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An incomplete list of cv protocols which require memory

scontinuous variable entanglement distillation:
D.E. Browne, J. Eisert, S. Scheel, and M.B. Plenio, PRA 67, 062320, (2003).

econtinuous variable cluster state quantum computation
PRA 79, 062318 (2009);
N. C. Menicucci, P. van Loock, M. Gu, C. Weedbrook, T. C. Ralph,
and M. A. Nielsen, PRL 97, 110501 2006

scommunication/cryptography protocols involving several rounds:
PRL 94, 050503 (2005)

*quantum illumination:
S. Lloyd, Science 321, 1463 (2008)
S.H. Tan, B. I. Erkmen, V. Giovannetti, S. Guha, S. Lloyd, L. Maccone,
S. Pirandola, and J. H. Shapiro. PRL, 101, 253601 (2008)



Ensemble-based memories

Room temperature gases
© high fidelity and efficiency, millisec storage time

BUT

difficult to combine this with non-Gaussian operations
like single photon detection

Cold trapped gases
Non-Gaussian protocols demonstrated

BUT
only low efficiency protocols so-far
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Starting point:
generation and homodyne tomography of
Gaussian entangled state of memory
J. Appel et al, PNAS 2009, 106: 10960-10965
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Near term goals: ~
Fock and/or kitten state generation and
homodyne detection in atomic memory
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Time gated single photon compatible with Cs memory

» W. Wasilewski et al
= f}gg Optics Lett. 17,
e ::é 14444-14457 (2009)
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Generation and Distribution of
Schrodinger Cat States

Jonatan B. Brask!, Ioannes Rigas?, Ulrik L. Andersen?,
Anders S. Sgrensen!, Eugene S. Polzik!

IQUANTOP, Niels Bohr Institute, University of Copenhagen, Denmark
’Department of Optics, Facultad de Fisica, Universidad Cumplutense Madrid, Spain
SDepartment of Physics, Technical University of Denmark, Denmark

November 2009



Homodyne detection and continuous variables

* Measuring quadratures of light rather than photon no. can yield high efficiencies.

X = o (a* + @) P = < (a% - a) Nese > 0.97

Sherson ef al.,
* Use continuous variable entanglement, Nature, 443, 557 , 2006

e.g. superpositions of coherent states.

&) =] —a)+ |a) %
) =] —a,—a) + |a,a) )%%4 -~

* Caveat: propagating cats are difficult to make. In most experiments so far, only
'kittens' can be produced, using photon subtraction from squeezed states.
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A feline repeater based on single photon detection and homodyning

* Single-excitation entanglement can be generated ~ '
in atomic ensembles, conditioning on SPD clicks.

* The cat-growing protocol works in any number / W SPI()‘ )SPD

of dimensions.
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* In principle, all ingredients necessary for a quantum repeater are there (assuming
that storage and retrieval are possible).
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Entanglement swapping with cats
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By mixing in single-mode cats, the probability
for successful swapping can be increased
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Growing cats from single excitations
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* Approximate squeezed cats can be grown from single photons. 1)
Yo @) = D(2° + 3)¢ 1226 2247
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Preliminary simulation results for the feline repeater

* The feline repeater 1s a hybrid system, combining discrete variable entanglement
generation with continuous variable state preparation and entanglement swapping.

 Shown here: preliminary results for entanolement vs. distance and correspondin

p ry g p g
swapping success probabilities (i.e. "rate"), when the discrete entanglement
generation 1s perfect.

105
w " “ )
3 ' = 0200
2 100F °\ = 0100
e T A, 0.100} P(swap) ~ 27% 1
= " A
2 oost < 0050} -
— " -
@ - =
= _ 533th = 0.5 o 00201
= 090F S 0010
2 b Sza = 0.5 s ol
S ossf = 0005¢
Z b Opapo =15 X €[-dz,da] 8 o

080 o i i i M i i ﬁ—-: .. H : ‘

0 5 10 15 20 25 30 2 5 10 20

Distance in units of basis segment length Distance in units of basis segment length



