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The Quantum Vacuum

The Vacuum is not empty

BUBBLING QUT OF
NOTHINGNESS

‘ / ; X 1

Efforts to solve one problem in cosmology often open up a Pandora’s box of others. For instance,
speculations about the universe immediately after the Big Bang lead almost inevitably to consid-
erations of what came before. One hypothesis is that the cosmos originated from nothing, or--
more extraordinary yet--it may be one of countless universes that have materialized out of empty
space. The key to such assertions lies in the nature of “nothingness.” In everyday understanding,
nothingness is empty, a vacuum. But to quantum physicists , a vacuum is something else again,
an inherently unstable condition, ripe with latent energy, in which neither space nor time in the
classical sense exists.

According to some theorists, the nothingness that precedes space and time may have been the
same kind of fluctuating foam as that of the Planck Era. Perhaps engendered by the vibrations of
some form of protoparticles, these vacuum fuctuations might be visualized as tiny bubbles, like
those shown here, Some bubbles would simply appear and disappear, but others might suddenly
expand into a whole cosmos, In theory, then, our universe may have originated in such fluctuat-
ions, expanded and then collapsed into super massive black hole singularity which then started
our Big Bang creation. This further suggests that Innumerable alternative universes, each a sepa-
rate bubble, might exist next door to ours, un reachable from our own space-time,
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Entanglement Harvesting
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1-D Harmonic lattice in the Ground state

How do we get two systems entangled by means
of local interactions with a lattice in the ground state?
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Two possible mechanisms.
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1-D Harmonic lattice in the Ground state
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1) Communication via phonons
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1-D Harmonic lattice in the Ground state
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1) Communication via phonons
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1-D Harmonic lattice in the Ground state
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1-D Harmonic lattice in the Ground state
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1) Communication via phonons
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1-D Harmonic lattice in the Ground state

1) Communication via phonons
A B\j
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Limited by the speed of ‘sound’
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1-D Harmonic lattice in the Ground state

1) Communication via phonons
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1-D Harmonic lattice in the Ground state

There’s another possibility:

Take advantage of pre-existent entanglement
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1-D Harmonic lattice in the Ground state

‘Non-local’ basis: Normal modes [0).[1),[2),...

‘Local’ basis: individual number states {|:.....7i,...,nj,...)}
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1-D Harmonic lattice
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1-D Harmonic lattice in the Ground state

2) Swapping ground state entanglement
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1-D Harmonic lattice in the Ground state

2) Swapping ground state entanglement
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1-D Harmonic lattice in the Ground state

2) Swapping ground state entanglement
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1-D Harmonic lattice in the Ground state

Local coupling to the vacuum: Observed fluctuations are correlated
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2) Swapping ground state entanglement
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1-D Harmonic lattice in the Ground state

2) Swapping ground state entanglement
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1-D Harmonic lattice in the Ground state

2) Swapping ground state entanglement
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NOT Limited by the speed of ‘sound’
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Quantum Fields

A 1D quantum field can be thought as the ‘continuum limit’ of such a lattice
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Two mechanisms to get ‘atoms’ entangled via interaction with quantum fields:

1) Via exchange of real field quanta

2) Swapping vacuum entanglement
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