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There are totally 6 chapters and 2 appendices in this thesis.

Chapter 1 is an introduction. This chapter includes brief overviews of big bang cosmology. inflation

theory and anisotropic inflation, the motivation of the study and the outline of the thesis.
The motivation of our study of inflation with an SU(3) gauge field is as follows:

Although statistically isotropic primordial fluctuations are supported in the CMB experiments,
anomalies are also shown, though at low statistical significance in the CMB temperature anisoﬁ'opies.
In precision cosmology, we need to study the fine structure of the [luctuation of CMB. e.g.,.
statistical anisotropy. Motivated by the anomaly in observation. many models have been proposed to
explaih the statistical anisotropy. In the case of slalislibul anisotropy, one needs to find some
mechanism to achieve this. One direction is to find an anisotropic inflation model, so that the
primordial {luctuation may have a chance to be statistically anisotropy. One mechanism is found to
obtain a stable anisotropic solution, it is achieved by coupling the inflaton and a U(1) gauge [icld by
a nontrivial kinetic function. If the kinetic function satisfies some condition. then the gauge ficld can
survive from the expansion of the universe so that anisotropic inflation occurs. If the gauge ficld is
of SU(2), it will suffer from the non-linear sef{-coupling of the gauge ficld itsclf, which makes it

tend to isotropy.

In this thesis, we study the anisotropic behavior of inflation in the presence of an SU(3) gauge field.
In the standard model of particle physics, not only U(1) and SU(2) gauge fields but also an SU(3)
gauge field plays an important role. In high-encrgy fundamental theories, there are many
non-Abelian gauge ficlds including SU(3) and other Lie groups. From the viewpoint of group theory,
the differences of the structure constant in the SU(3) group may result in a nontrivial phenomenon in
the anisotropy of inflation. Therefore. it would be interesting to study the role of a SU(3) gauge field

in the early universe in addition to the previous works for the cases of U(1) or SU(2) gauge fields.

In Chapter 2. we first review the standard cosmology and inflation theory. Inflation theory is a
theory of the early universe motivated by solving the problems in standard cosmology. Inflation
theory can also provide the seed of the cosmic structure generated at a late time through quantum
fluctuations in the early universe. In this chapter, we also review how inflation can provide the

primordial fluctuations for the CMB anisotropy and large-scale structure.

In Chapter 3. We review anisotropic inflation with U(1) gauge field(s). we first review the
mechanism of anisotropic inflation in the case of one U(1) gauge field in this chapter. We then
review inflation with two U(1) gauge fields. In this case. the stable solution is a state in which the

two electric fields (the derivative of the gauge fields to time) are perpendicular to each other. We
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then review inflations with N(N > 2) U(1) gauge fields, in these cases, inflations will reach no-hair

eventually.
Chapter 4 and Chapter 5 are the parts of our study and Chapter 4 is the main one.

In Chapter 4, we present our study of inflation with an SU(3) gauge field. In §4.1, we first show that
in the case of the conventional SU(2) subgroup (the one with Pauli matrices as generators), all the
components decay at the non-linear regime (when the gauge field grows to large enough values)
eventually and thus universe becomes isotropic eventually. In §4.2 we show for the case of
SU2)®U(1) subgroup. In this case, the SU(2) part decays while the U(1) part survives. This is
because the generator of the U(1) group commute with those of the SU(2) group thus the U(1) gauge
field decouple with the SU(2) gauge field. As a result, when the SU(2) gauge ficld decays, the U(1)
part has a similar solution as the case of the presence of only the U(1) gauge. However, we find
small anisotropy generates at the linear regime even the initial condition is isotropic. It is because of
the small difference between the growth rates of the SU(2) gauge field and the U(1) gauge field at
the linear regime. This is different from the case of three U(1) gauge fields or the case of SU(2)
gauge field, both of these two cases would not gencrate anisotropy if the initial conditions are
isotropic. In §4.3, we find the components corresponding to the Cartan generators can survive from
the non-lincar self-coupling of the gauge field because of the existence of a {lat direction. It happens
in the space of the SU(2) subgroup in which onc generator is a combination of the Cartan gencrators.
Although the survived two gauge components for which the generators are commutative, they align
and thus behave as one U(1) gauge field. This is different from the case of two U(1) gauge fields,
in which the stable solution is that the velocities of the two gauge fields are perpendicular to each
other and have the same magnitude, and thus have smaller anisotropy than that in the case of flat
direction. In §4.4 we study the general case of SU(3) gauge field, in the sense that we set the initial
velocities of all the components to the same order of magnitude but different values (to avoid all the
components pointing to the same direction). We find in this case all the components decay at the

non-linear regime thus the universe becomes no-hair eventually.

It should be noted that there is no flat direction in the potential for the conventional SU(2) gauge
field. This gives rise to an interesting inflationary scenario with an SU(3) gauge field, which cannot
be realized in the conventional SU(2) case. On the contrary, in a realistic universe, it is reasonable to
expect that all the components of the SU(3) gauge ficld have nonvanishing initial velocities of the
same order of magnitude. We found that the generated anisotropy eventually decays due to the
nonlinear self-couplings of the gauge field. In this sense, the cosmic no-hair conjecture holds.
However, the transient anisotropy should exist practically on the large scales and its effect would be

imprinted on the cosmic microwave background and the large-scale structure.

Pengyuan Gao: NO.3

In Chapter 5 we extend the analysis of flat direction to inflation with an SU(N )(N > 3) gauge field

From group theory, we know that each root vector corresponds to an SU(2) algebra in which one of

the generators is a combination of Cartan generators and the coefficients are the components of the

root vector. In our case, for each simple root with two non-zero components, there is a flat direction

in some subspace of the corresponding SU(2) gauge field, similar to the situation in the SU(3). The
gauge components corresponding to the Cartan generators can survive from the non-linear
self-coupling because of the existence of a flat direction, This flat direction results in anisotropy

same as the case of only one U(1) gauge field. Thus, the conventional SU(2) gauge field has a
specialty among general non-Abelian gauge fields in inflation.

Chapter 6 is the conclusion and discussion.

Appendix A is the group theory which this thesis may use.

Appendix B is the analysis of configurations of SU(3) gauge field in the axially symmetric Bianchi

type I spacetime.
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