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Abstract

Quantum fluctuations are pretty violent in the early universe.
Therefore the quantum effect in the inflationary universe deserves more
attention. In addition, evdences indicate that the Einstein's cosmological
constant, or a component of the material content of the universe, e.g.
the dark energy, that varies only slowly with time and space and so acts
like Einstein's cosmological constant. Detection of dark energy could



offer a resolution to an old puzzle, the gravitational effect of the
zero-point energies of particles and fields. The puzzle 1s that the value
of the dark energy density has to be tiny compared to what 1s suggested
by dimensional analysis; the startling new evidence 1s that it may be
different from the only other natural value, zero.

Keywords: early universe, quantum cosmology, brane universe,
cosmologica constant, higher dimensional theory
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THGEREERIN AR, For example, we discuss the
stability analysis of the Kantowski-Sachs type universe



in pure higher derivative gravity theory in details. The
non-redundant generalized Friedmann equation of the
system 1s derived by introducing a reduced one dimensional
generalized KS type action. This method greatly reduces
the labor in deriving field equations of any complicate
models. Existence and stability of inflationary solution
in the presence of higher derivative terms are also
studied indetails. Implications to the choice of physical
theories are discussed 1n details 1n the report. We also
study the effect of a modified gravity with scalar field
coupled the higher derivative theory. Kaluza-Klein of
anisotropic higher dimensional theory 1s also studied for
their application 1in the inflationary universe. This
paper was accepted by one of referees of the journal
Physical Review D and 1s currently 1n the reviewing
process 1n response to the comment from a second referee.
In additon, we have been working on the dynamical
structure of the spiral galaxies based on the theory of
MOND. We have successfully obtained mass distribution
information from the rotation curve data and provide a
detailed M/L function for more practical study of spiral
galaxies and the role of dark matter in the large.
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Stability analysis of the Kantowski-Sachs type universe in pure higher derivative gravity theory is
studied in demil. The nonmedundant genemlized Fredmann equation of the system iz derived by
introducing a educed one-dimensional generlized Kantowski-Sachs type action. Existence and stability
aof inflationary solution in the presence of higher derivative terms ane also sudied in detail. Implications to
the chodce of physical theories are discussad in detail in this paper.
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I INTRODUCTLON

Inflationary theory is a nice resolution for the Aatness,
monopole, and horizon problems of our present universe
described by the standard big bang cosmology [1]. In
particular, our universe is homogeneous and isotropic to
a very high degree of precision [2.3]. Such a universe can
be described by the well-known Friedmann-Robertson-
Walker (FRW) metric [4].

Omne expects that gravitational physics could be different
from the standard Einstein models near the Flanck scale
[5.6]. For example, quantam gravity or sting comections
could lead to interesting cosmological applicastions [5].
Indead, some investigations have already addressed the
possibility of deriving inflation from higher order gravita-
ticnal corrections [7—10].

For example, a general analysis of the stability condition
for a variety of pure higher derivative gravity theories
could be useful choozing physical models. In particular,
it has been shown that a stability condition should hold for
any potential candidate of inflationary universe in the fat
FEW space [10].

In addition, there is no particular reason for our universe
to bz initially isotropic to such a high degree of precision.
Exen if anisotropy can be amoothed out by the proposed
inflationary process, it is also interesting to study the
stability of the FEW space during the post-inflationary
epoch. MNonetheless, it is interesting to study the cases
where our universe starts out from an initially anisotropic
universe. As a result, our universe is expected to evalve
from certain anisotropic universe to a stable and isotropic
universe, Indead, it has been shown that there exists such
kind of anisotropic solution for a NS-NS model with a
metric, adilaton, and an axion field [1 1]. Such inflationary
solution is also shown to be stable against small field
perturbations [12]. Mote also that similar stability analysis
has also been studied in various fields of interest [13,14].

Higher derivative terms should alzo be important for the
Flanck scale physics [10.13]. For example, higher order
corrections from quantum gravity or string theory have
been considered as the inflationary models [15]. In addi-
ticn, higher derivative terms also arise as the guantum
carrections to the matter fields [ 15]. The stability analysis
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of the pure higher derivative gravity models has hence besn
shown in Ref. [ 10]. Therefore, it is interesting to study the
implication of this stahility analysis in different models.

Recently, there are also growing interests in the study of
Kantowski-Sachs (KS) type anisotropic universes [ [6-18].
Hence we will try to study the existence and stability
conditions of an infationary de Sitter final state in the
presence of higher derivative theory in Kantowski-Sachs
spaces. In particular, it will be applied to study alarge class
of pure gravity models with inflationary KS/FEW solutions
in this paper. Any KS type solution that leads itself to an
asymptotic FEW metric at time infinity will be refemed to
as the KS/FRW solution in this paper for convenience.

It will ke shown that the existence of a stable de Sitter
backgroundis closely related to the choices of the coupling
constants. We will oy to generalize the work in
Refs. [19,20] in order o obtain a model-independent for-
mula for the nonredundant field equations in  the
Kantowski-Sachs (K8) type anisotropic space.

We will first derive a stability equation which turns out
to be identical to the stability squation for the existence of
the inflationary de Sitber  solution  discussed  in
Refs. [10.20]. Mote that an inflationary de Sitter solution
in pure gravity models is expectad to have one stable mode
and one unstable mode for the system 1o undergo inflation
with the help of the stable mode. Later on, the infAationary
era will come to an end once the unstable mode takes over
after a brief period of infationary expansion. The method
developed in Refs. [10.20] was shown to be a helpful way
in choosing physically acceptable model for our universe.
Cr result indicates, however, that the unstable mode will
also tamper the stability of the isoropic space. To be more
specific, if the model has an unstable mode for the de Sitter
background perturbation with respect to isotropic pertur-
baticn, this unstable mode will also be unstable with re-
spect to any aniscropic perturbations.

In particular, we will show in this paper that the roles
played by the higher derivative terms are dramatically
different in the inflationary phase of our physical universe,
First of all. third crder terms will be shown to determine the
expansion rate My for the inflationary de Sitter space. The
quadratic terms will be shown to have nothing to do with
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