
Termo avanzada

Gúıa 8: holograf́ıa y alguna cosa más



Principio holográfico



Una consecuencia de la segunda ley generalizada

La máxima entroṕıa que puede haber en esta región es Smax = A/4.

Análogo a lo que sucedeŕıa si la superficie estuviera dividida en celdas de

área a, con k estados posibles por celda:

Smax = log kA/a =
A

a
log k ∝ A



Principio holográfico

La analoǵıa sugiere que, en presencia de gravedad, toda la información

sobre el estado de un sistema está codificada en su superficie.

Principio holográfico



La conjetura AdS/CFT



AdS/CFT

La gravedad en AdS es equivalente a una CFT en su borde.

A cada configuración del campo gravitatorio (geometŕıa) le corresponde

un estado de la CFT.
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Ryu-Takayanagi

S(R) =
A(Γ)

4

Γ superficie más pequeña tal que

(i) ∂Γ = ∂R (Γ anclada en el borde de R)

(ii) Γ homóloga a R (Γ ∪ R es el borde de algo)
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Últimas noticias sobre la paradoja de la

información
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Modelo de juguete

Akers, Engelhardt & Harlow ’20

Figure 2. Two steps of the “black hole evaporation” process for our first model. The surfaces

� and �0 give two possible HRT surfaces homologous either to the “Hawking radiation” exits

or the “black hole” exit. As the octopus grows more and more legs, the length of the “ankle

bracelets” � increases and the length of the “headband” �0 decreases: the crossover point

where the headband becomes shorter is the “Page time” of the model.

3 A model for information conservation

We now present our model for unitary black hole evaporation. The basic idea is that we

want to start with a single pure-state black hole whose size is many times that of the

AdS length, and then allow it to evaporate by emission of AdS-sized black holes which

are parametrically smaller than the one we started with. To make the analysis simple,

we will arrange for this emission to place each such black hole into its own separate

asymptotically-AdS spacetime. As the evaporation proceeds, these asymptotically-

AdS regions will be connected by a wormhole with an increasing number of exits.

Holographically we can describe this as follows: we begin with a pure state in the

tensor product of many copies of some holographic CFT2, which is a product between

a highly-excited pure state in one of the copies and the vacuum in all of the others.

We then couple the CFTs together using a Hamiltonian which is carefully designed to

evolve this state to a sequence of others which are prepared by cutting a CFT Riemann

surface of higher and higher genus. This is easier to visualize than to describe, we give

an illustration of how the spatial geometry changes over a pair of time steps in figure

2.3 To avoid confusion we emphasize that this dynamics constitutes a modification

of usual bulk dynamics for this system: the topology changes, the area of the black

3This process does not quite work for the first two steps of the radiation, since it is only once we

have at least three exits that we can adjust the sizes of the exits independently. To fix this we could

add some handles behind the horizon to the initial pure state with one exit, as in figure 6 below, but

to avoid complicating the figure here we will instead just begin our evaporation at three exits: we

begin with an “almost pure” black hole which has radiated only two “Hawking quanta” so far.

– 5 –



Referencias

• Paper divulgativo en Nature sobre implicaciones de Ryu-Takayanagi

https://www.nature.com/news/the-quantum-source-of-space-time-1.18797

• Paper divulgativo en Quanta Magazine sobre los últimos avances

respecto a la paradoja de la información

https://www.quantamagazine.org/the-black-hole-information-paradox-comes-to-an-end-20201029/#

• El modelo de juguete: Akers, Engelhardt & Harlow, JHEP ’20

https://arxiv.org/abs/1910.00972

https://www.nature.com/news/the-quantum-source-of-space-time-1.18797
https://www.quantamagazine.org/the-black-hole-information-paradox-comes-to-an-end-20201029/
https://arxiv.org/abs/1910.00972

	Principio holográfico
	La conjetura AdS/CFT
	Últimas noticias sobre la paradoja de la información

