Physical Time and Quantum Gravity
Abstract
In this thesis, we explore the quantum gravity Universe using physical time.

First, we consider a Friedmann-Lemaitre-Robertson-Walker (FLRW) Universe with a
massive scalar field. We polymer quantize the scalar field and use the number of efolds
of inflation as physical time. We look at the semiclassical dynamics of this system
assuming that the scalar field is described by a Gaussian state. We find that there is a
‘polymer inflation' phase that continues into the infinite past, followed by slow-roll
inflation, and then reheating. We also show that sub-Planckian initial data can lead to
significant inflation.

Second, we expand the previous model to include a pressureless dust field. The scalar
field is polymer quantized, and we use dust as physical time. We find that there is an
early time polymer inflationary phase, followed by slow-roll inflation, and an exit into
late time classical dynamics. The value of the dust energy density controls the amount
of polymer inflation with smaller values giving more inflation.

Third, we look at the Cosmological Constant (CC) problem as viewed from the
physical Hamiltonian framework, where we first identify a physical time. We show that
vacuum energy depends on the choice of time, is generally a square root and time-
dependent, and is a function of the observed CC. We explicitly calculate it for various
choices of time. We also discuss why the conventional CC problem is ill-posed, and
formulate the question ‘Does vacuum gravitate?' We find that there is no CC problem
when viewed from this framework.

Finally, we construct the path integral for a closed FLRW Universe with a CC and dust.
We use dust as physical time, and numerically evaluate the integral using Markov
Chain Monte Carlo (MCMC) techniques. We calculate the no-boundary wavefunction
of the Universe, as well as correlation functions and mean volume. We find that the
wavefunction is peaked on zero volume Universes. For a positive CC, we discuss two
methods of making the integral convergent. We find that a smaller CC leads to a greater
probability of large Universes.

”T R 11‘?1 '!,\

g |||r|||_L

NESSRT NN =

Home of the School of Graduate Studies, Sir Howard Douglas Hall was designed by
J.E. Woolford in 1825 and is the oldest university building in Canada still in use.
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