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QuantumField Theory in curved space-time leads to exciting pre-
dictions that are expected to play a crucial role on cosmological
scales.

but... can we prove these predictions?
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𝑇𝐻 =
𝑀⊙
𝑀

10−7𝐾 ≪ 𝑇CMB ≈ 3𝐾

Not observable.
→ CMB anisotropies gives indirect proof... but quantum ̂𝜙 −→

stochastic 𝜙st. lead to the same observable predictions !
Direct proof of quantum origin? Believed to be impossible.

Take home message 2

Consensus on the difficulty of proving the quantum origin of
Quantum Field Theory in curved space-time predictions in astro-
physical and cosmological contexts.
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OBSERVING QFT IN CURVED SPACETIME PREDICTIONS, II

What can we do?
Two strategies / axis of my PhD :

Insist ! Study same systems
with new tools e.g. study
inflationary perturbations using
quantum information tools.

Study laboratory systems where
we can make the same
predictions : Analogue gravity.
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Good laboratory system analogue to classical background +
quantum field?

Trapped cold atoms!

Bose-Einstein Condensate (BEC)
well-described by a classical

field ̄𝜙

Perturbations of BEC
well-described by a quantum

field ̂𝛿𝜙
⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟⏟

For suitable modulation of trap size : ̄𝜙(𝑡) leads to the same
equations as preheating, production of pairs of quasi-particles

(phonons) in resonant modes 𝑘res !
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Take home message 3

Analogue gravity systems : non-gravitational laboratory systems
but modeled by the same equations, and hence leading to the
same formal predictions, as gravitational systems.

Same questions of observability, treated with the same formalism
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DEFINING AND TRACING QUANTUMNESS

Quantumness of a state of a system = Quantumness of
correlations of subsystems for this state.

Several a priori inequivalent criteria : several probes for
cosmology.

Illustration using (non-)separability of the state of subsystems.
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±k ̂𝑎±k⟩ number of particles.

𝑐k = ⟨ ̂𝑎k ̂𝑎−k⟩ correlation of modes.
→ Quantumness criterion?

Classical case
𝑛k ≥ |𝑐k|

Quantum case
√𝑛k (𝑛k + 1) ≥ |𝑐k|

State non-separable i.e. "quantum" whenever :

0 > 𝑛k − |𝑐k| ≥ −1
2

NB : Due to the lower bound detection requires high precision on
𝑛k and 𝑐k, and gets harder as 𝑛k increases
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nk - ck as a function of time

Evolution generically leads to a non-separable i.e. ”quantum”
state !

Oversimplification? Yes e.g. [Jaskula et al., 2012] report having
measure 𝑛k > 𝑐k, need to include non-linearities / interactions in

the model.
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NON-LINEARITIES, INTERACTIONS : DECOHERENCE

𝒮k 𝒮−k

Weak classical correlations

Interactions
ℰ

Interactions 𝒮𝑘 / ℰ destroy correlations 𝒮k / 𝒮−k :
decoherence
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NON-LINEARITIES, INTERACTIONS : DECOHERENCE

Take home message 4

Quantum features of a state are fragile against interactions with
extra degrees of freedom.
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numerical simulations of BEC +
perturbations : confirm lost of
entanglement.
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Goal : Predict dependence on
physical parameters to
optimize experimental
observability.
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Thank you for your attention !
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