system. The broad
destiny of a planet is determined by its initial mass and chemistry, but the ultimate
fate depends on how the planet is affected by the interactions with its companions.
To be in the right place is a good recipe. In Chap. 8 we discuss these collective
processes, along with the different theories on the formation of planetary systems.
As usual we start with our own solar system, which can be confronted with the first
observations of proto-planetary disks and multiple planetary systems.

The last chapter is a necessarily failed attempt to answer some fundamental ques-
tions regarding the position of our planet in the Universe: Is our Sun special? Is our
Solar System common? and finally: Is our Earth unique? The complete answers can
only be provided by observations, and search for bio-markers, of terrestrial exoplan-
ets to be discovered in the future. In the meantime, we can, however, remark that
we have a unique process of formation and an ample diversity of planetary systems.
Birth and environmental factors determine together the structure and evolution of a
planetary system and its components.
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