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Abstract: Black holes are regions of space with gravity so strong that nothing can escape from them, not even light. This isn't science fiction -
even a gigantic black hole at the center of our galaxy. It's hard to imagine a more effective way to irrevocably erase and destroy a compute
drive than to drop it into a nice big black hole. But is the information on that drive really gone forever? Paradoxically, there's a good chance t
only does the information come back, it comes back in the blink of an eye. This surprise return of the information is based on the same pri
that might someday make reliable quantum computers a reality. In fact, engineers are already exploiting these principles to help distribute s
and stream video over the internet. And that's where the tornadoes come in...
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¢ Black holes
What and why?
Information leakage: slow or fast?

& Making a message robust to losses
(scary vortex-caused or otherwise)

Random coding
Applications
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Event horizon:

Nothing inside
can escape*

Pirsa: 09040031 Page 25/150




Event horizon:

Nothing inside
can escape*

Pirsa: 09040031 Page 26/150




Pirsa: 09040031 Page 27/150




Pirsa: 09040031 Page 28/150




Pirsa: 09040031 Page 29/150










What’s that R2? We've crossed
the event horizon? But | didn’t
feel anything. Did you?

Infalling observers
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What’s that R2? We've crossed
the event horizon? But | didn’t
feel anything. Did you?

‘The Equivalence Principle: The effects of gravity and acceleration are indistinguishable

Infalling observers



Complementary realities
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Complementary realities
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Quantum mechanics

s (Small)
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Quantum mechanics
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Information falls into black hole

Pirsa: 09040031 Page 48/150




Information falls into black hole

Pirsa: 09040031 Page 49/150




Information falls into black hole

Pirsa: 09040031 Page 50/150




Information falls into black hole

Thermal Hawking radiation
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Information falls into black hole

Thermal Hawking radiation

Radiation but no black hole
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Information falls into black hole

Thermal Hawking radiation

Radiation but no black hole
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¢ Quantum mechanical theories do not destroy information.
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¢ Quantum mechanical theories do not destroy information.

¢ General relativity requires information to be destroyed.

& General relativity and quantum mechanics are incompatible and need
to be unified.

& We strongly suspect that tiny black holes flitter into and out of
existence all around us, all the time. (All other particles do.)
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& Quantum mechanical theories do not destroy information.

¢ General relativity requires information to be destroyed.

¢ General relativity and quantum mechanics are incompatible and need
to be unified.

¢ We strongly suspect that tiny black holes flitter into and out of
existence all around us, all the time. (All other particles do.)

¢ These tiny black holes would destroy information everywhere and all
the time leading to rapid heating of empty space.
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Whereas Stephen Hawking and Kip Thorne firmly believe that information
swallowed by a black hole is forever hidden from the outside universe,

and can never be revealed even as the black hole evaporates and completely
disappears,

And whereas John Preskill firmly believes that a mechanism for the information to
be released by the evaporating black hole must and will be found in the correct
theory of quantum gravity,

Therefore Preskill offers, and Hawking/Thorne accept, a wager that:
When an initial pure quantum state undergoes gravitational collapse to form a
black hole, the final state at the end of black hole evaporation will always be a

pure quantum state. The loser(s) will reward the winner(s) with an encyclopedia
of the winner's choice, from which information can be recovered at will.

Stephen W. HawRLng, Rig S. Thowe, John P. Preskill
Pasadena, California, 6 February 1997
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Therefore Preskilre. vking/Tho *_,A" - ager that:
When an initial pure quantum state undergoes gravitational collapse to form a
black hole, the final state at the end of black hole evaporation will always be a
pure quantum state. The loser(s) will reward the winner(s) with an encyclopedia
of the winner's choice, from which information can be recovered at will.

Stephen wW. Hawking, g S. Thowme, John P. Preskill
Pasadena, California, 6 February 1997
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Slow Fast

Pirsa: 09040031 Page 65/150




Pirsa: 09040031 Page 66/150




Black hole lifetime
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Black hole lifetime
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.(-" And | thought
¢ | was slow!
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And | thought
I was fast!
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