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Motivations

Describe the classical dynamics of a particle falling into a black hole as a KG scalar field

excitation.

Implement the discreteness of geometry suggested in LQG in the quantization of the

dynamics of matter and geometry.

Use this quantum model to investigate the information loss paradox.

Model of an Hawking particle near the singularity

The classical dynamics

The near singularity regime

The quantization scheme

one can obtain the full quantum dynamics from this equation

ψ(m, pφ, a + λ`2p) = e

i
2[τ (a+λ`

2
p)−τ (a)]

(
m+

p2φ
16π`2pm

)
ψ(m, pφ, a).

Degeneracy of the mass operator

It is possible to define a mass operator and to study its spectrum :

Dynamics of an Hawking pair on a discrete quantum geometry

We can decompose the total Hilbert space describing the geometric and the matter d.o.f as

follows

Htotal = Hm ⊗Hε︸ ︷︷ ︸
geometry

⊗
matter︷ ︸︸ ︷

Hin ⊗Hout .

Elements of this Hilbert space are noted |m, ε, pin, pout〉.
We consider the following initial state for which the two particles are maximally entangled

|ψ0〉 =
∑
i=±
ε=±

∫
ψ0(m)|m, εε, i, i〉dm .

The dynamics gives

|ψ〉 =
∑
i=±
ε=±

∫
e

i
2[τ (a0+nλ`

2
p+εε)−τ (a0+εε)]

(
m+

p2i
16π`2pm

)
ψ0(m)|m, εε, i, i〉dm .

Mutual information as a measure of correlations

One start with the relative entropy

S(ρ|σ) := Tr(ρ log ρ− ρ logσ)
which quantifies the distinguishability of ρ from σ.

If one consider the case of a system that can be decomposed into three subsystems A, B and
C , one can define the mutual information by

IA,B := S(ρAB|ρA ⊗ ρB).

It quantifies how much a mixed states is distinguishable from the uncorrelated state that we

can have by separating the two subsystems.

Moreover one has (
ψÔAÔBψ − ψÔAψψÔBψ

)2
2||ÔA||||ÔB||

≤ IA,B(ψ)

for all Ô = ÔA ⊗ ÔB such that ÔA and ÔB are bounded.
The mutual information is an upper bound of the correlations between A and B.

Evolution of correlations between Hawking particle and the Planckian
geometric d.o.f

We can determine the evolution of Iin,ε and Iin,out
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The correlations betweenHawking’s pair disappear in favor of correlations between the particle

falling inside and the Planckian geometric d.o.f.

Moreover, one can also show that

Iin,ε = Iout,ε

The particle escaping to infinity also becomes entangled with the Planckian geometric d.o.f.

To restore unitarity, the Planckian geometric d.o.f must be taken into account.
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