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Abstract

One subject that has interested people throughout time is the idea of nding life in
places beyond Earth and one such place could be Mars. But could life survive on the
red planet today? This is one of the questions the thesis focuses on. Separated into
three major sections each section focuses on aspects that are crucial for life. The rst
section dives into the original Martian atmosphere and the time of the disappearance
of the global magnetic eld. Through simple calculations an estimated ratio of the
original atmosphere of Earth and Mars, created either by outgassing or collisions,
are found. From these calculations the estimated time for the disappearance of the
Martian magnetic eld is calculated. The calculations give a time of disappearance
at either 2.96 Ga ago or at 3.74 Ga ago, depending on how the atmosphere was
created. The second section focuses on the possibility of nding liquid water, in
the form of recurring slope lineae (RSL) on the Martian surface today. Water is
one possible explanation for RSL, that are dark lines traveling down slopes. The
focus was to test the possibility for perchlorates to be a part of this explanation,
and if they could lead to water vapor from the atmosphere condensing in the soil.
The experiment consisted of a number of smaller experiments both testing soils
with di erent concentrations of perchlorates measuring their re ectance as well as
testing the slope. Liquid water is essential for all life known on Earth and this is
why RSL is interesting and also leads to the third section which concentrates one
the possibility for life on Mars. Through the use of a Mars simulation chamber, a
Martian environment, consisting of a carbon dioxide atmosphere, a pressure of 1 %
of Earth’s and a low humidity around 17 % was created and bacteria was tested.
The bacteria was exposed to the environmental changes over two weeks, with the
interest in seeing how they reacted to a Mars-like environment. An additional
experiment, testing how the bacteria coped with UV-radiation, was also conducted,
exposing the bacteria to di erent intervals of UV-radiation. The common thread
for all three sections is their focus on life. With the calculations estimating the time
of disappearance of the magnetic eld, the experiments surrounding recurring slope
lineae, to the testing of bacteria under Mars-like conditions, all with the interest of
better understanding the red planet and the possibility for life beyond Earth.
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1 Thoughts behind this thesis, the calculations and
the experiments

The inspiration for this thesis is the enigma of life elsewhere in the universe. Are we
alone or is life quite common? One of the interesting places to search for life beyond
Earth is Mars, since the planet has some similarities with our own home. Though there
are similarities, there are also a number of differences, among these, the composition of
both soil and atmosphere, the surface pressure and the lack of water (in its liquid form).
Especially water is an essential ingredient for life.

This thesis focuses on Mars and the possibility for water and life on the red planet. The
thesis is made in collaboration with two other students and is consisting of three major
parts: two experimental and one theoretical. The theoretical part is made in collaboration
with a fellow astrophysics student Angeliki Christakopoulou, this means that though we
have not written the section together, we have made the calculations in collaboration and
discussed the best approaches. The reason for adding this part to the thesis was due
to the corona lockdown, making it impossible to go to the lab. We also collaborated on
Section 2, which we worked on together and the text in the section is therefore be the
same, in both thesis. One of the two experimental parts was made in collaboration with
both Angeliki Christakopoulou and (at the time) microbiology student Poul K. Madsen.
This part is consisting of testing bacteria in a Mars like environment by using a Mars
chamber. Here Poul K. Madsen, with his background in microbiology, has played a very
important role in the preparation of the bacteria, as well as the experiment itself. I have
participated in a number of the steps of the preparation as well as the extractions, but
not all. After the experiments, the bacteria needed to be counted, which was done by
Poul K. Madsen. The last experiment was an individual experiment. The purpose of this
experiment was to test the possibility of liquid water on the Martian surface.

The common denominator for all of the sections is the possibility of water and life, as
well as the evolution of the planet. The three parts therefore compliment each other well.
The theoretical approach to the evolution of the atmosphere leads nicely to the lack of
atmosphere today, which in turn leads to the question, can liquid water be found on the
Martian surface? This again leads to the question if life can be found on Mars or can
survive if sent there.



1.1 The structure of the thesis

This section serves as a brief introduction to each of the following sections.

Section 2 provides an overall background for the thesis. With an introduction to both
the Big Bang, the creation of planets and Mars an its environment. It also takes a look
at the requirements for life and the possibility of terraforming the planet as well as the
ethical questions when exploring space.

Section 3 gives a more in-depth explanation for the possible mechanisms behind recurring
slope lineae. It also provides a short introduction to the Gale crater and the Jezero crater
which are the places the used soil analogs should imitate.

Section 4 is the first of the three major parts. It goes through simple calculations for
the original mass of the Martian atmosphere as well as the time for the disappearance of
the magnetic field.

Section 5 serve a short introduction to the Mars chamber which plays an important role
in parts of the thesis.

Section 6 is the second of the three major sections, and describes the experiments con-
ducted in regards to recurring slope lineae. The section is separated into minor sections
explaining the different steps for the experiments, the data and ends with a sub-discussion.

Section 7 is the last of the three major sections and focuses on the experiments where
bacteria were tested. It describes how both the UV-experiment and the Mars chamber
experiment were prepared and made. It then looks into the data of the two experiments
and ends with a sub-discussion about the results.

Section 8 discusses the three major sections overall and how they are connected with
each other.

Section 9 is the conclusion and sums up the results.



2 Background for understanding the thesis and the
experiments

Are we alone? Three small words, that implies an enormous question. A question that
has sparked interest and baffled people throughout time. What if we are? What if we are
not? The questions are many and the answers will most likely vary. In the last decades
the search for clues has increased extremely in an attempt to try and answer the question
“Are we alone?”. Both ground and space based telescopes, rovers and satellites are trying
to find clues to resolve this question. At the moment, one of the best suggestions for
finding signs of life, either past or present, in our own solar system is Mars. In 1976 the
first successful landing of a lander on the Martian surface took place, with Viking 1 and
Viking 2 [Freedman et al., 2016]. From 1976 and up until today the examination of the
planet is still ongoing. Though not every mission focuses of finding sings of life, other
missions are still providing key information about the planet and its past.

The possibility of finding life or for life surviving on Mars is the main focus for the
following sections. Before heading to the red planet, there is a short introduction going
through the creation of the Universe. From the Big Bang to the creation of the elements,
and from there to the creation of planetary systems (Section 2.1). This serves as a short
introduction to the building blocks for the creation of everything, life included, ending
with the creation of solar systems. The next section (Section 2.2) focus more in-depth
on the Martian environment and the evolution of the planets through time. Focusing on
the geology, the magnetic field, the atmosphere as well as the possibility of water both
past and present on the surface, concluding with a section on the search for life on Mars.
This leading to the third part (Section 2.3), a short introduction to biology and life with
focus on bacteria. The last section (Section 2.4) takes a closer look at the possibility of
terraforming Mars, as well as some of the ethical and possibly moral problems when it
comes to space exploration.

2.1 From the Big Bang to the building blocks of life

In order to understand the physical processes in the Universe, including the physical
principles that govern the rules of life we have to go back in time and see how the cosmos
began.

2.1.1 The origin of elements

From a cosmic point of view, all of the observed matter was created during the first
few minutes in the history of the Universe, in the Big Bang, 13.8 billion years ago
[Ade et al., 2016]. During the first minutes, the Universe expanded extremely rapidly,
with this phase being known as the inflationary epoch. After this time the Universe con-
tinued to expand with a slower expansion rate than previously, despite still being in a
very high density and temperature state.

The Big Bang nucleosynthesis -primordial nucleosynthesis- took place during the first few
minutes. This was while the temperature was very high and it refers to the production of
hydrogen, helium, small amounts of deuterium, lithium and beryllium. At this point the



universe had a temperature low enough for deuterium to survive, but also high enough
for fusion reactions to occur since there were still free neutrons available.

Biological life requires heavier elements, than the primordial, in order to be formed. The
formation of these elements came by the result of thermonuclear reactions in the core of
stars, and also during supernova and kilonova explosions. When a star’s core runs out of
hydrogen and expands into a red giant, it begins to produce carbon atoms by fusing helium
atoms. Elements heavier than carbon are more complex to produce because the various
reactions can lead to many nucleus in risk of being destroyed due to high temperatures.
Stars with higher masses continue the nuclear burning. The elements formed in these
stages range from oxygen through to iron. It has been noticed that nuclei with atomic
mass multiple of 4 are more abundant (*2C, 20, ®Ne, ?*Mg, 28Si, 3%S, %Ar, “°Ca, *Fe).
In total 98% of elements in the universe are hydrogen and helium and three quarters of
the rest are made up of carbon and oxygen. Also, an overabundance for the elements
around iron is observed, the reason is the strong binding energy of nuclei with a mass
close to iron.

During the later phases of red giants, supernova or kilonova, the star releases great
amounts of energy that leads to the formation of elements heavier than iron, such as
uranium and gold. In these type of explosions, all the elements produced during the
previous stages of life of the star are ejected into space.

The energy from these nuclear reactions is the high energy and it emits in the x-
ray/gamma rays part of the spectrum. In the end, it is the nuclear reaction that drives
the light emitted from the stars. And it is this light that heats the surface of the planet.
This energy is responsible for warming the planet, influencing the weather and providing
energy for life.

“The cosmos is within us. We are made of star-stuff. We are a way for the universe to
know itself.” — Carl Sagan

2.1.2 Interstellar Medium

The matter and radiation that exists in the space between the stellar systems in a galaxy,
the interstellar medium or ISM, is an area where further reactions can occur and form
more complex molecules. The interstellar medium consists of gas and dust. The gas phase
dominates the medium (99% by mass [Boulanger et al., 2000]) with about 90% hydrogen,
10% helium (by number), and trace amounts of other elements, especially oxygen, carbon,
and nitrogen [Ferriere, 2001]. The dust part consists of dust grains varying from millimeter
to sub-millimeter size and having a carbonaceous or silicate-based core surrounded by an
icy mantle of water (H20), carbon dioxide (CO3), or ammonia (NHjz) [Srama et al., 2004].
The first diatomic molecules were discovered in the ISM almost a century ago. Today,
more than one hundred species have been detected in the ISM [McGuire, 2018]. In this
list of molecules, there are some related to the essential molecules of life, like glycine
[Jiménez-Serra et al., 2014].

These molecules have been detected using atomic and molecular lines as tracers (e.g.
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CO, HI 21cm, H ). Analyzing the spectra observations makes it possible to estimate
the different parameters (like temperature, abundance of elements, column density) that
characterize such environments [Stahler and Palla, 2008]. Studying the densest regions of
ISM, where stars are born and eventually planetary systems form, can tell a lot about the
chemistry that takes place during star formation. This can lead to a better understanding
of the origin of life and possibly elsewhere.

2.1.3 Planetary systems

Now knowing how these elements necessary for life were formed, the next step is to
understand how they ended up in planetary systems. The standard theory that describes
the way that solar systems formed, was first explained in 1796 by Pierre-Simon Laplace.
This theory explains how rotating gas cloud collapse due its own gravity and as a result
form a disk (Fig. 1). The solar system formed about 4.5 billion years ago from a dense
cloud of interstellar gas and dust. The cloud collapsed, possibly due to a shockwave. The
central parts of the cloud collapsed to form the Sun, and the remainder of the material
created a flattened disk, the protoplanetary disk [Boss and Ciesla, 2014].

At the center of the disk, gravity accreted most of the surrounding material and the
pressure in the core becomes so high that hydrogen atoms began to fuse and form helium.
The mechanisms that lead to the formation of planets are still being a current topic in
research across the world. One of the leading theories is that they formed due to accretion.
After the dust particles had grown large enough, the Sun’s gravity dragged them towards
the mid-plane of the nebula. The dust began to collide and then grew until it reached a
planet-sized body. As these planetesimals (solid objects exist in the protoplanetary disk)
build up, some clumps were able to collide and build the final planets. More elliptical
orbits would lead to collision of planetesimals and building up the planets.



Figure 1: [llustration of the planetary formation theory - image source Bill Saxton,
NRAO/AUI/NSF.

The theory for the solar systems is that the Sun and the planets formed around the same
time, however there is no direct evidence supporting this. One can determine the age of
a young cluster and then get an idea of the age of the Sun, but nothing about the age
of the planets. The age of meteorites in the solar system having an estimated age of 4.5
Ga supports this age theory [Hedman, 2008]. Further support to the theory comes from
looking at the direction of the orbits of the planets around the sun. If they had not been
created from the disk at the early stages in the solar system, but rather been accreted
from elsewhere in the Universe, we would see a large variety in the directions of the orbits.

Studying regions in which stars are born (like the famous M16 region), and running
creating and examining simulations of the creation of solar systems could help to answer
an elementary question. Is the solar system unique and different, or is it simply one out
of many other solar systems created under the same initial conditions.

2.1.4 The snow-line and the water paradox

Early in the life of the solar system, before the star had fully accreted the surrounding
materials and planetesimals were still accreting in the disk. Elements condense at different
temperatures and some elements can only condense further out where the temperatures
are sufficiently low. This leads to the planets growing bigger and when they reach approx-
imately ten times the size of Earth, they tend to attract hydrogen and helium gases of
the disk. If these gases are cold enough, then they can condense onto the planet. Further



in, closer to the Sun, elements which can condense at higher temperatures form the inner
planets.

There is a specific distance from the Sun, the so-called snowline, which is estimated
to be at approximately 2.7AU to 3.2AU?!, depending on the model used to calculate it
[Hayashi, 1981, Martin and Livio, 2012, Podolak and Zucker, 2004]. At this distance it is
cold enough for water molecules to be bound into a solid state. The lower temperature
in the nebula beyond the snow-line makes a large number of solid grains available for ac-
cretion into planetesimals and eventually planets. The snow-line separates the terrestrial
planets from the gas planets [Kaufmann, 1987].

Due to low pressure in space water can not exist in its liquid state. As a result water
can only exist in the form of gaseous and solid state. The interesting thing with the solar
system is that the terrestrial planets are closest to the Sun (within the snow-line) and the
gas giants are further out (beyond the snow-line). When observing exoplanetary systems
gas giants are usually found much closer to the host stars than in the Solar system. These
gas giants are thought to have formed outside the snow-line and later migrated inwards
to their current positions [Chambers, 2007] [D’Angelo et al., 2010]. The fact that Jupiter
did not migrate closer to the Sun than it is today, may play a role in the existence of life
and of Earth as known today. The planets beyond this line will have a core mainly of
water. A remarkable point is that while water can only condense outside of the snow-line,
all known life exists within the snowline and relies heavily on water. The origin of this
water on the inner planets remains unknown. [Jgrgensen, 2019].

Bearing in mind how all these mechanisms contribute to the creation of the planets and
life as we know it, it would be strange if we were the only life form in the Universe.

2.2 Mars - Earth’s smaller neighbour

Having gone briefly through the evolution of the universe, the Big Bang, the creation of
elements, stars and planets the focus is now shifted onto one specific planet - Mars. Mars
is the fourth planet from the Sun and is now one of the top candidates for the search for
life within the Solar system. At the time of this thesis it is not known if life exists on
Mars or if it ever has. But when looking at the possibility of life on a planet, the planet
itself must first be understood. The following sections (Section 2.2.1-2.2.5) takes a deep
dive into the red planet, the geology and its evolution through time. As well as taking
a closer look at different planetary factors in order to understand the environment with
the possibility of life in mind. A closer look at the magnetic field and atmosphere, the
evolution of those and the possibility of liquid water both now but also in the past. The
section ends with a short look at the investigations for life and habitability, from the past,
the present and future.

1 Astronomical units 1.5 108 km



2.2.1 The geological periods of Mars

Mars is believed to not always have been the dry wasteland that it is today. But to
be a planet, where the environment and geological features have changed over time
[Carr and Head III, 2009], much like seen on Earth. The geological history of Mars
can roughly be separated in to three geological periods, the Noachian, the Hesperian
and the Amazonian, each of them named after larger areas on the Martian surface
[Carr and Head III, 2009]. The span of each period varies and the exact time for when
one period changes to another are not completely defined. Throughout each period, the
geological features as well as the environment of Mars has changed. Since the exact time
of change from one period to the next is not entirely defined, the age might vary depending
on where one look up the information. For the age and primary source of information on
the geological periods, the paper by [Carr and Head III, 2009] is used. For any location
references on Mars see Fig. 2.

One of the reasons why the areas can be hard to date is due to the lack of rock samples.
When an area on the Martian surface is dated it can be done by crater count. An area
or surface of a planet is initially barren (crater less), during time more and more craters
will form on such surface. Simplified, a given number of craters on a surface therefore
equals a specific age of the given area or surface. The number of craters forming will
vary depending on the planet or moon (due to size, gravity, atmosphere etc.). It should
however be noted that an age based on a crater count will vary depending on the model
used. And also that it is just a model age until the age of actual rock samples can be
determined and compared with the age from the model. This has been done with collected
rock samples from the Lunar surface giving a more precise model age. At the moment
since no Martian rock samples with a known origin has found they way to Earth, the
models used for determining the age of the Martian surface and areas are made from
extrapolated data from the Moon. This means that in the case of Mars (and any other
extraterrestrial surface except for the Moon) the age found by using one of the models,
will only be an estimate or a model age and will again vary depending on which model is
chosen.






