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PRESENTATION SUMMARY

Quantum teleportation, the \disembodied transport" of quantum states as described in the work of Bennett et
al.,1 is made possible by using both classical and quantum shared resources. In our research lab, we create
Einstein-Podolsky-Rosen (EPR) entanglement2 by combining squeezed-states of light at a beamsplitter, thus
providing the necessary quantum resource. Figure 1 shows the main components required for teleportation as
relevant to our particular laboratory, showing both the classical and quantum communication channels shared
by Alice (the sender) and Bob (the receiver), the input state j ini to be teleported, and the teleported output
state �out. The �gure also shows the orthogonal x and p quadratures that are measured by Alice using standard
homodyne techniques, and that constitute the set of continuous variables involved in the teleportation procedure.
The theoretical basis for this protocol is described in Ref. 3 with experimental results given in Ref. 4. Ref. 5
provides a detailed description of the entire experimental procedure as well as some recent results. For an
overview of recent research developments in quantum continuous variables, see Ref. 6.
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Figure 1. Main parts in the teleportation procedure, showing Alice and Bob's classical and quantum shared resources.
Classical information is transfered in the form of photocurrents (ix; ip), while quantum information is shared via the
entangled beams EPR1 and EPR2. LO: Local Oscillator; Inform: information.

The performance of the teleportation protocol is quanti�ed by the �delity F , which is given by the overlap
between j ini and �out, as discussed in detail in Refs. 7 and 8. Formally, F = h in j�outj ini. In order to better
understand what limits F , we investigated various loss factors under realistic laboratory conditions by using
a detailed model of the experiment that includes essentially all dominant loss mechanisms. These losses can
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be loosely grouped into three areas, namely limited degrees of squeezing, ineÆcient detection of the input and
entangled states including imperfect spatial mode-matching of the light beams, and imperfect determination
of the x and p quadratures at Alice's and Bob's stations (mainly due to servo-lock phase uctuations and
innaccurate data transfer in the classical communication channel.)

The squeezed light beams are generated via parametric down-conversion in a subthreshold Optical Parametric
Oscillator (OPO).9 The degree of squeezing generated in this way is limited by losses in the OPO cavity, which
in our case comes mainly from absorption in our nonlinear potassium niobate (KNbO3) crystal. In addition to
passive losses (� 0:3�0:5%), KNbO3 also su�ers from a process termed \blue-light-induced infrared absorption"
(BLIIRA).10 This nonlinear loss factor is often much higher (& 2%) than the passive losses at normal pump
powers for the OPO. We observe � 3:7 dB of squeezing below the vacuum noise level available for teleportation
(measured degree of squeezing at the sending and receiving stations.) This limited degree of squeezing proves to
be the main limitation to achieving higher �delity. It must also be noted that the measured degree of squeezing
is lower than predicted values based on independent measurements of the parameters of our OPO, including
BLIIRA. Indeed, we expect almost 1 dB more squeezing (& 4:5 dB below the vacuum noise level) with the
experimental parameters relevant to these data.

To date, our best data set gives a raw (inferred directly from measurements of the noise properties of �out
with no corrections) �delity for the teleportation of coherent states of FM = 0:61 � 0:02, which is signi�cant
as it is above FC = 0:50, the maximum achievable �delity with no entanglement.7, 8 By contrast, based on
independently measured degrees of squeezing and detection eÆciencies, our model predicts that we should be
able to reach FP = 0:69. This discrepancy between the measured �delities fFmg, and predicted �delities fFpg,
is demonstrated in Fig. 2 where we plot F versus the OPO pump power for a particular data run. The dots
with error-bars represent fFmg and the triangles are fFpg based on independent squeezing and detection loss
measurements.
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Figure 2. Fidelity as a function of the OPO pump power. Dots are the experimentally measured �delities fFmg, and
triangles are the expected �delities given the measured degrees of squeezing fFpg for this data set. The data points have
been connected to ease viewing.

We at once notice that the fFmg are always lower than fFpg regardless of OPO pump power. However, the
measured and predicted �delities exhibit diferrent trends. fFpg increases monotonically with pump power as
may be expected although it does level-o� at pump powers above 60 mW, while fFmg reaches a maximum (for
this data set) at the rather low pump level of � 30 mW and degrades at higher pump levels. It must be noted
that the fFpg are calculated by assuming the (x; p) phases are correct. Our model does allow us to estimate

38     Proc. of SPIE Vol. 5161

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 7/9/2018
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



the deterioration in �delity with imprecise determination of (x; p). Although the losses that arise from (x; p)
phase uctuations can be signi�cant, our best estimates imply that they do not account for the discrepancy in
our predicted and measured �delities.

Current e�orts as well as speculations centered on the ongoing attempt to understand the discrepancy shown
in Fig. 2 will be presented.
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