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Unruh and Wald: there’s no problem
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Compère: there is a problem
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Compère’s statement of the paradox:

Two elements of problem:

QFT in curved spacetime

Quantum entanglement
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QFT in curved spacetime: it’s easy

“.....Once a field theory is defined, applications in flat spacetime will
naturally focus on the issue of interactions between the various fields,
often treated as perturbations around the natural vacuum state. In
curved spacetime, however, we are generally interested in the effects
of spacetime itself of the fields for which the interactions are beside
the point. We therefore can consider free (noninteracting) fields but
we will have to take great care in defining what an appropriate
vacuum state should be.”
(Sean Carroll, Spacetime and Geometry)

Simple example: The Unruh effect: An accelerated photon detector
sees “photons” even if a non-accelerated detector does not.
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Compère’s statement of the paradox:

Two elements of problem:

QFT in curved spacetime

Quantum entanglement
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Entanglement of systems of 2 spins

spin 1/2 particles a and b:

|ψ〉 = α+−|saz = +, sbz = −〉+ α−+|saz = −, sbz = +〉

+α−−|saz = −, sbz = −〉+ α++|saz = +, sbz = +〉

Probabilities of the four possible spin combinations given by the
|α|2’s

The state cannot be determined is you only measure saz and sbz .
(No information on phases)

Jim Rich (IRFU) Information Loss: arXiv:1703.0214 Part I: What is the problem? June 2019 9 / 21



Entanglement of systems of 2 spins: an example

spin 1/2 particles a and b:

|ψ±〉 =
1√
2

(
|saz = +, sbz = −〉 ± |saz = −, sbz = +〉

)
Measurements of saz or sbz give random + and −.
⇒Cannot distinguish |ψ+〉 from |ψ−〉 without measurements on
both spins

Measurements of saz and sbz are always of opposite sign. ⇒
Cannot distinguish |ψ+〉 from |ψ−〉 if you only measure sz of a
and b.

Note: Spin of particle a by itself is described as a “mixed state”
where there is no well-defined phase between |+〉 and |−〉.
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To distinguish |ψ±〉, need to measure also sx or sy

|ψ±〉 =
1√
2

(
|saz = +, sbz = −〉 ± |saz = −, sbz = +〉

)
|ψ±〉 ∝ (|sax = +〉+ |sax = −〉)(|sbx = +〉 − |sbx = −〉)

±(|sax = +〉 − |sax = −〉)(|sbx = +〉+ |sbx = −〉)

For |ψ−〉, measurements of sax and sbx are of opposite sign

For |ψ+〉, measurements of sax and sbx are of the same sign
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Entanglement of systems of 2 spins, summary

spin 1/2 particles a and b:

|ψ±〉 =
1√
2

(
|saz = +, sbz = −〉 ± |saz = −, sbz = +〉

)
The initial state can be reconstructed from multiple
measurements of multiple components of both spins.

One measurement not sufficient to reconstruct the initial state!
Measurement process is also “non-unitary”.
Unitarity is only saved in an Everett multiverse.
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Steven B. Giddings: arXiv:hep-th/9508151

Question: What constitutes a “very careful measurement of the
outgoing quantum state of the fragments”?
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U & W’s statement of the problem

t = constant > τBH is not a “Cauchy surface”.
(Because state of BH interior no longer measureable)
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U & W’s statement of the problem
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U & W’s statement of the problem
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Ways to avoid information loss

No blackholes form (fuzzballs)
Need modifications in classical regime

Failure of semiclassical theory during evaporation (firewalls)
Need modifications in classical regime

Evaporation not complete (remnants)
Need modifications only at Planck scale

Information comes out in the final burst
Need modifications only at Planck scale

Jim Rich (IRFU) Information Loss: arXiv:1703.0214 Part I: What is the problem? June 2019 17 / 21



U&W on AdS/CFT
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Hawking: arXiv:0507171

...........

Jim Rich (IRFU) Information Loss: arXiv:1703.0214 Part I: What is the problem? June 2019 19 / 21



Compère
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U&W’s summary of controversy

It is our hope that the AdS/CFT ideas can be developed further so as
to make a math-
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