Programmable discrimination of quantum states and operators via optimized measurements (POVMs) and their optical implementation
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Abstract 
There are various strategies for the discrimination of known quantum states that are optimal with respect to some reasonable criteria. An overview of the state of the art of state discrimination is given in our recent review paper [1].  State discrimination has applications to quantum key distribution, eavesdropping and, in general, in the read-out stage of quantum information processing and quantum computing. We discuss the usefulness of optimized strategies by analyzing the B92 quantum key distribution protocol [2].

In all these works it has been assumed that the states to be discriminated must be known, i.e., they must be drawn from a set of known states, since the discrimination itself is a (generalized) measurement that is specific to the states.   Recently we considered state discrimination problems in which all [3] or some of the states are unknown [4]. We have suggested and realized linear optical implementations of the optimized generalized measurements (POVMs) experimentally [5].
The problem of operator testing, which includes the testing of quantum gates, is a frequent task in quantum information processing [6]. We demonstrate that it is closely related to the discrimination of quantum states. In order to discriminate between operators, particles are prepared in some reference state, called the fiducial state, at the input.  These states are then transformed by the different operators, and measurements are performed on the resulting states at the output, so that one is ultimately discriminating between quantum states. We present generalized measurements and their linear optical implementations that accomplish this task optimally.   
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