Faculty of Physics, Adam Mickiewicz University
Institute of Molecular Physics, Polish Academy ofehces

The European Conference
PHYSICS OF MAGNETISM 2011 (PM’11)

ABSTRACTS

Pozna, 2011



The European Conference

PHYSICS OF MAGNETISM 2011 (PM’11)
June 27-July 1, 2011

Pozna, Poland

Abstracts

Edited by: R. Micnas, B. Idzikowski, R.J. Wojcieetski, A. Szajek

The abstracts are reproduced as received from i@utho

Copyright Institute of Molecular Physics, Polish Academ\Safences
Faculty of Physics, Adam Mickiewicz University
Pozna, 2011
All rights reserved

ISBN 83-922407-6-6

Published by: Institute of Molecular Physics
Polish Academy of Sciences
M. Smoluchowskiego 17, 60-169 Pozna
phone: +48 61 8695 100; fax: +48 61 8648 524

Technical edition: Z. niadecki, M. Werwiski

Printed by: TOTEM S.C.
Jacewska 89, 88-100 Inowroc aw, Poland



The European Conference

PHYSICS OF MAGNETISM 2011 (PM'11)

CHAIRMEN

R. Micnas, Faculty of Physics, Adam Mickiewicz University
B. ldzikowski, Institute of Molecular Physics, Polish Academy&afences

PROGRAMME COMMITTEE

J. Barna , Pozna, Poland E. Bauer, Vienna, Austria V. Cros, Palaiseau, France

O. Eriksson, Uppsala, Sweden M. Farle, Duisburg, Germany M. Fiebig, Bonn, Germany

R. Ga zka, Warszawa, Poland B. Heinrich, Burnaby, Canada V. Jani§, Prague, Czech Republic
A. Jezierski, Pozna, Poland D. Kaczorowski, Wroc aw, Poland S. Krompiewski, Pozna, Poland
J.A. Morkowski, Pozna, Poland A.M. Ole , Krakéw, Poland P. Prelovsek Ljubljana, Slovenia
H. Puszkarski, Pozna, Poland S. Sanvitg Dublin, Ireland A. lebarski, Katowice, Poland

J. SlonczewskiYorktown Heights, USA F. Steglich Dresden, Germany F. Stobiecki Pozna, Poland

P. Thalmeier, Dresden, Germany C. Van HaesendonckLeuven, Belgium D. Vollhardt, Augsburg, Germany
H. Zabel, Bochum, Germany V. Zlati , Zagreb, Croatia

ADVISORY COMMITTEE

J. Baszy ski, Pozna, Poland M. Brando, Dresden, Germany B. Bu ka, Pozna, Poland

K. Byczuk, Warszawa, Poland R.A. Cowley, Oxford, U.K. R. Czajka, Pozna, Poland

J.C. Gémez Sal Santander, Spain D. Khomskii, Kéln, Germany M. Klaeui, Konstanz, Germany
J. Kossut, Warszawa, Poland L. Kowalewski, Pozna, Poland J. Martinek, Pozna, Poland

T. Mito, Hyogo, Japa M.C. Mufioz, Madrid, Spain M. Reiffers, Kosice, Slovakia
B. Rellinghaus Dresden, GermanyS. RobaszkiewiczPozna, Poland T. | zak, Krakow, Poland

J. Sznajd, Wroc aw, Poland H. Szymczak Warszawa, Poland A. Szytu a Krakéw, Poland

R. Tro , Wroc aw, Poland J. Wrébel, Warszawa, Poland M. Zwierzycki, Pozna, Poland

ORGANIZING COMMITTEE

R.J. Wojciechowski, A. Szajel(secretarie}

B. Andrzejewski, E. D ugaszewska, |. @@ ska, P. Grzybowski, A. Kowalczyk, S. Ligki, T. Luci ski,
G. Musia, A. Pawlak, M. Pugaczowa-Michalska, Pus&wicz, Z. niadecki,T. Toli ski (treasure),
M. Urbaniak, M. Werwiski

PUBLICATIONS
J. Barna, J. Dubowik, M. Thomas, M. &



SPONSORS

INNOVATIVE ECONOMY SpPIN A e

NATIONAL COHESION STRATEGY H B DEVELOPMENT FUND

Faculty of Physics, Adam Mickiewicz University

& AR

|\MM‘
W'*W Institute of Molecular Physics of the Polish Acageoh Sciences

@g Committee of Physics of the Polish Academy of Soésn

% Rector of the Adam Mickiewicz University

F’C)Znaﬁ|< Program ,Akademicki Pozna

N
@EE European Physical Society




14°0- 14°

14%0- 15°

15°°-15%

15°-16%

16°%-16%

16%0-17%°

17°%-18%®

19%

SCHEDULE

Monday, June 27, 2011

OPENING
R. Micnas, B. ldzikowski

S.1 RECENT DEVELOPMENTS IN SPINTRONICS AND MAGNET IC
SEMICONDUCTORS
Chairmen: R. Micnas, B. ldzikowski

P. GRUNBERG Forschungszentrum Julich GmbH, Julich, Germany
From World Energy Problems to Giant Magneto Resist& and Spin Torque
A. THIAVILLE CNRS-Université Paris-sud, Orsay, France

Domain Wall Dynamics under Short Current Pulses: i@plransfer Torque
and Other Effects

J.K. FURDYNA Department of Physicg)niversity of Notre Dame, USA
Exchange Coupling in Magnetic Semiconductor Mu#iyers and Superlattices

coffee break

S.2 NEW DIRECTIONS IN STRONGLY CORRELATED MATTER
Chairman: S. Robaszkiewicz

M. TROYER Institut flr Theoretische Physik, ETH Zrich,
Zurich, Switzerland

Antiferromagnetism and Ferromagnetism of FermianAtoms

in Optical Lattices

PARALLEL ORAL SESSIONS
0.1 STRONGLY CORRELATED ELECTRONS AND HIGH
TEMPERATURE SUPERCONDUCTIVITY
Chairman: S. Robaszkiewicz
Extended presentation: O-1-11 (A.M. Qle
Short presentations: O-1-12, O-1-01, O-1-13, O-1€1(1-15

0.2 SPIN ELECTRONICS AND MAGNETO-TRANSPORT
Chairman: S. Krompiewski

Extended presentation: O-4-06 (H.J.M. Swagten)

Short presentations: O-4-02, O-6-01, O-7-03, O-3M6-06

WELCOME PARTY
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Tuesday, June 28, 2011

S.2 NEW MAGNETIC MATERIALS
Chairman: A.M. Ole

G.A. SAWATZKY  Max Planck-UBC Centre for Quantum Materials
University of British Columbia, Vancouver, Canada
New Magnetic Materials Based on Defects, AnionldStitution,
Interfaces and Doping
R.K. KREMER Max-Planck-Instituftir Festkorperforschun&tuttgartGermany
The Spin-1/2 Frustrated Helicoidal AntiferromagnietMultiferroic System
LiCuVO,: Recent Results
P. HORSCH Max-Planck-Institut fir Festkorperforschung, Sjatt,Germany
Spin-Orbital Physics And Defect States In Doped \dalates: Y ,Ca,VO;
|. SKORVANEK Institute of Experimental Physics
Slovak Academy of Sciences, KoSice, Slovakia
Recent Progress in FeCo-Based Soft Magnetic Nanstailine Alloys

coffee break

S.3 SPIN ELECTRONICS
Chairman: H. Szymczak

S. MAEKAWA Advanced Science Research Center (ASRC) and
Japan Atomic Energy Agency (JAEA), Tokai, Japan
Spin-Wave Spin-Current and Spin Seebeck Effect

M. PRZYBYLSKI Max-Planck-Institutir MikrostrukturphysikHalle, Germany
QuantumWell Statesand OscillatoryMagneticAnisotropyin Ultrathin Fe Films

L.W. MOLENKAMP Physikalisches Institut (EP3)
Julius-Maximilians-Universitat Wirzburg, Germany
Dirac Fermions in HgTe Quantum Wells

lunch break

PARALLEL ORAL SESSIONS
0.3 NANOSTRUCTURES, SURFACES, AND INTERFACES
Chairman: B. Bu ka

Extended presentation: O-5-12 (A. Ehresmann)

Short presentations: O-5-07, O-5-04, O-5-01, O-50&-06

0.4 QUANTUM AND CLASSICAL SPIN SYSTEMS
Chairman: A. Jezierski
Extended presentation: O-6-04 (H. Szymczak)
Short presentations: O-6-05, O-2-08, O-2-06, O-2M2-03

coffee break

POSTER SESSION I(categories: 1, 4, 5)
Chairmen: A. Ehresmann, P. Horsch, S. Lsgi, M. Przybylski, K.I. Wysokiski
(Members of the PM'11 BEST POSTER AWARD Jury)

Vi
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Wednesday, June 29, 2011

S.4 SPIN ELECTRONICS AND MAGNETO-TRANSPORT
Chairman: J. Barna

H. OHNO Center for Spintronics Integrated Systems and tatboy for
Nanoelectronics and Spintronics, Research Instifidectrical
Communication, Tohoku University, Sendai, Japan

Spin dynamics in nanoscale systems

T. DIETL Institute of Physics, Polish Academy of Sciences an
Institute of Theoretical Physics, University of Waw, Poland
Ferromagnetic Semiconductors at the Boundary of tdsl Localization

F. ALIEV Dpto. Fisica de la Materia Condensada, C03
Universidad Autbnoma de Madrid, 28049 Madrid, Spain
Conductance and Noise in Fully Epitaxial Magneticuhinel Junctions

C. LAMBERT Department of Physics, Lancaster Universigndaster, UK
Molecular-Scale Electronics and Mechanical Analogsi®f Spin Torques

coffee break

S.5 LOW DIMENSIONAL QUANTUM MAGNETISM
Chairman: H. Puszkarski

D.A. TENNANT Helmholtz-Zentrum Berlin flr Materialien und Egex
Institute forComplexMagneticMaterials Berlin, Germany
Twists, Symmetries, and Topology in Quantum Magssii

U.K. RORLER Leibniz Institute for Solid State & Materidkesearch
Dresden, Germany
Skyrmionic Matter - a New Type of Magnetic Order

H.T. DIEP Laboratoire de Physique Théorigue et Modélisation
Université de Cergy-Pontoise, Cergy-Pontoisanée
Spin Resistivity in Magnetic Materials

G. KAMIENIARZ Faculty of Physics, AMMickiewicz University,

Pozna, Poland
Anisotropy, Geometric Structure and Frustration Etts in Molecule-Based
Nanomagnets

lunch break

PARALLEL ORAL SESSIONS
0.5 STRONGLY CORRELATED ELECTRONS AND HIGH
TEMPERATURE SUPERCONDUCTIVITY
Chairman: J. Baszgki
Extended presentation: O-1-07 (B.dDowski)
Short presentations: O-1-03, O-1-06, O-1-09, O-1€14-17
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0.6 MAGNETIC STRUCTURE AND DYNAMICS
Chairman: R. Czajka
Extended presentation: O-3-14 (J. Martinek)
Short presentations: O-3-12, 0O-3-09, O-3-07, O-3c1:3-11

coffee break

SESSION OF SCIENTIFIC EXHIBITIORS
Chairmen: B. Andrzejewski, M. Urbaniak

AM Technologies
Electronic Measurement Equipment Available from Agnt Technologies

LOT-Oriel
Instruments for Magnetic Measurements

Kurt J. Lesker Company
The Kurt J. Lesker Company: Global Vacuum SolutioRsovider;
An Overview of the Global Company and its Offerings
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Thursday, June 30, 2011

S.6 SUPERCONDUCTIVITY, STRONGLY CORRELATED SYSTEM S
AND HEAVY FERMIONS
Chairman: L. Kowalewski

J. SPAEK Institute of Physics, Jagiellonian University, Kéav, Poland
Superconductivity in Strongly Correlated Systemsda@omparison
to Experiment

K.I. WYSOKI SKI Institute of Physics, M. Curie-Sk odowska Univeysi
Lublin, Poland
Impurities and Correlations in the Boson-Fermion Miz| of Superconductors

M.M. MA KA Institute of Physics, University of Silesiaatdwice, Poland
Mutual Enhancement of Magnetism and Fulde-Ferrelldrkin-Ovchinnikov
Superconductivity in CeCola

K.W. BECKER Institut fir Theoretische Physik
Technische Universitat Dresden, Germany
Heavy Fermion Properties in the Kondo Lattice Model

coffee break

S.7 SUPERCONDUCTIVITY AND MAGNETISM
Chairman: J.A. Morkowski

K. ROGACKI Institute for Low Temperature and Structure Redea

Polish Academy of Sciences, Wroc aw, Poland
Critical Currents of Feas Based SuperconductorsHiigh Magnetic Fields:
Hopes for Large Scale Applications

R. PU NIAK Institute of Physics, Polish Academy of Sciences
Warszawa, Poland
Anisotropyof SuperconductindgstatePropertiesn CupratesMgB,, andPnictides

D.J. SINGH Materials Science and Technology Division
Oak Ridge National Laboratory, Oak Ridge, USA
Magnetism and Superconductivity in Iron Pnictides

lunch break

POSTER SESSION lI(categories: 2, 3, 6, 7, 8)
Chairmen: A. Ehresmann, P. Horsch, S. Lsgi, M. Przybylski, K.I. Wysokiski
(Members of the PM’11 BEST POSTER AWARD Jury)

BUS TRANSPORTATION TO ROGALIN
VISIT TO ROGALIN PALACE
BANQUET



Friday, July 1, 2011

S.8 MAGNETIC NANOSTRUCTURES
Chairman: F. Stobiecki

9%- 9% A. BARTHELEMY  Université Paris-Sud, CNRS/Thales, Palaiseau,déran
Towards an Electric Control of Spintronics Devices
9% 1¢° A. MAZIEWSKI Faculty of Physics, University of Bia ystok

Bia ystok, Poland
Engineeringof Magneticand MagnetoopticalPropertiesof CoBased
Nanostructures

10°%- 10*° C.H. BACK Faculty of Physics, University Regensburg,
Regensburg, Germany
Non Local Magnetization Dynamics Due to Spin Pumpgin

10°-11%° J.-M. GRENECHE  Université du Maine, Le Mans, France
Surfaces and Grain Boundaries in Magnetic Nanostruces

11%%-11%* coffee break

S.9 KONDO SYSTEMS, HEAVY FERMIONS AND MAGNONIC

CRYSTALS
Chairman: D. Kaczorowski
11%%-12%° B. COQBLIN Laboratoire de Physique des Solides

Université Paris-Sud, Orsay, France
Kondo Lattice Models for Rare-Earth and Actinide &gms

12%°-12% T.TOLI SKI Institute of Molecular Physics
Polish Academy of Sciences, PoznRoland
From Heavy Fermion and Spin-Glass Behavior to MagmeOrder in
CeT,M Compounds

12%°-13° G. GUBBIOTTI CNISM - Dipartimento di Fisica, Universita di Pgra,
Perugia, Italy
Spin Wave Propagation Properties in Planar Magnoriizystals

1313 SUMMARY and CLOSING
1330.15% lunch









Professor dr. hab. Bogdan Fechner (1932009)

We regret to inform thaProfessor Bogdan Fechnerone of the main initiators of PM
conferences (along with Professor Janusz Morkowaskg co-chairman of our meetings in
1975, 1978, 1981, 1984, 1987, 1990, will no longerwith us as he has passed away on
December 26, 2009.

His remembrance will be commemorated in the confegerolume ofActa Physica
PolonicaA (issue 1, 2012).

Chairmen of PM’11
Roman Micnas, Bogdan Idzikowski
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CONDUCTANCE AND NOISE IN FULLY EPITAXIAL
MAGNETIC TUNNEL JUNCTIONS

F.G. Aliev!, D.Herranz', A. Gomez-Ibarlucea', R. Guerrero’,
C. Tiusan?, M. Hehn?, and S. Andrieu?
!Dpto. Fisica de la Materia Condensada,
C03, Universidad Auténoma de Madrid, 28049 Madrid, Spain

2 Institut Jean Lamour, Nancy-Université -54506 Vandoeuvre Les Nancy Cedex, France

Magnetic tunnel junctions (MTJs) are nowadays one of the most active areas of material
science and spintronics. Here, we review our recent studies of conductance and low
frequency noise as a function of applied bias, magnetic state and temperature in different
types of MTJs [1-4].

The shot noise measurements are used to resolve between direct and sequential tun-
nelling [1,2]. Fully epitaxial Fe/C/MgO/Fe(001) MTJs exhibit record low Hooge factors
being at least one order of the magnitude smaller than previously reported [3]. Interface
engineering by using Vanadium doping of Fe electrodes allows to relax misfit defects in-
side MgO barrier, dramatically reducing 1/f noise and enhancing tunnelling magnetore-
sistance [4]. Investigation of electronic transport in epitaxial Fe(100)/MgO/Fe/MgO/Fe
double magnetic tunnel junctions with soft barrier breakdown (hot spots) [5] reveals
quasi-periodic changes in the resistance as a function of bias voltage which point out
formation of quantum well states in the middle Fe continuous free layer. Finally, we
introduce ”1/f noise band spectroscopy” to characterize band structure of ferromagnetic
electrodes in M'TJs involved in the spin dependent tunnelling.

Collaboration with R. Villar, J. Moodera, T. Santos, Y. Tserkovnyak, F. Greullet,
F. Bonell, V. Dugaev, and J. Barnas is gratefully acknowledged. The work has been
supported in parts by Spanish-French Integrated Action project, Spanish MICINN and
European Science Foundation (FONE-SPINTRA).

[1] R.Guerrero, et al., Phys. Rev. Lett. 97, 0266602 (2006).

[2] R.Guerrero, et al, Appl. Phys. Lett. 91, 132504 (2007).

[3] F.G.Aliev, et al., Appl. Phys. Lett. 91, 232504 (2007).

[4] D.Herranz, et al., Appl. Phys. Lett. 96, 202501 (2010).

[5] D.Herranz, et al., Phys. Rev. Lett. 105, 047207 (2010).



NON LOCAL MAGNETIZATION DYNAMICS DUE TO SPIN
PUMPING

G. Woltersdorf, O. Moszend, B. Heinrich, A. Gangwar, and C.H. Back
Faculty of Physics, University Regensburg, 93040 Regensburg

Spin pumping in magnetic nanostructures may prove to be an important effect for the
investigation of pure spin currents in metallic magnetic heterostructures. Here, time
resolved scanning Kerr microscopy (TRSKEM) was used to study the non-local magne-
tization dynamics in magnetic double layers [1]. In our experiment a microwave field was
synchronized to the probe laser pulses and used to excite the magnetic moments in epi-
taxial Fe/Au/Fe/GaAs(001) magnetic double layers that were patterned into coplanar
waveguide structures. A variable time delay between the microwave driving field and
the laser pulses allows one to measure the time dependent rf-magnetization with ps time
resolution. The resonance frequencies of the two magnetic films were split by several
GHz due to their different interface anisotropies and film thicknesses [2]. For a thick Au
spacer layer only the top Fe film can be observed by TRSKEM. This leads to a unique
situation where one can resonantly excite the bottom layer while observing the response
on the top layer which is tuned far from the resonance. In doing so TRSKEM allows one
to observe rf-excitations originating from the coupling between the bottom and top Fe
layers. This coupling can be understood in terms of the spin-pump and spin-sink model
(3, 4, 5]. The TRSKEM experiment allowed us to measure the amplitude and phase
of the magnetization precession with respect to the rf-driving field. The amplitude and
phase of the precession of the top layer were also calculated using the Landau-Lifshitz
equations of motion which includes the spin pumping coupling. Furthermore we inves-
tigate ferromagnet/normal metal bilayer systems using FMR techniques and electrical
detection. Here, the ferromagnetic layer is driven into resonance and emits a pure spin
current into the normal metal layer. By using the inverse spin Hall effect the pure
spin current in the normal metal can be transformed into a signal that can be detected
electrically.

[1] G. Woltersdorf et al., Phys. Rev. Lett. 99, 246603 (2007)

[2] R. Urban et al. Phys. Rev. Lett. 87, 217204(2001)

[3] Y. T'serkovnyak et al. Phys. Rev. Lett. 88, 117601(2002)

[4] B. Heinrich et al. Phys. Rev. Lett. 90, 187601(2003)

[5] M. Stiles and A. Zangwill Phys Rev. B. 66, 014407(2002)

[6] O. Mosendz et al., Phys. Rev. Lett. 104, 046601 (2010)



TOWARDS AN ELECTRIC CONTROL OF SPINTRONICS
DEVICES

A. Crassous!, J. Allibel, V. Garcia'?, K.Bouzehouane!,
S.Fusil!, E.Jacquet!, L. Bocher?, A.Gloter?,
C. Deranot', N.Mathur?, M.Bibes' and A.Barthélémy'
1Unité Mixte de Physique CNRS/Thales, 1 av. A. Fresnel, 91767 Palaiseau, France
2University of Cambridge, Cambridge CB2 3EQ, United Kingdom
3Laboratoire de Physique des Solides, Universit Paris Sud, 91405 Orsay, France

Multiferroics should allow to achieve a low power electric control of spintronics devices
of great interest on the route to high density data storage. One of the most suitable mul-
tiferroic material is the antiferromagnetic-ferroelectric BiFeOs due to its high ordering
temperatures. To exploit its potential, BiFeO3 films have been used to establish a robust
exchange-bias effect [1]. Optimizations performed in order to obtain an electric control
of a spin valve will be presented [2]. We will also present experiments on heterostructures
combining ferroelectric tunnel barriers of BaTiOs and ferromagnetic electrodes (Fe or
Co). This kind of heterostructures allows to generate, within a single device, a tunnel
magnetoresistance (TMR) together with a very large tunnel electroresistance (TER) in-
duced by the ferroelectric polarisation of the barrier. They also give rise to a unusual
modulation of the spin polarisation at the interface by the ferroelectricity resulting in a
large TEMR (Tunnel Electro MagnetoResistance) effect [3].

[1] H. Béa et al., Appl. Phys. Lett. 89, 242114 (2006) and Phys. Rev. Lett 100, 017204
(2008)

[2] J. Allibe et al., Appl. Phys. Lett. 95, 182503 (2009)

[3] V. Garcia et al., Nature 460, 81 (2009) and Science 327, 1106 (2010)



HEAVY FERMION PROPERTIES IN THE KONDO LATTICE
MODEL

Klaus W. Becker! and Steffen Sykora?
ITechnische Universitit Dresden,
2Leibniz Institute for Solid State and Materials Research Dresden

The Kondo lattice model is often used as a starting point to discuss low-energy properties
of heavy-fermion systems. It includes a band of conduction electrons, interacting via an
exchange with a regular array of immobile spins. We discuss this model in the framework
of a quite novel projective renormalization method (PRM). Starting from a decomposi-
tion of the Hamiltonian into a dominant kinetic energy Hy and a Kondo-exchange H,
transition operators, due to H;, between the eigenstates of Hy are successively elimi-
nated in this method. With this analytical technique we arrive at a solvable effective
Hamiltonian H which consists of conduction electrons with renormalized dispersion £y
and an RKKY interaction term which is naturally generated within the renormalization
procedure. Here, £k can be interpreted as quasiparticle excitation. It turns out that £y
is also temperature dependent. Whereas for high temperatures it resembles the unrenor-
malized fermionic excitation €y, at low temperatures a dispersionless region around the
Fermi surface arises due to the formation of a singlet state. Simultaneously, we find that
a large ~ coeflicients develops in the specific heat at low temperatures. This feature is
usually traced back to a huge effective mass of heavy fermion quasiparticles. Concerning
the superconducting phase we shall also discuss the symmetry of the order parameter
and the large discontinuity AC in the specific heat at 1.



KONDO LATTICE MODELS FOR RARE-EARTH AND
ACTINIDE SYSTEMS

B. Cogblin®
“Laboratoire de Physique des Solides, CNRS - Université Paris-Sud,
91405 Orsay, France

There is a strong competition between the Kondo effect, magnetic order and eventually
spin glass or frustration effect in anomalous rare-earth and actinide systems. The Kondo-
magnetism competition has been extensively studied within a mean field treatment of
the normal Kondo Lattice model with localized Sy = 1/2 spins, which is applied success-
fully to Cerium or Ytterbium compounds. On the other side, some actinide compounds,
like UTe, Npo PdGas or UCwu251, have a large Curie temperature 7. of order 100K and
present also a Kondo behavior. We have developed firstly an Underscreened Kondo Lat-
tice (UKL) model with S¢ = 1 spins for the 5f-electrons and we have recently improved
it by deriving, by the Schrieffer-Wolff transformation, a 5f-band with a finite bandwidth.
The UKL model can account for properties of some Uranium and Neptunium compounds
and in particular the variation of 1, with pressure in UT'e. Then, we have studied the
properties of disordered Cerium alloys like CeCu, Nty _, or CeRh, Pdy_, by considering
the Kondo effect, a ferromagnetic order and a spin glass behavior described by several
approaches. The van Hemmen approach gives a good explanation of the properties of
Cerium alloys and we are presently developing a first description of the magnetic glass
clusters which occur in both spin glass and ferromagnetic phases. Finally, we present a
new description of a frustrated Kondo Lattice model, which can account for the behavior
of some Ytterbium compounds under pressure.



SPIN RESISTIVITY IN MAGNETIC MATERIALS

H.T. Diep
Laboratoire de Physique Théorique et Modélisation, Université de Cergy-Pontoise,
CNRS UMR 8089 2, Avenue Adolphe Chauvin, 95302 Cergy-Pontoise Cedex, France

We show in this talk recent results on the spin resistivity in magnetically ordered ma-
terials obtained by Monte Carlo simulations. We discuss its behavior as a function of
temperature in various types of crystal: ferromagnetic, antiferromagnetic and frustrated
spin systems. In the model used for simulations, we take into account the interaction
between itinerant spins and that between lattice spins and itinerant spins. We also
include a chemical potential term, as well as applied magnetic and electric fields.

We study in particular the behavior of the spin resistivity at and near the magnetic phase
transition where the effect of the magnetic ordering is strongest. In ferromagnetic crys-
tals, the spin resistivity shows a sharp peak very similar to the magnetic susceptibility.
This can be understood if one relates the spin resistivity to the spin-spin correlation as
suggested in a number of theories. The dependence of the shape of the peak on physical
parameters such as carrier concentration, magnetic field strength, relaxation time etc.
is discussed.

In antiferromagnets, the peak is not so pronounced and in some cases it is absent. Its
direct relationship to the spin-spin correlation is not obvious. As for frustrated spin
systems with strong first-order transition, the spin resistivity shows a discontinuity at
the phase transition. Physical mechanisms for itinerant-spin scattering are discussed.
For comparison, we show recent experimental results on various magnetic materials.



FERROMAGNETIC SEMICONDUCTORS AT THE BOUNDARY
OF HOLES’ LOCALIZATION

Tomasz DIETL
Laboratory for Cryogenic and Spintronic Research, Institute of Physics, Polish

Academy of Sciences; Institute of Theoretical Physics, University of Warsaw
(dietl@ifpan.edu.pl)

The presence of localized spins exerts a strong influence on quantum Anderson-Mott
localization in doped semiconductors. At the same time carriermediated interactions
between the localized spins are modified or even halted by carriers’ localization and the
associated disorder-driven spatial fluctuations in the local density of carrier states [1,2].

The interplay of these effects is discussed for II-VI [3-5] and III-V [6- 10] diluted mag-
netic semiconductors. This insight is exploited to interpret the complex dependence
of resistance [6-9], anomalous Hall effect [10], and magnetization [11] on temperature,
magnetic field, and concentration of valenceband holes in (Ga,Mn)As. In particular,
high field negative magnetoresistance results from the orbital weak localization effect
[6]. The resistance maximum and the associated negative magnetoresistance near the
Curie temperature are assigned to the destructive influence of preformed ferromagnetic
bubbles [11] on the “antilocalization” effect driven by disorder-modified carrier—carrier
interactions [5,6]. These interactions account also for the low temperature increase of
resistance [6-9]. Furthermore, the sensitivity of conductance to spin splitting and to
scattering by spin disorder may explain resistance anomalies at coercive fields, where
relative directions of external and molecular fields change.

1. see, “Spintronics”, in: Semiconductors and Semimetals, vol. 82, eds. T. Dietl,
D.D. Awschalom, M. Kaminska, H. Ohno (Elsevier, Amsterdam, 2008).

2. T. Dietl, J. Phys. Soc. Jpn. 77, (2008) 031005.

3. T. Andrearczyk, J. Jaroszyski, G. Grabecki, T. Dietl, T. Fukumura, and M. Kawasaki:
Phys. Rev. B 72 (2005) 1213009.

4. T. Dietl, T. Andrearczyk, A. Lipiska, M. Kiecana, M. Tay, and Y. Wu: Phys. Rev. B 76
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EXCHANGE COUPLING IN MAGNETIC SEMICONDUCTOR
MULTILAYERS AND SUPERLATTICES*

Jacek K. Furdyna
Department of Physics, University of Notre Dame, Notre Dame, Indiana, USA

The study of ferromagnetic (FM) dilute magnetic semiconductors (DMSs) continues
to be of great interest because of their potential for spin-electronic device application.
While there has been much progress in our understanding of DMS materials - particu-
larly of the canonical ITI-V system Ga;_,Mn,As - many issues still remain unresolved.
One of these is the nature of interlayer exchange coupling (IEC) in GaMnAs-based mul-
tilayers, an issue that is important from the point of view of possible spin-electronic
(“spintronic”) applications. Consider, for example, IEC between two magnetic layers
separated by a non-magnetic spacer. The ability to manipulate such IEC enables us
to control the relative direction of magnetization in one magnetic layer relative to the
other, which lies at the heart of giant magnetoresistance (GMR) devices in wide use in
information processing. In this connection, in the present case of GaMnAs multilayers
it is important to establish under what conditions the IEC between adjacent GaMnAs
layers is antiferromagnetic (AF) or ferromagnetic (FM), since manipulation of the TEC
can then be directly applied to achieve GMR devices based on this material. In this talk
we will describe magneto-transport, magnetization, and neutron reflectometry experi-
ments applied to two types of GaMnAs-based structures - superlattices and tri-layers
- consisnting of GaMnAs layers separated by non-magnetic GaAs spacers. These mea-
surements serve to identify conditions under which AFM coupling will occur in such
GaMnAs/GaAs multilayer systems, thus providing us the information which can be
used for manipulating magnetization (and thus also GMR) in structures based on the
ferromagnetic semiconductor GaMnAs.

*Collaborators: X. Liu, B. J. Kirby, J. Leiner, M. Dobrowolska, J. H. Chung, and S. Lee.



SURFACES AND GRAIN BOUNDARIES IN MAGNETIC
NANOSTRUCTURES

B. Fongang, F. Calvayrac, N. Yaacoub, Y. Labaye and J.M. Greneche
Laboratoire de Physique de ’Etat Condensé LPEC, UMR CNRS 6087, Université du
Maine,

Institut de Recherche en Ingnierie Moléculaire et Matériaux Fonctionnels IRIM2F,
FR CNRS 2575 72085 Le Mans Cedex 9 France.

The magnetic properties of nanostructures strongly differ from those of microstructures
because of the enhanced role of surfaces, grain boundaries or interfaces, according to
their dimensionality. They originate fundamental problems which have to be clarified
and well controlled in order to make suitable these magnetic nanostructures. We first
review the main structural characteristics and relevant parameters in correlation with
the chemistry and stability of these systems, and expected static and dynamic magnetic
properties induced by the confinement effects.

Then, we report experimental studies on several illustrative examples from oxide nanopar-
ticles (maghemite, magnetite and ferrites, in the as-prepared, subsequently annealed and
functionalized states) and then metallic and ionic nanostructured powders. Special at-
tention is focused on both the experimental determination and computer modelling of
the structure of surface or grain boundaries. In addition to diffraction techniques and
microscopies, local probe spectroscopies are effective tools to identify atomic species
located at surface and grain boundaries. The role of both zero-field and in-field ®7Fe
Mossbauer spectrometry is emphasized in the case of Fe based nanostructures in con-
juntion with static and ac magnetic measurements, to better understand local scale and
time scale structural and magnetic properties. These features are well supported by
computer modelling of surface and grain boundaries effects.
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FROM WORLD ENERGY PROBLEMS
TO GIANT MAGNETO RESISTANCE AND SPIN TORQUE
Peter A. Griinberg®,
Koji Ando’, Hitoshi Kubota®, Tomohiro Taniguchi’ and Shinji Yuasa’

“Research Center Jiilich, Germany
PAIST, Tsukuba, Japan
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SPIN WAVE PROPAGATION PROPERTIES IN PLANAR
MAGNONIC CRYSTALS

G. Gubbiotti*?, S. Tacchi®, M. Madami?, G. Carlotti®
*IOM-CNR, ¢/o Dipartimento di Fisica, Via A. Pascoli, Perugia, Italy
b CNISM, Unita di Perugia,Via A. Pascoli, Perugia, Italy

In recent years, Magnonic Crystals (MCs) emerged as new class of materials with period-
ically modulated magnetic properties where allowed bands and ranges of forbidden gaps
can be recognized in the dispersion curves of spin excitations. Magnonics or magnons
spintronics is the corresponding research field whose purpose is to explore spin waves to
store, carry and process information.This offers an unprecedented opportunity to design
and exploit a new generation of spin logic devices, filters and waveguides operating in
the GHz frequency range. However, knowledge of the magnonic band structure of a spe-
cific MC is preliminary to any desired application. In this work, we use Brillouin light
scattering (BLS) technique to investigate the spin wave band structure in 1D and 2D
discrete and continuous MCs constituted either by ordered arrays of magnetic elements
interacting via the dynamic dipolar interaction or by a continuous medium with a peri-
odical profile of magnetic properties. The research leading to these results has received
funding from the European Community (FP7/2007-2013) under Grant Agreement no.
228673 (MAGNONICS).
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SPIN-ORBITAL PHYSICS AND DEFECT STATES
IN DOPED VANADATES: Y;_xCaxVOs

Peter Horsch
Max-Planck-Institute for Solid State Research, D-70569 Stuttgart, Germany

Recent experimental and theoretical investigations of RVOj3 perovskites, with R= Lu,
Y,...,La , have revealed the interplay between spin, charge and orbital degrees of free-
dom, displaying remarkable changes of magnetic and spectral properties. The f5, valence
electrons in these transition metal oxides lead to strong spin-orbital superexchange in-
teractions relative to weak orbital-lattice coupling [1]. Thus the spin-orbital dynamics
and the different phases of these compounds are naturally described in the frame of
spin-orbital superexchange models. Focus in the talk is on the effect of doping. After a
brief discussion of some of the experimental challenges, the hole-motion in a spin-orbital
t-J model and the formation of spin-orbital polarons is addressed [2,3]. Next we intro-
duce a model for generic charge defects in doped perovskites like Y;_,Ca, VO3 [4]. The
influence of these defects on the relative stability of the different magnetic phases will
be discussed, as well as the effect of defects on optical spectra and photoemission.
[1] P. Horsch, A. M. Ole§, L.-F. Feiner, and G. Khaliullin,

Phys. Rev. Lett. 100, 167205 (2008).
[2] M. Daghofer, K. Wohlfeld, A.M. Oles, E. Arrigoni, and P. Horsch,

Phys. Rev. Lett. 100, 066403 (2008).
[3] K. Wohlfeld, A.M. Oles, and P. Horsch, Phys.Rev. B 79, 224433 (2009).
[4] P. Horsch and A.M. Oles, (2011, to be publ.)
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ANISOTROPY, GEOMETRIC STRUCTURE AND

FRUSTRATION EFFECTS
IN MOLECULE-BASED NANOMAGNETS

G. Kamieniarz®, P. Kozlowski?, M. Antkowiak®, P. Sobczak®, T. glusarskia,
D. M. Tomecka®, A. Barasinski’, B. Brzostowski®’, A. Drzewinski®,
A. Bienko®, J. Mrozinski¢, F. Tuna?, G. A. Timco?, R. E. P. Winpenny*
?Faculty of Physics, A. Mickiewicz University, Poznan, Poland
PInstitute of Physics, University of Zielona Géra, Poland
“Faculty of Chemistry, University of Wroclaw, Poland
IDepartment of Chemistry, University of Manchester, United Kingdom

Molecular nanomagnets are based on transition metal

ions, which determine their magnetic properties. Mag- |/

netic shielding of the molecules by organic ligands — {‘.‘— g,
allows the quantum effects characteristic of a single he | Q b

molecule to be measured in a bulk sample. In view of Fxﬁ‘! & v e
possible applications, precise modeling of such mate- " % -5 o an W
rials plays a very important role. In the lecture we are =

going to present results on anisotropy, geometric struc-
ture and frustration effects in a family of molecular
rings and chains obtained by means of various com-
plementary numerical simulations both phenomeno-
logical and ab-initio. The precise numerical results
obtained can be used to test theoretical models or as
guidelines for experiment.

The chromium-based molecular ring CrgFgPivig (abbreviated as Crg) is a precursor of
a family of chromium nano-rings. The localization of the spin density on Cr(IlI) ions is
shown in Figure. The Cr7;Cd complex is another member of the family. It was obtained
by substituting one of the chromium centers in Cr8 with a non-magnetic Cd ion. We
assume that these compounds can be modeled by the anisotropic Heisenberg Hamiltonian
which yields a very good fit to susceptibility and magnetization. It is demonstrated that
the best results in modeling magnetic torque of Cr7;Cd can be obtained by taking into
account bond dependent exchange anisotropy. Another interesting property analyzed
was magnetic frustration in a model of nine-membered chromium ring (Crg) with a
bond defect. We specified local and global thermodynamic quantities which can serve as
frustration signatures and showed how frustration depends on the magnitude of a bond
defect.

The magnetic properties of the bimetallic zig-zag shaped chains with Re(IV) and Cu(II)
complexes were numerically analyzed on the basis of the planar model which takes into
account, the site-dependent alternating directions of the local coordinate systems for
the Re(IV) ions and the axial and rhombic single-ion anisotropy terms. A number of
symmetries for the single-crystal susceptibility were found and the value of the rhombic
anisotropy parameter accounting for some thermodynamic properties was estimated.
The results of our simulations were successfully fitted to the corresponding experimental
susceptibility data.

e &
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THE SPIN-1/2 FRUSTRATED HELICOIDAL
ANTIFERROMAGNETIC MULTIFERROIC SYSTEM LiCuVOy:
RECENT RESULTS

Reinhard K. Kremer*
Max-Planck-Institut fiir Festkoerperforschung, Stuttgart, Germany

Lately much attention has been focused on the magnetic and especially the multiferroic
properties of the helicoidal quantum antiferromagnet LiCuVO,. The spin-1/2 Cu? ions
of LiCuVO, form one-dimensional chains. Spin frustration in LiCuVO,4 brought about
by competing nearest-neighbor ferromagnetic exchange J; and the next-nearest-neighbor
antiferromagnetic exchange Jo in these chains leads to helicoidal antiferromagnetic or-
dering and multiferroic behavior below about 2.5 K. I report and discuss new inelastic
and elastic neutron scattering results in which we have studied the two-spinon and the
four-spinon continuum and the magnetic structure with and without an electric field
by polarized neutron diffraction.[1,2] T also review a recent controversy on the mag-
nitude of the nearest-neighbor and next-nearest neighbor exchange interaction which
we resolved by a careful re-investigation of the low-temperature crystal structure, the
high-temperature magnetic susceptibilities and new DFT calculations.|3]

[1] M. Enderle, B. Fak, H.-J. Mikeska, R. K. Kremer, A. Prokofiev, and W. Assmus,
Phys. Rev. Lett. 104, 237207 (2010).

[2] M. Mourigal, M. Enderle,R. K. Kremer, J. M. Law, and B. Fak, Phys. Rev. B 83,
100409(R) (2011).

3] H.J. Koo, C. Lee, M.-H. Whangbo, G. J. McIntyre and R. K. Kremer, Inorg. Chem.,
in press.

* work done in close collaboration with M. Enderle, B. Fk, M. Mourigal, H.-J. Mikeska,
H.-J. Koo, C. Lee, G. J. McIntyre, M-H. Whangbo, J. M. Law
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MOLECULAR-SCALE ELECTRONICS AND MECHANICAL
ANALOGUES OF SPIN TORQUES

Colin Lambert
Department of Physics, Lancaster University, UK

When a spin-polarised current impinges on a magnetic island, an imbalance between
incoming and outgoing fluxes of spin angular momentum generates a spin torque on
the island. In this talk, I describe a molecular-scale, mechanical analogue of this effect,
which arises when an electrical current impinges on a chiral nanotube. In this case, the
outgoing electron ‘wind’ acquires an angular momentum and by Newton’s third law,
exerts a mechanical torque on the chiral nanotube. This effect occurs, for example, in
a double-wall carbon nanotube (CNT), in which a current flows from the outer achiral
CNT to the inner chiral CNT. For reasonable area of overlap between the inner and
outer CNTs, it can be shown that the current-induced torque is sufficient to overcome
the mutual friction and therefore the inner CN'T' will rotate.

With a view to optimizing the design of such a ‘windmill’ and to maximizing the internal
magnetic field generated by chiral currents, I present analytical results for the group-
velocity components of an electron flux through chiral carbon nanotubes. Chiral currents
are shown to exhibit a rich behavior and can even change sign and oscillate as the energy
of the electrons is increased. It is found that the transverse velocity and associated
angular momentum of electrons are a maximum for nonmetallic CNT's with a chiral
angle of 18 degrees. Such CNTs are therefore the optimal choice for CNT windmills
and also generate the largest internal magnetic field for a given longitudinal current.
For a longitudinal current of order 10~% A, this field can be of order 10! T, which is
sufficient to produce interesting spintronic effects and a significant contribution to the
self-inductance.

Since an electrical current can produce mechanical rotation, it is reasonable to expect
that mechanical rotation of an outer CNT relative to an inner CN'T can induce an
electron current. When the outer tube is chiral, such devices indeed act like quantum
Archimedes screws, which utilize mechanical energy to pump electrons between reser-
voirs. Results will be presented for the pumped charge from one end of the inner tube
to the other, driven by the rotation of a chiral outer nanotube. Such a device is found
to be an efficient electron pump, whose pumped charge can be greater than one electron
per 360 degrees rotation.

References:

Carbon nanotube Archimedes screws, L. Oroszlany, V. Zolyomi and C. J. Lambert, ACS
Nano,7363 (2010)

Oscillating chiral currents in nanotubes: A route to nanoscale magnetic test tubes, C.J.
Lambert, S.W.D. Bailey, and J. Cserti, Phys. Rev. B78 233405 (2008)

Carbon Nanotube Electron Windmills: A Novel Design for Nanomotors. S.W. D. Bailey,
I. Amanatidis and C. J. Lambert, Phys. Rev. Lett. 100, 256802 (2008)
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SPIN-WAVE, SPIN CURRENT AND SPIN SEEBECK EFFECT

Sadamichi Maekawa
Advanced Science Research Center,
Japan Atomic Energy Agency
Tokai 319-1195, Japan

The collective magnetic excitation of spin, i.e., spin-wave (magnon), in a ferromagnetic
insulator carries the spin current [1]. When the spin current is generated by the electric
voltage via the spin Hall effect, it transmits the electric signal in the insulator [2]. On
the other hand, when it is generated by heat, it carries the thermal energy, i.e., the
Spin Seebeck effect [3]. Here, we formulate the spin current in a ferromagnetic insulator
generated by electric voltage [4] and heat [5] based on the fluctuation-dissipation theory.
The numerical simulation of a variety of the transmission phenomena is presented in the
ferromagnetic-insulator /nonmagnetic-metal hybrids.

[1] ”Concepts in Spin-Eelectronics” ed. S. Maekawa (Oxford University Press, 2006).
2] Y. Kajiwara et al.: Nature 464, 262 (2010).

[3] K. Uchida et al.: Nature Materials, 9, 894 (2010).

[4] J. Ohe et al.: Phys. Rev. B (2011).

[5] H. Adachi et al.: APL 97, 252506 (2010) and Phys. Rev. B (2011).
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MUTUAL ENHANCEMENT OF MAGNETISM AND
FULDE-FERRELL-LARKIN-OVCHINNIKOV
SUPERCONDUCTIVITY IN CeColns

Maciej M. Maska, Marcin Mierzejewski, and Andrzej Ptok
Department of Theoretical Physics, Institute of Physics, University of Silesia,
40-007 Katowice, Poland

It was predicted in the middle of the 1960s that unusual superconducting state with non-
vanishing momentum of the Cooper pairs may occur at low temperatures and in strong
magnetic fields [1,2]. Despite the straightforward nature of the theoretical prediction,
actual observations of this state have turned out to be extremely difficult. Unambigu-
ous experimental evidence for its formation has been reported only very recently from
specific heat and magnetization measurements on CeColnjs [3]. Moreover, recent experi-
ments on CeColng suggest an unusual interplay between superconducting and magnetic
orders that gives rise to a multicomponent (magnetosuperconducting) phase [4]. We
demonstrate that characteristics of CeColns make this system particularly well suited
for the onset of such a phase. Based on general considerations, we show that super-
conductivity with nonzero Cooper-pair momentum may lead to an enhancement of the
spin-spin response function and, simultaneously, incommensurate spin-density wave may
enhance the Cooper-pair susceptibility [5].

[1] P. Fulde and R. A. Ferrell, Phys. Rev. 135, A550 (1964).

[2] A. L. Larkin and Yu. N. Ovchinnikov, Zh. Eksp. Teor. Fiz. 47, 1136 (1964) [Sov.
Phys. JETP 20, 762 (1965)].

[3] H. A. Radovan, N. A. Fortune, T. P. Murphy, S. T. Hannahs, E. C. Palm, S. W.
Tozer, and D. Hall, Nature (London) 425, 51 (2003).

[4] M. Kenzelmann, T. Strissle, C. Niedermayer, M. Sigrist, B. Padmanabhan, M. Zol-
liker, A. D. Bianchi, R. Movshovich, E. D. Bauer, J. L. Sarrao, and J. D. Thompson,
Science 321, 1652 (2008).

[5] M. Mierzejewski, A. Ptok, and M. M. Maska, Phys. Rev. B 80, 174525 (2009).
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ENGINEERING OF MAGNETIC AND MAGNETOOPTICAL
PROPERTIES OF CO BASED NANOSTRUCTURES

A. Maziewski
Faculty of Physics, University of Bialystok, Lipowa 41, 15-424 Bialystok, Poland

Magnetic anisotropy of sandwiched ultrathin Co layers can be effectively tuned by prop-
erties of either an overlayer or/and underlayer. An extension of the Co thickness range
with the out-of-plane magnetization component is obtained by: (i) an application of the
vicinal substrate/buffer surface [1], (i¢) increase of the bilayer number N in (Co/Au)y
multilayer [2]. Ion irradiation is an additional powerful tool for magnetic properties mod-
ification either uniformly or in a local scale, using a focused ion beam (FIB). Usually,
such treatment decreases coercivity and magnetic anisotropy of the affected structures,
but recently it has been shown that ion irradiation induces also an out-of-plane magne-
tization component [3]. Co-based nanostructure, patterning realized by such methods as
patterned buffer [4] or ion irradiation [5,6], will be discussed. Polish teams involved in
reported studies realize SPINLAB project in the frame of the EU programme Innovative
FEconomy, Priority 2.2.

1. A. Stupakiewicz, A. Maziewski, K. Matlak, N. Spiridis, M. Sl@zak, T. Sl@zak, M.
Zajac, J. Korecki, Phys. Rev. Lett., 101, 217202 (2008)

2. M. Tekielak, P. Mazalski, A. Maziewski, R. Schéfer, J. McCord, B. Szymariski, M.
Urbaniak, F. Stobiecki, IEEE Trans.Magn., 44, No. 11, 2950 (2008)

3. J. Jaworowicz, A. Maziewski, P. Mazalski, M. Kisielewski, 1. Sveklo, M. Tekielak,
V. Zablotskii, J. Ferré, N. Vernier, A. Mougin, J. Fassbender, A. Henschke, Appl.
Phys.Lett., 95, 022502 (2009)

4. A. Wawro, A. Petroutchik, L. T. Baczewski, Z. Kurant and A. Maziewski, Euro-
phys. Lett., 89, 37003 (2010)

5. M. Urbaniak, P. Kuswik, Z. Kurant, M. Tekielak, D. Engel, D. Lengemann, B.
Szymanski, M. Schmidt, J. Aleksiejew, A. Maziewski, A. Ehresmann, F. Stobiecki,
Phys.Rev.Lett., 105, 067202 (2010)

6. P. Kuswik, A. Ehresmann, M. Tekielak, B. Szymariski, I. Sveklo, P. Mazalski, D.
Engel, J. Kisielewski, D.Lengemann, M. Urbaniak, C. Schmidt, A. Maziewski, F.
Stobiecki, Nanotechnology, 22, 095302 (2011)
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DIRAC FERMIONS IN HgTe QUANTUM WELLS

Laurens W. Molenkamp
Physikalisches Institut(EP3) der Universitat Wiirzburg
Am Hubland, 97074 Wirzburg, Germany

HgTe quantum wells have a linear band dispersion at low energies and thus mimic
the Dirac Hamiltonian. Changing the well width tunes the band gap (i.e., the Dirac
mass) from positive, through zero, to negative. Wells with a negative Dirac mass are
2-dimensional topological insulators and exhibit the quantum spin Hall effect, where a
pair of spin polarized helical edge channels develops when the bulk of the material is
insulating. Our transport data provide very direct evidence for the existence of this
third quantum Hall effect. Wells with a thickness of 6.3 nm are zero gap Dirac systems,
similar to graphene. However, zero gap HgTe wells possess only a single Dirac valley,
which avoids inter-valley scattering.
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MgO-CoFeB INTERFACE PERPENDICULAR ANISOTROPY
FOR SPINTRONIC DEVICES

Hideo Ohno':?
LCenter for Spintronics Integrated Systems, Tohoku University, 2-1-1 Katahira,
Aoba-ku, Sendai 980-8577, Japan
2Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical
Communication, Tohoku University
E-mail address: ohno@riec.tohoku.ac.jp

MgO (100)-CoFeB bce(100) is a preferred system for making magnetic tunnel junction
(MTJ), a spintronic device, because it offers a large tunnel magnetoresistance (TMR) of
> 100% required for nonvolatile memory cells through symmetry filtering of wavefunc-
tions. Integration of MTJs with CMOS in the back-end enables not only non-volatile,
high density, and fast stand-alone and /or embedded RAMs, but also a possibility of non-
volatile logic-in-memory CMOS VLSIs [1]. To this end, MTJs utilizing current-induced
magnetization switching have been developed; first with in-plane easy axis using MgO-
CoFeB and then with perpendicular easy axis. The shift from in-plane to perpendicular
is a natural one because high crystalline anisotropy in perpendicular materials is advan-
tageous for reducing cell size. In addition, current-induced switching is inherently more
efficient with perpendicular easy axis. However, satisfying both high tunnel magnetore-
sistance (TMR) over 100% and low switching current was a formidable task, because
of the mismatch between MgO (100) — CoFe(B) bce (100) structure needed to obtain
high TMR and the crystal structure of perpendicular materials. We have experimen-
tally shown that a strong perpendicular interface anisotropy exists at the MgO-CoFeB
interface [2, 3], so strong (K; = 1.3 mJ/m?) that it can overcome the demagnetization
and make the easy axis perpendicular. First principle calculation by Nakamura et al.
shows that the perpendicular anisotropy is due to the oxygen-iron bond that reduces
contribution of in-plane crystalline anisotropy [4]. Using this perpendicular easy axis,
we have shown a 40 nm¢ perpendicular MgO-CoFeB MTJ with high TMR (>100%)
and low switching current of 49 pA [3]. In addition to MTJs, we have investigated
current-induced domain wall motion in perpendicular MgO-CoFeB films [5], where per-
pendicular anisotropy is required for reducing critical current density for domain wall
motion. We also report on the current induced effective fields in ultrathin perpendicular
CoFeB films with MgO cap [6].

This work was supported by the FIRST program from JSPS.

[1] S. Tkeda, et al. IEEE Trans. Electron Devices, 54, 991, 2007.

[2] M. Endo, et al. Appl. Phys. Lett., 96, 212503, 2010.

[3] K. Nakamura et al., Phys. Rev. B 81, 220409(R), 2010.

[4] S. Ikeda, et al. Nature Mat., 9, 721, 2010

[5] S. Fukami et al. Appl. Phys Lett. 98, 082504, 2011.

[6] T. Suzuki et al. Appl. Phys. Lett. 98, 142505, 2011.
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QUANTUM WELL STATES AND OSCILLATORY MAGNETIC
ANISOTROPY IN ULTRATHIN Fe FILMS

J. Li, Y. Z. Wu, U. Bauer, M. Dabrowski, F. Yildiz, and M. Przybylski
Max-Planck-Institut fiir Mikrostrukturphysik, Weinberg 2, 06120 Halle, Germany

In dimensionally reduced magnetic systems, such as ultrathin films, electrons can be
confined perpendicular to the film plane and form quantum well states (QWS). The
formation of QWS can directly alternate the electronic structure at the Fermi level and
therefore result in oscillatory physical properties such as magnetic anisotropy.

In thin films grown on stepped surfaces, magnetic anisotropy can be modified in com-
parison to the anisotropy of films grown on atomically flat surfaces. Such a modification
is often deseribed as an additional uniaxial anisotropy with the easy magnetization axis
in the film plane oriented along or perpendicular to the step direction.

[ will report on large amplitude quantum oscillations of such uniaxial magnetic anisotropy
in Fe films grown on Ag vicinal surfaces of high step density. I will show that the mag-
netic anisotropy, and easy magnetization axis, oscillates as a function of film thickness.
For the Fe/Ag(1,1,6) system, at low temperatures, the anisotropy clearly oscillates with
Fe thickness with a period of 5.9 ML, which is exactly the same as ohserved for the
Fe films grown on Ag(1,1,10). This is natural since there is the same ultrathin film of
Fe, grown on the same Ag(001) substrate. The oscillation amplitude, however, depends
on how much the anisotropy in the film volume is modified by the steps and scales
quadratically with the step density.

There are no theoretical calculations available to which we can compare our experimental
results for Fe films on Ag(001) surfaces. The only available theory predicts oscillations
of the magnetocrystalline anisotropy energy as a function of film thickness for fee Co
films on Cu(001). These predictions, made nearly 15 years ago, have so far not been
confirmed experimentally.
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ANISOTROPY OF SUPERCONDUCTING STATE PROPERTIES
IN CUPRATES, MgB2, AND PNICTIDES

R. Puzniak
Institute of Physics, Polish Academy of Sciences,
Aleja Lotnikow 32/46, PL-02-668 Warsaw, Poland

In the anisotropic Ginzburg-Landau theory, which is the most commonly applied phe-
nomenological description of layered superconductors, the anisotropy is described by the
temperature independent effective mass anisotropy (assuming (m} /mj—)l/ 2= N/A =

H C”g JH JJQ?;, where A is penetration depth and H., is upper critical field). However, a
temperature dependent anisotropy was observed in some superconductors, especially in
MgB», and was explained as a consequence of the presence of two superconducting gaps.
A similar temperature dependence was also observed in recently discovered iron-based
superconductors, in which an evidence for two-band superconductivity was provided by
several experiments, including point contact spectroscopy and ARPES. A recent study
of the cuprate superconductor SmBas;Cu3zO7_s has shown that the temperature depen-
dence of the anisotropy is observed also for this class of the layered high-7, superconduc-
tors. Temperature variation of the anisotropy strongly depends on the doping level and
is more pronounced for the samples with lower oxygen content, i.e., for the samples with
well developed pseudogap. This rises the question whether the temperature dependence
of the anisotropy is a common property of all layered high-T,. superconductors and how
it is linked to the gap structure.
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SKYRMIONIC MATTER -
A NEW TYPE OF MAGNETIC ORDER

Ulrich K. Rofller, Anna B. Butenko, Andrei A. Leonov, Alexei N. Bogdanov
IFW Dresden, POB 270116, D-01171 Dresden, Germany

In non-centrosymmetric magnets the chiral Dzyaloshinskii-Moriya (DM) exchange sta-
bilizes tubular Skyrmions, i.e. smooth, topological, and static spin textures. Chiral
Skyrmionic states may exist in many magnetic systems due to the DM-couplings as
leading spin-orbit effect, if allowed by crystal symmetry or induced by broken inversion
symmetry at surfaces. Skyrmionic textures are determined by the stability of localized
solitonic cores and their geometrical incompatibility frustrating homogeneous space-
filling. Results from phenomenological continuum theory of chiral magnets show that
these spin-textures form extended states. Present understanding of the Skyrmionic mag-
netic states is described with a view on recent experimental observations in chiral cubic
helimagnets. The multidimensional solitonic nature of the Skyrmion strings underlies
unusual magnetic in such systems. The isolated Skyrmion excitations may undergo con-
finement near the magnetic ordering transition. In the ordered state these molecular
units condense into mesophases that may appear as liquid-like or regular arrays. The
existence of the particle-like Skyrmions and their variable arrangements explains the no-
tion of ‘Skyrmionic matter’ that underlies exotic properties and unusually rich magnetic
phase diagrams of non-centrosymmetric magnets.
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CRITICAL CURRENTS OF FeAs BASED SUPERCONDUCTORS

IN HIGH MAGNETIC FIELDS:
HOPES FOR LARGE SCALE APPLICATIONS

Krzysztof Rogacki
Institute of Low Temperature and Structure Research, Polish Academy of Sciences,
P.O. Box 1410, 50-950 Wroclaw, Poland

In addition to presenting intriguing physics, the FeAs based superconductors revive our
hopes for large scale applications due to their high upper critical fields and relatively low
anisotropy. An important question arises if the pinning properties of these compounds
are sufficient to provide high critical currents at high magnetic fields. We will focus on
the critical currents, the upper critical field, and their anisotropy in low (~15 T) and
high (up to ~65 T) magnetic fields. The critical current densities j. ~ 10° A/cm? have
been measured both magnetically and by transport for the SmFeAs(O,F) single crystals
in the ab-plane at temperatures 7' ~ 5 K and magnetic fields B ~ 15 T.[1] Our detailed
studies of the superconducting magnetic and transport properties of the REFeAs(O,F)
single crystals (RE = La, Sm, Nd) reveal a promising combination of high and nearly
isotropic intragrain critical current densities, which is indeed promising for applications.

[1] P.J.W. Moll, R. Puzniak, F. Balakirev, K. Rogacki, J. Karpinski, N.D. Zhigadlo,
and B. Batlogg, Nature Materials, vol. 9, 628 (2010).
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NEW MAGNETIC MATERIALS BASED ON DEFECTS, ANION
SUBSTITUTION, INTERFACES AND DOPING

George A. Sawatzky
Max Planck-UBC Centre for Quantum Materials
University of British Columbia Vancouver Canada

Ideas based on theory and some experiments will be presented regarding possible new
magnetic materials based on extended and point defects, interface engineering, anion
substitution in oxides and hole and electron doping of oxides. The concentration will
be on rather ionic oxides mostly not involving conventional magnetic elements. Special
attention will also be placed on surface and interface effects involving polar surfaces as
well as on the role of doped holes in O 2p in charge transfer gap oxides. O 2p holes play
an extremely important role in the magnetism and superconductivity of oxides and new
results will be presented regarding the ferromagnetic exchange coupling they introduce in
transition metal oxides and the interplay between transport properties, magnetic order
and the general phase diagrams of materials involving O 2p holes either in the so called
self doped case of stoichiometric oxides or in chemically substituted systems.
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MAGNETISM AND SUPERCONDUCTIVITY IN IRON
PNICTIDES

David J. Singh
Materials Science and Technology Division, Oak Ridge National Laboratory
Oak Ridge, TN 37831-6114 USA

The discovery of high temperature superconductivity in iron pnictides and chalcogenides
has resulted in surprising new insights into high temperature superconductivity and its
relationship with magnetism. This talk provides an overview of some of what is known
about the electronic structure and the interplay of magnetism and superconductivity in
these materials. Similarities and contrasts with the cuprate superconductors are empha-
sized. The superconducting pairing is discussed within the framework of spin fluctua-
tions. Recent discoveries and some of the many remaining challenges to understanding
these materials are discussed.

This work was supported by the Department of Energy, BES, Materials Sciences and
Engineering Division.
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RECENT PROGRESS IN FeCo-BASED SOFT MAGNETIC
NANOCRYSTALLINE ALLOYS

Ivan Skorvanek, Jozef Marcin, Jozef Kovaé, Peter Svec*
Institute of Exp. Physics, Slovak Academy of Sciences,
Watsonova 47, 040 01 Kosice, Slovakia

*Institute of Physics, Slovak Academy of Sciences, Bratislava, Slovakia

The continuing interest in FeCo-based nanocrystalline alloys is motivated mainly due
to their ability to combine a high saturation magnetic flux density with good magnetic
softness. In order to further optimize the magnetic performance of these alloys it is
important to deepen knowledge about the influence of the processing techniques that
can be used to tailor their properties for specific applications. One possible way, which
can be employed for this purpose, is the thermal processing under the presence of ex-
ternal magnetic field, called also ,,magnetic annealing”. A special attention of our work
is devoted to the study of the effects of the magnetic annealing in order to produce a
controllable uniaxial anisotropy in the series of Fe-Co-(Nb,Mo)-B and Fe-Co-B-Cu amor-
phous and nanocrystalline alloys with different ratios of Fe/Co atoms. We show that
the annealing without the presence of external magnetic field leads to an appreciable
increase of the coercivity and the corresponding hysteresis loops often exhibit a presence
of steps due to the depinnig of domain walls from the positions stabilized during the
heat treatment. After annealing in transverse magnetic field one can obtain sheared
loops with tunable slope and good field linearity. A heat treatment under the presence
of longitudinal magnetic field results in squared hysteresis loops characterized by very
low coercive field values in the range of 2 — 6 A/m. Such low coercivity values are supe-
rior to those previously reported for FeCo-based amorphous and nanocrystalline alloys.
Examples of our recent work on the soft magnetic nanocrystalline alloys optimized for
sensor applications will be briefly highlighted.

This work was supported by the grants VEGA 2/0209/10, APVV- 0266-10, and GDRE
GAMAS.
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SUPERCONDUCTIVITY IN STRONGLY CORRELATED
SYSTEMS AND COMPARISON TO EXPERIMENT

J. Spatek®, J. Jedrak®, and J. Kaczmarczyk?®
“Institute of Physics, Jagiellonian University, 30-059 Krakéw, Poland
PFaculty of Physics and Applied Computer Science, AGH, 30-059 Krakéw, Poland

We overview first the t-J model of superconductivity in strongly correlated systems in
a historical prospective, i.e., the spin-singlet pairing induced by the kinetic exchange
interactions, a purely magnetic, real-space mechanism. Second, high-temperature su-
perconductivity in the cuprate oxides is analyzed using the method developed recently
in our group, the so-called statistically consistent Gutzwiller-Fukushima method for the
extended t-J model [1]. The following results are compared to experiment: (i) the up-
per critical concentration for the disappearance of superconductivity; (ii) the doping
dependence of the superconducting quasi-particle energy in the antinodal direction; and
(iii) the Fermi velocity as a function of doping. The conclusion we draw is that the
t-J model in the newly devised mean-field version reflects the overall features of the
high-temperature superconductors, at least in the unconventional-Fermi-liquid regime.
Finally, we discuss briefly the superconductivity of model heavy-fermion system within
the same mechanism of pairing and in particular, our recent analysis of the phase dia-
gram including the Fulde-Ferrell-Larkin-Ovchinnikov phase [2].

[1] J. Jedrak and J. Spatek, Phys. Rev. B 83, 104512 (2011); ibid., 81, 073108 (2010).
[2] J. Kaczmarczyk and J. Spalek, Phys. Rev. B 79, 214519 (2009); J.Phys.: Condens.
Matter 22, 355702 (2010).
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TWISTS SYMMETRIES AND TOPOLOGIES IN QUANTUM
MAGNETISM

D.A. Tennant
Helmholtz-Zentrum Berlin fiir Materialien und Energie

Institute for Complex Magnetic Materials,
Hahn-Meitner-Platz 1, 14109 Berlin, Germany

In this talk I cover the physics in three of the central quantum phase transitions in 1D.
First, the transverse Ising model which is realized in CoNb;Og. While this is perhaps
the simplest textbook case of a quantum phase transition, a remarkable emergence of E8
symmetry arises close to the quantum critical point. This manifests itself in an octave
of bound states. We observe these experimentally and in particular the interval of the
first two resonances on this octave which are found to match the golden ratio 1.618
— just as predicted for the emergence of this extraordinary symmetry. I then plan to
show with the example of the Heisenberg chain how we can probe the quantum critical
volume experimentally and show the characteristic scaling behaviour in space and time.
The third example is of a spin ladder CaCusOs which is near the long sought after
Wess-Zumino-Novikov-Witten quantum critical point.
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DOMAIN WALL DYNAMICS UNDER SHORT CURRENT
PULSES: SPIN-TRANSFER TORQUE AND OTHER EFFECTS

A. Thiaville?, J.-Y. Chauleau®, J. Torrejon®, J. Curiale®®, G. Malinowski?,
D. Lacour®, F. Montaigne® and M. Hehn®
“Laboratoire de Physique des Solides, Univ. Paris-Sud, CNRS, 91405 Orsay, France
’Laboratoire de Photonique et nanostructures, CNRS, 91460 Marcoussis, France
“Institut Jean Lamour, Univ. Nancy I, 54506 Vandoeuvre-les-Nancy, France

We have experimentally investigated the effect of the spin-transfer torque on magnetic
domain walls in patterned nanostrips by high resolution magnetic force microscopy, and
compared it to the micromagnetic description of the phenomena.

Experiments involve short current pulses (1 ns) applied to NiFe nanostrips. They reveal
that the current pulse can also lead to a transformation of the domain wall structure,
especially when the nucleated structure is metastable [1]. This transformation leads to
a large domain wall displacement, called automotion. From an analytical calculation,
supported by micromagnetic simulations, we also proved that, in the absence of a domain
wall transformation and with no blocking of automotion, the domain wall displacement
after a current pulse is directly proportional to the non-adiabaticity parameter. Finally,
the role of thermal effects will be discussed [2].

1: Magnetic domain walls displacement: automotion versus spin-transfer torque, J.-Y.
Chauleau, A. Thiaville, R. Weil, J. Miltat, Phys. Rev. B 82, 214414(7) (2010).

2: Track heating study for current-induced domain wall motion experiments, J. Curiale,
A. Lemaitre, G. Faini, and V. Jeudy, Appl. Phys. Lett. 97, 243505 (2010).
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FROM HEAVY FERMION AND SPIN-GLASS BEHAVIOR TO
MAGNETIC ORDER IN CeT4M COMPOUNDS

T. Tolinski”, A. Kowalczyk”, M. Falkowski”, K. Synoradzki®,
G. Chelkowska®”, A. Hoser®, and M.S. Rolls?
“Institute of Molecular Physics, PAS, Smoluchowskiego 17, 60-179 Poznan, Poland
Institute of Physics, Silesian University, Katowice,

Uniwersytecka 4, 40-007 Katowice, Poland
“Helmholtz-Zentrum, Glienicker Strafie 100, D-14109 Berlin, Germany
IInstitut Laue Langevin, 6 rue Jules Horowitz B.P. 156 F-38042,
(Grenoble Cedex 9, France

We report on the transitions between the ferromagnetic order, spin-glass behavior, heavy
fermion and fluctuating valence state in a series of isostructural compounds CelTy M (T =
Ni, Cu; M = Al, Ga, Mn). The dilution of the T" or M elements allowed us to follow the
physical properties evolution employing the measurements of the heat capacity, Seebeck
effect, electrical and thermal transport, magnetic susceptibility, frequency dependent ac
magnetic susceptibility, magnetization relaxation, inelastic neutron scattering and also
the X-ray photoemission spectroscopy. It is shown that the Mn rich compounds lean
towards the spin glass behavior. For the compounds governed by the close to localization
Ce 4f states the effect of the crystal electric field has been studied. It has been shown
that the spin glass-like behavior can significantly influence the physics of the CeTy M
compounds.
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ANTIFERROMAGNETISM AND FERROMAGNETISM OF
FERMIONIC ATOMS IN OPTICAL LATTICES

Matthias Troyer
ETH Zirich, Institut fiur Theoretische Physik
Wolfgang-Pauli-Str. 27, 8093 Ziirich, Switzerland

The accurate simulation of fermionic quantum many body problems is one of the most
important challenges in theoretical physics, with huge impact especially on the under-
standing and design of materials. However, the exponential scaling of the Hilbert space
make direct simulations impossible for all but the smallest systems and Monte Carlo
simulations suffer from the negative sign problem. On the computational side the goal
thus has to be to develop efficient approximate methods for fermionic systems, while on
the experimental side ultracold fermionic atoms in optical lattices provide a near-perfect
realization of strongly correlated systems and allow the same phases to be ”simulated”
using experiments. I will report on recent progress in the simulation of fermionic sys-
tems, focusing on magnetic phenomena. We can now simulate the Hubbard model in
three dimensions down to the Néel temperature, substantially lower than the lowest tem-
perature achieved in optical lattice experiment s so far - and provide accurate results
for the approach to the Néel state. In shallow optical lattices the simulation and the
physics become more complex, as band mixing and orbital effects become important,
and multi-band models are hard to derive and simulate. Here we use density functional
theory for such systems, using a new exchange correlation functional for ultracold atomic
gases instead of electrons, and in our first simulations focus on the competition between
paramagnetism, antiferromagnetism and ferromagnetism as the optical lattice depth and
interaction strengths are independently varies.
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IMPURITIES AND CORRELATIONS IN THE BOSON-FERMION
MODEL OF SUPERCONDUCTORS

Jaromir Krzyszczak and Karol Izydor Wysokinski
Institute of Physics, M. Curie-Sklodowska University, ul. Radziszewskiego 10
20-031 Lublin

The boson-fermion (BF) model of superconductivity formulated in the real space has
been suplemented with the Hubbard term describing strong on-site electron-electron
repulsion U. This term has been treated by the Gutzwiller approximation, while mean
- field like decoupling has been used for boson-fermion coupling. The effect of random
point-like impurities on correlated superconductor has been studied by means of the real
space Bogoliubov-de Gennes equations approach. In this approach impurities have been
treated exactly, as the corresponding equations have been solved on the small cluster.
The role of randomness on the local properties of superconductors crucially depends
whether the fermions are correlated or not. In the later case the positive correlation
between the gap magnitude observed in scanning tunneling measurements has been
shown to arise from local changes of bosonic levels with respect to chemical potential
[1]. However, in the correlated case the gap has been shown to be larger near the
impurity sites in system without bosonic disorder. The interplay between fermionic and
bosonic disorder in the correlated case has been also discussed.

[1] J. Krzyszczak, T. Domaniski, K.I. Wysokiriski, R. Micnas and S. Robaszkiewicz Real
space inhomogeneities in High Temperature Superconductors: the perspective of the Two-

Component model J. Phys.: Condens. Matter 22, 255702 (2010).
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0-1-01
A MICROSCOPIC THEORY
OF THE MAGNETIC RESONANCE MODE

N. M. Plakida®’, A.A. Vladimirov?, D. Ihle®

“Joint Institute for Nuclear Research, Dubna, Russia
®Max-Planck-Institut fiir Physik komplexer Systeme, Dresden, Germany
¢ Institut fur Theoretische Physik, Universitat Leipzig, Leipzig, Germany

A microscopic theory of the dynamic spin susceptibility (DSS) in the superconducting
state within the ¢—J model is presented [1]. The spectrum of spin excitations is studied
using an exact representation for the DSS within the Mori-type projection technique for
the relaxation function in terms of the Hubbard operators. The self-energy is calculated
in the mode-coupling approximation. The DSS reveals a resonance mode (RM) at the
antiferromagnetic wave vector Q = m(1, 1) at low temperatures due to a strong suppres-
sion of the damping of spin excitations. This is explained by an involvement of spin
excitations in the decay process besides the particle-hole continuum usually considered
in random-phase-type approximations. The spin gap in the spin-excitation spectrum at
Q plays a dominant role in limiting the decay in comparison with the superconducting
gap which results in the observation of the RM even above T in the underdoped region.
A good agreement with inelastic neutron-scattering experiments on the RM in YBCO
compounds is found.

[1] A.A. Vladimirov, et al., Phys. Rev. B 83 (2011), arXiv:cond-mat/1006.1525.

0O-1-03
MAGNETIC STRUCTURE OF ELECTRONIC
INHOMOGENEITIES IN CUPRATES
- COMPETITION BETWEEN STRIPES AND SPIRALS -

G. Seibold?, R. S. Markiewicz’ and J. Lorenzana®
“Institut fur Physik, BTU Cottbus, PBox 101344, 03013 Cottbus, Germany
PPhysics Department, Northeastern University, Boston MA 02115, USA
¢ISC-CNR and Dipartimento di Fisica, Universitd di Roma ”La Sapienza”, P. Aldo
Moro 2, 00185 Roma, Italy

The formation of spin and charge stripes is one of the scenarios in order to account
for the formation of the pseudogap in cuprate superconductors. Whereas this kind
of electronic inhomogeneity is now well established in lanthanum based cuprates the
experimental situation in other compounds is less evident. Here we argue that the mag-
netic structure is strongly influenced by the next-nearest neighbor hopping parameter
t" which distinguishes different families of cuprates. In particular our investigations,
based on the unrestricted Gutzwiller approximation of the extended Hubbardd model,
indicate that uniform spirals get favored by a large t' /¢ ratio but are unstable at small
doping towards stripes and checkerboard textures with spin canting. The structure of
these inhomogeneities also depends on ¢/t and the associated spin currents may induce
a small lattice distortion associated with local dipole moments. We discuss a new kind
of stripe which appears as a domain wall of the antiferromagnetic (AF) order parameter
with a fractional change of the phase of the AF order. For large |t/ /| spirals can be sta-
bilized under certain conditions in the overdoped regime which may explain the elastic
incommensurate magnetic response recently observed in iron-codoped Bi2201 materials.
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National Centre of Magnetic Nanostructures for Applcations
in Spin Electronics — SPINLAB

Project nr POIG 02.02.00-00-020/09 is realized e framework of the “Operational
Programme Innovative Economy 2007-2013, PriorityRBD Infrastructure, Measure 2.2.
Support for development of research infrastructdirgcientific entities”

The aim of the project is to establish “Nationaln@e of Magnetic Nanostructures for
Applications in Spin Electronics — SPINLAB” as wels to provide the participants of the
Centre with world-class facilities indispensableé tmnducting state-of-the-art collaborative
research in spin electronics.

The project is co-financed by European Union frasm European Regional Development
Found. The new facilities are envisaged to impritnealready existing collaboration between
the leading national partners that have complemgis@entific equipment and knowledge of
the nanotechnology of magnetic structures and rEits.

The project participants (listed below) conduceesssh in the field of theory, experiments and
applications of magnetic nanostructures.

Participants:
Institute of Molecular Physics, Polish Academy ofedces, Pozna— coordinator
Institute of Physics, Polish Academy of Scienceay&&awa
AGH University of Science and Technology, Facult¥tectrical Engineering,
Automatics, Computer Science and Electronics, Depant of Electronics, Krakow
Institute of Catalysis and Surface Chemistry, Poisademy of Sciences, Krakow
Adam Mickiewicz University, Faculty of Physics, Paz
University of Bia ystok, Faculty of Physics, Biatgk
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Today AM Technologies product portfolio includes:
Agilent Technologiegieneral purpose instrumentation, RF and microwese t
systems, telecommunication analyzers for testlggalltransmlssmn protocols
and networks, cellular network test products, S8¥fédoer network monitoring
systems;
Fluke Calibration precision instruments for electrical calibraticemperature
and pressure; apparatus for calibration of pressure
Cascade Microteclprobing stations;
MI Technologies(formerly Scientific Atlanta) Antenna and RCS meaasoent
systems;
Grintek, Sysdeland TCI special purpose measurement equipments;
JDSU, IXIA, Keynote SIGOS measurement solutions for telecommunication;
Microleaseshort and long term rental of measurement equiphoent
telecommunication;
EMC test facilities;
Consultancy, dedicated measurement software andmoisystems.

The company supports Polish educational institgtiohM Technologies is also
the member of EMC Committee Polish Academy of Smems well as Support for
Radiocommunication and Multimedia Development Faiiach.

The company has implemented PN-EN ISO 9001:2009 AQAP 2110:2009
International Standards as well as Import/Exportnt@d procedures. AM
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gualified sales engineers, service engineers and
clerical staff is supported by state of the artasfructure in order to provide fast,
flexible and reliable consultation and service to oustomers and partners. LOT-
Oriel GmbH & Co. KG in Darmstadt is the Europearatiguarters and main office
of the operation.

For almost 40 years, LOT-Oriel created an unsugzhdsuropean network,
highly appreciated expertise and an efficient, ckteid organization to serve the
demands of challenging markets for components at age for sophisticated
instrumentation.

We are selling products of LOT and many well-knomanufacturers since
1970. LOT stands for Laser, Optics, Technology.

Since November 2007, the European LOT-Oriel Grogforgs to Quantum
Design. Together with our partner company from Bago, USA with officies in
Asia and South America we provide a worldwide sale$ service network.

Magnetism and magnetic characterization is a keyiagiion, where we want
to offer the best systems commercially availablgfebBent types of magnetometer
starting from classic VSM system to the extremelgt fand ultra-sensitive SQUID
magnetometer MPMS-SQUID-VSM. In addition offers LQpecialized products
like the Kerr magnetometer Nanomoke, for invesiigabf magnetic surfaces.

We cordially invite to visit our booth at PhysiocEMagnetism PM’11 conference,
and our web page at www.lot-oriel.com .
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Wireless Connection

How to connect to our network?

" #1$

Jak przy czy si do naszej sieci?
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