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OverviewOverview

Enhanced quantization on the half line

Cosmological consequences

H. Bergeron, J.-P. Gazeau, P. Małkiewicz, PP – 2310.16868
Phys.Rev. D109, 023516 (2024) 

H. Bergeron, P. Małkiewicz, PP – 2405.09307
Phys.Rev. D110, 043512 (2024)

+ 2503.14570

A new class of exact coherent states

Simple background state

Born-Oppenheimer approximation

Main hypothesis for quantum cosmology

K. Mazde, L. Mickel, PP – 2508.06231
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Basic model: 3+1 GR + perfect fluid

Canonical quantization
Wheeler De Witt
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Basic model: 3+1 GR + perfect fluid

FLRW metric
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Basic model: 3+1 GR + perfect fluid

Use as clock
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Basic model: 3+1 GR + perfect fluid

Use as clock

Hubble rate

New canonical variables
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Coherent state quantization
Background phase space

Natural choice = 2 parameter affine group of the real line
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Coherent state quantization
Background phase space

Natural choice = 2 parameter affine group of the real line

covariant integral quantization on (affine) coherent states

“Usual”

unitary, irreducible and square-integrable representation in the Hilbert space

algebra

dilation
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Coherent state quantization
Background phase space

Natural choice = 2 parameter affine group of the real line

unitary, irreducible and square-integrable representation in the Hilbert space

covariant integral quantization on (affine) coherent states

algebra

dilation

normalized fiducial state

“Enhanced”

 = closed Lie algebra with structure constant independent of
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(resolution of unity)define

affine coherent state quantization:

to ensure

Hamiltonian

generic (factor ordering...)
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Coherent state semiclassical framework
new fiducial state

define time-dependent coherent states

Rescale

semiclassical hamiltonian:
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1) demand that the coherent state solves the Schrödinger equation

2) apply Ehrenfest theorem:
with extra time dependent phase

effective
e.o.m
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semi classical hamiltonian:

+ constraint:

POSSIBLE ???
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eigenvalue
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4) Solve eigenvalue equation

using

5) Solve eigenfunction equation



6) Open book on known Hamiltonian eigenvalues and eigenvectors:



7) Wrap up with full solutions
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semi classical probability density
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Next step: include perturbations

Born-Oppenheimer approximationusual way to go

+ Schrödinger

but possible non diagonal terms… 
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overcomplete basis &

time evolution

BO initial condition
BO not stable

interferences

Schrödinger

a simple `semiclassical' state eventually evolves into a multibranched state

interferences / virtual universes / loop expansion

interpretation / meaning?
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Universe                          biverse                          multiverse

fixed basis

perturbation basis

Born-Oppenheimer basis               and
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two modes
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One k mode perturbation hamiltonian

Gaussian perturbation representation

mode equation variance
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projected distribution

Non gaussian
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General framework

actual background state

BO procedure
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interaction picture

expand the exponentials

Beyond Born-Oppenheimer
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Cosmological consequences

Power spectrum

non linear modification

Bispectrum

Trispectrum



Conclusions

A new class of coherent state basis for background quantum cosmology

quantum background  +  quantum fluctuations

superposition principe possible interferences


