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SUMMARY

RENORMALIZABILITY AND UNITARITY OF HIGHER
DERIVATIVE GRAVITY
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It is one of the long standing problems in theoretical physics to construct quantum
theory of gravity. It has been known for some time that gravity is renormalizable in four
dimensions if one includes higher derivative terms. However, the unitarity of the theory,
which is one the most important properties of any physical theory, is not preserved. So
the theory has not been taken very seriously.

Recently a very interesting proposal has been made that the addition of such higher
order terms to three-dimensional gravity can keep the theory unitary and possibly renor-
malizable if the coefficients are chosen appropriately. The theory is called new massive
gravity.

It has been suggested that new massive gravity with higher order terms in the curvature
may be renormalizable and thus a candidate for renormalizable quantum gravity. However
we show that three-dimensional gravity that contains quadratic scalar curvature and Ricci
tensor is renormalizable, but those theories with special relation between their coefficients
including new massive gravity are not.

Thus the unitarity and the renormalizability are incompatible. So, we have tried to
solve the complicated problem using a differnt method in the latter part of this paper.

The proposal has been made that the time may be an emergent notion. The idea starts
with four-derivative theory of gravity coupled to a scalar field with shift symmetry with
Euclidean signature. The quadratic terms of the scalar field also have four derivatives,
so that its scaling dimension is zero. The low-energy effective theory is described by the
Einstein theory together with the four-derivative scalar theory. It was then shown that
this low-energy effective theory is equivalently described by a Lorentzian action. In this
way it was suggested that the low-energy theory becomes Lorentzian but the theory at the
short distance is described by a Riemannian (locally Euclidean) theory without the notion
of time. If true, this may be a resolution of the ghost problem in the above renormalizable
theory of gravity.

We consider that higher-derivative gravity theories coupled to a scalar field with shift
symmetry may be an important candidate for a quantum gravity. In the latter part of
this paper, we show that this class of gravity theories are renormalizable in D = 3 and 4

dimensions.
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