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Abstract

Tree-level moduli stabilization via geometric and non-geometric fluxes in type IIB orientifolds on Calabi—
Yau manifolds is investigated. The focus is on stable non-supersymmetric minima, where all moduli are
fixed except for some massless axions. The scenario includes the purely axionic orientifold-odd moduli.
A set of vacua allowing for parametric control over the moduli vacuum expectation values and their masses
is presented, featuring a specific scaling with the fluxes. Uplift mechanisms and supersymmetry breaking
soft masses on MSSM-like D7-branes are discussed as well. This scenario provides a complete effective
framework for realizing the idea of F-term axion monodromy inflation in string theory. It is argued that,
with all masses close to the Planck and GUT scales, one is confronted with working at the threshold of
controlling all mass hierarchies.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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1. Introduction

The central element in relating string theory to the real world is moduli stabilization, i.e.
a dynamical mechanism that gives a mass to the ubiquitous massless scalar fields. Most of the
more detailed questions about string phenomenology and string cosmology can only be answered
in a framework of moduli stabilization. Of course, it would be a big advance to isolate generic
but specific predictions of string theory derived models, but so far there are only very general
predictions, such as the existence of supersymmetry at a high scale, the existence of axions,
gauge interactions with chiral fermions and the existence of inflaton candidates.

The usual approach to moduli stabilization [1-6] is to start with an A/ = 1 supersymmetric
compactification to four dimensions of one of the ten-dimensional superstring theories, and then
generate a scalar potential for the many moduli by taking into account additional ingredients.
These are tree-level background fluxes as well as perturbative and non-perturbative corrections
to the Kihler potential and the superpotential. Once these data are specified, one can compute
the resulting scalar potential for the moduli and search for minima, which can either preserve
supersymmetry or break it spontaneously. A scenario of moduli stabilization is a restricted set-
up, where a certain type of minima is guaranteed to exist and where one has parametric control
over the emerging scales of the vacuum expectation values and masses of the moduli. It is fair to
say that in view of the vast landscape, so far there only exist few such scenarios. The most stud-
ied ones are the racetrack, the KKLT [7] the large volume scenario (LVS) [8,9], and variations
thereof.

The aim of this paper is to propose a scenario of moduli stabilization, which is entirely based
on the tree-level flux induced scalar potential. The motivation for this study is two-fold, and to
appreciate our approach and its historical embedding let us elucidate this point further.

In the first run of LHC no direct indication of supersymmetry has been found, so that natu-
ralness as a guiding principle is under pressure, and fine-tuning of the Higgs mass (in the string
landscape) might eventually be something we have to face. In most approaches to string phe-
nomenology, a supersymmetry breaking scale of the order Mgusy ~ 1 TeV was used as an input
to fix the stringy scales. Due to Mpi/Msysy ~ 1013, a moduli stabilization scenario, dynami-
cally generating exponential hierarchies, seemed very natural. This is precisely what the LVS
achieves. However, if Myysy is indeed much larger or even close to the GUT scale, then scenarios
generating only polynomial hierarchies might also be interesting to consider.

Furthermore, the BICEP2 claim [10] to have measured primordial B-modes with a large
tensor-to-scalar ratio of r ~ (0.2 has triggered quite some activity in realizing large-field infla-
tion models in string theory. Although by now there is agreement between the PLANCK and the
BICEP2 Collaborations that the main component of the B-modes is due to dust in the foreground
[11-13], BICEP2’s initial results have led to a number of developments in string cosmology.
Invoking string theory is motivated because inflation is UV sensitive. For instance, for chaotic
inflation with a quadratic potential, the mass scale of inflation is at Mju¢ ~ 10'% GeV, the Hubble
scale of inflation at Hinr ~ 101 GeV and the mass of the inflaton is mg ~ 1013 GeV. Therefore,
a mechanism such as the shift symmetry of an axion is necessary to gain control over higher-
order Planck-suppressed operators.” Various scenarios for axion inflation have been proposed,
such as natural inflation [15], N-flation [16], or aligned inflation [17]. During the last year, it was
analyzed how these scenarios can be embedded into string theory [18-32].

2 For other symmetry-based mechanisms to suppress higher-order corrections, see [ 14].
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