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Coupling of Two Localized Magnetic Moments and its Detection V. I. Puller and L. G. Mourokh Department of Physics, Stevens Institute of Technology, Hoboken, New Jersey 07030, USA



A. Shailos and J. P. Bird Department of Electrical Engineering &Center for Solid State Electronics Research Arizona State University, Tempe, AZ 85287-5706, USA Abstract. We present results of the theoretical analysis of a device consisting of two quantum point contacts (QPCs) biased close to their pinch-off conditions, so that a local magnetic moment (LMM) is formed in each of them. Another quantum wire, running in parallel to the QPCs, serves as a detector of the states of the two LMMs. Employing the approach of our earlier theory [V. Puller et al., arXiv: cond-mat/0405705] we examine the sensitivity of the linear conductance of the wire to the states of the pair of LMMs. We show that the conductance of this wire exhibits a peak only when the LMMs are in the triplet state, confirming the potential of such a device for quantum computation.



INTRODUCTION Anomalous behavior of quantum point contacts (QPCs) biased close to their pinch-off condition has been a subject of intensive research [1]. Existing theories suggest formation of a local magnetic moment (LMM), a strongly correlated many-body state, which forms in a one dimensional channel when the energy of the exchange interaction of the two spin polarizations become substantial in comparison to the kinetic energy of the electrons passing through the QPC [2]. Recently, we have studied experimentally and theoretically the feasibility of the detection of the LMM using the resonant tunnel coupling between this local-moment and a detector quantum wire, in close proximity to the QPC containing the LMM [3-5]. In experiment [3], the conductance of the detector wire exhibits a peak when the QPC is biased close to the pinch off condition. In [5] we modeled the LMM as a spin-1/2 magnetic moment, coupled via the exchange interaction to electrons traveling through the QPC. Due to the possibility of tunneling between the QPC and the detector wire, electrons in the latter are



also coupled to the LMM; the particular form of this exchange coupling was obtained in [5] by decoupling the Schrödinger equations for electrons propagating in the QPC and the detector wire. We showed that, for a bottleneck shape of the QPC and the detector wire, ferromagnetic coupling between electrons and the LMM may be chosen in such a way that the conductance of the QPC will have a feature similar to the 0.7-anomaly. Simultaneously, there will exist a bound state inside of the bottleneck channel of the detector wire, which will cause a peak-like increase in the conductance due to resonant tunneling of the modes propagating below threshold. Here, we present the results of the theoretical analysis of a device consisting of two such LMMs, as shown in Figure 1. Extending the approach of [5], we examine the sensitivity of the linear conductance of the detector wire to the state of the pair of LMMs. In this way, we show that detection of the triplet or singlet state of the two LMMs is possible by allelectrical means. This result confirms the potential of this structure for implementation in quantum computation, as was suggested in [6].



polarized. w↑↑ , w↓↓ , w↓↑+↑↓ , and w↓↑−↑↓ denote the probabilities of the initial configuration of the two LMMs (three triplet and one singlet configurations, respectively). The transmission coefficients t P , t AP and t S are obtained from the scattering solutions of the equations
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FIGURE 1. Schematic of the device. Black areas represent the metallic gates forming the detecting wire on the top and two QPCs formed by potentials V g1 and V g 2 on the bottom. The potential on the middle gate ( V J ) controls the exchange coupling between the two LMMs. Circles show the Ohmic contacts for performing various linear conductance measurements. The arrow shows the direction of the current for the conductance measurement described in the paper.



DETECTING THE STATE OF TWO LOCAL MOMENTS Employing the approach of [5] we can show that the Schrödinger equation for electrons in the detector wire in the device shown in Figure 1 can be written in the form



[E − E



n



− K x − U ( x) + j1 ( x )σ ⋅ S1 +



]



j 2 ( x )σ ⋅ S 2 + JS1 ⋅ S 2 ϕˆ ( x) = 0



,



(1)



where E is the electron energy, E n is the energy of the bottom of the nth subband, and K x is the electron kinetic-energy operator. The potential U (x) describes the bottleneck shape of the detector wire and vanishes (U(x) → 0) for x → ±∞ . σ and S1, 2 are vectors of Pauli matrices for the spin of an electron passing through the detector wire and the two magnetic moments. j1, 2 ( x) and J are the exchange couplings between the electron spin and the two LMMs. We consider a symmetric device with j1 ( x) = j 2 ( x) = j ( x) . Algebraic manipulations allow us to express the conductance of the detector wire due to its nth mode as Gn =



[



2e 2 2 t 0 w↓↑ −↑↓ + h



(w↑↑ + w↓↓ + w↓↑+↑↓ )(2 t P 2 + t AP 2 )/ 3]



(2)



In this expression we assumed that electrons incident on the detector wire are not spin



[E − E n − K x − U ( x) + 2 j ( x) + J ]ϕ P ( x) = 0, [E − E n − K x − U ( x) − 4 j ( x) + J ]ϕ AP ( x) = 0, [E − E n − K x − U ( x) − 3J ]ϕ S ( x) = 0.



(3)



Here, P/AP refers to the possibilities of the incident electron spin being parallel/antiparallel to the net spin of the two LMMs when they are in their triplet state, S refers to the situation with the two LMMs in the singlet state. It is important that t S = t 0 , with t 0 being the transmission coefficients through the detector wire uncoupled from the LMMs. Thus, as is readily seen from Eq. (2), if the two LMMs are in their triplet state, a conductance enhancement will be observed, similar to that of the previous experiment [3]. However, if the two LMMS are in their singlet state, the conductance of the detector wire will not exhibit any special features. In summary, the proposed device should allow routine detection of whether the two coupled LMMs are in their triplet or singlet state.
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