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Theoretical Early and Late Universe Cosmology
▶ The primordial perturbation of the Universe. Cosmic inflation generates
initial conditions for the growth of structre in the Universe, such as
galaxies and galaxy clusters.

▶ Non-perturbative particle production. Many processes after inflation
involve quantum fields with rapidly changing masses and phase
transitions. Such processes could be responsible for the production of
Standard Model particles and bootstraping the Hot Big Bang cosmology.

▶ Higgs physics and cosmology. The (likely) metastability of the
Electroweak vacuum presents a number of issues for the early Universe
cosmology.

▶ Inflation and Dark Energy. The same quantum field responsible for the
accelerated expansion of the Universe during inflation could also be
responsible for the current acceleration of the Universe

▶ Primordial Black Holes (PBH), LIGO/Virgo gravitational waves and
Dark Matter (DM). There are some indications that LIGO/Virgo
detected black holes could be primordial. PBH could also be responsible
for DM in the Universe. The conditions for the formation of such BH are
created during inflation.

Cosmic Inflation and Vector Fields
▶ Vector fields as the source of the primordial perturbation
▶ Could be used to get information about the Beyond Standard
Model physics at energy scales vastly exceeding those of the
terrestrial experiments

Electroweak Vacuum Metastability
▶ Electroweak vacuum is metastable within 2σ
▶ Why is the Universe not in the lowest energy state?
▶ Inflaton-Higgs mixing could explain this
▶ If there are no new energy scales between EW and inflation,
inflaton could be detected at Large Luminosity LHC

Quintessential Inflation

▶ One quantum field to explain inflation and Dark Energy
▶ Tachyonic trap can solve some of the traditional problems of
quintessential inflation models

Primordial Black Holes
▶ Models of inflation that create favourable conditions for the
Primordial Black Hole formation
▶ The physics of the ultra-slow-roll inflation
▶ Quantum stochastic motion

