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Inflation

I Inflation: a theory of accelerating expansion of space in the
early universe.

I Motivation: solve the horizon problem, flatness problem and
so on.

I Bonus: mechanism to generate cosmological perturbations
(primordial power spectrum)

I Models
I Effective models with scalar fields

I Standard Slow-Roll Inflation

I Models inspired by standard model of particle physics
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Model

I Motivation:an inflation model inspired by standard model of
particle physics.

I FLRW Metric:
ds2 = dt2 − a2(t)(dx2 + dy2 + dz2)

I The Lagrangian for the model:

L =− 1

4
FµνF

µν +
1

2
m2(Aµ −

1

m
∂µθ)(Aµ − 1

m
∂µθ)− qAµJ µ

− θ

4M∗
FαβF̃

αβ + iψ̄γµ∇µψ −Mψ̄ψ,

(1)
where Fµν = ∂µAν − ∂νAµ, F̃αβ = 1

2ε
αβρσFρσ and

∇µA
µ = −mθ.
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Fermionic Dynamics
I The fermion propagator is

iG ab(x , y) = a(ηx)(iγµ∇µ + M)
H2√

a(ηx)a(ηy )[
iG+(x , y)

1 + γ0

2
+ iG−(x , y)

1− γ0

2

] (2)

see ”J.F.Koksma and T.Prokopec, Class.Quant.Grav.26(2009)125003,arXiv:0901.4674”

I The current is defined as

〈J I 〉 ' limy→x G ab(x , y)γIba . (3)

I By dimensional regularization, we get

G ab(x , y)' H2

16π2

[
M2

H

(
1 + γ0

2

)ab

−M2

H

(
1− γ0

2

)ab
]
, (4)

I Currents:

〈J 0〉 = 〈J0〉 ' M2H

4π2
, 〈J i 〉 = 0 . (5)
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Dynamic of the Background of Gauge Fields

I We treat θ
4M∗

small, and impose the gauge ∇µA
µ = −mθ.

Ä0 + 3ḢA0 + 3HȦ0 + m2A0 = qJ 0 (6)

with J 0 ' J = const and small constant ε = − Ḣ
H . We get the

solution A0 = qJ 0

m2−3εH2 = const.

Äi + 3HȦi + m2Ai = 0. (7)

because of J i = 0. In the limit m� H, the solution is
Ai = c i exp−3Ht = c

a3
, where we assume c i = c is a constant.

I The constant AµJ µ drives inflation.

I Gauge ∇µA
µ = −mθ imposes that θ is a constant.
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Perturbations of Gauge Fields

I Gauge of the perturbations:∇µδA
µ = 0

I Temporal components

δÄ0 − 1

a2
∇2δA0 + 3ḢδA0 + 3HδȦ0 + m2δA0 = 0. (8)

In the conformal coordinate, it is

∂2ηδA
0 − 2

η
∂ηδA

0 + k2δA0 − 3ε

η2
δA0 +

m2

H2η2
δA0 = 0. (9)

The solution is

δA0 = −ik−4
√
−πη

3

2
H

(2)

1
2

√
9− 4m2

H2 +12ε
(−kη) (10)

In the super horizon limit −kη � 1 and the the limit m� H,

δA0 ' 1

k
11
2
− m2

3H2+ε
(11)
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Perturbations of Gauge Fields

I Spatial components

δÄi − 1

a2
∇2δAi + 3HδȦi + m2δAi = 0. (12)

In the conformal coordinate, it is

∂2ηδA
i − 2

η
∂ηδA

i + k2δAi +
m2

H2η2
δAi = 0. (13)

The solution is

δAi = −ik−3
√
−πη

3

2
H

(2)

1
2

√
9− 4m2

H2

(−kη) (14)

I In the superhorizon limit −kη � 1 and the limit m� H,

δAi ' 1

k
9
2
− m2

3H2

. (15)
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Curvature Perturbation in Spatially-flat gauge

I Curvature perturbation in spatially-flat gauge ζ = δρ
3(ρ+p)

ζ ' − a3

6c i
δAi +

(m2A0 − qJ0)a4

18H2c2
δA0 (16)

I Power spectrum of curvature perturbation at horizon crossing
aH = k is

Pζ ≡
k3

2π2
|ζ|2 =

1

8π2H6c2
k

2m2

3H2

+
(m2A0 − qJ0)2

648π2H12c4
k

2m2

3H2−2ε − (m2A0 − qJ0)

36π2H9c3
k

2m2

3H2−ε
(17)
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Curvature Perturbation in Spatially-flat gauge

I The spectral index is

nζ−1 ≡
d lnPζ
d ln k

=
2(9cm2H3kε − (m2A0 − qJ0)(m2 − 3H2ε))

3H2(9cH3kε −m2A0 + qJ0)
(18)

I Running of the tilt

α ≡
dnζ
d ln k

= − 18cH3(m2A0 − qJ0)kεε2

(9cH3kε −m2A0 + qJ0)2
(19)

which is positive with positive c
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Tensor Perturbations

I Metric
ds2 = a2(η)

(
dη2 − (δij + hij)dx

idx j
)
, (20)

in which hij is a traceless and transverse vector ∂ih
i
j = hii = 0.

I Equation for hij

δik
(
h′′jk + 2

a′

a
h′jk −∆hjk

)
= −16πGa2πij , (21)

where πij is the traceless and transverse part of the

perturbation of energy momentum tensor δT i
j .

I πij = 0 in our model.

I Power spectrum of tensor perturbation in superhorizon limit

Ph(k) ≡ (k3/2π2)|h|2 ' (k3/2π2)
2H2

k3
=

H2

π2
(22)

It’s the same as standard slow-roll inflation.
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Conclusion and Work in Progress

I Our inflation model is inspired by the framework of standard
model of particle physics.

I The interaction part AµJ µ drives inflation.

I Nearly scale invariant power spectrum of curvature
perturbation.

I We can get the positive running of tilt.

I Tensor perturbation Ph(k) = H2

π2 .

I In spite of having Chern-Simons term, we do not get chirality
violating gravitational waves and this is an interesting finding.

I We are working in progress with Maresuke Shiraishi and
Michele Liguori about the phenomenological analysis of the
model (constraining parameters of the theory).
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