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Problem:

After a black hole Hawking evaporates, it leaves behind only heat radiation.
=> a pure initial state of a collapsing star can evolve into a mixed state?
Violation of unitarity? Can nature erase information?

Not necessarily:

Consider a laser pulse heating a piece of charcoal from T=0 to finite T.

Then charcoal cools back to T=0 by radiating away the heat.

Evolution is unitary => emitted radiation is in pure state.

=> early emitted radiation was entangled with charcoal, so high entanglement entropy
but late radiation is entangled with itself so low entanglement entropy

Same possible for Black Holes: radiation entropy first rises then falls to zero.

Holography studies found evidence of this "page curve” of the radiation’s entropy.
19725
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arcoal cools back to T=0 by radiating away the heat.

1e c
Evolution is unitary => emitted radiation is in pure state

=> early emitted radiation was entangled with charcoal, so high entanglement entropy
but late radiation is entangled with itself so low entanglement entropy

Same possible for Black Holes: radiation entropy first rises then falls to zero.

Holography studies found evidence of this "page curve” of the radiation's entropy.
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Oé s evvedaoms lu?-

Event How'ton Tf-émr'/w-y
Black Hole M87*

55 million lightyears away

We see the photons escaping
from the photon sphere (r=3m),
observed in mm band.

Why not Hawking radiation?

6.5 billion solar masses

=> Peak Hawking radiation has
tens of billions of km wavelength
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