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im X 8 H : Structure of String Landscape on Toroidal Orientifolds and Its

Phenomenological Implications

In this thesis, we discussed structures of the string landscape, focusing on its
statistics, symmetries, and dualities, while all the topics we exhibited were based on
phenomenological motivations. The thesis is separated into two parts.

In the former part, we explained our works on the flux compactifications of type IIB
string theory. There we obtained the whole flux vacua on several toroidal orientifold
and defined a concept of the probability on each point in the moduli space. Indeed, the
finiteness of the flux vacua plays a crucial role, and the probabilities tell us that which
vacua we can live on naturally, with an assumption that we effectively treat the flux
quanta as free parameters, while they are constrained by an important consistency
condition.

As a result of analysis, we have shown the structures of the landscape highly depends
on the geometrical details of underlying toroidal orbifolds. Indeed, on T"6/Z’_6
orientifold we found the usual modular symmetry is broken to its certain congruence
subgroup, and further enlarged by its outer automorphism group. As a result, the
distribution of flux vacua with degeneracy on the simple T*6/(Z_2XZ’_2) orientifold
and that on the T"6/Z’_6 one are different dramatically. However, there is a common
feature: the fixed points, in particular the elliptic points, are statistically favored in
the landscape. The elliptic points are originated from symmetries and dualities on the
toroidal orientifolds. Thus, this motivates us to study further geometrical properties of
the toroidal orientifolds in future.

These calculations of the explicit flux vacua with the probabilities are also important
from the bottom-up viewpoint of the modular flavor symmetry, which claims that the
flavor symmetry is realized as the modular symmetry. This framework is indeed
appealing since the modular symmetry contains non-Abelian finite subgroups, which
have been suggested as candidates of the flavor symmetry. In those modular flavor
symmetric models, there is a (or, possibly many) massless scalar field that is
transformed under the modular group, the modulus field, governs the breaking of such
flavor symmetries. These additional moduli fields may become a bridge between the
bottom-up and the top-down approaches. In fact, string theory has also generically
many moduli fields that are transformed by the modular group or its symplectic
generalizations. Furthermore, on string-based models whose extra dimensions respect

the modular symmetry, a certain class of the moduli fields enter in the Yukawa



couplings and make the effective theory is compatible with the modular flavor
symmetric models. Although the concrete embedding is beyond the scope of this thesis,
if the embedding is possible, type II sting theory can give the moduli fields the scalar
potential in a natural way (moduli stabilization with the flux compactifications). From
the bottom-up viewpoint, there are some favorable modulus vacuum expectation values
(VEVs) so that the model well explains the observed values. Then, under the embedding,
type II string theory can predict the VEV of the identified modulus field. Since the
VEVs sometimes exclude a proposed model and sometimes support such a model, the
dataset of flux vacua which we obtained is also important in this context.

The landscape on the T*6/(Z_2 X Z_4) orientifold is interesting in this point. Since
it has the Hodge number h~{2,1} = 1, the F-term condition becomes linear in the moduli.
On the other hand, there are typical points where many modular flavor symmetric
models have been proposed, and they are the elliptic points of the modular group. Then,
the linearity and integral flux quanta implies that the VEVs are in a certain quadratic
field, and only one of those elliptic points appears in the landscape. This means that
the problem of choosing a model can be interpreted as the problem of choosing extra
dimensions. Indeed, the allowed elliptic point in the landscape turns out to differ
between the TA6/(Z_2 X Z_4) orientifold and the T~6/Z’_6 orientifold.

Since the difference is originated from differences of symmetries and dualities appear
in the geometry of the orientifolds, it is again interesting to consider more general
toroidal orientifolds and classify the possible geometrical symmetries and dualities.

In the second part, we adopted a certain machine-learning-based approach to analyze
the string landscape. More concretely, we attempted to extract hidden features from
type IIA intersecting D-brane models, via the so-called autoencoder models. As this
thesis is written from the viewpoints of statistics, the motivation to adopt such method
again comes from the statistics of the string landscape. In fact, there have been many
studies on this topic; in the context of type IIA intersecting D-brane models, generating
D-brane configurations which satisfy some concrete phenomenological models and
investigating their statistics have been an important methodology. Here, our aim of
study was to partially go beyond the statistical methods.

The autoencoder models are neural-network-based models, which try to replicate the
input data while having intermediate layers with sufficiently small dimensions. Then,
1deal autoencoder models will extract important features from the input data. What we
mean here by partially going beyond statistical methods is that the features that could
be extracted via the autoencoder models are automatically ensured to be one of the
most important features that is needed to replicate the input data.

In this thesis, we indeed performed the feature extraction. Due to the essential
difficulties of such machine-learning-based studies, we could not extract all the
features. However, we found that the tadpole charges of hidden sector characterize the

clusters that appeared in their latent layers. As a result of analysis, it was suggested



that at least one other feature is hidden in the latent layers. Although we could not
find the other feature, it is interesting to investigate the role of the tadpole charges of

hidden sector in more detail.
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