
 

 

 University of Groningen

Inflation, universality and attractors
Scalisi, Marco

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Scalisi, M. (2016). Inflation, universality and attractors. [Thesis fully internal (DIV), University of Groningen].
University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 23-05-2023

https://research.rug.nl/en/publications/e2d4d460-f711-4aa1-b5f7-5308b3674cea


1
Introduction

We present a non-technical overview of this thesis. After provid-
ing a general background and motivations for this work, we review
the main subject and discuss the challenges one would like to face.
Finally, we provide an outline of the following chapters.
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2 Introduction

1.1 Scientific background
Nature is beautifully various. This is one of the most evident features one
may notice of the objects and phenomena surrounding us. Specifically, the
scales involved in the natural processes are very diverse. The size of an
atom is around 1036 times smaller than the typical diameter of a galaxy.
The energy stored in a usual alkaline AA battery is around 20 orders of
magnitudes smaller than the total energy released by the Sun in one second.

An interesting aspect of this diversity is that, in order to extract informa-
tion on a specific physical system, we can usually focus just on the relevant
scale of that process. An astrophysicist, studying the motion of a planet,
does not need to know about the quantum e�ects governing the behavior
of the single atoms composing the body. Similarly, if we want to study the
properties of molecules we will not take into account the gravitational e�ects
of those, because just too small and, hence, negligible.

Technically speaking, one uses an e�ective theory that must be valid up
to a critical energy scale. This way to proceed has been always used in a huge
variety of contexts (e.g. in hydrodynamics or thermodynamics, one does not
resolve the behavior of the single atoms). However, just in the 70’s, the
Nobel laureate Wilson formalized such a method [1, 2]. The high-energy or
UV degrees of freedom can a�ect the e�ective low-energy theory but they are
usually suppressed by inverse powers of the typical UV scale. The e�ective
theory can be seen as an expansion in 1/M , where M is the typical scale
of the UV theory. If we probe energies E smaller than M , we are not able
to resolve the UV degrees of freedom since they are usually suppressed by
powers of E/M . In the limit E π M , one can usually forget of the physics
happening at energy scales close to M .

The history of physics is full of examples, one of the most famous being the
electroweak theory of the Standard Model replacing Fermi theory at energies
around 100 GeV.

Something similar happens with any quantum field theory coupled to
gravity, when the latter is described by General Relativity (GR). In fact,
Einstein’s theory of gravitation predicts its own breakdown at the Planck
scale, which is equal to

MP l ©
Û

~c

8fiG
= 2.4 ◊ 1018 GeV , (1.1)

where c is the speed of light, ~ is the reduced Planck constant and G is the
gravitational constant. This is the energy scale around which a quantum
formulation of the gravitational interaction should come into play. A theory
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of quantum gravity is indeed needed whenever this force acts on tiny distances
and at very high energies. Important examples of such circumstances include
the very first moments of the Universe and the interior of black holes.

The last century has seen much e�ort in the direction of unifying grav-
ity and quantum mechanics in a unique and solid physics framework. The
approaches and research lines have been several with rather di�erent per-
spectives (see e.g. [3,4]). Nonetheless, they have yielded very interesting and
useful insights into the generic properties this ultimate theory should exhibit.
The quest for a consistent theory of quantum gravity, and for an observa-
tional test of it, has become arguably the greatest theoretical challenge in
fundamental physics.

One of the most promising candidate scenarios has turned out to be string
theory [5–8]. This has been put forward to give a proper description of physics
at really short scales and a unifying view of Nature. However, despite the
advanced level of mathematical tools developed, the accumulated results have
struggled to get in touch with the observations. The fundamental reason is
because of the extremely high energies involved in typical quantum gravity
processes. The Planck scale (1.1) is indeed around 14 orders of magnitude
greater than the highest energies we can currently reach on Earth at the Large
Hadron Collider (LHC). Quantum gravity simply occupies the top place in
the hierarchy of the energy scales present in Nature, as it is schematically
shown in Fig. 1.1.
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Figure 1.1

Hierarchy of energy scales with typical Feynman diagrams.
Inflation happens just some orders below the Planck scale.

Any physical process happening at scales lower than MP l is usually insen-
sitive to quantum gravity e�ects, in line with the general e�ective behaviour
described above. Nevertheless, there is an exception to this common rule:
this is inflation, the primordial phase of accelerated expansion which gave
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the e�ective start to our cosmic history and which constitutes the main sub-
ject of the present thesis. This phenomenon indeed exhibits a peculiar UV-
sensitivity to Planck degrees of freedom although its energy scale is expected
to be some orders below. This represents one of the main motivations for this
work. We will explain some of the most basic aspects here in the following.

1.2 Main subject and challenges

In the 80’s, Guth, Linde and others [9–11] revolutionized the field of cos-
mology when they first proposed the inflationary paradigm as solution to
longstanding problems in the standard scenario. Through inflation, the Uni-
verse naturally becomes flat, homogeneous and isotropic, just as we observe
today in the distribution of radiation and matter in the sky. This has been
measured and analysed with unprecedented accuracy by experiments such as
Planck [12–14] and the Sloan Digital Sky Survey (SDSS) [15,16]. Strikingly,
the observed pattern still preserves the imprints of those initial quantum per-
turbations set by inflation. These are nothing but the seeds which ultimately
evolve into the stars and all the cosmic structures we see around us.

The inflationary phase acts as a natural amplifier connecting the world of
the very small, determined by the laws of quantum mechanics, with that of
the very large, obeying Einstein’s theory of gravity. It provides the sole exam-
ple in physics where genuine quantum e�ects become that large to be visible
to the naked eye. There are indeed two direct consequences of inflation:

• First of all, it induces perturbations on the primordial plasma of pho-
tons and baryons. The associated temperature thus presents charac-
teristic fluctuations over the average value. The famous picture of the
temperature anisotropy in the cosmic microwave background (CMB)
radiation is simply the clearest evidence of this remarkable stretching
of quantum e�ects.

• Secondly, it produces ripples in the space-time fabric. These so-called
primordial gravitational waves currently constitute the research target
of several operating and planned experiments (e.g. KECK [17], BICEP3
[18] and POLARBEAR [19]). After hearing the echoes of two colliding
black holes thanks to the LIGO collaboration [20], looking for the echoes
of the big bang seems indeed to be the natural next step.

The study of the primordial Universe thus provides a unique window onto
the smallest scales of Nature. Today, thanks to remarkable developments on
the experimental side, we can basically probe scales orders of magnitudes
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above the limits of the currently operating particle colliders. The interplay
between theory and observation has become more concrete than ever.

Inflation definitively o�ers the best chance we have to probe regions where
quantum gravity e�ects become manifest. The underlying reason is the fol-
lowing: even though the typical energy should be some orders below the
Planck scale (we will explain this in detail in Ch. 3), the duration of the
inflationary expansion and the way this accelerates strongly depend on grav-
ity’s quantum mechanical features. Therefore, Planck degrees of freedom
easily enter the low e�ective action of inflation thus generically spoiling its
dynamics. In the parametrization of inflation by means of a scalar field „,
this situation becomes even worse when its range exceeds Planckian values,
that is, �„ > MP l (we will analyse the properties of this important variable
in Ch. 4). This so-called UV-sensitivity thus not merely allows but requires
investigating inflation within a quantum gravity framework.

String theory seems to o�er the proper machinery to have best control
over these UV-interactions. The grand challenge is then constructing a proper
embedding of inflation into this complete framework of physics (see [21] for
a recent review on this topic). Achieving this would shed light on the mi-
croscopic mechanism of this primordial phase as well as providing a very
important test for string theory. Nevertheless, the route towards this goal
has turned out to be dotted with many obstacles and we still lack a solid
theoretical underpinning for this phenomenon.

Focusing on e�ective limits of string theory and extracting universal prop-
erties has proved to be very successful in terms of investigation and compar-
ison with the experimental data. Studying the generic mechanism beyond
the particular details (e.g. number of fields involved, mechanism to end infla-
tion, value of the current acceleration and others) of a large class of models
becomes a powerful tool in order to better define the path towards this final
understanding. This is the approach we will be taking in the rest of the
thesis.

1.3 Outline of the thesis
The present work intends to build on and go beyond the ideas presented
above. It aims to explore generic features of inflation which appears inti-
mately related to fundamental aspects of quantum gravity. The outline of
the thesis is as follows:

• Chapters 2 and 3 contain basic material which will set the stage for
the following research investigation. This includes the standard cos-
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mological scenario, its shortcomings and the inflationary paradigm as a
solution to these. In addition, we present the latest constrains provided
by Planck and discuss their implications on the dynamics of inflation.
Although these topics are usually covered in most of the available cos-
mology books and lecture notes (see e.g. [22–26] ), we present our own
perspective and set the notation being used afterwards.

• Chapter 4 is devoted to discussing the small sensitivity CMB observa-
tions have to the entire period of the inflationary expansion. Neverthe-
less, we show that it is possible to extract universality properties of the
fundamental dynamics and still yield very stringent bounds on the ob-
servational predictions. Specifically, we will be interested in analysing
the behaviour of the inflationary field range �„, whose properties are
of utmost importance for the consistency of an e�ective description of
inflation.

• In Chapter 5, we discuss the embedding of the inflationary scenario
into supergravity, seen as an e�ective limit of string theory. We high-
light how very general properties regarding the geometry of the internal
moduli space and the directions of supersymmetry breaking can highly
constrain the physics of inflation. Remarkably, non-trivial hyperbolic
Kähler geometries, naturally arising in string theory, lead to the con-
cept of attractors: the specific details of the model get washed out and
the observational predictions all converge towards a single value.

• Finally, in Chapter 6, we discuss the implications of building a unified
framework for inflation and dark energy, in the context of supergrav-
ity. The inclusion of a nilpotent sector will considerably simplify the
underlying construction thus yielding to remarkable flexibility in terms
of the cosmological predictions. The case of hyperbolic Kähler geome-
try is again special as one can show that unifying early- and late-time
acceleration basically enhances the attractor property of the system.

At the beginning of every chapter, we provide an abstract which gives
an overview of the content and of the main results. These are based on the
works [iii]-[x] of the List of Publications. Throughout the following, we will
work in reduced Planck mass units and then set MP l = 1.


