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Summary (Abstract) of doctoral thesis contents

Construction of the quantum gravity theory has a lot of difficulties. Quantization of
the gravitational field based on the Einstein gravity theory leads to
non-renormalizability problem. Moreover, theory also becomes non-perturbatively
unstable since the action can take indefinite value. Besides, we can not physically
eliminate space-time solution including a singularity since the Einstein action is
finite for such a configuration. In order to resolve these problems, the manner that
we introduce the higher derivative terms was proposed. However, one could not avoid
the problem that physical ghost mode arises since one dealt all gravitational fields
perturbatively. So, we need non-perturbative method.

In this thesis, we considered the quantum conformal gravity. The conformal
invariance has a crucial role in our non-perturbative formulation of quantum gravity.
Its importance in physics is also suggested by the recent experiments on cosmic
microwave background (CMB) which indicates the fluctuation in early universe to be
scale invariant. In formation of such fluctuation recorded in the CMB angular
spectrum enable us to discuss the origin of universe back to the past before the
inflation. If we believe the inflation scenario that universe grows up about 10760
order until today, we can reach the phenomena beyond the Planck scale. From this, it
is a good guess that conformal invariance is fundamental in quantum gravity. And
encouraging from the development of two dimensional quantum gravity, we quantized
gravity non-perturbatively by taking into account the contribution of the conformal
anomaly which appears from path integral measure. We then dealt a part of
gravitational field which is called the conformal mode non-perturbatively without
introducing its coupling constant, while the traceless tensor mode is treated
perturbatively.

In the above quantization method, there are various important natures. The first is
that the general coordinate invariance in such a non-perturbative way leads to the
background-metric free nature, which is realized as a gauge equivalency under the
conformal transformation, called BRST conformal symmetry. Owing to this symmetry,
we can choose the flat background and calculate Feynman diagrams in the same way
to usual quantum field theory. Besides, the BRST conformal symmetry makes the
gravitational ghost mode unphysical. The second is the non-renormalization theorem
of the conformal mode. Its renormalization factor becomes unity since we do not
introduce the coupling constant of it. The third is that there is a new dynamical scale.
In contrast with the conformal mode, we deal the traceless tensor mode
perturbatively and the beta function of its coupling constant is negative. This

indicates that the asymptotic freedom of the coupling constant but this does not
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indicate that there is a picture which the gravitational field propagate on the
background space-time. That is, there is not a free gravitational field since the
space-time itself fluctuates by the non-renormalization nature of the conformal mode.
Therefore, gravitational effect emerges only in the internal line of Feynman
diagrams.

The purpose of this study is to examine the renormalization structure in our quantum
conformal gravity theory with using dimensional regularization. We first explained
how to determine the gravitational action in D dimensions. To begin with, we
considered QCD on curved space and analyzed the renormalization group equation
derived from the two and three point functions of the energy momentum tensor. The
finiteness condition gives us how to determine the form of the gravitational
counterterm. Next, using fourth derivative action derived in this way, with adding
the cosmological constant and the Einstein term, we calculated a variety of
renormalization factors, especially, that for the cosmological constant up to the
second order of the coupling constant of traceless tensor mode in Landau gauge. The
results showed that the two loop correction to the anomalous dimension of the
cosmological constant with respect to the gravitational field is negative while that of
the Planck mass parameter is positive. This means that the Einstein term becomes
more dominant in a low energy region. Also, as a consistency check, the anomalous
dimension of the cosmological constant with respect to the conformal mode only
relates with the exact solution derived from the BRST conformal symmetry.

We further calculated the effective cosmological constant. The renormalization group
analysis shows that it does not depend on the scale parameter. Therefore, the
effective cosmological constant does not change even if energy scale takes arbitrary
value. In other words, the value of effective cosmological constant which we took it

small is preserved.
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Summary of the results of the doctoral thesis screening

Einstein-Hilbert fEf Z EIC L OE OB Fm X EHROIC S VIAR R FARER 2T
TR MNEARAREME T FTICARTRWIZDRBEE S DIEBHMICOARALEIL R D, £z,
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