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Research activity

My research area is string phenomenology and I am interested in both the applications of string
theory to cosmology and to particle physics.

During my Ph.D. my research focused on the applications of string theory to cosmology and, in par-
ticular, on the time-dependent backgrounds arising from non-supersymmetric strings. String theories
with broken supersymmetry have scalar tadpoles and, as a consequence, Minkowski spacetime, with
its maximal symmetry, is no longer the true vacuum, which must be determined. The maximally sym-
metric backgrounds can depend on time making these models very interesting for cosmology. In [1] we
determined the classical background for a large class of nine dimensional orientifolds with supersym-
metry broken by the Scherk-Schwarz mechanism. The time-dependent solutions can be reinterpreted
in terms of Lorentzian orbifolds with a supersymmetric bulk and expanding boundaries. In [2] we
exploited these time dependent backgrounds to find four dimensional cosmological solutions, by com-
pactifying five dimensions parallel to the D8-branes present in the models. Time evolution results in
three large space dimensions and slowly evolving internal dimensions. The metric induced on the vi-
sible brane describes a FRW universe. In the context of these four dimensional cosmological models,
we addressed the issue of moduli stabilisation using potentials triggered by non-perturbative effects
like gaugino condensation on D-branes and fluxes|3].

My thesis also involved orientifold model building with various supersymmetry breaking mecha-
nisms, such as brane supersymmetry breaking and the Scherk-Schwarz mechanism. In [3] we obtained
four dimensional chiral models without supersymmetry and no tachyons. These models admit the time-
dependent solutions described previously. In [4] we constructed supersymmetric Z> x Z, orientifolds
with discrete torsion using internal magnetic fields dual to configurations of intersecting branes. In the
context of these models we found new constraints, coming from the twisted RR tadpole conditions,
necessary in order to get a consistent spectrum.

In the last two years my main activity was the study of semi-realistic classes of models.

In [5] we investigated the Z, x Z; orbifolds of the Fg x Eg heterotic string compactified on non
factorisable 6d tori. Non factorisable tori have not been considered previously for the heterotic string,
but they feature interesting phenomenological applications, due to the fact that the number of Standard
Model generations, before introducing Wilson lines, is reduced compared with the factorisable case,
providing an improved set-up for semi-realistic model building. We exemplified our findings with an
orbifold of the SO(6)? root lattice, with discrete Wilson lines, which gives rise to a SO(10) gauge group
and three generations, one per twisted sector.

In [6] we presented a mechanism that allows to obtain a minimal Higgs spectrum at the string
scale, in the framework of three generation free fermionic models. The mechanism consists in using
asymmetric boundary conditions for the worldsheet free fermions associated with the compact dimen-
sions and we included this mechanism in a three generation semi-realistic model. An additional effect
of the asymmetric boundary conditions is a drastic reduction of the supersymmetric moduli space. It
seems that models in this class do not admit any flat directions at all, hence signaling a perturbative
breaking of supersymmetry. This will make the subject of a future publication. The outcome of this
study highlights the key role the asymmetric boundary conditions play in the free fermionic models
and the importance of implementing asymmetric twists also in the bosonic language.

More recently[7] we studied Z; x Z, orientifolds with intersecting branes in the set-up of non fac-
torisable tori. We described a method to deal with this kind of configurations and discussed how the
compactification lattice affects the tadpole cancellation conditions. This study shows that this class
of models is ruled out phenomenologically, due to the even number of families of quarks and leptons
present in the models.
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Research projects

In the future I intend to continue to work on orbifold and orientifold compactifications in view of repro-
ducing, as low energy limit of strings models, the Standard Model properties : the appropriate gauge
group structure, the correct pattern of Yukawa couplings of quarks and leptons and the predictions for
the Higgs sector.

One of my presents interest is the use of shifts in model building, both in the heterotic and type
IT pictures. Symmetric shifts have been considered and classified both for the the 7, x Z; heterotic
orbifolds [Donagi, Faraggi, 2004] and the Z> x Z; orientifolds of type II [Blumenhagen, Plauschinn, 2006].
I intend to extend these classifications, to the case of non factorisable tori and, equally, to perform
a classification of the asymmetric shifts. The phenomenologically relevant shifts will then be used for
model building. This study is partially motivated by the fact that shifts are an important model building
ingredient in the free fermionic models, a class of models which has proved a clear phenomenological
interest and which is related to Z; x Z5 orbifolds of the SO(12) root lattice. In particular, asymmetric
shifts are used in the free fermionic models to perform a doublet-triplet splitting in the Higgs states
at the string scale, mechanism which could be reproduced in the bosonic language by implementing
similar asymmetric shifts in orbifold model building.

Equally, inspired by the free fermionic models, I am pursuing with my collaborators the realisation of a
higgs-matter splitting mechanism in orbifolds of the heterotic string, looking for an orbifold projection
that will allow to obtain Higgs states uniquely from the untwisted sector and the matter states from
the twisted sectors. Generally the spectra of orbifold contain a large number of Higgs like states. The
mechanism under investigation will allow to project the Higgs states from the twisted sectors and to
obtain simpler set-ups for determining the Yukawa couplings.

I also intend to continue the study of non factorisable tori, exploring their phenomenological applica-
tions. As a long term project it would be interesting to further elucidate the connection between the
free fermionic constructions and the orbifold compactifications. While the second allow a more intuitive
geometric picture, the former are more suitable for the classification of large classes of models, hence
a map between these models could be a very useful tool for investigating phenomenological properties
of string vacua.

One of my present projects is also the investigation of intersecting brane models in the case with
discrete torsion and fractional branes, in the set-up of non factorisable tori. While bulk branes allow
only even number of generations, fractional branes could potentially solve this problem. The discrete
torsion case is equally interesting due to the presence of rigid cycles.

Another subject of interest for me is the introduction of asymmetric twists in orbifold and orientifold
model building, a class of compactifications which has not been investigated in detail yet.

I am equally interested in pursuing the study of cosmological applications of time-dependent solutions
obtained from non-supersymmetric strings. The issue of stability of these solutions and the fate of
scalar tadpoles present in these models are still open questions. At the same time it is of great interest
to improve the phenomenological properties of the orientifold models giving rise to the time-dependent
solutions, in view of combining the model building constraints from particle physics and cosmology.

Other subjects of interest for me are the issues of moduli stabilisation, de Sitter solutions of string
theory and the issue of axions in string theory.



