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Information Content of Black Holes
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Information Content of Black Holes

Sen=kg 1077 (M/M,)?

-Q: Why Is BH entropy so large?

A: connected to no-hair theorem’!




Information Content of Black Holes

N “microstates”
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Pre-collapse
‘stars’:

Final BH (macrostate)

kg 1077 ~ S = kg In N
N~ exp(1077)~100"’




Black Holes and the Holographic Principle

-Holographic principle: physics in interior nD spacetime

equivalent to physics on (n-1)D surface spacetime!




Black Holes and the Holographic Principle

4.Dimensional flat spacetime
S-Dimensional anti-de Sitter spacetime

Superstrings

Conformal fields Hot radiation
ALFRED T. KAMAJIAN




Black Hole Computers

(quantum-) entangled state

-Measurement at location of one particle
iImmediately known at partner particle
“*Quantum teleportation”




Black Hole Computers

CLASSICAL VIEW, based on . ; L

: Virtual-particle pair HOROWITZ-MALDACENA MDDEL
prequantum physics, holds suggests that the outgoing
that a blob of matter falling particle carries away not just
through the hole’s outer raw mass but also information.
rim—the event horizon—can The particle is quantum-
neither escape norsend outits ! : v mechanically entangled with
information. It hits the center . ' itsinfalling partner, which in
of the hole—the singularity— turn gets entangled with the
where its massis assimilated blob. The entanglement beams
anditsinformation lost. - the blob’s information out.

Matter

Event horizon

|

HAWKING MODEL is afirst
stab atconsidering quantum
effects. Pairs of virtual
particles materialize at the
event horizon [red and blue
balls).One member of each Ouantum
pair, like other matter, falls AT teleportation
tothe singularity. Its partner :
flies outward. The particle
spins are random and do not
—— Singularity carry any information about
the infalling blob.




Black Hole Computers

COMPUTATION

OUTPUT

ORDINARY LAPTOP

SPEED: 10° hertz m MEMORY: 102 bits

Akeyboard and associated circuitry
encode information as voltage pulses
inawire.

The pulsesinteract, guided by devices
such astransistors, which perform
logical operations such as NOT.

The pulses, having been processed,
are translated into meaningful
patterns of light.

BLACK HOLE

SPEED: 103° hertz m MEMORY: 1016 bits

’ () ; ; i

This black hole consists of one
kilogram in a volume 1027 meter
in radius. Data and instructions are
encoded in matter and droppedin.

Ontheirdescent, particles interact
much asin the ultimate laptop, except
that gravity also plays arole. The
governing laws are notyet understood.

The hole emits radiation, named after
physicist Stephen Hawking. New
theories suggest that the radiation
carries the computational output.




Perspectives:

e Astrophysics Is a fantastic subject!

 Black holes lead us to the frontier of modern physics
 First Stars lead us to the frontier of cosmology

* We are entering a golden age of discovery




