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where we have normalized the integration over k by the
factor 2K. Since we are working with an effective field
theory, we must perform momentum integrations up to
a cut-off K � M∗. If we define the momentum scale k̄ =
θ̇/M∗, we can express the Fourier transform in eq (17)
in a compact way (functions fi(η)) and recognize that k̄
contributes a spatial dependence of the form exp[±ik̄z].
Therefore, (17) becomes:

A·J ∼ 2
J̃−J̃+
H2

sin(Kz)

Kz
+ (1−Hη)

�
J−A

0
+f1(η) +

J̃+A
0
−f2(η) +

J̃−J̃+
H2

f3(η)
�
(18)

We immediately see that when Kz < 1 the first term in

(18) becomes a constant, 2 J̃−J̃+

H2
sin(Kz)

Kz
→ 2 J̃−J̃+

H2 , and
dominates the energy-momentum tensor. This condition
corresponds to vector modes inside the Horizon, z ≤ 1

K .
In this regime the FLRW equations become:

M
2
p
H

2 � 2
J̃−J̃+
H2

. (19)

We have disregarded the time decaying terms in (18)
since they will decay after the onset of inflation.

The above equation consistently leads to inflation pro-
vided that J̃−/H

2 � J̃+/H
2 � 10−5

Mp, A
0
− � A

0
+ <

10−5
Mp and a0 = 105. Also, as we will analyze in the

appendix, self consistency with the field equations re-
quires θ̇/M∗= k̄ � H � M∗. We underline that with the
above values we find for the fermionic current J+�J−�
10−30

M
3
p
, namely J+(η0)�J−(η0)�10−35

M
3
p
.

We have then demonstrated that the backreaction of
the A · J is nearly constant and drives inflation. The
inflationary solution is self consistent for an initial density
of fermion current and gauge field that are constant in
a region inside the initial Hubble radius. The coupled
dynamics between the gauge field, current and metric
ensure that A·J term remains constant, while terms (18)
that are suppressed in (1 − Hη) evolve from the initial
white-noise power spectrum to a phase dominated by k̄ =

θ̇

2M∗
modes. Finally, from WMAP constraint on H at ηf

we derive a typical value of ηf ∼105M−1
p

, as (1−Hη)=
e
−Ht, namely tf ∼107M−1

p
in comoving time.

Inflationary Leptogenesis. Primordial nucleosyn-
thesis and the recent determination of the cosmological
parameters from the cosmic microwave background ob-
servations by the WMAP satellite require an excess of
baryon to entropy density ratio [8] in the universe to be

nB

s
= (6.5± 0.4)× 10−10

, (20)

where nB = nb −n
b̄
and s is entopy density of radiation.

This ratio is time independent, because the evolution
of the nb and s both scale as ∼ 1

a3 . Over forty years
ago, Sakharov stated the three necessary conditions to

generate a matter-antimatter asymmetry dynamically
from symmetric initial conditions [9]:

1. The vertices in the model violates baryon/lepton
number.

2. CP should be violated in the baryon/lepton number
vertices.

3. CP and baryon number violating interactions
should be active when the universe is out of thermal
equilibrium.

However, the Standard Model of Particle Physics (SM)
cannot account for the observed baryon asymmetry be-
cause baryon number violating interactions in the SM
are loop suppressed [14]. Also, the only source of CP
violation in the hadronic sector is in the Dirac phase of
the CKM mixing matrix, which is too small to generate
the baryon asymmetry observed today [16]. Assuming
that the scale of inflation is larger than TeV, the out-
of-equilibrium condition for baryogenesis can be created
at phase transitions or through decay of massive parti-
cles. The most attractive choice for a phase transition
is that associated with electroweak symmetry breaking.
However, that phase transition is probably not strongly
first-order [14].
Since the 1980’s, it has been known that the weak

interactions contain processes, mediated by sphalerons
(SU(2) instantons), which interconvert baryons and lep-
tons and are thermally activated at temperatures greater
than 1 TeV. Thus, we can also create the baryon asym-
metry by creating a net lepton number at high tempera-
ture through out-of-equilibrium and CP-asymmetric pro-
cesses [15, 16]. These types of scenarios are known as
leptogenesis. In what follows, we demonstrate that the
Sahkarov conditions are interrelated due to the CP vio-
lating gauge field that is responsible for sourcing inflation
itself. We then calculate the net lepton asymmetry pro-
duced by the end of inflation.

CP Violation

It was shown by [10] that inflation provides a natu-
ral arena for satisfying the three Sakharov conditions for
baryogenesis [27]. In [10], the lepton asymmetry was gen-
erated by CP violating gravitational waves during infla-
tion. In our model, however, it is the gauge field respon-
sible for inflation violate CP. Specifically, the interaction
between the pseudoscalar and Chern-Simons term in (5)
sources CP asymmetric gauge field congifurations. The
pseudoscalar coupling creates left and right asymmetry
in the circular polarized gauge fields, A+, A−. The gauge
fields that are generated no longer have definite transfor-
mations under CP:

[CP ] �A+ �= �A− (21)


