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Introduction

» Inflation is a short period of superluminal, accelerated expansion, occurred
within the first second of our universe life.

» It solves problems of big bang cosmology: horizon, flatness, entropy problems

» Moreover, inflation provides an elegant mechanism for generating the primordial
seeds for the CMB and the LSS




Theoretical Prediction of Cosmological Inflation

Stochastic background

of gravitational waves
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How to detect GWs from inflation?

But what if r < 1073 at CMB scales?

(Difficult to get large field excursions in quantum gravity embeddings of inflation)

Should we give up any attempts
to probe inflationary tensor modes?



How to detect GWs from inflation?

Direct detection?

PTA Ground-Based Intf Space-Based Intf




How to detect GWs from inflation?

Direct detection?
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How to detect GWs from inflation?
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Instead of vanilla model...

...we could have a richer dynamics after an initial phase of slow-roll...
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Comoving scales
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Are there additional motivations for examining models enhancing
Auctuations at small scales?

Yes, formation of Primordial Black Holes
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Theory

Survey of scenarios amplifying tensor modes at small scales

Phenomenology

smoking gun observables for cosmological origin of GW signal

...paying special emphasis on distinctive features
to distinguish them from astrophysical backgrounds



Mechanisms to enhance primordial GWs at small scales

We need to change the evolution eq for primordial tensor modes in inflationary background
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Mechanisms to enhance primordial GWs at small scales

We need to change the evolution eq for primordial tensor modes in inflationary background

—

}.Lij(t, E) + 3H hij(t, E) —I—E; hij (t, k) = ()
a

1. Include a source term

2. Include a ‘mass term’ (more in general, potential)

leading to alternative symmetry-breaking patterns
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Mechanisms to enhance primordial GWs at small scales

We need to change the evolution eq for primordial tensor modes in inflationary background

—

}.Lz'j(t, E) + 3H hij(t, E) —I—E; hij (t, k) = ()
a

1. Include a source term

2. Include a ‘mass term’ (more in general, potential)

3. Modify kinetic terms leading to non-attractor eras

hij(t, k) 4+ 3H |f(t)hij (t, k) +|2 )|k hy(t, k) = 0

a




First possibility: source terms

Paradigmatic example:
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Transient instability of vectors feed tensor modes through anisotropic stress
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First possibility: source terms

Secondary GWs produced during radiation domination

Tensor fluctuations <« (Scalar Fluctuations)2

h

Scalar power spectrum
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First possibilty: interactions among fields during inflation

\

/

Secondary GWs produced c

uring radiation domination

Transient instabilities in scalar/vector sectors feed tensor modes at small scales
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Secondary GWs produced during radiation domination

Transient instabilities in scalar/vector sectors feed tensor modes at small scales

Echoes of GWs from PBH production

[Saito,Yokoyama]. .. |[Bartolo et all
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The amplitude of SGWB has a characteristic profile as function of the
frequency, which also depends on the scalar spectrum that sources it
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How to distinguish among different SGWB profiles?

GWbinner code:
divide LISA band

in small intervals

reconstructing signal ]

in each bin

arXiv:1906.09244
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Two parameters reconstruction (3 bins)
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The SGWB is anisotropic, and non-(zaussian

(Contaldi|, [Bartolo et al]’
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Anisotropies of SGWB

Primordial origin

(for example, induced by primordial nonG)
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The SGWB is anisotropic, and non-(zaussian

[Contaldi], [Bartolo et al]’
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Second possibility: break space-time symmetries during inflation
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np > 0:
blue spectrum of tensor modes (amplitude increase at small scales)
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The SGWB is anisotropic, and non-(zaussian

[Ricciardone, GT] T

[Dimastrogiovanni et al
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Third possibilty: strong (but brief) violation of slow-roll conditions
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Single-field inflation
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Third possibilty: strong (but brief) violation of slow-roll conditions

General action for quadratic fluctuations
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The SGWB is anisotropic, and non-(zaussian
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Moral

There are plenty of theoretical mechanisms

(£ theoretically well motivated)
to enhance tensor spectrum at small scales.

Even if 7 < 1072 at CMB scales



...and many possible ‘smoking guns’ of cosmological origin of a SGWDB

e Rich profile of GW power spectrum

e Non-Gaussian signal (astro signal is Gaussian)

e Chirality
Intrinsic
A

e Anisotropies
M Induced



Non-Gaussianity of the SGWB
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...one can build 3-point response functions for interferometers...

Depends on phase correlations

\

(sa(t)sp(t)se(t)) = R (WD) (1) p2) (1) p29) (1))
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of the measured signal Al 3-pt correlator of GWs



Momentum conservation implies that GW momenta form a closed triangle

Direction of triangle side — GW directions

//’( Q GW sources
— —

Detector

Size of triangle side — GW frequency



Problem:
GWs from different directions tend to ‘Gaussianize’ the signal

[Allen], [Adshead, Lim] [Bartolo et al.]

GW emitted from
different patches of sky

Detector

Phase decorrelations due to propagation in a perturbed universe

Bartolo et al.]



Way out: measure correlators of GWs originating from the same patch
f p
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Way out: measure correlators of GWs originating from the same patch
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Use pulsar positions from IPTA collaboration
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Another way out: study SGWDB anisotropies...

[Renzini et al]
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Example: squeezed limit of SGWB anisotropies

(single-field inflation)
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GW from inflation — a challenge for observational cosmology

The inflationary paradigm predicts the existence of a
stochastic background of GWs from inflation

but many of its properties depend on the inflationary model

E-mode Polarization

e Most of the effort concentrates
on CMB B-modes...

B-mode Polarization

e ... but there’re arising well motivated

theoretical scenarios predicting primordial GWs e
at interferometer scales — a possibility worth exploring!




