Quantum correlations in the dynamics of open spin systems
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Quite recently a growing attention has been devoted to interacting spin systems [1-3] also in view of the fact that they can be successfully used for gate operations in solid state quantum computation processors [4]. They indeed provide scalable systems that can be easily integrated into standard silicon technology. Moreover, in comparison with other physical systems, spin chains are natural candidates for the realization of entanglement. The numerous papers published over the last few years witness the central role played by spin systems, both from theoretical and applicative point of view, in the emerging field of quantum entanglement in solid state physics [3,5]. 

Spin chains, as well as spin star systems, have been extensively investigated from the point of view of truly quantum correlations [3,5,6]. 

To bring to light the existence of quantum signatures in the correlations get established in the dynamical behaviour of a quantum composite system is indeed a topical and important currently debated problem. Generally speaking, the occurrence of correlations between two observables of a system does not necessarily reflect quantum behaviour even when the system is described by a not separable density matrix. Thus it becomes important to have at our disposal criteria exploitable to separate quantum from classical contributions in the correlations exhibited by an assigned system. 

In this context we analyze the quantum dynamics of a system composed by M Heisenberg coupled one-half spins investigating, in particular, the time evolution of the entanglement get established within a couple of spins. Our analysis provides us the possibility of finding a simple criterium to extract from a given correlation a contribution which cannot be traced back to a classical origin thus introducing the concept of Minimum Quantum Contribution (MQC) to an assigned correlation function. 

We in particular exploit the results obtained in the context of general model describing the M spins coupled by exchange interaction, focussing our attention on an exactly solvable model obtained from the first one setting specific coupling constants. 

It is however important to stress that the key point of our analysis stems from the possibility of representing the density operator of the couple of spins of interest in a quite simple form arising naturally in a wide variety of physical situations. 

In this sense, we may claim that the concepts and tools we have introduced in the context of a specific simple two-spin system, are flexible enough to be exported to more general physical situations.
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