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» Distribution of matter in the Universe is an (as of now, only) observational window

on linearised quantum gravity!

Can we extract more information?

» In particular, a direct proof that inhomogeneities cannot have a classical origin would

show that gravity can and should be quantised.

1. [arX1v:1807.06209 Planck Collaboration]
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Conclusions & Perspectives

A. Inthe simplest models, inflationary perturbations enjoy at least some quantum
correlations that cannot be explained classically.

B. Even aslight amount of interaction of the perturbations, will degrade the
correlations... but not necessarily classicalise them!

C. However, we cannot reveal these correlations with typical cosmological
observations.

D. Have to seek other type of correlations that may appear in richer scenarios, for
example featuring non-Gaussian perturbations.
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I - Evolution of perturbations
during inflation
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Inhomogeneities in the early Universe
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Effect of interactions on quantum correlations

o After 60 e-folds of inflation3

Take Home Message 2

Purity can be vanishingly small and yet
quantum correlations still present,

estimating them requires to compute
the squeezing parameter as well!
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‘Classical” higher-order term dominates

(f (D1, Tar)) = (f (Vtke, ToE)) o +>@

» Strongly squeezed
Take Home Message 3 1y = 2k <(@S )2> ~ 2N

Because squeezing is verv large, for polynomial 58
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« NB: No contradiction with previous statements, quantum correlations exist but

A

need W(O) non-polynomial in (v, 7r) to be revealed with a large squeezed state.

O
» Example: Pseudo-spin operator g, = —/ v ) (—uy | dug

— OO

Can be used to build a Bell inequality violated by perturbations

Check: its Wigner transform reads W (6%) = —76 (vy.) 6 (73, )

Z

Non-analytical in (v, )
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Conclusions & Perspectives

A. Inthe simplest models, inflationary perturbations enjoy at least some quantum
correlations that cannot be explained classically.

B. Even aslight amount of interaction of the perturbations, will degrade the
correlations?... but not necessarily classicalise them>!

C. However, we cannot reveal these correlations with typical cosmological
observationss.

D. Have to seek other type of correlations that may appear in richer scenarios8?9, for
example featuring non-Gaussian perturbations.

7. [arXiv:2509.07769 Burgess et al.] 3. [arXi1v:2001.09149 Green and Porto] 23/24
5.[arX1v:2512.17622 Micheli, Oshima & Takahashi] 9. [arX1v:1508.01082 Maldacena]
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