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We focus on a specific scenario, with a natural class of models of inflation

and with a mechanism of production / exp
�
�̇

�

GW signal naturally grows at interferometer scales, while small at CMB

scales

• CMB in agreement with simplest models of slow-roll cosmic inflation
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• Flatness and gaussianity ! small self-couplings

Axion (Natural) Inflation

• Shift symmetry on couplings to other fields
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• Smallness of Vshift technically natural. �V / Vshift

• Constrained couplings to matter (predictivity)
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• Agreement with standard single field slow roll
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Figure 4. Spectrum of GWs today h
2⌦GW obtained from a numerical integration of the dynamical

equations of motion (for a model of quadratic inflaton potential, with inflaton - gauge field coupling
f = MPl/35), versus the local parametrization h

2⌦GW / (f/f⇤)nT , evaluated at various pivot fre-
quencies f⇤ and with the spectral tilt nT obtained from successive approximations to the analytic
expression (3.13).

In figure 4, we compare the analytic expression (3.13) for the spectral tilt nT against the
result of a numerical evolution of ⌦GWh

2. For definiteness, we choose a quadratic inflaton
potential, and we fix the coupling between the gauge field and the inflaton to f = MPl/35.
This gives ⇠N=60 ' 2.46 at the CMB scales. We observe from the figure that the final
expression for the tilt in (3.13) provides a very good approximation (red segments in the
figure) to the slope of the numerical result (blue solid line in the figure). The term (1� ✏) in
the denominator of (3.13), due to the fractional change of the Hubble rate Ḣ/H

2, contributes
to nT only to second order in slow-roll parameters, and hence we disregard it. The expression
nT ' �4✏+ (4⇡⇠ � 6)(✏� ⌘) predicts correctly the slope of the numerical signal, within the
LISA frequency range, to better than ⇠ 4%. In the figure, the di↵erence between the red
segments and the true numerical signal cannot be distinguished by eye.

Let us note that for the range of ⇠ that LISA can probe [⇠ & 3.5, see figure (5)], the
term �4✏ in the final expression of (3.13) is actually negligible compared to the other terms.
We can thus further approximate the expression for the tilt as nT ' (4⇡⇠ � 6) (✏� ⌘), which
still predicts correctly the slope of the numerical signal within the LISA frequency range,
for instance in the fiducial chaotic quadratic model to better than ⇠ 10%. The advantage
of using this simplified expression for the tilt is that it allows us to reduce the number of
independent variables that the GW signal depends on, from {HN , ⇠, ✏, ⌘} to {HN , ⇠, (✏� ⌘)}.
This simplifies our next goal, which is to obtain a model-independent parameter estimation
based on the LISA sensitivity curves.

In figure 5 we plot the region in the parameter space (⇠, ✏ � ⌘) that LISA is capa-
ble of probing, with the left and right panels depicting, LISA’s best (A5M5) and worst
(A1M2) configurations, respectively. In both panels we take as a pivot scale f⇤ the frequency

of the minimum of each LISA sensitivity curve h
2⌦(AiMj)

GW (f), with f⇤|A5M5 ' 0.00346 Hz
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1. Lattice Gauge Inv:
2. Cont. Limit to 
3. Lattice Bianchi Identities: 

4. Topological Term: 

Aμ ⟶ Aμ + Δ+
μ α

𝒪(dx2)

Exact Shift Sym. on the lattice !

(CS current)
[   ]   

Δ−
i (B(4)

i + B(4)
i,+0̂

) = 0 , . . .

(FμνF̃μν)L = Δ+
μ Kμ

DGF, Shaposhnikov 2017
Canivete, DGF 2018

Inflaton
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Gauge
Fld 

EoM
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   *      Controls the Gauge field excitation

   * Linear change in     : exponential response in

   * Predictions/constraints (PNG, PBH and GWs) depend 
     crucially on    : we will re-assess real observability !

   * Adding Schwinger pair production easy via 

   * Other phenomena: BAU, Magnetogenesis, …

ξ

ξ Aμ

ξ

Axion-Inflation(                          )V(ϕ) =
1
2

m2ϕ2 ;
ϕ

4Λ
FF̃ ; Λ =

mp

X

Summary

⃗J = σ ⃗E

(X = 15, 20, 25)

_



 

Thanks for your attention !

http://www.cosmolattice.net/


Axion-inflation 
extra stuf



Gauss Constraint

°6 °4 °2 0 2 4
Ne

10°16

10°15

10°14

10°13

10°12

10°11

10°10

10°9

10°8

¢
G

Back-reaction 
terms added



Hubble Constraint

= ;

Back-reaction 
terms added

Back-reaction 
terms added



(        )A+  (        )A+

Axion-Inflation(                          )V(ϕ) =
1
2

m2ϕ2 ;
ϕ

4Λ
FF̃ ; Λ =

mp

15

Zoom

Gauge fld 
Spectrum

homogeneous inhomogeneous

Inflation

Linear

End

End

Inflation

Linear

Non-

Extra
efolds

Counted as
IF the system

was still
LINEAR



72

100 101 102

k/m

103

105

107

109

1011

1013
¢

(+
)

A
(k

,t
)/

m
2

Full

Homogeneous

<latexit sha1_base64="22krCxRuoNd+KHBeUWVtovZV/18=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRIp2o1QdOPCRQX7gCaEm8mkHTqZhJmJUEL9FTcuFHHrh7jzb5y2WWjrgYHDOfdw75wgZVQq2/42SmvrG5tb5e3Kzu7e/oF5eNSVSSYw6eCEJaIfgCSMctJRVDHSTwWBOGCkF4xvZn7vkQhJE/6gJinxYhhyGlEMSku+WXWBpSPwc/dOh0KYXjlN36zZdXsOa5U4BamhAm3f/HLDBGcx4QozkHLg2KnychCKYkamFTeTJAU8hiEZaMohJtLL58dPrVOthFaUCP24subq70QOsZSTONCTMaiRXPZm4n/eIFNR08spTzNFOF4sijJmqcSaNWGFVBCs2EQTwILqWy08AgFY6b4qugRn+curpHtedy7qjftGrXVd1FFGx+gEnSEHXaIWukVt1EEYTdAzekVvxpPxYrwbH4vRklFkqugPjM8fHjSUbg==</latexit>

↵⇤ = 18

Completely different physics!

UV Sensitivity

Peak separation

No oscillatory features

Homogeneous vs Inhomogeneous 
 Backreaction spectrum evolution
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