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Abstract: Ghost imaging allows imaging of objects
without the physical transfer of a photon from the ob-
ject to the image plane, in principle allowing the object
and image to be arbitrarily far apart. Nevertheless the
two photons involved in the ghost imaging are correlated,
usually through entanglement. Here we outline an ap-
proach to establishing a link for image transfer where
the photons are initially independent. Through entan-
glement swapping, we show that it is possible to estab-
lish correlations between independent photons and out-
line how this might be used for image transfer over a
quantum link.

Introduction: Quantum communication over long
distances is integral to information security and has
been demonstrated in free space and fibre with two-
dimensional states. Increased bit rates can be achieved
by using spatial modes as the carrier of information (see
[1] for a recent review). However, such photon states
decohere, thus requiring a way to preserve the signal.
Quantum repeaters are a promising avenue to achieve
this and require entanglement swapping as a key compo-
nent [2, 3]. It is accomplished by interfering two photons
each coming from independent entangled pairs, resulting
in the remaining two photons becoming entangled. This
allows the establishment of entanglement between two
distant points without requiring one photon to travel the
entire distance, thus reducing the effects of decoherence
and loss. In this work, we perform the first implementa-
tion of entanglement swapping of spatial states of light.
We use photons entangled in the OAM degree of free-
dom and transfer entanglement from one pair of entan-
gled photons to another, even though the final entangled
pair have not interacted. Using this link, we outline how
it may be used to transfer ghost images across a quantum
link.

Results: We generate two pairs of entangled pho-
tons using spontaneous parametric downconversion. The
state of the pair shared by A and B is transformed us-
ing two Dove prisms [4] such that the ` = ±1 subspace
becomes the antisymmetric state
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. The Dove
prisms are used so that there is a one-to-one correspon-
dence between the initial state shared between C and D
and the final state of A and D when swapping in the
` = ±1 subspace. To perform the entanglement swap-
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FIG. 1. Cartoon of the entanglement swapping concept to-
gether with experimental verification of 4-way HOM interfer-
ence.

ping, we implement a projection onto an antisymmetric
state
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using a non-polarising beamsplitter [4]
whose output ports are coupled into multi-mode fibres.
When photons B and C are projected onto the antisym-
metric state, the swap has been successful: the particles
A and D, which have never interacted with each other,
are now entangled [5]. Note that the entanglement may
be expressed in any basis, e.g., position or momentum,
and hence it is possible to transmit ghost images across
the virtual link using entanglement swapping as the key
resource. We present some preliminary results on this
experiment.
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