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Projects

1) Investigating the applications of the swampland

program, weak gravity conjecture (WGC) and (AdS/CFT)

correspondence in cosmological structures and particle
physics.

2) Studying and acquiring knowledge of quantum
computer construction based on the photonic integrated
circuits.

3) Investigation of the Gravity and Gauge Theories
Unification via the AdS/CFT Correspondence and the
Swampland Program (Weak gravity conjecture).
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Masters:

Statistical mechanics and thermodynamics in relativistic
frameworks

Supervisors: Dr. Hossein Mohammadzadeh and Dr.
Morteza Najafi

Grade: A
Abstract:

The aim is to calculate the thermodynamic curvature and
check for Bose-Einstein condensation in a bosonic ideal
gas, with the density of states related to the relativistic
scattering equation in arbitrary integer and fractional
dimensions. First, we obtain the internal energy and the
number of particles by calculating the density of states for
the relativistic scattering equation and the required
thermodynamic functions. Using these thermodynamic
functions and related variables, we construct a space
called the space of thermodynamic parameters and obtain
the metric elements of this space. Using the metric
elements, we then calculate the thermodynamic
curvature. By analyzing its divergences, we check the
possibility of condensation.

PhD:

Studying inflation models by using the weak gravity
conjecture (WGC) and AdS/CFT correspondence

Supervisor: Prof. Jafar Sadeghi
Grade: A
Abstract:

The universe underwent a primordial acceleration
(exponential expansion) in a short time with a high energy
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scale. This well-known fact is called inflation. Inflation
has solved many cosmic problems, including horizons,
flatness, and monopole. It also plays a crucial role in
explaining the origin of anisotropy in cosmic microwave
background radiation and large-scale structures. Inflation
models are classified into different categories, and each
inflation model belongs to a specific class according to
certain characteristics. The well-known classification of
inflation is into two groups: standard inflation or cold
inflation and warm inflation. There are also several
independent methods for classifying inflation models.
One classification is based on the initial conditions of
inflation, another is based on different regimes possible
during inflation, such as quasi-potential inflation, power-
law inflation, etc., and the third classification is based on
the end of inflation. In this thesis, we consider different
inflation models under certain conditions by assuming
special conditions and we study them using two methods:
weak gravity conjecture (swampland program) and
AdS/CFT correspondence with respect to some situations
such as slow-roll and constant-roll, etc., in different
contexts. We also look for a connection between these
two theories. AdS/CFT correspondence, introduced by
Maldacena, includes a 5D description of gravitational
theory as a conformal field theory at the 4D space-time
boundary. This duality can be considered a holographic
approach. The swampland program is an exciting subject
in many cosmological concepts such as black hole
physics, inflation, dark energy, paleontology, etc. Many
conjectures were added to the swampland program during
these studies. Some of its conjectures were also modified
to answer some cosmic problems. However, it is still not
accepted as a complete theory. It is associated with
difficulties, such as the contradiction between the single-
field slow-roll inflation and one of the swampland
conjectures that we resolve this problem with some
proper adjustments. The swampland program is an
astonishing advancement in the phenomenology of
guantum gravity theory because it relates to a set of
bottom-up approaches to studying low-energy effective
field theories and their UV completions. The swampland



program is a list of criteria and conjectures in which a
theory is placed and a new adherence to the quantum
theory of gravity. Indeed, through this adherence (or non-
adherence), one can discuss the compatibility or
incompatibility of such views of quantum gravity. These
concepts provide very powerful and tangible tools for
examining the compatibility of these models and the
resulting ideas with the latest observable data. One of the
problems with these concepts is that their conjectures and
criteria must be based on solid foundations. In contrast,
some are based on pure quantum gravity arguments
involving black holes or tested to a non-trivial extent in
some string theory context. We examine different
inflationary models to determine whether these low-
energy theories and inflation models by considering

specific conditions and various conjectures from the
swampland program, such as swampland dS conjecture,
swampland distance conjecture, and refined swampland
dS conjecture, are compatible with quantum gravity or
not. Also, using the hypotheses that exist in the mentioned
theories, we seek to study a particular classification of
inflation models (compatible and incompatible with
guantum gravity). Theories or models that are compatible
with quantum gravity are in the landscape, and ideas or
models that are incompatible with quantum gravity that
do not meet the requirements of these theories are in the
swampland. Therefore, we challenge different
inflationary models with the above conjectures and
compare their results.
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