Pis’ma v ZhETF, vol. 105, iss. 4, pp. 236 – 237 © 2017 February 25

Kinetics of local “magnetic” moment and non-stationary spin-polarized current in the single impurity Anderson-model

N. S. Maslova^+, V. N. Mantsevich^{+1)}, P. I. Arseyev^{∗×}

+Moscow State University, Department of Physics, 119991 Moscow, Russia

∗P.N. Lebedev Physical institute of RAS, 119991, Moscow, Russia

×Russia National Research University Higher School of Economics, 101000 Moscow, Russia

Submitted 5 July 2016 Resubmitted 28 December 2016

DOI: 10.7868/S0370274X17040117

The creation, diagnostics and controlled manipulation of charge and spin states of the impurity atoms or quantum dots (QDs) are one of the most important problems in nano-electronics now a days [1–3]. Modern ultra small size electronic devices design with a given set of electronic transport parameters requires careful analysis of non-stationary effects, transient processes and time evolution of electronic states prepared at the initial time moment [4–9]. So, it is necessary to investigate the time dependent dynamics of initial spin and charge configurations of correlated impurity or QD. Moreover, the characteristics of stationary state of single impurity interacting with the reservoir in the presence of strong Coulomb correlations are not completely understood [10–12].

The possibility of the localized non-zero magnetic moment existence on the single impurity or single-level QD, interacting with the reservoir, in the absence of external magnetic field is still unclear. Results obtained in the mean-field approximation for the one-level Anderson model allowing the presence of magnetic state (electron occupation numbers with opposite spins have different values) for the single impurity with strong oncite Coulomb repulsion seems to be rather questionable.

The single-impurity Anderson model for a long time served as a basic one for the understanding of the nature of local magnetic moments in solids [13, 14]. For a single partly occupied impurity state, the correlation energy acts to prevent the appearance of a nonvanishing ground-state spin, while in low-density limit the Hartree-Fock theory still predicts a non-zero magnetic moment over a range of parameters [15]. As it was argued in [15] the magnetism is possible only when several degenerate orbitals are present on the impurity in the Anderson model. Local moment approach to the An-

1)e-mail: vmantsev@gmail.com

derson model has been applied for the case of half-filling in [16].

The most adequate approach for this problem analysis is based on the non-stationary kinetic equations for localized electron occupation numbers and their correlation functions, taking into account all high-order correlation functions for the localized electrons. The simplest way to obtain the system of kinetic equations is the Heisenberg approach. These equations can be also obtained by means of Keldysh diagram technique, but it is more cumbersome procedure [17].

In this paper we analyzed the localized state dynamics in the presence of interaction with the reservoir and Coulomb correlations by means of kinetic equations for electron occupation numbers with the different spins and second order correlation functions of the localized electrons. We demonstrated that the difference between “magnetic” and “paramagnetic” states in the single-impurity Anderson model appears only in the non-stationary characteristics of the system and in the second order correlation functions behavior. Localized state dynamics in the presence of interaction with the reservoir and Coulomb correlations has been analyzed by means of the kinetic equations for the electron occupation numbers with the different spins, taking into account high order correlation functions for the localized electrons.

We revealed that the stationary state of the single impurity with Coulomb correlations in the presence of interaction with the reservoir is always a “paramagnetic” one, even when interaction is weak. Electron occupation numbers with the opposite spin in the stationary case are equal for any value of the on-site Coulomb repulsion, contrary to the results obtained in the mean-field approximation. To reveal “magnetic” properties for the single-impurity Anderson model one has to analyze nonstationary system characteristics.

236 Письма в ЖЭТФ том 105 вып. 3 – 4 2017

Kinetics of local “magnetic” moment and non-stationary spin-polarized current . . . 237

We showed that typical times of the stationary state formation depend on the initial conditions. For the deep energy levels and strong Coulomb correlations, relaxation time for the initial “magnetic” state can be several orders larger than for the “paramagnetic” one. This fact reflects the “magnetic” nature of the single occupied localized state with the strong Coulomb correlations. Described relaxation times difference allows to distinguish the “magnetic” state on the localized impurity from the “paramagnetic” one.

For initially magnetic impurities non-stationary spin polarized currents flowing in the opposite directions for the different spins exist in the system in the particular time interval similar to the spin-Hall systems with the two types of the “edge” states with opposite velocities and spins at each boundary.

This work was supported by RFBR grant 16-32- 60024 mol-a-dk. Support by Russian Federation President Grant for Young Scientists MD-4550-2016.2 is also important.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S002136401704004X

1. L. Jacak, P. Hawrylak, and A. Wojs, Quantum Dots, Springer, Berlin (1998).

2. W. G. van der Wiel, S. De Franceschi, J. M. Elzerman,

T. Fujisawa, S. Tarucha, and L. P. Kouwenhoven, Rev. Mod. Phys. 75(1), 1 (2002).

3. P. I. Arseyev, N. S. Maslova, and V. N. Mantsevich, Eur.

Phys. J. B 85(12), 410 (2012).

4. I. Bar-Joseph and S. A. Gurvitz, Phys. Rev B 44, 3332 (1991).

5. S. A. Gurvitz and M. S. Marinov, Phys. Rev. A 40, 2166 (1989).

6. P. I. Arseyev, N. S. Maslova, and V. N. Mantsevich, Solid State Comm. 152, 1545 (2012).

7. C. A. Stafford and N. Wingreen, Phys. Rev. Lett. 76, 1916 (1996).

8. B. L. Hazelzet, M. R. Wegewijs, and T. H. Stoof, Phys.

Rev. B 63, 165313 (2001).

9. E. Cota, R. Aguadado, and G. Platero, Phys. Rev. Lett.

94, 107202 (2005).

10. P. I. Arseyev, N. S. Maslova, and V. N. Mantsevich, Eur.

Phys. J. B 85(7), 249 (2012).

11. F. Elste, D. R. Reichman, and A. J. Millis, Phys. Rev.

B 81, 205413 (2010).

12. D. M. Kennes, S. G. Jakobs, C. Karrasch, and V. Maden, Phys. Rev. B 85, 085113 (2012).

13. P. W. Anderson, Phys. Rev. 124, 41 (1961). 14. E. Lieb and D. Mattias, Phys. Rev. 125, 164 (1962). 15. J. R. Schrierrer and D. C. Mattis, Phys. Rev. 140, A1412 (1965).

16. D. E. Logan, M. P. Eastwood, and M. A. Tusch, J. Phys.:

Cond. Matter 10, 2677 (1988).

17. L. V. Keldysh, Phys JETP 20, 1018 (1964).

Письма в ЖЭТФ том 105 вып. 3 – 4 2017