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Set up: Inflation

• Originally conceived as a
solution to the ΛCDM problems.

• Contains a mechanism for the
seed of structure formation.
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Figure 1: Observational constraints to
several models of inflation from
ACT+Planck.
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Figure 2: Schematic representation of the
horizon problem.

• Simplest description

S =

∫
d4x

√
−g

[
MPl

2
R−

1

2
(∂ϕ)2 − V (ϕ)

]
.
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Phenomenological model building

Challenges:
• Polynomial potentials are in tension with observations.
• Quantum corrections may ruin the flatness of the potential.

Possible solutions:
• Protection of the potential by a symmetry.

Shift symmetry −→ derivative couplings −→ supression at low energies

e.g. LHO ⊃
1

M4
(∂ϕ)4 . (1)

• A possible option: Natural inflation

S =

∫
d4x

√
−g

[
M2

Pl

2
R−

1

2
gµν∂µχ∂νχ− µ4

(
1 + cos

(
χ

f

))]
, (2)

• Grants sufficient inflation only for f > MPl.

• Has been ruled out by observations.
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Reconciling Natural inflation with Sub-Planckian f

Gravitational friction

S =

∫
d4x

√
−g

[
M2

Pl

2
R−

1

2

(
gµν −

Gµν

M2

)
∂µχ∂νχ− V (χ)

]
.

• Modifying the kinetic term for the axion-like field acts as a source of friction
in its dynamics.

χ̈

(
1 +

3H2

M2

)
+ 3Hχ̇

(
1 +

3H2

M2
+

2Ḣ

M2

)
−

µ4

f
sin

(
χ

f

)
= 0 . (3)

Gauge field dissipation: Chromo-Natural inflation

S =

∫
d4x

√
−g

[
M2

Pl

2
R−

1

2
gµν∂µχ∂νχ− V (χ)−

1

4
FaµνFa

µν −
λχ

8f
√
−g

ϵµνσρFa
µνF

a
ρσ

]
.

• The Chern-Simons interaction makes the axion-like field to lose energy to
create gauge fields.

χ̈+ 3Hχ̇−
µ4

f
sin

(
χ

f

)
= −

3gλ

f
Q2
(
Q̇+HQ

)
. (4)

5 / 16



Motivation The model Perturbations Observables Conclusions and outlook

Kinetic gauge friction

• Following the friction mechanism inspiration, we propose the following
kinetic gauge friction model

S =

∫
d4x

√
−g

[
M2

Pl

2
R−

1

2

(
gµν + λ1F

aµ
αF

aαν + λ2F
aρσFa

ρσg
µν
)
∂µχ∂νχ

− V (χ)−
1

4
Fa
µνF

µν
a −

λ

8f
√
−g

χϵµνσρFa
µνF

a
ρσ

]
.

(5)

• The coupling constants λ1,2 have units of [E−4], given that the new
operators are dim 8.

• We focus on the special case λ2 = λ1/2.

• In order to analytically study the background dynamics, we set λ = 0.
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UV motivation

The DBI action is given by:

SDBI = −Tp

∫
dp+1ξ

√
−det(ηµν + α′2∂µϕ∂νϕ+ 2πα′Fµν) . (6)

Expanding the squared root as

det[(1 +A)]1/2 = 1 + Tr[A] +
1

8
(Tr[A])2 −

1

4
Tr(A2) +

1

6
Tr(A3) + ... (7)

we find

SDBI ∝− Tp

∫
dp+1x

[
(2πα′)2 (FµνF

µν + ∂µϕ∂
µϕ)

+ (2πα′)4
(
(∂ϕ)4 + (FµνF

µν)2 + (Fµ
αF

αν + F ρσFρσg
µν)(∂µϕ∂νϕ)

)]
.

(8)

• This expansion contains both the Gaugeflation (∝ F 4) and the k−inflation
(∝ (∂ϕ)4) terms together with the mixed terms characterizing the kinetic
gauge friction (∝ (∂ϕ)2F 2).
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Background dynamics

The Friedmann and axion equations read

3M2
PlH

2 ≃
1

2
χ̇2
(
1 + 3g2λ1Q

4
)
+

3

2
g2Q4 + V (χ) , (9)

χ̈
(
1 + 3g2λ1Q

4
)
+ 3Hχ̇

(
1 + 3g2λ1Q

4
)
+ Vχ(χ) ≃ 0 , (10)

where Aa
0 = 0 , Aa

i = δai a(t)Q(t) .
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Figure 3: Plot of the main
contributions to friction.
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Figure 4: Plot of the main contributions
to the Friedmann equation.
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Slow roll and the number of e-folds

• In the slow roll approximation, we have

∆N ≡ Nend −N ≃
µ2

√
λ1√
3

∫ χend

χ

√
1 + cos

(
χ

f

)
dχ . (11)

• It then follows that the maximum number of e-folds is given by a
combination of the model’s parameters

∆Nmax ≃
2
√
2λ1fµ2

√
3MPl

(
1− sin

( √
3f

√
2λ1µ2MPl

))
.
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Figure 5: Contour plot of ∆Nmax.
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The sound speed and instabilities

• From the expansion of the action in perturbations, we find the sound
speed for the gauge tensor modes to be:

c2t ≡ 1− λ1χ̇
2 . (12)

• Analytically, we find the following approximated expression

c2t ≃ −
H2

g2Q2
+

λ

8f2g2λ1Q2

(√
λ2 + 16f2λ1 (H2 + g2Q2)− λ

)
. (13)

• The Chern-Simons interaction plays a crucial role as, for λ = 0, the sound
speed squared becomes negative
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Figure 6: Plot of c2t for λ = 0.
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How much λ?

• For λ ≫ fgλ1Qχ̇ the gauge friction terms become subdominant thus
shifting to the Chromo-Natural inflation dynamics.

• For λ < 2f
√
λ1H

2

gQ
, the gauge tensor sound speed becomes negative.

Therefore, we work in the regime
2f

√
λ1H2

gQ
< λ ≪ fgλ1Qχ̇ , (14)

such that
• We enforce a positive sound speed squared.
• Have different dynamics compared to those in Chromo-Natural inflation.
• Correctly approximate the background with λ ̸= 0 to that with λ = 0.
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Figure 7: Plot of c2t for λ = 0.
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Figure 8: Plot of c2t for λ = 0.
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Tensor perturbations

• Two sources of tensor perturbations.
• The model is parity-odd.
• One of the two chiralities is enhanced while the other remains at is

vacuum.

∂2
xtL,R +

[
c2t +

2ξ

x2
mQ ±

2

x

(
mQc2t + ξ

)]
tL,R = O(hL,R) , x = −kτ ,
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Figure 9: Plot of c2t for λ = 0.
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Scalar perturbations

• Different vacuum than that of the tensor modes (Bunch Davies).
• The Wronskian prescription is utilized in order to find the initial

conditions.
• The curvature perturbation

ζ ≡ −
H

ρ̇
δρflat ≈ −

H

χ̇
δχ , (15)
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Figure 10: Plot of c2t for λ = 0.
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Free parameters and observables

Free parameters
• Weakly coupled regime g < 1.
• We choose f Sub-Planckian.
• We limit the range of µ such to respect current bounds on the

tensor-to-scalar ratio.
• We consider the value for λ1 compatible with the requirement of

N ≥ 60.
• Finally, λ is selected such that c2t > 0 and the background dynamics

are correctly described by the λ = 0 case.
Observables

• For the fiducial set of parameters

{g = 0.5, λ1 =
(
1× 104M−1

Pl

)4
, µ = 2.2× 10−3MPl, f = 0.24MPl, λ = 30} .

we find
As ns r

2× 10−9 0.96 4.6× 10−3
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Conclusions and outlook

Conclusions
• Proof of concept that the kinetic coupling allows for observables in

agreement with CMB measurements with f < MPl.
• Chiral GW spectrum inherited from Chern-Simons coupling.

Outlook
• Full exploration of parameter space is needed.
• The consideration of the gauge field backreaction may be important in

the background dynamics.
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Summary

• We considered the following model

S =

∫
d
4
x
√

−g

[
M2

Pl

2
R −

1

2

(
g
µν

+ λ1F
aµ

αF
aαν

+ λ2F
aρσ

F
a
ρσg

µν
)
∂µχ∂νχ

− V (χ) −
1

4
F

a
µνF

µν
a −

λ

8f
√
−g

χϵ
µνσρ

F
a
µνF

a
ρσ

]
.

(16)

Finding that:
• We can achieve at least 60 e-folds of inflation for sub-Planckian parameters.

• We work on a specific range of λ for which

– c2t > 0.
– The effect of the Chern-Simons coupling is subdominant.

• The model exhibits a chiral GW spectrum.

• Although the scalar perturbations cannot be initialized in the BD vacuum.

ζ ≡ −
H

ρ̇
δρ

flat ≈ −
H

χ̇
δχ , (17)

• For the fiducial set of parameters

{g = 0.5, λ1 =
(
1 × 10

4
M

−1
Pl

)4
, µ = 2.2 × 10

−3
MPl, f = 0.24MPl, λ = 30} .

we find As ≈ 2 × 10−9, ns ≈ 0.96 and r ≈ 4.6 × 10−3.
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