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Abstract
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The project survey varieties of dark energy and alternative-to-GR ideas of gravitational theory. For
selections of simple dark energy models, we consider, in the FLRW universe, quintessence (canonical
scalar field) or vacuum energy with interaction to matter. The cosmology of canonical scalar field is
re-expressed in form og time-independent non-linear Schrodinger-type (NLS) equation. Two types of
barotropic fluids are as well included. Seven exact solutions found and one new found solution are tested.
We suggest that the time-independent NLS formulation of cosmology should be reformulated within the
time-dependent NLS equation. The second simple dark energy model is vacuum energy with interaction
to matter. Stabilities analysis of the model is performed allowing energy exchange between pressureless
matter and vacuum energy by applying the simple interaction model and allowing either positive or
negative potentials. Two-fluid and three-fluid cases are studied. Fixed points and stability conditions of
the points are determined. Fixed points with late-time acceleration with dust domination era are possible
within a viable range of interaction strength.

The alternative-to-GR ideas of gravitational theory considered here is the non-minimal derivative
coupling (NMDC) to gravity with holographic cutoffs and massive gravity. The NMDC is considered
at cosmological scale whereas the massive gravity is considered locally as wormhole solution. The
NMDC Kinetic term coupling to Einstein tensor under potential V' = (1/2)m?$? modifying gravitational
constant of the theory and holographic cutoff modifies dark energy density. Positive NMDC coupling is
favored rather than the negative one. The model with purely NMDC theory and the potential is favored
and canonical scalar field with positive NMDC coupling is viable under some conditions that result in
oscillating scalar field. The phantom field case is not favored. The other alternative gravity ideas is to
apply massive gravity theory in solving Morris-Thorne wormhole spacetime instability. Morris-Thorne
wormbhole needs unknown exotic matter with strong negative radial pressure for sustaining the wormbhole.
The wormhole solution exists in massive gravity theory. We found that, with massive gravity, the
necessity of the exotic matter can be alleviated and the wormhole throat, negative radial pressure and

volume becomes smaller in magnitude.

Keywords: Dark energy, modified gravity
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