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	b. Publications


Journal Articles



Correlation Functions for an Elastic String in a Random Potential:  Instanton Approach

Ya. M. Blanter, V. M. Vinokur

Phys. Rev. B 66, 132101 (2002)

Possible Weak Temperature Dependence of Electron Dephasing

V. V. Afonin (A. F. Ioffe Physico-Tech. Inst., Russia), J. Bergli (Univ. Oslo, Norway), Y. M. Galperin (A. F. Ioffe Physico-Tech. Inst., Russia; Univ. Oslo, Norway; Mat. Theory Inst., MSD-ANL), V. L. Gurevich (A. F. Ioffe Physico-Tech. Inst., Russia), V. I. Kozub (A. F. Ioffe Physico-Tech. Inst., Russia and Mat. Theory Inst., MSD-ANL)

Phys. Rev. B 66, 165326 (2002)

Destruction of Bulk Ordering by Surface Randomness

D. E. Feldman (ANL-MSD and Landau Inst. for Theo. Phys., Russia), V. M. Vinokur

Phys. Rev. Lett. 89, 227204 (2002)

Dynamical Matching of Josephson Vortex Lattice with Sample Edge in Layered High-Tc Superconductors:  Origin of Periodic Oscillation in the Magnetic Field Dependence of Flux Flow Resistance

M. Machida (ANL-MSD and Japan Atomic Energy Research Inst., Japan)

Phys. Rev. Lett. 90 037001 (2003)

Interband Phase Modes and Nonequilibrium Soliton Structures in Two-Gap Superconductors

A. Gurevich, V. M. Vinokur

Phys. Rev. Lett. 90, 047004 (2003)

Quantum Tunneling Between Paramagnetic and Superconducting States of a Nanometer-Scale Superconducting Grain Placed in a Magnetic Field

A. V. Lopatin, V. M. Vinokur

Phys. Rev. Lett. 90, 047003 (2003)

Spectral Flow in Superconducting Point Contacts

N. B. Kopnin (Helsinki Univ., Finland; L. D. Landau Inst. for Theor. Phys., Russia; and ANL-MSD), V. M. Vinokur

Europhys. Lett. 61(6), 824-830 (2003)

Depinning of Vortex Chain in a Disordered Flow Channel 

R. Besseling (Leiden Univ., Netherlands), T. Dröse (Universitat Hamburg, Germany), V. M. Vinokur, P. H. Kes (Leiden Univ., Netherlands)

Europhys. Lett. 62(3), 419-425 (2003)

Josephson Transport through a Hubbard Impurity Center

V. I. Kozub (A.F. Ioffe Physico-Technical Inst., Russia and ANL-MSD/MTI), A. V. Lopatin (ANL-MSD/MTI), V. M. Vinokur

Phys. Rev. Lett.  90, 226805 (2003)

Partially Fluidized Shear Granular Flows:  Continuum Theory and MD Simulations

D. Volfson (Univ. California-San Diego), L. S. Tsimring (Univ. California-San Diego), I. S. Aranson

Phys. Rev. E 68(2), 021301 (2003)

Electrical Manipulation of Nanomagnets

L. Y. Gorelik (Chalmers Univ. of Tech., Sweden), R. I. Shekhter (Chalmers Univ. of Tech., Sweden), V. M. Vinokur, D. E. Feldman, V. I. Kozub (Ioffe Inst. of the Russian Academy of Sci., Russia), M. Jonson (Chalmers Univ. of Tech., Sweden)

Phys. Rev. Lett. 91, 088301 (2003)

Single-Electron Transport Through the Vortex Core Levels in Clean Superconductors

N. B. Kopnin (Helsinki Univ., Finland; L.D. Landau Inst. for Theor. Phys., Russia; ANL-MSD/MTI), A. S. Mel'nikov (Russian Academy of Sciences, Russia and ANL-MSD/MTI) , V. M. Vinokur

Phys. Rev. B 68, 054528 (2003)

Effective Hamiltonian for Ga1-xMnxAs in the Dilute Limit

G. A. Fiete (Harvard Univ., Massachusetts; ANL-MSD; and Budapest Univ. of Tech. & Economics, Hungary), G. Zarand (Harvard Univ., Massachusetts;ANL-MSD; and Budapest Univ. of Tech. & Economics, Hungary), K. Damle (Harvard Univ., Massachusetts and Rice Univ., Texas)

Phys. Rev. Lett. 91 097202 (2003)

Upper Critical Field in Dirty Two-Band Superconductors:  Breakdown of the Anisotropic Ginzburg-Landau Theory

A. A. Golubov (Univ. of Twente, The Netherlands), A. E. Koshelev

Phys. Rev. B 68, 104503 (2003)

The Little-Parks Effect and Multiquanta Vortices in a Hybrid Superconductor-Ferromagnet System

A. Yu. Aladyshkin (Russian Acad. Sciences, Russia), A. S. Mel'nikov (Russian Acad. Sciences, Russia and ANL-MSD/MTI), D. A. Ryzhov (Russian Acad. Sciences, Russia and ANL-MSD/MTI)

J. Phys. Cond. Matt. 15, 6591-6597 (2003)

Heat Transport in Proximity Structures

E. V. Bezuglyi (Inst. Low Temp. Phys. & Eng., Ukraine and ANL-MSD/MTI), V. Vinokur

Phys. Rev. Lett. 91, 137002 (2003)

c.  Purpose
This program is designed to attract leading experts in the field of condensed matter physics to collaborate closely with Argonne's experimental and theoretical projects.  The goal of the Materials Theory Institute is to foster laboratory-wide growth and expansion of theoretical science.  The Institute is destined to have a major impact on the overall research at MSD and to play a crucial role in the formulation of new research directions and future initiatives. Its activities aim to benefit both theoretical and experimental groups. The Institute catalyzes cross-divisional interactions and collaborations. 


For the last two years we have focused on a wide variety of subjects, including vortex physics, nanoscale superconductivity and magnetism, hybrid structures including coupled magnet-superconductor systems, quantum transport effects in mesoscopic superconductors, granular physics, fractures, and physics of complex systems.  

e.  Approach

V. Vinokur 25%, I. Aranson 15%, A. Koshelev 15%, I.Beloborodov 100%, A. Lopatin 10%

The Institute is largely built on a visitors program intended to support existing MSD programs and to foster new topics in nanoscale superconductivity and magnetism.  The visitor programs stimulate and initiate new theoretical and experimental programs and research projects at Argonne.  In 2003, MTI hosted nearly 40 visitors and significantly extended its scope of research, adding several new topics to its traditional projects on physics of vortex matter and granular physics.  The new scientific directions are focused on nanoscale superconductivity and magnetism and include: 

· Hybrid structures

· Quantum computing and related subjects

· Quantum transport, quantum dots, SET devices

· Proximity and Andreev states physics, spintronics 

· Soft condensed matter

· Quantum wires

The extended scope of MTI program allows it to respond to the immediate needs of MSD’s experimental groups and to work as an integral part of their research programs.  Invited theorists have worked with the Surface Magnetism Group (58830) on nanoscale magnetism (K Guslienko, Seagate Research, Pittsburg) and the Theory Group (58701) on quantum phase transition (A. Chubukov, University of Wisconsin, Madioson).  In October – November 2003, MTI held an International Workshop on Nanoscale Superconductivity and Magnetism.  The Workshop brought together 50 world leading specialists in the area of nano-physics to work together, interact with Argonne personnel and initiate new projects.  This workshop went well beyond the traditional one or two week gathering of scientists to exchange information.  MTI provided conditions not only for the exchange of information, but also for extensive on-site collaboration and creation of new projects.  On November 10 – 14 a joint experimental-theoretical Mini-conference was held.  Participants reported their latest theoretical and experimental developments in nanoscale superconductivity and magnetism.  During their stay in October – November, participants delivered informal theory seminars designed as extensive technical discussions on the hottest and often unresolved topics.  Argonne experimentalists enthusiastically attended and actively participated in the seminars, which highly stimulated nanoscience development at Argonne.  Some of the topics discussed were: "Coherent Charge Transfer in Cooperpair Pump," Dr. Frank Hekking, LPM2C, CNRS, Grenoble; "Cross Current Correlations in Superconductor/Normal Metal Multiterminal Structures," Dr. Fabio Pistolesi, LPM2C, CNRS, Grenoble; "Coulomb Effects in Granular Metals," K. Efetov, Institute for Theoretical Physics, Ruhr-University, Bochum, Germany; "Dephasing in Disordered Metals with Superconducting Grains," Professor Mikhail Feigel’man, Landau Institute, Moscow; “Shuttling of spin polarized electrons,” Prof. Robert Shekhter, Chalmers University of Technology and Goteborg Unviersity; “Anomalies in the phase-coherent time of electrons in diffusive systems,” Dr. Zvi Ovadyahu Racah Institute of Physics and National High Magnetic Field Laboratory; “Coherent control of fractional charges in quantum antidot devices,” Vladimir J Goldman, SUNY, Stony Brook; “Environmental effects in the third moment of voltage fluctuations of a tunnel junction,” Prof. Daniel Prober, Dept. of Applied Physics, Yale University; “Impurity mediated conduction of multi-wall carbon nanotubes,” Prof. Venkat Chandrasekhar, Department of Physics and Astronomy Northwestern University, and many others. The Workshop was a great success, and all the participants expressed their wish to return to such a meeting in the fall of 2004. 
f.  Technical Progress
Vortex physics

Jan Kierfeld, Max Planck Institute, Potsdam, continued the program on vortex physics.  He developed a theory for the localization of N vortex lines with the short-ranged repulsive interaction which are competing for a single columnar defect.  For N=2 he used a necklace model approach to find a new kind of delocalization transition between two different states with a single bound particle.  This exchange-delocalization transition is characterized by the onset of particle exchange on the defect for sufficiently weak vortex-vortex repulsion or sufficiently weak binding energy, corresponding to high temperatures.  He calculated the transition point and order of the exchange-delocalization transition.  A generalization of this transition to arbitrary vortex number N per defect is proposed.

Coupled Magnetic-Superconducting Systems

Alexander Melnikov, Institute for Physics of Microstructures, Nizhny Novgorod, investigated, using phenomenological Ginzburg-Landau approach, the problem of order parameter nucleation in a ferromagnetic superconductor and hybrid superconductor – ferromagnetic (S/F) systems with a domain structure in applied external magnetic field H. Both the isolated domain boundaries and periodic domain structures in ferromagnetic layers were considered.  He studied the interplay between the superconductivity localized at the domain walls and between the domain walls and demonstrated that such interplay determines a peculiar field dependence of the critical temperature Tc.  For a periodic domain structure, the behavior of the upper critical field of superconductivity nucleation near Tc is strongly influenced by the overlapping of the superconducting nuclei localized in different domains.  He also considered the phase diagram H-T of a superconducting film with magnetic nanoparticles.  The oscillating dependence of the critical temperature Tc(H) similar to the Little-Parks effect was obtained.  Theoretical predictions favorably compared with recent experimental data.

Quantum transport

Nikolay Kopnin, Helsinki University, led the project on transport in Andreev wires.   He studied effects of disorder on the low energy single particle transport in a normal wire surrounded by a superconductor.  He showed that the heat conductance includes the Andreev diffusion decreasing with increase in the mean free path l and the diffusive drift produced by a small particle-hole asymmetry, which increases with increasing l.  The conductance thus has a minimum as a function of l which leads to a peculiar re-entrant localization as a function of the mean free path.

Fabio Pistolesi, Laboratoire de Physique et Modelisation des Milieux Condenses CNRS-UJF Grenoble (France), developed a theory of the full counting statistics of a charge shuttle.  This work takes into account the low temperature case where the electrons hopping can be described by the so called "orthodox" theory of Coulomb blockade.  The stochastic process of tunneling is then completely determined by a master equation where the motion of the central island induces time dependent tunneling rates. The main assumption is that the motion is periodic.  In this case one can reduce the problem to a single period by calculating a modified evolution operator over a period: A. The long measurement time full counting statistics can be generated simply by the N-th power of A, where N>>1 is the number of periods. The problem is determined by two dimensionless physical parameters, the oscillation amplitude divided by the tunneling length a, and the probability that one electron jumps in the grain during one period of time T.  If a is small the system behaves like a static junction. When a>>1 the system enters the shuttling regime. In general, this reduces the noise/current ratio (Fano factor), due to the fact that at each cycle the number of electron transmitted fluctuates very little. The precise statistics depends on T. If T is smaller than 1 the current increases with respect to the static case. 

Lev Bulaevskii, initiated a project on non-demolition measurements of a single quantum spin using Josephson oscillations.  Quantum measurements in mesoscopic systems by use of tunneling attracted recently great interest, due to the challenges of both the single spin detection and quantum computing where the final state of a qubit after computation must be measured. The detector couples, usually, to a single observable of the qubit, e.g., z. If this observable commutes with the spin Hamiltonian, the quantum nondemolition (QND) regime is realized, i.e., the two possible eigenvalues of z can be measured with proper probabilities even by a weakly coupled detector.  Otherwise the initial state is quickly destroyed and one can only observe the steady state properties of the qubit and the meter performing continuous measurements. 
In the spin detecting tunneling schemes, all components of the localized spin are coupled to the tunneling electrons via the exchange interaction.  Thus QND measurements seem impossible. We showed that in fact, QND measurements of the spin projection on the direction of the applied magnetic field are possible with the use of spin dependent Josephson tunneling at low temperatures, when effects of quasiparticles are negligible. In this case the amplitude of Josephson oscillations depends on the state of the spin just before the measurement. The amplitude can be measured, e.g., in a circuit containing a single localized spin 1/2 between conventional singlet superconducting electrodes as in a superconducting STM setup, a dc-voltage source V and a resistor R. The dissipative spin-dependent current in the circuit appears when the voltage exceeds a threshold and, effectively, it measures the squared amplitude of the Josephson-current oscillations. Due to the spin conservation in a singlet-Cooper-pair tunneling in the absence of quasiparticles (at low temperatures) the average spin projection onto the direction of the applied magnetic field is preserved to second order in the tunneling amplitude when voltage is smaller than twice the superconducting gap, though the spin operator Sz does not commute with the Hamiltonian of the system. Thus a QND measurement of the spin state is performed by use of the singlet-pair tunneling as an intermediate non-dissipative system which allows one to obtain information on the initial value of the spin projection without flipping the spin. 

Yu. Galperin, Oslo University, proposed measurements of low-frequency noise in the tunneling current through a single molecule with a spin as a method to identify the mechanism of the spin-dependent tunneling.  A specific tail near zero frequency in the noise spectrum was predicted, the amplitude and the width being of the same order of magnitude as those of the recently reported peak at the spin Larmor frequency.  For the tunneling mechanism proposed by L. Bulaevskii, the ratio between the amplitudes is almost independent on tunneling amplitudes and depends only on magnetic field and spin polarization in the leads.  Thus, the experimental study of this ratio offers a suitable tool to understand the underlying mechanism of spin-dependent tunneling.

Y. Gefen, Weizmann Institute, investigated the phenomenon of the Coulomb blockade that has been ubiquitous in solid state physics. It is a manifestation of the fact that electron(s) occupying a restricted region in space (e.g. a quantum dot) blocks the passage of other electrons, owing to electrostatic interaction.  He had found that transport and spectral properties of quantum dots depend crucially on the relative signs of the couplings of (consecutive) dot's levels to the external leads. Also, we have found that the filling of the dot's levels with electrons, as the gate voltage is varied, may exhibit non-monotonicity, owing to the competition between dot-lead tunneling and Coulomb correlations. 

Quantum transport in granular conductors

Igor Beloborodov and Andrei Lopatin, constructed a theory of transport in a granular metallic system at large tunneling conductance between the grains.  They showed that at low temperatures, where thermal fluctuations are less than the single mean energy level spacing, , in a granule, the coherent electron motion at large distances dominates the physics, contrary to the high temperature region where conductivity is controlled by the scales of the order of the size of the granule.  The conductivity of one and two dimensional granular metals in the low temperature regime decays with decreasing temperature in the same manner as that in homogeneous disordered metals, indicating thus an insulating behavior.  However, even in this temperature regime the granular structure remains important and there appears an additional contribution to conductivity coming from short distances.  Due to this contribution the metal-insulator transition in three dimensions occurs at some critical value of tunnel conductance gTC=(1/6)ln (EC/ ), where EC is the charging energy of an isolated grain.  Corrections to the density of states of granular metals due to the electron-electron interaction are calculated.  The obtained results compare favorably with the logarithmic dependence of resistivity in the high-Tc cuprate superconductors indicating that these materials may have a granular structure on the nanometer scale
g.  Future Accomplishments
New scientific directions will be mainly focused on nanoscale superconductivity and magnetism and include: (i) Hybrid structures; (ii) Properties of granular conductors (iii) Quantum transport, quantum dots, SET devices (iv) Proximity and Andreev states physics, spintronics; (v) Soft condensed matter; and (vi) Quantum wires.  Projects focusing on the thrust areas of MSD that emerged as a result of the 2003 visits and the workshop on nanoscale Superconductivity and Magnetism include:

· Noise in nanoscale superconducting structures (Yu. Galperin, Oslo University and Alexander Melnikov, the Institute for Microstructures at Nizhny Novgorod)

· Properties of granular conductors (A. Lopatin, I. Beloborodov; M. Feigelman, Landau Institute, K. Efetov, Bochum University, F. Hekking, CNRS, Grenoble, L. Glazman, University of Minnesota, Ya. Blanter, TU Delft)

· Disorder-induced decoherence effects for quantum computing (Yu. Galperin, Oslo University and V. Kozub, Ioffe Institute, St. Petersburg)

· Nanomechanics of spin systems (R. Shekhter and L. Gorelik, Chalmers University, Oslo University, and V. Kozub, Ioffe Institute, St. Petersburg)

· Dephasing processes in nanomechanical Josephson junctions (Yu. Galperin, Oslo University)
· Coulomb blockade effects in confined structures (Yu. Gefen, Weizmann Institute)
· Interband Phase Modes and Nonequilibrium Soliton Structures in Two-Gap Superconductors (A. Gurevich, University of Wisconsin, Madison).
h.  Relationships to Other Projects

This effort enjoys strong collaborations with ANL materials science programs on Superconductivity and Magnetism (58906), Neutron Scattering (58701), Granular Materials (58806), (58403), CMR (58802), and Surface Magnetism (58830); with other ANL Divisions including Chemical Technology and Mathematical and Computational Science; with other DOE Laboratories including Los Alamos National Laboratory, with university programs at University of Chicago; Harvard University; Syracuse University, Princeton University; Texas A&M University; University of Maryland, University of California-San Diego, University of California-Davis; Bar-Ilan University, Israel; Weizmann Institute, Israel; University of Tokyo, Japan; Tsukuba University, Japan; National Research Institute for Metals, Japan; ETH Zurich, Switzerland; Ecole Polytechnique, France; ISSP, Chernogolovka, Russia; Landau Institute, Russia; University of Cologne, Germany; Leiden University, The Netherlands; MIT; Stony Brook University; Oslo University, Norway; Helsinki University of Technology; A.F.Ioffe Physico-Technical Institute, Russia; Chalmers University, Sweden; Washington University, Seattle; Institute for Physics of Microstructures, Nizhny Novgorod, Russia; Institute for Nuclear Physics (St. Petersburg); Forschungszentrum Juelich, Germany, Bordeaux University.

In 2003 MTI continued partnership programs:

•    MTI-Lorentz Center (Leiden University) – Ioffe Institute (St. Petersburg): International Collaboration on Advanced Materials Properties (ICAMP).  The partnership established a chain of joint workshops aimed at advances in quantum computing and nanotechnology.  The Workshop on Josephson Junction Arrays and Confined Systems at the Lorentz Center (April 22 – May 3, 2002) served as a working meeting where some of the above listed projects were finalized.  The results of the completed projects were reported at the Second ICAMP International Workshop to be held at St. Petersburg on
      August 24 – 29, 2003.

•   MTI - Oslo University - Chalmers University: Collaboration on theoretical studies of nanoscale-size systems and nano-devices aimed at advances in quantum computing and nanoelectronics.  Informal visits among scientists will take place to develop the physics of these topics.
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