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Take-home message

Primordial features invaluable probe of early universe

Oscillations in primordial R Oscillations in
scalar power spectrum frequency profile of QGW( f )

Precious probe of inflation on small scales
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Inflation: a period of accelerated expansion before the
radiation era that solves the problems of the Hot Big bang model
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Big Bang | Inflation

Structures in universe emerge from
vacuum quantum fluctuations

380,000 yrs

1 3.8 billion yrs
today




Observational progress
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Density fluctuations:

Superhorizon - adiabatic
almost scale-invariant - Gaussian

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



Physics of inflation?

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

decoupled from the rest of physics

lack UV completions
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Looking for new physics

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

* Cosmologists seek deviations to it in motivated manner

~7 O\

Primordial non-Gaussianities Primordial features

P

2 pt, 3pt ...

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

Studied for CMB, LSS, 2 lcm




Inflation on small scales?

Spectral distortions

Primordial Black Holes

Stochastic GW background
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Primordial features

Sharp features ' Resonant features '
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Intuition

1) Decompose as sum of individual peaks
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Intuition

1) Decompose as sum of individual peaks P (k) = ipk (k)
P(k) P(k) P(k) P(k) =
A A A A
M=+ e
> k > k > k > k
| | Non-linear:
2) Qaw = Z Qaw(peaki, peak j) individual peaks
tJ + interactions between peaks

1
_(k*z + k*j) ’ with kmax,z'j > ‘k*z — k*j’

kmax,z’j — \/g

Caietal, 1901.10152




Intuition

1) Decompose as sum of individual peaks P (k) = ip’ﬂ (k)
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Intuition

1) Decompose as sum of individual peaks P (k) = ip’ﬂ (k)
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A A A A
M=+ e
> k > k > k > k
| | Non-linear:
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3 bis) Periodicity A log k > Periodicity Alogk

in preparation + caveat




SGWB signature of sharp features

Pc(k) — Penv(k) X {1 + Alin ‘ + gplin)}

*

nk+ o)

v

Qaw (k) ~ Qaw (k) [1 + A cos(wy:

Overall shape determined by enveloppe of power spectrum

e Periodic structure in k —— Periodic structure in k

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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Reconstruction of
spectral shape with LISA

Caprini et al, LISA CosWG
1906.09244

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

Detectability

LISA sensitivity curves, Npjns = 100
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Oscillations resolvable by LISA T=3 years

see also Braglia et al 2012.0582 |



Theoretical consistency
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Physical mechanism

model
independent
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dependent
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Theoretical consistency

mechanism
dependent

Scalar-induced GWVs

during inflation
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Physical mechanism
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Take-home message

Primordial features invaluable probe of early universe

Oscillations in primordial R Oscillations in
scalar power spectrum frequency profile of QGW( f )

Precious probe of inflation on small scales
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