
Introduction

Jerzy Plebański first noticed that it is possible to describe gravity in terms
of dynamical variables which were different to the old metric tensor, gµν ,
using 2-forms as fundamental variables, a connection, and auxiliary fields.
This observation boosted the study of BF theories in the context of gravity,
namely, it gave birth to the study of BF gravity. While this is valuable by
itself, the main relevance of this formulation is that it allows for the projects
of quantization of the gravitational field to progress, both from the canonical
quantization perspective, as well as the path integral point of view. This
feature has inspired members of the scientific community to develop novel
formulations of gravity which are of special interest to researchers of classical
and quantum gravity.

On this subject, Capovilla, Montesinos, Prieto, and Rojas constructed
an action of the BF type, referred to as CMPR, which features the inclusion
of the Immirzi parameter, and is equivalent to the Holst action when solving
for the constraints and the equations of motion. This is of special interest
because, while the Holst action is equivalent to the Hilbert-Palatini action
at classical level, it is also the starting point of the Loop Quantum Gravity
approach to quantum gravity. The fact that the CMPR action naturally
exhibits the Immirzi parameter is a display of the power and reach of the
BF formulations of gravity.

Recently, Montesinos and Velázquez modified the CMPR action and in-
cluded the cosmological constant into the original action principle. This
motivated the coupling of matter to gravity in this framework. In this thesis
work, we are concerned with the coupling of a scalar field. We perform this
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task by studying an action in terms of the fundamental 2-forms of the CMPR
formalism, a scalar field, and some Lagrange multiplier using an auxiliary
field that gives rise to the right constraint. A detailed analysis of the cou-
pling of matter fields (scalar, Maxwell, and Yang-Mills fields) to BF gravity
including the Immirzi parameter is contained in Ref. [1]. This Bachelor the-
sis only contains a part of the results of [1] – those concerning the coupling
of a scalar field – and has the goal of being an introduction to the issue of
the couplings of matter fields in BF gravity.

Chapter 1 presents a brief introduction to BF gravity. In it, we first
present general relativity in its original formulation, as well as the tetrad
one. Then, we present the general structure of an action of the BF type
for gravity, and set on to explore the CMPR and the Montesinos-Velázquez
action principles. We also make comments on the Holst action and on the
motivation behind BF gravity.

In Chapter 2 we present the Einstein field equations with a matter source.
The main task in this chapter is to explore the coupling of the scalar field
in the context of general relativity. We do so by studying two equivalent
Lagrangians that succesfully perform the coupling on the action level. We
also compute the Klein-Gordon equation.

In Chapter 3 we write down -taking the results of [1]- a scalar field action
that couples the scalar field in the CMPR framework. We see that the
coupling is succesful by deriving step-by-step the usual scalar field action
from general relativity. The equations of motion fall immediately.

Closing comments are made in the Conclusions Chapter. In it, we explore
some important properties of the scalar field action of the BF type and
summarize the achievements of this work.

Bachelor students who are interested but unfamiliar with the subject may
find a good introduction to the mathematical tools, for example, in Ref. [2]
and relevant topics in Ref. [3]. We also suggest reading Ref. [4], which is a
very complete text on gravitation, and Ref. [5], which provides an excellent
introduction to the theory of general relativity.
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