Measurement of a spin qubit array with a quantum wire
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The problem to read-out a result of quantum computation is one of the most challenging in solid state quantum computers. Recently the possibility to measure a state of a single electron spin in a quantum dot (atom) by a quantum wire was widely discussed. Here we put forward a proposal to use a quantum wire as a sensitive means to measure the state of an array consisting of identical electron spin qubits placed along the wire. The spin state of electrons in quantum dots (up or down) is detected via the magnitude of current in the quantum wire.
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The measurement is based on spin filtering caused by spin-dependent exchange interaction between electrons in a quantum wire and those in quantum dots (atoms). The strength of such an interaction is substantially affected by tunneling coupling between a quantum wire and a dot. Actually, the requirement of simultaneously sensitive, fast and non-demolishing measurement of a single spin state is controversial. The stronger is a tunneling coupling the more demolishing is the measurement especially when spin-flip events in quantum dots are allowed. At any rate, the measurement of the array of qubits makes this controversy less severe. 

Commonly, there could be three versions of the structure: 1) that including a spin-polarized electron source and a spin-insensitive drain, 2) a spin-unpolarized source and a spin-valve drain, 3) that employing simultaneously both spin-polarized source and spin-valve drain. Certainly, the latter is preferable to attain better sensitivity. The sequential spin filtering much enhances the accuracy of measurement. Worth noting the filtering in series is essential compared to that in parallel. For the fairly large array the accuracy of measurement can increase exponentially on the number of qubits.  

One more possibility to amplify spin filtering in the quantum wire is to make use the interference between electron waves as scattering originating in exchange interaction alters either of the amplitude and the phase of electron waves in the quantum wire. 
When the structure under consideration is formed from a two-dimensional electron gas with strong Rashba spin-orbit interaction it provides us with an opportunity to employ spin-unpolarized current in the quantum wire. 
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