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Motivated by the gauge theory of gravity with local scaling symmetry proposed recently in [1,2], we in-
vestigate whether the scalar field therein can be responsible for the inflation. We show that the classical
theory would suffer from the difficulty that inflation can start but will never stop. We explore possi-
ble solutions by invoking the symmetry breaking through quantum effects. The effective potential of
the scalar field is shown to have phenomenologically interesting forms to give viable inflation models.

The predictions of physical observables agree well with current cosmological measurements and can be
further tested in future experiments searching for primordial gravitational waves.
© 2018 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

Inflation has been one of the popular paradigms to solve sev-
eral notable problems in cosmology since 1980s. It provides a basic
framework to explain the origins of initial conditions in standard
big-bang theory. In the inflationary epoch, a scalar field is usu-
ally dominating the energy density of the universe and results in
an exponential expansion of the background spacetime. Quantum
fluctuation of this scalar field is responsible for the primordial in-
homogeneity and anisotropy that will lead to our observed cosmos.

Motivated by the gauge theory of gravity with local scal-
ing symmetry proposed recently in [1,2], we investigate whether
the scalar field therein can be responsible for the inflation. In
Refs. [1,2], a general hyperunified field theory of gravity is con-
structed, incorporating the spin gauge group and local scaling sym-
metry. To make the theory scaling invariant, a fundamental real
scalar field ¢ and its corresponding Weyl gauge field W, have
to be introduced. Another basic field Xau is related with the tra-
ditional metric tensor through g,, = Xaﬂva’?ab where the sign
convention ng, = (1, —1, —1, —1) is adopted.

Induced gravity can be generally referred as theories where the
Planck scale is generated by other fields [3,4]. In the literature,
global scaling symmetry has been used in building inflation mod-
els (see [5-15] for examples), aiming to introduce no dimensional
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parameters or explain the hierarchies between different energy
scales. As we shall see, whether the scaling symmetry is global or
local actually has some important differences. In the presence of a
local symmetry, not only a Weyl gauge field has to be accompany-
ing, but also some new term concerning the scalar field appears.
Furthermore, the local scaling symmetry indicates the existence of
a fundamental energy scale [1,2].

This paper is organized as follows. In Sec. 2 we discuss the the-
oretical formalism briefly and illustrate how the classical scaling
invariant theory would not be able to give viable inflation. Then
in Sec. 3 we show how quantum effects can break the scaling
symmetry and induce an effective potential so as to provide vi-
able inflation models. The numerical investigation is presented in
Sec. 4, with Fig. 3 as the main numeric result. Finally, we give our
conclusion.

2. Formalism

The full theory and its formalism has been presented in de-
tail in Refs. [1,2], where the gauge-gravity and gravity-geometry
correspondences are explicitly demonstrated to obtain the confor-
mal scaling gauge invariant Einstein-Hilbert action for gravitational
interaction with a fundamental scalar field.! For our interest in in-
flation, we may study the most relevant action with the traditional

! One may also look into the nice introductory review [16] for gauge theory of
Einstein’s gravity.
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metric tensor g, = X MX Nap- The action can be written as fol-
lows

s E/d‘*x/: =/d4x¢fg[a (¢2R - 68M¢8“¢)

1
%p“ — ZWWWW], (2.1)

1

+ iD wdDH ¢ —
where g = det (g,w), o and B are constant parameters that will
be decided by observations, and covariant derivative D, for real
scalar field ¢ is given by D¢ = (0, — gw W) ¢ (note that there
is no factor i in front of gy, different from usual U (1) theory), gw
is a coupling associated with Weyl gauge field W,. Note that the
action is just a subset of the whole action which should include
other matter fields (such as fields in standard model) whose effects
will be discussed shortly.

We can also explicitly add a term §£ that does not share the
same symmetries as other terms. As we will show later, §£ is ac-
tually crucial to realize a realistic inflation. The above theory has
no intrinsic energy scale in the Lagrangian except in §£. As long
as the dimensional parameters in §£ are much smaller than the
relevant physical scale, such a theory has the classical scaling sym-
metry which will be broken by quantum effects. We shall discuss
more about this point in Sec. 3.

At the moment, let us first ignore §£ and focus on the other
parts. Each term in the rest of the action is invariant under lo-
cal conformal scaling symmetry or Weyl symmetry with a positive
function A (x):
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If the above symmetry is exact or when we only consider the
classical dynamics, we can easily see that for any generic g (x)
and ¢ (x) it is possible to make a local transformation, by choos-
ing a proper A (x), to have either \/—g =1 or ¢ (x) = const, but
not simultaneously.? If the symmetry was global, W, would be
absent. Also the second term in parentheses with negative sign
—69,,¢0" ¢ is dropped as in Refs. [6-10].

Before discussing the theory in Eq. (2.1), we shall warm up with
the following action

/d‘lx«/_[ (¢> R— sgl”aﬂqaavqs) - %df‘} , (2.3)

which still preserves the local conformal symmetry
Zuv ) = L =22 () g (0. ¢ () > X =17 NP X).
(2.4)

At first glance, the above theory seems to add a scalar degree of
freedom (dof) to Einstein’s general theory of gravity and mimics
the scalar-tensor theory. However, if we make a redefinition of
metric field

= Q2 (%) guv (%), (2.5)
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2 Note that |g| =1 does not always mean flat geometry. According to Weyl-
Schoutem theorem, a Riemannian manifold with dimension n > 4 is conformally flat
if and only if the Weyl tensor vanishes. Nevertheless, for our interest in inflation, we
will always focus on the case where the metric is conformally flat, g, = a? (x) Ny,
where a(x) is the scale factor.

where Q () = v2a¢ /M), MIZJ =1/(87 G) is the Planck scale. We
can rewrite the action with the new field variables
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We have used the relation
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The second term in the square bracket will eventually lead to a
total derivative and vanishes on the surface, and the third term

cancels with the derivatives of ¢. After substituting 2, we can ob-
tain
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This is exactly tale Einstein-Hilbert action with a cosmological con-
stant A = %% that leads an exponential expansion of Universe
for 8 > 0. This also shows that total number of physical dofs does
not differ from Einstein’s gravity. Extending the discussion into the
framework of quantum field theory does not change the above
conclusions since the number of dofs does not change from clas-
sical to quantum theories. This conclusion is also true even if we
break the local scaling symmetry by adding to the potential with
terms that depend on ¢ only but not on its derivatives. Adding
symmetry-breaking derivative terms would make significant differ-
ent, as we shall show shortly.

We can get the same result in a different way by choosing

A(x) =Q(x) in Eq. (2.4)
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which effectively chooses a frame ¢ (x) = M/+/2a. An interesting
observation is that if we choose A (x) =a~!(x) (a(x) is the scale

factor in Friedmann-Walker metric), in such a case we would have
the action in a flat spacetime,
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The equation of motion for ¢ is
WB000 — -7 =0 (2.9)
72a
which has a non-trivial solution
M BM?
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