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In this thesis, the cosmological correspondence of theory of nonlocal gravity, which is an infrared
(IR) modification of Einstein’s theory, is studied in detail.

It is known that Einstein’ s General Relativity (GR) suffers from the Cosmological Constant Problem
(CCP), which is one of the most severe problems in fundamental physics. A related cosmological mystery
is the dark energy problem, namely, what drives the current accelerated expansion of the universe?
Aiming at the resolution of these two problems, a nonlocal modification theory of gravity that may
originate from the loop corrections to GR was proposed. In this theory, on cosmological scales, it
is hoped that the observed accelerated expansion of the current universe can be explained by the nonlocal
modification term while leaving the large bare vacuum energy predicted by quantum field theory
unchanged. Moreover, with an appropriate reconstruction procedure, one can construct a model, though
with rather unnatural tuning, in which the evolution of the universe is indistinguishable from that
predicted by the LCDM model.

After reviewing the proposal and achievements of nonlocal gravity, we study cosmology of this theory
We firstly probe the possibility of resolution of CCP by discussing the screening of cosmological
constant in this theory. Spatially flat and decelerating solutions are found with the presence of a
bare cosmological constant term. This shows that the screening mechanism works effectively in this
theory. We also find a de Sitter solution with and without a perfect fluid matter component. Further,
we obtain a whole set of power—law solutions with and without a perfect fluid matter component. The
conformal transformation in this theory is clarified, and we apply it to finding the corresponding
solutions in the Einstein frame

Next, we formulate the linear cosmological perturbations in nonlocal gravity. By considering the
Newtonian limit, we simplify the equation and obtain the post—Newtonian parameter. Using the bound
given by time-delay effect of the Cassini tracking for the sun, we obtain the local constraints on
this theory. It is found that for a wide range of model parameters, nonlocal gravity theories can satisfy
the local constraints.

Finally, we argue that since the Hubble parameter of the de Sitter solution found for a particular
theory of nonlocal gravity is a free parameter specified by the initial condition, not by the parameter
of the theory, there is a hope that nonlocal gravity can describe both a proper inflationary scenario
in the early universe, subsequent decelerated expanding phase of the universe, and the current
accelerated expanding phase, irrespective of the value of the bare cosmological constant in the
Lagrangian, thus giving a solution to the cosmological constant problem. We then conclude by stating
a few important future issues including the search for a theory that properly reproduce both the early
inflationary phase and the current accelerated phase simultaneously without fine—tuning of the model

parameters.
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