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Abstract

We investigate quantum decoherence of spin states caused by Rashba spin-
orbit (SO) coupling for an electron confined to a planar quantum dot (QD)
in the presence of a magnetic field (B). The Schrédinger equation has been
solved in a frame of second-order perturbation theory. The relationship be-
tween the von Neumann (vN) entropy and the spin polarization is obtained.
The relation is explicitly demonstrated for the InSb semiconductor QD.
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1. Introduction

Properties of QDs resulting from their electronic structure have been the
subject of extensive theoretical and experimental investigations during last
few decades[l, 2, 3, 4, 5, 6, 7, 8, 9, 10]. In particular, many studies have
been performed on the spin-dependent phenomena induced by an external
magnetic field [11, 12, 13, 14, 15, 16]. A well known example is a sequence
of spin-singlet and spin-triplet phase transitions observed in the B-field de-
pendence of levels for two-electron systems [17, 18, 19]. The two-dimensional
Hilbert space of a single electron spin states is a natural realization of a qubit,
based on the spin states. However, in the presence of SO coupling, the spin
magnetic moment couples to the inner magnetic field and even the effect is
small the spin quantum number is no longer a good quantum number, which
means that the spin operators do not commute with the Hamiltonian of the
system. The spin states should be therefore properly redefined. To illustrate
the problem we can consider, without lose a generality, the two-dimensional
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