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Why Entanglement Distillation?

Combining Sources

Entanglement is a resource for Quantum Information Processing.

Continuous Variable entanglement is related to the expected energy of a state. Many

Distribution of entanglement is hindered by losses and decoherence.
The solution is a network of nodes for entanglement swapping,

sources must be combined to achieve high entanglement with good probability of
success.
States that can be produced using only lasers and at most second order non-linearities

combined with entanglement distillation.
Distillation prepares highly entangled states using a larger number of

have Gaussian profiles in phase space. Protocols were initially conceived for Gaussian
resources. Any distillation protocol needs a non-Gaussian step, but de-Gaussified states

weakly entangled ones.
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can be driven Gaussian by iterative combination with linear optics (figure below).

Experimental Feasibility
source
A

entangled entanglement entangled
swapping
state
state
production
production

A

B

The quantum repeater

B
local operation

local operation

A realistic implementation consists of combining two one-photon- subtracted sources.
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The experiment is challenging: sources are not pure; phase locking of the two states is

Two source entanglement distillation

very important; losses and in particular lossy vacuum detection produce mixed states with
reduced entanglement.

Why with Continuous Variables?
Efficient tools for manipulating continuous quadrature amplitudes are

Combining one-photon subtracted squeezed states ideally produces a state with the
same entanglement as a two-mode subtracted squeezed state. Two mode subtraction is

provided by linear optics.

easier to realise and has a higher probability of success.
squeezed vacuum, using parametric down-conversion.
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Continuous Variables protocols (ex: quantum teleportation) always
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succeed, though never perfectly.
The entanglement of a two-mode squeezed state is limited only by the
energy pumped into the non-liniar crystal source. The quality of
protocols depends on the entanglement of the resource states.
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Two source distillation protocol

Using Homodyne Measurement
Vacuum projection can be replaced with homodyne measurement, with feed forward for a

Entanglement Enhancement by Photon Subtraction

set of measurement results.

A local ancilla-asisted measurement (POVM) can result in a state with

Advantages are: more entanglement, high efficiency, tunable trade-off between the

enhanced entanglement (ex: parity projection).

entanglement gained and the probability of success.

Superpositions with a more uniform photon-number distribution are
more entangled.
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Photom addition/subtraction on modes of a two mode squeezed state
create states with enhanced entanglement
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Conclusions

Subtraction in two modes of
a two mode squeezed state.
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Hybrid scheme
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The Gaussification protocol using vacuum detection and one-mode subtractions cannot
realistically improve on simple two-mode subtraction.
Two source distillation could be implemented using homodynes measurement with
detection efficiency higher than 95%.

Open Questions

λ (squeezing parameter)

λ (squeezing parameter)

Photon subtraction from optical modes bridges the worlds of discrete

What is the optimum two-source protocol?

and continuous variable quantum information processing.

How useful are non-Gaussian outputs?

Entanglement enhancement by photon subtraction has been
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demonstrated experimentally with Continuous Wave lasers. State
characterisation uses tomography, with temporal filtering[2].
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Protocols with subtraction are suitable for implementation with pulsed
lasers, without the need for temporal filtering.
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