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Abstract

We experimentally characterize a quantum photonic gate that is capable of
converting multiqubit entangled states while acting only on two qubits. We show
the conversion of a linear four-qubit cluster state into different entangled states,
Including GHZ and Dicke states. The gate can also be used to generate quantum
Information processing resources such as entanglement and discord.
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Global state of a large quantum network can be changed by a)
small-scale manipulation of local nodes [1]:

a) Quantum network with restricted access to 2" and 3" local
node. In our results we show as an example four-qubit

entangled states.

qubit

b) Conversion gate that operates on qubits in local nodes 2
and 3 of the quantum network. It enables the conversion of y T ——
diferent types of multipartite entangled states for quantum "
networking applications.
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Nonlocal conversion gate

using linear optics and polarization

nonlocal operation
network

Linear cluster state
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Experimental setup

We used source of time-correlated
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APD - avalanche photodiode
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Results

Reconstructed process matrices x of the conversion gate using the Choi-Jamiolkowski Conversion gate in realistic scenario:

representation. The matrices are written in the polarization basis of the input and output Hilbert
spaces ({|0),|1)} < {|H),|V)}) . Calculated process purity P, process fidelity Fy, success probabili-
ties p,, and the maximal theoretical success probabilities p; .., of the non-local conversion gate

We employed the reconstructed process matrices x of the two-qubit conversion gate and numerically
simulated its effect on a realistic version of a four-qubit linear cluster state with density matrix p
generated in a four-qubit linear-optical quantum logic circuit [3]. The fidelity of the cluster state has value

are given below. of F=0.915.

Linear cluster Four qubit GHZ Dicke state Two Bell states

Numerically simulated fidelity of the output states converted from the realistic linear cluster state, where
operational fidelity measures the overlap between the realistic state transformed by the experimental
conversion gate and the ideal theoretical conversion gate. The total fidelity measures the overall fidelity
between the realistic state transformed by the experimental conversion gate and the ideal state
transformed by the ideal theoretical conversion gate.

Product of Fidelity Fidelity
the conversion | (operation) (total)
Cluster state 0.98 0.87
GHYZ state 0.99 0.89
Dicke state 0.97 0.84
Two Bell states 0.97 0.91

Other uses of the conversion gate:

1) We can use the conversion gate to transform two-qubit factorized state into entangled state. We
generated maximally entangled Bell state |®1) = (|[HH) + |VV))/+/2 by preparing input state |——).

The generated state purity was P = 0.946(7) and state fidelity was F = 0.966(3).

Ex; %’%ﬁ%&% Ex; %'_%1532((32)) ::x_: %'_99112((21)) Ex; %’_%25%((21)) 2) We can use convergion gate to prepare a_separable _state with non—zelro quantum correla_ltions that can
_ =172 - 3/10 174 be measured by the discord. Preparing a mixed factorized state p;, = 51 ® [+)(+| as an input state. To
P =1 Ps Ps Ps prove separability of the measured state we used logarithmic negativity LN and concerrence C [4].
Psmax = | Psmax = 1/2 Psmax = 3/4 Psmax = 1/2 Obtained LN = 0.019(20) and C = 0.015(15) show values separated from zero by less than one standard
deviation while measured discord D = 0.066(7) [5] is significantly positive.
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