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Motivation

1) Inflationary scenario: (compact) flat FRW + massive scalar
field

a) Flatness and particle horizon problems.

b) Natural conditions for the evolution of primordial
inhomogeneities.

2) LQC effective dynamics
a) The classical singularity is solved.

b) No slow-roll fine tuning problem.

c) Pre-inflationary era.

3) Inhomogeneities: scalar perturbations around FRW-like
solutions.




Classical system: perturbations and gauge fixing

1) Homogeneous and isotropic model + perturbations
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a) Zeroth-order constraint

Hy, = 6_3“( — 72+ 71'5, + 52 p?),

D=




Classical system: perturbations and gauge fixing

b) Gauge fixing + canonical transformation
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Remark: f; . and Ty, + Unitary dynamics + spatial symmetries
— unique Fock representation.




Classical system: LQC reduced model

c) Reduced model in LQC:  H(Ny) = Ny (Co +3 C;*.,E)’
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Quantization

1) Geometry HE"' = L*(Rg, dug) and standard for matter.

2) Constraint equation: ¢ as an internal time
a) Complete
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3) Initial data at v = e: (1| = (1|©@ + (|® with

@@+ @O (X e) =o.




Effective dynamics of the massless field
1) Hamilton Jacobi equations
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2) Perturbations:
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Numerical results: backreaction effects
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m=0,¢=0.1,v=10 and 7, = 700 (B is determined by means of the constraint). The
initial data for the perturbations is a5 = ee’™ and a;i = ee~', with e and o randomly
distributed (following respectively a normal distribution of zero mean and dispersion 10—2
and a flat distribution in (0, 27]). The total number of modes is given by &2 € [1, 6] including

degeneration.
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m=0,¢ = 0.1,v = 10° and 7y = 700 (8 is determined by means of the constraint).
Initial data for the perturbations is a5 = ee'® and aft = ee~'®, with € and o randomly
distributed (following respectively a normal distribution of zero mean and dispersion 10—2
and a flat distribution in (0, 27]). The total number of modes is given by &2 € [1, 6] including

degeneration.
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m=0,¢ = 0.1,v = 10° and 7y = 700 (8 is determined by means of the constraint).
Initial data for the perturbations is ay, . = e’ and a = ee~'*, with € and a randomly
distributed (following respectively a normal distribution of zero mean and dispersion 10—2
and a flat distribution in (0, 27]). The total number of modes is given by @ € [1, 6] including

degeneration.




Numerical results: backreaction effects
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m=0,¢ = 0.1, v = 10° and mg = 700 (8 is determined by means of the constraint).
Initial data for the perturbations is ay, . = e’ and @ = ee~'*, with € and « randomly
distributed (following respectively a normal distribution of zero mean and dispersion 10—2
and a flat distribution in (0, 27]). The total number of modes is given by @? € [1, 6] including
degeneration.




Numerical results: neglecting the backreaction
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m=0,v=10% ¢ = 0.1, 8 = 0.99997 /+/A and 74 is determined by means of the constraint.
The initial data for the perturbations is ag, . = e¢** and a. . = ee~'®, with e and « randomly
distributed (following respectively a normal distribution of zero mean and dispersion 10—°
and a flat distribution in (0, 27]).




Numerical results: neglecting the backreaction

Alay, .| v = 3142.3
500¢

lag: () = lag, _1(m0)
Alag, | = ————"——

lag. [(no)
400
300
200

100

10 20 30 40 50 60 70
@2 [4m?

m=0,¢=0.1,v = 10 and vVAB = 0.99997 (7, is determined by means of the constraint).
The initial data for the perturbations is a;, . = ee’* and af = ee~'* with € and o randomly

distributed (following respectively a normal distribution of zero mean and dispersion 10~10
and a flat distribution in (0, 27]).




Numerical results: neglecting the backreaction
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m=0,¢=0.1,v = 10’ and vVAB = 0.99997 (r,, is determined by means of the constraint).
The initial data for the perturbations is a;, . = ee’* and af = ee~'* with € and o randomly

distributed (following respectively a normal distribution of zero mean and dispersion 10~10
and a flat distribution in (0, 27]).




Conclusions and outlook

1) Complete quantization of an inflationary model with small
inhomogeneities
a) Internal time characterizes physical states (1st and 2nd order
evolution equations).

b) Physical states characterized by their data on the minimum
volume section.

2) Effective dynamics for the massless scalar field

a) Backreaction breaks simultaneity of critical energy and
minimum of the physical volume (as well as its value).

b) Perturbations amplified at the strong quantum regime.

c) Non-trivial amplification pattern with oscillations (quantum
gravity phenomena).




	Classical system
	Summary
	Conclusions

