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1
and David Spergel

3

1
Department of Physics, The Koshland Integrated Natural Science Center, Haverford College Haverford, PA, 19041

2
Institute for Gravitation and the Cosmos, Penn State University, University Park, PA, 16802

3
Department of Astrophysical Science, Princeton University, New Jersey 08544, USA

(Dated: September 11, 2011)

We propose a model of inflation where the Chern-Simons interaction and vector fields play a central
role in generating an inflationary epoch. As a result, in accord with the APS mechanism [10], the
Sakharov conditions for baryogenesis are self-consistently satisfied, and we calculate the net baryon
asymmetry index in terms of the gauge configuration necessary for inflation, based on the chiral
anomaly. Inflation begins with a large plasma density of interacting gauge fields and fermions, which
interact through gravity and the Chern Simons term. The Chern-Simons term drives power from
an initial white-noise spectrum of gauge fields into a narrow-band of superhorizon wave vectors. At
the same time, the fermionic current and metric coupling amplifies the gauge field on superhorizon
scales. This phase-correlation and amplification of the gauge field produces the correct conditions
to maintain more than 60 e-folds of inflation. Eventually the gauge field dissipates by producing
the observed baryon asymmetry nb

s ∼ 10−10, through the chiral anomaly and inflation ends.

Introduction. The most successful paradigm of the

early universe is cosmic inflation. Nonetheless, there are

a number of conceptual and technical problems associ-

ated with inflation driven by fundamental scalar fields

[1]. Moreover, there is a plethora of scalar field infla-

tionary models on the market, and it has proven difficult

to distinguish between many of them. Thus it is impor-

tant to explore inflationary models that could arise from

gauge fields, which have natural couplings to other mat-

ter fields through gauge invariance. In this letter, we

explore a concrete model of inflation that is generated

from a GUT scale Abelian gauge field interacting with

fermions. The mechanism we present can be of value

since it opens up a new pathway into a different set of

predictions and connections to particle physics beyond

the usual scalar field models.

In this new model of inflation we find that the neg-

ative pressure equation of state responsible for inflation

is stored in the constant GUT scale interaction energy

between the gauge field and fermion current Vint ∼
Aµψ̄γ

µψ. This constancy is ensured by the time de-

pendent dynamics and backreaction of the Chern-Simons

term and metric onto the gauge field. As a result of the

backreaction, the gauge field gets amplified, compensat-

ing for the fermion current dilution and resulting in a

constant interaction energy. This model also incorpo-

rates ingredients that arise from one-loop quantum ef-

fects in the standard model (i.e. the Chiral Anomaly).

A natural consequence of the Chern-Simons interaction

is that inflation provides an arena to naturally satisfy all

three Sakharov conditions and can naturally end by the

production of an observed baryon asymmetry when the

gauge field is converted into leptons through the Chiral-

Anomaly. We thus find a new connection between infla-

tion and baryogenesis, a relation between the observed

baryon asymmetry and the initial density of gauge fields

necessary for sufficient inflation.

General Theoretical Framework. In this model,

we study the early universe which is dominated by an

abelian gauge field that interacts with a fermionic cur-

rent. Even though our model is quite general, potential

candidates for the source of inflation are the three fla-

vors of the abelian subgroup in the standard model, for

example, the hypercharge component of the electroweak

gauge group SU(2) × U(1)Y . In the early universe at

the GUT phase transition a grand unified group G —

i.e. G = SU(5), SO(10), E8 — breaks to the standard

model G → SU(3)×SU(2)×U(1)Y . The key is to have a

non-linear Chern-Simons interaction for each U(1) gauge

field AA
µ (where A=1..N is the “flavor” index) coupled to

pseudoscalar θ. It is interesting that generic string com-

pactifications can easily accomodate multiple copies of

gauge fields, and the Chern-Simons term is necessary for

anomaly cancellation due to the Green-Schwarz mecha-

nism [20]. The effective field theory that we consider for

inflation is [21]:
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As usual, M4 is a 4D space-time manifold whose sig-

nature is diag(−1, 1, 1, 1). The tensor FA
µν = ∇[µA

A
ν] =

∂[µA
A
ν] is the U(1)-symmetric gauge-field strength for

each AA
µ . We denote the sum over the indices labeling

the U(1) copies as Tr[...], while q stands for a dimension-

less coupling constant. The axial current for spinors is

J µ
5 ≡ ψ̄ γIe

µ
I γ5ψ. Here ψ and ψ̄ are Dirac spinors, γI

with I = 0, ...3, and γ5 are Dirac matrices. Finally we

refer to Mp as the Planck energy, M∗ is the mass scale

identified with the UV cutoff scale of the effective field

theory, and θ is responsible for CP violation.

In an FLRW background, θ is a time-dependent field

that interacts via the conformal coupling ξRθ2 and the


