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An Abstract of the Dissertation
of

Tahani Ramez Makki for Doctor of Philosophy
Major: Theoretical Physics

Title: New Analysis of the Primordial Nucleosynthesis in Light of the Lithium Problem.

We are lucky to live in what eventually may be viewed as the best time
during which we could explore the mysteries of the universe. One mystery was
that the mass fraction of helium was always observed higher than about 0.23
since this is not produced in stars at this level. Another question was where
the deuterium has been produced since it is destroyed in stars. The standard
big bang nucleosynthesis (SBBN), which is a well-established theory responsible
for the production of light elements during the first few minutes after big bang,
has answered many of these questions and some still to be answered. It is clear
that all abundances agree with observations except for lithium (7Li) which is
higher by a factor of 3 than observations of the atmospheres of low metal halo
stars. This discrepancy constitutes now one of the most intriguing problems in
cosmology. In addition, lithium was shown to have a constant behavior as a
function of metallicity, the so-called ”Spite Plateau”. Such behavior is now in
conflict with recent observations at very low metallicity which makes the lithium
problem more complicated. In the present thesis, we will argue that nuclear
physics or astrophysical solutions do not seem to resolve the lithium problem so
that non-standard big bang nucleosynthesis should be considered. Therefore, we
will give a new analysis of the SBBN in order to see the possibilities to resolve
the so-called cosmological lithium problem while taking into account constraints
from cosmology, astrophysics and particle physics.
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Chapter 1

Introduction

1.1 The stages of our universe

A fascinating feature of cosmology and astrophysics is the understanding of the
early evolution of the universe. Since about 13.7 billion years ago, big bang took
place and then the universe passes through different epochs. The approximate
timeline of the evolution of the universe could be as follows:

e Planck epoch (from zero to 107*3s): we don’t know so much about this pe-
riod, but what we believe characterizes this epoch is that the four fundamen-
tal forces (electromagnetic, weak nuclear, strong nuclear and gravitational
force) were unified in one fundamental force or have the same strength. At
this time the temperature of the universe was too hot around T' = 102K so
that subatomic particles could not be created and the horizontal universe
was spanning over a region not more than 10735 meters.

e Epoch of Grand Unification (from 107* to 1073¢ s): during this period
the forces start to separate from each other, especially in the first phase
transition, gravity is no longer unified with the other fundamental forces
that remain unified. As the universe cools and according to quantum field
theory, it is possible to create elementary particles and antiparticles. At the
end of this period, the three other fundamental forces separate into two:
strong and electroweak interactions.

e Inflationary epoch: it is not known exactly when the inflationary epoch
ended but it is thought that it took place between 10726 and 1072? s where
the universe undergoes a cosmic inflation that manifested by a rapid ex-
ponential expansion. Then, during this small period the volume of the
universe increases by a factor at least of 107®. The inflaton, which is a
scalar field, was one of the drivers of this phase transition. However, at the



