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Take-home message

 Primordial features invaluable probe of early universe
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Precious probe of inflation on small scales

⌦GW(f)



Inflation: a period of accelerated expansion before the 
radiation era that solves the problems of the Hot Big bang model

Structures in universe emerge from 
vacuum quantum fluctuations
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Observational progress
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Superhorizon - adiabatic
almost scale-invariant - GaussianDensity fluctuations:

Simplest fit to data: single-field slow-roll inflation

Planck

Observational progress



Physics of inflation?

No-one believes single-field slow-roll models 
are more than toy models
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- lack UV completions 



• Single-field slow-roll: at best emergent approximate description

• Cosmologists seek deviations to it in motivated manner

Looking for new physics

Primordial non-Gaussianities Primordial features

Euclid (202?) SKA (2020 +)

Rule out all simplest models,
 detection of heavy particles, etc

P(k)

k3pt, 4 pt …

2 pt, 3pt …

Studied for CMB, LSS, 21cm



Inflation on small scales?

early stage 

of inflation

'
Slow Roll 

+  
Corrections

later 

stage ?

Drastically different?

High-Energy effects  
to be discovered?

Spectral distortions

Primordial Black Holes

Stochastic GW background

probed by

CMB 
&

 LSS

 Kalaja et al 
1908.03596



Enhanced �⇢ Enhanced GWs at horizon 
re-entry after inflation 
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Sharp features Resonant features

h
1 +Alog cos

�
!log log(k/k?) + 'log

�i

selection of 
preferred time/scale

e�ik⌧f = eik/kf

Primordial features

h
1 +Alin cos

�
!link + 'lin

�iP⇣(k)

Penv(k)
=

eiMt = ei
M

H
N ei!log log(k/k?)

step in potential
turn in field space …

Localized event 
V (')

'monodromy

Resonance btw 
background 

oscillations and 
quantum modes 

oscillations

k / eNk



Intuition
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Intuition

Decompose as sum of individual peaks

⌦GW =
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individual peaks 
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Intuition

3 bis) Periodicity Periodicity � log k � log k
+ caveat 

Decompose as sum of individual peaks
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SGWB signature of sharp features
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Averaging-out effect: e.g. from 100% modulation to 10%



An explicit example
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and its SGWB signature
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Feature template
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Detectability

see also Braglia et al 2012.05821

Oscillations resolvable by LISA

A wiggly signal can be 
reconstructed (without 
particular motivation there)

Caprini et al, LISA CosWG 
1906.09244

Reconstruction of 
spectral shape with LISA

T=3 years

With same methodology 
and our feature signal
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Scalar-induced GWs 
after inflation

Physical mechanism

Scalar-induced GWs 
during inflation

model
independent

mechanism
dependent

Backreaction
Perturbativity

in preparation
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 Primordial features invaluable probe of early universe
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