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Chern-Simons terms. In what follows, we will not con-
sider the energy momentum tensor of θ in the inflationary
analysis since we will show in the last that its energy den-
sity will be at least twenty orders of magnitude less than
the gauge and fermionic fields. However, we will con-
sider the dynamics of the scalar field for completeness
in the last section to demonstrate consistency with our
analysis. Generically, pure Maxwell kinetic terms yield
radiation equation of state since the pressure is positive
definite. In this model, however, it is the Chern-Simons
and fermion current interaction with the gauge field that
conspires to yield the negative pressure equation of state.
We shall show that even though the Chern-Simons term
drops out of the energy momentum tensor, it manages to
source energy-momentum through the gauge field’s equa-
tion of motion. This happens because the Chern-Simons
coupling θ can be time dependent, resulting in a bire-
fringent sourcing of gauge-field helicities (reflecting CP
violation). We begin by computing the energy momen-
tum tensor from the matter Lagrangian density obtained
from (1):
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Notice that from now on the coupling constant q will be
hidden in J5.

We will demonstrate that the purely isotropic part, A·
J ≡Tr[AµJ µ

5 ], dominates the energy-momentum tensor
and is responsible for driving inflation. The other terms
in the energy-momentum tensor are anisotropic and are
naturally suppressed. In particular, the anisotropy due
to the FαµFα

ν
term will be negligible because the cor-

responding electric and magnetic fields redshifts as a−4

during inflation. Also, the anisotropy due to Tr[A(νJ 5
µ)]

term can be suppressed by two mechanisms. First, if
there are N copies of randomly oriented gauge fields and
currents, then the correction to the energy momentum
tensor will be [2, 3]:
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The second term arises from the stochastic random dis-
tribution in directions of the fields that are non-vanishing
if i �= j. This anisotropic correction must be much
smaller than the energy scale of inflation. Typically
an off-diagonal term in the energy momentum scales as√
NH2A·J . Isotropic inflation is consistent if this term

is smaller than T i

i
∼ T 0

0 ∼ H2, namely
√
NA·J � H2,

implying that A � 1
N1/4 and J � 1

N1/4 .

Finally, another isotropizing mechanism is to have
a triad of gauge fields that are mutually orthogonal
AA

µ
= δA

µ
A(η, x). For more details about orthogonal

gauge fields we refer the reader to [4]. Note that both of
these isotropization mechanisms will apply to our model
since we have N flavors of massless gauge fields.
In (2) the Chern-Simons term drops out of the energy-

momentum tensor. We find from (2) the expression
� = ( �E2 + �B2)/(2a4) + A · J , in which we have intro-

duced the definitions of electric field �E≡ �̇A and magnetic
field �B≡ �∇× �A. It is now clear that the energy density
has two components. The first component is the electro-
magnetic part that redshifts as a−4, and the second term
involves a gauge-fermion-current interaction that we are
going to show to be roughly constant and responsible for
inflation. Clearly, if there is a dynamical reason why the
second term dominates over the first term, then we have
the possibility of sustaining inflation and isotropizing the
universe. We shall now show that the coupled field equa-
tions indeed yield an inflationary epoch if certain initial
conditions are satisfied.
The Inflationary Epoch and Initial Conditions.

In what follows, we derive solutions to the field equa-
tions for the gauge field coupled to both the metric and
the fermionic current. The key to generating inflation is
that the scale factor exhibits inflationary behavior when
the gauge field and the fermionic current interaction re-
main nearly constant during inflation. We will see that
backreaction onto the gauge field causes an amplification
such that A ∼ A0etH .
First, we seek to find solutions of the gauge field in the
FLRW background by varying the action with respect to
Aµ

δγ[β∂α]Fαβ−εαβµν∂[αθ δ
γ
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In the Coloumb gauge Aµ = (0, Ai), equation (4) yields

�̈A−∇2 �A+ �∇× �A θ̇/M∗ − a4 �J5 = 0 , (5)

We seek to find self consistent solutions by working in
conformal coordinates and assuming the expansion of
the Universe to be given by a de Sitter phase, namely
a(η) = a0/[1 − H(η − η0)], where H stands for the
Hubble constant, η0 the initial time of inflation and
a0=a(η0)=1. In (5) ˙ = d/dη, while ∇i = ∂/∂xi and
J i

5 stands for the spatial part of the fermionic axial cur-
rent. Without loss of generality, using circular polar-
ization vector fields and fixing A3 to be vanishing, we
can write the field equations in terms of Fourier modes
�A(x, η) =

�
d3k

�
h A(η, k)h �h(k)e

ikx, where h = ±1 de-
notes the two possible helicities. Our field equation for
the gauge field then simplifies to

Äh + k2Ah = −h k Ahθ̇/M∗ + a4Jh , (6)

where the helical fermionic currents are given by
√
2Jh = J1 + hiJ2 = (ψ̄ (γ1 + hiγ2) γ5ψ)/a . (7)


