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Nuclear Spins in Dots, Tubes, and Wires
Daniel Loss
Department of Physics, University of Basel, Switzerland
The physics of itinerant or quantum-confined electrons interacting with localized magnetic moments is central for numerous fields in condensed matter such as decoherence of spin qubits [1], nuclear magnetism [2,3], heavy fermions, or ferromagnetic semiconductors. Nuclear spins embedded in metals or semiconductors offer an ideal platform to study the interplay between strong electron correlations and magnetism of localized moments in the RKKY regime. In two dimensions the magnetic properties of the localized moments [2] depend crucially on electron-electron interactions. In one-dimensional (1D) systems such as single wall carbon nanotubes (SWNTs) or GaAs nanowires electron correlations are even more important, being dominated by Luttinger liquid physics. Recently, SWNTs made of 13C, forming a nuclear spin lattice, have become experimentally available (C. Marcus et al., 2009). Motivated by this we have studied nuclear magnetism in metallic 13C SWNTs and showed that even a weak hyperfine interaction can lead to a helical magnetic order of the nuclear spins coexisting with an electron density order that combines charge and spin degrees of freedom [3]. The ordered phases stabilize each other, and the critical temperature undergoes a dramatic renormalization up into the milli-Kelvin range due to electron-electron interactions. In this new phase the electron spin susceptibility becomes anisotropic and the conductance of the SWNT drops by a universal factor of two. Similar nuclear spin ordering effects occur in GaAs nanowires (A. Yacoby et al., 2008). Due to the much longer Fermi wave length the ordering temperature of the nuclear spins is lower in nanowires than in SWNT but still in the 10-100 milli-Kelvin regime.
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Ultra-sensitive force detection applied to magnetic resonance imaging
Martino Poggio

Department of Physics, University of Basel, Switzerland
In this talk I will describe our recent efforts to push magnetic resonance imaging (MRI) into the nanometer-scale using magnetic resonance force microscopy (MRFM).  MRFM achieves a billion-fold improvement in the volume sensitivity of magnetic resonance detection by replacing conventional inductive pickup with ultra-sensitive detection of magnetic force.  This increase in sensitivity allows us to demonstrate 3D proton imaging with spatial resolution better than 10 nm.  As a first demonstration, we image individual tobacco mosaic virus particles [1]. The long term goal of this work is to develop a "molecular structure microscope" whereby one could directly image the 3D atomic structure of macromolecules.  Experimental work done in pursuit of this goal includes the application of force detection techniques to nuclear double-resonance [2], the cooling of mechanical oscillator modes to millikelvin temperatures using feedback [3], and the design of nanoelectronic and nanomechanical devices to improve spin detection sensitivity [4,5].
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A path to full spin control in zinc blende quantum wells without magnetic fields

B. J. Moehlmann

OSTC and Department of Physics and Astronomy, University of Iowa, IA 52242, USA

E-mail: b.j.moehlmann@gmail.com
Inversion asymmetry in zinc blende semiconductors with spin-orbit coupling gives rise to momentum dependent precession fields Ω(k) also known as effective magnetic fields. The k-linear component of the net precession field dominates in quantum wells. This leads - in the drift-diffusive regime - to a spatial spin polarization distribution where the amount of spin rotation is linearly proportional to its displacement about an axis determined by the direction of the displacement. Since the axis of rotation varies with the direction of displacement any two non-collinear displacements will result in non-commutative spin rotations.

We propose simple closed paths that perform arbitrary spin manipulation with neither a magnetic field nor net displacement of the spins. To first order in momentum the electron spin rotation induced by these paths depends solely on the physical path taken, not the speed of the electron along the path. We will demonstrate an algorithm to generate such paths in zinc blende semiconductor quantum wells under the influence of strain-induced precession fields as well as the Dresselhaus and Rashba effects, and ways to modulate the spin rotation produced by a given path. These paths do not, in general, require a combination of precession fields.

We will further discuss the effects of growth orientation of the quantum well on the paths, and address the dephasing effects due to the k3 Dresselhaus term. Such path-dependent spin rotations [1] may have applications to quantum computation and spintronic devices.
This work was made possible by a grant from ONR MURI.
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Study of Charge and Spin Dynamics in Quantum Dots
A. Gamouras1, O.B. Shchekin2, D. G. Deppe3 and K. C. Hall1
1Department of Physics, Dalhousie University, Halifax, Nova Scotia B3H1Z9, Canada

2Microelectronics Research Center, Department of Electrical and Computer Engineering, The University of Texas at Austin, Austin, TX 78712, USA
3CREOL and FPCE-College of Optics and Photonics, University of Central Florida, Orlando, FL 32810, USA
Carrier spin relaxation mechanisms in semiconductor quantum dots have received considerable interest in recent years due to the potential for applications of spin based qubits in quantum computation. Among quantum computing proposals, schemes for coherent control of the qubit state using femtosecond optical pulses are especially attractive since the time to perform the quantum operation is dictated by the optical pulse duration. We report measurements of spin and carrier relaxation dynamics in selfassembled InAs quantum dots using pump probe Faraday rotation and differential transmission experiments. Our previous results suggest that the electron spin lifetime is dominated by scattering with a non-equilibrium phonon population for non-resonant pumping conditions [1]. Temperature dependent studies under resonant excitation would provide insight into the operative relaxation mechanisms for conditions relevant to quantum computation applications. Here we implement femtosecond pulse shaping techniques [2] to extend our previous studies to temperature dependent experiments under resonant pumping conditions. Our group is also developing advanced pulse shaping capabilities for optical control experiments in single quantum dots.
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Fast Spin Manipulation of Hole Spins in In0.5Ga0.5As Quantum Dots
Joseph Pingenot1;2, Craig E. Pryor1, and Michael E. Flatté1
1Optical Science and Technology Center, The University of Iowa, Iowa City, USA

2Center for Semiconductor Physics in Nanostructures, The University of Oklahoma, Norman, USA

A single spin in an isolated quantum dot can provide the basis of quantum information storage and manipulation (quantum computing). A necessary step in making use of spins for quantum information storage and manipulation is fast, coherent manipulation of the spin. Hole spins, although short-lived in bulk, have spin lifetimes not far from of that of electrons in quantum dots[1]. Hole spins may therefore provide an interesting avenue for further spin research, if the spin manipulation times in holes prove to be faster than that of electrons, thereby increasing the number of operations per spin lifetime. Using real space strain-dependent 8-band k* p theory[2], we have examined hole spins in an [001]-grown In0:5Ga0:5As lens-shaped quantum dot with a height of 6.2nm, and footprint widths of 21.6nm along the [110] direction and 32.8nm along the [110] direction. By applying a magnetic field along each of the quantum dot's principal axes, we were able to calculate the diagonal g-tensor of the hole confined within the dot. The g-tensor was then calculated as a function of electric field applied along the growth direction ([001]). From these g-tensors, resonant and non-resonant[3] spin manipulation methods were applied. The g-tensor of a hole confined within the dot had a parabolic dependence on electric field, which causes a shift in the Larmor frequency (ω0) when performing resonant spin manipulation. In addition, the quadratic dependence on electric field introduced a new a resonance at 2 ω0. The ω0 resonance had a Rabi time of 364ps, and the 2ω0 resonance had a Rabi time of 24.4ns. The sign change of the g-factor along the [001] direction allows, with proper magnetic field alignment, two fully orthogonal spin precession axes to be used to non-resonantly manipulate the spin.[3] Using this method, we find a hole spin flip time of 180ps.
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Spin edge states induced by spin-orbit interaction and a nonhomogeneous magnetic field

V. V. L. Grigoryan1 and S. M. Badalyan2
1Nanophysics Laboratory, Department of Radiophysics, Yerevan State University, Armenia
2Institute for Theoretical Physics, University Regensburg, 93040 Regensburg, Germany

We study the spin edge states, induced by the combined effect of spin-orbit interaction (SOI) and nonhomogeneous magnetic field, exposed perpendicularly to one- and two-dimensional electron systems. We calculate analytically the spectrum of the spin edge states (the spin snakes and cycloid-orbits) in systems where the magnetic field exhibits a discontinuous jump in the transverse direction and changes its sign, strength, and both sign and strength at the magnetic interface. We find that SOI removes the spin degeneracy and shifts the edge states from adjacent symmetric and anti-symmetric subbands towards each other. Such a rearrangement of the spectrum results in crossing points where the edge states with different spins have the same energy. On the other hand, the edge states in a nonhomogeneous magnetic field exhibit interesting features; in particular, they can reverse their propagation direction at finite positive values of their momentum. We find that due to combination of these two effects, the edge states in these crossing points with opposite spins have approximately equal but opposite velocities. We explore this new property of the spectrum and show that the spin current carried by snake states along the magnetic interface exhibits pronounced peaks as a function of the Fermi energy. We argue that the predicted oscillations, with a period determined by the cyclotron energy, can serve as a new tool for manipulating the spin currents in a controllable manner.
7. 

Mesoscopic fluctuations in the spin-electric susceptibility due to Rashba spin-orbit interaction
Mathias Duckheim and Daniel Loss

Department of Physics University of Basel, CH-4056 Basel, Switzerland

Spin-orbit interaction enables the control of the spin with electric fields in non-magnetic semiconductors [1]. The orbital transport processes generating the internal fields that are necessary for this control are typically described as classical diffusive drift [2, 3]. In contrast, when this orbital motion is phase coherent, typical mesoscopic effects occur not only in transport but also in the spin dynamics [4-7].
We investigate mesoscopic fluctuations in the spin polarization generated by a static electric field and by Rashba spin-orbit interaction in a disordered 2D electron gas. In a diagrammatic approach we find that the out-of-plane polarization - while being zero for self-averaging systems -  exhibits large sample-to-sample fluctuations which are shown to be within experimental reach. We evaluate the disorder-averaged variance of the susceptibility and find its dependence on magnetic field, spin-orbit interaction, dephasing, and chemical potential difference.
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Manganese Doped InAs/GaAs Quantum Dots Studied by X-STM

M. Bozkurt*1, J.M. Ulloa1, V.A. Grant2, C.T. Foxon2, E. Marega Jr.3, G.J. Salamo4, A.Yu. Silov1, A.M. Monakhov5 and P.M. Koenraad1

1 Department of Applied Physics, Einhoven University of Technology, Eindhoven, The Netherlands
2 School of Physics and Astronomy, The University of Nottingham, Nottingham, U.K
3 Instituto de Fisica de Sao Carlos, University of Sao Paulo, Sao Paulo, Brazil
4 Physics Department, University of Arkansas, Fayetteville, U.S.A.
 Ioffe Physical Technical Institute, St. Petersburg, Russia.
e-mail: M.Bozkurt@tue.nl

In a search for future spintronic and photonic devices, quantum dots doped with magnetic atoms are very promising candidates since they offer the opportunity to utilize their electronic, magnetic and optical characteristics simultaneously. It is however unclear how efficient InAs Quantum Dots can be doped with magnetic Mn Impurities. Cross Sectional Scanning Tunneling Microscopy (X-STM) has been used to study the incorporation of Mn doped in InAs quantum dots in GaAs. 
Mn doped InAs quantum dots in GaAs were analyzed by X-STM at room temperature. For this sample, 2.1 ML of InAs were deposited at a low growth temperature of 450 OC to limit Mn segregation and to improve Mn incorporation in the dots. Each quantum dot layer was doped with 1.0*1011/cm2 Mn. At these low growth temperatures the quantum dots had an average baselength of 7.9 nm and a height of 3.0 nm which is somewhat smaller as dots that are grown under optimal conditions for dot formation. It was found that despite the low growth temperature, strong segregation of the Mn atoms takes place as can be seen in figure 1a. Mn segregation in GaAs has been investigated in further detail in dedicated samples showing that even at 350 OC segregation still plays a major role. 
A similar quantum dot sample with 2.4 ML of InAs was grown at an even lower temperature of 320 OC . X-STM measurements confirmed Mn densities of at least 1.4% (8.8*1012/cm2) per QD layer. The average base length and height of the dots were 8.6 nm and 2.3 nm respectively and we have been able to observe Mn atoms in small dots but we were yet unable to resolve Mn  in the larger dots. Very often, half of the Mn related bowtie feature was visible outside the dot while the other half was completely invisible inside the dot. An example can be seen in figure 1b. As a next step, Scanning Tunneling Spectroscopy (STS) was performed at 77 K where the Mn atoms inside QD’s were resolved showing a characteristic splitting of the Mn feature. 
The influence of spatial confinement and strain distribution in QD’s on the Mn wavefunction and binding energy has been calculated using the Effective Mass Approach. We use the Bir-Pikus Hamiltonian in cubic approximation with a Yukawa potential for Mn. The problem has been solved numerically by Finite Elements Method. Calculations have been performed both for Mn in bulk GaAs as well as InAs QD’s.
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Figure 1: a) a 50 nm x 60 nm topography image of a quantum dot sample grown at 450o C which shows that the Mn atoms, supposed to be in the quantum dot layers, have segregated in the growth direction. b) a 15 nm x 20 nm current image of a Mn atom located exactly at the interface of a quantum dot. Half of the acceptor feature outside the quantum dot is visible but inside it, the acceptor feature shows no sign of presence.

9. 

Anisotropic magnetoresistance and spin-injection Hall effect in 2D spin-orbit coupled systems

Tomas Jungwirth
Institute of Physics ASCR, Prague, Czech Republic and School of Physics and Astronomy, University of Nottingham, UK

Anisotropic magnetoresistance (AMR) is a relativistic magnetotransport phenomenon arising from combined effects of spin-orbit coupling and broken symmetry of a ferromagnetically ordered state of the system. Despite the long history and importance in magnetic recording technologies, the full microscopic understanding of the AMR in conventional metal ferromagnets is still incomplete. We will show that archetypical 2D electron systems with Rashba and Dresselhaus spin-orbit interactions allow us to draw a direct physically intuitive picture of the phenomenon and calculate the effect microscopically by exactly solving the integral form of the Boltzmann transport equation. We will also discuss the relevance of this model study to anisotropic transport in the valence band of diluted magnetic semiconductors.

Second part of the talk will focus on the off-diagonal Hall transport coefficient in spin-orbit coupled 2D systems. In particular we show that polarized injection of carriers can be detected by transverse electrical signals directly along the semiconducting channel, both inside and outside the injection area, without disturbing the spin-polarized current or using magnetic elements. We will discuss both experiments and microscopic calculations which show how this spin-injection Hall effect (SIHE) reflects spin dynamics induced by an internal spin-orbit field and is closely related to the anomalous Hall effect (AHE) and spin Hall effect (SHE).

10. 

Superfluid current through correlated electron systems

Rosario Fazio 

NEST-CNR-INFM and Scuola Normale Superiore di Pisa, Italy
The Josephson effect is an effective tool to detect signatures of electron correlation in normal metals when these are sandwiched be two superconducting electrodes. Example of this sort is the supercurrent through a S-Luttinger liquid-S system where the properties of the DC and AC Josephson effect are sensitive to the Luttinger parameters and to spin- charge separation. In the talk I will present our recent results on the properties of the Josephson current through bilayers in the exciton superfluid phase. Under appropriate conditions it is possible to convert Cooper pair onto exciton supercurrent. I will finally discuss possible devices based on this effect.
11. 

Quantum Hall ferromagnetic states and spin-orbit interactions in the fractional regime

Stefano Chesi
Department of Physics, University of Basel, CH-4056 Basel, Switzerland
The competition between the Zeeman energy and the spin-orbit coupling is studied for fractional quantum Hall states. A transition in the direction of the spin-polarization is predicted at a small value of the Zeeman energy. In the limit of a large magnetic field we obtain a general method to treat this problem, which is applied to the Laughlin wavefunctions and the ν=5/2 Pfaffian state as specific examples. We show that the detailed features of this phenomenon allow to obtain valuable information about the nature of the correlated ground-state, as in particular the small-distance behavior of the pair-correlation function. We include significant effects of the nuclear bath polarization in the relevant regime of temperatures and magnetic fields.

12. 

Spin Torque in 2π Domain Walls

Elizabeth A. Golovatski  and Michael E. Flatté

OSTC and Department of Physics and Astronomy, University of Iowa


The motion of a domain wall under an applied spin-polarized current [1] has a number of interesting device applications for the development of spintronic devices.  Néel walls are the lowest-energy domain walls in thin films, and are thus good systems to explore for use in future devices.   While Néel walls with a π rotation in magnetization are the most frequently studied system, we model 2π Néel walls in ferromagnetic semiconductors, and compare the results to those for π walls.


Starting with a model Hamiltonian [2], we obtain analytic wavefunctions for both π and 2π Néel walls.  From the wavefunctions, we calculate the charge current through the wall, and the total amount of spin torque on a domain wall for ballistic transport across the wall [3].  We then calculate the dependence of these quantities on the width of the domain wall.  We find that the two walls experience very different kinds of spin torque.  While π walls experience mostly adiabatic spin torque that grows monotonically with the width of the domain wall, the spin torque in a 2π wall is mostly non-adiabatic, and has a non-trivial dependence on the width of the wall.  This leads to an optimal width for achieving a maximum amount of spin torque in the domain wall.  For a 2π wall with material parameters similar to GaMnAs, we calculate a maximum spin torque occurring at a wall width near 6nm.
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Side jump and skew scattering mechanisms of spin Hall drag in bilayers
S. M. Badalyan1 and G. Vignale2
1Institute for Theoretical Physics, University Regensburg, 93040 Regensburg, Germany
2Department of Physics and astronomy, University of Missouri Columbia, Columbia, MO 65211, USA
We predict a new effect of spin Hall drag (SHD) in bi-layers. SHD manifests itself when a current driven along an active layer induces, via the combined effect of inter-layer Coulomb and spin-orbit interactions, a gradient of electrochemical potential across the passive layer. We calculate spin Hall transresistivity due to the side-jump and skew-scattering mechanisms and show that the first contribution to SHD dominates at low temperatures and low mobilities of the passive layer. Side-jump drag vanishes quadratically with temperature in contrast to the cubic behavior of the skew-scattering contribution. This provides a tool to identify the two contributions to SHD, usually indistinguishable in the spin Hall effect in single layers. Despite the SHD rate is smaller by a two order of magnitude than the usual spin Hall resistivity in single layers, we find that it remains a quite measurable quantity in optical rotation experiments.
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Amplification of the spin-orbit interaction in non-at quantum wells
Oleg Shalaev and Giovanni Vignale

Department of Physics, University of Missouri, Columbia, MO 65211 USA
Even in the absence of ordinary Rashba spin-orbit interaction, a specific inter-subband spin-orbit interaction [1] may occur in a 2D electron gas (2DEG). The presence of disorder (e.g., due to impurities) mixes the subbands so that the system becomes equivalent to a 2DEG with an ordinary Rashba spin-orbit interaction (SOI) and disorder. This is the way of how one can “cheat" the Ehrenfest theorem, obtaining an effective Rashba spin-orbit interaction even in a system where traditional Rashba SOI is zero (e.g., in a symmetric at quantum well). This effective SOI has an advantage over the usual Rashba SOI: it can be strongly amplified in a non-at quantum well. The specific shape of such quantum well is determined by the inverse-scattering theory approach.
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Marginal Fermi Liquid Behaviour in a coupled quantum dot system
Durganandini Pillarishetty

Department of Physics, University of Pune, Maharashtra 411 007, India

  
We study the problem of two quantum dots coupled to a single site of a one channel wire. We model the system as a two impurity Anderson model and study the system using second order perturbation theory in the Anderson coupling U. We show that the impurity density of states and transport properties show singular low temperature behavior. We suggest that such a model serves as the effective model in the strong coupling limit of the underscreened Kondo model.

16. 





Quantum Dot Devices for Quantum Computation

Somsak Panyakeow

Semiconductor Device Research Laboratory (SDRL), CoE Nanotechnology Center of Thailand
Department of Electrical Engineering, Faculty of Engineering, Chulalongkorn University

Phyathai Road, Bangkok 10330, Thailand.

E-mail: s_panyakeow@yahoo.com

Quadra-Quantum-Dots (QQDs) have been prepared by self-assembled MBE growth technique using square shape nanoholes as templates which are formed by droplet epitaxy. QQDs are basic elements for quantum cellular automata (QCA), one of the new approaches for quantum computation. Self alignment of QDs in also needed for practical QCA devices.  Cross-over of QD chains along 
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17. Entanglement of two electrons from a finite interacting region: Formal derivations from T – matrix

Otto Rendón
Department of Phiscis, FACYT, Carabobo University, Valencia, Edo. Carabobo, Venezuela.
We have studied a system for entangling two electrons [1,2]. The device consist of one input lead and output leads attached to a quantum dot. The movement of two electrons is without interaction in the leads but exist repulsion U when the dot is doubly occupied. In this device, one may avoid both single and triple processes with putting certain values in the leads energy. Within this model We have done formal derivations for transition amplitudes, in terms of the T – matrix, to second orders in the coupling to the dot Vcoupling and consider a finite lead bandwidth, V. In fact, We put Vcoupling (( V. At T = 0 K, the devices filters singlet entangled pairs if U ( 0. However, here the postselection is not used. Moreover, resonance structure for the singlet transition amplitude is studied as function of energy difference between the input lead and the dot single-particle state. In U = 0, there isn’t tunneling and the two-fermion scattering matrix tend to the obtained by custom scattering matrix theory for noninteracting electrons. This work has been done in collaboration with Gladys León and Ernesto Medina D.
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18. 
Mode locking of electron spin coherence in singly charged  quantum dots

Alexander Efros

Naval Research Laboratory, Washington, DC, 20375


Fast dephasing of electron spins in an ensemble of quantum dots is detrimental for applications in quantum-information processing. We show that dephasing can be overcome by using a periodic train of light pulses to synchronize the phases of the precessing spins, and demonstrate this effect in an ensemble of singly charged (In,Ga)As/GaAs  quantum dots [1].  We first discuss the physical mechanism of this synchronization in a quantum-dot ensemble [2, 3].  A periodic train of circularly polarized light pulses from a mode-locked laser synchronizes the precession of the spins to the laser repetition rate, transferring the mode-locking into the spin system. The mode-locking technique allows us to measure the single-spin coherence time to be 3 microseconds [1], which is four orders of magnitude longer than the ensemble dephasing time of 400 picoseconds. The technique also offers the possibility of achieving all-optical coherent manipulation of spin ensembles, in which electron spins can be clocked by two trains of pump pulses with a fixed temporal delay. After this pulse sequence, the quantum-dot ensemble shows multiple bursts of Faraday rotation signals, whose repetition period agrees well with developed theory.  The nuclei in these experiments act constructively, leading to the nuclear-induced frequency-focusing effect, which moves the electron-spin precession into dephasing-free subspace [4]. This effect has the potential for focusing all precession frequencies of the quantum-dot ensemble to a single precession mode [5].
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19.
Optoelectronic manipulation of single spins in semiconductors

Michael E. Flatté

Department of Physics and Astronomy and Optical Science and Technology Center
University of Iowa, Iowa City, IA 52242, USA
In systems with sizable spin-orbit interaction an electric or optical field can generate a "pseudomagnetic field" which replaces a true applied magnetic field for the efficient and rapid manipulation of spins. These pseudomagnetic fields can be controlled locally and used to address individual spins in a scalable architecture. I will describe several cases of single spins and methods to manipulate them with electric or optical fields. In semiconductor nanostructures with low symmetry, such as self-assembled quantum dots, a local electric field can alter the anisotropy of the g tensor. The time-varying spin precession vector generated from a static magnetic field and this time-varying g tensor modifies the electron spin orientation just as a time-varying magnetic field and static g tensor would. This spin- manipulation approach is known as g-tensor modulation resonance [1]. For well-designed dots a single vertical electric gate suffices to fully control the orientation of the spin [2].  

Individual dopants, such as Si embedded in GaAs, have single-electron bound states of high symmetry.  For such dopants a nonlinear anisotropy of the g tensor is introduced by the electric field, which provides a handle to control the spin of donor-bound electrons [3]. For dopants with integer spin ground states, such as Mn embedded in GaAs (which has a J=1 ground state), the spin can be manipulated entirely with electric fields without even the requirement of a static magnetic field [4]. Finally, intense detuned optical pulses can be used to manipulate spins in quantum dots through the spin-orbit interaction [5].  
This work was supported by an ARO MURI, an ONR MURI and an NSF NIRT.
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The emergence of spin-orbit interaction and the side-jump effect

in the conduction band of semiconductors
G. Vignale

Department of Physics, University of Missouri-Columbia

Spin-orbit interaction is a relativistic effect which becomes signifcant in heavy atoms due to the rapid variation of the Coulomb potential near the nucclei. In this talk I explain how a strong spin-orbit interaction emerges also in the conduction band of common semiconductors in spite of the fact that the typical external potentials acting on the electrons in these systems vary on scales of the order of hundreds of Angstroms. It will be shown that the rapidly varying internal crystal potential renormalizes the form of the position operator within

the conduction band, leading to spin-dependent renormalization of interactions with slowly-varying external fields, such as impurities, electric fields, magnetic fields, as well as electron-electron interactions. As an application of these ideas I will discuss in detail a particularly subtle effect in the theory of electron-impurity scattering: the “side-jump" effect. Side-jumps produce a universal and potentially important contribution to the extrinsic spin Hall conductivity. Even though this contribution emerges naturally from linear response calculations based on the Kubo formula, its semiclassical interpretation has remained murky so far. Here I present a clean semiclassical derivation of the side-jump effect which clearly identifies its two main components, namely (i) the spin-orbit coupling between the electron and the external electric field, and (ii) the change in the position of the electron during an impulsive collision. Both effcts are incorporated in a simple form of the Boltzmann collision integral. More complex situations, such as Coulomb-induced side jumps, spin Hall drag, and side jump in the presence of intrinsic spin precession will also be discussed.
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Magnetotransport  in quantum wells and wires

J. Carlos Egues 
Instituto de Fisica de Sao Carlos
Universidade de Sao Paulo
Sao Carlos, Brazil
Motivated by recent experiments [1,2,3], we use spin-density-functional theory (SDFT) together with linear response to investigate magnetotransport in electron gases in quantum wells with one and two subbands and in quasi-1D quantum wires. For Mn-based wells with one subband, we find hysteresis loops in our calculated Landau fan diagrams and total energies, signaling quantum-Hall-ferromagnetic phase transitions [4]. This leads to the appearance of hysteretic spikes in the longitudinal magnetoresistance of the 2DEG, in agreement with the data [1]. For two-subband (non-magnetic) wells, we find ringlike structures in the longitudinal magnetoresistance plotted in a density–magnetic-field [image: image7.png]nap VS B



 diagram [5]. This peculiar topology follows from the crossings of spin-split Landau levels of distinct subbands. Similarly to the experiments in Ref. [2], we find that these ringlike structures “break” at low temperatures due to a quantum Hall ferromagnetic phase transition. For tilted magnetic fields, inter-Landau level coupling gives rise to anticrossings between consecutive Landau levels from different subbands, thus making the rings shrink for increasing tilt angles and fully collapse at large enough angles. Interestingly, conductance measurements in ballistic quasi-1D wires with an applied magnetic field along the wire [3] shows spin-polarization instabilities near opposite-spin level crossings, similar to those in 2DEGs. We have applied our SDFT self-consistent scheme to quasi-1D wires and have calculated the conductance using the Landauer formula. Our preliminary results indicate that a quantum phase transition indeed seems to occur near the crossings [6]. Our calculated differential conductance as a function of the magnetic field and the split-gate voltage resembles the measured ones. This work was supported by FAPESP and CNPq. 
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Interplay of intrinsic and extrinsic mechanisms to the spin Hall effect 
in a two-dimensional electron gas

R. Raimondi1 and P. Schwab2
1CNISM and Dipartimento di Fisica, Universit`a Roma Tre, Via della Vasca Navale 84, 00146 Roma, Italy

2Institut f¨ur Physik, Universit¨at Augsburg, D-86135 Augsburg, Germany

Spin-orbit interaction in semiconductors, which has been studied for more than fifty years, has attracted in recent years a renewed attention due to its potential for controlling the spin degrees of freedom with electric fields. In this respect, the spin Hall effect, where a pure transverse spin current is generated by an applied electric field, appears as one of the most promising paradigm’s for developing a new generation of spintronics devices. 

It has become conventional to distinguish between extrinsic and intrinsic mechanisms for the spin Hall effect, depending whether the spin-orbit interaction originates from impurity and structure potential, respectively. In a twodimensional electron gas, the intrinsic spin Hall effect due to the structure inversion asymmetry (Rashba term) has been intensively studied and it has been established that there is no spin Hall current as long as the static limit in the bulk is considered. The case is different when extrinsic and intrinsic effects are both present. 
Our contribution focuses on this situation. The problem of the interplay of extrinsic and intrinsic spin Hall effects has already been analyzed in the literature, although the answers provided are contradictory [1, 2, 3] and show some non analytic features, which are puzzling from the physical point of view. In this paper, we clarify the origin of the above problems. The key physical observation is that a correct evaluation of the spin current requires the consideration of the spin relaxation due to both extrinsic and intrinsic spin-orbit scattering. This is made transparent in our approach, where we derive coupled kinetic equations for charge and spin densities. These latter are obtained in terms of the quasiclassical Green function, satisfying an Eilenberger-like equation, which in the case of only intrinsic spin-orbit interaction was derived previously[4].

More in detail, we provide the drift-diffusion equations for the spin-current and solve them to obtain the electric-field induced in-plane spin polarization and spin current with out-of-plane spin polarization. These show that the effects of extrinsic and intrinsic spin-orbit interaction mechanisms are not additive. First, the classical result by Edelstein[5] for the in-plane spin polarization is strongly modified by the presence of the extrinsic spin-orbit interaction. Second, the spin current is written as a sum of three sources. Two of them can be associated to the well known mechanisms of side-jump and skew-scattering due to the extrinsic spin-orbit interaction. The third one is an intrinsic spin-orbit contribution. Our expression for the spin current correctly reproduces the known limits, where one of the two spin-orbit interaction is absent, and agrees with Ref.[1] in the limit when spin relaxation due to extrinsic spin orbit scattering is negligible. Finally, we also discuss a mechanism for generating out-of-plane spin polarization and discuss its relevance for interpreting available experimental results.
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Anisotropy for spin dephasing in quasi-1D electron ensembles 

in a GaAs/AlGaAs heterostructure

S. Z. Denega*, T. Last*, J. Liu*, A. Slachter*, P. J. Rizo*, B. J. van Wees*, 

D. Reuter**, A. D. Wieck**, P. H. M. van Loosdrecht* and C. H. van der Wal* 

* Zernike Institute for Advanced Materials, University of Groningen, The Netherlands

** Laboratory for Solid State Physics, Ruhr University, Bochum, Germany
We report the observation of spin-dephasing anisotropy for electron ensembles in GaAs wires using time-resolved Kerr rotation measurements. For wires along specific crystal directions, spin dephasing is suppressed. These effects result from an anisotropic distribution of spin-orbit fields that occurs when the Rashba and Dresselhaus contributions are of similar magnitude. Such spin-dephasing anisotropy was predicted for quasi-1D ensembles which are realized by patterning two-dimensional electron gas (2DEG) systems [1,2]. Surprisingly, however, our observations show similar spin-dephasing anisotropy for quasi-1D ensembles that reside in deeper bulk layers in our GaAs/AlGaAs heterostructure (Fig. 1).

The wire arrays are fabricated from a GaAs/AlGaAs heterostructure that contains a high-mobility 2DEG. The bulk layer is separated from the 2DEG by a barrier (AlAs/GaAs superlattice). The wires have transverse dimensions below the mean free path and the spin-precession length [2, 3] (in-plane width is 1.4 μm).

The peak values of the spin-dephasing times are found for wires oriented along the [110] direction, and here spin dephasing is strongly suppressed with respect to unpatterned heterostructure areas. The lowest spin-dephasing time is found for orthogonally oriented wires ([-110] direction) [4]. The spin-dephasing anisotropy is most apparent at zero external magnetic fields, but degrades when increasing the external field to values where the spin-precession length becomes shorter than the transverse wire width.
The presented effect is the first direct observation of spin-dephasing anisotropy for electron ensembles in bulk and 2DEG layers in GaAs without full transverse quantum confinement. In addition, it provides evidence that a Rashba contribution to spin-orbit fields can be engineered for ensembles in bulk layers. Further control over these effects can open a way to controlled manipulation of spins in drifting ensembles [1,3].
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Many-body effects on Landau level crossings via SDFT
Gerson J. Ferreira, Henrique J. P. Freire, and J. Carlos Egues

Departamento de Física e Informática, Instituto de Física de São Carlos, Universidade

de São Paulo, 13560-970 São Carlos, São Paulo, Brazil

In the quantum Hall regime, Landau level (LL) crossings may give rise to quantum Hall ferromagnetic phases due to the competition between Coulomb, Zeeman and temperature energy scales [1,2]. Quantum Hall ferromagnetic phase transitions have been observed in one [1-3] and two [4-6] subband wells. In the latter, diagrams of the longitudinal resistivity xx in the density-magnetic-field plane maps the crossings of spin split LLs into ringlike structures [4-6]. Here we theoretically investigate two aspects of these diagrams that were recently observed experimentally [4]: (i) the breakup of the rings as the temperature is lowered and (ii) the collapse of the rings as the magnetic field is tilted with respect to the 2DEG plane. In our effective-mass model [2,6], we use the spin density functional theory (SDFT) via the Kohn-Sham equations within the local spin density approximation (LSDA) to calculate the electronic subband structure of the well. By using a phenomenological broadening for the Kohn-Sham eigenvalues, we obtain the (Gaussian) density of states (DOS) of the system. At low temperatures xx reduces essentially to the DOS (short-range scatterers) and hence the density-magnetic-field diagram can be used to study many-body effects on the LL crossings. Our results show [7] quantitative agreement with the experimental data [4] thus explaining both (i) and (ii) above. At low temperatures the opposite-spin LL crossings are broken and a sharp transition between spin-polarized and unpolarized states is obtained: a quantum Hall ferromagnetic phase transition. The equal spin LL crossings are not broken in our model; we argue that an orbital approximation for the exchange-correlation energies (e.g.: exact-exchange) that accounts for the correct partial densities of the subbands [8] is required to describe these.

We acknowledge support from FAPESP and CNPq.
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Self-consistent potentials and linear regime conductance of cylindrical nanowire transistors in the

R-matrix formalism
Alexandru Nemnes

Department of Physics, University of Bucharest, Bucharest, Romania

One of the major difficulties in solving the coupled Schroedinger-Poisson equations for open quantum systems is providing the wavefunctions for a large energy set. In this context, the R-matrix formalism provides an alternative method to obtain efficiently the wavefunctions. In a first step, which is energy independent, the eigenvalue problem associated with the quantum system is solved only once using new and fixed boundary conditions. Then, in a second step, the wavefunctions and transmission coefficients are obtained with a much lower computational effort for each energy. As an application, self-consistent potential and charge distribution, as well as the ballistic source-drain conductance are calculated for a cylindrical nanowire transistor.
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Nonequilibrium  nuclear polarization and induced hyperfine
and dipolar magnetic fields in semiconductor

Nanostructures
Ionel Tifrea

Department of Physics and Astronomy, California State University Fullerton, USA
We investigate the dynamic nuclear polarization and resulting hyperfine and dipolar fields of nuclei resulting from the coupling between nonequilibrium electronic spins and nuclear spins via the hyperfine interaction in semiconductor nanostructures. We derive the time and position dependence of the induced nuclear spin polarization, hyperfine, and dipolar magnetic fields. In GaAs quantum wells the induced nuclear spin polarization can be as high as 80\% from an initial 50\% nonequilibrium electronic spin polarization. The induced magnetic fields vary between tens of tesla for the electronic hyperfine field acting on nuclei, to hundreds of gauss for the nuclear hyperfine field acting on electrons, to a few gauss for the induced nuclear dipolar fields that act both on nuclei and electrons. These fields are position and time dependent and their intensity should be measurable in optically induced nuclear magnetic resonance or time resolved Faraday rotation experiments. We discuss the implications of our calculations for the case of low-dimensional semiconductor nanostructures. We will discuss the possible effects of these fields on nuclear magnetic resonance and time resolved faraday rotation experiments in semiconductor nanostructures.
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Spintronics in graphene
Csaba Jozsa 

Zernike Institute for Advanced Materials, University of Groningen, Nijenborgh 4.13,

 9747 AG, Groningen, The Netherlands

I will give an overview of electron spin injection, spin transport, spin precession and spin manipulation in graphene. The focus will be on recent experiments on single graphene field effect devices with ferromagnetic contacts. The use of the so-called non-local geometry allows a detailed investigation of various aspects of spin injection and spin transport. 

I will first give a basic introduction into the “standard model” for spin transport and show how it can be applied to carbon systems, in particular graphene.  The Bloch equations will be explained, which describe the processes of spin diffusion, drift, precession and relaxation. Following that  will discuss that:

a) Spins can be transported through a graphene layer with a spin relaxation length of about 1.5 micrometer. By applying a perpendicular magnetic field Hanle spin precession can be studied and information about spin relaxation and the carrier diffusion can be obtained [1]. 

b) By applying a large DC electric field the transport of spins between injector and detector can be manipulated (sped up or slowed down) using carrier drift [2].

c) The spin relaxation is found to be slightly anisotropic, with spins directed perpendicular to the graphene plane relaxing faster than spins directed in the plane [3]. 

d) Spins can be injected into graphene with an injection efficiency up to 20 percent. This injection efficiency can be enhanced by a current bias which takes the carriers away from the injecting contacts. In this way injection efficiencies up to 38% have been achieved [4].

e) We have observed a scaling between the spin relaxation times and lengths and the carrier mobility in graphene [5,6]. I will discuss the possibility that in intrinsic graphene (where the carriers are only scattered by electron-phonon interaction) spin relaxation lenghts of 100 micrometer in graphene at room temperature might be possible, and even longer ones at lower temperatures. Related to that I will discuss the potential of graphene for future spintronics applications.
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Drude weight, plasmon dispersion, and pseudospin response in doped graphene sheets

Marco Polini 

NEST-CNR-INFM and Scuola Normale Superiore di Pisa, Italy

Plasmons in ordinary electron liquids are collective excitations whose long-wavelength limit is rigid center-of-mass motion with a dispersion relation that is, as a consequence of Galileian invariance, unrenormalized by many-body effects. The long-wavelength plasmon frequency is related by the f-sum rule to the integral of the conductivity over the electron-liquid's Drude peak, implying that transport properties also tend not to have important electron-electron interaction renormalizations.  In this talk I will demonstrate that the plasmon frequency and Drude weight of the electron liquid in a doped graphene sheet, which is described by a massless Dirac Hamiltonian and not invariant under ordinary Galileian boosts, are strongly renormalized even in the long-wavelength limit. This effect is not captured by the Random Phase Approximation (RPA), commonly used to describe electron fluids.  It is due primarily to non-local inter-band exchange interactions, which reduce both the plasmon frequency and the Drude weight relative to the RPA value. I will also discuss how these predictions can be checked using inelastic light scattering or infrared spectroscopy
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Spin transport in graphene at room temperature
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3Department of Physics, National University of Singapore NUS, Singapore

All-electrical spin transport in graphene, a single layer of carbon atoms, is studied experimentally by means of multi-terminal lateral spin valve devices. The device structure employs a field-effect transistor geometry which allows for the control of both the charge carrier type (electrons or holes) and its density. Spin injection and detection is realized by contacting graphene with ferromagnetic electrodes (such as Co) via a thin magnesium oxide (MgO) tunnel barrier. 

In the first part of this presentation, we will discuss the non-local spin valve device geometry and the conductivity mismatch problem. Good understanding of these two key concepts enabled the successful realization of efficient all electrical spin injection and detection in graphene. In the non-local technique, the spin injection circuit (the charge current path) and the spin detection circuit (the voltage detection path) are completely separated. Therefore, there are no (large) background signals superimposed on the relatively small spin signals. Additionally, spurious charge related effects that can mimic the spin signal are eliminated. The semiconducting single layer graphene flakes are contacted by metallic ferromagnetic Co electrodes, which act as spin injectors and detectors, via a thin MgO layer. This alleviates the conductivity mismatch problem and thus efficient all electrical spin injection/detection is realized.

In the second part, we will present room temperature spin transport experiments in graphene [1]. The non-local spin valve measurements for devices with various transport channel lengths and the spin precession measurements are analyzed in the frame of a one-dimensional spin diffusion model. The transport channel length dependence of the spin signal and the fitting of the spin precession curves indicate a spin relaxation length in graphene of about 1 micrometer, weakly dependent on the charge carrier density, in agreement with previous reports [2].
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Ultrafast Studies of Carrier and Magnetization Dynamics in GaMnAs

J. P. Zahn1, A. Gamouras1, S. March1, X. Liu2, J. K. Furdyna2, and K. C. Hall1 
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Diluted magnetic semiconductors (DMS) exhibit a unique combination of semiconducting and magnetic properties, making them promising for applications in future spintronic devices.  Ultrafast optical techniques provide a powerful approach to studying these materials.  Electron spin dynamics [1], transient magnetization enhancement [2] and complex precession dynamics [3-8] have been observed in recent years.  These experiments have been carried out under conditions of optically excited hole densities several orders of magnitude lower than the background hole population, leading to a relatively weak perturbation of the ferromagnetic order.  For applications of DMS materials as optically addressable nonvolatile memory elements in spin-based devices, strong photo-induced changes to the ferromagnetic state are desirable.  Wang et al. demonstrated ultrafast magnetization quenching at high pump fluence (~10 mJ/cm2) in both InMnAs [9] and GaMnAs [10], however the proposed model significantly underestimated the size of the demagnetization effects observed.  More work is needed to elucidate the optical response of DMS materials in the highly nonequilibrium, strong photo-excitation regime.  Here we present a comprehensive study of the carrier and magnetization dynamics in GaMnAs over a broad range of temperature and pump fluence using time-resolved Kerr rotation and differential reflectivity.   We observe a strong ultrafast reduction in ferromagnetic order, accompanied by a subpicosecond, near-complete collapse of the hysteresis loop. Our power dependent measurements indicate a saturation of the demagnetization signal at 80% of the remanent magnetization, in contrast to findings in InMnAs [9], a result we attribute to the optical saturation of the near band edge states.   Our findings provide insight into the ferromagnetic properties of DMS materials in the highly excited, nonequilibrium regime relevant for ultrafast optical memory applications.
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Basic aspects of magnetism in two-dimensional Heisenberg, Stoner and RKKY systems

C.M. Teodorescu

National Institute of Materials Physics, Atomistilor 105b, 077125 Magurele-Ilfov, Romania

A survey of aspects relevant for two-dimensional system is given for (i) the Heisenberg ferromagnetism of localized spins; (ii) the Stoner ferromagnetism of itinerant electrons in metals; (iii) the indirect exchange magnetism. Basic theoretical aspects will be presented and corroborated with recently available experimental data.


More than four decades ago, Mermin and Wagner [1] derived the impossibility of long range ferromagnetic or antiferromagnetic ordering in two dimensional Heisenberg systems. In the meantime, such systems were artificially synthesized and occurence of ferromagnetism was reported [2]. One of the features which may characterize the dimensionality of such magnetic system is the (spin wave driven) magnetisation dependence with temperature in the low temperature regime, where deviations from the Bloch T 3/2 law are expected to occur. For a perfect two dimensional system, the magnetisation dependence with the temperature becomes linear M(T) = M(0) - b T. However, it was demonstrated that such dependence is observable only for systems whose lateral size is finite [3] and, moreover, the slope in M(T) may be used to assess the average lateral size of the magnetic objects. This may be of particular help for embedded 2D magnetic islands. The connection between the spin wave physics and the Mermin-Wagner theorem [1] will be briefly outlined.


The Stoner ferromagnetism in two-dimensional system is characterized at T = 0 by the spontaneous evolution towards the state of maximum allowed magnetisation [4]. Nevertheless, surprising features occur at finite temperature, where in certain cases an increase of the magnetisation with temperature may occur [5]. Such data were recently reported in the literature [6]; some more recent experimental results will also be discussed.


The indirect exchange was proposed half a century ago by Ruderman, Kittel, Kasuya and Yosida (RKKY) [7] and consists in the interaction between localised spins via the free charge carriers. The interaction is an oscillating function on y = kFRij, where kF is the Fermi wavevector of the free carriers and Rij is the distance betweens spins Si and Sj. When the interaction is mediated by two dimensional charge carriers such as the ones confined at a surface or at the interface in a heterojunction, the magnetic interaction behaves differently. The RKKY oscillations dissapear and instead the system favours antiferromagnetic ordering for y < 3.45 and becomes ferromagnetic for y > 3.45. This suggests that magnetic systems with more reproducible properties may be synthesized by using 2D charge carriers intermediating the magnetism.
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Momentum dependence of the spin susceptibility in two dimensions: nonanalytic corrections in the Cooper channel
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We consider the effect of rescattering of pairs of quasiparticles in the Cooper channel resulting in the strong renormalization of second-order corrections to the spin susceptibility in a two-dimensional electron system. We use the Fourier expansion of the scattering potential in the vicinity of the Fermi surface to find that each harmonic becomes renormalized independently. Since some of those harmonics are negative, the first derivative of the spin susceptibility is bound to be negative at small momenta, in contrast to the lowest order perturbation theory result, which predicts a positive slope. We present in detail an effective method to calculate diagrammatically corrections to the spin susceptibility to infinite order.
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Superconductivity and the isotope exponent vs the number of carriers 
in a changing hopping triangular lattice
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E-mail: jjrn01@gmail.com, aaschmidt1@gmail.com
We propose a band structure for a triangular lattice with nearest neighbor hopping in terms of changing tight binding parameters, α1 and β1, to be the lattice representation of the compound NaxCoO2•yH2O (Sodium Cobalt Oxyhydrate), which is superconducting at a critical temperature of Tc ≈ 5K. We have calculated Tc and μ vs ρ curves (where ρ is the number of carriers) for several values of α1 and β1 distorting, in this way, the geometry of the original lattice. By doing this we have verified that all the Tc maxima are related, one-to-one, to the logarithmic singularities which appear in the free density of states N(ω) vs ω plots. Similarities and differences with respect to the s- and d-wave symmetry cases are also discussed. We have also calculated the isotope exponent α as a function of ρ for several values of α1 and β1. We have found that the curve α vs ρ, for Tc≠0, changes non-monotonically. Experimental tests of the isotope exponent are called for to verify the validity of this theoretical prediction. We conclude that the d-wave symmetry is not compatible with the experimental phase diagram of this compound.
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Single impurity manipulation and analysis in semiconductors by STM 

Paul Koenraad
COBRA, Eindhoven University of Technology, P.O.Box 513, 5600 MB, The Netherlands
Email: p.m.koenraad@tue.nl
We have recently shown that one can ionize single impurities [1,2] and spatially resolve the shape of the wavefunction of a single hole bound to a single Mn-impurity by using Cross-sectional Scanning Tunneling Microscopy (X-STM) [3,4]. Such information about the wavefunction is very valuable as it allows a direct identification of the character of the electronic state and visualization of the interaction between Mn-im​pu​rities. This interaction plays an essential role in the magnetic properties of GaMnAs as the magnetic coupling between the localized spin of the Mn-acceptors is assumed to be hole-mediated. In this presentation we will review our recent results on wavefunction imaging of single Mn-impurities, strained Mn-impu​rities, overlapping pairs of Mn-impurities and Mn-impurities in self-assembled InAs quantum dots.

The X-STM measurements were performed at room temperature in UHV (P<2*10-11 torr) at the cleaved (110) surface of GaAs. By changing the tip polarity we were able to the change the charge state (A-/A0) of individual Mn-acceptors in lightly doped (3*1018 cm-3) Mn:GaAs. In the neutral state (A0) the X-STM images clearly showed that Mn in GaAs acts as an effective mass acceptor where a single hole is bound to a Mn2+ 3d5 core. The strong anisotropy that was observed could be related to the cubic symmetry of the GaAs and was successfully reproduced in both envelope function, effective mass model (EFM) and tight binding model (TBM) calculations. This conclusion is further supported by the STM analysis of a range of other deep acceptors in III/V materials such as Cd in GaP and low temperature spectroscopic STM measurements on Mn doped GaAs. 

Recently we analyzed the effect of strain on the shape of the acceptor wavefunction [5]. In a structure where we were able to image a Mn-impurity close to an InAs-self-assembled quantum dot we could observe how the strain profile in the close neighborhood of dot affects the acceptor state. The images showed a surprisingly strong symmetry breaking of the shape of the wavefunction if the strain was aligned in a (111) direction. The TBM and EFM calculations confirmed the strong effect of strain on the wavefunction symmetry. The influence of surface relaxation induced strain on the acceptor wavefunction has been shown to break the symmetry of the wavefunction [6,7]. Finally I will show some recent observations of InAs self-assembled nanostructures where Mn impurities were incorporated during their growth. 
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35.
Ultrafast Measurement of Charge and Spin Dynamics in Semiconductor Nanostructures

Kimberley C. Hall

Department of Physics and Atmospheric Science, Dalhousie University, Halifax, NS, B3H 1Z9, Canada

Femtosecond spectroscopic techniques have become the tool of choice for studying the fundamental properties of charge and spin excitations in semiconductor materials.  In addition to enabling a direct time domain measurement of the dynamic evolution of these systems, ultrafast optical pulses may be used to control these excitations on a subpicosecond time scale with potential applications in photonics, spintronics, and quantum information.  In this presentation, I will review ultrafast spectroscopic techniques and highlight some of our recent studies of charge and spin dynamics in semiconductor materials.  Our results of spin relaxation measurements in self-assembled quantum dots elucidate the role of phonon scattering processes in spin relaxation [1-3].  Our studies of gate-control of spin relaxation in InAs/AlSb quantum wells [4] are promising for the development of a spin-based field effect transistor [5,6]. Our recent studies of ultrafast control of coercivity and optically induced demagnetization dynamics in GaMnAs illustrate the potential of diluted magnetic semiconductors for optically-addressable memory elements [7,8].  Our current research effort in the development and application of engineered pulses for optical control of spin dynamics in semiconductor quantum dots will also be highlighted.  This work is supported by the Canadian Foundation of Innovation, NSERC, and Lockheed Martin Aeronautics. 
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A new-type of spin-electrical oscillations in conducting rings.

R.N.Gurzhi, A.N.Kalinenko, A.I.Kopeliovich, P.V.Pyshkin, A.V.Yanovsky
B.Verkin Institute for Low Temperature Physics and Engineering of the National Academy of Science., Ukraine
In our work we study influence of electron-electron scattering to transport properties in systems with inhomogeneous magnetic properties. In case of hydrodynamic limit, when 
[image: image9.wmf]eeei

nn

>>

 (where 
[image: image10.wmf]ee

n

 is a frequency of e-e collisions, 
[image: image11.wmf]ei

n

 – frequency of collisions that removes momentum from the system), electron liquid can be described by several parameters: 
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 – density of spin components of electron liquid. We obtain spin hydrodynamics equations for nonequilibrium electron spins when the electron spectrum is a spatially inhomogeneous. We predict a possibility of a new type of spin oscillations in conducting rings with magnetically inhomogeneous properties. The oscillations like a “spin pendulum” – oscillations of full current and spin polarization with frequency 
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 is the density of one of the spin components, it varies along the ring (with the x-coordinate); 
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 is the reduced density of the electron states on the Fermi surface; 
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 is the effective electron mass.

We find own oscillations of electron system in conducting ring, which consist of two parts with different magnetic properties. We use equations like presented in [2] and we show, that conductance of this system as function of external EMF frequency have one maximum in hydrodynamic regime, and this case is conform to “spin pendulum”, and conductance have many maximums in a case of ballistic regime. This maximums vanish when magnetic properties of parts of the ring are identical.
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Effect of Quenching on Magnetic Properties of CoFe2O4 Thin Films
S.C. Sahoo1, N. Venkataramani2, Shiva Prasad1,3, M. Bohra1 and R. Krishnan4
1Department of Physics, Indian Institute of Technology Bombay, Mumbai, India

2Department of Met. Eng. and Mat. Sci., Indian Institute of Technology Bombay, Mumbai, India

3Indo-French Centre for the Promotion of Advanced Research, New Delhi, India

4Groupe d'étude de la Matière Condensée, CNRS / Universite de Versailles-St-Quentin, 45, Avenue des Etats-Unis, 78035 Versailles Cedex, France

Two nearly identical CoFe2O4 thin films, pulsed laser deposited at room temperature were annealed at different temperatures ranging from 350 to 900°C in air for two hours. Immediately after annealing, one film was quenched (QN) in liquid N2 and the other was furnace cooled (FCL). XRD, Raman and EDAX studies confirmed single phase of CoFe2O4 and atomic ratio Co:Fe to be about 1:2 in the films. As seen in Fig.1 (a), spontaneous magnetization value, 4πMS of the QN films was observed to be higher than the FCL films in every case. Further it was found to increase monotonically up to 650°C and then became nearly constant. Magnetization values even higher than the bulk value (5300G) was observed in the QN film annealed at 650°C or higher temperatures. However, coercivity of the QN films, as shown in Fig.1 (b) was always found to be lower than the FCL films. The coercivity initially increases with the increase in annealing temperature and then shows a maximum at 450°C. The observed magnetic properties may be attributed to the incipient cation distribution at the time of film deposition and grain growth.

[image: image21.emf][image: image22.emf]
Fig.1 (a) Magnetization and (b) Coercivity as a function of annealing temperature. FCL  refers to furnace cooled samples while QN refers to quenched ones.
3. 

 Spin-vortex-like states in Co-Cu point contacts 
I.K. Yanson, V.V. Fisun, Yu.G. Naidyuk, O.P. Balkashin, L.Yu. Triputen 
B. Verkin Institute for Low Temperature Physics and Engineering, National Academy of Sciences of Ukraine, 47 Lenin ave., 61103, Kharkov, Ukraine 
A. Konovalenko, and V. Korenivski 

Nanostructure Physics, Royal Institute of Technology, 10691, Stockholm, Sweden 
Recently we have proposed the model of surface spin valve [1] which occurs in the point contacts between single Co film and a nonmagnetic tip. The surface spin valve is attributed to the weak exchange interaction between the Co film bulk and its surface layer. The statical and dynamical properties of the spin valve are similar to those of widely studied standard three layered spin valves Ffree-N-Ffixed. The first IVC derivatives of the investigated point contacts exhibit a hysteresis loop with two resistance levels which are due to the giant magnetoresistance effect. The resistance levels correspond to the parallel (P) and antiparallel (AP) magnetization orientations of the surface layer relative to the bulk of the film. A hysteresis with three stable states has been observed for the first time on some dV/dI(V) characteristics. We attribute the third resistance level which takes approximately a middle position between A and AP to the magnetic vortex structure of the spins in the contact area. The vortex structure is formed due to the magnetic field of transport current and the circular contact geometry. 
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Magnetoconductance of quantum wires
Filipe Sammarco, Poliana H. Penteado, Gerson J. Ferreira, and J. C. Egues

Departamento de Física e Informática, Instituto de Física de São Carlos, Universidade

de São Paulo, 13560-970 São Carlos, São Paulo, Brazil

At low temperatures the conductance of a quantum wires exhibit characteristic plateaus due to the quantization of the transverse modes [1]. In the presence of high in-plane magnetic fields these spin-split transverse modes cross. Recently, these crossings were observed experimentally [2] via measurements of the differential conductance as a function of the gate voltage and the in-plane magnetic-field. These show structures described as either anti-crossings or magnetic phase transitions. Motivated by the quantitative agreement with experiments of our previous theoretical works on magnetotransport in 2DEGs and quantum Hall ferromagnetic phase transitions via the Spin Density Functional Theory (SDFT) [3,4,5], here we propose a similar model to investigate the magnetoconductance of quantum wires. We use (i) the SDFT via the Kohn-Sham self-consistent scheme within the local spin density approximation to obtain the electronic structure and (ii) the Landauer-Buettiker formalism to calculate the conductance of a quantum wire. We shall discuss some preliminary theoretical results which show qualitative agreement with the data of Ref. [2]. We acknowledge support from FAPESP and CNPq.
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Non–coexistence of superconductivity and ferromagnetism at mean–field level: closing the dilema?

A. A. Schmidt1 and J.J. Rodriguez-Nunez2
Departamento de Matematica, UFSM, 97105-900 Santa Maria, RS, Brazil. e–mail: alex@lana.ccne.ufsm.br

Laboratory SUPERCOMP, Physics Department, Faculty of Science,University of Carabobo, Campus de Barbula, P. O. Box 129, Valencia 2001; Venezuela. e-mail: jjrn01@gmail.com
The publication of the paper by N. I. Karchev, K. B. Blagoev, K. S. Bedell and P. B. Littlewood, Phys. Rev. Lett. 86, 846 (2001) has brought to the front the coexistence of ferromagnetism (∝ J) and superconductivity (∝ V) in a continuous (parabolic) band at the level of mean–field approach. After the publication of this classic paper many authors claim that: (1) The coexistence solutions of the above paper do not exist; (2) The coexistence exists only for a small parameter region, namely, J/t≈1.0; (3) The solution exists but the energy of the coexisting state is higher than the one of the normal state. This implies that the normal state is not unstable under the presence of this combined phase. Here we have pursued the calculations for their model on a tight binding lattice, for J/t = 8.00, V/t = 1.00 and α′ = 0.00 and - 0.35, with α′ being the next nearest neighbor hopping integral and it is the nearest neighbor hopping integral. We have also found that the coexistence does not exist for the parameter space we have considered in sharp contradiction with the results of the paper of Karchev, Blagoev, Bedell and Littlewood. Our results settle a long time dispute on the matter.
6.

A first principles study of isolated 3d transition metals in diamond

E. M. Benecha and E. B.  Lombardi

Department of Physics, University of South Africa, P.O. Box 392, UNISA 0003, Pretoria, South Africa

Transition metal dopants in semiconductors hold prospects of greatly increasing their functionality in the emerging field of spintronics. Diamond is a wide band gap semiconductor which has recently become more attractive in solid-state electronics due to its track record of exceptional properties. So far, other semiconductors have been considered in the search for room temperature spintronic materials. Here, we report systematic ab initio pseudopotential density functional theory calculations on the properties of isolated 3d transition metal dopants in diamond and discuss our results in the context of spintronic applications. Our initial results show that transition metals at a divacancy are the most energetically stable in diamond, with Mn having the lowest formation energy while retaining magnetic moments of up to 3.5
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per supercell. Likewise, many of the other 3d transition metals are also seen to retain non-zero magnetic moments, inducing spin-polarized impurity bands in the diamond band gap which are seen to arise from p-d coupling between the transition metal dopant atoms and the neighbouring C atoms. This demonstrates that these 3d transition metals are likely to order ferromagnetically in diamond. The degree of spin polarization and the magnitude of the magnetic moment induced are dependent on the doping site in the diamond lattice, except for Sc and V where the induced magnetic moments are site independent. 
7.

The electronic properties of gapped grapheme
Alireza Qaiumzadeh

Institute of Advanced Studies in Basic Sciences (IASBS), Iran

Motivated by recent experimental studies we have carried out the microscopic calculation of the quasiparticle self-energy and spectral function in a doped graphene when a chiral symmetry breaking (a type of mass/gap generation in graphene sheets) is occurred. Our systematic study is based on the many-body G0W and the random-phase approximation (RPA). We report extensive calculations of both the real and imaginary parts of the quasiparticle self-energy in the presence of a gap opening. We present the effect of gap on the ground state properties, polarization function and charge compressibility. We also present results for inelastic scattering rate, conductivity, spectral function, renormalized Fermi velocity and band gap renormalization of massive Dirac Fermionsin graphene sheets.

8.
The Graphene Quasiparticles: Spin-Polarization & Impurity Effects

Alireza Qaiumzadeh

Institute of Advanced Studies in Basic Sciences (IASBS), Iran

First of all we introduce the concept of a spintronic effective velocity for spin-polarized carriers in graphene, which arises from the strong spin-polarization dependence of the renormalized effective velocity in an interacting spin-polarized Dirac's electrons in graphene. Then we calculate the quasiparticle properties of chiral two-dimensional Dirac electrons in graphene within the Landau Fermi Liquid scheme based on GW approximation in the presence of disorder. Disorder effects due to charged impurity scattering play a crucial role in density dependence of quasiparticle quantities. Mode-coupling approach to scattering rate and self-energy in GW approximation for quasiparticle renormalized Fermi velocity and spin-antisymmetric Landau Fermi parameter incorporating the manybody interactions and the disorder effects show reduction of these quantities by 5%–15% at available experimental charge carrier density region.
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Fig.1 Anisotropy for the spin-dephasing time T2* for electron ensembles in wires etched into a GaAs/AlGaAs heterostructure. The spin-dephasing times for ensembles in a quantum well layer (a) and in an underlying bulk GaAs epilayer (b) depend on the crystal orientation in the wire, and can be enhanced with respect to ensembles in unpatterned heterostructure areas. Data taken at the temperature 4.2K and 0T external magnetic field.
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